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Introduction 

Methotrexate is an anticancer drug used in 

chemotherapy. This drug is well absorbed from the 

gastrointestinal tract and is widely distributed in 

tissues and body fluids, and also crosses the 

blood-brain barrier. This drug is converted in the 

liver to active metabolites, and is eventually excreted 

through the kidneys (1). Methotrexate is typically 

used as an anticancer drug and an immune 

suppressant, has alkylation property, and is able to 

establish covalent bonds in nucleophilic position of 

DNA strands and proteins and transverse ties. This 

ultimately leads to DNA strand break and 

inactivation, stopping DNA synthesis, inhibition of 

cell proliferation, formation of small nuclei, and 

ultimately cell death (2). This medication was 

synthesized in 1985 and was used for tumor 

treatment and is now widely used in human drug 

therapy (3). Despite broad clinical applications, 

methotrexate can cause many side effects including 

reproductive toxicity in organisms that are exposed 

to the drug (4). Methotrexate is metabolized in the 

liver. This combination, affected by microsomal 

enzymes, breaks down in the liver and is converted 

to its active metabolites, meaning phosphoramide 

mustard and acrolein (5). Studies have shown that 

methotrexate reduces the luteinizing hormone (LH), 

follicle stimulating hormone (FSH), testosterone, and 

spermatogenesis (6). Ginger (Terrestris Tribulus) is 

a native shrub herb which self-propelled in tropical 

desert areas and in Iran it is found in the central 

desert and Dasht-e Lut. The soft four part fruit with 
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Abstract  
Objective: Methotrexate is an anticancer drug used in chemotherapy. The purpose of this study was to 
evaluate the effect of ginger extract on sex hormones of male rats treated with methotrexate.  

Materials and Methods: In this experimental study, 56 male Wistar rats (10-12 weeks old) weighing 
200-220 g were randomly divided into control and experiment groups. Experiment group 1 was 
administered 5 mg methotrexate intraperitoneally daily, experiment groups 2 and 3 were administered 20 
mg and 40 mg of ginger extract orally daily, and experiment groups 4 and 5 received methotrexate and 
ginger extract. Sex hormones were measured after 8 weeks. One-way analysis of variance (ANOVA) was 
used data analysis.  

Results: The results showed that serum concentrations of follicle stimulating hormone (FSH), luteinizing 
hormone (LH), and testosterone decreased significantly in the group receiving methotrexate compared 
with the control group. The concentration of these hormones in experimental groups 2 and 3, which 
received ginger extract, increased compared with the control group. The serum levels of these hormones 
in groups 4 and 5, which received methotrexate and ginger, increased compared with the group receiving 
methotrexate.  

Conclusion: Ginger extract reduced the adverse effects of methotrexate on sex hormone-producing cells. 
This effect is probably due to the antioxidant property of ginger.  
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its sharp spines is the most affective part used for 

medication (7-9). Studies have shown that ginger 

contains steroids, saponins, flavonoids, alkaloids, 

polyunsaturated fatty acids, vitamins, tannins, resin 

potassium nitrate, aspartic acid, and glutamic acid 

(10). This plant, due to containing protodioscin and 

saponins which increase testosterone and LH 

hormone levels, has long been used in traditional 

Chinese and Indian medicine to treat sexual 

dysfunction and increase libido (11). Tribestan is a 

patented extract of ginger that increases libido and 

has a counteractive effect on cold nature, infertility, 

and menopausal disorders (12). Researchers have 

shown that the dioxin existing in ginger, through 

increasing free testosterone levels, and estrogen and 

pregnenolone regulation, increase sexual potency in 

men (13). Few studies have been conducted and 

showed that ginger extract improved folliculogenesis 

in female mice after treatment with methotrexate 

(14). Since the therapeutic and prophylactic effects 

of ginger on sex hormones after taking methotrexate 

have not been investigated, this study was conducted 

to examine the effects of ginger on sex hormones. 

