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Abstract
A new series of 2-(acetophenon-hydrazin)-thiazoles 4a-x and 2-(4-thiazolylmethine-hydrazin)-thiazoles 5a-c were synthesized starting from various thiosemicarbazones
by the reaction with different α(γ))-halocarbonyle compounds. The newly synthesized
compounds were characterized by IR, 1H-NMR and mass spectral studies.
Rezumat
Au fost sintetizate noi serii de 2-(acetofenon-hidrazin)-tiazoli 4a-x şi de 2-(4tiazolil-metinhidrazin)-tiazoli 5a-c pornind de la diferite tiosemicarbazone prin reacţia cu
diferiţi compuşi α(γ))-halocarbonilici. Noii compuşi sintetizaţi au fost caracterizaţi prin IR,
1
H-RMN şi studii spectrale de masă.
Keywords:
Hantzsch reaction

thiosemicarbazones,

hydrazin-thiazoles,

hydrazin-bisthiazoles,

Introduction
The latest scientific literature is extremely rich in results obtained
prospectating new antibacterial and antifungal chemotherapeutic agents,
whose structural profiles are often different from those of the
chemotherapeutics nowadays used in therapy [1,7,9]. The new agents have
different structural models, among which are remarked the azolic
heterocycles such as thiazole and its derivatives (thiazolin-ones, thiazolidindiones) [2-4, 8]. Based on these data and on our previous experience
regarding the research of thiazole and its derivatives [6, 10], we obtained
new 2-hydrazon-thiazole compounds applying the Hantzsch condensation
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between a variety of acetophenon-thiosemicarbazones and 4-formylthiazolyl-thiosemicarbazone and different α(γ))-halo-carbonyle compounds.
Materials and methods
Synthesis of 2-acetophenon-thiosemicarbazones 1a-c and 2phenyl-4-formyl thiosemicarbazone 3
The thiosemicarbazones 1a-c and 3 were synthesized by the
reaction of 3 substituted acetophenones (4-Br, 2-OH, 2,4-di-OH) and by the
reaction of 2-phenyl-4-formyl-thiazole 2 with thiosemicarbazide, in the
presence of small quantities of concentrated sulphuric acid (Figure 1).
X

CH3
C O

X
H2NNHCSNH2
Y

Y

CH3
C

N NH CSNH2

1a-c
1a. X= 4-Br, Y=H
1b. X= 2-OH, Y=H
1c. X=Y=2,4-OH
CH
N
S
2

CH

O
H2NNHCSNH2

NH2
N NH C

N

S
S
3

Figure 1
Synthesis of 2-acetophenon-thiosemicarbazones 1a-c
and 2-phenyl-4-formyl thiosemicarbazone 3

Condensation of thiosemicarbazones with α(γ)-halo-carbonyle compounds
Three series of 2-acetophenon-hydrazin-thiazoles (4a-f, 4g-l, 4m-s),
variously substituted in the 4 and 5 positions of the thiazole ring and at the
phenyl nucleus, and also 2-acetophenon-hydrazin-4,5’-bisthiazoles (4u-x)
were synthesized by the Hantzsch condensation of acetophenonthiosemicarbazones 1a-c with various α-halocarbonyle compounds (Figure
2). Starting from the thiosemicarbazone of the 2-phenyl-4-formyl-thiazole 3,
by the reaction with 2-chlor-ethyl acetoacetate, respectively with 4-chlorethyl acetoacetate, the 2-[(2’phenyl-thiazole-4’-yl)-methinhydrazin]thiazolic esters 5a-b were obtained and by the reaction with 5-bromacetyl-2phenyl-4-methyl-thiazole it has been obtained 2-[(2”-phenyl-thiazole-4”-ylmethinhydrazin)]-2-phenyl-4-methyl-5,4’-bisthiazole 5c (Figure 3). The
synthesis of 5-bromoacetyl-2-phenyl-4-methyl-thiazole and 2-phenyl-4formyl-thiazoles 2 were reported previously [5].
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Figure 2
Synthesis of 2-acetophenon-hydrazin-4-R-5R1-thiazoles 4a-s and 2-acetophenon-hydrazin2’- phenyl-4’- methyl-4,5’bisthiazoles 4u-x
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Figure 3
Synthesis of 2-[(2’phenyl-thiazole-4’-yl)-methinhydrazin-thiazolyl esters 5a-b and 2-[(2”phenyl-thiazole-4”-yl-methinhydrazin)]-2-phenyl-4-methyl-5,4’-bisthiazole 5c
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Experimental protocol
The melting points were registered with an Electrothermal melting
point meter and were uncorrected. FT-IR spectra were recorded on a Nicolet
210 FT-IR spectrometer using potassium bromide. The 1HNMR spectra
were recorded at room temperature on a Bruker Avance NMR spectrometer
operating at 500 MHz. Chemical shift values were reported relative to
tetramethylsilane (TMS) as internal standard. The samples were prepared by
dissolving the compounds in dimethylsulfoxide (DMSOd6) (δH= 2.51ppm)
as solvent and the spectra were recorded using a single excitation pulse of
12 µs. GC-MS analyses were performed with an Agilent gas chromatograph
6890 equipped with an apolar Macherey Nagel Permabond SE 52 capillary
column. Elemental analysis was registered with a Vario El CHNS
instrument. All compounds gave satisfactory quantitative elemental analysis
results (CHNS). The purity of the synthesized compounds was verified by
thin layer chromatography (TLC) and was carried out on precoated Silica
Gel 60F254 sheets using heptan – ethyl-acetate 1:1 system and UV light for
visualization.
2- acetophenon-thiosemicarbazones 1a-c (General procedure)
0.05 mol of substituted acetophenone (4-bromo, 2-hidroxy, 2,4-dihydroxy)
dissolved in 50 mL alcohol was treated with 0.055 mol of thiosemicarbazide
dissolved in 50 mL alcohol followed by the addition of 5 drops of
concentrated suphuric acid. The mixture was refluxed for 3 hours, cooled,
after which the resulted precipitates were filtered and recrystallized from
ethanol. 1a: C9H10BrN3S (270.16), M.p.: 194-1960C (ethanol), Yield 78%,
1b: C9H11N3OS (209.26), M.p.: 197-1980C (ethanol), Yield 76%, 1c:
C9H11N3O2S (225.26), M.p.: 197-1980C (ethanol), Yield 80%,.
2-phenyl-4-formyl-thiazole thiosemicarbazone 3
0.01 mol of 2 was dissolved in 15 mL ethanol and was treated with 0.01 mol
of thiosemicarbazide. The mixture was refluxed 3 hours, after which it was
cooled. The resulted compound was filtered and recrystallized from ethanol.
C11H10N4S2 (262), M.p. 210-2120C, Yield 68%.
2-(acetophenon-hydrazin)-4-R-5-R’-thiazoles 4a-s and 2-(acetophenonhydrazon)-4R-5R’-bisthiazoles 4u-x (General procedure)
0.005 mol of 1a-c was dissolved in 20 mL absolute ethanol and 0.0055 mol
α-((γ)) halocarbonyle compound (chlorpropanone, 1,3-dichloroacetone, αchlor-acetophenone, 2-chlor-ethyl-acetoacetate, 4-chlor-ethyl-acetoacetate,
3-chlor-acetylacetone,
2-phenyl-4-methyl-5-bromacetyl-thiazole)
was
added. The mixtures were refluxed 2 hours, cooled, after which the resulted
precipitates were filtered, washed with water in order to transform the
halohydrates in bases. The resulted compounds were recrystallized from
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ethanol. 4a: C12H12BrN3S (310.21), M.p.: 148-1490C, Yield 68%, δ 7.62 (s,
1H, thiazole C5-H), 7.96 (s, 1H, NH), 2.2 (s, 3H, CH3), 2,36 (s, 3H, CH3-4thiazole), 7.63 (d, 2H, Ar-H), 7.82 (d, 2H, Ar-H), m/z= 310 (M+), 294, 196,
182, 155, 128, 113, IR: ν(NH): 3294 cm-1 ν(C=N): 1590 cm-1 4b:
C12H11BrClN3S (344.65), M.p.: 1100C, Yield 59%, δ 7.55 (s, 1H, thiazole
C5-H), 7.92 (s, 1H, NH), 2.1 (s, 3H, CH3), 2.86 (s, 2H, CH2-Cl), 7.53 (d,
2H, Ar-H), 7.71 (d, 2H, Ar-H) m/z= 345 (M+), 330, 308, 196, 182, 155, IR:
ν(NH): 3299 cm-1 ν(C=N): 1595 cm-1 4c: C17H14BrN3S (372.28), M.p.: 1951970C, Yield 88%, δ (s, 1H, thiazole C5-H), 7.59 (s, 1H, NH), 2.36 (s, 3H,
CH3), 7.33-7.41 (m, 5H, C6H5-4-thiazole), 7.55 (d, 2H, Ar-H), 7.72 (d, 2H,
Ar-H), m/z= 372 (M+), 358, 216, 196, 175, 155, IR: ν(NH): 3291 cm-1
ν(C=N): 1592 cm-1 4d: C15H16BrN3O2S (382.27), M.p.: 1760C, Yield 67 %,
δ 7.95 (s, 1H, NH), 2.12 (s, 3H, CH3), 2.39 (s, 3H, CH3-4-thiazole), 1.24 (t,
3H, CH2CH3), 4.12 (q, 2H, CH2CH3), 7.66 (d, 2H, Ar-H) 7.86 (d, 2H, ArH), m/z= 382 (M+), 368, 309, 226, 198, 184, IR: ν(NH): 3288 cm-1 ν(C=N):
1588 cm-1 4e: C15H16BrN3O2S (382.27), M.p.: 1900C, Yield 48%, δ 7.87 (s,
1H, NH), 2.29 (s, 3H, CH3), 3.51 (s, 2H, 4-thiazolyl-CH2-), 1.24 (t, 3H,
CH2CH3), 4.21 (q, 2H, CH2CH3), 7.58 (d, 2H, Ar-H) 7.84 (d, 2H, Ar-H),
6.99 (s, 1H, thiazole C5-H), m/z=382 (M+), 368, 336, 226, 198, 184, 182,
155, IR: ν(NH): 3292 cm-1 ν(C=N): 1597 cm-1 4f: C14H14BrN3OS (352),
M.p.: 243-60C, Yield 64 %, δ 7.85 (s, 1H, NH), 2.30 (s, 3H, CH3), 2.49 (s,
3H, CH3-4-thiazole), 1.39 (s, 3H, COCH3), 7.50 (d, 2H, Ar-H) 7.74 (d, 2H,
Ar-H), m/z= 352 (M+), 336, 310, 196, 182, 170, 155, IR: ν(NH): 3293 cm-1
ν(C=N): 1589 cm-1 4g: C12H13N3OS (247.31), Yield 66%, M.p.: 1520C,
δ7.60 (s, 1H, thiazole C5-H), 7.86 (s, 1H, NH), 2.46 (s, 3H, CH3), 2.36 (s,
3H, CH3-4-thiazole), 12.95 (1H, s, OH), 7.63 (d, 1H, Ar-H), 7.86 (t, 1H, ArH), 7.74 (t, 1H, Ar-H), 7.30 (d, 1H, Ar-H), m/z= 247 (M+), 232, 134, 120,
IR: ν(NH): 3276 cm-1 ν(C=N): 1588 cm-1 4h: C12H12ClN3OS (281.75),
M.p.: 116-1180C, Yield 74%, δ 7.66 (s, 1H, thiazole C5-H), 7.76 (s, 1H,
NH), 2.28 (s, 3H, CH3), 2.56 (s, 2H, CH2-Cl), 12.65 (1H, s, OH), 7.58 (d,
1H, Ar-H), 7.88 (t, 1H, Ar-H), 7.64 (t, 1H, Ar-H), 7.45 (d, 1H, Ar-H), m/z=
281(M+), 232, 147, 134, 120, IR: ν(NH): 3288 cm-1 ν(C=N): 1595 cm-1 4i:
C17H15N3OS (309.38), Yield 62%, δ (s, 1H, thiazole C5-H), 7.69 (s, 1H,
NH), 2.49 (s, 3H, CH3), 7.33-7.41 (m, 5H, C6H5-4-thiazole), 12.95 (1H, s,
OH), 7.66 (d, 1H, Ar-H), 7.68 (t, 1H, Ar-H), 7.74 (t, 1H, Ar-H), 7.33 (d, 1H,
Ar-H), m/z= 309 (M+), 189, 175, 134, 98, IR: ν(NH): 3283 cm-1 ν (C=N):
1593 cm-1 4j: C15H17N3O3S (319.37), M.p.: 187-90C, Yield 69%, δ 7.86 (s,
1H, NH), 2.36 (s, 3H, CH3), 2.26 (s, 3H, CH3-4-thiazole), 1.38 (t, 3H,
CH2CH3), 4.12 (q, 2H, CH2CH3), 12.65 (1H, s, OH), 7.81 (d, 1H, Ar-H),
7.88 (t, 1H, Ar-H), 7.54 (t, 1H, Ar-H), 7.34 (d, 1H, Ar-H), m/z= 319 (M+),
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302, 274, 229, 185, 134, IR: ν(NH): 3282 cm-1 ν (C=N): 1599 cm-1 4k:
C15H17N3O3S (319.37), M.p.: 126-90C, Yield 68%, δ7.77 (s, 1H, NH), 2.24
(s, 3H, CH3), 3.61 (s, 2H, 4-methylene), 1.34 (t, 3H, CH2CH3), 4.21 (q, 2H,
CH2CH3), 12.65 (1H, s, OH), 7.60 (d, 1H, Ar-H), 7.77 (t, 1H, Ar-H), 7.69 (t,
1H, Ar-H), 7.12 (d, 1H, Ar-H), 7.21 (s, 1H, thiazole C5-H), m/z= 319 (M+),
302, 228, 185, 134, IR: ν(NH): 3289 cm-1 ν(C=N): 1600 cm-1 4l:
C14H15N3O2S (289,35), Yield 67%, M.p.: 2000C, δ 7,60 (s, 1H, NH), 2.20 (s,
3H, CH3), 2.39 (s, 3H, CH3-4-thiazole), 1.39 (s, 3H, COCH3), 12.55 (1H, s,
OH), 7.45 (d, 1H, Ar-H), 7.78 (t, 1H, Ar-H), 7.72 (t, 1H, Ar-H), 7.22 (d, 1H,
Ar-H), m/z= 289(M+), 246, 155, 134, IR: ν(NH): 3279 cm-1 ν(C=N): 1590
cm-1 4m: C12H13N3O2S (263.31), Yield 58%, M.p.: 2100C, δ7.56 (s, 1H,
thiazole C5-H), 7.86 (s, 1H, NH), 2.28 (s, 3H, CH3), 2.46 (s, 3H, CH3-4thiazole), 12.65 (1H, s, OH), 12.83 (1H, s, OH), 7.23 (s, 1H, Ar-H), 7.88 (d,
1H, Ar-H), 7.71 (d, 1H, Ar-H), m/z=263 (M+), 248, 150, 113, IR: ν(NH):
3296 cm-1 ν(C=N): 1587 cm-1 4n: C12H12ClN3O2S (297.75), Yield 56%,
M.p.: 205-70C, 7.56 (s, 1H, thiazole C5-H), 7.66 (s, 1H, NH), 2.14 (s, 3H,
CH3), 2.36 (s, 2H, CH2-Cl), 12.35 (1H, s, OH), 12.13 (1H, s, OH), 7.29 (s,
1H, Ar-H), 7.59 (d, 1H, Ar-H), 7.64 (d, 1H, Ar-H), m/z=298 (M+), 248, 150,
148, IR: ν(NH): 3287 cm-1 ν(C=N): 1595 cm-1 4o: C17H15N3O2S (325.38),
Yield 61%, M.p.: 240-20C, δ 7.46 (s, 1H, thiazole C5-H), 7.96 (s, 1H, NH),
2.32 (s, 3H, CH3), 7.33-7.41 (m, 5H, C6H5-4-thiazole), 12.75 (1H, s, OH),
12.89 (1H, s, OH), 7.22 (s, 1H, Ar-H), 7.68 (d, 1H, Ar-H), 7,79 (d, 1H, ArH), m/z=325 (M+), 308, 292, 216 175, 150, IR: ν(NH): 3290 cm-1 ν(C=N):
1592 cm-1 4p: C15H17N3O4S (335.37), Yield 70%, M.p.: 2800C, δ2.28 (s,
3H, CH3), 7.86 (s, 1H, NH), 2.46 (s, 3H, CH3-4-thiazole), 1.38 (t, 3H,
CH2CH3), 4.22 (q, 2H, CH2CH3), 12.45 (1H, s, OH), 12.73 (1H, s, OH),
7.06 (s, 1H, Ar-H), 7.49 (d, 1H, Ar-H), 7.51 (d, 1H, Ar-H), m/z= 335 (M+),
318, 290, 150, 136, IR: ν(NH): 3286 cm-1 ν(C=N): 1591 cm-1 4r:
C15H17N3O4S (335.37), M.p.: 127-80C, Yield 56%, δ 7.46 (s, 1H, thiazole
C5-H), 7.66 (s, 1H, NH), 2.19 (s, 2H, 4-thiazolyl-CH2-), 1.20 (t, 3H,
CH2CH3), 4.12 (q, 2H, CH2CH3), 12.75 (1H, s, OH), 12.23 (1H, s, OH),
7.13 (s, 1H, Ar-H), 7.68 (d, 1H, Ar-H), 7.38 (d, 1H, Ar-H), m/z= 335 (M+),
318, 289, 272, 262, 244, 150, 136, IR: ν(NH): 3294 cm-1 ν(C=N): 1599 cm-1
4s: C14H15N3O3S (305.35), M.p.: 3160C, Yield 67%, δ 7.56 (s, 1H, NH),
2.46 (s, 3H, CH3-4-thiazole), 2.67 (s, 3H, COCH3)), 12.75 (1H, s, OH),
12.62 (1H, s, OH), 7.23 (s, 1H, Ar-H), 7.81 (d, 1H, Ar-H), 7.76 (d, 1H, ArH), m/z= 305 (M+), 288, 272, 193, 150, 136, IR: ν (NH): 3291 cm-1
ν(C=N): 1591 cm-1 4u: C21H17BrN4S2 (469.41), M.p.: 1800C, Yield 58%, δ
7.34 (s, 1H, thiazole C5-H), 7.76 (s, 1H, NH), 2.43 (s, 3H, CH3), 2.86 (s,
3H, CH3-4-thiazole), 7.53 (d, 2H, Ar-H), 7.8 (d, 2H, Ar-H), 7.33-7.42 ( m,
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5H, Ph), m/z=469 (M+), 271, 198, 184, 169, 155, IR: ν (NH): 3290 cm-1 ν
(C=N): 1589 cm-1 4v: C21H18N4OS2 (406.52), M.p.: 244-2460C, Yield 69%,
δ 7.29 (s, 1H, thiazole C5-H), 7.76 (s, 1H, NH), 2.23 (s, 3H, CH3), 2.44 (s,
3H, CH3-4-thiazole), 12.73 (1H, s, OH), 7.29 (d, 1H, Ar-H), 7.88 (t, 1H, ArH), 7.84 (t, 1H, Ar-H), 7.62 (d, 1H, Ar-H), 7.34-7.44 (m, 5H, Ph), m/z=406
(M+), 389, 286, 273, 169, 134, 120, IR: ν (NH): 3297 cm-1 ν (C=N): 1591
cm-1 4x: C21H18N4O2S2 (422.51), Yield 55%, M.p.: 1900C, 7.24(s, 1H,
thiazole C5-H), 7.84 (s, 1H, NH), 2.23 (s, 3H, CH3), 2.42 (s, 3H, CH3-4thiazole), 12.65 (1H, s, OH), 12.49 (1H, s, OH), 7.23 (s, 1H, Ar-H), 7.88 (d,
1H, Ar-H), 7.87 (d, 1H, Ar-H), 7.19-7.52 m (5H, Ph), m/z= 422 (M+), 404,
371, 268, 169, 150, IR: ν (NH): 3293 cm-1 ν (C=N): 1590 cm-1
2-[(2’phenyl-thiazole-4’-yl)-methinhydrazin-thiazolyl ethyl esters 5a-b
and 2-[(2”-phenyl-thiazole-4”-yl-methinhydrazin)]-2-phenyl-4-methyl5,4’-bisthiazole 5c
0.002 mol of 3 was suspended in 10 mL absolute ethanol and 0.0022 mol of
ethyl-2-chlor-acetoacetate, ethyl-4-chlor-acetoacetate respectively 5bromacetyl-2-phenyl-4-methyl-thiazole were added, after which the
mixtures were refluxed 2 hours. After cooling, the thiazole halohydrates
were precipitated with ethylic ether and filtered. The residues were washed
on filter with water. The resulted compounds were recrystallized from
ethanol 5a: C17H16N4O2S2 (372), M.p. 192-40C, Yield 58%, δ 7.74 (s, 1H,
NH) 7.46, (s, 1H, thiazole C5-H), 2.26 (s, 3H, CH3-4-thiazole), 12.20 (s,
1H, N=CH), 1.34 (t, 3H, CH2CH3), 4.12 (q, 2H, CH2CH3), 7.12-7.66 (m,
5H, Ph), m/z= 372 (M+), 322, 308, 187, IR: ν(NH): 3300 cm-1 ν(C=N):
1588 cm-1 5b: C17H16N4O2S2 (372), M.p.=140-2 0C, Yield 58%, δ 7.67 (s,
1H, NH), 3.43 (s, 2H, thiazole-4-methylene), 12.40 (s, 1H, N=CH), 1.24 (t,
3H, CH2CH3), 4.12 (q, 2H, CH2CH3), 7.03-7.40 (m, 5H, Ph), 7.87 (s, 1H,
thiazole C5-H), 7.53 (s, 1H, thiazole C5-H), m/z= 372 (M+), 314, 299, 187,
IR: ν(NH): 3309 cm-1, ν(C=N): 1590 cm-1 5c: C23H17N5S3 (459), M.p.=16350C, Yield 56%, δ 7.97 (s, 1H, NH), 3.22 (s, 3H, CH3), 12.20 (s, 2H,
N=CH), 7.26-7.56 (m, 5H, Ph), 7.58-7.89 (m, 5H, Ph), 7.23 (s, 1H, thiazole
C5-H, 7.25 (s, 1H, thiazole C5-H), m/z= 459 (M+), 242, 187, IR: ν(NH):
3305 cm-1 ν(C=N): 1593 cm-1.
Results and discussion
Spectral data
The obtaining of thiazole was confirmed by recording the IR, 1HNMR and mass spectra of all the compounds.
IR spectra of 4a-x showed absorbtion bands between 3280-3309
cm-1 due to NH and between 1588-1600 cm-1 (C=N).
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The 1H-NMR spectra of 4a-s showed a singlet corresponding to NH
proton in the region δ 7.59-7.99 ppm. A singlet betwen δ 6.90-7.66 ppm
was attribuitted to the C-5 proton of the thiazole ring in the compounds
unsubstituted in 5. The aromatic protons of the aryl ring (4-Br-phenyl, 2hydroxy-phenyl, 2,4-dihydroxy-phenyl) resonated in the region of 7.027.91ppm. The N=CH proton resonated as a singlet at δ 12.20-12.40 ppm.
Mass spectra of the compounds showed molecular ion peaks with
hight abbondances at m/z in agreement with their molecular formula. The
most important fragmentation is the fragmentation of N-N bound with the
formation of ion peaks (m/z=M+-N=C(CH3)-Aryl).
In the case of bisthiazole compounds 4u-x and 5a-c, the IR spectra
showed absorbtion bands between 3280-3310 cm-1 due to NH and between
1580-1600cm-1 (C=N). The 1H-NMR spectra showed a singlet
corresponding to NH proton between δ 7.67-7.97 ppm, and a singlet
between δ 7.24-7.35 attributed to the C-5 proton of the bisthiazole ring.
Mass spectra of bisthiazole compounds showed molecular ion peaks at m/z
in agreement with their molecular formula and the most important
fragmentation took place at the N-N level of bound.
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Abstract
A new series of N-substituted sulfonamides derivatives of thiadiazole ring were
synthesized using the Vogel method (L1-L6). The obtained compounds may coordinate a
variety of metallic ions (Cu2+, Fe2+, Zn2+, Mn2+, etc.) and the resulting complexes may
exhibit a wide range of biological activities (antimicrobial, anti-inflammatory, nuclease and
superoxide dismutase-like activity). The structures of the newly synthesized compounds
were confirmed by elemental analysis and spectroscopic (MS, IR, 1H-NMR) data.
Rezumat
Au fost obţinute noi serii de sulfonamide N-substituite, derivaţi de tiadiazol
utilizând metoda prezentată de Vogel. Compuşii obţinuţi pot coordina diferiţi ioni metalici
(Cu2+, Fe2+, Zn2+, Mn2+, etc.), iar complecşii formaţi pot prezenta activitate biologică
variată (antimicrobiană, antiinflamatoare, nucleazica SOD - mimetică). Structurile noilor
compuşi sintetizaţi au fost confirmate prin analiză elementală şi determinări spectrale (SM,
IR, 1H-RMN).
Keywords: thiadiazoles, N-substituted sulfonamides, ligands

Introduction
The thiadiazole derivatives possess interesting biological activities
probably due to the strong aromaticity of this ring system resulting in a great
in vivo stability and generally, in a lack of toxicity for higher vertebrates,
including humans [11]. The chemistry of thiadiazole derivatives has been
intensively investigated due to their coordinating proprieties; their
antibacterial and antifungal properties, anti-inflammatory activity or other
pharmacological activities (they can be utilised as: radioprotective agents, as
well as investigational antitumor and gastroprotective drugs, carbonic
anhydrase inhibitors, etc) [9,10,12].
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The study of N-substituted heterocyclic sulfonamides ligands
showed their ability to coordinate biologically important metallic ions. The
sulfonamides structures are varied and complex, and offer multiple
possibilities to coordinate metallic ions depending on the type of donor
atoms in the molecule (O, S, N), the stereochemistry of the compounds, the
nature of the metallic center that can form complexes, the nature of the
anion of the salt that offers the central ion, the synthesis parameters [1, 3, 68].
As reported in literature, the ligands commonly used to form
complexes with “nuclease activity” are quinolones, sulfonamides and
flavonoides. The aromatic rings in the structure of N-substituted
sulfonamides can intercalate between the bases of the DNA chain. This
interaction, along with the reactive oxygen species (ROS) formed in the
close proximity of the double helix in the presence of the metal center (i.e.
Cu2+), results in the cleavage of the DNA chain [2,5]. Thus, a number of
metal complexes of N-heterocyclic sulfonamides have been reported as
“chemical nucleases” or with SOD (superoxid dismutase) mimics, or have
been proved to be in vitro inhibitors of the zinc dependent enzyme carbonic
anhydrase [2,5,9,10,12]. Some 2,5-disubstituted – [1,3,4]- thiadiazole as
well as their Cu(II) complexes were reported to act as fungitoxic agents
[13].
Materials and Methods
All reagents and solvents were of commercially available quality and
used without further purification.
Elemental analyses (C, N, H, S) were performed with a Vario EL
analyser. IR spectra were recorded with a Jasco FT/IR-4100
spectrophotometer using diffuse reflectance of incident radiation focused on
a sample, in the 4000-400 cm–1 range. Fast ion bombardment (FAB) mass
spectra were obtained on a VG Autospec spectrometer in m-nitrobenzene as
a solvent. All melting points were determined in open capillaries with an
Electrothermal IA 9100 apparatus and were uncorrected. 1H and spectra
were recorded at room temperature using DMSO-d6 (dimethylsulfoxide-d6)
as solvent in 5 mm tubes on Bruker AM 300 NMR spectrometer equipped
with a dual, 1H (multinuclear) head operating at 300 MHz for protons at
“Babes-Bolyai” University Cluj-Napoca, Romania.
The new N-substituted Sulfonamides synthesis
We synthesized six heterocyclic N-substituted sulfonamides,
thiadiazole derivatives, using the Vogel method, figure 1 [4].
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Figure 1
The synthesis of the new sulfonamides according to Vogel method [4]

The synthesis of L1, L2, L3
A solution containing 1mmol of 5-amino-[1,2,4]-thiadiazole and 1.5
mmoles of the corresponding sulfochloride (benzenesulfochloride,
toluenesulfochloride or naphthalenesulfochloride) in 6-12 mL of pyridine
was heated at reflux for 1 h, at 60ºC. The mixture was added to 10 mL of
cold water and stirred for several minutes. The resulting solid was
recrystallized from ethanol.
The synthesis of L4, L5, L6
A solution containing 1mmol of 2 amino-5-(4-methylphenyl)[1,3,4]-thiadiazole and 0.9 mmoles of the corresponding sulfochloride
(benzenesulfochloride, toluenesulfochloride or naphthalenesulfochloride) in
10-12 mL of pyridine was heated at reflux for 1h, at 60ºC. The mixture was
added to 25 mL of cold water and stirred for several minutes. The resulting
solid was recrystallized from ethanol.
Results and Discussion
The new synthesized compounds are solid, crystallized, have light
colors (white or light yellow), are stable in the presence of light and
atmospheric oxygen.
The solubility of the obtained sulfonamides was ascertained in
several organic solvents and water. All compounds are insoluble in water,
soluble at normal temperature in acetone, dimethylsulfoxide (DMSO),
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dimethylformamide (DMF), and tetrahydrofurane (THF) and by heating in
inferior alcohols (methanol, ethanol).
The structure, molecular formula, molecular weight, melting point
and yield of the new heterocyclic sulfonamides are shown in table I.
Table I
The new compounds characteristics
Ligand
1

3

N
N
H

N
S

L1

4

3

3

N

Yield
(%)
62

4

C 9H 9N 3O 2S 2

255.316

228-230°C

58

C12H9N3O2S2

291.348

197-198°C

67

C15H13N3O2S2

331.412

258-261°C

74

C16H15N3O2S2

345.439

232-234°C

82

C19H15N3O2S2

381.471

239-242°C

88

5
N
H

N
S

S
O2

2

CH3

3

L3
1

Melting
point
225-227°C

4

L2
1

Molecular
weight
241.290

5

S
O2

2

Molecular
formula
C 8H 7N 3O 2S 2

4
3

N
N
H

N
S

2

4
5

S
O2

6

6
7

7

L4
5

N
H

S

6

2

N

N

1

3
4

S
O2

2

3

5
6

H3C

7

5

3
4

N
H

S

6

2

N

N

1

S
O2

CH3

2

3

5
6

L5

H3C

7

L6

7

S

8

7
8

H3C

9

2

N

N

N
H

1

3
4

S
O2

5

5
6

6
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The structures of compounds L1-L6 were confirmed by
microanalytical and spectral data. Thus, the 1HNMR spectra showed signals
corresponding to the aromatic, NH, methyl, thiadiazolic (L1-L3) protons.
Furthermore, the infrared spectra showed absorptions characteristic for the
NH, C=C aromatic, thiadiazolic, SO2, S-N groups. Also, the peaks in the
MS spectra of the ligands corresponded in each case to the pseudomolecular
ion [L+H]+.
N(1,2,4-thiadiazol-5-yl)benzenesulfonamide (L1)
1
H-NMR (DMSO-d6, δ ppm, J Hz): 7.97-7.95 (2H, d, J=7.20 Hz, C-3),
7.60-7.70 (3H, m, 2H-4, 1H-5), 8.55 (1H, s, H-2); 8.70 (1H, s, H-1)
FT-IR (ν cm-1): 3206, 3145 (νNH), 1584 (νC=C aromatic), 1552
(νthiadiazole), 1315, 1154 (νSO2), 925 (νS-N)
MS (EI, 70 eV): m/z: 242 [L1+H]+
Elemental analysis for C8H7N3O2S2 Calculated: C 39.82% , H 2.92%, N
17.41%, S 26.58%; Found C 39.46%, H 2.84%, N 17.26%, S 26.14%
N(1,2,4-thiadiazol-5-yl)4-toluenesulfonamide (L2)
1
H-NMR (DMSO-d6, δ ppm, J Hz): 2.38 (3H, s, 3H-5), 7.42 (2H, d, J=7.8
Hz, 2H-4), 7.83 (2H, d, J=7.80 Hz, 2H-3), 8.55 (1H, s, H-2); 8.67 (1H, s, H1)
FT-IR (ν cm-1): 3208, 3132 (νNH), 1584 (νC=C aromatic), 1584
(νthiadiazole), 1322, 1147 (νSO2), 932 (νS-N)
MS (EI, 70 eV): m/z: 256 [L2+H]+
Elemental analysis for C9H9N3O2S2 Calculated: C 42.34% , H 3.55%, N
16.46%, S 25.12%; Found C 42.14%, H 3.25%, N 16.39%, S 25.27%
N(1,2,4-thiadiazol-5-yl)α-naphtylsulfonamide (L3)
1
H-NMR (DMSO-d6, δ ppm, J Hz): 8.20 -8.01 (7H, m, naphtalene), 8.55
(1H, s, H-2); 8.63 (1H, s, H-1)
FT-IR (ν cm-1): 3201, 3145 (νNH), 1580 (νC=C aromatic), 1548
(νthiadiazole), 1311, 1151 (νSO2), 917 (νS-N)
MS (EI, 70 eV): m/z: 292 [L3+H]+
Elemental analysis for C12H9N3O2S2 Calculated: C 49.47% , H 3.11%, N
14.42%, S 22.01%; Found C 49.28% , H 3.10%, N 14.27%, S 21.98%
N-[-5-(4-methylphenyl)-1,3,4-thiadiazol-2-yl]-benzenesulfonamide (L4)
1
H-NMR (DMSO-d6, δ ppm, J Hz): 2.37 (3H, s, 3H-7), 7.36-7.33 (2H, d,
J=7.8 Hz, 2H-6), 7.74-7.71 (2H, d, J=7.80 Hz, 2H-5), 7.61-7.54 (2H, d,
J=7.8 Hz, 2H-3, 1H-4), 7.85-7.83 (2H, d, J=7.20 Hz, 2H-2) 8.55(1H, s, H1);
FT-IR (ν cm-1): 3207, 3140 (νNH), 1548 (νC=C aromatic), 1542
(νthiadiazole), 1315, 1151 (νSO2), 906 (νS-N)
MS (EI, 70 eV): m/z: 332 [L4+H]+
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Elemental analysis for C15H13N3O2S2 Calculated: C 54.36% , H 3.95%, N
12.68%, S 19.35%; Found C 54.13%, H 3.75%, N 12.42%, S 19.67%
N-[-5-(4-methylphenyl)-1,3,4-thiadiazol-2-yl]-4-toluenesulfonamide (L5)
1
H-NMR (DMSO-d6, δ ppm, J Hz): 2.37-2.36 (6H, s, H-4, H-7), 7.38-7.34
(4H, d, J=7.8 Hz, H-5, H-2), 7.73-7.71 (4H, d, J=7.8 Hz, H-6, H-3), 8.52
(1H, s, H-1);
FT-IR (ν cm-1): 3210, 3132 (νNH), 1544 (νC=C aromatic), 1551
(νthiadiazole), 1315, 1154 (νSO2), 914 (νS-N)
MS (EI, 70 eV): m/z: 346 [L5+H]+
Elemental analysis for C16H15N3O2S2 Calculated: C 55.63% , H 4.38%, N
12.16%, S 18.56%; Found C 55.24%, H 4.20%, N 12.05%, S 18.82%
N-[-5-(4-methylphenyl)-1,3,4-thiadiazol-2-yl]-α-naphtylsulfonamide
(L6)
1
H-NMR (DMSO-d6, δ ppm, J Hz): 2.37 (3H, s, 3H-9), 7.36-7.33 (2H, d,
J=7.8 Hz, H-8), 7.74-7.71 (2H, d, J=7.80 Hz, 2H-7), 8.20-7.85 (7H, m,
naphthalene), 8.51(1H, s, H-1)
FT-IR (ν cm-1): 3213, 3176 (νNH), 1551 (νC=C aromatic), 1558
(νthiadiazole), 1304, 1148 (νSO2), 917 (νS-N)
MS (EI, 70 eV): m/z: 382 [L6+H]+
Elemental analysis for C19H15N3O2S2 Calculated: C 59.82%, H 3.96%, N
11.02%, S 16.81% ; Found C 59.59%, H 3.62%, N 10.85%, S 17.02%
The synthesized ligands can coordinate various metallic ions
through N, S, O atoms present in their molecule. Thus, they may behave like
monodentate, bidentate or polydentate ligands. In most cases, the
coordination can take place at the two nitrogen atoms of the thiazole moiety
Nthiadiazole, the nitrogen atom of the sulfonamide Nsulfonamide, protonated or
deprotonated, and even at the sulfur Ssulfonamide or oxygen Osulfonamide atom
from the same sulfonamide moiety. In the majority of the syntheses of
metallic complexes, the nitrogen atom of the sulfonamide moiety becomes
deprotonated. Through its negative charge it thus contributes to the
compensation of the positive charges of the metallic ions which generate the
complexes.
Conclusion
We have synthesized six new compounds, N-substituted heterocyclic
sulfonamides using the Vogel method. Their structures were confirmed by
spectrometric methods (FT-IR, MS and NMR) and by elemental analysis.
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A series of new 1,3,4-oxadiazole/thiadiazole and 1,2,4-triazole derivatives have been synthesized starting
from 2-aryl-4-methylthiazol-5-carbohydrazides and isonicotinic acid hydrazide. All the newly synthesized
compounds were characterized by IR, 1H NMR, 13C NMR, and mass spectrometry. The synthesized
compounds were screened for their antibacterial and antifungal activity, assessed as growth inhibition
diameter. Some of them showed good antibacterial activity against gram positive Staphylococcus aureus,
while the antibacterial activity against Listeria monocytogenes, Escherichia coli, and Salmonella typhymurium
and antifungal activity against Candida albicans was modest. None of the tested compounds showed inhibitory
activity against gram positive bacteria Enterococcus faecalis and Bacillus cereus and against gram negative
bacteria Pseudomonas aeruginosa.
J. Heterocyclic Chem., 49, 1407 (2012).

INTRODUCTION
The problem of multidrug resistant microorganisms has
reached an alarming level around the world in the past
decades, and represents a challenge for the development

of new antimicrobial agents, with novel mechanisms and
a broadened spectrum of activity. In the past years, some
azole derivatives were developed as new antimicrobial
agents, for instance, Linezolid and Eperezolid are currently
used for the treatment of multidrug-resistant gram positive
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Scheme 1

infections [1–3]. There is some important antifungal drugs
containing thiazole or 1,2,4-triazole ring in their structures,
such as Ravuconazole, Fluconazole, Voriconazole, and
Itraconazole, [4]. Also, thiazole derivatives are found to
be associated with various biological activities such as
antibacterial [5], antifungal [6], antiinﬂammatory [7], antihypertensive [8], anti-HIV [9], antitumor [10–13], antiﬁlarial [12, 13], anticonvulsant [14], herbicidal, insecticidal,
schistosomicidal, and anthelmintic [15]. Heterocyclic
compounds containing 1,3,4-oxadiazole, 1,3,4-thiadiazole
or 1,2,4-triazole moiety present a wide spectrum of biological
activities such as antimicrobial, antiviral, anti-inﬂammatory,
and antitumoral [16–21]. Acid hydrazides were documented
as important compounds, due to their high reactivity in heterocycles synthesis, as key starting materials for 1,2,4-triazole,
1,3,4-oxadiazole or 1,3,4-thiadiazole synthesis [22, 23].
In view of the wide interest in the biological activity of
these compounds and as a continuation of our research in
this area [24–26], our aim was to synthesize new isolated
heterocyclic systems, as antimicrobial agents, that comprise both the thiazole/pyridine and the 1,2,4-triazole,

1,3,4-oxadiazole or 1,3,4-thiadiazole rings, using 2-aryl4-methylthiazol-5-carbohydrazides and isonicotinic acid
hydrazide as starting materials. The compounds were
designed to investigate the effect of such structural variation on the anticipated antimicrobial activities.

RESULTS AND DISCUSSION
Chemistry. The reaction sequences used for the synthesis of
target compounds are shown in Schemes 1–3. The structures
of the newly synthesized compounds were conﬁrmed by
analytical and spectral data (IR, 1H NMR, 13C NMR, and MS).
The key intermediates 2-aryl-4-methylthiazol-5-carbohydrazides 1a–c (X H, CH3, and Br) were prepared by
the reaction of ethyl-2-aryl-4-methylthiazol-5-carboxylates
(A–C) with hydrazine hydrate in absolute ethanol, according
to the literature [27] (Scheme 1).
The 1,3,4-oxadiazole derivatives 2a–d were obtained in
good yield, by the reaction of the carbohydrazides 1a–c
and isonicotinic acid hydrazide 1d with CS2 and KOH in

Scheme 2
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Scheme 3

reﬂuxing ethanol, followed by hydrochloric acid work up.
Reaction of 1a–b, respectively, 1d with CS2 and KOH in
absolute ethanol below 10°C resulted in the formation of
potassium dithiocarbazates 3a–c. Dehydrative cyclization
of compounds 3a–c using sulfuric acid at room temperature
yielded the 1,3,4-thiadiazoles 4a–c (Scheme 2).
4-Alkyl/aryl-1-(2-aryl-4-methylthiazol-5-carbonyl)-thiosemicarbazides 5a–i and 4-alkyl/aryl-1-(pyridin-4-carbonyl)thiosemicarbazide 5j–l were obtained from hydrazides 1a–d
and the corresponding alkyl/arylisothiocyanates. The thiosemicarbazides 5a–l, on heating with NaOH 2 N in ethanol,
underwent cyclization through dehydration to afford 4alkyl/aryl-3-(2-aryl-4-methylthiazol-5-yl)-1H-1,2,4-triazol-5
(4H)-thiones 6a–i and 4-alkyl/aryl-3-(pyridin-4-yl)-1H1,2,4-triazol-5(4H)-thiones 6j–l (Scheme 3), respectively.
IR spectra of thiosemicarbazides 5a–l displayed absorption peaks at 3115–3308 cm−1 for NH, 1650–1682 cm−1
for C O, and 1214–1265 cm−1 corresponding to C S
stretching vibrations. 1H NMR spectra showed the three
signals for the CONH, CSNH, and NH protons, as singlets
at 10–10.3, 9.3–9.85, and 8.1–8.8 ppm, respectively,
conﬁrming the formation of thiosemicarbazide.
IR spectra of 2a–d, 4a–c, and 6a–l exhibited NH bands
in 3448–3463, 3438–3400, and 3070–3187 cm−1, respectively.
The absorption bands at 1597–1616, 1541–1599, and
1538–1614 cm−1 are due to the presence of C N stretch
of the oxadiazole, thiadiazole, and triazole ring system,
respectively. The absence of the C O absorption in 2a–d,
4a–c, and 6a–l provided strong evidences for the formation
of the new products. Also, the presence of bands for the
C S group in the 1232–1275, 1242–1258, and 1214–1286
cm−1 proved that the compounds were in thione form in the
solid state. In the 1H NMR spectra of 1a–c, the NH proton
appeared in the 9.56–9.72 ppm region, whereas in
compounds 2a–d, 3a–c, and 6a–l, the NH signal was shifted
to 14.1–14.4 ppm, indicating the thiol–thione tautomerism in
solution. In the 13C NMR spectra of 2a–d, 3a–c, and 6a–l,
the C S gave a peak at 169.9–172.9, 182.9–183.6,
168.6–171.4 ppm, respectively, indicating that the

crystal structures of the compounds correspond to the thione
form. The mass spectra of the prepared compounds showed
the correct molecular ions (M+ or M + 1) as suggested by
their molecular formulas.
Antibacterial and antifungal activity. The newly synthesized
compounds were tested for their antimicrobial activity, at a
concentration of 10 mg/mL, against four gram positive
bacterial strains: Staphylococcus aureus (ATCC 49444),
Enterococcus faecalis (ATCC 29211), Bacillus cereus
(ATCC 11778), Listeria monocytogenes (ATCC 13076);
three gram negative bacterial strains: Escherichia coli
(ATCC 25922), Salmonella typhymurium (ATCC
14028), Pseudomonas aeruginosa (ATCC 27853); and
one fungal strain: Candida albicans (ATCC 10231), by
the cup-plate agar diffusion method [28]. Each
microorganism was suspended in Mueller Hinton (MH)
broth and diluted approximately to 106 colony forming
unit (cfu)/mL. They were “ﬂood inoculated” onto the
surface of MH agar and MH dextroxe agar (MDA) and
then dried. For C. albicans, MDA was used. Six
millimeter diameter wells were cut from the agar using a
sterile cork-borer, and 10 μL of each compound solution
were delivered into the wells. The plates were incubated
at 37°C, and the diameters of the growth inhibition zones
were measured after 24 h in case of bacteria and after 48
h in case of C. albicans. Stock solution of each
compound (10 mg/mL) was prepared in dimethyl
sulfoxide (DMSO; Merck, Germany). Gentamicin (10 μg per
well) and Fluconazole (25 μg per well) were used as standard
drugs. The controls were performed with only sterile broth
and with only overnight culture and 10 μL of DMSO.
Results were obtained in duplicate. The results of the
antimicrobial screening are summarized in Table 1.
All the tested compounds were inactives against E. faecalis,
B. cereus, and P. aeruginosa. Some of the compounds are active and showed moderate-to-good activity against S. aureus:
thiazolyl-1,3,4-oxadiazoles 2a–c, potassium dithiocarbazates
3a–c, thiazolyl-1,3,4-tiadiazoles 4a–b, and thiazolyl-thiosemicarbazides 5a–d and 5g–h. As it can be seen in Table 1,
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Table 1
Antimicrobial activity of the synthesized compounds.a
Gram positive bacteria

Gram negative bacteria
Fungi

Compound
1a
1b
1c
2a
2b
2c
3a
3b
3c
4a
4b
5a
5b
5c
5d
5e
5f
5g
5h
5i
6a
6b
6c
6d
6e
6f
6g
6h
6i
Gentamicin
Fluconazole

S. aureus

L. monocytogenes

E. coli

S. typhymurium

C. albicans

‐
‐
‐
16
20
22
15
15
20
7
15
7
10
9
6
‐
‐
6
6
4
4
‐
‐
‐
‐
‐
‐
‐
4
19
‐

5
4
4
3
3
4
3
3
‐
‐
3
3
3
3
3
3
3
3
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
18
‐

4
4
4
4
3
4
4
4
‐
3
4
4
4
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
22
‐

5
4
4
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
18
‐

10
12
‐
‐
‐
‐
6
‐
9
‐
‐
‐
‐
‐
‐
15
10
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
25

Gentamycin (10 μg per well) and Fluconazole (25 μg per well) were used as standard drugs.
‐ Indicates the compound has no activity.
Zones of inhibition in millimeter.

a

oxadiazole derivatives 2a–c were more active than the
thiadiazole derivatives 4a–b. The most active compound
was 2c with a 4-bromophenyl group in position 2 of the
thiazole ring, the inhibitory activity being more powerful
than that of Gentamicin (10 μg per well), used as standard
drug. All the synthesized compounds were slightly sensitive
against gram positive B. cereus and L. monocytogenes and
gram negative bacteria E. coli. The antifungal screening data
reveal that most of the new compounds are inactive, only
six compounds displayed weak inhibitory activity against
C. albicans: acid hydrazides 1a, 1b, potassium dithiocarbazates 3a, 3c, and thiazolyl-thiosemicarbazides 5e, 5f.
In conclusion, a series of new thiazolo/pyridin-1,3,4-oxadiazole, thiazolo/pyridin-1,3,4-thiadiazole, and thiazolo/pyridin1,2,4-triazole derivatives have been synthesized starting from
2-aryl-4-methylthiazol-5-carbohydrazides and isonicotinic acid
hydrazide and evaluated for their antibacterial and antifungal
activity against various gram positive, gram negative bacteria,
and C. albicans.

EXPERIMENTAL
Reagents were commercial grade and were used as supplied.
Thin layer chromatography was used to analyze the reaction
progress and purity of the synthesized compounds and was
carried out on precoated Silica Gel 60F254 sheets using heptan–
ethyl acetate 1:1 system and ultraviolet light for visualization.
Melting points were determined in open glass capillary method
with an electrothermal melting point meter and were uncorrected.
IR spectra were obtained in KBr disks on a Nicolet 210 FT-IR
spectrometer. The 1H NMR spectra were recorded at room
temperature on a Bruker Avance NMR spectrometer (500 MHz)
using TMS as internal standard. The samples were prepared by
dissolving the compounds in DMSO-d6 (δH = 2.51ppm) as
solvent and the spectra were recorded using a single excitation
pulse of 12 μs. 13C NMR spectra were recorded on Bruker
spectrometer (125 MHz) in DMSO-d6. Mass spectra were
recorded by Agilent 1100, type SL spectrometer (positive ionization)
and with a Varian MAT CH-5 spectrometer (70 eV). Elemental
analysis was registered with a Vario El CHNS instrument, results
were found to be in good agreement (±0.4%) with the calculated
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values. The hydrazides 1a–c were already published [27], but they
were characterized only by elemental analysis and melting points.
2-Aryl-4-methylthiazol-5-carbohydrazides (1a–c) [27]. To a
solution of ethyl 2-aryl-2-methylthiazol-5-carboxylates A–C (58.7
mmol) in absolute ethanol (100 mL), hydrazine hydrate (5.87 g,
117.4 mmol) was added and the resulting mixture was heated to
100°C for 4 h. The mixture was concentrated under reduced
pressure. Water was added to the residue and the resulting solid was
ﬁltered, washed with water, and recrystallized from ethanol to give
compounds 1a–c, as white crystals.
4-Methyl-2-phenylthiazol-5-carbohydrazide (1a). Yield 13 g,
55.8 mmol, (95%), mp 168–169°C [27]; IR (KBr): ν 1620 (C N),
1670 (C O) cm−1; 1H NMR (DMSO-d6): δ 2.77 (s, 3H, CH3), 4.21
(s, 2H, NH2), 7.46–7.96 (m, 5H, Ar H), 9.72 (s, 1H, NH) ppm; MS:
m/z (%) 233 (M+, 100). Anal. Calcd. for C11H11N3OS: C, 56.63; H,
4.75; N, 18.01; S, 13.74. Found: C, 56.59; H, 4.77; N, 17.94; S,
13.67.
4-Methyl-2-p-tolylthiazol-5-carbohydrazide (1b). Yield 13.63g,
55.18 mmol, (94%), mp 186–187°C (Ref. [27] 182–183°C); IR
(KBr): ν 1625 (C N), 1675 (C O) cm−1; 1H NMR (DMSO-d6): δ
2.36 (s, 3H, CH3), 2.59 (s, 3H, CH3), 4.64 (s, 2H, NH2), 7.32–7.83
(m, 4H, Ar H), 9.56 (s, 1H, NH) ppm; MS: m/z (%) 247 (M+, 100).
Anal. Calcd. for C12H13N3OS: C, 58.28; H, 5.30; N, 16.99; S,
12.97. Found: C, 58.21; H, 5.33; N, 16.92; S, 12.95.
2-(4-Bromophenyl)-4-methylthiazol-5-carbohydrazide (1c).
Yield 16.85g, 54 mmol, (92%), mp 218–219°C (Ref. [27] 215–216°
C; IR (KBr): ν 1615 (C N), 1677 (C O) cm−1; 1H NMR (DMSO-d6):
δ 2.7 (s, 3H, CH3), 4.13 (s, 2H, NH2), 7.68–7.73 (m, 4H, Ar H), 9.67
(s, 1H, NH) ppm; MS: m/z (%) 312 (M+, 100). Anal. Calcd. for
C11H10BrN3OS: C, 42.32; H, 3.23; N, 13.46; S, 10.27. Found: C,
42.35; H, 3.28; N, 13.41; S, 10.22.
5-(2-Aryl-4-methylthiazol-5-yl)-1,3,4-oxadiazol-2(3H)-thione
(2a–c); 5-(pyridin-4-yl)-1,3,4-oxadiazol-2(3H)-thione (2d). To a
solution of 1a–d (10 mmol) in absolute ethanol (100 mL), carbon
disulﬁde (20 mmol) and potassium hydroxide (12.5 mmol) were
added and the resulting solution was heated to reﬂux for 24 h.
The reaction mixture was concentrated and the residue was
dissolved in water and acidiﬁed with diluted hydrochloric acid.
The resulting solid was ﬁltered, dried, and recrystallized from
ethanol to afford compounds 2a–d as yellow solids.
5-(4-Methyl-2-phenylthiazol-5-yl)-1,3,4-oxadiazol-2(3H)thione (2a). Yield 2.13 g, 7.73 mmol, (77.3%), mp 243–244°C;
IR (KBr): ν 1155 (C O C), 1271 (C S), 1612 (C N), 3448 (NH)
cm−1; 1H NMR (DMSO-d6): δ 2.48 (s, 3H, CH3), 7.54–8.0 (m,
5H, Ar H), 14.17 (s, 1H, NH) ppm; 13C NMR (DMSO-d6): δ
17.01 (CH3), 115.8 (CH), 126.17 (CH), 129.71 (CH), 132.3 (C),
134.7 (C), 144.5 (C), 156.9 (C), 167.5 (C), 169.9 (C S) ppm;
MS: m/z (%) 276 (M + 1, 100). Anal. Calcd. for C12H9N3OS2:
C, 52.34; H, 3.29; N, 15.26; S, 23.29. Found: C, 52.32; H,
3.26; N, 15.24; S, 23.26.
5-(4-Methyl-2-p-tolylthiazol-5-yl)-1,3,4-oxadiazol-2(3H)-thione
(2b). Yield 2.46 g, 8.52 mmol, (85.2%), mp 247–248°C; IR (KBr): ν
1158 (C O C), 1267 (C S), 1596 (C N), 3463 (NH) cm−1; 1H NMR
(DMSO-d6): δ 2.37 (s, 3H, CH3), 2.43 (s, 3H, CH3), 7.3–7.8 (m,
4H, Ar H), 14.26 (s, 1H, NH) ppm; 13C NMR (DMSO-d6): δ 16.9
(Th CH3), 21.38 (Ar CH3), 117.4 (CH), 126.5 (CH), 129.7 (C),
131.6 (C), 141.5 (C), 144.3 (C), 156.9 (C), 167.5 (C), 172.9 (C S)
ppm; MS: m/z (%) 290 (M + 1, 100). Anal. Calcd. for
C13H11N3OS2: C, 53.96; H, 3.83; N, 14.52; S, 22.16. Found: C,
53.93; H, 3.81; N, 14.49; S, 22.15.
5-(2-(4-Bromophenyl)-4-methylthiazol-5-yl)-1,3,4-oxadiazol-2
(3H)-thione (2c). Yield 2.99 g, 8.45 mmol, (84.5%), mp 255–257°C;
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IR (KBr): ν 1156 (C O C), 1275 (C S), 1608 (C N), 3452 (NH) cm−1;
H NMR (DMSO-d6): δ 2.68 (s, 3H, CH3), 7.73–7.96 (m, 4H, Ar H),
14.93 (s, 1H, NH) ppm; 13C NMR (DMSO-d6): δ 17.63 (CH3), 114.3
(C), 125.45 (CH), 128.89 (CH), 131.42 (C), 132.9 (C), 156.2 (C),
156.9 (C), 167.2.5 (C), 183.9 (C S) ppm; MS: m/z (%) 354 (M + 1,
100). Anal. Calcd. for C12H8BrN3OS2: C, 40.69; H, 2.28; N,
11.86; S, 18.1. Found: C, 40.68; H, 2.27; N, 11.83; S, 18.02.
5-(Pyridin-4-yl)-1,3,4-oxadiazol-2(3H)-thione (2d) [29]. Yield
1.46 g, 7.49 mmol, (75% ); mp 264–265°C; IR (KBr): ν 1232
(C S), 1352 (C O C), 1616 (C N), 3450 (NH) cm−1; 1H NMR
(DMSO-d6): δ 7.63 (dd, 2H, J = 5, 3-Py), 8.76 (dd, 2H, J = 5, 2–
Py), 14.73 (s, 1H, NH) ppm; 13C NMR (DMSO-d6): δ 121.9
(2CH), 139.8 (C), 149.1 (C), 150.1 (2CH), 182.7 (C S) ppm; MS:
m/z (%) 179 (M+, 20). Anal. Calcd. for C7H5N3OS: C, 46.92; H,
2.81; N, 23.45; S, 17.89. Found: C, 46.78; H, 2.70; N, 23.25; S,
17.76.
Potassium 2-(2-aryl-4-methylthiazol-5-carbonyl)hydrazinecarbodithioate (3a–c). To a solution of 1a–b and 1d
(20 mmol) in 40 mL ethanol refrigerated below 10°C, a solution
of 1.68 g potassium hydroxide (30 mmol) in 60 mL ethanol and
3.04 g carbon disulﬁde (30 mmol) were added and the reaction
mixture was refrigerated 3 h. The resulting solid was ﬁltered,
washed with ether, and dried to afford compounds 3a–c as
yellow–orange solids.
Potassium 2-(4-methyl-2-phenylthiazol-5-carbonyl)hydrazinecarbodithioate (3a). Yield 4.6 g, 13.3 mmol, (66.5%);
IR (KBr): ν 3444, 3228 (2NH), 1647 (C O) cm−1.
Potassium 2-(4-methyl-2-p-tolylthiazol-5-carbonyl)hydrazinecarbodithioate (3b). Yield 6.6 g, 18.28 mmol, (91.4%);
IR (KBr): ν 3443, 3223 (2NH), 1652 (C O) cm−1.
Potassium pyridin-4-carbonyl-hydrazinecarbodithioate
(3c). Yield 3.91 g, 15.57 mmol, (78%); IR (KBr): ν 3370, 3309
(2NH), 1675 (C O) cm−1.
5-(2-Aryl-4-methylthiazol-5-yl)-1,3,4-tiadiazol-2(3H)-thione
(4a–b); 5-(pyridin-4-yl)-1,3,4-thiadiazol-2(3H)-thione (4c).
Potassium hydrazinecarbodithioates 3a–c (10 mmol) were added
portion wise to 98% sulfuric acid (25 mL) and the resulted clear
solution was stirred at room temperature for 24 h. The mixture was
cautiously added to crushed ice, stirred for 1h, refrigerated for 4 h,
and the separated precipitate was ﬁltered, washed with water, and
dried and crystallized from ethanol to afford compounds 4a–c, as
yellow solids.
5-(4-Methyl-2-phenylthiazol-5-yl)-1,3,4-tiadiazol-2(3H)-thione
(4a). Yield 1.98 g, 6.8 mmol, (68.1%), mp 204–205°C; IR
(KBr): ν 1242 (C S), 1541 (C N), 3438 (NH) cm−1; 1H NMR
(DMSO-d6): δ 2.6 (s, 3H, CH3), 7.5–8.1 (m, 5H, Ar H), 14.2
(s, 1H, NH) ppm; 13C NMR (DMSO-d6): δ 17.2 (CH3), 120.1
(CH), 126.2 (CH), 128.9 (CH), 133.3 (C), 143.7 (C), 153.6
(C), 156.7 (C), 161.2 (C), 182.9 (C S) ppm; MS: m/z (%) 292
(M + 1, 100). Anal. Calcd. for C12H9 N3S 3: C, 49.46; H,
3.11; N, 14.42; S, 33.01. Found: C, 49.42; H, 3.10; N,
14.41; S, 33.04.
5-(4-Methyl-2-p-tolylthiazol-5-yl)-1,3,4-tiadiazol-2(3H)-thione
(4b). Yield 2.9 g, 5.28 mmol, (52.8%), mp 250–251°C; IR
(KBr): ν 1243 (C S), 1558 (C N), 3410 (NH) cm−1; 1H NMR
(DMSO-d6): δ 2.44 (s, 3H, CH3), 2.58 (s, 3H, CH3), 7.32–7.92
(m, 4H, Ar H), 14.92 (s, 1H, NH) ppm; 13C NMR (DMSO-d6):
δ 17.67 (Th CH3), 21.55 (Ar CH3), 120.8 (CH), 126.7 (CH),
126.9 (C), 129.8 (C), 130.3 (C), 141.9 (C), 154.8 (C), 167.8
(C), 183.6 (C S) ppm; MS: m/z (%) 306 (M + 1, 100). Anal.
Calcd. for C13H11N3S3: C, 51.12; H, 3.63; N, 13.76; S, 31.49.
Found: C, 51.13; H, 3.61; N, 13.76; S, 31.50.
1
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5-(Pyridin-4-yl)-1,3,4-thiadiazol-2(3H)-thione (4c). Yield
1.10g, 5.63 mmol (56.5%); mp 280–282°C; IR (KBr): ν 1258
(C S), 1599 (C N), 3400 (NH) cm−1; 1H NMR (DMSO-d6): δ
7.66 (dd, 2H, J = 5, 3-Py), 8.78 (dd, 2H, J = 5, 2-Py), 14.68 (s,
1H, NH) ppm; 13C NMR (DMSO-d6): δ122.1 (2CH), 139.7 (C),
148.8 (C), 150.5 (2CH), 183.1 (C S) ppm; MS: m/z (%)
195 (M + , 36). Anal. Calcd. for C 7 H 5 N 3 S 2 : C, 43.06; H,
2.58; N, 21.52; S, 32.84. Found: C, 43.19; H, 2.54; N,
21.44; S, 32.64.
4-Alkyl/aryl-1-(2-aryl-4-methylthiazol-5-carbonyl)thiosemicarbazides (5a–i); 4-alkyl/aryl-1-(pyridin-4-yl-carbonyl)thiosemicarbazides (5j–). To a solution of 4 mmol 1a–d in 30 mL
ethanol, 4 mmol of the appropriate isothiocyanate were added. The
resulting mixture was heated under reﬂux for 3 h. After cooling the
precipitate was separated and recrystallized from methanol/acetone
to afford thiosemicarbazides 5a–l.
1-(4-Methyl-2-phenylthiazol-5-carbonyl)-4-phenylthiosemicarbazide (5a). This was obtained as yellow crystal; Yield
1.35 g, 3.68 mmol, (92%), mp 184–185°C; IR (KBr): ν 1231 (C S),
1532 (C N), 1672 (C O), 3115 (NH) cm−1; 1H NMR (DMSO-d6): δ
2.67 (s, 3H, CH3), 7.16–7.32 (m, 5H, Ar H), 7.95–7.97 (m, 5H,
Ar H), 8.3 (s,1H, NH C S), 9.6 (s, 1H, NH C S), 10.13 (s, 1H,
NH C O) ppm; 13C NMR (DMSO-d6): δ 17.9 (CH3), 123.1 (2CH),
126.2 (4CH), 129.6 (4CH), 130.3 (C), 131.5 (C), 132.7 (C), 157.8
(C O), 160.7 (C), 167.1 (C), 182.9 (C S) ppm; MS: m/z (%) 369
(M + 1, 100). Anal. Calcd. for C18H16N4OS2: C, 58.67; H, 4.38; N,
15.21; S, 17.4. Found: C, 58.65; H, 4.36; N, 15.18; S, 17.38.
1-(4-Methyl-2-p-tolylthiazol-5-carbonyl)- 4-phenylthiosemicarbazide (5b). This was obtained as yellow solid; Yield 1.4
g, 3.66 mmol, (91%), mp 179–180°C; IR (KBr): ν 1234 (C S), 1534
(C N), 1615 (C O), 3317 (NH) cm−1; 1H NMR (DMSO-d6): δ 2.37 (s,
3H, CH3), 2.69 (s, 3H, CH3), 7.24–7.52 (m, 5H, Ar H), 7.35 (d, 2H,
J = 8.5 Hz, Ar), 7.85 (d, 2H, J = 8.5 Hz, Ar), 8.7 (s,1H, NH C S), 9.8
(s, 1H, NH C S), 10.3 (s, 1H, NH C O) ppm; 13C NMR (DMSO-d6):
δ 17.95 (Th CH3), 21.5 (Ar CH3), 126.7 (4CH), 127.2 (CH), 128.5
(4CH), 130.2 (C), 130.4 (C), 139.7 (C), 141.6 (C), 160.4 (C O),
167.1 (C), 182.1 (C S) ppm; MS: m/z (%) 383 (M + 1, 100). Anal.
Calcd. for C19H18N4OS2: C, 59.66; H, 4.74; N, 14.65; S, 16.77.
Found: C, 59.63; H, 4.71; N, 14.63; S, 16.78.
1-(2-(4-bromophenyl)-4-methylthiazol-5-carbonyl)-4-phenylthiosemicarbazides (5c). This was obtained as yellow crystal;
Yield 1.7 g, 3.8 mmol, (95%), mp 254–256°C; IR (KBr): ν 1214
(C S), 1567 (C N), 1670 (C O), 3300 (NH) cm−1; 1H NMR
(DMSO-d6): δ 2.5 (s, 3H, CH3), 7.17–7.36 (m, 5H, Ar H), 7.74
(d, 2H, J = 9 Hz, ar), 7.90 (d, 2H, J = 8.5 Hz, ar), 8.3 (s,1H,
NH C S), 9.5 (s, 1H, NH C S), 10.1 (s, 1H, NH C O) ppm; 13C
NMR (DMSO-d6): δ 17.4 (Th CH3), 124.7 (C), 128.2 (2CH),
129.4 (C), 129.9 (3CH), 130.5 (2CH), 131.2 (2CH), 132.6 (C),
134.3 (C), 156.1 (C), 159.9 (C O), 164 (C),180.8 (C S) ppm; MS:
m/z (%) 448 (M + 1, 100). Anal. Calcd. for C18H15BrN4OS2: C,
48.33; H, 3.38; N, 12.52; S, 14.33. Found: C, 48.32; H, 3.36; N,
12.49; S, 14.34.
1-(4-Methyl-2-phenylthiazol-5-carbonyl)- 4-methylthiosemicarbazide (5d). This was obtained as white solid; Yield
0.95 g, 2.58 mmol, (64.5%), mp 205–207°C; IR (KBr): ν 1265
(C S), 1527 (C N), 1660 (C O), 3113 (NH) cm−1; 1H NMR
(DMSO-d6): δ 2.6 (s, 3H, CH3), 2.8 (d, 3H, J = 4.5 Hz, NCH3),
7.11–7.28 (m, 5H, Ar H), 8.1 (s,1H, NH C S), 9.7 (s, 1H, NH C S),
10.11 (s, 1H, NH C O) ppm; 13C NMR (DMSO-d6): δ 17.9 (CH3),
31.48 (NCH3), 125.2 (CH), 126.8 (2CH), 129.9 (2CH), 130.7 (C),
131.6 (C), 132.8 (C), 157.9 (C O), 161.6 (C), 167.2 (C), 183.4
(C S) ppm; MS: m/z (%) 307 (M + 1, 100). Anal. Calcd. for
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C13H14N4OS2: C, 50.96; H, 4.61; N, 18.29; S, 20.93. Found: C,
50.92; H, 4.59; N, 18.24; S, 20.90.
1-(4-Methyl-2-p-tolylthiazol-5-carbonyl)- 4-methylthiosemicarbazide (5e). This was obtained as white solid; Yield
1.2 g, 3.75 mmol, (64.5%), mp 208–209°C; IR (KBr): ν 1233
(C S), 1540 (C N), 1650 (C O), 3315 (NH) cm−1; 1H NMR
(DMSO-d6): δ 2.43 (s, 3H, CH3), 2.58 (s, 3H, CH3), 2.9 (d, 3H,
J = 4.5 Hz, NCH3), 7.54 (d, 2H, J = 8.5 Hz, Ar), 7.97 (d, 2H,
J = 8.5 Hz, Ar), 8.81 (s,1H, NH C S), 9.85 (s, 1H, NH C S),
10.31 (s, 1H, NH C O) ppm; 13C NMR (DMSO-d6): δ17.7
(Th CH3), 21.4 (Ar CH3), 31.24 (NCH3), 124.5 (2CH), 127.3
(2CH), 131.5 (C), 136.6 (C), 138.8 (C), 159.9 (C O), 161.2
(C), 166.7 (C), 182.1 (C S) ppm; MS: m/z (%) 321 (M + 1,
100). Anal. Calcd. for C14H16N4OS2: C, 52.48; H, 5.03; N,
17.48; S, 20.01. Found: C, 52.47; H, 5.04; N, 17.45; S, 20.05.
1-(2-(4-Bromophenyl)-4-methylthiazol-5-carbonyl)-4-methylthiosemicarbazides (5f). This was obtained as yellow solid; Yield
1.25 g, 3.25 mmol, (81.2%), mp 220–221°C; IR (KBr): ν 1232
(C S), 1567 (C N), 1658 (C O), 3307 (NH) cm−1; 1H NMR
(DMSO-d6): δ 2.43 (s, 3H, CH3), 2.88 (d, 3H, J = 4.5 Hz, NCH3),
7.48 (d, 2H, J = 8.5 Hz, Ar), 7.90 (d, 2H, J = 8.5 Hz, Ar), 8.4
(s,1H, NH C S), 9.5 (s, 1H, NH C S), 10.2 (s, 1H, NH C O) ppm;
13
C NMR (DMSO-d6): δ 17.61 (CH3), 31.14 (NCH3), 126.2
(2CH), 129.1 (2CH), 133.4 (C), 138.2 (C), 139.8 (C), 160.1 (C O),
163.4 (C), 168.2 (C), 181.9 (C S) ppm; MS: m/z (%) 386 (M + 1,
100). Anal. Calcd. for C13H13BrN4OS2: C, 40.52; H, 3.40; N,
14.54; S, 16.64. Found: C, 40.49; H, 3.41; N, 14.52; S, 16.6.
4-Allyl-1-(4-methyl-2-phenylthiazol-5-carbonyl)-thiosemicarbazide
(5g). This was obtained as white solid; Yield 1.22 g, 3.68 mmol,
(92%), mp 185–188°C; IR (KBr): ν 1235 (C S), 1530 (C N), 1660
(C O), 3302 (NH) cm−1; 1H NMR (DMSO-d6): δ 2.7 (s, 3H, CH3),
4.11 (m, 2H, CH2), 5.06 (d, 2H, CH2), 5.8 (m, 1H, CH ), 7.17–7.36
(m, 5H, Ar H), 8.3 (s,1H, NH C S), 9.4 (s, 1H, NH C S), 10.1 (s,
1H, NH C O) ppm; 13C NMR (DMSO-d6): δ 17.9 (CH3), 46.3
(CH2), 114.9 ( CH2), 125.7 (CH), 126.6 (2CH), 128.4 (CH ), 129.4
(2CH), 130.1 (C), 131.9 (C), 132.6 (C), 157.4 (C O), 161.2 (C),
166.9 (C), 181.8 (C S) ppm; MS: m/z (%) 333 (M + 1, 100). Anal.
Calcd. for C15H16N4OS2: C, 54.19; H, 4.85; N, 16.85; S, 19.29.
Found: C, 54.16; H, 4.84; N, 16.81; S, 19.27.
4-Allyl-1-(4-methyl-2-p-tolylthiazol-5-carbonyl)-thiosemicarbazide
(5h). This was obtained as white solid; Yield 1.06 g, 3.07 mmol,
(76.7%), mp 199–200°C; IR (KBr): ν 1226 (C S), 1545 (C N),
1662 (C O), 3125 (NH) cm−1; 1H NMR (DMSO-d6): δ 2.38 (s, 3H,
CH3), 2.69 (s, 3H, CH3), 4.1 (m, 2H, CH2), 5.05 (d, 2H, CH2),
5.82 (m, 1H, CH ), 7.41 (d, 2H, J = 8 Hz, Ar), 7.89 (d, 2H, J = 8
Hz, Ar), 8.4 (s,1H, NH C S), 9.3 (s, 1H, NH C S), 10.06 (s, 1H,
NH C O) ppm; 13C NMR (DMSO-d6): δ 17.4 (Th CH3), 21.25
(Ar CH3), 46.1 (CH2), 115.2 ( CH2), 124.6 (C), 124.4 (2CH), 128.9
(2CH), 128.7 (CH ), 131.2 (C), 132.2 (C), 136.7 (C O), 161.9 (C),
165.9 (C), 181.7 (C S) ppm; MS: m/z (%) 347 (M + 1, 100). Anal.
Calcd. for C16H18N4OS2: C, 55.47; H, 5.24; N, 16.17; S, 18.51.
Found: C, 55.44; H, 5.22; N, 16.14; S, 18.46.
4-Allyl-1-(2-(4-bromophenyl)-4-methylthiazol-5-carbonyl)thiosemicarbazides (5i). This was obtained as yellow solid;
Yield 1.35 g, 3.28 mmol, (82%), mp 224–225°C; IR (KBr): ν
1264 (C S), 1558 (C N), 1668 (C O), 3173 (NH) cm−1; 1H
NMR (DMSO-d6): δ 2.67 (s, 3H, CH3), 4.12 (m, 2H, CH2),
5.12 (d, 2H, CH2), 5.8 (m, 1H, CH ), 7.74 (d, 2H, J = 9 Hz,
Ar), 7.9 (d, 2H, J = 9 Hz, Ar), 8.36 (s,1H, NH C S), 9.48 (s,
1H, NH C S), 10.19 (s, 1H, NH C O) ppm; 13C NMR (DMSOd6): δ 17.89 (CH3), 46.4 (CH2), 115.7 ( CH2), 124.2 (C), 124.9
(2CH), 128.3 (2CH), 128.6 (CH ), 131.9 (C), 132.9 (C), 135.9
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(C O), 161.4 (C), 165.8 (C), 183.9 (C S) ppm; MS: m/z (%) 412
(M + 1, 100). Anal. Calcd. for C15H15BrN4OS2: C, 43.80; H,
3.68; N, 13.62; S, 15.59. Found: C, 43.81; H, 3.66; N, 13.59; S,
15.55.
4-Phenyl-1-(pyridin-4-yl-carbonyl)-thiosemicarbazide (5j).
This was obtained as white solid; Yield 0.84 g, 3.10 mmol
(81%); mp 187–189°C (Ref. [30] 120°C); MS: m/z (%) 272
(M+, 18). Anal. Calcd. for C13H12N4OS: C, 57.33; H, 4.44; N,
20.57; S, 11.77. Found: C, 57.44; H, 4.28; N, 20.65; S, 11.35.
4-Methyl-1-(pyridine-4-yl-carbonyl)-thiosemicarbazide (5k).
This was obtained as white solid; Yield 0.68 g, 3.22 mmol (80.5%);
mp 265–267°C; IR (KBr): ν 1252(C S), 1553(C N), 1673(C O),
2971, 2975, 3114, 3263(3NH) cm−1; 1H NMR (DMSO-d6): δ 2.8
(d, 3H, J = 5 Hz, NCH3), 7.78 (dd, 2H, J = 5, 3-Py), 8.79 (dd,
2H, J = 5, 2-Py), 8.40 (s, 1H, NH C S), 9.48 (s, 1H, NH C S),
10.57 (s, 1H, NH C O) ppm; 13C NMR (DMSO-d6): δ 32.2
(NCH3), 121.8 (2CH), 138.6 (C), 148.9 (2CH), 164.7 (C O),
180.9 (C S) ppm; MS: m/z (%) 210 (M+, 40). Anal. Calcd. for
C8H10N4OS: C, 45.70; H, 4.79; N, 26.65; S, 15.25. Found: C,
45.94; H, 4.53; N, 26.32; S, 15.10.
4-Allyl-1-(pyridine-4-yl-carbonyl)-thiosemicarbazide (5l).
This was obtained as white solid; Yield 0.80 g, 3.4 mmol
(85.8%); mp 210–211°C; IR (cm−1): ν 1229 (C S), 1526
(C N), 1676 (C O), 3219, 3268, 3308 (3NH) cm−1; 1H NMR
(DMSO-d6): δ 4.11 (d, 2H, CH2 ), 5.14 (dd, 2H, CH2), 5.82
(m, 1H, CH ), 7.83 (dd, 2H, J = 5, 3-Py), 8.77 (dd, 2H, J = 5,
2-Py), 8.42 (s, 1H, NH C S), 9.51 (s, 1H, NH C S), 10.69 (s,
1H, NH C O) ppm; 13C NMR (DMSO-d6): δ 46.4 (CH2),
115.7 ( CH2), 122.1 (2CH), 135.4 (CH ), 140.0 (C), 150.6
(2CH), 164.9 (C O), 182.0 (C S) ppm; MS: m/z (%) 237
(M + 1, 100). Anal. Calcd. for C 10 H 12 N 4 OS: C, 50.83; H,
5.12; N, 23.71; S, 13.57. Found: C, 50.99; H, 5.4.87; N,
23.40; S, 13.31.
4-Alkyl/aryl-3-(2-aryl-4-methylthiazol-5-yl)-1H-1,2,4-triazol-5
(4H)-thione (6a–i); 4-alkyl/aryl-3-(pyridin-4-yl)-1H-1,2,4-triazol5(4H)-thione (6j–l). A solution of corresponding thiosemicarbazide
5a–l (3.5 mmol) in 20 mL NaOH 2N was reﬂuxed for 2 h. The
resulting solution was cooled to room temperature, diluted with
water, and acidiﬁed to pH 5–6. The precipitate was ﬁltered, washed
with water, and recrystallized from ethanol to afford the triazolyl–
thiones 6a–l as white solids.
3-(4-Methyl-2-phenylthiazol-5-yl)-4-phenyl-1H-1,2,4-triazol-5
(4H)-thione (6a). Yield 1.18 g, 3.4 mmol, (97%), mp 272–274°C;
IR (KBr): ν 1265 (C S), 1531 (C N), 1570 (C N), 3110 (NH) cm−1;
1
H NMR (DMSO-d6): δ 2.48 (s, 3H, CH3), 7.44–7.56 (m, 5H,
Ar H), 7.6–7.99 (m, 5H, Ar H), 14.1 (s, 1H, NH) ppm; 13C NMR
(DMSO-d6): δ 17.04 (CH3), 115.1 (C), 126.1 (CH), 126.3 (3CH),
129.9 (4CH), 131.2 (2CH), 132.3 (C), 142.5 (C), 144.5 (C), 156.8
(C), 160.7 (C), 165.1 (C), 168.9 (C S) ppm; MS: m/z (%) 350 (M+,
100). Anal. Calcd. for C18H14N4S2: C, 61.69; H, 4.03; N, 15.99; S,
18.30. Found: C, 61.65; H, 4.01; N, 15.94; S, 18.27.
3-(4-Methyl-2-p-tolylthiazol-5-yl)-4-phenyl-1H-1,2,4-triazol-5
(4H)-thione (6b). Yield 0.92 g, 2.62 mmol, (75%), mp 267–269°C;
IR (KBr): ν 1257 (C S), 1520 (C N), 1538 (C N), 3102 (NH) cm−1;
1
H NMR (DMSO-d6): δ 2.38 (s, 3H, CH3), 2.44 (s, 3H, CH3),
7.45–7.55 (m, 5H, Ar H), 7.34 (d, 2H, J = 8 Hz, Ar), 7.86 (d, 2H,
J = 9 Hz, Ar), 14.2 (s, 1H, NH) ppm; 13C NMR (DMSO-d6): δ
16.9 (Th CH3), 21.5 (Ar CH3), 117.2 (C), 124.8 (C), 126.2 (2CH),
127.8 (3CH), 128.8 (2CH), 132.1 (2CH), 130.4 (C), 140.1 (C),
142.6 (C), 144.4 (C), 157.1 (C), 170.2 (C S) ppm; MS: m/z (%)
364 (M+, 100). Anal. Calcd. for C19H16N4S2: C, 62.61; H, 4.42; N,
15.37; S, 17.59. Found: C, 62.58; H, 4.41; N, 15.32; S, 17.53.
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3-(2-(4-Bromophenyl)-4-methylthiazol-5-yl)-4-phenyl-1H1,2,4-triazol-5(4H)-thione (6c). Yield 1.39 g, 3.24 mmol,
(92.5%), mp 295–296°C; IR (KBr): ν 1268 (C S), 1515 (C N),
1557 (C N), 3172 (NH) cm−1; 1H NMR (DMSO-d6): δ 2.45 (s,
3H, CH3), 7.44–7.56 (m, 5H, Ar H), 7.67 (d, 2H, J = 9 Hz, Ar),
7.7 (d, 2H, J = 9 Hz, Ar), 14.37 (s, 1H, NH) ppm; 13C NMR
(DMSO-d6): δ 17.42 (CH3), 115.9 (C), 124.7 (C), 128.4
(2CH), 129.5 (3CH), 129.9 (2CH), 130.5 (2CH), 131.5 (C),
132.8 (C), 134.0 (C), 144.85 (C), 156.5 (C), 168.72 (C S) ppm;
MS: m/z (%) 429 (M+, 100). Anal. Calcd. for C18H13BrN4S2:
C, 50.33; H, 3.02; N, 13.01; S, 14.89. Found: C, 50.35; H,
3.05; N, 13.05; S, 14.94.
4-Methyl-3-(4-methyl-2-phenylthiazol-5-yl)-1H-1,2,4-triazol5(4H)-thione (6d). Yield 0.92 g, 3.19 mmol, (91%), mp 228–229°C;
IR (KBr): ν 1280 (C S), 1488 (C N), 1541 (C N), 3070 (NH) cm−1;
1
H NMR (DMSO-d6): δ 2.48 (s, 3H, CH3), 3.48 (s, 3H, NCH3),
7.54–7.99 (m, 5H, Ar H), 14.17 (s, 1H, NH) ppm; 13C NMR
(DMSO-d6): δ 17.04 (CH3), 31.8 (NCH3), 115.1 (C), 126.8 (CH),
129.9 (2CH), 131.6 (2CH), 132.6 (C), 144.8 (C), 156.3 (C), 167.9
(C), 168.8 (C S) ppm; MS: m/z (%) 289 (M + 1, 100). Anal. Calcd.
for C13H12N4S2: C, 54.14; H, 4.19; N, 19.43; S, 22.24. Found: C,
54.13; H, 4.18; N, 19.39; S, 22.19.
4-Methyl-3-(4-Methyl-2-p-tolylthiazol-5-yl)-1H-1,2,4-triazol-5
(4H)-thione (6e). Yield 0.84 g, 2.77 mmol, (79%), mp 278–279°C;
IR (KBr): ν 1279 (C S), 1522 (C N), 1540 (C N), 3092 (NH) cm−1;
1
H NMR (DMSO-d6): δ 2.37 (s, 3H, CH3), 2.69 (s, 3H, CH3), 3.42
(s, 3H, NCH3), 7.35 (d, 2H, J = 8 Hz, Ar), 7.86 (d, 2H, J = 9 Hz,
Ar), 14.31 (s, 1H, NH) ppm; 13C NMR (DMSO-d6): δ 17.2
(Th CH3), 21.38 (Ar CH3), 31.6 (NCH3), 116.2 (C), 124.7 (C),
126.6 (2CH), 129.7 (2CH), 131.9 (C), 138.6 (C), 144.8 (C), 154.9
(C), 169.7 (C S) ppm; MS: m/z (%) = 303 (M + 1, 100). Anal.
Calcd. for C14H14N4S2: C, 55.6; H, 4.67; N, 18.53; S, 21.21.
Found: C, 55.58; H, 4.65; N, 18.49; S, 21.18.
3-(2-(4-Bromophenyl)-4-methylthiazol-5-yl)-4-methyl-1H1,2,4-triazol-5(4H)-thione (6f). Yield 1.24 g, 3.4 mmol, (97%),
mp 283–285°C; IR (KBr): ν 1280 (C S), 1521 (C N), 1541
(C N), 3095 (NH) cm−1; 1H NMR (DMSO-d6): δ 2.46 (s, 3H,
CH3), 3.5 (s, 3H, NCH3), 7.6 (d, 2H, J = 9 Hz, Ar), 7.7 (d, 2H,
J = 9 Hz, Ar), 14.37 (s, 1H, NH) ppm; 13C NMR (DMSO-d6):
δ 17.4 (Th CH3), 31.9 (NCH3), 115.6 (C), 124.9 (C), 128.2
(2CH), 129.4 (2CH), 131.2 (C), 132.9 (C), 144.5 (C), 156.5
(C), 171.4 (C S) ppm; MS: m/z (%) 367 (M+, 100). Anal.
Calcd. for C13H11BrN4S2: C, 42.51; H, 3.02; N, 15.25; S,
17.46. Found: C, 42.52; H, 3.02; N, 15.21; S, 17.42.
4-Allyl-3-(4-methyl-2-phenylthiazol-5-yl)-1H-1,2,4-triazol-5
(4H)-thione (6g). Yield 1.03 g, 3.3 mmol, (94%), mp 214–216°C;
IR (KBr): ν 1267 (C S), 1533 (C N), 1573 (C N), 3099 (NH) cm−1;
1
H NMR (DMSO-d6): δ 2.48 (s, 3H, CH3), 4.65 (m, 2H, CH2),
4.85–5.16 (dd, 2H, CH2), 5.82 (m, 1H, CH ), 7.55–7.99 (m, 5H,
Ar H), 14.21 (s, 1H, NH) ppm; 13C NMR (DMSO-d6): δ 17.7
(CH3), 46.2 (CH2), 113.7 ( CH2), 115.9 (C), 126.6 (CH), 129.8
(2CH), 130.3 (2CH), 131.7 (CH ), 140.2 (C), 144.4 (C), 156.2
(C), 162.9 (C), 170.8 (C S) ppm; MS: m/z (%) 314 (M + 1, 100).
Anal. Calcd. for C15H14N4S2: C, 57.30; H, 4.49; N, 17.82; S,
20.40. Found: C, 57.27; H, 4.47; N, 17.78; S, 20.36.
4-Allyl-3-(4-Methyl-2-p-tolylthiazol-5-yl)-1H-1,2,4-triazol-5
(4H)-thione (6h). Yield 1.1 g, 3.3 mmol, (94%), mp 185–186°C;
IR (KBr): ν 1279 (C S), 1522 (C N), 1540 (C N), 3187 (NH) cm−1;
1
H NMR (DMSO-d6): δ 2.37 (s, 3H, CH3), 2.44 (s, 3H, CH3), 4.66
(m, 2H, CH2), 4.86–5.17 (dd, 2H, CH2), 5.87 (m, 1H, CH ), 7.34
(d, 2H, J = 8 Hz, Ar), 7.86 (d, 2H, J = 9 Hz, Ar), 14.26 (s, 1H, NH)
ppm; 13C NMR (DMSO-d6): δ 16.97 (Th CH3), 21.48 (Ar CH3),
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46.27 (CH2), 113.9 ( CH2), 117.7 (C), 126.7 (2CH), 129.9 (2CH),
130.4 (C), 131.89 (CH ), 141.6 (C), 144.5 (C), 156.6 (C), 167.9
(C), 168.67 (C S) ppm; MS: m/z (%) 329 (M + 1, 100). Anal.
Calcd. for C16H16N4S2: C, 58.51; H, 4.91; N, 17.06; S, 19.52.
Found: C, 58.49; H, 4.90; N, 17.01; S, 19.49.
4-Allyl-3-(2-(4-bromophenyl)-4-methylthiazol-5-yl)-1H-1,2,4triazol-5(4H)-thione (6i). Yield 1.34 g, 3.4 mmol, (98%), mp
259–260°C; IR (KBr): ν 1286 (C S), 1533 (C N), 1558 (C N),
3108 (NH) cm−1; 1H NMR (DMSO-d6): δ 2.7 (s, 3H, CH3),
4.13 (m, 2H, CH2), 5.05–5.17 (dd, 2H, CH2), 5.86 (m, 1H,
CH ), 7.66 (d, 2H, J = 9 Hz, Ar), 7.71 (d, 2H, J = 9 Hz, Ar),
14.4 (s, 1H, NH) ppm; 13C NMR (DMSO-d6): δ 17.4
(Th CH3), 46.7 (CH2), 114 ( CH2), 116.7 (C), 128.9 (2CH),
131.2 (2CH), 131.9 (CH ), 133.2 (C), 143.9 (C), 144.9 (C),
156.8 (C), 164.7 (C), 168.7 (C S) ppm; MS: m/z (%) 393 (M+,
100). Anal. Calcd. for C15H13BrN4S2: C, 45.80; H, 3.33; N,
14.24; S, 16.30. Found: C, 45.77; H, 3.32; N, 14.22; S, 16.27.
4-Phenyl-3-(pyridin-4-yl)-1H-1,2,4-triazol-5(4H)-thione (6j).
Yield 0.66 g, 2.6 mmol (74.6%); mp 279–280°C (Ref. [30] 122°
C); MS: m/z (%) = 254 (M+, 100). Anal. Calcd. for C13H10N4S:
C, 61.39; H, 3.96; N, 22.03; S, 12.61. Found: C, 61.30; H, 3.65;
N, 21.86; S, 12.51.
4-Methyl-3-(pyridin-4-yl)-1H-1,2,4-triazol-5(4H)-thione (6k).
Yield 0.50 g, 2.62 mmol, (75%); mp 283–284°C; IR (KBr): ν 1226
(C S), 1571 (C N), 1609 (C N), 3271 (NH) cm−1; 1H NMR
(DMSO-d6): δ 3.45 (s, 3H, NCH3), 7.46 (dd, 2H, J = 5 Hz, 3-Py),
8.64 (dd, 2H, J = 5 Hz, 2-Py), 14.16 (s, 1H, NH) ppm; 13C NMR
(DMSO-d6): δ 31.64 (NCH3), 123.1 (2CH), 133.6 (C), 149.5
(C N), 151.2 (2CH), 168.8 (C S) ppm; MS: m/z (%) 192 (M+,
100). Anal. Calcd. for C8H8N4S: C, 49.98; H, 4.09; N, 29.14; S,
16.68. Found: C, 50.11; H, 3.93; N, 29.48; S, 16.41.
4-Allyl-3-(pyridin-4-yl)-1H-1,2,4-triazol-5(4H)-thione (6l).
Yield 0.595 g, 2.73 mmol (78%); mp 210–212°C; IR (KBr): ν 1262
(C S), 1571 (C N), 1614 (C N), 3337 (NH) cm−1; 1H NMR (DMSOd6): δ 4.8 (d, 2H, CH2 ), 5.01 (dd, 2H, CH2), 5.86 (m, 2H, CH ), 7.66
(dd, 2H, J = 5 Hz, 3-Py), 8.77 (dd, 2H, J = 5 Hz, 2-Py), 14.26 (s, 1H,
NH) ppm; 13C NMR (DMSO-d6): δ 46.7 (CH2), 117.7 ( CH2), 122.6
(2CH), 130.4 (CH ), 133.8 (C), 149.7 (C N), 150.8 (2CH), 168.6
(C S) ppm; MS: m/z (%) 218 (M+, 25). Anal. Calcd. for
C10H10N4S: C, 55.02; H, 4.62; N, 25.67; S, 14.69. Found: C,
55.05; H, 4.34; N, 25.94; S, 14.47.
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Abstract
A new series of 5-thiazolyl-ethylidene-hydrazinyl-thiazoles 3a-g, 5-thiazolilethylidene-hydrazinyl-thiazolin-4-ones 5 and 6a-i was synthesized starting from 5-acetyl-2phenyl-4-methyl-thiazolyl-thiosemicarbazone 2 by the reaction with various αhalocarbonyle compounds or ethyl-α-chloroacetate. The 5-thiazolyl-1,3,4-thiadiazoline 4
was synthesized by ciclysation of the same thiosemicarbazone 2 with acetic anhydride in
the presence of pyridine. The newly synthesized compounds were characterized by 1HNMR and mass spectral studies.
Rezumat
Prin reacţia tiosemicarbazonei 5-acetil-2-fenil-4-metil-tiazolului 2 cu diverşi αhalocarbonili sau α-cloro-acetat de etil s-au obţinut noi serii de compuşi cu structură 5tiazolil-etiliden-hidrazinil-tiazolică 3a-g şi 5-tiazolil-etiliden-hidrazinil-tiazolin-onică 5 şi
6a-i. Prin ciclizarea aceleaşi tiosemicarbazone 2 cu anhidridă acetică, în prezenţă de
piridină, s-a obţinut compusul 4, cu structură 5-tiazolil-1,3,4-tiadiazolinică. Noii compuşi
sintetizaţi au fost caracterizaţi prin 1HRMN şi studii spectrale de masă.
Keywords: thiosemicarbazones, hidrazinyl-thiazoles, thiazolin-ones

Introduction
Thiazoles and thiazolin-4-one compounds have attracted continuing
interest over the years because of their various biological activity such as
antibacterial, antifungal, anti-inflammatory, anti-HIV, antihypertensive,
anticonvulsant, antihelmintic. Synthesis of thiazole derivatives by various
methods and their biological evaluation have been described by many
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researchers [2-6,11]. Similarly, Schiff bases have gained importance
because of physiological and pharmacological activities associates with
them [1,14-16,18,19]. Prompting by the observed biological activities of the
above mentioned derivatives and in continuation of our ongoing studies of
novel biological active molecules [8-10], we decided to synthesize
compounds with the thiazole nucleus linked with a Schiff base as possible
antimicrobial agents. Furthermore, because 1,3,4-thiadiazole nucleus is
present in some biological active molecules including antibacterial and
antifungal agents, [7,12,17] we also obtained one 5-thiazolyl-1,3,4thiadiazoline compound.
Materials and Methods
The melting points were determined in open capillary tubes, on an
Electrothermal melting point apparatus and are uncorrected. The 1HNMR
spectra were recorded at room temperature on a Bruker Avance NMR
spectrometer operating at 500 MHz. Chemical shift values were reported
relative to tetramethylsilane (TMS) as internal standard. The samples were
prepared by dissolving the synthesized powder of the compounds in
DMSOd6 (δH= 2.51ppm) as solvent and the spectra were recorded using a
single excitation pulse of 12 µs. GC-MS analyses were performed with an
Agilent gas chromatograph 6890 equipped with an apolar Macherey Nagel
Permabond SE 52 capillary column. Elemental analysis was performed with
a Vario El CHNS instrument. All the compounds gave satisfactory CHNS
quantitative elemental analysis results. The purity of the synthesized
compounds was verified by thin layer chromatography (TLC) and was
carried out on precoated Silica Gel 60F254 sheets using heptan – ethylacetate 1:1 like developpant and UV absorption for visualization.
The synthetic strategies adopted to obtain the target compounds are
depicted in the figures 1-3. The key intermediate 2 was prepared in two
steps as shown in figure 1. The first step was the condensation of the
benzothioamide with 3-chloropentane-2,4-dione to result the 5-acethyl-2phenyl-4-methyl-thiazole 1. The second step consists in the condensation of
1 with thiosemicarbazide in absolute ethanol, in the presence of
concentrated sulphuric acid as catalyst, to obtain the 5-acetyl-2-phenyl-4methyl-thiazolyl-thiosemicarbazone 2 which is a versatile compound and it
was used as an intermediate for the synthesis of all the desired compounds.
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Figure 1
Synthesis of 5-acetyl-2-phenyl-4-methyl-thiazolyl-thiosemicarbazone 2

Synthesis of compound 2
0.05 mol (10 g) of 5-acethyl-2-phenyl-4-methyl-thiazole dissolved in
25 mL absolute ethanol, was treated with 0.05 mol of thiosemicarbazide
dissolved in 25 mL ethanol, followed by adding 5 drops of concentrated
sulfuric acid. The mixture was refluxed for 3 hours, cooled, after which the
resulted precipitate was filtered and recrystallised from ethanol.
Through Hantzsch condensation reactions between 5-acetyl-2phenyl-4-methyl-thiazolyl-thiosemicarbazone
2
and
various
αhalocarbonylic compounds it was obtained a new series of 5-thiazolylethylidene-hydrazinyl-thiazoles 3a-f various substituted in the 4 and 5
positions of the thiazole ring. If the α-halocarbonilic compound was 5bromoacetyl-2-phenyl-4-methyl-thiazole 7 [13], we obtained the 5thiazolyl-ethylidene-hydrazinyl-4-5'-bithiazole 3g (Figure 2).
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Figure 2
Synthesis of 5-thiazolyl-ethylidene-hydrazinyl-2-thiazoles 3a-f and 5-thiazolylethyliden-hydrazinyl-4-5'-bithiazole 3g

General procedure for the synthesis of compounds 3a-g
0.005 mol of 2 were suspended in 20 mL absolute ethanol with
0.005 mol α-halocarbonylic compound (3-chloro-acetylacetone, 2-chloroethyl acetoacetate, 4-chloro-ethyl acetoacetate, α-chloroacetophenone,
chlorpropanone, 1,3-dichloroacetone, 5-bromoacetyl-2-phenyl-4-methylthiazole). The mixtures were refluxed for 2 hours, cooled, after which the
resulted precipitates were filtered, washed with water in order to transform
them in bases. The resulted compounds were recrystallized from ethanol.
The reaction of the thiosemicarbazone derivative 2 with ethyl
chloroacetate in refluxing ethanol in the presence of anhydrous sodium
acetate led to the compound 5 (Figure 3). The structure of 5 was identified
as 2-(2-(1-(4-methyl-2-phenylthiazol-5-yl)-ethylidene) hydrazinyl) thiazol4(5H)-one on the basis of its spectral data. Furthermore this structure was
derivatized by chemical transformation, where it was condensed with
several aldehydes by refluxing in acetic acid containing anhydrous sodium
acetate as basic catalyst to give the corresponding arylidene derivatives 6a-i
(Figure 3).
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In addition, refluxing of thiosemicarbazone derivative 2 with
pyridine and acetic anhydride gave the 5-thiazolyl-2(1,3,4-thiadiazoline) 4
(Figure 3).

