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Öz 

Giriş ve Amaç: Metotreksat oksidatif strese bağlı doku hasarına neden olmaktadır. E vitamini serbest oksijen 

radikallerinin etkisiyle oluşan lipit peroksidasyonunu nötralize eder. Bu çalışma ile E vitamininin olası metotreksat 

bağlantılı testiküler hasara karşı koruyucu etkileri analiz edildi. 

Gereç ve Yöntemler: Otuz iki erkek Spraque dawley sıçan; metotreksat (MTX), E vitamini, MTX+ E vitamini ve 

kontrol olarak gruplandırıldı. İlk gün MTX grubuna intraperitoneal(i.p.) 20 mg/kg MTX, E vitamini grubuna 5 gün 

100 mg/kg i.p. E vitamini, MTX+E vitamini grubuna ilk gün 20 mg/kg i.p. MTX ve 5 gün 100 mg/kg i.p. E vitamini 

uygulandı. Kontrol grubuna 5 gün 2 ml serum fizyolojik (i.p.) uygulandı. Testiküler dokuda histopatolojik, akım 

sitometrik analizler yapıldı ve apopitoz değerlendirildi. 

Bulgular:  Apopitotik indeks (%) ve testiküler hasar en fazla MTX grubundayken, MTX+E vitamini grubunda MTX 

grubuna göre anlamlı derecede azalma gözlendi. Seminifer tübül çapı MTX grubunda belirgin şekilde azalırken, 

MTX+E vitamini grubunda MTX grubuna göre artış gözlendi. MTX ve MTX+E vitamini grupları arasında germinal 

epitelyum ve testiküler ağırlık sonuçları açısında anlamlı farklılık yoktu. 

Sonuç: Sonuçlara göre MTX testislerde yapısal hasara neden olabilirken, E vitamini MTX'e bağlı testiküler hasarı 

düzeltebilir. 

Anahtar Kelimeler: Akım sitometri, Apopitoz, E vitamin, Metotreksat, TUNEL 

 

Abstract 

Objective: Methotrexate (MTX) can cause oxidative stress-related tissue damage.Vitamin E neutralizes lipid 

peroxidation arising from the effect of free oxygen radicals.In this study, the protective effect of vitamin E against 

possible MTX-related testicular damage was analyzed. 

Materials and Methods: Thirty two mature male Spraque dawley rats were grouped as MTX, Vitamin E, 

MTX+vitamin E and control groups. 20 mg/kg MTX intraperitoneal (i.p.) was applied to MTX Group in the first day; 

100mg/kg i.p. vitamin E was applied to vitamin E Group for 5 days; 20 mg/kg i.p. MTX in the first day and 100 mg/kg 

i.p. vitamin E for 5 days were applied to MTX+vitamin E Group;2 ml physiological saline solution (i.p.) was applied 

to control group for 5 days. Histopathology and flow cytometric analysis were done and apoptosis was evaluated on 

testicular tissue.  

Results: Apoptotic Index (%) and testicular damage were highest for MTX Group, and significant decrease was 

observed for MTX+vitamin E Group compared to MTX Group.Seminiferous tubule size significant decreased in MTX 
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Group and it increased in MTX+vitamin E Group compared to MTX Group. No significant difference was found 

between MTX and MTX+vitamin E Groups regarding germinal epithelium thickness and testicle weights. 

Conclusion: The results show that MTX can cause structural disruptions in testicles and vitamin E can rehabilitate 

MTX-related testicular damage. 

Keywords: Apoptosis, flow cytometry,  Methotrexate, TUNEL, Vitamin E 

 

 

1. Giriş 

Methotrexate (MTX), a folic acid analogue, is used in the 

treatment of leukemia and solid organ malignancies such 

as head and neck, lung and uroepithelial tumors, and 

inhibits dihydrofolate reductase (DHFR) enzyme which 

is required for deoxyribonucleic acid [DNA] synthesis 

and cell division [1, 2, 3, 4]. In this process, it transforms 

DHF into tetrahydrofolate (THF), and both purine and 

pyrimidine syntheses are thus reduced [2, 5]. MTX 

affects the purine and pyrimidine metabolisms and many 

other metabolic pathways that involve DNA synthesis. 

