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Objective(s): Methamphetamine (METH) is a psychostimulant that has harmful effects on all organs,  
the nervous system, cardiovascular system, and reproductive system. Since many METH consumers 
are young people of reproductive age, it poses a risk to the next generation of METH consumers. 
METH can pass through the placenta and is also secreted into breast milk. Melatonin (MLT) is the 
primary hormone of the pineal gland that regulates the circadian cycle, and it is also an antioxidant 
that can mitigate the effects of toxic substances. This study aims to investigate the protective effect 
of melatonin against the detrimental effects that METH has on the reproductive system of male 
newborns, whose mothers consumed METH during pregnancy and lactation.
Materials and Methods: In the current study, 30 female adult balb/c mice were divided into three groups: 
control group, vehicle group that received normal saline, and the experimental group that received 5 mg/
kg METH intraperitoneally during gestation and lactation. After lactation, the male offspring of each group 
were randomly divided into two subgroups, one of which received 10 mg/kg melatonin intragastrically 
for 21 days (corresponding to the lactation period of the mice) (METH-MLT) and the other did not (METH 
-D.W). After treatment, the mice were sacrificed and testicular tissue and epididymis were obtained for the 
following tests.
Results: The diameter of seminiferous tubules, SOD activity, total Thiol groups concentration, 
catalase activity, sperm count, and PCNA and CCND gene expression were significantly increased 
in the METH-MLT group compared with the METH-DW. Apoptotic cells and MDA level ameliorated 
in the METH-MLT group compared with METH-D.W, and testicular weight had no notable change.
Conclusion: The current study represents that consumption of METH during pregnancy and lactation 
can have adverse effects on the histological and biochemical factors of testis and sperm parameters of 
male newborns,  which can be mitigated by taking melatonin after the end of the breastfeeding period.
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Introduction
Methamphetamine (METH) is a central nervous system 

stimulant that distributes more rapidly in the CNS than 
amphetamine, making it more pleasurable to drug users (1). 
The primary forms of METH are powder and crystal (2). 
The mortality of METH abuse is due to its cardiovascular 
effects (1).  It also has an adverse impact on other organs 
such as the immune, nervous, digestive, and reproductive 
systems (1, 3). Since most users of METH are adolescents 
and adults of reproductive age, METH is an important 
factor in reproductive toxicology (4, 5). METH has different 
harmful effects on the male reproductive system, such 
as an increase in apoptotic cells in seminiferous tubules 
and a decrease in sperm count and normal morphology 
(6, 7). METH consumption causes excessive production 
of reactive oxygen species (ROS) and suppresses the 
antioxidant enzyme system, so this imbalance causes 

oxidative stress (8). METH also can affect the cell cycle and 
inhibit cell proliferation by interfering with the expression 
of some genes, such as PCNA and CCND (9). Due to the 
low molecular weight and high-fat solubility of METH, it 
can pass the blood-brain barrier and the placenta and is 
also found in breast milk (10, 11). It has been reported that 
newborns of mothers who consume METH usually suffer 
adverse physical and behavioral consequences (12). 

Melatonin (MLT) is a hormone that is mainly produced by 
the pineal gland in the brain. It is a regulator of the circadian 
cycle which regulates the sleep-wake rhythm (13). It also has 
antioxidant and anti-inflammatory properties  that scavenge 
free radicals(14). MLT influences the male reproductive 
system and regulates testicular development (15).

As there is insufficient evidence on the effects of METH 
usage during pregnancy and lactation on the reproductive 
system of male newborns and the curative effect of MLT after 
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METH usage, in the current study, we will investigate the 
efficacy of consumption of MLT for mitigating the negative 
effects of METH abuse during pregnancy and lactation on 
the reproductive system of male newborns.

Materials and methods
In this study, 30 female and 15 male adult BALB/c 

mice were provided by the animal care center of Mashhad 
University of Medical Sciences. The animals were kept in 
an air-conditioned animal care center at 23±2 °C, relative 
humidity of 55±5%, and a 12-hour light-dark cycle. The 
animals had free access to standard pellet feed and water.

Every two female mice were housed with one male 
mouse for mating at 5:00 PM. The following day, the female 
mice were checked, and the presence of a vaginal plug was 
determined to signify pregnancy day zero (0). Twenty-four 
pregnant female mice were randomly divided into three 
groups, including 1) the control group (Ctrl) without any 
intervention, 2) the saline (Sal) group that received saline, 
and 3) the METH group that received METH (5 mg/kg). 
METH was dissolved in normal saline and injected daily 
by intraperitoneal (IP) injection during pregnancy and 
lactation (16). After lactation, male offspring at the age of 
3 weeks, were randomly divided into two subgroups: A) 
received MLT at a dose of 10 mg/kg just before the dark and 
B) received distilled water (D.W) by gavage (17) for 21 days. 

After the treatment period, the animals were sacrificed 
to remove their testes and epididymis, left testis was fixed 
in 10% normaline (normal saline+formaldehyde) for 
histological study, and the right testis for testis weight, 
oxidative stress evaluation, and real-time PCR assessment.

Testes weight
The right testes were weighed by a 0.1 mg precise digital 

scale.

Biochemical measurements
For biochemical measurements, testis tissues were 

homogenized. For this purpose, 1 ml of cold phosphate-
buffered saline (PBS) was added to 100 mg of testes tissue, 
and the tissue was then homogenized by a mechanical 
homogenizer.

