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for the treatment of acute lymphoblastic leukemia; osteosarcoma; 
choriocarcinoma; lymphoma; breast, bladder, and head and neck 
cancers, as well as for the treatment of non-malignant diseases such 
as psoriasis and rheumatoid arthritis [1-3]. It is also effective for the 
termination of pregnancy [3]. Anticancer drugs such as MTX have le-
thal effects on cancer cells, but they also affect normal tissues that 
have a high proliferation rate, such as bone marrow, intestinal muco-
sa, and gonads [4]. In addition to its gonadotoxicity, MTX also has 
known mutagenic and teratogenic properties [5]. Therefore, the cur-
rent recommendation is to cease MTX treatment in both female and 
male patients at least 3 months before a planned pregnancy [3]. A 
single dose of MTX administered to rats causes an increase in oxida-
tive stress in the testes, thereby leading to infertility directly or 
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Objective: The present study aimed to investigate the possibility that curcumin (CMN) protects against methotrexate (MTX)-induced testicu-
lar damage by affecting the phospho-p38 (p-p38) mitogen-activated protein kinase (MAPK) and nuclear factor-kappa B (NF-κB) signaling 
pathways.
Methods: Eighteen male Wistar albino rats were randomly divided into three groups. The control group was given an intragastric administra-
tion of dimethyl sulfoxide (DMSO) daily for 14 days, the MTX group was given a single intraperitoneal dose of MTX (20 mg/kg) on the 11th 
day, and the MTX+CMN group was given intragastric CMN (100 mg/kg/day, dissolved in DMSO) for 14 days and a single intraperitoneal dose 
of MTX (20 mg/kg) on the 11th day. At the end of the experiment, all animals were sacrificed and the testicular tissues were removed for mor-
phometry, histology, and immunohistochemistry. Body and testicular weights were measured.
Results: Body weights, seminiferous tubule diameter, and germinal epithelium height significantly decreased in the MTX group compared to 
the control group. Whereas, the number of histologically damaged seminiferous tubules and interstitial space width significantly increased in 
the MTX group. In addition, the number of p-p38 MAPK immunopositive cells and the immunoreactivity of NF-κB also increased in the MTX 
group compared to the control group. CMN improved loss of body weight, morphometric values, and histological damage due to MTX. CMN 
also reduced the number of p-p38 MAPK immunopositive cells and the NF-κB immunoreactivity.
Conclusion: CMN may reduce MTX-induced testicular damage by suppressing the p38 MAPK and NF-κB signaling pathways.
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Introduction 

Methotrexate (MTX) is a folic acid antagonist used as a medication 
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through the toxic effects of MTX [6-8]. It has been reported that 
male individuals exposed to MTX exhibit oligozoospermia and struc-
tural chromosomal rearrangements [9]. 

Various signals related to cell proliferation, cell differentiation, and 
cell death are regulated by mitogen-activated protein kinases 
(MAPKs) [10]. In particular, p38 MAPK can be activated by a variety 
of cellular stresses, including oxidative stress, and is related to in-
flammation and programmed cell death (apoptosis) [10-13]. A cell 
culture study using the human bronchial cell line BEAS-2B confirmed 
that MTX increased p38 MAPK expression and dose-dependently in-
creased p38 MAPK phosphorylation, whereas pre-treatment with 
the p38 MAPK inhibitor SB203580 decreased both p38 MAPK ex-
pression and phosphorylation [14]. An organ culture study using hu-
man nasal polyp cells showed that MTX caused apoptosis by in-
creasing the levels of the phosphorylated forms of p38 MAPK in a 
dose-dependent manner [15]. These studies indicate a potential as-
sociation between the p38 MAPK signaling pathway and MTX. 

Another known effect of MTX is its ability to promote significantly 
increased activation and translocation of nuclear factor-kappa B (NF-
κB) [16-19]. NF-κB is a protein complex containing specific transcrip-
tion factors with known involvement in inflammatory and innate 
immune responses [20]. These responses are also considered to in-
volve oxygen free radicals, so various antioxidant substances have 
been explored as agents for the prevention of the testicular damage 
caused by MTX [6-8,21-27]. 

