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Abstract 

Background: Methamphetamine (MA) was shown to have harmful effects on male 

reproductive system.  

Objective: To investigate probable effects of daily administration of MA on sperm 

parameters and chromatin/DNA integrity in mouse. 

Material and Methods: Thirty-five NMRI male mice were divided into five groups 

including low, medium, and high dosage groups which were injected 

intraperitoneally with 4, 8 and 15 mg/kg/day for 35 days, respectively. Normal 

saline was injected in sham group and no medications were used in control group. 

Then, the mice were killed and caudal epididymis of each animal was cut and placed 

in Ham’s F10 medium for sperm retrieval. To evaluate sperm chromatin 

abnormalities, the aniline blue, toluidine blue and chromomycine A3 were used. For 

sperm DNA integrity and apoptosis, the acridine orange, sperm chromatin 

dispersion, and TUNEL assay were applied. For sperm morphology, Papanicolaou 

staining was done  

Results: Normal morphology and progressive motility of spermatozoa decreased in 

medium and high dosage groups in comparison with the control group (p=0.035). 

There was a significant increase in rate of aniline blue, toluidine blue, and 

chromomycine A3 positive spermatozoa in high dosage group. In a similar manner, 

there was an increase in rates of acridine orange, TUNEL and sperm chromatin 

dispersion  positive sperm cells in high dosage group with respect to others. 

Conclusion: MA abuse in a dose-dependent manner could have detrimental effects 

on male reproductive indices including sperm parameters and sperm 

chromatin/DNA integrity in mice.  
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Introduction 

 

n recent years, methamphetamine (MA) 
has been attractive and road drug in 
several countries, because of its quite 

easy manufacture and low price versus to 
another drugs (1). MA is an illegal psycho 
stimulant drug profitable to amphetamine type 
(2). MA is a strongly addictive drug with a high 
probability of addition which is absorbed 
slowly for a long period of time, consequently 
(for 8-24 hr) (3). It is usually used by young 
and teenagers who are in the age of 
reproduction (4). In fact, young population 
experience MA for fun and improvement of 
sexual function at first times (5). Earlier, many 
studies proved negative effects of morphine 

and cocaine, but today consumption of 
synthetic drugs including amphetamines or 
MA is increased in developed and developing 
countries (6-8). The exact mechanism by 
which MA leads to male reproductive system 
dysfunctions is not completely understood. 
There are many studies indicating the 
deleterious effects of MA on reproductive 
organs (9). Experimental studies on rodents 
suggest some mechanisms of MA action on 
male fertility potential including altered 
hormonal profiles, oxidative stress, DNA 
damage of spermatozoa, and abnormal 
spermatogenesis (10, 11). It is also 
demonstrated that MA adversely affects on 
seminiferous epithelium including 
degeneration and apoptosis of germ cells 
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(12). It is also suggested that MA affects male 
reproductive function at multiple levels due to 
its effects on the endocrine control of 
spermatogenesis (13, 14). Recently, it has 
been reported that MA decreases normal 
sperm morphology and count, as well as 
increase apoptotic cells in seminiferous 
tubules (15, 16). In a study conducted by 
Zuloaga et al, histopathological and 
histomorphometric alterations in seminiferous 
tubules have been reported in MA-treated 
animals (17).  

Evaluation of sperm nuclear chromatin is a 
noticeable approach for male fertility 
investigations. During spermatogenesis, 
sperm chromatin is compacted more and 
more due to histones replacement at first by 
testis-specific nuclear proteins, then by 
transitional proteins and finally by protamines 
(18). Disulphide bonds of protamine 
molecules are crucial for sperm nuclear 
compaction and stabilization. It is believed 
that this kind of nuclear compaction protects 
sperm genome from damages including 
oxidative stress, elevated temperature and 
acid-induced DNA denaturation (19). 
Oxidative stress (OS) is considered as an 
important cause of male infertility leading to 
an increase in sperm DNA fragmentation. 
Imbalance between reactive oxygen species 
(ROS) production and semen antioxidant 
ability results OS (20). There is increasing 
confirmation that one mechanism of MA 
toxicity is the production of ROS (21). It is 
generally accepted that ROS affects sperm 
chromatin condensation and also may have 
harmful effects on sperm motility, morphology 
and fertilization ability (22). 

To the best of our knowledge, there are no 
study that investigated the effects of MA on 
sperm chromatin condensation and DNA 
integrity. Therefore, we designed the present 
study to investigate the effects of different 
doses of MA on sperm count, motility, and 
morphology and sperm chromatin integrity in 
male mouse as an experimental model. 
 