Therefore, MTX induces both medical and toxic effects 

[4]. Cytotoxic effect also plays a role on the tissues of 

which proliferation rate is high because it is not directly 

selective against cancer cells [1]. It is known that such 

adverse effects are due to the oxidative stress caused by 

reactive oxygen species [ROS] [6, 7, 8]. It has been 

reported to cause important toxic effects on several 

organs such as liver, kidneys, bone marrow and testicles 

[9, 10]. 

It has been reported to have adverse effects on 

reproductive system such as oligospermia and menstrual 

disorders, defects of oogenesis and spermatogenesis, 

abortus and teratogenicity [4, 11]. The testicular toxicity 

effect of MTX can be direct or oxidative stress-induced 

[4]. Free radicals increase in consequence of 

chemotherapy and affect adversely spermatogenesis by 

causing damage to testicular tissue [apoptosis] [12, 13]. 

Vitamin E is an oil-soluble and antioxidant vitamin [14]. 

Its active biological structure and most common form is 

alpha (α)-tocopherol [14]. Alpha-tocopherol takes part in 

antioxidant defense mechanisms of the body in order to 

prevent the damages produced by reactive oxygen 

particles [15, 16], and precludes possible damages by 

binding oxygen. Vitamin E plays the most efficient role 

in the neutralization of lipid peroxidation incurred owing 

to the effects of free oxygen species [17]. It is 

demonstrated that vitamin E has a role in DNA synthesis 

and is influential in immune system in addition to its 

anticarcinogenic effects [18]. 

Apoptosis is defined as the programmed cell death that 

occurs under a certain genetic control. It ensures the 

continuity of cellular production-destruction balance and 

the programmed death of damaged cells in an organism 

[19]. Apoptosis is a basic process for morphogenesis and 

does not only occur during embryonic phase but also 

continues in adulthood stage [19]. 

A common characteristic of many species concerning 

spermatogenesis is that a majority of germ cells die by 

apoptosis during various stages of development. The 

subsistence or death of germ cells is determined by a very 

complex signal network. The proteins of Bcl-2 family 

form a signal pathway vital for germ cell homeostasis. 

Certain members of this family [Bcl-2, Bcl-xL, Bcl-w, 

Mcl-1 and A1] conduct signals for the subsistence of a 

cell while certain other members (Bax, Bak and Bim) 

produce the opposite effect. Apoptosis is a crucial factor 

for the adjustment of germ cell numbers and of the 

proportion between germ cells and sertoli cells. It is not 

precise how much of the cells become subject to 

apoptosis. Germ cells that incur damage at any stage or 

cannot fulfill their development are selectively 

demolished by apoptosis. Therapies with radiation, 

toxicants and gonadotropin-releasing hormone (GnRH) 

antagonist and heat and stress can accelerate apoptosis 

[20]. Although apoptosis in testicular tissue is accepted 

to be a normal process for development, the balanced 

perpetuation of it defines a healthy process. Increase in 

apoptosis is also another process which negatively affects 

fertilization [21]. 

In this study, we aimed to histopathologically analyze on 

the testicular tissue damaged by MTX, a widely-used 

chemotherapeutic medication, the morphometric results 

[such as seminiferous tubule epithelium and 

seminiferous tubule diameter] of short-term acute 

vitamin E application and its effects on apoptotic index.  

   

2. Materyal ve Metot 

In this study, 32 male Sprague-Dawley rats (200-250 g) 

taken from the Surgical Research Center of the Medical 

Faculty of Black Sea Technical University were used 

upon the permit (Date: 18.12.2013, Issue: 700) obtained 

from Local Ethics Committee for Animal Experiments of 

the Medical Faculty of Black Sea Technical University. 

The rats were kept under 22 ± 2 °C and %50 ± 5 humidity 

conditions, and were subject to 12 hours of light and 

darkness for each. The study groups were determined as 

follows: 

1st Group (MTX Group): 20 mg/kg MTX i.p. was 

applied only on the first study day (n=8). 2nd Group 

(vitamin E Group): 100 mg/kg vitamin E i.p. was given 

for five days during the study (n=8). 3rd Group 

(MTX+vitamin E Group): 20 mg/kg MTX (i.p.) and 100 

mg/kg vitamin E (i.p.) were applied only on the first day 

and for 5 days during the study, respectively (n=8).4th 

Group (Control Group): Only normal saline was given 

for 5 days (n=8). In the end of the experiment (at the end 

of 5th day), the rats were sacrificed by exsanguination 

while under anesthesia, their testicles were taken out and 

weighted. The right testicles were bisected, and halves 

were subjected to Bouin solution for histopathological 

examinations while the other halves were used for flow 

cytometry. 

