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Abstract 

Background: The aim of the present study was to investigate the protective properties of melatonin (MT) 
against oxidative stress, mitochondrial dysfunction, and apoptosis induced by tramadol-reproductive toxicity 
in male rats. 

Methods: The rats were divided into the 7 groups of control, melatonin (1.5 mg/kg), tramadol (50 mg/kg), and 
melatonin (1, 1.5 and 2.5 mg/kg) administered 30 minutes before tramadol and vitamin C group (100 mg/kg). 
All injections were performed intraperitoneally. After administration for 3 consecutive weeks, the animals were 
killed and testis tissues were used for assessment of oxidative stress markers including lipid peroxidation 
(LPO), glutathione (GSH) content and protein carbonyl (PrC), and sperm analysis. Mitochondria were isolated 
from rat’s testis using differential centrifugation technique and were studied in terms of mitochondrial 
viability, mitochondrial membrane potential (MMP), and mitochondrial swelling. The other part of the tissue 
sample was placed in RNA protector solution for assessment of Bax and Bcl-2 gene expression through real-
time polymerase chain reaction (real-time PCR) assay. 

Findings: Tramadol caused a significant decline in epidermal sperm count, motility, and morphology, as well 
as a significant decrease in GSH level and mitochondrial function, and a significant evaluation of LPO, PrC, 
MMP, and mitochondrial swelling. In addition, tramadol induced a significant decrease in Bcl-2 gene 
expression, and increase in Bax gene expression. However, pretreatment of rats with MT improved sperm 
analysis, and testicular antioxidative status, and mitochondrial function. Furthermore, MT pretreatment 
regulated testicular Bcl-2 and Bax expressions. 

Conclusion: Considering the protective effects of MT against reproductive toxicity induced by tramadol, this 
compound can be used as a possible agent for the prevention and treatment of tramadol-induced reproductive 
toxicity. 
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Introduction 

Today, the prevalence of the use of opioids and 
sedatives is rising exponentially; however, 
compared with other substances, opioids have 
been used more. According to the report by the 
Research and Training Department of Drug 
Control Headquarters, Tehran, Iran, about 7 
million and 6000 people use drugs in Iran, and the 
tendency to use opioid-like analgesics, including 
tramadol (TRA), is increasing rapidly among 
young people, and especially among teenagers.1 

Tramadol is a synthetic 4-phenylpiperidine 
codeine analog, which is a selective agonist of µ 
receptors and has a lower affinity for the δ- and  
κ-opioid receptors.1 Its side effects are the same as 
that of other opioid-like drugs (dizziness, nausea, dry 
mouth, delayed ejaculation, hypotension, 
constipation, and itching). However, respiratory 
depression, which is a fatal complication of this 
group of drugs, is less likely to occur with tramadol 
use than morphine use.2,3 Today, tramadol is one of 
the most commonly used drugs worldwide, and its 
long-term use results in physical and psychological 
dependence. Tramadol abuse can cause reproductive 
toxicity by reducing sex hormones, impairing sperm 
morphology, and lowering normal sperm levels.3 It 
has been suggested that chronic consumption of 
opioids, such as tramadol and morphine, for  
11 weeks decreased sexual activity and follicle-
stimulating hormone (FSH).4 

The mechanisms of tramadol-induced 
testicular toxicity are induction of oxidative stress 
and apoptosis in the spermatocytes.5,6 Oxidative 
stress is an imbalance in the formation of free 
radicals and the antioxidant defense system, 
meaning the enzymatic and non-enzymatic 
defense system of the body is unable to counteract 
the produced free radicals.7 Oxidative stress can 
cause mitochondrial dysfunction and lead to 
apoptosis, which in turn damages tissue cells.8 
Mitochondria, as small intracellular organelles, are 
the main source of free radical production; 
therefore, mitochondrial damage can initiate the 
internal (mitochondrial) pathway of apoptosis.9 
Apoptosis or programmed cell death is the main 
mechanism in the development and homeostasis of 
tissues to eliminate unnecessary, infected, 
mutated, or damaged cells induced by various 
physiological and pathological factors.10 
Accordingly, antioxidants are considered to 
prevent the deleterious effects of free radicals in 

enhancing mitochondrial dysfunction and the 
expression of apoptosis-related genes.  