An antioxidant compound that is receiving particular attention is 
curcumin (CMN), which has substantial anti-inflammatory, immuno-
modulatory, antitumoral, antipsoriatic, and wound-healing proper-
ties in addition to its antioxidant activity [28-35]. CMN is a delicious 
yellow-orange-colored spice with a wide range of pharmacological 
and biological activities. It is obtained from the rhizomes of a Curcu-
ma longa, a plant belonging to the Zingiberaceae family [36,37]. 
CMN is widely used in Far Eastern and Asian countries, especially in 
India and China, in the food industry (as a sweetener, preservative, 
coloring, spice, etc.) and in traditional medicine as a treatment for in-
flammation, sprains, and other conditions [38-41]. Song et al. [42] 
reported that CMN could inactivate p38 MAPK and NF-κB in a rat en-
teritis model and that it improved the intestinal mucosal barrier. 
Similarly, CMN also showed a protective effect against testicular 
damage caused by cisplatin by blocking p38 MAPK and NF-κB ex-
pression [43]. The present study aimed to analyze the possible pro-
tective effect of CMN against MTX-induced testicular damage 
through a histological and immunohistochemical examination of 
phospho-p38 (p-p38) MAPK and NF-κB signaling pathways. 

Methods 

1. Animals 
For this study, 18 male Wistar albino rats weighing between 250 

and 300 g (age, 3 months) were obtained from the Trakya University 
Experimental Animals Research Unit. During the study period, all rats 
were kept at a temperature of 22°C ± 1°C with a 12-hour light/dark 
cycle. The animals were fed a standard pellet feed and had free ac-
cess to tap water. The experimental part of the study was carried out 
with approval from the Animal Experiments Local Ethics Committee 
of Trakya University (No. TUHDYEK-2013/50).  

2. Experimental design  
The rats were randomly divided into three groups of six animals 

each (n = 6) to form the control, MTX, and MTX+CMN groups. CMN 
(Sigma-Aldrich, St. Louis, MO, USA) was prepared by dissolving in di-
methyl sulfoxide (DMSO; Merck, Darmstadt, Germany). The control 
group was given an intragastric dose of DMSO (1 mL/kg) daily for 14 
days. The MTX group was given a single intraperitoneal dose of MTX 
(20 mg/kg, Kocak Farma, 50 mg/5 mL, Tekirdag, Turkey) on the 11th 
day of the experiment. The MTX+CMN group was given intragastric 
CMN (100 mg/kg/day) daily for 14 days and a single intraperitoneal 
dose of MTX (20 mg/kg) on the 11th day of the experiment. The dos-
es of CMN and MTX used in this study were determined as described 
in previous studies [28,44]. 

Twenty-four hours after the last dose of CMN, all animals were sac-
rificed under anesthesia with xylazine (Basilazin; Bavet, Bosensell, 
Germany) and ketamine (Ketasol; Richter Pharma, Wels, Austria), and 
the testes were rapidly excised. Routine procedures were used for 
histological and immunohistochemical examinations of the testicu-
lar tissue. The body weight of all animals was measured at the begin-
ning and end of the experiment, and the weight of the testes was 
measured at the end of the experiment. The testes weight index 
(TWI) was calculated for each animal by taking into account the body 
weight and the sum of the weights of the right and left testes of the 
same animal, using the following formula: TWI: ([sum of the weights 
of right+left testes]/body weight) × 100. 

3. Histological examinations 
All testis tissues for histological and immunohistochemical evalua-

tions were fixed in 10% neutral-buffered formalin (Sigma-Aldrich), de-
hydrated in an increasing ethanol series, and embedded in paraffin. 
Then, 5-μm-thick sections were cut from the paraffin-embedded testis 
tissues with a microtome (RM-2245; Leica, Wetzlar, Germany). The sec-
tions were deparaffinized in toluene, rehydrated through a series of 
decreasing ethanol concentrations, and stained with hematoxylin and 
eosin (H&E). After staining, the slides were dehydrated through a se-
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ries of increasing ethanol concentrations, immersed in toluene, and 
covered with Entellan (Merck). The slides were then examined and 
photographed under a light microscope (Olympus BX51, Tokyo, Ja-
pan) equipped with a DP 20 digital camera attachment. 