Figure 3
Synthesis of 5-thiazolyl-2(1,3,4-thiadiazoline) 4 and 5-arilydene-2-(5-thiazolylethylidene)-hydrazinyl-thiazolin-4-ones 6 a-i

Synthesis of compound 4
A mixture of 0.005 mol (1.5 g) of 2.5 mL pyridine and 5 mL acetic
anhydride was refluxed 1 hour. After cooling, the mixture was poured in
cold water and the solid obtained was filtered out, washed with water and
recrystallized from ethanol.
Synthesis of compound 5
A mixture of 0.01 mol of 2 (3g), 0.01 mol ethyl-α-chloroacetate and
0.04 mol anhydrous sodium acetate in absolute ethanol was heated under
reflux for 8h. The mixture was left to cool; the solid was filtered out,
washed with water and recrystallized from ethanol.
General procedure for the synthesis of compounds 6a-i
A mixture of 0.001 (0.3 g) mol of 5, 0.001 mol of carbonylic
compounds
(4-bromobenzaldehyde,
4-chlorobenzaldehyde,
4nitrobenzaldehyde, 3-nitrobenzaldehyde, 4-hydroxybenzaldehyde, 2hydroxybenzaldehyde, 2-metoxybenzaldehyde, 2,4-dichlorobenzaldehyde,
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2,6-dichlorobenzaldehyde) and 0.004 mol of anhydrous sodium acetate in
glacial acetic acid was refluxed for 24 h. After cooling the mixture, the
precipitated solid was filtered off, washed with water and recrystallised
from acetic acid to give the compounds 6a-i.
Results and Discussion
The target compounds were synthesized with good yields, following
the aforementioned procedure. The results for elemental analysis data for
the new compounds were within ± 0.4% of theoretical values and are in
agreement with the proposed chemical structure. The structures of the newly
synthesized compounds were elucidated by spectral data. The MS and 1H
NMR spectra show all the expected signals.
2:(2-(1-(4-methyl-2-phenylthiazol-5-yl-ethylidene-hydrazinecarbothioamide): C13H14N4S2 (290.41), Yellow crystals, Yield=75%, M.p.:
207-2100C, 1HRMN (DMSO): δppm = 2.40 (s, 3H, Thiazole-4CH3), 2.48 (s,
3H, CH3-C=N), 7.4-7.9 (m, 5H, phenyl), 7.94 (s, 1H, NH), 8,62 (s, 2H,
NH2), Elemental Analysis: Calc.: C, 53.77; H, 4.86; N, 19.29; S, 22.08,
Found: C, 53.72; H, 4.9; N, 19.4; S, 22.02
Mass spectra of the compounds 3a-g showed intense molecular ion
peaks at m/z in agreement with their molecular formulae. The most
important fragmentations are the fragmentation of N-NH bound with the
formation of ion peaks (m/z=M+- N=C(CH3)-Thiazolyl (4-CH3)-phenyl) and
the fragmentation of the 5-thiazolyl-C bound with the formation of ion
peaks (m/z=Thiazolyl (4-CH3)-phenyl).
The exhibited chemical shifts obtained from 1H NMR spectra of the
compounds
4-methyl-2-phenylthiazol-5-yl)ethylidene)hydrazinyl)-2thiazoles 3a-g supported the proposed structures of the compounds. The
chemical shift of the NH proton (hydrazinyl group) appeared in the form of
singlet peak at δ 7.9-8.3 ppm. The aromatic protons signals were registered
in the δ 7.4-8.1 ppm region in the form of multiple peaks (doublet, double
doublets or multiplet). The signal of the proton in the 5 position of thiazole
ring appeared at the range of δ 6.8-7.1 ppm as singlet peak for the
compounds 3a, 3b, 3e, 3f, 3g. The chemical shift of the methyl groups
(thiazole nucleus and ethylidene-hydrazinyl group) appeared at δ 2.4- 2.7
ppm in the form of a singlet peaks and for the compounds 3b, 3c, 3d, 3g
appeared a supplementary singlet signal (3H, methyl group) in the same
range.
3a: C16H15ClN4S2 (362.90), Green crystals, Yield = 70%, M.p.: 2430
246 C, MS: m/z = 362, 259, 215, 201,174,71; 1HRMN (DMSO): δppm =
2.45 (s, 3H, Thiazole-4CH3), 2.66 (s, 3H, CH3-C=N), 4.7 (2H CH2Cl), 6.8
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(s, 1H, Thiazole-H5), 7.4-7.9 (m, 5H, phenyl), 7.9 (s, 1H, NH) Elemental
Analysis: Calc: C, 52.95; H, 4.17; N, 15.44; S, 17.67, Found: C, 53.03; H,
4.14; N, 15.49; S, 17.7
3b: C16H16N4S2 (328.46), Yellow crystals, Yield = 68%, M.p.: 1810
184 C, MS: m/z =328, 225, 215, 201, 174, 71; 1HRMN (DMSO): δppm =
2.41 (s, 3H, CH3-Thiazole), 2.43 (s, 3H, CH3-Thiazole) 2.65 (s, 3H, CH3C=N), 7.0 (s, 1H, Thiazole-H5), 7.4-7.9 (m, 5H, phenyl), 7.96 (s, 1H, NH)
Elemental Analysis: Calc.: C, 58.51; H, 4.91; N, 17.06; S, 19.52, Found: C,
58.47; H, 4.95; N, 17.03; S, 19.55
3c: C18H18N4OS2 (370.49), Green crystals, Yield = 72%, M.p.: 1961990C, MS: m/z= 370, 267, 215, 174, 71; 1HRMN (DMSO): δppm = 2.41
(s, 3H, CH3-Thiazole), 2.43 (s, 3H, CH3-Thiazole), 2.50 (s, 3H, COCH3),
2.65 (s, 3H, CH3-C=N), 7.4-7.9 (m, 5H, phenyl), 7.96 (s, 1H, NH);
Elemental Analysis: Calc: C, 58.35; H, 4.90; N, 15.12; S, 17.31, Found: C,
58.39; H, 4.87; N, 15.08; S, 17.36
3d: C19H20N4O2S2 (400.52), Orange crystals, Yield = 65%, M.p.:
187-1900C, MS: m/z= 400, 354, 215, 200, 174, 71; 1HRMN (DMSO): δppm
= 1.28 (3H CH3-CH2-O-CO), 2.41 (s, 3H, CH3-Thiazole), 2.45 (s, 3H, CH3Thiazole), 2.66 (s, 3H, CH3-C=N), 4.22 (2H, CH3-CH2-O-CO), 7.4-7.9 (m,
5H, phenyl), 7.94 (s, 1H, NH); Elemental Analysis: Calc.: C, 56.98; H,
5.03; N, 13.99; S, 16.01, Found: C, 57.02; H, 4.99; N, 14.02; S, 16.05
3e: C19H20N4O2S2 (400.52), Brown crystals, Yield = 71%, M.p.: 950
100 C, MS: m/z= 400, 354, 327, 215, 200, 174, 71; 1HRMN (DMSO):
δppm = 1.28 (3H CH3-CH2-O-CO), 2.41 (s, 3H, CH3-Thiazole), 2.50 (s, 3H,
CH3-C=N), 4.0 (2H, CH2-COOC2H5), 4.22 (2H, CH3-CH2-O-CO), 7.0 (s,
1H, Thiazole-H5), 7.4-7.9 (m, 5H, phenyl), 8.0 (s, 1H, NH) Elemental
Analysis: Calc.: C, 56.98; H, 5.03; N, 13.99; S, 16.01, Found: C, 56.96; H,
5.05; N, 14.03; S, 15.97
3f: C21H18N4S2 (390.52), Orange crystals, Yield = 72%, M.p. 2300C
(d), MS: m/z= 390, 287, 246, 215, 174, 71; 1HRMN (DMSO): δppm = 2.41
(s, 3H, Thiazole-4CH3), 2.49 (s, 3H, CH3-C=N), 7.0 (s, 1H, Thiazole-H5),
7.4-7.9 (m, 10H, phenyl, phenyl), 8.2 (s, 1H, NH); Elemental Analysis:
Calc.:C, 64.59; H, 4.65; N, 14.35; S, 16.42, Found: C, 64.64; H, 4.67; N,
14.39; S, 16.39,
3g: C25H21N5S3 (487.66), Red crystals, Yield = 61%, M.p.:2460
248 C (d), MS: m/z= 487, 364, 312, 271, 215, 174, 71, 1HRMN (DMSO):
δppm =2.50 (s, 3H, CH3-Thiazole), 2.54 (s, 3H, CH3-Thiazole) 2.67 (s, 3H,
CH3-C=N), 6.9 (s, 1H, Thiazole-H5), 7.4-7.9 (m, 10H, phenyl, phenyl), 8.2
(s, 1H, NH), Elemental Analysis: Calc.: C, 61.57; H, 4.34; N, 14.36; S,
19.73, Found: C, 61.63; H, 4.32; N, 14.32; S, 19.69
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4:(N-(4-acetyl-5-methyl-5-(4-methyl-2-phenylthiazol-5-yl)-4,5dihydro-1,3,4-thiadiazol-2-yl)acetamide): C17H18N4O2S2 (374.48), White
crystals, Yield = 69%, Mp: 148-150, m/z=374, 333, 290, 174, 71; 1HRMN
(DMSO): δppm = 2.0 (s, 3H, CH3, NH-COCH3), 2.16 (s, 3H, CH3. NCOCH3), 2.2 (s, 3H, CH3, thiadiazol), 2,4 (s, 3H, CH3, thiazole), 7.4-7.9 (m,
5H, phenyl), 11.0 (s, 1H, NH-COCH3), Elemental Analysis: Calc.: C, 54.52;
H, 4.84; N, 14.96; S, 17.13, Found: C, 54.57; H, 4.8; N, 15; S, 17.1
The mass spectrum of compound 5, identified as 2-(2-(1-(4-methyl2-phenylthiazol-5-yl)ethylidene)hydrazinyl)thiazol-4(5H)-one on the basis
of its spectral data showed a molecular peak at m/z 330 and the 1HRMN
spectra showed a signal at 3.8 ppm attributed to 5-CH2 protons from
thiazolin-one ring.
5: C15H14N4OS2 (330.43), Yellow crystals, Yield = 70%, M.p.: 2100
215 C, m/z=330, 215, 200, 174, 71, 1HRMN (DMSO): δppm = 2.44 (s, 3H,
CH3-Thiazole), 2.68 (s, 3H, CH3-C=N), 3,8 (s, 2H, Thiazole-H5), 7.4-7.9
(m, 5H, phenyl), 11.8 (s, 1H, NH), Elemental Analysis: Calc: C, 54.52; H,
4.27; N, 16.96; S, 19.41, Found: C, 54.48; H, 4.2; N, 16.91; S, 19.4
The mass spectra of the compounds 5-arylidene-2-(1-(4-methyl-2phenylthiazol-5-yl)-ethylidene)-hydrazinyl)-thiazol-4(5H)-ones 6a-i showed
all the molecular peaks in agreement with their molecular formulae. The
lack of signals due to C-5 protons of thiazole ring in their 1HRMN spectra
and the apparition of singlet signals in range 7.8-8.4 corresponding to the
CH= (position 5 thiazole) protons provided a firm support for the formations
of the compounds 6a-i.
6a: C22H17BrN4OS2 (497.43) Yellow crystals, Yield = 61%, M.p.:
237-2400C, MS:m/z=498 (M+1), 330, 215, 200, 1HRMN (DMSO): δppm =
2.52 (s, 3H, CH3-Thiazole), 2.75 (s, 3H, CH3-C=N), 7.99 (1H, CH=), 7.47.9 (m, 9H, phenyl, p-Br-phenyl), 11.8 (s, 1H, NH), Elemental Analysis:
Calc: C, 53.12; H, 3.44; N, 11.26; S, 12.89, Found: C, 53.16; H, 3.48; N,
11.26;S, 12.85,
6b: C22H17ClN4OS2 (452.98) Yellow crystals, Yield = 66%, M.p.:
233-2380C, MS: m/z= 453, 330, 215, 200; 1HRMN (DMSO): δppm = 2.48
(s, 3H, CH3-Thiazole), 2.68 (s, 3H, CH3-C=N), 8.04 (1H, CH=), 7.4-8.02
(m, 9H, phenyl, p-Cl-phenyl), 11.4 (s, 1H, NH), Elemental Analysis: Calc:,
C, 58.33; H, 3.78; N, 12.37; S, 14.16, Found: C, 58.37; H, 3.73; N, 12.41;
S, 14.12,
6c: C22H17N5O3S2 (463.53), Orange crystals, Yield = 71%,
M.p.:252-2550C, MS: m/z= 463, 330, 215, 200; 1HRMN (DMSO): δppm =
2.51 (s, 3H, CH3-Thiazole), 2.60 (s, 3H, CH3-C=N), 8.24 (1H, CH=), 7.48.04 (m, 9H, phenyl, p-NO2-phenyl), 11.6 (s, 1H, NH),
Elemental
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Analysis: Calc.: C, 57.00; H, 3.70; N, 15.11; S, 13.84, Found: C, 56.96; H,
3.74; N, 15.16; S, 13.81
6d: C22H17N5O3S2 (463.53) Orange crystals, Yield = 69%, M.p.:
245-2480C, MS: m/z= 463, 330, 215, 200; 1HRMN (DMSO): δppm = 2.47
(s, 3H, CH3-Thiazole), 2.62 (s, 3H, CH3-C=N), 8.04 (1H, CH=), 7.4-8.04
(m, 9H, phenyl, m-NO2-phenyl), 11.4 (s, 1H, NH), Elemental Analysis:
Calc.: C, 57.00; H, 3.70; N, 15.11; S, 13.84, Found: C, 57.02; H, 3.71; N,
15.12; S, 13.88
6e: C22H18N4O2S2 (434.52), Orange crystals, Yield = 72%, M.p.:
256-2600C, MS: m/z= 434, 330, 215, 200; 1HRMN (DMSO): δppm = 2.47
(s, 3H, CH3-Thiazole), 2.62 (s, 3H, CH3-C=N), 6.02 (s 1H, OH), 7.97 (1H,
CH=), 7.4-8.04 (m, 9H, phenyl, p-OH-phenyl), 12.01 (s, 1H, NH),
Elemental Analysis: Calc.: C, 60.81; H, 4.18; N, 12.89; S, 14.76, Found: C,
60.77; H, 4.2; N, 12.91; S, 14.72
6f: C22H18N4O2S2 (434.52), Red crystals, Yield = 62%, M.p.: 2410
243 C, MS: m/z= 434, 330, 215, 200; 1HRMN (DMSO): δppm = 2.48 (s,
3H, CH3-Thiazole), 2.66 (s, 3H, CH3-C=N), 5.98 (s 1H, OH), 8.44 (1H,
CH=), 7.4-8.04 (m, 9H, phenyl, o-OH-phenyl), 11.8 (s, 1H, NH), Elemental
Analysis: Calc.: C, 60.81; H, 4.18; N, 12.89; S, 14.76, Found: C, 60.85; H,
4.21; N, 12.87; S, 14.75
6g: C23H20N4O2S2 (448.56), Yellow crystals, Yield = 78%, M.p.:2052080C, MS: m/z= 448, 330, 215, 200; 1HRMN (DMSO): δppm = 2.45 (s,
3H, CH3-Thiazole), 2.61 (s, 3H, CH3-C=N), 4.2 (s 3H, OCH3), 8.7 (1H,
CH=), 7.4-8.04 (m, 9H, phenyl, o-OCH3-phenyl), 11.6 (s, 1H, NH),
Elemental Analysis: Calc.:C, 61.59; H, 4.49; N, 12.49; S, 14.30, Found: C,
61.62; H, 4.45; N, 12.53; S, 14.28
6h: C22H16Cl2N4OS2 (486.42), Yellow crystals, Yield = 71%, M.p.:
239-2420C, MS: m/z= 486, 330, 215, 200; 1HRMN (DMSO): δppm = 2.43
(s, 3H, CH3-Thiazole), 2.5 (s, 3H, CH3-C=N), 8.8 (1H, CH=), 7.2-7.9 (m,
8H, phenyl, 2,4 di-Cl-phenyl), 11.2 (s, 1H, NH), Elemental Analysis: Calc.:
C, 54.21; H, 3.31; N, 11.49; S, 13.16, Found: C, 54.26; H, 3.26; N, 11.54; S,
13.1
6i: C22H16Cl2N4OS2 (486.48), Yellow crystals, Yield = 76%, M.p.:
235-2380C, MS: m/z= 486, 330, 215, 200; 1HRMN (DMSO): δppm = 2.46
(s, 3H, CH3-Thiazole), 2.55 (s, 3H, CH3-C=N), 8.9 (1H, CH=), 7.2-7.9 (m,
8H, phenyl, 2,6 di-Cl-phenyl), 11.1 (s, 1H, NH), Elemental Analysis: Calc.:
C, 54.21; H, 3.31; N, 11.49; S, 13.16, Found: C, 54.22; H, 3.35; N, 11.43; S,
13.20
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Conclusions
In order to obtain new compounds with improved antimicrobial
activity, new 5-thiazolyl-ethylidene-hydrazinyl-thiazoles and 5-thiazolilethylidene-hydrazinyl-thiazolin-4-ones were synthesized. The newly
synthesized derivatives were characterized by 1H NMR, MS and elemental
analysis.
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Abstract: New and known arylidene-hydrazinyl-thiazole derivatives have been
synthesized by a convenient Hantzsch condensation. All compounds were evaluated
for their in vitro cytotoxicity on two carcinoma cell lines, MDA-MB231 and HeLa.
Significant antiproliferative activity for 2-(2-benzyliden-hydrazinyl)-4-methylthiazole on
both MDA-MB-231 (IC50: 3.92 µg/mL) and HeLa (IC50: 11.4 µg/mL) cell lines, and for
2-[2-(4-methoxybenzylidene) hydrazinyl]-4-phenylthiazole on HeLa (IC50: 11.1 µg/mL)
cell line is reported. Electrophoresis experiments showed no plasmid DNA (pTZ57R)
cleavage in the presence of the investigated thiazoles.
Keywords: thiazole; hydrazine; cytotoxicity; DNA interaction
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1. Introduction
Recent studies have shown a constant interest in thiazole compounds due to a wide spectra of
biologic activities, such as the antimalarial activity of hydrazinyl-thiazoles [1], antiproliferative
activity of steroidal[17,16-d]thiazole against gastric carcinoma cells [2], antitumor activity of
thiazol-1H-pyrrolo-[2,3-b]pyridine in peritoneal mesothelioma experimental models [3], antiproliferative
activity of thiazol-1H-indoles and thiazol-1H-7-azaindoles in MiaPaCa-2 cell line [4], CDK-1
inhibitory activity of thiazol-1H-pyrrolo[3,2-b]pyridine [5], antimicrobial activity of thiazole-oxadiazole
derivatives [6], or anti-inflammatory properties of hydrazono-thiazole derivatives [7]. The thiazole rings
can be found in a variety of pharmaceutical drugs, such as Ritonavir (anti-HIV) [8], Bleomycin [9] and
Tiazofurin (antineoplastics) [10], Fanetizole and Meloxicam (anti-inflammatories) [11], which explains
the interest in the development of new compounds containing this heterocyclic unit.
Regarding the synthesis of hydrazinyl-thiazoles, two procedures have been highlighted in the
literature: the classical condensation of a carbonyl group with thiosemicarbazide followed by the
cyclization of thiosemicarbazones with α-halocarbonyl derivatives [12–15], and a more recently
reported one-step multi-component synthetic protocol [16,17].
The main goal of this work was to identify new possible chemotherapeutic agents based on
organic heterocyclic derivatives, which are less harmful for the human body than the well-known
platinum derivatives. In this paper, we present a two-step protocol for the synthesis of seven new
arylidene-hydrazinyl-thiazoles 2c, 2f, 2h, 2j, 2l, 2m, 2p and nine previously reported thiazoles 2a, 2b,
2d, 2e, 2g, 2i, 2k, 2n, 2o, followed by the in vitro evaluation of the antiproliferative activity on
two carcinoma cell lines, MDA-MB231 and HeLa. To identify a possible correlation between DNA
damage and cytotoxicity, the interaction of the thiazole derivatives 2a, 2e, 2h, 2i with DNA was
evaluated by electrophoresis.
2. Results and Discussion
2.1. Synthesis of Arylidene-Hydrazinyl-Thiazole Derivatives 2a–p
A series of arylidene-hydrazinyl-thiazole derivatives 2a–p were synthesized in two steps:
the condensation of aromatic aldehydes with hydrazinecarbothioamide, followed by the cyclization of
aryliden-thiosemicarbazones 1a–e with α-halocarbonyl derivatives (Scheme 1, Table 1). Both the
condensation and cyclization reactions were performed in good yield by the Hantzsch protocol.
Derivatives 2a, 2b, 2d, 2e, 2g, 2i, 2k, 2n and 2o have been previously prepared by other groups [17–20].
Scheme 1. Synthesis of arylidene-hydrazinyl-thiazoles 2a–p.

1a–e

2a–p
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Table 1. Functional groups of the hydrazinyl-thiazole derivatives 2a–p.

Compound 1
Ar
Compound 2
Ar
R1
R2
Compound 2
Ar
R1
R2

a
C6H5
a
C6H5
CH3
H
i
C6H4OH(4)
C6H5
H

b
C6H3Cl2(2,4)
b
C6H5
C6H5
H
j
C6H4Cl(3)
CH3
H

c
C6H4OH(4)
c
C6H5
CH3
COCH3
k
C6H4Cl(3)
C6H5
H

d
C6H4OCH3(4)
d
C6H4OCH3(4)
CH3
H
l
C6H4Cl(3)
CH3
COCH3

e
C6H4Cl(3)
e
C6H4OCH3(4)
C6H5
H
m
C6H4Cl(3)
CH3
COOC2H5

f
C6H4OCH3(4)
CH3
COCH3
n
C6H3Cl2(2,4)
CH3
COCH3

g
C6H4OCH3(4)
CH3
COOC2H5
o
C6H3Cl2(2,4)
CH3
COOC2H5

h
C6H4OH(4)
CH3
H
p
C6H3Cl2(2,4)
CH2COOC2H5
H
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NMR and MS spectra were recorded for all the arylidene-hydrazinyl-thiazoles 2a–p. The 1H-NMR
spectra of arylidene-hydrazinyl-thiazoles 2a–p present a similar pattern for the hydrazone unit.
The most downfield singlet, around 12 ppm, corresponds to the hydrazinyl moiety (N-NH), which is
only present in DMSO-d6 solutions, and otherwise missing due to the deuterium exchange. The singlet
around 8.4~7.8 ppm is assigned to the azomethine proton (CH=N). The expected molecular ion (M+) is
found in the mass spectra of all arylidene-hydrazinyl-thiazoles 2a–p. Moreover, the fragmentation
pathway involved the cleavage of the nitrogen-nitrogen bond from the hydrazinyl unit. For example,
in the MS spectra of thiazole 2a, this fragmentation generates a peak at m/z 113 for the aza-thiazole ion,
while for the thiazole 2b the corresponding aza-thiazole ion peak is observed at m/z 175, in accordance
with the substitution of the thiazole heterocycle.
2.2. In Vitro Cytotoxicity Assay
The anti-proliferative activity of the sixteen arylidene-hydrazinyl-thiazole derivatives against
two human carcinoma MDA-MB231 and HeLa cell lines was evaluated using MTT assays [14,21]
after 24 h of treatment. According to the IC50 data (Table 2), five thiazole derivatives, 2a, 2e, 2f, 2h
and 2i, have shown significant inhibition on both MDA-MB231 and HeLa cancer cell lines. Their
activity is comparable or even better than that of the platinum drugs cisplatin and oxaliplatin, which
were used as controls.
Having the IC50 values for thiazoles 2a–p, we tried to establish a correlation between the cytotoxic
activity and the molecular structure, by looking at the nature of the functional groups and their position
on the arylidene-hydrazinyl-thiazole backbone. The presence of a methyl or phenyl group in position 4
(see Scheme 1) and a hydrogen or acetyl in position 5 on the thiazole ring, combined with phenyl,
p-OH-phenyl or p-MeO-phenyl as the aromatic group attached to the hydrazinyl unit, led to
compounds 2a, 2e, 2f, 2h and 2i, which exhibited the highest antiproliferative activity. On the other
hand, the presence of chlorine atoms at the phenyl hydrazinyl unit and ethyl carboxylate group in
position 5 on the thiazole ring 2m–o decreased the antiproliferative efficiency (Table 2).
Table 2. IC50 values for thiazoles 2a–p on the MDA-MB231 and HeLa cell lines.
Compound
2a
2b
2c
2d
2e
2f
2g
2h
2i
2j
2k
2l
2m

IC50 (µg/mL)
MDA-MB-231
HeLa
3.92 ± 0.015
11.4 ± 0.005
35.5 ± 0.003
>100
>100
64.87 ± 0.005
>100
>100
46.11 ± 0.009
11.1 ± 0.009
16.25 ± 0.008
>100
>100
>100
48.44 ± 0.017
25.59 ± 0.010
18.54 ± 0.008
20.04 ± 0.019
>100
57.53 ± 0.011
81.02 ± 0.001
>100
75.50 ± 0.009
>100
>100
>100
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Table 2. Cont.

Compound
2n
2o
2p
Cisplatin
Oxaliplatin

IC50 (µg/mL)
MDA-MB-231
HeLa
>100
>100
>100
>100
64.95 ± 0.009
>100
17.28 ± 0.002
26.12 ± 0.010
14.09 ± 0.001
23.17± 0.011

The viability of the breast cancer MDA-MB-231 cells and cervical cancer HeLa cells decreased
with an increase in the concentration of the thiazole derivatives 2a–p (Figures 1 and 2). The profiles of
the MDA-MB-231 cells survival viability, correlated to the thiazole doses, revealed a common trend
for thiazoles 2a, 2f, 2i, as well as cisplatin and oxaliplatin (Figure 1). For the HeLa cell line, the same
correlation is observed between compounds 2a, 2e, 2h, 2i and the chemotherapeutic drugs cisplatin
and oxaliplatin (Figure 2).
Due to its significant antiproliferative activity on both MDA-MB-231 (IC50: 3.92 µg/mL) and HeLa
(IC50: 11.4 µg/mL) cell lines, the 2-(2-benzyliden-hydrazinyl)-4-methylthiazole derivative 2a was studied
further and used as a starting point for the development of new arylidene-hydrazinyl-thiazole compounds
for the treatment of cancer. Additionally, 2-[2-(4-methoxybenzylidene) hydrazinyl]-4-phenylthiazole (2e),
with an IC50 value of 11.1 µg/mL, was also considered as a potentially useful cytotoxic compound
against the HeLa cell line.
2.3. DNA Intercalation Study
For the best candidates, the arylidene-hydrazine-thiazole derivatives 2a, 2e, 2h and 2i, their
interactions with plasmid DNA (pTZ57R) were investigated. Gel electrophoresis experiments
investigating the plasmid migration in agarose gel after incubation with thiazoles 2a, 2e, 2h and 2i
did not reveal any ability of these compounds to generate changes in the electrophoretic mobility of
supercoiled DNA. These electrophoresis experiments showed that DNA cleavage does not occur
in the presence of thiazoles 2a, 2e, 2h and 2i, even at elevated concentrations of the selected
compounds (Figure 3).
The gel electrophoresis results for the pTZ57R DNA incubated with thiazole derivatives 2a, 2e, 2h
and 2i suggested that, despite increasing thiazole concentrations, no meaningful effect on plasmid
DNA was observed. This is an indication that the cytotoxic effect of these derivatives against
MDA-MB-231 and HeLa cell lines does not involve interaction with DNA.
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2p concentration (µg/ mL)

50

25

12
,5

1

6,
25

0,
1

50

25

100
75
50
25
50

25

12
,5

6,
25

1

0

125
100
75
50
25

100
75
50
25
0
Oxaliplatin concentration (µg/ mL)

50

25

50

25

0
2o concentration (µg/ mL)
125
100
75
50
25
0

50

125

12
,5

25

25

50

0

50

12
,5

25

75

6,
25
12
,5

50

100

6,
25

75

125

0,
1

100

2l concentration (µg/ mL)

Percentage cells survival %

125

6,
25

0

1

50

25

0

1
6,
25
12
,5

Percentage cells survival %

0,
1
125

0,
1

50

25

6,
25
12
,5

1

0

0

1

25

Percentage cells survival %

25

25

0,
1

50

0,
1

50

50

2n concentration (µg/ mL)

Percentage cells survival %

75

0,
1

Percentage cells survival %

100

75

2i concentration (µg/ mL)

Percentage cells survival %

75

2m concentration (µg/ mL)

125

100

2f concentration (µg/ mL)

50

50

25

1
6,
25
12
,5

0

50

100

25

25

25

125

0,
1

50

125

2k concentration (µg/ mL)

Percentage cells survival %

75

0,
1

Percentage cells survival %

100

0

2h concentration (µg/ mL)

2j concentration (µg/ mL)

125

6,
25
12
,5

0

25

50

25

12
,5

1

6,
25

0

25

1

25

12
,5

25

50

0,
1

50

0,
1

50

75

2c concentration (µg/ mL)

Percentage cells survival %

75

Percentage cells survival %

75

0,
1

Percentage cells survival %

100

50

100

2g concentration (µg/ mL)
125

50

125

6,
25

50

25

1
6,
25
12
,5

0

25

0

6,
25
12
,5

25

25

25

0,
1

50

100
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Figure 1. Viability effects of arylidene-hydrazinyl-thiazoles 2a–p on MDA-MB-231 cells
using the MTT assay.
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Figure 2. Viability effects of arylidene-hydrazinyl-thiazoles 2a–p on HeLa cells using the
MTT assay.
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Figure 3. Interaction of thiazoles 2a, 2e, 2h and 2i with plasmid DNA. (A) compounds 2a
(lines 2–6) and 2h (lines 8–12); (B) compounds 2i (lines 2–6) and 2e (lines 8–12).
The order was the same in all cases. Lane 1: linear plasmid (plasmid DNA digested
with restriction enzyme EcoRI); 2: closed circular plasmid DNA; 3 to 6: closed circular
plasmid DNA with 2, 4, 8 and 10 μL of the compound; 7: GeneRuler 1 kb DNA ladder
(ThermoScientific), 8: closed circular plasmid DNA; 9 to 12: closed circular plasmid DNA
with 2, 4, 8 and 10 μL of the compound; 13: linear plasmid.

3. Experimental Section
3.1. Materials and Methods
The starting materials and solvents were obtained from commercial sources. The reagents used
for cell culture experiments (fetal calf serum (FCS), penicillin-streptomycin, glutamine and RPMI
1460 cell media) were purchased from Sigma-Aldrich (St. Louis, MO, USA). The antineoplastic drugs
cisplatin and oxaliplatin were purchased from Actavis Sindan Pharma (Bucharest, Romania).
The GeneRuler 1 kb DNA ladder was purchased from Thermo Scientific (Waltham, MA, USA).
Compounds 1a–e were prepared according to the literature [14]. Melting points were measured with
an Electrothermal IA 9200 apparatus (Bibby Scientific Limited (Group HQ), Stone, UK), and are
uncorrected values. 1H-NMR and 13C-NMR spectra were recorded in CDCl3, acetone-d6 or DMSO-d6
(locked to Me4Si) using a 400 or 600 MHz Bruker Avance NMR spectrometer (Bruker Biospin GmbH,
Rheinsberg, Germany). Elemental analysis was carried out on a Vario EL III instrument. The mass spectra
were recorded with a Shimadzu QP 2010 Plus GC-MS instrument (Shimadzu Corporation, Kyoto,
Japan) and a Thermo Scientific LTQ Orbitrap XL mass spectrometer (Thermo Fisher Scientific Inc.,
Pittsburgh, PA, USA).
The equipment involved in cell lines multiplication included Class II LaminAir laminar hoods,
a ShelLab incubator, and an Eppendorf Centrifuge 5702R with spin-out rotor. Spectrophotometric
measurements were completed with Biotek Synergy 2 Multi-Mode Microplate Reader with SQ Xenon
Flash light source, using well-area colorimetric scanning.
The MTT experimental data were processed with Graph Pad Prism 5 biostatistics software (Sheldon
Manufacturing, Inc., Cornelius, OR, USA).
For the cytotoxicity assessment, two highly proliferative MDA-MB-231 and HeLa tumor cells were
utilized. Both cell lines used in the experiment were purchased from the European Collection of Cell
Cultures (ECCAC, BioTek, Winooski, VT, USA).
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3.2. General Procedure for the Synthesis of Compounds 2a–p
A mixture of arylidene-hydrazine-carbothioamide (10 mmol) and α-halogenocarbonyl derivative
(10 mmol) in acetone/DMF (10 mL, v/v: 1/0.2) was stirred at room temperature for 20–24 h;
the reaction progress was monitored by TLC (toluene/AcOEt 2/1 v/v; silica plates). The reaction
mixture was neutralized at pH 7 with NaHCO3 aqueous solution (10%). The precipitate was filtered
and recrystallized from ethanol or acetic acid. For all compounds the yield, the melting point, the EI MS,
and the elemental analysis are given, while the 1H- and 13C-NMR data are only provided for the
new derivatives.
2a. (E)-2-(2-Benzylidenehydrazinyl)-4-methylthiazole [18]: White crystals, yield 1.7 g, 78%, m.p.
190–191 °C, crystallized from ethanol (m.p. lit. 192–194 °C); EI m/z: 218 (M+), 113 (100%), 77; Calcd.
for C11H11N3S: C, 59.09; H, 4.46; N, 20.67; Found: C, 59.11; H, 4.49; N, 20.65.
2b. (E)-2-(2-Benzylidenehydrazinyl)-4-phenylthiazole [19]: Light brown crystals, yield 2.3 g, 81%,
m.p. 218–219 °C, crystallized from ethanol (m.p. lit. 220 °C); EI m/z: 279 (M+), 176 (100%), 104, 77;
Calcd. for C16H13N3S: C, 68.79; H, 4.69; N, 15.04; Found: C, 68.82; H, 4.71; N, 15.02.
2c. (E)-1-(2-(2-(Benzylidene)hydrazinyl)-4-methylthiazol-5-yl)ethanone: Yellow crystals, yield
1.9 g, 76%, m.p. 222–223 °C, crystallized from ethanol; 1H-NMR (DMSO-d6, 400 MHz, δ ppm): 2.41
(s, 3H), 2.51 (s, 3H), 7.47–7.49 (m, 3H), 7.69 (dd, 2H, 3J = 7.8Hz, 4J = 1.3Hz), 8.11 (s, 1H), 12.48
(s, 1H); 13C-NMR (DMSO-d6, 100 MHz, δ ppm): 18.1, 29.5, 122.4, 126.7 (2C), 128.8 (2C), 129.8,
134.1, 144.9, 156.6, 169.1, 188.8; EI m/z: 259 (M+), 182, 141 (100%), 77; Calcd. for C13H13N3OS:
C, 60.21; H, 5.05; N, 16.20; Found: C, 60.24; H, 5.09; N, 16.19.
2d. (E)-2-(2-(4-Methoxybenzylidene)hydrazinyl)-4-methylthiazole [19]: White crystals, yield 1.6 g,
68%, m.p. 179–180 °C, crystallized from ethanol (m.p. lit. 170 °C); EI m/z: 247 (M+), 140, 134,
114 (100%), 107, 77; Calcd. for C12H13N3OS: C, 58.28; H, 5.30; N, 16.99; Found: C, 58.31; H, 5.33;
N, 16.97.
2e. (E)-2-(2-(4-Methoxybenzylidene)hydrazinyl)-4-phenylthiazole [19]: Light orange crystals, yield
2.3 g, 76%, m.p. 195–196 °C, crystallized from ethanol (m.p. lit. 196 °C); EI m/z: 309 (M+), 202,
176 (100%), 133, 107, 77; Calcd. for C17H15N3OS: C, 66.00; H, 4.89; N, 13.58; Found: C, 66.04;
H, 4.92; N, 13.57.
2f. (E)-1-(2-(2-(4-Methoxybenzylidene)hydrazinyl)-4-methylthiazol-5-yl)ethanone: White yellow
crystals, yield 2.1 g, 73%, m.p. 214–215 °C, crystallized from ethanol; 1H-NMR (DMSO-d6, 400 MHz,
δ ppm): 2.41 (s, 3H), 2.49 (s, 3H), 3.80 (s, 3H), 7.01 (d, 2H, 3J = 8.6 Hz), 7.64 (d, 2H, 3J = 8.6 Hz),
8.06 (s, 1H), 12.27 (s, 1H); 13C-NMR (DMSO-d6, 100 MHz, δ ppm): 17.5, 29.1, 55.3, 114.3 (2C),
112.8, 126.5, 128.3 (2C), 144.9, 156.7, 160.7, 169.1, 188.3; EI m/z: 289 (M+), 141 (100%), 134, 120,
107, 77; Calcd. for C14H15N3O2S: C, 58.11; H, 5.23; N, 14.52; Found: C, 58.14; H, 5.27; N, 14.53.
2g. (E)-Ethyl 2-(2-(4-methoxybenzylidene)hydrazinyl)-4-methylthiazole-5-carboxylate [20]: White
crystals, yield 2.5 g, 81%, m.p. 181–182 °C, crystallized from ethanol, (m.p. lit. 180–182 °C); EI m/z:
319 (M+), 186 (100%), 134, 107, 77; Calcd. for C15H17N3O3S: C, 56.41; H, 5.37; N, 13.16; Found:
C, 56.45; H, 5.40; N, 13.17.
2h. (E)-4-((2-(4-Methylthiazol-2-yl)hydrazono)methyl)phenol: Brown crystals, yield 0.9 g, 42%,
m.p. 196 °C, crystallized from acetic acid; 1H-NMR (acetone-d6, 600 MHz, δ ppm): 2.16 (s, 3H),
4.28 (bb, 1H), 6.28 (s, 1H), 6.87 (d, 2H, 3J = 8.6Hz), 7.52 (d, 2H, 3J = 8.6Hz), 7.97 (s, 1H);
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C-NMR (acetone-d6, 125 MHz, δ ppm): 16.9, 102.8, 116.4 (2C), 126.9, 128.9 (2C), 143.3, 148.0,
169.9, 173.2; EI m/z: 233 (M+), 120, 114 (100%), 107, 77; Calcd. for: C11H11N3OS, C, 56.63; H, 4.75;
N 18.01; Found: C, 56.65; H, 4.79; N, 18.03.
2i. (E)-4-((2-(4-Phenylthiazol-2-yl)hydrazono)methyl)phenol [22]: Light orange crystals, yield
1.4 g, 48%, m.p. 242 °C, crystallized from acetic acid, (m.p. lit. 241–243 °C); EI m/z: 295 (M+), 202,
176 (100%), 134, 120, 77; Calcd. for: C16H13N3OS; C, 65.06; H, 4.44; N, 14.23; Found: C, 65.10;
H, 4.47; N, 14.20.
2j. (E)-2-(2-(3-Chlorobenzylidene)hydrazinyl)-4-methylthiazole: White crystals, yield 1.5 g, 69%,
m.p. 177–178 °C, crystallized from ethanol; 1H-NMR (CDCl3, 600 MHz, δ ppm): 2.33 (s, 3H), 6.22 (s,
1H), 7.31 (d, 2H, 3J = 7.2Hz), 7.48 (t, 1H, 3J = 7.2 Hz), 7.66 (s, 1H), 7.82 (s, 1H); 13C-NMR (DMSO-d6,
125 MHz, δ ppm): 16.9, 102.5, 124.8, 125.3, 128.6, 130.6, 133.6, 136.9, 139.6, 146.7, 167.9. EI m/z:
251/253 (M+/M+2), 140, 138, 114 (100%), 111; Calcd. for: C11H10ClN3S; C, 52.48; H, 4.00; N, 16.69;
Found: C, 52.52; H, 4.03; N, 16.67.
2k. (E)-2-(2-(3-Chlorobenzylidene)hydrazinyl)-4-phenylthiazole [17]: White green crystals, yield
2.2 g, 72%, m.p. 183–184 °C, crystallized from ethanol, (m.p. lit. 163–164 °C); EI m/z: 313/315
(M+/M+2), 202, 176 (100%), 138, 111; Calcd. for: C16H12ClN3S: C, 61.24; H, 3.85; N, 13.39; Found:
C, 61.28; H, 3.88; N, 13.37.
2l. (E)-1-(2-(2-(3-Chlorobenzylidene)hydrazinyl)-4-methylthiazol-5-yl)ethanone: Light yellow
crystals; yield: 2 g, 71%, m.p. 239–240 °C crystallized from ethanol; 1H-NMR (DMSO-d6, 400 MHz,
δ ppm): 2.41 (s, 3H), 2.49 (s, 3H), 7.44–7.47 (m, 2H, 3J = 7.1Hz), 7.63 (t, 1H, 3J = 7.1Hz), 7.7 (s, 1H),
8.07 (s, 1H), 12.32 (s, 1H); 13C-RMN (DMSO-d6, 100 MHz, δ ppm): 17.9, 29.5, 121.9, 125.3, 125.9,
129.4, 130.7, 133.6, 136.2, 143.2, 169.0, 172.0, 188.0. EI m/z: 293/295 (M+/M+2), 250, 182, 156, 141
(100%), 138, 111. Calcd. for C13H12ClN3OS: C, 53.15; H, 4.12; N, 14.30; Found: C, 53.17; H, 4.15;
N, 14.28.
2m. (E)-Ethyl 2-(2-(3-chlorobenzylidene)hydrazinyl)-4-methylthiazole-5-carboxylate: White crystals,
yield 2.3 g, 72%, m.p. 235–236 °C, crystallized from ethanol; 1H-NMR (DMSO-d6, 400 MHz, δ ppm):
1.27 (t, 3H, 3J = 7.1 Hz), 2.47 (s, 3H), 4.21 (q, 2H, 3J = 7.1 Hz), 7.46–7.49 (m, 2H,), 7.67–7.65 (m,
1H), 7.72 (s, 1H), 8.09 (s, 1H), 12.56 (s, 1H); 13C-RMN (acetone-d6, 100 MHz, δ ppm): 14.6, 31.1,
60.2, 125.6, 126.4, 129.8, 131.2, 133.1, 134.9, 140.0, 156.0, 165.6, 171.1. EI m/z: 323/325 (M+/M+2),
212, 186 (100%); Calcd. for C14H14ClN3O2S: C, 51.93; H, 4.36; N, 12.98; Found: C, 51.97; H, 4.39;
N, 12.96.
2n. (E)-1-(2-(2-(2,4-Dichlorobenzylidene)hydrazinyl)-4-methylthiazol-5-yl)ethanone [20]: Yellow
crystals, yield 2.6 g, 81%, m.p. 241–242 °C, crystallized from ethanol, (m.p. lit. 240–242 °C);
EI m/z: 327/329/ (M+/M+2), 315, 156, 141 (100%), 145, 112; Calcd. for C13H11Cl2N3OS: C, 47.57;
H, 3.38; N, 12.80; Found: C, 47.60; H, 3.40; N, 12.79.
2o. (E)-Ethyl 2-(2-(2,4-dichlorobenzylidene)hydrazinyl)-4-methylthiazole-5-carboxylate [20]:
White crystals, yield 2.8 g, 79%, m.p. 224–225 °C, crystallized from ethanol, (m.p. lit. 223–224 °C);
EI m/z: 357/359 (M+/M+2), 212, 186 (100%), 172, 112; Calcd. for C14H13Cl2N3O2S: C, 46.94; H, 3.66;
N, 11.73; Found: C, 46.97; H, 3.69; N, 11.71.
2p. (E)-Ethyl 2-(2-(2-(2,4-dichlorobenzylidene)hydrazinyl)thiazol-4-yl)acetate: White yellow
crystals, yield 2.8 g, 80%, m.p. 140–141 °C, crystallized from ethanol; 1H-NMR (DMSO-d6, 400 MHz,
δ ppm): 1.19 (t, 3H, 3J = 7 Hz), 3.58 (s, 2H), 4.08 (q, 2H, 3J = 7 Hz), 6.69 (s, 1H), 7.48 (dd, 1H,
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J = 8.5 Hz, 4J = 1.9 Hz), 7.65 (d, 1H, 4J = 1.9 Hz), 7.87 (d, 1H, 3J = 8.5 Hz), 8.25 (s, 1H), 12.29
(s, 1H); 13C-NMR (DMSO-d6, 100 MHz, δ ppm): 14.1, 36.8, 60.2, 102.2, 127.3, 127.9, 129.3, 130.7,
132.7, 133.9, 136.9, 145.6, 169.9; EI m/z: 357/359 (M+/M+2), 212, 186, 170 (100%); Anal. Calcd. for
C14H13Cl2N3O2S: C, 46.94; H, 3.66; N, 11.73; Found: C, 46.97; H, 3.68; N, 11.71.
3.3. In Vitro Anticancer Screening
3.3.1. Cell Cultures
Both MDA-MB-231 and HeLa cell lines were grown under sterile conditions in Cole-type culture
flasks (25 cm2, Nunclon Easy Flask), using cell growth media (RPMI 1460) supplemented with 5%
fetal calf serum (FCS), 0.1% penicillin–streptomycin, and 0.1% glutamine. The culture flasks were
kept in an incubator at constant humidified atmosphere, temperature (37 °C), and CO2 level (5%).
The cells passage was performed by enzymatic methods using Trypsin.
3.3.2. Cell Treatment and Cytotoxicity Evaluation
For cytotoxicity evaluation, the stock solutions of thiazoles 2a–p in DMSO (2000 μg/mL)
were used to prepare diluted samples with the following concentrations: 0.1, 1, 6.25, 12.50, 25 and
50 µg/mL using RPMI 1460 media. The cells were placed on flat bottom 96-well micro plates for
tissue culture (ca. 10.000 cells/well) and cultured in complete medium as described above (200 μL).
After 24 h, the solutions of thiazoles 2a–p were added separately to each well.
After treatment (24 h) with thiazole derivatives, the culture medium was removed from the wells,
without disturbing the attached cells, and 60 μL of MTT-Hanks media solution was added to each
well. After incubating the plates for 2 h at 37 °C, the MTT solution was removed, and the formazan
crystals were solubilized by adding DMSO (100 μL).
The 96-well plates were measured with a multimode microplate reader, by monochromator-based
absorbance detection at 570 nm wavelength. The optical density, quantified by colorimetric measurements,
is directly proportional with the amount of formazan crystals formed in the cells and it is an indicator
of the cellular viability.
Untreated cells were used as reference for cell proliferation. For each compound, reagent blank
(media and MTT) and color control (wells containing media and thiazole derivatives solution, without
cells) were used. For Positive control, two antineoplastic drugs, cisplatin and oxaliplatin, were used in
the same concentrations as the studied compounds. All experiments were performed in triplicate.
3.4. DNA Electrophoresis Tests
The plasmid DNA was purified from an overnight culture of Escherichia coli DH5α cells using the
DNA-spin™ Plasmid DNA Purification Kit (ThermoScientific).
The DMSO solutions of thiazoles 2a, 2e, 2h (1 mM) and 2i (2 mM) were mixed in different ratios
(2, 4, 8, 10 µL) with closed circular plasmid DNA pTZ57R, (1 µL, 540 ng), resulting in nucleotide/
thiazoles ratios of 1:1.2, 1:2.6, 1:1.5, 1:6.5 for compounds 2a, 2h, 2e and 1:2.6; 1:5.2; 1:10; 1:13 for
compound 2i. The mixtures were loaded into agarose gel 1% in TAE buffer (40 mM tris-acetate, 1 mM
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EDTA, pH 8.0). After migration, the gels were stained for 30 min in water containing ethidium
bromide (2 μg/mL), according to standard procedures [23].
4. Conclusions
A series of arylidene-hydrazinyl-thiazole derivatives 2a–p were synthesized with good yields by
the Hantzsch protocol and their structures confirmed by NMR spectroscopy and mass spectrometry.
The in vitro cytotoxicity was evaluated for all thiazoles 2a–p on two carcinoma cell lines,
MDA-MB231 and HELA. An excellent inhibition of cancer cells proliferation was reported for five
thiazole derivatives. Among them, 2-(2-benzyliden-hydrazinyl)-4-methylthiazole 2a exhibited a significant
antiproliferative activity on both MDA-MB-231 (IC50: 3.92 µg/mL) and HeLa (IC50: 11.4 µg/mL) cell
lines, while 2-[2-(4-methoxybenzylidene) hydrazinyl]-4-phenylthiazole 2e showed a similar cytotoxic
effect (IC50 value 11.1 µg/mL) on the HeLa cell line. It was also shown that these thiazole derivatives
do not interact with plasmid DNA.
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A total of 17 new N-substituted derivatives (2b–k and 3b–h) of 5-((2-phenylthiazol-4-yl)methylene)
thiazolidine-2,4-dione (2a) and 5-(2,6-dichloro- benzylidene)thiazolidine-2,4-dione (3a) were synthesized.
The structural elucidation of the newly synthesized compounds was based on elemental analysis and spectroscopic data (MS, 1H NMR, 13C NMR), and their antimicrobial activities were assessed in vitro against several
strains of Gram-positive and Gram-negative bacteria and one fungal strain (Candida albicans) as growth
inhibition diameter. Some of them showed modest to good antibacterial activity against Gram-negative
Escherichia coli and Salmonella typhimurium and Gram-positive Staphylococcus aureus, Bacillus cereus,
and Enterococcus fecalis bacterial strains, whereas almost all the compounds were inactive against Listeria
monocytogenes. All of the synthesized compounds showed moderate to very good activity against C. albicans.

J. Heterocyclic Chem., 51, 411 (2014).

INTRODUCTION
Since their discovery, antibiotics have dramatically
improved public health by enabling millions of people to
live longer, more productive lives. The very success of
these drugs has often resulted in an inappropriate and irrational use of antimicrobial drugs that has led to the development
of antimicrobial resistance, a worldwide public health problem that continues to grow. In spite of the large number of
antibacterial agents available for medical use, the dramatically increasing number of pathogens resistant to different
classes of antibiotics and chemotherapeutics, and emerging
infectious diseases over the past decades, lead to the
necessity for developing new approaches to antimicrobial
therapy, especially for seeking, testing, and validating
novel therapeutics with little or no cross-resistance [1].
Thiazoles and their derivatives (thiazolines, thiazolidines,
thiazolidinones, and thiazolidinediones) have attracted
continuous interest over the years because of their broad
spectrum of biological activities [2]. Recently, were found
applications of thiazoles in drug development for the treatment of inﬂammation [3], bacterial [4], fungal [5], HIV

infections [6], pain [7], allergies, hypertension, schizophrenia,
as hypnotics, and as ﬁbrinogen receptor antagonists with
antithrombotic activity [8,9].
Thiazolidine-2,4-dione derivatives have been studied
extensively and found to serve as basic pharmacophore
for various biological proﬁles: antidiabetic, anticancer,
antimicrobial, analgesic, cardiotonic, aldose reductase inhibitors, and anti-inﬂammatory [10]. Some thiazolidine-2,4dione compounds are used in the treatment of type II diabetes
by increasing the sensitivity towards insulin and give potential anti-inﬂammatory activity by inhibiting monocyte/
macrophage activation and expression of inﬂammatory
mediators [11]. In addition, thiazolidine-2,4-dione-based
molecules have remarkable antiproliferative effect on vascular smooth muscle, cause G0/G1 cell cycle arrest in cancer
[12] and show signiﬁcant antibacterial and antifungal activities [13]. It has been reported that the insertion of arylidene
moieties at the ﬁfth position of the thiazolidine-2,4-dione
ring enhanced the antimicrobial activity [14,15].
Prompted by these ﬁndings and as part of our efforts to
discover potentially active new antimicrobial agents, we
report in the present work, the synthesis of two series of
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5-arylidene-thiazolidine-2,4-diones, various substitution in
the third position, at the nitrogen atom and evaluation of their
antibacterial and antifungal activities.
RESULTS AND DISCUSSION
Chemistry.
The target compounds, N-substituted 5((2-phenylthiazol-4-yl)methylene)thiazolidine-2,4-diones
(2b–k) and N-substituted 5-(2,6-dichloro benzylidene)
thiazolidine-2,4-diones (3b–h) were prepared via the
route depicted in Schemes 1 and 2.
The general method known as Knoevenagel condensation
was used to synthesize the 5-arylidene-thiazolidine-2,4-diones
(2a and 3a) in good yields (85–95%). 5-((2-phenylthiazol-4yl)methylene)thiazolidine-2,4-dione (2a) was prepared by
Knoevenagel condensation of thiazolidine-2,4-dione with
2-phenylthiazole-4-carbaldehyde in reﬂuxing glacial acetic
acid in the presence of anhydrous sodium accetate. 5-(2,
6-dichlorobenzylidene)thiazolidine-2,4-dione (3a) was prepared
according to the procedures described in the literature [16,17].
The 5-arylidene-2,4-thiazolidinediones (2a and 3a) were
considered for N-alkylation so they were converted into
potassium salts at the N3 position using anhydrous potassium hydroxide in dimethylformamide (DMF) under
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continuous stirring at room temperature. The potassium salts
obtained were then treated with various halogenated derivatives in DMF under continuous stirring at room temperature
to give the target compounds, N-substituted-5-arylidenethiazolidine-2,4-diones (2b–k and 3b–h, respectively) in
47–89% yields. The synthesis of the alkylating agents 4
and 5 was reported in a previous article [18].
All newly synthesized compounds (2a–k and 3a–h) were
characterized by melting point, elemental analysis, and
spectroscopic data (1H NMR, 13C NMR, and MS). All
compounds gave very good CHNS quantitative elemental
analysis results. All spectral data were in accordance with
the assumed structures. The physical data, the yields, and
the spectral characterizations of the synthesized compounds
are presented in Experimental section, along with the details
of the synthetic procedures.
1
H NMR spectra of synthesized compounds 2a–k and
3a–h showed one signal for the methylidene proton, as a
singlet at 7.7–7.95 ppm, that supported the formation of 5arylidene-thiazolidine-2,4-diones. The NH proton appeared
as a singlet in the 12.5–12.8 ppm region in the 1H NMR
spectra of compounds 2a and 3a and was absent in the 1H
NMR spectra of 2b–k and 3b–h, thus substantiating the
formation of N-substituted derivatives. 13C NMR spectra of

Scheme 1

Scheme 2
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the synthesized compounds were in accordance with the
assumed structures.
The mass spectra of the synthesized compounds gave
idea about the fragmentation of the ﬁnal compounds
with their corresponding mass and showed the correct
molecular ions (M+ or M + 1), as suggested by their
molecular formulas.
Antibacterial/antifungal activity.
In vitro antimicrobial activity was evaluated by agar disc diffusion method
according to the National Committee for Clinical Laboratory
Standards guidelines. Antibacterial activity of newly
synthesized compounds 2a–k and 3`a–h was evaluated
against various pathogenic Gram-negative (Salmonella
typhimurium ATCC 13311 and Escherichia coli ATCC
25922) and Gram-positive (Listeria monocytogenes
ATCC 35152, Staphylococcus aureus ATCC 25923,
Bacillus cereus ATCC 13061, and Enterococcus fecalis
ATCC 29212) bacterial strains. Antifungal activity of the
aforementioned compounds was evaluated against a
strain of Candida albicans ATCC 90028.
For antibacterial testing, Mueller-Hinton agar medium
was used. For antifungal testing, Mueller-Hinton medium
supplemented with 2% glucose (providing adequate
growth of yeasts) and 0.5 mg/mL methylene blue (providing a better deﬁnition of the inhibition zone diameter)
was used. The inoculum was prepared by suspending ﬁve
representative colonies, obtained from an 18–24 h culture
on nonselective nutritive agar medium, in sterile distilled
water. The cell density was adjusted to the density of a
0.5 McFarland standard by measuring the absorbance in a
spectrophotometer at a wavelength of 530 nm and adding
sterile distilled water as required (corresponding to a population of 1–5  106 CFU/mL). Six-millimeter diameter
wells were cut from the agar using a sterile cork borer,
and a predetermined volume of each compound solution
was delivered into the wells. A sterile swab was soaked
in suspension, and then, the Mueller-Hinton agar plates
were inoculated by streaking the entire surface. After
drying for 10–15 min, the 6-mm diameter wells were inoculated with 50 mL from 10 mg/mL solution in dimethyl
sulfoxide (DMSO) (Merck, Germany) of each compound
(50 mg/well). Ciproﬂoxacin (50 mg/well) and ﬂuconazole
(50 mg/well) were used as standard drugs. The plates were
incubated at 35 C. Zone diameters were measured to the
nearest whole millimeter at a point in which there will be
no visible growth after 24–48 h. The solvent used for the
preparation of the newly synthesized compound solutions,
DMSO, did not show inhibition against the tested bacterial
and fungal strains. Results were obtained in duplicate.
The results of antifungal and antibacterial activity of
5-arylidene-thiazolidine-2,4-diones (2a and 3a) and their
N-substituted derivatives (2b–k and 3b–h, respectively)
are reported in Table 1, in comparison with those of the
reference drugs, ciproﬂoxacin and ﬂuconazole.

The tested compounds presented a modest inhibitory
activity against the Gram-positive and the Gram-negative
bacteria, except compound 3a that showed a good inhibitory
activity against the tested Gram-negative bacterial strains,
similar to that of ciproﬂoxacin (50 mg/well), used as standard
drug. 3a was the only compound that presented antibacterial
activity against L. monocytogenes. All of the synthesized
compounds are active and showed moderate activity
against E. fecalis, E. coli, and S. typhimurium (8–14 mm
inhibition zone). The 5-((2-phenylthiazol-4-yl)methylene)
thiazolidine-2,4-diones 2a–k were more active than the
5-(2,6-dichlorobenzylidene) thiazolidine-2,4-diones 3b–h,
suggesting that the presence of thiazole moiety increases
the antibacterial activity of the compounds. Compounds
2e–g were more active than compounds 2a–d,i against S.
typhimurium, suggesting that the substitution of N3 with
lipophilic alkyl groups enhances the antibacterial properties.
Regarding the antifungal activity, most of the synthesized
compounds showed good inhibition against C. albicans, at
test concentrations. The most active compounds were 2k,
with three thiazole rings in the structure, and the unsubstituted 5-(2,6-dichlorobenzylidene)thiazolidine-2,4-dione 3a,
which presented very good antifungal activity; the inhibitory
activity being signiﬁcantly more powerful than that of ﬂuconazole (50 mg/well), used as standard drug. Concerning
the antibacterial and antifungal activities, the most active
compound was 3a, suggesting that the presence of chlorine
atoms on the aromatic ring, which increases the lipophilicity
of the compound, and also the unsubstituted nitrogen atom of
the 5-arylidene-thiazolidine-2,4-dione plays an important
role in enhancing the antimicrobial properties of this class
of compounds.

CONCLUSIONS
In conclusion, a series of new 5-((2-phenylthiazol-4-yl)
methylene)thiazolidine-2,4-dione and 5-(2,6-dichlorobenzylidene)thiazolidine-2,4-dione derivatives have been synthesized
by the Knoevenagel condensation method starting from thiazolidine-2,4-dione and the corresponding aromatic aldehydes.
All compounds were characterized with the help of analytical
techniques: 1H NMR, 13C NMR, mass, and elemental analysis
and were evaluated for their antibacterial and antifungal activities against several Gram-positive, Gram-negative bacteria,
and C. albicans. The antimicrobial activity results indicated
that some of the tested compounds showed promising antibacterial and antifungal activities.
EXPERIMENTAL
Chemistry.
Solvents and some alkylating agents were
obtained from commercial sources. Compound 3a and the noncommercially available variants of the alkylating agents 4(iodomethyl)-2-phenylthiazole (4) and 4-(iodomethyl)-20 -phenyl-2,
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Table 1
Antimicrobial activity of the synthesized compounds 2a–k and 3a–h.
Inhibition zone in millimeters
Gram-positive bacteria

Gram-negative bacteria
Fungi

Compound
2a
2b
2c
2d
2e
2f
2g
2h
2i
2j
2k
3a
3b
3c
3d
3e
3f
3g
3h
Ciproﬂoxacin
Fluconazole

Staphylococus
aureus
10
11
8
8
8
8
10
8
8
7
14
20
7
10
8
20
-

Listeria
monocytogenes

Bacillus
cereus

Enterococcus
fecalis

Escherichia
coli

Salmonella
typhimurium

20
22
-

14
14
11
8
7
8
10
11
8
12
20
8
7
7
8
11
9
10
22
-

8
8
10
8
10
10
10
8
8
8
10
16
10
10
8
8
11
10
10
20
-

8
10
8
8
6
6
8
6
6
8
8
6
8
10
8
8
6
8
8
24
-

12
12
11
13
15
15
15
12
10
11
10
11
11
9
9
10
12
10
8
22
-

Candida
albicans
20
22
16
12
17
10
16
11
10
12
35
35
10
16
18
16
18
16
15
25

Ciproﬂoxacine (50 mg/well) and ﬂuconazole (50 mg/well) were used as standard drugs.
Hyphen (-) indicates the compound has no activity.

40 -bisthiazole (5) were prepared according to methodologies
described in the literature [16–18].
The melting points were taken with an electrothermal melting
point meter and are uncorrected. Analytical thin layer chromatography
(TLC) was used to monitor the reaction progress and was carried out
on precoated silica gel 60F254 sheets using heptane–ethyl–acetate 1:1
system and UV absorption for visualization. Yields were not optimized. The 1H NMR spectra were recorded at room temperature on
a Bruker Avance NMR (Karlsruhe, Germany) spectrometer operating
at 400 and 500 MHz and were in accordance with the assigned structures. Chemical shift values were reported relative to tetramethylsilane
(TMS) as internal standard. The samples were prepared by dissolving
the compounds in DMSO-d6 (dH = 2.51 ppm) as solvent, and the spectra were recorded using a single excitation pulse of 12 ms (1H NMR).
13
C NMR spectra were recorded on Bruker spectrometer (125 MHz)
in DMSO-d6. GC–MS analyses were performed with an Agilent
(Darmstadt, Germany) gas chromatograph 6890 equipped with an
apolar Macherey Nagel Permabond (Dueren, Germany) SE 52
capillary column. Elemental analysis was registered with a Vario El
CHNS (Hanau, Germany) instrument.
5-((2-Phenylthiazol-4-yl)methylene)thiazolidine-2,4-dione (2a).
To a solution of 2-phenylthiazole-4-carbaldehyde (945 mg, 5 mmol)
in glacial acetic acid (2 mL) were added anhydrous sodium acetate
(820 mg, 10 mmol) and thiazolidine-2,4-dione (585 mg, 5 mmol).
The mixture was reﬂuxed for 5 h. After cooling, the reaction mass
was poured into ice-cold water. The precipitated solid was ﬁltered,
washed with water to remove the remaining traces of acetic acid,
and then dried. The product was recrystallized from ethanol. Yield

(85%), light brown solid, mp 275 C; 1H NMR (DMSO-d6,
500 MHz) d: 12.5 (s, 1H, NH), 8.29 (s, 1H, C5–thiazole–H),
8.08–8.013 (m, 2H, Ar-H), 7.77 (s, 1H, –CH═), 7.54–7.59
(m, 3H, Ar-H) ppm; 13C NMR (DMSO-d6) d: 123.84 (CH),
124.28 (CH), 126.80 (2CH), 127.36 (C), 129.95 (2CH), 131.48
(C), 132.49 (CH), 150.61 (C), 166.20 (C═O), 168.36 (C), 170.19
(C═O) ppm; MS (EI, 70 eV) m/z (%): 289 (M + 1). Anal. Calcd
for C13H8N2O2S2: C, 54.15; H, 2.80; N, 9.72; S, 22.24. Found: C,
53.96; H, 2.62; N, 9.50 (9.72); S, 22.41 (22.24).
2-(2,4-Dioxo-5-((2-phenylthiazol-4-yl)methylene)thiazolidin-3yl)acetamide (2b). A 1 mmol (288 mg) of 2a was dissolved in
DMF (3.5 mL), and ﬁne dispersed anhydrous potassium hydroxide
(84 mg, 1.5 mmol) was added. The mixture was stirred for 30 min
at room temperature to give the potassium salt of 5-((2phenylthiazol-4-yl)methylene)thiazolidine-2,4-dione. To the
resulting suspension was added 2-iodoacetamide as alkylating
agent (202 mg, 1.1 mmol). The mixture was stirred at room
temperature for 8 h. The reaction was monitored by TLC. After
completion of the reaction, the reaction mass was poured into
ice-cold water. The resulted precipitate was ﬁltered, washed with
water, dried, and then recrystallized from absolute methanol. Yield
(82%), gray solid, mp 283 C; 1H NMR (DMSO-d6, 500 MHz)
d: 8.395 (s, 1H, C5–thiazole–H), 8.038–8.058 (m, 2H, Ar-H), 7.81
(s, 1H, –CH═), 7.72 (s, 2H, NH2), 7.569–7.615 (m, 3H, Ar-H),
4.241 (s, 2H, CH2) ppm; 13C NMR (DMSO-d6) d: 43.82 (CH2),
123.75 (CH), 124.19 (CH), 126.75 (2CH), 127.26 (C), 129.82
(2CH), 131.53 (C), 132.41 (CH), 150.71 (C), 166.28 (C═O), 166.87
(C═O), 168.43 (C), 170.29 (C═O) ppm; MS (EI, 70 eV) m/z (%):
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346 (M + 1). Anal. Calcd for C15H11N3O3S2: C, 52.16; H, 3.21; N,
12.17; S, 18.57. Found: C, 51.96; H, 3.16; N, 12.00; S, 18.87.
3-Methyl-5-((2-phenylthiazol-4-yl)methylene)thiazolidine-2,4dione (2c). Using the procedure described earlier for 2b using
iodomethane (212 mg, 1.5 mmol), we recrystallized the title
compound from absolute ethanol. Yield (59%), white solid, mp
228–230 C; 1H NMR (DMSO-d6, 500 MHz) d: 8.366 (s, 1H, C5–
thiazole–H), 8.030–8.048 (m, 2H, Ar-H), 7.78 (s, 1H, –CH═),
7.579–7.595 (m, 3H, Ar-H), 3.106 (s, 3H, N–CH3) ppm; 13C
NMR (DMSO-d6) d: 28.72 (CH3), 123.86 (CH), 124.35 (CH),
126.95 (2CH), 127.30 (C), 129.86 (2CH), 131.55 (C), 132.45
(CH), 150.69 (C), 166.19 (C═O), 168.38 (C), 170.23 (C═O)
ppm; MS (EI, 70 eV) m/z (%): 303 (M + 1). Anal. Calcd for
C14H10N2O2S2: C, 55.61; H, 3.33; N, 9.26; S, 21.21. Found: C,
55.30; H, 3.02; N, 8.98; S, 21.16.
3-Ethyl-5-((2-phenylthiazol-4-yl)methylene)thiazolidine-2,4dione (2d).
The compound was prepared according to the
procedure for 2b using iodoethane (234 mg, 1.5 mmol), and
absolute ethanol was used for recrystallization. Yield (53%),
white solid, mp 165–168 C; 1H NMR (DMSO-d6, 500 MHz) d:
8.371 (s, 1H, C5–thiazole–H), 8.035–8.051 (m, 2H, Ar-H), 7.76
(s, 1H, –CH═), 7.496–7.598 (m, 3H, Ar-H), 3.21 (m, 2H, CH2),
1.25 (t, 3H, CH3) ppm; 13C NMR (DMSO-d6) d: 13.31 (CH3),
36.55 (CH2), 123.81 (CH), 124.29 (CH), 126.82 (2CH), 127.34
(C), 129.92 (2CH), 131.49 (C), 132.47 (CH), 150.64 (C),
166.17 (C═O), 168.34 (C), 170.17 (C═O) ppm; MS (EI, 70 eV)
m/z (%): 317 (M + 1). Anal. Calcd for C15H12N2O2S2: C, 56.94;
H, 3.82; N, 8.85; S, 20.27. Found: C, 56.72; H, 3.65; N, 8.53;
S, 20.57.
5-((2-Phenylthiazol-4-yl)methylene)-3-propylthiazolidine-2,4dione (2e).
The compound was prepared according to the
procedure for 2b using 1-bromopropane (184 mg, 1.5 mmol).
Absolute ethanol was used for recrystallization. Yield (78%),
brown solid, mp 130 C; 1H NMR (DMSO-d6, 500 MHz) d:
8.368 (s, 1H, C5–thiazole–H), 8.028–8.044 (m, 2H, Ar-H), 7.75
(s, 1H, –CH═), 7.492–7.596 (m, 3H, Ar-H), 3.3 (m, 2H, N–
CH2), 1.62 (m, 2H, CH2), 0.94 (t, 3H, CH3) ppm; 13C NMR
(DMSO-d6) d: 13.61 (CH3), 26.76 (CH2), 38.52 (CH2), 123.89
(CH), 124.32 (CH), 126.88 (2CH), 127.39 (C), 129.97 (2CH),
131.46 (C), 132.41 (CH), 150.61 (C), 166.13 (C═O), 168.38 (C),
170.11 (C═O) ppm; MS (EI, 70 eV) m/z (%): 331 (M + 1). Anal.
Calcd for C16H14N2O2S2: C, 58.16; H, 4.27; N, 8.48; S, 19.41.
Found: C, 58.12; H, 4.18; N, 8.19; S, 19.71.
3-Butyl-5-((2-phenylthiazol-4-yl)methylene)thiazolidine-2,4dione (2f).
The compound was prepared according to the
procedure for 2b using 1-bromobutane (205 mg, 1.5 mmol) and
was recrystallized from absolute ethanol. Yield (81%), light
brown solid, mp 139 C; 1H NMR (DMSO-d6, 500 MHz) d: 8.365
(s, 1H, C5–thiazole–H), 8.031–8.045 (m, 2H, Ar-H), 7.73 (s, 1H,
–CH═), 7.483–7.591 (m, 3H, Ar-H), 3.28 (m, 2H, N–CH2), 1.28–
1.51 (m, 4H, 2CH2), 0.96 (t, 3H, CH3) ppm; 13C NMR (DMSOd6) d: 13.95 (CH3), 19.90 (CH2), 29.69 (CH2), 41.20 (CH2),
123.72 (CH), 124.40 (CH), 126.85 (2CH), 127.44 (C), 129.97
(2CH), 131.54 (C), 132.49 (CH), 150.65 (C), 166.40 (C═O),
168.40 (C), 170.36 (C═O) ppm; MS (EI, 70 eV) m/z (%): 345
(M + 1). Anal. Calcd for C17H16N2O2S2: C, 59.28; H, 4.68; N,
8.13; S, 18.62. Found: C, 59.18; H, 4.45, N, 8.06; S, 18.89.
3-Isopentyl-5-((2-phenylthiazol-4-yl)methylene)thiazolidine2,4-dione (2g). Using the procedure described for 2b using 1bromo-3-methylbutane (226 mg, 1.5 mmol), the title compound
was synthesized and recrystallized from absolute ethanol. Yield
(89%), light brown solid, mp 137–138 C; 1H NMR (DMSO-d6,

500 MHz) d: 8.362 (s, 1H, C5–thiazole–H), 8.03–8.04 (m, 2H,
Ar-H), 7.71 (s, 1H, –CH═), 7.48–7.59 (m, 3H, Ar-H), 3.26
(m, 2H, N–CH2), 1.64 (m, 1H, CH), 1.56 (m, 2H, CH2), 0.94 (d,
6H, 2CH3) ppm; 13C NMR (DMSO-d6) d: 22.66 (2CH3), 25.82
(CH), 36.39 (CH2), 39.96 (CH2), 123.70 (CH), 124.37 (CH),
126.83 (2CH), 127.42 (C), 129.93 (2CH), 131.51 (C), 132.47
(CH), 150.61 (C), 166.31 (C═O), 168.35 (C), 170.30 (C═O)
ppm; MS (EI, 70 eV) m/z (%): 359 (M + 1). Anal. Calcd for
C18H18N2O2S2: C, 60.31; H, 5.06; N, 7.81; S, 17.89. Found: C,
60.12; H, 5.01; N, 7.68; S, 18.11.
3-Pentyl-5-((2-phenylthiazol-4-yl)methylene)thiazolidine-2,4dione (2h). The title compound was prepared using the procedure
described for 2b using 1-iodopentane (297 mg, 1.5 mmol) and was
recrystallized from absolute ethanol. Yield (84%), light brown
solid, mp 110 C; 1H NMR (DMSO-d6, 500 MHz) d: 8.361 (s, 1H,
C5–thiazole–H), 8.03–8.04 (m, 2H, Ar-H), 7.71 (s, 1H, –CH═),
7.48–7.59 (m, 3H, Ar-H), 3.24 (m, 2H, N–CH2), 1.29–1.64
(m, 6H, 3CH2), 0.91 (t, 3H, CH3) ppm; 13C NMR (DMSO-d6) d:
14.27 (CH3), 22.12 (CH2), 27.26 (CH2), 28.76 (CH2), 41.41
(CH2), 123.70 (CH), 124.39 (CH), 126.84 (2CH), 127.41 (C),
129.94 (2CH), 131.52 (C), 132.48 (CH), 150.64 (C), 166.38
(C═O), 168.37 (C), 170.34 (C═O) ppm; MS (EI, 70 eV) m/z (%):
359 (M + 1). Anal. Calcd for C18H18N2O2S2: C, 60.31; H, 5.06; N,
7.81; S, 17.89. Found: C, 59.97; H, 4.84; N, 7.49; S, 18.17 (17.89).
3-(2-Oxopropyl)-5-((2-phenylthiazol-4-yl)methylene)thiazolidine2,4-dione (2i). The title compound was synthesized according to
the procedure described for 2b using 1-chloropropan-2-one
(185 mg, 2 mmol) and was recrystallized from absolute methanol.
Yield (80%), white solid, mp 215 C; 1H NMR (DMSO-d6,
500 MHz) d: 8.407 (s, 1H, C5–thiazole–H), 8.042–8.061 (m, 2H,
Ar-H), 7.81 (s, 1H, –CH═), 7.585–7.601 (m, 3H, Ar-H), 4.663 (s,
2H, CH2), 2.258 (s, 3H, CH3) ppm; 13C NMR (DMSO-d6) d:
27.60 (CH3), 50.94 (CH2), 123.75 (CH), 124.42 (CH), 126.86
(2CH), 127.44 (C), 129.92 (2CH), 131.56 (C), 132.49 (CH),
150.68 (C), 166.39 (C═O), 168.39 (C), 170.31 (C═O), 200.71
(C═O) ppm; MS (EI, 70 eV) m/z (%): 345 (M + 1). Anal. Calcd
for C16H12N2O3S2: C, 55.80; H, 3.51; N, 8.13; S, 18.62. Found:
C, 55.49; H, 3.31; N, 8.03; S, 18.94.
3-((2-Phenylthiazol-4-yl)methyl)-5-((2-phenylthiazol-4-yl)
methylene) thiazolidine-2,4-dione (2j). The title compound was
synthesized according to the procedure described for 2b using
4-(iodomethyl)-2-phenylthiazole [18] (301 mg, 1 mmol) and was
recrystallized from absolute methanol. Yield (67%), white
solid, mp 229–230 C; 1H NMR (DMSO-d6, 500 MHz) d: 8.391
(s, 1H, C5–thiazole–H), 7.88 (s, 1H, –CH═), 7.57–8.04 (m, 10H,
Ar-H), 7.53 (s, 1H, C5–thiazole–H), 3.43 (s, 2H, CH2) ppm; 13C
NMR (DMSO-d6) d: 42.37 (CH2), 116.92 (CH), 122.61 (2CH),
126.97 (5CH), 128.17 (4CH), 130.06 (2C), 133.15 (C), 134.00
(C), 151.42 (C), 152.90 (C), 165.48 (C, C═O), 167.44 (C),
171.17 (C═O) ppm; MS (EI, 70 eV) m/z (%): 462 (M + 1). Anal.
Calcd for C23H15N3O2S3: C, 59.85; H, 3.28; N, 9.10; S, 20.84.
Found: C, 59.65; H, 3.17; N, 9.02; S, 21.12.
3-((20 -Phenyl-2,40 -bisthiazol-4-yl)methyl)-5-((2-phenylthiazol4-yl)methylene) thiazolidine-2,4-dione (2k). A 1.7 mmol of 2a
(489 mg) was suspended in absolute methanol (2 mL), and a
suspension of anhydrous potassium hydroxide (96 mg, 1.7 mmol)
in absolute methanol (2 mL) was added. The resulting suspension
was stirred for 10 min. A suspension of 4-(iodomethyl)-20 -phenyl2,40 -bisthiazole [18] (646 mg, 1.7 mmol) in absolute methanol
(10 mL) was added slowly, under continuous stirring to the
reaction mixture. The resultant was stirred for 10 min at room
temperature and then reﬂuxed for 12 h. After cooling, the reaction
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mass was poured into ice-cold water. The precipitated solid
was ﬁltered, washed with water, and dried. The product was
recrystallized from absolute methanol. Yield (48%), white solid,
mp 243 C; 1H NMR (DMSO-d6, 500 MHz) d: 8.389 (s, 1H, C5–
thiazole–H), 8.22 (s, 1H, C5–thiazole–H), 7.85 (s, 1H, –CH═),
7.58–8.03 (m, 10H, Ar-H), 7.57 (s, 1H, C5–thiazole–H), 3.48
(s, 2H, CH2) ppm; 13C NMR (DMSO-d6) d: 39.97 (CH2), 114.12
(CH), 122.04 (2CH), 122.90 (CH), 123.77 (2CH), 124.26 (2CH),
127.35 (4CH), 130.14 (2C), 131.40 (C, CH), 133.33 (C, CH),
149.84 (2C), 151.19 (C), 162.20 (C═O), 167.03 (2C), 170.79
(C═O) ppm; MS (EI, 70 eV) m/z (%): 545 (M + 1). Anal. Calcd
for C26H16N4O2S4: C, 57.33; H, 2.96; N, 10.29; S, 23.55. Found:
C, 56.99; H, 2.61; N, 10.09; S, 23.42.
2-(5-(2,6-Dichlorobenzylidene)-2,4-dioxothiazolidin-3-yl)
acetamide (3b). To a solution of 3a (273 mg, 1 mmol) in DMF
(3.5 mL) was added ﬁne dispersed anhydrous potassium hydroxide
(84 mg, 1.5 mmol). The mixture was stirred for 30 min at room
temperature to give the potassium salt. To the resulting suspension
was added 2-iodoacetamide (202 mg, 1.1 mmol), and the mixture
was stirred at room temperature for 8 h. The reaction was
monitored by TLC. After completion of the reaction, the mass
was poured into ice-cold water under continuous stirring. The
resulted compound was washed with water, dried, and then
recrystallized from absolute ethanol. Yield (85%), white solid, mp
222–223 C; 1H NMR (DMSO-d6, 500 MHz) d: 7.95 (s, 1H, –
CH═), 7.76 (s, 2H, NH2), 7.481–7.603 (m, 3H, Ar-H), 4.26 (s,
2H, CH2) ppm; 13C NMR (DMSO-d6) d: 44.00 (CH2), 129.31
(2CH), 129.59 (CH), 130.54 (C), 131.62 (CH), 132.48 (C),
133.51 (2C), 164.35 (C═O), 166.71 (C═O), 167.19 (C═O) ppm;
MS (EI, 70 eV) m/z (%): 332 (M + 1). Anal. Calcd for
C12H8Cl2N2O3S: C, 43.52; H, 2.43; N, 8.46; S, 9.68. Found: C,
43.33; H, 2.32; N, 8.36; S, 9.49.
5-(2,6-Dichlorobenzylidene)-3-methylthiazolidine-2,4-dione (3c).
The compound was prepared according to the procedure described
for 3b using iodomethane (212 mg, 1.5 mmol) for alkylation of 3a
(273 mg, 1 mmol). Yield (69%), white solid, mp 94 C; 1H NMR
(DMSO-d6, 500 MHz) d: 7.88 (s, 1H, –CH═), 7.496–7.622
(m, 3H, Ar-H), 3.431 (s, 3H, N–CH3) ppm; 13C NMR (DMSO-d6)
d: 28.51 (CH3), 128.92 (2CH), 129.27 (CH), 130.93 (C), 131.75
(CH), 132.39 (C), 133.52 (2C), 164.85 (C═O), 166.99 (C═O)
ppm; MS (EI, 70 eV) m/z (%): 289 (M + 1). Anal. Calcd for
C11H7Cl2NO2S: C, 45.85; H, 2.45; N, 4.86; S, 11.13. Found: C,
45.54; H, 2.38; N, 4.65; S, 11.01.
5-(2,6-Dichlorobenzylidene)-3-ethylthiazolidine-2,4-dione (3d).
The compound was prepared according to the procedure described
for 3b using iodoethane (234 mg, 1.5 mmol). Yield (78%), white
solid, mp 68–69 C; 1H NMR (DMSO-d6, 500 MHz) d: 7.89
(s, 1H, –CH═), 7.482–7.654 (m, 3H, Ar-H), 3.384 (m, 2H, N–
CH2), 1.27 (t, 3H, CH3) ppm; 13C NMR (DMSO-d6) d: 13.16
(CH3), 37.48 (CH2), 129.06 (2CH), 129.27 (CH), 130.77 (C),
131.70 (CH), 132.40 (C), 133.53 (2C), 164.52 (C═O), 166.77
(C═O) ppm; MS (EI, 70 eV) m/z (%): 303 (M + 1). Anal. Calcd
for C12H9Cl2NO2S: C, 47.70; H, 3.00; N, 4.64; S, 10.61. Found:
C, 47.74; H, 2.81; N, 4.30; S, 10.35.
5-(2,6-Dichlorobenzylidene)-3-propylthiazolidine-2,4-dione (3e).
The compound was prepared according to the procedure described
for 3b using 1-bromopropane (184 mg, 1.5 mmol). Yield (73%),
white solid, mp 58–59 C; 1H NMR (DMSO-d6, 500 MHz) d: 7.91
(s, 1H, –CH═), 7.468–7.687 (m, 3H, Ar-H), 3.36 (m, 2H, N–CH2),
1.68 (m, 2H, CH2), 0.98 (t, 3H, CH3) ppm; 13C NMR (DMSO-d6)
d: 11.53 (CH3), 20.96 (CH2), 43.88 (CH2), 129.12 (2CH), 129.27
(CH), 130.64 (C), 131.68 (CH), 132.40 (C), 133.53 (2C), 164.75
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(C═O), 166.97 (C═O) ppm; MS (EI, 70 eV) m/z (%): 317 (M + 1).
Anal. Calcd for C13H11Cl2NO2S: C, 49.38; H, 3.51; N, 4.43; S,
10.14. Found: C, 49.54; H, 3.41; N, 4.09; S, 9.84.
3-Butyl-5-(2,6-dichlorobenzylidene)thiazolidine-2,4-dione (3f).
The compound was prepared according to the procedure described
for 3b using 1-bromobutane (205 mg, 1.5 mmol). Yield (47%),
white solid, mp 31–32 C; 1H NMR (DMSO-d6, 500 MHz) d:
7.92 (s, 1H, –CH═), 7.468–7.687 (m, 3H, Ar-H), 3.29 (m, 2H,
N–CH2), 1.25–1.52 (m, 4H, 2CH2), 0.97 (t, 3H, CH3) ppm; 13C
NMR (DMSO-d6) d: 13.91 (CH3), 19.91 (CH2), 29.58 (CH2),
42.05 (CH2), 129.12 (2CH), 129.27 (CH), 130.64 (C), 131.68
(CH), 132.41 (C), 133.52 (2C), 164.72 (C═O), 166.94 (C═O)
ppm; MS (EI, 70 eV) m/z (%): 331 (M + 1). Anal. Calcd for
C14H13Cl2NO2S: C, 50.92; H, 3.97; N, 4.24; S, 9.71. Found: C,
51.19; H, 3.72; N, 4.06; S, 9.64.
5-(2,6-Dichlorobenzylidene)-3-isopentylthiazolidine-2,4-dione
(3g).
The compound was prepared according to the procedure
described for 3b using 1-bromo-3-methylbutane (226 mg, 1.5 mmol).
Yield (60%), white solid, mp 65 C; 1H NMR (DMSO-d6,
500 MHz) d: 7.90 (s, 1H, –CH═), 7.508–7.692 (m, 3H, Ar-H), 3.25
(m, 2H, N–CH2), 1.66 (m, 1H, CH), 1.57 (m, 2H, CH2), 0.93
(d, 6H, 2CH3) ppm; 13C NMR (DMSO-d6) d: 22.61 (2CH3), 25.85
(CH), 36.32 (CH2), 39.99 (CH2), 129.15 (2CH), 129.34 (CH),
130.63 (C), 131.66 (CH), 132.45 (C), 133.56 (2C), 164.76 (C═O),
166.98 (C═O) ppm; MS (EI, 70 eV) m/z (%): 345 (M + 1). Anal.
Calcd for C15H15Cl2NO2S: C, 52.33; H, 4.39; N, 4.07; S, 9.31.
Found: C, 52.43; H, 4.53; N, 3.87; S, 8.98.
5-(2,6-Dichlorobenzylidene)-3-(2-oxopropyl)thiazolidine-2,4dione (3h). The title compound was prepared according to the
procedure described for 3b using 1-chloropropan-2-one (185 mg,
2 mmol). Yield (81%), white solid, mp 140–141 C; 1H NMR
(DMSO-d6, 500 MHz) d: 7.94 (s, 1H, –CH═), 7.464–7.529 (m,
3H, Ar-H), 4.693 (s, 2H, CH2), 2.278 (s, 3H, CH3) ppm; 13C
NMR (DMSO-d6) d: 27.54 (CH3), 50.98 (CH2), 129.32 (2CH),
130.06 (CH), 130.25 (C), 131.56 (CH), 132.54 (C), 133.50
(2C), 164.09 (C═O), 166.44 (C═O), 200.75 (C═O) ppm; MS
(EI, 70 eV) m/z (%): 331 (M + 1). Anal. Calcd for
C13H9Cl2NO3S: C, 47.29; H, 2.75; N, 4.24; S, 9.71. Found: C,
47.09; H, 2.45; N, 3.98; S, 9.35.
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Abstract: The aim of this paper was to evaluate the antioxidant and antimicrobial activities
and the polyphenolic content of Schisandra chinensis (Turcz.) Baill. leaves and fruits. The
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leaves are an important source of flavonoids (35.10 ± 1.23 mg RE/g plant material).
Qualitative and quantitative analyses of the polyphenolic compounds were achieved using a
HPLC-UV-MS method. The main flavonoid from the leaves was isoquercitrin
(2486.18 ± 5.72 μg/g plant material), followed by quercitrin (1645.14 ± 2.12 μg/g plant
material). Regarding the fruit composition, the dominant compound there was rutin
(13.02 ± 0.21 μg/g plant material), but comparing with the leaves, fruits can be considered a
poor source of phenolic compounds. The antioxidant activity was evaluated by DPPH,
TEAC, hemoglobin ascorbate peroxidase activity inhibition (HAPX), inhibition of lipid
peroxidation catalyzed by cytochrome c and EPR spectroscopic assays, revealing a better
antioxidant activity for the S. chinensis leaves extract. In the antimicrobial assay,
S. chinensis leaves extract showed efficient activities against the targeted bacteria, being
more active than the fruits extract. The results suggest the leaves of S. chinensis as a
valuable source of antioxidant compounds with significant antioxidant activity.
Keywords: Schisandra chinensis; polyphenols; antioxidants; antimicrobial activity;
leaves; fruits

