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ABSTRACT
Aim: The purpose of this study was to look into the effects of puerarin (PR) on methotrexate (MTX)-induced hepatotoxicity in vitro.

Materials and Methods: We designed our research with four groups in the AML-12 cell line: control, PR, MTX, and PR+MTX groups. Administered 
concentration levels to the cell lines were determined with the MTT test. To investigate oxidative stress, the expression levels of glutathione, 
superoxide dismutase, and catalase were determined with quantitative real-time-polymerase chain reaction (qRT-PCR) analysis. To evaluate the 
role of apoptosis pathways in MTX induced hepatotoxicity and the hepatoprotective effects of PR, gene expressions of caspase 3 (Cas-3), Cas-9, 
apoptotic protease activating factor-1, Bcl-2, Bax, p53, second mitochondria-derived activator of caspase/direct inhibitor of apoptosis-binding 
protein (smac/DIABLO), topoisomerase (Top) I, and Top II were investigated with qRT-PCR.

Results: MTX impaired the antioxidant defense through SOD but elevated the expression of catalase and glutathione due to an increase in free 
radicals. In the PR+MTX group, SOD expression increased and catalase and glutathione expression decreased compared to the MTX group. Cas-9, 
Apaf-1, and Top I gene expression levels were reduced in group PR. In the group of PR+MTX, PR application increased the expression of Bax, p53, 
and smac/DIABLO while decreasing the expression of Bcl-2, which resulted in the elimination of damaged structures by apoptosis.

Conclusion: PR alleviated the hepatotoxicity caused by MTX with its antioxidant effects and positive effects on apoptosis pathways. However, 
different dose studies are needed because PR could not prevent double-strand damage in DNA due to MTX and there is an increase in Top I 
expression in the PR group.
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ÖZ
Amaç: Puerarinin (PR) metotreksat (MTX) nedenli hepatotoksisite üzerindeki etkilerinin incelenmesi hedeflenmiştir.

Gereç ve Yöntem: Çalışmamız AML-12 hücre hattında kontrol, PR, MTX, PR+MTX olacak şekilde dört grup olarak planlandı. Hücre hatlarına 
uygulanacak madde konsantrasyonları MTT yöntemi ile belirlendi. Oksidatif stresi irdelemek amacıyla süperoksid dismutaz (SOD), katalaz ve glutatyon 
ekspresyon düzeyleri kantitatif gerçek zamanlı-polimeraz zincir reaksiyonu (qRT-PZR) analizi ile ölçüldü. MTX’in neden olduğu hepatotoksisitede 
ve PR’nin hepatoprotektif etkilerinde apoptoz yolaklarının rolünü değerlendirmek amacıyla qRT-PZR analizi ile kaspaz-3 (Cas-3), Cas-9, apoptotik 
proteaz aktive edici faktör 1, Bax, Bcl-2, p53, ikinci mitokondri türevli kaspaz aktivatörü/doğrudan apoptoz bağlayıcı protein inhibitörü (smac/
DIABLO), topoizomeraz (Top) I, Top II gen ekspresyonları incelendi. 

Bulgular: MTX SOD üzerinden antioksidan savunmayı zayıflattı, fakat serbest radikal artışı nedeni ile katalaz ve glutatyon ekspresyonunu artırdı. 
PR+MTX grubunda, MTX grubuna göre, SOD ekspresyonu arttı, katalaz ve glutatyon ekspresyonları azaldı. PR grubunda, Cas-9, Apaf-1 ve Top I gen 
ekspresyon düzeyleri azaldı. PR+MTX grubunda PR uygulaması Bax, p53 ve smac/DIABLO ekspresyonunu artırarak ve Bcl2 ekspresyonunu azaltarak 
hasarlı yapıların apoptozla ortadan kaldırılmasını sağladı. 
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INTRODUCTION

Cancer, which is the second-leading cause of death in the 
world, is a heterogeneous disease characterized by irreversible 
disruption of cellular homeostasis and function. Cancer 
treatment choices include surgery, chemotherapy, radiation, 
and palliative care1. Chemotherapy is the use of chemotherapy 
medications to cure cancer. Methotrexate (MTX) is an 
antineoplastic and immunosuppressive agent used for the 
treatment of different malignancies and autoimmune disorders 
such as psoriatic dermatomyositis and rheumatoid arthritis2. 
MTX, a folate antagonist, affects nucleic acid synthesis by 
competitively inhibiting dihydrofolate reductase3. 

