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Original Article
Atorvastatin Mitigates Cisplatin-induced Genotoxicity 
and Oxidative Stress in Human Lymphocytes: Insights 
From the Micronucleus Assay

Background: Cisplatin (Cis), an alkylating antineoplastic agent, is commonly used to treat 
bladder, ovarian, and testicular cancers. Prolonged use can lead to genotoxicity, potentially 
mediated by oxidative stress. 

Objectives: This study aimed to evaluate the protective potential of atorvastatin (Atv) against 
Cis-induced genotoxicity in cultured human lymphocytes.

Methods: Peripheral lymphocytes were divided into four groups: control, Cis (12 μM), 
Atv combined with Cis (50, 100, 1000 μM), and Atv alone (1000 μM). Micronucleus (MN) 
frequency was assessed as a marker of chromosomal damage, while glutathione (GSH) levels 
and lipid peroxidation (LPO) were measured to evaluate oxidative stress.

Results: Cis treatment significantly increased MN frequency and LPO levels and reduced GSH 
compared with the control group (P<0.05). Co-treatment with Atv markedly ameliorated MN 
formation and oxidative stress markers, restoring GSH levels toward baseline. Notably, the 
protective effect was most pronounced at 50 μM Atv, consistent with a hormetic antioxidant 
response. Higher concentrations (100–1000 μM) did not further enhance antioxidant effects, 
likely due to saturation of cellular uptake or mild redox imbalance.

Conclusion: Cis induces genotoxicity in human lymphocytes primarily through oxidative 
stress mechanisms. Atv effectively mitigates this genotoxicity by restoring redox homeostasis 
and enhancing chromosomal protection, with an optimal protective effect observed at 
intermediate concentrations. These findings suggest that Atv may have therapeutic potential 
to counteract Cis-induced cellular damage and support further investigation into its adjunctive 
use in chemotherapy.
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Introduction

isplatin (Cis) was initially recognized for 
its inhibitory effects on the proliferation 
of Escherichia coli. Subsequent investiga-
tions have revealed its substantial antineo-
plastic and cytotoxic impacts on malignant 
cells [1].

Cis is a prominent chemotherapeutic agent with signifi-
cant therapeutic value in the management of diverse ma-
lignancies, including leukemia, lymphoma, breast car-
cinoma, ovarian carcinoma, head and neck carcinoma, 
cervical carcinoma, sarcoma, and, especially, testicular 
carcinoma [1, 2]. Despite its broad therapeutic spectrum, 
some side effects of Cis limit its use. Nephrotoxicity, 
ototoxicity (cochlear damage), and neurotoxicity are the 
primary complications associated with Cis administra-
tion. These adverse effects restrict the broader use of Cis 
in clinical settings [3].

Alkylation is one of the most critical mechanisms of 
Cis’s action. Upon cellular entry, Cis dissociates its chlo-
ride ligand to form more stable bonds with cellular mol-
ecules, thereby exerting anticancer effects [4]. This mo-
lecular transformation results in the formation of DNA 
adducts, inhibiting DNA synthesis and impeding cellular 
proliferation [1].

Nevertheless, due to its alkylating properties, Cis can 
also harm normal cells [2]. This significant interaction 
with DNA initiates a sequence of cytotoxic reactions, 
such as genotoxicity [5].

Furthermore, oxidative stress plays a central role in 
Cis-induced genotoxicity [2]. Cis generates reactive ox-
ygen species (ROS), including superoxide and hydrox-
yl free radicals. Research has indicated that Cis-based 
chemotherapy reduces plasma levels of intrinsic anti-
oxidants, such as glutathione (GSH) [6]. Consequently, 
these events lead to apoptosis, necrosis, and genotoxicity 
[1, 2].

Recently, Cis-induced genotoxicity has garnered sig-
nificant attention due to its capacity to induce profound 
DNA damage in non-tumor cells [1, 2]. Long-term use 
of Cis in patients can cause genetic abnormalities dur-
ing chemotherapy and in subsequent years. Even a single 
dose of Cis increases the incidence of micronucleated 
polychromatic erythrocytes, indicating genetic damage 
and chromosomal abnormalities [7, 8].

Oxidative stress occurs when there is an imbalance be-
tween harmful reactive oxygen and nitrogen molecules 
and the body’s ability to neutralize them. This imbalance 
may result in various health issues, including tumors, 
heart problems, artery blockage, metabolic imbalances, 
and cancers [9]. The deleterious impact of antineoplastic 
agents on healthy tissues culminates in the development 
of secondary malignancies [6].