Materials and methods 
 

In this experimental study, 12 wk old NMRI 
male mice (28±2 gr) were maintained in 
standard cages under controlled standard 
animal house conditions (room temperature 
23±2oC, humidity 60±10% and 12 hr light/dark 
cycle) before and during experiments. They 

were fed with normal pellet diet and water 
adlibitum.  
 
Drug administration 

The MA suspension was prepared with the 
concentration of 4, 8 and 15 mg/kg in normal 
saline as low, medium and high doses 
respectively (23). After one week of 
acclimating, the mice were divided into five 
groups (n=7 for each group) including: low, 
medium and high dosage groups which were 
injected intraperitoneally with 4, 8 and 15 
mg/kg/day MA for 35 days (more than a 
period of spermatogenesis of mice), 
respectively (24). Normal saline was injected 
daily in sham group, but, the control mice did 
not receive any medication. At the end of 
experiment, the animals were euthanized by 
cervical dislocation and the caudal part of right 
epididymis of each mouse was cut and 
transferred into a petri dish 60 mm (Falcon- 
353037, USA) containing one ml of HamsʼF10 
medium. Then, epididymis was disposed and 
spermatozoa suspension was incubated for 
30 min in 37oC with 5% CO2 to let the 
spermatozoa swim out (25).  
 
Spermatozoa parameters 

To get total sperm count, 10 µl of sperm 
suspension was loaded on the Makler 
counting chamber (Sefi medical instrument 
Ltd., Israel) and number of spermatozoa in a 
strip of 10 squares was multiplied to 106 which 
indicated spermatozoa concentration in 
millions/ml. The percentages of progressive 
(fast and slow movements), non-progressive 
and immotile spermatozoa were calculated 
(26). For assessment of sperm morphology, 
the Papanicolaou staining was done. Briefly, 
the smears were fixed by ethanol-ether (1:1) 
for 5 min and then they were stained with PAP 
staining solutions according to WHO 
guidelines (27). Different forms of sperm 
morphology were determined including 
normal, double head, pin head, amorphous 
head, coiled mid piece, coiled tail, bent tail, 
and cytoplasmic droplet (Figure 1-A).  
 
Acrosome reaction (AR) 

The AR was assessed by double staining 
method. In this assay, washed spermatozoa 
were fixed in glutaraldehyde 3% in PBS for 30 
min. The smears were prepared after two 
times washing (2500 rpm, 2 min). The slides 
were stained with Bismarck brown (0.8% in 
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deionized water, pH 1.8) for 10 min and then 
with Rose Bengal (0.8% in 0.1 M Tris buffer, 
pH 5.3) for 25 min. After washing, smears 
were dehydrated in ethanol series and rinsed 
in xylene (28). Red or pink staining of the 
acrosomal region determined as acrosome-
intact spermatozoa.  
 
Assessment of sperm chromatin/DNA 
integrity 
 
Aniline blue staining (AB) 

AB staining is a cytochemical assay for 
detection of remained histones in the process 
of sperm chromatin remodeling (29). The air-
dried smears were fixed in a solution of 3% 
glutaraldehyde in 0.2M phosphate buffer, (14 
ml of 10.2 M NaH2PO4 plus 36 ml of 0.2 M 
Na2HPO4, pH=7.2) for 30 min. Then, they 
were stained with solution of 5% AB in 4% 
acetic acid (pH=3.5) for 5 min (25). In this 
staining, the spermatozoa with unstained 
nucleus are considered as normal and 
spermatozoa with dark blue nuclei are 
counted as abnormal ones (Figure 1-B).  
 
Toluidine blue (TB) staining 

The air-dried smears were fixed in a 
solution of ethanol-acetone (1:1) at 4oC for 30 
min. Hydrolysis of smears was performed by 
HCl (0.1 molar) for 5 min. Then, TB dye 
solution (0.05% TB in 50% Mcilvaine’s citrate 
phosphate buffer at pH 3.5) was used for 10 
min. Finally, the slides were rinsed in distilled 
water and dehydrated with ethanol and xylene 
at room temperature for 3 min (30). 
Spermatozoa with normal chromatin are seen 
colorless but sperm cells with mild, medium 
and sever chromatin abnormality were seen in 
dark blue, violet and purple respectively 
(Figure 1-C). 
 
