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ABSTRACT 
 
Exposure to the nicotine-based product through smoking or other means to douse the effects of 
societal stress is on the increase among young male adults of reproductive age. Reports have it that 
either of nicotine or stress alters male reproductive functions. This study assessed the protective 
role of vitamin E (Vit E)and panax ginseng (PG) in alleviating the detrimental effect of 
nicotine+Chronic stress on reproductive functions in 30 male Wistar rats weighing 150-200g. The 
rats were randomly divided into 5 groups of 6 rats each. Control (0.2ml of castor oil/dayas drug 
vehicle), nicotine(1.5mg/kg/day)+ Chronic stress (generator noise 90-120dB oropen environment 
8am to 4pm daily), nicotine+ Chronic stress + Vit E (100mg/kg/day), nicotine+ Chronic stress+ PG 
(500mg/kg/day) andnicotine+ Chronic stress + Vit E + PG daily. Drugs were administered orally for 
28 days, after 7 days of acclimatisation, while the stress groups were exposed to stressors from 
during the acclimatisation .nicotine+ Chronic stress reduces sperm count, motility, rapid progressive 
forward movement and sperm viability compared to control, but increases percentage of sperm 
debris, non-motile sperm and slow progressive forward movement compared to control. 
Testosterone, luteinizing hormone and follicle stimulating hormone levels were reduced in nicotine+ 
Chronic stress compared to control. Testicular and epididymal tissues of nicotine+ Chronic stress 
rats were seriously impaired compared to control rats. PGand Vit E recovered the harmful changes 
in the assessed parameters and tissues compared to the untreated groups.PG and Vit E 
supplement appeared to attenuate the adverse effect induced by nicotine+ Chronic stress on male 
reproductive parameters. 
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1. INTRODUCTION 
 
Stress is the feeling of being under too much 
mental or emotional pressure. Pressure turns 
into stress when one feels unable to cope [1]. 
Many of life’s demands can cause stress, and 
when one feels stressed, it can alter the 
physiological state of health of an individual. 
Stress is not an illness itself, but it can cause 
serious illness if it is not addressed [2]. In coping 
with stress many adopt an unhealthy coping 
method one of which is smoking/exposure to the 
nicotine-based product. Stress could be as 
important a risk factor as smoking/exposure to 
nicotine-based product [1]. Our society is a highly 
stressed one, and there is no quick-fix cure for 
stress. However, there are simple things one can 
do to change the common life problems that can 
cause stress or make stress a problem [3].   
 
Stress has been linked to decreased 
reproductive function particularly in the males [3, 
4]. Nicotine use has also been associated with 
decreased reproductive function [3, 5, 6, 7]. 
Current statistics have shown that there is 
increased use of nicotine-based products 
particularly smoking among the young 
reproductive population [4,5]. In spite of the 
precarious economic situations in Nigeria and 
major parts of the globe, there has been an 
increasing level of exposure to stress. To douse 
the effects of stress, and sometimes to be able to 
fit into some social class, young people 
(particularly males) of reproductive age take to 
use of nicotine-containing products. This 
combined exposure to stress and nicotine has 
therefore been on the increase with the 
consequent possibility of decreased reproductive 
function [3, 6, 8]. 
 
Vit E is known to have great importance in 
reproductive physiology. In rats, it has been 
shown to help in the maintenance of 
seminiferous tubule epithelium, and its deficiency 
leads to degenerative changes with resultant 
sterility. In 1922, studies with rat models showed 
that rats whose diet was devoid of Vit E became 
sterile. Vit E is known to be essential in 
protecting cellular health including sperm and 
egg [9]. Sinclair, [10] reported that some 
botanical medicines have an ameliorative effect 
on sperm parameters.  
 
Duke, [11] and Blumenthal, [12] observed that 
Panax ginseng, is a well-known adaptogen and a 
restorative herbal preparation. PG has been 
used in conditions such as infertility, liver 
disease, amnesia, colds, menopause, and 

erectile dysfunction [11, 12, 13]. PG was 
reported to be effective in anti-stress and anti-
ageing activities [14], is also reported to increase 
libido and sexual satisfaction [15]. Kitts & Hu [16] 
observed that the anti-inflammatory and 
antineoplastic effect of ginseng is as a result of 
its antioxidants properties.  
 
