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Abstract: Iron homeostasis is altered in tumours in response to a perturbation in
the expression of iron-dependent proteins. Therefore, iron chelators make
cancerous cells more vulnerable to iron deficiency. Compounds having thio-
semicarbazide scaffold with the ability to metal complex formation have the
potential to act as anticancer. A series of thiosemicarbazide derivatives were
designed, synthesized successfully and their cytotoxicity was then tested on
some cancerous as well as laboratory normal model systems by using colori-
metric assay based on WST-1 reagent. According to the cytotoxicity results,
some compounds showed high toxicity effect on both the cancerous and
healthy cell lines. The results of toxicity assays on U87 and A549 cell lines
showed the survivability less than 50 % at all concentrations higher than 10
ppm for all the synthesized compounds. The MCF-7 cell line exhibited approx-
imately the same behaviour and had survivability less than 60 %. The 3T3 in
compared with HUVEC cell line showed a completely different behaviour
against the synthesized compounds and had survivability more than 50 %. The
selectivity index was also measured and based on the study results it could be
concluded that the cytotoxicity profile of the synthesized compounds on 3T3
cell line shows a significant difference, indicating a good anticancer effect of
these compounds.
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INTRODUCTION

Have been known for years that cancer cells have modified metabolic path-
ways compared to their normal cell counterparts. For instance, there is general
agreement that cancer cells, at least in a large number of solid ones, benefit from
an enhancement in aerobic glycolysis over oxidative phosphorylation.!=3 Also
glutamines play a major role in the cancer cells either as a supplier for building
blocks of macromolecules or through increasing the activity of the glutaminolysis
pathways enhancing the ATP supply through the Krebs cycle.# Furthermore,
while de novo fatty acid synthesis is usually suppressed in normal cells, tumour
cells synthesize fatty acids at high rates.3 NADPH can contribute to fatty acid
biosynthesis as well as ROS scavenging of reactive oxygen species in tumour
cells.2:5 Tumour proliferations also need more ribose-5-phosphate, cofactors and
relevant enzymes to enhance nucleotide synthesis and DNA repair.3

One of the different characteristics of cancer cells that can be used to design
anti-cancer drugs is expression of high levels of the transferrin receptor 1 (TfR1)
and internalization of iron (Fe) from transferrin (Tf) at an extraordinary rate in
response to the high requirement of tumor cells for Fe.%7 The monoclonal anti-
body designated 42/6, has been reported to act as an agent with the potential to
Fe deprivation through transferrin binding inhibition to its receptor, resulting in
in vitro growth suppression of the human T leukemic cell line.8

Disorders that impair iron homeostasis are one of the most common human
diseases that cancer is one of them.? Ribonucleotide reductase (a Fe-containing
enzyme required for the conversion of ribonucleotides into deoxynucleotides for
DNA synthesis) is a key enzyme in the rate limiting step of DNA synthesis.10 It
has been reported that desferrithiocin and desferrioxamine, as iron chelators,
target cancerous cells in the S phase or the early S phase of the cell proliferation
cycle.10-12 Tron chelation therapy is a new strategy to cure cancers, especially
those resistant, by using iron chelators depriving tumour cells from nutrient Fe.13-
15 This issue is based on the finding that the ribonucleotide reductase shows an
enhanced activity in tumour cells compared to normal cells.16-18

Thiosemicarbazides are considered as a class of biological compounds with a
wide range of activity and have been studied for their activity against viruses,!9-22
bacteria,20-23-26 fungi2’ and cancerous cells.20-28-30 Triapine and marboran
(methisazone, Fig. 1) are two synthetic analogues of thiosemicarbazides already
in market.20 Triapine, first synthesized by Liu and co-workers39 and still under
clinical phase I/Il studies,3!-33 is a more potent ribonucleotide reductase and
cancer cell growth inhibitor than the antineoplastic drug, hydroxyurea.34 Mar-
boran is also a good anti-viral agent.35-37 The ability of thiosemicarbazones to
form chelators with metal ions, especially iron, has led researchers to synthesize
derivatives of these compounds and investigate their anti-cancer effects.38:3% As
part of an ongoing research program on the synthesis of new thiosemicarbazide
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derivatives as biologically active compounds, we herein report the synthesis and
cytotoxicity assessment of some thiosemicarbazide derivatives on U87, MCF-7,
A549, 3T3 and HUVEC cell lines.
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Fig. 1. Two synthetic analogues of thio-
Triapine Methisazone (Marboran) semicarbazides already in market.
EXPERIMENTAL