Melatonin (N-acetyl-5-methoxytryptamine; MT) 
is an endogenous indoleamine widely distributed in 
nature with multiple functions in single-celled 
organisms, plants, fungi, and animals. Melatonin is 
mainly secreted at night and plays a key role in 
regulating sleep. In addition, it is involved in 
numerous physiological functions, including 
antioxidant effects and elimination of free radicals, 
regulation of increased antioxidant enzymes,  
anti-apoptotic activities, strengthening of the 
immune system,11 stopping the growth of cancer 
cells,12 and preventing aging.13,14 The antioxidant 
activity of MT has been widely shown, and it has 
been demonstrated that MT can exert its antioxidant 
effects by inhibiting superoxide, hydroxyl, and 
nitric oxide free radicals.15 

Given the favorable analgesic effects of 
tramadol and its limited side effects compared 
with other opioids, it is impossible to avoid its use. 
However, various adverse effects on fertility have 
limited tramadol use. Moreover, because of an 
increasing trend in tramadol abuse, especially 
among young people, considering its side effects 
and providing a solution to reduce its toxicity and 
limitations is of great importance. Therefore, this 
study was conducted to investigate the protective 
effect of MT on the prevention of tramadol-
induced reproductive toxicity through the 
inhibition of oxidative stress and mitochondrial 
dysfunction, and expression of apoptosis-related 
genes in male rats. 

Methods 

Chemicals and drugs 
Tramadol and MT (Cat. No.M5250) were 

obtained from Sigma Aldrich (St. Louis, MO, USA) 
and were dissolved in normal saline. Other 
chemicals were obtained from Merck Ltd. (SRL 
Pvt. Ltd., Mumbai, India). All reagents and 
chemicals used were of analytical grade. Tramadol 
and MT doses were determined based on previous 
studies and modified during pretests.16-18 All of the 
solutions were prepared at the beginning of each 
test day. 
Animals treatment 

Male Wistar rats (200-250 g) were housed in an 
air-conditioned room with controlled temperature 
of 22 ± 2 ºC and maintained on a 12:12 hour light-
dark cycle with free access to food and water. All 
experimental procedures were conducted 
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according to the ethical standards and protocols 
approved by the Committee of Animal 
Experimentation of Mazandaran University of 
Medical Sciences, Sari, Iran. We tried to minimize 
the number of animals and their suffering. 

Animals were randomly divided into 7 groups 
(6 rats per group) of control group (normal saline), 
tramadol group (50 mg/kg intraperitoneal),1 
tramadol plus different doses of MT group (1, 1.5, 
and 2.5 mg/kg intraperitoneal), and vitamin C 
group (as positive control) (100 mg/kg 
intraperitoneal). MT was administered 30 minutes 
before tramadol. The study was carried out over 21 
days (3 weeks) and treatments were administrated 
as single injection in all groups.   

All animals were anesthetized by intraperitoneal 
injection of ketamine (80 mg/kg) and xylazine (5 
mg/kg) 24 hours after the last injection. Next, the 
testicular tissue of rats was separated. For each rat, 
the right testis was immediately stored in RNA 
protector solution (Cib Zist Fan Co., Iran) and kept at 
-80 °C; one part was used for gene expression 
analysis by real-time polymerase chain reaction (real-
time PCR), and the other part was used for oxidative 
stress and sperm parameters assay including 
glutathione (GSH) concentration, lipid peroxidation 
(LPO), protein carbonyl (PrC), sperm count, motility, 
and morphology. The left testis was used for 
mitochondrial isolation, using a differential 
centrifugation technique, which was used for 
mitochondrial function assay including 
mitochondrial viability, mitochondrial membrane 
potential (MMP), and mitochondrial swelling. 
Measurement of total protein 

The protein concentration of the samples was 
determined using Bradford protein assay. Bovine 
serum albumin (BSA) was used as standard, 
homogenate sample mixed with Coomassie blue, 
and after 10 minutes, absorbance was determined 
at 595 nm using a spectrophotometer.19 
Oxidative stress markers assay 

Measurement of LPO: The level of 
malondialdehyde (MDA), an index of LPO, was 
determined using dithiobarbituric acid (TBA) test; 
0.25 ml sulfuric acid (0.05 mol/l) was added to 0.2 
ml samples (1 mg protein/ml), with the addition of 
0.3 ml 0.2% TBA. All the microtubes were 
incubated in a water bath at 80 °C for 30 minutes. 
At the end, the tubes were cooled in an ice-bath 
and 0.4 ml n-butanol was added to each tube. Then, 
they were centrifuged at 3500×g for 10 minutes. 