Chemotherapeutic medicines, which are effective and 
commonly used cancer treatments, lead to cytotoxic side 
effects. Serious adverse effects such as hepatotoxicity, 
nephrotoxicity, testicular dysfunction, and cardiotoxicity have 
been documented in individuals receiving low-dose MTX2. 
Alcohol intake, abnormal liver enzyme levels, a history of liver 
disease, and the presence of chronic disorders such as obesity, 
diabetes, and hyperlipidemia all raise the risk of MTX-induced 
hepatotoxicity4. MTX is known to raise blood aminotransferase 
levels, and long term MTX treatment has been related to the 
onset of fibrosis, fatty liver disease, and cirrhosis5. Although 
the mechanism of hepatotoxicity induced by MTX has not 
been fully understood, several recent studies have proposed 
that oxidative stress and inflammation are key factors 
involved. Studies have indicated that an excess of reactive 
oxygen species and nitric oxide, coupled with insufficient 
antioxidant defenses, play a crucial role in the development of 
MTX-induced liver damage2. Hence, it has been suggested that 
natural products possessing antioxidant and anti-inflammatory 
properties could potentially mitigate the hepatotoxicity caused 
by MTX2. Puerarin (PR), an isoflavone glycoside, is the primary 
antioxidant present in Pueraria lobata, which is commonly 
used for treating liver illnesses in traditional Chinese medicine. 
Positive effects of PR on the liver have been found in various 
investigations. For example, PR demonstrated hepatoprotective 
effects in an experimental liver injury model induced with 
carbon tetrachloride in rats6. In another experimental study 
conducted on rats by Chen et al.7 (2013), the PR was reported 
to have repaired liver damage triggered with chronic alcohol 
consumption. Based on this knowledge, we also investigated 
the effects of PR on liver damage in the AML-12 cell line with 
MTX in our research, taking into consideration oxidative stress, 
apoptosis, and DNA damage. 

The protective impact of PR on the hepatotoxic effects of MTX 
was examined in our research. Glutathione (GSH), catalase 
(CAT), and superoxide dismutase (SOD) enzymes, and genes 
encoding Caspase-3 (Cas-3), Caspase-9 (Cas-9), apoptotic 
protease activating factor-1 (Apaf-1), Bcl-2, Bax, p53, second 
mitochondria-derived activator of caspase/direct inhibitor 
of apoptosis-binding protein with low pI (smac/DIABLO), 
Topoisomerase I and II (Top I, Top II) proteins, were investigated. 
Thus, the interactions between the pathways implicated in 
apoptosis were investigated, as well as their impacts on nuclear 
gene expression. 

METARIALS AND METHODS

Groups

Our study consisted of 4 groups as the control group, PR group, 
MTX group, and PR+MTX group.

Chemicals

Eagle’s Minimum Essential Medium (EMEM) (320-026-CL), 
HAMS F 12 (318-010-CL), and trypsin/EDTA (325-542-EL) 
were purchased from Multicell (Wisent Bioproducts, St‐Bruno, 
QC, Canada). Dulbecco’s modified Eagle’s medium (DMEM) 
(320-026-CL), penicillin-streptomycin (Gibco 15070063), 
fetal bovine serum (FBS) (Gibco 26140079), and L-glutamine 
(Gibco 25030081) were supplied from Gibco (Thermo Fisher 
Scientific, Waltham, MA, USA). Thiazolyl Blue Tetrazolium 
Bromide (MTT) was taken from Biocompare (New York, USA). 
Dimethyl sulfoxide (DMSO) (Merck 67-68-5) and Phosphate 
buffered saline (PBS) (Merck 524650) were obtained from 
Merck-Millipore (Darmstadt, Germany). The PureLink RNA Mini 
Kit (121-830-18A) was taken from Invitrogen (Thermo Fisher 
Scientific, Waltham, MA, USA). SYBR Select Master Mix and 
high capacity cDNA reverse transcription kit (8368814) were 
supplied from Applied Biosystems (Thermo Fisher Scientific, 
Waltham, MA, USA).