1. Introduction
In recent decades, many herbs and natural compounds have been receiving increased public interest
as complementary and alternative medicines [1]. The role of natural compounds in developing new
antioxidant agents is well documented [2–4], driven by the fact that several studies indicate synthetic
antioxidants as possible endocrine disrupters or even carcinogenetic agents [5,6].
Phenolic compounds are one of the most critical ingredients related to free radical scavenging
activity in medicinal plants and functional foods [2,7]. They exhibit various biological properties, such
as strong antioxidant, cardioprotective, antimutagenic, antibacterial, anti-viral and anti-inflammatory
activities [8–10]. Considering the important role of phenolic compounds in human health and nutrition,
it is mandatory to provide new data on their amounts or variety in medicinal plants and natural foods.
The genus Schisandra Michx. (Schisandraceae) comprises 23 twining woody species that are widely
distributed in East Asia, with a center of diversity found in southeastern and south-central China [11]. The
Chinese magnolia vine (Wuweizi, Schisandra chinesis (Turcz.) Baill) is a new pharmacopoeial species,
introduced into the European phytotherapy just a few years ago, due to its traditional uses in Chinese
medicine [12,13]. Its fruits have been used for thousands of years as an astringent, sedative, adaptogenic
and tonic agent to treat chronic coughs, spontaneous sweating, palpitation and spermatorrhea [4,14].
Recent studies indicate that S. chinensis shows various biological effects, including hepatoprotective,
antioxidant [2], neuroprotective [15], immunomodulatory, anticancer [16–18], anti-inflammatory,
cardioprotective [19,20] and sedative-hypnotic properties [21]. The main bioactive components
identified in Schisandrae chinensis fructus are dibenzocyclooctadiene derivative lignans or “schisandra
lignans” [22]. Many of these lignans were found to exhibit various beneficial biological activities
related to the demonstrated pharmacological effects or traditional applications of S. chinensis.
Biologically active lignans are also present in leaves, but in smaller amounts than in fruits or seeds.
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The fruits of S. chinensis contain, besides lignans, many other important constituents such as organic
acids (citric, malic, fumaric and tartaric acid), sugars, vitamic C, vitamin E, phenolic acids, tannins,
phytosterols and essential oil [3,22]. Less studied than the fruits, the leaves of S. chinesis are used in
infusions or as spice, being considered alongside the fruits, an important functional food [23]. The
fruits of Schisandra chinensis have been used in foods, such as yogurt, jam, fruitcake beverages, wine
and other products, as a nutritional and functional ingredient [3]. In China they are considered a
flavoring agent and food additive for preparing tea, soup, porridge, etc. [14]. The dried fruit is one of
the most famous herbal medicines, being known for several thousand years in China. In Japan,
Schisandra fruit is a widely used component of Kampo medicines and, in the United States, it is a
dietary supplement [14,17]. A water extract of the fruits decreased the blood glucose level of normal
and alloxan-induced diabetic mice and enhanced the body’s capacity to resist nonspecific stimulation,
whilst an ethanol extract showed strong effects on the cardiovascular system [13]. The infusion
prepared from leaves, shoots and fruits has stimulatory effects of the body. The decoction and tincture
obtained from fruits and seeds are used for treating hepatitis, gastritis, tuberculosis, while the juice and
the fresh fruits can increase physical and intellectual working abilities [23].
Compared with the intensive studies on the lignans or their biological activities [24], polyphenolic
compounds (phenolic acids and flavonoids) from leaves and fruits and their possible biological effects,
have received less attention. Only few reports deal with polyphenolic compounds (anthocyanins), their
amounts in the fruits and antioxidant activities [3,25] and no papers focused on the polyphenolic
composition of S. chinensis leaves could be identified. Due to this fact, further comprehensive studies
on polyphenolic compounds and their amounts are essential. A rapid and sensitive HPLC method
assisted by mass spectrometry detection was assessed for the determination and quantification of
polyphenols in different parts of plant. Considering these aspects, the aim of this paper was to analyse
the chemical composition of Romanian harvested S. chinensis leaves and fruits and to evaluate the
antioxidant and antimicrobial activities, for a better usage and characterization of these functional foods.
2. Results and Discussion
2.1. HPLC Analysis of Polyphenols
High performance liquid chromatography (HPLC) assisted by mass spectrometry (MS) detection is
an advanced analytical technique that provides high sensitivity and structural information about the
analytes. The employed method was developed for the identification and quantification of nineteen
phenolic compounds: eight phenolic acids and eleven flavonoids. The analytical method and its
applicability were already verified in several other works [1,7,26]. The quantitative determination was
performed by the external standard method and the concentrations of the identified phenolic
compounds are showed in Table 1 in order of their retention times. HPLC chromatograms of both
leaves and fruits of S. chinensis are presented in Figures 1 and 2.
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Table 1. The polyphenolic compounds content in the natural products (μg/g plant material).
Polyphenolic Compounds
Gentisic acid
Caffeic acid
Chlorogenic acid
p-Coumaric acid
Ferulic acid
Hyperoside
Isoquercitrin
Rutin
Myricetin
Quercitrin
Quercetin
Kaempferol

m/z Value
179
179
353
163
193
463
463
609
317
447
301
285

RT ± SD (min)
3.52 ± 0.04
5.60 ± 0.04
5.62 ± 0.05
9.48 ± 0.08
12.8 ± 0.10
19.32 ± 0.12
19.60 ± 0.10
20.20 ± 0.15
21.13 ± 0.12
23.64 ± 0.13
26.80 ± 0.15
32.48 ± 0.17

S. chinensis Leaves
<0.02
<0.02
1636.19 ± 4.46
47.74 ± 0.73
22.76 ± 0.67
1096.61 ± 5.02
2486.18 ± 5.72
1365.39 ± 3.32
<0.02
1645.14 ± 2.12
263.25 ± 1.06
378.27 ± 1.73

S. chinensis Fruits
<0.02
NF
3.26 ± 0.25
<0.02
NF
1.96 ± 0.02
6.59 ± 0.07
13.02 ± 0.21
NF
NF
1.74 ± 0.04
NF

Notes: NF—not found, below limit of detection; Values are the mean ± SD (n = 3).

Figure 1. HPLC chromatogram of S. chinensis leaves extract.
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Notes: Chromatographic conditions were as given in the Experimental section; the identified compounds:
1, Chlorogenic acid; 2, p-Coumaric acid; 3, Ferulic acid; 4, Hyperoside; 5, Isoquercitrin; 6, Rutin;
7, Quercitrin; 8, Quercetin; 9, Kaempferol.

Figure 2. HPLC chromatogram of S. chinensis fruits extract.
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Notes: Chromatographic conditions were as given in the Experimental section; the identified compounds:
1, Chlorogenic acid; 2, Hyperoside; 3, Isoquercitrin; 4, Rutin; 5, Quercetin.

From the analyzed phenolic acids, gentisic, caffeic, chlorogenic, p-coumaric and ferulic acids were
identified in the ethanolic extract of S. chinensis leaves; only chlorogenic, p-coumaric and ferulic were
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quantified with the first being the most abundant (1636.19 ± 4.46 μg/g). Four flavonoid glycosides,
hyperoside, isoquercitrin, rutin and quercitrin, and three flavonoid aglycones, myricetin, quercetin and
kaempferol were found in the leaves of the Chinese magnolia vine. Among the flavonoid glycosides,
isoquercitrin (2486.18 ± 5.72 μg/g) was the main compound (Table 1) and among the free aglycones,
the dominant compound was kaempferol (378.27 ± 1.73 μg/g).
The fruits of S. chinensis are less rich in polyphenolic compounds. Among the targeted phenolic
acids, chlorogenic acid is the only quantified compound (3.26 ± 0.25 μg/g plant material), while
gentisic and p-coumaric acids were only qualitatively identified. The dominant flavonoid was rutin
(13.02 ± 0.21 μg/g), followed by the free aglycone quercetin (1.74 ± 0.04 μg/g). As the literature
already specifies, the main phenolic compounds from Schisandrae chinensis fructus are not flavonoids
or phenolic acids, but rather anthocyanins [3,25]. According to Szopa et al. [27], in vitro cultures of
S. chinensis are a potential biotechnological source of therapeutically important phenolic acids.
The two cultures obtained from leaf buds (shoot-differentiating and undifferentiated callus culture)
were analysed by comparison with the fruits and leaves of the plants growing under natural conditions.
Chlorogenic, p-coumaric, p-hydroxybenzoic, protocatechuic, salicylic and syringic acids were
identified in all samples, with higher amounts in fruits and both callus cultures. Chlorogenic acid was
the main metabolite in biomass from in vitro cultures (226.0 μg/g and 384.3 μg/g, respectively), while
in fruits and leaves its content was smaller (19.8 μg/g and 13.7 μg/g, respectively).
Our results showed a higher concentration of chlorogenic acid in leaves, by comparison with the
fruits of S. chinensis (1636.1 μg/g and 3.2 μg/g, respectively). The differences between the results
obtained between the two studies could be due to the different extraction method, time and the solvent
used, but also to other factors, both geographical and harvesting related [26].
Polyphenols from two important functional foods, fruits and leaves of S. chinensis, were analyzed
by using a liquid chromatography coupled with mass spectrometry method. Considering the nineteen
target compounds used in this study, some other peaks were not identified. The study revealed
significant differences in composition between the fruits and the leaves of S. chinensis, indicating that
leaves of S. chinensis are an important source of flavonoids. A one-way ANOVA test applied on the
concentrations values of the identified compounds listed in Table 1 showed that there is a highly
significant difference between these two extracts (p < 0.001).
2.2. Determination of Phenolic Compounds Content
The results of the total flavonoids and total phenolic content of S. chinensis extracts are given in
Table 2. The total phenolic content (TPC) was expressed as galic acid equivalents (mg GAE/g plant
material) and the calculation of total flavonoid content by using a standard curve of rutin and presented
as rutin equivalents (mg RE/g plant material).
The leaves of S. chinensis contain important amounts of phenolic compounds (62.36 ± 1.38 mg/g
plant material) and flavonoids (35.10 ± 1.23 mg/g plant material). The fruits contain significantly
lower amounts of polyphenols (9.20 ± 0.43 mg/g plant material) and flavonoids (7.65 ± 0.95 mg/g
plant material). Comparing with the results obtained by Chinese authors regarding the fruits
concentration in polyphenols and flavonoids, our samples were less rich [28]. A possible explanation
could come from the fact that different extraction methods were used. Regarding the total polyphenolic

Molecules 2014, 19

15167

content from leaves, no previous data was found. The presence of biologically active compounds is
regulated by a number of factors including plant species, genetic factors, geographical location, tipe of
soil, season of harvesting, herb preparation, drying and storage [26].
Table 2. The content of total polyphenols and flavonoids in the extracts.
Samples
S. chinensis leaves
S. chinensis fruits

TPC (mg GAE/g Plant Material)
62.36 ± 1.38
9.20 ± 0.43

Flavonoids (mg RE/g Plant Material)
35.10 ± 1.23
7.65 ± 0.95

Notes: Each value is the mean ± SD of three independent measurements; TPC: Total polyphenols content;
GAE: Gallic acid equivalents; RE: rutin equivalents.

2.3. Antioxidant Activity Assays
The antioxidant potential of S. chinensis extracts was assessed using the DPPH bleaching method,
Trolox equivalent antioxidant capacity (TEAC) assay, hemoglobin ascorbate peroxidase activity
inhibition (HAPX) assay, the inhibition of lipid peroxidation catalyzed by cytochrome c assay and an
Electron Paramagnetic Resonance (EPR) spectroscopy method.
The results obtained by the DPPH bleaching assay were presented as quercetin equivalents (Table 3).
According to, the fruits extract exhibited a lower antioxidant activity than the leaves. The percentage
of DPPH consumption was converted to quercetin equivalents by using a calibration curve (R2 = 0.998)
with quercetin solutions of 0–12 μM. The higher the rate of DPPH consumption is, the more powerful
the antioxidant potential.
Table 3. Antioxidant capacity parameters obtained using several methods for studied samples.
Samples
S. chinensis leaves
S. chinensis fruits

DPPH
(µg QE/mg Plant Material)
26.87 ± 0.84
7.80 ± 0.55

TEAC
(µg TE/mg Plant Material)
45.97 ± 0.31
15.95 ± 0.68

HAPX (%)
31.47 ± 1.36
28.86 ± 0.21

Notes: Each value is the mean ± SD of three independent measurements; QE: Quercetin equivalents;
TE: Trolox equivalents.

The TEAC results are in agreement with the DPPH values and also correlated with the results
obtained using other methods. DPPH and TEAC assays are both based on the same principle (free
radical scavenging by electron transfer mechanism) and use synthetic radicals which react directly with
antioxidants to quantify the antioxidant capacity of the sample.
The enzymatic antioxidant assay (HAPX) measures the capability of the extract active compounds to
quench the damage inflicted by hydrogen peroxide upon hemoglobin. Additional information is brought
through this assay, since it implies the interaction between antioxidants molecules with a protein, the
ferryl hemoglobin species (resulted by the action of hydrogen peroxide on ferric hemoglobin) [29,30].
A more physiological method based on peroxidase acticity of cytochrome c was used to evaluate
the antioxidant activity of the ethanolic extracts. This process monitors the formation of lipid
conjugated dienes at 235 nm. According to Yang et al., the inhibition of lipid peroxidation increases
with increasing concentrations of flavonoids [31]. Thus, the antioxidant capacity of the tested extracts,
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reflected in the delay of lipid oxidation, is considered to be based on the same mechanism found in
HAPX: the interaction of antioxidants with ferryl, generated in this case in cytochrome c [30,32].
Through this assay both extracts demonstrated an antioxidant activity and a good correlation with
DPPH and TEAC results (Figure 3). The S. chinensis fruits extract delays the peroxidation of lipids
about 90 min, while the leaves extract completely blocks the process during the whole experiment
(600 min). This is in line with the results of Yang et al. [31]. Accordingly, the S. chinensis leaves
extract exhibits a superior antioxidant activity.
Figure 3. Liposome oxidation by cytochrome c, in the presence of the tested samples.
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A common method to evaluate the qualitative antioxidant properties is EPR spectroscopy, using
stable free radicals. In this study we made a mixture of free radical (DPPH) and antioxidant extract.
The rate of reaction between antioxidant compounds and DPPH radical was monitored by using
normalized double integrated residual EPR signal which is correlated with the number of paramagnetic
species (Figure 4). One can observe that integral intensity of DPPH in mixture with different
antioxidant extracts decreases compared with DPPH solution without antioxidant extract. The EPR
spectra presented in the Figure 4 show that we observed a smaller intensity of the signal function of the
antioxidant extracts. It represents the oxido-reduction rate of the DPPH radical. Comparing the
calculated rates of the both samples, one can observe that S. chinensis leaves sample extract has a
higher antioxidant capacity than the fruits sample. The values of the integral intensity of both samples
are represented in Table 4 compared with DPPH.
Table 4. The values of integral intensities for the analyzed samples.
DPPH
578.85 ± 10.32

S. chinensis Leaves
167.32 ± 3.24

S. chinensis Fruits
277.05 ± 7.05

Note: Each value is the mean ± SD of three independent measurements.

The antioxidant potential S. chinensis leaves and fruits extracts was investigated using five different
tests; the most frequent DPPH and TEAC assays, two complex and physiologically relevant methods
based on peroxidase activity of hemoglobin and cytochrome c and one EPR spectroscopic method. The
antioxidant activity of vegetal extracts is strongly related with their chemical composition. As a peculiarity,
S. chinensis leaves contain important amounts of flavonoids and chlorogenic acid. High concentrations
of flavonoids and chlorogenic acid are reflected in significant scavenging properties [31,33]. In
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conclusion, the results obtained through antioxidant assays show a good correlation between all
methods, with a notable antioxidant activity for the S. chinensis leaves. There was a highly significant
statistical difference between the analyzed extracts in the DPPH, TEAC and EPR assays (p < 0.001),
and significant difference in the HAPX method (0.001 < p < 0.05).
Figure 4. The rate of reaction between antioxidant compounds and DPPH radical.
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2.4. Antimicrobial Activity Assays
The in vitro antibacterial potential of S. chinensis extracts against both Gram-positive and
Gram-negative bacteria is summarized in Table 5. As can be seen the S. chinensis extracts showed
important in vitro antibacterial activity against all Gram-positive tested bacteria.
Table 5. Antibacterial activity of S. chinensis extracts and antibiotic against bacterial
species tested by disc diffusion assay.
Bacterial Strains
Staphylococcus aureus
Bacillus subtilis
Listeria monocytogenes
Escherichia coli
Salmonella typhimurium

Standard Antibiotic
Gentamicin
2 ± 0.1
6 ± 0.2
5 ± 0.5
3 ± 0.3
6 ± 0.1

Inhibition Zone (mm)
S. chinensis Fruits
S. chinensis Leaves
4 ± 0.1
9 ± 0.1
7 ± 0.2
11 ± 0.2
6 ± 0.4
12 ± 0.2
3 ± 0.1
8 ± 0.2
6 ± 0.5
9 ± 0.2

Note: Each value is the mean ± SD of three independent measurements.

The strains of E. coli and S. typhimurium were non-sensitive to the S. chinensis fruits extract with a
zone of inhibition between 5–6 mm of diameter, comparable with the inhibition zone of gentamicin.
On the other hand, S. chinensis leaves extract showed efficient antibacterial activities against the
targeted bacteria. Thus, the growths of all studied strains were inhibited by S. chinensis leaves extract,
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showing a maximal inhibition zone of 12 mm for Listeria monocytogenes strain. The results obtained
from the antimicrobial properties can make S. chinensis a source for the microbial growth inhibition of
Gram positive bacteria. A possible partial explanation is that Gram positive bacteria are more
susceptible to the antimicrobial agents than Gram negative bacteria and it is considered to be due to its
outer membrane (Cox et al. [34]).
The MIC values obtained from antimicrobial tests ranged from 10 µg/mL to >100 µg/mL (Table 6).
The results showed that the bacterial strains S. aureus was more sensitive to S. chinensis fruits and
leaves extracts with MIC value of 25 µg/mL and 10 µg/mL, respectively; followed by Bacillus subtilis
with MIC value of 50 µg/mL. Alternativelly, Listeria monocytogenes, Escherichia coli and Salmonella
typhimurium were the less sensitive strains for S. chinensis fruits extract, with MIC values of up to
100 µg/mL but sensitive to S. chinensis leaves extract with a MIC value of 75 µg/mL. Our results are
in agreement with those obtained by Hussain et al., who reported that Gram-positive bacteria are more
sensitive to plant essential oils than Gram-negative bacteria [35].
Table 6. Minimal Inhibitory Concentration (MIC) of S. chinensis extracts.
Bacterial Strains
Staphylococcus aureus
Bacillus subtilis
Listeria monocytogenes
Escherichia coli
Salmonella typhimurium

MIC (µg/mL)
S. chinensis Fruits
S. chinensis Leaves
25
10
50
50
>100
75
>100
75
>100
75

Note: Each value is the mean ± SD of three independent measurements.

3. Experimental Section
3.1. Plant Materials and Extraction Procedure
The vegetal material from S. chinensis leaves and fruits was purchased from local cultivators from
Cluj-Napoca, Romania in the summer of 2013. Voucher specimens (Voucher Nos. 3590 and 3591)
were deposited in the Department of Pharmaceutical Botany Herbarium of the Faculty of Pharmacy,
“Iuliu Hatieganu” University of Medicine and Pharmacy, Cluj-Napoca, Romania. The vegetal material
was air dried at room temperature in shade, separated and grinded to fine powder (300 µm) before the
extraction procedures. Twenty grams of each sample were weighed and extracted with 200 mL of 70%
ethanol, for 30 min in an ultrasonication bath at 60 °C. The samples were then cooled down and
centrifuged at 4500 rpm for 15 min, and the supernatant was recovered [1,7].
3.2. Chemical and Instrumentation
Chlorogenic acid, p-coumaric acid, caffeic acid, rutin, apigenin, quercetin, isoquercitrin, quercitrin,
hyperoside, kaempferol, myricetol, fisetin from Sigma (St. Louis, MO, USA), ferulic acid, sinapic
acid, gentisic acid, gallic acid, patuletin, luteolin from Roth (Karlsruhe, Germany), cichoric acid,
caftaric acid from Dalton (Toronto, ON, Canada). HPLC grade methanol, ethanol, analytical grade
orthophosphoric acid, hydrochloric acid and Folin-Ciocalteu reagent were purchased from Merck
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(Darmstadt, Germany), hydrogen peroxide, ABTS (2,2'-azinobis-3-ethylbenzotiazoline-6-sulphonic acid),
sodium molybdate dihydrate, sodium nitrite, sodium hydroxide, sodium carbonate, sodium acetate
trihydrate, and anhydrous aluminum chloride were from Sigma-Aldrich (Steinheim, Germany). DPPH
(2,2-diphenyl-1-picrylhydrazyl) and Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid)
were obtained from Alfa-Aesar (Karlsruhe, Germany), HRP (horseradish peroxidase) was purchased
from Sigma-Aldrich. Bovine hemoglobin was purified following the general protocol of Antonini and
Brunori [36]. The met forms of hemoglobin were prepared by ferricyanide treatment as previously
described [37]. Liposomes were obtained by suspending 5 mg/mL soybean lecithin (Alfa Aesar) in
phosphate buffer followed by sonication and horse heart purified cytochrome c from Sigma-Aldrich [30].
All spectrophotometric data were acquired using a Jasco V-530 UV-VIS spectrophotometer (Jasco
International Co., Ltd., Tokyo, Japan).
3.3. HPLC/MS Analysis
3.3.1. Apparatus and Chromatographic Conditions for the Analysis of Polyphenols
The identification and quantification of polyphenolic compounds was carried out using an Agilent
Technologies 1100 HPLC Series system (Agilent, Santa Clara, CA, USA) equipped with G1322A
degasser, G13311A binary gradient pump, column thermostat, G1313A autosampler and G1316A UV
detector. The HPLC system was coupled with an Agilent 1100 mass spectrometer (LC/MSD Ion Trap SL).
For the separation, a reverse-phase analytical column was employed (Zorbax SB-C18 100 × 3.0 mm i.d.,
3.5 μm particle); the work temperature was 48 °C. The detection of the compounds was performed on
both UV and MS mode. The UV detector was set at 330 nm until 17.5 min, then at 370 nm. The MS
system operated using an electrospray ion source in negative mode. The chromatographic data were
processed using ChemStation and DataAnalysis software from Agilent. The mobile phase was a binary
gradient: methanol and acetic acid 0.1% (v/v). The elution started with a linear gradient, beginning with
5% methanol and ending at 42% methanol, for 35 min; then 42% methanol for the next 3 min [1,7,26].
The flow rate was 1 mL·min−1 and the injection volume was 5 µL.
The MS signal was used only for qualitative analysis based on specific mass spectra of each
polyphenol. The MS spectra obtained from a standard solution of polyphenols were integrated in a mass
spectra library. Later, the MS traces/spectra of the analyzed samples were compared to spectra from
library, which allows positive identification of compounds, based on spectral match. The UV trace was
used for quantification of identified compounds from MS detection. Using the chromatographic
conditions described above, the polyphenols eluted in less than 40 min (Table 6). Four polyphenols
cannot be quantified in current chromatographic conditions due overlapping (caftaric acid with gentisic
acid and caffeic acid with chlorogenic acid). However, all four compounds can be selectively
identified in MS detection (qualitative analysis) based on differences between their pseudo-molecular
mass and MS spectra. For all compounds, the limit of quantification was 0.5 μg/mL, and the limit of
detection was 0.1 μg/mL. The detection limits were calculated as minimal concentration producing a
reproductive peak with a signal-to-noise ratio greater than three. Quantitative determinations were
performed using an external standard method. Calibration curves in the 0.5–50 μg/mL range with good
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linearity (R2 > 0.999) for a five point plot were used to determine the concentration of polyphenols in
plant samples [1,7,26].
3.3.2. Identification and Quantification of Polyphenols
The detection and quantification of polyphenols was performed in UV assisted by mass spectrometry
detection. Due to peak overlapping, four polyphenol-carboxylic acids (caftaric, gentisic, caffeic,
chlorogenic) were determined only based on MS spectra, whereas for the rest of the compounds the
linearity of the calibration curves was very good (R2 > 0.998), with detection limits in the range of
18 ng/mL to 92 ng/mL. The detection limits were calculated as the minimal concentration yielding a
reproductible peak with a signal-to-noise ratio greater than three. Quantitative determinations were
performed using an external standard method; retention times were determined with a standard
deviation ranging from 0.04 min to 0.19 min (Table 7). For all compounds, the accuracy was between
94.13% and 105.3%. Accuracy was checked by spiking samples with a solution containing each
polyphenol in a 10 μg/mL concentration. In all analyzed samples the compounds were identified by
comparison of their retention times and recorded electrospray mass spectra with those of standards in
the same chromatographic conditions.
Table 7. Retention times (RT) of polyphenolic compounds (min).
Peak No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Phenolic Compound
Caftaric acid
Gentisic acid
Caffeic acid
Chlorogenic acid
p-Coumaric acid
Ferulic acid
Sinapic acid
Cichoric acid
Hyperoside
Isoquercitrin

m/z
311
153
179
353
163
193
223
473
463
463

RT ± SD
3.54 ± 0.05
3.69 ± 0.04
6.52 ± 0.04
6.43 ± 0.05
9.48 ± 0.08
12.8 ± 0.10
15.00 ± 0.10
15.96 ± 0.13
19.32 ± 0.12
20.29 ± 0.10

Peak No.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Phenolic Compound
Rutin
Myricetin
Fisetin
Quercitrin
Quercetin
Patuletin
Luteolin
Kaempferol
Apigenin

m/z
609
317
285
447
301
331
285
285
279

RT ± SD
20.76 ± 0.15
21.13 ± 0.12
22.91 ± 0.15
23.64 ± 0.13
27.55 ± 0.15
29.41 ± 0.12
29.64 ± 0.19
32.48 ± 0.17
39.45 ± 0.15

Note: SD, standard deviation.
3.4. Determination of Total Polyphenols and Flavonoids Content

The total phenolic content (TPC) of the extracts was measured using the Folin-Ciocalteu method
with some modifications [7,26]. Two mL from each ethanolic extract were diluted 25 times and then
mixed with Folin-Ciocalteu reagent (1 mL) and distilled water (10.0 mL) and diluted to 25.0 mL with a
290 g/L solution of sodium carbonate. The samples were incubated in the dark for 30 min.
The absorbance was measured at 760 nm, using a JASCO UV-VIS spectrophotometer. Standard curve
was prepared by using different concentrations of gallic acid and the absorbances were measured at
760 nm. TPC values were determined using an equation obtained from the calibration curve of gallic
acid graph (R2 = 0.999). Total polyphenolic content was expressed as mg gallic acid/g dry material
plant (mg GAE/g plant material).
The total flavonoids content was calculated and expressed as rutin equivalents after the method
described in the Romanian Pharmacopoeia (Xth Edition) [38]. Each extract (5 mL) was mixed with
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sodium acetate (5.0 mL, 100 g/L), aluminum chloride (3.0 mL, 25 g/L), and made up to 25 mL in a
calibrated flask with methanol. Each solution was compared with the same mixture without reagent.
The absorbance was measured at 430 nm. The total flavonoids content values were determined using
an equation obtained from calibration curve of the rutin graph (R2 = 0.999).
3.5. In Vitro Antioxidant Activity Assays
3.5.1. DPPH Bleaching Assay
The DPPH assay provides an easy and rapid way to evaluate potential antioxidants. DPPH free
radical method is an antioxidant assay based on electron-transfer that produces a violet solution in
ethanol. This free radical, stable at room temperature is reduced in the presence of an antioxidant
molecule, giving rise to a yellow solution. The free radical scavenging activity of the ethanolic extracts
was measured in terms of hydrogen donating or radical scavenging ability using this method. A stock
solution of 100 µM DPPH was prepared. In a glass cuvette, 2 µL from original extracts were added to
998 µL DPPH solution. The absorbance changes were monitored at 517 nm for 30 min, using a
UV-VIS spectrophotometer equipped with a multi-cell holder. The percentage of DPPH consumption
in each case was converted to quercetin equivalents using a calibration curve (R2 = 0.991) with
quercetin standard solutions of 0–12 µM [7,26]. The higher the rate of DPPH consumption is, the more
powerful the antioxidant capacity.
3.5.2. TEAC Assay (Trolox Equivalent Antioxidant Capacity)
In the Trolox equivalent antioxidant capacity (TEAC) assay, the antioxidant capacity is reflected in
the ability of the natural extracts to decrease the color, reacting directly with the ABTS radical. The
latter was obtained by oxidation of ABTS (2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)) with
peroxide, catalyzed by HRP (horseradish peroxidase). Original extracts were diluted 5 times, and 3 µL
from the diluted extract were added to 997 µL ABTS solution. The amount of ABTS radical consumed
by the tested compound was measured at 735 nm, after 30 min of reaction time. The evaluation of the
antioxidant capacity was obtained using the total change in absorbance at this wavelength. The
percentage of ABTS consumption was transformed in Trolox equivalents (TE) using a calibration
curve (R2 = 0.986) with Trolox standard solutions of 0–16 µM [7,26].
3.5.3. Hemoglobin/Ascorbate Peroxidase Activity Inhibition (HAPX) Assay
Inhibition of hemoglobin ascorbate peroxidase activity assay (HAPX) was conducted according to
the procedure described by Mot et al., [29]. Hemoglobin was purified according to the Antonini and
Brunori protocols [36]. The reaction was triggered by the addition of met hemoglobin (6 µM) to a
mixture of ascorbate (160 µM), peroxide (700 µM) and extracts (5 µM) from the stock diluted five
times, and it was monitored at 405 nm. This method allows us to evaluate the inhibition of ferryl
formation by ascorbate in the presence of the tested compounds. An increase in the time of inhibition
reflects the antioxidant capacity of the compound, whereas a decrease, a pro-oxidant effect [37].
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3.5.4. Inhibition of Lipid Peroxidation Catalyzed by Cytochrome c
Liposomes were obtained by suspending 5 mg/mL soybean lecithin in phosphate buffer (20 mM, pH 7),
followed by sonication for 15 min in an ultrasonic bath (using a Power Sonic 410 device, Thermoline
Scientific, Wetherill Park, NSW, Australia). The liposome oxidation experiment was performed at
room temperature, for 600 min, in the presence of cytochrome c (2 µM) and extracts (5 µL from the
diluted extract) by monitoring the absorbance at 235 nm (wavelength specific for liposome oxidation).
This process monitors the formation of lipid conjugated dienes at the specified wavelength [30].
3.5.5. EPR Measurements
EPR measurements were performed on a Bruker Elexsys E500 spectrometer (Bruker, Billerica,
MA, USA) operating in X band (~9.4 GHz) with 100 kHz modulation frequency, at room temperature.
The sample was scanned using the following parameters: centre field, 3360 G; sweep width, 60 G;
power, 2 mW; receiver gain, 1 × 103; modulation amplitude, 2 G; time of conversion, 15 ms; time
constant, 30.72 ms; sweep time 60 s. A solution of 4.5 mM DPPH was added in liquid samples of
antioxidant extracts and quickly mixed with 10 µL of extract and transferred in EPR quartz capillary.
The EPR spectra were recorded at different time intervals. The variations of the relative concentration
of paramagnetic species were obtained through double integration of experimental spectra using XEPR
Bruker software [39].
3.6. Determination of Antimicrobial Activity
3.6.1. Microorganisms and Culture Growth
The microorganisms used for antimicrobial activity evaluation were obtained from the University of
Agricultural Sciences and Veterinary Medicine Cluj Napoca, Romania. The Gram-positive bacteria
Staphylococcus aureus (ATCC-25923), Bacillus subtilis (ATCC-12228), Listeria monocytogenes
(ATCC-19115) and gram-negative bacteria Escherichia coli (ATCC-25922) and Salmonella
typhimurium (ATCC-14028). The stock cultures of microorganisms used in this study were maintained
on plate count agar slants at 4 °C. Inoculum was prepared by suspending a loop full of bacterial cultures
into 10 mL of nutrient agar broth and was incubated at 37 °C for 24 h. About 60 µL of bacterial
suspensions, adjusted to 106–107 CFU/mL were taken and poured into Petri plates containing 10 mL
sterilized nutrient agar medium. Bacterial suspensions were spread to get a uniform lawn culture [40].
3.6.2. Antimicrobial Activity Assay
Antimicrobial activities of the S. chinensis extracts were evaluated by means of agar-well diffusion
assay (Bauer et al., 1966) with some modifications [40]. Fifteen millilitres of the molten agar (45 °C)
were poured into sterile Petri dishes (Ø 90 mm). Cell suspensions were prepared and 100 µL was
evenly spreader onto the surface of the agar plates of Mueller-Hinton agar (Oxoid, Basingstoke, UK).
Once the plates had been aseptically dried, 6 mm wells were punched into the agar with a sterile
Pasteur pipette. The different extracts (10 mg/mL) were dissolved in dimethylsulfoxide/water (1/9) and
80 µL were placed into the wells and the plates were incubated at 37 °C for 24 h. Gentamicin
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(25 µL/wells at concentration of 4 µg/mL) was used as positive control for bacteria. Antimicrobial
activity was evaluated by measuring the diameter of circular inhibition zones around the well. Tests
were performed in triplicate and values are the averages of three replicates [41].
3.6.3. Minimum Inhibitory Concentration
Based on the previous screening the minimum inhibitory concentration (MIC) of both S. chinensis
extracts was analyzed through the agar-well diffusion method. A bacterial suspension (105–106 CFU/mL)
of each tested microorganism was spread on the nutrient agar plate. The wells (6 mm diameter) were
cut from agar, and 60 µL of S. chinensis extracts dissolved in DMSO at different concentrations (10,
20, 25, 50 75 and 100 µg/mL) were delivered into them. The plates were incubated at 37 °C for 24 h
under aerobic conditions that followed by the measurement of the diameter of the inhibition zone
expressed in millimeter. MIC was taken from the concentration of the lowest dosed well visually
showing no growth after 24 h [42].
3.7. Statistical Analysis
A statistical approach was designed and the experimental data were evaluated using one-way
analysis of variance (ANOVA), with p < 0.05 as threshold for statistical significance. The statistical
results confirm the hypothesis that the differences between the results are either not significant
(p > 0.05), significant (0.001 < p < 0.05) or highly significant (p < 0.001). The average of multiple
measurements (triplicates or more) was listed in the tables together with the standard deviations.
Statistical analysis was performed using Excel software package.
4. Conclusions
The polyphenolic composition, antioxidant and antimicrobial activities of S. chinensis leaves and
fruits were analyzed, providing important new data concerning the chemical composition and
biological activities of this medicinal plant. Phytochemical investigations reveal S. chinensis leaves as
a valuable source of flavonoids and chlorogenic acid. Meanwhile, the fruit phytochemical analysis
reveals low levels of polyphenols, the main compound being rutin. The results of the antioxidant
assays showed a good correlation between several methods, as well as with the content of total
polyphenols presenting a relevant antioxidant activity of S. chinensis leaves extract. The antimicrobial
assays revealed that S. chinensis leaves extract has efficient antibacterial activities against targeted
bacteria. Thus, the growths of all studied strains were inhibited by S. chinensis leaves extract, showing
a maximal inhibition zone for Listeria monocytogenes strain. Summarizing the results of the present
research, we can conclude that S. chinensis leaves are a valuable source of flavonoids with important
antioxidant and antimicrobial activities.
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Abstract: Aerial parts of Veronica species are used in Romanian traditional medicine for
the treatment of various conditions like kidney diseases, cough, and catarrh, and are known
for their wound-healing properties. In the present study, the phenolic and sterolic content
and the antioxidant and antimicrobial activities of three Veronica species (Plantaginaceae),
V. officinalis L., V. teucrium L. and V. orchidea Crantz, were studied. The identification
and quantification of several phenolic compounds and phytosterols were performed using
LC/MS techniques and the main components were p-coumaric acid, ferulic acid, luteoline,
hispidulin and β-sitosterol. More than that, hispidulin, eupatorin and eupatilin were
detected for the first time in the Veronica genus. Nevertheless, representatives of the
Veronica genus were never investigated in terms of their phytosterol content.
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The antioxidant potential investigated by Trolox equivelents antioxidant capacity (TEAC)
and EPR spectroscopy revealed that V. officinalis and V. orchidea extracts presented
similar antioxidant capacities, whilst the values registered for V. teucrium extract are
lower. Regarding the antimicrobial activity of the investigated species, Staphylococcus
aureus, Listeria monocytogenes and Listeria ivanovii were the most sensitive strains with
MIC values between 3.9 and 15.62 mg/mL. The results obtained by this study may serve to
promote better use of representatives from the genus Veronica as antioxidant and
antimicrobial agents.
Keywords: Veronica officinalis L.; V. teucrium L.; V. orchidea Crantz; antioxidants;
phytosterols; antimicrobials

1. Introduction
Natural products have been and continue to be a source of inspiration for a substantial portion of
human therapeutics. In medicinal plants, secondary metabolites are considered bioactive natural
compounds and may ultimately be developed as drugs. In food, they would be defined as
phytonutrients without having therapeutic claims but with significant health benefits that can be useful
in disease prevention [1]. Interest in developing natural nutritional antioxidants is increasing due to their
well documented impact on human health [2], but also due to the fact that synthetic antioxidants have
been incriminated as endocrine disrupters or even carcinogenic agents [3]. Medicinal plants rich in
polyphenols can retard the oxidative degradation of lipids and improve the quality and nutritional
value of food [2]. Considered to be the most frequent antioxidant compounds in human diets,
polyphenols possess multiple biological properties [4], making it vital to learn about their amounts and
varieties in medicinal plants and natural foods [5,6].
Sterolic compounds occur in a wide range of plant species; both yellow and green vegetables
contain appreciable quantities. Phytosterols have demonstrated the ability to block the uptake of
cholesterol (to which they are structurally related) and also facilitate its excretion from the body [7].
The most common phytosterols in natural products are β-sitosterol, stigmasterol, and campesterol.
They can reduce the atherosclerotic risk and offer protection against cardiovascular diseases, and
decrease the risks of breast, prostate and colon cancer [8,9]. Furthermore, phytosterols have
anti-inflammatory and immunomodulatory properties [10]. However, all phytosterol intake comes
exclusively from the diet, as they cannot be synthesized by humans. It is known that more than 95% of
total phytosterol dietary intake is represented by β-sitosterol, stigmasterol and campesterol [8].
The genus Veronica L. is the largest genus of the Plantaginaceae family, with about 500 species
widespread over most of the Northern Hemisphere and in many parts of the Southern Hemisphere;
it presents high ecologically diversity, with species growing in aquatic to dry steppe habitats from sea
level to high alpine regions. This diversity and the fact that many species have beautiful blue flowers
may explain the interest Veronica has attracted for a long time [11]. Aerial parts of Veronica species
are used as traditional medicine for treatment of various inflammatory conditions, including
rheumatism [12]. Some of the Veronica species, like Veronica officinalis L. have a long history of
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medicinal use as diuretic and diaphoretic agents. In Romanian folk medicine, it has been used for
kidney diseases, cough, and catarrh, and was known for its wound-healing properties and its indication
in lung diseases and hypercholesterolemia [13–15]. The chemical composition of Veronica has been
previously investigated regarding its iridoid profile [16,17], but no other data was found regarding the
phenolic or sterolic profile of Romanian harvested V. officinalis, V. teucrium and V. orchidea. However,
recently, a few studies have confirmed that certain Veronica species showed noticeable bioactivity
such as antibacterial [18], antioxidant [19,20], anti-inflammatory [21] and citotoxic [21,22] activity.
Within this frame, this study aimed to investigate the phenolic and sterolic composition of aerial
parts of relevant Veronica species (V. officinalis, V. teucrium and V. orchidea) harvested from the
Romanian spontaneous flora (Figure 1a–c). The quantitative content of the phenolic or sterolic
compounds was estimated using HPLC-MS (high performance liquid chromatography coupled with
mass spectrometry) techniques. This study was also intended to explore the antioxidant capacities of
the three species by means of spectrophotometry and EPR (electron paramagnetic resonance)
spectroscopy. Additionally, the evaluation of the antimicrobial effect was carried out using a
microdilution technique.

(a)

(b)

(c)
Figure 1. (a) V. officinalis L.; (b) V. teucrium L.; (c) V. orchidea Crantz.
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2. Results and Discussion
2.1. HPLC-MS Analysis of Phenolic Compounds
In this study the presence and content of different phenolic compounds in 70% ethanolic extracts
was studied using an HPLC-MS method which allows the simultaneous detection of several phenolic
compounds with a single column pass [23–25]. In order to obtain more accurate data on flavonoid
glycoside and aglycone concentrations, and to estimate the nature of the hydrolyzed compounds, each
sample was analyzed before and after acid hydrolysis [26]. According to the obtained results, the
phenolic content varies greatly among tested Veronica species, as seen in Table 1.
Table 1. The polyphenolic compounds content in the studied samples (μg/g d.w. plant material).
Polyphenolic
Compound
Gentisic acid
Caffeic acid
Chlorogenic
acid
p-Coumaric
acid
Ferulic acid
Sinapic acid
Quercitrin
Quercetin
Luteolin
Apigenin

V. officinalis

V. officinalis H

V. teucrium

V. teucrium H

V. orchidea

V. orchidea H

<0.02
<0.02

–
–

<0.02
NF

–
–

<0.02
<0.02

–
–

<0.02

–

< 0.02

–

<0.02

–

18.25 ± 0.21

85.06 ± 0.09

24.27 ± 0.23

36.91 ± 0.43

14.04 ± 0.05

46.54 ± 1.25

31.35 ± 0.25
–
87.78 ± 0.51
–
36.48 ± 0.18
6.77 ± 0.03

431.78 ± 8.70
5.52 ± 0.05
7.39 ± 0.13
3.39 ± 0.05
89.72 ± 3.08
7.75 ± 0.05

13.66 ± 0.43
–
–
–
–
–

54.11 ± 0.08
23.31 ± 1.31
–
–
6.06 ± 0.05
7.75 ± 0.03

16.69 ± 0.08
–
<0.02
–
–
8.73 ± 0.01

141.57 ± 5.76
8.21 ± 0.03
–
19.35 ± 0.25
42.01 ± 2.01
4.81 ± 0.01

Note: NF—not found, below limit of detection. H—hydrolyzed sample. Values are the mean ± SD (n = 3).
d.w.—dry weight.

Regarding the phenolic acids, p-coumaric acid was the most abundant in V. teucrium extract
(24.27 ± 0.23 μg/g d.w. plant material) and ferulic acid (31.35 ± 0.25 μg/g d.w. plant material) in the
V. officinalis extract. However, gentisic and chlorogenic acids were identified in all extracts but their
amounts were too low to be quantified. The presence of phenolic acids in several Veronica species was
previously reported by several authors. Thus, Beara et al. [12] reported lower amounts of ferulic and
p-coumaric acids in Serbian harvested V. teucrium. The same authors reported the presence of these
compounds also in aerial parts of V. jaquinii and V. urticifolia [12]. Higher amounts of caffeic acid
were reported by Barreira et al. [27] in V. montana and V. spuria and by Živković et al. [28]
in V. urticifolia. The increased quantities of phenolic acids after acid hydrolysis suggest the presence
of several glycosylated structures in these compounds.
Quercitrin was identified only in V. officinalis (87.78 ± 0.51 μg/g d.w. plant material) and in traces
in V. orchidea. Regarding the flavonoid aglycones, apigenin was identified in both V. officinalis and
V. orchidea unhydrolyzed samples and just in the hydrolyzed extract of V. teucrium. The richest
species in luteolin was V. officinalis (36.48 ± 0.18 μg/g d.w. plant material), the aglycone being present
in both hydrolyzed (36.48 ± 0.18 μg/g d.w. plant material) and unhydrolyzed (89.72 ± 3.08 μg/g d.w.
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plant material) samples, whilst in V. teucrium and V. orchidea it was only present in glycosylated
forms. Different flavone aglycones luteolin, apigenin, chrysoeriol, scutellarein and isoscutellarein have
been previously detected in Veronica species [29]. Our results are also in line with previous findings
by Beara et al. [12], who reported the presence of several glycosylated forms of apigenin and luteolin
in aerial parts of Veronica species, but regarding V. teucrium the presence of apigenin was not detected
in the unhydrolyzed extract.
2.2. HPLC-MS Analysis of Methoxylated Flavones
The importance of methoxylated flavones has increased nowadays due to their superior cancer
chemopreventive role. Some of the methoxylated citrus flavonoids have also, in preliminary studies,
demonstrated antiproliferative properties [29]. Other compounds like hispidulin have been proven as
potent antiepileptic [30] and antifungal agents [31]. Within this frame, another aim of this study was to
quantitatively characterize the aerial parts of V. officialis, V. teucrium and V. orchidea related to their
jaceosidin, hispidulin, eupalitin, eupatorin, casticin and acacetin content by using a newly developed
LC-MS/MS method. Because of the lack of authentic standards, flavonol glycosides are in most cases
hydrolysed to their respective aglycons prior to analysis. In this case the samples were subjected to
analysis before and after acid hydrolysis.
Under the described chromatographic conditions, the compounds eluted in less than 10 min:
jaceosidin (RT = 2.9 min), hispidulin (RT = 4.2 min), eupalitin (RT = 7.05 min), eupatorin (RT = 7.6 min),
casticin (RT = 8.05 min) and acacetin (RT = 9.8 min), as seen in Figure 2. The ions monitorized in the
MS method are presented in Table 2. Because in the ionization conditions, all flavones have lost a
proton, the parent ions detected are always in the form [M − H]−. In the process of mass-spectrometry,
the pseudo-molecular ions of the flavones (329.3 for jaceosidin, 299.2 for hispidulin, 343.3 for
eupatilin, 343.3 for eupatorin, 373.3 for casticin and 283.3 for acacetin) have been fragmented, and
based on their daughter ions from the MS spectrum (Table 2) the extracted chromatograms of each
compound were constructed for quantification, taking into account the intensity of major ions in the
mass spectrum.
Table 2. Characteristic ions of standard sterols in full scan and specific ions used in quantification.
Compound

RT (min)

M

Specific ions for identification
Ion [M − H]− > Ion from spectrum

Jaceosidin
Hispidulin
Eupatilin
Eupatorin
Casticin
Acacetin

2.9
4.2
7.05
7.6
8.05
9.8

330.3
300.2
344.3
344.3
374.3
284.3

329.3 > 314
299.2 > 284
343.3 > 328
343.3 > 328
373.3 > 358
283.3 > 268
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Figure 2. Tipical chromatogram of the six analyzed flavones: (1) jaceosidin; (2) hispidulin;
(3) eupalitin; (4) eupatorin; (5) casticin and (6) acacetin.
Hispidulin was found in all samples of V. officinalis and V. orchidea and only in the hydrolyzed
extract of V. teucrium. The richest source of hispidulin was V. orchidea (4.115 ± 0.09 μg/g d.w. plant
material) followed by V. officinalis (0.747 ± 0.01 μg/g d.w. plant material). The increased yields of
these compounds after acid hydrolysis suggest that they are present also in glycosylated forms.
Eupatorin was quantified in both samples of V. officinalis, while it was present just in the hydrolyzed
sample of V. teucrium (0.68 ± 0.04 μg/g d.w. plant material) as seen in Table 3. As a peculiarity,
eupatilin was found only in V. orchidea extracts (0.491 ± 0.04 μg/g d.w. plant material and
0.252 ± 0.02 μg/g d.w. plant material, respectively). More than that, hispidulin, eupatilin and eupatorin
were detected for the first time in Veronica genus and the analyzed plant species, respectively.
Table 3. The methoxylated flavones content in the analyzed samples (μg/g d.w. plant material).
Polyphenolic
Compound
Jaceosidin
Hispidulin
Eupatilin
Eupatorin
Casticin
Acacetin

V. officinalis

V. officinalis H

–
0.747 ± 0.01
–
0.295 ± 0.02
–
–

–
2.41 ± 0.08
–
0.521 ± 0.01
–
–

V. teucrium
–
–
–
–
–
–

V. teucrium H
–
1.476 ± 0.05
–
0.68 ± 0.04
–
–

V. orchidea
–
4.115 ± 0.09
0.491 ± 0.04
–
–
–

Note: H—hydrolyzed sample. Values are the mean ± SD (n = 3).

V. orchidea H
–
19.97 ± 1.24
0.252 ± 0.02
–
–
–
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2.3. HPLC-MS Analysis of Phytosterolic Compounds
In the proposed chromatographic conditions, the compounds eluted with the following retention
times: 3.2 min for ergosterol, 3.9 min for brassicasterol, 4.9 min for stigmasterol and campesterol
(co-elution) and 5.7 min for β-sitosterol. The ions monitorized in the MS method are presented in
Table 4. Because, in the ionization conditions, all sterols have lost a water molecule, the ions detected
are always in the form [M − H2O + H]+ [32].
Table 4. Characteristic ions of standard sterols in full scan and specific ions used in quantification.
Compound

RT

M

[M − H2O + H]+

Ergosterol
Brassicasterol

3.2
3.9

396
398

379
381

Stigmasterol
Campesterol
β-Sitosterol

4.9
4.9
5.7

412
400
414

395
383
397

Specific ions for identification
Ion [M − H2O + H]+ > Ions from spectrum
379 > 158.9; 184.9; 199; 213; 225; 239; 253; 295; 309; 323
381 > 201.3; 203.3; 215.2; 217.3; 241.2; 255.3; 257.4; 271.1;
297.3; 299.3
395 > 255; 297; 283; 311; 241; 201
383 > 147; 149; 161; 175; 189; 203; 215; 229; 243; 257
397 > 160.9; 174.9; 188.9; 202.9; 214.9; 243; 257; 287.1; 315.2

The derived ions of the sterols (379 for ergosterol, 381 for brassicasterol, 395 for stigmasterol, 383
for campesterol and 397 for β-sitosterol) have been fragmented, and based on their daughter ions from
the MS spectrum the extracted chromatograms of each compound were constructed. The method can
also be applied for quantitative analysis because the intensity of ions in the mass spectrum is
proportional to the concentration of the substance in the sample.
For quantitative analysis of the five sterols from Veronica species, the extracted chromatograms for
each compound were constructed, taking into account the intensity of major ions in the mass spectrum
(Table 4) as seen in Table 5.
Table 5. The content in sterols (μg/g d.w. plant material) of Veronica species extracts.
Phytosterol

V. officinalis

V. teucrium

V. orchidea

β-Sitosterol
Campesterol
Stigmasterol
Ergosterol
Brassicasterol

729.43 ± 9.21
30.32 ± 0.31
42.09 ± 1.01
1.91 ± 0.01
–

587.14 ± 5.34
25.31 ± 0.21
29.16 ± 1.06
–
–

694.47 ± 7.45
32.75 ± 1.05
25.38 ± 1.28
–
–

Note: NF—not found, below limit of detection. Values are the mean ± SD (n = 3).

β-Sitosterol, campesterol and stigmasterol were quantified in all the analyzed species. The major sterolic
compound was β-sitosterol in all samples, the richest source being V. officinalis (729.43 ± 9.21 μg/g d.w.
plant material). V. orchidea and V. officinalis presented similar amounts of campesterol (32.75 ± 1.05
and 30.32 ± 0.31 μg/g d.w. plant material, respectively). The highest amount of stigmasterol was found
in V. officinalis (42.09 ± 1.01 μg/g d.w. plant material) followed by V. teucrium (29.16 ± 1.06 μg/g
d.w. plant material). As a peculiarity, ergosterol was found only in V. officinalis and in a small amount
(1.91 ± 0.01 μg/g d.w. plant material). This is the first report that deals with the quantification
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of several phytosterols from the Veronica genus, respectively from V. officinalis, V. teucrium and
V. orchidea aerial parts.
2.4. Determination of Phenolic Compound Content
Besides the identified compounds, many other polyphenolic compounds are widely distributed in
aerial parts of Veronica and contribute to their antioxidant activity. In this part a preliminary
comparative view of the total phenolic and flavonoid content of V. officinalis, V. teucrium and V. orchidea
is presented. The total phenolic content (TPC; Figure 3a) varied from 17.71 ± 0.44 for V. teucrium to
34.40 ± 2.08 mg Gallic acid (GAE) equivalents/g d.w. vegetal material for V. orchidea, V. officinalis
presenting a similar value in terms of TPC to that of V. orchidea (32.37 ± 1.27 mg GAE/g d.w.).
The highest total flavonoid content (TFC; Figure 3b) was registered for V. teucrium (6.60 ± 0.26 mg
Quercetin (QE) equivalents/g d.w. vegetal material). Lower amounts were obtained for V. orchidea
(2.95 ± 0.02 mg QE/g d.w.) and V. offcinalis (2.52 ± 0.16 mg QE/g d.w.). Available literature on
Veronica species illustrates a high variation of total phenolic contents. While some reported that aerial
parts of Serbian V. teucrium provides phenolic contents of approx. 157 mg GAE/g of dry methanol
extract and 172 mg GAE/g of dry 70% aqueous acetone extract, respectively [33], others reported
higher levels in V. officinalis with values of approx. 200.20 mg GAE/g of dry methanolic extract [34].
In the present study, the phenolic contents of Veronica species were expressed as mg/g of d.w. herbal
products. Taking all this into account, the present results are hard to compare with previous results
obtained by other authors due to the fact that the authors expressed their values in a different manner.
TFC (mg Quercetin Equivalents/g d.w.)
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Figure 3. (a) Total phenol content (TPC) and (b) total flavonoid content (TFC) of
Veronica species (the bars indicate mean ± SD).
2.5. Antioxidant Features
Antioxidant activity of natural products, resulting from many compounds such as phenolic
compounds (e.g., flavonols) and pigments, offers preventive potential against oxidative stress in the
human body. Thus, the trend is towards herbal supplements or foods with more phytochemicals and
natural antioxidants. In this part of the investigation, the goal was to evaluate the antioxidant activity
of V. officinalis, V. teucrium and V. orchidea. As several authors suggest, the antioxidant capacity
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cannot be evaluated by using a single test [35,36]. Thus, the widely used TEAC assay was applied for
characterizing the free radical scavenging effects of the three Veronica species (Figure 4a).
Additionally, the antioxidants in speedwell 70% ethanolic extracts were assessed using electron spin
resonance (ESR) spectrometry to evaluate their efficiency to reduce a synthetic free radical species,
i.e., the semi-stable nitroxide radical Fremy’s salt (potassium nitrosodisulfonate) (Figures 4b and 5).
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Figure 4. (a) Trolox equivelents antioxidant capacity (TEAC) and (b) antioxidant activity
measured with EPR spectroscopy using Fremy’s salt as a stable synthetic radical of
Veronica species (the bars indicate mean ± SD).
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Figure 5. Degradation kinetics of the free radical Fremy’s salt by V. officinalis,
V. teucrium and V. orchidea.
The TEAC assay was carried out for all Veronica species. V. officinalis (157.99 ± 6.58 mg TE/g d.w.)
and V. orchidea (155.41 ± 1.58 mg TE/g d.w.) exhibited similar antioxidant capacities (p > 0.05) and
higher values (p < 0.001) in comparison to V. teucrium (96.67 ± 0.26 mg TE/g d.w.). Data about
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antioxidant activity of Veronica species is scarce. However, in a report by Harput et al. [34], a comparison
study between fourteen Veronica species indicated V. officinalis had the highest antioxidant activity.
To support the results from the TEAC and Folin-Ciocalteu assays, the three Veronica species were
additionally analyzed using EPR with Fremy’s salt as stable radical. An important advantage of this
assay is the matrix-independent measurement of the reaction between potential antioxidants and
radicals in an electromagnetic field instead of the absorbance of light.
The degraded amount of Fremy’s salt after 30 min of incubation time ranged between 730.88 ± 1.82 mg
FSE/g d.w. for V. officinalis and 398.90 ± 0.99 mg FSE/g d.w. indicating a 68.17% of degradation for
the first and just a 37.21% for the latter. Information about the antioxidant activity of Veronica species
using the electron paramagnetic resonance (EPR) spectrometry assay is not available, so far.
Therefore, a comparison with data from other researchers is lacking.
The antioxidant activity of all analyzed Veronica species evaluated by TEAC assay and EPR assay
was also in line with their corresponding total phenolic content, indicating V. officinalis and
V. orchidea were superior sources of antioxidant compounds (p < 0.001).
2.6. Antimicrobial Activity
The results of antibacterial activity from V. officinalis, V. teucrium and V. orchidea ethanolic extracts
and standard antibiotic streptomycin, tested by microdilution assay, are presented in Tables 6 and 7.
In the case of V. officinalis, the most sensitive bacterial strains were Listeria monocytogenes and
Listeria ivanovii, with equal values of MIC and MBC of 7.81 mg/mL. Regarding V. teucrium
antibacterial activity, the strains of Staphylococcus aureus, Bacillus cereus, Enterococcus faecalis
showed the same values for MIC and MBC (7.81 mg/mL), being the most sensitive. Referring to the
V. orchidea extract, the most sensitive strains were Listeria monocytogenes and Listeria ivanovii with
equal MICs of 3.9 mg/mL and MBCs of 7.81 mg/mL.
Table 6. Minimum inhibitory concentration (MIC) of V. officinalis, V. teucrium
and V. orchidea extracts and streptomycin against bacterial strains tested with the
microdilution method.
Bacterial Strains
Staphylococcus aureus
Bacillus cereus
Listeria monocytogenes
Listeria ivanovii
Pseudomonas aeruginosa
Enterococcus faecalis
Salmonella typhimurium
Escherichia coli

Standard Antibiotic

Minimum Inhibitory Concentration (mg/mL)

Streptomycin

V. officinalis

V. teucrium

V. orchidea

0.03
0.015
0.015
0.06
0.06
0.12
0.06
0.12

7.81
15.62
7.81
7.81
15.62
7.81
7.81
15.62

7.81
7.81
7.81
7.81
7.81
7.81
7.81
7.81

15.62
7.81
3.9
3.9
15.62
7.81
15.62
7.81
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Table 7. Minimum bactericidal concentration (MBC) of V. officinalis, V. teucrium and
V. orchidea extracts and streptomycin against bacterial strains tested by microdilution method.
Bacterial Strains
Staphylococcus aureus
Bacillus cereus
Listeria monocytogenes
Listeria ivanovii
Pseudomonas aeruginosa
Enterococcus faecalis
Salmonella typhimurium
Escherichia coli

Standard Antibiotic

Minimum Bactericidal Concentration (mg/mL)

Streptomycin

V. officinalis

V. teucrium

V. orchidea

0.06
0.03
0.03
0.12
0.12
0.24
0.12
0.24

15.62
15.62
7.81
7.81
31.25
15.62
15.62
31.25

7.81
7.81
15.62
15.62
15.62
7.81
15.62
15.62

31.25
7.81
7.81
7.81
31.25
15.62
31.25
31.25

The antibacterial activity of sterolic compounds like β-Sitosterol and campesterol has already been
demonstrated by Sharma and Mahmood et al. [37,38], and these compounds exhibited a strong
antibacterial activity on gram-positive bacteria i.e., S. aureus and S. viridians and a moderate response
against gram-negative bacteria like Escherichia coli. As a result of these findings, the activity of
Veronica ethanolic extracts against gram-positive bacteria like L. monocytogenes, L. ivanovii and
S. aureus could be attributed at least in part to their high β-Sitosterol content but also to the presence of
campesterol and stigmasterol. Nevertheless, other constituents of the extract should also be taken into
consideration for the global activity, e.g., the high amounts of apigenin, luteolin and their glycosides [28].
The antibacterial activity of Veronica extracts might be influenced also by the presence of hispidulin,
as already suggested by Exarchou et al. [31]. The most resistant species to the V. officinalis extract
were Bacillus cereus, Pseudomonas aeruginosa and Escherichia coli with equal values of
MIC = 15.62 mg/mL and a MBC = 15.62 mg/mL for B. cereus and MBC = 31.25 mg/mL for
P. aeruginosa and E. coli. The same bacterial strains were more sensitive to the V. teucrium extract,
presenting lower values for their MIC and MBC than V. officinalis extract. As shown in Tables 6 and 7,
streptomycin has greater activity than the tested extract.
The obtained results for antibacterial activity are comparable to those previously published for
V. montana water extract [39], and also with the ones obtained for V. urticifolia methanolic
extract [28], the most sensitive strains in all these cases being S. aureus and L. monocytogenes whilst
the most resistant were by B. cereus and P. aeruginosa.
3. Experimental Section
3.1. Plant Collection and Sample Preparation
The plant material (Voucher No. 3592, 3593 and 3594) was collected from Romanian spontaneous
flora, in the summer of 2014. Voucher specimens were deposited in the Department of Pharmaceutical
Botany Herbarium of the Faculty of Pharmacy, “Iuliu Hațieganu” University of Medicine and
Pharmacy, Cluj-Napoca, Romania. The vegetal material was dried in a shaded place and stored
properly, until the moment of analysis. Two grams were weighed, ground and extracted with 20 mL of
70% ethanol, twice for 30 min in an ultrasonic bath at room temperature. The samples were then
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centrifuged at 4000 rpm for 30 min, and the supernatant was recovered, filtered through a 0.45 μm
micropore membrane (PTFE, Waters, Milford, MA, USA) and subjected to further analysis.
In order to obtain more accurate data on flavonoid glycosides and aglycones concentration, each
sample was analyzed before and after acid hydrolysis. Two milliliters of extractive solution were
treated with 2 M hydrochloric acid (2 mL) and ascorbic acid solution (0.2 mL, 100 mg·mL−1), and the
mixtures were heated at 80 °C on a water bath for 30 min, ultrasonicated for 15 min, and heated for
another 30 min at 80 °C. During the heating, 70% ethanol (1 mL) was added to the extraction mixture
every 10 min, in order to ensure the permanent presence of solvent. The mixtures were centrifuged at
4000 rpm and the solutions were diluted with distilled water in a 10 mL volumetric flask and filtered
through a 0.45 μm filter before injection [26,32].
For the antimicrobial activity evaluation, the obtained extract was evaporated to dryness under
reduced pressure at <30 °C and re-suspended in 1 mL of bi-distilled water.
3.2. Chemicals
Chlorogenic acid, p-coumaric acid, caffeic acid, rutin, apigenin, quercetin, isoquercitrin, quercitrin,
hyperoside, kaempferol, myricetol, fisetin from Sigma (St. Louis, MO, USA), ferulic acid, sinapic
acid, gentisic acid, gallic acid, patuletin, luteolin from Roth (Karlsruhe, Germany), cichoric acid,
caftaric acid from Dalton (Toronto, ON, Canada), β-sitosterol, brassicasterol, stigmasterol, campesterol
and ergosterol from Sigma (St. Louis, MO, USA). HPLC grade methanol, acetonitrile, ethanol,
analytical grade orthophosphoric acid, hydrochloric acid and Folin-Ciocâlteu reagent were purchased
from Merck (Darmstadt, Germany), ABTS (2,2′-azinobis-3-ethylbenzotiazoline-6-sulphonic acid),
Fremys’s salt, sodium carbonate, anhydrous aluminum chloride and resazurin were from
Sigma-Aldrich (Steinheim, Germany). Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid) was obtained from Alfa-Aesar (Karlsruhe, Germany). All spectrophotometric data was acquired
using a Jasco V-530 UV-vis spectrophotometer (Jasco International Co., Ltd., Tokyo, Japan).
3.3. HPLC-MS Analysis of Phenolic Compounds
The identification and quantification of polyphenolic compounds was carried out using an Agilent
Technologies 1100 HPLC Series system (Agilent, Santa Clara, CA, USA) equipped with G1322A
degasser, G13311A binary gradient pump, column thermostat, G1313A autosampler and G1316A UV
detector. The HPLC system was coupled with an Agilent 1100 mass spectrometer (LC/MSD Ion Trap SL).
For the separation, a reverse-phase analytical column was employed (Zorbax SB-C18 100 × 3.0 mm
i.d., 3.5 μm particle) and the work temperature was set at 48 °C. The detection of the compounds was
performed in both UV and MS mode. The UV detector was set at 330 nm until 17.5 min, then at 370 nm.
The MS system operated using an electrospray ion source in the negative mode. ChemStation and
DataAnalysis software from Agilent were used for processing the chromatographic data. The mobile
phase was a binary gradient: methanol and acetic acid 0.1% (v/v). The elution started with a linear
gradient, beginning with 5% methanol and ending at 42% methanol, for 35 min; then 42% methanol
for the next 3 min. The flow rate was 1 mL·min−1 and the injection volume was 5 μL.
The MS signal was used only for qualitative analysis based on the specific mass spectra of each
polyphenol. Later, the MS traces/spectra of the analyzed samples were compared to spectra from
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library, which allows positive identification of compounds, based on spectral match. The UV trace was
used for quantification of identified compounds from MS detection. For all compounds, the limit of
quantification was 0.5 μg/mL, and the limit of detection was 0.1 μg/mL. Calibration curves in the
0.5–50 μg/mL range with good linearity (R2 > 0.999) for a five point plot were used to determine the
concentration of polyphenols in the analyzed samples. In all analyzed samples the compounds were
identified by comparison of their retention times and recorded electro-spray mass spectra with those of
standards in the same chromatographic conditions [23–26,32].
3.4. HPLC-MS Analysis of Methoxylated Flavones
The separation of the methoxylated flavones was achieved using a Zorbax SB-C18 reversed-phase
analytical column (100 × 3.0 mm i.d., 3.5 μm particle) operated at 48 °C. The mobile phase consisted
in 0.1% (v/v) acetic acid and methanol with the following gradient: beginning with 45% methanol and
ending at 50% methanol, in 8 min, with a flow rate of 0.9 mL/min and an injection volume of 5 μL.
Mass spectrometry analysis was performed on an Agilent Ion Trap 1100 VL mass spectrometer with
an electrospray ionization (ESI) source, in the negative mode. For the MS analysis the following
optimized conditions were used: gas (nitrogen) temperature 325 °C at a flow rate of 12 L/min,
nebulizer pressure 60 psi and capillary voltage +2500 V. The ions monitorized in the MS method are
presented in Table 2. Because in the ionization conditions all flavones have lost a proton, the parent
ions detected are always in the form [M − H]−.
The full identification of compounds was performed by comparing the retention times and mass
spectra with those of standards in the same chromatographic conditions. To avoid or limit the
background interference, the multiple reactions monitoring analysis mode was used instead of single
ion monitoring (e.g., MS/MS instead of MS). ChemStation (vA09.03) and DataAnalysis (v5.3) from
Agilent, USA were used for the acquisition and analysis of chromatographic data.
3.5. HPLC-MS Analysis of the Phytosterols
Compounds were separated using a Zorbax SB-C18 reversed-phase analytical column (100 × 3.0 mm
i.d., 5 μm particle) fitted with a guard column Zorbax SB-C18, both operated at 40 °C. Sterols were
separated under isocratic conditions using a mobile phase consisting of 10:90 (v/v) methanol and
acetonitrile. The flow rate was 1 mL/min and the injection volume was 5 μL. Mass spectrometry
analysis was performed on an Agilent Ion Trap 1100 VL mass spectrometer with atmospheric pressure
chemical ionization (APCI) interface. The instrument was operated in positive ion mode. Operating
conditions were optimized in order to achieve maximum sensitivity values: gas temperature (nitrogen)
325 °C at a flow rate of 7 L/min, nebulizer pressure 60 psi and capillary voltage −4000 V. The full
identification of compounds was performed by comparing the retention times and mass spectra with
those of standards in the same chromatographic conditions. To avoid or limit the background
interference, the multiple reactions monitoring analysis mode was used instead of single ion
monitoring (e.g., MS/MS instead of MS). Calibration curves were obtain from standard solutions at
different concentration levels, selected as representative of the range of concentration in the sample.
Regression analysis of various concentrations of standard solutions (0.08–8 μg/mL) gave good correlation
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coefficients for the calibration curves of sterols. The software ChemStation (vA09.03) and DataAnalysis
(v5.3) from Agilent, USA were used for the acquisition and analysis of chromatographic data [32].
3.6. Determination of Phenolic Compound Content
3.6.1. Determination of Total Phenolic Content
The total phenolic content (TPC) of the extracts was measured using the Folin-Ciocâlteu method
with some modifications. Two milliliters from each ethanolic extract were diluted 25 times and then
mixed with Folin-Ciocâlteu reagent (1 mL) and distilled water (10 mL) and diluted to 25 mL with a
290 g/Lsolution of sodium carbonate. The samples were incubated in the dark for 30 min. The
absorbance was measured at 760 nm, using a Jasco UV-VIS spectrophotometer. A standard curve was
prepared by using different concentrations of gallic acid and the absorbances were measured at 760 nm.
TPC values were determined using an equation obtained from the calibration curve of gallic acid
(R2 = 0.999). Total polyphenolic content was expressed as mg gallic acid equivalents/g dry material
plant (mg GAE/g plant material) [26,40].
3.6.2. Determination of Total Flavonoid Content
The total flavonoid content was calculated and expressed as quercetin equivalents after the method
described in the Romanian Pharmacopoeia (10th Edition) for Cynarae folium. Each extract (5 mL) was
mixed with sodium acetate (5 mL, 100 g/L), aluminum chloride (3 mL, 25 g/L), and made up to
25 mL in a calibrated flask with methanol. Each solution was compared with the same mixture without
reagent. The absorbance was measured at 430 nm. The total flavonoid content values were determined
using an equation obtained from calibration curve of the quercetin graph (R2 = 0.999)
(Tămaș et al., 2009) [41].
3.7. Antioxidant Features
3.7.1. Trolox Equivalent Antioxidant Capacity (TEAC)
The effects of extract on the synthetic ABTS radical were estimated by the method previously
described by Toma et al. [26]2015 with some modifications. In the Trolox equivalent antioxidant
capacity (TEAC) assay, the antioxidant capacity is reflected in the ability of the natural extracts to
decrease the color, reacting directly with the ABTS cation radical. The latter was obtained by oxidation
of 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) with potassium persulfate. Original
extracts were diluted appropriately, and 3 μL from the diluted extract were added to 997 μL
ABTS solution. The amount of ABTS radical consumed by the tested compound was measured at
734 nm, after 30 min of reaction time, with 70% ethanol (vehicle) as negative control. The evaluation
of the antioxidant capacity was obtained using the total change in absorbance at this wavelength.
3.7.2. EPR Measurements
EPR measurements were carried out by the method previously described by Mocan et al. [24] with
some modifications. Appropriate extract dilutions (1:400) were prepared and 25 μL aliquots were
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allowed to react for 30 min with an equal volume of a solution of Fremy’s salt (1 mM in phosphate
buffer, pH 7.4). EPR spectra of Fremy’s radical were obtained with a Bruker Elexsys E500
spectrometer (Bruker, Billerica, MA, USA). The antioxidant activity expressed as mg Fremy’s salt
equivalents reduced by 25 μL diluted extract was calculated by comparison with a control reaction
with 25 μL Fremy’s salt and 25 μL of extraction solvent.
3.8. Antibacterial Activity
3.8.1. Microorganisms and Culture Conditions
For the bioassay eight bacterial strains were used, four Gram positive: Staphylococcus aureus
(ATCC 49444), Bacillus cereus (ATCC 11778), Listeria monocytogenes (ATCC 19114),
Listeria ivanovii (ATCC 19119) and four gram negative: Pseudomonas aeruginosa (ATCC 27853),
Enterococcus faecalis (ATCC 29212), Salmonella typhimurium (ATCC 14028) and Escherichia coli
(ATCC 25922). All of the tested microorganisms were obtained from the Food Biotechnology
Laboratory, Life Sciences Institute, University of Agricultural Sciences and Veterinary Medicine
Cluj-Napoca, Romania. The bacteria were cultured on Muller-Hinton gar and cultures were stored at
4 °C and subcultured once a month.
3.8.2. Microdilution Method
The modified microdilution technique was used to evaluate antimicrobial activity. Bacterial species
were cultured overnight at 37 °C in Tryptic Soy Broth (TSB) medium. The bacterial cell suspensions
were adjusted with sterile saline to a concentration of approximately 3 × 105 CFU/mL in a final
volume of 100 μL per well. The inoculum was stored at +4 °C for further use. Dilutions of the
inoculum were cultured on solid Muller-Hinton (MH) for bacteria to verify the absence of
contamination and to check the validity of the inoculum. Determinations of minimum inhibitory
concentrations (MICs) were made using a serial dilution technique using 96-well microtitre plates.
Different dilutions of ethanolic extract were carried out over the wells containing 100 μL of
Tryptic Soy Broth (TSB) and afterwards, 10 μL of inoculum was added to all the wells. The
microplates were incubated for 24 h at 37 °C. The MIC of the samples was detected following the
addition of 20 μL (0.2 mg/mL) of resazurin solution to each well, and the plates were incubated 2 h at
37 °C. A change from blue to pink indicates reduction of resazurin and therefore bacterial growth. The
MIC was defined as the lowest extract concentration that prevented this color change. The minimum
bactericidal concentrations (MBCs) were determined by serial subcultivation of a 2 μL into microtitre
plates containing 100 μL of broth per well and further incubation for 48 h at 37 °C. The lowest
concentration with no visible growth was defined as MBC, indicating a 99.5% kill rate for the original
inoculum. Streptomycin (Sigma P 7794, Santa Clara, CA, USA) (0.05–3 mg/mL) was used as positive
control for bacterial growth. A 10% solution of ethanol in water was used as negative control.
3.9. Statistical Analysis
A statistical approach was designed and the experimental data were evaluated using one-way
analysis of variance (ANOVA), with p < 0.05 as threshold for statistical significance. The statistical
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results confirm the hypothesis that the differences between the results are either not significant
(p > 0.05), significant (0.001 < p < 0.05) or highly significant (p < 0.001). The average of multiple
measurements (triplicates) was listed in the tables together with the standard deviations. Statistical
analysis was performed using the Excel software package.
4. Conclusions
In the present study, V. officinalis, V. teucrium and V. orchidea were investigated for their chemical
composition, antioxidant and antimicrobial effects. These species showed marked phenolic and sterolic
content, and among the determined compounds, p-coumaric acid, ferulic acid, luteoline, hispidulin and
β-sitosterol were dominant. More than that, hispidulin, eupatorin and eupatilin were detected for the
first time in the Veronica genus. Nevertheless, representatives of Veronica genus were never
investigated related to their content in phytosterols. V. officinalis and V. orchidea extracts presented
similar antioxidant capacities related to their phenolic content whilst the values registered for V. teucrium
extract were lower. Concerning the antimicrobial potential of the investigated species, Staphylococcus
aureus, Listeria monocytogenes and Listeria ivanovii were the most sensitive strains with MIC values
between 3.9 and 15.62 mg/mL. The results of this study bring new perspectives for further
pharmaceutical and nutraceutical development of Veronica species as natural sources of bioactive
compounds with antioxidant and antimicrobial potential. However, further studies are necessary in
order to elucidate the mechanisms of in vivo antioxidant action, bioavailability and the involved
metabolic pathways.
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Calea Mănăştur 3-5, 400372 Cluj-Napoca, Romania
Department of Pharmaceutical Technology and Biopharmaceutics, “Iuliu Hat, ieganu” University of
Medicine and Pharmacy, 400010 Cluj-Napoca, Romania; gheldiu.ana@umfcluj.ro
Department of Pharmacology, Physiology and Physiopathology, “Iuliu Hat, ieganu” University of Medicine
and Pharmacy, 400349 Cluj-Napoca, Romania; oliviu_vostinaru@yahoo.com
Department of Organic Chemistry, “Iuliu Hat, ieganu” University of Medicine and Pharmacy,
400010 Cluj-Napoca, Romania; ovicrisan@yahoo.com
Correspondence: laurian.vlase@umfcluj.ro; Tel.: +40-264-595770
These authors have equal contributions.