Malondialdehyde (MDA)
MDA level is an index of lipid peroxidation. A solution 

containing 375 mg of TBA, 15 mg of TCA, and 2 ml of HCl 
was prepared, and the total volume was made up to 100 ml. 
One milliliter of homogenized testis tissue was added to 
2 ml of complex solution, and put in a boiling water bath 
for 45 min. Then it was placed at room temperature and 
after cooling it was centrifuged at 1000 rpm for 10 min, the 
supernatant was removed, and its absorbance was read at 
535 nm(18, 19). The concentration of MDA was calculated 
using the following formula:

C(M)=Absorbance ⁄1.65×105

Superoxide dismutase (SOD) 
SOD activity was measured according to the procedure 

described by Madesh and Balasubramanian method. A 
colorimetric assay involving the production of superoxide 
through autoxidation of pyrogallol and inhibiting 
the reduction of MTT (3-(4, 5-dimethylthiazol-2-yl) 

2, 5-diphenyltetrazolium bromide) to formazan was 
performed. 

An appropriate amount of homogenized tissue, MTT, and 
pyrogallol was added to the plate and incubated in a dark 
place at room temperature. DMSO was added and shaken 
gently to inhibit the reaction. Finally, the absorbance was 
read at 570 nm using a microplate reader (Epoch Biotek, 
USA). One unit of SOD activity was defined as the amount 
of enzyme that caused 50% inhibition of the MTT reduction 
rate (18).

Measurement of total thiol groups (SH)
From the reaction of the DTNB reagent with SH groups, 

a yellow complex is created, which is used to measure 
thiol groups. This complex has an absorption peak at the 
wavelength of 412 nm with an optical absorption coefficient 
of 13.6 mM-1cm-1. A mixture of 1 ml of Tris-EDTA buffer 
(pH=8.6) and 50 μl of tissue homogenate was prepared and 
its absorbance was read at 412 nm against a blank (A1). 
Then, 20 μl of DTNB reagent was added to this mixture, and 
after 10 min of incubation at room temperature, absorbance 
was read again (A2). The absorbance of the DTNB reagent 
was read as blank (B). The total thiol concentration (mM) 
was calculated according to the following formula (20):

Total thiol concentration (mM)=(A2-A1-B)×1.07/0.05×13.6

Catalase (CAT)  assay
The activity of the CAT enzyme was measured by 

the Aebi method as a function of the ability to degrade 
H2O2. Using the slope of the H2O2 absorption curve, CAT 
enzyme activity was calculated and normalized to protein 
concentration (21).

Histological methods
Seminiferous tubule diameter

Testicular tissue was prepared for H&E staining 
(hematoxylin and eosin) according to standard histological 
methods. After fixation in normalin for two days at room 
temperature, specimens were dehydrated with ascending 
graded alcohol, cleared with xylene,  and then embedded in 
paraffin. The paraffin blocks were cut into 5 µm thickness by 
a rotatory Leitz microtome, and finally, the tissue sections 
were stained with H&E.

To measure the seminiferous tubule diameter, five 
photographs were randomly taken from each slide using 
×40 objective lens of a light microscope (BX51, Olympus, 
Japan) equipped with a high-resolution camera (DP10). 
Each image was analyzed using the image processing 
software analySIS LS Starter. Tubule diameter was measured 
in the cross sections of seminiferous tubules (22).

TUNEL method
The terminal deoxynucleotidyl transferase dUTP nick 

end labeling (TUNEL) method was used to detect apoptotic 
cells using the TUNEL kit (Roche, Germany). 

Two sections of each specimen were placed on the 
slides coated with Poly-L-lysine. After deparaffinization 
and rehydration, the internal peroxidase was neutralized 
with 3% H2O2, and after washing, 15 μl of protein kinase 
was added for 20 min, after washing again, the enzyme and 
enzyme label were added and incubated for 24 hr in the 
refrigerator. After washing again, 15 μl of POD (horseradish 
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peroxidase) was add, one hour of incubation was done, then 
15 μl of DAB was added to the sections and then stained with 
hematoxylin. In this method, apoptotic cells are detected 
by dark brown nuclei. Tissue sections were evaluated and 
photographed using ×40 objective lens of a light microscope  
(Olympus BX 51, Japan). The number of TUNEL-positive 
cells was counted and calculated according to the following 
formula (23):

 
“NA” is the number of apoptotic cells per area, “ ∑Q”, 

“a/f ”, and “ ∑P” represent the sum of counted apoptotic cells, 
the area associated with each frame, and the sum of frame-
associated points hitting the defined space, respectively.

Sperm parameters
To evaluate sperm parameters, epididymis was cut 

into five pieces and placed in 1 ml of normal saline, and 
incubated at 37 °C for 15 min. Then, sperm count, sperm 
morphology, and DNA fragmentation index were measured 
using the following techniques.

Sperm count
To count sperm, 10 μl of the solution was added to a 

Neubauer slide after incubation, and sperm were measured 
in 25 squares using a light microscope (Olympus BX51) 
at 40x_ magnification, and the average amount of sperm 
counted was reported. The number of sperm per milliliter 
was calculated using the following formula:

Sperm morphology 
Papanicolaou staining was performed to study sperm 

morphology. For this purpose, 50 μl of sperm solution was 
smeared on a glass slide and fixed with methanol (70%), 
then the slide was stained. On each slide, 200 sperms were 
counted under a light microscope (40x magnification). The 
sperms without tails, with curled or bent tails, or with two 
or abnormal heads were recognized as abnormal sperms.