The PR and MTX solutions were prepared in an aqueous 
solution containing 0.01% DMSO, and the PR+MTX mixture 
was prepared in a 1:1 ratio.

Cell Culture

AML-12 (alpha mouse liver 12) cells are hepatocytes isolated 
from the normal liver of a 3-month-old mouse. AML-12 (ATCC®, 
CRL-2254TM), 5% heat-inactivated FBS; nutrient medium 
contains 100 IU/mL penicillin, 10 mg/mL streptomycin and 1% 

Sonuç: PR, MTX’in neden olduğu hepatotoksisiteyi antioksidan etkileri ve apoptoz yolaklarındaki olumlu etkileri ile hafifletmiştir. Fakat PR MTX’e 
bağlı gelişen DNA’daki çift iplik hasarını önleyemediği ve PR grubunda Top I ekspresyonunda artış geliştiği için, farklı doz çalışmalarına ihtiyaç 
duyulmaktadır.

Anahtar Kelimeler: Metotreksat, puerarin, hepatoprotektif, oksidatif stres, apoptoz
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L-glutamine, 1:1 ratio of EMEM, DMEM, HAMS F12 are seeded 
in flasks and they are placed in the incubator that contains 
95% moisture and 5% CO2 at 37 °C. Our study started in the 
5th passage and ended in the 12th passage.

Dose Determination with MTT Method

180 µL AML-12 cells were seeded in 96 well plates to have 
1x106 cells in each well to determine IC50 values of all groups to 
be used in the study. They were left to incubate for 24 hours to 
enable the cells to adhere onto the plate wells. All substances 
were administered to all groups except for the control group 
and doses are shown at Figure 1 (in a volume of 20 µL). Then, 
all groups were left in the incubator (37 °C, 5% CO2) for 24 
hours. An aqueous solution containing 0.01% DMSO was 
applied to the control group. Aqueous solutions of PR and MTX 
containing 0.01% DMSO were prepared. In a 1:1 (v/v) ratio, 
PR and MTX were combined. Each well received 20 μL of MTT 
(5 mg/mL) solution. To dissolve formazan crystals 200 µL of 
0.01% DMSO were added after 3 hours. The absorption value 
was calculated using a microplate scanner at 492 nm (Thermo 
Scientific Multiskan Go). The control group was regarded 100% 
alive and the IC50 dose was calculated by probit analysis. MTT 
test was run in four replicates in all groups. 

RNA Isolation and cDNA Synthesis 

AML-12 cells were seeded 3 times in culture plates to have 
3x106 cells in each well. After 24 hours, AML-12 cells were 
administered the chemical applications of the experimental 
groups at the dose of IC50 for 24 hours. RNA was isolated 
(PureLink RNA Mini Kit) from the obtained cells. Concentrations 
and purity values of the obtained RNA samples were 
determined with nanodrop (NaNoQ OPTIZEN). cDNA synthesis 
was carried out from RNA samples (high capacity cDNA reverse 
transcription kit).

qRT-PCR Analysis

Quant Studio 6 Flex device of SYBR Select Master Mix was used 
for quantitative real-time-polymerase chain reaction (qRT-PCR) 
analysis of enzyme expressions of the cells associating with 
SOD, CAT, GSH and gene expressions of the cells associating 
with Cas-3, Cas-9, Apaf-1, Bax, Bcl-2, p53, smac/DIABLO, Top 
I, Top II. PCR conditions were determined as follows: 1 cycle 
was 2 minutes at 50 °C and 10 minutes at 95 °C, afterwards 
50 cycles for denaturation were 15 seconds at 95 °C and 1 
second at 60 °C for annealing and extension. mRNA expression 
levels were analyzed by comparative cycle threshold (2-ΔΔCt) 
method (User Bulletin 2, Applied Biosystems). To obtain a 

Figure 1. MTT assay results of each treatment group. Vertical bars represent standard deviation (n=4, mean±standard deviation) 
(viability %=Sample absorbance average/control absorbance average × 100)

PR: Puerarin group, MTX: Methotrexate group, PR+MTX: Puerarin+methotrexate combination group
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copy of the GSH gene sequences was selected “Nucleotide” 
from the National Center for Biotechnology Information. 
After that, relevant organism/gene name was entered in the 
search box, and FASTA was determined and the relevant genes 
were designed. Relative fold-changes in gene expression 
were calculated by comparing the experimental groups to 
the control group and were normalized to the expression of 
β-actin mRNA (Table 1).