Therefore, it is very possible that vit E and or PG 
used singly or as a combination therapy would 
reverse the decreased fertility profile in rat 
models of stress and nicotine induced infertility. 
The results from this study would provide useful 
information to health providers on a possible 
means of reversing stress and nicotine induced 
infertility. 
 

2. MATERIALS AND METHODS 
 
2.1  Laboratory Animals 
 
Thirty (30) male albino Wistar rats weighing 150–
200g were used for this study. The animals were 
purchased from the Department of Zoology, 
Benue State University, Markudi, Benue State, 
and housed in the Department of Physiology 
Animal house, University of Calabar, Nigeria. 
Standard animal cages with wood dust as 
bedding were used in keeping the animals. They 
were allowed ad libitum access to rat chow and 
clean water and exposed to 12/12-hour light/dark 
cycle. 
 
The animals were acclimatized for 7 days. 
Indeed, the animals were kept in line with laid 
down principles for animal care as prescribed in 
Helsinki’s 1964 declaration. The animal ethics 
committee of the University of Calabar graciously 
approved our study protocol with protocol No. 
017PY20216. 
 

2.2 Experimental Design and Drug 
Administration 

 
The animals were randomly assigned into five 
groups of (n=6). Group 1 serve as control 
(normal rat chow and water), Group 2 as nicotine 
(1.5mg/kg/day)+ chronic stress (generator noise 
90-120dB oropen environment 8am to 4pm 
daily), Group 3 as nicotine + stress + vit E 
(100mg/kg), Group 4 as nicotine + stress + 
PG(500mg/kg). Nicotine, vit E and PG 
supplement were purchased from Unipervit 
Pharmacy, Ikot Omin, Calabar, Nigeria. The 
different drugs were orally administered, once a 
day. The control group received 0.2ml of castor 
oil orally which was used as a vehicle other 
drugs daily. The animals in the stress induced 
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groups were exposed to either of the two forms 
of stressors aforementioned as used in a recent 
study [3] at daily intervals to avoid adaptation. 
For the generator noise, the animal cages were 
kept at varying distance from the source and a 
digital noise sensor was used to detect the 
frequency of sound. Majority of studies has it that 
scent materials and vocalisation are typically 
used to simulate predation risks [2, 3, 8]. The 
animal cages were kept in an open environment 
where the voice and footstep of people were 
heard. The experiment lasted for 4 weeks, after 
which the animals were sacrificed under 
chloroform anaesthesia and the testes and 
epididymis carefully harvested for semen 
analysis and histopathological examination, 
blood serum was obtained by cardiac puncture to 
examine hormonal assay. 
 

2.3 Assessment of Sperm Motility 
 
Sperm motility was assessed by using 10 μl of 
sperm suspension collected from the left 
epididymis and examined using a light 
microscope (Leica DM 750, Switzerland) at 37°C 
temperature as described by Atashfaraz et al. 
[17]. 
 

2.4 Determination of Epididymal Sperm 
Countand Sperm Viability and 
Morphology 

 
Assessment of epididymal sperm count was 
done using the method described by Wyrobek et 
al. [18]. Sperm viability was also evaluated using 
the method described by Wyrobek et al. [18].  
 

2.5 Measurement of Serum Reproductive 
Hormones 

 
Serum obtained following the method previously 
described in preceding sections was used for the 
reproductive hormonal assay. Serum 
testosterone, luteinizing hormone and follicle 
stimulating hormone concentrations were 
determined using the ELISA kit method as used 
by Khaki et al. [19]. 

 

2.6 Histological Studies  
 
The testis and epididymis of the control and 
treated rats were removed and fixed in Boiun's 
fluid [0.2% picric acid/2% (v/v) formaldehyde in 
PBS]. Sections were obtained and stained with 
haematoxylin and eosin (H & E) stains. 
Photomicrographs were done using a light 
microscope (Leica DM 750, Switzerland) at 
magnifications of x100. 

2.7 Statistical  Analysis 
 

One way analysis of variance (ANOVA), followed 
by post hoc multiple comparisons was used for 
the statistical analysis. The Microsoft Excel 2010 
and SPSS 16.0 software were employed for the 
statistical analysis. Results were presented as 
means ± Standard Errors of means (SEM) and 
probability levels p< 0.05 was accepted as 
significant. 
 