All chemicals, reagents and solvents were commercially available and were used without
further purification. An electrothermal TA9100 melting point apparatus fixed at 1 °C/min was
used to determine melting point. The IR spectra were recorded on an FT-IR Tensor 27 infra-
red spectrophotometer (Bruker) using KBr as a matrix. 'H-NMR and '3C-NMR spectra were
taken by an FT-NMR Bruker Avance ultra shield Spectrometer (300 and 75 MHz in fre-
quencies for 'H and !13C, respectively) using DMSO-d; as solvent. Also, TLC-grade silica gel
G/UV 254 nm plates were used for monitoring reaction progress by the use of EtOAc/n-hex-
ane (1:2 volume ratio) as eluent. Standard laboratory chemicals and a selection of reagents
were obtained from the Sigma—Aldrich Company including Dulbecco’s modified eagle’s
medium F12 (DMEM), fetal bovine serum (FBS), penicillin-streptomycin (100 pg/ml), and
phosphate-buffered saline (PBS), trypan blue dye solution, and trypsin- EDTA solution. 2-(2-
-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2 H-tetrazolium. WST-1 reag-
ent was prepared from Roche Holding AG. Cytotoxicity assay kit II was prepared from the
LDH bioscience source. All eukaryote cells were obtained from Pasteur Institute of Iran.

General procedures for the synthesis of compounds 1-13

To a solution of 0.1 g NaOH in 5 mL water, 1 mmol corresponding aldehyde was added
under stirring. Then 1 mmol thiosemicarbazide was gradually added to the solution and under
room temperature the mixture was stirred overnight. Then 5 mL ethyl alcohol was poured into
the mixture, and refluxed for 1 h. After completion of the reaction, monitored by TLC using
EtOAc/n-hexane (1:2) as eluent, the reaction mixture was filtered off to separate precipitate.
Next, the precipitate was recrystallized from boiling ethanol to afford pure crystalline. The
structure of novel compounds was confirmed by application of spectroscopic methods (The
data are given in the Supplementary material to this paper).

Cell culture

Human breast cancer cells (MCF-7), human primary glioblastoma cells (U87), adenocar-
cinomic human alveolar basal epithelial cells (A549), human umbilical vein endothelial cells
(HUVEC) and mouse embryonic fibroblast cell (3T3) as two normal cell lines were obtained
from Pasteur Institute (Tehran, Iran) and incubated at 37 °C and 5 % CO, until flaunted the 75
% of the culture plate. Cells lines were grown in DMEM-F12 supplemented with 10 % FBS,
100 U mL"! of penicillin-streptomycin.
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Cytotoxicity studies

For cytotoxicity assay, a cell suspension containing 10* cells of each cell line were
seeded into each well of a flat-bottomed 96-well plate and incubated for 24 h. On the fol-
lowing day, the medium was aspirated and 100 pl of each concentration (1000, 100, 10, 1, 0.1,
0.01, 0.001 ppm) of examined compounds were added into each well. Then plates were incub-
ated 24 h at 37 °C and 5 % CO, atmosphere. On the next day 10 pl of WST-1 solution was
added to each well and incubated for 4 h. Then the optical density (OD) was measured at 420
nm using an Elisa reader (BioTek EIx800). Cell viability was expressed as 100 % for
untreated cells (control). All measures were performed in triplicates and the survival rate (%)
was calculated as:*0

Survival rate = 100(OD in treatment group/OD in control group) 1)

The inhibitory concentration required for 50 % cytotoxicity (/Cso) was calculated using
the Prism dose-response histogram (Graphpad Prism, Prism 9, version 9.3.0 (463) for Win-
dows, 1992-2021 GraphPad Software, LLC), obtained by plotting the percentage of survival
versus the concentration.