 

Materials and Methods 

This was an experimental study. In this study, all 

moral principles on handling laboratory animals 

have been considered. The animals used in this study 

were 56 adult male Wistar rats with an average 

weight of 200-220 g and 10-12 weeks of age. During 

the whole period of 56 days of the study, the animals 

were exposed to 12 hours of darkness and 12 hours 

of light. The drinking water for the animals 

throughout the experiment was municipal tap water 

and they were fed special rat food. The temperature 

during testing was 22 ± 24 °C.  

The rats were randomly divided into 7 groups of 

7; control groups 1 and 2, and experiment groups 1, 

2, 3, 4, and 5.  

In the control group, standard water and food 

was used. 

Control groups 1 and 2 received 1 ml of distilled 

water daily and 1 ml of distilled water + alcohol 

intraperitoneally. 

Experiment group 1 received 5 mg per kilogram of 

body weight of methotrexate daily intraperitoneally. 

Experiment group 2 and 3 received 20 and 40 mg 

per kilogram of body weight of ginger extract orally.  

Experiment group 4 and 5, 1 hour after receiving 

methotrexate 5 mg per kilogram of body weight 

intraperitoneally, received 20 mg and 40 mg per 

kilogram of body weight of ginger extract orally. 

After 56 days, the mice were anesthetized and 

blood samples were collected directly from the heart 

and blood serum was separated. By using ELISA 

method, the LH, FSH, and testosterone 

concentrations were measured and the data were 

entered into a computer. Data were analyzed using 

SPSS for Windows (version 17, SPSS Inc., Chicago, IL, 

USA), and one-way ANOVA statistical test and 

Duncan's post-hoc test. All P values of less than 0.05 

were considered significant.  

 

Results 

The results of this study are presented in table 1 and 

figures 1, 2, and 3. According to table 1, serum 

concentrations of LH, FSH, and testosterone in the 

experiment group 1 (methotrexate) were 

significantly decreased compared with the control 

group (P < 0.05).   

 

 
Figure 1. The mean plasma concentration of luteinizing hormone (LH) in terms of IU/l in different experiment 
groups compared with the control group 
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Figure 2. The mean plasma concentration of follicle stimulating hormone (FSH) in terms of IU/l in different 
experiment groups compared with the control group 

 

 
Figure 3. The mean plasma concentrations of testosterone in IU/l in different experiment groups compared 
with the control group 

 
Table 1. The mean plasma concentrations of luteinizing hormone (LH), follicle stimulating hormone (FSH), and 
testosterone levels in different groups of rats 

Groups 
Parameters 

LH FSH Testosterone 
Control 1 (Water) 0.065 0.20 2.00 

Control 2 (Water + Alcohol) 0.060 0.18 1.80 
Methotrexate (5 mg) 0.040 0.10 0.18 

Ginger (20 mg) 0.220 0.25 2.50 
Ginger (40 mg) 0.250 0.45 3.54 
Methotrexate (5 mg) + Ginger (20 mg) 0.050 0.10 0.47 
Methotrexate (5 mg) + Ginger (40 mg) 0.050 0.20 1.10 

The means that have at least one letter in common are not significantly different at P < 0.05; LH: Luteinizing hormone; FSH: Follicle stimulating hormone 
 

The concentration of LH in experiment groups 2 

and 3 (20 and 40 mg ginger) was significantly 

increased compared with the control group  

(P < 0.05). The serum concentrations of this 

hormone in groups that received methotrexate + 20 

mg ginger and methotrexate + 40 mg ginger, 
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concentration of LH in groups that received 

methotrexate + 20 mg ginger and methotrexate + 40 

mg ginger, compared with the methotrexate group, 

had increased, but this increase was not significant. 