3. RESULTS  
 

3.1 Semen analysis 
 

3.1.1 Semen Characteristics 
 

3.1.1.1 Sperm motility parameters 
 

Motile sperms were significantly (P<0.05) 
decreased in nicotine +stress, nicotine + stress + 
vit E, nicotine + stress +PG and nicotine +stress 
+PG  + vit E groups when compared to control 
(Table 1). Motile sperms were significantly 
(P<0.05) increased in nicotine +stress + vit E, 
nicotine + stress +PG and nicotine +stress +  PG  
+ vit E groups when compared to nicotine 
+stress. Rapid progressive forward movement 
(RPFM) follow similar trend as motile sperm, 
while in non-motile sperm  and slow progressive 
forward movement (SPFM)  was significantly 
(P<0.05) increased in nicotine + stress, nicotine 
+stress +  vit E, nicotine +stress +  PG and 
nicotine +stress +  PG  + vit E groups when 
compared to control. The residual movement 
was significantly (P<0.05) reduced in stress + 
nicotine + vit E compared to nicotine +stress 
(Table 1). 
 

3.2 Sperm Count 
 

Sperm count was significantly (P<0.05) reduced 
in nicotine +stress, nicotine + stress + vit E, 
nicotine + stress +PG and nicotine +stress +PG  
+ vit E groups when compared to control. Sperm 
count was significantly (P<0.05) increased in 
nicotine +stress, nicotine + stress + vit E, 
nicotine + stress +PG and nicotine +stress +PG  
+ vit E groups when compared with nicotine + 
stress (Table 2). 
 

3.3 Viable Sperm Cells  
 

Viable sperm cells were significantly (P<0.05) 
reduced innicotine +stress, nicotine + stress + vit 
E, nicotine + stress +PG and nicotine +stress 
+PG  + vit E groups when compared with control 
(Table 2). Sperm viability was significantly 
(P<0.05) increased in nicotine + stress + vit E, 
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nicotine + stress +PG and nicotine +stress +PG  
+ vit E groups compared to nicotine +stress. 
 

3.4 Sperm Debris 
 

Sperm debris was significantly (P<0.05) 
increased in nicotine + stress, nicotine + stress  
+ vit E and nicotine + stress + PG  + vit E groups 
compared to control, but was not significantly 
different in nicotine + stress + PG  treated group 
compared to control. Sperm debris was 
significantly (P<0.05) reduced in nicotine + stress  
+ vit E, nicotine + stress + PG and nicotine + 
stress + PG + vit E groups compared to nicotine 
+ stress groups. 
 

3.5 Hormonal Profile 
 

3.5.1 Testosterone concentration  
 

The testosterone concentration was significantly 
(P<0.05) reduced in nicotine + stress, nicotine + 
stress + vit E, nicotine + stress + PG and  
nicotine +stress +  vit E + PGtreated group 
compared to control (Table 3). The testosterone 
concentration was significantly (P<0.05) 
increased in  nicotine + stress + vit E, nicotine + 
stress + PGand stress + nicotine + vit E + 
PGtreated group compared to nicotine + stress 
group respectively. 
 

3.5.2 Luteinizing hormone concentration 
 

The LH concentration was significantly (P<0.05) 
reduced in nicotine + stress, nicotine + stress + 
vit E, nicotine + stress + PGand  nicotine +stress 
+  vit E + PGtreated group compared to control 
(Table 3). The LH concentration was significantly 
(P<0.05) increased in  nicotine + stress + vit E, 
nicotine + stress + PGand nicotine +stress +vit E 
+ PGtreated group compared to nicotine + stress 
group respectively. 
 

3.5.3 Follicle stimulating hormone 
concentration  

 

The FSH concentration was significantly 
(P<0.05) reduced in nicotine + stress, nicotine + 
stress + vit E, nicotine + stress + PG and  
nicotine +stress +  vit E + PGtreated group 
compared to control. The FSH concentration was 
significantly (P<0.05) increased in  nicotine + 
stress + vit E, nicotine + stress + PGand stress + 
nicotine + vit E + PGtreated group compared to 
nicotine + stress group respectively(Table 3). 
 

3.6 Testicular Histology 
 

Plate A sows photomicrographs of the testis 
following the different treatments of Panax 
ginseng and vitamin E. 
 

3.7 Epididymal Histology 
 

Plate B shows the photomicrographs of the 
epididymis. It shows Stress and nicotine group 
with noticeable inflammation of the principal 
cells, while treatment with panax ginseng 
presents heavy populated spermatozoa.  
 