To further support the results obtained by WST-1 assay, the lactate dehydrogenase
(LDH) release of U87, MCF-7 and 3T3 cells after 24 h incubation with compounds number 7,
9, 11 and 12 (as representative compounds) at 10, 100 and 1000 pg mL"! concentrations were
measured using the supernatant of the cell culture media by LDH cytotoxicity detection kit. A
10 pl of culture media on the cell was moved to a 96-well plate and 100 pl of LDH reaction
mix was added to each well. The plate was then incubated at room temperature for 30-60 min
when absorbance was read using the microplate reader. The absorbance was read at 492 nm
using an automatic analyzer RA-1000 (Technicon, Ireland). Triton X (1 %) was used as posi-
tive control. The 650 nm reference absorbance was subtracted from the 450 nm absorbance
reading to give the well absorbance. The cytotoxicity percentage was calculated as:

CytOtOXiCity = 100[(Asample - Alow control)/ (Ahigh control — Alow control)] (2)

where: low control was un-treated cells (control) and high control was treated cells with triton
X1 %.
Statistical analysis

The data obtained from the WST-1 assay were evaluated by one-way ANOVA followed
by Tukey’s test in SPSS (statistical package for social sciences). Results were expressed as
percentages of the control as the mean + SD, and differences from the control groups were
considered significant with p < 0.05. In addition, /Cs, values of the substances were calculated
by nonlinear regression analysis of triplicate experiments by the software Graphpad Prism.

RESULTS AND DISCUSSION

Chemistry

The target compounds were synthesized as outlined in Scheme 1. The con-
densation reaction between thiosemicarbazide and a variety of different sub-
stituted benzaldehyde or benzyloxybenzaldehyde compounds afforded the corres-
ponding target benzylidene thiosemicarbazide derivatives (Table I). The identity
of target compounds was confirmed by melting point, IR, !H- and 13C-NMR
spectra.
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TABLE I. The structure of the synthesized compounds

BENZYLIDENE THIOSEMICARBAZIDES AS ANTICANCER AGENTS
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Scheme 1. Synthetic route for the target compounds. Reagents and conditions:

a) NaOH solution, rt, overnight; b) EtOH, reflux, 1 h.
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Cytotoxicity assay

The cytotoxic effect of thiosemicarbazide derivatives (13 compounds) on
MCF-7, U87, A549, HUVEC and 3T3 cell lines was determined by WST-1 and
LDH assays. The toxicity of the synthesized compounds was investigated in the
concentration range of 0.001 to 1000 mg L-!. However, to be in line with the
published results on the medicinal chemistry, the concentration of compounds in
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micromolar ranged from the least 2.75x103 (cmpd. 7) to 5590 uM (Cmpd. 1)
which is shown in Table II. The WST-1 results are depicted as dose-response
histograms in Figs. 2 and 3 and /Cs values in Table III. The dose-response histo-
grams shown in Figs. 2 and 3 indicate that MCF-7 and HUVEC cell lines are the
most sensitive ones against all tested compounds. Also, 3T3 and U87 cell lines
were considered as the most resistant ones against all compounds at concen-
trations < 10 pg mL-!. In addition, compounds 5 with /Cs5y = 7.3 pM against
MCEF-7, 7 with IC59 = 24.73 uM against U-87, and 11 with /Csq of 46.37 and
46.60 uM against A549 and MCF-7, respectively, accounted for compounds with
the most effective toxicity profiles. Based on statistical analysis, the results
showed that the compounds used in the concentration ranges 0.001-1000 mg L-!
tested on MCF-7, A549 and HUVEC cell lines exhibited a significant difference
(p <0.05).

TABLE II. The concentration of studied compounds applied in biological assays and /Cs, in
terms of uM

Cmpd. c/mgL!