The amount of MDA formed in each of the samples 
was assessed through measuring the absorbance of 
the supernatant at 532 nm using an enzyme-linked 
immunosorbent assay (ELISA) reader (Tecan, 
Rainbow Thermo, Austria). Tetrametoxypropane 
was used as standard and MDA content was 
expressed as µ mol L-1.20 

Measurement of reduced GSH: Reduced GSH 
content was determined using 5,5´-dithiobis-(2-
nitrobenzoicacid) (DTNB) as the indicator and the 
developed yellow color was read at 412 nm on a 
spectrophotometer (UV-1601 PC; Shimadzu, 
Japan). GSH content was expressed as nmol L-1. 
Testis homogenates were deprotonated with 
tricarboxylic acid (TCA) through centrifugation. 
Then, 0.1 ml of tissue homogenates was added to 
0.1 mol L–1 of phosphate buffers and 0.04% DTNB 
in a total volume of 3.0 ml (pH = 7.4). Then, the 
absorptions were read at 412 nm on the 
spectrophotometer. A standard curve was drawn 
using different specified concentrations of GSH 
solution. With the help of this standard curve, the 
results were illustrated in µM/mg of protein.21 

Measurement of PrC: Free radicals can attack 
proteins and alter amino acid (lysine, arginine, 
proline, and histidine) residues, resulting in the 
production of carbonylated moieties. Thus, the 
content of PrC moieties can be used as a marker for 
protein oxidation. For homogenization, 200 μl of 
brain tissue is needed. Samples were extracted in 
500 μl of 20% (w/v) TCA. Then, samples were 
maintained at 4 °C for 15 minutes. The precipitates 
were treated with 500 μl of 0.2% 2,4-
dinitrophenylhydrazine (DNPH) and 500 μl of 2 
mol L-1 hydrochloride (HCl) for the control group, 
and samples were incubated at room temperature 
for 1 hour with vortexing at 5-minute intervals. 
Then, proteins were precipitated by adding 55 μl 
of 100% TCA. The microtubes were centrifuged 
and washed 3 times with 1000 μl of ethanol-ethyl 
acetate mixture. Then, the microtubes were 
dissolved in 200 μl of 6 mol L-1 guanidine HCl. The 
carbonyl content was determined by reading the 
absorbance at 365 nm wavelength.20 
Mitochondrial function assay 

Isolation of mitochondria: The tissues were 
homogenized and mitochondria were isolated 
using differential centrifugation technique. The 
homogenates were centrifuged at 1000×g for 8 
minutes at 4 °C. Supernatants were collected in 
fresh Eppendorf, and then, centrifuged at 10000×g 
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for 10 minutes at 4 °C. The obtained pellets were 
resuspended in isolation buffer and spun again at 
12300×g for 10 minutes at 4 °C. The resulting 
supernatants were transferred and isolation buffer 
with Ethylene glycol-bis(β-aminoethyl ether)-
N,N,N′,N′-tetra acetic acid (EGTA) [215 mM 
mannitol, 75 mM sucrose, 0.1% BSA, 20 mM 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid 
(HEPES), 1.0 μM EGTA, and pH is adjusted to 7.4 
with potassium hydroxide (KOH)] was added and 
the mixture was again stirred at 12,300×g for 10 
minutes at 4 °C. Pellets containing pure 
mitochondria were resuspended in isolation 
buffer. All procedures were performed on ice 
throughout the protocol.22 

Determination of mitochondrial function: 
Mitochondrial function was assessed with the use 
of a dye called tetrazolium salt (MTT). This yellow 
indicator is reduced to purple formazan by 
mitochondrial succinate dehydrogenase. The 
formazan crystals were dissolved in dimethyl 
sulfoxide and its absorbance was measured using 
an ELISA reader at the wavelength of 570 nm.23 

Determination of the MMP: To evaluate MMP, 
the uptake of cationic fluorescence probe 
rhodamine 123 by mitochondria was determined. 
Rhodamine 123 (10 μM) was added to isolated 
mitochondria in MMP buffer [220 mM sucrose, 68 
mM d-mannitol, 10 mM potassium chloride (KCl), 
5 mM KH2PO4, 2 mM MgCl2, 50 μM EGTA, 5 mM 
sodium succinate, 10 mM HEPES, 2 μM rotenone], 
then, a fluorescence spectrophotometer (RF-5000 
U, Shimadzu Corporation, Japan) was used at the 
excitation and emission wavelengths of 490 nm 
and 535 nm, respectively.24 

Determination of mitochondrial swelling: 
Isolated testis mitochondria were resuspended in 
swelling buffer containing (in mM) 120 KCl, 5 
KH2PO4, 20 3-Morpholinopropane sulfonic acid 
(MOPS), and 10 Tris·HCl (pH = 7.4). Mitochondrial 
swelling was followed by light scattering 
immunoassay (LIA) in isolated mitochondria. 
ELISA reader was used to determine absorbance at 
540 nm. The decreased absorbance is an indicator 
of increased mitochondrial swelling.25 

Evaluation of apoptosis-associated genes (Bcl-
2 and Bax) expressions by real-time PCR 