4. DISCUSSION 
 

Several studies have reported the toxic effects of 
either nicotine or stress on different facets of the 
male reproductive system. However, the toxic 
effect of both nicotine and stress on the male 
reproductive system is scarcely reported. 
Additionally, there are no reports showing 
whether singly or co-administration of PG and Vit 
E can ameliorate the likely effects of both 
nicotine and stress on the male reproductive 
system. 
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Magnification: x100 
 

Plate A. Photomicrograph showing H and E stained testes of 
Key:  (1A) Control group showing normal testes histo-architecture, (2A) Nicotine + stress group showing poorly cellular morphology,  (3A)  Nicotine + stress + panax ginseng 
treated group showing some ST having adequate spermatocytes and spermatozoa while others having inadequate spermatocytes and spermatozoa.  (4A)Nicotine + stress + 

vitamin E treated group showing numerous ST with adequate spermatocytes and spermatozoa with no visible distortion. 
(5A) Nicotine + stress+ vitamin E + panax ginseng group showing a slight reduction in the population of both spermatocyte and spermatozoa in the lumen  
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Magnification: x100 

 
Plate B. Photomicrograph showing H and E stained epididymis 

Key: (1B) Control group showing normal appearance of the general tissue structure, (2B) Stress and nicotine group showing noticeable inflammation of the principal cells.  
(3B)Stress and nicotine with panax ginseng treated group showing heavy populated spermatozoa. , (4B)Stress and nicotine with vitamin E treated group showing no noticeable 

inflammation., (5B) nicotine + stress + vitamin E + panax ginseng group showing no visible distortion of the general tissue structure. 
 

Table 1. Effect of Panax Ginseng and Vitamin E on the Sperm Motility Parameters in Nicotine and Stress Induced Reproductive Toxicity in Male 
Rats 
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Group Sperm Motility 
(percent) 

Non-Motile Sperm 
(percent) 

RPFM 
(percent) 

SPFM 
(percent) 

RM 
(percent) 

Control 81.25 ±3.15 17.50 ± 3.23 48.75 ± 3.75 12.00 ± 5.40 10.00 ± 2.04 
Nicotine + Stress 35.76 ±7.38* 64.25 ± 11.55* 25.00 ± 2.89* 41.12 ± 2.89* 15.00 ±2.89 
Nicotine + Stress + Vit E 57.34±7.89 *,

a 
39.25  ± 11.71*,

a
 34.68 ± 3.63*,

a
 33.00 ± 2.29*,

a
 5.75 ± 1.49* 

Nicotine +  Stress+ PG 52.56 ± 5.91*,
a
 33.75 ± 5.91*,

a
 41.25 ± 6.25*,

a
 33.75 ± 3.15*,

a
 11.25 ± 3.15 

Nicotine + Stress+ PG+ Vit E 53.75 ± 7.47*,a 43.75 ± 11.43*,a 38.21± 3.54*,a 30.00 ± 4.08*,a 8.75 ± 2.39 
Data expressed as Mean ± SEM (n= 6 per treatment). *- significantly different from control at p<0.05;

 a
– significantly different from nicotine + stress at P<0.05 

 
Table 2. The effect of Panax ginseng and vitamin E on the sperm status in nicotine and stress induced reproductive toxicity in male rats 

 
Group Sperm Count (x 1 million cells/L) Sperm Viability 

(percent) 
Sperm debris 
(percent) 

Control 69.39 ± 8.79 82.50 ± 1.44 4.75 ± 0.25 
Nicotine + Stress 22.15 ± 5.46* 32.56 ± 4.33* 16.25 ± 0.58 
Nic + Stress + Vit E 40.00 ± 3.78*,a 53.56 ± 6.00*,a 9.89 ± 1.75 
 Nicotine + Stress+ PG 51.12 ± 3.63*,

a
 45.45 ± 7.07*,

a
 6.00 ± 0.00 

Nicotine + Stress+ PG + Vit E 33.90 ± 7.14*,a 61.25 ± 8.26*,a 9.50 ± 0.50 
Data expressed as Mean ± SEM (n= 6 per treatment). *- significantly different from control at p<0.05;

  a
 – significantly different from nicotine + stress at P<0.05 

 
Table 3.  Effect of Vitamin E on Testosterone, LH and FSH in Nicotine and Stress Induced Reproductive Toxicity in Male Rats 

 
Group Testosterone 

(ng/mL) 
LH 
(µ/mL) 

FSH 
(ng/mL) 