Academic Editor: Christian Zidorn
Received: 20 February 2017; Accepted: 8 April 2017; Published: 15 April 2017

Abstract: Romanian traditional medicine describes the use of aerial parts of Fumaria species to treat
hepatobiliary diseases as well as diuretic agents. The present study aims to investigate the chemical
composition, antioxidant properties, and diuretic effects of several Fumaria species. LC/MS analysis
revealed that Fumaria species contain phenolic acids and high amounts of flavonoids with rutin
and isoquercitrin as main compounds. Concerning antioxidant capacity, the most significant results
were obtained for F. capreolata and F. vailantii. Both species showed a good correlation between the
antioxidant capacity and a high amount of flavonoids. Furthermore, the extracts of F. officinalis and
F. schleicheri produced a strong increase in urinary volumetric excretion of saline-loaded rats, 24 h
after the oral administration of a single dose of 250 mg/kg bw. Moreover, both extracts of F. officinalis
and F. schleicheri increased the urinary excretion of Na+ and K+ . Results from the present study
offer a new perspective concerning the chemical composition and bioactivities of traditionally used
fumitory species.
Keywords: Fumaria genus; LC-MS; polyphenols; antioxidants; diuretic activity

1. Introduction
Fumaria genus (Papaveraceae family) comprises about 60 species [1] and is widely spread
throughout the entire European continent, being found especially in the Mediterranean region, and
Eastern and Western Europe [2]. The Fumaria species present a high risk of confusion due to their
similar characters [3]. Identification of the species belonging to this genus is based on several specific
morphological characters: presence or absence of the sepals, their length, shape of the fruit, length of
the fruit pedicel, and length of the fruit pedicel bracteole [3,4]. Various species have been reported for
their use in traditional medicine for the treatment of hepatobiliary pathologies [5]. Other sources cite
the antifungal [6], antibacterial [7], and anti-inflammatory [8] activities of these species. These activities
are especially due to the isoquinolinic alkaloids, among which protopine is the most frequently
found [9]. Besides the isoquinolinic alkaloids in their composition, Fumaria species have proved
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important value to their use in the therapy of numerous diseases [21]. This is the main reason why
characterization and testing the biological activity of extracts obtained from these plants is essential for
their introduction in therapy as phytopharmaceuticals [11].
There is little evidence of the antioxidant activity attributed to Fumaria species [11,13,14,20–22].
In this regard, and given the importance of antioxidants nowadays, the present study aims not only
to increase the scientific evidence on the characterization of bioactive compounds and bioactivities
of Fumaria species, but also to establish a connection between various species of the genus, found
in the spontaneous flora of Europe. The species involved in the present work are: F. officinalis L.,
F. capreolata L., F. rostellata Knaf., F. vaillantii Loisel., F. schleicheri Soy.-Will, and F. jankae Hausskn.
The originality of this study consists in the fact that it is the first report concerning the antioxidant
activity of some Fumaria species found in the Romanian flora and especially of F. jankae, an endemic
species. Moreover, in order to increase the number of reasons for the possible introduction of the
extracts belonging to Fumaria species in phytotherapy, the present study also evaluated the diuretic
activity of fumitory species, as they contain important amounts of polyphenols in their composition.
The diuretic activity of Fumaria species is a subject less approached until present by the scientific
literature [29]. In this context, the present study appears as the first approach of this type dealing
with the quantification of bioactive compounds and the pharmacological evaluation of the Romanian
species F. schleicheri and F. jankae.
The present work provides scientific evidence that Fumaria species represent an important and
valuable source of polyphenols, which can lead to the potential development of natural antioxidants
and diuretics. Further investigations may lead to the introduction in the pharmaceutical and food
industry of some new antioxidant and diuretic molecules, which could be valuable in a variety of
pathologies caused by oxidative stress.
2. Results and Discussion
2.1. HPLC Analysis of Polyphenols
The HPLC technique coupled with the MS detection is an analytical method used more and more
often nowadays due to the fact that it provides important information about the analytes and it is,
at the same time, a highly sensitive method [30]. An LC-MS method for the analysis of polyphenols in
herbal materials was developed, and allowed the identification of several polyphenolic compounds by
a single pass of the extract on a reverse-phase analytical column. Among the targeted compounds,
only seven could be determined in aerial parts of six Fumaria species (F. jankae Hausskn, F. vaillantii
Loisel., F. schleicheri Soy.-Will., F. officinalis L., F. rostellata Knaf., and F. capreolata L.). This method has
been successfully tested previously [31] and has proven large applicability and good results. It allowed
to simultaneous analysis of different classes of polyphenols by a single pass of the plant extract along
the column, in 35 min. The results obtained for the polyphenol quantification of the analyzed extracts
are presented in Table 1, in the order of their retention times. The external standard method was used
in order to obtain the polyphenolic compounds content, expressed as µg compound/g dry weight
(d.w.) of herbal material.
Table 1. The polyphenolic compounds content in Fumaria extracts (µg/g d.w.).
Polyphenolic
Compound

Fumaria
jankae

Fumaria
vailantii

Fumaria
schleicheri

Fumaria
officinalis

Fumaria
rostellata

Fumaria
capreolata

p-Coumaric acid
Ferulic acid
Isoquercitrin
Rutin
Quercitrin
Quercetin
Kaempferol

18.44 ± 0.1 *
20.20 ± 0.2 *
173.40 ± 1.7 *
156.60 ± 1.65 *
52.16 ± 0.6 *
103.68 ± 1.2 *
13.62 ± 0.1 *

NF
NF
820.70 ± 8.5 *
2404.20 ± 20.8 *
119.48 ± 1.2 *
146.62 ± 1.5 *
13.62 ± 0.16 *

NF
14.18 ± 0.13 *
768.30 ± 6.5 *
480.30 ± 3.9 *
134.44 ± 1.4 *
81.66 ± 0.9 *
10.98 ± 0.1 *

113.54 ± 1.02 *
25.30 ± 0.2 *
506.20 ± 4.5 *
854.40 ± 7.8 *
48.40 ± 0.4 *
348 ± 3.3 *
44.14 ± 0.3 *

67.80 ± 0.8 *
36.42 ± 0.5 *
1279.94 ± 10 *
121.06 ± 1.2 *
97 ± 1.02 *
457 ± 3.69 *
30.80 ± 0.4 *

NF
16.23 ± 0.56 *
2218.01 ± 9.8 *
130.06 ± 1.52 *
250.84 ± 1.81 *
55.31 ± 0.13 *
5.67 ± 0.02 *

Note: * = SD = standard deviation; NF = not found, below the limit of quantification.
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The compounds that were the most frequently found in the ethanolic extracts of all species were
the quercetin glycosides, namely isoquercitrin, rutin, and quercitrin. Quantitatively, isoquercitrin was
found in the largest amount in F. capreolata (2218.01 µg/g d.w.), while rutin in F. vailantii (2404.2 µg/g
d.w.) and quercitrin in F. capreolata (250.84 µg/g d.w.). The presence of rutin as a major compound for
the species F. vailantii was previously confirmed in the study performed by Orhan et al. [22]. Another
class of compounds that was found in the chemical composition of all species were the flavonols,
especially quercetin, found in the highest amount in F. rostellata (457 µg/g d.w.) and kaempferol, found
in the highest amount in F. officinalis (44.14 µg/g d.w.). Less represented in the composition of the
analyzed Fumaria species were the phenolic acids, among which ferulic acid was quantified in the
composition of almost all species, except F. vailantii and in the highest amount was found in F. rostellata
(36.42 µg/g d.w.). p-Coumaric acid could only be quantified in F. rostellata, F. jankae, and F. officinalis,
the latter
being
the PEER
one REVIEW
with the highest concentration, (113.54 µg/g d.w.) F. officinalis, F.5 ofrostellata,
Molecules
2017,also
, x FOR
18
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thatproved
was the
richest
in the
variety
ofrichest
compounds.
These
confirm
These findings
data
existing [11]
in the
scientific
literature
[11] thatof
states
the highp-coumaric
amount of acid,
data existing
in the confirm
scientific
literature
that
state the
high amount
quercetin,
quercetin,
p-coumaric
acid
acids,
especially
in the case of Fumaria officinalis.
and ferulic
acids,
especially
inand
theferulic
case of
Fumaria
officinalis.
The originality
of theofpresent
study study
consists
in being
firstthe
onefirst
thatone
describes
the polyphenolic
The originality
the present
consists
in the
being
that describes
the
composition
of
Romanian
F.
schleicheri
and
F.
jankae.
F.
schleicheri
turned
out
to
be
the
species
polyphenolic composition of Romanian F. schleicheri and F. jankae. F. schleicheri turned out to be the with
the most
important
of quercitrin
µg/g(134.44
d.w.), μg/g
but in
its composition
isoquercitrin
species
with the quantity
most important
quantity(134.44
of quercitrin
d.w.),
but in its composition
(768.3isoquercitrin
µg/g d.w.)(768.3
and μg/g
rutind.w.)
(480.3
µg/g
d.w.)
were
also
found
in
significant
amounts.
Although
and rutin (480.3 μg/g d.w.) were also found in significant amounts.
in lowest
amounts,
the species
been
proven
to contain
quercetin
(81.66
µg/g
d.w.),
ferulic
Although
in lowest
amounts,had
the also
species
had
also proved
to contain
quercetin
(81.66
μg/g
d.w.),
acid (14.18 µg/g d.w.) and kaempferol (10.98 µg/g d.w.). F. jankae, an endemic species in Romania,
ferulic acid (14.18 μg/g d.w.) and kaempferol (10.98 μg/g d.w.). F. jankae, an endemic species in
is one of the tested species containing the greatest variety of compounds, of which the most important
Romania, is one of the tested species containing the greatest variety of compounds, of which the
amounts were of isoquercitrin (173.4 µg/g d.w.), rutin (156.6 µg/g d.w.) and quercetin (103.68 µg/g
most important amounts were of isoquercitrin (173.4 μg/g d.w.), rutin (156.6 μg/g d.w.) and
d.w.). p-Coumaric acid could be detected and quantified in the content of this species (18.44 µg/g d.w.),
quercetin (103.68 μg/g d.w.). p-Coumaric acid could be detected and quantified in the content of this
together with ferulic acid (20.2 µg/g d.w.), quercitrin (52.16 µg/g d.w.), and kaempferol (13.62 µg/g
(18.44
μg/g d.w.), together
with
acid (20.2
μg/gquantification
d.w.), quercitrin
d.w.) andin the
d.w.),species
in lowest
concentrations.
This is
theferulic
first report
of the
of(52.16
theseμg/g
compounds
kaempferol
(13.62
μg/g
d.w.),
in
lowest
concentrations.
This
is
the
first
report
of
the
quantification
of
composition of F. jankae.
these compounds in the composition of F. jankae.

2.2. Determination of Phenolic Compounds Content
2.2. the
Determination
of Phenolic
Compounds
Besides
determined
compounds
thatContent
could specifically be identified and quantified, many
other polyphenolic
are widely that
distributed
in aerial parts
of Fumaria
andmany
contribute
Besides thecompounds
identified compounds
could specifically
be identified
andspecies
quantified
other
polyphenolic
compounds
are
widely
distributed
in
aerial
parts
of
Fumaria
species
and(TPC),
to their overall antioxidant activity. The results of the amount of total polyphenolic contents
contribute
to
their
overall
antioxidant
activity.
The
results
of
the
amount
of
total
polyphenolic
flavonoids (TFC), and hydroxycinnamic acids (THC) in the six analyzed species are represented
contents (TPC), flavonoids (TFC) and hydroxycinnamic acids (THC) in the six analyzed species are
in Figure
2. Thus, the TPC values were expressed as gallic acid equivalents (mg GAE/g d.w.).
represented in Figure 2. Thus, the TPC values were expressed as gallic acid equivalents (mg GAE/g
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Figure 2. Total phenolic content (TPC) (A); total flavonoidic content (TFC) (B); and
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Figure 3. Antioxidant parameters by TEAC (A) and EPR spectroscopy of the six Fumaria species (B).
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The TEAC assay was carried out for all Fumaria species. F. officinalis (59.76 mg TE/g d.w.) and
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F. vailantii
antioxidant activity of Fumaria species using the electron paramagnetic resonance (EPR)
and F. capreolata presenting the highest antioxidant capacity. Information about the antioxidant activity
spectrometry assay is not available, so far. Therefore, a comparison with data from other
of Fumaria species using the electron paramagnetic resonance (EPR) spectrometry assay is not available,
researchers is missing. The antioxidant activity of all analyzed Fumaria species evaluated by TEAC
so far. Therefore, a comparison with data from other researchers is missing. The antioxidant activity
assay and EPR assay was also in line with their corresponding total phenolic content, indicating F.
of all analyzed Fumaria species evaluated by TEAC assay and EPR assay was also in line with their
vailantii and F. capreolata as superior sources of antioxidant compounds.
corresponding total phenolic content, indicating F. vailantii and F. capreolata as superior sources of
antioxidant
compounds.
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Concerning the electrolyte excretion, both extracts from F. officinalis (FOE) and F. schleicheri
Concerning the electrolyte excretion, both extracts
from F. officinalis (FOE) and F. schleicheri (FSE)
(FSE) increased the urinary excretion +of Na+ and
K+ ions (UNaV) and (UKV), as shown in Table 2.
+
increased the urinary excretion of Na and K ions (UNa V) and (UK V), as shown in Table 2.
Table 2. Effect of the extracts from F. officinalis (FOE) and F. schleicheri (FSE) on urinary excretion of
Table 2. Effect of the extracts from F. officinalis (FOE) and F. schleicheri (FSE) on urinary excretion
sodium ions (UNaV) and potassium ions (UKV) in saline-loaded Crl:WI rats, 24 h after the
of sodium ions (UNa V) and potassium ions (UK V) in saline-loaded Crl:WI rats, 24 h after
administration.
the administration.

Group
Dose
UNaV (mEq/kg/24 h) UKV (mEq/kg/24 h) Na+/K+ Ratio
+ + Ratio
Group
Dose
UNa V
(mEq/kg/24
Control
1.68
± 0.15 h) UK V (mEq/kg/24
2.40 ± 0.22 h) Na /K 0.7
Control
1.68±±0.35
0.15*
2.40
0.7
Furosemide
10 mg/kg
4.01
4.71±± 0.22
0.41 *
0.85
Furosemide
10
mg/kg
4.01
±
0.35
*
4.71
±
0.41
*
0.85
FOE
250 mg/kg
3.21 ± 0.16 *
5.82 ± 0.29 *
0.55
FOE
250 mg/kg
3.21 ± 0.16 *
5.82 ± 0.29 *
0.55
FSE
250 mg/kg
3.59 ± 0.29 *
6.08 ± 0.49 *
0.59
FSE

250 mg/kg
3.59 ± 0.29 *
6.08 ± 0.49 *
Note: * p < 0.05 vs. control; Values are expressed as mean ± SD.

0.59

Note: * p < 0.05 vs. control; Values are expressed as mean ± SD.

The administration of furosemide (10 mg/kg bw), the reference diuretic, led to a significant
The administration of furosemide (10 mg/kg bw), the reference diuretic, led to a significant
increase in electrolyte excretion (4.01 ± 0.35 mEq/kg/24 h Na+ and
4.71 ± 0.41 mEq/kg/24 h K+). The
increase in electrolyte excretion (4.01 ± 0.35 mEq/kg/24 h Na+ and 4.71 ± 0.41 mEq/kg/24
h K+ ).
administration of FSE produced a higher electrolyte excretion than FOE, in both cases K++ excretion
The administration of FSE produced a higher electrolyte excretion than FOE, in both cases K excretion
being superior even to furosemide (Table 2). The calculated Na++/K++ratio for FOE and FSE treated
being superior even to furosemide (Table 2). The calculated Na /K ratio for FOE and FSE treated
groups did not show values above 10 at any moment of determination, thus indicating a lack of a
groups did not show values above 10 at any moment of determination, thus indicating a lack of
potassium-sparing effect, situation similar with furosemide. On the contrary, both extracts from
a potassium-sparing effect, situation similar with furosemide. On the contrary, both extracts from
Fumaria produced a strong kaliuretic effect.
Fumaria produced a strong kaliuretic effect.
Our results showed a significant diuretic effect associated with an increase in urinary excretion
Our results showed a significant diuretic effect associated with an increase in urinary excretion
of electrolytes in saline-loaded Crl:WI rats treated orally with the extracts from F. officinalis (FOE)
of electrolytes in saline-loaded Crl:WI rats treated orally with the extracts from F. officinalis (FOE)
and F. schleicheri (FSE). The pattern of the results suggested a tubular effect with a decrease in water
and F. schleicheri (FSE). The pattern of the results suggested a tubular effect with a decrease in water
and electrolyte reabsorption, further research being necessary in order to elucidate the mechanism
and electrolyte reabsorption, further research being necessary in order to elucidate the mechanism of
of action and to evaluate the therapeutically importance of these findings. Moreover, the obtained
action and to evaluate the therapeutically importance of these findings. Moreover, the obtained results
results might be ascribed to the high content of flavonoids from these two species, as revealed by
might be ascribed to the high content of flavonoids from these two species, as revealed by LC-MS
LC-MS findings. Additionally, several publications indicate that flavonoids-rich extracts are wellfindings. Additionally, several publications indicate that flavonoids-rich extracts are well-known
known herbal diuretic agents having the ability to modulate different physiological processes
herbal diuretic agents having the ability to modulate different physiological processes associated with
associated with diuresis [37–39].
diuresis [37–39].
3. Experimental Section
3.1. Plant Material
The plant material that was used for the analysis in this study consisted in the aerial parts of
the six Fumaria species (Fumariae herba, as described by the European Pharmacopoeia, ninth edition)
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3. Experimental Section
3.1. Plant Material
The plant material that was used for the analysis in this study consisted in the aerial parts of the
six Fumaria species (Fumariae herba, as described by the European Pharmacopoeia, ninth edition) [40].
From the Romanian flora, five species were harvested in the Transylvania region: Fumaria rostellata
Knaff. (Voucher No. 28.3.8.1.), Fumaria vaillantii Loisel. (Voucher No. 28.3.5.1.), Fumaria schleicheri
Soy.Will. (Voucher No. 28.3.3.1.), and Fumaria jankae Hausskn. (Voucher No. 28.3.6.1.) One species was
harvested from the spontaneous species of Belgium: Fumaria officinalis L. (Voucher No. 28.3.7.1.) and
the species Fumaria capreolata L. (Voucher No. 28.3.10.1.) was harvested from the spontaneous flora of
France. Identification of the taxa was made using the European Flora [2] and voucher specimens were
deposited (in the Herbarium of the Department of Pharmaceutical Botany, Faculty of Pharmacy, Iuliu
Hat, ieganu University of Medicine and Pharmacy, Cluj-Napoca, Romania.
3.2. Extraction Procedure
Before the extraction, the plant material was dried at room temperature and ground until it
reached an appropriate degree of fineness. Powdered samples from the six species were extracted with
ethanol 70% by sonication, for 30 min, using a plant material to solvent ratio of 1:20 (w/v). Afterwards,
samples were centrifuged at 4500 rpm for 15 min and the supernatant was recovered and analyzed
by the appropriate methods, according to each purpose of the study. In each case, the samples were
analyzed in triplicate and the results were presented as mean ± SD.
3.3. Chemicals
The standards used for the LC-MS analysis (chlorogenic acid, p-coumaric acid, caffeic acid,
rutin, apigenin, quercetin, isoquercitrin, quercitrin, hyperoside, kaempferol, myricetol, fisetin)
were purchased from Sigma (St. Louis, MO, USA), whilst ferulic acid, sinapic acid, gentisic acid,
gallic acid, patuletin, luteolin were purchased from Roth (Karlsruhe, Germany), and cichoric acid,
caftaric acid from Dalton (Toronto, ON, Canada). HPLC grade methanol, ethanol, and analytical grade
orthophosphoric acid, hydrochloric acid, and Folin-Ciocâlteu reagent were purchased from Merck
(Darmstadt, Germany), ABTS (2,20 -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt;
≥98%), potassium peroxo-disulfate (≥99%), potassium nitrosodisulfonate (Fremy’s salt) (≥98%), trolox
(6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid; ≥97%) were purchased from Sigma Aldrich
Chemie (Schnelldorf, Germany). Sodium carbonate, dipotassium hydrogen phosphate, potassium
dihydrogen phosphate, and aluminium chloride were purchased as well from Merck (Darmstadt,
Germany); gallic acid monohydrate (99.5%) was purchased from Serva (Heidelberg, Germany).
3.4. HPLC/MS Analysis
3.4.1. Apparatus and Chromatographic Conditions
An Agilent Technologies 1100 HPLC Series system (Agilent, Santa Clara, CA, USA) equipped
with G1322A degasser, G13311A binary gradient pump, column thermostat, G1313A autosampler
and G1316A UV detector was used to carry out the chromatographic analysis of the Fumaria extracts.
The HPLC system was coupled with an Agilent 1100 mass spectrometer (LC/MSD Ion Trap SL).
Separation was performed on a reverse-phase analytical column (Zorbax SB-C18 100 × 3.0 mm i.d.,
3.5 µm particles) and the temperature of the thermostat was set at 48 ◦ C. The flow rate was 1 mL/min
and the injection volume was 5 µL. The mobile phase was a binary gradient composed of methanol
and acetic acid 0.1% (v/v). The elution was performed by a linear gradient beginning at 5% methanol,
which ended with 42% methanol, for 35 min and then passed at 42% methanol for the next 3 min.
Detection of the compounds was performed on both UV (at 330 nm until 17.5 min, then at 370 nm) and
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MS mode. The chromatographic data were processed using ChemStation and DataAnalysis software
from Agilent.
The MS system was operated using an electro spray source of ions in a negative mode.
The polyphenols were eluted in less than 40 min (Table 3) with these conditions. Each polyphenol was
identified based on its specific mass spectra, which was recorded in a mass spectra library, after the
analysis of a standard solution. The MS traces/spectra of the analyzed samples were compared to
spectra from the library, which allowed the identification of compounds, based on spectral matching.
Four polyphenols could not be quantified in the chromatographic conditions described above due
overlapping (caftaric acid with gentisic acid and caffeic acid with chlorogenic acid). However, all four
compounds can be selectively identified by MS detection (qualitative analysis) based on differences
between their molecular mass and MS spectra.
Table 3. Retention times (RT) of the tested polyphenolic compounds (min).
No.

Phenolic Compounds

m/z

RT ± SD (min)

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Caftaric acid
Gentisic acid
Caffeic acid
Chlorogenic acid
p-Coumaric acid
Ferulic acid
Sinapic acid
Cichoric acid
Hyperoside
Isoquercitrin
Rutin
Myricetin
Fisetin
Quercitrin
Quercetin
Patuletin
Luteolin
Kaempferol
Apigenin

311
179
179
353
163
193
223
473
463
463
609
317
285
447
301
331
285
285
279

3.54 ± 0.05
3.52 ± 0.04
5.60 ± 0.04
5.62 ± 0.05
9.48 ± 0.08
12.8 ± 0.10
15.00 ± 0.10
15.96 ± 0.13
18.60 ± 0.12
19.60 ± 0.10
20.20 ± 0.15
21.13 ± 0.12
22.91 ± 0.15
23.64 ± 0.13
26.80 ± 0.15
29.41 ± 0.12
29.10 ± 0.19
32.48 ± 0.17
33.10 ± 0.15

Note: SD = standard deviation.

MS signal was used only for qualitative analysis. For the quantification of the compounds
identified by MS detection, the UV trace was used. The limit of quantification was 0.5 µg/mL, and
the limit of detection was 0.1 µg/mL, for all compounds. The detection limits were calculated as
minimal concentration producing a reproductive peak with a signal-to-noise ratio greater than three.
Quantitative determinations were performed using an external standard method. Calibration curves
in the 0.5–50 µg/mL range with good linearity (R2 > 0.999) for a five-point plot were used to determine
the concentration of polyphenols in plant samples [41].
3.4.2. Identification and Quantification of Polyphenols
The detection and quantification of polyphenols was performed in UV assisted by mass
spectrometry detection. Due to peak overlapping, four hydroxycinnamic acids (caftaric, gentisic,
caffeic, chlorogenic) were determined only based on MS spectra, whereas for the rest of the compounds
the linearity of the calibration curves was very good (R2 > 0.998), with detection limits in the range
of 18 to 92 ng/mL. The detection limits were calculated as the minimal concentration yielding a
reproducible peak with a signal-to-noise ratio greater than three. Quantitative determinations were
performed using an external standard method; retention times were determined with a standard
deviation ranging from 0.04 to 0.19 min (Table 3). For all compounds, the accuracy was between 94.13%
and 105.3%. Accuracy was checked by spiking samples with a solution containing each polyphenol in
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a 10 µg·mL−1 concentration. In all analyzed samples, the compounds were identified by a comparison
of their retention times and recorded electrospray mass spectra with those of standards in the same
chromatographic conditions.
3.5. Determination of Total Phenolic Content
The total phenolic content (TPC) of the extracts was measured using the Folin-Ciocâlteu method
with some modifications. For a high-throughput of samples, a SPECTROstar Nano Multi-Detection
Microplate Reader with 96-well plates (BMG Labtech, Ortenberg, Germany) was used. A mixture
solution (the same solution which resulted after the extraction procedure) consisting of 25 µL sample
extract, 125 µL of Folin-Ciocâlteu reagent, and an appropriate volume of sodium carbonate (Na2 CO3 )
solution (7.5% w/v) was homogenized and incubated at room temperature in the dark for 2 h.
The absorbance was measured at 760 nm. Gallic acid was used as a standard, and the content of TPC
was expressed as gallic acid equivalents (GAE) in mg/g dry weight (dw) of herbal material [42,43].
3.6. Determination of Total Flavonoid Content
The total flavonoid content (TFC) was calculated and expressed as quercetin equivalents after
the method described in the Romanian Pharmacopoeia (10th Edition). Each extract (5 mL) was mixed
with sodium acetate (5 mL, 100 g/L), aluminum chloride (3 mL, 25 g/L), and made up to 25 mL in a
calibrated flask with methanol. Each solution (the same solution which resulted after the extraction
procedure, and no acidic hydrolysis was performed) was compared with the same mixture without
reagent. The absorbance was measured at 430 nm. The total flavonoid content values were determined
using an equation obtained from calibration curve of the quercetin graph (R2 = 0.999) [42,44].
3.7. Determination of Hydroxycinnamic Acids Content
The total hydroxycinnamic content (THC) was determined using the method from the European
Pharmacopoeia, ninth edition, from the monograph Fraxini folium using caffeic acid instead
of chlorogenic acid. The total content of hydroxycinnamic acids was determined by using a
spectrophotometric method with Arnow’s reagent (10 g sodium nitrite and 10 g sodium molybdate
made up to 100 mL with distilled water). The absorbance was measured at 525 nm. The percentage
of hydroxycinnamic acids, expressed as caffeic acid equivalents on dry material plant (mg CAE/g
plant material), was determined using an equation that was obtained from calibration curve of
caffeic acid (R2 = 0.994) [40].
3.8. Antioxidant Assays
3.8.1. ABTS assay using Trolox Equivalents (TEAC)
The effects of extract on the synthetic ABTS radical were estimated by the method previously
described by Toma et al. 2015 with some modifications, and the results were expressed as Trolox
equivalents (antioxidant capacity) [45,46].
3.8.2. EPR Measurements
EPR measurements were carried out by the method previously described by Mocan et al. 2015
with some modifications concerning sample dilution [45,46]. Appropriate extract dilutions (1:400)
were prepared and 25 µL aliquots were allowed to react for 30 min with an equal volume of a solution
of Fremy’s salt (1 mM in phosphate buffer, pH 7.4). EPR spectra of Fremy’s radical were obtained with
a Bruker Elexsys E500 spectrometer (Bruker, Billerica, MA, USA). The antioxidant activity expressed as
mg Fremy’s salt equivalents reduced by 25 µL diluted extract was calculated by comparison with a
control reaction with 25 µL Fremy’s salt and 25 µL of extraction solvent.
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3.9. Evaluation of Diuretic Activity
For the in vivo pharmacological studies, the extracts from F. officinalis (FOE) and F. schleicheri (FSE)
were spray-dried and suspended in a mixture of Tween 80 and normal saline solution (1:100 v/v).
3.9.1. Animals
Four groups of male Charles River Wistar (Crl:WI) rats (n = 6) with a medium weight of 150 g
were obtained from the Practical Skills and Experimental Medicine Center of the “Iuliu Haţieganu”
University of Medicine and Pharmacy Cluj-Napoca (Romania). The animals were housed in
polycarbonate type IV-S open-top cages (Tecniplast, Italy) and maintained under standard conditions
(22 ± 2 ◦ C, a relative humidity of 45% ± 10%, 12:12-h light: dark cycle). The animals had access
to a standard pelleted feed (Cantacuzino Institute, Bucharest, Romania) and filtered water ad
libitum throughout the experiment, except for the day when the test substances were administered.
All experimental protocols were approved by the Ethics Committee of the “Iuliu Hat, ieganu” University
of Medicine and Pharmacy, Cluj-Napoca, Romania and were conducted in accordance with the EEC
Directive 63/2010 which regulates the use of laboratory animals for scientific purposes.
3.9.2. Diuretic Activity
For the evaluation of the diuretic activity of the extracts from F. officinalis (FOE) and F. schleicheri
(FSE), a method using isotonic saline solution as hydrating fluid was applied (Kau et al. 1984) [47].
Thus, the negative control group of Crl:WI rats was treated by intragastric route with 25 mL/kg bw
isotonic saline solution (Braun Gmbh, Marktheidenfeld, Germany) while the positive control group
was treated by the same route with 10 mg/kg bw furosemide (Zentiva SA, Bucharest Romania),
a reference diuretic drug, dissolved also in a volume of 25 mL/kg bw isotonic saline solution
(Sadki et al. 2010) [48]. The other two groups of Crl:WI rats were treated also by intragastric route,
with 250 mg/kg bw FOE and 250 mg/kg bw FSE, respectively, suspended in the same volume of
25 mL/kg bw isotonic saline solution.
Afterwards, the animals were individually placed in metabolic cages, the environmental
temperature being maintained at 24 ◦ C. The cumulative urine output was recorded for each animal,
24 h after the administration of a single dose from the tested substances. The urinary volumetric
excretion (UVE %) was calculated with the formula:
UVE % = (Volume collected/Volume administered) × 100
Also, the urinary excretion of sodium and potassium ions (UNa V and UK V) was determined
in the collected urine samples, 24 h after the substance administration, by a potentiometric method,
using a VITROS 250 Chemistry System auto-analyzer (Johnson and Johnson Clinical Diagnostic),
being expressed in mEq/kg. Finally, the ratio Na+ /K+ was calculated based on the values of UNa V
and UK V, in order to indicate a possible potassium-sparing effect [47–50].
3.10. Statistical Analysis
Data were expressed as mean values ± SD and were statistically analyzed by one way ANOVA
method. The differences between the treated groups and the negative control group were evaluated by
Dunnett’s t-test, with p values < 0.05 being considered statistically significant.
4. Conclusions
Fumaria species are used to treat hepato-biliary diseases as well as diuretic agents in traditional
medicine. In this study the chemical composition, antioxidant properties and diuretic effects of several
Fumaria species were investigated. LC/MS analysis revealed that Fumaria species contain phenolic
acids and high amounts of flavonoids. Rutin and isoquercitrin were found as main compounds.
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As shown by the LC/MS analysis the highest amount of rutin was found in F. vailantii, whilst the
highest amount of isoquercitrin was found in F. capreolata. The highest antioxidant capacity was
obtained for F. capreolata and F. vailantii, showing as well a good correlation between the antioxidant
assays and the high amount of flavonoids found in these two species. Additionally, the extracts from
F. officinalis and F. schleicheri produced a strong increase in urinary volumetric excretion of saline-loaded
rats, 24 h after the oral administration of a single dose of 250 mg/kg bw. Moreover, both extracts
of F. officinalis and F. schleicheri increased the urinary excretion of Na+ and K+ . Results from the
present study offer a new perspective concerning the chemical composition and biological effects of
traditionally-used fumitory species.
Acknowledgments: This work is published under the frame of the internal grant no.: 4944/22/08.03.2016,
financed by “Iuliu Hat, ieganu” University of Medicine and Pharmacy, Department of Pharmaceutical Botany,
Cluj-Napoca, Romania. The authors express their gratitude to Professor Monique Tits, Laboratory of
Pharmacognosy, Center for Interdisciplinary Research on Medicines (CIRM), Faculty of Medicine, University of
Liège, for collecting the herbal material of Fumaria capreolata.
Author Contributions: Important contributions to design and also to preparing the manuscript: R.P., A.M., I.I.,
G.C., and O.C. Phytochemical screening was performed by L.V., A-M.G., A.M., and R.P. Contributed to diuretic
and antioxidant experiments: O.V., A.M., and R.P. Analysis of the experimental data: A.M., I.I., A.G., O.V., and L.V.
Revising it critically for important intellectual content: O.C., I.I., O.V., and G.C. All authors helped in preparing
the paper and approved the final version.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.

3.
4.
5.

6.
7.

8.

9.
10.
11.

Pérez-Gutiérrez, M.A.; Romero-García, A.T.; Salinas, M.J.; Blanca, G.; Fernández, C.; Suárez-Santiago, V.N.
Phylogeny of the tribe Fumarieae (Papaveraceae s.l.) based on chloroplast and nuclear DNA sequences:
Evolutionary and biogeographic implications. Am. J. Bot. 2012, 99, 517–528. [CrossRef] [PubMed]
Tutin, T.G.; Burges, N.A.; Chater, A.O.; Edmonson, J.R.; Heywood, V.H.; Moore, D.M.; Valentine, D.H.;
Walters, S.M.; Webb, D.A. Psilotaceae to Platanaceae. In Flora Europaea, 2nd ed.; Cambridge University Press:
Cambridge, UK, 2010; Volume 1, pp. 306–311.
Păltinean, R.; Wauters, J.N.; Tits, M.; Frédérich, M.; Angenot, L.; Tămaş, M.; Crişan, G. Comparative
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Abstract: Antennaria dioica (L.) Gaertn. and Helichrysum arenarium (L.) Moench. are two species
of the Asteraceae family, known in Romanian traditional medicine for their diuretic, choleretic,
and anti-inflammatory properties. The aim of the present study was to evaluate the phenolic and
sterolic composition of flowers from the two species and to assess their antioxidant, antibacterial
and antifungal properties. LC-MS analyses were performed on methanolic, ethanolic and 70% v/v
ethanolic extracts, before and after acid hydrolysis, and revealed high amounts of polyphenols.
Chlorogenic acid was found as the main compound for the flowers of A. dioica (502.70 ±
25.11 mg/100 g d.w.), while quercitrin was dominant in H. arenarium (424.28 ± 21.21 mg/100 g d.w.)
in 70% v/v ethanolic extracts before hydrolysis. Antioxidant capacity assays showed an important
antioxidant potential, which can be correlated with the determined polyphenolic compounds,
showing the 70% v/v ethanolic extracts of the two species as being the most effective antioxidant
samples for the DPPH assay. Antibacterial and antifungal assays confirm a modest biological potential
for the same extract of both species. Results obtained in the present study bring important data and
offer scientific evidence on the chemical composition and on the biological activities of the flowers
belonging to the two species.
Keywords: H. arenarium; A. dioica; polyphenolic profile; LC-MS; antibacterial activity; antifungal
activity; antioxidant capacity

1. Introduction
The Asteraceae family, which comprises more than 1600 genera, with over 23,000 species,
widespread in different types of climates and regions all over the world, is the largest family of
flowering plants [1,2]. The diversity and heterogeneity of this family justifies the great importance of
its individual members, which are known and used from ancient times, not only as food sources or as
spices, but also for medicinal purposes [3,4]. Several classes of compounds from Asteraceae species were
studied and tested for different bio-activities and were reported as having medicinal potential [3–5].
Molecules 2018, 23, 409; doi:10.3390/molecules23020409
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Among these compounds, a special attention has been given to polyphenols, and especially to
flavonoids, which provide for these species important uses in the pharmaceutical, cosmetics and food
industry, that are due to their important medicinal properties as the antioxidant, anti-inflammatory,
antifungal or antibacterial ones [4]. In this context and taking into consideration the fact that in
the last decades these compounds have shown a significant importance in the field of medicinal
compounds, the Asteraceae species should be reconsidered as possible sources of flavonoids and
polyphenols, generally.
Antennaria dioica (L.) Gaertn. and Helichrysum arenarium (L.) Moench. (Figure 1) are two species
belonging to the same tribe (Gnaphalieae) [6,7] of the Asteraceae family [8,9]. These species are
widespread across the European continent, especially in Central and Eastern countries and are known
in traditional medicine for their use in the treatment of different pathologies. The connection between
these species relies on several common morphological characters and it is confirmed by phylogenetic
studies [10,11], which certify their common taxonomic classification. The folk medicine of different
countries cites common uses for herbal preparations obtained from the flowers of these species,
exploited for their diuretic [12,13], choleretic and anti-inflammatory properties [13–15]. Romanian
sources mention both under the same phytonyme, describing their use for the treatment of jaundice [16].
Few scientific evidence exists up to date in order to support these data and a more detailed study of
the two species becomes therefore important.

Figure 1. Helichrysum arenarium (L.) and Antennaria dioica (L.) Gaertn.

A. dioica is a perennial herb, commonly found in dry grasslands and sandy or stony places
from Eurasian areas, where it is traditionally used to treat biliary and respiratory ailments [13,15],
and also for its astringent and hemostatic properties [13,17]. To date, few scientific data were reported
regarding the chemical composition of this species. Merili et al. [15] studied the extracts obtained
from the flowers of A. dioica and isolated ursolic acid, chlorogenic acid, apigenin-7-O-glucoside and
luteolin-7-O-glucoside. To the best of our knowledge, this is the only existing scientific study that
describes the flavonoid composition of this species, and it does not establish a connection between the
potential bioactivities of the species and the isolated compounds.
Helichrysum species were known from ancient times due to a large distribution and diversity and
are cited as being a potent remedy for various pathologies [12,14,18]. Among the species of this genus,
a special importance was given to H. arenarium, which is the most popular species, having monographs
in different pharmacopoeias, such as the Russian Pharmacopoeia [14]. Several studies aimed to
investigate the phytochemical profile of H. arenarium and to evaluate its potential bio-activities [16–20].
Major constituents of the extracts obtained from the flowers of H. arenarium are polyphenols, especially
flavonoids [19–23], usually found as glycosides. The connection between the phenolic content of this
species and its antioxidant, anti-inflammatory and antimicrobial activities was studied by different
authors [19–21]. Other studies focused on the investigation of the volatile compounds. In this regard,
Rančić et al. [24] showed that the essential oil from H. arenarium flowers has an important antimicrobial
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potential. All existing data remain nevertheless scarce and do not establish a clear chemical composition
of the flowers and their connection with the cited biological activities.
Both species are used for different purposes in Romanian traditional medicine, but, despite
this fact, few scientific data about the chemical composition and biological activities of A. dioica and
H. arenarium collected from the Romanian spontaneous flora were reported so far. Grădinaru et al.
investigated the phenolic content and antibacterial activity of a methanolic extract obtained from
the inflorescences of Helichrysum arenarium (L.) Moench subsp. arenarium against lower respiratory
tract pathogens, being the only existing scientific study about a Romanian Helichrysum sample [22].
Nonetheless, no scientific data with regard to Romanian A. dioica exist to date.
Within this frame, the present study aimed to investigate the phenolic, flavonoidic and sterolic
composition of A. dioica (L.) Gaertn. and H. arenarium (L.) Moench. collected from the Romanian
spontaneous flora and to assess their antioxidant and antimicrobial properties. Thus, the present study
represents a starting point for a most detailed study of the two species, demonstrating their important
potential as sources of bioactive compounds.
2. Results and Discussion
2.1. HPLC-MS Analysis of Polyphenolic Compounds
Qualitative and quantitative evaluation of phenolic compounds in the composition of the
methanolic (MeOH), ethanolic (EtOH) and 70% (v/v) ethanolic (EtOH 70%) extracts obtained from
the flowers of A. dioica and H. arenarium was achieved using an HPLC-MS method. The method
was previously applied for the phytochemical analysis of different plant samples and provided good
results [25,26]. Each sample was analyzed before and after acid hydrolysis in order to obtain more
accurate data on the composition in flavonoid glycosides and their aglycones [26].
Among the 19 phenolic compounds used as standards, 9 compounds could be detected and
quantified in hydrolyzed samples and 7 in non-hydrolyzed ones (Tables 1 and 2). The external
standard method was used for quantification, and results were expressed as mg compound/100 g dry
weight (d.w.) herbal material.
Before hydrolysis, the sample that proved to contain the largest number of polyphenolic
compounds was the 70% (v/v) ethanolic extract of the flowers of H. arenarium. In this sample,
chlorogenic acid (340.95 ± 17.04/100 g d.w.) and quercitrin (424.28 ± 21.21 mg/100 g d.w.) were
found in the highest amounts. High amounts of quercitrin were also found in the methanolic (438.33 ±
21.91 mg/100 g d.w) and ethanolic (409.09 ± 20.45 mg/100 g d.w.) extracts of this species.
Similar results were obtained for the non-hydrolyzed extracts of A. dioica. Before hydrolysis,
the most abundant compounds were chlorogenic acid (502.70 ± 25.11 mg/100 g d.w.) for the 70% (v/v)
ethanolic extract, while for the methanolic and ethanolic extracts quercitrin was determined in
the highest amount (methanolic extract: 444.48 ± 22.22 mg/100 g d.w., ethanolic extract: 147.64 ±
7.38 mg/100 g d.w.). Chlorogenic acid was also found in a significant amount in the methanolic extract
(434.18 ± 21.70 mg/100 g d.w.).
After the acid hydrolysis, the presence of quercetol was determined in all samples, the 70% (v/v)
ethanolic extract of H. arenarium containing the highest amount of this compound (26.16 ±
1.30 mg/100 g d.w.). A possible explanation of this fact is correlated with the decreasing amounts of
isoquercitrin and quercitrin which partially hydrolyse into quercetol.
Our results indicate that major phenolic compounds of H. arenarium extracts are flavonoids
(i.e., quercitrin, isoquercitrin). Other studies concerning the polyphenolic profile of this species
were performed by Albayrak et al. [21] and Grinev et al. [23]. Their results show important
amounts of phenolic compounds that are proved to be the main compounds in the extracts of this
species (e.g., chlorogenic acid, quercetol, apigenin). Furthermore, using an HPLC-DAD-ESI-MS
method, Grădinaru et al. [22] identified apigenin, kaempferol, chlorogenic acid, and caffeic acid in the
composition of a methanolic extract obtained from H. arenarium ssp. arenarium flowers. The assays
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performed by the present study confirm the results obtained by these authors. However, this study
brings novelty and originality, being the first report about the composition in phenolic compounds, such
as p-coumaric acid, isoquercitrin, quercitrin and luteolin in the flowers of the Romanian H. arenarium.
Table 1. The phenolic compounds identified in the flowers of H. arenarium and A. dioica extracts before
acid hydrolysis (mg/100 g d.w.).
H. arenarium (L.) Moench.

A. dioica (L.) Gaertn.

Phenolic
Compound

MeOH

EtOH

EtOH 70%

MeOH

EtOH

EtOH 70%

Chlorogenic acid
p-Coumaric acid
Isoquercitrin
Quercitrin
Luteolin
Kaempferol
Apigenin

177.70 ± 8.88
NF
70.18 ± 3.50
438.33 ± 21.91
9.34 ± 0.46
7.61 ± 0.38
66.96 ± 3.34

111.58 ± 5.57
1.18 ± 0.05
57.45 ± 2.87
409.09 ± 20.45
8.66 ± 0.43
7.31 ± 0.36
63.85 ± 3.19

340.95 ± 17.04
NF
85.55 ± 4.27
424.28 ± 21.21
9.98 ± 0.49
7.16 ± 0.35
62.99 ± 3.14

434.18 ± 21.70
17.13 ± 0.85
NF
444.48 ± 22.22
NF
45.67 ± 2.28
11.42 ± 0.57

84.59 ± 4.22
NF
NF
147.64 ± 7.38
NF
15.64 ± 0.78
4.27 ± 0.21

502.70 ± 25.11
NF
NF
240.41 ± 12.02
NF
32.08 ± 1.60
7.43 ± 0.37

Note: Values represent the mean ± SD (standard deviation); NF = not found, below the limit of quantification.

Table 2. The phenolic compounds identified in the flowers of H. arenarium and A. dioica extracts after
acid hydrolysis (mg/100 g d.w.).
H. arenarium (L.) Moench.

A. dioica (L.) Gaertn.

Phenolic
Compound

MeOH

EtOH

EtOH 70%

MeOH

EtOH

EtOH 70%

Chlorogenic acid
p-Coumaric acid
Ferulic acid
Isoquercitrin
Quercitrin
Quercetol
Luteolin
Kaempferol
Apigenin

73.63 ± 3.68
2.65 ± 0.13
NF
NF
7.25 ± 0.36
23.31 ± 1.16
5.76 ± 0.28
181.23 ± 9.06
69.79 ± 3.48

64.07 ± 3.20
2.16 ± 0.10
NF
NF
9.19 ± 0.45
20.68 ± 1.03
7.19 ± 0.35
175.63 ± 8.78
61.87 ± 3.09

224.39 ± 11.21
4.40 ± 0.22
4.08 ± 0.20
13.89 ± 0.69
15.85 ± 0.79
26.16 ± 1.30
9.09 ± 0.45
179.28 ± 8.96
59.07 ± 2.95

38.43 ± 1.92
3.17 ± 0.15
NF
NF
63.04 ± 3.15
12.17 ± 0.60
128.15 ± 6.40
1.95 ± 0.09
20.79 ± 1.03

27.97 ± 1.39
2.41 ± 0.12
NF
NF
69.38 ± 3.46
9.34 ± 0.46
104.70 ± 5.23
0.85 ± 0.04
16.71 ± 0.83

246.55 ± 12.32
13.13 ± 0.65
NF
NF
89.65 ± 4.48
19.66 ± 0.98
183.52 ± 9.17
1.89 ± 0.09
24.31 ± 1.21

Note: Values represent the mean ± SD (standard deviation); NF = not found, below the limit of quantification.

Regarding the phenolic profile of A dioica, our results correlate with the previous report
of Merili et al. [15], which described the presence of chlorogenic acid, luteolin and apigenin,
while providing, at the same time, new data on the presence of kaempferol (in the largest amount
in the methanolic extract: 45.67 ± 2.28 mg/100 g d.w.) and quercitrin (in the largest amount in the
methanolic extract: 444.48 ± 22.22 mg/100 g d.w.) in the non-hydrolyzed samples. Luteolin could be
identified only in hydrolyzed samples, being found in the highest amount in the 70% ethanolic extract
(183.52 ± 9.17 mg/100 g d.w.), together with p-coumaric acid (13.13 ± 0.65 mg/100 g d.w.), quercetol
(19.66 ± 0.98 mg/100 g d.w.) and quercitrin (89.65 ± 4.48 mg/100 g d.w.).
2.2. HPLC-MS Analysis of Methoxylated Flavones
Among the tested methoxylated flavones, only hispidulin could be determined. Amounts that
have been quantified do not exceed 1 mg/100 g d.w. The sample that proved to contain the highest
amount of hispidulin was the methanolic extract of H. arenarium (0.70 ± 0.03 mg/100 g d.w.). Generally,
this species proved to contain the largest amounts of hispidulin, while the amounts that are found in
A. dioica are much lower (Table 3). This is the first report that assesses the amounts of methoxylated
flavones among the components of the two species.
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Table 3. The methoxylated flavones identified in the flowers of H. arenarium and A. dioica extract
(mg/100 g d.w.).
Helichrysum arenarium

Methoxylated Flavone
Hispidulin

Antennaria dioica

MeOH

EtOH

EtOH 70%

MeOH

EtOH

EtOH 70%

0.70 ± 0.03

0.68 ± 0.03

0.68 ± 0.01

0.29 ± 0.01

0.22 ± 0.01

0.33 ± 0.01

Note: Values represent the mean ± SD (standard deviation).

2.3. HPLC-MS Analysis of Phytosterols
Five phytosterols were analyzed by an HPLC-MS method in the composition of the flowers
belonging to the two species. Among these compounds, the highest amounts were found for
β-sitosterol. Methanolic extracts of the flowers proved to be the richest samples in this compound:
37.04 ± 1.85 mg/100 g d.w. for H. arenarium, and 63.77 ± 3.18 mg/100 g d.w. for A. dioica. Lower
amounts were found for stigmasterol and campesterol (Table 4).
Table 4. The sterolic compounds identified in the flowers of H. arenarium and A. dioica extracts
(mg/100 g d.w.).
Helichrysum arenarium

Antennaria dioica

Sterolic
Compound

MeOH

EtOH

EtOH 70%

MeOH

EtOH

EtOH 70%

Campesterol
Stigmasterol
β-Sitosterol

1.04 ± 0.05
6.17 ± 0.30
37.04 ± 1.85

0.82 ± 0.04
4.37 ± 0.21
26.21 ± 1.31

0.80 ± 0.03
5.40 ± 0.21
26.21 ± 1.04

1.36 ± 0.06
4.72 ± 0.23
63.77 ± 3.18

0.95 ± 0.04
2.90 ± 0.14
45.92 ± 2.29

1.50 ± 0.07
4.79 ± 0.23
67.58 ± 3.37

Note: Values represent the mean ± SD (standard deviation).

2.4. Antioxidant Activity Assays
2.4.1. Trolox Equivalents Antioxidant Capacity (TEAC) Assay
The TEAC assay is based on electron transfer reactions to evaluate radical scavenging activity
of various compounds or complex samples. The antioxidant activity against the stable synthetic
ABTS radical cation of the different H. arenarium and A. dioica extracts is summarized in Table 5. Some
differences have been found in the antioxidant activities of the samples. The highest antioxidant activity
was found for the 70% (v/v) ethanolic extract of the flowers belonging to both species (5.71 TE/mL
and 5.82 TE/mL extract, for A. dioica and H. arenarium, respectively) and the lowest in the absolute
ethanol-mediated extraction samples (2.65 TE/mL and 3.71 TE/mL). Previous data concerning the
antioxidant activity of H. arenarium were obtained by Kiselova et al. [27] using the TEAC assay on
Bulgarian H. arenarium. These authors indicated that aqueous extract of the investigated species possess
a value of 1.50 ± 0.06 mM TE. Nevertheless, it is not possible to compare the present results with
those from the literature, because of the different ways of expression, and/or the different preparation
method/type of sample.
Table 5. Antioxidant capacity parameters obtained using several methods for studied samples.
Samples

TEAC (mg TE/mL)

DPPH (mg TE/mL)

A. dioica

MeOH
EtOH
EtOH 70%

3.89 ± 0.01
2.65 ± 0.01
5.71 ± 0.01

13.44 ± 1.65
5.89 ± 1.23
15.21 ± 1.97

H. arenarium

MeOH
EtOH
EtOH 70%

4.04 ± 0.01
3.71 ± 0.01
5.82 ± 0.02

4.91 ± 1.90
7.21 ± 2.81
17.88 ± 7.20

Note: Values represent the mean ± SD (standard deviation).
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2.4.2. DPPH Assay
DPPH is a stable free stable radical and its absorbance maximum occurs at 517 nm. The higher the
rate of DPPH consumption is, the more powerful the antioxidant potential. The results obtained
from the DPPH assay were presented as Trolox equivalents (Table 5). The values obtained for
A. dioica are in accordance with the values obtained from TEAC assay. The 70% (v/v) ethanolic extract
possessed the highest value (15.21 mg TE/mL), whereas the absolute ethanolic extract showed a value
of 5.89 mg TE/mL. There are few available data regarding the antioxidant capacity of Antennaria species.
In this case, a comparison with the results of other researchers is not possible. In contrast to this, there
are various studies regarding the antioxidant proprieties of H. arenarium. Albayrak et al. [28] indicated
that the extract of the investigated species possessed an IC50 value of 37.52 µg/mL. Moreover, different
subspecies of H. arenarium were investigated for their antioxidant proprierties by Albayrak et al. [21]
and the results, expressed as IC50, were: 23.03 µg/mL for subsp. erzincanicum, 47.64 µg/mL for subsp.
rubicundum, 27.32 µg/mL for subsp. araxinum and 38.82 µg/mL for subsp. pseudoplicatum. Due to
different ways of expression, these results are not comparable, and, therefore, further studies are
necessary for the evaluation of antioxidant capacity, in correlation with other species/subspecies.
Nonetheless, the maximum antioxidant capacity is expressed in all cases in the EtOH 70% (v/v) extract,
which is correlated to the data obtained for phenolic composition of the extracts.
2.5. Determination of Total Phenolic Content (TPC) and Total Flavonoid Content (TFC)
Besides the identified compounds, many other phenolic compounds are found in the flowers
of H. arenarium and A. dioica and contribute to their antioxidant activity. A comparative overview of
the total phenolic and flavonoid contents of the different extracts of the flowers of H. arenarium and
A. dioica species was performed. The total phenolic content (TPC) ranged from 13.74 mg GAE/g d.w.
ethanolic extracts of H. arenarium to 36.27 mg GAE/g d.w. for 70% (v/v) ethanolic extract of A. dioica
extract (Figure 2).

Figure 2. Total phenolic content (TPC) of H. arenarium and A. dioica flowers.

In both cases, the highest values in terms of total phenolic content were obtained by using
70% (v/v) ethanol as extraction solvent. Additionally, in all cases, values obtained for A. dioica extracts
were superior. In a study performed by Albayrak et al. [28] on Helichrysum sp. from Turkey, a TPC
value of 115.76 mg GAE/g of plant extract for methanolic extracts of H. arenarium subsp. aucheri was
obtained. Moreover, Grădinaru et al. [22] found a total phenolic content value of 160.17 mg GAE/g
d.w. for a methanolic extract of H. arenarium collected from Eastern part of Romania. However, these
results are rather hard to be compared with the ones presented herein, due to different extraction
solvents, as well as different ways of expressing values.
Regarding the total flavonoid content, the highest value was obtained for the methanolic extract of
H. arenarium (36.41 mg QE/g d.w.), while the lowest values were registered for the ethanolic extract of
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A. dioica (11.95 mg QE/g d.w.) (Figure 3). As a peculiarity, despite different extractive solvents, the TFC
values obtained for H. arenarium extracts were higher than the ones obtained for A. dioica extracts.

Figure 3. Total flavonoid content (TFC) of H. arenarium and A. dioica species.

2.6. Assay of the Antimicrobial Activity
The antibacterial and antifungal activities of H. arenarium and A. dioica species were tested against
a panel of five bacteria and five fungi, selected based on their relevance for public health. Additionally,
up-to-date information about the antibacterial and antifungal activities of extracts from H. arenarium
and A. dioica collected from Romania is limited. Staphylococcus aureus and Escherichia coli were the
most sensitive strains towards 70% (v/v) ethanolic extract of A. dioica and methanolic extracts of
H. arenarium and ethanolic extracts of H. arenarium, with similar values of MIC—7.81 mg/mL and
MBC—15.62 mg/mL (Tables 6 and 7).
Table 6. Minimum inhibitory concentration—MIC (mg/mL) of H. arenarium and A. dioica extracts and
standard antibiotic.

Samples

Staphylococcus
aureus
(ATCC 49444)

Bacillus cereus
(ATCC 11778)

Listeria
monocytogenes
(ATCC 19114)

Salmonella
typhimurium
(ATCC 14028)

Escherichia coli
(ATCC 25922)

A. dioica

MeOH
EtOH
EtOH 70%

62.5
15.62
7.81

62.5
31.25
31.25

31.25
62.5
31.25

31.25
31.25
31.25

15.62
15.62
7.81

H. arenarium

MeOH
EtOH
EtOH 70%

7.81
7.81
15.62

31.25
15.62
15.62

31.25
15.62
31.25

62.5
62.5
31.25

7.81
7.81
7.81

0.03

0.015

0.015

0.06

0.12

Streptomycin

Table 7. Minimum bactericidal concentration—MBC (mg/mL) of H. arenarium and A. dioica extracts
and standard antibiotic.
Staphylococcus
aureus
(ATCC 49444)

Bacillus cereus
(ATCC 11778)

Listeria
monocytogenes
(ATCC 19114)

Salmonella
typhimurium
(ATCC 14028)

Escherichia coli
(ATCC 25922)

MeOH
EtOH
EtOH 70%

125
31.25
15.62

125
62.5
62.5

62.5
125
62.5

62.5
62.5
62.5

31.25
31.25
15.62

MeOH
EtOH

15.62
15.62

62.5
31.25

62.5
31.25

125
125

15.62
15.62

EtOH 70%

31.25

31.25

62.5

62.5

15.62

0.06

0.030

0.030

0.12

0.24

Samples

A.dioica

H. arenarium

Streptomycin

Additionally, 70% (v/v) ethanolic extracts of H. arenarium showed a good antibacterial activity on
the E. coli strain (MIC—7.81 mg/mL, and MBC—15.62 mg/mL). Nonetheless, the most resistant
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strain was Listeria monocytogenes, showing the highest results for both MIC—62.5 mg/mL and
MBC—125 mg/mL values for ethanolic extracts of A. dioica. The antibacterial activity of phenolic
compounds has been demonstrated in various studies [29]. As a result, the antibacterial activity of
H. arenarium and A. dioica extracts could be attributed at least in part to phenolic compounds.
Concerning the antifungal activity of the samples (Table 8), Penicillium fumiculosum exhibited the
highest sensitivity to ethanolic extracts of H. arenarium and 70% (v/v) ethanolic extracts of H. arenarium
with MIC—7.81 mg/mL and MFC—15.62 mg/mL. Moreover, the strain of Candida albicans showed
a similar susceptibility to the inhibitory MIC—7.81 mg/mL and fungicidal MFC—15.62 mg/mL
of 70% (v/v) effects of ethanolic extracts of H. arenarium. Additionally, the most resistant fungal
strains were Aspergillus flavus and Aspergillus niger towards the methanolic extracts of A. dioica with
MIC—125 mg/mL and MFC—250 mg/mL, respectively. Overall, H. arenarium extracts presented
a superior antifungal activity than A. dioica samples, for all tested fungal strains. The antimicrobial
activity of the studied Helichrysum and Antennaria species could be at least partially ascribed to the
presence of chlorogenic acid. According to Lou et al. [30], chlorogenic acid induced lethal effect on
both Gram-positive and Gram-negative bacteria by provoking irreversible permeability changes in the
cell membrane, causing the cells to lose the ability to maintain membrane potential.
Table 8. Minimum inhibitory concentration MIC (mg/mL) and minimum fungicidal concentration
MFC (mg/mL) of H. arenarium and A. dioica extracts and standard antibiotic.
A. dioica
MeOH

Aspergillus flavus
Aspergillus niger
Candida albicans
Candida parapsilosis
Penicillium fumiculosum

EtOH

H. arenarium
EtOH 70%

MeOH

EtOH

EtOH 70%

Fluconazole

MIC

MFC

MIC

MFC

MIC

MFC

MIC

MFC

MIC

MFC

MIC

MFC

MIC

MFC

125
125
31.25
62.5
15.62

250
250
62.5
125
31.25

62.5
62.5
31.25
31.25
15.62

125
125
62.5
62.5
31.25

62.5
31.25
15.62
31.25
15.62

125
62.5
31.25
62.5
31.25

62.5
62.5
31.25
31.25
15.62

125
125
62.5
62.5
31.25

31.25
31.25
15.62
15.62
7.81

62.5
62.5
31.25
31.25
15.62

31.25
31.25
7.81
15.62
7.81

62.5
62.5
15.62
31.25
15.62

0.15
0.15
0.10
0.10
0.15

0.3
0.3
0.2
0.2
0.3

3. Materials and Methods
3.1. Plant Material
Flowers of H. arenarium were collected from Botos, ani county (North Eastern Romania), while
flowers of A. dioica were collected from Suceava county, (North Eastern Romania). The species
were identified by Dr. Ramona Păltinean, and voucher specimens were deposited in the Herbarium
of the Department of Pharmaceutical Botany, Faculty of Pharmacy, “Iuliu Hat, ieganu” University
of Medicine and Pharmacy, Cluj-Napoca, Romania (H. arenarium—Voucher No. 143.17.3.1 and
A. dioica— Voucher No. 143.14.1.1).
3.2. Extraction Procedure
Dried flowers belonging to the two species were ground to a fine powder. This powder (1.00 g)
was mixed with the appropriate solvent (20.00 mL) in a round-bottom flask and stirred for 20 min at
600 rpm on a mechanical stirrer. The solutions were then extracted by sonication for 30 min, at 70 ◦ C,
using as solvents methanol (99.98%), ethanol (96%) and 70% v/v ethanol in water. Subsequently,
extracts were filtered and evaporated to dryness under reduced pressure, using a rotary evaporator.
The crude extracts were weighed and stored in the refrigerator until they were analyzed. All analyses
were performed in triplicate on the three types of extracts and the results were presented as mean ± SD.
In order to obtain more accurate data on flavonoid glycosides and aglycones concentration, each
sample was analyzed before and after acid hydrolysis. Extractive solution (2.00 mL) was treated with
2 M hydrochloric acid (2.00 mL) and a 100 mg/mL ascorbic acid solution (0.20 mL). The mixtures were
heated at 80 ◦ C on a water bath for 30 min, ultrasonicated for 15 min, and re-heated for another 30 min
at 80 ◦ C. During the heating, 1.00 mL of each solvent was added to the extraction mixture every 10 min,
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in order to ensure a constant volume. The mixtures were centrifuged at 4000 rpm and the solutions
were diluted with distilled water in a 10.00 mL volumetric flask and filtered through a 0.45 µm filter
before injection [31]. For the antimicrobial activity, the obtained extracts were evaporated to dryness
under reduced pressure and re-suspended in bi-distilled water.
3.3. Chemicals
References used for the HPLC-MS analysis were purchased from Sigma Aldrich (St. Louis,
MO, USA): Chlorogenic acid, p-coumaric acid, caffeic acid, rutin, apigenin, quercetin, isoquercitrin,
quercitrin, hyperoside, kaempferol, myricetol, and fisetin, Roth (Karlsruhe, Germany): Ferulic acid,
sinapic acid, gentisic acid, gallic acid, patuletin, luteolin or from Dalton (Toronto, ON, Canada):
cichoric acid, caftaric acid. HPLC grade solvents, analytical grade acids used for mobile phases and
Folin-Ciocâlteu reagent were purchased from Merck (Darmstadt, Germany), together with sodium
carbonate, dipotassium hydrogen phosphate, potassium dihydrogen phosphate and aluminium
chloride used for antioxidant assays. ABTS (2,20 -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt) ≥98% purity, potassium peroxodisulfate (≥99% purity), DPPH, and Trolox
(6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid; ≥97% purity) also used in antioxidant
tests were purchased from Sigma Aldrich (Schnelldorf, Germany). Gallic acid monohydrate (99.5%)
was purchased from Serva, (Heidelberg, Germany).
3.4. HPLC-MS Analysis
3.4.1. Apparatus and Chromatographic Conditions
Polyphenols, methoxylated flavones and phytosterols were analyzed and quantified using an
HPLC-MS method. The apparatus consisted in an 1100 HPLC Series Agilent Technologies system
(Agilent, Santa Clara, CA, USA), equipped with a G1322A degasser, G13311A binary gradient pump,
column thermostat, G1313A autosampler and G1316A UV detector. The HPLC system was coupled
with an Agilent 1100 mass spectrometer (LC/MSD Ion Trap VL). The chromatographic data were
processed using ChemStation and DataAnalysis software from Agilent [25,32–34].
3.4.2. HPLC-MS Analysis of Phenolic Compounds
Analysis of phenols was carried out on by injecting 5 µL of the flowers extracts of H. arenarium
and A. dioica on a Zorbax SB-C18 reverse-phase analytical column (100 × 3.0 mm i.d., 3.5 µm particles)
and separation of compounds was performed using as a mobile phase a mixture of methanol and acetic
acid 0.1% v/v. The flow rate was set at 1 mL/min and working temperature was 48 ◦ C. The binary
gradient that allowed the elution of compounds started with 5% methanol in a linear mode and ended
with 42% methanol, for 35 min. The last 3 min of the gradient were set at 42% methanol. Detection of
the compounds was performed on UV, at 330 nm until 17.5 min and at 370 nm until the end of the
analysis time. The MS was also used for detection of compounds and was operated in a negative mode,
using an electrospray ion source. Using these conditions, all polyphenols could be eluted in less than
40 min (Table 9) [25,32–34].
The specific mass spectra of each polyphenol were recorded in a library and the MS traces/spectra
of the compounds that were found in samples were compared with spectra existing in the library.
Qualitative analysis of polyphenols was performed based on the MS signal, used for identification of
compounds; only compounds identified on basis of their MS spectra were further quantified using the
UV signal. Quantitative analyses were performed using the external standard method, with calibration
curves of 5 points, ranging between 0.5–50 µg/mL, having a good linearity (R2 > 0.999). Limit of
quantification in this method was 0.5 µg/mL, and the limit of detection was 0.1 µg/mL [25,32–34].
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Table 9. Retention times (RT) and values of m/z for the tested polyphenolic compounds.
Peak No.

Phenolic Compounds

m/z

RT ± SD (min)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Caftaric acid
Gentisic acid
Caffeic acid
Chlorogenic acid
p-Coumaric acid
Ferulic acid
Sinapic acid
Cichoric acid
Hyperoside
Isoquercitrin
Rutin
Myricetin
Fisetin
Quercitrin
Quercetin
Patuletin
Luteolin
Kaempferol
Apigenin

311
179
179
353
163
193
223
473
463
463
609
317
285
447
301
331
285
285
279

3.54 ± 0.05
3.52 ± 0.04
5.60 ± 0.04
5.62 ± 0.05
9.48 ± 0.08
12.8 ± 0.10
15.00 ± 0.10
15.96 ± 0.13
18.60 ± 0.12
19.60 ± 0.10
20.20 ± 0.15
21.13 ± 0.12
22.91 ± 0.15
23.64 ± 0.13
26.80 ± 0.15
29.41 ± 0.12
29.10 ± 0.19
32.48 ± 0.17
33.10 ± 0.15

Note: Values represent the mean ± SD (standard deviation).

3.4.3. HPLC-MS Analysis of Methoxylated Flavones
Analysis of methoxylated flavones was carried out on the same HPLC instrument, using the same
analytical column. Mobile phase also consisted in the mixture of 0.1% (v/v) acetic acid and methanol,
but ratios of solvents were changed in order to better perform the separation of compounds. Total
duration of the method was less than 10 min and gradient began with 45% methanol and ended at
50% methanol, with a flow rate of 0.9 mL/min. Injection volume was 5 µL and temperature was set at
48 ◦ C. Detection was performed on the same MS/MS system, using an electrospray ionization (ESI)
source, in negative mode. Conditions used for detection were set as following: nebulizer pressure
at 60 psi, gas (nitrogen) temperature at 325 ◦ C with a flow rate of 12 L/min, and capillary voltage
+2500 V. Specific fragments were monitored. Identification was achieved by comparison of retention
times and mass spectra for the existing references (Table 10) and compounds identified in samples.
Parent ions were detected as forms of the molecules, which have lost a proton. The multiple reaction
monitoring mode was used in order to avoid background interferences [33,34].
Table 10. Retention times (RT) and specific ions of the tested methoxylated flavones.
Compound

Retention Time (min)

M

M − H−

Ions/Fragments

Jaceosidin
Hispidulin
Eupalitin
Eupatorin
Casticin
Acacetin

2.9
4.2
7.05
7.6
8.05
9.8

330.3
300.2
344.3
344.3
374.3
284.3

329.3
299.2
343.3
343.3
373.3
283.3

314
284
328
328
358
268

3.4.4. HPLC-MS Analysis of Phytosterols
Conditions for the analysis of phytosterols were also slightly different from the ones described in
the analysis of polyphenols and methoxylated flavones. Same apparatus was used for the separation
of compounds. Chromatographic analytical column was the same, but elution of compounds was
performed in an isocratic mode, in a mixture of 10:90 (v/v) of methanol and acetonitrile. Flow rate
was set at 1 mL/min, chromatographic system was operated at 40 ◦ C and the injection volume was
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5 µL. For detection of compounds, the same mass spectrometer was used, with an atmospheric
pressure chemical ionization (APCI) interface, in a positive mode. Conditions were set as following:
gas temperature (nitrogen) 325 ◦ C at a flow rate of 7 L/min, nebulizer pressure 60 psi and capillary
voltage −4000 V. Identification of compounds was performed on the same basis as the one performed
for methoxylated flavones, using the multiple reactions monitoring analysis model (Table 11) [32].
Table 11. Retention times (RT) and specific ions of the phytosterols.
Phytosterol

Retention Time (min)

M

M − H2 O

M − H2 O + H+

Ergosterol
Brassicasterol
Stigmasterol
Campesterol
Sitosterol

2.6
3.3
4.0
4.0
4.6

396
398
412
400
414

378
380
394
382
396

379
381
395
383
397

3.5. Determination of Total Phenolic Content
The TPC was determined using the Folin–Ciocâlteu method. For a high throughput of samples,
a SPECTROstar Nano Multi—Detection Microplate Reader with 96-well plates (BMG Labtech,
Ortenberg, Germany) was used. Briefly, a mixture solution consisting of 20 µL of extract, 100 µL
of Folin-Ciocâlteu reagent and 80 µL of sodium carbonate (Na2 CO3 , 7.5% w/v) was homogenized and
incubated at room temperature in the dark for 30 min. Afterwards, the absorbance of the samples was
measured at 760 nm. Gallic acid was used as a reference standard, and the TPC was expressed as gallic
acid equivalents (GAE) in mg/g dry weight (d.w.) of plant material [35,36].
3.6. Determination of Total Flavonoid Content
The total flavonoid content (TFC) was calculated and expressed as quercetin equivalents using
a method previously described by Mocan et al. [37,38]. Briefly, a 100 µL aliquot of 2% AlCl3 aqueous
solution was mixed with 100 µL of sample. After an incubation time of 15 min, the absorbance of
the sample was measured at 420 nm. Quercetin was used as a reference standard, and the TFC was
expressed as quercetin equivalents (QE) in mg/g dry weight (d.w.) of plant material.
3.7. Antioxidant Activity Assays
3.7.1. TEAC Assay
The TEAC of the different Helichrysum and Antennaria extracts against the stable synthetic ABTS
radical cation was tested using the method described by Martinez et al. [39] and Savran et al. [40].
A Trolox calibration curve was plotted as a function of the percentage of ABTS radical cation scavenging
activity, and the results were expressed as milligrams of trolox equivalents (TE) per milliliter of herbal
extract (mg TE/mL).
3.7.2. DPPH Assay
The antioxidant capacity of the investigated samples against the DPPH radical was tested using
the method previously described by Martins et al. and Mocan et al. [41,42]. A Trolox calibration curve
was plotted as a function of DPPH consumption, and the results were expressed as milligrams of trolox
equivalents (TE) per milliliter of herbal extract (mg TE/mL).
3.8. Assay of Antimicrobial Activity
3.8.1. Bacteria and Culture Conditions
For this bioassay, five aerobic bacterial strains were used, Staphylococcus aureus (ATCC 49444),
Bacillus cereus (ATCC 11778), Listeria monocytogenes (ATCC 19114), Salmonella typhimurium (ATCC 14028),
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and Escherichia coli (ATCC 25922). All of the tested microorganisms were obtained from the Laboratory
of Food Biotechnology, Life Sciences Institute, University of Agricultural Sciences and Veterinary
Medicine, Cluj Napoca, Romania. The bacteria were cultured on Muller-Hinton Agar and stored at
4 ◦ C and subcultured once a month.
The modified microdilution technique was used to evaluate antimicrobial activity as previously
reported by Mocan et al. [29,38]. Bacterial species were cultured overnight at 37 ◦ C in Tryptic Soy Broth
(TSB) medium. The bacterial cell suspensions were adjusted with sterile saline to a concentration of
approximately 3 × 105 CFU/mL in a final volume of 100 µL per well. The inoculum was stored at +4 ◦ C
for further use. Dilutions of the inoculum were cultured on solid Muller–Hinton (MH) for bacteria
to verify the absence of contamination and to check the validity of the inoculum. Determinations of
minimum inhibitory concentrations (MICs) were performed by a serial dilution technique using 96-well
microtitre plates. The concentration range of extracts was 1000–0.03 mg/mL. Different solvent dilutions
of ethanol: methanol extracts were carried out over the wells containing 100 µL of Tryptic Soy Broth
(TSB) and afterwards, 10 µL of inoculum was added to all the wells. The microplates were incubated
for 24–48 h at 37 ◦ C. The MIC of the samples was detected following the addition of 20 µL (0.2 mg/mL)
of resazurin solution to each well, and the plates were incubated 2 h at 37 ◦ C. A change from blue to
pink indicates reduction of resazurin and, therefore, bacterial growth. The MIC was defined as the
lowest drug concentration that prevented this color change. The minimum bactericidal concentrations
(MBCs) were determined by serial subcultivation of a 2 µL into microtitre plates containing 100 µL
of broth per well and further incubation for 48 h at 37 ◦ C. The lowest concentration with no visible
growth was defined as MBC, indicating 99.5% killing of the original inoculum. Streptomycin (Sigma
P 7794) (0.05–3 mg/mL) was used as positive control. Water was used as negative control.
3.8.2. Antifungal Activity
To investigate the antifungal activities, the following fungi were used: Aspergillus flavus
(ATCC 9643), Aspergillus niger (ATCC 6275), Candida albicans (ATCC 10231), Candida parapsilosis
(ATCC 22019) and Penicillium funiculosum (ATCC 56755). These fungi were obtained from the
Laboratory of Food Biotechnology, Life Sciences Institute, University of Agricultural Sciences and
Veterinary Medicine, Cluj-Napoca, Romania. Cultures were maintained on malt agar at 4 ◦ C and
subcultured every month. Spore suspension (1.0 × 105 ) was obtained by washing agar plates with
sterile solution containing (0.85% saline, 0.1% Tween 80 (v/v), then added to each well to a final volume
of 100 µL. Inocula were screened for contamination by culturing on a solid medium. The minimum
inhibitory (MIC) and minimum fungicidal (MFC) concentrations assays were performed using the
microdilution method by preparing a serial of dilutions in 96-well microtiter plates. The extracts
were diluted in 0.85% saline (10 mg/mL), then added to microplates containing Broth Malt medium
with inoculum and incubated for 72 h at 28 ◦ C on a rotary shaker. The lowest concentrations without
visible growth (at the binocular microscope) were defined as minimal inhibitory concentrations (MICs).
The fungicidal concentrations (MFCs) were determined by serial sub-cultivation of 2 µL of tested
extracts dissolved in medium and inoculated for 72 h, into microtiter plates containing 100 µL of broth
per well and further incubation 72 h at 28 ◦ C. The lowest concentration with no visible growth was
defined as MFC indicating 99.5% killing of the original inoculum. The fungicide fluconazole was
used as positive control (1–3500 µg/mL). All experiments were performed in duplicate and repeated
thrice [29].
3.9. Statistical Analysis
The samples have been analyzed in triplicate; the average and the relative SD have been calculated
using the Excel software package (Microsoft, Redmond, WA, USA).

Molecules 2018, 23, 409

13 of 15

4. Conclusions
An in-depth chemical composition of several classes of bioactive compounds revealed that
traditionally used Romanian H. arenarium and A. dioica represent important sources of bioactive
compounds with potent in vitro activities. According to the obtained results, H. arenarium and
A. dioica 70% EtOH extracts represent important sources of chlorogenic acid and flavonoids. Moreover,
the biological properties of these species indicate their potential usage in oxidative stress related
disorders. Particularly, even though the investigated species are traditionally used as herbal remedies
with antimicrobial potential, the results obtained for the current investigated samples are modest.
However, further studies are necessary in order to elucidate the mechanisms of in vivo antioxidant
and microbial inhibition action, bioavailability and involved metabolic pathways.
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composition and antimicrobial activities of essential oils of Myrrhis odorata (L.) Scop, Hypericum perforatum
(L.) and Helichrysum arenarium (L.) Moench. J. Essent. Oil Res. 2005, 17, 341–345. [CrossRef]
Păltinean, R.; Mocan, A.; Vlase, L.; Gheldiu, A.; Cris, an, G.; Ielciu, I.; Vos, tinaru, O.; Cris, an, O. Evaluation
of Polyphenolic Content, Antioxidant and Diuretic Activities of Six Fumaria Species. Molecules 2017, 639.
[CrossRef] [PubMed]
Parvu, M.; Toiu, A.; Vlase, L.; Alina Parvu, E. Determination of some polyphenolic compounds from Allium
species by HPLC-UV-MS. Nat. Prod. Res. 2010, 24, 1318–1324. [CrossRef] [PubMed]
Kiselova, I.; Ivanova, D.; Chervenkov, T.; Gerova, D.; Galunska, B.; Yankova, T. Correlation between
the In Vitro Antioxidant Activity and Polyphenol Content of Aqueous Extracts from Bulgarian Herbs.
Phytother. Res. 2006, 20, 961–965. [CrossRef] [PubMed]
Albayrak, S.; Aksoy, A.; Sagdic, O.; Hamzaoglu, E. Compositions, antioxidant and antimicrobial activities of
Helichrysum (Asteraceae) species collected from Turkey. Food Chem. 2010, 119, 114–122. [CrossRef]
Mocan, A.; Zengin, G.; Simirgiotis, M.; Schafberg, M.; Mollica, A.; Vodnar, D.C.; Cris, an, G.; Rohn, S.
Functional constituents of wild and cultivated Goji (L. barbarum L.) leaves: Phytochemical characterization,
biological profile, and computational studies. J. Enzym. Inhib. Med. Chem. 2017, 32, 153–168. [CrossRef]
[PubMed]
Lou, Z.; Wang, H.; Zhu, S.; Ma, C.; Wang, Z. Antibacterial activity and mechanism of action of chlorogenic
acid. J. Food Sci. 2011, 76, M398–M403. [CrossRef] [PubMed]
Vlase, L.; Parvu, M.; Parvu, E.A.; Toiu, A. Phytochemical analysis of Allium fistulosum L. and A. ursinum L.
Dig. J. Nanomater. Biostruct. 2012, 8, 457–467.
Mocan, A.; Vodnar, D.; Vlase, L.; Cris, an, O.; Gheldiu, A.-M.; Cris, an, G. Phytochemical Characterization
of Veronica officinalis L., V. teucrium L. and V. orchidea Crantz from Romania and Their Antioxidant and
Antimicrobial Properties. Int. J. Mol. Sci. 2015, 16, 21109–21127. [CrossRef] [PubMed]

Molecules 2018, 23, 409

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

15 of 15
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Abstract: The present study aimed, on the one hand, to improve the yield of microwave assisted
extraction (MAE) of polyphenols from beech bark by using a design of experiments (DoE) approach.
On the other hand, beech bark extracts (BBE) were characterized in terms of their phytochemical
profile and evaluated for biological potential (antioxidant, antibacterial, antifungal, antimutagen,
anti-α-glucosidase, and anti-tyrosinase). The extraction time varies with the amount of extracted total
phenolic content (TPC). The microwave power favors TPC extraction but in different proportions.
The optimum conditions which gave the highest TPC (76.57 mg GAE/g dry plant material) were
reached when the microwave power was 300 W, extraction time was 4 min, and the solvent was an
ethanol–water (50:50) mixture. The practical value of TPC after a controlled experiment was 76.49 mg
GAE/g plant material. The identified compounds were vanillic acid, gallic acid, epicatechin, catechin,
protocatechuic acid, chlorogenic acid, ferulic acid, and isoquercitrin. The antioxidant potential of
BBEs was demonstrated by in vitro experiments. The BBEs were active against Staphylococcus aureus,
Pseudomonas aeruginosa, Salmonella typhimurium, Escherichia coli, and Candida species. All extracts
were antimutagenic and expressed an inhibition on α-glucosidase and tyrosinase activity. Regarding
antimutagen activity, the assayed extracts may be considered to have low or no antimutagen effects.
Keywords: antioxidant; antibacterial; antifungal; antimutagen; anti-α-glucosidase; anti-tyrosinase;
beech bark; microwave assisted extraction; optimization
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1. Introduction
Bark plays an important role in protecting woody vascular plants, especially through its content
in bioactive compounds with an antimicrobial effect [1]. The bark of woody plants is considered to
be a by-product of the forestry and wood industry. This can be an important source of bioactive
compounds with a high recovery potential. Numerous studies show the importance and value of bark.
Moreover, bark extracts can have biological effects, such as antioxidant, antibacterial, anti-inflammatory,
anti-tumor, etc., [2–6]. It has been determined that the bio-activity of bark natural extracts is mainly
due to their content in phenolic compounds [7,8].
The beech (Fagus sylvatica L.) is one of the most widespread woody vascular plants in Europe and
particularly in Romania, with a high economic value [9]. Beech wood is mostly used for fire wood or in
the wood processing industry. After processing beech wood, a significant amount of bark is obtained.
Some literature data highlights that beech bark can be a rich source of bioactive compounds [10,11].
Furthermore, in a previous study some of the phenolic compounds obtained from beech bark by hot
water extraction were identified (vanillic acid, catechin, taxifolin and syringin) [11,12]. Hofmann et al.
identified 37 compounds in beech bark extracts, including catechin, epicatechin, quercetin, taxifolin,
procyanidins, syringic acid, and coumaric acid [12]. Regarding the biological activity of beech bark
extracts, literature information is quite limited. In previous works, the antibacterial and antitumor
activity of beech bark aqueous extracts, obtained by classical extraction, was evaluated [11,13]. Beech
bark extracts induced a decrease in A375 melanoma cell viability [13] and antimicrobial activity against
Staphylococcus aureus including methicillin-resistant strains [11]. In another study, Hofmann et al. [10]
found that the most efficient antioxidants in beech bark were the (+)-catechin, procyanidin B dimer 2,
(−)-epicatechin, and coniferin isomer 2. Consequently, the research directions are oriented towards the
identification and isolation of the bioactive compounds and the description of their mechanisms of
action at the level of living organisms, finally with possibility of exploitation and functionalization on
an industrial scale.
The main objectives of the current study were: (1) to optimize the extraction yield of phenolic
compounds from beech bark (BB) based on an original experimental design; (2) the characterization of
the phytochemical profile of optimized beech bark extracts (BBE); (3) the evaluation of the biological
potential (antioxidant, antibacterial, antifungal, antimutagen, and enzyme inhibitory activity) of the
optimized BBE.
2. Materials and Methods
2.1. Chemicals
The reagents used in this study were acetone, ethanol, methanol, hydrochloric acid (37%), and
Folin-Ciocâlteu reagent, all of which were purchased from Merck (Darmstadt, Germany).
The standards used for both spectrophotometric and LC-MS/MS analysis were: quercetin
(≥95%), hyperoside (quercetin 3-D-galactoside, ≥97%), isoquercitrin (quercetin 3-D-glucoside, ≥98%),
quercitrin (quercetin 3-rhamonoside, ≥78%), (+)-catechin (≥96%), (−)-epicatechin (≥90%), vanillic acid
(≥97%), syringic acid (≥95%), protocatechuic acid (3,4-dihydroxybenzoic acid, ≥97%), campesterol
(~65%), ergosterol (≥95%), and stigmasterol (~95%) purchased from Sigma-Aldrich, gallic acid (≥98%)
purchased from Merck (Darmstadt, Germany), and beta-sitosterol (≥80%) purchased from Carl Roth
(Karlsruhe, Germany).
2.2. Plant Sample
The beech (Fagus sylvatica L.) bark samples were collected from Gurghiu Mountains, Toplit, a
region, Mures, County, Romania, during November and December 2017. The age of the test trees was
about 15–20 years. Only the bark was collected from the stems of the beech trees and (2.0 kg each)
splintered manually. The species was identified and authenticated by Dr. Corneliu Tanase from the
Department of Pharmaceutical Botany, the first author of the manuscript. The beech bark was air-dried
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at room temperature (10.5% humidity) and milled in a GRINDOMIX GM 2000 mill to a mean particle
size diameter of 0.5 mm. The biomass was directly used without any pre-treatments.
2.3. Extraction
The extraction process was carried out based on a DoE (Design of Experiments) developed using
Modde software, version 11.0 (Sartorius Stedim Data Analytics AB, Umeå, Sweden). The D-optimal
design type, which is based on the selection of the experiments so that they are spread over the largest
area of the variability matrix, allowed the study of two quantitative factors which varied on different
levels, namely the microwave power, with 4 levels of variation (300, 450, 600, 800 W) and the extraction
time, varied over 3 levels (2, 3, 4 min). The amount of extracted total phenolic content (TPC) using
different solvent types (water, ethanol–water 50:50 and 80:20) was introduced in the DoE as 3 separate
responses, which allowed a good comparison of the solvents’ TPC extraction capacities (Table 1).
Table 1. Variables, symbols, and levels of variation used in the experimental design.
Variables

Symbol

Level of Variation

Independent Variables (Factors)
Extraction time (min)
Microwave power (W)

X1
X2

2
300

450

3
600

4
800

Dependent Variables (Responses)
Extraction solvent-water
Extraction solvent—50:50 ethanol–water
Extraction solvent—80:20 ethanol–water

BBE 1
BBE 2
BBE 3

Notes: mg GAE/g = gallic acid equivalents per gram plant material.

Bark was weighed (2 g) and mixed with 20 mL of solvent (water, 50:50 ethanol–water, 80:20
ethanol–water) in Falcon tubes. The Microwave extraction (MAE) was performed using a domestic
microwave oven (Samsung MS23K3513). 7. After extraction, solvent was added to give a final volume
of 20 mL. Each tube was centrifuged (Hettich, Micro 22R, Andreas Hettich GmbH & Co., Tuttlingen,
Germany) 15 min at 3000 rpm, maintaining the extraction temperature. The supernatant was carefully
separated, and the solvent was removed under vacuum at 40 ◦ C using a rotary evaporator (Hei-VAP,
Heidolph Instruments GmbH & Co., Schwabach, Germany).
2.4. Quantitative Determinations of Total Phenolic Content
The total phenolic content (TPC) of the BBE extracts was determined by Folin-Ciocâlteu
spectrophotometric method according to a method described previously [14]. Gallic acid was
used as a reference standard, and the content of phenolics was expressed as gallic acid equivalents
(GAE) per gram of dry plant material (mg GAE/g dry plant material).
2.5. Phytochemical Analysis by LC-MS/MS
For the description of bark extracts’ phytochemical composition a validated analytical method of liquid
chromatography tandem mass spectrometry was employed (LC-MS/MS). The analysis was performed
using an Agilent 1100 HPLC Series system (Agilent, Santa Clara, CA, USA) which was equipped with
binary gradient pump, degasser, auto sampler, column thermostat, and UV detector. The LC system was
coupled with an Agilent Ion Trap 1100 SL mass spectrometer (LC/MSD Ion Trap VL).
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The LC-MS/MS analytical method was previously developed and validated [15,16] and was used for
the identification of 18 polyphenols in BBE samples: caftaric acid, gentisic acid, caffeic acid, chlorogenic
acid, p-coumaric acid, ferulic acid, sinapic acid, hyperoside, isoquercitrin, rutin, myricetol, fisetin,
quercitrin, quercetin, patuletin, luteolin, kaempferol, and apigenin. For the chromatographic separation
of polyphenols, a reverse-phase analytical column was used (Zorbax SB-C18, 100 mm × 3.0 mm i.d.,
3.5 µm). The mobile phase was a mixture of methanol: acetic acid 0.1% (v/v) and a binary gradient
was used. The elution started with a linear gradient, beginning with 5% methanol and ending at
42% methanol for 35 minutes; then isocratic elution followed for 3 min with 42% methanol. For the
chromatographic data processing, the ChemStation and DataAnalysis software (Agilent, Santa Clara,
CA, USA) were used.
Moreover, in order to identify other six polyphenols in BBE samples (epicatechin, catechin, syringic
acid, gallic acid, protocatechuic acid, and vanillic acid) a second LC-MS method was employed [15].
For the separation of the aforementioned compounds, the same analytical column as previously
specified was used. Likewise, the mobile phase consisted of a mixture of methanol: acetic acid 0.1%
(v/v) and a binary gradient was used. The elution started with 3% methanol for 3 min, followed by
8% methanol until 8.5 min when 20% methanol was used and kept for the next 10 min, and then the
column was rebalanced with 3% methanol. The flow rate was set at 1 mL/min and the sample injection
volume was 5 µL. The MS detection mode was selected for detection of the polyphenolic compounds.
The ionization on the MS system was in negative mode using an electrospray ion source (capillary
+3000 V, nebulizer 60 psi (nitrogen), dry gas nitrogen at 12 L/min, dry gas temperature 360 ◦ C). Each
identified polyphenol was further quantified in BBE extracts. The results were expressed as milligrams
of phenolic compound per gram of herbal material.
2.6. Antioxidant Activity Assays
The capacity to scavenge the DPPH, monitored according to the method described by
Martins et al. [15,17] was performed by using a SPECTRO star Nano microplate reader (BMG Labtech,
Offenburg, Germany). The results were expressed as Trolox equivalents (TE) per gram of dry extract
(mg TE/g of dry extract).
The radical scavenging activity of the beech bark extracts against ABTS was measured according
to Mocan et al. [18]. The results were expressed as milligrams of TE per gram of dry extract (mg TE/g
dry extract).
In FRAP assay, the reduction of Fe3+ -TPTZ to blue-colored Fe2+ -TPTZ complex was monitored [19].
Briefly, the FRAP reagent was prepared by mixing ten volumes of acetate buffer (300 mM, pH 3.6), one
volume of TPTZ solution (10 mM TPTZ in 40 mM HCl) and one volume of FeCl3 solution (20 mM
FeCl3 ·6H2 O in 40 mM HCl). The reaction mixture (25 µL sample and 175 µL FRAP reagent) was
incubated for 30 min at room temperature (in the dark) and the absorbance was measured at 593 nm
(SPECTROstar Nano Multi-Detection Microplate Reader with 96-well plates, BMG Labtech, Ortenberg,
Germany). A TroloxTM calibration curve (0.01–0.10 mg/mL) was plotted, and the results were expressed
as milligrams of TE per milligram of dry extract (mg TE/mg dry extract).
2.7. Antidiabetic (Glucosidase inhibitory) Assay
The α-glucosidase inhibitory assay was measured according to method described previously [20,21].
In brief, 50 µL of sample diluted in 50 µL 100 mM-phosphate buffer (pH 6.8) in a 96-well
microplate, were mixed with 50 µL yeast α-glucosidase for 10 min before 50 µL substrate (5 mM,
p-nitrophenyl-α-D-glucopyranoside prepared in same buffer) were added. The release of p-nitrophenol
was measured at 405 nm, 20 min after incubation. The blanks for test samples were prepared, and acarbose
was used as a standard inhibitor, the results being expressed as IC50 or percentage of inhibition (where the
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sample was not enough active to be able to calculate an IC50 value for a tested concentration of 8 mg/mL)
using the following formula:
Inhibition (%) = [(Abscontrol − Abssample )/Abscontrol ] × 100

(1)

2.8. Tyrosinase Inhibitory Activity
Tyrosinase inhibitory activity of each sample was determined by method previously described by
Chen et al. [22] using a SPECTROstar Nano Multi-Detection Microplate Reader with 96-well plates
(BMG Labtech, Ortenberg, Germany). Samples were dissolved in water containing 5% DMSO; for each
sample four wells were designated as A, B, C, D; each one contained a reaction mixture (200 µL) as
follows: (A) 120 µL of 66 mM phosphate buffer solution (pH = 6.8) (PBS), 40 µL of mushroom tyrosinase
in PBS (46 U/mL) (Tyr), (B) 160 µL PBS, (C) 80 µL PBS, 40 µL Tyr, 40 µL sample, and (D) 120 µL PBS,
40 µL sample. The plate was then incubated at room temperature for 10 min; after incubation, 40 µL of
2.5 mM L-DOPA in PBS solution were added in each well and the mixtures were incubated again at
room temperature for 20 min. The absorbance of each well was measured at 475 nm, and the inhibition
percentage of tyrosinase activity was calculated by the following equation, using a kojic acid solution
(0.10 mg/mL) as a positive control:
%I =

(A − B) − (C − D)
× 100
(A − B)

(2)

2.9. Assay of Antimicrobial Activity
2.9.1. Bacteria and Culture Conditions
For bacterial strains were used: one gram positive strain, Staphylococcus aureus (ATCC 49444),
and three gram negative strains, namely Pseudomonas aeruginosa (ATCC 27853), Salmonella typhimurium
(ATCC 14028) and Escherichia coli (ATCC 25922). The strains were cultured on Muller-Hinton agar
stored at 4 ◦ C.
2.9.2. Microdilution Method
The modified microdilution technique was used to evaluate the antimicrobial activity. Cell
suspensions were adjusted to a concentration of approximately 2 × 105 CFU/mL in a final volume of
100 µL per well. The inoculum was stored at 4 ◦ C for further use. Minimum inhibitory concentrations
(MICs) were performed using 96-well plates. Dilutions of the extracts were carried out in wells
containing 100 µL of Muller-Hinton broth and 10 µL of inoculum was added to all the wells.
The microplates were incubated for 24 h at 37 ◦ C. The MIC was detected following the addition of 20 µL
(0.2 mg/mL) of resazurin solution to each well, and the plates were incubated 2 h at 37 ◦ C. The MIC was
identified as the lowest concentration that prevented the color change from blue to pink. The minimum
bactericidal concentrations (MBCs) were determined by serial subcultivation of 2 µL into 96-well plates
containing 100 µL of broth per well and further incubation for 48 h at 37 ◦ C. The lowest concentration
with no visible growth was defined as MBC, indicating 99.5% killing of the original inoculum.
2.9.3. Antifungal Activity
Antifungal activities were investigated by using the following fungi: Candida albicans (ATCC 10231),
Candida parapsilosis (ATCC 22019), and Candida zeylanoides (ATCC 20356). Spore suspension (1.5 × 105 )
was obtained by washing agar plates with sterile solution (0.85% saline, 0.1% Tween 80 (v/v)), then
added to each well for a final volume of 100 µL. The minimum inhibitory (MIC) and minimum
fungicidal (MFC) concentrations assays were performed using the microdilution method by preparing
a serial of dilutions in 96-well plates. The extracts were diluted in 0.85% saline (10 mg/mL), then added
to microplates containing Broth Malt medium with inoculum and incubated for 72 h at 28 ◦ C on a
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rotary shaker. The lowest concentrations without visible growth (at the binocular microscope) were
defined as minimal inhibitory concentrations (MICs). The fungicidal concentrations (MFCs) were
determined by serial sub-cultivation of 2 µL of tested extracts dissolved in medium and inoculated
for 72 h, into microtiter plates containing 100 µL of broth per well and further incubation for 72 h at
28 ◦ C. The lowest concentration with no visible growth was defined as MFC indicating 99.5% killing of
the original inoculum. The fungicide fluconazole (Sigma F 8929, Santa Clara, CA, USA) was used as
positive control (1–3500 µg/mL). All the experiments were performed in duplicate and repeated thrice.
Water was used as a negative control.
2.10. Mutagen and Antimutagen Activity
Mutagen and antimutagenity of samples were examined using the plate incorporation method [23]
described in detailed by Sarac and Sen [24]. 4-NPD (4-nitro-o-phenylenediamine) 3 µg/plate and NaN3
8 µg/plate were used as positive controls for S. thyphimurium TA98 and S. thyphimurium TA100 (negative
control—ethanol:water 1:1, v/v). The concentration of BBE was 5 mg/plate. The antimutagenity of the
reference mutagens in the absence of the BBE was defined as 0% inhibition, and the antimutagenity
was calculated according to the formula given by Ong et al., [25] as it follows: % Inhibition = [1 − T/M]
× 100, where, T is the number of revertants per plate in the presence of mutagen and the BBE and M
is the number of revertants per plate (without BBE) in the positive control. The data was presented
as mean ± standard deviation (SD). Antimutagenity was recorded as follows: strong: 40% or more
inhibition; moderate: 25%–40% inhibition; low/none: 25% or less inhibition [26].
2.11. Statistical Analysis
All samples were analyzed in triplicate (n = 3) and the results were expressed as the mean ±
Standard Deviation (SD). The statistical analysis of the obtained experimental data was also performed
by using the Modde 11.0 DoE software (Sartorius Stedim Data Analytics AB, Umeå, Sweden), which
automatically calculated the statistical parameters necessary for the evaluation of the fitting quality,
including the ANOVA test.
3. Results and Discussion
3.1. Fitting of the Experimental Data with the Models
The quantitative factors studied were the microwave power, with 4 levels of variation (300, 450,
600, 800 W) and the extraction time, varied over 3 levels (2, 3, 4 min). The total phenolic contents
(TPCs) extracted with different solvent types (water, ethanol–water 50:50 and 80:20) were introduced in
the DoE as 3 separate responses, which allowed a good comparison of their TPC extraction capacities.
As presented in Table 2, the design matrix calculated by the DoE software comprised
15 experimental runs, including three replicates that were used to confirm the experimental
reproducibility, and to allow the identification of potential errors. Moreover, in order to reduce
foreseeable results, the experimental runs were performed in a randomized order, dictated by the
software. After performing all experimental runs, the registered response values were centralized
and further introduced into the DoE matrix, where the fitting of the data has been accomplished by
applying a multiple linear regression (MLR) algorithm. The fitting quality was evaluated by using the
recommended, most reliable statistical parameters, i.e., the goodness of fit (R2), prediction capacities
(Q2), model reproducibility given by the three performed replicates and model validity represented by
the ANOVA test.
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Table 2. Matrix of experimental design and experimental results for total phenolic content (TPC).