Statistical Analysis 

IC50 value was calculated by applying probit analysis to percent 
viability data obtained by MTT test. After the application of the 
AML-12 cell line at IC50 doses for 24 hours to the AML-12 cells, 
one-way ANOVA test and post-hoc Tukey were administered 
to the relative fold-change values of gene expressions. Values 
at p˂0.05 were accepted to be significant. Probit analysis and 
ANOVA test were done with Statistical Package for the Social 
Sciences 20 software (IBM).

RESULTS

To evaluate the effect of PR, MTX, and the PR+MTX combination 
on the viability of AML-12 cell lines, we conducted MTT assays 

for a duration of 24 hours. MTT assay results indicated that 
exposure of the AML-12 cell line to different concentrations of 
PR, MTX, and the PR+MTX combination for 24 hours caused a 
reduction in cell viability that depended on the dose, as shown 
in Figure 1. IC50 doses were determined as 3.28 µM in PR, 7.97 
in MTX and 18.98 µM in PR+MTX. 

PR administration significantly elevated SOD expression levels 
in comparison to the control group (p<0.0001). Although MTX 
administration led to a significant increase in SOD expression 
compared to the control group (p<0.01), it was significantly 
lower than in the PR group (p<0.0001). When compared to 
the PR group, the PR+MTX group had significantly lower SOD 
expression levels (p<0.0001). While there was no significant 
difference between the PR+MTX and MTX groups, SOD 
expression was higher in PR+MTX, as shown in Figure 2A.

Comparisons of CAT expression levels among the control, MTX, 
and PR groups revealed a statistically significant increase 
in CAT expression in the MTX group (p<0.0001). Compared 
to the control and PR groups, the PR+MTX group exhibited 
significantly higher levels of CAT expression (p<0.0001 and 
p<0.001, respectively), as shown in Figure 2B.

Statistical analysis of GSH expression levels revealed an increase 
in the MTX-administered groups compared to both the control 
and PR groups (p<0.0001). With respect to the control group, 
PR administration increased GSH expression levels (p<0.01), as 
shown in Figure 2C.

Cas-3 gene expression was higher in the PR (p<0.0001), 
MTX (p<0.05), and PR+MTX (p<0.0001) groups compared to 
the control group. When compared to the PR group, MTX 
administration significantly reduced Cas-3 gene expression 
(p<0.0001). Cas-3 gene expression was determined higher in 
the PR+MTX group than in the PR group (p<0.0001) (Figure 
2D). 

With MTX administration, Cas-9 gene expression increased 
significantly compared to the control group and PR group 
(p<0.0001). Although Cas-9 gene expression decreased in the 
PR+MTX group compared to the MTX group, that difference 
was not significant. Cas-9 gene expression was higher in 
the PR+MTX group than in the PR group (p<0.0001). When 
PR was administered alone, Cas-9 gene expression increased 
significantly compared to the control group (p<0.001)  
(Figure 2E). 

In comparison to the control and PR groups, MTX 
administration significantly raised the Apaf-1 gene expression 
(p<0.0001). Although expression of Apaf-1 gene reduced in the 
PR+MTX group compared to the MTX group, that difference 
was not significant. Compared to the control and PR groups, 
Apaf-1 gene expression was higher in the PR+MTX group 
(p<0.0001) (Figure 2F). 

Table 1. Primer sequences of analyzed genes for qRT-PCR 
analysis
Gene Primer sequences (forward/reverse)

