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Abstract: This study was carried out with a total of forty (40) male wistar rats randomly divided into four groups of ten (10) 
rats per group. Group 1 was the control and was treated with distilled water, group 2 was the low dose group (exposed to 
marijuana smoke for 5 minutes daily), group 3 was the high dose group (exposed to marijuana smoke for 10 minutes daily) and 
group 4 was the high dose + vitamin C group (exposed to marijuana smoke for 10 minutes and orally gavaged with vitamin C 
at 2.8 mg/kg body weight daily). The animals were sacrificed on the 29th day and testes were collected. Semen sample were 
collected and analyzed of Total sperm cell in sample (106/ml), Sperm Concentration (106/ml), Number of Motile sperm, 
Progressivity, Velocity of Active Path (µm/s). Testicular histology was carried out. The result showed a dose-dependent 
decrease in all the measured parameters in groups treated with marijuana (group 2 and 3) and an almost equivalent value with 
the control group for the group treated with marijuana + vitamin C (group 4). The testicular histological section reveals 
hypochromic section seminiferous tubules with swollen germinal cells and spermatogenic lining cell and irregular alignment of 
myoid cells for the group 2 and 3 when compared with the control group. But these damages were observed to be ameliorated 
in the marijuana + vitamin C group (group 4). From this result, it can therefore be concluded that marijuana possesses an 
antifertility property as seen in the decrease in total sperm count, Sperm Concentration, Number of Motile sperm, 
Progressivity, Velocity of Active Path and deformation of the testes of rats in this study. Also that vitamin C can ameliorate the 
antifertility effects of inhaled marijuana in rats. 
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1. Introduction 

The decline of male fertility in the general population has 
attracted increasing attention. Evidences include steadily 
progressing decline of sperm concentration [1], decline of 
sperm count [2], decline of semen quality [3], and decline of 
level of androgen [4]. Almost 15% of couples are unable to 
conceive after 1 year of regular unprotected intercourse, and 
in almost half of the cases, male infertility is the sole or a 
contributing factor [5]. 

Exposures to certain drugs, toxins, certain foods, 
environmental and biological factors have been implicated in 
male infertility. Alcohol, cigarette, caffeine, cocaine, opiods 
and marijuana used in this work have been reported to exhibit 
antifertility potential. These effects which may be short or 
long term posed serious threats to reproductive health and as 

such, study involving the possible remedy is of essence. 
Marijuana also known as cannabis among other names is a 

drug in a mixed form of the leaves, stem, seeds and flower of 
the cannabis plant. Smoking is the most common route of 
marijuana exposure, and according to [6], this has been 
shown to have negative impact on male fertility, with an 
effect on hypothalamus-pituitary-gonadal axis, 
spermatogenesis, and sperm function, as cannabinoid 
receptors are expressed in the anterior pituitary, Leydig cells, 
Sertoli cells and in testicular tissues. 

It is reported by Sansone et al. that among non-genetic 
causes of male infertility, oxidative stress resulting from 
exaggerated production of reactive oxygen species (ROS) is 
perhaps the most known factor [7]. Marijuana smoke is known 
to generate free radicals (Reactive Oxygen Species, ROS) [8] 
and possibly present its antifertility effect by this mechanism. 
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With this, it is ofcourse in the right direction to consider 
ameliorating infertility in men by the use of an antioxidant 
and vitamin c (ascorbic acid) has proven to exhibit this 
property. 

Vitamin C (ascorbic acid) is a required nutrient for a 
variety of biological functions [9]. Humans and other 
primates have lost the ability to synthesize ascorbic acid due 
to a defect in L-gulono-1,4-lactone oxidase, an enzyme that 
catalyzes the conversion of L-gulonolactone into ascorbic 
acid [9]. As an antioxidant, vitamin C provides protection 
against oxidative stress-induced cellular damage by 
scavenging of reactive oxygen species through vitamin E-
dependent neutralization of lipid hydroperoxyl radicals, and 
protection of proteins from alkylation by electrophilic lipid 
peroxidation products [10-12]. 