Control 4.48 ± 0.15 4.73 ± 0.05 1.00 ± 0.05 
Nicotine + Stress 2.14 ± 0.06* 1.70 ± 0.06* 0.20 ± 0.01* 
Nicotine + Stress + Vit E 3.28 ± 0.04*,

a
 2.85 ± 0.03*,

a
 0.42 ± 0.01*,

a
 

 Nicotine + Stress+ PG 3.20 ± 0.13*,a 2.63 ± 0.08*,a 0.38 ± 0.01*,a 
Nicotine + Stress+ PG+ Vit E 3.15 ± 0.06*,

a
 2.58 ± 0.11*,

a
 0.65 ± 0.02*,

a,b,c
 

Data expressed as Mean ± SEM (n= 6 per treatment). *- significantly different from control at p<0.05;
  a

 – significantly different from nicotine + stress at P<0.05; b – significantly 
different from nicotine+stress+vit E; c – significantly different from Nicotine + stress +PG at p<0.05. 
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The changes in sperm motility, count, viability, 
RPFM, SPFM and sperm debris in nicotine + 
stress-induced rats observed in this study is in 
agreement with earlier report of Uko et al. [3]. 
Sperm motility, sperm count, sperm viability and 
debris are important sperm parameter in 
determining male fertility. Although some studies 
[20, 21] described sperm debris as the best 
indicator, yet others observed that it is not an 
indicator of male infertility [22]. However, sperm 
debris of the ejaculated spermatozoa is still 
commonly employed as a measure of fertility 
during analysis of the seminal fluid [23]. The 
decreased in sperm motility, count, viability and 
RPFM is an indication of worsening infertility. 
Since spermatogenesis is a complex process 
involving various stages in the formation of 
mature spermatozoa, disruption at any stage 
would result in sperm debris (7, 8). 
 
Low sperm counts are associated with reduced 
fertility because sperm from ejaculates with low 
counts often contains much sperms with poor 
motility and sperm debris. Some studies have 
shown that vit E supplementation improves both 
sperm quality and quantity [24, 25, 26, 27], while 
other studies reported that PG enhance male 
fertility [11, 12, 28, 29]. The beneficial effect of 
vitamin E is mostly due to its antioxidant 
potentials, which plays a major protective role 
against oxidative stress and prevents the 
production of lipid peroxides by scavenging free 
radicals, which are toxic by-products of many 
metabolic processes in biological membranes 
[24]. Kitts & Hu [16] mentioned that ginseng has 
powerful antioxidants properties. 
 
In stress + nicotine-induced rats the level of 
testosterone was significantly reduced when 
compared to either control or treated rats. 
Decrease level of testosterone is one of the 
indicators of chemical toxicity in male 
reproduction [30] as it is essential to maintain 
spermatogenesis. Low testosterone production 
adversely affects the quality of ejaculates and 
subsequent fertility of males.  
 
In stress + nicotine-induced rats the hormonal 
level of FSH and LH was significantly reduced 
when compared to control. 
 
The primary site of FSH action is the epithelium 
of seminiferous tubule Sertoli cells [31]. 
Testosterone can bind to cytoplasmic receptors 
in these Sertoli cells and plays an essential role 
in spermatogenesis [31]. LH is the primary 
regulator of testosterone biosynthesis in Leydig 
cells [32]. A significant increase in serum 
testosterone and LH levels, as well as the 

normalcy of FSH level, were observed in treated 
rats supplemented with Vit E and PG. Several 
studies have shown that vit E improve serum 
levels of testosterone, FSH and LH [9, 33, 34, 
35]. This research is also in agreement with 
earlier reports that PG extract showed an 
increase in serum testosterone, FSH and LH 
levels [36, 37]. 
 
Significant histological distortions were observed 
in photomicrographs of the testes and epididymis 
of rats induced with stress + nicotine. Damage to 
the testicular tissue particularly, seminiferous 
tubules may be responsible for the changes in 
sperm indices in stress + nicotine groups. 
Exposure to environmental and occupational 
toxicants may adversely affect reproductive 
potential of male during sperm development or 
epididymal storage. Reduction in the plasma 
testosterone level may be back to 
disorganisation of Leydig's cells. Furthermore, 
the alteration in the levels of FSH and LH may be 
responsible for the poor cellular morphology in 
the stress + nicotine-treated groups. Several 
studies [38, 39] had reported degenerative 
changes in the testicular tissue following chronic 
exposure to stressors. Nicotine effects had been 
reported to cause a decrease in testicular germ 
cells in rats [40]. It has also been reported to 
cause testicular degeneration in rats [41, 42]. 
Stress + nicotine induced rats could induce 
specific lesions during the development of 
spermatozoon, which may be the reason either 
directly or indirectly harmful to spermatogenesis. 
 