SOD
F: AGCTGCACCACAGCAAGCAC8

R: TCCACCACCCTTAGGGCTCA

CAT
F: TCCGGGATCTTTTTAACGCCATTG9

R: TCGAGCACGGTAGGGACAGTTCAC

GSH
F: ACTTGGCACTCCTCTCCTGA 
R: AGGCACTAGAACCTGCTGGA

Cas-3
F: GGTATTGAGACAGACAGTGG10

R: CATGGGATCTGTTTCTTTGC

Cas-9
F: GAGTCAGGCTCTTCCTTTG10

R: CCTCAAACTCTCAAGAGCAC

Apaf-1
F: GATATGGAATGTCTCAGATGGCC11

R: GGTCTGTGAGGACTCCCCA

Bax
F: TTCATCCAGGATCGAGCAGA10

R: GCAAAGTAGAAGGCAACG

Bcl-2
F: ATGTGTGTGGAGAGCGTCAA10

R: ACAGTTCCACAAAGGCATCC

p53
F: CACGAGCGCTGCTCAGATAGC10

R: ACAGGCACAAACACGCACAAA

Smac/DIABLO
F: CTCTGTGGCTGAGGGTTGAT12

R: TTGTAGATGATGCCCACAGG

Top I
F: TCATACTGAACCCCAGCTCC10

R: GTCCTGCAAGTGCTTGTTCA

Top II
F: CTTCTCTGATATGGACAAACATAAGATTCC10

R: GGACTGTGGGACAACAGGACAATAC

qRT-PCR: Quantitative real-time-polymerase chain reaction, Cas: Caspase
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Bax gene expression increased significantly with PR 
administration compared to the control group (p<0.0001). MTX 
administration decreased Bax gene expression compared to 
the PR group (p<0.0001). Bax gene expression in the PR+MTX 

group was higher compared to the control group (p<0.05), 
but significantly lower compared to the PR group (p<0.0001) 
(Figure 3A). 

Figure 2. SOD (A), CAT (B), GSH (C), Cas-3 (D), Cas-9 (E), and Apaf-1 (F) relative mRNA expression

*p˂0.05, †: p˂0.01, ‡: p˂0.001, §: p˂0.0001 compared to the control group.

**p˂0.05, ††: p˂0.01, ‡‡: p˂0.001, §§: p˂0.0001 compared to the PR group

C: Control group, PR: Puerarin group, MTX: Methotrexate group, PR+MTX: Puerarin+methotrexate combination group
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MTX administration significantly increased Bcl-2 expression 
compared to the PR group (p<0.001). Bcl-2 expression was 
significantly lower in the PR group compared to the control 
group (p<0.05) (Figure 3B).

PR and MTX administrations elevated p53 gene expression 
significantly compared to the control group. Statistical 
significance of that increase was determined as p<0.001 in the 
PR group and MTX group, and p<0.0001 in the PR+MTX group. 
Gene expression on p53 was found to be higher in the PR+MTX 
group than in the PR group and control group (p<0.0001) 
(Figure 3C).

PR administration increased smac/DIABLO gene expression 
level compared to the control group (p<0.0001). Expression of 
smac/DIABLO gene level in the PR+MTX group was significantly 
higher than in the control group (p<0.001). The smac/DIABLO 
gene expression level in the PR+MTX group was lower than 
in the PR group (p<0.0001). When PR was administered with 
MTX, the smac/DIABLO gene expression level was found to be 
higher than in the MTX group, although it was not statistically 
significant (Figure 3D).

Top I gene expression increased significantly with MTX 
administration compared to the control group and PR group 
(p<0.001 and p<0.05). Decrease in the expression of Top I was 
observed in the PR+MTX group compared to the MTX group, 
which was not found statistically significant. In the PR group, 
Top I gene expression was elevated when compared to the 
control group (p<0.01) (Figure 3E).

PR and MTX administrations increased Top II gene expression 
compared to the control group. Statistical significance of this 
increase was determined as p<0.01 in the PR group, p<0.001 
in the MTX group, and p<0.0001 in the PR+MTX group. Top II 
expression was higher in the PR+MTX group than in the PR 
group (p<0.001) (Figure 3F). 

DISCUSSION

According to our results, the PR administration has a protective 
effect against MTX-induced liver damage in vitro. Our study is 
the first to investigate the effects of PR on the development 
of MTX-related liver damage. Furthermore, our research retains 
its originality by casting light on the mechanisms underpinning 
MTX-caused liver damage. 

SOD and CAT are antioxidant enzymes found in cells. SOD 
removes the superoxide anion by converting it to H2O2, which 
is reduced to H2O by CAT. Previous research has revealed 
that MTX causes oxidative stress by reducing SOD levels3. In 
our study, while PR administration raised SOD expression by 
demonstrating an antioxidant effect, MTX administration 
significantly reduced SOD levels compared to the PR group. 
Supportively, according to literature, PR provides antioxidant 

and antiinflammatory activities in many diseases such as 
nervous system diseases, respiratory diseases, osteoporosis, and 
liver diseases13. In addition, PR alleviated renal damage in MTX 
induced experimental study14.