The seminiferous tubule diameter, the germinal epithelium height, 
and interstitial space width in H&E stained testes sections were mea-
sured with a light microscope at × 100 or × 400 magnification using 
an Imaging Analysis System ver. 2.11.5.1 (Kameram-Argenit, Istanbul, 
Turkey). These measurements were performed by evaluating the 
transverse sections of a total of 30 tubules in five fields. Thirty tubules 
were chosen as round or near-round in three testes sections of each 
animal [25]. 

Germinal series cell changes were assessed histologically by light 
microscopy examination of six testis sections of each animal at 
× 100 magnification according to the following criteria: detachment 
(detachment of cohorts of spermatocytes from the seminiferous ep-
ithelium), sloughing (release of clusters of germ cells into the lumen 
of the seminiferous tubule), and vacuolization (appearance of empty 
spaces in the seminiferous tubule). For each parameter, the average 
percentages of normal and damaged tubules were determined. Av-
erage percentages for each sample were obtained by dividing the 
number of histologically damaged (detachment, sloughing, and 
vacuolization) or normal round tubules by the total number of 
round tubules in the same field, and multiplying the result by 100. 
Three areas were evaluated for each section and their averages were 
analyzed [45]. 

4. Immunohistochemical Examination 
For the immunohistochemistry procedure, testis sections were in-

cubated overnight at 56°C and then deparaffinized in toluene. The 
sections were rehydrated in a decreasing ethanol series and then 
boiled in a microwave for 15 minutes in 10 mM citrate buffer (pH 6) 
for antigen retrieval. The sections were cooled for 20 minutes at 
room temperature and then incubated with hydrogen peroxide 
solution (Thermo Scientific/Lab Vision, Fremont, CA, USA) for 10 min-
utes to inhibit endogenous peroxidase activity. The sections were 
then washed with phosphate-buffered saline (PBS; Sigma-Aldrich), 
and blocking solution (Ultra V Block-Thermo Scientific/Lab Vision) 
was applied for 5 minutes in a humidified chamber to prevent non-
specific binding. The sections were then incubated overnight at 4°C 
with p-p38 MAPK antibody (monoclonal rabbit, 1:50 dilution; Cell 
Signaling Technology, Beverly, MA, USA) or for 1 hour at room tem-
perature with NF-κB/p65 antibody (polyclonal rabbit, 1:100 dilution; 
Thermo Scientific/Lab Vision). The negative control consisted of PBS 
that replaced the primary antibody. The sections were washed with 
PBS, and biotinylated secondary antibody (Biotinylated Goat An-
ti-Polyvalent, Thermo Scientific/Lab Vision) was applied at room 

temperature for 10 minutes. After washing again with PBS, streptavi-
din-peroxidase (Thermo Scientific/Lab Vision) was applied for 10 
minutes. After PBS washing, 3-amino-9-ethyl carbazole (AEC; Ther-
mo Scientific/Lab Vision) was added as the chromogen. The sections 
were washed with distilled water for 5 minutes and then counter-
stained with hematoxylin. The sections were washed once again 
with tap water and then covered with an aqueous mounting medi-
um (Vision Mount, Thermo Scientific/Lab Vision) [43,46]. 

The p-p38 MAPK immunopositive staining index was determined 
at × 400 magnification by randomly selecting 10 seminiferous tu-
bules in a testis section from each animal and assessing the sections 
under a light microscope (Olympus BX51). Cells with red-stained nu-
clei were evaluated as positive. Both stained and non-stained germ 
cells were counted, and the ratio of stained cells to the total number 
of germ cells, multiplied by 100, gave the p-p38 MAPK index for each 
seminiferous tubule (calculated as %). The average p-p38 MAPK in-
dex in each animal was determined by taking the average of the in-
dices of tubules [45,47]. 

