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Abstract

Methotrexate (MTX) inhibits mitosis by antagonizing the folic acid required for DNA synthesis. Since it is metabolized in the liver, it may cause toxic effects. In this study, 
the effect of barbaloin (BAR), an antioxidant and anti-inflammatory substance, against MTX-induced liver damage was investigated. Totally 18 animals were divided 
into control, MTX, and MTX+BAR groups. The study was terminated after liver and blood samples were taken. While liver malondialdehyde (MDA) and myeloperox-
idase (MPO) levels raised in the MTX group compared to the control group, superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) activities 
decreased. While MDA and MPO levels decreased in the MTX+BAR group compared to the MTX group, SOD, CAT, and GPx activities increased. The levels of blood 
aspartate aminotransferase and alanine aminotransferase increased in the MTX group but decreased in the MTX+BAR group. MTX has toxic effects on the liver and this 
toxicity diminished with the application of BAR.
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Introduction

The liver is the basic organ that detoxified drugs, alcohol, and 
metabolic products, which may have numerous toxic effects on the 
human body. But, prolonged exposure to chemotherapeutic drugs, 
alcohol, and infections can start liver damage, and even lead to 
serious liver diseases and liver failure [1]. For this reason, the liver 
is more sensitive to damage than the other organs with the role 
in the metabolism of the organism from the perspective ability to 
concentrate and biotransform xenobiotics and various drugs [2].

Methotrexate (MTX) as a dihydrofolate reductase inhibitor 
that induces apoptosis in especially cancer cells is a drug that 
is generally used in the clinic for different cancers and ailments 
including psoriasis, rheumatoid arthritis. Using of MTX long-
term as clinically is restricted because of the reason different 

organ damage such as hepatotoxicity, and nephrotoxicity depend 
on chronically high dose administration of MTX. The researchers 
concentrated on methotrexate due to liver toxicity caused by 
methotrexate used in many medical cases [3,4]. Furthermore, it 
has been proposed various mechanisms including oxidative stress 
explain methotrexate-induced liver damage [4,5]. 

It was reported that ROS are continuously generated under 
normal physiological conditions [6,7]. They can rapidly start the 
membrane polyunsaturated lipids peroxidation. Thus, they lead to 
the production of lipid peroxides [8-10]. Also, they can harm vital 
biomolecules like lipids, nucleic acids, polyunsaturated fatty acids, 
proteins, and carbohydrates. Also, they lead to DNA damage that 
may cause mutations [11-14]. It is a view accepted by scientific 
researchers that MTX induces toxicity related to the production of 
free radicals and oxidative stress response. Thus, it was realized 
that MTX reasons the oxidative DNA damage and initiates lipid 
peroxidation. Intensive production of oxygen free radicals raised 
the MTX hepatotoxicity. Therefore, it exhausts cellular non-
enzymatic and enzymatic antioxidant preserve systems [15,16]. 
The last study findings showed that MTX markers related to 
diminished or insufficient cellular antioxidant guard system 
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finalizing in liver free radical injury [17,18]. Choosing the different 
non-toxic cytoprotective factors as helping can play an important 
effect to lessen the density of side effects of MTX chemotherapy 
with the hindrance of chemotherapeutic effects. Body preservation 
for toxicity led by substances with chemotherapeutic impacts is 
accepted as a very significant target and the aim of most research 
about supporting antioxidant therapy [4]. Using the native 
products or pills non-toxic cytoprotective substances as enhancing 
therapeutic effects can play an important role in reducing the rate 
of toxicity of MTX with the protection of drug effectiveness.

Barbaloin is a specific extract of aloe and is determined that it has 
several pharmacological effects like anti-inflammatory, free radical 
scavenging, antiviral, and antibacterial properties. Barbaloin 
attenuated inflammation, and radical stress and thus prevented 
hepatic hazardous induced by alcohol for mice experimental 
models. [19]. 

As a result of our literature review, we can say that there is no 
study suggesting the use of BAR in the MTX-induced liver toxicity 
model. In this respect, we designed this research to measure the 
possible impacts of BAR on MTX- stimulated liver injury. 