According to literature, when the amount of superoxide anion 
in the cell surpasses the detoxification capacity, CAT activity 
rises to enhance antioxidant defense and CAT contributes to 
GSH formation by raising GSH reductase activity15. It is also 
known that exposing cells to hydrogen peroxide enhances 
CAT function16. In our study, MTX administration increased the 
cell’s exposure to free radicals and increased CAT expression. 
PR administration with MTX attenuated this increase in CAT 
levels.

GSH is a tripeptide with a low molecular weight that acts as an 
antioxidant. When GSH combines with free radicals, it produces 
oxidized glutathione (GSSG) and other disulfides3. GSH levels 
could rise in response to elevated amounts of free radicals in 
order to avoid oxidative stress from causing disease17-19. In 
the study, GSH levels were found to be significantly higher 
in the MTX group. This situation developed in response to the 
free radicals whose levels increased with MTX administration, 
and the cell was able to increase GSH levels, which had a 
protective effect against oxidative stress. High CAT expression 
in this group also contributed to increasing GSH levels15. In 
the PR+MTX group, depending on the protective effects 
of PR against oxidative stress, GSH levels were found to be 
lower than in the group administered MTX alone. When cells 
are continuously exposed to free radicals, their amounts may 
drop as a consequence of the conversion of reduced GSH to 
disulfides. In experimental studies on animals, it has been 
shown that MTX administration reduces the level of GSH in 
liver tissue. It is believed that GSH deficiency contributes to 
MTX-induced liver tissue injury3.

Apoptosis refers to the programmed cell death ensuring 
homeostasis in living organisms. In addition to genes, RNA, 
protein synthesis and energy also play a key role in regulating 
the apoptosis. It is known that abnormalities in the apoptotic 
pathway occur in many diseases, such as diabetes, infection, 
and tumor, which are affected by oxidative stress and 
inflammation. Both the internal (mitochondrial) and external 
pathways contribute to the development of apoptosis. DNA 
damage and hypoxia are intracellular signals that trigger 
apoptosis. Chemotherapeutic drugs, external factors such 
as radiation, and the activation of death receptors could be 
shown as the examples of extracellular signals20. MTX induces 
apoptosis in various of tissues3. The apoptosis induced by MTX 
has a beneficial impact in cancer treatment by enabling cancer 
cells to be eliminated. However, abnormalities in apoptosis 
pathways could have negative impacts in a variety of organs, 
including the liver. For instance, the administration of MTX 
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to rats has resulted in liver tissue damage through apoptosis 

mechanisms in a number of experimental investigations3,21. 

Caspases that activate each other in a proteolytic way are 

known as cysteine proteases. While Cas-9 is one of the initiator 

caspases, Cas-3 could be given as an example of effector 
caspase. They inactivate enzymes involved in DNA repair and 
replication20. When a cell undergoes apoptosis, cytochrome-c 
release from the mitochondria rises. Cytochrome-c, Apaf-1, and 
ATP create a complex known as “apoptosome” in the cytosol. 

Figure 3. Bax (A), Bcl-2 (B), p53 (C), smac/DIABLO (D), Top I (E), and Top II (F) relative mRNA expression

*p˂0.05, †: p˂0.01, ‡: p˂0.001, §: p˂0.0001 compared to the control group.

**p˂0.05, ††: p˂0.01, ‡‡: p˂0.001, §§: p˂0.0001 compared to the PR group.

C: Control group, PR: Puerarin group, MTX: Methotrexate group, PR+MTX: Puerarin+methotrexate combination group



Nam Kem Med J 2023;11(3):193-201AKINCI et al. Hepatoprotective Effect of Puerarin Against Methotrexate

200

Cas-9 is activated by the apoptosome and Cas-3 is activated 
by Cas-9. Supportively, Apaf-1 and Cas-9 expression levels 
were detected to be elevated in the MTX group in our research. 
The fact that the expression level of Cas-3 was not high in 
this group indicates that the pathway has not progressed 
up to Cas-3. An experimental liver damage model generated 
with MTX administration in rats has demonstrated that MTX 
causes apoptosis in liver tissue by increasing Cas-9 and Cas-3 
activity22. In our study, when PR was administered along with 
MTX, the decrease in both Apaf-1 and Cas-9 gene expression 
compared to the MTX group indicated the protective effect of 
PR on hepatotoxicity caused by MTX. 