Therefore, antioxidant compounds offer an effective 
means to attenuate oxidative genotoxicity [10].

In recent years, increasing attention has been directed to-
ward the antioxidant and pleiotropic properties of Atv [11, 
12]. Atorvastatin (Atv), a potent inhibitor of 3-hydroxy-
3-methylglutaryl coenzyme A reductase, exerts its primary 
pharmacological effect by suppressing endogenous cho-
lesterol biosynthesis, thereby facilitating hypercholester-
olemia management [13, 14]. Beyond its lipid-lowering 
capacity, a growing body of evidence demonstrates that 
Atv confers significant antioxidant effects, particularly in 
individuals with diabetes, where it has been shown to at-
tenuate oxidative stress by modulating ROS, enhancing en-
dothelial function, and downregulating pro-inflammatory 
pathways [12, 15-17]. Moreover, recent investigations sug-
gest that Atv may mitigate or delay the progression of oxi-
dative steatohepatitis in patients with diabetes, potentially 
through its integrated antioxidant, anti-inflammatory, and 
metabolic regulatory mechanisms [18, 19].

This study examined the genotoxic effects of Cis, a com-
monly used chemotherapeutic drug, emphasizing its role in 
promoting oxidative stress and DNA damage in non-can-
cerous cells. Additionally, it investigates the potential pro-
tective properties of antioxidant agents, particularly Atv, in 
alleviating Cis-induced genotoxicity and oxidative stress.

Materials and Methods 

Chemicals

RPMI-1640 medium, fetal bovine serum (FBS), anti-
biotic/antimycotic solution, phytohemagglutinin (PHA), 
Cis, cytochalasin B, potassium chloride (KCl), metha-
nol, glacial acetic acid, sucrose, magnesium chloride, di-
sodium phosphate, tris-hydrochloride, phosphoric acid, 
thiobarbituric acid (TBA), n-butanol, tetramethoxypro-
pane, ethylenediaminetetraacetic acid, trichloroacetic 
acid (TCA), tris-ammonium, Sodium acetate, dithionitro 
benzoic acid (DTNB), Atv, Cis and GSH were used in 
this study. These chemicals were purchased from Sig-
ma–Aldrich (St. Louis, MI, USA) and Merck (Darm-
stadt, Germany).

C
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Cell preparation

Blood samples (7 mL) were collected from five volunteers 
in accordance. Subsequently, the samples were cultured in 
6-well plates containing RPMI 1640 medium, 10% FBS, 
and an antibiotic/antimycotic solution. Cell division was 
stimulated by adding 100 μL PHA to each well. Following 
this, the cells were incubated at 37 °C with 5% CO2 for 24 
hours. Subsequently, specific treatments were administered 
to the cells based on the experimental groups [20-23].

The experimental groups were outlined as follows:

Group 1 (control): Peripheral blood lymphocytes with 
no treatment (RPMI-1640 Medium); group 2 (positive 
control): Cells treated with Cis (12 μM); group 3: Cells 
pre-treated with Atv (50 μM)+Cis; group 4: Cells pre-
treated with Atv (100 μM)+Cis; group 5: Cells pre-treat-
ed with Atv (1000 μM)+Cis. The concentration of Atv 
deemed effective was established based on pretests and 
comparable studies. Group 6: Atv (1000 μM) without 
Cis. All procedures are shown in Figure 1.

Micronucleus (MN) assay

MN assay was performed to assess genotoxicity in hu-
man lymphocytes, as previously described [24].

Twenty hours after exposure, cytochalasin B (5 mg/
mL) was added to the cells to arrest the cell cycle in 
cytokinesis. The cell culture medium was harvested and 
centrifuged after 28 hours. Next, the supernatant was 
gently removed, and the cells were treated with a mild 
hypotonic solution (0.075 M potassium chloride [KCL] 
for 5 minutes). After fixing the samples with glacial ace-
tic acid, they were refrigerated for 24 hours. The slides 
were transferred to a freezer and kept until frozen. Next, 
three drops of the cell suspension were placed on each 
microscopic slide from a distance of 10 cm, then the 
drops were smeared. The microscopic slides were air-
dried at room temperature. In the next step, the slides 
were stained with Giemsa stain. First, a 2% Giemsa so-
lution was prepared using phosphate buffer. The slides 
were then incubated in this solution for 10 min. Next, 
the slides were rinsed with distilled water for 10-15 s 
to remove any possible staining sediment. The samples 
were air-dried and prepared for microscopic analysis. 
The slides were analyzed at 40x magnification (100x 
if more detail was required). The frequency of micro-
nuclei and nucleoplasmic bridges per 1000 cells was 
calculated and reported as a percentage. The MN fre-
quency was calculated per 1000 binucleated cells and 
reported as a percentage.