By contrast, NF-κB immunoreactivity was semi-quantitatively eval-
uated with the H-score method. Assessments were made under a 
light microscope (Olympus BX-51) at × 400 magnification by ran-
domly selecting five areas in transverse sections of the testis of each 
animal. The scores were generated by taking the percentage of cells 
with immunoreactivity in the sections (Pi) and the degree of staining 
(i). The degree of staining was assessed as 0 (no staining), 1 (weak 
staining), 2 (moderate staining), and 3 (strong staining). The average 
H-score for each section belonging to each animal was calculated 
with the following formula: H-score =  Σi ×  Pi [46]. All semiquantita-
tive assessments by light microscopy were made by two indepen-
dent observers and the averages were considered. 

5. Statistical analysis 
All statistical analyses were performed using the IBM SPSS ver. 20.0 

(IBM Corp., Armonk, NY, USA; license no. 10240642). The results are 
expressed as mean ± standard deviation, and p< 0.05 were consid-
ered to indicate statistical significance. All data were assessed for 
normal distribution with the Kolmogorov-Smirnov test. The values 
showed a normal distribution, so one-way analysis of variance was 
carried out. Depending on the homogeneity of the groups, the Tukey 
or Tamhane multiple comparison test was used to determine the sig-
nificance of differences between groups. The nonparametric Krus-
kal-Wallis test was used to determine the significance of changes in 
the body weight of the animals. The Bonferroni-corrected Mann-Whit-
ney U-test was conducted to assess the significance of between-group 
differences. 
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Results 

1. Body and testicular weight findings 
The initial and final body weights of animals were measured at the 

beginning and end of the experiment, respectively. A significant re-
duction was observed in the body weight of MTX-treated animals 
compared to the control group (p< 0.05) (Table 1), whereas no 
change was observed in testes weight or in the testicular weight in-
dex (p> 0.05). Conversely, pretreatment with CMN before MTX treat-
ment caused a significant increase in the body weight compared to 
the MTX group (p< 0.05) (Table 1).  

2. Morphometric findings 
The seminiferous tubule diameter and germinal epithelium height 

significantly decreased in the MTX group, while the interstitial space 
width significantly increased (p< 0.001) (Table 2), in comparison to 
the control group. The administration of CMN before MTX treatment 
significantly increased the seminiferous tubule diameter and the 
germinal epithelium height (p< 0.05) (Table 2), while the interstitial 
space width significantly decreased (p< 0.001) (Table 2). 

3. Histological findings 
Light microscopy examination of the testis tissue sections in the 

control group revealed active spermatogenesis and a regular and 
normal appearance of the seminiferous tubules. The incidence of de-
tached, sloughed, or vacuolized seminiferous tubules were also very 
low. Eosinophilic Leydig cells appeared as clusters in the interstitial 
field located between the neighboring seminiferous tubules and had 

a normal histological structure (Figure 1A and B). 
Examination of the testis tissue sections in the MTX group revealed 

degeneration and loss of germinal series cells, disorganization of the 
germ cell layers, and vacuolization in the seminiferous tubules. The 
number of damaged seminiferous tubules containing detached 
(p< 0.001), sloughed (p< 0.001), or vacuolized (p< 0.001) tubules 
was higher in the MTX group than in the control group, whereas the 
number of normal (p< 0.001) tubules was smaller. Sloughing of ger-
minal cells that had not completed maturation in the lumen was also 
evident in the MTX group, and some seminiferous tubules showed 
irregularities and undulations of the basal membrane. No change 
was observed in Sertoli cells, but the interstitial space showed cell 
loss with edema (Figure 1C and D). 

Spermatogenesis was markedly preserved in the MTX+CMN 
group. Moreover, the percentages of damaged seminiferous tubules 
with disorganization of the germ cell layers were markedly lower in 
this group. Irregularity and cell loss in the interstitial space width 
were also less common than in the MTX group, and edema was also 
reduced (Figure 1E and F). The scoring results for changes in the his-
tological structure of the seminiferous tubules in all groups are sum-
marized in Table 3. 