Proteins such as the Bcl-2 family, caspases, p53, and 
cytotome-c regulate apoptosis. The Bcl-2 family includes 
both proapoptotic and antiapoptotic proteins. One of the 
parameters we investigated in our study is that Bax has a 
proapoptotic effect, while Bcl-2 is one of the antiapoptotic 
proteins20. In our study, PR administration along with MTX 
increased Bax gene expression compared to the control group 
and induced apoptosis of damaged structures. According to 
Chen et al.23 (2012), PR treatment in ischemic pulmonary artery 
smooth muscle cells raised Bax levels, which in turn increased 
apoptosis. Recent research has demonstrated that isoflavones 
and flavone glycosides promote the production of the protein 
Bax, which contributes to the destruction of cancer cells24,25. 

In our study, as an indicator of cell damage, Bcl-2 gene expression 
levels elevated in the MTX group to prevent cell death. This 
result is supported by the fact reported in previous studies that 
in individuals with chronic hepatitis, Bcl-2 expression rises in 
paralel with blood transaminase levels26. Furthermore, it has 
been determined that the Bcl-2 expression level is correlated 
with inflammation in the liver of patients with autoimmune 
hepatitis27. Additionally, the increase in the Bcl-2 levels is 
involved in the hepatocarcinogenesis development28. In a 
clinical research, it was found that Bcl-2 expression dropped 
with antiviral therapy in hepatitis patients26. In our study, Bcl-
2 gene expression was observed to be lower in the MTX+PR 
group than in the MTX group. P53 is a transcription element 
that gives cells the opportunity to fix damaged DNA. When 
the harm is irreparable, it induces apoptosis by raising the 
production of Bax and Apaf-1 while suppressing Bcl-220. In our 
study, p53 levels increased as a result of a defense mechanism 
against DNA damage in the PR+MTX group. The experimental 
hepatotoxicity model caused by acetaminophen in animals has 
shown that p53 has a protective impact against liver injury, 
which is consistent with our results29,30. 

Smac/DIABLO, a recently identified apoptosis protein inhibitor 
(IAP) binding protein, is released from mitochondria during 
apoptosis and potentiates apoptosis by attenuating IAPs 
inhibition on caspases31. In our research, we hypothesize that 

enhanced smac/DIABLO expression with PR administration has 
a protective impact on removing damaged structures. Bcl-2 
reduces smac/DIABLO release32. The findings of our research 
show that Bcl-2 and smac/DIABLO transcript levels in the 
groups are inversely proportional. 

DNA-topoisomerases are crucial enzymes in metabolism 
and regulation of DNA structure, including DNA replication, 
transcription, and chromosome segregation. Top I enzymes 
usually consist of a monomer and break the single strand 
of the DNA double helix. Top II enzymes with two or more 
subunits could break both of the double helix of DNA33. The 
level of topoisomerases rises as a cellular response to various 
conditions that result in cellular damage, such as infection, 
inflammation, or oxidative stress34. In our study, when PR was 
administered with MTX, the decrease in Top I level compared to 
the MTX group indicates that single strand damage in DNA is 
diminished. The increase in the Top I level in PR group indicates 
that the dose of PR applied is high for this cell. In our research, 
the amount of PR that was administered along with MTX was 
inadequate to repair the double strand of DNA damage. As a 
result, Top II level in the PR+MTX group was determined to be 
elevated.

CONCLUSION

Our research has clarified that PR could be effective in 
hepatotixicity of MTX, which is a widely used treatment option 
in various cancer diseases. PR mitigated the oxidative stress, 
abnormalities in apoptotic pathways, and DNA single strand 
damage in the liver tissue due to MTX administration. Our study 
would guide the experiments in animals and clinical studies. 
Since PR could not prevent double-strand DNA damage caused 
by MTX and there was an increase in Top I expression in the PR 
group, different dose studies are needed.
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