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Abstract
4-thiazolidinones are five-membered heterocyclic ring compounds with diverse 
pharmacological impacts. In a previous study, we reported a series of newly 
synthesized derivatives of 4-thiazolidinones with different functional groups, 
which exhibited anticancer activity against ovarian (SKOV3) and cervical (HeLa) 
cancer cell lines. Among these derivatives, (4-fluorophenyl) thiazolidin-4-one (4-TH) 
demonstrated potent cytotoxic activity against SKOV3, with an IC50 value of 12.3 µM. 
However, it was also found to be extremely toxic to normal cells (CHO-K1) with an 
IC50 of 7.5 µM. Before considering its use in cancer research, it is crucial to gain a 
comprehensive understanding of its potential genotoxic effects on normal cells. In 
this study, we aimed to assess the in vitro cytogenetic toxicity of 4-TH using normal 
Chinese hamster ovary cells (CHO-K1). Referring to the IC50 of 4-TH, we selected 
three sub-lethal concentrations (2, 5, and 7.5 µM) and treated CHO-K1 cells for 24 h 
(one cell cycle duration) to estimate its dose-dependent induction of chromosome 
aberrations, and examine the effect of 4-TH on cell division, micronucleus induction 
potential and cell cycle arrest properties following standard protocols. The results 
showed that 4-TH was highly toxic to normal cells, as all three sublethal concentrations 
caused a statistically significant increase in the number of chromosomal aberrations 
(P < 0.001), formation of micronuclei (P < 0.01), and changes in the rate of cell division 
(mitotic index) (P < 0.05) compared to control. In addition, there was a significant 
increase in the number of cells in the G1 phase, indicating that all concentrations 
of 4-TH tested induced apoptosis. The evaluation of the cytotoxic, clastogenic, and 
aneugenic properties of 4-TH, a potent cytotoxic agent, will undoubtedly provide 
critical information for determining its safety and potential as an anticancer drug.
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1. Introduction
Heterocyclic compounds hold significant pharmacological importance[1,2]. Recently, there 
has been increasing industrial and biological interest in the chemistry of 4-thiazolidinones 
due to their diverse bioactive properties[3]. Thiazolidinones are five-membered heterocyclic 
compounds with a sulfur atom at position 1, a nitrogen atom at position 3, and a carbonyl group 
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at position 2, 4, or 5. Depending on the position of the oxo 
group or keto group, they are classified as 2-thiazolidinones, 
4-thiazolidinones, and 5-thiazolidinones[4]. The applications 
of 4-thiazolidinone compounds are particularly diverse 
and can be found in a variety of clinically employed drugs. 
These compounds exhibit antitubercular[4], antimicrobial[5,6], 
anticonvulsant[7-9], anti-inflammatory and analgesic[10], and 
anti-cancer[11-13] properties. In addition, they have been reported 
as cox-1 inhibitors[14], bacterial enzyme inhibitors, and non-
nucleoside inhibitors of HIV Type 1 reverse transcriptase[15-20]. 
Some synthetic 4-thiazolidinone (2-thioxo-4-thiazolidinone) 
derivatives have demonstrated potent cytotoxic against 
renal cancer, non-small cell lung cancer, breast cancer, 
melanoma, and ovarian cancer cell lines[21]. The versatility of 
4-thiazolidinone derivatives has made them widely utilized 
pharmaceuticals and agrochemicals[22]. They have also been 
identified as optical brighteners[23], antioxidants[24], corrosion 
inhibitors[25], and additives with various additional properties. 
The popularity of heterocyclic molecules can be attributed 
to their ease of molecular structural modification, allowing 
for specific customization[26]. The reason these heterocyclic 
compounds perform so well is that they can act as molecules 
that can control protein synthesis, transmission of energy of 
nerve impulses, sight, and metabolism, all of which depend on 
chemical involvement of heterocyclic molecules in the form 
of vitamins, enzymes, co-enzymes, nucleic acids, ATP, and 
serotonin[27].

Earlier toxicological assessments were performed on 
various synthetic 4-thiazolidinone derivatives employing 
different methodologies, including acute toxicity, analgesic, 
and anti-inflammatory studies using mice models, which 
reported that the compounds did not cause any morbidity 
and mortality[28]. In line with this, we previously synthesized 
novel thiazolidine-4-one derivatives that demonstrated 
significant anticancer and antibacterial activities[29]. Among 
these derivatives, (4-fluorophenyl) thiazolidin-4-one (4-TH) 
showed potent anticancer activity against ovarian cancer 
cells (SKOV3) as well as toxicity to normal Chinese hamster 
ovary cells (CHO-K1). However, further investigation is 
needed to fully explore the safety and possible toxic effects of 
these compounds, particularly in the context of their use as 
chemotherapeutic agents. Hence, in this study, we employed 
4-TH to assess its detailed genotoxic potential (clastogenic, 
mitotoxic, and aneugenic potentials) as well as its impact on 
the cell cycle in normal CHO-K1 cells.