For total RNA extraction, 100 mg of each 
sample was used. Testis samples were digested in 
a microtube using Hybrid-R™ total RNA isolation 
kit (Seoul, South Korea) based on the 
manufacturer’s instructions. The total RNA 

obtained was free of proteins and DNA 
contamination. Next, extracted RNA integrity was 
determined by certain qualitative and quantitative 
methods. For quantitative measuring, 3 μl total 
RNA was mixed with 97 μl diluted water and 
absorption was measured at 260 and 280 nm using 
a spectrophotometer (Agilent Technologies, Inc., 
USA). For qualification testing, agarose gel 
electrophoresis was utilized. Complementary 
DNA (cDNA) was synthesized using 
PrimeScript™ RT reagent Kit (Perfect Real Time), 
Takara cDNA Synthesis Kit. Real-time PCR was 
performed for all the samples using the specific 
primers (Table 1) of Bcl-2 and Bax, and 
glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) as a reference gene by a real-time 
analyzer (Rotor-Gene 6000; Corbett Life Science 
Pty. Ltd., Sydney, Australia).  

 
Table 1. Special primers for Bcl-2 and Bax genes and 
glyceraldehyde-3-phosphate dehydrogenase as a 
housekeeping gene used for quantitative real-time 
polymerase chain reaction (PCR) 

Gene Forward primers Reverse primers 

GAPDH 5´CCCCCAATGTA

TCCGTTGTG3´ 

5´TAGCCCAGGAT

GCCCTTTAGT3´ 

Bcl-2 5´ACTTCTCTCGTC

GCTACCGTCGC3  ́

5´AGAGCGATGTT

GTCCACCAGGG3´ 

Bax 5´CCAGGACGCAT

CCACCAAGAAG3´ 

5´CCCAGTTGAAG

TTGCCGTCTGC3  ́
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase 

 
Table 2 shows the real-time PCR program for 

Bcl-2, Bax, and GAPDH genes. Gene expression 
analysis was carried out using the 2−ΔΔCT method.26  
 
Table 2. Real-time polymerase chain reaction (PCR)  

Cycle Cycle Point 

Hold Hold at 95 °C, 15 minutes 0 seconds 

Cycling (40 

repeats) 

Step 1: Hold at 95 °C, 15 seconds 

Step 2: Hold at 60 °C, 30 seconds 

Step 3: Hold at 72 °C, 15 seconds, 

acquiring to Cycling  A([Green][1][1]) 

Melt Ramp from 72 °C to 95 °C 

Hold for 90 seconds on the 1st step 

Hold for 5 seconds on the next steps, 

Melt A([Green][1][1]) 

 
Sperm characteristics assay 

Assessment of sperm count: Semen samples 
were prepared from the caudal epididymis 
separated from the testis and placed in a Petri dish. 
Epididymal spermatozoa were obtained by 
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mincing the epididymis with scissors. Diluted 
sperm suspension was placed in physiological 
saline and incubated at 32 °C for 10 minutes. The 
epididymal sperm count was determined using a 
hemocytometer; 5 ml of diluted sperm was placed 
on the central square of the Neubauer 
hemocytometer slide. After counting the sperms 
using a microscope at ×40 magnification in 5 
squares, their numbers were expressed as 1 million 
in 1 ml of sample size.27  

Assessment of sperm motility: Sperm motility 
was measured according to the World Health 
Organization (WHO) guidelines. The count was 
evaluated twice for each sample by a microscope at 
×40 magnifications and the means were 
announced. At least 200 sperms per animal were 
examined. Numbers of motile and non-motile 
sperm were counted. Sperm motility was 
expressed as a percentage of motile sperm of total 
sperm calculated in each replication.28 

Assessment of sperm morphology: Sperm was 
smeared onto glass sides and allowed to air dry 
overnight for morphological defects detection. The 
slides were stained with 1% eosin-Y/5% nigrosin. 
The specimens were examined under a microscope 
at ×100 magnifications for morphological 
abnormalities such as amorphous, bicephalic, 
hookless, coiled, or abnormal tails. At least 200 
sperms per animal were examined and the 
percentage of abnormal sperm was calculated.29 

Results are presented as mean ± standard 
deviation (SD). All statistical analyses were 
performed using one-way ANOVA and  
Kruskal-Wallis tests, followed by Tukey’s test in 
SPSS software (version 14; SPSS Inc., Chicago, IL, 
USA). Average, standard, minimum, and 
maximum deviations were calculated for each 
group of data. Statistical significance was set at  
P < 0.05. For gene expression analysis, Bcl-2 and 
Bax genes expression in relation to GAPDH as a 
reference gene were measured using Ct variations 
and 2-ΔΔcT formula.  