DNA Fragmentation Index (DFI)
Sperm DNA fragmentation was assessed using the SDFA 

kit (Ideh Varzan Farda Co. Tehran, Iran) according to the 
manufacturer’s instructions. The sperm count reached 
5-10×106 /ml, 50 ul of sperm solution was mixed with 
melted agarose, and 30 µl of the cell suspension was placed 
on a coated slide glass (included in the kit) and covered with 
a coverslip and incubated at 4 °C. After 5 min, the coverslip 

was carefully removed, and the denaturing solution was 
added and incubated for 7 min at room temperature. Then 
the slides were immersed in a lysis solution. After 15 min, 
the glass slides were washed with distilled water. The glass 
slides were dehydrated with alcohol and then stained using 
the kit protocol.  

After covering the slide with a coverslip, the spermatozoa 
were observed under a light microscope at 40 magnification. 
DNA fragmentation was classified based on spermatozoa 
halo size. Spermatozoa with a large or medium halo were 
scored as having no fragmentation (normal spermatozoa), 
and spermatozoa with a small or no halo were scored as 
indicating fragmentation (DNA-fragmented spermatozoa). 
A total of 200 spermatozoa were examined and scored 
in each sample. The fragmentation rate was calculated 
as DFI (%)=(fragmented spermatozoa/total number of 
spermatozoa counted)×100 (24).

Quantitative real-time PCR
The total RNA of testicular tissue was isolated using 

the Total RNA Extraction Kit (Parstous Co. Tehran, Iran) 
according to the manufacturer’s protocol.  Purification and 
concentration of the extracted RNAs were measured using 
NanoDrop 2000C (Thermo Scientific, USA). One microliter 
of the extracted RNA was used for cDNA synthesis based 
on the manufacturer’s instructions (Paratous Co. Tehran, 
Iran) (25). Quantitative real-time PCR was performed 
using specific primers for proliferating cell nuclear antigen 
(PCNA) and CCND1 and GAPDH (as housekeeping 
gene), which are listed in Table 1. QRT-PCR reactions 
were conducted on the Light cycler96 system (Roche, 
Switzerland) using SYBR Green master mix (Parstous Co. 
Tehran, Iran). All experiments were duplicated, and the 
relative fold-change of genes was calculated using the 2-ΔΔCt 
method. Standard curves for the target (PCNA, CCND1) 
and reference (GAPDH) genes were generated (26).

Statistical analysis
Statistical analysis was performed using Prism v.8.4.3 

software (GraphPad Software). Data were analyzed using 
one-way ANOVA and Tukey’s post hoc. Data were expressed 
as mean±SD, and P-values less than 0.05 were considered 
statistically significant.

Result
Testes weight

There was no significant difference in testis weight 
between the studied groups (Figure 1).

Seminiferous tubule diameter
The diameter of seminiferous tubules was significantly 

decreased in the METH-D.W group compared with the 

NA = Σ𝑄𝑄
𝑎𝑎 𝑓𝑓⁄ × ΣP
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Table 1. The sequence and temperature characteristics of the primers used in qPCR assay

 



Iran J Basic Med Sci, 2023, Vol. 26, No. 7

Ghorbani et al. METHamphetamine effect on pregnancy and lactation

780

other control and saline groups and improved in the 
METH-MLT group compared with the METH-D.W group 
(P≤0.001). The METH-MLT group had no significant 
difference compared with the Ctrl-D.W and Sal-D.W 
groups (Figure 2).

Biochemical measurements
MDA

MDA level in the METH-D.W group was significantly 
increased compared with Ctrl-D.W and Ctrl-MLT and Sal. 
D.W, and Sal-MLT groups (P≤0.01), and also compared 
with METH-MLT (P≤0.05), and there were no significant 
differences between other groups.  

SOD
The SOD activity in the METH-D.W group decreased 

compared with METH-MLT (P≤0.05), and also in 
comparison with Ctrl-D.W and Ctrl-MLT, and Sal. D.W and 
Sal-MLT groups (P≤0.001), but no significant differences 
were observed between other groups (Figure 3A).

Thiol groups 
Thiol concentration significantly decreased in the 

METH-D.W group compared with Ctrl-D.W and Ctrl-MLT 
and Sal. D.W and Sal-MLT groups (P≤0.001) and METH-
MLT (P≤0.01). There was no significant difference between 
the other groups (Figure 3C).  

CAT assay
The CAT activity decreased in the METH-D.W group 

compared with Ctrl-D.W and Ctrl-MLT groups (P≤0.001), 
and  Sal. D.W and Sal-MLT groups (P≤0.01). The CAT 
activity in the METH-MLT group was higher than in the 
METH-D.W group (P≤0.05) (Figure 3D).