2.1.Histopathological Processes  

The tissues were put into Bouin solution for 

histopathological examination and were made into 
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paraffin-embedded blocks after tissue follow-up process. 

5 μm cross-sections were taken from these tissues for 

hemotoxilen-eosine staining. For the preparates; 

seminiferous tubule size, germinal epithelium thickness 

and immature germ cells in lumen were calculated under 

Olympus DP 71 (Japan) light microscope (LM) by using 

Analysis 5 Research (Olympus Soft Imaging Solution, 

Germany) software. Spermatogenetic cells and 

interstitial area in the seminiferous tubule were analyzed 

under Olympus BX51 (Japan) photomicroscope LM, and 

the pictures were digitalized. Johnsen scoring system was 

used for the evaluation of damage in testicle seminiferous 

tubule 22. 

2.2. Immunohistochemical Processes 

Terminal deoxynucleotidyl transferase-mediated dUTP 

nick end labeling assay (TUNEL) (In Situ Cell Death 

Detection Kit, POD, Roche) was used on 5 μm sections 

obtained from paraffin-embedded blocks and DNA 

fragmentations of germ cells in seminiferous tubules 

were defined. The homogenously stained TUNEL (+) 

cells with brown nucleus which did not contain any 

necrosis area were evaluated as apoptotic cells. TUNEL 

positive cells were counted under 400x microscope 

(Olympus DP 71, Tokyo, Japan) using Analysis Research 

(Olympus Soft Imaging Solution, Germany) Program. 

For each testicle, TUNEL (+) cell and total cell numbers 

were analyzed and Apoptotic percentage (Apoptotic 

Index (AI)=TUNEL (+) cell number / total cell number x 

100) was calculated in at least 10 seminiferous tubules 

23. 

2.3. Flow Cytometric Analysis 

Testicular tissue samples were prepared in Coulter DNA 

Prep by subjecting them to DNA, LPR and DNA Stain 

solutions (coulter 6604451-54). After Coulter Epics Elite 

ESP Flow Cytometry device had been standardized with 

flow-check, each sample was exposed to 488nm argon-

ion laser and the obtained DNA histograms were 

evaluated with Multicycle AV Phoenix flow system 

coulter analysis program. 

2.4. Statistical Analysis 

SPSS (Statistical Package for the Social Sciences version 

13.1, SPSS Inc., Chicago, IL, USA) program and 

Microsoft®Excel (for windows XP) were used in the 

statistical analysis of the data. The numerical data of each 

group were provided as mean ± standard deviation (SD) 

and were compared to Kruskal Wallis variance analysis. 

P<0.05 probability value was accepted to be significant 

in the comparison of all results. 

 

3. Results and Discussion  

3.1. Apoptosis  

According to apoptotic index (AI, %) results which had 

been evaluated with TUNEL method on the testicular 

tissues of experiment groups, MTX group had the highest 

AI (%) value while control group had the lowest AI value 

among others. MTX and MTX+vitamin E groups were 

found to be statistically significant compared to control 

group. It was also revealed that AI value of 

MTX+vitamin E group decreased at a statistically 

significant level compared to MTX group (Tamhane test, 

p<0.001). (Table 1, Figure 1a, 1b, 1c, 1d). 

 

Table 1. Apoptotic Index (%) of All Experiment groups 

 

 

 
Figure 1. TUNEL (+) cell in the testicular tissues of the 

groups: A: MTX Group, B: MTX+Vitamin E Group, C: 

Vitamin E Group, D: Control Group (TUNEL, X400). 

 

Johnsen Scoring Results  

Testicular damage evaluation of the experiment groups 

was determined by Johnsen Scoring System. 