No. 0.001 0.01 0.1 1 10 100 1000
1 5.59x103 5.59x10°2 5.59x10°! 5.59 55.9 559 5590
2 4.68x103 4.68x102 4.68x10°! 4.68 46.8 468 4680
3 3.13x103 3.13x102 3.13x10°! 3.13 313 313 3130
4 3.13x103 3.13x10°2 3.13x10°! 3.13 313 313 3130
5 4.50x103 4.50 x102 4.50 x10°! 4.50 45 450 4500
6 3.79x103 3.79x10% 3.79x10°! 3.79 37.9 379 3790
7 2.75%x103 2.75x102 2.75x10°! 2.75 27.5 275 2750
8 2.75%x103 2.75x102 2.75%10°! 2.75 27.5 275 2750
9 3.25x103 3.25 x102 3.25 x10°! 3.25 32.5 325 3250
10 2.86x103 2.86x102 2.86x10°! 2.86 28.6 286 2860
11 3.82x103 3.82x10°2 3.82x10°! 3.82 38.2 382 3820
12 3.27x103 3.27x102 3.27x10°! 3.27 32.7 327 3270
13 3.12x103 3.12x102 3.12x10°! 3.12 31.2 312 3120

It is known that the free electrons on elements such as N, S, and O have a
high tendency to bind to metal ions such as iron and copper. Because cells need
metallic elements such as iron, zinc, and magnesium to grow, especially in the
G/S1 phase of cell proliferation, so iron deficiency stops cell proliferation and
growth.4!

Cancer cells tend to multiply rapidly thus iron deficiency can affect them
much more. Therefore, iron chelators can have anti-tumor effects.42

Metal chelators have the potential to inhibit iron uptake from iron-carrying
proteins, inhibit the expression of iron-containing enzymes such as ribonucleo-
tide reductase, and inhibit the formation of redox-active iron complexes that pro-
duce reactive oxygen species.*!43 In this project, MCF-7, among cancer cell lines,
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was the most sensitive cell line against all concentrations of synthesized com-
pounds. In contrast, U87 cell line was resistant to almost all compounds at con-
centrations below 100 ppm and showed cell survival of more than 80 %. On the
other hand, healthy cell lines showed completely different behaviour. For
example, the cell line 3T3, which originates from mouse fibroblasts, showed
resistance to all compounds at all concentrations, while HUVEC cell line, origin-
ating from the human umbilical cord, appeared to be sensitive to all compounds,
even at low concentrations, this cell line did not show high cell survival. This
sensitivity and resistance phenomena may be due to the cellular origin and the
type of tissue from which the cells were extracted.
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TABLE III. The I/Cs values of studied compounds

Cmpd. No. A549  MCF-7 U-87 3T3 HUVEC
1 ICso/pM 34453 330.34 1509.44 67.04 506.82
ICso/mgL!  61.67 59.13 270.19 12 90.72
2 ICso/uM  689.46  218.97 602.81 569.09 414.75
ICso/mgL! 14720  46.75 128.70 121.50 88.55
3 ICso/uM 30576 133.05 305.10 265.73 290.89
ICso/mgL!  97.69 4251 97.48 84.90 92.94
4 ICso/uM 111465  283.41 265.20 416.59 396.56
ICs/mgL! 35613 90.55 84.73 133.10 126.70
5 ICso/ uM 598.65 7.30 201.13 3862.61 180.45
ICso/mg L' 132.90 1.62 44.65 857.50 40.06
6 ICso/uM 53.18 84.55 147.05 158.41 339.51
ICso/mgL!  14.04 22.32 38.82 41.82 89.63
7 ICso/uM 192912 62.75 24.73 128.30 188.76
ICso/mgLl 70220  22.84 9.00 46.70 68.71
8 ICso/uM 34643  175.25 200.00 350.14 52.80
ICso/mgL! 12610  63.79 72.80 127.45 19.22
9 ICso/uM 38052  216.69 275.91 513.47 51.30
ICso/mgL! 11720  66.74 84.98 158.15 15.80
10 ICso/uM 60395  317.31 383.69 410.30 186.29
ICso/mg Lt 211.08  110.90 134.10 143.40 65.11
11 ICso/uM 4637 46.60 762.21 17431 907.79
ICso/mgL! 1215 12.21 199.70 45.67 237.84
12 ICso/uM  350.65  540.20 296.05 354.58 754.38
ICso/mgL!  107.30  165.30 90.59 108.50 230.84
13 ICso/pM  217.13  108.94 230.25 827.69 102.78
ICso/mgL!  69.48 34.86 73.68 264.86 32.89