2. Materials and methods
2.1. Test chemical

(4-fluorophenyl) thiazolidin-4-one (4-TH) was used in 
this study to assess its possible genotoxic potential in vitro. 
Its chemical structure and IUPAC name are as follows:

Molecular weight: 496.49

IUPAC name: N-(4-fluorophenyl)-2-(4-(((2Z,5Z)-2-
((4-fluorophenyl)imino)-4-oxo-5-(2-oxopropylidene)
thiazolidin-3-yl)methyl)-1H-1,2,3-triazol-1-yl)acetamide 
(4-TH)

2.2. DPPH assays

2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) is 
an electron transfer-based free radical technique that 
creates a violet solution in methanol. This experiment 
was carried out following our prior published work[30]. 
The DPPH assay is a simple and rapid approach to 
investigate antioxidant properties. The violet color 
of the DPPH solution changes to yellow as the molar 
absorptivity of DPPH radicals at 517  nm decreases 
from 9660 to 1640. During the assay, the odd electron 
of the DPPH radical is coupled with a hydrogen atom 
from a free radical scavenging antioxidant, resulting in 
the formation of the reduced DPPH-H. The subsequent 
decolorization of the solution is stoichiometric in terms 
of electron capture.

2.3. Cell line

The CHO-K1 cell line, a normal mammalian cell line, 
was obtained from ATCC (Bethesda, MD, USA). It was 
maintained in DMEM medium supplemented with 
10% FBS, 2 mM L-glutamine, 100 µg/ml penicillin, and 
100 µg/ml streptomycin, incubated at 37°C in a 5% CO2 
incubator. Cell viability, chromosome aberration, mitotic 
index, and micronucleus (MN) assays were conducted 
following the Organisation for Economic Co-operation 
and Development guidelines and our earlier published 
work[31,32].

2.4. Cell assays

2.4.1. Cytotoxicity and in vitro cytogenetic toxicity

MTT assay is a cell viability test commonly used to 
determine the cytotoxicity potential of chemicals. In the 
present study, CHO-K1 cells were seeded in 96-well culture 
plates. Once all of the cells attached to the plate surface, 
different concentrations of 4-Thiozolidone, ranging from 
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1 to 20 µM, were added in triplicates and incubated for 
24  h. The media was discarded carefully to avoid cell 
dislodgement, and serum-free media containing MTT was 
added. The plate was then kept in a CO2 incubator for 2 
– 3  h to allow drying. Next, 100 µl of dimethylsulfoxide 
(DMSO) was added to each well to dissolve the crystals, 
and OD readings were taken at 570  nm to calculate the 
percentage of cell viability.

Based on the cytotoxicity results from the MTT 
assay, three sub-lethal concentrations of the (4-TH) 
(2, 5, and 7.5 µM) were selected for further cytogenetic 
toxicity studies, including chromosome aberration, mitotic 
index, and MN assays. All these tests were performed 
following our previously published work[31,33].

2.4.2. Chromosomal aberration assay

Chromosome aberration assay is performed to assess the 
clastogenic effects of compounds. In the present study, 
mitomycin-C and DMSO were used as the positive and 
vehicle controls, respectively, for comparison. The assay 
procedure followed our earlier work with some minor 
modifications, which are described briefly in the following. 
Cells were cultured and categorized into five different 
test groups. One group was treated with only DMSO as a 
vehicle control, and another with mitomycin-C (2.5 µM) as 
a positive control. The remaining three groups were treated 
with three different concentrations of 4-TH. All the treated 
cells were incubated for 24  h in 5% CO2 at 37°C, then 
transferred to fresh media, and treated with 0.02% (w/v) 
colchicine for 30 – 40 min to arrest the cells in metaphase. 
The collected cells were washed with phosphate-buffered 
saline (PBS) and trypsinized. After hypotonic treatment 
with 0.5% KCl, cells were incubated in a 37°C incubator 
for 20 – 30  min and then centrifuged at 2000  rpm for 
5 min. The cell pellet was collected and fixed with a fixative 
(1:3  v/v methanol and acetic acid). Chromosome slides 
were prepared using the flame drying method and stained 
with 10% Giemsa. At least 100 well-spread chromosome 
spreads in triplicates were scored from each concentration 
of 4-TH and from both control groups. During the count, 
each metaphase spread was screened to determine the 
clastogenic effects of the chemical by observing chromatid 
and chromosome aberrations, such as gaps, breaks, 
fragments, minutes, pulverization, and translocations.