TUNEL assay 
The number of apoptotic cells was increased in the 

METH-D.W group compared with all other groups 
(P≤0.001), and in METH-MLT group was lower than in 
METH-D.W group (P≤0.01), (Figures 4 and 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Comparison of the weight of the testicles in the rats 
examined in the study based on different groupings
No significant differences were observed 
Ctrl-D.W; control  group received distilled water after lactation; Ctrl-MLT; control  
group received melatonin after lactation; Sal-D.W; saline group received distilled 
water after lactation; Sal-MLT; saline group received melatonin after lactation; 
Meth-D.W; methamphetamine group received distilled water after lactation; 
Meth-MLT; methamphetamine group received melatonin after lactation

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Comparison of seminiferous tubule diameter in testis sections 
stained with Hematoxylin and Eosin  (H&E) staining
### indicates P≤0.001 in comparison with Ctrl-D.W, *** indicates P≤0.001 in 
comparison with METH-D.W, METH-MLT had no significant difference with Ctrl-
DW,  Mean±SEM
Ctrl-D.W; control  group received distilled water after lactation; Ctrl-MLT; control  
group received melatonin after lactation; Sal-D.W; saline group received distilled 
water after lactation; Sal-MLT; saline group received melatonin after lactation; Meth-
D.W; methamphetamine group received distilled water after lactation; Meth-MLT; 
methamphetamine group received melatonin after lactation
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Figure 3. Comparison of MDA level (A), SOD activity (B), Thiol 
concentration (C), and catalase enzyme activity (D) between groups. 
### indicates P≤0.001 in comparison with Ctrl-D.W, ## indicates P≤0.01 
in comparison with Ctrl-D.W, ** indicates P≤0.01 in comparison 
with METH-D.W, * indicates P≤0.05 in comparison with METH-D.W, 
Mean±SEM
Ctrl-D.W; control  group received distilled water after lactation; Ctrl-MLT; control  
group received melatonin after lactation; Sal-D.W; saline group received distilled 
water after lactation; Sal-MLT; saline group received melatonin after lactation; 
Meth-D.W; methamphetamine group received distilled water after lactation; 
Meth-MLT; methamphetamine group received melatonin after lactation

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Photomicrographs of testicular tissue sections show the TUNEL 
positive cells, the arrows represent TUNEL positive cells (dark cells) 
A=Ctrl-D.W group, B=Ctrl-MLT group, C=Sal-D.W group, D=Sal-MLT group, 
E=METH-D.W group, F=METH-MLT group
Ctrl-D.W; control  group received distilled water after lactation; Ctrl-MLT; control  
group received melatonin after lactation; Sal-D.W; saline group received distilled 
water after lactation; Sal-MLT; saline group received melatonin after lactation; Meth-
D.W; methamphetamine group received distilled water after lactation; Meth-MLT; 
methamphetamine group received melatonin after lactation
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Sperm parameters
Sperm count

The results of sperm count show that this parameter 
significantly decreased after METH exposure in the METH-
D.W group compared with the other groups (P≤0.001). 
Sperm count was significantly increased in the METH-
MLT group compared with the METH-D.W group (P≤0.01,  
Figure 6A). 

Sperm morphology
Morphology of sperms was investigated using 

Papanicolaou staining and the results showed that the 
percentage of abnormal sperms increased in the METH-
D.W group compared with other groups. At the same time, 
it decreased in the METH-MLT group compared with the 
METH-D.W group (P≤0.001, Figure 6B).

DNA fragmentation index (DFI)
The percentage of damaged DNA was significantly 

increased in the METH-D.W group compared with all 
other groups (P≤0.001). This parameter was decreased in 

the METH-MLT group compared with the METH-D.W 
group (P≤0.01). The METH-MLT group had no significant 
difference in comparison with Ctrl-D.W and Sal-D.W, but 
it was significantly decreased compared with Ctrl-MLT and 
Sal-MLT groups (P≤0.001), (Figure 6C).

Real-Time PCR
PCNA

The results of real-time PCR in Figure 7A indicated that 
the expression of the PCNA gene significantly decreased in 
the METH-D.W group in comparison with other groups 
(P≤0.001) and increased in METH-MLT compared with 
METH-D.W (P≤0.001). There was no significant difference 
in the expression of this gene in the METH-MLT group 
compared with the Ctrl-D.W group (Figure 7A). 

CCND
The expression of CCND decreased in the METH-D.W 

group in comparison with Ctrl-D.W, Ctrl-MLT, Sal-D.W, 
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Figure 5. Comparison of apoptotic cells in studied groups
### indicates P≤0.001 in comparison with Ctrl-D.W, ** indicates P≤0.01 in 
comparison with METH-D.W, the difference between METH-MLT and Ctrl-D.W 
was not significant, Mean±SEM
Ctrl-D.W; control  group received distilled water after lactation; Ctrl-MLT; control  
group received melatonin after lactation; Sal-D.W; saline group received distilled 
water after lactation; Sal-MLT; saline group received melatonin after lactation; 
Meth-D.W; methamphetamine group received distilled water after lactation; 
Meth-MLT; methamphetamine group received melatonin after lactation