Results 

Effects of melatonin on malondialdehyde (MDA) 
formation in testis tissue: The major product of LPO 
is MDA the concentration of which is generally 
presented as the total level of LPO products. 
Tramadol administration led to the enhancement 
of MDA formation (P < 0.010) compared to the 
control group. The pretreatment with MT for 21 
consecutive days at both doses (medium and high) 

led to a significant (P < 0.010 and P < 0.001, 
respectively) decrease in tramadol-induced LPO 
compared to the tramadol treated group. There 
was no significant difference in the MDA levels 
between lower dose of MT and tramadol group as 
shown in figure 1-A. 
 

 

 

 
Figure 1. The effects of melatonin on tramadol-induced 

alterations in the oxidant-antioxidant status of testis 

tissue of male rats in terms of Malondialdehyde (MDA) 

content (A), Glutathione (GSH) concentration, and (B) 

Protein carbonyl (PrC) content (C) 

Data are expressed as mean ± standard deviation (SD) and analyzed 

by ANOVA followed by Tukey’s test (n = 6). 
**Significantly difference compared to the normal saline group (NS) 

(P < 0.010), NS: Not significant compared to the tramadol group  

(P > 0.050), #significantly different compared to the tramadol group 

(P < 0.050), ##Significantly different compared to the tramadol group 

(P < 0.010); ###significantly different compared to the tramadol group 

(P < 0.001). 
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Effects of melatonin on GSH content in testis  
tissue: Tramadol administration led to the significant 
depletion of testis GSH level (P < 0.010) as compared 
to the control group. Pretreatment with MT for 21 
consecutive days increased these levels significantly 
(P < 0.050) at higher dose as compared to the 
tramadol treated group. Medium and low doses of 
MT pretreatment showed no significant changes in 
GSH level as compared to the tramadol treated 
group, as shown in figure 1-B.   

Effects of melatonin on PrC content of testis 
tissue: The significant evaluation of PrC was seen 
in the tramadol treated group compared to the 
control group (P < 0.010) as shown in figure 1-C. 
Pretreatment with MT for 21 consecutive days was 
found to be significantly effective in decreasing 
these oxidations at higher doses (P < 0.050) 
compared to the tramadol treated group. No 
significant difference was seen in the level of PrC 
between medium and low doses of MT and the 
tramadol treated group. 

Effects of melatonin on mitochondrial function in 
testis tissue: As demonstrated in figure 2-A, 
tramadol administration significantly (P < 0.001) 
decreased mitochondrial function as compare to the 
control group in testis mitochondria. Pretreatment 
with MT for 21 consecutive days increased these 
levels significantly (P < 0.050) at medium and high 
doses as compared to the tramadol treated group. No 
significant difference was observed in mitochondrial 
function between low dose of MT and the tramadol 
treated group. 

Effects of melatonin on MMP in testis tissue: 
MMP collapse as an electrochemical potential is a 
sign of mitochondrial dysfunction. As shown in 
Figure 2-B, significant (P < 0.010) induction MMP 
collapse was observed after tramadol 
administration compared to the control group. 
Pretreatment with MT for 21 consecutive days was 
found to be significantly effective in the prevention 
of tramadol-induced mitochondrial MMP collapse 
at higher doses (P < 0.050) as compared to the 
tramadol treated group. However, medium and low 
doses of MT did not develop MMP collapse in 
compare to the tramadol treated group. 

Effects of melatonin on mitochondrial swelling 
in testis tissue: A significant increase in 
mitochondrial swelling was found after 21 
consecutive days in the tramadol treated group as 
compared to the control group (P < 0.001). The 
pretreatment with MT at higher doses significantly 

(P < 0.010) decreased mitochondrial swelling as 
compared to the tramadol treated group. Medium 
and low doses of MT did not cause any significant 
change in mitochondrial swelling as compared to 
the tramadol treated group. These results are 
presented in figure 2-C. 

 

 

 

 
Figure 2. The effects of melatonin on tramadol-induced 

alteration in the mitochondrial damage in isolated 

mitochondria of rat’s testis in terms of Mitochondrial 

function (MTT assay) (A), Level of mitochondrial 

membrane potential (MMP) (B) and mitochondrial 

swelling (C) 

Data are expressed as mean ± standard deviation (SD) and analyzed 

by ANOVA followed by Tukey’s test (n = 6).  
*** and ****Significantly different compared to the normal saline group 

(NS) (P < 0.001), NS: Not significant compared to the tramadol group 

(P > 0.050); ##Significantly different compared to the tramadol group 

(P < 0.010), ### and ####Significantly different compared to the 

tramadol group (P < 0.001). 
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Effects of melatonin on gene expression of Bcl-2 
and Bax in testis tissue: According to the real-time 
PCR analysis, the expression level of Bcl-2 in the 
tramadol group was significantly decreased 
compared to the control group. Following 
pretreatment with higher doses of MT, the level of 
Bcl-2 expression was increased significantly (P < 
0.010) as compared to the tramadol treated group. 
Interestingly, pretreatment with medium and high 
doses of MT did not cause a significant difference in 
the level of Bcl-2 expression as compared to the 
tramadol treated group (Figure 3, A). Moreover, the 
expression of Bax gene was upregulated in the testis 
tissue of the tramadol group as compared to the 
control group. However, medium and high doses of 
MT inhibited Bax expression compared to the control 
group (P < 0.010 and P < 0.001, respectively). Lower 
doses of MT did not cause any significant changes in 
Bcl-2 and Bax expression as compared to the 
tramadol treated group (Figure 3, B). 