1.1. Purpose of the Study 

This study sought; 
1. To verify the anti-fertility effect of inhaled cannabis on 

male wistar rats using semen analysis and testicular 
histology as the criteria. 

2. To investigate the ameliorating potential of vitamin c to 
these effects. 

1.2. Significance of the Study 

Infertility in men has become an area of concern as the 
number of cases increase globally and drug use is a 
contributing factor. As such, it is appropriate to research on 
possible remedy to men’s infertility using antioxidant 
(vitamin c) as the case study on marijuana-induced infertility. 

2. Methodology 

2.1. Drugs and Animal Collection 

2.1.1. Marijuana 

An approval and sample of marijuana was gotten from The 
State Command, National Drug and Law Enforcement Agency 
(NDLEA), AkwaIbom State Command, Uyo, for the study. 

2.1.2. Ascorbic Acid (Vitamin C) 

A packet of Emzor 100mg vitamin c tablets was bought 
from Leadsons Pharmacy in Uyo, AkwaIbom State. 

2.1.3. Animals 

Prepubertal rats of the Wistar strain (60-80g) were 
obtained from the animal house of the faculty of Basic 
Medical Sciences, University of Uyo and kept in wooden 
cages of 50 x 30cm dimension in a well-ventilated section of 
the same animal house for acclimatization. The animals were 
fed with rat chow (vital feed) and were allowed free access to 
drinking water while the experiment lasted. 

2.2. Experimental Design 

A total of forty (40) prepubertal male albino rats were 
randomly designed into four (4) groups of ten (10) animals 
per group with group 1 as control group. Group 2, 3 and 4 

served as experimental group. Group 2 rats (low dose 
marijuana) were exposed to cannabis smoke through 
inhalation for 5 minutes a day. Group 3 rats (high dose 
marijuana) were exposed to cannabis smoke through 
inhalation for 10minutes a day. Group 4 (high dose marijuana 
+ vitamin C) was exposed to cannabis smoke through 
inhalation for 10minutes a day and vitamin C. Group 1 
(control group) were given distilled water and feed 
throughout the experimental days. 

2.3. Administration 

2.3.1. Marijuana 

Daily, animals from group 2, 3 and 4 were exposed to 
cannabis smoke. This was done by putting 1g of the 
marijuana rolled with rizla rolling paper in a red-hot charcoal 
in a stainless plate and placing it in an airtight smoking 
chamber with 10 rats per smoking session for five (5) 
minutes. The procedure was repeated for the group 3 and 4 
for another five (5) minutes each day, making the total time 
of exposure of this two groups (3 and 4) to be ten (10) 
minutes each day. The air-tight smoking chamber was made 
from polythene plastic cage of 60cm×50cm×40cm dimension. 

2.3.2. Vitamin C 

After the marijuana smoke exposure, the group 4 rats were 
orally gavaged with 2.8 mg/kg body weight of vitamin C. 

2.4. Sample Collection 

After 28 days of administration, the rats were anaethesized 
using chloroform and sacrificed, and the testes collected. 
Approval was gotten from the Local Research Ethical 
Committee of the University of Uyo, Uyo, AkwaIbom State, 
Nigeria. 

2.5. Analysis 

2.5.1. Semen Analysis 

The cauda epididymis from each side of the testes were 
dissected out and several small cuts of about 1mm made and 
the tissue suspended in 1m of semen buffer solution to allow 
the spermatozoa to swim up. Semen analysis was carried out 
in accordance to the Breanna Tilley, 2007 and WHO (2015) 
criteria. 