MTX+vitamin E group was found to have increased 

score at a statistically significant level compared to MTX 

group (p<0.05, Tamhane Test). The scoring results of 

control group were statistically significant higher than 

MTX and MTX+vitamin E groups (p<0.001 for both, 

Tamhane Test). The difference between control group 

and vitamin E group was not significant (Table 2). 

 

 

Groups Apoptotic Index (%) 

MTX group (n=8) 16.92*± 1.97 

MTX+vitamin E group 

(n=8)  

9.89 **± 1.01 

Vitamin E group (n=8) 3.09 ± 0.32 

Control group (n=8)  2.01 ± 0.29 

*: The results obtained from MTX group increased 

significantly compared to other groups (p<0.05). 

**: The value obtained from MTX+vitamin E group 

decreased at a significant level compared to MTX 

group. 

(p<0.001). 
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Table 2. The Results of Johnsen Scoring System for the 

Experiment Groups 

Groups Johnsen Scoring 

Results 

MTX group (n=8)  7.42 *± 0.46 

MTX+vitamin E group 

(n=8) 

8.30 **± 0.26 

Vitamin E group (n=8) 9.07 ± 0.18 

Control group (n=8) 9.22 ± 0.18 

*: The damage in MTX group increased at a significant level 

compared to all the other groups (p<0.05). 

**: The damage of MTX+vitamin E group decreased 
significantly compared to MTX group (p<0.05). 

MTX: Methotrexate 

 

3.2. Flow Cytometric Evaluation  

All groups’ G0/G1, S and G2/M phase values of cell 

cycle were evaluated in percentages by cytometric 

analysis. According to the results obtained from MTX 

group, it was found out that S and G2/M phase values 

increased compared to control group. It was also seen that 

the results of MTX+vitamin E group showed decreased 

in terms of S and G2/M phase values compared to MTX 

group (Table 3). 

 

Table 3. The Results of Flow Cytometric Evaluation for 

the Experiment Groups 

 

 Phase Values (%) 

Groups 

 

G0/G1 

Phase 

S Phase G2/M 

Phase 

MTX group 

(n=8) 

93.4 

 

3.5 3.1 * 

MTX+vitamin E 

group (n=8) 

96.8   1.8  1.4 ** 

Vitamin E group 

(n=8) 

98.4  0.9 0.7 

Control group 

(n=8) 

98.5  0.8 0.7 

*: Compared to Control group, the percentage of S and G2/M 

phase values of MTX group were observed to have increased. 

**: Compared to MTX group, the percentage of S and G2/M 
phase values of MTX+vitamin E group were found to have 

decreased.  
MTX: Methotrexate 

 

3.3. Results Concerning Seminiferous Tubule Diameter 

and Germinal Epithelium Thickness 

According to the statistical results obtained from 

seminiferous tubule diameter, the results of MTX group 

decreased at a statistically significant level compared to 

all the other groups. However, the results of 

MTX+vitamin E group increased significantly compared 

to MTX group (Tamhane Test, p<0.05). The differences 

between control group and vitamin E group and between 

control group and MTX+vitamin E group were not 

statistically significant (Tamhane Test, p=0.996 for 

vitamin E group, p=0.377 for MTX+vitamin E group). 

According to the statistical results obtained from 

germinal epithelium thickness, the difference between 

the results of MTX group and MTX+vitamin E group 

was not statistically significant (Tukey HSD, p<0.143). 

MTX group demonstrated decrease at a significant level 

compared to control group (Tukey HSD, p<0.001). 

While vitamin E group did not show statistically 

significant difference compared to control group (Tukey 

HSD, p=0.615), all the other groups showed significant 

decrease compared to the same (Table 4). 

 

Table 4. The Average Values of Morphometric 

Measurements of Experiment Groups 

 

3.4. Histopathological Evaluations  

When we analyzed the testicular tissues 

histopathologically, we found out for the control group 

rats that germinal cells of the spermatogenic series in 

seminiferous tubules had a normal cycle, the integrity of 

the interstitial area tissue and leydig cells were preserved 

(Figure 2a, 3a). It was observed that there were a great 

number of immature germ cells in the lumen of 

seminiferous tubules of MTX group and that there were 

irregular dilatation of basal membrane, edema in the 

intertubular area and vacuolization in germinal 

epithelium in places (Figure 2c, 3c). It was also seen in 

the seminiferous tubules of MTX+vitamin E group the 

vacuolization decreased notably, and that the structure of 

spermatogenic cells and the integrity of germinal 

epithelium were preserved (Figure 2d, 3d). It was 

discovered that the spermatogenic cell cycle in the 

seminiferous tubules of vitamin E group was normal 

similar to that of control group, and the integrity of 

tubular structure and of intertubular area were preserved 

(Figure 2b, 3b). 