 

 

Figure 3. The effects of melatonin on tramadol-induced 

alteration in the apoptotic–related gene expression in 

testis tissue of male rats in terms of Anti-apoptotic 

relative gene expression (Bcl-2) (A) and Pro-apoptotic 

relative gene expression (Bax) (B) 

GAPDH served as an internal standard. Experiments were repeated 3 

times, and similar results were obtained. Data are expressed as mean 

± standard deviation (SD) and analyzed by ANOVA followed by 

Tukey’s test (n = 3). 
*** and ****Significantly different compared to the normal saline group 

(NS) (P < 0.001); NS: Not significant compared to the tramadol group 

(P > 0.050); ##Significantly different compared to the tramadol group 

(P < 0.010); ####Significantly different compared to the tramadol group 

(P < 0.001). 

Effects of melatonin on the sperm characteristics: 
As shown in figures 4-A and B, epididymal sperm 
analysis in the tramadol treated group revealed a 
significant reduction in sperm count and motility 
(P < 0.001) after 21 consecutive days compared to 
the control group. There was poor or slight 
improvement in sperm count after pretreatment 
with high doses of MT compared to the tramadol 
treated group (P < 0.050). Interestingly, medium 
and high doses of MT significantly improved  
(P < 0.010 and P < 0.001, respectively) sperm 
motility compared to the tramadol treated group.  
 

 

 

 
Figure 4. The effects of melatonin on tramadol-induced 

toxic alteration in sperm parameters in rats in terms of 

Sperm count (A), Sperm motility (B) and Sperm 

morphology (C) 

Data are expressed as mean ± standard deviation (SD) and analyzed 

by ANOVA followed by Tukey’s test (n = 3).  
*** and ****Significantly different compared to the normal saline group 

(NS) (P < 0.001); NS: Not significant compared to the tramadol group 

(P > 0.050); #Significantly different compared to the tramadol group 

(P < 0.050); ### and ####Significantly different compared to the 

tramadol group (P < 0.001) 
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The impact of MT on sperm morphology in rats 
treated with tramadol is shown in figure 4-C. 
Tramadol significantly increased the percentage of 
sperm abnormality as compared to the control 
group (P < 0.001). Pretreatment with MT for 21 
consecutive days decreased these levels 
significantly (P < 0.001) at medium and high doses 
as compared to the tramadol treated group. There 
was no significant difference in sperm motility and 
morphology between low dose of MT and 
tramadol treated group. 

Discussion 

The results of this study demonstrated that 
tramadol exposure in adult male rats for 21 
consecutive days caused oxidative damage in testis 
via oxidation of lipids and proteins and decreased 
GSH levels, disturbed mitochondrial function 
through loss of MMP and mitochondrial swelling, 
increased apoptosis-related gene expression, and 
decreased sperm count, motility, and normal 
morphology. Increased levels of oxidative stress 
and apoptosis seem to be crucial in the 
pathogenesis of testicular injury in response to 
tramadol administration. MT pretreatment 
ameliorated the oxidative stress state, 
mitochondria damage, and apoptosis in the testes 
induced by tramadol exposure. 

Oxidative stress has a key role in the 
pathogenesis of many diseases and toxicities such 
as hepatotoxicity, cardiotoxicity, nephrotoxicity, 
and reproductive toxicity.30 Furthermore, the role 
of oxidative stress in tramadol-induced 
reproductive toxicity has been illustrated in 
several studies.4,6 Tramadol interacts with 
molecular oxygen and initiates a cascade of 
reactions producing free radicals, such as 
superoxide, hydrogen peroxide, hydroxyl, and 

peroxynitrite by which it can induce LPO and 
reduce antioxidant enzymes in different tissues.31-