Figure 6. Comparison of sperm parameters, sperm count (A), sperm 
morphology (B), and DFI (C)) in studied groups
### indicates P≤0.001 in comparison with Ctrl-D.W, *** indicates P≤0.001 in 
comparison with METH-D.W, ## indicates P≤0.01 in comparison with Ctrl-D.W, ** 
indicates P≤0.01 in comparison with METH-D.W, Mean±SEM
Ctrl-D.W; control  group received distilled water after lactation; Ctrl-MLT; control  
group received melatonin after lactation; Sal-D.W; saline group received distilled 
water after lactation; Sal-MLT; saline group received melatonin after lactation; 
Meth-D.W; methamphetamine group received distilled water after lactation; 
Meth-MLT; methamphetamine group received melatonin after lactation
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Figure 7. Comparison of the Log fold change of PCNA (A) and CCND (B) expression
### indicates P≤0.001 in comparison with Ctrl-D.W, *** indicates P≤0.001 in comparison with METH-D.W, The reduction observed between METH-MLT compared with 
Ctrl-D.W was not significant, Mean±SEM
Ctrl-D.W; control  group received distilled water after lactation; Ctrl-MLT; control  group received melatonin after lactation; Sal-D.W; saline group received distilled 
water after lactation; Sal-MLT; saline group received melatonin after lactation; Meth-D.W; methamphetamine group received distilled water after lactation; Meth-MLT; 
methamphetamine group received melatonin after lactation
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and Sal-MLT groups (P≤0.001), and the expression of this 
gene was significantly increased in the METH-MLT group 
compared with the METH-D.W group (P≤0.001), but there 
was no significant difference in comparison with Ctrl-D.W 
group (Figure 7B).

Discussion
METH is a psychoactive drug that spreads rapidly in 

the central nervous system and causes euphoria, increased 
alertness, increased heart rate, and decreased appetite. The 
use of METH is increasing among young people who are of 
reproductive age, and it also exposes a person to risky sexual 
behaviors (1). The lipophilic nature of METH causes it to 
pass through the umbilical cord and also to be secreted in 
breast milk, which causes complications in the fetus, and its 
use during pregnancy causes problems such as fetal death 
and premature birth (10).

MLT is a hormone secreted from the pineal gland and 
one of its functions is to regulate the sleep/wake cycle. In 
addition, its antioxidant and anti-inflammatory role has also 
been proven, and it also has an antioxidant and protective 
role in the male reproductive system (27).

In past studies, the effects of METH on the male 
reproductive system have been investigated, based on 
the research conducted, little information is available 
on the effects of this drug on the reproductive system of 
male children of mothers using METH during pregnancy 
and breastfeeding, as well as possible treatment. It is not 
recommended for these unwanted effects created in the 
individual.

Free radicals are produced in the body under normal 
conditions, and they cause destructive effects in the body, 
including the destruction of proteins, nucleic acids, and 
cell membranes. To counter these effects, the antioxidant 
system works and removes or neutralizes free radicals. If the 
cell is in a situation where the production of free radicals 
exceeds the normal limit and the antioxidant system is not 
able to remove them, oxidative stress occurs. Exposure to 
certain substances and radiation can cause oxidative stress, 
METH is one of the substances that increase the production 
of free radicals. ROS produced as a result of the use of 
METH initiates lipid peroxidation, lipid peroxidation is a 
chain reaction that is followed by the release of MDA, the 
high level of MDA in the tissue indicates oxidative stress 
conditions (28).

 The enzymatic and non-enzymatic antioxidant system 
prevents the formation of free radicals and can reduce the 
intensity of oxidative stress. Enzymatic antioxidants such 
as SOD and CAT play a role in neutralizing superoxide 
and hydrogen peroxide radicals, which in the condition of 
imbalance between the antioxidant system and the amount 
of free radicals produced, the amount of these enzymes in 
the tissue decreases, which indicates the dominance of free 
radicals affects this system and causes oxidative stress. Thiol 
groups are non-enzymatic antioxidants that can directly 
detoxify ROS and prevent lipid peroxidation. In the case of 
oxidative stress in the tissue, the concentration of thiols in 
the tissue decreases (29).

Substances that have antioxidant properties such as MLT, 
vitamin E, vitamin C, iron, and other known antioxidants 
can directly affect the antioxidant system and improve its 
efficiency in neutralizing and eliminating free radicals. The 
use of these substances increases the amount of antioxidant 

enzymes SOD and CAT in the tissue, as a result of which 
the free radicals of superoxide and hydrogen peroxide are 
neutralized and the amount of stress created in the tissue is 
reduced; also, the concentration of thiols increases after the 
use of antioxidants, as a result of which the amount of lipid 
peroxidation decreases (30).

In the present study, the oxidative effect of METH as well 
as the antioxidative effect of MLT in the next generation 
was confirmed by examining the biochemical parameters 
of MDA, SOD, CAT, and thiol groups. The amount of 
antioxidant factors decreased due to receiving METH 
and the amount of MDA increased, on the other hand, 
after receiving MLT, the enzymatic and non-enzymatic 
antioxidants in the tissue increased and the amount of MDA 
in the tissue decreased.