Sample
Code

Run
Order

N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
N11
N12
N13
N14
N15

Independent Variables
(Factors)
Extraction
Time (min)

Microwave
Power (W)

2
4
3
2
4
3
4
3
2
2
4
4
3
3
3

300
300
300
450
450
450
600
600
800
800
800
800
600
600
600

1
6
3
2
7
5
11
10
8
14
4
12
9
15
13

Dependent Variables
(Responses)
BBE 1

BBE 2

BBE 3

(TPC mg GAE/g Dry Plant Material ± SD)
51.53
47.44
50.53
56.79
48.19
54.55
52.79
58.61
71.80
72.31
56.15
55.68
58.91
59.00
59.10

67.27
76.46
69.59
66.43
77.53
70.32
72.43
72.06
73.02
72.46
73.23
73.32
72.09
71.91
71.92

62.26
61.87
64.77
66.20
66.00
67.86
70.95
70.20
64.12
64.27
65.97
66.07
69.81
70.33
69.93

Notes: values with bold—outliers, TPC—total phenolic content expressed as mg GAE/g—gallic acid equivalents per
dry plant material. BBE 1—extracts obtained with water 100%, BBE 2 extracts obtained with ethanol–water 50:50,
BBE 3 extracts obtained with ethanol–water 80:20. Each value is the mean ± SD of three independent measurements.

Firstly, in order to improve the raw model by identifying and eliminating potential outliers, two
graphs were generated for each response separately; the residuals plot (Figure 1a) which illustrates the
residuals on a cumulative normal probability scale and the observed vs. predicted plot (Figure 1b)
which allows the investigation of individual points that deviate from the diagonal line. By analyzing
the two plots, outliers—marked with gray in Table 3, have been identified and eliminated, providing
in this way an excellent fitted model, with high prediction capacities, as shown in the summary of
fit chart (Figure 1c). In order to confirm the statistical validity of the model, the ANOVA test was
performed (Supplementary file, Table S1). The registered p values were <0.001 for the model, describing
a statistically valid design, indicating a significant impact of the factors on the responses. The p values
registered for the lack of fit were > 0.099, showing that the model has insignificant lack of fit [27].
The generated coefficient plot (Figure 1d) allows the evaluation of factors’ (independent variables)
effects over the obtained responses, this type of diagram is used to evaluate the significance and
influence of the model terms, each term or interaction being represented as a scaled and centered
coefficient. In the present case, the diagram, shows that the extraction time varies inversely (for water
100%) or directly (for ethanol–water 50:50) with the amount of extracted TPC. The microwave power
favors TPC extraction but in different proportions.
Table 3. Optimal extraction parameters, DoE predicted and experimental obtained values of the
extracted TPC.
Extraction Solvent

Symbol

Extraction
Time
(min)

Microwave
Power
(W)

DoE Predicted
Values

water
50:50 ethanol–water
80:20 ethanol–water

BBE 1
BBE 2
BBE 3

2
4
3.1

800
300
600

72.05
76.55
70.09

Experimental
Obtained Values

Recovery
(%)

(TPC mg GAE/g Plant Material)
69.76
76.31
69.75

96.82
99.69
99.51

Notes: BBE 1—extracts obtained with water 100%, BBE 2—extracts obtained with ethanol–water 50:50, BBE
3—extracts obtained with ethanol–water 80:20.

The generated coefficient plot (Figure 1d) allows the evaluation of factors’ (independent
variables) effects over the obtained responses, this type of diagram is used to evaluate the significance
and influence of the model terms, each term or interaction being represented as a scaled and centered
coefficient. In the present case, the diagram, shows that the extraction time varies inversely (for water
100%) or directly
(for ethanol–water 50:50) with the amount of extracted TPC. The microwave power
Antioxidants
2019, 8, 417
8 of 14
favors TPC extraction but in different proportions.

Figure 1. Graphical
Graphicalsummary
summaryofof(a)
(a)residuals
residualsnormal
normalprobability;
probability;(b)(b)observed
observed
predicted
vs.vs.
predicted
(c)
(c)
summary
scaledand
andcentered
centeredcoefficients
coefficients(TPC100—total
(TPC100—totalphenolic
phenolic content
content in extracts
summary
of of
fit;fit;
(d)(d)
scaled
obtained with water 100%, TPC50/50—total phenolic content in extracts obtained with ethanol–water
50:50, TPC80/20—total
TPC80/20—total phenolic
phenolic content
content in
in extracts
extracts obtained
obtained with
with ethanol–water
ethanol–water 80:20).
80:20).

3.2.
Optimization of
of the
the Extraction
Extraction Parameters
Parameters
3.2. Optimization
The fitting and analysis of the data obtained after performing all the experimental runs stipulated
in the DoE matrix, led to an in depth understanding of the variables’ influence over the microwaved
extraction process. Further, the optimization module of the DoE software has been used in order to
calculate the optimal combination of extraction parameters, having as target the highest extraction
yield obtained by using stable parameters. The optimization has been performed separately for each
type of extraction solvent, the software also being able to predict not only the optimal combination of
extraction parameters, but also the extracted TPC value.
After performing the stipulated optimal runs, results of the experimentally obtained TPC were
compared with the DoE predicted ones, the registered recovery percent being >96% for BBE1 and
close to 100% for BBE2 and BBE3, highlighting the high prediction capacity of the model. The optimal
extraction parameters, DoE predicted- and experimentally-obtained TPC values are presented in
Table 3.
3.3. Identification and Quantification of Individual Polyphenols
The optimized extracts obtained from the beech bark (water—BBE1, 50% (v/v) ethanolic—BBE2
and 80% (v/v) ethanolic—BBE3) were investigated in terms of their phytochemical profile. For the
individual polyphenols identification and quantification, the previously described LC-MS/MS analytical
methods were employed. The results of this analysis are summarized in Table 4 [15].
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Table 4. Quantitative (µg/g dry plant material) evaluation of the recovery of main bioactive compounds
in samples of BBE.
Bioactive Compounds
Sample Code
BBE1
BBE2
BBE3

(−)-Epicatechin(+)-Catechin
22.7 ± 2.72
39.6 ± 3.24
33.4 ± 3.55

300.7 ± 44.22
577.4 ± 56.58
465.1 ± 51.62

Syringic
Acid

Gallic Acid

Protocatechuic
Acid

Vanillic
Acid

24.2 ± 3.02
7.5 ± 0.78
5.8 ± 0.68

1.9 ± 0.14
NF
NF

3.3 ± 0.29
6.2 ± 0.41
5.7 ± 0.74

49.9 ± 7.28
18.0 ± 1.52
16.1 ± 1.55

Notes: NF—not found, below limit of detection; BBE1—extracts obtained with water 100%, BBE2—extracts obtained
with ethanol–water 50:50, BBE3—extracts obtained with ethanol–water 80:20. Data are shown as mean ± standard
deviation (SD).

From the 18 phenolic compounds analyzed by the LC-MS/MS method, chlorogenic acid, ferulic
acid and isoquercitrin, were identified in all tested BBEs. Quercetin was identified only in beech bark
extract obtained with 100%water (BBE1). From the phenolic compounds identified by this method,
only ferulic acid found in BBE1, was quantified (43.7 ± 5.03 µg/g dry plant material). The polyphenols
(epicatechin, catechin, syringic acid, protocatechuic acid, and vanillic acid) analyzed by the other
LC-MS method were identified and quantified in all tested BBEs (Table 4). Gallic acid was identified
only in BBE1.
In previous studies some of the phenolic compounds obtained from beech bark were identified,
including catechin, epicatechin, quercetin, taxifolin, procyanidins, syringic acid, coumaric acid [11,12].
3.4. Assay of the Antioxidant Activity
The antioxidant activity of optimized beech bark extracts was evaluated by DPPH, FRAP and
TEAC assays. The beech bark extracts exhibited scavenging activity against all radicals as shown in
Table 5. The strongest antioxidant activity is recorded for BBE2, where the strongest amount of phenols
was recorded. Many bark extracts have been evaluated for their antioxidant capacities, commonly
associated to their content of phenolic compounds [28–30]. Beech bark contains some of biologically
active components, such as catechin, epicatechin, syringic acid, vanillic acid etc., indicating that the
antioxidant activity of the extracts can be at least partially ascribed to these bio-components (Table 4).
Grzesik et al. [31] studied the antioxidant properties of five catechins, compared with other natural or
synthetic compounds. They concluded that catechins showed the strongest ABTS scavenging capacity
and the strongest stoichiometry of Fe3+ reduction in the FRAP assay [31]. Besides the direct antioxidant
properties of catechins, they may show synergistic interaction with endogenous antioxidants and act
as indirect antioxidants as well [32,33].
Table 5. Antioxidant activity of optimized beech bark extracts.
Sample Code

TPC mg GAE/g of
Dry Extract

DPPH mg TE/g of
Dry Extract

TEAC mg TE/g of
Dry Extract

FRAP mg TE/g of
Dry Extract

BBE 1
BBE 2
BBE 3

69.76 ± 1.54
76.49 ± 2.41
69.86 ± 1.04

676.29 ± 19.80
741.43 ± 59.44
505.02 ± 42.02

472.08 ± 67.07
619.85 ± 20.75
464.41 ± 37.42

625.13 ± 9.62
783.24 ± 31.24
592.84 ± 44.02

TPC—total phenolic content, DPPH—2,2-diphenyl-1-picrylhydrazyl, TEAC—Trolox equivalent antioxidant capacity,
FRAP—ferric reducing ability of plasma, BBE1- extracts obtained with water 100%, BBE2—extracts obtained with
ethanol–water 50:50, BBE3—extracts obtained with ethanol–water 80:20 ± Standard deviation.

3.5. Assay of the Antimicrobial Activity
The antimicrobial (antibacterial and antifungal) activity of BBEs was tested against four bacteria
and three fungi, selected based on their relevance for public health. Staphylococcus aureus was the
most sensitive strain towards all tested samples, with similar values of MIC (1.56 mg/mL) and MBC
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(3.12 mg/mL) (Table 6). Additionally, all tested extracts showed a good antibacterial activity on E. coli,
P. aeruginosa, and S. typhimurium strains (MIC—3 mg/mL, and MBC—6 mg/mL).
The antibacterial activity of phenolic compounds has been demonstrated in various studies [4,6].
The previous study of the aqueous beech bark extract, underlined the antimicrobial activity against
methicillin-resistant S. aureus [11].
Concerning the antifungal activity of the samples (Table 7), all tested Candida species, exhibited
the highest sensitivity to aqueous extract of beech bark (BBE1) with 25 mg/mL MIC and 50 mg/mL MFC
(Table 7). The effect of ethanolic extracts (BBE2, BBE3) on Candida species was absent at a concentration
of 50 mg/mL.
Thus, the antibacterial activity of BBE could be attributed at least in part to phenolic compounds.
Table 6. Antibacterial activity (mg/mL) of the beech bark extracts (BBE).
Bacteria
Pseudomonas
aeruginosa
(ATCC 27853)

Salmonella
typhimurium
(ATCC 14028)

Sample Code

Staphylococcus
aureus
(ATCC 49444)

BBE1
BBE2
BBE3

1.56
1.56
1.56

Minimum Inhibitory Concentration (MIC)
3
3
3
3
3
3

3
3
3

BBE1
BBE2
BBE3

3.12
3.12
3.12

Minimum Bactericidal Concentration (MBC)
6
6
6
6
6
6

6
6
6

Escherichia coli
(ATCC 25922)

Notes: BBE1—extracts obtained with water 100%, BBE2—extracts obtained with ethanol–water 50:50, BBE3—extracts
obtained with ethanol–water 80:20.

Table 7. Antifungal activity (mg/mL) of the beech bark extracts (BBE).
Fungi
Sample Code

Candida albicans
(ATCC 10231)

Candida parapsilosis
(ATCC 22019)

Candida zeylanoides
(ATCC 20356)

BBE1
BBE2
BBE3

Minimum Inhibitory Concentration (MIC)
25
25
NF
>50
NF
>50

25
>50
>50

BBE1
BBE2
BBE3

Minimum Fungicidal Concentration (MFC)
50
50
NF
>50
NF
>50

50
>50
>50

Notes: BBE1—extracts obtained with water 100%, BBE2—extracts obtained with ethanol–water 50:50, BBE3—extracts
obtained with ethanol–water 80:20.

3.6. Antimutagenity Activity
The aim was to investigate the mutagen and antimutagen activities of BBE by the bacterial reverse
mutation assay in Salmonella typhimurium (S. typhimurium) strains. The antimutagenity of BBE against
S. typhimurium TA 98 and TA 100, was tested by comparing the numbers of induced revertants and
spontaneous revertants. According with Table 8, TA98 and TA100 strains increase in the number
of revertant colonies compared with the negative control when the bacteria was treated with BBE
at 5 mg/plate concentration, thereby indicating an antimutagenic activity. Thus, all extracts were
antimutagenic to the frameshift TA98 or TA100 S. typhimurium strains.
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To determine the potential antimutagen activity of the BBE to prevent DNA damage by
4-NPD/NaN3 (positive mutagen/carcinogen), BBE were incubated together with 4-NPD/NaN3.
The results are presented in Table 8. The percentage of inhibition of mutagen activity of 4-NPD/NaN3
(antimutagenity) of the beech bark extracts ranged from 3.6 to 17.01% in S. typhimurium TA98 and
from 15.47 to 16.33% in S. typhimurium TA100. The BBE1 had the highest value for antimutagen
activity (17% for S. typhimurium TA98 and 16.33% for S. typhimurium TA100). The antimutagen effect
is considered low when the inhibitory effect is less than 25%, moderate when the inhibitory effect is
between 25%–40% and strong when the effect is more than 45% [26,34]. Thus, based on the literature
data, beech bark extracts assayed in this study may be considered to have low or no antimutagen effects.
Table 8. Antimutagen properties of beech bark extracts (5 mg/plate) on S. typhimurium TA98 and TA100
bacterial strains.
Number of Revertants
TA 98

Test Item

Mean ± SD
Negative Control
BBE1 a
BBE2 a
BBE3 a
4-NPD c
NaN3 c

9.25 ± 3.6
161 ± 3.6
187 ± 4.4
172 ± 3.8
193 ± 3.4
-

TA100

Inhibition %

a

Mean ± SD

Inhibition %

b

9.25 ± 2.4
292 ± 6.4
295 ± 6.4
294 ± 6.2
349 ± 15.22

17,01
3.60
11.34
-

16,33
15.47
15,75
-

Notes: a BBE1—extracts obtained with water 100%, BBE2—extracts obtained with ethanol–water 50:50,
BBE3—extracts obtained with ethanol–water 80:20; b Values expressed are means ± SD of three replications;
c 4-NPD and NaN were used as positive controls for S. thyphimurium TA98 and TA100 strains, respectively.
3

3.7. In Vitro Enzyme Inhibitory Properties of Beech Bark Extracts—α-Glucosidase (Antidiabetic) and
Tyrosinase Inhibitory Activity
Diabetes mellitus is a chronic, life-long disorder and is characterized by high blood glucose levels.
One of the ways of treating diabetes mellitus is based on glucose absorption delay by inhibiting
enzymes such as α-glucosidase in digestive organs [35]. By inhibiting α-glucosidase in the intestine,
the rate of oligosaccharides hydrolysis is low, and the carbohydrate digestion process extends into the
lower part of the small intestine [36]. Many studies have demonstrated the α-glucosidase inhibitory
activity of some bark herbal extracts, proving their strong biochemical potential [37,38]. For example,
different extracts of Canarium tramdenum bark were evaluated in terms of α-glucosydase inhibition
showing a strong inhibitory activity. The different enriched extracts in terpenoids and phenolics
appeared as a promising source of natural α-glucosidase inhibitors [38].
As shown in Table 9, the α-glucosidase inhibitory activity was determined for all BBEs and was
higher in comparison with the standard acarbose (Table 9). The order of α-glucosidase inhibition is
BBE3 > BBE1 > BBE2 > acarbose corresponding to IC50 values 38, 92, 168, and 838 µg/mL, respectively.
Table 9. Enzyme inhibitory effects of beech bark extracts.
Nr. crt.

Sample

Glucosidase Inhibition
(IC50 µg/mL)

Tyrosinase Inhibition
(PI—4.025 mg/mL)

1.
2.
3.
4.
5

BBE1
BBE2
BBE3
Acarbose
Kojic acid (1 mg/mL)

92
168
38
838
-

NF
45.99 ± 5.26%
NF
97.61 ± 0.24%

Notes: BBE1—extracts obtained with water 100%, BBE2—extracts obtained with ethanol–water 50:50, BBE3—extracts
obtained with ethanol–water 80:20, PI—procent of inhibition, NF—not found.
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Tyrosinase inhibitors are compounds capable of reducing enzymatic reactions, especially from
the skin, which makes them commercially relevant for cosmetic industry [39]. At a concentration
of 4.025 mg/mL, inhibitory effects have been shown only for BBE2 sample. However, kojic acid (a
standard inhibitor) showed an excellent tyrosinase inhibitory activity of 97.61 ± 0.24%.
4. Conclusions
The results of this study indicate that MAE is an efficient extraction method of phenolic compounds
from beech bark. The optimum conditions which gave the highest TPC (76.57 mg GAE/g dry plant
material) were reached when the microwave power was 300 W, the extraction time was 4 min, and the
solvent was a mixture of ethanol–water (50:50). The practical value of TPC after a control experiment
was 76.49 mg GAE/g dry plant material.
The extracts obtained in optimum conditions were characterized by HPLC-MS/MS. The identified
compounds in all tested BBEs were: vanillic acid, epicatechin, catechin, protocatechuic acid, chlorogenic
acid, ferulic acid, and isoquercitrin. Quercetin and gallic acid were identified only in beech bark extract
obtained with 100%water.
The beech bark extracts exhibited free-radical-scavenging activity in all assays, and were active
against S. aureus, P. aeruginosa, S. typhimurium, and E. coli. All tested Candida species were sensitive to
beech bark aqueous extract. Additionally, all extracts were active on α-glucosidase. The beech bark
extracts assayed may be considered to have low or no antimutagen effects.
This study documented that Fagus sylvatica L. bark possesses antioxidant activity and has
α-glucosidase inhibitory effects, by several in vitro experiments. Ethanol and water extracts can be
considered as promising sources of natural antioxidants, antimicrobian agents, and α-glucosidase
inhibitors. The isolation of bioactive constituents and investigations on several biomedical properties
of F. sylvatica bark should be conducted in future experiments.
Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3921/8/9/417/s1,
Table S1: ANOVA—complete summary of the regression and residual analysis.
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Summary
Gastric cancer represents one of the most severe cancers with
poor overall survival. Despite the availability of published
data on the efficacy of adjuvant treatment, the actual percentage of treated patients remains low. The toxicity of radiotherapy or chemotherapy regimens differ and clinicians
need accessible tools in order to better select candidates for
adjuvant treatment. In this review, we present published data

from clinical trials and cancer registries that might be useful
for properly balancing the efficacy and toxicity of adjuvant
treatment in gastric cancer patients who underwent surgery
with curative intent.
Key words: gastric, cancer, adjuvant, radiotherapy, chemotherapy

Introduction
Gastric cancer represents one of the most severe types of malignant tumors. Despite its lowered incidence due to better food preservation techniques, it remains a deadly disease.
In 2018, Globocan reported over 1 million new
cases with a mortality of 780000 per year, which
places gastric cancer on the fifth place in terms of
prevalence and on the third place in terms of cancer-specific deaths [1]. Worldwide, gastric cancer

is ranked third in mortality, regardless of national
income [2].
As far as society costs are concerned, gastric
cancer is one the most expensive diseases in Southern and Central-Eastern Europe, where the socioeconomic impact is estimated at 5.4 and 6.1% of
total costs [3]. The estimated negative impact of
premature death in cancer patients in Europe was
75 billion euros in 2008 [3].
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The natural history of gastric cancer

The general trend in gastric cancer survival is
positive as the 5-year overall survival increased from
Patients with gastric cancer are difficult to di- 15% in 1975 to approximately 31% at present [10].
agnose due to their unspecific symptoms. Because
they are frequently diagnosed at an advanced T stage
clinical stage, only oncological treatments with
Depth of tumor invasion seemed to be a progpalliative intent can be administered. With the nostic factor for OS in a published retrospective
exception of Japan and Korea, there are currently analysis of 1715 patients with curative resection
no guidelines for gastric cancer screening [4]. A for gastric cancer [11].
recommended screening schedule is not available
T stage has been demonstrated to be linked with
even for patients with premalignant lesions.
the risk of local relapse compared with N stage,
which is more related with distant metastasis [12].
Prognostic factors – a means of better
A more advanced depth of tumor invasion
increases the risk of lymphovascular invasion or
patient selection
lymph node micrometastasis [13]. This is why the
A better selection of the patients at risk repre- evaluation of gastric cancer patients with more adsents one way of improving gastric cancer results. vanced T stages (T3 and T4) requires the harvestThis can be achieved through the panel of prognos- ing of a higher number of lymph nodes (at least
tic factors presented below.
18), which seems to be significantly linked with
improved OS [14].
Clinical symptoms
Even in a very early stage (T1), the invasion of
The clinical symptoms are not very specific muscularis mucosa produced lymph node metasand therefore unable to signal the presence of tasis in 4% of the cases [15]. In the case of tumors
neoplasia. Weight loss, dysphagia and a palpable larger than 2 cm invading more than two portions
epigastric mass, which were reported by patients of the stomach, 20.5% of the patients had already
late in the natural history of the disease, usually developed peritoneal metastasis [16].
Adjuvant treatment such as chemotherapy (CT) or
indicate an advanced disease stage with a high risk
of cancer-related death [4]. In a prospective clinical chemotherapy plus radiotherapy (CTRT) should be prostudy of 1852 consecutive cases of gastric cancer, posed to patients in stages higher than T2 depending
Kapoor et al showed that weight loss and dyspha- on the postoperative histological results, performance
gia represent predictive factors for cancer but their status and prognostic factors.
value is very limited [5]. Patients with no alarm
symptoms seem to have a better survival and a N stage
lower stage of the disease [6]. On the other hand, an
Lymphatic invasion is one of the most powerabdominal palpable mass seems to be more closely ful prognostic factors in gastric cancer. Even in
associated with poor survival probability than all early gastric cancer limited to the mucosa, the apthe other alarm symptoms, with a median survival proximately 3% estimated risk of positive lymph
of only 10 months [7]. Less common, this clinical nodes (depending on tumor size, presence of ulpresentation could be misinterpreted as pancreatic ceration, grade of differentiation, perineural and
lymphatic invasion) is not to be neglected [17].
cancer [8].
Overall, the positive predictive value of symptoms
for gastric cancer is below 10 %, which makes the clini- Lymphadenectomy – curative or staging purpose?
cal use of alarm symptoms very limited [9].
The number of lymph nodes that should be
removed during surgery continues to be a subject
TNM stage
of debate. For the time being, the 8th edition of the
The general prognosis is related to the clinical UICC/AJCC staging system for gastric cancer, simievolution and stage, which are both taken into ac- larly to the 7th edition, recommends the removal
count when establishing the clinical management of at least 16 lymph nodes for correct lymph node
plan for gastric cancer patients. Locoregional or assessment, as shown in a systematic review conmetastatic spread of the disease have different ducted by Coburn et al [14].
life expectancies. Overall survival (OS) at 5 years
Is lymphadenectomy simply a pathological stagreached 68.1% in patients with local disease, but it
ing method or should it be the aim of curative
diminished to 30.6% in case of lymph node involveintervention?
ment and to 5.2% in a metastatic setting [10]. The
OS at 5 years was less than 50% in patients with a
A meta-analysis by Mocellin and Nitti comparclinical stage higher than II [11].
ing D1, D2 and D3 resections in more than 2500
JBUON 2019; 24(6): 2210
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patients showed that D2 offers better diseasespecific survival (DSS) but no OS and disease-free
survival (DFS) advantage compared with D1, while
no differences between D2 and D3 in terms of DSS,
DFS and OS were found [18].
An analysis of “real life patients” using the US
Surveillance, Epidemiology, and End Results database investigated the number of lymph nodes removed by stage subgroup (T1/2N0, T1/2N1, T3N0,
and T3N1) [19]. The OS results showed that every
10 lymph nodes removed led to statistically significant survival advantage for each analyzed stage,
which ranged between 5 and 11% depending on
the final clinical stage [19].
It must be underlined that a low number of
nodes was involved in the stages included in the
analysis, which facilitated the surgical effort. Not
least, the surgeon must be aware that in 3.9% of
gastric cancer patients who are resectable a skip
metastasis could be met [20].
N3 patients
A previous TNM staging classified stage N3
(more than 15 positive lymph nodes) as stage 4
without visceral metastasis. The OS in a large series
of 422 N3 gastric cancer patients ranged between
10.5% and 0%, depending on T stage (T1-3 and T4,
respectively) [21]. T4N3 patients had slightly lower
survival than those with M1 (visceral metastasis).
Distant metastasis rather than locoregional
relapse is a more frequent cause of death in this
category of patients. The addition of radiotherapy to
chemotherapy does not improve the general results for
N3 stage, as shown in a retrospective analysis of
276 patients who underwent D2 and R0 resection
plus adjuvant chemotherapy or radiochemotherapy
[22]. In N1-2 stages only the 3-year DFS and local
control seem to be higher, but not the OS. Even the
addition of anthracycline to a chemotherapeutic
regimen seemed to not improve OS [23].
Lymph Node Ratio (LNR)
LNR (the ratio of involved lymph nodes to the
total number of removed lymph nodes) could be
an important tool for better selection of adjuvant
treatment in patients with optimal surgical resection (D2) according to recently published data suggesting that LNR > 25% treated by chemotherapy
in association with radiotherapy had better DFS
compared with patients treated by adjuvant chemotherapy alone [22]. LNR could also be used as a
prognostic factor even in patients with less than
15 lymph nodes removed (suboptimal resection according to the UICC/AJCC), as demonstrated on a
large cohort of patients (>2500) in China [25].
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Moreover, in a cohort of 3284 patients, LNR
showed to be a better predictor of OS than N stage
[26]. A lower LNR (less than 6%) from a higher
number of lymph nodes removed was found to
statistically correlate with better OS in patients
with pN2, pN3a, and pN3b stages [26]. LNR could
discriminate between subgroups with different
chances of survival [27].
Adjuvant treatment in the form of chemotherapy
associated with radiotherapy could be chosen in patients with high LNR, who have higher survival improvement chances.
N negative
In a retrospective study conducted by Jin et al,
39% of 805 patients with resected gastric cancer
had stage N0. As the most powerful negative prognostic factor was absent in this cohort of patients,
the risk of relapse was statistically correlated with
stage T3, the presence of lympho-vascular invasion
invasion and signet cell histology [28].
These negative factors were also analyzed by
other researchers, as detailed below.
In a retrospective analysis of 1971 patients
with early stage gastric cancer (IB), Wang et al
found that T1N1M0 patients had a worse survival
than T2N0M0 patients, especially when surgical resection was suboptimal (less than 15 lymph
nodes removed) [27].
With regard to adjuvant treatment, no difference
between chemotherapy and radiochemotherapy was
highlighted for T1N1M0 versus T2N0M0 [29].
Histological type
In a series of 410 patients with gastric cancer
treated with neoadjuvant chemotherapy before curative surgery, the intestinal histological subtype
seemed to be a predictive and prognostic factor
for OS [30]. The intestinal subtype of gastric cancer had a better response to the standard perioperative chemotherapy regimen (FLOT) in terms
of pathological complete response as 85% of the
good responders had this histology [31]. The efficacy of CTRT administration in the adjuvant setting
was confirmed 10 years after the McDonald et al
trial, with the exception of diffuse type histology
[29].
Moreover, the same intestinal subtype could
be related to a higher probability of being associated with HER2-positive gastric tumors, as shown
by Wang et al meta-analysis including 10 studies
on 1529 patients between 2012 and 2017 [33].
HER positivity was not correlated with T stage
or lymphovascular invasion, although some correlations with the grade of malignancy and male
JBUON 2019; 24(6): 2211
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gender were established. In the ToGA trial, the intestinal subtype of gastric cancer was associated
with HER2 overexpression in 32.2% of the cases
compared with 6.1% for the diffuse subtype [34].
Breast cancer clinical experience showed that HER
overexpression is associated with tumor aggressiveness and lower OS [35].
In the adjuvant setting, the importance of HER
overexpression for selecting the intensity of adjuvant treatment has not been established yet.
FLOT could be the preferred chemotherapy regimen for the intestinal type of gastric cancer while
radiotherapy could be less effective for the diffuse
subtype.
Grade of malignancy / differentiation
In a cohort of 3090 patients treated for gastric
cancer, a high grade of malignancy was statistically significantly linked to more advanced disease
(T3-4 stage) and more lymph node involvement,
therefore the presence of this prognostic factor
should be crucial for the administration of an adjuvant treatment [36]. A multivariate analysis of
3039 patients who underwent D2 surgery between
2008 and 2015 showed that, after matching age,
T, N stage and tumor size, the results no longer
supported the prognostic role of the grade of malignancy in terms of OS (without statistical significance) [36].
Although, according to the available data, the
grade of malignancy might not contribute significantly to the selection of CT or CTRT as adjuvant treatment in resected gastric cancer patients, it remains
a prognostic factor in favor of adjuvant treatment
administration.
Lymphatic or vascular invasion (LVI)
In a retrospective series of resected patients,
LVI was found in 44.3% of them [13]. The depth of
tumor invasion and lymph node invasion (macro
or micrometastases) are statistically linked to LVI
positivity.
LVI also increased the risk of positive resection margins in patients with curative resection
[37]. In patients with N0, the presence of LVI should
add chemoradiotherapy to the treatment strategy since
LVI correlated with decreased OS in a retrospective
analysis of 12504 patients [38].
Positive resection margins (R1)
Data from the two large databases – Lee et al
from Korea (1788 patients) [39] and Postlewait and
Maithel from the USA (965 patients) [40] underline
that the main goal of gastric cancer surgery is to
obtain tumor-free resection margins. The length
JBUON 2019; 24(6): 2212

of resection margins does not seem to influence
recurrence and survival in more advanced gastric
cancer stages (higher than II) [39,40]. R1 resection could be a factor in favor of locoregional and
distant relapse [40]. Surgical re-resection could
improve prognosis and should only be taken into
account in patients with less than 5 positive lymph
nodes but it is definitely not indicated in those with
N3 disease [40].
Advanced T and N stage, lymphovascular invasion and a high degree of malignancy are factors
that could increase the risk of positive resection
margins [37].
Data collected from a US National Database
showed that OS was better in patients with R1 resection treated with adjuvant radiochemotherapy
compared to chemotherapy alone [37].
The Dutch clinical trial conducted by Dikken
et al on 91 patients treated with adjuvant radiochemotherapy compared with a historical group
of 694 patients randomized between D1 and D2
resection, supports the role of adjuvant chemoradiation treatment, which improved general survival and
the local relapse rate (2% versus 8% but statistically
significant only for D1 resection) in patients with
positive resection margins [41].
Tumor markers
Traditional tumor markers are usually used
only for monitoring oncological treatment as parts
of a complicated puzzle where each component
such as imaging, biochemical status, clinical status,
tumor markers, nutrition and so on are weighed in
order to take the most appropriate decision regarding the possible use of oncological treatment. The
diagnostic use of tumor markers is not recognized
by well-known international guidelines, although
published data suggest their prognostic and predictive role.
In 587 early gastric cancer patients monitored
by multiple tumor markers, only CA 19-9 seemed
to be statistically significantly linked to the risk
of lymph node metastasis [42]. A meta-analysis of
38 clinical trials including more than 11400 patients confirmed that serum levels of CA 19-9 are
statistically significantly capable of discriminating between the TNM stage of the disease (III-IV
versus I-II), the T stage (T3-4 versus T1-2), lymph
node invasion versus N0, presence or absence of
vascular invasion [43].
Moreover, a high level of CA 19-9 could predict
reduced OS, DFS and DSS [39]. In another study,
the early decrease of CA 19-9 (4 weeks after the
surgical intervention) was found to be statistically significantly linked to better OS and DFS in a
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population of 259 advanced gastric cancer patients
(N3 stage) [44].
CA 72-4 is considered more specific and sensitive for gastric cancer [45]. A published meta-analysis, which included 33 clinical trials and 2390 patients, showed that CA 72-4 is the most correlative
marker for gastric cancer, with a sensitivity of 50%
and an accuracy of 77% [45].
The role of CEA in gastric cancer diagnosis was
studied on 4157 subjects (2288 patients with gastric cancer and 1869 patients with benign gastric
pathology) [46]. High levels of serum tumor markers correlated with advanced disease stages.
Perineural invasion (PNI)
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chemotherapy at any time seemed to be superior
in terms of OS over surgery alone, with a 27-29%
reduction in death rate [48]. Chemotherapy administration, especially in more advanced stages (2 and
3), led to superior OS in each group of patients
compared to controls, although no differences were
proven as far as the timing of chemotherapy administration was concerned – same OS for early
compared with delayed chemotherapy. A retrospective analysis on 266 patients done by Qu et al
showed that starting chemotherapy earlier than 45
days could improve OS [49].
Therefore, CT should be administered whenever
possible, regardless of its traditional timing after
surgery.
Regarding CTRT, a meta-analysis of 13 randomized clinical trials including nearly 3000 patients did not find any difference between neoadjuvant
and adjuvant chemoradiotherapy [49].

A published meta-analysis showed the independent prognostic role of perineural invasion in
terms of OS and DFS independently of T stage, N
stage or tumor size [47]. The median rate of positivity in more than 30000 patients with curatively
resected gastric cancer was around 41% [47]. The 2. Chemotherapy
presence of PNI should indicate the need for adjuvant
Older clinical trials investigated the potential
treatment in the form of chemotherapy associated with role of adjuvant chemotherapy in resected gastric
radiotherapy.
cancer. Inadequate numbers of patients and suboptimal chemotherapy regimens (in today’s view)
Standard adjuvant treatment
could explain the lack of statistically significant
results. Meta-analyses were the first to confirm
1. Timing of adjuvant treatment in gastric can- the positive influence of adjuvant chemotherapy
cer patients
in terms of OS. Table 1 summarizes the most imTraditionally, adjuvant treatment was initiated portant meta-analyses published to date [50-56].
The most recent results of a meta-analysis con6-8 weeks after surgery. Greenleaf et al investigated the impact of timing of adjuvant chemotherapy ducted by Cao et al on 8580 patients with resected
on OS in 7942 resected gastric cancer patients [48]. gastric cancer, with or without chemotherapy in
The groups were as follows: no chemotherapy, less the adjuvant setting showed an almost 7% OS adthan 8 weeks after surgery, between 8 and 12 weeks vantage at 5 years [57]. Adjuvant chemotherapy
and more than 12 weeks after resection. In mul- seemed to decrease locoregional relapse rates by
tivariate analysis, the administration of adjuvant diminishing lymph node, local and peritoneal re-

Table 1. Meta-analysis of adjuvant chemotherapy in resected gastric cancer
Author

No. of trials

Year of publication

No. of patients

P value
OS

Adj CT > observation

Hu et al. [51]

14

2002

4543

0.0008

Yes

Panzini et al. [52]

17

2002

3118

0.005

Yes

Mari et al. [53]

20

2000

3658

0.001

Yes

Sun et al. [54]

12

2009

3809

0.001

Yes

Zhao et al. [55]

15

2008

3212

0.001

Yes

Liu et al. [56]

23

2008

4919

0.001

Yes

Cao et al. [57]

29

2014

8580

DFS
RFS

Yes

Paoletti et al. [58]

31

2010

6390

0.001

Yes

OS: overall survival, DFS: disease-free survival, RFS: relapse-free survival, CT: chemotherapy
*RFS lower recurrence rate (RR: 0.79, 95% CI: 0.74-0.84)

JBUON 2019; 24(6): 2213

2214

Adjuvant chemotherapy vs chemoradiation in gastric cancer

currence [57]. This is a better result for adjuvant
chemotherapy compared to the previous metaanalysis, which estimated a lower benefit - 25 patients treated in order to save one. Concerning the
type of chemotherapy needed to be used, probably
an oxaliplatin-based regimen, should be taken into
account; the role of anthracyclines in gastric cancer
is contested today despite the fact that some metaanalyses prove a positive effect [58].
In a retrospective analysis of 341 patients Gunaldi et al showed no benefit by adding taxane to
classic 5FU and oxaliplatin combination for aged
patients (over 65 years) [59]. Oxaliplatin itself could
be challenging to be administered due to frequent
hypersensitivity reactions on a chronic administratiosn [60].
Furthermore, new data from phase III randomized trials such as ACTS-GC [56] and CLASSIC
[62] showed that adjuvant chemotherapy led to a
significant OS advantage (10% benefit on average
compared with surgery alone).
Moreover, the ESMO guidelines recommend
perioperative chemotherapy as the preferred strategy for resectable gastric cancer [63]. Recently
published studies demonstrated that adjuvant
treatment has an important role in the general
management of a case, especially in patients with
positive ypN or more than 50% vital tumor cells after neoadjuvant chemotherapy [64]. A meta-analysis published by Hu et al revealed that neoadjuvant
sequence of perioperative chemotherapy seemed
to be superior in terms of OS at 1.3 and 5 years
intervals than surgery alone or surgery followed
by adjuvant chemotherapy [65].
It is worth mentioning that the role of adjuvant chemotherapy in elderly patients (>65 years)
was investigated in a meta-analysis of 512 subjects published by Chang et al. Adjuvant chemotherapy was not associated with OS advantage
despite a statistically significant improvement in
the relapse-free survival [66]. The potential benefit
of adjuvant chemotherapy could not be denied in
these patients, although it might remain small and
require the assessment of adverse events related to
the chosen chemotherapy regimen.
Target therapy – targeting the EGFR, HER or
angiogenesis pathways are not recommended in
the adjuvant setting for the time being [63,67].
3. The association of radiotherapy and chemotherapy (CTRT)
Standards of treatment in the adjuvant setting
The association of chemotherapy and radiotherapy after the surgical resection of gastric cancer represents a standard of treatment as the MacJBUON 2019; 24(6): 2214

donald trial and the Korean observational study
proved the benefit of adjuvant chemoradiation in
terms of OS and DFS [68,69]. The positive results of
the Macdonald trial in terms of OS were confirmed
10 years after initial data collection in all categories
of patients except in those with the diffuse histological type [32]. In the Korean study, which included
544 gastric cancer patients who underwent D2 resection and adjuvant chemoradiotherapy (CTRT),
survival benefit was obtained even in patients with
D2 surgical resection, with a 20% reduction in the
death rate and a statistical DFS advantage in favor
of CTRT administration for stages II, IIIA, IIIB and
IV [69].
N ratio
The ARTIST phase III trial failed to demonstrate a survival advantage for CTRT in patients
who underwent D2 resection, although a DFS advantage was highlighted in those with positive
nodes [70]. Moreover, a LNR>25% seems to be predictive in patients who benefit the most from CTRT
compared to CT alone in terms of OS [70]. These
results are conflicting with the Dutch trial [41].
A meta-analysis of 3 randomized controlled
trials including 895 patients who underwent D2
resection found that CTRT had a beneficial role in
improving locoregional recurrence-free survival
and DFS but not OS and distant metastasis recurrence-free survival [71].
CTRT for D1 versus D2 resection
In patients requiring extensive surgical effort
(a minimum of 25 lymph nodes harvested during
D2 resection) [72]), the results of adjuvant chemoradiotherapy are not in favor of adjuvant treatment
due to the fact that OS is statistically not different
between arms. In patients with R1 resection, the
administration of combined adjuvant treatment
is associated with OS advantage and fewer local
relapses [40], but only in patients with less than 5
positive lymph nodes, as already mentioned [39].
A retrospective analysis of the Surveillance, Epidemiology and End Results database, which included
11630 patients with gastric cancer between 1990
and 2003, confirmed the role of adjuvant radiation
therapy in improving the OS rate [73].
In patients with positive nodes, extensive surgery could help the efficacy of radiotherapy if more
than 15 lymph nodes are removed in N1 and N2
disease. In N3 stage patients, the surgical effort is
even more aggressive since more than 30 lymph
nodes need to be removed [73].
Ohri et al meta-analysis did not find any subgroup of patients with resected gastric cancer who
did not benefit from adjuvant CTRT [50].
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4. CT versus CTRT
The ESMO guidelines suggest that patients
treated with perioperative chemotherapy should
not receive adjuvant CTRT [63].
The CRITICS trial compared CTRT versus CT
alone after neoadjuvant chemotherapy in 788 patients and found that adjuvant CTRT did not yield
an OS advantage [74].
Data from the ARTIST trial suggest that
CTRT could have a positive effect compared with
CT alone in patients with LNR>25% [69].
A retrospective analysis of the California Cancer Registry including 2146 patients with stages
from IB to III showed that those treated by CTRT
had the longest OS (52 months) followed by perioperative chemotherapy (33 months) and observation (25 months), based on statistically significant
results (p=0.015). Patients with negative nodes
and signet ring histology seem to benefit most
from CTRT [75]. The same authors published another retrospective analysis of 1493 node-positive
patients with stages IB-III and found a statistically significant advantage in OS for patients with
LNR>10% who underwent combined treatment
compared to chemotherapy alone [64]. We must
underline that over 40% of the patients had suboptimal lymph node resection (less than 15) [70].
Another retrospective analysis of the US
National Cancer Registry (1998-2006) on 3008
patients who received adjuvant CTRT or CT demonstrated that CTRT led to superior median OS in
comparison with CT (36.1 vs 28.9 m; p<0.0001) in
N-positive patients, regardless of TNM stage or
adequacy of lymph node staging [76]. This benefit
was not found in N0 patients.
Dai et al published a meta-analysis which included 1171 patients from 6 randomized trials
and showed statistically significant better 5-year
DFS and locoregional recurrence rate (LRRR) in
patients who underwent CTRT compared with
CT alone [77]. A meta-analysis of 4 randomized
controlled trials including 960 patients with R0
resection and D2 surgery showed the benefit of
CTRT compared with CT alone in terms of locoregional recurrence rate and DFS, but not in terms
of OS [78].
Another meta-analysis included 15 randomized clinical trials totaling 3347 patients who
underwent surgery and adjuvant treatment in
the form of CTRT, chemotherapy or radiotherapy
alone. Only 923 patients (27.57%) were included
in clinical trials that directly compared adjuvant
CTRT with chemotherapy while 2050 patients
were not compared with an adjuvant arm [78]. No
5-year OS or DFS benefits were observed in the
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adjuvant CTRT arm compared with chemotherapy alone, even after stratification for well-known
prognostic factors. 811 (24.23%) patients received
suboptimal doses of irradiation (30-37 Gy), which
could impair the statistical significance. The meta-analysis of Wang et al on 15 randomised controlled trials which included 3347 patients did not
find a 5-year OS statistically significant benefit for
CTRT over chemotherapy alone in patients with
gastric cancer [79].
Ohri et al meta-analysis which investigated
the role of adjuvant CTRT in gastric cancer patients found no advantage for CTRT over CT in
terms of OS, despite a tendency for statistical
significance (p=0.08), but an advantage in terms
of DFS in favor of CRT [46]. This advantage was
more obviously seen in patients with D0 resection while in those with D1 and D2, the differences were not statistically significant (for D1
p=0.056).

Predictive factors (clinical, histological
and molecular)
The US Gastric Cancer Collaborative database
analyzed 719 patients who underwent curative resection for gastric cancer, out of which 59.7% had
lymph nodes metastasis, and showed that 45.2 %
of patients were treated by surgery alone, 35.2%
received radiotherapy in association with chemotherapy and 19.6% chemotherapy alone [76].
A positive node ratio was defined (0, 0.01-0.10,
0.10-0.25, >0.25). Patients who received CTRT had
a statistically significant survival advantage over
patients who underwent chemotherapy alone but
only if the lymph node ratio was higher than 0.25
[80]. A positive node ratio >0.25 seems to be a
highly predictive and prognostic factor in favor
of adjuvant CTRT compared with chemotherapy
alone, regardless of lymphadenectomy extent (D2
or D3 versus D0, D1). In patients with suboptimal
surgery (D0) the advantage in OS offered by the
association of radiotherapy and chemotherapy
underlines that the combined treatment is more
appropriate instead of chemotherapy alone, regardless of the positive node ratio [80].
Patients aged over 65 years seem to be less
frequently selected for adjuvant treatment, irrespective of its form [73]. Pathological T3 or T4
stage, presence of LVI and a high grade of malignancy were associated with the lowest OS. A
recently published article showed that younger
patients (less than 40 years) with gastric cancer
compared with older patients had the same OS
[81].
JBUON 2019; 24(6): 2215
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Conclusions

•

Chemoradiotherapy:
• Postoperatively, if NO preoperative radiochemotherapy was administered, especially
in locally advanced esophagogastric junction
(EGJ) adenocarcinoma.
• T3 / T4 or node-positive (except for LN ratio
>25 %, N3 or D2 resection, poorly cohesive
type).
• T2 + 1 of the following : LVPn+, G3, < 50 of age,
< D2 resection.
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In an effort to obtain new NSAIDs, that act as COX-2 selective inhibitors with simultaneous iNOS inhibition
properties and direct antioxidant activity, we designed a series of 8 new compounds bearing the 5-thiazolylcarbohydrazon-N-allyl-thiazoline scaffold. The synthesized compounds were physicochemically
characterized by: 1H-NMR, MS and elemental analysis. An initial, in vitro, free radical scavenging assay
(DPPH bleaching) test showed that most compounds are superior to standard antioxidants Trolox and BHT.
Keywords: thiazole, antioxidant, NSAIDs, iNOS, DPPH

Non-steroidal anti-inflammatory drugs (NSAIDs) are one
of the most commonly used drugs [1]. However they are
characterized by a number of undesirable effects: some
are caused by their pharmacological mechanism of action
(gastro-intestinal bleeding, ulcers, cardio-vascular
disorders) [2,3] while other are idiosyncratic (hepatotoxicity).
The need for new and safer NSAIDs has led researchers
to envision molecules that have a slightly different
mechanism of action and/or have secondary or alternative
biologic activities [4–6]. In regard of pharmacological
mechanism modulation, an important approach was that
of creating molecules that act as selective COX-2 inhibitors
without being specific COX-2 inhibitors (selectivity degrees
between meloxicam and coxibs) [7–10]. Also, obtaining
NSAIDs that simultaneously inhibit COX and Inducible Nitric
Oxide Synthase (iNOS) is thought to be highly effective as
the 2 enzymes have many similarities in controlling
inflammation and also stimulate each other’s activity [11–
13]. Another important strategy is to obtain molecule that
also possess, as a secondar y mechanism, direct
antioxidant properties [14,15]. This is thought to decreases
inflammation as it is well established that reactive oxygen
species and reactive nitrogen species are both released in
great amounts in the inflammatory processes [16,17].
Moreover, ROS and RNS promote inflammation by
sustaining and re-activating both COX and iNOS [18–20].
Considering this state of facts, we decided to obtain a
new molecular scaffold for NSAIDs. As shown in Figure 1,
we combined molecular motifs form various molecules,
some used as medicines while others just in development
stages. In order to obtain COX-2 selectivity we based our
model on meloxicam and lumiracoxib. The benzothiazine
nucleus was replaced by a 4-methyl-2-phenylthiazole
moiety, while the amide was converted to a more flexible
carbohidrazone. The 2-aminothiazole residue was kept

Fig. 1. The rational design of the new 5-thiazolyl-carbohydrazon-Nallyl- thiazolines as a potential NSAIDs scaffold.

and modified in order to resemble molecular scaffolds that
inhibit iNOS [21,22] while an allyl residue was added in
order to obtain direct antioxidant activity.
Experimental part
Chemistry
All chemical reagents and solvents used in the synthesis,
isolation and purification process were of analytical grade
purity and were purchased from Alfa Aesar (Karlsruhe,
Germany). Silica Gel thin layer chromatography sheets and
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UV visualization were used for initial purity assessment
and ongoing reaction monitoring. The melting points are
uncorrected and were obtained by using an Electrothermal
9100 melting point apparatus. The 1H NMR spectra were
recorded at room temperature on a Bruker Avance NMR
spectrometer operating at 500 MHz. Chemical shift values
were reported relative to tetramethylsilane (TMS) as
internal standard. GC-MS analyses were performed with
an Agilent gas chromatograph 6890 equipped with an
apolar Macherey Nagel Permabond SE 52 capillary column.
Elemental analyses were performed by an Elemental
Analyser Systeme GmbH VarioEL. MS spectra were
recorded on a LC-MSD-Trop-VL mass spectrophotometer.

Synthesis of the ethyl 4-methyl-2-phenylthiazole-5carboxylate (1)
To a solution of thiobenzamide (13.7 g, 0.1 mol) in 40
mL ethanol an equimolar quantity of ethyl-2-chloro-acetoacetate (16.45 g, 0.1 mol) was added and it was refluxed
for 5 h. The reaction mixture was cooled to room
temperature and neutralized with NaHCO 3. The solid
obtained was filtered, washed with water and then with
acetone and recrystallised from ethanol. m.p: 34 , Yield
75% [23–25].
Synthesis of the 4-methyl-2-phenylthiazole-5carbohydrazide (2)
The solution obtained by dissolving 10 mM of the
corresponding ester (1) in 4 mL ethanol was treated with
5 mL hydrazine hydrate and refluxed for 5h. The resulting
mixture was allowed to cool overnight and then poured
over ice water. The resulting solid was filtered and washed
with water in order to yield the pure compound (2). m.p:
169 , Yield 80% [24].
Synhesis of the N-allyl-2-(4-methyl-2-phenylthiazole-5carbonyl)hydrazinecarbothioamide (3)
An amount of 5 mM of 4-methyl-2-phenylthiazole-5carbohydrazide (2) was dissolved in 20 mL absolute ethanol
heated at 45° C, and then 5mM of allyl-isothiocyanate was
added. The reaction mixture was refluxed for 3h and then
allowed to cool down at room temperature. The resulting
solid was filtered and recrystallised from ethanol. m.p:
185 °C, Yield 85% [24].

General procedure for the synthesis of the N’-(3-allyl-4arylthiazol-2(3H)-ylidene)-4-methyl-2-phenylthiazole-5carbohydrazides (4a-g)
An equimolar mixture of 3 and the corresponding αbromoketone was solubilised in ethanol and then refluxed
for 5 h. The reaction mixture was then evaporated under
low pressure and the resulting solid was washed with a
solution of NaHCO 3 5%. The produce was then
recrystallised from methanol.
Antioxidant activity assay -DPPH bleaching assay
The in vitro direct antioxidant activity was assessed by
the stable DPPH radical method - which is a free radical
scavenging assay. Initially, the DPPH (2,2-diphenyl-1picrylhydrazyl) solution is colored in violet and has an
absorbance maximum at 517 nm. When treated with
radical scavenging substances the radicals are neutralized
and absorbance intensity drops. The method aims at
establishing the exact concentration of compound required
to produce a reduction by half of the absorbance of the
initial DPPH solution at 517 nm. Methanol DPPH (2,2diphenyl-1-picrylhydrazyl) solutions (0.1g/L) were prepared
and mixed with an equal amount of solution containing
the new compounds, at various concentrations.
Subsequently, they were incubated in a thermostatic bath
for 30 min at 40 °C. In parallel, a control sample and
standard antioxidant substances were also used: ascorbic
acid (AA), butylated hydroxytoluene (BHT) and Trolox (6hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) a
water-soluble analog of vitamin E. The DPPH scavenging
ability was expressed as a percentage of absorbance
reduction:
DPPH scavenging ability % = (Acontrol - A sample/
Acontrol) × 100
The plotted curve resulting from numerous
concentrations levels was used to calculate IC50. All
experiments were performed in triplicates with standard
deviations less than 5% [15,26–28].
Results and discussions
Chemistry
The synthesis route consisted of 4 reaction steps, as
shown in figure 2. Initially a Hantzsch condensation
between thiobenzamide and ethyl-2-chloro-aceto-acetate
yielded a phenyl-thiazole ester 1. This ester was then

Fig. 2. General synthesis procedure and
structures for the new 5-thiazolylcarbohydrazon-N-allyl-thiazolines
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transformed to the corresponding carbohydrazide 2 onto
which an adition of allyl-isothiocyanate took place in order
to obtain the key intermediate 3. Condensation of 3 with
various alpha-bromoketones yielded an array of 5-thiazolylcarbohydrazon-N-allyl-thiazolines end products 4a-g.
The results obtained from the spectral data and
elemental analysis confirmed the initially proposed
structures.

8.47 (s, 1H, thiazol-ylidene C5-H), 8.04 (dd, 2H, Ph), 7.75
(dd, 2H, Ph-OCH3), , 7.55 (m, 3H, Ph), 7.0 (dd, 2H, PhOCH3), 5.82 (m, 1H, Tz-CH2-CH=CH2), 5.25 (d, 1H, TzCH2-CH=CH2) 5.98 (d, 1H, Tz-CH2-CH=CH2), 4.60 (s, 2H,
Tz-CH2-CH=CH2), 3.75 (s, 3H, -OCH3), 2.78 (s, 3H, CH3).
Anal. calcd. (%) for C24H22N4O2S2 (462.12): C, 62.31; H, 4.79;
N, 12.11; S, 13.86. Found: C, 62.20; H, 4.85; N, 12.01; S,
13.70. MS (EI, 70eV): m/z 463.8 (M+).

N’-(3-allyl-4-oxothiazolidin-2-ylidene)-4-methyl-2phenylthiazole-5-carbohydrazide (4a)
Light yellow powder. Yield 85%. m.p. 173 °C. 1H NMR
(DMSO-d6, 500 MHz, ppm): δ 11.45 (s, 1H, CONH-N=),
8.44 (s, 1H, thiazol-ylidene C5-H), 8.08 (dd, 2H, Ph), 7.52
(m, 3H, Ph), 5.83 (m, 1H, Tz-CH2-CH=CH2), 5.27 (d, 1H,
C=CH2) 5.92 (d, 1H, C=CH2), 4.63 (s, 2H, Tz-CH2-CH=CH2),
4.30 (s, 1H, C5 oxothiazolidin-2-ylidene), 3.89 (s, 1H, C5
oxothiazolidin-2-ylidene), 2.75 (s, 3H, CH3). Anal. calcd.
(%) for C17H16N4O2S2 (372.07): C, 54.82; H, 4.33; N, 15.04;
S, 17.22. Found: C, 54.80; H, 3.65; N, 9.08; S, 20.75. MS (EI,
70eV): m/z 373.7 (M+1).

N’-(3-allyl-4-(4-cyanophenyl)thiazol-2(3H)-ylidene)-4methyl-2-phenylthiazole-5-carbohydrazide (4e)
White powder. Yield 75%. m.p. 242 °C. 1H NMR (DMSOd6, 500 MHz, ppm): δ 11.5 (s, 1H, CONH-N=), 8.46 (s, 1H,
thiazol-ylidene C5-H), 8.41 (dd, 2H, Ph-CN), 8.03 (dd, 2H,
Ph), 7.70 (dd, 2H, Ph-CN), 7.57 (m, 3H, Ph), 5.82 (m,1H,
Tz-CH2-CH=CH2), 5.25 (d, 1H, Tz-CH2-CH=CH2), 4.94 (d,
1H, Tz-CH2-CH=CH2), 4.63 (s, 2H, Tz-CH2-CH=CH2), 2.73
(s, 3H, CH3). Anal. calcd. (%) for C24H19N5OS2 (457.10): C,
63.00; H, 4.19; N, 15.31; S, 14.02. Found: C, 63.20; H, 4.10;
N, 15.39; S, 14.57. MS (EI, 70eV): m/z 458.4 (M+).

N’-(3-allyl-4-phenylthiazol-2(3H)-ylidene)-4-methyl-2phenylthiazole-5-carbohydrazide (4b)
Off-white powder. Yield 80%. m.p. 229 °C. 1H NMR
(DMSO-d6, 500 MHz, ppm): δ 11.5 (s, 1H, CONH-N=),
8.49 (s, 1H, thiazol-ylidene C5-H), 7.40-8.1 (m, 10H, Ph),
5.80 (m, 1H, Tz-CH2-CH=CH2), 5.26 (d, 1H, C=CH2), 5.97
(d, 1H, C=CH2), 4.63 (s, 2H, Tz-CH2-CH=CH2), 2.75 (s, 3H,
CH3). Anal. calcd. (%) for C23H20N4OS2 (432.11): C, 63.86;
H, 4.66; N, 3.70; S, 14.83. Found: C, 63.77; H, 4.60; N, 12.99;
S, 14.90. MS (EI, 70eV): m/z 433.7 (M+1).

N’-(3-allyl-4-(naphthalen-1-yl)thiazol-2(3H)-ylidene)-4methyl-2-phenylthiazole-5-carbohydrazide (4f)
Dark-yellow powder.Yield 70%. m.p. 182-184 °C. 1H NMR
(DMSO-d6, 500 MHz, ppm): δ 11.50 (s, 1H, CONH-N=),
8.45 (s, 1H, thiazol-ylidene C5-H), 8.15 (d,1H, naphthyl),
8.01 (dd, 2H, Ph), 7.85-7.90 (m, 2H, Naph), 7.65 (m, 3H,
Ph), 7.56-7.50 (m, 4H, naphthyl) 5.81 (m, 1H, Tz-CH 2CH=CH2), 5.25 (d, 1H, Tz-CH2-CH=CH2), 4.93 (d, 1H, TzCH2-CH=CH2), 4.65 (s, 2H, Tz-CH2-CH=CH2), 2.74 (s, 3H,
CH3). Anal. calcd. (%) for C27H22N4OS2 (482.12): C, 67.19;
H, 4.59; N, 11.61; S, 13.29. Found: C, 66.85; H, 4.49; N,
11.51; S, 13.45. MS (EI, 70eV): m/z 483.5 (M+).

N’-(3-allyl-4-(4-nitrophenyl)thiazol-2(3H)-ylidene)-4methyl-2-phenylthiazole-5-carbohydrazide (4c)
Yellow powder. Yield 75%. m.p. 238 °C. 1H NMR (DMSOd6, 500 MHz, ppm): δ 11.45 (s, 1H, CONH-N=), 8.46 (s,
1H, thiazol-ylidene C5-H), 8.32 (dd, 2H, Ph-NO2), 8.25 (dd,
2H, Ph-NO2), 8 (dd, 2H, Ph), 7.55 (m, 3H, Ph), 5.80 (m, 1H,
Tz-CH2-CH=CH2), 5.23 (d, 1H, C=CH2) 5.96 (d, 1H, C=CH2),
4.64 (s, 2H, Tz-CH2-CH=CH2), 2.77 (s, 3H, CH3). Anal. calcd.
(%) for C23H19N5O3S2 (477.09): C, 57.85; H, 4.01; N, 14.66;
S, 13.43. Found: C, 57.60; H, 4.15; N, 14.75; S, 13.35. MS
(EI, 70eV): m/z 478.4 (M+).
N’-(3-allyl-4-(4-methoxyphenyl)thiazol-2(3H)-ylidene)-4methyl-2-phenylthiazole-5-carbohydrazide (4d)
Off-white powder. Yield 70%. m.p. 226-228 °C. 1H NMR
(DMSO-d6, 500 MHz, ppm): δ 11.4 (s, 1H, CONH-N=),

5-(3-Allyl-2-(2-(4-methyl-2-phenylthiazole-5carbonyl)hydrazono)-2,3-dihydrothiazol-4-yl)-2hydroxybenzamide (4g)
Light-brown powder. Yield 75%. m.p. 248 °C. 1H NMR
(DMSO-d6, 500 MHz, ppm): δ 13.2 (s, 1H, Ar-OH), 11.53
(s, 1H, CONH-N=), 8.48 (s, 1H, thiazol-ylidene C5-H), 8.1
(s, 1H, C-NH2), 8.07 (s, 2H, C-NH2), 8.00 (dd, 2H, Ph), 7.57
(m, 4H, Ph si Ph-R), 7.08 (s, 1H, Ph-R), 7.04 (d, 1H, Ph-R),
5.82 (m,1H, Tz-CH2-CH=CH2), 5.25 (d, 1H, C=CH2) 4.94
(d, 1H, C=CH2), 4.63 (s, 2H, Tz-CH2-CH=CH2), 2.73 (s, 3H,
CH3). Anal. calcd. (%) for C24H21N5O3S2 (491.11): C, 58.64;
H, 4.31; N, 14.25; S, 13.05. Found: C, 58.55; H, 4.25; N,
14.15; S, 13.35. MS (EI, 70eV): m/z 492.6 (M+).
Mass spectrometry results contain a molecular peak
for each of the calculated molecular masses. The

Table 1
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elemental analysis performed revealed that all compounds
have the elemental composition estimated from their
proposed formula, within a variation of under 0.5%.
1
H NMR confirmed the molecular structures initially
proposed. As such, all the spectra showed a singlet signal,
with 1H intensity, around δ 11.4-11.55, corresponding to
the proton in carbohydrazide (-CONH-N=). The presence
of the N-allyl group was confirmed by: a multiplet signal of
1H intensity at δ 5.80-5.85 (Tz-CH2-CH=CH2), the doublet
of doublets between δ 5.25-4.95 (Tz-CH2-CH=CH2), and a
singlet signal with 2H intensity at δ 4.60-4.65 (Tz-CH2CH=CH2). Another common characteristic is the presence
of the singlet 3H signal, corresponding to the methyl group,
at δ 2.7-2.8.

Antioxidant activity assay
The results for the free radical scavenging activity of the
new compounds are summarized in table 1. IC50 values are
presented both in mass and also µM concentrations in order
to better evaluate the activity. By comparing with the results
obtained for the standard antioxidant it is obvious that all
compounds have good antioxidant activity. From the point
of view of µM concentrations, all compounds are superior
the standards Trolox and BHT, and most are also superior
to ascorbic acid.
The most active were 4c and 4e that showed an activity
equal to that of the standard Trolox but far superior to the
standard BHT, at the same mass concentrations. When
comparing results expressed in µM concentrations, these
compounds have twice the activity of ascorbic acid and
Trolox, and about 3 times the activity of BHT.
Compounds 4b and 4f have an antioxidant effect of
intermediate potency between BHT and Trolox, at the same
mass concentrations. When considering µM concentrations
the compounds are active at half the concentrations of
BHT.
Compounds 4d and 4g are active at µM concentrations
similar to ascorbic acid and Trolox.
Conclusions
In an effort to develop new NSAIDs we synthesized 8
new compounds with a 5-thiazolyl-carbohydrazon-N-allylthiazoline scaffold. All new compounds were characterized
by 1H-NMR, MS and elemental analyses, with results firmly
proving that the proposed structures are correct.
Furthermore, initial activity assessment was performed by
measuring in vitro antioxidant potential via the DPPH
bleaching assay. All compounds have good free radical
scavenging activity while most have results far superior to
that of the standard antioxidant substances used. Further
studies will be performed in order to confirm the antioxidant
potential by other methods and also investigate the in vivo
anti-inflammatory and antioxidant activity as well as their
mechanism of action (COX and/or iNOS inhibition).
Acknowledgements: This research was carried out with the partial
financial support of the European Social Fund through the project:
POSDRU 107/1.5/S/78702.
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SYNTHESIS AND ANTIOXIDANT CAPACITY OF
(CHLOROBENZYLIDENE)HYDRAZINYL-THIAZOLES
ADRIANA GROZAVa, DANIELA HANGANUa*, OVIDIU CRISANa,
DAN PORUMBb AND CASTELIA CRISTEAb
ABSTRACT. 2-(chlorobenzilidene)hydrazinyl-thiazole derivatives were
conveniently prepared by Hantzsch reaction protocol, starting with
thiosemicarbazone and ethyl 2-bromo-3-oxo-3-phenylpropanoate. Their
antioxidant capacity was screened by electron transfer based assays. The
results of both DPPH (1,1-Diphenyl-2-picrylhydrazyl) free radical scavenging,
as well as Ferric Ion Reducing Antioxidant Power (FRAP) assay, indicated
antioxidant capacity for the tested hydrazone derivatives. At the concentration
of 9.5 µg/mL, the DPPH radical scavenging activity of ethyl 2-(2-(3chlorobenzylidene)hydrazinyl)-4-phenylthiazole-5-carboxylate was found
to be more than 93%.
Keywords: synthesis, thiazoles, antioxidant capacity, DPPH, FRAP

INTRODUCTION
The literature data designate the thiazole derivatives as an important
class of heterocyclic compounds exhibiting remarkable pharmacological
activities. The thiazole core can be often recognized in the structure of
commonly used antimicrobial, antifungal or antiretroviral agents, as well as
nonsteroidal anti-inflammatory drugs. [1.].
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Our previous results in the synthesis and characterization of biologically
active novel thiazole derivatives described several 2-hydrazinyl-thiazole
derivatives which displayed antibacterial, analgesic, or anti-inflammatory
activities [2-5]. Various heterocyclic systems containing thiazole units joint
or fused to other aromatic moieties were synthesized and several aspects
of their biological activities were described; thus, some benzothiazolophenothiazine derivatives exhibited antimicrobial activity [6-9], while
bis(thiazolyl)-, phenothiazinyl- and indolyl-thiazolylhydrazine derivatives were
screened for their anticancer potential [10-19] in search for new antitumour
agents producing less hypersensitivity side reactions (which might occur due
to platinum complexes which are currently employed in the cancer therapy.
[20]). Two ((1H-indol-5yl)methylene)-hydrazinyl)-thiazole derivatives were
found to be promising antioxidant agents based on DPPH (1,1-Diphenyl-2picrylhydrazyl) radical scavenging assay; the chemoselectivity of radicals
formation was supported by theoretical computational data indicating the
extraction of the hydrogen atom from the NH group located in the hydrazinyl
bridge rather than in the indole heterocyclic unit. [19]
In this work, we present an extension of our investigations in the area
of thiazole derivatives by describing the synthesis and antioxidant capacity
of two additional 2-((chlorobenzylidene)hydrazinyl)-thiazole derivatives. A
comparison of the antioxidant capacity of thiazole derivatives with their
thiosemicarbazone synthetic precursors and typical control compounds (Trolox
and Ascorbic acid) was enabled by the results displayed in DPPH radical
scavenging activity and ferric reducing antioxidant power (FRAP) assays.

RESULTS AND DISCUSSION
Synthesis of 2-(chlorobenzylidene)hydrazinyl)-thiazole derivatives
The synthetic route towards the 2-(chlorobenzylidene)hydrazinylthiazoles 3a,b was designed by taking advantage from the broad
scope of the Hantzsch reaction [21]. Thus, thiosemicarbazone precursor
2a,b (previously prepared by the condensation of chloro-benzaldehyde
derivatives 1a,b [2]) and ethyl 2-bromo-3-oxo-3-phenylpropanoate were
subjected to the cyclocondensation reaction as shown in Scheme 1.
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Scheme 1. Synthesis of 2-(chlorobenzylidene)hydrazinyl-thiazole derivatives;
conditions: i) ethanol, 2h, reflux, ii) Acetone/DMF (v/v): 1/0.2, 24h, r.t.

The structures of thiosemicarbazone intermediates 2a,b and 2(chlorobenzylidene)-hydrazinylthiazole derivatives 3a,b were confirmed by
NMR spectroscopic data.
Antioxidant capacity
The antioxidant ability of chemical compounds might be due to free
radicals scavenging, metal ions chelating and hydrogen atoms or electrons
transferring [22]. In our study, the antioxidant capacity of the synthesized
series of hydrazone derivatives was screened by using electron transfer
based assays measuring the capacity of an antioxidant in the reduction of
an oxidant which changes colour upon reduction. The UV-Vis
spectrophotometric monitoring of the reaction offered the possibility of
correlating the degree of colour change with the antioxidant concentration.
As it may be seen from table 1, thiosemicarbazones 2a,b and 2(chlorobenzylidene)hydrazinyl-thiazole
derivatives
3a,b
displayed
antioxidant capacity determined by DPPH radical scavenging and FRAP
assays.
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Table 1. The antioxidant capacity of synthesized hydrazone derivatives
Methods
Compound
2a
2b
3a
3b

DPPH
IC 50 [µg/mL]
13.64 ± 0.52
15.57 ± 0.72
9.55 ± 0.61
16.45 ± 0.37

I%
65.50 ± 0.64
56.52 ± 0.53
93.88 ± 0.72
60.70 ± 0.67

FRAP
[µM ET/g]
229.04 ± 1.2
312.86 ± 0.9
1710.38 ± 1.5
11.62 ± 0.6

In the reaction with DPPH radical, both semicarbazone derivatives
2a,b and 2-(chlorobenzylidene)hydrazinyl-thiazoles 3a,b determined the
colour change of DPPH radical solution from purple to yellow. The reaction
was monitored by the decrease of absorbance intensity at λmax = 517 nm,
measured after a reaction time of 30 minutes. The DPPH free radicals
scavenging potential of the tested compounds was expressed by:
a) the concentration of tested hydrazone derivative that causes a
decrease in the initial DPPH concentration by 50% (IC50)
b) the percent DPPH scavenging ability (I%) was calculated as:
I% = (Acontrol – A sample/Acontrol) × 100
where Acontrol is the absorbance of DPPH radical in methanol solution
Asample is the absorbance of DPPH radical in solution in the presence
of the tested hydrazone derivative.
According to the results presented in Table 1, the DPPH free
radicals scavenging potential of the tested hydrazones decreased in the
following order: 3a>2a>2b≈3b. At the concentration of 9.5 µg/mL, the
DPPH radical scavenging activity of hydrazinyl-thiazole 3a was found to be
more than 93%. In terms of concentration that causes a decrease in the
initial DPPH concentration by 50%, the antioxidant capacity of 3a appears
comparable to the phenolic standard Trolox (IC50 = 9.74 µg/mL), but lower
than the ascorbic acid standard (IC50 = 2.46 µg/mL).
The reducing capacity of hydrazones 2a, 2b, 3a and 3b has been
assed using the FRAP assay, which is based on another electron transfer
reaction where a ferric salt, is used as an oxidant (Fe(III)(TPTZ)2Cl3 where
TPTZ 2,4,6-tripyridyls-triazine). The reduction of Fe3+ to Fe2+ and thus the
formation of the blue coloured Fe(TPTZ)2+ complex depends on the electron
donating capacity of the tested compounds, which was quantified by the
UV-Vis spectrophotometric method. The reducing ability of the hydrazones
decreases in the following order: 3a > 2b > 2a >3b (see Table 1 where the
results are quantified as µM Trolox equivalents/g).
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The results of both electron transfer assay (the DPPH and FRAP),
indicate 3a as the most efficient antioxidant in the tested series. A structureactivity correlation points towards a superior electron donor ability of 3a,
explainable by the presence of the pi-electron-excessive heterocycle thiazole.
The electron withdrawing effect induced by the second chlorine atom
introduced as a substituent of the benzylidene aromatic ring, decreased the
overall electron donor ability of 2b and 3b and thus their overall antioxidant
capacity.

CONCLUSIONS
The results of two electron transfer assays (the DPPH assay and
FRAP assay) applied in this study, indicate monochlorobenzylidenehydrazinylthiazole 3a as the most efficient antioxidant in the tested series containing
the chlorobenzylidene-hydrazinyl-thiazole and the similarly mono and dicloro
substituted thiosemicarbazones.

EXPERIMENTAL SECTION
Materials and Methods
The starting materials and solvents were obtained from commercial
sources from Sigma-Aldrich. Melting points were measured with an Electrothermal
IA 9200 apparatus (Bibby Scientific Limited (Group HQ), Stone, UK).
NMR spectra were recorded at room temperature on 400 MHz
Bruker Avance instruments. Chemical shifts are expressed in δ (ppm) relative
to standard tetramethylsilane (TMS).
Compounds 2a,b were prepared according to the previously
reported procedure [2].
General procedure for the synthesis of 2-(chlorobenzylidene)hydrazinylthiazole derivative 3a,b
A mixture of arylidene-hydrazine-carbothioamide 2a/b (10 mmol) and
ethyl-2-bromo-3-oxo-3-phenylpropanoate (10 mmol) in acetone/DMF (15 mL,
v/v: 1/0.2) was stirred at room temperature for 20–24h. The reaction mixture
was neutralized at pH 7 with NaHCO3 aqueous solution (10%). The precipitate
was filtered and recrystallized from ethanol.
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Ethyl 2-(2-(3-chlorobenzylidene)hydrazinyl)-4-phenylthiazole-5carboxylate 3a
White crystals, yield 82%, m.p. 193–194 °C,
1H-NMR (400MHz, CDCl ) δppm: 1.33 (t, 3H, CH ), 4.3 (q, 2H, O3
3
CH2), 6.59 (s, 1H, CH=N), 7.18 (d, 1H) 7.3 (m, 3H), 7.41 (t, 1H), 7.48 (t,
2H), 7.85 (m, 2H), 10.5 (broad, 1H, NH)
Ethyl 2-(2-(2,4-dichlorobenzylidene)hydrazinyl)-4-phenylthiazole-5carboxylate 3b
Light yellow crystals, yield 91%, m.p. 208–209 °C,
1H-NMR (400MHz, CDCl ) δppm: 1.32 (t, 3H, CH ), 4.28 (q, 2H, O3
3
CH2), 7.22 (s, 1H, CH=N), 7.3 (m, 5H), 7.8 (m, 3H), 9.9 (broad, 1H, NH)
Antioxidant capacity
a) DPPH Free Radical Scavenging Activity
A DPPH solution (0.1g/L) in methanol was prepared and 2.0 mL of
this solution was added to 2.0 ml of tested compound solution (or standard)
in methanol at different concentrations (3.125-25.0 μg/mL for 2a, 2b, 3a
and 9.375-37.5 μg/mL for 3b). After 30 minutes of incubation at 40°C in a
thermostatic bath, the decrease in the absorbance (n = 3) was measured at
517 nm. The percent DPPH scavenging ability (I%) was calculated as: I% =
(Acontrol – A sample/Acontrol) × 100, where Acontrol is the absorbance of DPPH
radical + methanol (containing all reagents except the sample) and Asample is
the absorbance of DPPH radical + sample/standard. The antiradical activity
(three replicates per treatment) was expressed as IC50 (μg/mL), the
concentration of compound required to cause a 50% DPPH inhibition. The
scavenging activity of Trolox and ascorbic acid were measured and compared
with the one of the tested compounds.
b) Reducing Power by Ferric Reducing Antioxidant Power (FRAP) Test
The solutions of the tested compounds 2a,b and 3a,b have been
prepared in 50 µg/mL concentration
The FRAP reagent consists in a mixture of 2.5 ml 10 mM TPTZ
solution in 40 mM hydrochloric acid to which 2.5 ml 20 mM ferric chloride
solution and 25 ml acetate buffer at pH = 3.6 is added. At 0.4 mL of diluted
sample (50 µg/mL), 6mL the FRAP reagent was added and absorbance
was measured at 595 nm after 10 min. Blank consisted in the similar mixture
without the sample. Results are expressed as mM Trolox equivalents/g
compound, using a calibration curve (R2 = 0.989) constructed with 10-40 mg/L
Trolox standard.
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®

Purpose. The purpose of the study was to assess the eﬃcacy of intravitreal dexamethasone implant (IDI: Ozurdex ) injection in
eyes with macular edema due to retinal vein occlusion. Material and Method. A retrospective, nonrandomized study was
conducted in patients with macular edema (ME) due to retinal vein occlusion (RVO) who undertook intravitreal Ozurdex as
ﬁrst-line treatment. We performed a complete ocular exam including macular OCT. Results. The mean BCVA (logMar) improved
from 0.420.42 ± 0.23 logMar at baseline to 0.21 ± 0.23 logMar at 48 weeks in the BRVO group and from 0.72 ± 0.16 logMar at
baseline to 0.31 ± 0.23 logMar at 48 weeks in the CRVO group. In both groups, CFT values decreased signiﬁcantly compared to
baseline (p < 0.0001 at each timepoint). Reinjection for recurrent macular edema after 18 weeks was indicated in ﬁve eyes (41.67%)
in the BRVO group and in six eyes (25%) in the CRVO group. Cataract developed in two eyes (16.67%) in the BRVO group and in
one eye (4.17%) in the CRVO group. The IOP was higher than 25 mmHg in two cases in the BRVO group (16.66%) and in three
cases (8.33%) in the CRVO group. Conclusion. Ozurdex injected intravitreally signiﬁcantly improved the mean CFT and BCVA
in eyes with macular edema due to retinal vein occlusion.

®

®

1. Introduction
Central retinal vein occlusion (CRVO) and branch retinal
vein occlusion (BRVO) are between the most signiﬁcant
causes of decreased visual acuity due to the existence of
macular edema (ME), whether the fovea is perfused or not
[1]. ME is the result of increased intraluminal pressure,
vascular endothelial damage, and impaired blood-retina
barrier that results in leakage, relative ischemia, and lowgrade inﬂammation [2]. For many years, the standard

procedure for patients with ME has been grid laser photocoagulation [3, 4]. The Central Vein Occlusion Study not
only conﬁrmed its beneﬁcial eﬀects on ME but also showed
that there was no statistical signiﬁcant diﬀerence in visual
acuity [5]. Over the last decade, the therapeutic options
for ME associated with retinal vein occlusion (RVO) were
revolutionized by intravitreal pharmacotherapy. Data
revealed by clinical studies regarding treatment of ME due
to retinal vein occlusion with intravitreal injection with
antivascular endothelial growth factor (VEGF) and
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dexamethasone showed substantial morphological and
functional improvements in comparison to those obtained by laser therapy alone [1]. Ozurdex was developed as
a biodegradable vehicle for dexamethasone administered by
intravitreal implant, which delivers a 700 μg dose of this drug
to the retina and the vitreous. It was approved for use in the
treatment of RVO in the United States of America (USA),
Europe, and Switzerland. Several studies showed that
intravitreal steroid injections have anti-inﬂammatory,
antiangiogenic, and antivascular permeability characteristics
and are eﬀective for treating RVO-related ME [1, 2, 6–8].
Therefore, the purpose of the study was to evaluate the
eﬃcacy of intravitreal dexamethasone implant (IDI:
Ozurdex ) injection in eyes with macular edema due to
retinal vein occlusion.

®

®

2. Materials and Methods
2.1. Study Design. A retrospective, nonrandomized study
was performed, based on the medical records of patients who
had macular edema (ME) consequently to retinal vein occlusion (RVO) and had been treated as ﬁrst-line treatment
with Ozurdex intravitreal injection between September 2015
and December 2017 in Oculens Clinic, Cluj-Napoca,
Romania. The study began after obtaining approval from the
Clinical Ethics Committee.
2.2. Subjects. Newly diagnosed naı̈ve RVO patients who had
macular edema under 3 months at ﬁrst presentation with a
baseline central foveae thickness (CFT) of >300μ and visual
acuity of +0.3 logarithm of the minimum angle of resolution
(logMar) or worse were included. The exclusion criteria were
coexisting retinal disease (such as diabetic retinopathy, age
related macular degeneration, vitreomacular traction, or
epiretinal membrane), or media opacities (cataract) that
could decrease visual acuity (VA), and pregnancy. Patients
who had previously received treatment for ME (anti-VEGF,
steroids, and laser), with a history of ocular surgery (except
cataract) and trauma, were excluded. All patients underwent
standardized examination including measurement of bestcorrected visual acuity (BCVA) using a projection chart at
5 m, slit-lamp biomicroscopy, fundus examination using a
postdilation +90 diopter lens and a three mirror contact lens,
measurement of intraocular pressure (IOP) via applanation
tonometry, and color fundus photography. Fluorescein
angiography (FA) (HRA-2; Heidelberg Engineering, Heidelberg, Germany) and optical coherence tomography
(OCT) imaging (Triton, Topcon, Japan) of the macula were
performed prior to treatment initiation. At each visit, the
aforementioned examinations were performed, with exception of FA. Macular optical coherence tomography
(OCT) was used to measure central foveae thickness (CFT),
which was deﬁned as mean thickness of the neurosensory
retina in central 1 mm diameter region, and was computed
via OCT mapping software provided with the device.
Fluorescein angiography was performed in order to establish
capillary dropout zones at the fovea and peripheral retina,
and for leakage, as causes of ME.

Written informed consent for treatment was obtained
from all patients, and the study complied with the principles
of the Declaration of Helsinki (1964) and its amendments
(Tokyo 1975, Venice 1983, and Hong Kong 1989).
2.3. Study Protocol. All injections were performed under
sterile conditions in the operating room, after application of
topical
anesthesia
(Benoxi–Oxybuprocaini
Hydrochloridum, Unimed Pharma LTD., Slovakia) and of 10%
povidone-iodine solution (Betadine Egis Pharmaceuticals
PLC, Hungary); scrub was used on the lids and lashes, and
5% povidone-iodine was administered in the conjunctival
sac. Intravitreal Ozurdex 0.7 mg (Ozurdex , Allergan Inc.,
Irvine, CA, USA) was injected through the pars plana into
the vitreous, at 3.5 mm posterior to the limbus with a
customized, single-use 22-gauge applicator. After the injection, each patient was prescribed steroids and antibiotics
ﬁve times a day for one week. Patients were instructed to
return to the hospital if they experienced decreased vision,
eye pain, or any new symptoms.

®

®

2.4. Safety Evaluation. All the patients were followed up for
48 weeks. During the study period, the patients were
monitored for adverse eﬀects (IOP measurement; lens
transparency). In the ﬁrst year, the patients were examined
the day after injection and 4 weeks, 8 weeks, 12 weeks,
24 weeks, and 48 weeks after injection.
Panretinal or sectorial photocoagulation was applied to
the patients who showed any kind of neovascularization
during the follow-up. Panretinal photocoagulation was
applied to the CRVO patients who showed neovascularization of the iris or on optic disc. Sectorial laser
photocoagulation was applied to the BRVO patients who
showed any kind of neovascularization, and the treatment
area covered the entire ischemic area that was detected via
FA.
2.5. Data Collection. Data collected from patients’ records
included age, gender, type of RVO, ischemic status, types of
RVO, associated risk factors, complications after injection,
BCVA (converted to logarithm of the minimum angle of
resolution, logMar), intraocular pressure, and CFT. Visual
acuity and CFT were measured at all timepoints (baseline, 4
weeks, 8 weeks, 12 weeks, and 48 weeks).
2.6. Statistical Analysis. Visual acuity and the CFT values
between baseline and the other timepoints were assessed
with repeated measurement tests. Categorical variables were
compared using the chi-square test. A p value <0.05 was
considered statistically signiﬁcant.