Our study revealed that systemic MTX application 

increased apoptosis and damage in the testicular tissue of 

rats, caused decrease in seminiferous tubule diameter but 

did not lead to any change on epithelium thickness and 

testicular weight. Besides, MTX+vitamin E application 

decreased apoptosis rate and testicular damage, increased 

seminiferous tubule size; however, it did not cause any 

Groups  Seminiferous 

Tubule Size 

(μm) 

Germinal 

Epithelium 

Thickness 

(μm) 

MTX group 

(n=8) 

242.03ª ± 10.45  64.33* ± 5.51 

MTX+vitamin E 

group (n=8) 

264.79ᵇ ± 9.37  69.49 ± 6.11 

Vitamin E group 

(n=8) 

271.15 ± 2.00  79.45 ± 3.39 

Control group 

(n=8) 

271.81 ± 2.79  82.31 ± 2.72 

ª: The values of MTX group decreased at a statistically significant 

level compared to all the other groups (p<0.05). 
ᵇ: The values of MTX+vitamin E group increased significantly 

compared to MTX group (p<0.05). 

*: The values of MTX group decreased significantly compared to 
Control group (p<0.001). 

MTX: Methotrexate 
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change of germinal epithelium and testicular weight. 

MTX inhibits high doses of thymidylate synthesis and 

also prevents DNA synthesis as the most characteristic 

toxicity effect [24, 25]. It is reported to trigger apoptotic 

induction for it increases oxidative stress and caspase-3 

levels even in the lowest concentrations [23]. 

 

 
 

Figure 2. Seminiferous Tubule of All Groups.  

A: MTX Group, B: MTX+Vitamin E Group, C: Vitamin 

E Group, D: Control Group (H&E, x400).  

A: Seminiferous Tubules:    ,   Interstitial Tissue: 

C: Vacuolization in Seminiferous Tubules:     , 

Immature Germ Cells in Lumen: 

D: Immature Germ Cells in Lumen:  

Figure 3. Testicular Sections of All groups.  

A: MTX (Vacuol: , close lumen: *), B: MTX+Vitamin 

E (Immature cell: *), C: Vitamin E, D: Control, (H&E, 

x200). 

 

It is also known that chemotherapeutic agents affect p53 

gene activation mechanism and thus induce apoptosis 

[26]. MTX-induced organ toxicity is believed to originate 

due to oxidative stress [27, 28, 29, 30], and it is reported 

that a single dose of MTX leads to oxidative stress in rat 

testicles [4]. 

Spermatogenic cells and, in particular, spermatocytes are 

highly sensitive against toxic agents. Systemic diseases, 

infections, antimetabolites and chemotherapeutic 

medications are some of the factors that affect 

spermatogenesis. Such agents decrease sperm formation 

and may lead to chromosomal and morphological 

anomalies [20]. Though apoptosis is observed in 

testicular tissue during developmental process, a healthy 

process requires a balanced apoptosis. An increase in 

apoptosis is also a process that affects fertilization [21]. 

Antioxidants are mechanisms that prevent the damage 

incurred by cells due to reactive oxygen species and 

inhibit their interaction with DNA by eliminating free 

radicals [31, 32]. Vitamin E is fat-soluble and natural 

antioxidant which takes place in biological membranes, 

inhibits oxidative stress and limits the activities of 

superoxide and lipid peroxide in membranes [33, 34, 35, 

36]. Studies reported that vitamin E is an antioxidant 

which protects sperm cells from lipid peroxidation and 

oxidative stress [37]. 

Sönmez et al [27], Sheikhbahaei et al [28], Dagguli et al 

[29], Barbisan et al. [24], Vardi et al [30] revealed that 

MTX use may trigger apoptosis by increasing oxidative 

stress. We used TUNEL method in our study in order to 

evaluate apoptosis. According to the results, we observed 

that the AI results of spermatogenic cells of MTX group 

increased at a statistically significant level compared to 

control group, and that the AI results of MTX+vitamin E 

group decreased at a statistically significant level. The 

results we acquired demonstrated that MTX had an 

inductive effect for apoptosis and that, in this respect, our 

study supported the research performed by Barbisan et al. 