Freshly collected semen samples were collected and allow 
to liquefy at 37°C. They diluted appropriately in mixed 
agglutination reaction (MAR) test buffer and the diluted 
sample were pipetted into a Makler chamber, which was 
placed on a heated microscope stage (37°C). Video 
recordings were made from four different fields of the 
chamber using a 20x magnification objective on the 
microscope. Analysis was carried out based on capturing 
sequences of 64 frames per field and counting a minimum of 
100 spermatozoa. The following measurements were 
obtained from the Total cell detected; these include Total 
sperm cell in sample (106/ml), Sperm Concentration 
(106/ml), Number of Motile sperm, Progressivity, Velocity 
of Active Path (µm/s). 
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2.5.2. Histological Analysis 

Testes were immediately immersed in Bouin’s solution for 
fixation and processed until embedded in paraffin for 
histological analysis. Five micron thick sections were 
prepared using microtome (microTecLaborgerate GmbH 
Rudolf-Diesel-Straβe, Walldorf, Germany) and stained using 
Hematoxylin and Eosin (H&E) method. The specimens were 
examined under Olympus/3H light microscope-Japan. 

2.5.3. Statistical Analysis 

Data obtained were analyzed using means, standard error of 
mean, Analysis of Variance followed by Duncan’s’ test which 
was used to determine the direction of significance. The level 
of weight and hormones were reported in the form mean± 
SEM and statistical significance was established at 0.05 level 
of significance with p<0.05 signifying significance. Data were 
analyzed using the Statistical Package for Social Sciences 
(SPSS version 22.0) and Graphpad Prism 5.0. 

3. Result 

 
Figure 1. Comparison of Total sperm cell detected (TCD) (106/ml) in the 

Different Experimental Groups and the Control Group. 

 
Figure 2. Comparison of Total Sperm cell concentration (TCC) (106/ml) in 

the Different Experimental Groups and the Control Group. 

 
Figure 3. Comparison of Total number of motile sperm (TMS) in the 

Different Experimental Groups and the Control Group. 

 
Figure 4. Comparison of Progressivity (PR) (%) in the Different 

Experimental Groups and the Control Group. 

 
Figure 5. Comparison of Velocity of active path (VAP) (µm/s) in the 

Different Experimental Groups and the Control Group. 
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Figure 6. Photomicrographs of Control (Group 1) Testes without treatment stained with H & E method at Mag. A (X100) & B (X400). 

Keys: Seminiferous Luminal Tubules (ST), Germinal cells (Gc), Interstitium (I), Spermatogenic lining cells (Sglc), Myoid cells (Mc), Spermatocytes (Sp), 
Spermatids (St), Spertolic cells (Sc), Leydyg cells (LC) and Connective Tissue (Ct) 
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Figure 7. Photomicrographs of Testes treated with low dose marijuana (Group 2) stained with H & E method at Mag. A (X100) & B (X400). 

Keys: Seminiferous Luminal Tubules (ST), Germinal cells (Gc), Interstitium (I), Spermatogenic lining cells (Sglc), Myoid cells (Mc), Spermatocytes (Sp), 
Spermatids (St), Spertolic cells (Sc), Leydyg cells (LC) and Connective Tissue (Ct) 
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Figure 8. Photomicrographs of Testes treated with high dose marijuana (Group 3) stained with H & E method at Mag. A (X100) & B (X400). 

Keys:Seminiferous Luminal Tubules (ST), Germinal cells (Gc), Interstitium (I), Spermatogenic lining cells (Sglc), Myoid cells (Mc), Spermatocytes (Sp), 
Spermatids (St), Spertolic cells (Sc), Leydyg cells (LC) and Connective Tissue (Ct) 
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Figure 9. Photomicrographs of Testes treated with high dose marijuana + vitamin c (Group 4) stained with H & E method at Mag. A (X100) & B (X400). 

Keys:Seminiferous Luminal Tubules (ST), Germinal cells (Gc), Interstitium (I), Spermatogenic lining cells (Sglc), Myoid cells (Mc), Spermatocytes (Sp), 
Spermatids (St), Spertolic cells (Sc), Leydyg cells (LC) and Connective Tissue (Ct) 
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Table 1. Semen Analysis Results. 