2.4.3. Mitotic index assay

Mitotic index assay is performed to assess the effect of 
a compound on the proliferation rate of the cells and 
provides information on the rate of cell division in the 
presence of a toxicant. In the present study, slides were 
prepared following a similar procedure to the chromosome 
aberration assay, and the mitotic index was obtained 

from the ratio of the number of dividing cells (prophase 
to telophase) to the total number of cells observed. At 
least 2000  cells per test concentration were screened in 
triplicates.

2.4.4. MN assay

MN assay is a method used to assess both the clastogenic and 
aneugenic potency of a test chemical. In this study, CHO-
K1 cells were treated with three different concentrations of 
4-TH for 24 h. After treatment, the cells were washed with 
PBS and treated with cytochalasin-B (3 µg/ml) for another 
24  h to obtain bi-nucleated cells. Subsequently, the cells 
were collected and incubated with 0.9% (v/v) sodium citrate 
for 10 min at 8°C. Following this, the cells were centrifuged 
at 1200 rpm for 5 min, and the pellet was collected. To this 
pellet, 0.5 ml of fresh sodium citrate was added, and smears 
were prepared on clean, grease-free glass slides. The slides 
were then kept overnight at 37°C in an incubator under 
85% relative humidity. Finally, the slides were stained with 
0.5% of Giemsa stain to visualize and score the presence of 
MN. At least 2000 cells were scored in triplicate to calculate 
the percentage of MN for each concentration, which was 
then compared with the control groups.

2.4.5. Cell cycle analysis

The effect of 4-TH on different phases of the cell cycle 
was assessed using flow cytometry analysis, following our 
previously reported protocol[33]. Briefly, CHO-K1 cells were 
treated with three different concentrations of 4-TH (2, 5, and 
7.5 µM). Following treatment, the cells were trypsinized, 
collected in ice-cold 1 × PBS, and then washed twice. 
Subsequently, they were fixed overnight in 70% ethanol 
at −20°C. The following day, the sample was washed with 
1×PBS, and the cells were stained using a propidium iodide 
(PI) solution supplemented with RNAse and triton-X for 
45 min at room temperature. After staining, the cells were 
washed with 1 × PBS to remove any unbound PI, and cell 
cycle analysis was performed using the BD fluorescence-
activated cell sorting (FACS) Canto system (USA).

2.5. Statistical analysis

Each experiment was carried out in triplicate. The results 
were analyzed using Student’s t-test, followed by one-way 
analysis of variance tests (Dennett’s post-test was performed 
using GraphPad Prism version 8, GraphPad Software, San 
Diego, CA). The mean differences were compared with the 
corresponding control samples to determine the level of 
significance.

3. Results and discussions
Despite the numerous bioactive properties reported 
for 4-thiazolidinone derivatives, a comprehensive 
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safety assessment is essential for their further clinical 
development[34]. Therefore, in this study, we conducted a 
detailed cytogenetic investigation on 4-TH using a normal 
mammalian cell line.

3.1. Cytotoxic and antioxidant effects of 4-TH

The cytotoxicity of 4-TH was tested at various 
concentrations ranging from 0.1 µM to 100 µM on the 
CHO-K1 cell line, and 50% cell death was observed 
at 7.5 µM concentration (Figure  1), indicating a high 
cytotoxic nature of the compound. Using this IC50 value 
as a reference, we selected three sub-lethal concentrations 
and conducted tests on normal CHO-K1  cells to assess 
their cytogenetic toxicity and effects on the cell cycle. In 
addition, we investigated whether the toxic effects were 
due to radical generation or direct interaction with the 
genetic material by evaluating the antioxidant properties 
of 4-TH using the DPPH assay.