4. Immunohistochemical findings 
p-p38 MAPK immunopositive cells showed nuclear staining, most-

ly in primary spermatocytes, in the sections of seminiferous tubules. 
The control group showed low numbers of p-p38 MAPK immu-
nopositive cells (Figure 2A). By contrast, sections of seminiferous tu-
bules in the MTX group showed a significantly higher number of im-

Table 1. Comparison of changes in body weight, testis weight, and testis/body weight ratio ([weight of both testes/body weight] ×100) in 
rats in the control, methotrexate-treated, and methotrexate+curcumin-treated groups

Parameter Control Methotrexate Methotrexate+curcumin
Change in body weight (g) 13.17 ± 5.00 –21.50 ± 6.16a) –9.33 ± 4.18a),b)

Weight of both testes (g) 2.52 ± 0.14 2.53 ± 0.12 2.52 ± 0.19
(Weight of both testes/body weight) × 100 0.97 ± 0.04 0.94 ± 0.06 0.94 ± 0.03

Values are presented as mean±standard deviation for six rats in each group.
a)p<0.05, significant difference compared to the control group; b)p<0.05, significant difference compared to the methotrexate group.

Table 2. Comparison of seminiferous tubule diameter, germinal epithelium height, and interstitial space width in testis tissues of rats in 
control, methotrexate-treated, and methotrexate+curcumin-treated groups

Parameter Control Methotrexate Methotrexate+curcumin
Seminiferous tubule diameter (µm) 280.20 ± 6.91 250.65 ± 5.55b) 267.67 ± 3.01a),c)

Germinal epithelium height (µm) 63.23 ± 0.84 48.80 ± 1.26b) 58.27 ± 2.33a),c)

Interstitial space width (µm) 22.16 ± 1.80 39.53 ± 2.20b) 30.22 ± 1.60b),c)

Values are presented as mean±standard deviation for six rats in each group.
a)p<0.05, significant difference compared to the control group; b)p<0.001, significant difference compared to the control group; c)p<0.001, significant differ-
ence compared to the methotrexate group.
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munopositive cells (p< 0.001) (Figure 2C), whereas the tubules in the 
MTX+CMN group showed a significant suppression of this increase 
(p< 0.001) (Figure 2E). No staining was observed in the negative 
control group (Figure 2G). 

The testicular seminiferous tubules of the control group showed 
cytoplasmic NF-κB immunoreactivity with weak intensity in primary 

Figure 1. Light microscopy of testicular tissue of rats in control (A, B), 
methotrexate-treated (C, D), and methotrexate+curcumin-treated 
(E, F) groups. (A, B) Regular seminiferous tubules (asterisks) and 
normal interstitial space (arrowheads). (C, D) Irregular, detached (de), 
sloughed (sl), and vacuolized (v) seminiferous tubules and interstitial 
edema (arrowheads). (E, F) Highly regular and restored testicular 
tissue showing only a few histologically damaged detached (de) 
or sloughed (sl) seminiferous tubules and mild interstitial edema 
(arrowheads). H&E (A, C, E: ×100; B, D, F : ×400).

Figure 2. Phospho-p38 (p-p38) mitogen-activated protein kinase 
(MAPK) immunopositive cells and nuclear factor-kappa B (NF-κB) 
immunoreactivity in testicular tissues of control (A, B), methotrexate-
treated (C, D), and methotrexate+curcumin-treated (E, F) groups. 
Negative controls for p-p38 MAPK and NF-κB, respectively (G, H). PS, 
primary spermatocyte; S, spermatid. H&E (×400).