Normal development of sperm plays an essential 
role in enabling reproductive capacity. Studies 
have shown that supplementation of vit E 
improves both sperm quality and quantity [24, 25, 
26, 27, 43]. Vit E and PG alleviated the histo-
pathological degenerations of the testes 
observed in stress + nicotine induced rats.  Vit E 
is essential in maintaining the physiological 
integrity of testes, epididymis and accessory 
glands [25], which has a vital role in 
spermatogenesis and sperm maturation 
consequently improving sperm quality and 
quantity. Our results in the study confirmed this 
reports.  
 
When the treatment with only PG was compared 
with only vitamin E, there did not seem to be any 
difference between the efficacy of either of them 
in reversing the damage done by stress and 
nicotine on the reproductive parameters. The 
combination of PG and vitamin E did not seem to 
be significantly better than the individual 
treatments even though there was a trend 
towards a better performance. This trend was 
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clearly observed in the concentration of FSH 
which was higher in the combined treatment of 
vitamin E and PG when compared to either of 
PG and vitamin E. 

 

5. CONCLUSION 
 
The study showed that combined exposure to 
societal stressors and nicotine worsen male 
reproductive characteristics in rat compared to 
the exposure of either of societal stressors and 
nicotine. Panax ginseng and vitamin E 
supplement restored their levels to an optimum 
rate. As a combination, these drugs may be 
more efficient in preventing damage to the 
reproductive system due to exposure to stress 
and nicotine. 

 
ETHICAL APPROVAL 
 
The animal ethics committee of the University of 
Calabar graciously approved our study protocol 
with protocol No. 017PY20216. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Dickman, C. R. (1992). Predation and 

habitat shift in the house Mouse, mus 
domesticus. Ecology, 73; 313-322. 

2. Kieffer, J. D. (1991). The influence of 
apparent predation risk on the foraging 
behaviour of eastern chipmunks (Tamias 
Striatus). Canadian journal of Zoology, 69; 
2349-2351. 

3. Uko,I.E., Bisong, S. A. & Ebong, P. E. 
(2017). Evaluation of the efficacy of panax 
ginseng supplement on nicotine and 
chronic stress induced reproductive toxicity 
in male albino rats. European Journal of 
Pharmaceutical and Medical Research. 4 
(10), 2394-3211.  

4. World Health Organization  (2016). 
Department of reproductive health and 
research. In Trevor G Cooper, Cambridge, 
United Kingdom: Cambridge University 
Press.  Laboratory manual for the 
examinaton of human sperm4, 60. 

5. Di Chiara, G. (2002). Role of dopamine in 
the behavioural actions of nicotine related 
to addition. European Journal of 
Pharmacology,393, 293-314. 

6. Ramlau-Hansen, A. M., Thulstrup, A. S., 
Aggerholm, M. S., Jensen, G. T & Bonde, 

J. P. (2007). Is smoking a risk factor for 
decreased semen quality? A cross-
sectional analysis,22, (1), 188–196. 

7. Harvey, D. M.(2007). Nicotine serves as an 
effective reinforce of intravenous drug 
taking behaviours in human cigarette 
smoking. Phycho pharmacology, 2007; 
175, 134-142. 

8. Rajabzadeh, A., Sagha, M., Gholami, MR& 
Hemmati, R. Honey and vitamin E restore 
the plasma level of gonadal hormones and 
improve the fertilization capacity in noise 
stressed rats. Journal of Medical Biological 
Science. 2015; 2 (2), 64-68. 

9. Kutlubay, R., Oguz, E. O., Can, B., Guven, 
M. C., Sinik, Z. & Tuncay, O. L. (2007). 
Vitamin E protection from testicular 
damage caused by intraperitoneal 
aluminium. International Journal of 
Toxicology. 26, 297-306. 

10. Sinclair S, (2000). Male infertility: 
nutritional and environmental 
considerations. Alternative medicine 
review. Journal of clinical therapeutic. 5(1), 
28. 