[24].We identified that TUNEL [+] cell involvement in 

MTX+vitamin E group decreased at a significant level 

compared to MTX group. Such result makes us consider 

that vitamin E may be effective against this toxicity 

where MTX induces apoptosis. 

Flow cytometry is one of the methods which enable 

researchers to obtain objective information by fast, 

reliable and large number of cell counting concerning 

proliferative activity and DNA content. Thus relative 

size, relative granularity and relative fluorescence 

density can be measured in cells. In our study, G0/G1, S 

and G2/M phase values of cell cycles of all groups were 

analyzed in percentage and by flow cytometric analysis. 

We did not find any difference between control group 

and Vitamin E group in terms of proliferation index. S 

and G2/M phase values of MTX group were found to 

increase compared to control group and vitamin E group. 

The comparison of MTX+vitamin E group to MTX group 

showed that there was a decrease in both proliferation 

index and S and G2/M phase values. These results lead 

us to consider that if used alone, MTX increases mitotic 

proliferative activity; and that vitamin E has a curative 

effect against such activity. 

According to our results of morphometric evaluation, 

MTX caused decrease in seminiferous tubule diameter at 

a significant level while it did not result in a significant 
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level in germinal epithelium. It was also found out that 

MTX+vitamin E application increased seminiferous 

tubule diameter at a significant level compared to MTX 

but did not create a significant difference for germinal 

epithelium. In parallel with our study, the studies 

performed by Nouri et al. [38], Gökçe et al. [39] and 

Saxena et al. [40] indicated that both germinal epithelium 

thickness and seminiferous tubule diameter incurred 

decrease. 

Morphological evaluations revealed that MTX resulted in 

certain damages to seminiferous tubules of testicles. The 

evaluations we carried out under light microscope 

suggested that immature germinal epithelium and 

germinal epithelium integrity in seminiferous tubule 

could not be preserved in the lumen of seminiferous 

tubule, and there were vacuoles and dilatations in 

germinal epithelium. MTX can cause deterioration to the 

integrity of testicular tissue and such damages may 

decrease the quality of spermatogenesis. Shrestha et al. 

[37] specified in a study that they observed decrease in 

seminiferous tubule diameter, dilatation in interstitial 

area and deterioration in the morphology of leydig cells 

due to MTX use. The study made on rats by 

Padmanabhan et al. [9] identified that MTX decreased 

sperm numbers to a large extent, increased sperm head 

anomalies and caused toxicity. For this reason, the results 

we acquired support the ones obtained by Shretha et 

al.[37] and Padmanabhan et al.[9] as well as the studies 

performed by Nouri et al. [38]. In respect to 

MTX+vitamin E exposure, it was found that 

vacuolization decreased to a certain extent compared to 

MTX group and that the structure of spermatogenic cells 

was preserved in the lumen of seminiferous tubules save 

for a couple of germinal epithelium cells. In relation to 

vitamin E, Shirpoor et al. [41] found out that vitamin E 

supplement cured structural changes in testicles which 

had been caused by the toxicity due to Ethanol 

application and ameliorated oxidative stress markers and 

gonadotropin hormone levels. In this sense, the results we 

obtained support the study performed by Shirpoor et al. 

[41]. 

In the comparison of testicular weights of all groups, we 

did not find any statistically significant difference 

[p=0.63]. Armagan et al. [42] also found similar results 

to our study. Differently, Padmanabhan et al. [9] and 

Nouri et al. [38] reported that MTX caused testicular and 

body weight decrease; Yuncu et al. [43] revealed that 

MTX led to testicular weight decrease and vitamin E 

could not rehabilitate such result. 

 

4. Conclusion 

As a result, MTX is used for treatment purposed but 

causes histopathological damage to testicular tissue. 

However, it is also revealed that short term [5 days] 

vitamin E application can prevent such damage. It is 

believed that more positive results can be obtained if 

vitamin E dosage is improved and application time is 

extended. 
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