Parameters Group 1: (control) 
Group 2: (low dose 

marijuana) 

Group 3: (high dose 

marijuana) 

Group 4: (high dose 

marijuana + vitamin c) 

Total sperm cell detected (TCD) (106/ml) 95.67±3.93b 85.17±7.23b 52.50±2.49a 89.50±9.42b 
Total Sperm cell concentration (TCC) (106/ml) 12.01±0.49c 8.02±0.50b 6.43±0.37a 9.06±0.60b 
Total number of motile sperm (TMS) 76.67±4.25c 58.33±5.74b 37.17±2.39a 69.33±7.20c 
Progressivity (PR) 24.68±3.41b 18.48±2.70a 17.14±2.13a 27.07±4.31b 
Velocity of active path (VAP) (µm/s) 14.52±0.25b 13.25±0.37a 12.31±0.57a 14.25±0.19b 

Values reported in the form Mean ± SEM. Similar superscript letters mean not significantly different (p>0.05) while different superscript letters mean 
significantly different (p<0.05). 

Group 1 (Control): Histologic section of the Testes without 
treatment at magnification A (x100) and B (x400) revealed 
normal cellular profile of semiferoustubles, sertolic cells, 
spermatogenic lining cells, leydyg cells, germcells, lining 
myoid cells, spermatonia, spermatocytes and spermatids all 
within normal cellular archicteture without ay form of 
abnormality. 

Remark: Not affected 
Group 2 (Low dose Marijuana): Histologic section of the 

Testesat magnification A (x100) and B (x400) revealed 
hypochromic section of seminiferous tubules with swollen 
germinal cells and spermatogenic lining cell and irregular 
alignment of myoid cells when compared to control group. 

Remark: Moderately affected 
Group 3 (High dose Marijuana): Histologic section of the 

Testes at magnification A (x100) and B (x400) revealed 
hypochromic section seminiferous tubules with swollen 
germinal cells and spermatogenic lining cell and irregular 
alignment of myoid cells when compared to control group 

Remark: Moderately affected 
Group 4 (High dose Marijuana + vitamin C): Histologic 

section of the Testes at magnification A (x100) and B (x400) 
revealed hypochromic section of seminiferous tubules with 
slight swollen germinal cells and spermatogenic lining cell 
and irregular alignment of myoid cells however cellular 
components are fully present when compared to control 
group. 

Remark: Slightly affected 

4. Discussion 

The increase in the cases of men infertility is now a well 
documented fact; but its remedy seems unspecified since 
there have been many reported causes and as such remedy 
appears uncertain. 

The association of oxidative stress with the etiology of 
male infertility has been well established in many studies 
[13-17]. According to Sansone et al., among non-genetic 
causes of male infertility, oxidative stress resulting from 
exaggerated production of ROS is perhaps the most known 
factor in male infertility [7]. Colavitti et al. wrote that often, 
abnormal spermatozoa frequently display typical features of 
oxidative stress i.e. excessive levels of reactive oxygen 
species (ROS) [18] and Mayorga-Torres et al. included that it 
is associated with depleted antioxidant capacity [19]. 

Though the mechanism of marijuana induced infertility is 

said to be unclear, the correlation between marijuana smoke 
and increased ROS causing oxidative stress is being 
implicated in male infertility. This makes oxidative stress a 
possible factor in marijuana induced infertility. 

Physiologically, sperm capacitation, hyperactivation, 
acrosome reaction, and sperm-oocyte fusion require low and 
controlled concentrations of ROS for the regulation of 
normal sperm functions [20]. Therefore, a balance called 
oxidative stress status normally exists between ROS 
production and antioxidant scavenging system in the male 
reproductive tract [21]. An overproduction of ROS in semen 
can overwhelm the antioxidant defense mechanisms of 
spermatozoa and seminal plasma, causing oxidative stress. 