Materials and Methods

Ethical Statement 

This study was approved by the Ataturk University Animal 
Experiments Local Ethics Committee (Approval no: 75296309-
050.01.04-E.2100036416). 

Animals Groups 

Eighteen males weighing 190-210g of Wistar Albino rats were 
supplied from Atatürk University, Laboratory Experimental 
Animals Research Centre, and in laboratory conditions such as 
humidity (55%) controlled room, temperature (25°C), normal 
daylight period cycle. Rats were fed classic traditional feeding 
provender and water ad libitum. Animals were weighed. After that 
3 groups of rats (n=6) randomly were chosen.

Experimental Groups and Protocols

1.	 Physiological serum was applied to the control group of rats. 
No other medication was applied.

2.	 Methotrexate was used single dose as intraperitoneal 20mg.
kg-1 to methotrexate group.

3.	 It was used as 20mg/kg/day; as intraperitoneal for 5 
consecutive days in the MTX+ BAR group; BAR was received 
to this group following methotrexate application (20mg/kg/
day, single-dose). 

Animals were then anesthetized end of the 5th day of the experiment. 
After a sacrifice by a high dose of thiopental sodium (300mg/kg, 
i.p.), the liver tissue and serum specimens were taken. The samples 
were immediately analyzed. The liver tissue samples were washed 
in cold saline and waited at -80°C until the experiment for MPO, 
MDA levels, SOD, CAT, and GPx activities. Samples from rats 
were centrifuged at 5000 rpm for 10 minutes. Haemolysed-free 
blood sera were transferred to Eppendorf's and stored at -80 °C 
until the day of analysis. The serum sample levels of AST and 

ALT were evaluated by traditional ELISA Kits by handling the 
laboratory equipment from (Olympus Instruments, Tokyo, Japan). 

MTX and BAR administration doses were preferred based on 
the doses used in former studies in which hepatotoxic dose was 
determined [4,19].

Chemicals

Thiopental sodium, which was used in the applications, was 
provided from IE Ulagay-Turkey, Barbaloin from Sigma Chemical 
Co., USA. Methotrexate (methotrexate, 500mg/20mL, Koçak 
Farma, İstanbul, Turkey).

Biochemical analyses

MDA, MPO, SOD, GPx, CAT, ALT, AST Analysis, and Protein 
Determination

Frozen liver tissue, which was one hundred milligrams was 
homogenized in phosphate buffer by a homogenizer. The 
centrifugation of homogenized tissues was made at 3000 rpm for 
15 min. and after the upper part of the samples was removed. For 
oxidative stress agents, the supernatant taken from the hepatic 
samples was used. Lipid peroxidation levels were evaluated to 
estimate the MDA levels of the samples [20]. Shortly, The MDA 
level, one of the indices of lipid peroxidation, was measured by 
a method based on the reaction with thiobarbituric acid (TBA) 
at 90–100oC. In addition, the protein amount of the homogenates 
was studied according to the method determined by Lowry et al. 
[21]. Briefly, the protein levels were measured in the homogenate, 
supernatant, and extracted tissue samples. The Lowry protein 
assay is a biochemical assay for determining the total level of 
protein in a solution. The total protein concentration is exhibited 
by a color change of the sample solution in proportion to protein 
concentration, which can then be measured using colorimetric 
techniques. SOD activity was evaluated by using the method of 
Sun et al. [22]. In brief, the total (Cu–Zn and Mn) SOD activity was 
measured from extracted tissue samples based on the inhibition of 
nitroblue-tetrazolium reduction by the xanthine–xanthine oxidase 
system as a superoxide generator. CAT activity was calculated 
by using Aebi's method [23]. The activity of CAT was analyzed 
according to the H2O2 decomposition rate. GPx activity was 
analyzed according to Paglia and Valentine method [24]. Shortly, 
according to this method, the decrease in the NADPH absorbance at 
340 nm, in the presence of H2O2, is proportional to GPx enzymatic 
activity. MPO levels were evaluated with a 4-amino antipyrine/
phenol solution. Absorbance changes at 510 nm were recorded 
[25]. MPO activity was determined using 4-amino antipyrine/
phenol solution as the substrate for MPO mediated oxidation by 
H2O2. The analysis of ALT and AST were evaluated by the use of 
a traditional kit.