Table 3. Comparison of the histologic structure of seminiferous tubules in testis tissues of rats in the control, methotrexate-treated, and 
methotrexate+curcumin-treated groups

Percentage of seminiferous tubules Control Methotrexate Methotrexate+curcumin
Normal 95.01 ± 1.04 31.08 ± 6.17a) 67.14 ± 4.83a),c)

Detached 3.03 ± 0.87 27.84 ± 4.13a) 14.26 ± 1.82a),b)

Sloughed 0.80 ± 0.32 25.28 ± 6.24a) 11.17 ± 1.89a),b)

Vacuolized 1.16 ± 0.51 22.23 ± 3.66a) 10.18 ± 1.93a),c)

Values are presented as mean ± standard deviation for six rats in each group.
a)p<0.001, significant difference compared to the control group; b)p<0.05, significant difference compared to the methotrexate group; c)p<0.001, significant 
difference compared to the methotrexate group.

spermatocytes and very weak intensity in spermatids, with no im-
munoreactivity apparent in spermatogonia and Sertoli cells. Similar-
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ly, no immunoreactivity was observed in Leydig cells in the intersti-
tial space (Figure 2B). Sections of the seminiferous tubules in the 
MTX group showed strong immunoreactivity in primary spermato-
cytes and moderately strong reactivity in spermatids, but only weak 
to moderate reactivity in spermatogonia. Immunoreactivity was 
weak in Sertoli cells and moderately weak in Leydig cells (Figure 2D). 
The NF-κB immunoreactivity of the MTX group was statistically sig-
nificantly higher than that of the control group (p< 0.001). An exam-
ination of seminiferous tubule sections from the MTX+CMN group 
revealed significantly lower immunoreactivity for NF-κB than in the 
MTX group (p< 0.001). Staining was still moderate in spermatocytes 
and was mostly weak in spermatids and spermatogonia. Weak stain-
ing was also seen in Leydig cells. No staining was observed in Sertoli 
cells (Figure 2F). No staining was encountered in the negative control 
group (Figure 2H). 

For all groups, the p-p38 MAPK index was determined by evaluat-
ing the p-p38 MAPK positive cell number (%) and NF-κB immunore-
activity was determined from the H-score in seminiferous tubules. 
These values are summarized in Table 4. 

Discussion
 

MTX, an anticancer drug commonly used in chemotherapy, is a fo-
lic acid antagonist that belongs to the group of drugs known as anti-
metabolites [25,48,49]. Folic acid is an important dietary factor that 
is converted to tetrahydrofolate, an important carbon source for the 
synthesis of DNA (thymidylate and purines) and RNA (purines) pre-
cursors by enzymatic reduction [50]. MTX inhibits dihydrofolate re-
ductase (DHFR). It causes the depletion of dihydrofolate and inhibits 
DNA synthesis indirectly by affecting thymidine synthesis [51]. Inhi-
bition of DHFR leads to partial depletion of tetrahydrofolate cofac-
tors requisite for related thymidylate and purine synthesis [50]. 

Previous studies have shown that MTX affects spermatogenesis by 
causing damage to the male reproductive system [21,22,25,44,52]. 
Some studies have used various chemical agents to protect against 
the testicular damage caused by MTX [21,22,24,25,27,53]. Therefore, 
the present study aimed to analyze the protective effect of CMN 
against MTX-induced testicular damage by histological and immu-

nohistochemical analyses of the p-p38 MAPK and NF-κB signaling 
pathways. 

A comparison of the body weights of the animals at the beginning 
and the end of our study revealed a significant weight loss in the 
MTX group compared to the control group, but this weight loss was 
ameliorated in the MTX+CMN group. This observation of weight loss 
in the MTX group is supported by several studies [54-56]. However, a 
study conducted by Padmanabhan et al. [57] reported that two 
groups with different experimental periods (5 and 10 weeks) given 4 
different weekly doses of MTX (5, 10, 20, and 40 mg/kg) did not show 
significant weight loss after a short treatment duration, but showed 
a significant reduction with a longer duration, in agreement with our 
study. Another study carried out in mice by Padmanabhan et al. [53] 
also showed a certain reduction in body weight in a group given 
MTX for 10 weeks at a dose of 20 mg/kg once in a week, but the de-
crease was not considered statistically significant. 