The total sperm cell detected decreases as duration of daily 
marijuana inhalation increases in this study. This implies that 
increase in duration or amount of marijuana smoke has 
negative effect on sperm count. Agarwal et al. reported that 
in normal condition, abnormal sperm cells are eliminated 
from the semen by apoptosis, but in the case of excessive 
ROS production (as suggested in this study), more sperm 
cells are affected, leading to the decrease in their number and 
implicitly to the lowering of fertility [22]. 

Kobayashi and Suda revealed that significant positive 
correlation between level of reactive oxygen species (ROS) 
and percentage of spermatozoa with many kinds of 
abnormalities like, abnormal heads, acrosome abnormalities, 
mid piece anomalies, cytoplasmic droplets and tail defects 
[23]. This of course could be related to the decrease in total 
percentage of sperm as observed in this study. 

Sperm progressivity and velocity of active path are sperm 
parameters that are determined by sperm motility. In this 
study, a decrease in sperm motility is observed which could 
be the reason for the decrease in its progressivity and velocity 
of active path. The sperm cells are very rich in mitochondria 
because they constantly need an energy supply to maintain 
their motility. However, it is postulated by Alagbonsi and 
Olayaki that the main places of ROS generation in the sperm 
cell are mitochondria and the plasmatic membrane [24]. It 
has also shown that exposure of human spermatozoa to 
extracellular generated ROS induces a loss of motility that is 
directly correlated with the level of lipid peroxidation 
experienced by the spermatozoa [25]. The mammalian 
spermatozoa membrane is ROS susceptible, specifically 
because it contains high levels of lipids in the form of 
polyunsaturated fatty acids present in their plasma membrane 
[26], and negatively affecting sperm motility which is a 
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function of its membrane. Kao et al. identified a highly 
significant correlation between oxidative stress and impaired 
sperm motility, as oxidation of sperm DNA result in reduced 
sperm motility [27]. 

The testicular histology result of this study confirms 
testicular damage by marijuana possibly by its apoptotic 
tendency and probably interfering with spermatogenesis. The 
histological section reveals hypochromic section 
seminiferous tubules with swollen germinal cells and 
spermatogenic lining cell and irregular alignment of myoid 
cells when compared to control group. 

In this current study, the antifertility effect of marijuana 
has been explored in a bid to examine the potency of vitamin 
C in ameliorating this effect. Since oxidative stress induced 
by ROS production is one of the known factors in most 
disease conditions including male infertility. It is possible 
that an antioxidant like vitamin C which can reduce ROS-
induced oxidative stress can be therapeutically useful in 
diseases where it is implicated in the etiology. This is 
observed in group 4 of this study, as seen vitamin C 
administered orally with 2.8mg/kg body weight of rats 
ameliorated the antifertility effect of inhaled marijuana, by 
bringing the levels of the measured parameters in the 
experimental groups to almost the levels of the control 
groups. 

Male infertility, as stated earlier has been reported to be 
associated with oxidative stress induced by ROS. It has been 
shown that among the causes of infertility which include, 
endocrine disorder, drugs, radiation and infection, all have 
been attributed to oxidative stress. 

It is reported that high ROS levels can increase the 
possibility of infertility not only directly by inducing 
Oxidative Stress, but also indirectly by acting through the 
hypothalamic axes of hormone release [28, 29]. ROS reduce 
male sex hormone levels and disrupt the hormonal balance 
that regulates male reproductive functions [30], and thus 
causes infertility [31]. 