Statistical Analysis

Findings were given as Means±S.D. ANOVA and Tukey’s test 
has been used for statistical analyses. Changes for P-value <0.05 
were noted as important. The distribution of parameters in the 
groups was evaluated with the Shapiro Wilks test. Accordingly, 
the assumption of normality was provided in the groups. Since the 
assumption of normality was provided, the One-Way Analysis of 
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Variance test, which is a parametric test, was performed. Tukey 
test, which is one of the most powerful pairwise tests, was used 
for comparisons.

Results 

While the MDA level was statistically significantly higher in 
the MTX group compared to the control group, it decreased 
significantly in the BAR group compared to the MTX group 
(Figure 1), (P<0.05). While the MPO level in the MTX group 
increased statistically significantly compared to the control 
group, it decreased significantly in the BAR group compared 
to the MTX group (Figure 2), (P<0.05). While the GPx level 
decreased statistically significantly in the MTX group compared 
to the control group, it increased significantly in the BAR group 
compared to the MTX group (Figure 3), (P<0.05). SOD level 
decreased statistically significantly in the MTX group compared 
to the control group, while it increased significantly in the BAR 
group compared to the MTX group (Figure 4), (P <0.05).  While 
CAT level decreased statistically significantly in the MTX group 
compared to the control group, it increased significantly in the 
BAR group compared to the MTX group (Figure 5), (P <0.05).

While AST and ALT levels were statistically higher in the MTX 
group compared to the control group, they were significantly 
decreased in the BAR group compared to the MTX group (Figure 
6), (P<0.05).

Figure 1. Rat’s hepatic tissue MDA (nmol/g tissue) levels. Effect of BAR on MTX-
induced liver injury. *P<0.05, comparison to control and BAR+MTX; **P<0.05, 
comparison to control and MTX treatment. Values presented the mean ± S.D. (n=6)

Figure 2. Rat’s hepatic tissue MPO (mU/g protein) levels. Effect of BAR on 
MTX-induced hepatotoxicity. *P < 0.05, comparison to control and BAR+MTX; 
**P<0.05, comparison to control and MTX treatment. Values presented the 
mean±S.D. (n=6)

Figure 3. Rat’s hepatic tissue GPx (U/mg protein) activities. Effect of BAR on 
MTX-induced hepatotoxicity. *P<0.05, comparison to control and BAR+MTX; 
**P<0.05, comparison to control and MTX treatment. Values presented the mean 
±S.D. (n=6)

Figure 4. Rat’s hepatic tissue SOD (U/mg protein) activities. Effect of BAR on 
MTX-induced hepatotoxicity. *P < 0.05, comparison to control and BAR+MTX; 
**P<0.05, comparison to control and MTX treatment. Values presented the 
mean±S.D. (n=6)

Figure 5. Rat’s hepatic tissue CAT (k/g protein) activities. Effect of BAR on 
MTX-induced hepatotoxicity. *P<0.05, comparison to control and BAR+MTX; 
**P<0.05, comparison to control and MTX treatment. Values presented the mean 
±S.D. (n=6).
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Figure 6. Rat’s blood AST/ALT (U/L) levels. Effect of BAR on MTX-induced 
hepatotoxicity. *P<0.05, comparison to control and MTX+BAR; **P<0.05, 
comparison to control and MTX treatment. Values presented the mean ± S.D. (n=6).

Discussion

MTX as a highly effective antineoplastic substance can be used 
the cure many clinical conditions involving various inflammatory 
ailments. It shows an immunosuppressive impact on some 
illnesses like lymphoma, rheumatoid arthritis, choriocarcinoma, 
and leukemia. Also, MTX is used alone or in alliance with other 
cytotoxic substances in surgery for neoplastic disease, radiotherapy, 
hormonotherapy, and chemotherapy [26]. The generation of 
injurious ROS is induced by different pathological processes [27]. 
Deterioration in favor of ROS of this equilibrium state is defined 
as oxidative stress [28]. Even though the mechanism of MTX- 
stimulated liver injury is not comprehended, the most accepted 
mechanism of the MTX-stimulated various organ injury is oxidant 
stress caused by ROS [29-31]. MTX toxicity is connected with 
liver mitochondria injury via abatement of mitochondrial non-
enzymatic and enzymatic antioxidants [16]. Researches propose 
that MTX can restrict the intracellular quantity of NADPH, which 
is used by GSH reductase to preserve the decreased ratio of cellular 
GSH. Also, it has been shown that the depletion or reduction of 
glutathione, induced by MTX, destroys the antioxidant defense 
system against ROS attacks [29]. By using this pathway, MTX 
reasons intense membrane damage. An important cellular defense 
system against ROS is provided owing to antioxidant enzymes 
like SOD, CAT, and GPx [32]. As a primer antioxidant enzyme, 
SOD (a key antioxidant in living cells) is transform a superoxide 
reactive radical into hydrogen peroxidase. 