Chromomycine A3 (CMA3) staining  

CMA3 staining was used for indirect 
assessment of protamine deficiency. To do 
this assay, the smear of each sample was 
fixed in Carnoy’s solution (methanol and 
glacial acetic acid, 3:1) for 10 min. Then, they 
were treated with 100 µl of CMA3 solution for 
10 min and washed with Mcilvaine buffer (7 ml 
of 0.1 M citric acid plus 32.9 ml of 0.2 M 
Na2HPO4×7H2O plus10 mM MgCl2), (PH= 7) 
(31). The prepared slides were evaluated 
under fluorescent microscope with 460-470 
nm filter. The bright yellowish spermatozoa 

were considered as positive CMA3, while 
others without brightness were considered as 
negative CMA3 with normal protamine. 

 
Terminal deoxynucleotidyltransferase 
mediated d-UTP nick end labeling assay 
(TUNEL) 

The TUNEL kit was used to detect sperm 
DNA fragmentation according to manufacture 
protocol. Briefly, the slides were fixed with 4% 
paraformaldehyde for 1 hr at room 
temperature, and then they were washed 
three times with PBS, before treating with 3% 
H2O2 in methanol. In the next step, they were 
immersed in 0.1% triton X-100 in 0.1% sodium 
citrate for 5 min. After rinsing with PBS, the 
slides were treated with 5 µl enzyme solution 
plus 45 µl label solution and incubated for 1 hr 
and then evaluated by fluorescence 
microscope (Olympus BX51, Japan) (32).  

DNase I grade I (3 U/ml in 50 mM Tris-HCl, 
pH 7.5, 1 mg/ml BSA) was used to determine 
positive control. For negative controls, instead 
of the TUNEL reaction mixture, slides were 
incubated with 50 µl of label solution (without 
terminal transferase). The apoptotic cells with 
DNA fragmentation exhibited intensive and 
brilliant florescent green (TUNEL+ or apoptotic 
sperm), while the normal cells displayed pale 
and opaque green (TUNEL- or non-apoptotic 
sperm) (Figure 2-A). The apoptotic sperm 
cells were presented as percentage in each 
sample. 
 
Acridine orange test (AO)  

This assay can differentiate the natural 
double strand DNA from denaturized single 
strand DNA in sperm nuclei. The air-dried 
smears were fixed by Carnoy’s solution 
(methanol-acetic acid, 3:1) overnight. After 
washing, they were treated with AO 
fluorescence solution (0.19 mg of AO in citrate 
phosphate buffer) for 10 min (30). In the 
evaluation of slides under fluorescence 
microscope (640 nm filter) the sperm cells with 
normal DNA were seen bright green, while 
abnormal spermatozoa with single stranded 
DNA were visualized in bright red or yellow 
color (Figure 2-B).  
 
Sperm chromatin dispersion assay (SCD) 

This assay is used for detection of sperm 
DNA damage. For SCD test, 30 µl of washed 
spermatozoa was diluted with 70 µl of 1% 
agarose and then 50 µl of the mixture was 
loaded on a slide which was coated by 0.65% 
agarose, covered with a coverslip and placed 
on a cold plate for 4 min. Then, coverslip was 
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removed and slide was embedded in 0.08 
NHCl solution at dark room. Each slide was 
immersed in lysis solutions 1 and 2 
sequentially. The time of lysis solution 1 (0.4 
M Tris, 2-Mercaptoethanol, 1% SDS, and 50 
mM EDTA, pH 7.5) was 30 min, and the time 
of lysis solution 2 (0.4 M Tris, 2 M NaCl, and 
1% SDS, pH 7.5) was 30 min.  

Then, the slides were rinsed in Trisborate- 
EDTA buffer (0.09 M Tris-borate and 0.002 M 
EDTA, pH 7.5) for 27 min and then they were 
dehydrated in increasing concentrations of 
ethanol. Finally, each slide was rinsed in 
wright stain for 10 min. The small, medium 
and large halos around sperm heads were 
determined in comparison with core width of 
spermatozoa. The small halo showed high 
DNA fragmentation and the medium and large 
ones showed moderate and without DNA 
fragmentation in spermatozoa respectively 
(33) (Figure 2-C).  
 
Ethical consideration 

All protocols were performed according to 
the national institute of health guide for the 
care and use of laboratory animals (NIH 
Publications No. 8023, revised 1978). The 
used protocols and animals’ ethics were 
approved by the research council of ethical 
committee of Yazd research and clinical 
center for infertility and Islamic Azad 
University of Ashkhezar, Yazd, Iran. 

 
 
Statistical analysis 

For statistical analysis, we used Statistical 
Package for the Social Sciences, version 
19.0, SPSS Inc, Chicago, Illinois, USA 

(SPSS). ANOVA and Kruskall-Wallis tests 
were used for comparison of the data between 
different groups. The data have expressed as 
median (min-max) and the differences were 
statistically significant at p<0.05.  
 