11. Duke, J. (2010). The Green Pharmacy 
Herbal Handbook: Your Comprehensive 
Reference to the Best Herbs for 
Healing.Emmaus, PA: Rodale; 115‐116. 

12. Blumenthal, M., Goldberg, A., Brinkmann, 
J. (2006).Expanded Commission E 
Monographs.Austin, TX: 
IntegrativeMedicine 
Communications;Herbal 
Medicine:170‐177. 

13. Weiss, R. (2008). Gothenburg, 
Sweden:Beaconsfield Publishers Limited; 
Herbal Medicine:176‐177. 

14. Kim, M. K., Lee, J. W., Lee, K. Y. & Yang 
D. (2006). Microbial conversion of major 
ginsenoside Rb1 to pharmaceutically 
active minor ginsenoside Rd,Journal of 
Microbiology, 43 (5), 456-462. 

15. Hong, B., Ji, Y. H., Hong, J. H., Nam, K. Y. 
& Ahn, T. Y. (2012). A double-blind 
crossover study evaluating the efficacy of 
Korean red ginseng in patients with erectile 
dysfunction: a preliminary report.Journal of 
Urology; 168 (5), 2070-2073. 

16. Kitts, D. D., Wijewickreme, A. N. & Hu, C. 
(2010). Antioxidant properties of a North 
American ginseng extract. Molecular Cell 
Biochemistry; 203, 1-10. 

17. Atashfaraz, E., Farokhi, F., & Najafi, G. 
(2013). Protective effect of ethyl pyruvate 
on epididymal sperm characteristics, 
oxidative stress and testosterone level in 
methotrexate treated mice. Journal of 
Reproductionand Infertility,14, 190–196. 



 
 
 
 
 

 
10 

 

18. Wyrobek, A. J., Gordon, L. A., Burkhart, J. 
G., Francis, M. W., Kapp, R. W., Letz, G., 
Whorton, M. D. (1983). An evaluation of 
the mouse sperm morphology test and 
other sperm tests in nonhuman mammals: 
A report of the US Environmental 
Protection Agency Gene-Tox 
Program.Mutation Research/Reviews in 
Genetic Toxicology,115(1), 1–72. 

19. Khaki, A., Fathiazad, F., Nouri, M., Khaki, 
A. A., Khamenehi, H. J. & Hamadeh, M. 
(2009). Evaluation of androgenic activity of 
Allium cepa on spermatogenesis in the rat. 
Folial Morphology (Warsz), 68(1), 45-51. 

20. Chia, S. E., Lim, S. T. & Tay, S. K. (2010). 
Factors associated with male infertility. 
British Journal of Obstetrics and 
Gynecology 10, 55-61. 

21. Altken, R. S., Besr, F. S. M. and 
Richardson, D. N. (1982). An analysis of 
sperm functionsin cases of unexplained 
infertility capacity.Fert Steril 30: 212-214. 

22. Lyndon O, Bunge R.G (1994). Semen 
analysis, evidence for changing 
parameters of fertility potential Fert Steril 
25: 503-505. 

23. World Health Organization (2001). 
Reproductive health indicators for global 
monitoring: Report of the second 
interagency meeting. Geneva: World 
Health Organization; (WHO/RHR/01.19).  

24. Akiyama, M. (1990). In vivo scavenging 
effect of ethylcysteine on reactive oxygen 
species inhuman semen. Nippon Hinyokika 
Gakkai Zashi, 90: 421-428 

25. Cerolini, S., Zaniboni, I., Maldjian, A. and 
Gliozzi, T. (2006).Effect of docosahexanoic 
acid and α- tocopherol enrichment in 
chicken sperm on semen quality, sperm 
lipid composition and susceptibility to 
peroxidation. Theriogenology, 66: 877-886 

26. Yue, D., Yan, L., Luo, H., Xu, X. and Jin, X. 
(2010). Effect of vitamin E supplementation 
on semen quality and the testicular cell 
membrane and mitochondrial antioxidant 
abilities in Aohan fine – wool sheep. 
Animal Reproductive Sciences, 118: 217-
222. 

27. Shittu, S.T., Oyeyemi, W.A., Okewumi, 
T.A. and Salman, T.M. (2013).Role of 
oxidative stress in therapeutic 
administration of artesunate on sperm 
quality and testosterone level in male 
albino rats. African Journal of 
Biotechnology, 12: 70-73 

28. Choi, H. K., Seong, D. H. & Rha, K. H. 
(2013). Clinical efficacy of Korean red 
ginseng for erectile dysfunction, 

International Journal of Research, 7,181-
186. 