The conversion of hydrogen peroxidase to water and molecular 
oxygen is carried out by CAT [32]. But hydrogen peroxide leads 
to the formation of hydroxyl radical owing to the lowering of 
CAT in the tissue. GPx prevents TBARS from ROS using the 
thiol-lowering power of glutathione. Although MTX is widely 
used in the clinic, there are many side effects of its in addition to 
organ toxicity. Previous scientific studies have shown that MTX 
directly initiates oxidative damage of membrane lipids in organs 
such as the liver and renal, by rising the malondialdehyde (MDA) 
level one of the pathological biomarkers as lipid peroxidation end 
product. Also, another study demonstrated that MTX leads to an 
increment in MDA level and reduce in SOD and CAT activities 
in rats. They have reported with numerical findings that oxidative 
injury leads to organ damage stimulated by an antineoplastic agent 

[33]. Some antioxidant enzymes such as CAT and GPx catalyze 
hydrogen peroxide [39]. GST induces the connection of GSH to 
xenobiotic agents to eliminate their toxic effects. Activities of 
GST and GPx are relying on a continuous providing of GSH. 
Hence, an important lowering in liver CAT and GPx activities in 
MTX-given rats can be connected with ROS generation causing 
a depletion of antioxidants to provide, which finally concludes in 
oxidative injury to the cell membrane, as is signaled by increasing 
MDA levels [34]. The previous investigation suggested MTX-
administered organ injury, and the results of the study showed 
increased myeloperoxidase (MPO) levels, due to MTX treatment. 
The aforementioned results are in the same direction as the works 
we offer. Our research showed that levels of MPO and MDA have 
risen in the MTX-treated group to the control group, and the SOD, 
CAT, and GPx activities were elevated in the MTX-treated group 
compared to the control group. CAT, SOD, and GPx, activities 
increased in BAR +MTX group, but MDA and MPO levels were 
reduced in hepatic samples in previous different studies [36]. 
These data may be based on the abatement of the oxidation of 
lipids owing to the strong antioxidant efficiency of BAR. Also, our 
results are in the same direction as the findings of Tanyeli et al. [19], 
In their hepatotoxicity cisplatin-induced study, it was determined 
the organ-protective and antioxidant effects of barbaloin. 

The proportion of abnormal liver enzymes had been seen 
differently broadly among researchers. A recent review indicated 
that increased transaminases (levels greater than twice the upper 
limit of normal values) were detected in a particular section of 
patients used chronically with low-dose methotrexate [38,39]. 
Also, in our study, induced by MTX evident liver tissue injury as 
seen by biochemical changes in serum. These changes involved an 
increase in hepatic injury biomarkers (AST and ALT) (figure 5). 
These alterations are harmonious with those results of Abdellatief 
et al. [35], Amal Ahmet et al. [40], and Hafez et al. [4]. Biochemical 
parameters of hepatic tissue injury (ALT and AST) were increased 
only in the MTX-treated group. Treatment of barbaloin restored 
serum levels of tissue-injury biological parameters such as ALT 
and AST. 

Conclusion

As a result, barbaloin has an important curable effect against the 
hepatotoxicity induced by methotrexate therapy.
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12.	 Polat Köse L, Gülçin İ, Gören AC, et al. LC-MS/MS analysis, antioxidant 
and anticholinergic properties of galanga (Alpinia officinarum Hance) 
rhizomes. Ind Crops Prod. 2016;74:712–21. 
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