Results 
 
Sperm parameters 

According to table I, although, the sperm 
count showed a decreasing trend in medium 
and high dosage groups when compared to 
low dosage and control one, but it was not 
statistically significant. Injection of MA 
decreased the rate of progressive motility in 
medium and high dosage groups but not in 
low dosage group (p=0.867 and p=0.289, 
respectively; Table I). Also, non-progressive 
motility and immotile spermatozoa were 
significantly increased in medium and high 
dosage groups in comparison with control and 
low dosage groups (p>0.05, Table I). Normal 
morphology was significantly decreased in 
medium and high dosage groups compared to 
other groups.  
 
Sperm chromatin and apoptosis 
evaluations 

There was a significant increase in rate of 
AB+ and TB+ spermatozoa in high dosage 
group in comparison with others. In addition, 
the rate of CMA3+ sperm cells in medium and 
high dosage groups showed a significant 
increase when compared with control group. 
In similar case, a significant difference was 
observed between high dosage group and 
others in AO, TUNEL and SCD (p=0.000, 
p=0.001 and p=0.007 respectively) (Table II). 

 

 

Table I. Effect of different doses of MA on sperm parameters and AR in mice 
Groups 

Sperm parameters 
Control Low dosage Medium dosage High dosage p-value 

Count (×106/ml) 16 (15-37) 16.5 (6-21) 14 (3-19) 13.50 (11-22) 0.175 

Progressive motility (%) 46 (30-61) 31 (7-35) 21 (18-40) 20 (4-37) 0.035 

Non-progressive motility (%) 16 (15-37) 24 (18-35) 35 (25-42) 39 (15-45) 0.000 
Immotile sperm (%) 38 (23-49) 37 (25-67) 39.50 (35-58) 55.50 (28-67) 0.009 

Normal morphology (%) 85 (80-88) 70 (66-72) 66 (60-70) 64 (62-66) 0.003 

AR (%) 91 (90-99) 79 (9-89) 76 (74-85) 66.50 (50-75) 0.017 

Data are shown as median (min- max). 

MA: Methamphetamine   AR: Acrosome reaction 

 
 

Table II. Effect of different doses of MA on sperm nuclear integrity and apoptosis 
Groups 

Chromatin sperm assays 
Control Low dosage Medium dosage High dosage p-value 

AB  15 (12-18) 15 (14-16) 15.50 (13-18) 20 (14-17) 0.009 

TB  13.50 (5-20) 13.50 (12-16) 13.50 (10-20) 22.50 (14-24)  0.007 

CMA3  23 (2-43) 23.50 (19-36) 29.50 (12-37) 31.50 (12-34)  0.000 

AO 31 (27-43) 33 (1-55) 34 (28-55) 40.50 (32-51)  0.000 

TUNEL  6.50 (2-17) 5 (3-6) 9 (7-11) 14.50 (12-17) 0.001 

SCD  21 (16-33) 22 (18-27) 21 (16-25) 26 (21-33)  0.007 

Data are shown as median (min- max) as percentage. 
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Figure 1. A) Papanicolaou staining: Normal (A), pin head (B), amorphous head (C), bent tail (D), coiled mid piece (E) forms. B) AB 

staining: Sperm head with immature nuclear chromatin is intense dark blue (AB+) and sperm head with mature nuclei is light blue 

(AB-). TB staining: sperm cells with normal chromatin are light blue (TB-) and abnormal chromatin is dark blue (TB+) (×1000 

magnification). 

 

 

 
Figure 2. A) TUNEL assay: Positive apoptosis cells is brilliant florescent green (TUNEL+) and negative apoptosis cells is pale and 

opaque green (TUNEL-). B) Acridine Orange test: positive AO cells are yellow (AO+) and negative cells with normal DNA exhibited 

in green color (AO-). C) Sperm chromatin dispersion (SCD) test: Big halo represents no DNA fragmentation (SCD-) and no halo and 

small halo show sperm with DNA fragmentation (SCD+) (×1000 magnification) 

 
Discussion 

 

Due to the high prevalence of MA abuse in 
young populations especially in men who are 
in reproductive period, the present study was 
planned to estimate the specific deleterious 
effects of this central nervous system 
stimulant as an addictive drug on sperm 
parameters and chromatin integrity in male 
mice. The results showed that MA decreases 
sperm concentration, progressive motility and 
increases abnormal sperm morphology in a 
dose-dependent manner.  