33 These radicals lead to various oxidative damages 
of critical mitochondrial membrane integrity, and 
consequently, induce spermatogenic cell death.28 
Spermatogenic cells are sensitive to redox 
reactions due to their high content of unsaturated 
fatty acids and a limited amount of cytoplasmic 
antioxidants, which cause toxicity in testicular 
tissue.34 Furthermore, our data revealed that 
tramadol exposure increases testicular 
susceptibility to reactive oxygen species (ROS) by 
decreasing the level of GSH (as a non-enzymatic 

antioxidant) in testis. In this context, because of the 
reduced antioxidant defenses in spermatogenic 
cells, testis tissue is more vulnerable to LPO.35 MT 
pretreatment reversed the oxidative parameters of 
testis tissue. In addition, our data was in agreement 
with that of the study by Adikwu and Bokolo who 
found that MT inhibited oxidative stress and 
tramadol-induced nephrotoxicity in rats by 
increasing GSH levels, decreasing free radicals, 
decreasing lipid oxidation, and increasing 
superoxide dismutase activity.36 

Oxidative stress can also induce mitochondrial 
dysfunction via oxidation of thiol groups in 
mitochondrial membrane proteins that is one of 
the most important reasons for alterations in 
mitochondrial permeability.37 In addition, damage 
to mitochondrial membrane integrity and the 
opening of the mitochondria permeability 
transition pores is a key determinant in apoptosis 
mechanisms.38 MTT results showed that the 
function of testicular mitochondria decreased 
significantly after 3 consecutive weeks of tramadol 
injection, which is consistent with the results of 
previous studies.39,40 In addition, studying MMP 
and mitochondrial swelling revealed damage to 
testicular mitochondria due to tramadol 
administration. It should be noted that 
pretreatment with MT improved mitochondrial 
function, the integrity of MMP, and reduced 
swelling in the testicular mitochondria.  

Mitochondria produce excessive amounts of 
free radicals under pathological conditions that 
cannot be neutralized by the antioxidant system. 
The mechanism of ROS-mediated apoptosis 
appears to involved damage macromolecules, 
including mitochondrial membrane proteins, and 
cell membrane rupture, and release cytochrome C 
from mitochondria.41 Cellular apoptosis is 
regulated by some mitochondrial proteins, 
including B-cell lymphoma 2 (Bcl-2) family 
proteins, which are divided into pro-apoptotic and 
anti-apoptotic groups and play a key role in 
accelerating the initiation or inhibition of 
apoptosis. Bcl-2 is one of the most famous proteins 
to inhibit apoptosis that, in addition to preventing 
cytochrome C release from the mitochondria, 
prevents apoptosis by maintaining mitochondrial 
membrane integrity.37,42 

The level of apoptosis in the testis was evaluated 
via real-time PCR assay. Bax gene expression 
decreased due to a significant increase in Bcl-2 gene 
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expression in tramadol-treated rats compared to the 
control group. Therefore, this finding is consistent 
with previous studies that have also shown that 
tramadol increases the expression of Bax and 
Caspase-2, and decreases anti-apoptotic Bcl-2 protein 
by producing free radicals, decreasing intracellular 
GSH levels, and consequently, damaging the 
mitochondrial membrane leading to apoptosis in the 
cerebral cortex.43,44 However, in our study, the 
pretreatment of MT significantly reduced apoptosis 
indices compared to the tramadol group. In fact, in 
groups treated with a combination of tramadol and 
MT, a decrease in anti-apoptotic expression and an 
increase in pro-apoptotic expression were prevented 
compared with the group treated with tramadol 
alone. Regarding MT-protected apoptosis, our 
results were in line with the findings of Reiter et al., 
who suggested that MT could decrease apoptosis 
induction in animal models through free radical 
scavenging and lipid oxidation and an increase in the 
body's antioxidant capacity.45 

The results of the analysis of semen parameters 
were also in agreement with that of previous 
studies.46-48 In the present study, statistically 
significant decreases in sperm count and motility 
were observed in the tramadol-treated group, and 
pre-treatment with MT resulted in increased sperm 
count and motility. Furthermore, another study 
demonstrated that ROS may induce sperm 
oxidative damage, thus inducing decreased sperm 
count and motility, and increased percentage of 
abnormal sperm morphology.49 Moreover, Sawy 
and Abdel Malak reported that tramadol infusion 
caused impairment in the function of seminiferous 
tubules and also reduced fertility due to sperm loss 
in rats.50 Accordingly, it has been reported that MT 
can protect sperm from the damage induced by 
tramadol through its effective anti-oxidant and 
anti-apoptotic potential. 