Quantification of ROS level

ROS levels were measured using dichlorodihydrofluo-
rescein diacetate (DCFH-DA) as an indicator. Following 
exposure, DCFH-DA was added at a final concentration 
of 10 mM and incubated for 10 minutes. ROS generation 
in isolated human lymphocytes was subsequently deter-
mined using a fluorescence spectrophotometer (Shimad-
zu RF5000U) with excitation at 485 nm and emission at 
520 nm.

Lipid peroxidation (LPO) measurement

The concentration of malondialdehyde (MDA), a by-
product of LPO, was assessed using TBA, which reacts 
with MDA. To elaborate, 0.25 mL of 0.05 M phosphoric 
acid was added to the cellular suspension from each test 
group, followed by the addition of 25 µM TBA reagent 
into the microtubes.

The microtubes were incubated for 30 minutes in a boil-
ing water bath at 95 °C, then immersed in an ice bath. 
Subsequently, 4 mL of n-butanol was added to each 
microtube and thoroughly mixed, after which centrifu-
gation was conducted at 3500 rpm for 10 minutes. Ap-
proximately 150 µL of the resulting upper solution from 
the centrifugation process was carefully transferred to a 
microplate. MDA content was determined by measuring 
the absorbance at 535 nm [20]. A standard curve was gen-
erated using tetramethoxypropane, and the MDA concen-
trations were expressed as micromoles per litre (µM).

GSH content measurement

The GSH content was assessed using DTNB, which 
produces a yellow colour upon reaction with sulfhydryl-
containing compounds. Each sample (1 mL) was com-
bined with 1 mL of 10% TCA, mixed for 2 minutes us-
ing a shaker, and then centrifuged at 3500 RPM for 15 
minutes. Subsequently, 2.5 mL of Tris buffer (0.4 M, pH 
8.9) and 0.5 mL of DTNB reagent were added to 1 mL 
of the supernatant. The resulting yellow colour was mea-
sured at 412 nm using a spectrophotometer, allowing for 
the determination of GSH concentration via a standard 
calibration curve [24].

Statistical analysis

The results are presented as Mean±SD. All statistical 
analyses were performed using GraphPad Prism soft-
ware, version 6. Statistical significance was determined 
using one-way analysis of variance, followed by Tukey’s 
post hoc test. Statistical significance was set at P<0.05.
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Results

Management of genotoxicity in human lympho-
cytes via MN assay

Results of MN assay 

Based on the data presented in Figure 2, the percent-
age of micronuclei in lymphocytes treated with Cis 
(26.50%) was significantly higher than that in the con-
trol group (0.6%). Groups treated with Cis+Atv 1000 
exhibited a statistically significant decrease compared to 
the Cis group (P<0.001). Figure 2 demonstrates that Atv 
dose-dependently reduced the frequency of micronuclei, 
suggesting a dose-dependent effect on MN frequency.

Results of ROS production

As shown in Figure 3, the Cis-treated group exhibited 
the highest ROS levels, while the control group showed 
the lowest (P<0.001). Atv administration notably re-
duced ROS levels following Cis exposure, particularly 
at 50 μM (P<0.001). Moreover, there was no signifi-
cant difference in ROS levels between the Cis+ATV 
100/1000 groups (P<0.01). 

Results of LPO measurement 

As shown in Figure 4, the Cis group had the high-
est LPO levels, while the control group had the lowest 
(P<0.001). Furthermore, compared to the Cis group, 
the Cis+ATV50 group demonstrated even more sig-
nificant differences compared to the Cis+Atv100 group 
(P<0.001). Moreover, the most significant reduction in 
LPO peroxidation was observed in the Cis+Atv50 group.

Results of GSH content measurement

As shown in Figure 5, the control group exhibited the 
highest GSH levels. Remarkably, there was a minimal 
disparity between the control and Cis+Atv50 groups. 
Conversely, the group receiving Cis showed the lowest 
GSH levels among all groups, with a statistically signifi-
cant reduction compared to the control group (P<0.001). 
Atv led to a higher level of GSH than in the Cis group. 
However, the maximum effect and increase were ob-
served in the Cis+Atv 50 group (P<0.05).