The study carried out by Potiickova and co-workers has shown that the com-
pound 2-benzoylpyridine-4-ethyl-3-thiosemicarbazone reveals high toxicity
effects on HL-60 (human leukemia), MCF-7 and HCT116 (human colon cancer)
and moderate toxicity on A549 and healthy cell line H9C2 (neonatal mouse heart
cell). They claimed that 3T3 fibroblasts were the most resistant of all the cell-
types to every agent examined.** In the research by Serda and co-workers28 on
thiosemicarbazide skeletons, derivatives that exhibited good activity as anti-can-
cer agents were introduced, among those the two compounds, depicted in Fig. 4,
displayed the greatest promise. They attributed the anti-cancer ability of their
compounds to the complexing power of thiosemicarbazides. Their study on the
structure-activity relationship showed that the combination of donor atoms N, N,
S in thiosemicarbazone backbone had a crucial role in the anti-cancer activity of
their compounds, rather than the existence of different fragments in R position.
Also, thiosemicarbazones appear to elevate the level of reactive oxygen species
that disrupt the antioxidant activity of mitochondria triggering apoptosis pro-
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cess.#> The presence of aromatic rings, attached to thiosemicarbazone moiety,
increase the anti-cancer activity by DNA intercalating ability.44

N— Fig. 4. Two thiosemicarbazones with good
antiproliferative activity from Serda and co-
N/ workers’ work.28

The cytotoxicity determinations were performed to confirm the toxycity
effects of the synthesized compounds by WST-1 and LDH assays. Fig. 5 shows
the cell viability (WST-1 assay) and cell mortality (LDH assay) results of three
cell lines (MCF-7, U87 and 3T3) after treatment with four representative com-
pounds (No. 7, 9, 11 and 12) at 10, 100 and 1000 ug mL~! concentrations.

First of all, WST-1 assay was done at different concentrations to recognize
the /C5q values. All of the examined compounds showed a quality of being toxic
to cells. The WST-1 technique is a common colorimetric approach to assess cyto-
toxicity or cell viability through determination of mitochondrial function of cell
by measuring activity of mitochondrial enzymes. Also, to confirm the cell mem-
brane damaging effects of the synthesized materials, the LDH enzyme activity
was measured on the cells after being treated with three of the highest concen-
trations used in this project, which showed toxicity to all the cells.

Considering our WST-1 results that 3T3 and U87 cells below concentrations
less than 10 ug mL-! were evaluated as the most resistant cells, hence for LDH
assay these cells were used in concentrations above 10. From the other cells that
appeared as sensitive cells in this project, MCF-7 cell was also selected for LDH
assay. Also, since the synthesizad compounds exerted high toxicity on most of
the cells at high concentrations, only three high concentrations were used for
LDH assay. Among all 13 synthesized compounds, only 4 representative ones
were used that had good toxicity profiles on the three selected cell lines.

According to the results, all of the examined compounds showed some dis-
turbing effect on the cell membrane and secreted more LDH enzyme. The LDH
assay is used for the assessment of cytotoxicity mediated by toxic compounds
and the LDH enzyme release from damaged cells. In this method, if the cells are
attacked aggressively, due to the membrane destruction and cell damage, there
would be more enzyme level secretion and the subsequent mortality is reported to
be higher.46 However, if cells are attacked by cellular mechanisms, low enzyme
release is reported due to the lack of cell damage.
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Fig. 5. The MCF-7, U87 and 3T3 cells viability (WST-1) and mortality (LDH) after treatment
with various concentrations of compounds No. 7,9, 11 and 12.
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The results shown in Fig. 5 indicate that the mechanism of action of cyto-
toxicity of benzylidene thiosemicarbazides on cells can be addressed differently.