Conclusion 

In this study, MT showed significant antioxidant 
effects in preventing oxidative damage, 
mitochondrial injury, and tramadol-induced 
apoptosis. It also decreased apoptosis in testicular 
tissue by decreasing and increasing pro-apoptotic 
and anti-apoptotic gene expressions, respectively. 
This may be due to the antioxidant effects of MT on 
mitochondrial function and the maintenance of 
mitochondrial membrane integrity in testicular 
tissue. Therefore, given the beneficial effects of MT 
on the reduction of oxidative stress, mitochondrial 
damage, and initiation of tramadol-induced 
apoptosis in testicular Sertoli cells, it can be used to 
reduce infertility and the sexual side effects of the 
long-term use of tramadol. It may also be used in 
clinical trials; however, further studies are required 
in this regard. 
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اثر حفاظتی ملاتونین در کاهش سمیت تولید مثلی ناشی از ترامادول در موش صحرایی با 

های مهار اختلال عملکرد میتوکندری و جلوگیری از بیان ژن ،استرس اکسیداتیو مکانیسم مهار

 دخیل در مسیر آپوپتوز
 

 1فاطمه شکی، 3ابراهیم محمدی، 2اله آهنگرنعمت، 1مطهره کوهساری
 
 

 چکیده

در  ملاتونین بر روی استرس اکسیداتیو، عملکرد میتوکندری و مهار القای آپوپتوز هدف از انجام پژوهش حاضر، ارزیابی میزان اثر حفاظتی :مقدمه
 .در موش صحرایی نر بود تولید مثلی ناشی از ترامادول سمیت

گرم بر کیلوگرم و داخل میلی 5/1ملاتونین ) شاهد،های صحرایی به هفت گروه )شش موش صحرایی در هر گروه( مطالعه، موشدر این  ها:روش
ملاتونین  گرم بر کیلوگرممیلی 5/2و  5/1و  1( و سه گروه از ابتدا به ترتیب دزهای گرم بر کیلوگرم و داخل صفاقیمیلی 5۰ترامادول ) ،صفاقی(

 پس از سه هفته متوالی  ترامادول به صورت داخل صفاقی تزریق گردید. گرم بر کیلوگرممیلی 5۰ها دقیقه به آن 3۰و بعد از  تقسیم شدند
گیری پراکسیداسیون لیپیدی، غلظت گلوتاتیون های استرس اکسیداتیو شامل اندازهتزریقات، حیوانات کشته شدند و بافت بیضه جهت ارزیابی شاخص

 جداسازی متعدد، از بافت بیضه تازه سانتریفوژ ها با استفاده از روشونیل و تحلیل پارامترهای مرتبط با اسپرم جدا شد. میتوکندریو پروتئین کرب
گیری میزان پتانسیل غشای میتوکندری و تورم میتوکندری مورد استفاده قرار گرفت. قسمت گردید و جهت ارزیابی عملکرد میتوکندری، اندازه

 ( به روش Bcl-2آپوپتوتیک )( و آنتیBaxهای پروآپوپتوتیک )بیان ژنهای بافت بیضه به منظور ارزیابی میزان نمونهدیگری از 
Real-time polymerase chain reaction (Real-time PCR در محلول )RNAlater قرار داده شد. 

تحرک و مورفولوژی اسپرم و همچنین، کاهش گلوتاتیون بافتی و فعالیت میتوکندری  ،ای موجب کاهش تعداددریافت ترامادول به صورت قابل ملاحظه ها:یافته
داری در پراکسیداسیون لیپیدی، سطح پروتئین کربونیل، پتانسیل غشای میتوکندری و تورم میتوکندری  نیز بدنبال دریافت شد. از سوی دیگر، افزایش معنی

افزایش بیان ژن پروآپوپتوتیک  و Bcl-2کاهش معنادار بیان ژن آنتی آپوپتوتیک  مادول بصورت معناداری منجر بهترامادول مشاهده شد. علاوه بر این، دریافت ترا
Bax اکسیدانی وضعیت آنتی، های آنالیز اسپرمهای صحرایی با ملاتونین، منجر به بهبود شاخصدرمان موشدر بافت بیضه مشاهده گردید؛ در حالی که پیش

 .گردید Baxو  Bcl-2های درمان ملاتونین سبب تنظیم بیان ژنمیتوکندری شد. علاوه بر این، پیشبیضه و عملکرد 

توان از ملاتونین در شرایط پاتولوژیک ناشی از القای تولید مثلی ناشی از ترامادول، میبا توجه به اثر محافظتی ملاتونین علیه سمیت  گیری:نتیجه
 .نمود آپوپتوز و آسیب میتوکندری استفاده

 ترامادول؛ ملاتونین؛ استرس اکسیداتیو؛ میتوکندری؛ آپوپتوز واژگان کلیدی:

اثر حفاظتی ملاتونین در کاهش سمیت تولید مثلی ناشی از ترامادول در  .اله، محمدی ابراهیم، شکی فاطمهکوهساری مطهره، آهنگر نعمت ارجاع:

 .های دخیل در مسیر آپوپتوزمهار اختلال عملکرد میتوکندری و جلوگیری از بیان ژن ،استرس اکسیداتیو موش صحرایی با مکانیسم مهار
 .118-29: (2) 12؛ 1399 مجله اعتیاد و سلامت
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