Moreover, sperm chromatin packaging and 
apoptosis could be influenced by different 
dose of MA. The effects of MA on sperm 
chromatin also appear to be dose-depended 
as similar drugs which had more negative 

effects in high doses. Our findings were 
similar to the study by Alavi and colleagues 
which have demonstrated that frequent 
consumption of high dosage of MA may 
reduce the number of sperm in the epididymis 
tail and has negative effects on reproductive 
system in male rats (34). Additionally, several 
experimental studies showed that 
administration of different dose of MA caused 
decreasing in the sperm count and normal 
morphology (35, 36).  

On the other hand, Lin and colleagues 
reported many defects in testicular tissue and 
spermatogenesis cell lines including the 
elevation of apoptotic cells and destructive 
changes in seminiferous tubules in male rats 
which were treated by MA. In addition, they 
presented that sperm count and motility were 
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decreased in MA administration animals (37). 
It is generally accepted that in male fertility 
evaluations, the standard routine sperm 
analysis is not enough, because it does not 
show different forms of sperm chromatin and 
DNA damages. So, in the present study, we 
focused on molecular and cytochemically-
based assays to determine the effects of MA 
on sperm chromatin condensation and 
apoptosis in mouse as a good experimental 
model. To the best our knowledge, this was 
the first study using AO, CMA3, AB, TB and 
SCD tests for the above mentioned aims. It is 
shown that there is a positive relationship 
between sperm chromatin defects and cell 
death or apoptosis (38). Similar to our study, 
Yamamoto and colleagues reported that 
administration of MA reduces the 
spermatogenesis and increases apoptosis in 
spermatogonial cell line in rat (36).  

Additionally, Alavi and his colleagues 
demonstrated that repeated administration of 
MA in male rats enhances apoptosis of 
spermatogonia and primary spermatocytes in 
seminiferous tubules. In fact, they discussed 
that decreasing in sperm count and normal 
morphology and apoptotic cell increasing in 
seminiferous tubules may be due to the MA 
toxicity in sperm germ line and testicular 
tissue (34). Another recent study has reported 
a reduction of reproductive ability in animals 
that were administered by MA (39). Also, in a 
sex hormones assessment, it has been 
suggested that any alternation in serum 
testosterone during the MA treatment can 
affect the spermatogenesis and it has a main 
role in activation of apoptosis in 
spermatogonial cells (40). 

Although in present study we can not report 
any evidence about the mechanism of harmful 
characteristics of MA on gonadal hormones 
and risky effect on spermatogenesis, but it 
could be mentioned that reduction in sperm 
chromatin quality was dependent on toxic 
effects of MA and hormonal profile defects. 
Recently, it was shown that MA can induce 
apoptosis in testicular germ cells and 
epididymal spermatozoa in laboratory animals 
(35). 

AB and CMA3 are two main tests for 
identifying sperm chromatin packaging and 
protamine deficiency of spermatozoa (25). It is 
confirmed that the lower amounts of nuclear 
protamines affect the sperm chromatin 
packaging and as a result the sperm quality 

(41). Our results showed that the MA 
increases the rate of spermatozoa with 
excessive histones (AB+) and protamine 
deficiency (CMA3+) and these effects are 
dose-dependent. 

Our findings also showed that the rate of 
AO+ spermatozoa was increased in high dose 
of MA administration. So, we can say that the 
MA may induce sperm apoptosis through DNA 
denaturation. In TB assay which is used for 
detection of sperm DNA fragmentation and 
chromatin packaging quality, we showed that 
the rate of TB+ spermatozoa was significantly 
higher in high dose MA administration than 
other groups (42).  

In a same way, our data of TUNEL and 
SCD tests showed a significant increase in 
sperm apoptosis in high dose of MA 
administration. The present study was also 
the first study to the evaluation of the sperm 
acrosome in MA administration animals. 
There was a significant difference between 
the percentage of spermatozoa with intact 
acrosomes in experimental and control 
groups. To explain the probable mechanism of 
MA action on sperm parameters and 
chromatin/DNA integrity, we should note that 
there are some data indicating the increase of 
ROS in the sperm that exposed to ecstasy 
(43). On the other hand, studies suggested 
that ROS attack the integrity of sperm DNA 
causing base modifications, DNA strand 
breaks, and chromatin cross-linking (44, 45). 
In this view, we hypothesized that the main 
mechanism of sperm chromatin/DNA integrity 
disturbance regarding MA administration is 
oxidative stress and following increased ROS. 
 

Conclusion 
 

In conclusion, MA can increase abnormal 
spermatozoa with inadequate chromatin and 
DNA integrity in a dose-dependent manner 
and it is important to aware the young male 
people from deleterious effects of this drug on 
reproductive indices. 
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