Against 3T3 cells, the studied compounds show their toxicity by the mech-
anism of cell damage and cell destruction. In a way, the more toxic the com-
pound, the lower the cell survival rate, the higher the LDH release, which results
in a higher mortality rate because cell death is achieved through cell destruction.

At high concentration, i.e., 1000 mg L1, the studied compounds displayed
their toxicity against U87 and MCF-7 cell lines through intracellular mechanisms
and not through cell membrane damage, so that despite the low cell survival rate
at this concentration, the level of LDH secretion is at its lowest level. These intra-
cellular mechanisms can be attributed as though specified complexes probably
induce apoptotic death. Compounds 9, 11 and 12 at concentration of 100 mg L-!
also induced MCF-7 cell death by intracellular mechanism, but at low concen-
tration of 10, all four benzylidene thiosemicarbazide derivatives appear to induce
cell destruction leading to the death of U87 and MCF-7 cells, and consequently
the rate of LDH release is proportional with the rate of cell death.

Based on Fig. 5, the behavior of U87 cell after treatment with compounds 9,
11 and 12 at a concentration of 10 mg L-! is strange. Whether this can be
addressed as false positive WST-1 result — due to variable metabolic behavior
under different cell culture conditions,># or impermeability of WST-1 and its red-
uction reaction at the cell surface or at the level of the plasma membrane via
trans-plasma membrane electron transport>> — or whether this is attributed to high
LDH release — due to high spontaneous release caused by poor condition of the
cells used,>® or variability of LDH activity within different cell types>7 or other
conflicting parameters are involved , this remains open for further investigations.

Selectivity index (S])

The selectivity index (S/) is a measure of how differentiated a compound is
against cancer cells compared to healthy cells. To evaluate the toxicity of the
studied compounds, the equation 2 was used to calculate the selectivity index:*#7

§f = 1C5 (healty cell) @)
1C5p (cancer cell)

The results of the selectivity index calculation are shown in Table IV.
Theoretically the higher the S/, the safer a compound would be during treatment
for a given infection and the higher the potential to be developed as a safe drug.48
According to the acceptance criteria for selectivity index, selective compounds
against cancer cells should have S/ > 10; and compounds with S/ lower than 10
but higher than 1 could be considered as non-selective.#’ A lower S/ value (> 3)
has been proposed by Weerapreeyakul et al. for classifying a promising anti-can-
cer agents.*Y However Angel Quispe et al. a further lower S/ value (> 1) and rec-
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ommended for substances to be more cytotoxic to tumor cells than to normal
cells.> Vonthron-Sénécheau et al. suggested an acceptance criterion of SI > 10
for plant extracts with promising antimalarial activity.>! Compounds with SI < 2
are not considered as good candidates for antimalarial activity.#*8 However, rec-
ently Famuyide et al. described SI > 1 for plant extracts with antibacterial effect
as bioactive and non-toxic agents.52 Due to many variations that have been pre-
sented about the selectivity acceptance criteria in different journals as mentioned
above, compounds with SI below 1 are not recommended for further studies.

TABLE IV. The selectivity index values based on 3T3 or HUVEC as healthy cells

Cmpd. No Based on 3T3 Based on HUVEC

A549 MCF-7 U-87 A549 MCE-7 U-87 3T3
1 0.19 0.20 0.04 1.47 1.53 0.34 0.13
2 0.83 2.60 0.94 0.60 1.89 0.69 1.37
3 0.87 2.00 0.87 0.95 2.19 0.95 0.91
4 0.37 1.47 1.57 0.36 1.40 1.50 1.05
5 6.45 529.32 19.20 0.30 24.73 0.90 21.41
6 2.98 1.87 1.08 6.38 4.02 2.31 0.47
7 0.07 2.04 5.19 0.10 3.01 7.63 0.68
8 1.01 2.00 1.75 0.15 0.30 0.26 6.63
9 1.35 2.37 1.86 0.13 0.24 0.19 10.01
10 0.68 1.29 1.07 0.31 0.59 0.49 2.20
11 3.76 3.74 0.23 19.58 19.48 1.19 0.19
12 1.01 0.66 1.20 2.15 1.40 2.55 0.47
13 3.81 7.60 3.59 0.47 0.94 0.45 8.05