29. Murphy, L. L. & Lee, T. J. (2008). Ginseng, 
sex behavior and nitric oxide. Journal of 
Phytochemical Science; 962, 372-377. 

30. Yoshida, M., Kitani, T., Takenaka, A., 
Kudoh, K. and Katsuda, S.I. (2002).Lack of 
effects of oxonolic acid on 
spermatogenesis in young and aged male 
wistar rats. Food Chemical Toxicology,40: 
1815- 1825. 

31. Hjollund, N. H., Bonde, J. P., Henriksen, T. 
B., Giwercman, A., Olsen, J. (2004). The 
Danish First Pregnancy Planner Study 
Team. Reproductive effects of male 
psychological stress. Epidemiology. 15, 
21-7. 

32. Odell, W. D., Swerdloff, R. S., Bain, J., 
Wollesen, F., Grover, P. K . (1974). The 
effect of sexual maturation on testicular 
response to Luteinizing Hormone 
stimulation of testosterone secretion in the 
intact rat. Endocrinology. 95, 1380–1384. 

33. Luck, M. R., Jeyaseelani,  I. & Scholes, R. 
A. (1995). Ascorbic acid and fertility. 
Biology of Reproduction, 52, 262-266. 

34. Raji, Y., Udoh, U. S., Mewoyeka, O. O., 
Ononye, F. C. & Bolarinwa, A. F. (2016). 
Implication of reproductive endocrine 
malfunction in male antifertility efficacy of 
Azadirachata indica extract in rats.African 
Journal of Medical Sciences, 32, 159-165. 

35. Krishnamoorthy, G. (2007). Ameliorative 
effect of vitamins (alpha tocopherol and 
ascorbic acid) on PCB (Aroclor 1254) 
induced oxidative stress in rat epididymal 
sperm. Reproducrive Toxicology, 23, 239-
245. 

36. Kim, S. H. & Park, S. H. (2006). Effects of 
Panax ginseng extract on lipid metabolism 
in humans. Pharmacological Research: 48, 
511–513. 

37. Kiefer D, Pantuso T.  (2003). Panax 
ginseng.American Famous Physician; 
68:1539‐1542. 

38. Ahmed, M. A., & Kurkar, A. (2014). Effects 
of opioid treatmenton testicular functions in 
adult male rats: The role of nitric oxide 
andoxidative stress. Clinical and 
Experimental Pharmacology and 
Physiology, 41, 317–323. 

39. Azari, O., Emadi, L., Kheirandish, R., 
Shafei, B. H., Esmaili, N. M. R., &Faroghi, 
F.(2014). The effects of long-term 
administraton of tramadolon epididymal 
sperm quality and testicular tissue in mice. 
Iranian Journal of Veterinary Surgery,9(1), 
23–30. 



 
 
 
 
 

 
11 

 

40. Jana, K., Samanta, P. K. & De, D. K. 
(2010). Nicotine Diminishes Testicular 
Gametogenesis, Steroidogenesis, and 
Steroidogenic Acute Regulatory Protein 
Expression in Adult Albino Rats: Possible 
Influence on Pituitary Gonadotropins and 
Alteration of Testicular Antioxidant Status. 
Toxicological Sciences. 116 (2), 647–659. 

41. Azza, M. G., Alia, M. I., Aziza, M. A. & 
Sherin, R. (2010). Morphometrical, 
Histopathological, and Cytogenetical 
ameliorating Effects of Green tea Extract 
on Nicotine Toxicity of the Testis of Rats. 
Journal of American Science. 6 (11), 401-
411. 

42. Oyeyipo, I. P., Raji, Y., Emikpe, B. O. & 
Bolarinwa, A. F. (2010). Effect of oral 
administration of nicotine on organ weight, 
serum testosterone level and testicular 
histology in adult male rats. Nigerian 
Journal of Physiological Science. 25 (1), 
81-86. 

43. Yates, D. T., Montoya, A. F., Yates, L. J., 
Warners, C. A., Otis A. R., Lankford, L. M. 
& Ross, T T. (2009). Effects of dietary 
vitamin E on daily intake, serum 
testosterone and epidydimal sperm quality 
in sprague-Dawley rats subjected to heat 
stress. Journal of Veterinary Medicine of 
Animal Health. 2 (2): 11-12. 

 
 