Figure 1. Schematic overview of lymphocyte treatment, micronucleus assay, and oxidative stress measurements
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Figure 2. Frequency of MN in peripheral lymphocytes treated with Cis+ATV (50, 100, 1000 μg/mL), Cis, and ATV (1000 μg/
mL) 
Cis: Cisplatin; ATV: Atorvastatin. 
 ***P<0.001 compared with the control group, #P<0.05 compared with the Cis group, ##P<0.01 compared with the Cis group, and 
###P<0.001 compared with the Cis group. 
Note: Values represent Mean±SD.

Figure 3. The protective effects of Atv on Cis-induced ROS formation in peripheral lymphocytes
Cis: Cisplatin; ATV: Atorvastatin. 
***P<0.001 compared with the control group, ##P<0.01 compared with the Cis group, ###P<0.001 compared with the Cis group, 
$$$P<0.001 compared with the Cis+ATV 50 group. 
Note: Values represent Mean±SD.

Shokrzadeh M, et al. Atorvastatin Reduces Cisplatin-induced Genotoxicity. PBR. 2026; 12(1):27-36.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


32

 March 2026. Volume 12 Number 1

Discussion 

Cis is an antineoplastic agent that is widely used in 
the treatment of cancers, such as head and neck, ovar-
ian, cervical, and lung cancers through platinum-based 
chemotherapy [25]. Numerous studies have explored 
the genotoxicity of Cis. For example, researchers have 
observed that treating peripheral blood lymphocytes 
with Cis results in significant increases in chromosomal 
breaks, exchanges, and gaps. Additionally, there was a 
marked elevation in sister chromatid exchanges (SCEs) 
[26]. Furthermore, in another study at a concentration 
of 0.05 μg/mL, Cis induced increased chromosomal 
damage, chromosomal abnormalities, sister SCEs, and 
alterations in the mitotic index [27]. These findings 
align with the observations made in the present study 
regarding Cis’s genotoxic impact on human lympho-
cytes. It is important to note that our study employed 
a higher concentration (12 µM). The current study also 
revealed an increase in the percentage of micronuclei 
and elevated ROS formation in Cis-treated human lym-
phocytes. These differences arise from variations in the 
tested cell types, consumption methods, platinum salt 
concentrations, and laboratory conditions used in the 
different studies.

However, despite these findings, the authors of that 
study noted the need for further research to conclusively 
confirm Cis’s genotoxic effects. This study aimed to 
evaluate the genoprotective impact of Atv on Cis-in-
duced genotoxicity in peripheral blood lymphocytes.

Alkylation plays a crucial role in Cis’s mode of ac-
tion. When Cis enters a cell, it undergoes a process in 
which it replaces its chloride ligand with stronger bonds 
to cellular constituents. This transformation leads to the 
formation of DNA adducts, ultimately inhibiting DNA 
synthesis and the proliferation of affected cells [28]. Ex-
posure to Cis is frequently associated with increased free 
radical production, leading to various forms of damage 
to cellular genetic material [29]. This damage can result 
in subsequent malignancies in normal cells [6].

To this end, MDA and GSH concentrations were assessed 
in human peripheral lymphocyte cultures. The findings re-
vealed that lymphocytes treated with 12 µg/mL Cis showed 
a marked increase in MDA levels and a notable reduction in 
GSH levels. In conclusion, a final concentration of 12 µg/
mL Cis induced oxidative stress in human peripheral blood 
lymphocytes, as manifested by increased LPO and decreased 
GSH levels. A study conducted by Sami et al. revealed that 
the administration of Cis, a well-established chemotherapy 
agent, leads to increased levels of renal ROS and MDA, as 

Figure 4. Comparison of MDA concentrations in the peripheral lymphocyte samples treated with ATV+Cis, Cis (12 μM), and 
ATV (1000 μg/mL) 
Cis: Cisplatin; ATV: Atorvastatin.
Note: Values represent Mean±SD, ***P<0.001 compared with the control group, ###P<0.001 compared with the Cis group, 
$P<0.001 compared with the Cis+ATV 50 group, $$$P<0.001 compared with the Cis+ATV 50 group. 
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well as nitric oxide, and to the activation of nuclear factor 
kappa B (NF-κB) p65, inducible nitric oxide synthase, and 
pro-inflammatory cytokines. These findings indicate that Cis 
treatment may contribute to oxidative stress and inflamma-
tory responses within different tissues [30].