The increase of intracellular ROS, the deprivation of cells 
from growth factors, and the breakdown of cell DNA cause 
the initiation of the mitochondrial pathway of apoptosis, the 
permeability of mitochondria increases and pro-apoptotic 
proteins are released into the cytosol. Diablohomolog is one 
of the pro-apoptotic proteins that counteract the cytosolic 
inhibitors of pro-apoptotic proteins and activate caspase 
and promote apoptosis. Activated caspases 8 and 9 cause 
the release of caspases 3, 6, 7, and proteases that direct cell 
destruction by breaking down/cleaving many proteins and 
activating DNase. The interaction between proapoptotic 
and antiapoptotic members of the BCL2 family controls 
the mitochondrial pathway of apoptosis, BAK and BAX, 
which are members of this family, are necessary to increase 
mitochondrial membrane permeability and release 
cytochrome C, which activates caspase 9. BCL2, BCL-XL, 
BCLW, MCL1, A1, and BOO/DIVA proteins are essential for 
cell survival and function. Imbalance in the anti-apoptotic 
and pro-apoptotic members of the BCl2 family causes 
the activation of the mitochondrial pathway of apoptosis. 
METH by increasing the expression of BAX, which is 
one of the pro-apoptotic proteins of this family, causes an 
imbalance in these proteins and induces apoptosis (29).

MLT prevents the induction of apoptosis by activating 
the anti-apoptotic proteins of the Bcl-2 family and reducing 
the activity of pro-apoptotic proteins such as Bax (31). In 
this study, the amount of apoptosis induced in the testicular 
tissue under the conditions of MLT consumption after 
exposure to METH showed that MLT has an effective role 
in reducing the amount of induced apoptosis.

Damage to the DNA molecule causes mutagenesis, free 
radicals attack the DNA molecule and cause it to break and 
destroy the integrity of this molecule, although the repair of 
this molecule is a continuous process if the production of 
radicals increases freely, the rate of DNA breakage exceeds 
its repair capacity. ROS in the male reproductive system also 
damages the DNA of the sperm and disrupts its integrity. 
METH use increases ROS. Its high amount leads to 
oxidative stress and damage to nuclear and mitochondrial 
DNA, telomere shortening, and makes it epigenetic (32); the 
lack of sperm DNA integrity is one of the causes of sperm 
inefficiency, which affects fertility (33).

The use of METH in the reproductive system of the user 
causes side effects such as a decrease in the sex hormone 
testosterone, a decrease in the number and quality of sperm, 
a decrease in spermatogenesis, and damage to the testicle 
tissue, which lead to a disruption in the reproductive system. 
METH reduces spermatogenesis in the male reproductive 



783Iran J Basic Med Sci, 2023, Vol. 26, No. 7

METHamphetamine effect on pregnancy and lactation Ghorbani et al.

system by reducing cell proliferation and increasing 
apoptosis of germ cells, which leads to a decrease in the 
number of sperms. METH dose-dependently decreases 
the expression of progesterone and testosterone receptors 
in spermatogonia and Sertoli cells, and also affects sperm 
morphology and reduces the percentage of sperm with 
normal morphology, METH decreases sperm motility, 
which ultimately leads to a decrease in fertility (3, 34)

The mammalian testis has many unsaturated fatty acids 
that are susceptible to ROS attack. MLT is a lipophilic and 
hydrophilic compound that easily passes through the cell 
membrane, the antioxidant property of MLT protects these 
fatty acids from ROS attack. MLT consumption reduces 
caspase activity and also reduces sperm DNA damage 
caused by H2O2 activity, both of which are dependent on the 
expression of MLT-1 receptor and extracellular kinases. Due 
to the presence of MLT receptors in the hypothalamus and 
pituitary, we can point to the regulatory role of this hormone 
in the release of gonadotropin-releasing hormones, FSH 
and LH in these tissues. Also, MLT receptors in the male 
reproductive system act as an antioxidant, reduce testicular 
damage, regulate testicular growth, and as a male fertility 
protector in mammals. It also protects the morphology 
and function of sperm by preventing the production of free 
radicals beyond normal, and it also plays an effective role 
in spermatogenesis, the abnormal amount of serum MLT 
leads to male infertility (15). The results of the present 
study showed the antioxidant and protective effect of MLT 
in testicular tissue against the destructive effects caused 
by METH, which are in line with the results reported in 
previous studies.

Many genes are involved in the regulation of the cell 
cycle, the decrease and increase of their expression affect cell 
proliferation. Cyclins are a family of proteins that regulate 
the cell cycle. One of these proteins is CyclinD1, which is 
encoded by the CCND1 gene (35, 36). PCNA is also essential 
for multiple pathways of the cell cycle and plays a role in 
DNA replication. In the absence of P53 (tumor suppressor) 
and high amounts of PCNA in the cell, replication occurs. 
PCNA also interacts with P21 (cell cycle inhibitor)(37). 
METH increases the expression of P53 and P21, and since 
DNA replication occurs in the absence of P53, METH thus 
disrupts DNA replication and reduces cell proliferation, as 
well as by increasing P21, which inhibits the cell cycle, and 
thus reduces cell proliferation (38). The data obtained from 
this study also indicate a decrease in the expression of PCNA 
and CCND1 genes due to exposure to METH.

MLT, which stimulates cell proliferation in non-
cancerous conditions, can increase PCNA gene expression 
and induce cell proliferation by expressing this gene (39, 40). 
This feature of MLT was also observed in the present study 
and the animals exposed to METH and the expression of 
PCNA and CCND1 genes in them was reduced, it improved 
significantly with the use of MLT and the expression of 
these genes in the METH-MLT group increased compared 
with the METH-D.W group.

Conclusion
MLT can ameliorate the destructive effects of METH 

on the male reproductive system by neutralizing ROS, so, 
taking MLT as a protective agent is recommended. This 
finding needs further investigation because if we cannot 
reduce METH abuse, we can try to reduce side effects in 

newborns of METH-consuming mothers.