3. Results
3.1. Demographics. Thirty-six eyes of 36 patients were included. The average age of the patients was 59.33 ± 15.74
years (range 22–89). Twenty-four of the patients (66.67%)
had nonischemic CRVO, while 12 (33.33%) had
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nonischemic BRVO and received IDI injection as the ﬁrstline treatment for ME. No signiﬁcant diﬀerence was seen
between the two groups with respect to age and gender
(p � 0.33). The follow-up period was 48 weeks. Demographic characteristics of the patients are shown in Table 1.
Systemic comorbidities included diabetes mellitus in 9%
of the patients, atherosclerosis (9%), ischemic heart disease
(9%), and hypertension (19%). Primary open angle glaucoma was present in two cases of BRVO (16.66%) and in four
cases of CRVO (16.66%). All these patients followed a topical
treatment with ﬁxed combination (timolol 0.5% and dorzolamide) or prostaglandin analogue, with well-controlled
IOP. Small hyperopia was present in 16 cases (44.44%).
In the CRVO group, the mean BCVA (logMar) value was
0.72 ± 0.16 logMar at baseline and improved to 0.45 ± 0.19
logMar after 4 weeks, 0.36 ± 0.18 logMar after 8 weeks,
0.35 ± 0.24 logMar after 12 weeks, 0.33 ± 0.24 logMar after 24
weeks, and 0.31 ± 0.23 logMar at 48 weeks (see Figure 1). In
the CRVO group, the diﬀerence between the baseline and
postinjection follow-up BCVA values was statistically signiﬁcant. BCVA values at each control visit improved signiﬁcantly compared to baseline (p � 0.0012 after 4 weeks;
p < 0.0001 at 8 weeks, 12 weeks, 24 weeks, and 48 weeks).
In the BRVO group, the mean BCVA (logMar) value was
0.42 ± 0.23 logMar at baseline and improved to 0.26 ± 0.26
logMar after 4 weeks, 0.24 ± 0.23 logMar after 8 weeks,
0.22 ± 0.21 logMar after 12 weeks, 0.22 ± 0.22 logMar after 24
weeks, and 0.21 ± 0.23 logMar at 48 weeks (see Figure 1). In
the BRVO group the diﬀerence between the baseline and
postinjection follow-up BCVA values was statistically signiﬁcant. BCVA values at each control visit improved signiﬁcantly compared to baseline (p � 0.0017 after 4 weeks;
<0.0001 at 8 weeks, 12 weeks, 24 weeks, and 48 weeks).
The diﬀerence between the two groups regarding BCVA
was statistically signiﬁcant at baseline (p � 0.0057), at 4
weeks (p � 0.038), at 8 weeks (p � 0.0248), at 12 weeks
(p � 0.0336), and at 24 weeks (p � 0.0448), but there was no
statistically signiﬁcant diﬀerence at 48 weeks (p � 0.1152)
(see Figure 1).
In the CRVO group, the mean CFT value was 504.38 ±
112.91 μm at baseline and decreased to 366.58 ± 109.58 μm
after 4 weeks, 322.13 ± 76.80 μm after 8 weeks, 288.25 ±
96.89 μm after 12 weeks, 277.92 ± 96.27 μm after 24 weeks,
and 255.50 ± 67.86 at 48 weeks (see Figure 2). CFT values at
each control visit improved signiﬁcantly compared with
baseline CFT values (p < 0.0001 at each timepoint).
In the BRVO group, the mean CFT value was 430.25 ±
100.5 μm at baseline and decreased to 301.25 ± 66.30 μm
after 4 weeks, 314.08 ± 102.30 μm after 8 weeks, 271.33 ±
59.78 μm after 12 weeks, 251.08 ± 64.85 μm after 24 weeks,
and 250.80 ± 84.65 after 48 weeks (see Figure 2). CFT values
at each control visit improved signiﬁcantly compared with
baseline CFT values (p � 0.012 at 4 weeks, p � 0.0103 at 8
weeks, p < 0.0001 at 12 weeks, 24 weeks, and 48 weeks).
The diﬀerence between the two groups regarding CFT
values was not statistically signiﬁcant at any control visits
(p � 0.0629 at baseline visit, p � 0.0671 at 4 weeks,
p � 0.7929 at 8 weeks, p � 0.5844 at 12 weeks, p � 0.5519 at
24 weeks, and p � 0.9393 at 48 weeks) (see Figure 2).

3
Table 1: Demographic characteristics of patients included in the
study.
Present pathology
CRVO
BRVO

Mean age
61.17 ± 15.43
55.67 ± 16.37

Males (%)
66.67
50

Females (%)
33.33
50

Reinjection for recurrence of CFT elevation demonstrated by the macular OCT at 18 weeks was indicated in 6
cases (25%) in the CRVO group and in 5 cases in the BRVO
group (41.67%). These cases presented for a check-up at 18
weeks (even it was not the check-up timepoint) because they
observed a signiﬁcantly visual acuity decrease. These cases
were treated using a second injection of anti-VEGF such as
bevacizumab (Avastin). The switch had a good rationale due
to the diﬀerent mode of action of these agents (Ozurdex
versus Becacizumab) and also because of ﬁnancial reasons.
In Romania, the intravitreal injection with Ozurdex is not
covered by the National Health Care System.
Intraocular pressure was measured in both groups in the
ﬁrst week after the injection. In the CRVO group and the
BRVO group, the mean IOP value in the ﬁrst week was
19.08 ± 2.95 mmHg and 18.75 ± 2.90 mmHg, respectively.
The IOP was higher than 25 mmHg in three cases (8.33%) in
the CRVO group and in two cases (16.66%) in the BRVO
group two months after the intravitreal injection. IOP higher
than 10 mmHg was present in 2 eyes (4.8%) in the CRVO
group and in one eye (1.2%) in the BRVO group. Topical
antiglaucomatous drugs were required in all these cases.
Topical timolol 0.5% combined with dorzolamide in ﬁxed
combination was administered twice per day. Moreover, no
statistical signiﬁcant diﬀerence was shown between IOP
values in the third and fourth month and baseline values
(p � 0.332 in the CRVO group and p � 0.673 in the BRVO
group). One patient required surgical treatment such as
trabeculectomy.
Cataract developed in one eye (4.17%) in the CRVO
group and in two eyes (16.67%) in the BRVO group and
required phacoemulsiﬁcation with intraocular artiﬁcial lens
implantation. Conjunctival hemorrhages occurred in ﬁve
patients (13.8%). None of the patients developed endophthalmitis, vitreous hemorrhage, or retinal detachment.

4. Discussions

®

Ozurdex (dexamethasone intravitreal implant) is an
intravitreal implant containing 0.7 mg (700 μg) dexamethasone in the Novadur solid polymer drug delivery system
(Allergan Inc., Irvine, CA, USA). It is a potent corticosteroid,
which suppresses inﬂammation by inhibiting multiple inﬂammatory cytokines resulting in decreased edema, ﬁbrin
deposition, capillary leakage, and migration of inﬂammatory
cells [9]. The National Institute for Health and Care Excellence recommends the dexamethasone 0.7 mg intravitreal
implant as an option for the treatment of ME following
CRVO and BCVO when treatment with laser photocoagulation has not been beneﬁcial or was not considered because of the extent of the hemorrhage [10]. The rationale for
the use of steroids for ME is that steroids lessen retinal
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Figure 1: Mean BCVA values from baseline to follow-up visits after intravitreal dexamethasone injection in the two groups and the p values
between the groups.
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Figure 2: The diﬀerence between the baseline and postinjection follow-up CFT values in both groups and p values between the groups.

capillary permeability and stop the expression of the VEGF
gene and the metabolic pathway of VEGF.
Demographic data from our study were similar with
those showed in a recent study [11], which evaluated the
eﬃcacy and safety of intravitreal steroids for ME secondary
to retinal vein occlusion.
Functional results from our study showed a statistical
signiﬁcant improvement in BCVA in both groups at each
timepoint comparing with baseline (p < 0.005). The results
were similar to those of previous studies. In the GENEVA
study, the improvement in BCVA by 15 letters or more was
29% at 60 days and 22% at 180 days [4, 12]. In the COBALT
study, 65% of the patients gained more than 15 letters at the
EDTRS logMar chart at 6 months and 56% at 12 months
[13]. The results of recent studies revealed that treatment of
BRVO as early as 2 weeks after onset of ME enhanced visual
outcomes [14]. In the SOLO study, the improvement in
BCVA in the BRVO group was from 0.6 to 0.45 logMar after
24 weeks after the treatment, and in the CRVO group, VA
increased from 0.7 to 0.52 logMar after 24 weeks [15]. Simsek
et al. [10] showed in their study that BCVA improved

signiﬁcantly compared with baseline (p � <0.001) after the
second injection of Ozurdex intravitreal implant. Mayer
et al. [16] demonstrated an improvement in BCVA by
6.6 ± 1.7 letters in the CRVO group and by 7.8 ± 2.9 letters in
the BRVO group.
Mean reduction in central macular thickness in our
study was signiﬁcant in both groups at each time point
(p < 0.005) and was comparable with other studies. In the
GENEVA study, it was shown a mean reduction of 119 μm at
180 days following treatment [13]. Singer et al. [17] showed a
reduction in CFT of 195 μm. Shahina et al. [9] demonstrated
in their study a mean reduction in CFT of 181.3 ± 210.92 μm.
Simsek et al. [10] showed a statistically signiﬁcant improvement (p < 0.001) of CFT 4 months after intravitreal
dexamethasone injection. Moreover, they observed the recurrence of CFT elevation in 65.3% of patients in the BRVO
group and in 68.1% in the CRVO group 4 months after the
second injection of intravitreal dexamethasone implant. In
the present study, the recurrence after the ﬁrst injection was
present in 41.67% patients with BRVO and in 25% patients
with CRVO. Bezatis et al. [11] reported that the mean CFT
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maintained was signiﬁcantly reduced (p < 0.001) compared
with the baseline at each follow-up visit.
In the current study, the recurrence of ME appeared in
six eyes (25%) in the CRVO group and in ﬁve eyes (41.67%)
in the BRVO group at 4.5 months from baseline. Published
reports in which reinjections have been made after shorter
intervals on an “as needed” basis are now available [18, 19].
In an earlier published retrospective assessment of 33 RVOaﬄicted eyes, retreatment with dexamethasone was necessary at 4.7 ± 1.1 months after the ﬁrst injection and at
5.1 ± 1.5 months after the second one in order to sustain a
signiﬁcant improvement in the best-corrected visual acuity
and in the central retinal thickness [16]. Considering the
results of the aforementioned studies, it is clear that the
eﬀects of intravitreal-administered dexamethasone can be
sustained for 4 months (range: 3 to 7 months) irrespective of
the patient’s clinical background. A retreatment initiation on
an “as needed” basis would require injection intervals of
substantially less than 6 months for the vast majority of eyes
[6, 15, 18, 20]. Moreover, frequent and repeated treatments
with Ozurdex enlarge the risk of ocular side eﬀects such as
raised IOP and cataract formation. That is why in our study
we preferred to use as a second injection an anti-VEGF
medication.
In this study, cataract that decreased VA appeared in one
eye (4.17%) in the CRVO group patients and in two eyes
(16.67%) in the BRVO group during the follow-up. The
results are similar with others studies [17]. Cataract may
form because of long-term steroid secretion after single
injection. The risk for cataract is higher after two injections
of dexamethasone intravitreal implant [21]. Ozkaya et al. [8]
reported a rate of cataract of 4.4% after a single intravitreal
dexamethasone injection. The COBALT study showed a
progression in lens opacities in 36% of patients [13]. Mayer
et al. [16] reported a rate of 50% of eyes with cataract after
three Ozurdex injections. Reid et al. [22] showed that the risk
of cataract formation is higher in patients receiving multiple
IDI injections. Nevertheless, cataract may form because of
long-term steroid secretion after a single injection [10].
Meyer and Schönfeld did not reveal any cataract progression
at 6 months after intravitreal injection of Ozurdex [23].
There are some conﬂicting studies that reported no cataract
progression even after accidental intralenticular Ozurdex
implant administration [24, 25]. In addition, many authors
have revealed a resolution of the ME with an intralenticular
implant [24, 26–29].
In our study, intraocular pressure increased in three eyes
(8.33%) in the CRVO group and in two eyes (16.66%) in the
BRVO group. In 2 eyes in the CRVO group, the IOP increased more than 10 mmHg. These results were lower in
comparison to those revealed by Schmitz et al. [19]. In their
retrospective study on 342 retinal vein occlusions, the IOP
increased in 20% aﬄicted eyes after intravitreal injections of
dexamethasone. In the Shasta trial [30], in 32.6% of the
CRVO- and BRVO-aﬄicted eyes, an IOP increase of
≥10 mm Hg was reported. Intraocular pressure-lowering
medication was given in 29.1% of the patients, while in 1.7%,
incisional glaucoma surgery was performed. Mayer and
Schönfeld [23] described an elevated IOP (>5 mmHg) in
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40% of patients. Joshi et al. [31] reported an increase in IOP
in 27% of the eyes, which needed to be medically controlled.
In the GENEVA study [7], the authors showed an elevation
of 25% of IOP at 6 months after intravitreal injection. On the
contrary, Meyer and Schönfeld [23] did not notice any
increase in IOP 6 months after the treatment. The increased
IOP after Ozurdex intravitreal injection appears as a result of
the steroid intravitreal injection. Dot et al. showed that
steroid-induced glaucoma is the most common side eﬀect
associated with the dexamethasone intravitreal injection. We
believe that each patient from our study who developed
ocular hypertension was steroid responder [32]. Several
pathogenetical mechanisms have been proposed for steroidinduced IOP elevation as a result from biochemical and
structural changes in the trabecular meshwork (TM). Inhibition of extracellular matrix material degradation with
the accumulation of ﬁbronectin, glycosaminoglycan, laminin, and elastin in the TM, reduced phagocytotic capacity,
decreased activity of protease, increased DNA content and
nuclear size, reorganization of the TM cytoskeleton (which is
unclear), formation of intercellular junctions, and rearrangement of speciﬁc protein synthesis are the main eﬀects
of steroids on the TM activity http://ghrnet.org/index.php/
IJOR/article/view/2513/2894 [33–36]. François [37] and
Armaly [38] suggested that the increased IOP is due to the
alteration of the mucopolysaccarides, leading to their accumulation in the TM. Experimental studies have reported
that steroids signiﬁcantly increase expression of diﬀerent
genes in human TM [39–41].
In our study, we did not have any endophthalmitis after
Ozurdex intravitreal implantation. The results are similar
with previous studies [42, 43].
In our study, one eye (8.33%) with BRVO received a
sectorial photocoagulation after 12 weeks and three eyes
(12.5%) with CRVO received a panretinal laser photocoagulation 12 weeks after injection. In these cases, 12 weeks
after the intravitreal treatment, the patients developed new
vessels on the optic disc as a sign of ischemic form of retinal
vein obstruction, even if they had a nonischemic form at
the beginning of the study. The goal of the treatment was to
decrease neovascular changes and prevent the development
of neovascular glaucoma. There are studies that revealed
that 30% of eyes with nonischemic CRVO at ﬁrst may
convert to ischemic type [44–47]. Trombosis of the retinal
veins give rise to an increase in retinal capillary pressure
with a higher capillary permeability and leakage of ﬂuid
and blood into the retina. Once the ischemia appears, the
production of vascular endothelial growth factor (VEGF) is
facilitated and promotes the retinal capillary permeability
and leakage into the extracellular space ending in development of ME [48].
The present study has some limitation regarding the
small sample size, the short period of follow-up and the
absence of a control group. To our knowledge, this is the ﬁrst
Romanian study regarding the eﬃcacy of intravitreal
Ozurdex injection for ME after retinal vein occlusion.
Nonetheless, further studies with active controls are needed
to completely understand the eﬃcacy and safety of intravitreal dexamethasone implant injection.

6

Journal of Ophthalmology

5. Conclusions
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Intravitreal Ozurdex injection signiﬁcantly improved mean
BCVA and reduced CFT in eyes with macular edema due to
retinal vein occlusion. The treatment is safe and eﬀective.
Cataract formation and increasing IOP demands regular
visits in patients treated with intravitreal Ozurdex.

[12]

[13]

Data Availability
The data used to support the ﬁndings of this study are
available from the corresponding author upon request.

[14]

Conflicts of Interest
The authors declared that there are no conﬂicts of interest.

[15]

References
[1] National Institute for Health and Care Excellence, Guideline
TA229, National Institute for Health and Care Excellence,
London, UK, 2011, http://www.nice.org.uk/Guidance/ta229.
[2] J. B. Jonas, I. Akkoyun, B. Kamppeter, I. Kreissig, and
R. F. Degenring, “Branch retinal vein occlusion treated by
intravitreal triamcinolone acetonide,” Eye, vol. 19, no. 1,
pp. 65–71, 2005.
[3] T. Y. Wong and I. U. Scott, “Retinal-vein occlusion,” New
England Journal of Medicine, vol. 363, no. 22, pp. 2135–2144,
2010.
[4] Branch Vein Occlusion Study Group, “Argon laser photocoagulation for macular edema in branch vein occlusion,”
American Journal of Ophthalmology, vol. 98, pp. 271–282,
1984.
[5] Central Vein Occlusion Study Group M Report, “Evaluation
of grid pattern photocoagulation for macular edema in central
vein occlusion,” Ophthalmology, vol. 102, no. 10, pp. 1425–
1433, 1995.
[6] J. G. Garweg and S. Zandi, “Retinal vein occlusion and the use
of a dexamethasone intravitreal implant (Ozurdex ) in its
treatment,” Graefe’s Archive for Clinical and Experimental
Ophthalmology, vol. 254, no. 7, pp. 1257–1265, 2016.
[7] J. A. Haller, F. Bandello, R. Belfort et al., “Randomized, shamcontrolled trial of dexamethasone intravitreal implant in
patients with macular edema due to retinal vein occlusion,”
Ophthalmology, vol. 117, no. 6, pp. 1134–1146, 2010.
[8] A. Ozkaya, I. Tanir, C. Alagoz, Z. Alkin, and M. Taskapili,
“Twelve-month outcomes of dexamethasone implant treatment in macular edema secondary to retinal vein occlusion in
real life,” Beyoglu Eye Journal, vol. 2, no. 1, pp. 24–28, 2017.
[9] A. Shahina, H. Hani, and M. Elashry, “A 2-year retrospective
study of the treatment of retinal vein occlusion with dexamethasone 0.7 mg intravitreal implant (Ozurdex ): an emphasis on combination therapy,” Journal of Clinical
Ophthalmology, vol. 2, no. 1, pp. 55–59, 2018.
[10] M. Simsek, M. Citirik, S. Ozates, and D. Ozkoyuncu, “The
eﬃcacy of intravitreal dexamethasone implant as the ﬁrst-line
treatment for retinal vein occlusion-related macular edema in
a real-life scenario,” Indian Journal of Ophthalmology, vol. 66,
no. 6, pp. 831–836, 2018.
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Summary
Purpose: Bevacizumab or cetuximab represent the standard
treatment in association with classical chemotherapy in confirmed metastatic colorectal cancer (mCRC). Bevacizumab
could be continued after the first disease progression with an
overall survival (OS) advantage, compared to chemotherapy
alone, but the optimal dose remains a debatable issue.

tients, while irinotecan was used in 75% DDB and 27% SDB
patients. Second-line oxaliplatin was given to 50% DDB and
29.7% SDB patients, while irinotecan was administered to
47.5% DDB and 70.3% SDB patients. The median values
were: OS - 41 months in the DDB group and 25 months
in the SDB group (p = 0.01); TTF - 24 months in the DDB
group and 19 months in the SDB group (p=0.009); PFS1 - 17
Methods: In a retrospective analysis of mCRC patients
months in the DDB group and 12 months in the SDB group
treated with bevacizumab, we selected patients with admin(p=0.008); PFS2 - 9 months in the DDB group and 5 months
istration beyond progression, and stratified them according
in the SDB group (p = 0.03).
to the dose received– same dose bevacizumab (SDB) as firstline chemotherapy or double dose bevacizumab (DDB). For Conclusions: Doubling the dose of bevacizumab at proeach group we evaluated OS, time to treatment failure (TTF) gression seems to provide OS and PFS advantage for mCRC
and progression-free survival in the first-line (PFS1) and in patients.
the second-line (PFS2).
Results: In the first-line therapy, oxaliplatin backbone regi- Key words: colorectal, cancer, progression, bevacizumab,
men was used in 73% SDB, compared with 22.5% DDB pa- metastasis

Introduction
Colorectal cancer (CRC) represents one of the ber of new cases at 1,850,000/year, being in the
most frequent types of cancer worldwide. In Sep- third place as incidence, with a mortality of 880,000
tember 2018 GLOBOCAN approximates the num- cases (second place regarding the total number of
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deaths induced by cancer) [1]. Age-standardized incidence of CRC rates per sex in Europe ranks this
pathology on the third place for both genders [1].
In Romania, CRC is in the second place as incidence
after lung cancer, with more than 11,000 new cases
every year and a mortality of 6,500/year [1]. This
type of cancer is actually the main cause of death
in patients with digestive cancers in Romania [2].
The age of developing CRC is decreasing;
younger ages seem to be more affected by the
disease. In a 10-year surveillance of a national
insurance system regarding the new cases with
CRC (more than 1,2 million diagnosed in the mentioned period), Moghadamyeghaneh identified an
approximately 10% increase of the CRC incidence
for patients younger than 65 years and an increase
between 9-12% for those under 50 [3]. Fifteen percent of younger patients under the age of 50 years
had more advanced stages of CRC compared with
older ages [3].
Twenty percent of CRC patients had metastasis
at diagnosis [4]. Seven to 26% of patients with localized disease will develop metastasis, and more
advanced stages (regional disease) will have 2544% risk of distant disease [5].
The general prognosis in metastatic colorectal
cancer (mCRC), has changed in the last decade, the
OS expectancy reached more than 30 months in
response to triple-agent chemotherapy regimens
combined with targeted therapy [6]. The secret of
having good and prolonged survival is to adapt the
strategy of treatment in terms of association of
drugs, sequences, doses and maintenance therapy
for disease, which tends to be chronic, but still remains deadly.
Standard therapy for mCRC is represented by
the classical chemotherapy backbone – fluoropyrimidine with oxaliplatin or irinotecan, combined
with either anti-EGFR (epidermal growth factor
receptor) or anti-VEGF/R (vascular endothelial
growth factor receptor) antibodies. Of these agents,
bevacizumab is one of the most used.
Guidelines could offer various options for
available treatments but cannot answer all the
questions raised by clinical situations. One of these
issues concerns the available data regarding administration of bevacizumab beyond progression
(BYP). Published data of randomised phase 3 trials confirmed the value of this strategy, but the
optimal dose of bevacizumab BYP (same dose as
in first-line therapy or doubling the dose), remains
debatable. In addition to that, bevacizumab has
been demonstrated to be an essential component
of the maintenance therapy for mCRC. The optimal chemotherapy partner in case of progression
for bevacizumab BYP remains less studied (same
JBUON 2020; 25(2): 876

chemotherapy as induction phase similar to OPTIMOX trials or changing the regimen) [7].
Our study was performed with the aim of adding new information regarding the preferences,
strategies and results of clinicians treating of “real
life” mCRC patients.

Methods
Study’s population
We performed a retrospective consecutive analysis
of patients of the Institute of Oncology “Ion Chiricuta”
Cluj-Napoca (IOCN) treated for mCRC with bevacizumab
and chemotherapy, bevacizumab being continued beyond progression (BYP). The ethics committee of the
Institution approved this study. The included patients
were stratified according to the dose of bevacizumab BYP
– same dose of bevacizumab as for the first-line therapy
(SDB) or the double dose of bevacizumab (DDB).
Inclusion criteria: age above 18, histological confirmation of CRC, hematological tests with liver & renal
functions adequate for chemotherapy, no cardiological
contraindication for chemotherapy (including bevacizumab) administration, at least 1 metastatic measurable
lesion according to RECIST 1.1 criteria, good performance status (0 to 2), at least 2 months of chemotherapy
regimen administration, complete data on treatments
and survival.
Exclusion criteria: previous administration of bevacizumab or other anti-angiogenic medication; uncontrolled comorbidities, such as hypertension or hypertensive crisis; acute myocardial infarction or unstable
cardiovascular disease; gastro-intestinal fistula or bleeding, acute thromboembolism, significant surgical procedure (with a duration of more than 30 min), acute wound
trouble of healing, untreated and uncontrolled spinal
cord compression or brain metastases, altered performance status, inadequate hematological, hepatic or renal
functions.
Chemotherapy regimens and follow-up
Chemotherapy regimens used for included patients
were: CAPEOX or XELOX – oxaliplatin 130 mg/m2 every
21 days with capecitabine 1000 mg/m2 BID 14 days of
21, FOLFOX 4 – oxaliplatin 85 mg/m2 every 14 days ,
5FU 400 mg/m2 bolus and 600 mg/m2 continuous infusion days 1 and 2, folinic acid 400 mg/m2 days 1 and 2,
CAPIRI or XELIRI – irinotecan 240 mg/m2 every 21 days
capecitabine 1000 mg/m2 BID 14 days of 21, FOLFIRI
– irinotecan 180 mg/m2 every 14 days, 5FU 400 mg/m2
bolus and 600 mg/m2 continuous infusion days 1 and 2,
folinic acid 400 mg/m2 days 1 and 2. Bevacizumab was
administered at 7.5 mg/kg every 21 days in combination
with CAPIRI/XELIRI or XELOX/CAPEOX in the first-line
and also in the second-line for SDB group of patients,
while 15 mg/kg were used in the second-line in the DDB
group. For FOLFIRI or FOLFOX regimens bevacizumab
was administered at 5 mg/kg every 14 days in the firstline of therapy and in the second-line in the SDB group,
or 10 mg/kg in the second-line in the DDB group of
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patients. Dose modifications during treatments were according to general recommendations of the guidelines
or drug marketing authorities; no dose reduction was
done for bevacizumab but delay in administration was
allowed in case of toxicity. No significant toxicities in
terms of proteinuria or hypertension crisis were noted
in the included patients.
After the first-line chemotherapy, most patients
underwent maintenance therapy with less aggressive
chemotherapy until disease progression or surgical
resection. Same or double dose bevacizumab was continued beyond disease progression in combination with
a different chemotherapy regimen. All patients were
evaluated by CT scan, according to RECIST 1.1.
Statistics
OS was defined as the period of time between the
first cycle of chemotherapy and death, time-to-treatment
failure (TTF) as the period of time between first cycle
of chemotherapy and last cycle of second line with
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bevacizumab (time to second progression), PFS of firstline (PFS 1) – time between first cycle and last cycle of
first-line of chemotherapy, PFS of second line (PFS 2) –
time between first cycle and last cycle of second line of
chemotherapy.
The distribution of patient characteristics (numbers
and percentage) was evaluated using x2 test for association. Survival curves were estimated by Kaplan-Meier
method, with differences assessed by log-rank test. Cox
regression analysis was used to generate hazard ratios
(HRs) and corresponding 95% CI. Two-sided p value less
than 0.05 indicated statistical significance. All analysis
were performed using R version 3.5.1 and Excel 2010.
The items considered of interest were: age, gender,
body mass index, type of chemotherapy partner for bevacizumab in first and second-line therapy, dose for each
chemotherapeutic agent including bevacizumab, dates
for each cycle of chemotherapy and date of death. The
main objectives of this analysis were OS, TTF, PFS 1, PFS
2 for both groups – SDB and DDB.

Table 1. Patient, treatment and disease characteristics
Characteristics

DDB (n=40)
n (%)

SDB (n=111)
n (%)

58 (41-77)

57 (19-75)

Male

24 (60.0)

62 (58.9)

Female

16 (40.0)

49 (44.1)

Oxaliplatin-based

9 (22.5)

81 (27.0)

Irinotecan-based

30 (75.0)

30 (73.0)

1 (2.5)

0 (0.0)

Oxaliplatin-based

20 (50)

33 (29.7)

Irinotecan-based

19 (47.5)

78 (70.3)

1 (2.5)

0 (0)

p value

Age (years)
Median (range)
Sex

0.69

First-line chemotherapy

Other

<0.001

Second-line chemotherapy

Other

0.014

Disease site

0.23

Left

12 (30.0)

23 (20.7)

Right

28 (70.0)

88 (79.3)

Metastasis localization

0.98

Liver

30 (62.5)

91 (58.0)

Pulmonary

6 (12.5)

19 (12.1)

Peritoneal

6 (12.5)

25 (15.9)

Adenopathies

2 (4.2)

6 (3.8)

Bone

1 (2.1)

6 (3.8)

Other

3 (6.3)

10 (6.4)

Total number of metastasis

48

157

Average number of metastasis / patient

1.2

1.41

Number of organs with metastasis

0.13

1

32 (80.0)

78 (70.3)

2

8 (20.0)

23 (20.7)

More

0 (0.0)

10 (9.0)

DDB: bevacizumab double dose, SDB: bevacizumab standard dose
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Table 2. Chemotherapy regimens depending of the laterality of primary tumor
Characteristics

All (n=151)
n (%)

Right sided cancer (n=35)
n (%)

Left sided cancer (n=116)
n (%)

Age (years)

0.80

Under 65

123 (81.5)

28 (80.0)

95 (81.9)

Over 65

28 (18.5)

7 (20.0)

21 (18.1)

57 (19-75)

57 (25-74)

57 (19-75)

Median age (range)

p value

Sex

0.02
Male

86 (57.0)

14 (40.0)

72(62.1)

Female

65 (43.0)

21 (60.0)

44 (37.9)

Oxaliplatin-based

90 (59.6)

16 (45.7)

74 (63.8)

Irinotecan-based

60 (39.7)

19 (54.3)

41 (35.3)

1 (0.7)

0 (0.0)

1 (0.9)

Oxaliplatin-based

53 (35.1)

16 (45.7)

37 (31.9)

Irinotecan-based

97 (64.2)

18 (51.4)

79 (68.1)

1 (0.7)

1 (2.9)

0 (0.0)

Liver

121 (59.0)

25 (51.0)

96 (61.5)

Lung

25 (12.2)

3 (6.1)

22 (14.1)

Peritoneum

31 (15.1)

12 (24.5)

19 (12.2)

Adenopathies

8 (3.9)

3 (6.1)

5 (3.2)

Bone

7 (3.4)

2 (4.1)

5 (3.2)

Other

13 (6.3)

4 (8.2)

9 (5.8)

205

49

156

1

110 (71.9)

24 (64.9)

86 (74.1)

>1

43 (28.1)

13 (35.1)

30 (25.9)

First-line chemotherapy

Other

0.12

Second-line chemotherapy

Other

0.05

Metastasis - types

Total number of metastasis

0.18

Metastasis – organ involved

0.27

Results
Patient characteristics
Of 694 patients treated with bevacizumab for
mCRC in our Institute between 2009-2017, only
162 patients met the criterias for inclusion – bevacizumab BYP. Of these, 11 had bevacizumab BYP in
later lines of chemotherapy and were not included
in the analysis.
The main characteristics of the included patients are detailed in Table 1.
There were no significant differences between
the investigated groups of patients – BSD and BDD,
in terms of age, gender, site of primary tumor, types
of metastasis and number of organs with metastasis with the exception of the use of oxaliplatin in
the first and second-line therapy, which was more
frequent in the SDB arm.
Regarding the laterality of primary tumor and
other patient characteristics, the left-sided cancer
was significantly more frequent in males (Table 2).
JBUON 2020; 25(2): 878

Figure 1. Kaplan-Meier survival estimates for patients – overall survival. SDB: bevacizumab standard dose
as first-line; DDB: bevacizumab double dose; CI: confidence
interval; HR: hazard ratio.
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Survival analysis by dose of bevacizumab beyond Time-to-treatment failure (TTF)
progression
The median TTF (lines 1 and 2) for the DDB
group was 24 months compared with 19 months
Overall survival (OS)
for the SDB group (log rank p=0.009). The correThe differences between Kaplan-Meier sur- sponding HR for death was 0.6067 (p=0.0985; 95%
vival curves were compared by log-rank test. The CI: 0.415-0.886) (Figure 2).
median duration of survival for the DDB group
(treated with a higher dose of bevacizumab) was Progression free survival in the first-line chemotherapy
(PFS 1)
41 months compared with 25 months for the SDB
group (treated with a lower dose of bevacizumThe median PFS in the first-line for the DDB
ab) (log rank p=0.01). The corresponding HR for group was 17 months compared with 12 months
death was 0.616 (p=0.0159) (95% CI 0.416-0.913) for the SDB group (log rank p=0.008). The corresponding HR for death was 0.637; (p=0.0157; 0.95
(Figure 1).
CI: 0.442-0.912) (Figure 3).
Regarding the chemotherapy regimen for
bevacizumab-irinotecan or oxaliplatin backbone
regimen in the first-line therapy, PFS 1 favored
irinotecan associations with statistical significance
as shown in Figure 4.
Statistical analysis showed that HR for PFS 1
was 0.687 (95% CI: 0.494 - 0.955, p=0.0255), favoring irinotecan-based chemotherapy.
Progression free survival in the second-line chemotherapy (PFS 2)
The median PFS in second-line for the DDB
group was 9 months compared with 5 months for
the SDB group (log rank p=0.03). The corresponding HR for death was 0.666 (p=0.0369; 95% CI:
0.455-0.976) (Figure 5).
In the second-line therapy no differences in
terms of PFS 2 were demonstrated when we comFigure 2. Kaplan-Meier survival estimates – time to treatment failure. SDB: standard dose bevacizumab; DDB: double pared irinotecan with oxaliplatin-based chemodose bevacizumab; CI: confidence interval; HR: hazard ratio. therapy, with a corresponding HR for death 0.9026
(p=0.563; 95% CI: 0.6379-1.277).

Discussion
The treatment of patients with mCRC remains
one of the most challenging issues. It is well known
that only 10-15% of those marginally operable or
initially non-surgical patients will become candidates for metastasis resection.
Nowadays, we have multiple chemotherapy
regimens options, with different types of toxicities
and different impacts on treatment strategies. Despite recent scientific progress in the last decades
essential questions still remain.
In daily clinical activities, the oncologist
faces some critical issues – and one of them is
represented by the associations of systemic
treatments which need to be administered in
Figure 3. Progression-free survival in the first-line treat- the first-line therapy. These therapeutic schemes
ment (PFS1). SDB: standard dose bevacizumab; DDB: double are chosen in regard to patients and their physidose bevacizumab; CI: confidence interval; HR: hazard ratio. cians’ intentions- either conversion to surgery
JBUON 2020; 25(2): 879
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in first- and second-line therapy (anti-EGFR even
in third line) [8].
Concerning anti-VEGF vs anti-EGFR therapies– we have data from the published clinical trials FIRE-3 (AIO KRK-0306) [9], the phase II PEAK
[10], and CALGB/SWOG 80405 [11]. Their primary
endpoints (response rate, PFS or OS) were not met,
so for the time being no definite conclusions could
be drawn. The chemotherapy partners were either
a chemotherapy regimen backbone with irinotecan or oxaliplatin. Little transparencies - if any were shown concerning the scientific arguments
to choose oxaliplatin instead of irinotecan or vice
versa in addition to a biological treatment in these
published trials.
Figure 4. Progression-free survival in the first-line treatment (PFS1) depending of chemotherapy combination. IRI:
irinotecan-based regimens (FOLFIRI or CAPIRI), OX: oxaliplatin-based regimens (FOLFOX or CAPEOX); CI: confidence
interval; HR: hazard ratio.

Timing of traditional chemotherapy: what should be
administered first?
ESMO guidelines recommend the oxaliplatin
backbone regimen as the first-line therapy if the
case could become operable [12].
Tournigand et al in their randomised study
demonstrated that the sequence of oxaliplatin regimen followed by irinotecan-based chemotherapy
or the other way around, had similar efficacy in
terms of OS, same rate of response (approx. 55%),
and PFS1 (PFS until first disease progression), but
with different spectrum of toxicities - as more neuropathies and neutropenia occurred in the case of
oxaliplatin administration or cardiomyopathies
with 5FU [13-15]. Due to these chemotherapy
side effects which involve oxaliplatin, especially
for neuropathic toxicity which is dose-related and
partially reversible, a strategy of “stop and go” was
investigated and proved efficient in OPTIMOX-1
trial [7,16].
Which is the best partner for bevacizumab as first-line
treatment for mCRC?

Figure 5. Progression-free survival in the second-line
treatment (PFS2). SDB: standard dose bevacizumab; DDB:
double dose bevacizumab; CI: confidence interval; HR: hazard ratio.

or an increased life expectancy with a tolerable
toxicity.
In order to maximize the rate of response it is
important to choose in the first-line of therapy the
systemic regimens associations with the highest
probability to obtain a tumor response. That means
for both – classic chemotherapy regimen and biological factors (anti-VEGF/R or anti-EGFR) – the
rate of response is the priority. In mCRC patients,
FDA and EMA approved both categories of treatments – anti-VEGF (bevacizumab) and anti-EGFR
JBUON 2020; 25(2): 880

ESMO guidelines do not outline any clear discrimination regarding the first-line therapy efficacy
between both backbone chemotherapy regimens
(oxaliplatin or irinotecan) associated to bevacizumab [12].
The CALGB/SWOG 80405 trial which compared anti-EGFR versus anti-VEGF, both combined
with chemotherapy regimens in first-line therapy
of mCRC, is the only trial conducted as a headto-head analysis of FOLFIRI versus FOLFOX combined with bevacizumab in 1140 patients. FOLFOX
combined with bevacizumab produced a median
OS of 26.9 months, compared with FOLFIRI + bevacizumab with a median OS of 33.4 months (no
statistical analysis was done in the original trial)
[11]. The preferences of investigators for FOLFOX
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chemotherapy associated with bevacizumab or
cetuximab (73.2%) makes it very difficult to draw
definite conclusions [11].
In ARIES, an observational study, Bendell et al
analyzed the efficacy of FOLFOX or FOLFIRI combined with bevacizumab in the first-line therapy,
in 1211 patients with mCRC. No differences in
PFS or OS were observed between arms, although
the absolute value OS was superior for FOLFIRI
arm (25.5 months) compared with FOLFOX (23.7
months) (not statistically significant – HR: 0.95;
95% CI: 0.78–1.16; p = 0.625) [17]. Due to a higher
risk for adverse events linked to classic chemotherapy regimens for the FOLFOX arm, these patients
had a more frequent change of the treatment (23.7
vs. 16.2%) compared with FOLFIRI arm [17]. In the
ARIES study, both FOLFOX or FOLFIRI seemed
to be equal partners for bevacizumab in first-line
therapy for patients with mCRC. In real-life conditions, the BEAT study included 1914 patients with
mCRC treated with FOLFIRI, FOLFOX or XELOX
plus bevacizumab [18]. No statistically significant
differences were found neither in terms of PFS between arms (11.6 months for FOLFIRI, 11.3 months
and 10.8 months, respectively for FOLFOX and
XELOX), nor in OS [16]. The MAVERICC study on
376 patients did not find any differences for OS
or PFS between FOLFOX and FOLFIRI in firstline therapy when combined with bevacizumab
[19].
In our study patients treated with irinotecan backbone chemotherapy had a statistically
significant superiority in OS and PFS compared
with oxaliplatin, in first-line therapy but not in
second-line treatment, regardless of the dose of
bevacizumab (same dose or doubled after disease
progression).
In the future the CAIRO 5 trial could offer more
accurate data regarding the best partner for bevacizumab treatment in first-line therapy of mCRC
patients [20].
Bevacizumab beyond progression – to double or not
the dose?
Bennouna et al in ML 18147 phase 3 trial, assigned 409 patients (50%) to bevacizumab (2.5 mg/
kg per week) plus chemotherapy and 411 (50%)
to chemotherapy alone. The study demonstrated
a median OS advantage in favour of continuation
of bevacizumab beyond disease progression [21].
These findings were confirmed by Masi et al in the
smaller BEBYP trial on only 185 included patients,
in which PFS and OS supported bevacizumab continuation beyond disease progression [22]. Koeberle
et al, in SAKK 41/06 trial, investigated bevacizumab
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continuation versus no continuation, but failed to
demonstrate the non-inferiority of treatment noncontinuation vs continuing bevacizumab therapy
[23]. CAIRO 3 demonstrated that a continous care
in mCRC is better served by bevacizumab administered continously (same dose), either associated
or not with 5FU/capecitabine [24].
In a small phase 2 trial, bevacizumab associated with FOLFIRI after progression on a first-line
chemotherapy regimen with bevacizumab showed
that doubling the dose of bevacizumab led to the
same results in terms of PFS and OS as those reported for the second-line combination (without
bevacizumab in the first-line) [25].
One of the first evidence in favor of bevacizumab continuation beyond disease progression
was given by BRiTE study, where 1445 patients
were treated with bevacizumab in first-line therapy
and were then treated with or without second-line
bevacizumab after progression. Multivariate analysis showed that bevacizumab continuation beyond
progression was statistically significantly associated with improved survival (HR, 0.48; p<0.001)
[26].
In ARIES observational study, post-progression
survival of 1550 included patients was statistically
linked to a cumulative dose of bevacizumab after
the first progression (p=0.0040) [27]. Same postprogression survival advantage in favor of bevacizumab continuation was found for 573 patients by
Cartwright et al [28].
Double dose bevacizumab as second-line of
treatment was investigated in ECOG E3200 trial
[29]. It was a second-line trial with progression after classic chemotherapy, bevacizumab was not administered truly beyond progression, since it was
not part of the first-line treatment. The addition
of bevacizumab at a double dose improved PFS,
OS and showed a statistically significant response
rate.
Do PFS1, PFS2 or TTF increase the OS?
These notions were more frequently met in
the maintenance treatment strategy in mCRC as
defined in CAIRO 3 trial [24]. PFS1 could be inappropriately evaluated due to retreatment periods at
disease progression and TTF seems to characterize
better the entire treatment efficacy as maintenance
therapy. PFS2 is linked mainly to the maintenance
period.
Petrelli and Barni showed in 34 randomized
clinical trials that OS was better characterized by
post-progression survival (PFS2) while each improvement in overall PFS (or TTF) had statistical
significance for OS [30].
JBUON 2020; 25(2): 881
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In our study all items PFS1, PFS2, TTF, OS need to be reassessed according to tumor microwere in favor of doubling the dose of bevacizumab environment and Consensus Molecular Subtypes
at progression. An analysis for predictive or prog- (CMS) classification.
nostic factors is ongoing.

Conclusions
Our study demonstrates that doubling the dose
of bevacizumab at progression could improve OS
and time to TTF in patients with mCRC.
Irinotecan could improve the results of systemic association if it is administered in the firstline treatment with bevacizumab.
Available data from published clinical trials
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Abstract: Biochemical processes present complex mechanisms and can be described by various
computational models. Complex systems present a variety of problems, especially the loss of intuitive
understanding. The present work uses fractional-order calculus to obtain mathematical models for
erythritol and mannitol synthesis. The obtained models are useful for both prediction and process
optimization. The models present the complex behavior of the process due to the fractional order,
without losing the physical meaning of gain and time constants. To validate each obtained model,
the simulation results were compared with experimental data. In order to highlight the advantages of
fractional-order models, comparisons with the corresponding integer-order models are presented.
Keywords: biochemical process; fractional order model; optimization

1. Introduction
Scientists have found that many diseases which affect the circulatory and the digestive systems are
caused by the high intake of sugars. An initiative was taken by several countries in order to decrease
the amount of sugar used in foods by using alternative natural sweeteners, such as mannitol and
erythritol. It has been proven that natural sweeteners provide both a low glycemic index and a small
number of calories.
Lactic acid bacteria (LAB) are known to produce erythritol and mannitol in dough preparations,
hence they are being added to bakery products to add nutritional value and promote several positive
health effects. Furthermore, since mannitol and erythritol are natural sweeteners, their use lowers the
amount of sugar needed to prepare the products. One of the most used LAB is Lactobacillus plantarum.
This bacterium is adaptable to other microorganisms and environments and is often used in food
fermentation processes. Lactobacillus casei, also recognized for its adaptability, is used mainly in the
dairy industry due to its capability to metabolize different carbohydrates. The difference between the
two bacteria is that L. plantarum has a fast growth and its fermentation is anaerobic, while L. casei is
characterized by aerobic fermentation and grows slowly.
The production of functional foods requires ingredients which are rich in nutrients (such as
carbohydrates, vitamins, lipids, etc.). It has been proven by nutritionists that soybeans are an excellent
source of most nutrients, and there have been reports that their active component (isoflavones) has
positive effects on many diseases caused by a high consumption of sugar. For this reason, f soy
flour can be introduced in wheat flour in order to increase the bioactive characteristics of the final
bakery products.
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The primary cause of dental caries, obesity, type 2 diabetes, cancer, and cardiovascular diseases
is the consumption of foods with a high sugar content [1,2]. To decrease the consumption of added
and free sugars, taking into account the instructions by the World Health Organization (WHO),
several countries are adopting regulations for lowering the sugar intake of the population, especially
children [3]. The incorporation of alternative natural sweeteners (i.e., polyols), like mannitol or
erythritol in bakery products, presents various favorable effects [4]. The digestion of these non-nutritive
sweeteners is not entirely attainable by humans, and the majority is excreted unaltered in urine,
providing a low source of calories and a low glycemic index [5].
Traditional food upgrading helps to enhance the nutritional values of foodstuff by providing
several health-promoting effects [6]. Fermented foods frequently contain polyols, because they are the
metabolic product of several starter cultures. The incorporation of LAB capable of producing mannitol
or erythritol in dough preparations can contribute to the significant reduction of added sugars in
bakery products [7]. L. plantarum, used in vegetable and other food fermentations, is a facultative
heterofermentative bacterium and possesses competent adaptability to other microorganisms and
environments. L. casei, also an adaptive bacterium mainly used in the dairy industry, is capable to
metabolize different carbohydrates and has heterolactic and homolactic characteristics [8]. L. plantarum
grows faster with mainly anaerobic fermentation, while L. casei grows more slowly, and its fermentation
is aerobic [9].
Soybean, of the Fabaceae family, is often used in the production of functional foods because it is
rich in nutrients such as carbohydrates, lipids, proteins, minerals, vitamins and bioactive components
such as isoflavones (30% daidzein and 60% genistein) [10]. Isoflavones possess many health-promoting
properties, exerting positive effects against cancer, cardiovascular disease, hypercholesterolemia,
osteoporosis, and atherosclerosis [11]. The integration of soy flour in wheat flour is advantageous
nutritionally, and the β-glucosidase enzyme from LAB can increase the aglycone content of dough by
also increasing the bioactive and functional characteristics of bakery products [12].
Fractional calculus is a generalization of ordinary calculus which introduces derivatives and
integrals of fractional order. Fractional calculus represents a very broad research field dealing with
derivatives of arbitrary order [13]. Applications can be found in different research fields, ranging from
systems engineering [14] to chemical and biochemical applications [15].
The goal of this paper was to optimize the mannitol and erythritol synthesis processes using
different types of bacteria. To fulfil this objective, multiple models were created for each bacterial
type. Second-order models were developed, which are widely used in technological process modelling.
For each dataset, fractional-order models were also developed, being recognized for their good
phenomenological description [13–15]. Fractional-order models maintain the physical meaning of
the gains and time constants, varying only the model order. The model validation was realized in
comparison with experimental data. Using the best models, optimum process values were established.
The paper is structured in three parts. After this introduction, Section 2 discusses the materials
and methods used to produce the results, which are presented in Section 3. The work ends with
concluding remarks.
2. Materials and Methods
The present research used lactic acid bacteria producing erythritol and mannitol on a vegetable
substrate i.e., wheat flour and soybean (in different concentrations). The lactic bacteria used were
L. plantarum and L. casei. Based on the obtained results, the optimization of the fermentation
and composition of the substrate was pursued using the same bacteria together with the yeast
Saccharomices cerevisiae. In each experiment, erythritol, mannitol, and secondary metabolites were
quantified, following fermentation on the plant substrate. Erythritol and secondary metabolites were
quantified using high-performance liquid chromatography (HPLC). The microorganisms were studied
on 3 different doughs containing 10% soybean flour and 90% wheat flour, 5% soybean meal and
95% wheat flour, or 100% wheat flour. During lactic fermentation, the samples were taken at regular
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intervals (0 h, 2 h, 4 h, 6 h, 8 h, 10 h, 24 h) from all the above-mentioned environments. In these samples,
it was possible to determine the viability of microorganisms, their rate of multiplication, adaptation in
the new environment, but also the content of the metabolites of interest for this research, i.e., erythritol
and mannitol.
In order to optimize the production of erythritol and mannitol, two important aspects were
considered: the microorganisms’ metabolic activity and the parameters of fermentation process.
The objective of the fermentation process was to favor the growth of L. plantarum and L. casei by
using only the mentioned raw materials (wheat and soy flour). The final products obtained with the
raw materials presented qualities which depended on the fermentation time, and most of them were
associated with the metabolites synthesized during fermentation.
In recent years, a lot of work has been being carried out in physics and biophysics to create models
for biological and complex processes. In many cases, linear differential equations provide highly
successful models, but these models describe only the basis of many physiological systems. Many trials
have been made using models with probabilistic, chaotic, and even fractal measures. Problems occur
when the complexity of the model requires too much computational power or the obtained model is
applicable using a narrow range of parameters. It is widely considered that fractional-order models can
be applied on multiple scales not requiring multiple definitions of the model’s properties, thus reducing
computations. A disadvantage of the fractional models is that some properties of differentiation are
lost, which makes check-ups necessary to determine whether the obtained mathematical operations
are allowed. Many papers have described successful models for different dynamic systems. The wide
variety of applications extend from neural systems, for which Gaussian distribution and weighted
summation of exponentials proved to provide incomplete explanations, to different bioengineering
applications. Using fractional-order models, complex systems can be simulated with electrical systems
containing capacitors and inductors.
The behavior of biotechnological systems has memory or aftereffects. If the output of a system at a
certain time depends only on the input at that specific time, then such systems are said to be memoryless
systems. On the other hand, if the system uses previous values of the input in order to determine
the current value of the output, then such systems are considered systems with memory [13–15],
which is the case of biotechnological systems. The modelling of these systems by fractional-order
differential equations has more advantages than the classical integer-order mathematical modelling,
in which such effects are neglected. Also, the fractional-order models are at least as stable as
their integer-order counterparts [16–18]. It is also proven that in real-life situations, the created
fractional-order mathematical models allow displaying some extra cases regarding the mathematical
model equilibrium point stability region. For all these reasons, fractional-order mathematical models
are more realistic and feasible [17–19].
The mathematical definition of the fractional-order model uses the Gamma function. For that
equation, the Laplace transform is applied, giving the equation bellow [20]:

sk−1

n o
Γ (1 − k )
L t−k =
, k<1
s1−k
Z ∞ k−1
a
1
=
da
Γ (k ) Γ (1 − k ) 0 s + a

(1)

(2)

Equation (2) is obtained from Equation (1) by changing the order of integration between a and t.
Using the Stieltjes transform on Equation (2) gives the final form of the fractional derivative operator:
sk =

1
Γ (k ) Γ (1 − k )

∞

Z

τ−k
0




τs dτ
τs + 1 τ

(3)

Fractal Fract. 2020, 4, 12

4 of 12

As a suitable mathematical model is essential for process optimization and prediction, the present
research deals with an alternative tool, based on the use of fractional-order differential equations for
biochemical processes identification, using experimental data. Matlab® software (version R2019a,
1994–2020 The MathWorks, Inc., Natick, MA, USA) was used to perform the modeling, analyses, and
plots. For fractional-order approximation, a toolbox for Matlab was used, namely, ninteger, a freely
downloadable toolbox from the Internet [21].
As identification technique, a fully recurrent neural network with one hidden layer was used.
The cost function for training is the sum of mean squared errors:
CF =

N
N
1 X T
1 X
( yi − ŷi )( yi − ŷi )T
εi εi =
N
N
i=1

(4)

i=1

where N is the number of training samples, y is the measured output, and ŷ is the output of the
neural network.
As simulation toolbox, a modelling tool previously developed [22] was used.
3. Results
For the kinetics study of production, in each case, an integer-order model was developed using
the Identification Toolbox from Matlab® , having the form:
Hi(s) =

k
(T1 s + 1)(T2 s + 1)

(5)

The experimental data, in all cases, suggested that an overdamped transfer function was suitable
for modelling such processes. Additionally, a second-order model was selected for simplicity. In cases
where this simple model was not suitable, a third-order model was developed:
Hi(s) =

k
(T1 s + 1)(T2 s + 1)(T3 s + 1)

(6)

The second stage of the research consisted in establishing fractional-order models in a form similar
to transfer functions (5) or (6):
k
H f (s) =
(7)
α
(T1 s + 1)(T2 sβ + 1)
H f (s) =

k

(T1

sα

+ 1)(T2

sβ

+ 1)(T3 sχ + 1)

(8)

The integer- and fractional-order models have the same number of time constants, T1 and T2 for
transfer function (5) and (7), and T1 , T2, and T3 for transfer functions (6) and (8), and an additional gain k.
For the fractional-order transfer function (7) or (8), two or three supplementary model parameters
were introduced, i.e., the fractional orders α, β, and χ It was expected that using these extra model
parameters, a better fit would be obtained, although the overall structure of the fractional-order model
was maintained simple as in the integer-order case, with the same physical interpretation of time
constants and gains.
3.1. Case 1: L. Plantarum
Using the L. plantarum bacterium, three experiments were made. The first one used 100% wheat
flour. The following models were, obtained described by the integer-order transfer function (9) and the
correspondent fractional-order transfer function (10).
Hi(s) =

3.1969
(2.6s + 1)(3s + 1)(3s + 1)

(9)
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H f (s) =

(23.4s1.405

3.1969
+ 24.6s1.85 + 8.6s3 + 1.295)

(10)

In Figure 1, the behavior of the two transfer functions for the first set of experimental data
can be seen. The fractional-order model (green line) followed the pattern of the experimental data
(red dots). After 30 h, the model decreased slightly, which was not observed for the simpler model
(blue line), considering its simple form. The mean squared error for the fractional-order model was
0.0048 and that for the integer-order model was 0.1207. The two dotted lines in Figure 1 represent
similar
fractional-order
models
with the same time constants, but their exponents are increased
by13
Fractal Fract.
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As in the previous case, the fractional-order model was more accurate compared to the simple
model. The errors were 0.0083 for the fractional-order model and 0.1879 for the integer-order model.
The comparative
results
shown
in Figure 4.
Fractal Fract. 2020,
4, x FORare
PEER
REVIEW
7 of 13
Fractal Fract. 2020, 4, x FOR PEER REVIEW

7 of 13

4. Comparison between
and experimental
data for experiment
using Lactobacillus
FigureFigure
4. Comparison
betweensimulated
simulated
and experimental
data for 1experiment
1 using
casei. casei.
Lactobacillus
Figure 4. Comparison between simulated and experimental data for experiment 1 using Lactobacillus

The
next model
a mixture
of 95%
wheat
flour
and
soy
flour.InInthis
thiscase,
case,the
the integerinteger- and
casei.model
The next
usedused
a mixture
of 95%
wheat
flour
and
5%5%
soy
flour.
and the fractional-order models obtained were:
the fractional-order models obtained were:
The next model used a mixture of 95% wheat
flour and 5% soy flour. In this case, the integer3.6946
(17)
= were: 3.6946
and the fractional-order models𝐻𝑖(𝑠)
obtained
(2𝑠 + 1)(3𝑠 + 1)(3𝑠 + 1)

Hi(s) =

(2s + 1)(
3s + 1)(3s + 1)
3.6946
3.6946

(17)

(17)
(18)

𝐻𝑖(𝑠)
𝐻𝑓(𝑠)
= = (2𝑠. + 1)(3𝑠 +
1)(3𝑠
. +
(12𝑠
+ 16𝑠3.6946
7𝑠 . ++1)1.1)
H f (s) =
(18)
3.6946
1.16both
1.8 + 7s
2.5 +small,
In this case, the mean squared
models
were
𝐻𝑓(𝑠) =errors
(18)
(12sfor
+ 16s
1.1) i.e., 0.0056 for the fractional(12𝑠 . + 16𝑠 . + 7𝑠 . + 1.1)
order model and 0.0611 for the integer-order one. Both models behave in a similar manner. However,

In
thisIncase,
the
mean in
squared
errors
for both
modelsmodel
were
small,
i.e., 0.0056
forthe
thethe
fractional-order
this indicated
case, the mean
squared
errors
for both models
were
small, i.e., 0.0056
fractionalas it is
also
Figure
5, the
fractional-order
approximated
better for
experimental
modeldata
and
0.0611
for
the
integer-order
one.
Both
models
behave
in
a
similar
manner.
However,
as it is
orderand
model
0.0611 forathe
integer-order
thusand
represented
better
choice. one. Both models behave in a similar manner. However,
also indicated
in
Figure
5,
the
fractional-order
model
approximated
better
the
experimental
data
as it is also indicated in Figure 5, the fractional-order model approximated better the experimental and
thus represented
better choice.
data and thusa represented
a better choice.

Figure 5. Comparison between simulated and experimental data for experiment 2 using L. casei.

The
last5.experiment
90%simulated
wheat flour
and 10% soydata
flourforand
produced
the following
Figure
Comparison used
between
and experimental
experiment
2 using
L. casei. results
Figure 5. Comparison between simulated and experimental data for experiment 2 using L. casei.
regarding the integer- and fractional-order models:
The last experiment used 90% wheat flour and
10% soy flour and produced the following results
3.6385
The last experiment used 90% wheat flour and
10% soy flour and produced the following
results
(19)
𝐻𝑖(𝑠) = models:
regarding the integer- and fractional-order
(9𝑠 + 1)(9𝑠 + 1)

regarding the integer- and fractional-order models:

3.6385
3.6385
𝐻𝑓(𝑠)𝐻𝑖(𝑠)
= = (9𝑠
3.6385
+
1)(9𝑠
1)1.29)
.
. ++
(81𝑠
+
18𝑠
Hi(s) =
(9s +
)(
1
9s
+
1)
3.6385
𝐻𝑓(𝑠) =
.
.
(81𝑠
+ 18𝑠
+ 1.29)

(19)
(20)
(20)

(19)

Fractal Fract. 2020, 4, 12

8 of 12

H f (s) =

Fractal Fract. 2020, 4, x FOR PEER REVIEW

(81s2.25

3.6385
+ 18s1.25 + 1.29)

8 of 13

(20)

InFractal
the In
last
experiment,
the the
twotwo
models
behave differently. The behavior of the fractional-order
Fract.
x FOR PEER REVIEW
8 of 13
the2020,
last4,experiment,
models behave differently. The behavior of the fractional-order
model was
more
accurate
than
that
of
the
integer-order
Theerror
errorforfor
fractional-order
model
model was more accurate than that of the integer-order one.
one. The
thethe
fractional-order
model
In
the
last
experiment,
the
two
models
behave
differently.
The
behavior
of
the
fractional-order
was 0.0034
and that
model
was
0.3829.
resultsare
arepresented
presented
in Figure
was 0.0034
andfor
thatthe
forclassical
the classical
model
was
0.3829. The
The results
in Figure
6. 6.
model was more accurate than that of the integer-order one. The error for the fractional-order model
was 0.0034 and that for the classical model was 0.3829. The results are presented in Figure 6.

Figure
6. Comparison
betweensimulated
simulated and
data
for experiment
3 using
L. casei.L. casei.
Figure
6. Comparison
between
andexperimental
experimental
data
for experiment
3 using
Figure
6. Comparison
between simulated and experimental data for experiment 3 using L. casei.
3.3.3:Case
3: L.
Casei
L. Plantarum
3.3. Case
L. Casei
+ L. +Plantarum

The3:following
contain
of bacteria.
of data
3.3.following
Case
L. Casei
+ experiments
L. Plantarum
The
experiments
used used
contain
both both
typestypes
of bacteria.
The The
first first
set ofsetdata
werewere
obtained
obtained using 100% wheat flour. The following integer-order and fractional-order models were
using 100%The
wheat
flour.
The
following
integer-order
and
fractional-order
models
were
obtained:
following experiments used contain both types of bacteria. The first set of data were

obtained:
obtained using 100% wheat flour. The following integer-order and fractional-order models were
3.13
3.13
(21) (21)
obtained:
𝐻𝑖(𝑠)
(s) = (6.5𝑠
Hi
+
1)(6.5𝑠
++
1) 1)
(6.5s + 1)(6.5s
3.13
(21)
3.13
𝐻𝑖(𝑠) =
(6.5𝑠. + 1)(6.5𝑠
𝐻𝑓(𝑠) =
(22)
1)
3.13
.++
(42.25𝑠
+
13𝑠
1.06)
H f (s) =
(22)
3.13
2.375
1.14
(42.25serror +
13s
+ 1.06)
𝐻𝑓(𝑠)
= squared
(22)
In this particular case, the
mean
for
the
fractional-order
model
was
0.0042,
while
(42.25𝑠 . + 13𝑠 . + 1.06)
the integer-order
model
was
significantly
equal
to 0.1523. The comparative
Inthat
thisfor
particular
case, the
mean
squared
errorlarger,
for the
fractional-order
model wassimulation
0.0042, while
In against
this particular
case, the mean
squared
error in
forFigure
the fractional-order
model was 0.0042, while
results
the
experimental
data
are
presented
7.
that for the integer-order model was significantly larger, equal to 0.1523. The comparative simulation
that for the integer-order model was significantly larger, equal to 0.1523. The comparative simulation
results results
against
the experimental data are presented in Figure 7.
against the experimental data are presented in Figure 7.

Figure 7. Comparison between simulated and experimental data for experiment 1 using both types of
bacteria.
Figure 7. Comparison between simulated and experimental data for experiment 1 using both types of
Figure 7. Comparison between simulated and experimental data for experiment 1 using both types
bacteria.
The next experiment used 5% soy flour and 95% wheat flour. Two models were determined here,

of bacteria.
and the results are indicated in Figure 8. The two models are:
The next experiment used 5% soy flour and 95% wheat flour. Two models were determined here,
The
next experiment used 5% soy flour and 95% wheat flour. Two models were determined here,
and the results are indicated in Figure 8. The two models are:

and the results are indicated in Figure 8. The two models are:

Fractal Fract. 2020, 4, 12

9 of 12

Fractal Fract. 2020, 4, x FOR PEER REVIEW

9 of 13

3.7107

3.7107
𝐻𝑖(𝑠) =(4s + 1)(8s + 1)(0.5s + 1)
(4𝑠 + 1)(8𝑠 + 1)(0.5𝑠 + 1)

Hi(s) =

3.7107
3.7107
H f (𝐻𝑓(𝑠)
s) = = (29.75𝑠1.39
.
.
.
+ 67.25𝑠
+ 16𝑠
+ 1.215)
(29.75s
+
67.25s2.75
+ 16s3.03
+ 1.215)

(23)

(23)

(24)

(24)

Figure 8. Comparison between simulated and experimental data for experiment 2 using both types of

Figure 8. Comparison between simulated and experimental data for experiment 2 using both types
bacteria.
of bacteria.
In this case, in the first part of the simulation, both models had small errors. However, the

In thisfractional-order
case, in themodel
firstwas
part
the simulation,
models
had small
errors.
However,
ableof
to follow
the decreasingboth
slope of
the experimental
results,
unlike the
integer-order
model.
Theable
meanto
squared
were 0.001 in slope
the caseofofthe
the experimental
fractional-order results,
model unlike
the fractional-order
model
was
followerrors
the decreasing
and 0.0159 for the integer-order one.
the integer-order model. The mean squared errors were 0.001 in the case of the fractional-order model
The last models created used 10% soy flour and 90% wheat flour. The following transfer
and 0.0159 functions
for the integer-order
were obtained: one.
The last models created used 10% soy flour and3.9740
90% wheat flour. The following transfer functions
(25)
𝐻𝑖(𝑠) =
were obtained:
(6.3𝑠 + 1)(3.7𝑠 + 1)(0.7𝑠 + 1)
3.9740
3.9740
(25)
Hi(s) =
𝐻𝑓(𝑠) =
(26)
(6.3s. ++1)(
)(0.7s. +
3.7s +
1)
. +110.7𝑠
(16.317𝑠
30.31𝑠
+ 1.1)
3.9740
In the last case, the mean squared errors of the
two models were higher than those measured
H f (s) =
(26)
previously. The error of the fractional-order
was
while
that
2.90.1469,
2.6 +
(16.317s1.27 +model
30.31s
+ 10.7s
1.1of) the other model was
0.2676. In this case, the simple form of the integer-order model failed to cover all experimental points,
In the as
last
case, the
mean
indicated
in Figure
9. squared errors of the two models were higher than those measured
these
are summarized inmodel
Table 1.was 0.1469, while that of the other model was 0.2676.
previously. TheAll
error
ofresults
the fractional-order
In this case, the simple form of the integer-order model failed to cover all experimental points,
as indicated in Figure 9.
All these
results are summarized in Table 1.
Fractal Fract. 2020, 4, x FOR PEER REVIEW
10 of 13

Figure 9. Comparison between simulated and experimental data for experiment 3 using both types of
Figure 9. Comparison
between simulated and experimental data for experiment 3 using both types
bacteria.
of bacteria.
Table 1. Mean square errors for each experiment.
Experiment
Experiment with L. plantarum

100% Wheat
0.0048 for
Fractional
0.1207 for
Integer
0.0083 for
Fractional

95% Wheat
0.0029 for
Fractional
0.1516 for
Integer
0.0056 for
Fractional

90% Wheat
0.0758 for
Fractional
0.1628 for
Integer
0.0034 for
Fractional

Fractal Fract. 2020, 4, 12

10 of 12

Table 1. Mean square errors for each experiment.
Experiment

100% Wheat

95% Wheat

90% Wheat

Experiment with
L. plantarum

0.0048 for Fractional
0.1207 for Integer
0.0083 for Fractional
0.1879 for Integer
0.0042 for Fractional
0.1523 for Integer

0.0029 for Fractional
0.1516 for Integer
0.0056 for Fractional
0.0611 for Integer
0.0010 for Fractional
0.0159 for Integer

0.0758 for Fractional
0.1628 for Integer
0.0034 for Fractional
0.3829 for Integer
0.1469 for Fractional
0.2676 for Integer

Experiment with L. casei
Experiment with L. casei
+ L. plantarum

The well-known disadvantage of fractional-order models is complexity. The integer-order
approximation which gives proper results is very important for simulation and process optimization.
For this reason, different approximations of fractional orders were applied for every identified
fractional-order model, and the execution time for a step response was measured. The results are
presented in Table 2. It can be concluded that the computational costs are not relevant for these models.
Table 2. Algorithm execution time depending on the fractional-order approximation n.
Experiment

Approximation
Order n

100% Wheat
Execution Time

95% Wheat
Execution Time

90% Wheat
Execution Time

L. plantarum

2
4
6
8
10

0.630840
0.628559
0.666731
0.651018
0.638888

0.553088
0.561806
0.548033
0.571900
0.619697

0.622764
0.619775
0.622020
0.657854
0.623748

L. casei

2
4
6
8
10

0.633670
0.674323
0.617245
0.669795
0.627036

0.672707
0.624525
0.645090
0.611367
0.795508

0.553984
0.563766
0.560314
0.571462
0.633211

L. casei +
L. plantarum

2
4
6
8
10

0.564722
0.693730
0.573994
0.605419
0.567797

0.685146
0.619232
0.664748
0.621814
0.618991

0.634549
0.624525
0.645380
0.668827
0.621872

For computational cost evaluation, each fractional-order model was approximated with
integer-order elements having n = 2, 4, 6, 8, 10 elements. The results are presented in Table 3.
Table 3. Algorithm mean squared error (mse) for different fractional-order approximations n.
Experiment

Approximation
Order n

100% Wheat mse

95% Wheat mse

90% Wheat mse

L. plantarum

2
4
6
8
10

0.1400
0.0079
0.0047
0.0047
0.0048

0.0804
0.0027
0.0027
0.0029
0.0029

0.1996
0.0173
0.0154
0.0155
0.0155

L. casei

2
4
6
8
10

0.2003
0.0113
0.0083
0.0083
0.0083

0.0753
0.0067
0.0550
0.0056
0.0056

0.1427
0.0051
0.0036
0.0034
0.0034

L. casei +
L. plantarum

2
4
6
8
10

0.0857
0.0036
0.0039
0.0041
0.0042

0.2726
0.0045
0.0010
0.0010
0.0010

0.4376
0.1472
0.1437
0.1460
0.1469
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It can be concluded that by using a larger approximation number, the error decreased, but after
n = 6, the differences were too small or smaller than 10−4 . Naturally, the downside of using a larger
value is the more complex form of the approximated transfer function, but this does not affect the
execution time of the algorithm, as presented in Table 2.
4. Conclusions
In order to optimize the chosen biochemical process and predict different evolutions, mathematical
modelling was realized. In the present work, integer-order and fractional-order models were
presented. The classical integer-order models were established with the specific toolbox in Matlab® .
The fractional-order models were developed using artificial intelligence. The results proved the superiority
of the models created with fractional-order tools in comparison with classical integer-order ones.
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data curation, D.C.V.; writing—original draft preparation, E.-H.D. and A.D.; writing—review and editing, C.-I.M.
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Abstract
The optimal sequence of the targeted therapies in metastatic colorectal cancer is not established. We aimed to analyse if
previous administration of bevacizumab impacts the response to epidermal growth factor receptor inhibitors in subsequent
lines of therapy. It was performed a retrospective analysis on KRAS or KRAS/NRAS wild-type metastatic colorectal cancer
patients that received an epidermal growth factor receptor inhibitor in the second or later lines of therapy and their outcom es
were analysed according to previous exposure to bevacizumab. 85 metastatic colorectal cancer patients were included, of
whom 22 had received previous chemotherapy (group A) and 63 previous chemotherapy plus bevacizumab (group B). The
overall survival was significantly higher in the group B (35.6 months versus 24.8 months, p = 0.01). The overall survival and
progression-free survival calculated from the start of the epidermal growth factor receptor inhibitor did not significantly
differ between the groups. The multivariate analysis revealed that using bevacizumab did not significantly impact the
survival. Our results show that previous administration of bevacizumab does not influence the efficacy of epidermal growth
factor receptor inhibitors in later lines of treatment.

Rezumat
Secvența optimă a tratamentelor moleculare țintite în cancerul colorectal metastatic încă nu este stabilită. Obiectivul studi ului
a fost de a analiza dacă răspunsul terapeutic la inhibitorii receptorului factorului de creștere epidermal în liniile ulterioare de
tratament este influențat de administrarea anterioară de bevacizumab. A fost efectuată o analiză retrospectivă a pacienților cu
cancer colorectal metastatic fără mutații KRAS sau KRAS/NRAS, care au primit tratament cu un inhibitor al receptorului
factorului de creștere epidermal în linia a doua sau ulterioară de tratament și a fost analizată evoluția clinică a pacienților în funcție
de expunerea anterioară la bevacizumab. În studiu au fost incluși 85 pacienți cu cancer colorectal metastatic, dintre care 22 au
primit chimioterapie anterioară singură (grupul A), iar 63 au primit chimioterapie anterioară cu bevacizumab (grupul B).
Supraviețuirea globală a fost semnificativ mai mare în grupul B (35,6 luni versus 24,8 luni, p = 0,01). Supraviețuirea globală
și supraviețuirea liberă de progresia bolii calculate de la debutul liniei cu agentul inhibitor al receptorului factorului de
creștere epidermal nu a fost semnificativ diferită între cele două grupuri. Analiza multivariată a supraviețuirii a arătat c ă
administrarea bevacizumabului nu a influențat semnificativ supraviețuirea. Rezultatele studiului arată că administrarea
anterioară de bevacizumab nu influențează eficiența inhibitorilor factorului de creștere epidermal în liniile ulterioare de
tratament.
Keywords: colorectal cancer, EGFR inhibitors, sequence, bevacizumab

Introduction

develop metastases during the course of the disease,
either synchronous or metachronous [14]. Metastatic
disease has a poor prognosis, with 5-year relative
survival rates only reaching 13.1% [6]. The clinical

Colorectal cancer (CRC) is the third most diagnosed
cancer and the second cause of cancer-related death,
worldwide [1]. More than 50% of all CRC patients will
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outcomes have greatly improved in stage IV patients,
with a median overall survival (OS) reaching 30 months,
due to better management that uses a “treatment
continuum”. This therapeutic approach encompasses
the sequential administration of systemic drugs and
local treatments for the primary tumour and/or
metastases, where feasible [25].
Chemotherapy regimens for RAS wild-type metastatic
colorectal cancer (mCRC) are most commonly based
on fluoropyrimidines (5-fluorouracil or capecitabine),
oxaliplatin or irinotecan and are usually associated
with molecular targeted treatments, according to the
treatment line, usually an inhibitor of the epidermal
growth factor receptor (EGFRI) – cetuximab or
panitumumab or an antiangiogenic - bevacizumab,
aflibercept, ramucirumab, regorafenib. The associations
could have different toxicities depending on multiple
factors [3].
When it comes to choices for first- and further-line
therapies, up to date there is no unequivocal evidence
on the optimal treatment sequence and it has become
clear that all cytotoxic agents previously mentioned
and all targeted therapies, EGFR inhibitors (EGFRIs)
and antiangiogenics, have to be administered at some
point during the course of the disease for “fit” patients.
According to the European Society for Medical Oncology
Guidelines, the aim is that 70 - 80% of patients receive
second-line and 50 - 60% third-line therapy [25].
In first-line all-RAS wild-type mCRC, clinical trials
could not establish an absolute superiority of a targeted
agent (EGFRI or bevacizumab) in the detriment of the
other, although post-hoc analyses of the FIRE-3 [22]
(in Germany - Austria) and CALGB trial [26] (in US)
showed a major impact of primary tumour location on
survival: left-sided, RAS wild-type tumours benefited
the most, while right-sided tumours did not benefit at
all from the EGFRIs. In FIRE-3, but not CALGB trial,
patients treated with first-line cetuximab had higher
OS than those with first-line bevacizumab. Also, a
meta-analysis performed on 2576 mCRC patients,
RAS wild-type, in order to determine which agent
renders better outcomes in first-line showed better OS,
higher objective response rates and more complete
responses for patients receiving first-line cetuximab
versus bevacizumab [29]. Nevertheless, a systematic
review and meta-analysis performed on seventeen
randomized trials in first-line mCRC did not confirm
the superiority of EGFRIs over bevacizumab in terms
of OS and progression-free survival (PFS) [13]. The
benefits of bevacizumab in first-line mCRC exist
regardless the KRAS gene status [12].
After failure of first-line treatment, in the second-line,
fit patients with good performance status should receive
either the re-introduction of the first-line chemotherapy
after a de-escalation maintenance, or a different chemotherapy backbone than in first-line, any of the above
combined with a biological agent: an antiangiogenic
if none administered in first-line (bevacizumab or

aflibercept) or, if patients had first-line bevacizumab,
either bevacizumab beyond progression or ramucirumab.
Clinical trials showed that the administration of an
antiangiogenic in the second line improved OS. If an
EGFRI (cetuximab or panitumumab) is not administered
in first-line, it should be considered in second-line,
but the survival benefits are similar when used in
second or subsequent lines [25]. An analysis of the
impact of subsequent treatments on survival, performed on
KRAS exon 2 wild-type tumours in the FIRE-3 clinical
study, pointed out better second-line PFS in patients
receiving chemotherapy plus bevacizumab than in
patients receiving chemotherapy plus cetuximab [18].
In the present study, we aimed to test the hypothesis
that previous administration of bevacizumab impacts
the benefits of subsequent EGFRI administered in
further lines, by retrospectively analysing the outcomes of
the patients treated in a tertiary care oncology centre.
Materials and Methods
Study population: We conducted a retrospective
analysis that included consecutive patients addressed
to our tertiary care oncology centre between January
2007 and December 2017 and treated for mCRC, with
available information regarding demographics, tumour
and disease characteristics, treatments received and
clinical outcomes. The study was approved by the
Ethics Committee of the “Prof. Dr. Ion Chiricuță”
Institute of Oncology Cluj-Napoca, Romania, No 42/
8th December 2015. All data regarding patients were
obtained from the Institutional Cancer Registry.
We included patients that had a histologically confirmed
diagnosis of CRC with distant metastases either from
the initial diagnosis (synchronous) or after recurrence
(metachronous), KRAS exon 2 wild-type or KRAS/
NRAS (all-RAS) exons 2,3,4 wild-type tumours. Because
this was a retrospective study and patients were treated
during an eleven years period, the mutational status
of KRAS or KRAS/NRAS genes was performed at the
time of treatment for each individual patient, according
to international guidelines. Included patients did not
have any medical contraindication to chemotherapy,
bevacizumab or cetuximab/panitumumab had an adequate
follow-up (at least monthly clinical check-up and CTscans every 3 to 4 months).
We identified 85 eligible patients with mCRC that
received an EGFRI in second or later lines of therapy
and divided them into two groups according to the
treatment received: chemotherapy alone followed at
disease progression by cetuximab/panitumumab
(group A = 22) or chemotherapy plus bevacizumab
followed in subsequent lines of therapy by cetuximab/
panitumumab (group B = 63). EGFRIs were administered
as single agents or combined with chemotherapy.
Individual choices of treatment and sequences were
made at the time by referring physicians.
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Treatments and response evaluation: Chemotherapy,
bevacizumab, and cetuximab/panitumumab were
administered according to international or institutional
guidelines available at the time of treatment. Delays
or dose adjustments were made whenever considered
necessary by the referring oncologist. bevacizumab
was administered every 2 or 3 weeks, according to
the chemotherapy regimen, at a dose equivalent to
2.5 mg/kg b.w./week. Cetuximab was administered at
an initial dose of 400 mg/m2, followed by subsequent
weekly doses of 250 mg/m2. Panitumumab was administered
at a dose of 6 mg/kg b.w. every 2 weeks. Response
evaluation was performed on computed tomography
assays according to RECIST 1.1.
Endpoints: The main endpoints were OS and progressionfree survival (PFS) for the EGFRI treatment-line. Both
OS and PFS were calculated from the date of starting
the EGFR inhibitors to death and disease progression,
respectively OS was also calculated from the initial
administration of first-line metastatic treatment to
death (total OS).
We also analysed parameters known to affect patients’
survival outcomes: demographic data, tumour-sidedness,
RAS mutational status (KRAS or all-RAS wild type),
number and location of metastatic sites (liver, lung,
peritoneum, other), metastases type (synchronous/
metachronous), whether surgery was performed on
primary tumour and/or metastases, the EGFRI treatment
line, chemotherapy associated with the EGFRI (oxaliplatin-based, irinotecan-based, fluoropyrimidine alone,
none). Right-sided primary tumours included tumours

located proximally to the splenic flexure, while leftsided primaries were the tumours located distally to
the splenic flexure, including the rectum. The metachronous disease was considered when metastases
occurred at > 6 months after the initial diagnosis of
CRC. Although two EGFRIs (cetuximab or panitumumab)
were used, they were analysed together as their efficacy
is considered to be similar in mCRC patients.
Statistical analysis was performed using the MedCalc
Statistical Software version 19.1.5 (MedCalc Software
bv, Ostend, Belgium). Quantitative data is described
by median and 25 - 75 percentiles while nominal data
is expressed as frequency and percentage. A comparison
between groups was carried out with the Man-Whitney
test or chi-square test, whenever appropriate. Univariate
survival analysis was performed using the KaplanMeier test. Multivariate analysis for survival was
carried out using the Cox regression. A p-value < 0.05
was considered statistically significant.
Results and Discussion
The characteristics of the study groups are presented
in Table I. There were no differences between groups
regarding the age or gender of the patients. Cancer
location and number of metastatic sites did not differ
between groups. Group B had significantly more liver
metastases, synchronous metastases and received
cetuximab in the third or later lines of treatment.
The total OS was also longer in group B.
Table I
Characteristics of study groups

Variable
Age (years)
Gender

Male
Female
Location of the primary tumour
Metastases

Group A (n = 22)
58.5 (51.5; 58.5)
13 (59.1%)
9 (40.9%)
3 (13.6%)
19 (86.4%)
15 (77.3%)
5 (22.7%)
12 (54.5%)
7 (31.8%)
2 (9.1%)
5 (22.7%)
11 (50%)
11 (50%)
12 (54.5%)
10 (45.5%)
11 (50%)
11 (50%)
17 (77.3%)
8 (36.4%)
7 (31.8%)
11 (50%)
4 (18.2%)
5.9 (3.9; 10.1)
24.8 (14.2; 38.8)

Right-sided
Left-sided

<2
≥2

Liver metastases
Lung metastases
Peritoneal metastases
Other locations of metastases
Metastasis type
metachronous
synchronous
All RAS wild type
KRAS wild type
Cetuximab line of treatment
2
≥3
Primary tumour resection
Metastases resection
Chemotherapy backbone
None
5-FU
Irinotecan-based
Oxaliplatin-based
PFS 2 (months)
Total OS (months)
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Group B (n = 63)
58 (54; 64)
32 (50.8%)
31 (49.2%)
12 (19%)
51 (81%)
54 (85.7%)
9 (14.3%)
50 (79.4%)
9 (14.3%)
7 (11.1%)
9 (14.3%)
14 (22.2%)
49 (77.8%)
40 (63.5%)
23 (36.5%)
15 (23.8%)
48 (76.2%)
55 (87.3%)
23 (36.5%)
12 (19%)
1 (1.6%)
43 (68.3%)
7 (11.1%)
6.5 (3.7; 10.2)
35.6 (24; 49.3)

p
0.3
0.6
0.7
0.5
0.04
0.1
1
0.5
0.02
0.6
0.04
0.3
1
0.3

0.9
0.01
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OS from the start of cetuximab therapy

10.2 (5.1; 22.6)

10.3 (5.4; 17.8)

0.8

Data concerning patients’ survival is revealed in
Table II.

We did not find any associations between PFS under
EGFRI and other variables.
The median interval from the last dose of bevacizumab
and the first dose of cetuximab was 45 days.