Extensive research has been conducted to elucidate the 
impact of Cis-induced oxidative stress [31, 32]. Numerous 
studies have consistently demonstrated that Cis can induce 
oxidative damage, particularly when administered over ex-
tended periods. Hu et al. found that exposure of human em-
bryonic kidney (HEK-293) cells to Cis led to a significant 
decrease in GSH, superoxide dismutase (SOD), and cata-
lase (CAT) levels, along with a notable increase in MDA 
levels compared to the control group [33].

In another study, Cis exposure significantly decreased 
superoxide dismutase (SOD) and catalase (CAT) levels 
in intestinal homogenates. Additionally, as an end prod-
uct of LPO, MDA levels dramatically increased in the 
intestines of Cis-exposed mice [34]. Cis exposure is 
frequently associated with increased free radicals and, 
subsequently, different types of damage to cellular ge-
netic material, which can lead to malignancies in normal 
cells [35]. Since Cis can cause genotoxicity by inducing 
oxidative stress, reducing oxidative stress can mitigate 
genotoxicity [36].

The use of antioxidants is effective in achieving this 
objective. Numerous studies have provided evidence 
that antioxidants can mitigate both oxidative stress and 
genotoxicity [37-39].

Recently, Atv has gained attention for its antioxidant 
properties. Atv has been shown to have an antioxidant 
effect, and numerous studies have demonstrated its pro-
tective effect against oxidative damage [11].

For example, a study examined the impact of Atv at 
varying concentrations (50, 100, and 1000 µM) on the 
genotoxic effects of ionizing radiation in peripheral blood 
lymphocytes and found a significant reduction in the 
frequency of MN in lymphocytes treated with ionizing 
radiation. This implies that Atv exhibited a strong abil-
ity to mitigate DNA damage induced by ionizing radia-
tion [40]. The study conducted by Shaghaghi et al. also 
demonstrated a significant reduction in the frequency of 
micronuclei with the use of Atv in cancer therapy [41].

Numerous in vivo studies have examined Atv’s effects 
on oxidative stress, consistently demonstrating its anti-
oxidant properties [11, 42, 43]. For example, one study 
found a significant increase in MDA levels and a decrease 
in GSH content in the CP-treated group compared to the 
control group. The results of this assessment clearly dem-
onstrated that the addition of 50 µM Atv to Cis-treated 

Figure 5. Comparison of GSH concentrations in the peripheral lymphocyte samples treated with ATV + Cis, Cis (12 μM), and 
ATV (1000 μg/mL) 
Cis: Cisplatin; ATV: Atorvastatin.
***P<0.001 compared with the control group, #P<0.05 compared with the Cis group, ##P<0.01 compared with the Cis group, and 
###P<0.001 compared with the Cis group. 
Note: Values represent Mean±SD.
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lymphocytes substantially reduced the frequency of mi-
cronuclei. In addition to the reduction in the MN assay, 
Atv also reduced oxidative damage, as measured by MDA 
levels and GSH concentrations. Amirhossein Sahebkar 
and Kadhim, Sahar S., demonstrated through their re-
search that statin therapy significantly reduced MDA lev-
els [44, 45]. In summary, Atv demonstrated a significant 
protective effect by reducing MDA levels and increasing 
GSH levels, with the effect being most pronounced at the 
lowest concentration (50 µM). Najah et al. also showed a 
significant increase in GSH levels following Atv admin-
istration in type 2 diabetic patients, as indicated by oxida-
tive stress parameters and lipid profile [46].

Based on these findings, Atv appears to have a protec-
tive effect against oxidative stress, particularly by reduc-
ing LPO. Additionally, in the GSH concentration assay, 
lower Atv concentrations exhibited greater efficacy. 
These results collectively suggest that Atv exerts a pro-
tective influence against Cis-induced oxidative stress via 
diverse mechanisms.

Conclusion

This study demonstrates that Cis induces pronounced 
genotoxicity and oxidative stress in human lymphocytes, 
as evidenced by elevated MN frequency, LPO, and ROS, 
alongside diminished GSH levels. The co-administration 
of Atv significantly attenuated these effects, effectively 
reducing genotoxic and oxidative markers while restor-
ing antioxidant capacity, particularly at lower concentra-
tions. These findings underscore the potential of Atv as 
a protective adjunct in Cis-based chemotherapy, mitigat-
ing its deleterious effects on non-cancerous cells. Further 
investigations are warranted to elucidate the underlying 
mechanisms and evaluate their translational potential in 
clinical settings.
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