The DPPH assay conducted on 4-TH demonstrated 
significantly lower antioxidant activity compared to the 
standard compound butylated hydroxytoluene. These 
observed antioxidant properties of 4-TH were consistent 
with the previous results on various thiazolidinone 
derivatives of 1,3-thiazole and 1,3,4-thiadiazole[35]. In 
general, the phenolic hydroxyl group is associated with 
antioxidant activities due to hydrogen donation and free 
radical stabilization through resonance. The results showed 
that the scavenging effect increased with increasing 4-TH 
concentrations, with the EC50 value found to be 50 µM 
(Figure 2). The antioxidant activity could be attributed to 
the presence of phenolic hydroxy groups in the structures. 
However, IC50 in CHO-K1  cells revealed that even at 
7.5 µM, it induced 50% cell death. This high toxicity in the 
presence of 4-TH could be due to an increase in oxidant 
radical generation, even at low concentrations. These 
radicals may interact with cell biomolecules and genetic 
material, causing more cytotoxic effects in CHO-K1 cells, 
even at very low concentrations.

3.2. Effect of 4-TH on cell cycle phases

We performed FACS to evaluate changes in cell cycle 
phases and understand the toxic effect of 4-TH on 
CHO-K1  cells. As shown in Figure  3, all three tested 
concentrations of 4-TH (2.5, 5, and 7.5 µM) induced 
apoptotic cells in the sub-G1 phase, with percentages of 
8.7%, 5.9%, and 7.5%, respectively. In addition, a higher 
accumulation of cells was observed in G0/G1 phase. This 
arrest of cells at the G0/G1 phase could be attributed to the 
DNA repair process, indicating that the cells experienced a 
highly toxic exposure to the compound and required time 
to pass through S-phase. Thereby there was a reduction in 
cell population in the S phase. Moreover, during the G2/M 

phase, a higher number of cells accumulated compared to 
other phases, suggesting that cells were undergoing DNA 
repair during mitotic cell division. This study provides 
evidence that 4-TH has the ability to induce DNA damage, 
leading to the activation of apoptosis pathways in the cells. 
It is also assumed that the unrepaired DNA-damaged cells 
from the G1 phase finally arrest at the G2/M phase for 
further DNA repair before entering the next cell division. 
Hence, 4-TH is likely to induce cell death, possibly through 
apoptosis, and the toxicity caused is independent of the S 
phase.

3.3. Cytogenetic toxicity of 4-TH

3.3.1. Chromosomal aberration assay

Chromosomal aberrations were assessed in CHO-
K1 cell lines after 24  h of post-treatment with DMSO, 
mitomycin-C, and 4-TH at different concentrations 
(2.5, 5, and 7.5 µM). DMSO-treated cells exhibited 26 

Figure 2. Antioxidant activity of 4-TH. Data are presented as the mean 
of two independent replications ± standard error of the mean (SE); EC50 
value of 4-TH = 50 µM.

Figure 1. Percentage of cytotoxic effect (MTT assay) of 4-TH on CHO-
K1 cell line.
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Figure 3. The effect of 4-TH on the cell cycle distribution in CHO-K1 cells.

Figure 4. Cytogenetic toxicity of 4-TH in different concentrations on Chinese hamster ovary cells. (A) Percentage of aberrant metaphases; (B) total number 
of aberrations including gaps; and (C) total number of aberrations excluding gaps. (D) Changes in mitotic index and (E) induction of micronucleus. 
***P < 0.001, **P < 0.01, and *P < 0.05 compared to dimethylsulfoxide (vehicle control) using Dunnett’s multiple comparison test.
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aberrant metaphases (8.63%) out of 301 metaphases, 
with 9.95% of aberrations including gaps and 4.9% 
excluding gaps. Mitomycin-C induced 90 aberrant 
metaphases (25.63%) out of 351 metaphases, with 56.41% 
of aberrations including gaps, and 40.48% excluding 
gaps. During the evaluation, mitomycin-C treated cells 
induced a greater number of complex chromosomal 
abnormalities like triradial and dicentric chromosomes. 
The induction of chromosomal aberrations was found to 
be statistically significant at P < 0.001 level compared to 
the group treated with DMSO (Table 1). 4-TH compound 
at 2.5 µM induced 73 aberrant metaphases (26.76%) out 
of 270 metaphases, with 42.22% of aberrations including 
gaps, which were statistically significant compared to 
DMSO-treated cells (P < 0.001). Moreover, the percentage 
of aberrations excluding gaps was 26.29%, which showed 
statistical significance when compared with the vehicle 
control (P < 0.01). At an intermediate concentration of 
5 µM, 101 aberrant metaphases (33.33%) were observed 
out of 301 metaphases, with 53.15% aberrations including 
gaps (P < 0.001), and 29.90% of aberrations excluding 
gaps (P < 0.01) compared to DMSO-treated cells. The 
highest concentration of 7.5 µM induced 90 aberrant 
metaphases (30%), with 58.66% aberrations including 
gaps, which were statistically significant when compared 
to the vehicle control (P < 0.001). In addition, the total 
number of aberrations excluding gaps (29.33%) was 
statistically significant (P < 0.01) when compared to the 
vehicle control (Figure 4A-C). 