A study performed by Kiziler et al. on smokers revealed 
that the increased cadmium and lead concentrations in their 
blood and semen led to increased ROS production with an 
accompanying decrease in sperm motility [32]. Cunha-
Oliveira et al. reported that oxidative stress caused by 
exposure to drugs of abuse may derive from direct or indirect 
effects, and may occur after drug exposure or during the 
withdrawal from the drug [33]. It has also been proven that 
prolonged exposure to tobacco smoke is linked to an increase 
in sperm DNA damage and apoptosis, leading to increased 
male infertility [34]. This may therefore be linked with the 
discovery of Lavranos et al. that some chemicals found in 
cigarettes cause an imbalance between ROS and antioxidants 
in the semen of smokers [35]. Accordingly, Agarwal et al. 

added that this ROS and antioxidant disproportion affects the 
overall semen quality [34]. As observed by Hacışevki, 
marijuana has also been proven to generate free radical 
(ROS) and implicated in male infertility [8]. 

De Iuliis et al. demonstrated in an invitro studies that 
electromagnetic radiation induces ROS production and DNA 

damage in human spermatozoa, which further decreases the 
motility and vitality of sperm cells as well as their 
concentration depending on the duration of exposure to 
radiation [36]. 

Ivanov et al. reported that in bacterial infections, oxidative 
stress arises atleast in part from altered metabolic pathways 
and has also been implicated in organ damage and the 
development of malignancies [37]. Infection of the semen 
with the bacterial microorganism Ureaplasma urealyticum is 
associated with increased seminal plasma viscosity and an 
increase in ROS production [38]. Acute and sub-acute 
infection and inflammation of the male gonads and accessory 
sex glands can be associated with disturbances in both sex 
gland function and sperm quality [39]. Elevated leukocytes 
and granulocytes which occur due to infection are believed to 
release various proinflammatory/bioactive cytokines, 
hydrogen peroxide, and other reactive oxygen species [40, 
41]. Sikka added that these can cause oxidative stress and 
peroxidative damage to spermatozoa [42]. 

Rahman revealed that the structural modifications in the 
molecules of nucleic acids, proteins and lipids caused by 
increased concentration of reactive oxygen species (ROS) 
and/or reactive nitrogen species (RNS) lead to various 
metabolic changes that may contribute to the development of 
neurological diseases, cardiovascular diseases, cancer, among 
others [43]. It is also proposed by many that oxidative stress 
leads in the development of chronic and degenerative 
illnesses such as cancer, autoimmune disorders, aging, 
cataract, rheumatoid arthritis, cardiovascular, and 
neurodegenerative diseases [12, 44, 45]. 

With the reports of oxidative stress involvement in male 
infertility and other disease conditions, the use of an 
antioxidant in the management, prevention or treatment of 
these health problems could perhaps be a possible course to 
follow. Cunha-Oliveira et al. proposed that there is growing 
evidence that reversal of oxidative stress with antioxidants 
can reduce the degree of myocardial ischemic injury and 
heart dysfunction [33]. In that same manner and as 
observed in this current study, vitamin C, an antioxidant 
ameliorates the antifertility effects of marijuana on rats. 
This however should be due to its antioxidative potential 
having the ability to donate a hydrogen atom and form a 
relatively stable ascorbyl free radical and probably reduce 
oxidative stress. 

5. Conclusion 

The increase in cases of male infertility cannot be 
overemphasized. Life styles, food, environmental, social 
and technological factors which are associated with stress 
are believed to be implicated in male infertility. Hence, 
investigation into every possible contributing or sole factor 
to this health problem should be an area of concern to 
scholars. 

In this current study, marijuana has shown to be antifertile, 
impairing both the physiological and anatomical aspect of the 
reproductive organ, revealed in the seminalysis and testicular 
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histopathology results respectively. Marijuana possibly 
presents its antifertility effects by generating Reactive 
Oxygen Specie (ROS) which causes oxidative stress and in 
turn damages the reproductive organ. 

Oxidative stress has not only been implicated in male 
infertility but also in many other disease conditions. 

An antioxidant, vitamin C ameliorated the antifertility 
effects of marijuana in rats in this study. 

Accordingly, the use of vitamin C therapeutically in male 
infertility and other diseases in which oxidative stress is 
implicated should be considered a viable measure. 
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