Table II
Analysis of survival
Variable
Group

A
B

Age
Gender

Female
Male
Location of the primary
Right-sided
tumour
Left-sided
Metastases
<2
≥2
Liver metastases
Lung metastases
Peritoneal metastases
Other locations of metastases
Metastasis type
metachronous
synchronous
All-RAS wild-type
Cetuximab line of treatment
2
≥3
Primary tumour resection
Metastases resection

Deceased (n = 69)
18 (26.1%)
51 (73.9%)
56 (50.5; 65)
35 (50.7%)
34 (49.3%)
33 (47.8%)
36 (52.2%)
59 (85.5%)
10 (14.5%)
52 (75.4%)
14 (20.3%)
8 (11.6%)
8 (11.6%)
18 (26.1%)
51 (73.9%)
36 (52.2%)
18 (26.1%)
51 (73.9%)
56 (81.2%)
23 (33.3%)

Survivors (n = 16)
4 (25%)
12 (75%)
62 (59; 66.5)
5 (31.3%)
11 (68.8%)
9 (56.3%)
7 (43.8%)
12 (75%)
4 (25%)
10 (62.5%)
2 (12.5%)
1 (6.3%)
6 (37.5%)
7 (43.8%)
9 (11%)
16 (100%)
8 (50%)
8 (50%)
16 (100%)
8 (50%)

HR* (95% CI)
1.7 (1 - 3)

p-value
0.04

0.98 (0.9 - 1)
0.84 (0.5 - 1.2)

0.3
0.4

1 (0.6 - 1.6)

0.8

1.5 (0.7 - 3.1)

0.2

1.1 (0.6 - 2)
1.8 (1 - 3.3)
2 (0.9 - 4.2)
0.81 (0.3 - 1.6)
1.1 (0.6 - 1.8)

0.5
0.04
0.07
0.5
0.8

0.47 (0.2 - 0.7)
0.74 (0.4 - 1.2)

0.003
0.2

0.51 (0.2 - 0.9)
0.52 (0.3 - 0.8)

0.03
0.01

* HR – hazard ratio

Table III
Multivariate analysis of survival

Group B
Lung metastases
Peritoneal metastases
All RAS wild-type
Primary tumour resection
Metastases resection

B

P

HR

-0.09
0.62
1.36
-0.89
-0.81
-0.43

0.7
0.06
0.001
0.001
0.02
0.1

0.90
1.87
3.92
0.40
0.44
0.64

95.0% CI for HR
Min
Max
0.49
1.66
0.97
3.59
1.69
9.06
0.24
0.69
0.21
0.89
0.37
1.12

in mCRC is raised because of the patients’ outcomes
seen in clinical trials, together with the pharmacokinetics particularities of bevacizumab and the preclinical data on in vitro and in vivo models regarding
mechanisms of resistance to EGFRIs.
Bevacizumab has a long half-life of approximately 20
days (ranging from 11 to 50 days) [20]. A pharmacokinetic study performed on stage II-III CRC patients
treated with adjuvant bevacizumab for one year within
the AVF3077 study, showed persistent serum concentration
at 3 and 6 months after the last administered dose. As
previously stated by the authors of this study, it is
important to take this into consideration when response
assessments to further therapies after bevacizumab
are performed [15]. In vitro studies show that bevacizumab resistant CRC cells present higher autocrine HIFVEGF signalling and resistance to hypoxia [16]. Wang

Multivariate analysis of survival was carried out in
order to better understand the factors that influenced
independently the mortality, as seen in Table III. The
presence of peritoneal metastases greatly enhanced
the probability of death. The presence of all RAS
wild-type and primary tumour resection was associated
with increased survivability.
Patients from group A were significantly more likely
to die as compared to patients in group B (Figure 1A).
Patients with lung metastases (Figure 1B) or peritoneal
metastases (Figure 1C), patients with KRAS wild-type
(versus all RAS wild-type) (Figure 1D), with un-resected
primary tumour (Figure 1E) or patients who did not
go through with metastases resection (Figure 1F), had
a higher probability of dying.
The question whether bevacizumab negatively impacts
the response to further-line cetuximab/panitumumab
659
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et al. [28], proved that in CRC cells, an important role
in resistance to EGFR inhibitors is played by HIF-1
alfa. A previous study showed increased levels of
plasmatic VEGF-A in mCRC patients after bevacizumab

administration and on in vitro studies, the same authors
proved that CRC cells exposed to VEGF-A become
resistant to the EGFRI through VEGFR-2 and Stat-3
activation [5].
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Figure 1.
Kaplan-Meier curves of overall survival according to: (A) treatment group – group A without bevacizumab,
group B with bevacizumab, p = 0.04; (B) presence of lung metastases, p = 0.04; (C) presence of peritoneal
metastases, p = 0.07; (D) RAS mutational status, p = 0.003; (E) primary tumour resection, p = 0.03;
(F) metastases resection, p = 0.01
Although preclinical trials showed that the two
biologicals (EGFRI and bevacizumab) have additive
antitumoural effects [4], clinical trials have shown

that the combination is detrimental. CAIRO-2 was
a prospective, randomized phase 3 clinical trial on
755 mCRC patients that aimed to establish whether
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first-line PFS was improved if an EGFRI – cetuximab
was added to first-line CAPOX + bevacizumab; the
study was performed in an unselected population
regarding the RAS mutational status and used the
combination of capecitabine + cetuximab, and is no
longer recommended today due to the higher toxicity.
PFS was significantly higher in the group without
cetuximab (10.7 months versus 9.4 months, p = 0.01)
[24]. The PACCE trial [10] was performed on 1053
mCRC patients that were randomized to receive either
chemotherapy (oxaliplatin or irinotecan-based) plus
bevacizumab, or chemotherapy plus bevacizumab plus
panitumumab. The primary end-point, PFS within
oxaliplatin cohort (n = 823), was of 10.0 versus 11.4
months (HR, 1.27; 95% CI, 1.06 to 1.52) and also
toxicity was higher for the combination, proving the
detrimental effect of adding the second biological and
possible due to allergic reaction to oxaliplatin [8]. The
study treatment was administered to an unselected
RAS population (40% had KRAS mutations).
Hsu and colleagues questioned the best sequence of
the two targeted treatments (EGFRIs and anti-VEGFs)
in mCRC. They performed a retrospective analysis on
102 mCRC patients, KRAS wild-type, of whom 46
received first-line cetuximab and third-line bevacizumab
and 56 received the reverse sequence, first-line
bevacizumab and third-line cetuximab. The first group
had significantly better total OS and OS calculated
from the start of second and third-line treatment
(30.4 vs. 25.7 months, 20.6 vs. 14.8 months and 12.5
vs. 9.9 months, respectively). Regarding the PFS, only
third-line PFS was significantly better in the cetuximabbevacizumab sequence [11].
The results of our study show that previous bevacizumab
does not alter the clinical outcomes in patients
receiving subsequent EGFRIs. The PFS for the EGFRIregimen was not different between the groups. Although,
patients in group B (chemotherapy plus bevacizumab
before treatment with EGFRIs) had more synchronous
metastases and liver metastases, both known to be
associated with poor prognosis and 76.2% received
the EGFRI in later lines of treatment (≥ third line)
versus 50% in group A, they had a significantly higher
OS, with a median of 35.6 months versus 24.8 months.
We also assessed the OS from the start of the
EGFRI in order to exclude the potential benefit of
prior therapies on OS and there was no significant
difference between the groups. Taking all these into
consideration, we wanted to further investigate if prior
bevacizumab was responsible for better outcomes
in group B or there were also other factors. In the
univariate analysis of survival, patients from group A,
patients with lung metastases, peritoneal metastases,
un-resected primary tumour and patients without
resection of metastases had a significantly higher
probability of dying. Nonetheless, underlying the
importance of other variables, in the multivariate
analysis prior treatment with bevacizumab did not

affect significantly the outcome. Other factors had a
significant impact on the probability of dying: patients
with peritoneal metastases and un-resected primary
tumour were more prone to die, while all-RAS wild
type versus KRAS wild-type status was correlated with
a better survival rate. The relatively small number
of patients did not validate the predictive status for
survival of some parameters (e.g. location of the
primary tumour).
Lung metastases are more frequently associated with
rectal tumours compared to colon tumours and in the
vast majority of cases are disseminated and therefore,
inoperable. If surgery is not performed, their prognosis
remains poor [17].
Peritoneal metastases are well-known to carry a poor
prognosis and their resection has no benefit. An
analysis on 10553 mCRC patients included in 14
clinical trials (from the ARCAD database) showed
that 2% of them had peritoneum-only metastases and
11% peritoneum and other site; OS for peritonealonly was significantly worse than for other unique
metastatic site and the differences became even more
marked in patients that received chemotherapy plus
targeted therapies [7]. In peritoneum-only metastatic
patients, there was a significantly higher proportion
of BRAF-mutated patients (18%), also in multiple
metastatic sites including the peritoneum (12%) when
compared to patients with other non-peritoneal sites,
solitary or multiple (9%). BRAF mutations are of
negative prognosis and they are associated with poor
response to anti-EGFR agents, especially in second and
further lines of therapy [21]. We have no information
regarding the BRAF mutational status in our patients.
Multiple clinical studies were conducted with the
purpose of establishing the benefits in performing
surgery for the asymptomatic primary tumour in stage
IV disease with un-resectable metastases. A retrospective
study on 1446 mCRC treated between 2003 and 2006,
out of which 16% had resection of the primary tumour
without metastasectomy, showed better OS for the
resected group [9]. At that time, however, systemic
treatment options were limited. In a more recent analysis
on 26170 mCRC patients diagnosed between 2010
and 2016 (the SEER database), there was an important
survival benefit in patients that had surgery for the
primary tumour and chemotherapy as the first choice
of treatment [27].
Because this was a retrospective study and we did not
have access to tumour blocks, we could not assess
the all-RAS mutational status in our patients. Today
it is well-known that patients with mutations in the
KRAS exons 2,3,4 and NRAS exons 2,3,4 do not
respond to EGFRIs, but the assessment of the NRAS
status was recommended and became mandatory only
starting 2014. Almost 40% of our patients were only
known to be KRAS exon 2 wild-type, without available
information regarding the KRAS exons 3,4 and NRAS
status, while the remainder 60% was all-RAS wild661
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type. Most probably, additional mutations were present
in the KRAS exon 2 wild-type patients, fact that could
explain why the all-RAS wild-type was a marker of
significant better survival in a population with 100%
KRAS wild-type.
Other research groups also studied the effect of previous
bevacizumab on clinical outcomes of patients treated
with an EGFRI. Burge and colleagues performed a
retrospective study that included 222 RAS wild-type
mCRC patients treated with an EGFRI in second or
third-line, out of which 77% received previous
bevacizumab. OS and PFS were calculated from the
start of the EGFRI to death and progressive disease,
respectively. Their results showed that there was no
impact of prior bevacizumab treatment neither on OS,
nor on PFS. A median interval of 6 months from the
last dose of bevacizumab to the first dose of cetuximab
was reported and they further split the group that
received previous bevacizumab into two (< 6 months
vs. > 6 months) and found that an interval of < 6
months was associated with lower PFS, but only in
right-sided tumours [2]. A different study showed
that the shorter the interval, the higher the probability
of interfering with the efficacy of EGFRIs [23]. In
our study, the interval was much shorter (1.5 months),
so no further analysis was performed in this regard.
Another team investigated the effect of prior bevacizumab
on treatment with cetuximab in patients experiencing
failure on irinotecan. A total of 58 patients were
included, among which 13 were pre-treated with
bevacizumab; none of the 13 responded to cetuximab
and PFS was significantly lower than in the group
without prior Bevacizumab [19].
Derangère and colleagues included in their study 128
patients with KRAS/NRAS wild-type mCRC treated
with cetuximab or panitumumab in the second- or
third-line treatment, as single agents or combined with
chemotherapy, of whom 59% received bevacizumab
in the first line. Median PFS during the treatment with
the EGFRI was significantly better in the group without
previous bevacizumab. However, the OS did not differ
[5].

it included real-life patients as seen in daily practice
and not an over selected population such as patients
included in clinical trials. In order to perform better
choices of systemic treatment sequences, identification
of biomarkers for treatment response is needed and
should be addressed by future clinical trials.
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Căinap C, Bochiş O-V, Vlad Că,
Popita R, Achimaş-Cadariu P,
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Background: Colorectal cancer (CRC) is the third most common cancer in Europe, with
an annual increase in incidence ranging between 0.4 and 3.6% in various countries.
Although the development of CRC was extensively studied, limited number of new
therapies were developed in the last few years. Bevacizumab is frequently used as
ﬁrst- and second-line therapy for management of metastatic CRC (mCRC). The aim of
this study is to present our experience with using bevacizumab beyond disease
progression at different dosage levels in mCRC patients, in terms of overall survival,
progression-free survival, time to treatment failure, and toxicities.
Methods: We performed a consecutive retrospective analysis of patients with conﬁrmed
mCRC who were treated with bevacizumab at "Prof Dr. Ion Chiricuta" Institute of Oncology,
Cluj-Napoca, Romania. We included patients who had received bevacizumab as ﬁrst- or
second-line therapy and further stratiﬁed them according to the dose administered as a
second-line (either standard dose of 5 mg/kg every 2 weeks or 7.5 mg/kg every 3 weeks, or
double dose of 10 mg/kg every 2 weeks or 15 mg/kg every 3 weeks–depending on the
classical chemotherapy partner). All patients had received bevacizumab beyond progression
(BYP) which is deﬁned as continuing bevacizumab administration through second-line
treatment despite disease progression. In each group, we evaluated the prognostic
factors that inﬂuenced survival and treatment outcome.
Results: One hundred and ﬁfty-one (151) patients were included in the study. Themedian
age of patients receiving double dose bevacizumab (DDB) and standard dose
bevacizumab (SDB) was 58 years (range 41–71) and 57 years (range 19–75),
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respectively. The median overall survival in the DDB group was 41 months (range 27–49)
compared to 25 months (range 23–29) in the SDB group (p = 0.01 log-rank test). First-line
oxaliplatin-based treatment was used more frequently regardless of group, while
irinotecan-based more frequently used as a second-line treatment (p = 0.014). Both
oxaliplatin- and irinotecan-based regimens were found to be suitable partners for BYP.
Statistical analysis revealed that dose intensity, primary tumor location, and cumulative
exposure to BYP had signiﬁcant inﬂuence on survival.
Conclusion: Doubling the dose of bevacizumab after ﬁrst progression may improve
survival in mCRC patients. Increasing bevacizumab dose intensity could override the
prognostic impact of primary tumor location in patients receiving double the dose of
bevacizumab after ﬁrst disease progression.
Keywords: colorectal, cancer, progression, bevacizumab, metastasis, double dose

INTRODUCTION

or anti-epidermal growth factor receptor (EGFR) antibodies. There
are several classesof drugs which target malignant angiogenesis,
such as anti-vascular endothelial growth factor (VEGF) antibodies,
proteins with binding portions for the extracellular domains of
human VEGF receptors 1 and 2, which will retain tumor-released
VEGF (a VEGF trap: aﬂibercept, for example), or protein kinase
inhibitors which target angiogenic, stromal and oncogenic receptor
tyrosine kinase (RTK) (Stivarga, 2020; Zaltrap, 2020). While antiEGFR antibodies are used exclusively for mCRC patients with
wild-type RAS, anti-angiogenic drugs can be of beneﬁt in all
patients regardless of RAS status.Bevacizumab (anti-VEGF
antibody) is frequently used as ﬁrst-orsecond-line therapy for
the management of mCRC. Beyond the ﬁrst progression of the
disease, standard dose bevacizumab (SDB) or double dose
bevacizumab (DDB) can be administered (Avastin, 2020). New
target drugs have been approved for use in patients with mCRC
such as immunotherapy like pembrolizumab–approved in MSIhigh mCRC patientsas well asunresectable or metastatic solid
tumors with MSI-H ordeﬁcient mismatch repair (dMMR).
BRAF inhibitors–dabrafenib and MEK inhibitors for mCRC
BRAF mutant are still under investigations (Al-Husein et al.,
2012; Cutsem et al., 2016; Kuramochi et al., 2017; Keytruda,
2020). Human epidermal growth factor receptor (HER2)
ampliﬁcation seems to be a valuable new target in mCRC.
Despite its prevalence of 2% in the general population of
mCRC patients, it seems to be linked to primary resistance to
anti-EGFR agents (Dienstmann et al., 2018). Although phase III
trials are not available, the response rate to anti-HER2 agents
reached 38% in the MyPathway study (Dienstmann et al., 2018).
The aim of this study is to present our experience with using
bevacizumab beyond disease progression at different dosage
levels in mCRC patients, in terms of OS, progression-free
survival (PFS), time to treatment failure (TTF), and toxicities.

According to the latestdata released by GLOBOCAN in 2018,
colorectal cancer (CRC) is one of the most common types of cancer
worldwide, being the third most frequent and the second most fatal
malignancy (Ferlay et al., 2018). In Europe, CRC is the third most
common cancer, with the highest incidence rates registered in
countries such as Hungary, Slovenia, Slovakia, Norway, and the
Netherlands (Ferlay et al., 2018). In Romania, CRC is the second
most frequent malignancy after lung cancer in both genders, with a
rapidly increasing incidence (Ferlay et al., 2018). The annual
increase in incidence in the different European countries ranges
from 0.4 to 3.6%.According to the latest reports, the age of disease
onset appears to be decreasing. Vuik et al. analyzed the incidence of
CRC in the last 25 years in Europe, and revealed an increase in the
incidence of the disease among adults aged 20–49 years of age,
compared with initial data which showed a predisposition for CRC
starting with ﬁfth decade (Vuik et al., 2019).
Since CRC treatment can be curative in the localized and
locoregional disease, early diagnosis through national screening
programs is essential. However, up to 44% of patients with loco
regional disease will develop metastases despite treatment (Bray
et al., 2018). In such relapsed cases, as well as in the 20% of CRC
patients presenting with metastasis at diagnosis (Edwards et al.,
2014), overall survival (OS) can exceed 30 months in ﬁt patients
who beneﬁt fromthe triple-agent chemotherapy regimen
(FOLFOXIRI) combined with targeted therapy (Qiu et al., 2015).
Despite the discoveries made in the last few years and the
research conducted in order to highlight the mechanisms of CRC
pathogenesis, the processes that allow cancer cells to migrate,
invade and metastasize to other parts of the body have not yet
been fully described (Esin and Yalcin, 2016; Coyle et al., 2017).
Although genomic instability—microsatellite instability (MSI),
chromosomal instability (CIN), and CpG island methylator
phenotype (CIMP) are known to contribute to the development of
CRC (Hong, 2018), a limited number of new therapies for metastatic
CRC (mCRC) patients have been developed in the last few years.
Therapeutic options currently available to treat mCRC include the
classical chemotherapy backbone–ﬂuoropyrimidine with oxaliplatin
or irinotecan, combined with either an anti-angiogenic agent,
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MATERIALS AND METHODS
Study Population
This study was conducted to generate data from a tertiary care
center of excellence in the treatment of mCRC in Romania. We
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TABLE 1 | Chemotherapy used in combination with bevacizumab in ﬁrst and second-line therapy.
Type of chemotherapy
FOLFOX4

FOLFIRI

CAPEOX
CAPIRI
Bevacizumab standard dose (SDB)
Bevacizumab standard dose (SDB)
Bevacizumab double dose (DDB)
Bevacizumab double dose (DDB)

Drug

Dose

Cycle length

5-FU
5-FU
Leucovorin
Oxaliplatin
5-FU
5-FU
Leucovorin
Irinotecan
Capecitabine
Oxaliplatin
Capecitabine
Irinotecan
Bevacizumab + FOLFOX4 or FOLFIRI
Bevacizumab + CAPEOX or CAPIRI
Bevacizumab + FOLFOX4 or FOLFIRI
Bevacizumab + CAPEOX or CAPIRI

400 mg/m2 bolus in 15 min day 1 + 2
600 mg/m2 continuous perfusion over 22 h day 1 + 2
400 mg/m2 in 2 h day 1 + 2
85 mg/m2 in 2 h day 1
400 mg/m2 bolus in 15 min day 1 + 2
600 mg/m2 continuous perfusion over 22 h day 1 + 2
400 mg/m2 in 2 h day 1 + 2
180 mg/m2 day 1
2,000 mg/m2 days 1–14
130 mg/m2 in 2 h day 1
2,000 mg/m2 days 1–14
240 mg/m2 day 1
5 mg/kg
7.5 mg/kg
10 mg/kg
15 mg/kg

14 days

14 days

21 days
21 days
Every
Every
Every
Every

2
3
2
3

weeks
weeks
weeks
weeks

5FU, 5 ﬂuorouracil; m2-square meter; mg-milligram, kg-kilogram.

supportive care (Crosara Teixeira et al., 2015). Therefore, patients
with poor performance status were excluded from this study.

present the treatment strategies, prognostic factors, and survival
data of them CRC patients treated between 2009 and 2017 outside
of a clinical trial. This study retrospectively included mCRC patients
who used bevacizumab as ﬁrst-line and second-line treatment. Two
treatment options are used in our cancer center in which the ﬁrst is
to continue SDB and the other is to consider DDB through secondline treatment. Hence, mCRC patients in this study were classiﬁed
according to the dose of bevacizumab administered beyond
progression. Bevacizumab beyond progression (BYP) was
deﬁned as the continuation of bevacizumab treatment in the
second-line of systemic therapy despite disease progression
proven through imaging techniques. SDB implies that patients
continued the same dose of bevacizumab (5 mg/kg every 2 weeks
or 7.5 mg/kg every 3 weeks) administered as ﬁrst-line treatment,
while DDB indicates doubling the dose of bevacizumab (10 mg/kg/
every 2 weeks or 15 mg/kg every 3 weeks). The decision to maintain
SDB or switch to DDB through the second-line treatment was made
by oncologists based on bevacizumab toxicity and tolerance through
the ﬁrst-line treatment phase. The study was approved by the Ethics
Committee of “Prof.Dr. Ion Chiricuta” Institute of Oncology,ClujNapoca,Romania through decision No 42/8 December 2015.
The inclusion criteria were: age of 18 years or older,
histologically conﬁrmed diagnosis of CRC, lab tests adequate for
chemotherapy and no medical contraindication to chemotherapy,
at least one metastatic site, Eastern Cooperative Oncology Group
(ECOG) performance status of 0–2, bevacizumab administration
in ﬁrst and second-line treatment, adequate follow-up (at least
monthly clinical checkup and CT-scan every 3–4 months).
The exclusion criteria were: previous administration of
chemotherapy for the metastatic stage, uncontrolled comorbidities,
poor performance status (ECOG ≥3), inadequate labtests,
hypersensitivity to the active substance, heart failure (NYHA
grade >2), uncontrolled hypertension, acute myocardial infarction
(within 6 months prior to start chemotherapy) and pregnancy.
According to the literature, the beneﬁt of systemic treatment
in mCRC is controversial especially in patients with poor ECOG
performance status, with no survival advantage over the best
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Chemotherapy Regimens and Follow-up
The chemotherapeutic regimens used in this study were
consistent with international guidelines: capecitabine-based
(CAPEOX/XELOX or CAPIRI/XELIRI) 3 weeks regimen or 5ﬂuorouracil-based (FOLFOX4 or FOLFIRI) 2 weeks regimen, at
the dosages displayed in Table 1. Dose modiﬁcations during
treatment were allowed according to guideline recommendations
(Cutsem et al., 2016; Messersmith, 2019).
After ﬁrst-line chemotherapy, most patients underwent
maintenance therapy with a reduction in chemotherapy
intensity until disease progression or surgical resection. The
same standard or double dose bevacizumab was continued
beyond disease progression in combination with a different
chemotherapy partner. All patients were assessed by CT scan
according to RECIST 1.1 (Eisenhauer et al., 2009).

Statistical Analysis
For statistical analysis purposes, we deﬁned overall survival (OS)
as the period of time between the ﬁrst cycle of chemotherapy and
death, time to treatment failure (TTF) as the period of time
between the ﬁrst and the last cycle of bevacizumab chemotherapy,
progression-free survival after ﬁrst-line therapy (PFS1) as the
time between the ﬁrst and the last cycle of ﬁrst-line chemotherapy
and progression-free survival during second-line therapy (PFS2)
as the time between the ﬁrst and the last cycle of second-line
chemotherapy. These deﬁnitions were similar to those in the
Simkens CAIRO3 trial with TTF corresponding to the time to
second progression (Simkens et al., 2015). We also deﬁned PFS
during second-line of therapy in the DDB group.
The main characteristics of the studied population were
analyzed using Microsoft Excel 2010, followed by Chi-square
test for association. For data reported as mean ± SD, p-values
were calculated with t-test. Survival analyses were performed using
R version 3.5.1 [R Core Team (2018). R: A language and
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TABLE 2 | Baseline characteristics of mCRC patients in SDB (N = 111) and DDB (N = 40) groups.

Age (years)
Gender
BMI*(kg/m2)
Primary tumor
Metastasis site

Metastasis–organs involved
First-line chemotherapy
Second-line chemotherapy
RAS

T Stage

N stage

M Stage

Under 65
Over 65
Male
Female

SDB

DDB

p-value

88 (79.3%)
23 (20.7%)
62 (58.9%)
49 (44.1%)
25.17 ± 4.47 (14.19–36.51)

35 (87.5%)
5 (12.5%)
24 (60.0%)
16 (40.0%)
27.73 ± 5.03 (19.59–42.24)

0.25

30 (62.5%)
6 (12.5%)
6 (12.5%)
2 (4.2%)
1 (2.1%)
3 (6.3%)
32 (80.0%)
8 (20.0%)
9 (22.5%)
30 (75.0%)
20 (50%)
19 (47.5%)
6 (15%)
5 (12.5%)
29 (72.5%)
1 (2.5%)
1 (2.5%)
27 (67.5%)
7 (17.5%)
4 (10%)
6 (15.0%)
13 (32.5%)
16 (40.0%)
5 (12.5%)
14 (35%)
25 (62.5%)
1 (2.5%)

0.98

Left-sided
Right-sided
Liver
Lung
Peritoneum
Lymph nodes
Bone
Other**
1
>1
Oxaliplatin-based
Irinotecan-based
Oxaliplatin -based
Irinotecan-based
Mutant
Wild type
Not available
1
2
3
4
Not available
0
1
2
Not available
0***
1
Not available

35 (23.17)
116 (76.82%)
91 (58.0%)
19 (12.1%)
25 (15.9%)
6 (3.8%)
6 (3.8%)
10 (6.4%)
78 (70.3%)
33 (29.7%)
81 (73.0%)
30 (27.0%)
33 (29.7%)
78 (70.3%)
11 (9.9%)
32 (28.8%)
68 (61.3%)
0 (0%)
3 (2.7%)
58 (52.3%)
34 (30.6)
16 (14.4%)
8 (7.2%)
29 (26.1%)
48 (43.2%)
26 (23.4%)
35 (31.5%)
72 (64.9%)
4 (2.5%)

0.65
0.01
0.25

0.24
<0.01
0.01
0.06

<0.01

0.39

0.72

SDB: standard dose bevacizumab, DDB: double dose bevacizumab; BMI: body mass index; data are n (%); p-value was calculated with Chi-test.
*data are mean ± SD (range) and p-value was calculated with t-test; all tests were conducted at 0.05 level of signiﬁcance. Bold the signiﬁcant p value when we have multiple values.
**subcutaneous, ovaries.***M0–stage at initial diagnostic.

environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URLhttp://www.R-project.org/.] in
multiple steps. First, we used the Kaplan-Meier method to obtain
survival curves. Second, we compared them using the log-rank test.
Finally, we used Cox regression to generate Hazard Ratios (HRs)
and corresponding 95% Conﬁdence Intervals (CIs). The calculated
p-values were two-sided, and p-values less than 0.05 were
considered statistically signiﬁcant. The Pearson correlation
coefﬁcients as well as the corresponding p-values were
determined using Pearson correlation test, in Microsoft Excel 2010.

First-line oxaliplatin-based chemotherapy was more frequently
used than irinotecan-based therapy in the SDB group compared
with the DDB group (p < 0.001), while irinotecan was more
frequently used in the second-line after disease progression (p=
0.014) (Table 2). The median age was 57 years (range 19–75) in the
SDB group and 58 in the DDB group (range 41–71), while
approximately 80% of patients were under the age of 65 in both
groups. The primary tumor was in the right side of the colon in
76.8% of cases. The liver, peritoneum and lungs were the most
common metastatic sites in both the SDB and DDB groups. About
27.2% of patients had more than one metastatic site. No signiﬁcant
differences were noted between SDB and DDB patients regarding
site and number of metastases. More male patients had left-sided
cancer compared to female patients. Mean body mass index (BMI)
was signiﬁcantly higher in the DDB group compared to patients
receiving SDB (p = 0.01). Regarding the RAS status, a reasonable
proportion of patients did not have data; however no signiﬁcant
differences were observed between the SDB and DDB groups.
The median values of OS, TTF, PFS1, and PFS2 were
signiﬁcantly higher in the DDB group compared with the SDB
group (Table 3).

RESULTS
Patient Characteristics
In a retrospective analysis of mCRC patients treated with
chemotherapy in our institute between 2009 and 2017, we
identiﬁed 162 patients who met the main inclusion criteria. Out
of these, 151 met the criteria for “beyond progression”, while 11 were
treated with bevacizumab through multiple lines or beyond the thirdline of chemotherapy and therefore were excluded from the analysis.
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First and Second-line Chemotherapy
Backbone

TABLE 3 | Median of OS, PFS, and TTF based on bevacizumab dose.
Endpoint

SDB

OS
TTF
PFS1
PFS2

DDB

25 (23–29)
19 (16–22)
12 (11–14)
5 (4–6)

41
24
17
9

(27–49)
(21–35)
(15–22)
(6–12)

p-value

We investigated the role of ﬁrst and second-line chemotherapy
partners for bevacizumab to improve our understanding for the
impact of chemotherapy in mCRC patients.
When comparing the groups regarding the type of standard
chemotherapy regimens (irinotecan vs. oxaliplatin backbone) in
ﬁrst- or second-line treatment, a trend toward a greater OS, TTF,
PFS1, and PFS2 was observed for irinotecan-based regimens
compared to oxaliplatin-based chemotherapy in both groups,

0.01
0.01
0.01
0.03

SDB: standard dose bevacizumab, DDB: double dose bevacizumab, OS: overall survival,
TTF: time to treatment failure, PFS1: progression-free survival during ﬁrst-line treatment,
PFS2: progression-free survival during second-line treatment; data are median
(interquartile range) in months; p-values were calculated with log-rank test at 0.05 level of
signiﬁcance. p value statistical signiﬁcant.

TABLE 4 | Bevacizumab toxicity in SDB and DDB groups.
Type of toxicity

Proteinuria

Hypertension

Thromboembolic events

Fistula
Bleeding

Cardiopathy
Treatment delay

Grade 1
Grade 2
Grade 3
Any grade
Grade 2
Grade 3
Any grade
Grade 2
Grade 3
Any grade
Grade 2
Grade 3
Any grade
Number of patients
days delay*

DDB–number of patients
(% from total number-40)

SDB- number of patients
(% from total number-111)

p-value

7 (17.5%)
4 (10%)
3 (7.5%)
14 (35.0%)
1 (2.5%)
7 (17.5%)
8 (20%)
1 (2.5%)
1 (2.5%)
2 (5%)
1 (2.5%)
1 (2.5%)
1 (2.5%)
2 (5%)
1 (2.5%)
3 (7.5%)
85.33 ± 49.92 (30–127)

10 (9%)
3 (2.7%)
5 (4.5%)
18 (16.2%)
10 (9%)
8 (7.2%)
18 (16.2%)
3 (2.7%)
0 (0%)
3 (2.7%)
1 (0.9%)
3 (2.7%)
3 (2.7%)
6 (5.4%)
5 (4.5%)
7 (6.3%)
69.57 ± 121.45 (8–340)

0.69

0.01
0.04
0.29
0.17
0.65
1.0
1.0
0.92
0.10
0.47

DDB: double dose bevacizumab; SDB: standard dose bevacizumab; data are n (%); p-values were calculated with χ2test
*data are mean ± SD (range) and p-value was calculated with t-test; all tests were conducted at 0.05 level of signiﬁcance. Bold the signiﬁcant p value when we have multiple values.

Bevacizumab Toxicity

TABLE 5 | Characteristics of OS, TTF, and PFS depending on primary tumor
location in the DDB and SDB groups.

Regarding toxicity of bevacizumab, hypertension and
proteinuria were more frequent in the DDB compared to the
SD Bgroup. Of those, only proteinuria and hypertension grade 3
reached statistical signiﬁcance (Table 4). These differences did
not lead to signiﬁcant treatment delays between the SDB and
DDB groups.
Survival curves were constructed for OS, TTF, PFS1, and PFS2
according to primary tumor location (data not shown) and the
corresponding medians and HR were determined. Statistically
signiﬁcant differences were obtained for OS only with a higher
median survival for left-sided vs. right-sided tumors: 29 months
(IQR: 25–37) vs. 22 months (IQR: 18–30), respectively, (p= 0.01).
In the group of patients having received DDB after ﬁrst
progression, no differences between left- and right-sided
mCRC were observed in terms of OS, PFS1, PFS2, and TTF.
Patients receiving SDB had signiﬁcantly improved OS and
PFS2 for left-sided mCRC compared to right-sided disease
(Table 5). However, TTF and PFS1 were not signiﬁcantly
different between left- and right-sided tumors in patients
receiving SDB in second-line treatment.
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Item
DDB
OS
TTF
PFS1
PFS2
SDB
OS
TTF
PFS1
PFS2

Left-sided*

Right-sided*

HR (CI 95%)

p-value

46 (35–56)
31 (22–39)
16 (14–27)
9 (7–14)

27 (21–41)
21 (17–28)
16 (11–20)
5 (3–10)

0.57 (0.26–1.24)
0.60 (0.28–1.27)
0.73 (0.36–1.49)
0.48 (0.22–1.03)

0.15
0.18
0.39
0.06

27 (24–35)
19 (16–23)
12 (11–14)
6 (5–8)

12 (13–32)
15 (11–23)
10 (7–17)
4 (3–6)

0.54 (0.33–0.88)
0.99 (0.41–1.08)
0.84 (0.53–1.33)
0.55 (0.33–0.9)

0.01
0.10
0.45
0.02

OS: overall survival, TTF: time to treatment failure, PFS1: progression-free survival during
ﬁrst-line treatment, PFS2: progression-free survival during second-line treatment, DDB:
double dose bevacizumab, SDB: standard dose bevacizumab; p-values were calculated
with log-rank test; HR < 1 means better results in left -sided than in right-sided cases
*all values are displayed as medians (interquartile range) in months. Bold the signiﬁcant
p value when we have multiple values.

however these differences did not reach statistical signiﬁcance
(Table 6).
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Căinap et al.

Doubling the Dose of Bevacizumab in mCRC

TABLE 6 | Median of OS, TTF, and PFS based on type of chemotherapy in the
SDB and DDB groups.

DDB
SDB
DDB
SDB
DDB
SDB
DDB
SDB

OS
TTF
PFS1
PFS2

Irinotecan-based*

Oxaliplatin-based*

p-value

43.5 (30–35)
25 (22–36)
25 (21–36)
21 (16–30)
16 (14–28)
13 (12–18)
9 (5–19)
5 (4–6)

27 (18–44)
25 (23–30)
24 (17–35)
16 (15–22)
14 (9–19)
12 (9–13)
8 (6–12)
6 (4–9)

0.06
0.50
0.60
0.30
0.07
0.30
0.30
0.70

outcomes and the total dose of bevacizumab administered
(p < 0.001). TTF was positively and strongly correlated with
total bevacizumab dose, while OS, PFS1, and PFS2 were
moderately correlated with total bevacizumab dose, with a
tendency toward strong positive correlation in the case of
PFS1 in SDB group (Table 9).

Subgroup Analysis of Overall Survival
Male gender, age below 65 and an irinotecan-based
chemotherapy regimen in ﬁrst-line were signiﬁcantly linked to
survival advantage among mCRC patients (Table 10).

OS: overall survival, TTF: time to treatment failure, PFS1: progression-free survival during
ﬁrst-line treatment, PFS2: progression-free survival during second-line treatment, DDB:
double dose bevacizumab, SDB: standard dose bevacizumab; p-values were calculated
with log-rank test
*data are median (interquartile range) in months.

Was OS Inﬂuenced by PFS1 or PFS2?
As shown in Table 11, OS was signiﬁcantly and positively
correlated with each of TTF, PFS1, and PFS2 among all

TABLE 7 | Correlation between treatment outcomes and delayed initiation of bevacizumab in ﬁrst-line treatment in DDB and SDB groups.
Delayed bevacizumabinitiation–in months

OS
TTF
PFS1
PFS2
OS
TTF
PFS1
PFS2

DDB

SDB

r

p-value

−0.31
−0.51
−0.43
−0.39
−0.19
−0.41
−0.42
−0.17

0.052
<0.01
<0.01
0.01
0.04
<0.01
<0.01
0.07

OS: overall survival, TTF: time to tratment failure, PFS1: progression-free survival during ﬁrst-line treatment, PFS2: progression-free survival during second-line treatment, DDB: double
dose bevacizumab, SDB: standard dose bevacizumab; p-value <0.05 indicate statistical signiﬁcance of Pearson’s correlation coefﬁcients (r). Bold the signiﬁcant p value when we have
multiple values.

Timing of Bevacizumab Initiation

mCRC patients and each of DDB and SDB patient groups
(p < 0.001). These correlations were moderate to strong
according to the Pearson’s correlation analysis.

We investigated the time of initiation of bevacizumab treatment
in terms of months of delay of treatment to see whether it explains
the differences in OS, TTF, PFS1, and PFS2 between the DDB and
SDB groups; for instance, whether PFS1 could be statistically
linked to the initiation of bevacizumab. According to guidelines,
bevacizumab must be administrated from the ﬁrst cycle of
systemic treatment, without any delays.
PFS1 and TTF were negatively and signiﬁcantly correlated
with delayed bevacizumab initiation in both the DDB and SDB
groups of patients (p < 0.01). As shown in Table 7, this
correlation was moderate.

DISCUSSION
Primary Tumor Location
Primary tumor location (PTL) is one of the most important
prognostic factors for mCRC. Survival after recurrence was
signiﬁcantly longer in left-sided compared with right-sided
colon cancer patients (Cutsem et al., 2016). In ﬁrst-line
treatment with oxaliplatin, ﬂuoropyrimidine and bevacizumab,
the laterality of the primary tumor was less important in the
maintenance phase of ﬁrst-line therapy (Jordan et al., 2018).
However, PTL remains a signiﬁcant prognostic factor for second
and further lines of treatment (Hegewisch-Becker et al., 2018).
Surprisingly, in our DDB group of patients, no statistically
signiﬁcant differences in terms of OS, TTF, PFS1, and PFS2 in
relation with PTL were noted. These results suggest that doubling
the dose of bevacizumab overrides the prognostic differences in
mCRC according to tumor location. Increasing the dose of
bevacizumab could equalize the chance of response to

Bevacizumab dose Intensity
The analysis of bevacizumab dose intensity revealed signiﬁcant
differences in both ﬁrst and second-line therapy between the
DDB and SDB groups. These differences remained also
signiﬁcant for the overall treatment (ﬁrst and second-line)
(Table 8).
The Pearson correlation analysis between the total dose of
bevacizumab and survival rates is detailed in Table 9.
As seen in Table 9, both groups (DDB and SDB) had
signiﬁcantly positive correlations between all the treatment
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TABLE 8 | Mean bevacizumab dose intensity in the DDB and SDB patient groups.
First-line Bev-DI (mg/kg/week)

Second-line Bev-DI (mg/kg/week)

Total Bev-DI (mg/kg/week)

1.84 ± 0.56 (0.47–3.22)
1.50 ± 0.64 (0.23–3.06)
0.004

4.49 ± 2.31 (0.66–12.08)
2.47 ± 1.05 (0.36–7.74)
<0.001

2.68 ± 1.18 (1.23–7.26)
1.74 ± 0.52 (0.59–2.97)
<0.001

DDB
SDB
p value

Bev-DI: bevacizumab dose intensity; DDB: double dose bevacizumab, SDB: standard dose bevacizumab; p-values were calculated with t-test; data are mean ± SD (range). p value
statistical signiﬁcant.

TABLE 9 | Correlation between treatment outcomes and total bevacizumab dose.
Outcome variable

Bevacizumab total dose
r

OS
TTF
PFS1
PFS2
OS
TTF
PFS1
PFS2
OS
TTF
PFS1
PFS2

TABLE 11 | Correlation between OS and each of PFS and TTF in SDB and DDB
groups.

DDB

0.67
0.77
0.61
0.64
0.60
0.80
0.75
0.47
0.59
0.77
0.68
0.54

SDB

All

Outcome variable

p-value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

PFS1
PFS2
TTF
PFS1
PFS2
TTF
PFS1
PFS2
TTF

Overall survival (OS)

DDB

SDB

All

r

p-value

0.60
0.47
0.69
0.65
0.56
0.75
0.65
0.55
0.75

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

OS: overall survival, TTF: time to treatment failure, PFS1: progression-free survival during
ﬁrst-line therapy, PFS2: progression-free survival during second-line therapy, SDB:
standard dose bevacizumab, DDB: double dose bevacizumab.

OS: overall survival, TTF: time to treatment failure, PFS1: progression-free survival during
ﬁrst-line therapy, PFS2: progression-free survival during second-line therapy, DDB:
double dose bevacizumab, SDB: standard dose bevacizumab
*all corresponding p-value are lower than 0.001.

CRC patients (median survival 24.8 months) compared with rightsided patients (18.4 months), with PTL being the most powerful
prognostic factor in multivariate analysis (Hegewisch
Becker et al., 2018).

TABLE 10 | Subgroup analysis of overall survival hazard ratios.

All
Gender
Male
Female
Age (years)
<65
≥65
First-line chemotherapy
Oxaliplatin-based
Irinotecan-based
PFS1(months)
≤12

N

HR

95% CI

p-value

151

0.62

0.42–0.91

0.02

86
65

0.53
0.65

0.31–0.90
0.35–1.18

0.02
0.16

123
28

0.60
0.66

0.39–0.91
0.22–1.97

0.02
0.45

89
56

0.87
0.49

0.40–1.90
0.27–0.88

0.73
0.02

76

0.58

0.31–1.08

0.09

First and Second-line Chemotherapy
Backbone Associated With Bevacizumab
The ESMO guidelines recommend the combination of a standard
chemotherapy regimen (irinotecan or oxaliplatin-based) with
either anti-VEGF or anti–EGFR therapy in the ﬁrst and
second-line treatment in mCRC patients (Schmoll et al., 2012).
The NCCN guidelines recommend bevacizumab in ﬁrst-line
therapy in associations with classical chemotherapy regimens
but with modest effect on OS, especially when added to
oxaliplatin (Messersmith, 2019).
In our study, both chemotherapy regimens–oxaliplatin or
irinotecan backbone were equally effective in combination with
bevacizumab, as no signiﬁcant differences were seen between the
DDB and SDB groups. The ﬁrst-line chemotherapy regimen with
oxaliplatin backbone was more frequently used in the SDB group
compared with DDB in ﬁrst-line (p < 0.001) while irinotecan was
more frequently used in the ﬁrst-line for DDB patients (p= 0.014).
Similar with our data, two previous studies conducted by Bendell
et al. in ARIES study, on 1,550 patients, and Yamazaki et al. on 395
patients, treated in the ﬁrst-line with FOLFIRI or FOLFOX
combined with bevacizumab, retrieved equivalent OS, PFS or
rate of response between arms (Bendell et al., 2012; Yamazaki
et al., 2014). Moreover, van Cutsem et al. showed similar efﬁcacy of
FOLFOX, FOLFIRI or XELOX combined with bevacizumab in the

PFS1: progression-free survival after ﬁrst-line therapy, HR: hazard ratio; CI: conﬁdence
interval; p-values were calculated with log-rank test; A hazard ratio< 1 indicate better
treatment in double dose bevacizumab group vs. standard dose bevacizumab group.
Bold the signiﬁcant p value when we have multiple values.

systemic treatment and control of the disease for left-sided and
right-sided mCRC patients. However, considering the PTL role in
CRC prognosis, Boeckx et al. showed that patients with RAS wildtype left-sided mCRC had a better OS than right-sided disease,
regardless of treatment received (Boeckx et al., 2018). In line with
this, in a study including 754 patients with ﬁrst-line therapy of
bevacizumab and oxaliplatin backbone regimen, HegewischBecker et al. found signiﬁcantly better survival in left-sided
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study, Grothey et al. deﬁned “bevacizumab beyond progression”
(BYP) differently referring to patients who continued treatment
after disease progression within two months at maximum. Median
OS and survival after progression were better in patients who
received bevacizumab after ﬁrst progression (19.2 vs. 9.5 months)
(Grothey et al., 2014). In the ARIES study on 1,550 patients,
Bendell et al. reported that a cumulative dose of bevacizumab
represented a signiﬁcant prognostic factor for survival after ﬁrst
progression (Bendell et al., 2012). The same results were retrieved
by Cartwright et al. on 573 patients as determined by improved OS
(27.9 vs. 14.6 months) and post-progression survival (21.4 vs.
10.1 months) (Cartwright et al., 2012).
In the same context, in a phase III trial on 185 patients treated
with second-line bevacizumab with or without FOLFIRI or
FOLFOX (depending on the ﬁrst-line treatment already
administered), Masi et al. found a statistically signiﬁcant PFS
and OS advantage for bevacizumab continuation or
reintroduction in the second-line over chemotherapy alone in
all the analyzed subgroups (Masi et al., 2015).

ﬁrst-line in the BEAT study on 1914 patients (Van Cutsem et al.,
2009). Premature discontinuation of oxaliplatin-based treatment as
deﬁned by protocol design altered HR of PFS from 0.63 to 0.83 (Ilic
et al., 2016). The main concerns with oxaliplatin-based
chemotherapy are its cumulative and slowly reversible
neurotoxicity as well as the allergic reactions associated with
this regimen (Cetean et al., 2015).
When regimens were compared, the irinotecan-based one
seemed to be slightly superior. Ilic et al. and Baraniskin et al.
conﬁrmed the advantage of using bevacizumab with
chemotherapy (Ilic et al., 2016; Baraniskin et al., 2019).

Bevacizumab dose Intensity and its use
Beyond Progression
In clinical practice, according to the European guideline (ESMO) as
well as NCCN guideline, a complete genetic characterization of the
tumor (all RAS type) and imaging evaluation are required before
choosing a systemic regimen for a particular patient (Cutsem et al.,
2016; Messersmith, 2019; Veld et al., 2019). The NCCN guidelines
draw attention to the existence of preclinical data suggesting a
possible rebound effect after bevacizumab cessation (Veld et al.,
2019). Our data revealed lower bevacizumab dose intensity in the
ﬁrst but not in the second-line for SDB. The same effect was also
recorded for DDB, with an explicable doubling of the intensity in
the second-line. The explanation of these facts resides in the
administrative constraints existing in our country. In Romania,
for more than a decade the national insurance reimbursed the cost
of bevacizumab only after a centralized approval. This fact was
responsible for widespread and sometimes prolonged delays in
optimal bevacizumab administration in the ﬁrst-line, which were
less encountered in second-line administration. We found no
signiﬁcant difference in ﬁrst-line delays between the SDB and
DDB groups. However, our analysis did show signiﬁcantly negative
correlations between PFS1, TTF, and delayed bevacizumab
initiation in both the SDB and DDB groups (p < 0.01). In DDB
group, PFS2 was moderately and negatively correlated with time of
bevacizumab delay, while OS was weakly, yet signiﬁcantly and
negatively correlated with delayed bevacizumab administration in
the SDB group. Contrary to ﬁrst-line administration of
bevacizumab in our patients, in the second-line we did not
observe signiﬁcant delays in bevacizumab start of
administration. Moreover, the dose of bevacizumab was doubled
after disease progression in the DDB group with practical aim to
overcome tumor resistance which was translated into a prolonged
PFS2 for DDB patients compared to SDB. Whether ﬁrst-line delay
of bevacizumab administration could inﬂuence PFS2–it must be
interpreted with caution, due to the retrospective nature of our
analysis with possible bias in patient recruitment and inclusion
process. Differences in dose intensity in the ﬁrst-line treatment
may raise questions regarding an excess of bevacizumab or classic
chemotherapy partner toxicity in the ﬁrst-line for the SDB group.
One of the ﬁrst clinical trials to address the question whether
bevacizumab should be continued after disease progression was the
ML 18147 phase III trial (Bennouna et al., 2013). The trial was
positive in terms of OS, considering the same dose of bevacizumab
as in the ﬁrst-line (2.5 mg/kg body/week). Moreover, in the BRiTE
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Toxicity of Bevacizumab in mCRC Patients
Bevacizumab has some speciﬁc adverse effects like hypertension,
proteinuria, gastro-intestinal perforation, thrombosis, pulmonary
thromboembolism and hemorrhage (Feliu et al., 2015; Dionísio
de Sousa et al., 2016).
In our analysis, no statistically signiﬁcant differences were
found in the number of hypertensive cases between the SDB and
DDB groups, but in the DDB group grade 3 hypertension was
= 0.04). Hypertension
twice as frequent as in the SDB group (p
(grade 3 and 4) is a common adverse event to bevacizumab
treatment with an incidence of 0.4 and 17.9% (Dionísio de Sousa
et al., 2016). In a small retrospective analysis of 79 patients,
grade 2 and 3 of hypertension during bevacizumab
administration was predictive of PFS but not OS
improvement (Feliu et al., 2015). Our data also revealed that
proteinuria was more frequent in the DDB than in the SDB
group, reaching statistical signiﬁcance. Proteinuria was reported
in 0.7–54.7% of patients (Feliu et al., 2015). Proteinuria was not
correlated with OS or PFS advantage in a phase II trial (Lee et al.,
2019). Both hypertension and proteinuria were statistically
correlated with the duration of bevacizumab administration,
higher doses of bevacizumab may increase the risk, due to a
cumulative effect (Loupakis et al., 2018). As for the other
bevacizumab adverse events, no signiﬁcant differences in
bleeding, perforation,
cardiomyopathy,
thrombosis
and
emboli were found between groups. Treatment was not
delayed in the DDB group despite the higher dose in the secondline since no untreatable toxicity occurred. However, perforations
were reported in 0.2–1% of patients, bleeding in 10–20% and
thrombosis and thromboembolism events in 2.8–17.3% of
patients (Feliu et al., 2015).

Subgroup Analysis of Overall Survival
Older age could be a factor for under-treatment reported by Raab
et al. (Raab et al., 2019), despite the fact that bevacizumab could
improve OS and PFS for this category of patients, as showed by
Pinto et al. (Pinto et al., 2017).
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In our study, male gender, age below 65 and irinotecan-based
chemotherapy in the ﬁrst-line were signiﬁcantly linked to a
survival advantage. No PFS1 cut-off value was found to be
associated with better OS. In the same line, the results of
Loupakis et al. that retrospectively analyzed the results of NO
16966 and AVF2107g phase III trials, including patients with
mCRC treated in the ﬁrst-line with bevacizumab and standard
chemotherapy showed no OS advantage in any subcategory
(Loupakis et al., 2018).
In a pooled analysis of 2,879 patients included in major published
trials (COIN, OPUS, AGITG, CRYSTAL, FOCUS 2, and COIN-B),
Salem et al. showed that left-sided colon cancer patients were mostly
elderly females (over the age of 70 years) (Salem et al., 2018).
However, considering the Rahman et al. data, gender was not
shown to be predictive for OS (Abdel-Rahman, 2019).

chance of determining the advantage (if any) of doubling the
bevacizumab dose in mCRC patients after ﬁrst disease
progression. In the EMA market-approval for bevacizumab in
mCRC, both treatment strategies–standard and double dose–are
mentioned, without any recommendation on when to use the
double dose. The scarce clinical data available need to be
completed with the experience of cancer centers, regional
databases, and randomized phase III trials to provide the best
proof of efﬁcacy of one of the two strategies. No deﬁnitive
conclusion can be drawn according to the available data.

CONCLUSION
Our data demonstrated that doubling the dose of bevacizumab
after ﬁrst progression may improve OS, PFS1, PFS2, and TTF.
Moreover, an increasing dose of bevacizumab may lead to better
outcomes in the DDB group. However, doubling the dose of
bevacizumab was not associated with increased toxicities except
for grade 3 hypertension, which was manageable, without negative
inﬂuence on treatment administration. Irinotecan-based
chemotherapy regimens in the ﬁrst-line signiﬁcantly could be a
preferential partner for bevacizumab in mCRC patients.

Is OS Inﬂuenced by PFS1 or PFS2?
Post-progression survival is a very important factor that may
characterize better clinical outcomes after ﬁrst disease
progression. Petrelli et al. showed that in 16,408 patients
included in 34 phase III randomized clinical trials, a good
correlation between OS and post-progression survival (PFS2)
was observed (Petrelli and Barni, 2013).
In our study,PFS1, PFS2, TTF, and OS were all higher in the
group of mCRC patients treated with DDB after disease
progression (Table 3) (Bochis et al., 2020). In previously
published data PFS1 was shown to have a strong inﬂuence on
OS (Petrelli and Barni, 2013). However, in our study, a positive
moderate correlation between PFS1, PFS2, and OS with total
bevacizumab dose was found in both groups of patients. PFS1 in
SDB group showed a tendency to strong positive correlation. All
Pearson’s correlations examined were statistically signiﬁcant (p <
0.001). PFS1 should not have been dependent on bevacizumab
dose intensity since the same ﬁrst-line doses were administered in
both the DDB and SDB groups. The retrospective nature of our
study may explain this ﬁnding. An analysis of 22,736 patients
included in 50 clinical trials found a good correlation between
PFS and OS in chemotherapy regimens but less so for trials on
monoclonal antibodies (Petrelli and Barni, 2013). Within 20,438
patients, Sidhu et al. observed a weak correlation between the
response rate (RR) and OS, lower than the correlation coefﬁcient
for PFS and OS (Sidhu et al., 2013).
The limitations of our study may reside in several factors such
as the lack of patient randomization at inclusion and variations in
the induction treatment and should be considered as a potential
source of bias. The unbalanced use of an oxaliplatin backbone
regimen in ﬁrst and second-line therapy in both the SDB and
DDB groups may be a factor inﬂuencing the general results of our
study, due to well-known differences in terms of rate of response,
type, and intensity of toxicity compared with irinotecan. The
strength of our analysis resides in the data extracted from the
medical records of unselected patients with mCRC treated with
systemic treatment. The inclusion and exclusion criteria
established in this study were meant to create a real-life
situation that medical oncologists may be faced with. By
avoiding the over-selection of patients imposed by the
constraints of a clinical trial, we wished to have a better
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Abstract
Colorectal cancer remains one of the most frequent malignancies (third place at both genders) worldwide in the last decade, owing to significant changes in modern dietary habits.
Approximately half of the patients develop metastases during the course of their disease.
The available therapeutic armamentarium is constantly evolving, raising questions regarding the best approach for improving survival. Bevacizumab remains one of the most widely
used therapies for treating metastatic colorectal cancer and can be used after progression.
This study aimed to identify the best chemotherapy partner for bevacizumab after progression. We performed a retrospective analysis of patients with metastatic colorectal cancer
who were treated with bevacizumab as first- and second-line chemotherapy. Data were collected for 151 patients, 40 of whom were treated with double-dose bevacizumab after the
first progression. The two standard chemotherapy regimens combined with bevacizumab
were FOLFIRI/CAPIRI and FOLFOX4/CAPEOX. The initiation of first-line treatment with irinotecan-based chemotherapy improved progression-free survival and time to treatment failure but not overall survival. After the first progression, retreatment with the same regimen as
that used in the induction phase was the best approach for improving overall survival
(median overall survival: 46.5 vs. 27.0 months for the same vs. switched strategy, respectively). No correlations were observed between the dose intensity of irinotecan, oxaliplatin,
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5-fluorouracil, or bevacizumab and the overall survival, progression-free survival in the first-/
second-line treatment, and time to treatment failure. Interaction between an irinotecanbased regimen as a second-line treatment and double-dose bevacizumab after progression
was associated with an improved overall survival (p = 0.06). Initiating systemic treatment
with an irinotecan-based regimen in combination with bevacizumab improved the progression-free survival in the first-line treatment and time to treatment failure. In terms of overall
survival, bevacizumab treatment after the first progression is better partnered with the same
regimen as that used in the induction phase.

Introduction
Colorectal cancer (CRC) represents one of the most challenging malignancies of the digestive
tract. Due to inherent changes in our diet, nutritional habits, and the way in which food is preserved and prepared, the general trend is an increase in the incidence of this type of cancer.
The incidence of CRC has been reported to be 19.7 cases per 100,000 persons worldwide, similar to the incidence of lung cancer (22.5 cases per 100,000 persons) [1, 2]. In 2018, almost half
a million new cases of CRC were diagnosed in Europe. In Romania, the incidence of CRC was
13.3% (> 11,000 new cases), which is the second highest incidence after that of lung cancer
(13.6%; 11,300 new cases in 2018) [1, 2], followed by gastric, liver, and pancreatic cancer [1–3].
The prognosis of CRC varies greatly depending on the disease stage at diagnosis. Similar to
breast and prostate cancer, CRC also has an increasing number of long-term survivors [4].
Approximately 95% of the deaths caused by CRC occur within the first5 years after the initial
diagnosis [4]. Between 30% and 50% of patients with CRC develop a recurrence (loco regional
or distant) [5].
Even in the metastatic stage, the prognosis of CRC is promising and may continue to
improve as new drugs and treatment strategies are developed. Currently, patients with metastatic CRC (mCRC) can benefit from standard chemotherapy as well as anti-epidermal growth
factor receptor and anti-angiogenic targeted therapies. These therapeutic advancements have
fundamentally changed the natural history of mCRC. The most effective treatment strategies
can now yield a mean survival time of 30 months compared with the previous 3–6 months.
Given the wide range of drugs available, oncologists face difficult medical decisions that must
take into consideration not only the efficacy of a drug but also the patients’ quality of life, treatment compliance, drug toxicity, comorbidities, and potential allergic reactions [6, 7]. The clinical strategy for mCRC resembles that of solving a complicated puzzle and includes indications
for surgery, oligometastatic or plurimetastatic diseases, tumor responses to treatment (especially after treatment with curative intent), and disease-free intervals. Thus, despite the low
cure rate, mCRC must be regarded as a chronic disease requiring all available therapeutic
options to be used individually or in combination for improved patient benefit and better survival outcomes.
Bevacizumab was approved for mCRC due to its survival advantage when combined with
chemotherapy. Its efficacy may be influenced by the accompanying chemotherapeutic agent.
Therefore, we aimed to conduct a study of patients with mCRC who were treated with bevacizumab in first- and second-line settings (after progression) to examine the impact of the chemotherapy partner on overall survival (OS), progression-free survival in the first-line
treatment (PFS1), progression-free survival in the second-line treatment (PFS2), and time to
treatment failure (TTF). Our data showed that first-line irinotecan-based chemotherapy
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combined with bevacizumab improved PFS1 and TTF. After the first disease progression, doubling the dose of bevacizumab and maintaining the same chemotherapy regimen as that used
in the induction phase improved OS. No significance was identified for PFS2 regarding the
chemotherapy partner for bevacizumab.

Materials and methods
Study design
The Institute of Oncology Cluj-Napoca is one of the largest medical institutions in Romania,
where patients from all over the country are treated. We searched the medical records of our
institution to identify patients who were treated for CRC between January 2009 and December
2017. The initial group included 5649 patients who received at least two lines of chemotherapy,
as per their medical records. We then selected those patients (n = 694) who received bevacizumab as part of their treatment. Of these, only 162 patients were treated with bevacizumab after
the first progression. Eleven patients received more than two lines of chemotherapy (according
to European recommendations) and were excluded from the analysis. Of the remaining 151
patients, 40 were treated with a double dose of bevacizumab (DDB) after progression and 111
were treated with a standard dose of bevacizumab (SDB).

Informed consent
The study design was approved by the Ethics Committee of the Institute of Oncology ClujNapoca, Romania (approval number: 42/8 December 2015). Research was conducted in accordance with the Declaration of Helsinki. All patients provided written informed consent before
commencing treatment. All data were anonymized before the commencement of the study, as
per the General Data Protection Regulations.

Inclusion and exclusion criteria
We adopted the standard inclusion criteria that are used for this type of pathology in most
clinical trials [7–10]. Moreover, we used retrospectively collected data from consecutively
treated patients.
The inclusion criteria were: age 18 or above, histological confirmed CRC, lab tests adequate
for chemotherapy: neutrophil count > 1.5 x 109/L, leukocyte count > 3x 109/L, platelet
count > 100 x 109/L, hemoglobin level > 9 g/dL, transaminases (AST and ALT) below 2.5X
the upper limit of the normal range (ULN) in patients without liver metastases or below 5 X
ULN in case of liver metastases, total bilirubin below 3 mg/dL, creatinine clearance > 50 mL/
min, negative urinary protein on dipstick testing or < 1 g/24-hour collection; no medical contraindication to chemotherapy (according to treatment characteristics and recommendations),
at least one metastatic site, Eastern Cooperative Oncology Group (ECOG) performance status
of 0 to 2, bevacizumab administration in first- and second-line treatment, adequate follow-up
(at least monthly clinical checkup and CT scan every 3–4 months).
The exclusion criteria were: previous administration of chemotherapy for the metastatic
stage, uncontrolled comorbidities, poor performance status (ECOG � 3), inadequate lab tests,
hypersensitivity to the active substance, heart failure (NYHA grade > 2), uncontrolled hypertension, acute myocardial infarction (� 6 months) and pregnancy.

Patients’ characteristics
After a rigorous search of the Institute database we identified 162 patients who met general
inclusion criteria. After a second check-up were identified to be treated outside general
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recommendation, which means administration of bevacizumab through multiple lines or
beyond the third line of chemotherapy, so these patients were excluded from final population.
The main characteristics of included patients are presented in Table 1.

Treatments
The chemotherapy regimens used at our institution included FOLFIRI (5-fluorouracil, leucovorin, and irinotecan), FOLFOX4 (5-fluorouracil, leucovorin, and oxaliplatin), CAPIRI (capecitabine in combination with irinotecan), and CAPEOX (capecitabine in combination with
oxaliplatin) in standard doses. All the dose modifications conformed to our institution’s protocols [7].
In the first-line treatment, the bevacizumab dose was standardized and there was no difference between the SDB and DDB groups (the intensity of the dose was the same: 2.5 mg/kg per
week). A dose of 5.0 mg/kg bevacizumab was administered if at 2 weeks (in combination with
FOLFIRI or FOLFOX4) and 7.5 mg/kg if at 3 weeks (in combination with CAPEOX or
CAPIRI). Dose adjustments were permitted provided they were performed in accordance with
the institutional protocols. At the first progression, the dose of bevacizumab was doubled in
the DDB group. The therapeutic strategy for patients with mCRC from a systemic treatment
perspective is presented in Fig 1. Only patients who were treated according to this workflow
Table 1. Baseline patient characteristics.
Characteristic

All (151)

Age (years)
Median (range)

57 (19–75)

Gender
Male

86 (57.0%)

Female

65 (43.0%)

First-line chemotherapy
Oxaliplatin-based

90 (59.6%)

Irinotecan-based

60 (39.7%)

Second-line chemotherapy
Oxaliplatin-based

53 (35.1%)

Irinotecan-based

97 (64.2%)

Primary tumor site
Left

35 (23.2%)

Right

116 (76.8%)

Metastasis site
Liver

121 (59.0%)

Lung

25 (12.3%)

Peritoneum

31 (15.1%)

Lymph nodes

8 (3.9%)

Bone

7 (3.4%)

Other

13 (6.3%)

Number of organs with metastasis
1

110 (72.8%)

>1

41 (27.2%)

Data are number (%) unless otherwise specified.
https://doi.org/10.1371/journal.pone.0248922.t001
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Fig 1. Treatment strategies for the metastatic colorectal cancer patients included in this study. DDB, double-dose bevacizumab; mCRC, metastatic
colorectal cancer; SDB, standard-dose Bevacizumab.
https://doi.org/10.1371/journal.pone.0248922.g001

were included in this study. All included patients had an Eastern Cooperative Oncology
Group performance status of 0–2, and no significant differences were noted between groups.
Before each chemotherapy cycle, patients underwent a medical examination, blood sampling for hematology and biochemistry, and urinalysis for proteinuria. Imaging evaluation was
performed every 3–6 months to assess the tumor response to systemic treatment.

Statistical analysis
Descriptive statistics were evaluated using two tests. The Kaplan–Meier method was used to
construct OS, PFS1, PFS2, and TTF curves. OS was defined as the time interval between the
first cycle of chemotherapy and the date of death. TTF was defined as the time interval between
the first cycle of chemotherapy and the last cycle of second-line chemotherapy with bevacizumab (i.e., time to second progression). PFS1 was defined as the time interval between the first
cycle of chemotherapy and the last cycle of first-line chemotherapy. PFS2 was defined as the
time interval between the first cycle of chemotherapy and the last cycle of second-line
chemotherapy.
A log-rank test was used to determine differences between the survival curves. Hazard
ratios (HRs) and 95% confidence intervals (CIs) were estimated using a Cox regression. We
calculated Pearson correlation coefficients to explore the relationships between the main outcome measures. Statistical analyses were conducted using Excel 2010 and R version 3.5.1
Microsoft Windows version 7. Statistical significance was set at a two-tailed p-value of < 0.05.

Results
In a previous study, we presented the results of a retrospective analysis of patients with mCRC
who were treated with bevacizumab after progression [7]. DDB at first progression was shown
to have improved OS (41 vs. 25 months, log-rank p = 0.01; HR: 0.62 [95% CI: 0.42–0.91],
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Table 2. Progression-free survival in the first-line setting according to the backbone chemotherapy regimen.
Median

Lower 95% CI

Upper 95% CI

p-value

HR (95% CI)

CAPIRI/FOLFIRI + bevacizumab

PFS1 (months)

15

12

18

0.02

0.69 (0.49–0.95)

CAPEOX/FOLFOX4 + bevacizumab

12

10

13

p = 0.03

Abbreviations: CI–confidence interval, HR, hazard ratio; PFS1, progression-free survival in the first-line setting.
https://doi.org/10.1371/journal.pone.0248922.t002

p = 0.02) and TTF (24 vs. 19 months, log-rank p<0.01; HR: 0.61 [95% CI: 0.42–0.89], p = 0.09)
compared with SDB after progression [7].
In the first-line treatment, the dose of bevacizumab was standardized and there were no differences between the SDB and DDB groups (the intensity of the dose was the same: 2.5 mg/kg
per week). The main difference was in the backbone chemotherapy regimen (oxaliplatin- or
irinotecan-based regimens in the first-line treatment).
The outcomes of the study (OS, PFS1, and TTF) were compared between standard chemotherapy regimens as a first-line treatment, given that bevacizumab was administered to all
patients and the dose intensity of the first-line treatment was the same. The PFS1 and TTF
were significantly better in patients who received irinotecan-based chemotherapy as a first-line
treatment (CAPIRI/FOLFIRI: HR: 0.69 [95% CI: 0.49–0.95], p = 0.03) than in those who did
not (Table 2).
No significant differences in OS were observed between the oxaliplatin- and irinotecanbased regimens in the first-line treatment, irrespective of the dose of bevacizumab (Fig 2).

Fig 2. Overall survival and time to treatment failure for all patients in line with the backbone chemotherapy used: CAPIRI/FOLFIRI vs.
CAPEOX/FOLFOX4.
https://doi.org/10.1371/journal.pone.0248922.g002
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Fig 3. Overall survival, according to the first-line backbone chemotherapy in the double-dose and standard-dose bevacizumab groups.
https://doi.org/10.1371/journal.pone.0248922.g003

The TTF calculated for all patients included in this study revealed a survival advantage for
patients treated with an irinotecan-based regimen in the first-line setting compared to those
treated with an oxaliplatin-based regimen (TTF: 22 vs. 17 months, p = 0.03; HR: 0.69 [95% CI:
0.49–-0.97], p = 0.04) (Fig 3).
Because there were differences in the dose intensity of bevacizumab after the first progression in the second-line treatment, an analysis was performed to assess TTF between the SDB
and DDB groups. Patients in the DDB group had a significant advantage in TTF (TTF: 24 vs.
19 months, p<0.01; HR: 0.61, p<0.01) (Table 3).
In a previous study, we showed that patients receiving DDB after progression had a better
OS [7]. In this study, we also analyzed whether the choice of first-line treatment influenced the
OS in the SDB and DDB groups. No significant differences were observed between the two
groups. However, there was a trend toward a better OS in patients receiving irinotecan-based
regimens in the DDB group than those in the SDB group (43.5 vs. 27.0 months, p = 0.06; HR:
0.41 [95% CI: 0.16–1.01], p = 0.07) (Fig 4).
Analysis of all patients revealed a better PFS1 in those receiving irinotecan-based chemotherapy than in those receiving oxaliplatin-based chemotherapy. Bevacizumab administered in
combination with standard chemotherapy as a first-line treatment was the same, irrespective
of the patient group (SDB or DDB). When the analysis was split, no significant differences
were observed in either group. In the DDB group, the HR was 0.48 (p = 0.08). The median
Table 3. Time to treatment failure in the double-dose and standard-dose bevacizumab groups.
Total

Failed

Censored

Median

Lower 95% CI

Upper 95% CI

DDB group

TTF (months)

40

37

3

24

21

35

SDB group

111

103

8

19

16

22

https://doi.org/10.1371/journal.pone.0248922.t003
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Fig 4. Progression-free survival in the first-line treatment of patients in the double-dose and standard-dose bevacizumab groups.
https://doi.org/10.1371/journal.pone.0248922.g004

PFS1 for CAPIRI/FOLFIRI vs. oxaliplatin was 16 vs. 14 months, respectively in the DDB
group (p = 0.07) and 13 vs.12 months, respectively in the SDB group (p = 0.3); the HR was
0.81 [95% CI: 0.53–1.24] (p = 0.3) (Fig 4).
In the second-line treatment, we investigated how PFS2 could be modified by the standard
chemotherapy regimen used, irrespective of the dose of bevacizumab. No significant differences were observed (Fig 5).
Because the dose of bevacizumab administered after the first progression differed between
the groups, we analyzed whether the backbone chemotherapy regimen could modify the PFS2.
However, no significant differences were observed (Fig 6).
Given that different doses of bevacizumab were administered in the first-line treatment and
after the first progression, we calculated the Pearson correlation coefficients between the OS,
PFS1, PFS2, and TTF and the dose intensities of the CAPIRI/FOLFIRI-, CAPEOX/FOLFOX4-,
and bevacizumab-based regimens in the first-and second-line settings for the entire cohort and
for patients in the SDB and DDB groups. No significant correlations were observed.
Considering the inconsistencies in recommendations from published clinical trials on
whether or not to change the chemotherapy partner for bevacizumab at first progression, we
investigated the clinical practice and outcomes at our institute, as detailed in Fig 1.
Of the 151 patients included in this study, we had data for 149 patients. The treatment
changes are summarized in Table 4. In 14 (approximately 10%) of the 149 patients, the standard chemotherapy partner was not changed at first progression.
Retaining the chemotherapy regimen associated with bevacizumab after the first progression had a significant OS advantage (46.5 vs. 27 months, log-rank p = 0.04). The HR (0.55)
favored the same regimen at the first progression (p = 0.04) (Fig 7).
In our analysis, patients treated with an irinotecan-based regimen as the first-line treatment
and who were treated with the same regimen after the first progression had a better median
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Fig 5. Progression-free survival in the second-line treatment setting in line with the backbone chemotherapy,
irrespective of bevacizumab dose.
https://doi.org/10.1371/journal.pone.0248922.g005

TTF than did those who were treated with an oxaliplatin-based regimen after the first progression (Table 5). However, no significant differences were observed between the SDB and DDB
groups (HR: 1.016 [95% CI: 0.51–2.02], p = 0.96).
No significant differences in the TTF were observed in relation to the switched strategies.
We investigated potential differences in the TTF and PFS2 using Pearson correlation coefficients between the backbone chemotherapy regimen used as the first-line treatment, the dose
of bevacizumab after the first progression, and the same or switched chemotherapy regimen
after the first progression. However, none of these correlations were significant.
In our study, irinotecan-based chemotherapy administration as the first-line treatment for
mCRC patients treated with bevacizumab beyond progression improved PFS1 and TTF, but
not OS or PFS2. Re-intensification of treatment with the same regimen as was utilized in the
induction phase improved OS.
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Fig 6. Progression-free survival in the second-line treatment of patients in the double-dose and standard-dose bevacizumab groups.
https://doi.org/10.1371/journal.pone.0248922.g006

Discussion
Only a small proportion of patients with mCRC will achieve an adequate tumor response to
curative treatment. In the majority of patients, the aim is to maintain tumor control through
systemic treatment with palliative intent, where a continuum of care is the main goal of therapy. One of the most commonly used systemic regimens is oxaliplatin-based chemotherapy as
a first-line treatment for mCRC [11].
“Which is the best choice for first-line treatment?” remains one of the most important
unanswered questions regarding the optimal treatment of patients with mCRC. Before the targeted therapy era, systemic chemotherapy was the mainstay of first-line treatment. In our analysis, both the PFS1 (p = 0.02) and TTF (p = 0.03) were better if the first-line treatment
administered was irinotecan-based chemotherapy, irrespective of the use of bevacizumab
(SDB or DDB, after disease progression). No differences were observed in OS or PFS2 when
irinotecan-based regimens were compared with oxaliplatin-based regimens as the first-line
treatment. However, first-line irinotecan-based chemotherapy seemed to be a better partner
for bevacizumab and improved OS (p = 0.06), especially when bevacizumab was administered
Table 4. Summary of treatment changes at first progression.
First-vs. second-line treatment

Total

DDB

SDB

Irinotecan-based followed by oxaliplatin-based therapy

48

18

30

Oxaliplatin-based followed by irinotecan-based chemotherapy

87

7

80

Irinotecan-based chemotherapy in both lines of treatment

12

12

0

Oxaliplatin-based chemotherapy regimen in both lines of treatment

2

1

1

Total

149

38

111

https://doi.org/10.1371/journal.pone.0248922.t004
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Fig 7. Overall survival in line with the concordance of first- and second-line treatment with bevacizumab dose.
https://doi.org/10.1371/journal.pone.0248922.g007

as a double-dose after progression. The same trend was observed in PFS1for irinotecan-based
regimens in the DDB group (p = 0.07). Doubling the dose of bevacizumab appeared to
improve PFS2 more than switching the standard chemotherapy partner in the second-line
treatment did [7].
Table 5. Time to treatment failure according to the chemotherapy partner after first progression (same vs. switched regimens).
Strategy at first
progression

First-line CT

Second-line CT

TTF (months), median (95%
CI)

p-value (log-rank)

HR (95% CI)

p-value (log-rank)

Same regimen

FOLFIRI/CAPIRI

FOLFIRI/CAPIRI

29 (20–43)

0.04

FOLFOX4/
CAPEOX

17 (15–19)

0.18 (0.03–
1.06)

0.058

FOLFOX4/
CAPEOX
FOLFIRI/CAPIRI

FOLFOX4/
CAPEOX

21 (20–29)

0.1

0.75 (0.52–
1.08)

0.12

FOLFOX4/
CAPEOX

FOLFIRI/CAPIRI

17 (15–23)

Switched regimen

https://doi.org/10.1371/journal.pone.0248922.t005
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There is an ongoing debate regarding the optimal use of 5-fluorouracil in standard chemotherapy regimens. The best approach is probably represented by the use of all available drugs,
including irinotecan and oxaliplatin, based on the patients’ disease histories. The sequence of
treatment adopted depends on the aim of the treatment because the efficacies and toxicities
differ; neurotoxicity and allergic reactions are associated with oxaliplatin, whereas diarrhea
and neutropenia are more common in irinotecan-based chemotherapy.
A number of randomized trials have compared irinotecan- and oxaliplatin-based regimens,
with conflicting results for the PFS, response rates, and OS. However, taken together, most of
them agree that oxaliplatin-based chemotherapy in the first-line treatment is associated with
significantly higher response rates [6, 12, 13]. This could be beneficial if the aim of the firstline treatment is conversion to surgery.
Published meta-analyses have reported conflicting results. A meta-analysis of nine randomized studies and 3710 patients by Jang et al. [14] showed improvement in the OS and PFS in
the irinotecan-treated group alone. A meta-analysis of 22 studies involving 2675 patients by
Chan et al. [15] suggested a greater benefit for irinotecan-based chemotherapy than oxaliplatin-based treatment when combined with an anti-angiogenic agent such as bevacizumab or
aflibercept. The Macedo et al. [16] study of six clinical trials and 3060 patients reported an OS
advantage in the irinotecan-treated group when bevacizumab was added as the first-line treatment. The study of eight randomized controlled trials involving 3424 patients by Xuet al. [17]
reported a better PFS and safety profile for the irinotecan, fluorouracil, and leucovorin regimen in combination with bevacizumab as well as advantages in OS and response rates for
FOLFOX4. In a meta-analysis of 3763 patients done by Hurwitz et al. [18], 1990 of them were
treated with bevacizumab and standard backbone chemotherapy (irinotecan- or oxaliplatinbased regimens). For patients treated as first line, only irinotecan-based regimens with bevacizumab were significantly associated with OS and PFS. Besides meta-analyses, there are also the
results of published trials, such as the Avastin(1) Registry—Investigation of Effectiveness and
Safety study on 1211 patients, in which no significant differences were observed between FOLFOX and FOLFIRI in combination with bevacizumab as a first-line treatment [19]. In the Bevacizumab Expanded Access Trial study of 1914 patients, the comparison was extended beyond
the standard FOLFOX vs. FOLFIRI regimens to include fluoropyrimidine-based chemotherapy as capecitabine associated with oxaliplatin [8]. All three regimens were associated with a
similar OS and PFS. In another phase III trial (CALGB/SWOG80405) of 1100 patients [9], an
unplanned subgroup analysis revealed that FOLFOX may be a better partner for cetuximab,
but not for bevacizumab; however, FOLFIRI was not statistically associated with either type of
therapy, with the reserve of a very unbalanced arm in favor of FOLFOX (70.8% vs. 26.3% for
FOLFIRI) [9]. In a phase III trial of 395 patients, Yamazaki et al. [10] investigated the efficacies
of FOLFOX and FOLFIRI administered in combination with bevacizumab. The two proposed
regimens were equivalent in terms of the PFS (the main outcome of the trial), OS, and
response rates.
Botrel et al. [20] investigated the type of fluoropyrimidine used in combination with irinotecan or oxaliplatin when administered with bevacizumab in 3914 patients from nine randomized clinical trials. A positive effect on the PFS and OS was shown for irinotecan-based
chemotherapy when administered with bevacizumab. Conversely, oxaliplatin-based chemotherapy showed no significant differences for PFS or OS. In elderly patients, the combination
of bevacizumab with fluoropyrimidine was found to be more effective for OS and PFS than the
addition of a third agent, such as irinotecan or oxaliplatin [21].
In this study, we investigated whether the dose intensity of the agents used for the treatment
of patients with mCRC correlated with the OS, PFS1, PFS2, and TTF. The Pearson correlation
coefficients for both the SDB and DDB groups after the first progression showed no significant
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associations between dose intensity and the outcomes investigated. The only exceptions were
the OS and the dose intensity of the irinotecan-based regimen as second-line treatment with
DDB after the first progression, and TTF and the dose intensity of oxaliplatin-based regimens
as a first-line treatment.
In addition to efficacy, systemic treatment needs to have an acceptable toxicity profile to
encourage patient adherence to the modern concept of a continuum of care. This strategy
assumes that efficient drugs with low toxicity are capable of maintaining disease control and
can be used as maintenance therapy and post-progression therapy.
For maintenance therapy, the clinician will often offer the patient a de-escalating treatment
where one or more of the agents in the systemic treatment are withdrawn. This reduction in
treatment intensity is usually maintained until disease progression, at which point the initial
treatment can be intensified or the treatment regimen can be changed. In published maintenance trials, both situations have been encountered. In fact, retreatment with the same initial
regimen at disease progression could be defined as administration after progression, especially
when the time interval from the cessation of chemotherapy approaches the point of disease
progression. Consequently, this maintenance phase reduces the dose intensity of the systemic
drug used.
For oxaliplatin, neurotoxicity could be dose limiting with an obvious impairment of efficacy
[6]. Similar to other chemotherapy agents, 5-fluorouracil can induce cardiotoxicity [22]. Robinson et al. [23] conducted a meta-analysis showing that irinotecan is responsible for steatohepatitis, which is a risk factor for perioperative morbidity and mortality (1 in every 12 patients
treated with this regimen). Instead of non-alcoholic fatty liver disease caused by chemotherapy, oxaliplatin-based regimens seem to be responsible for sinusoidal obstruction syndrome
in > 30% of patients [23]. Bevacizumab has been shown to influence the toxicity of oxaliplatin.
A study by Rubbia-Brandt et al. [24] was one of the first to demonstrate that bevacizumab can
reduce the incidence of severe sinusoidal obstruction syndrome. In patients who received bevacizumab as part of systemic therapy, the incidence of sinusoidal obstruction syndrome was
31.4% compared with 62.2% in those who did not receive bevacizumab [24].
Data on the cut-off intervals for safely intensifying the induction chemotherapy in patients
with mCRC are scarce in the literature. For oxaliplatin-based regimens, a 6-month interval
was proposed in the OPTIMOX2 trial [25, 26], and in the COntinuous or INntermittent
(COIN) trial, 4 weeks was established as the platinum-refractory definition [26]. For irinotecan-based chemotherapy, a free interval of 3 months was associated with the restoration of irinotecan sensitivity [27].
In the OPTIMOX1 trial, the dose of oxaliplatin in the FOLFOX7 regimen was increased by
37% compared to that in the FOLFOX4 regimen [25, 28]. The increased dose was designed to
improve outcomes. However, a disappointing rate of reintroduction of oxaliplatin per protocol
(<25% had optimal oxaliplatin reintroduction; the remaining 75% experienced delays) meant
that the response rates were similar between the two arms [25]. In a pooled analysis of two
phase II trials, Nakayama et al. [27] demonstrated that the dose intensity of irinotecan and oxaliplatin and any delay in administration could impair the PFS. A Canadian study of 1989
patients with mCRC showed that intervals without irinotecan-based chemotherapy with bevacizumab were detrimental to OS [29].
Approximately 10% of the patients in our study who were treated with bevacizumab after
progression did not have an additional change in the standard chemotherapy partner at the
time of progression. In our analysis, keeping the same partner at the first progression proved
to be more advantageous for OS than the switch strategy (46.5 vs. 27.0 months, p = 0.04). Initiating the first-line treatment with an irinotecan-based regimen improved the TTF compared
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with an oxaliplatin-based regimen. The same positive influence of irinotecan-based chemotherapy was seen when retaining the same treatment regimen in the case of progression.
For most patients, there will be a progressive phase at some point in their disease history.
At that point, the oncologist and the patient have two options available to them: intensify treatment with the same regimen as in the induction phase or change the treatment.
Data are also available from maintenance trials. In the AIO 0207 trial, 472 patients were
randomized for maintenance therapy, and those with active treatment had a better PFS, but
not OS, compared with the observation arm [30]. The lowest probability of reinduction with
the same initial regimen was observed for the bevacizumab and fluoropyrimidine maintenance
group (19%), which was less than half that for the observation arm (46%) [30]. In the CAIRO 3
trial, 558 patients were randomized between the maintenance and observation arms, and the
PFS2was defined as the time to second progression, which included PFS1 (the time from randomization to first progression). If PFS1 was subtracted, then, after reinduction with the same
regimen, disease control was maintained for only 3.2months [31]. In the OPTIMOX2 trial,
reinduction with oxaliplatin-based chemotherapy prolonged disease control for 4.8 months in
the maintenance group compared with 3.9 months for the complete-free interval [25]. The
time to disease control (induction plus reinduction to second progression) was 13.1 months
vs. 9.2 months for the maintenance arm vs. the chemotherapy complete-free interval, respectively [25].
Reinduction of the same regimen in the COIN trial controlled the disease for a median of 6
months. The median time to progression was 3 months, and the median number of cycles of
reinduction was 2 [26]. The failure-free survival was 8.4 months in the continuous treatment
arm vs. 7.4 months in the complete cessation of chemotherapy arm.
In standard chemotherapy, changing the regimen is the logical step at disease progression.
For patients treated with a second-line irinotecan-based chemotherapy, the PFS was between
2.5 months and 4.7 months, while oxaliplatin after first-line irinotecan-based chemotherapy
was associated with a PFS of 4.2–4.7 months [32].
In a retrospective analysis of 617 patients with mCRC, Loree et al. [33] showed that patients
treated with intermittent or maintenance therapy lived longer than did those treated with continuous therapy (40 or 36 vs. 20 months, respectively). They also investigated whether retreatment with the same agent at progression or continuous therapy improved the OS, with
evidence in favor of the first group of patients [32]. Logistic regression analysis did not show
significance for the type of chemotherapy (irinotecan- or oxaliplatin-based regimens) as an
independent prognostic factor for OS.

Conclusions
Our findings suggest that starting with an irinotecan-based regimen in combination with bevacizumab increases the PFS1 and TTF. Bevacizumab treatment after progression (especially
double-dose treatment) is better partnered with the same regimen as that used in the induction
phase to improve OS. No definitive conclusions could be drawn for the second-line chemotherapy, with bevacizumab best associated with PFS2.
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Cherry stems (CS) represent a by-product intensively used in Eastern European countries
as a traditional remedy for urinary tract disorders. Ethnopharmacological evidences sustain
the use of CS as aqueous preparations (infusion and decoction), but few data were
previously reported about phytochemical proﬁle and pharmacological potential of CS
hydroalcoholic extracts. In this regard, we aimed to evaluate the phenolic proﬁle, in vitro
antioxidant and tyrosinase inhibitory potential, and in vivo diuretic activity of 70%
hydroethanolic cherry stems extract and cherry stems decoction (CSD). LC-DAD-ESI/
MSn analysis revealed the presence of ﬂavonoid-type compounds as main constituents for
both preparations, especially ﬂavanones (naringenin glycosides). Antioxidant activity
evaluated through DPPH, ABTS, and FRAP methods was superior for cherry stems
extract, probably due to the presence of phenolic-derived compounds in higher amounts
than CSD. On the other hand, tyrosinase inhibitory potential and diuretic effect exerted by
CSD were stronger, highlighting that other types of hydrophilic secondary metabolites are
responsible for this bioactivity. Overall, our ﬁndings indicate that CS preparations could be
used as promising mild diuretic agents and encourage further investigations regarding the
correlation between their chemical composition and bioactive potential.
Keywords: Cerasus sp., cherry stems, diuretic activity, polyphenols, by-products

INTRODUCTION
In last decades, the importance of plant-derived bioactive compounds was intensively studied,
highlighting their impact on human health as modulators of metabolic pathways and processes
involved in the development of different pathological conditions. Even though dietary intake can
provide high amounts of plant-derived secondary metabolites, food habits and nutritional quality of
our meals upset the balance between the real need and consumption of these compounds. According
to Bailey (2020), more than 50% of U.S. adult population use dietary supplements; a study on E.U.
food supplement market conducted by European Commission estimates that 50% of these products
are based on vitamins and minerals, 43% food supplements containing other substances, and 7%
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tonics and bottled nutritional drinks (classiﬁed as OTC products
or marketed as functional foods) (European Advisory Services
(EAS), 2007). Hence, the interest for this type of products is in a
continuous and exponential increase, explaining the actual trends
in the research for novel and sustainable resources for food
supplements industry.
By-products resulted from the processing of different herbal
resources are intensively promoted as promising sources of
bioactive compounds, being recognized as cheap, eco-friendly,
and sustainable alternatives for standard raw materials (Fierascu
et al., 2020). Moreover, recent studies have proven that high
amounts of secondary metabolites can be concentrated in plant
by-products; for example, it was shown that an important fraction
from total polyphenolic content of several by-products from food
industry can be found as bound form, namely non-extractable
polyphenols (NEP), which exerts signiﬁcant antitumor,
antioxidant, and hypocholesterolemiant properties (Dzah et al.,
2020). Therefore, it can be assumed that one of the big goals for
the future is the valoriﬁcation of more and more by-products as
main sources of phytochemicals with health-related properties.
Cherry stems (CS) are one of the main by-products obtained
after the harvesting and processing of sweet cherries (Prunus
avium) and sour cherries (Prunus cerasus). Even though these are
generally recognized as a waste for food industry, the folk
medicine recommends them as a traditional herbal remedy,
especially for its diuretic and sedative properties; the herbal
drug is known by its Latin botanical name (Cerasorum
stipites), being used as infusion or decoction (Bastos et al.,
2015; Aires et al., 2017; Švarc-Gajić et al., 2018; Nastić et al.,
2020; Peixoto et al., 2020). According to the Committee on
Herbal Medicinal Products (HMPC) of European Medicines
Agency, CS can be used single or as herbal tea combinations
with other herbal substances used in the therapeutic area for
“urinary tract disorders,” generically named Species diureticae
(Länger, 2017). In Central and Eastern European countries,
especially in Romania, based on ethnopharmacological
recommendations, the herbal product is recognized as a
popular remedy in the adjuvant treatment of kidney stones,
mild urinary tract infections, edema, and hypertension. In
Encyclopedia of Romanian ethnobotany, Butura et al. describe
the use of CS as infusions or decoctions in intra-Carpathic areas
in the treatment of kidney disorders; different traditional recipes
for decoctions were reported, obtained from both stems and
crushed stones from cherries or herbal mixtures including aerial
parts of horsetail (Equisetum arvense), leaf buds of mountain pine
(Pinus mugo), and corn stigmas (Zea mays) (Butura, 1979). Being
one of the most popular herbal products with diuretic properties
in Romanian folk medicine, pharmacies and markets sell CScontaining products conditioned as teas or capsules,
recommended as adjuvant therapy in kidney stones, cystitis, or
obesity (Pârvu, 2006).
Few phytochemical and pharmacological investigations were
conducted on CS. Most of the studies available on this topic are
from last 5 to 10 years, being focused both on qualitative and
quantitative evaluation of the main constituents in the extracts
and the assessment of their potential bioactivities. In a
comparative study between fruits and stems focused on
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hydrophilic compounds proﬁle, Bastos et al. showed that
stems are rich in citric, malic, and oxalic acids (Bastos et al.,
2015). In the same study, phenolic proﬁle of hydroalcoholic
extracts obtained from stems was evaluated; sakuranetin-5O-glucoside,
catechin,
naringenin-7-O-glucoside,
and
aromadendrin-7-O-hexoside were quantiﬁed as main
compounds. Other studies revealed the presence of
hydroxycinnamic acids (cis-3-O-p-coumaroylquinic acid,
chlorogenic acid, and trans-3-O-p-coumaroylquinic acid):
quercetin and sinapic acid in high amounts (Demir et al.,
2020; Peixoto et al., 2020). In this regard, corroborated with
the occurrence of these compounds, several in vitro bioactivities
were proven for CS extracts: antioxidant, antitumor, antidiabetic,
and antibacterial (Bastos et al., 2015; Aires et al., 2017; Demir
et al., 2020; Peixoto et al., 2020).
Except for the in vitro antibacterial effect on E. coli strains, few
studies were focused on the evaluation of the real beneﬁts of CS in
the treatment of urinary tract disorders based on pharmacological
investigation (Aires et al., 2017). Hence, the present study aimed
to evaluate phenolic proﬁle and pharmacological properties of
two different types of extracts obtained from CS (hydroethanolic
and aqueous decoction). LC-DAD-ESI/MSn technique was
employed for both qualitative and quantitative analysis of
several phenolic compounds, followed by in vitro evaluation of
antioxidant and tyrosinase inhibitory activities. In vivo diuretic
potential of the extracts was tested using a rodent model
previously established.

MATERIALS AND METHOD
Chemicals and Reagents
Acetonitrile (99.9%) was of HPLC grade from Fisher Scientiﬁc
(Lisbon, Portugal). Phenolic compound standards (chlorogenic
acid, ferulic acid, naringenin, p-coumaric acid, quercetin-3-Oglucoside, quercetin-3-O-rutinoside, and taxifolin) were from
Extrasynthèse (Genay, France). Formic acid was purchased
from Sigma-Aldrich (St. Louis, MO, United States). All other
general laboratory reagents were purchased from Panreac
Química S.L.U. (Barcelona, Spain). Water was treated by using
a Milli-Q water puriﬁcation system (TGI Pure Water Systems,
Greenville, SC, United States). Ferric chloride; 6-hydroxy-2,5,7,8tetramethylchromane-2-carboxylic acid (Trolox) (97%);
diammonium
2,2′-azino-bis(3-ethylbenzothiazoline-6sulfonate)
(ABTS)
(>98%);
2,2-diphenyl-1-(2,4,6trinitrophenyl) hydrazine (DPPH); 2,4,6-tris (2-pyridyl)-striazine (TPTZ) (≥99%); dimethyl sulfoxide (DMSO) (≥99%);
phosphate buffer, mushroom tyrosinase; 3,4-dihydroxyL-phenylalanine (L-DOPA) (≥98%); and kojic acid were
purchased from Sigma (Sigma-Aldrich Chemie GmbH,
Schnelldorf, Germany). All other reagents used, including
solvents, were of analytical grade.

Plant Material
CS were purchased from a community pharmacy in Cluj-Napoca,
Romania, as herbal tea conditioned in toto (raw material).
Samples were ground to a ﬁne powder using a laboratory mill,
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previously described by Mocan et al. (2017). For TPC
determination, samples (20 µL) were mixed with diluted
Folin–Ciocalteu reagent (1:9, v/v) (100 µL) and shaken
vigorously. After 3 min, Na2CO3 solution (1%) (80 µL) was
added and the sample absorbance was read at 760 nm after
30 min incubation at room temperature. The total phenolic
content was expressed as milligrams of gallic acid equivalents
(mg GAE/g extract). In TFC assay, samples (100 µL) were mixed
with 2% aluminum trichloride methanolic solution (100 µL). The
sample absorbance was read at 415 nm after 10 min incubation at
room temperature. Rutin was used as a reference standard and
the total ﬂavonoid content was expressed as milligrams of rutin
equivalents (mg RE/g extract).

sieved and immediately subjected to extraction. The quality of
samples was analyzed and conﬁrmed after organoleptic and
macroscopic control by Dr. Andrei Mocan from Department
of Pharmaceutical Botany, Faculty of Pharmacy, “Iuliu
Hatieganu” University of Medicine and Pharmacy (ClujNapoca, Romania).

Extraction Procedure
Maceration: 100 g CS powder previously weighed and transferred
in an Erlenmeyer ﬂask was mixed with 500 ml of 70% (v:v)
ethanol, being shaken and kept at room temperature in a dark
place for 72 h. After ﬁltration, the residue was re-extracted with
500 ml of solvent in the same condition for other 6 days. The
extracts were reunited in a round-bottom ﬂask and the alcohol
was evaporated under reduced pressure. The aqueous suspension
obtained was further lyophilized; the dry CS extract (CSE) was
being kept in a desiccator at room temperature until analysis.
Decoction: 1 L of boiling water was added over 100 g CS
powder previously weighed in an Erlenmeyer ﬂask, the
mixture being maintained at 100 °C on an electric hob under
continuous stirring. The aqueous extract was hot ﬁltered, cooled
at room temperature, and lyophilized, obtaining a dry CS
decoction (CSD). This extract was kept in similar conditions
with CSE until further analysis.