Serum concentrations of FSH and testosterone in 

experiment groups 2 and 3, compared with the 

control group, had increased. This increase was 

significant in experiment group 3 (P < 0.05). Serum 

concentrations of FSH hormone in the groups that 

received methotrexate + 20 mg ginger and 

methotrexate + 40 mg ginger had, respectively, 

decreased and increased neither of which were 

significant. The serum concentration of testosterone 

in the methotrexate + 20 mg ginger group was 

significantly reduced compared with the control 

group (P < 0.05). Moreover, in the methotrexate + 40 

mg ginger group, its concentration increased 

compared with the control group; however, this 

increase was not significant. Serum concentrations 

of FSH and testosterone in the methotrexate + 20 mg 

ginger and methotrexate + 40 mg ginger groups 

increased compared to the methotrexate group. This 

increase was significant in the methotrexate + 40 mg 

ginger group.  

Discussion 

This study examined the effect of ginger on sex 

hormones in male rats after treatment with 

methotrexate. Considering the results of measuring 

the testosterone, LH, and FSH hormone 

concentrations in this study, the concentration of 

these hormones in the methotrexate group, compared 

with the control group, decreased. This finding was 

consistent with the results of other researchers 

(6,15,16). The study by Cao et al. showed that 

enzymatic and non-enzymatic antioxidant levels in 

interstitial cells decreased. Thus, they decreased the 

synthesis and secretion of testosterone and were 

effective risk factors for impaired spermatogenesis, and 

consequently, in the significant reduction of epididymal 

sperm number (17). The toxic effects of chemotherapy 

drugs, such as methotrexate, can directly and indirectly 

damage the seminiferous epithelium on interstitial cells 

(18). Testosterone steroid hormone, which plays an 

important role in the evolution and differentiation of 

sperm cells, is secreted by interstitial cells. Therefore, 

with the loss of sexual cells and Sertoli cell damage, 

atrophy of interstitial cells and the synthesis and 

secretion of testosterone decreases (19). Oxidative 

damage, after administration of methotrexate, 

decreases cellular processes and steroidogenesis by 

interstitial cells (20). Studies have shown that low 

levels of testosterone, in addition to disrupting 

spermatogenesis, could have a negative effect on the 

function of the epididymis, and impair sperm 

maturation and quality (21).  

Decreased serum concentrations of FSH and LH 

after administration of methotrexate can result from 

the effect of active metabolites, such as acrolein, 

resulting from the metabolism of methotrexate in the 

body. This drug can have many side effects by 

affecting the DNA molecule and breaking it, and 

influencing RNA molecules and protein synthesis. This 

subject is justifiable based on the pharmacology book  

by Katzung-Bertram and Iranpharma by Shahraz and 

Ghaziyani as well as studies conducted in the past 

(22-24). The FSH and LH levels are reduced according 

to their chemical structure which is polysaccharide.  

The results in table 1 and figure 3 showed that 

during the study, the testosterone concentrations of 

animals that received 40 mg/kg of ginger extract had 

increased. Several other studies also indicated this 

increase following the use of ginger (25,26). 

Gauthaman and Ganesan demonstrated that ginger in 

castrated mice can also increase testosterone (27). 

This finding was in agreement with that of the present 

study. Ginger plant increased testosterone level due to 

containing glycosides estradiol the most important of 

which is protodioscin. Natural estradiol, in this 

compound, may act as an intermediary, and facilitate 

the direction of androgen production of estradiol (28). 

Therefore, it will increase testosterone hormone level, 

and this hormone, in turn, will increase 

spermatogenesis. Ginger also contains unsaturated 

fatty acids (29). Polyunsaturated fatty acids increase 

17-beta-hydroxy-steroid dehydrogenase enzyme 

activity and since this enzyme is involved in the 

production of testosterone, therefore, testosterone 

also increases (30). In another study, it was reported 

that these acidic compounds inhibit the activity of the 

aromatase enzyme. Considering the fact that this 

enzyme leads to the conversion of androgens to 

estrogens, inhibition of its activity results in increased 

levels of androgens (testosterone) in the blood (31). 

Studies have shown that the alcohol extract of plant 

parts of the same ginger family plant at a dose of 50 

mg/kg, causes a significant increase in serum levels of 

free testosterone in the body. This extract is an 

aphrodisiac which is likely to result in an increase in 

androgens (32).  