When testicular weight (both testes) was examined, no significant 
difference was observed between groups. Similarly, the total TWI did 
not significantly differ between groups. Many other studies have also 
found no significant differences, in agreement with our results 
[23,53,54,56,57]. The lack of any difference in testicular weight could 
be explained by compensation for the reduction in the seminiferous 
tubule diameter caused by MTX through the possible formation of 
edema in the interstitial space in response to MTX. An evaluation of 
the testicular weight index (the ratio of total testis weight/total body 
weight) revealed no statistically significant differences among all 
three groups in our study. Padmanabhan et al. [53,57] also reported 
that MTX administration did not affect the testicular weight index, 
whereas El-Sheikh et al. [55] demonstrated a significant reduction in 
this ratio at the end of the ninth day. 

In our study, the MTX group showed a significantly lower diameter 
of the seminiferous tubules than the control group. Other studies 
that used a single dose of 20 mg/kg of MTX, as in our study, also 
showed decreases in the diameters of the seminiferous tubules 
[22,24,25]. Furthermore, other studies that used low doses daily and 
weekly also reported decreases in the diameter of the seminiferous 
tubules and damage to the germinal epithelium [26,56,58]. 

The MTX-treated tissues in the present study also showed a de-

Table 4. Comparison of the p-p38 MAPK index and NF-κB immunoreactivity in testis tissues of rats in the control, methotrexate-treated, 
and methotrexate+curcumin-treated groups

Parameter Control Methotrexate Methotrexate+curcumin
p-p38 MAPK index (%) 3.24 ± 1.11 12.55 ± 2.40b) 7.39 ± 1.35a),c)

NF-κB immunoreactivity 86.67 ± 13.66 237.50 ± 18.37b) 150.00 ± 17.89b),c)

Values are presented as mean±standard deviation for six rats in each group.
p-p38, phospho-p38; MAPK, mitogen-activated protein kinase; NF-κB, nuclear factor-kappa B.
a)p<0.05, significant difference compared to the control group; b)p<0.001, significant difference compared to the control group; c)p<0.001, significant differ-
ence compared to the methotrexate group.
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crease in germinal epithelium height. This reduction, as well as the 
decrease in tubule diameter, could be the result of the decreased di-
ameter of the cells forming the germinal epithelium and/or the 
sloughing of immature germinal cells into the tubule lumen due to 
DNA damage caused by MTX. In parallel to our study, some studies 
have reported decreases in the height of the germinal epithelium as 
a result of MTX injection [26,52,56]. Other studies have also shown 
that the measured diameters of spermatocytes and spermatids 
found within the tubules were significantly lower than those in the 
control group [58,59]. No changes were found in a study that mea-
sured the diameters of Sertoli cells [58]. 

In the present study, the interstitial space was significantly wider 
in the MTX group than in the control group. A similar study carried 
out by Oufi and Al-Shawi. [25] also reported an increase in the width 
of the interstitial space in an MTX-treated group. Another study also 
found a significant increase in the width of the interstitial space in 
histological sections from the testes of rats given MTX [58]. Converse-
ly, Nouri et al. [56] used two different experimental periods and 
found no significant change in a short period after MTX treatment, 
but observed a significant increase in the width of the interstitial 
space at the end of a long experimental period. 

The changes in the histological structure of the seminiferous tu-
bules examined in this study were classified as normal, detached, 
sloughed, or vacuolized. The MTX group showed significantly fewer 
normal seminiferous tubules than the control group, while signifi-
cantly more detached, sloughed, or vacuolized seminiferous tubules 
were observed. The studies carried out by Padmanabhan et al. 
[53,57] support these results. In our study, histological damage in the 
testes caused by MTX was observed in the seminiferous tubules, as 
shown by disorganization of germ cell layers and sloughing of ger-
minal cells that had not completed maturation into the tubule lu-
men. Degeneration and loss of germinal series cells, disorganization 
of germ cell layers, and vacuolization in the seminiferous tubules 
were also observed. Some seminiferous tubules also showed irregu-
larities and undulations of the basal membrane. Our observations of 
histological damages are consistent with earlier reports [8,22]. No 
change was observed in Sertoli cells, but the interstitial space 
showed cell loss and edema. 