Acknowledgment
The data that was used in this paper was extracted from 

an MSc student’s thesis that was supported financially 
(Grant No. IR.MUMS.MEDICAL.REC.1398.778) by the 
vice chancellor of research, Mashhad University of Medical 
Sciences, Mashhad, Iran.

Authors’ contributions
FG, ES, AEB, SK, and AB were involved in the search 

strategy and drafting. All authors supervised all steps of the 
project, revised and edited the manuscript, and read and 
approved the final manuscript.

Funding
The authors would like to appreciate the Research Deputy 

of Mashhad University of Medical Sciences for supporting 
this study (IR.MUMS.REC. 1398.778).

Ethics approval and consent to participate
Not applicable.

Consent for publication
Consent for publication is given by all authors. 

Conflicts of interest
The authors declare that they have no competing interests.

References
1. Vearrier D, Greenberg MI, Miller SN, Okaneku JT, Haggerty 
DA. Methamphetamine: History, pathophysiology, adverse health 
effects, current trends, and hazards associated with the clandestine 
manufacture of methamphetamine. Dis Mon 2012;58:38-89.
2. Chomchai C, Chomchai S. Global patterns of methamphetamine 
use. Curr Opin Psychiatry 2015;28:269-274.
3. Sabour M, Khoradmehr A, Kalantar SM, Danafar AH, Omidi M, 
Halvaei I, et al. Administration of high dose of methamphetamine 
has detrimental effects on sperm parameters and DNA integrity in 
mice. Int J Reprod Biomed 2017;15:161-168.
4. Nudmamud‐Thanoi S, Thanoi S. Methamphetamine induces 
abnormal sperm morphology, low sperm concentration and 
apoptosis in the testis of male rats. Andrologia 2011;43:278-282.
5. Saberi A, Sepehri G, Safi Z, Razavi B, Jahandari F, Divsalar 
K, et al. Effects of methamphetamine on testes histopathology 
and spermatogenesis indices of adult male rats. Addict Health 
2017;9:199-205.
6. Nudmamud-Thanoi S, Sueudom W, Tangsrisakda N, Thanoi 
S. Changes of sperm quality and hormone receptors in the rat 
testis after exposure to methamphetamine. Drug Chem Toxicol 
2016;39:432-438.
7. Yamamoto Y, Yamamoto K, Hayase T, Abiru H, Shiota K, Mori 
C. Methamphetamine induces apoptosis in seminiferous tubules 
in male mice testis. Toxicol Appl Pharmacol 2002;178:155-160.
8. Krasnova IN, Cadet JL. Methamphetamine toxicity and 
messengers of death. Brain Res Rev 2009;60:379-407.
9. Alavi SH, Taghavi MM, Moallem SA. Evaluation of effects of 
methamphetamine repeated dosing on proliferation and apoptosis 
of rat germ cells. Syst Biol Reprod Med 2008;54:85-91.
10. Dinger J, Hinner P, Reichert J, Rüdiger M. Methamphetamine 
consumption during pregnancy-effects on child health. 
Pharmacopsychiatry 2017;50:107-113.
11. Chomchai C, Chomchai S, Kitsommart R. Transfer of 
methamphetamine (MA) into breast milk and urine of postpartum 
women who smoked MA tablets during pregnancy: Implications 
for initiation of breastfeeding. J Hum Lact 2016;32:333-339.
12. Baei F, Rajabzadeh A, Bagheri J, Jalayeri Z, Ebrahimzadeh-