Results of the present study showed that 20 and 

40 mg/kg doses of ginger increased serum 

concentrations of LH and 20 mg/kg doses increased 

the serum concentration of FSH in rats receiving the 

hydroalcoholic extract of this plant. Gauthaman and 

Ganesan, in a study on primates, rabbits, and rats, 

demonstrated that this extract has the ability to 

increase some sex hormones; this was due to its 

protodioscin content (27). Ginger plant, due to its 

saponin content, increases lutein hormone from the 

pituitary gland. Lutein hormone is also a stimulant of 

testosterone production, and hence, is able to improve 

sexual function, including increased sperm 

production, and improved erectile function and sexual 

desire (33). Furostanol is one of the saponins found in 

ginger that have a stimulating effect on 

spermatogenesis through increasing the production of 

gonadotropins by the pituitary gland, which can also 

stimulate testosterone hormone production. This 

substance significantly improves the quality and 

quantity of sperm (34). The increase in concentration 

of gonadotropin was probably due to the active 

ingredient in the extract.  
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Researchers have found that initiating and 

maintaining spermatogenesis requires normal FSH 

and LH in the time before and after sexual maturation 

(35). The distinction of spermatocytes and spermatid 

stage 7 is under the direct influence of testosterone 

(36), or the absence of FSH, LH can indirectly affect 

them (35). Therefore, as was mentioned, ginger 

extract contains furostanol that stimulates 

spermatogenesis through increased production of 

gonadotropins by the pituitary gland (34). Thus, the 

increase in FSH concentration was probably because 

of the effects on the pituitary-gonadal axis, and this 

effect is due to the increased secretion of 

gonadotropins. Findings suggested that testosterone 

levels in the methotrexate + 20 mg ginger group 

decreased compared to the control group. Moreover, 

according to previous studies, which suggested 

methotrexate caused biochemical changes and 

testicular and tissue destruction (37), one other 

reason for the reduction of testosterone was testicular 

tissue destruction by methotrexate. In the 

methotrexate + 40 mg ginger group, compared to 

methotrexate group, there was a significant increase 

in testosterone concentrations. This, certainly, 

suggested the improvement of testicular tissue due to 

testosterone secretion from testicular interstitial cells 

(38). Furthermore, in this study, changes in FSH levels 

indicated that the methotrexate + 40 mg ginger group 

had a significant increase compared to the 

methotrexate group. This reflected the positive effects 

of antioxidants of ginger extract. Investigations found 

that methotrexate reduced gonadal and libido 

function (21). In researches on the effect of 

methotrexate on rat ovarian follicles, it was stated 

that methotrexate can cause an increase in apoptotic 

cells in the ovary and lead to dysfunction of the 

ovaries. The most important oxidative system is in the 

glutathione peroxidase in the sexual organs, and this 

medication can reduce the activity of this system 

(39,40). Based on the results of the study by Sabik and 

Abd El-Rahman, catalase and superoxide dismutase 

activity reduced due to methotrexate use, and levels of 

malondialdehyde increased, indicating the production 

of free radicals, oxidative stress, and lipid 

peroxidation. They evaluated the protective effects of 

vitamin E and ginger as antioxidants and introduced 

ginger as an herbal remedy more effective than 

vitamin E in reducing oxidative stress induced by 

methotrexate (41). Thus, prescription of antioxidants 

during chemotherapy to reduce oxidative stress 

resulting from the administration of methotrexate and 

removing tissue toxins seems necessary (42). 

 

Conclusion 

It can be conclude that chemotherapeutic agents, 

such as methotrexate, used to inhibit cancer cells, in 

addition to their therapeutic effects also have some 

side effects. In this study, the use of methotrexate for 

56 days decreased FSH, LH, and testosterone levels. 

Ginger extract increased these three hormones. 

Combined use of these two resulted in the ginger 

compound reducing metabolites of methotrexate, 

and thereby, increasing testosterone and FSH.  
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