DNA strand-breaks induced by the toxic agents can 
manifest as various forms of chromosome aberrations, 
depending on the phase of the cell cycle. For example, 
DNA damage occurring during the G1 phase mostly leads 
to chromosome aberrations such as chromosome gaps, 
chromosome breaks, dicentric chromosomes, or ring 
chromosomes. On the other hand, when the agent causes 
DNA damage during the S-phase of the cell cycle, it primarily 
results in chromatid aberrations, including chromatid 
gaps, breaks, fragments, or minutes[31,36]. Among all the 
tested concentrations of 4-TH, the highest concentration 
(7.5 µM) induced a higher number of translocations, 
ring chromosomes, and other complex chromosomal 
aberrations compared to other concentrations. In addition, 
this chromosome aberration test confirms that 4-TH at 
all three tested concentrations exhibits highly clastogenic 
properties (Table 1).

3.3.2. Mitotic index

To understand the rate of cell division in the presence of 
different concentrations of 4-TH, the mitotic index was 
analyzed. The cells treated with DMSO exhibited 277 dividing 
cells (9.12%) out of a total of 6039 cells observed. In contrast, Ta
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the positive control, the cells treated with mitomycin-C, 
showed 371  (12.15%) dividing cells out of 3051  cells, and 
the mitotic index was statistically not significant (Table  2). 
Similarly, in CHO-K1 cells treated with 4-TH at 2.5 µM and 
5 µM concentrations, the rate of dividing cells was significantly 
higher compared to the vehicle control (P < 0.05). However, no 
significant difference in the rate of dividing cells was observed 
when the cells were treated with 4-TH at a concentration of 
7.5 µM. The lowest and intermediate concentrations of 4-TH 
induced a significant increase in cell division compared to 
control DMSO (P < 0.05). The highest concentration of 4-TH 
induced a lower percentage of dividing cells, and it was not 
statistically significant compared to DMSO-treated cells 
(Figure 4D). Interestingly, all these three concentrations of 
4-TH induced a greater number of dividing cells compared 
to the positive control group. These results are also correlated 
with the cell cycle study, where a greater number of cells 
accumulated in the G/M phase.

3.3.3. Micronuclei

In the DMSO-treated CHO-K1  cells, 11 micronuclei 
(1.82%) were observed out of 6039  cells. However, cells 
treated with mitomycin-C (2.5 µM) had a significantly 
higher percentage of MN (8.60%), with 51 micronuclei 
observed out of 6046 cells (P < 0.001). Among the 4-TH 
treatment groups, cells treated with 2.5µM concentration 
exhibited 17 MN (2.82%) out of 6016  cells, 5 µM 
concentration exhibited 22 micronuclei (3.63%) out of 
6048  cells, and 7.5 µM concentration exhibited 31 MN 
(5.10%) out of 6077  cells. The lowest concentration of 

2.5  µM did not show any statistical significance, while 
the intermediate concentration of 5 µM showed statistical 
significance at P < 0.05 level, and the highest concentration 
of 7.5 µM showed statistical significance at P < 0.01 
level when compared to the vehicle control. Among all 
the tested concentrations, 7.5 µM showed the highest 
percentage of MN induction (Table 3). The formation of a 
greater number of MN is also correlated with the observed 
chromosome aberrations, such as breaks, fragments, and 
minutes, which could not participate during the anaphase 
stage and ultimately form MN[37,38]. Hence, based on this 
MN test, it is confirmed that all the tested concentrations 
of 4-TH exhibit a highly aneugenic nature.

4. Conclusion
Our in vitro genotoxicity assessments on the mammalian 
cell line system revealed that 4-TH possesses high 
clastogenic and aneugenic properties, induces apoptosis, 
and significantly affects the proliferation rate of normal 
cells. These findings raise concerns about the potential 
carcinogenic and mutagenic effects of 4-TH on normal 
cells, which could pose health risks, including the 
recurrence of secondary cancers post-treatment with this 
compound as a drug. Therefore, further investigations are 
imperative to ensure the safety of 4-TH.
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