Iran J Basic Med Sci, 2023, Vol. 26, No. 7

Ghorbani et al. METHamphetamine effect on pregnancy and lactation

784

Bideskan A. Effect of methamphetamine exposure during 
pregnancy and lactation on polysialic acid-neural cell adhesion 
molecule expression in rat’s offspring hippocampus. Metab Brain 
Dis 2017;32:991-1002.
13. Tordjman S, Chokron S, Delorme R, Charrier A, Bellissant 
E, Jaafari N, et al. Melatonin: Pharmacology, functions and 
therapeutic benefits. Curr neuropharmacol 2017;15:434-343.
14. Li R, Luo X, Li L, Peng Q, Yang Y, Zhao L, et al. The protective 
effects of melatonin against oxidative stress and inflammation 
induced by acute cadmium exposure in mice testis. Biol Trace 
Elem Res 2016;170:152-164.
15. Li C, Zhou X. Melatonin and male reproduction. Clin Chim 
Acta 2015;446:175-80.
16. Wang L, Qu G, Dong X, Huang K, Kumar M, Ji L, et al. Long-
term effects of methamphetamine exposure in adolescent mice on 
the future ovarian reserve in adulthood. Toxicol Lett 2016;242:1-8.
17. Mei Q, Diao L, Xu Jm, Liu Xc, Jin J. A protective effect of 
melatonin on intestinal permeability is induced by diclofenac via 
regulation of mitochondrial function in mice. Acta Pharmacol Sin 
2011;32:495-502.
18. Karimi S, Hejazian SH, Alikhani V, Hosseini M. The effects 
of tamoxifen on spatial and nonspatial learning and memory 
impairments induced by scopolamine and the brain tissues 
oxidative damage in ovariectomized rats. Adv Biomed Res 
2015;4:196-203.
19. Kei S. Serum lipid peroxide in cerebrovascular disorders 
determined by a new colorimetric method. Clin Chim Acta 
1978;90:37-43.
20. Asgharzadeh F, Bargi R, Beheshti F, Hosseini M, Farzadnia M, 
Khazaei M. Thymoquinone prevents myocardial and perivascular 
fibrosis induced by chronic lipopolysaccharide exposure in male 
rats:-thymoquinone and cardiac fibrosis. J Pharmacopuncture 
2018;21:284-293.
21. Gaharwar US, Meena R, Rajamani P. Iron oxide nanoparticles 
induced cytotoxicity, oxidative stress and DNA damage in 
lymphocytes. J Appl Toxicol 2017;37:1232-1244.
22. Khoshbakht S, Motejaded F, Karimi S, Jalilvand N, 
Ebrahimzadeh-Bideskan A. Protective effects of selenium on 
electromagnetic field-induced apoptosis, aromatase P450 activity, 
and leptin receptor expression in rat testis. Iran J Basic Med Sci 
2021;24:322-330.
23. Jalilvand N, Hosseini M, Beheshti F, Ebrahimzadeh-Bideskan 
A. Protective effect of PPARγ agonist pioglitazone, on testicular 
tissue and sperm parameters in hypothyroid rats. Toxin Rev 
2019;40:267-276.
24. Park Y-S, Lee S-H, Choi HW, Lee HS, Lee JS, Seo JT. Abnormal 
human sperm parameters contribute to sperm DNA fragmentation 
in men with varicocele. World J Mens Health 2018;36:239-247.
25. Boustan A, Mosaffa F, Jahangiri R, Heidarian-Miri H, 
Dahmardeh-Ghalehno A, Jamialahmadi K. Role of SALL4 and 
Nodal in the prognosis and tamoxifen resistance of estrogen 

receptor-positive breast cancer. Mol Biol Res Commun 
2021;10:109-119.
26. Alamolhodaei NS, Rashidpour H, Gharaee ME, Behravan J, 
Mosaffa F. Overexpression of ABCC2 and NF-Κβ/p65 with reduction 
in cisplatin and 4OH-tamoxifen sensitivity in MCF-7 breast cancer 
cells: The influence of TNF-α. Pharm Sci 2020;26:150-158.
27. Hardeland R, Pandi-Perumal SR, Cardinali DP. Melatonin. Int 
J Biochem Cell Biol 2006;38:313-316.
28. Açikgöz O, Gönenç S, Kayatekin BM, Uysal N, Pekçetin Ç, 
Şemin İ, et al. Methamphetamine causes lipid peroxidation and an 
increase in superoxide dismutase activity in the rat striatum. Brain 
Res 1998;813:200-202.
29. Hotchkiss RS, Strasser A, McDunn JE, Swanson PE. Cell death. 
N Engl J Med 2009;361:1570-1583.
30. Finaud J, Lac G, Filaire E. Oxidative stress. Sport Med 
2006;36:327-358.
31. Espino J, Bejarano I, Redondo PC, Rosado JA, Barriga C, 
Reiter RJ, et al. Melatonin reduces apoptosis induced by calcium 
signaling in human leukocytes: Evidence for the involvement of 
mitochondria and bax activation. J Membr Biol 2010;233:105-118.
32. Kumaresan A, Das Gupta M, Datta TK, Morrell JM. Sperm 
DNA integrity and male fertility in farm animals: A review. Front 
Vet Sci 2020;7:321-335.
33. O’Brien J, Zini A. Sperm DNA integrity and male infertility. 
Urology 2005;65:16-22.
34. Heidari-Rarani M, Noori A, Ghodousi A. Effects of 
methamphetamine on pituitary gonadal axis and spermatogenesis 
in mature male rats. Zahedan J Res Med Sci 2014;16:37-42.
35. Golias C, Charalabopoulos A, Charalabopoulos K. Cell 
proliferation and cell cycle control: A mini review. Int J Clin Pract 
2004;58:1134-1141.
36. Whitfield ML, George LK, Grant GD, Perou CM. Common 
markers of proliferation. Nat Rev Cancer 2006;6:99-106.
37. Strzalka W, Ziemienowicz A. Proliferating cell nuclear antigen 
(PCNA): A key factor in DNA replication and cell cycle regulation. 
Ann Bot 2011;107:1127-1140.
38. Ekthuwapranee K, Sotthibundhu A, Govitrapong P. Melatonin 
attenuates methamphetamine‐induced inhibition of proliferation 
of adult rat hippocampal progenitor cells in vitro. J Pineal Res 
2015;58:418-428.
39. Zwirska-Korczala K, Jochem J, Adamczyk-Sowa M, Sowa 
P, Polaniak R, Birkner E, et al. Influence of melatonin on 
cell proliferation, antioxidative enzyme activities and lipid 
peroxidation in 3T3-L1 preadipocytes-an in vitro study. J Physiol 
Pharmacol 2005;56:91-99.
40. Osatd-Rahimi N, Saburi E, Karimi S, Boustan A, 
Ebrahimzadehbideskan A. The therapeutic effect of melatonin on 
female offspring ovarian reserve and quality in BALB/c mice after 
exposing their mother to methamphetamine during pregnancy 
and lactation. Iran J Basic Med Sci 2023;26:208-215.