Preliminary Biochemical Assessment of
Antioxidant Potential
Antioxidant Assays
The antioxidant potential of CSE and CSD was tested through
three complementary methods (DPPH, ABTS, and FRAP), the
protocols being previously described by Mocan et al. (2017),
Babotă et al. (2018), and Rusu et al. (2018). Samples were
redissolved in 70% ethanol with 5% DMSO obtaining 1 mg/ml
concentration; these were further analyzed using a
SPECTROstar® nano multi-detection microplate reader with
96-well plates (BMG Labtech, Ortenberg, Germany).
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging
assay: Samples (30 μL) were mixed with a 0.004% methanol
solution of DPPH (270 μL). The absorbance was read at
517 nm after 30 min incubation at room temperature in the
dark. DPPH radical scavenging activity was expressed as
milligrams of Trolox equivalents (mg TE/g extract).
ABTS (2,2′-azino-bis(3-ethylbenzothiazoline)-6-sulfonic acid)
radical scavenging assay: Brieﬂy, ABTS+ was produced directly by
reacting 7 mM ABTS solution with 2.45 mM potassium persulfate
and allowing the mixture to stand for 12–16 in the dark at room
temperature. Prior to beginning the assay, ABTS solution was
diluted with methanol to an absorbance of 0.700 ± 0.02 at
734 nm. Samples (20 μL) were added to ABTS solution
(10 mM and 200 μL) and mixed. The sample absorbance was
read at 734 nm after 30 min incubation at room temperature. The
ABTS radical scavenging activity was expressed as millimoles of
Trolox equivalents (mmol TE/g extract).
FRAP (ferric reducing antioxidant power) activity assay:
Samples (25 μL) were added to premixed FRAP reagent
(175 μL) containing acetate buffer (0.3 M, pH 3.6); 2,4,6-tris(2pyridyl)-s-triazine (TPTZ) (10 mM) in 40 mM HCl; and ferric
chloride (20 mM) in a ratio of 10:1:1 (v/v/v). Then, the sample
absorbance was read at 593 nm after 30 min incubation at room
temperature. FRAP activity was expressed as milligrams of Trolox
equivalents (mg TE/g extract).

LC-DAD-ESI/MS Analysis of Phenolic
Compounds
The phenolic proﬁle was determined by LC-DAD-ESI/MSn
(Dionex Ultimate 3000 UHPLC, Thermo Scientiﬁc, San Jose,
CA, United States). These compounds were separated and
identiﬁed using a method previously described (Bessada et al.,
2016). The obtained extracts were redissolved at a concentration
of 10 mg/ml with methanol: water (80:20, v/v) mixture. A double
online detection was performed using a DAD (280, 330, and
370 nm as preferred wavelengths) and a mass spectrometer (MS).
The MS detection was performed in negative mode, using a
Linear Ion Trap LTQ XL mass spectrometer (Thermo Finnigan,
San Jose, CA, United States) equipped with an ESI source.
The identiﬁcation of the phenolic compounds was performed
based on their chromatographic behavior and UV-Vis and mass
spectra by comparison with standard compounds, when
available, and data reported in the literature giving a tentative
identiﬁcation. Data acquisition was carried out with Xcalibur®
data system (Thermo Finnigan, San Jose, CA, United States). For
quantitative analysis, a calibration curve for each available
phenolic standard was constructed based on the UV-Vis
signal. For the identiﬁed phenolic compounds for which a
commercial standard was not available, the quantiﬁcation was
performed through the calibration curve of the most similar
available standard. The results were expressed as mg/g of extract.

Biological Activities Evaluation

Total Phenolic Content (TPC) and Total
Flavonoid Content (TFC)

Tyrosinase Inhibition
Sample solution (10 mg/ml, 25 μL) was mixed with tyrosinase
solution (40 μL, Sigma) and phosphate buffer (100 μL, pH 6.8) in
a 96-well microplate and incubated for 15 min at 25 °C. The

Samples redissolved in 70% ethanol with 5% DMSO at
concentration of 1 mg/ml were evaluated using protocols
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reaction was then initiated with the addition of L-DOPA (40 μL,
Sigma). Similarly, a blank was prepared by adding sample
solution to all reaction reagents without enzyme (tyrosinase)
solution. The sample and blank absorbances were read at
492 nm after 10 min incubation at 25 °C. The absorbance of
the blank was subtracted from that of the sample and the
tyrosinase inhibitory activity was expressed as inhibition
percentage (IC50) (mg/ml), calculated for each sample and
kojik acid (positive control) (Uysal et al., 2017).

24 h, blood samples were obtained from all animals by retroorbital sinus puncture under ketamine/xylazine anesthesia and
serum concentration of sodium ions (SNa) was determined by
the
same
potentiometric
method.
Creatinine
was
spectrophotometrically determined in the serum and urine at
670 nm, with the VITROS 250 Chemistry System automatic
analyzer, using a reaction which formed a triaryl imidazole
leuco dye. Fractional excretion of sodium ions (FENa) was
calculated with the formula
FENa 

In vivo Studies on Diuretic Effect
Animals: Forty-eight adult male Charles River Wistar rats (Crl:
WI) with a medium weight of 151 ± 8 g were obtained from the
Practical Skills and Experimental Medicine Center of the “Iuliu
Haţieganu” University of Medicine and Pharmacy, Cluj-Napoca,
Romania. The rats were housed in polycarbonate cages
(Tecniplast, Italy) and maintained under standard conditions
(22 ± 2 °C, a relative humidity of 45 ± 10%, and 12:12-h light: dark
cycle). The animals had free access to standard pelleted food
(Cantacuzino Institute, Bucharest, Romania) and ﬁltered water
throughout the experiment, except for the day when the test
substances were administered. All experimental protocols were
approved by the Ethics Committee of the University (Approval
No. 168/April 7, 2017) and were conducted in accordance with
the EU Directive 86/609/EEC, which regulates the use of
laboratory animals for scientiﬁc research.
Diuretic and saluretic effects: Diuretic and saluretic effects of
CSE and CSD were tested by a method using isotonic saline
solution in order to achieve an optimal hydration (Kau et al.,
1984). Eight groups of Crl:WI rats (n  6) were used. The negative
control group of rats was treated orally by gavage only with
25 ml/kg isotonic saline solution (Braun, Germany), while the
positive control group was treated orally with 10 mg/kg
furosemide (Zentiva, Romania), a reference diuretic drug
dissolved also in a volume of 25 ml/kg isotonic saline solution.
Three groups of rats were treated orally with 125, 250, and
500 mg/kg CSE dispersed in the same volume of 25 ml/kg
isotonic saline solution, respectively, while other three groups
of rats received also by oral route 125, 250, and 500 mg/kg CSD
dispersed in 25 ml/kg isotonic saline solution.
After the substance administrations, rats were individually
placed in metabolic cages. The urine output (ml) was recorded for
each animal at two time intervals: 5 and 24 h after the
administration of a single dose from the tested substances
(Zhang et al., 2010). Diuretic action was calculated at 24 h as
the ratio of urine output in test groups to urine output in negative
control group. Diuretic activity was calculated at 24 h as the ratio
of urine output in test groups to urine output of the positive
control (reference) group.
Additionally, the saluretic effect of CSE and CSD was
investigated. The urinary concentration of sodium and
potassium ions (UNa and UK) was twice determined in the
collected urine samples, 5 and 24 h after the substance
administration, by a potentiometric method with selective
electrodes, using a VITROS 250 Chemistry System automatic
analyzer (Johnson and Johnson Clinical Diagnostic), being
expressed in mEq/kg (Pǎltinean et al., 2017). Furthermore, at
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UNa × CRS
× 100
SNa × CRU

where UNa is the urine concentration of sodium ions, SNa is the
serum concentration of sodium ions, CRS is the serum
concentration of creatinine, and CRU the urine concentration
of creatinine (Păltinean et al., 2017).

Statistical Analysis
Data were expressed as mean values ± SD and were statistically
analyzed by the one-way ANOVA method. The differences
between the treated groups and the negative control group
were evaluated by Dunnett’s t-test using GraphPad Prism six
software (GraphPad Software, United States); p values <0.05
being considered statistically signiﬁcant.

RESULTS AND DISCUSSION
Chemical Proﬁle of the Extracts
Total Phenolic and Total Flavonoidic Content
Evaluation of TPC using the Folin–Ciocalteu method revealed a clear
difference between the two extracts based on extraction parameters
applied (Table 1). The 70% ethanol increased the extraction yield of
phenolic compounds in CSE (TPC  37.63 ± 2.75 mg GAE/g extract)
by almost 50% in comparison with CSD (TPC  19.11 ± 1.52 mg
GAE/g extract). A similar trend was observed for TPC, the values
obtained being 12.03 ± 0.72 mg QE/g extract for CSE and 5.34 ±
0.23 mg QE/g extract for CSD. Our results are in-line with those
previously reported in other studies. The evaluation of TPC in a
hydroalcoholic extract obtained after an optimized process by Demir
et al. revealed that TPC value was 26.60 mg GAE/g extract (in
comparison with predicted value, 26.1 mg GAE/g extract), optimal
conditions being 35% (v/v) ethanol percentage, 79°C, and 119 min; for
the same extract, the TFC value was 2.26 mg QE/g extract (Demir
et al., 2020). On the other hand, aqueous extracts conﬁrmed the
presence of lower concentrations for both TPC and TFC - 24.31 ± 0.86
to 39.54 ± 2.10 μg GAE/mL, respectively, 15.67 ± 0.68 to 23.17 ±
1.23 μg CE (catechin equivalents)/mL for infusions (Peixoto et al.,
2020). This can be correlated with low hydrophilicity of chemical
components from CS and encourage the use of ethanol–water
mixtures as extraction solvents in order to obtain phenolicsenriched extracts.
LC-DAD/ESI–MS2 Analysis of Phenolic Proﬁle
The solvents used and the extraction procedure play a signiﬁcant
role on the chemical proﬁle of the extracts and their bioactive
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TABLE 1 | Total phenolic and ﬂavonoid content, DPPH and ABTS scavenging capacity, and ferric reducing ability of plasma (FRAP) of the extracts of CSE and CSD (values
expressed are means ± S.D. of three parallel measurements, p < 0.05).
Probe ID

CSE
CSD

TPC (mg
GAE/g extract)

TFC (mg
QE/g extract)

DPPH scavenging
(mmol TE/g
extract)

ABTS scavenging
(mg TE/g
extract)

FRAP (mg
TE/g extract)

37.63 ± 2.75
19.11 ± 1.52

12.03 ± 0.72
5.34 ± 0.23

30.02 ± 0.58
14.32 ± 2.00

107.14 ± 1.43
55.65 ± 3.62

111.87 ± 4.14
61.07 ± 2.83

potential. In this regard, an LC-DAD/ESI–MS2 technique was
employed to evaluate the phenolic compounds present in CSE
and CSD. Data of the retention time, λmax, pseudomolecular ion,
main fragment ions in MS2, and tentative identiﬁcation of
phenolic acid and ﬂavonoid derivatives are presented in
Table 2. Five major types of phenolic compounds were found
in CSE and CSD: phenolic acids (p-coumaroyl (1, 5, and 6),
caffeoyl (2, 3), and feruloyl 12) derivatives), ﬂavanones (4, 7–9,
13–15, 18–20, and 24–27), ﬂavones (10, 16, 21, and 22), ﬂavanols
(11), and ﬂavonols (17 and 23).
With the exception of p-coumaroylquinic acid (compound 1),
detected only in CSE−0.379 ± 0.004 mg/g, all phenolic acids were
detected in both extracts, being found in higher concentrations in
CSE than CSD. Compounds 1, 2, and 3 were identiﬁed as
hydroxycinnamoyl derivatives, taking into account their
fragmentation pattern and UV spectra at around λmax 
314–330 nm. Compounds 1 [(M–H)−at m/z of 337], 2, and 3
[(M–H)− at m/z of 353], all producing fragment ions with m/z
191, corresponding to the deprotonated quinic acid, so that they
could be clearly identiﬁed as quinic acid derivatives containing a
caffeic or coumaric acid units. Taking into account the following
the hierarchal key developed by Clifford et al. (2003) and Clifford
et al. (2006) for the identiﬁcation of chlorogenic acid derivatives,
these compounds were identiﬁed as 3-p-coumaroylquinic, 4-Ocaffeoylquinic, and 5-O-caffeoylquinic acids. Compounds 5, 6
[(M–H)−at m/z of 325], and 12 [(M–H)− at m/z of 355] were
identiﬁed as coumaric acid hexoside and ferulic acid hexoside, all
indicating the losses of a hexosyl moieties (Bastos et al., 2015;
Bessada et al., 2016). The presence of phenolic acids in cherry
fruits hydroalcoholic extracts was previously conﬁrmed by Bastos
et al. (2015) and Demir et al. (2020); cis-p-coumaroylquinic acid
(0.56 ± 0.01 mg/g) and trans-p-coumaroylquinic acid (0.23 ±
0.02 mg/g) were reported, the amounts being comparable with
our results obtained for determination of 3-p-coumaroylquinic
acid in CSE (0.379 ± 0.004 mg/g). As we mentioned, this
compound was identiﬁed only in CSE, probably due to
hydroalcoholic medium, emphasizing the importance of the
solvent for a better recovery of bioactive compounds.
The group of ﬂavanones comprises the most representative
compounds identiﬁed in CSE and CSD. Compounds 13, 15, and
20, showed the same pseudomolecular ion [M–H]− at m/z 433,
thus presented a different retention time, therefore, being
tentatively identiﬁed as naringenin-O-hexoside isomers, despite
that the position and nature of the sugar could not be identiﬁed
for two of the isomers, thus compound 15 was assigned as
naringenin-7-O-glucoside, which was quantiﬁed as the main
component of CSE (4.57 ± 0.09 mg/g). Compound 4 [(M–H)−
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at m/z 401], was detected in trace amounts in CSE, being
tentatively identiﬁed as naringenin-O-pentoside (releasing one
fragment at m/z 269, loss of a pentosyl moiety – m/z 132 u). To
the best of our knowledge, the presence of this compound in CS
extracts was not previously reported. Peaks 7–9 and 14 were
attributed to four isomers forms of aromadendrin-O-hexoside,
based on the presence of the common fragment at m/z 317
(aromadendrin – H). Aromadendrin derivatives have been
previously evidenced in CS hydroethanolic and water extracts
(Bastos et al., 2015). Compound 22 [(M–H)at m/z 417] released a
fragment at m/z 255 [(M–162) corresponding to the loss of
hexosyl moiety), being associated to a pinocembrin-7O-glucoside. Compounds 24 and 27 [(M–H) at m/z 447]
revealed a fragmentation patter that match with either
sakuranin (sakuranetin-5-O-glucoside) or dihydrowogonin-7O-glucoside, thus it was possible to assume one of the
identiﬁcations. Even though the ﬂavanones were extracted
preferentially in hydroalcoholic medium, it was observed that
compounds 8, 9, and 19 were found in higher amounts in CSD
than CSE.
Three isoﬂavones were detected, such as compounds 18 and
19, which both revealed similar characteristics and were
tentatively assigned as genistein-O-hexoside. Nevertheless,
taking into account previous ﬁndings (Bastos et al., 2015),
compound 18 was identiﬁed as genistein-7-O-glucoside.
Compound 25 [(M–H) m/z 445] revealed a molecular weight
15 u higher than compounds 19 and 18, so it was assumed that it
might correspond to methylgenistein-O-hexoside.
The presence of several ﬂavones was also conﬁrmed in both
types of extracts. Quercetin-3-O-rutinoside (rutin), quercetin-3O-glucose, kaempferol-3-O-rhamnoside, isorhamnetin-3-Orhamnoside, and kaempferol-3-O-glucoside were identiﬁed in
comparison with the commercial standard. Among them, rutin
(quercetin-3-O-rutinoside) was found as the major compound
(1.01 ± 0.03 mg/g in CSE and 0.404 ± 0.003 mg/g in CSD).
Kaempferol-3-O-rhamnoside could be quantiﬁed only in CSD,
while kaempferol-3-O-glucoside was found in both extracts. The
presence of kaempferol glycosides in CS extracts was also
previously reported in similar studies (Bastos et al., 2015;
Aires et al., 2017; Jesus et al., 2019; Nastić et al., 2020). Only
one ﬂavonol-type compound (peak 11) was found in the extracts;
it released a fragment ion at m/z 303 [(taxifolin – H); loss of a
hexosyl moiety, −162 u), being tentatively identiﬁed as taxifolin3-O-glucoside.
Overall, LC-DAD/ESI–MS2 analysis showed that the use of
70% ethanol as extraction solvent increased the extraction yield of
phenolic compounds, CSE containing various types of phenolics
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TABLE 2 | Retention time (Rt), wavelengths of maximum absorption in the visible region (λmax), mass spectral data, tentative identiﬁcation and quantiﬁcation (mg/g of extract)
of the phenolic compounds present in CSE and CSD.
Peak

Rt
(min)

λmax

(nm)

Molecular
ion [M-H](m/z)

MS2 (m/z)

Tentative
identiﬁcation

1

6.1

310

337

191 (100), 173 (15), 163 (20), 155 (5)

2

6.5

322

353

191 (45), 179 (68), 173 (100), 161 (5), 135 (10)

3

7.2

324

353

191 (100), 179 (13), 173 (5), 161 (5), 135 (5)

4

7.6

287,316 sh

401

269 (100)

5

8.6

310

325

163 (100)

6

10.0

310

325

163 (100)

7

11.2

283,320 sh

449

287 (100)

8

11.7

282,322 sh

449

287 (100)

9

12.7

283,320 sh

449

287 (100)

10

13.8

352

609

301 (100)

11

14.2

284,339 sh

465

303 (100)

12
13

15.2
15.9

320
282,325 sh

355
433

193 (100), 149 (5), 134 (5)
271 (100)

14

16.3

283

449

287 (100)

15

16.9

283,325 sh

433

271 (100)

16

17.9

353

609

301 (100)

17

19.1

351

463

301 (100)

18

19.9

260,330 sh

431

269 (100)

19

20.4

281,330 sh

431

269 (100)

20

21.0

283,327 sh

433

271 (100)

21

21.2

340

593

285 (100)

22

22.2

350

623

315 (100)

23

22.6

342

447

285 (100)

24

24.2

280,323 sh

447

285 (100), 270 (5)

25

26.9

255,320 sh

445

283 (100), 268 (20)

26

29.9

283,320 sh

417

255 (100)

27

31.9

286,335 sh

447

285 (100), 270 (5)

3-p-Coumarouylquinic
acid(A)
4-O-Caffeoylquinic
acid(B)
5-O-Caffeoylquinic
acid(B)
Naringenin-Opentoside(C)
p-Coumaric acid
hexoside(A)
p-Coumaric acid
hexoside(A)
Aromadendrin-Ohexoside isomer 1(C)
Aromadendrin-Ohexoside isomer 2(C)
Aromadendrin-Ohexoside isomer 3(C)
Quercetindeoxyhexoside
hexoside(D)
Taxifolin-3O-glucoside(E)
Ferulic acid hexoside(F)
Naringenin-Ohexoside isomer 1(C)
Aromadendrin-Ohexoside isomer 4(C)
Naringenin-7O-glucoside (C)
Quercetin-3O-rutinoside(D)
Quercetin-3O-glucose(G)
Genistein-7O-glucoside(C)
Genistein-Ohexoside(C)
Naringenin-Ohexoside isomer 2(C)
Kaempferol-3O-rhamnoside(D)
Isorhamnetin-3O-rhamnoside (D)
Kaempferol-3O-glucoside(G)
Dihydrowogonin 7-Oglucoside/sakuranetin
5-O-glucoside(C)
Methylgenistein
hexoside(C)
Pinocembrin-7O-glucoside(C)
Dihydrowogonin 7-Oglucoside/sakuranetin
5-O-glucoside(C)

Total phenolic compounds

CSE

Quantiﬁcation
CSD

tStudents
test
p-value

0.379 ± 0.004

nd

–

0.69 ± 0.01

0.657 ± 0.002

<0.001

1.15 ± 0.01

0.290 ± 0.001

<0.001

Tr

nd

–

0.692 ± 0.001

0.238 ± 0.003

<0.001

0.221 ± 0.004

0.120 ± 0.002

<0.001

1.27 ± 0.02

0.46 ± 0.01

<0.001

0.31 ± 0.01

0.37 ± 0.01

<0.001

0.019 ± 0.001

0.054 ± 0.001

<0.001

Tr

0.027 ± 0.001

–

0.47 ± 0.01

0.125 ± 0.001

<0.001

0.133 ± 0.002
0.29 ± 0.01

0.053 ± 0.001
0.139 ± 0.002

<0.001
<0.001

0.077 ± 0.001

0.046 ± 0.001

<0.001

4.57 ± 0.09

0.71 ± 0.01

<0.001

1.01 ± 0.03

0.404 ± 0.003

<0.001

0.693 ± 0.004

0.14 ± 0.01

<0.001

0.0588 ± 0.002

0.0061 ± 0.0001

<0.001

Tr

0.043 ± 0.002

–

0.60 ± 0.01

0.078 ± 0.001

<0.001

Tr

0.033 ± 0.001

–

Tr

Tr

–

0.520 ± 0.002

0.108 ± 0.003

<0.001

0.44 ± 0.02

0.025 ± 0.001

<0.001

0.95 ± 0.01

0.078 ± 0.001

<0.001

Tr

Tr

–

Tr

0.0059 ± 0.0001

–

14.54 ± 0.12

4.205 ± 0.002

<0.001

Nd, not detected; tr-trace amounts. Standard calibration curves: A—p-coumaric acid (y  301950x + 6,966.7, R  0.9999, LOD  0.68 μg/ml, and LOQ  1.61 μg/ml); B—chlorogenic
acid (y  168823x – 161,172; R2  0.9999, LOD  0.20 μg/ml, and LOQ  0.68 μg/ml); C—naringenin (y  18,433x + 78,903, R2  0.9998, LOD  0.17 μg/ml,, and LOQ  0.81 μg/ml);
D—quercetin-3-O-rutinoside (y  13,343x + 76,751, R2  0.9998, LOD  0.21 μg/ml, and LOQ  0.71 μg/ml); E—taxifolin (y  203766x – 208,383, R2  1, LOD  0.67 μg/ml, and
LOQ  2.02 μg/ml); F—ferulic acid (y  633126x – 185,462, R2  0.999, LOD  0.20 μg/ml, and LOQ  1.01 μg/ml); G—quercetin-3-O-glucoside (y  34,843x – 160,173, R2  0.9998,
LOD  0.21 μg/ml, and LOQ  0.71 μg/ml).
2

Frontiers in Pharmacology | www.frontiersin.org

6

May 2021 | Volume 12 | Article 647947
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FIGURE 1 | Phenolic proﬁle of CSE recorded at 280 nm (A) and 370 nm (B).

in high amounts than CSD (Figure 1). The inﬂuence of extraction
method and extraction solvent on phenolic compounds recovery
from CS was previously studied by other authors. Nastić et al.
showed that the use of dual solvent mixture can enhance the
extraction efﬁciency, higher percentages of ethanol lead to a
decrease in the extraction yield; it can be noticed that, in this
study, CS extracts were obtained by pressurized liquid extraction
(PLE) and supercritical ﬂuid extraction (SFE) (Nastić et al., 2020).
Aqueous extracts (infusion and decoction) represent a cheap and
household alternative option to exploit the beneﬁts of CS as
source of phenolic compounds, based on ethnopharmacology
recommendations.

methanolic extracts obtained from CS (tested through ABTS
assay) (Aires et al., 2017). Moreover, a comparative evaluation
of DPPH scavenging activity and ferric reducing ability between
infusion, decoction, and hydroalcoholic extract of CS conﬁrmed
the highest antioxidant potential for the last one correlated to the
higher phenolic compounds concentration found in this type of
extract (Bastos et al., 2015). A signiﬁcant amount of experimental
data indicate that oxidative stress may contribute not only to
preexisting diseases like atherosclerosis or hypertension but it
may also generate oxidative damage to renal tubular cells,
reducing kidney functionality (Dennis and Witting, 2017)
Thus, a potential antioxidant activity could have
nephroprotective effects contributing to a normal renal
homeostasis, but additional studies are necessary to clarify this
relation.

Preliminary Biochemical Assessment of
Antioxidant Potential

Biological Activities Evaluation

Antioxidant Assays
The free radical scavenging activity of CSE and CSD was
evaluated using the DPPH and ABTS radical scavenging
assays. As shown in Table 1, the value of DPPH radical
scavenging activity for CSE was 30.02 ± 0.58 mmol TE/g
extract, while for CSD decreased at 14.32 ± 2.00 mmol TE/g
extract; a similar trend was also observed in ABTS and FRAP
assay (107.14 ± 1.43 mg TE/g extract for CSE and 55.65 ± 3.62 mg
TE/g extract for CSD, respectively, 111.87 ± 4.14 mg TE/g extract
for CSE and 61.07 ± 2.83 mg TE/g extract for CSD). These
variations can be explained based on the major differences
observed in total and individual phenolic compounds
distribution in the extracts. It was previously reported that the
presence of p-coumaric acid and the p-coumaroylquinic acid
derivatives increased total antioxidant capacity of 70%

Frontiers in Pharmacology | www.frontiersin.org

Tyrosinase Inhibitory Capacity
Tyrosinase is a copper-containing enzyme responsible for the
oxidation of tyrosine to L-DOPA and the hydroxylation of
L-tyrosine, with an important role in melanin synthesis (a
pigment that regulates skin color and plays a protective role
by absorbing ultraviolet sunlight and removing reactive oxygen
species from the skin), also responsible for browning of damaged
fruits and vegetables (Rusu et al., 2018). Recent studies conﬁrmed
the link between tyrosinase inhibition and positive effects in
several degenerative diseases (i.e., Parkinson), proving the
importance of tyrosinase inhibitors as neuroprotective agents
(Hubert et al., 2016; Tan et al., 2016). In vitro evaluations shown
that tyrosinase can interfere with the activity of bradykinin and
vasopressin, two hormones that modulate diuresis and blood
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(7.96 ± 0.37 ml), typical for a high ceiling diuretic drug. The diuretic
effect of cherry stems extract (CSE) and cherry stems decoction
(CSD), although inferior to furosemide, was more gradually
installed, which can be of importance in a series of chronic
cardiovascular diseases where a rapid diuretic effect is not desirable.
As shown in Table 4, the administration of cherry stems
extract (CSE) and cherry stems decoction (CSD) increased the
diuresis at 24 h in a dose-dependent manner. Rats treated with
CSE showed a statistically signiﬁcant increase of urine output at
250 and 500 mg/kg, while rats treated with CSD showed
statistically signiﬁcant results for all the three doses. The
diuretic action ranged from 1.09 to 1.45 for the animals treated
with CSE and from 1.26 to 1.56 for the animals treated with CSD.
The strongest diuretic activity was observed in the animals treated
with CSD at 500 mg/kg, which showed 81% from the activity of
furosemide, the reference diuretic drug. Also, the cherry stems
extract (CSE) and cherry stems decoction (CSD) increased the
urinary excretion of Na+ and K+ ions (UNa, UK), the main
cationic electrolytes from the urine. As shown in Table 5 the
urinary excretion of the aforementioned electrolytes produced by
CSE and CSD was superior to the negative control group, and
presented a similar pattern with the diuretic effect, being more
intense in the 5–24 h time interval.
The most signiﬁcant excretion of the tested electrolytes was
produced by the 500 mg/kg dose of CSD with UNa and UK values
of 3.84 ± 0.64 and 2.71 ± 0.32 mEq/kg, 24 h after the substance
administration. The calculated Na+/K+ ratio for CSE and CSD
treated groups did not show values above 10 at any moment of
determination, thus indicating a lack of a potassium-sparing
effect, similar with furosemide. On the contrary, both CSE and
CSD produced a clear kaliuretic effect. In our experiment, the
fractional excretion of sodium ions (FENa), deﬁned as the
percentage of sodium ions ﬁltered by the kidneys and not
reabsorbed, was calculated at 24 h. The fractional excretion of
sodium ions (FENa) is a valuable parameter which can provide
additional information on the tubular function, although the

TABLE 3 | Enzyme inhibitory effects of the extracts of CSE and CSD (values
expressed are mean ± S.D. of three parallel measurements, p < 0.05).
Probe ID

IC50 (mg/ml)

CSE
CSD
Kojic acid

8.66 ± 1.23
3.03 ± 0.35
0.05 ± 0.01

pressure through renin–angiotensin–aldosteron system (RAAS)
in a pH-dependent manner (BISSET, 1962).
In this regard, the evaluation of tyrosinase inhibitory capacity
of CS extracts (Table 3) revealed a superior potency for CSD
(IC50  3.03 ± 0.35 mg/ml) in comparison with CSE (IC50 
8.66 ± 1.23 mg/ml). The obtained results cannot be correlated
with the presence of phenolic compounds in the extracts, but
preliminary explains that some polar and hydrophilic secondary
metabolites from CS could exert a strong tyrosinase inhibitory
potential. It was previously reported that cherry juice (Cásedas et al.,
2016) and cherry tree bark extracts (Hubert et al., 2016) have a
moderate inhibitory activity on tyrosinase. To the best of our
knowledge, we evaluated for the ﬁrst time tyrosinase inhibitory
potential of CS extracts; our results represent a start point for
further assessments of chemical composition of aqueous extracts
obtained from CS and encourage supplementary evaluation of the
molecular mechanisms responsible for anti-tyrosinase properties
of CS.

Diuretic Effect
As shown in Figure 2, the cherry stems extract (CSE) and cherry
stems decoction (CSD) produced a dose-dependent gradual increase
of the urine output, the effect being more intense at 24 h. Cherry
stems decoction (CSD) at 500 mg/kg produced the most intense
diuretic effect with a urine output of 6.5 ± 0.35 ml at 24 h. The
reference loop diuretic, furosemide, augmented the urine output
from the ﬁrst hours after the oral administration, the effect
increasing sharply at 5 h (7.38 ± 0.36 ml), then reaching a plateau

FIGURE 2 | Effect of the cherry stems extract (CSE) and cherry stems decoction (CSD) on urine output recorded at 5 and 24 h in saline-loaded Crl:WI rats (*p < 0.05
vs. saline control).
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TABLE 4 | Parameters of the diuretic effect in saline-loaded Crl:WI rats treated with cherry stems extract (CSE) and cherry stems decoction (CSD). Values of urine output are
expressed as Mean ± SD (n  6).
Group (dose)

Saline control
Furosemide (10 mg/kg)
CSE 125 mg/kg
CSE 250 mg/kg
CSE 500 mg/kg
CSD 125 mg/kg
CSD 250 mg/kg
CSD 500 mg/kg
a

Urine output at 24 h
(ml)

Diuretic action

Diuretic activity

4.16 ± 0.37
7.96 ± 0.37
4.55 ± 0.65
5.61 ± 0.38a
6.05 ± 0.33a
5.25 ± 0.32a
6.11 ± 0.21a
6.50 ± 0.35a

–
1.91
1.09
1.34
1.45
1.26
1.46
1.56

–
1
0.57
0.70
0.76
0.65
0.76
0.81

p < 0.05 vs. saline control.

TABLE 5 | Effect of the cherry stems extract (CSE) and cherry stems decoction (CSD) on urinary excretion of sodium (UNa) and potassium (UK) 5 and 24 h after the substance
administration, fractional excretion of sodium (FENa), and the ration Na/K in saline loaded Crl:WI rats.
Group (Dose)

UNa at
5 h (mEq/kg)

UK at
5 h (mEq/kg)

UNa at
24 h (mEq/kg)

UK at
24 h (mEq/kg)

Fe Na
at 24 h
(%)

Na/K at
24 h

Saline control
Furosemide (10 mg/kg)
CSE (125 mg/kg)
CSE (250 mg/kg)
CSE (500 mg/kg)
CSD (125 mg/kg)
CSD (250 mg/kg)
CSD (500 mg/kg)

1.43 ± 0.31
5.59 ± 0.78*
1.83 ± 0.35
2.41 ± 0.66*
2.89 ± 0.75*
2.15 ± 0.39
2.49 ± 0.44
3.11 ± 0.82

1.13 ± 0.27
4.91 ± 0.41*
1.57 ± 0.29
1.83 ± 0.31*
2.02 ± 0.89*
1.83 ± 0.73
2.12 ± 0.29
2.36 ± 0.55

1.94 ± 0.37
6.32 ± 0.84*
2.58 ± 0.61
2.88 ± 0.59*
3.03 ± 0.88*
2.87 ± 0.83
3.42 ± 0.87
3.84 ± 0.64

1.55 ± 0.42
5.31 ± 0.44*
1.96 ± 0.59
2.01 ± 0.73*
2.14 ± 0.69*
2.08 ± 0.68
2.39 ± 0.46
2.71 ± 0.32

1.32
6.81
1.97
2.14
2.42
2.05
3.72
4.58

1.25
1.19
1.31
1.43
1.41
1.37
1.43
1.41

Values of UNaV and UKV are expressed as Mean ± SD (n  6) (*p < 0.05 vs. saline control).

glomerular ﬁltration rate and daily intake of sodium could also
inﬂuence its values (Schreuder et al., 2017). As expected, the
experiment showed a net increase of FENa (6.81%) for the
reference diuretic drug furosemide, which speciﬁcally
inhibits the sodium–potassium–chloride symporter in the
thick ascending limb of the loop of Henle, and a moderate
increase of FENa (2.14–2.42 and 3.72–4.58%) for CSE and CSD
at doses of 250 and 500 mg/kg, also suggesting a tubular
mechanism of action responsible for the diuretic effect of
the tested cherry stems preparations.
The diuretic activity of powdered cherry stems (administered as
capsules at an equivalent dose of 2.0 g of the plant per person) was
previously evaluated in healthy human subjects, urinary volume,
urinary electrolyte concentration (sodium, potassium, chloride, and
calcium), and the osmolality being monitored (Hooman et al., 2009).
The study revealed a mild diuretic effect for CS and a slight increase
for urinary excretion of calcium, sodium, and chloride, concluding
that the drug can be used as diuretic agent, but with precautious in
those patients, and also in patients having any disorders associated
with calcium, sodium, and/or chloride deﬁciency (especially in those
with urolithiasis because of rising calcium excretion). A comparison
between those results and our experimentally output regarding
diuretic activity of CS reveals a similar trend for both type of
tested CS-derived products. Our study represents the ﬁrst report
about diuretic and saluretic activity of the extracts obtained from CS
and correlates this potential with the presence of phenolic secondary

Frontiers in Pharmacology | www.frontiersin.org

metabolites as main constituents of both hydroalcoholic and
aqueous preparations.

CONCLUSION
Based on ethnopharmacological evidence, cherry stems (CS)
preparations (hydroalcoholic extract and decoction) were
evaluated for their phenolic proﬁle and several bioactivities.
Overall, the presence of phenolic secondary metabolites was
conﬁrmed in both extracts, the highest concentrations being
found in hydroalcoholic extract. Flavonoids were the main
type of phenolic compounds identiﬁed in the extracts,
naringenin derivatives being quantiﬁed in high amounts.
Hydroalcoholic extract exerted an important antioxidant
activity, while tyrosinase inhibitory potential and diuretic
activity were superior for decoction.
Our ﬁndings suggest that cherry stems are a valuable and
less exploited by-product rich in phenolic secondary
metabolites, with potential applications as a mild and safe
diuretic agent. Even through traditional medicine
recommends the use of aqueous preparations obtained
from CS as adjuvant therapy in urinary tract disorders,
hydroalcoholic extracts could represent an improved
alternative, showing a similar diuretic potential.
Nevertheless, future investigations need to be performed in
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order to elucidate the intimate mechanisms responsible for
CS pharmacological potential.
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Abstract
Platinum-based chemotherapy is the standard of care in a wide array of cancers. All chemotherapy, including platinum
derivates, can cause hypersensitivity reactions which greatly limit their use due to the risk of anaphylaxis, forcing oncologists
to use alternative chemotherapy, sometimes with a lower efficacy. The exact pathogenesis of platinum hypersensitivity
reactions remains unknown, a type I mechanism is most frequently involved; however, type II, III, IV, or mixed mechanisms
have also been described. Patients with atopy, a long platinum-free interval, treatment in palliative setting and higher
cumulative dose are at risk of hypersensitivity. For these patients, desensitization protocols are available to treat allergic
reactions to various agents, including platinum chemotherapy. Desensitization promotes antigen tolerance and allows the safe
and efficient administration of the agent responsible for the hypersensitivity reaction. This review aims at providing insight
into the current knowledge of platinum hypersensitivity with focus on available desensitization protocols.

Rezumat
Chimioterapia pe bază de platină este piatra de temelie în tratamentul unei game variate de cancer. Toate chimioterapicele,
inclusiv derivații de platină, pot provoca reacții de hipersensibilitate care limitează mult utilizarea lor datorită riscului de șoc
anafilactic, obligându-i pe oncologi să utilizeze protocoale alternative de tratament, uneori cu o eficacitate mai redusă.
Patogeneza exactă a reacțiilor de hipersensibilitate la platină rămâne necunoscută, cel mai frecvent este implicat un mecanism
de tip I; cu toate acestea, au fost descrise și mecanisme de tip II, III, IV sau mixte. Pacienții cu atopie, interval liber de platina
prelungit, tratament cu intenție paliativă și doză cumulată de platină mai mare prezintă un risc crescut de hipersensibilitate.
Pentru acești pacienți, sunt disponibile protocoale de desensibilizare care permit combaterea reacțiilor alergice la diferiți
agenți, inclusiv chimioterapicele pe bază de platină. Desensibilizarea promovează toleranța la antigen și permite administrarea
sigură și eficientă a agentului responsabil de reacția de hipersensibilitate. Acest review își propune să ofere o trecere în revistă
a datelor actuale cu privire la hipersensibilitatea la platină, cu accent pe protocoalele de desensibilizare disponibile.
Keywords: platinum hypersensitivity, desensitization, allergic reaction

and even death. Hypersensitivity reactions are classified
as type I immediate immunoglobulin E (Ig E) mediated,
type II antibody-mediated, type III immune complexmediated and type IV delayed or T-cell mediated HSR
[76]. Chemotherapy-induced hypersensitivity reactions
are complex and not completely understood. Even
though most reactions are consistent with type I, Ig
E - mediated reactions, some drugs may induce
mixed hypersensitivity reactions with two or more
involved mechanisms [13]. Platinum-based chemotherapy is the backbone of systemic therapy in a
wide range of cancers, including, but not limited to

Introduction
Cytotoxic chemotherapy may cause a wide range of
adverse events that vary from gastrointestinal symptoms,
cardiovascular toxicity, skin toxicity, cytopenia to
severe hypersensitivity reactions (HSR) and anaphylaxis.
Hypersensitivity reactions are serious, unexpected
treatment complications that have been described for
almost all chemotherapeutic agents and significantly
limit their use. The clinical manifestations of HSR
can range from mild symptoms as pruritus, urticaria,
flushing to severe dyspnoea, hypotension, tachycardia
410

FARMACIA, 2021, Vol. 69, 3

gynaecologic [48, 49, 54], gastrointestinal [10, 12]
and lung cancer [3, 50] for both adult and paediatric
[67] patients. They represent a standard of care both
in the first-line setting, but also for recurrent disease.
Although they are efficient, generally well-tolerated
chemo-therapeutic agents with manageable side-effects,
their use is frequently restricted because of hypersensitivity reactions.

incidence of atopy compared to the general population,
of 44% [39, 46]. Although better outlined for the
paediatric population, the administration schedule
is another important factor, weekly administrations
being linked to higher risk [81]. Moon et al. showed
that the presence of breast cancer (BRCA) gene 1 and
2 mutations increase the risk for HSR by 43% [52].
Also, the cytotoxic chemotherapy agent administered
with the platinum compound influences the risk of
HSR. Data from the CIG CALYPSO trial showed that
the association of carboplatin with paclitaxel is linked
to a higher incidence of allergic reactions compared
to liposomal doxorubicin [28]. A history of an allergic
reaction to a specific platinum compound is linked to
a greater risk of HSR to different platinum treatments,
as switching platinum salts was not yet proved to be
an efficient alternative [9].
Many of the oncological patients uses “supplements”,
which are considered harmless due to their natural
origin. In fact, some of them could enhance the effect
of chemotherapy (for cisplatin for example), but in
the most of the cases it could increase the risk of an
allergic reaction [69].

Incidence& risk factors
Hypersensitivity reactions induced by chemotherapy
are an important subgroup of drug-related adverse
events that are unpredictable and may display various
clinical symptoms, in some cases leading to anaphylaxis,
cardiovascular collapse and death. An epidemiological
analysis of fatal anaphylaxis in the United States
from 1999 - 2010, placed anticancer therapy as the
third leading cause of fatal drug-related anaphylactic
reactions [27]. Cisplatin HSR frequency varies from
5 - 20% [16] and increases with the number of
administrations, as well as with the association of
concurrent radiotherapy [10, 33]. However, the number
of cisplatin cycles is generally limited to 4 - 6
administrations due to other limiting toxicities, and
therefore cisplatin-induced HSR occurs less often.
Carboplatin is a second-generation platinum derivate,
and similar to cisplatin, the risk of HSR greatly varies
with the number of administered cycles. Allergic
reactions rarely appear during the first cycle, and
they occur in < 1% for less than five administrations
[71]. Nevertheless, for patients receiving seven or
more administrations, the risk increases greatly to over
27% [45]. Furthermore, the existence of a platinumfree interval greater than six months and the administration
of platinum compounds in the second or third-line
setting raises the risk of allergic reactions up to 44%
[53]. The cumulative carboplatin dose is linked to the
risk of HSR; higher lifetime doses were associated
with higher risk [55].
For oxaliplatin, an allergic reaction occurs in around
12% of cases. Most HSR are mild to moderate, with
1% of the patients presenting with severe, life-threatening
reactions. Similar to carboplatin related HSR, oxaliplatin
allergic reactions are more frequent in the second line
and the palliative setting [4]. Patients treated in the
first line with other compounds, particularly irinotecan
had a higher risk or HSR compared to those treated in
the first-line setting [70]. The number of administrations
prior to the allergic reaction episode varies, but is
similar to other platinum compounds ranging from
7 - 9 cycles. The time interval from starting the infusion
to the onset of the hypersensitivity reaction varies
from 10 min to 4 hours, with severe reactions occurring
more frequently in the first 10 min [32, 62].
A pre-existing allergic background is associated with
a higher frequency of HSR. Patients presenting chemotherapy-induced allergic reactions have an increased

Mechanism
The exact pathogenesis of platinum induced hypersensitivity reaction remains mostly unknown. However,
it is generally regarded to be primarily an Ig E - mediated
process. Type I, Ig E-mediated hypersensitivity reactions,
require a prior sensitization period. Ig E bind to mast
cells and basophils, leading to the release of various
cytokines such as histamine, leukotrienes and
prostaglandins [58] which leads to the early onset of
symptoms such as pruritus, chest pain, rash, and in
some rare cases severe anaphylactic reactions. Type II
allergic reactions have been reported for oxaliplatin
with the production of anti-platelets and anti-erythrocytes
directed antibodies, leading to immune thrombocytopenia
and haemolytic anaemia [21, 43, 62]. Additionally, type
III HSR, leading to joint pain, proteinuria or chronic
urticaria have been described for oxaliplatin [44].
Recent data suggest the possibility of type IV, T
cell-mediated hypersensitivity reactions to platinum
compounds. The activated T helper cells cause a delayed
inflammatory response, that may become clinically
evident even days after the initial administration.
Carboplatin and cisplatin are more frequently associated
with delayed reactions, and most patients present with
mild cutaneous manifestations such as maculopapular
rash or eczema; however these patients are at risk of
developing life-threatening complications such as
Stevens-Johnson syndrome or toxic epidermal necrolysis
[13, 57].
Symptoms and management
The clinical presentation of platinum induced hypersensitivity reactions can vary both in terms of clinical
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manifestations and the time of symptoms onset in
relation to the drug administration. Most patients
present cutaneous manifestations such as pruritus,
urticaria, flushing or angioedema [40]. Other clinical
manifestations such as dyspnoea, bronchospasm,
diarrhoea, nausea, fever, chills and cardiovascular
manifestations that may include arrhythmias and blood
pressure variations have also been described [51,
63]. Respiratory symptoms are second to cutaneous
manifestations in frequency, while cardiovascular
symptoms are less common, but more severe [9].
Symptoms are common for all platinum derivates.
However, oxaliplatin may display atypical presentations,
including dyspnoea and hypoxia in the absence of
bronchospasm, chills, fever, abdominal, back or chest
pain during infusion, haematuria, hematemesis, epistaxis
disorientation and altered mental status [4]. Dysesthesia
with laryngeal spasm is a neurotoxic effect of
oxaliplatin, and it should be distinguished from an
allergic reaction [38].
Clinicians and patients have to be aware of the
possibility of allergic reactions. Patients need to be
counselled about the risk of hypersensitivity reactions
and taught to distinguish the signs and symptoms and
report them to the treating physician. An initial risk
assessment must be carried out at treatment initiation
and during the treatment. Patients at risk for platinum
HSR should be monitored by experienced healthcare
professionals, able to recognize and manage potentially
life-threatening allergic reactions.
There are various classification systems to grade
hypersensitivity reactions; however, the National
Cancer Institute Common Terminology Criteria for
Adverse Events v 4.03 is more frequently used [11].
In the face of an allergic reaction, treatment involves
early diagnosis and cessation of drug administration.
A quick evaluation of the patient's airways, breathing,
circulation and consciousness are mandatory. Venous
access must be ensured. For patients with anaphylaxis,
epinephrine must be administered without delay.
Oxygen must be administered if needed. Patients with
hypotension must be placed in the Trendelenburg
position. Fluid resuscitation must be initiated with
the rapid administration of 1 - 2 litres of normal
saline. Atropine is indicated for the treatment of
bradycardia. Antihistamines improve symptoms such
as pruritus and angioedema, but have no life-saving
effect. Vasopressors may be needed in cases where
epinephrine and fluid resuscitation failed. Corticosteroids
are efficient in preventing delayed reactions, but
their therapeutic effects occur after a few hours and
therefore are inefficient in the management of acute
severe allergic reactions. Vital signs and recurrence

symptoms must be monitored post-reaction, and a
24 h close observation is recommended [22, 66, 80].
Desensitisation
History of platinum related hypersensitivity reactions
is a challenging issue that treating physicians have to
surpass. The main predicament is whether platinumbased chemotherapy should be discontinued or not.
After a platinum-related HSR, physicians have five
possible options: premedication, prolonged infusion
time, changing the platinum derivate, desensitisation
and permanently discontinuing platinum derivates.
When selecting the best treatment plan, the severity
of the allergic reaction is a crucial deciding element.
Other cofounding factors are treatment setting, palliative
or curative treatment, the possible clinical benefit of
continuing the platinum compound and the availability
of other viable treatment options.
For patients with mild to moderate reaction, rechallenge
with additional premedication, corticosteroids, antihistamines, or changing the platinum compound is an
option; however, with limited efficiency, as crossreactivity between platinum derivates has been described
and more intensive premedication still carries a high
risk of severe allergic reactions [4, 24, 82]. Some
studies have shown that prolonged infusion time might
be an efficient option for some patients allowing
treatment continuation and reducing further allergic
reactions [35, 60, 66]. O'Cearbhaill et al. validated a
prolonged 3-hour infusion protocol for carboplatin,
compared to the standard 30 min infusion, coupled
with rigorous premedication, which led to an 18%
reduction of hypersensitivity reactions [56].
Recurrent reactions despite premedication or longer
infusion time and serious initial allergic reactions oblige
the use of desensitization protocols. First described
for penicillin [72], desensitization is used in a wide
array of clinical scenarios. Desensitization is the
process by which the immune response is altered, in
order to induce temporary tolerance to the targeted
drug. During desensitization, the administration of
subthreshold, incremental, antigen doses promotes
the transduction of predominantly inhibitor signals,
by abolishing intracellular calcium influx, which leads
to increasing unresponsiveness to specific antigens
[68]. Numerous desensitization protocols have been
successfully used for various chemotherapy agents,
including platinum derivates, allowing for treatment
continuation. Most desensitisations use standardized
multi-step administration protocols that allow the
administration of the full therapeutic dose, usually
in a short time interval of 4 - 12 hours [57]. Table I
encompasses the main desensitization protocols used
for the treatment of platinum hypersensitivity reactions.
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Table I
Published desensitization protocols for platinum hypersensitivity
Chemotherapy Patients
Castells et al.
[15]

Kuo et al. [34]

Abe et al. [1]
Altwerger et al.
[2]
Brault et al. [5]

Carboplatin
Cisplatin
Oxaliplatin
Carboplatin
Oxaliplatin

64

12 step, 3 dilutions
from 1:100 - 1:1

10

12 step, 3 dilutions
from 1:100 - 1:1
5 step dilutions from
1:10000 - 9:10
6 step dilutions from
1:1000-1:1
4 steps dilutions from
1:1000 - 1:1

Bruchim et al.
[7]
Caiado et al. [8]
Castells et al.
[13]
Choi et al. [17]
Chung et al.
[18]
Confino-Cohen
et al.[19]
CortijoCascajares et al.
[20]
Gastaminza et
al. [23]
Gomez et al.
[25]
Jones et al. [29]

Kang et al. [30]

Kendirlinan et
al. [31]
Lee et al. [37]
Lee et al. [36]

Duration
Setting
Skin BTR Success
(hours)
testing (%) rate (%)
5.8
ICU 1st administration; Yes
33
100
Outpatient afterwards
5.8

Outpatient

Yes

16

70

12

N/A

No

33

66

3.5

Yes

27.1

87.6

Yes

36.6

86.6

2-5

Cisplatin

3

Carboplatin

129

Carboplatin
Oxaliplatin
Cisplatin
Carboplatin

30

12 steps dilutions
from 1:100 to 1:1

3

Inpatient non-ICU
ICU 1st administration:
1 patient
N/A

30

8 step, 2 dilutions
from 1:10 to 1:1
10 step dilutions from
1:100 to 1:1
12 step, 3 dilutions
from 1:100 - 1:1
8 step 1:10 to 1:1
3 step dilutions from
1:1000 to 1:1
12 step: 3 dilutions
from 1:100 - 1:1

6.35

Inpatient non-ICU

Yes

17.9

99

5.8

Inpatient non-ICU

Yes

N/A

N/A

6.35
6/15.5

N/A

Yes

20.4

89.7

6

Outpatient

Yes

16.3

93%

12 step, 3 dilutions
from 1:100 - 1:1
24 steps, 4 dilutions
from 1:1000 to 1:1
12 steps, 1 dilution

5.8

Yes

35.4

100

96

Inpatient non-ICU
ICU 1st administration
Inpatient non-ICU

Yes

0

100

4.2

Inpatient non-ICU

Yes

16.7

100

4 step, 4 dilution from
1:1000 to 1:1
14 step, 13 dilutions
from 1:100 to 1:1

6

N/A

Yes

5

95

3-4

N/A

Yes

11

100

2

Yes

25

75

2

Inpatient non-ICU
ICU 1st administration
N/A

Yes

28.5

85.7

1.5

Inpatient non-ICU

Yes

40

60

7.8

Inpatient non-ICU

Yes

44.8

91.6

N/A

Inpatient non-ICU

Yes

50

90.9

Inpatient non-ICU
ICU 1st administration
Inpatient non-ICU
ICU 1st administration

Yes

30.5

100

Yes

40

100

Hesterberg et al.
[26]

Wang et al. [79]

Protocol

Carboplatin
Oxaliplatin

109

Carboplatin

49

Carboplatin
Oxaliplatin
Cisplatin
Carboplatin

136

Carboplatin

8

Carboplatin
Cisplatin
Oxaliplatin
Carboplatin

36

Oxaliplatin

21

Carboplatin
Oxaliplatin
Carboplatin

4

Carboplatin
Cisplatin
Carboplatin
Oxaliplatin
Cisplatin

5

31

23

7

36

Carboplatin
Oxaliplatin
Cisplatin

22

Carboplatin

31

Carboplatin

10

5 step, 5 dilutions
from 1:10000 to 1:1
4 steps, 4 dilutions
from 1:1000 to 1:1
4 steps, 4 dilutions
from 1:1000 to 1:1
12 step, 3 dilutions
from 1:100 - 1:1
16 step, 4 dilutions
1:1000 - 1:1
12 step, 3 dilutions
from 1:100 - 1:1
16 step, 4 dilutions
1:1000 - 1:1
12 step, 3 dilutions
from 1:100 - 1:1
12 step, 3 dilutions
from 1:100 - 1:1

413

11.05

N/A
3.8
5.82
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Li et al. [39]
MadrigalBurgaleta et al.
[41]
MadrigalBurgaleta et al.
[42]
Markman et al.
[47]
Park et al. [59]
Pérez-Rodríguez
et al. [61]
Robinson et al.
[64]
Rose et al. [65]
Syrigou et al.
[73]
Takase et al.
[74]
Toyohara et al.
[75]
Vetter et al. [77]
Vidal et al. [78]
Wong et al. [80]

Carboplatin
Cisplatin
Oxaliplatin
Carboplatin

18

4 step, 1 dilution

Duration
(hours)
1.5 - 2.25

11

10 steps, 3 dilutions

4.25

ICU

Yes

6

100

Carboplatin
Oxaliplatin
Cisplatin
Carboplatin
Cisplatin
Oxaliplatin
Cisplatin
Oxaliplatin
Carboplatin
Carboplatin
Cisplatin
Carboplatin

104

10 steps, 3 dilutions

4.5

Inpatient non-ICU
ICU 1st administration

Yes

12

100

4

4 steps, 4 dilutions
from 1:1000 to 1:1
11 step, 4 dilution
from 1:1000 to 1:1
9 steps, 1 dilution

1.5

N/A

Yes

0

100

6.38

N/A

Yes

42.8

100

3.48

Outpatient

Yes

5.3

95.6

N/A

Yes

0

100

Inpatient non-ICU

No

22

78

Oxaliplatin

3

Outpatient

Yes

0

100

Carboplatin

20

Inpatient non-ICU

No

15

95

Carboplatin

5

Inpatient non-ICU

No

20

80

Carboplatin
Cisplatin

48

Outpatient
Inpatient

No

65

96.6

Carboplatin
Oxaliplatin

8
48

Outpatient
N/A

Yes
Yes

12.5
37.5

100
100

12
46
10
33

Protocol

4 steps, 4 dilutions
4
from 1:1000 to 1:1
4 steps, 4 dilutions
16.5
from 1:1000 to 1:1
13 steps, 7 dilutions
8
from 1:100000 to 1:1
4 steps, 4 dilutions
4
from 1:1000 to 1:1
4 steps, 4 dilutions
5
from 1:1000 to 1:1
4 steps, 1 dilution
2.25
16 steps, 3 dilutions
14
from 1:100 to 1:1
16 steps, 1 dilution
4.5
13 steps, 3 dilutions 4.7 - 16
from 1:1000000 to 1:10

Setting
Outpatient

Skin BTR Success
testing (%) rate (%)
No
32
100

BTR: breakthrough reactions, ICU: intensive care unit, N/A: not available

A recent study by Castells et al. [15] used a
standardized 12-step desensitization protocol in 98
patients; among these, 64 had platinum-related allergic
reactions. Subjects received premedication followed
by the administration of three solutions in twelve
consecutive steps. Total desensitization time was of
5.8 hours. The first desensitization was administered
in an intensive care unit while the others were
administered in an outpatient setting. Of the 413
desensitizations performed, 94% lead to no or mild
reactions. Most reactions occurred during the first
two desensitisations, more frequently during the final
step of the protocol; however, all reactions were less
severe than the initial allergic reaction. In patients
presenting with HSR related symptoms, despite
desensitization, the addition of 325 mg of acetylsalicylic acid and 10 mg of montelukast two days
prior and on the desensitization day led to significant
symptom control [6].
Altwerger et al. conducted an analysis encompassing
129 patients who received a total of 788 desensitization
cycles for carboplatin. A four-step desensitization
protocol was used, and total administration time was of
3.5 hours. Two patient groups underwent desensitization,
patients with prior HSR to carboplatin (43.4%) and
patients with positive carboplatin skin tests. Patients

with positive skin tests presented more HSR during
desensitization than those with a history of HSR.
Most patients received their desensitization in a nonintensive care inpatient unit, 87.6% completed their
desensitization, with an average of 6.1 desensitization
cycles administered. Most patients had no or mild
reactions during desensitization, 9% presented moderate
to life-threatening events, and one death occurred
due to a severe anaphylactic reaction [2].
In patients with a history of platinum induced allergic
reactions, skin testing was advocated as a useful tool
in predicting future reactions and selecting patients
for further platinum reexposure. However, the use of
skin testing in an everyday clinical setting remains
controversial as the sensitivity of skin tests for platinum
salts varies across different studies, from 66% to 80 88%, in some studies as low as 27% for oxaliplatin
[9] and multiple tests are frequently necessary for
adequate risk stratification. Hesterberg et al. used
skin testing for selecting the desensitization protocol
in patients with carboplatin HSR. Patients with negative
skin tests received a more rapid 8 step protocol,
while those with positive tests had a longer 10 step
desensitization protocol. Subjects with negative skin
tests within three months of the HSR did not display
hypersensitivity symptoms during desensitization and
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remained negative. Patients with testing performed at
more than 9 months after HSR tested positive before
the second desensitization cycle and had subsequent
reactions even during the prolonged desensitization
protocol [26].
Skin testing, however, may be effective in selecting
patients with a very low risk for further allergic
reactions. A three-step risk stratification protocol
was analysed in a retrospective analysis conducted
by Wang et al. in 142 patients with carboplatin and
oxaliplatin HSR. Patients with negative tests undergone 8-step desensitization regimen with repeated
skin testing before each cycle. Patients that remained
negative after the third test continued their treatment
schedule without desensitization. 77.3% for carboplatin
and 88.9% for oxaliplatin, of the patients that continued
outpatient treatment without desensitization, had no
additional HSR related symptoms. However, patients
with severe initial HSR, even though they qualified
for treatment without desensitization, were not referred
to outpatient infusions [79]. Caiado et al. searched for
potential biomarkers that may aid in selecting patients
at risk for allergic reactions during desensitization
by analysing 1471 desensitizations in 272 patients. On
multivariate analysis, a total Ig E level greater than
100 U/mL and more than ten previous platinum
administration were found as significant risk factors
for further HSR during desensitizations with an OR
of 8.24 and 4.11, respectively [8].
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Abstract: Thiazole, a five-membered heteroaromatic ring, is an important scaffold of a large number
of synthetic compounds. Its diverse pharmacological activity is reflected in many clinically approved
thiazole-containing molecules, with an extensive range of biological activities, such as antibacterial,
antifungal, antiviral, antihelmintic, antitumor, and anti-inflammatory effects. Due to its significance
in the field of medicinal chemistry, numerous biologically active thiazole and bisthiazole derivatives have been reported in the scientific literature. The current review provides an overview of
different methods for the synthesis of thiazole and bisthiazole derivatives and describes various compounds bearing a thiazole and bisthiazole moiety possessing antibacterial, antifungal, antiprotozoal,
and antitumor activity, encouraging further research on the discovery of thiazole-containing drugs.
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1. Introduction

molecules26030624

Nitrogen-containing heterocyclic compounds play an important role in the drug discovery process, as approximately 75% of FDA (Food and Drug Administration)-approved
small-molecule drugs contain one or more nitrogen-based heterocycles [1]. Thiazole, or 1,3thiazole, belongs to the class of azoles and contains one sulfur atom and one nitrogen atom
at positions 1 and 3. Its diverse biological activity is reflected in a large number of clinically
approved thiazole-containing compounds with an extensive range of pharmacological
activities. Most of these compounds are 2,4-disubstituted thiazole derivatives, and only a
few are 2,5-disubstituted or 2,4,5-trisubstituted thiazoles [2].
Several drugs such as sulfathiazole; aztreonam; numerous cephems (ceftaroline, cefotiam, ceftibuten, cefixime, ceftriaxone, cefotaxime, ceftazidime, cefmenoxime, ceftizoxime,
cefepime, cefdinir) with antibacterial effects; pramipexole with antiparkinsonian activity;
edoxaban with antithrombotic effects; isavuconazole with antifungal effects; famotidine
and nizatidine with antiulcer activity; meloxicam with anti-inflammatory effects; tiazofurin, dabrafenib, dasatinib, ixabepilone, and epothilone with antitumor effects; mirabegron
as a β3-adrenergic receptor agonist; nitazoxanide and thiabendazole with antiparasitic
effects; and febuxostat with antigout activity contain one thiazole moiety in the structure
(Figure 1) [2–4].
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The acidity given by the presence of the three hydrogen atoms decreases in the order
H2 >> H5 > H4 [4].
Figure 4. Calculated π-electron density of thiazole.
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Hantzsch synthesis is the oldest and most widely known method for the synthesis of
The condensation of thioamides with various alpha‐halocarbonyl compounds is
a thiazole ring. The method consists of a cyclization reaction between alpha-halocarbonyl
commonly used. Many thiazoles with alkyl, aryl, or heteroaryl substituents at position 2,
compounds and various reactants containing the N-C-S fragment. Examples of such com4, or 5 can be obtained through this reaction. The reaction mechanism consists of the nu‐
pounds include thiourea, thioamides, thiosemicarbazides, and thiosemicarbazones [31].
The condensation of thioamides with various alpha-halocarbonyl compounds is commonly used. Many thiazoles with alkyl, aryl, or heteroaryl substituents at position 2, 4, or 5
can be obtained through this reaction. The reaction mechanism consists of the nucleophilic
attack of the thioamide sulfur atom on the alpha carbon of the alpha-halocarbonyl, with

cleophilic attack of the thioamide sulfur atom on the alpha carbon of the alpha-halocarbonyl, with the formation of an intermediate compound, which by subsequent dehydration leads to the corresponding thiazole (Scheme 1).
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Scheme 5. Synthesis of thiazoles from isocyanide derivatives and carboxymethyl dithioates.
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The study of the mechanism showed that the reaction occurred through an ionic
mechanism, in the presence of palladium(II) acetate, and through a radical mechanism,
in the presence of iron(III) bromide, thus explaining the formation of different reaction
products [39].
Numerous heterocyclic compounds possessing the thiazole ring have been obtained
in good to excellent yields using microwave irradiation [40,41]. Compared to conventional
methods, microwave-assisted synthesis has several advantages, being an environmentally
friendly and cost-effective tool, that leads to improved yields in short reaction times [42].
Asif et al. [43] developed a simple, one-pot, efficient method for the synthesis of novel
steroidal thiazole derivatives through the condensation reaction of 2-bromoacetophenone,
thiosemicarbazide, and steroidal carbonyl compounds (Scheme 12). The reaction took
place under microwave heating at 60 ◦ C, in ethanol, for 35–45 min, obtaining the target
compounds in good yields (80–85%).

Scheme 12. Synthesis of thiazoles from thiosemicarbazide, ketones, and 2-bromoacetophenone under
microwave irradiation.

Mamidala et al. [44] reported the synthesis of new coumarin-based thiazole derivatives,
starting from thiocarbohydrazide, aldehydes, and α-halocarbonyl coumarins in a molar
ratio of 1:2:1, under microwave heating (Scheme 13). Various solvents like methanol,
ethanol, dimethyl sulfoxide (DMSO), and acetonitrile and different catalysts such as acetic
acid, sulfuric acid, and hydrochloric acid were investigated in order to optimize the reaction
regarding time and yield. Thus, it was observed that using ethanol as a solvent and a
catalytic amount of acetic acid under microwave irradiation (70 ◦ C, 210 W) led to high
yields (88–93%) and short reaction times (5–8 min).

Scheme 13. Synthesis of thiazoles from thiocarbohydrazide, aldehydes, and α-bromoketones under
microwave irradiation.

Chinnaraja and Rajalakshmi [45] reported the microwave-assisted synthesis of novel
hydrazinyl thiazole derivatives within 30–175 s under solvent- and catalyst-free conditions. Starting from either various carbonyl compounds, thiosemicarbazide, and alpha-
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haloketones or substituted thiosemicarbazones and alpha-haloketones (Scheme 14), the target compounds were obtained in good to excellent yield and high purity through an
eco-friendly, one-pot procedure.

Scheme 14.
Synthesis of thiazoles from thiosemicarbazones and α-bromoketones under
microwave irradiation.

4. Biological Activity of Thiazole Derivatives
Among heterocyclic compounds, thiazole has proved its biological significance in
medicinal chemistry, being a valuable scaffold in the design and synthesis of new drugs.
4.1. Antimicrobial Activity
Currently, research in the area of antimicrobial drug design and development has
been stimulated due to the expansion of the bacterial resistance phenomenon, with the
emergence of multidrug-resistant strains such as Staphylococcus aureus, Enterococcus sp.,
Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacteriaceae [46], and Candida sp.
with intrinsic and acquired resistance to fluconazole [47].
Nowadays, particular attention is given to hybrid molecules containing a thiazole
nucleus in combination with other pharmacophore features. Numerous hybrid molecules
of thiazole combined with different heterocycles, such as thiophene, pyrazole, triazole,
1,3,4-oxadiazole, pyridine, 1,4-dihydropyridine, indole, quinoline, pyrimidine, pyrazine,
triazine, and pyrazoline, were designed, synthesized, and evaluated as antimicrobial
agents [48–50]. Moreover, novel hydrazones and Schiff bases bearing a thiazole scaffold
have demonstrated good antimicrobial activity [51,52].
A new series of 2,5-dichloro thienyl-substituted thiazoles were efficiently obtained by
Sarojini et al. [53] (compound 11, Figure 5) and their minimum inhibitory concentration
(MIC) values against four fungal strains (Aspergillus fumigatus, Aspergillus flavus, Penicillium
marneffei, and Trichophyton mentagrophytes) and four bacterial strains (Staphylococcus aureus,
Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa) were determined. Compounds substituted with amino or 8-quinolinyl moieties exhibited enhanced antimicrobial
activity with MIC values ranging between 6.25 and 12.5 µg/mL.
Karegoudar et al. [54] successfully developed a series of 4-substituted 2-(2,3,5-trichloro
phenyl)-1,3-thiazoles (compounds 12 and 13, Figure 5) and 4-substituted 2-(2,3,5-trichloroph
enylidenehydrazino)-1,3-thiazoles (compound 14, Figure 5) and evaluated their antimicrobial activity on four bacterial strains and four fungal strains. The best antibacterial
activity was observed among derivatives substituted with 4-(methylthio)phenyl, salicylamide, N-methylpiperazine, or 4,6-dimethyl-2-mercaptopyrimidine residues, and the best
antifungal activity was reported among compounds substituted with 3-pyridyl, biphenyl,
or 4-mercaptopyrazolopyrimidine moieties.
In a study by Lino et al. [55], a novel series of thiazole derivatives bearing a hydrazone
group was synthesized. The biological activity of the thiosemicarbazone intermediates and
target compounds was evaluated in vitro against seven fungal strains: Candida albicans,
C. krusei, C. parapsilosis, C. tropicalis, Cryptococcus neoformans, C. gatti, and Paracoccidioides
brasiliensis. It was noted that the thiazole nucleus was essential for antifungal activity, since
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terial screening was performed on two Gram-negative bacterial strains (Escherichia coli and
coli and Pseudomonas aeruginosa) and two Gram-positive bacterial strains (Bacillus subtilis
Pseudomonas aeruginosa) and two Gram-positive bacterial strains (Bacillus subtilis and
and Staphylococcus aureus). The most active derivative (compound 16, Figure 5) showed
Staphylococcus aureus). The most active derivative (compound 16, Figure 5) showed favorfavorable MIC values, ranging between 1.56 and 6.25 µg/mL, on all tested bacterial strains.
able MIC values, ranging between 1.56 and 6.25 μg/mL, on all tested bacterial strains. It
It also exhibited the highest ecKAS III inhibitory activity, with an IC50 value of 5.3 µM.
also exhibited the highest ecKAS III inhibitory activity, with an IC50 value of 5.3 μM.
Lv et al. [59] synthesized a new series of thiazole Schiff bases and evaluated their
Lv et al. [59] synthesized a new series of thiazole Schiff bases and evaluated their
antibacterial activity against several Gram-positive and Gram-negative bacterial strains
antibacterial activity against several Gram-positive and Gram-negative bacterial strains
(Bacillus subtilis, Staphylococcus aureus, Streptococcus faecalis, Escherichia coli, Pseudomonas
(Bacillus subtilis, Staphylococcus aureus, Streptococcus faecalis, Escherichia coli, Pseudomonas
aeruginosa, and Enterobacter cloacae). The MIC values of the tested compounds were comaeruginosa, and Enterobacter cloacae). The MIC values of the tested compounds were compared to those of penicillin G and kanamycin B, used as reference substances. Compounds
17 and 18 (Figure 5) showed a better antibacterial effect compared to kanamycin B against
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pared to those of penicillin G and kanamycin B, used as reference substances. Compounds
17 and 18 (Figure 5) showed a better antibacterial effect compared to kanamycin B against
E. coli and a favorable activity against other bacterial strains, thus indicating the presence
of broad-spectrum antibacterial activity. Moreover, the two derivatives possessed good
in vitro ecKAS III inhibitory activity, with IC50 values equal to 3.6 and 6.8 µM, respectively.
4.2. Antiprotozoal Activity
Protozoan infections are very common in some regions throughout the world, being
endemic in less developed countries. The development of novel molecules with antiprotozoal activity is necessary, given the small number of antiprotozoal drugs currently on the
market, their relatively low efficacy and high toxicity, as well as the spread of resistance [60].
de Oliveira Filho et al. [61] synthesized 22 novel thiazole derivatives and investigated
their anti-T. cruzi activity. Compound 19 (Figure 6) proved to be very potent against
trypomastigotes of the Y strain, with an IC50 value equal to 0.37 µM, being nearly 28 times
Molecules 2021, 26, x FOR PEER REVIEW
11 of 26
more active than benznidazole, used as a reference drug. It also reduced blood parasitemia
in mice. Moreover, the new compounds possessed a good drug-likeness profile.

Figure
Figure6.
6. Thiazole
Thiazole derivatives
derivatives with
with antiprotozoal
antiprotozoalactivity.
activity.

A novel series
of 2-acylamino-5-nitro-1,3-thiazoles was synthesized by Nava-Zuazo
4.3. Antitumor
Activity
et al. [62] and evaluated against the following protozoa: Giardia intestinalis, Trichomonas
A major problem of cancer therapy remains the lack of selectivity of currently availvaginalis, Leishmania amazonensis, and Trypanosoma cruzi. Methylcarbamate derivative (comable antitumor agents, and consequently their high toxicity, and the development of the
pound 20, Figure 6) displayed the highest giardicidal activity, with an IC50 value equal to
cancer cell resistance phenomenon. Nowadays, research in the field is focused on targeted
10 nM, being more potent than metronidazole and nitazoxanide, used as reference drugs.
therapy, numerous compounds that act specifically on a particular molecular structure
Ethyloxamate derivative (compound 21, Figure 6) revealed the highest trichomonicidal
being synthesized [66].
Thiazole derivatives have demonstrated remarkable anticancer potential due to the
high affinity toward various biological targets involved in cancer pathogenesis, such as
PRL-3, SHP-2, and JSP-1 phosphatases; tumor necrosis factor (TNFα); antiapoptotic biocomplex Bcl-XL-BH3; integrin avb3; and protein kinases Pl3K, CDK, LIM, EGFR, and

Molecules 2021, 26, 624

11 of 26

effect. Ureic derivatives (compounds 22, 23, and 24, Figure 6) showed moderate antileishmanial activity. None of the new synthesized 2-acylamino-5-nitro-1,3-thiazoles showed
trypanocidal effect at a concentration under 50 µM.
Bueno et al. [63] synthesized and investigated the antimalarial activity of new thiazole
derivatives. The structure–activity relationship study indicated that the activity of the
obtained compounds was not significantly influenced by pharmacomodulations of the B
ring if a nitrogen atom from a piperidine, piperazine, or N-methylpiperazine moiety was
directly linked at position 2 of the thiazole ring (compound 25, Figure 6). At the same time,
it was observed that the structural integrity of the B ring was, therefore, essential for the
biological activity, since its opening led to a significant decrease in the antimalarial activity.
The presence of an ethyl or isopropyl radical at position 5 of the thiazole nucleus was
favorable for the activity. Moreover, substitutions of the C ring greatly influenced the antimalarial activity. The ortho monosubstitution with non-voluminous electron-withdrawing
groups was essential for the activity. Substitution at both ortho positions led to inactive
compounds. If the para position is occupied, the substituent must be a small-volume atom
such as fluorine.
Sahu et al. [64] synthesized 20 thiazole-1,3,5-triazine hybrids as potential antimalarial
agents (compound 26, Figure 6). Two strains of P. falciparum, one sensitive (3D-7) and one
resistant (Dd-2) to chloroquine, were employed for this assay. All compounds proved to be
active against the chloroquine-sensitive strain, with IC50 values ranging between 10.03 and
54.58 µg/mL. Among them, eight thiazole-1,3,5-triazine derivatives displayed IC50 values
from 11.29 to 40.92 µg/mL against the chloroquine-resistant strain.
Makam et al. [65] developed a series of 2-(2-hydrazinyl)thiazoles and evaluated the
antimalarial activity of the new compounds against Plasmodium falciparum. The compounds
contain various substituents at positions 2, 4, and 5, including phenyl, pyridyl, and fivemembered rings. Thus, it was observed that the presence of a 2-pyridyl hydrazinyl residue
at position 2 of the thiazole nucleus was associated with enhanced antimalarial activity.
Moreover, compounds 27 and 28 (Figure 6) substituted at position 5 with a -COOC2 H5
and a -COCH3 group, respectively, showed the highest inhibitory activity, with IC50 values
equal to 0.725 and 0.648 µM, respectively. The enhanced biological activity owing to
the presence of a carbonyl group at position 5 could be explained due to the keto-enol
tautomerism that could influence the pharmacological properties.
4.3. Antitumor Activity
A major problem of cancer therapy remains the lack of selectivity of currently available antitumor agents, and consequently their high toxicity, and the development of the
cancer cell resistance phenomenon. Nowadays, research in the field is focused on targeted
therapy, numerous compounds that act specifically on a particular molecular structure
being synthesized [66].
Thiazole derivatives have demonstrated remarkable anticancer potential due to the
high affinity toward various biological targets involved in cancer pathogenesis, such
as PRL-3, SHP-2, and JSP-1 phosphatases; tumor necrosis factor (TNFα); antiapoptotic
biocomplex Bcl-XL-BH3; integrin avb3; and protein kinases Pl3K, CDK, LIM, EGFR,
and VEGFR [66–68].
Kinase-mediated signaling pathways are involved in tumor proliferation and survival,
as well as in evasion of the host immune system response [69]. Two novel thiazole-based
compounds with tyrosine kinase inhibitory activity, dasatinib and dabrafenib (Figure 7),
are currently authorized for clinical use
Dasatinib is approved for treatment of children and adults who are diagnosed with
Philadelphia chromosome-positive chronic myeloid leukemia or Philadelphia chromosomepositive acute lymphoblastic leukemia. It is a multitarget inhibitor that inhibits BCR-ABL
(breakpoint cluster region-Abelson) and other tyrosine kinases [71]. Dabrafenib is a cancer
medicine used to treat adult patients with melanoma or metastatic non-small cell lung
cancer with BRAF V600E mutation. The mechanism of action consists of the inhibition
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of BRAF kinase activity involved in stimulating cell division [72,73]. Moreover, a potent
12 of 26
selective inhibitor of cyclin-dependent kinases Cdk2, Cdk7, and Cdk9, the thiazole
derivative SNS-032 is in phase I clinical trials [66]. [70].
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Also, the antitumor potential of thiazole derivatives is highlighted by the large numand 11.29 ± 1.06 µM, respectively). It was also observed that the presence of halogen atoms
ber of compounds that have been shown to possess in vitro cytotoxic activity [74]
(Cl, Br, F) on the benzene rings led to an increase in inhibitory activity, while the presence
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carcinoma MGC803 cells, and liver cancer Huh7 cells. The results were compared with
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Scheme 17. Synthesis of 4,40 -bisthiazole derivatives starting from thioamides.
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Scheme 17. Synthesis of 4,4’-bisthiazole derivatives starting from thioamides.

By condensation of two equivalents of thiourea with an equivalent of 1,4-dibromo-2,3butanedione or 2,5-dibromo-3,4-hexandione, 4,40 -bis(2-aminothiazole) derivatives were
By condensation of two equivalents of thiourea with an equivalent of 1,4-dibromoobtained (Scheme 18) [84,85].
2,3-butanedione or 2,5-dibromo-3,4-hexandione, 4,4’-bis(2-aminothiazole) derivatives
were obtained (Scheme 18) [84,85].
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Scheme 21. Synthesis of 2,4’-bisthiazole derivatives.
Scheme 21. Synthesis of 2,40 -bisthiazole derivatives.
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Scheme 24. Synthesis of bisthiazole derivatives starting from bis-thiosemicarbazones.
Scheme 24. Synthesis of bisthiazole derivatives starting from bis-thiosemicarbazones.
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Figure 9. Chemical structure of myxothiazoles.

Figure 10. Bisthiazole derivatives with antimicrobial activity.
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Bikobo et al. [106] synthesized a series of 1,4-phenylenebisthiazole compounds (35,
Figure 10) and investigated their antimicrobial activity against three bacterial strains (Enterococcus faecalis, Staphylococcus aureus, and Salmonella typhimurium) and two fungal strains
(Candida albicans and Candida krusei). The most active compound in this series was the 1,4phenylenebisthiazole derivative substituted with a 3-carbamoyl-4-hydroxyphenyl residue.
Althagafi et al. [107] synthesized a series of 4,50 -bisthiazole compounds (36, Figure 10)
and performed an antimicrobial screening using four Gram-positive bacterial strains
(Staphylococcus aureus, Staphylococcus epidermidis, Bacillus subtilis, and Streptococcus pyogenes), four Gram-negative bacterial strain (Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, and Salmonella typhimurium), and two fungal strains (Aspergillus niger
and Geotrichum candidum). The activity was evaluated by measuring the diameter of the
inhibition zone, and the results were compared to those of ampicillin, gentamicin, and amphotericin B, used as reference substances. Most of the compounds exhibited a superior
inhibitory effect against the Aspergillus niger strain than amphotericin B. They also displayed moderate to good antibacterial activity, several derivatives being more active on
some bacterial strains than the reference substances. Still, the tested compounds had no
activity against Streptococcus pyogenes and Pseudomonas aeruginosa strains.
Abhale et al. [108] synthesized a series of 40 ,5-bisthiazole derivatives and tested their
antimicrobial activity against four bacterial strains (Bacillus subtilis, Staphylococcus aureus,
Escherichia coli, and Proteus vulgaris) and one mycobacterial strain (Mycobacterium smegmatis).
Amoxicillin, ciprofloxacin, rifampicin, and isoniazid were used as reference substances for
antimicrobial activity assays. The most active compound (37, Figure 10) showed superior
efficacy than isoniazid against M. smegmatis (MIC 30.38 µg/mL) and superior activity than
amoxicillin and ciprofloxacin against B. subtilis, E. coli, and P. vulgaris.
Based on the results obtained for 40 ,5-bisthiazole derivatives, a new series of 2,50 bisthiazole compounds was synthesized and evaluated against two mycobacterial strains
(M. tuberculosis H37Ra and M. bovis BCG). Compounds 38, 39, and 40 (Figure 10) displayed good antimycobacterial activity against both strains, with MIC90 and IC50 values
ranging between 9.64 and 23.64 µg/mL and between 0.82 and 4.55 µg/mL, respectively.
Subsequently, 2,50 -bisthiazole derivatives were subjected to an antibacterial and antifungal
screening against two Gram-negative bacterial strains (Escherichia coli and Pseudomonas
fluorescence), two Gram-positive bacterial strains (Staphylococcus aureus and Bacillus subtilis),
and a fungal strain (Candida albicans), exhibiting moderate to good antibacterial activity
and moderate antifungal activity [109].
Bondock and Fouda [110] synthesized a series of bisthiazolyl hydrazones and investigated their antimicrobial activity against Gram-positive and Gram-negative bacteria and
fungi. Regarding the inhibitory activity against Gram-positive bacteria, compound 41
(Figure 10) was twice as active as ampicillin against S. pneumoniae (MIC 0.06 µg/mL) and
compound 42 (Figure 10) was four times more active than ampicillin against S. pneumoniae
(MIC 0.03 µg/mL) and B. subtilis (MIC 0.06 µg/mL). Regarding the inhibitory activity
against Gram-negative bacteria, compounds 43 and 44 (Figure 10) showed a gentamicinlike activity against K. pneumoniae (MIC 0.03 µg/mL). The results of the antifungal activity
assay showed that compound 43 (Figure 10) was four times more potent against A. fumigatus (MIC 0.03 µg/mL) compared to the activity of the reference substance, amphotericin
B (MIC 0.12 µg/mL). In addition, compound 41 (Figure 10) showed a similar activity to
that of amphotericin B against this fungal strain (MIC 0.12 µg/mL). In this study, it was
observed that the presence of two thiazole moieties merged through a hydrazone group is
associated with increased antibacterial and antifungal activity.
A novel series of acylhydrazones containing a 1,4-phenylenebisthiazole nucleus (compound 45, Figure 10) were synthesized by Borcea et al. [111]. Their anti-Candida activity
was evaluated in vitro against two strains of Candida albicans and two non-albicans strains
(C. parapsilosis and C. krusei). Several compounds have proved to be as active as fluconazole,
used as a reference drug. An in silico molecular docking study was performed in order to
investigate the binding mode of the tested compounds toward lanosterol 14α-demethylase.
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The results showed that all interactions between the tested compounds and lanosterol 14αdemethylase involved amino acids residues from the access channel, without interaction
with the heme-iron catalytic site.
6.2. Antiprotozoal Activity
Liu et al. [112] developed new DB766 analogues in which the terminal pyridyl nucleus
was replaced with various heterocyclic rings, including the thiazole nucleus. The biological
activity of the new compounds was evaluated against Trypanosoma cruzi, Trypanosoma
brucei rhodesiense, Leishmania amazonensis, and Plasmodium falciparum. Among the bisarylimidamide thiazole derivatives obtained, compounds 46, 47, and 48 exhibited IC50
values between 0.17 and 0.3 µM against L. amazonensis and compound 48 showed promising
activity against T. brucei rhodesiense, with an IC50 value equal to 12 nM. Moreover, five of
the bis-arylimidamide thiazole derivatives showed favorable activity against P. falciparum,
with IC50 values ranging between 9 and 86 nM. None of the bis-arylimidamide thiazoles
showed anti-T. cruzi activity under 1 µM.
Bansal et al. [113] synthesized several bisthiazole derivatives containing a pyrazole
moiety and investigated their antimalarial activity against Plasmodium falciparum. Compounds 49 and 50 (Figure 11) with 4-fluoro and 2,6-dichloro substitution, respectively, exhibited excellent activity against P. falciparum, with IC50 values equal to 0.23 and 0.31 µg/mL,
respectively. Furthermore, it was noted that the presence of an electron-withdrawing group
such as 4-F and 2,4-diCl was associated with an enhanced antimalarial effect, while the presence of an electron-donating group such as 4-CH3 led to a decrease in antimalarial activity.

Figure 11. Bisthiazole derivatives with antiprotozoal activity.

6.3. Antitumor Activity
Turan-Zitouni et al. [114] synthesized a series of new bisthiazole derivatives and
evaluated their antiproliferative activity against three tumor cell lines (A549, C6, and 5RP7
H-ras), as well as their cytotoxic effect against the murine embryonic fibroblast cell line
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oxane, containing a catalytic amount of triethylamine. Their antitumor activity was evaluated in vitro against colon (HCT-116) and hepatocellular (HepG2) cancer cell lines. The
most active compound (53, Figure 12) showed a good cytotoxic effect against HCT-116
and HepG2 cell lines, with IC50 values equal to 6.6 and 4.9 μg/mL, respectively.
Sayed et al. [117] developed novel thiazolyl-hydrazono-ethylthiazole derivatives (54,
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Figure 12) as potential anticancer agents. The biological assay was carried out using three
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The
results
zole derivative 55 (Figure 12) inhibited the enzymatic activity of HDAC, leading to an
were compared with those of deferoxamine. The most active compound, the dithioamide
derivative 52 (Figure 12), showed a superior antiproliferative effect of deferoxamine on
almost all tested cell lines. Its inhibitory activity was highlighted on the lung carcinoma
A549 cell line, with 98% inhibition of cell proliferation at 10 µM.
Farghaly et al. [116] synthesized a novel series of bisthiazole derivatives by reacting
the thiazole thiosemicarbazone key intermediate with alpha-haloketones, in refluxing
dioxane, containing a catalytic amount of triethylamine. Their antitumor activity was
evaluated in vitro against colon (HCT-116) and hepatocellular (HepG2) cancer cell lines.
The most active compound (53, Figure 12) showed a good cytotoxic effect against HCT-116
and HepG2 cell lines, with IC50 values equal to 6.6 and 4.9 µg/mL, respectively.
Sayed et al. [117] developed novel thiazolyl-hydrazono-ethylthiazole derivatives (54,
Figure 12) as potential anticancer agents. The biological assay was carried out using three
human tumor cell lines: colon carcinoma HCT-116, the more resistant human colorectal
cancer HT-29, and hepatocellular carcinoma HepG2 cell lines. The results showed promis-
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ing cytotoxic activity of several compounds. Moreover, it was observed that the presence
of an electron-withdrawing substituent, such as chlorine or bromine, was associated with
increased inhibitory activity, while the presence of an electron-donating group (-CH3 ,
-OCH3 ) led to a decrease in cytotoxic activity. The study of the mechanism of action in
HCT-116 cells revealed that apoptosis occurred through the Bcl-2 family.
Chen et al. [118] developed a number of histone deacetylase (HDAC) inhibitors, based
on the structure of a natural HDAC inhibitor, largazole, and clinically approved HDAC
inhibitors, vorinostat and panobinostat. Thus, a series of 2,20 -bisthiazoles containing a
hydroxamic acid group were synthesized. In vitro studies showed that the bisthiazole
derivative 55 (Figure 12) inhibited the enzymatic activity of HDAC, leading to an increase
in the acetylation levels of histones H3 and H4 and apoptosis of T lymphocytes in a
dose-dependent manner.
Subsequently, Gong et al. [119] synthesized a new series of 2,20 -bisthiazole compounds by replacing the hydroxamic acid residue with other functional groups such as
N-hydroxyurea, o-diaminobenzene, trifluoromethyloxadiazole or trifluoromethyl ketone.
Compound 56 (Figure 12), which contains the trifluoromethyl ketone residue, exhibited the
best inhibitory activity against HDAC 1, 3, 4, and 6, with IC50 values between 20.81 and
31.54 nM. It also showed very good antiproliferative activity against multiple myeloma
(MM.1S, RPMI 8226, NCI-H929, and LP1) and lymphoma (Mino and JeKo-1) cell lines.
Fairhurst et al. [120] synthesized a novel series of selective phosphatidylinositol 3kinase alpha (PI3Kα) inhibitors with a 4,5-bisthiazole scaffold (compound 57, Figure 12).
The best PI3Kα inhibitory activity was recorded for compounds in which the amide group
was substituted with a cis-3-methylproline amide residue and position 2 of the thiazole
ring was substituted with a quaternary alkyl residue. Subsequently, based on the obtained
results, a new series of 4,5-dihydrobenzo[1,2-d:3,4-d]bisthiazole tricyclic compounds (58,
Figure 12) was developed, the enzyme inhibition ability of these molecules being superior
to 4,5-bisthiazoles [121].
7. Conclusions
Thiazole is an important scaffold in medicinal chemistry, easy to synthesize from
a wide variety of starting compounds. To date, many organic compounds containing
one or more thiazole rings, showing promising antimicrobial, antiprotozoal, and antitumor activities, have been added to the literature. The detailed knowledge of various
synthetic strategies and biological effects would be of great help in the drug discovery and
development process.
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