In the study of the selectivity index of the studied compounds in relation to
HUVEC as healthy cell, these compounds showed the best selectivity character-
rization against MCF-7 cancer cell line. Against MCF-7, the ST of compounds 5
and 11 far exceeded the value of 10 (more cytotoxic for tumor cells), unlike com-
pound 9, with the least S/ value, which only reached a value of 0.24 (more cyto-
toxic for normal HUVEC cell). Also, compound 11 displayed a S/ = 19.58, as the
most promising compound against A549 and at the same time compound 7 with
ST =17.63 accounted for the most selective one against U-87 when compared with
HUVEC. Also compounds 6 and 11 exerted a S/ > 2 and > 1, respectively,
against all three cell lines, when selectivity ratio was measured based on HUVEC
cytotoxicity.

Instead, all compounds had selective toxicity against cancer cells in relation
to 3T3 cells. According to this, all compounds except 1 and 12, presented S7 > 1
against MCF-7. Compounds 5 and 13 exerted a relatively good safe margin and
promising anti-MCF-7 activity; compounds 5 and 7 against U-87 and compounds
5, 13 and 11 against A549 showed the same selectivity profile when their cyto-
toxicity was compared with 3T3 cytotoxicity. In general, compound 5 presented
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the least cytotoxicity against all three cancer cell lines and the highest cytotox-
icity against 3T3. In the next ranks, compounds 13, 9 and 6 had respectively
acceptable toxicity (S/ > 1) against all three cancer cell lines compared to 3T3.
Based on 3T3, compound 7 was considered as the most cytotoxic agent against
A549 (SI=0.07); compound 1 against MCF-7 with S/=0.20 and compound 11
against U-87 with ST = 0.23 were considered toxic, too.

Generally, compounds 6 and 11 among other compounds showed the best
selectivity against all three cancer cells. This is while compounds 6 and 11 dis-
played relatively low /Csg against all three cancer cells.

By determining the selectivity of these compounds against HUVEC,53 the
effect of the synthesized compounds on angiogenesis can be carefully estimated.
By measuring the selectivity index of the compounds against HUVEC in relation
to 3T3 cell, a cautious estimation of their anti-angiogenic potential can be
apprized, although specific test for anti-angiogenesis evaluation should be per-
formed to speak certainty in this regard.

Looking at the last column in the selectivity indices in Table IV, it can be
said that compounds 5 and 9 (S7 of 21.41 and 10.01, respectively) can be strongly
considered as anti-angiogenic agents. Compounds 13 and 8 (S7 of 8.05 and 6.63,
respectively) are in the second place and compounds 10, 2 and 4 with respective
ST of 2.2, 1.37 and 1.05 ranked the third place. The other compounds can be con-
sidered as general toxic.

CONCLUSION

In this study, a series of benzylidene thiosemicarbazide derivatives were syn-
thesized and tested for their cytotoxicity against three different cancer cell lines
as well as two different normal cell lines. Although most of the derivatives pos-
sessed weak cytotoxic activity against U-87 and, to somehow, A549 cell lines,
they exhibited good activity against MCF-7. Among healthy cell lines the 3T3
cell line showed resistance to all compounds at all concentrations, while HUVEC
cell line appeared to be sensitive to all compounds, even at low concentrations.
Based on this study, compound 5 was found to be the most potent cytotoxic agent
against MCF-7 and compounds B and B against A549 and MCF-7 showed the
highest cytotoxicity. This is while compounds 6 and 11 displayed the best select-
ivity profiles. Based on LDH results, we can say that benzylidene thiosemicarb-
azides show toxicity through different actions. At high concentrations they show
their toxicity by possible formation of specified complexes inducing apoptotic
mechanisms whist at low concentration, they follow destructive approaches.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/10908, or from the corres-
ponding author on request.
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U3BOJ
CUHTE3A HEKUX JEPUBATA BEH3W/INIEH-TUOCEMUKAPBEA3UIA U ITPOLJEHA
BUXOBE HUTOTOKCUYHOCTHU HA U87, MCF-7, A549, 3T3 U HUVEC REJIMJCKUM
JIMHHUJAMA