In this study, no significant difference was observed in the testicu-
lar weight index among the groups. The diameter of the seminifer-
ous tubules and the height of the epithelium were significantly larg-
er and the width of the interstitial space was significantly smaller in 
the MTX+CMN group than in the MTX group. The structure of the 
seminiferous tubules in the MTX +CMN group showed fewer dam-
aged tubules containing detached, sloughed, or vacuolized tubules 
than in the MTX group. The tubules also had a fairly normal structure 
compared to those of the MTX group. 

In our study, the assessment of p-p38 MAPK immunopositive 
staining in the MTX group revealed staining in the primary sper-
matocytes in most seminiferous tubules. In the MTX group, particu-
larly strong NF-κB immunoreactivity was observed in primary sper-
matocytes, while staining was moderately strong in spermatids and 
weak to moderate in spermatogonia. The Sertoli cells showed weak 
immunoreactivity in the MTX group, but CMN administration signifi-
cantly decreased the numbers of p-p38 MAPK positive cells and NF-
κB immunoreactivity. An MTX-induced increase in the NF-κB activa-
tion in testes has previously been reported [55], as has an increase in 
p38 MAPK protein levels in bronchial cell culture in response to MTX 
[14]. Increases in NF-κB and p38 MAPK signaling have also been re-
ported in testicular tissues damaged by other agents [43]. 

In our study, MTX administration was found to damage the semi-
niferous tubules, as shown by abnormal histological and immuno-
histochemical findings. In connection with our study, a previous 
study using of MTX showed upregulation of NF-κB protein expres-
sion after testis injuries, while administration of melatonin (an an-
ti-inflammatory and antioxidant agent) downregulated NF-κB pro-
tein expression [60]. In another study, male obesity disrupted the 
balance between oxidation and antioxidation in the testicular tissue, 
upregulated NF-κB, increased inflammation, and disrupted sperm 
quality, thereby negatively affecting male reproductive function [61]. 
If increased NF-κB signaling initiates the inflammatory process, lower 
sperm production and a decrease in the fertilization rate will be ob-
served due to MTX-induced upregulation of NF-κB, as in our study. 

Previous studies showed that MAPKs were linked with disruption 
of sperm production [62,63]. The mitochondrial apoptosis pathway 
induced by activated p38 MAPK resulted in a breakdown in sper-
matogenesis, defective sperm formation, and consequently infertili-
ty [62,64]. In our study, the number of p-p38 MAPK immunopositive 
cells increased in animals with MTX-induced testicular injuries. Ac-
cording to previous studies [62-64], increased p-p38 MAPK expres-
sion after MTX-induced testis injuries may cause a decrease in the 
number of sperm and the fertilization rate. 

p38 MAPK is a kinase that can be activated by a variety of cellular 
stresses, including oxidative stress. This kinase is mainly related to in-
flammation and apoptosis. By contrast, NF-κB is a dimeric transcrip-
tion factor composed of different members that can activate a di-
verse range of genes related to stress responses, inflammation, and 
apoptosis [65]. Several studies have shown that CMN decreases both 
p-p38 MAPK and NF-κB activation [43,66-68]. The results presented 
here also demonstrated that CMN could significantly suppress the 
MTX-induced increase in p-p38 MAPK and NF-κB expression in rat 
testis tissue. 

CMN is known to possess antioxidant, anti-inflammatory, and anti-
tumoral properties [28,30,32,34]. Several studies have shown that 
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CMN can reduce the side effects of MTX in non-testicular tissues 
[28,32,69]. CMN has also demonstrated effectiveness against testicu-
lar damage induced by other agents, as reported by several investi-
gators [43,70]. 

Taken together, our results and previous findings indicate that 
CMN may reduce MTX-induced testicular damage by suppressing 
the p38 MAPK and NF-κB signaling pathways. Therefore, CMN may 
represent a promising candidate for the treatment of male infertility 
caused by MTX. 
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