TOUBA ESLAMINEJAD', YAGHOUB POURSHOJAEI"?, MAHMOOD NAGHIZADEH? HODA ESLAMI?,
MOHAMMAD DANESHPAJOUH? 1 ABDOLREZA HASSANZADEH"?

'Pharmaceutics Research Centre, Institute of Neuropharmacology, Kerman University of Medical Sciences,
Kerman, Iran u ZDepartment of Medicinal Chemistry, Faculty of Pharmacy, Kerman University of
Medical Sciences, Kerman, Iran

Xomeocrasa reoxha ce Mema y TYMOpPHMa Kao OAroBop Ha nopemehaj y excripecuju mpo-
TEHHA 3aBUCHHUX Off rBoxkha. 30or Tora, xenaTopu reoxha yvHe hendje paka pamHUBUjUM Ha
HepgocTatak rBoxbha. Jenumema Koja UMajy THOCEMUKapDOasuiHy CTPYKTypy ca crnocodHouhy
(opMupama MeTaTHIX KOMIUIEKCA UMajy TOTeHLIHjasl ia ienyjy aHTHKaHLepHo. Cepuja nepu-
BaTa TMOceMHKapba3uza je nu3ajHHpaHa U yCIIeIHO CUHTeTH30BaHa, a BhUX0Ba LJUTOTOKCHY-
HOCT je 3aTMM TecTHMpaHa Ha HEKUM KaHLIEpOreHUM, Kao U Ha 1adopaTopHjcCKUM HOPMalIHUM
MOZIE/IHUM CHUCTEMHMA, KOpUIIhemeM KOJIODHUMETpHjcKor TecTa 3acHoBaHor Ha WST-1 pea-
redcy. IIpema pesyiTaTiMa UUTOTOKCHYHOCTH, HEKa jefUberna Cy oKkas3aaa BUCOK TOKCHYHU
edexar ¥ Ha KaHLEpOoreHe W Ha 3Apase henujcke nuHUje. Pe3ynTaTd UCIUTHBAMa TOKCHY-
HOCTH Ha henujckum nuaAjama U87 u A549 cy nokasanu npekuB/baBame Mame o 50 % npu
CBUM KOHIIeHTpalijama Behum on 10 ppm 3a CcBa CUHTETH30BaHa jefuierna. hennjcka TUHHja
MCEF-7 je noxasana NpUOJMKHO HCTO NMOHALIalke U UMaa je npexuBibaBame Mame of 60 %.
3T3 y nopehewy ca HUVEC henujckom THHHjOM IOKa3ao je MOTIYyHO Apyraudje MoHallame y
OJHOCY Ha CHHTETH30BaHa jefumbema U UMao je IpexuBbaBame Buiie of 50 %. V3mepeH je u
MHIEKC CeIEKTUBHOCTH U Ha OCHOBY pe3yJTaTa CTyuje MOXKe Ce 3aK/byYUTH 1ia NPO(UI LUTO-
TOKCHYHOCTH CHHTETH30BaHUX jemumerma Ha 3T3 henujckoj MUHUjU Mokasyje 3Ha4yajHy pas-
JIUKY, IITO YKa3yje Ha Jodap aHTHKaHIleporeH! edeKkaT OBUX jeIHUmbemha.

(ITpumsseno 30. jyna 2021, pesunupaso 15. janyapa, npuxsaheno 24. pedpyapa 2022)
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