
Journal of Animal & Plant Sciences, 2009. Vol. 4, Issue 1: 261 – 266.  
Publication date: 15 August 2009, http://www.biosciences.elewa.org/JAPS; ISSN 2071 - 7024 
 

 261

JAPS 

Fertility indicators and glutathione status in 
Sprague Dawley rats 

 
Micho1 M., Mohamed2* H.E., Sewani-Ruskie3 C.R. and Mudambo1 K.S.M.T. 
1Department of Physiology; College of Health Sciences; University of Zimbabwe; 2*Department of Animal 
Production, College of Food and Agricultural Sciences, King Saud University; Riyadh; Kingdom of Saudi 
Arabia, ; 3Department of Physiology, Zimbabwe Defence Forces HQ, Harare. 
 
*Corresponding author: hmohamedd@ksu.edu.sa 
 
Key words 
Fertility, glutathione, rats 
 
1 SUMMARY 
The objective of this study was to assess the relationship between glutathione status and 
male fertility. Forty male Sprague Dawley rats were divided into two groups; twenty rats 
administered paracetamol (Glutathione depletory) and the other group of rats (the control), 
got 0.9% normalized saline for ninety day. At day 15, 30, 60, and 90, four rats from each 
group were assessed for semen quality, sperm motility, morphology, glutathione 
concentration and histology of testis, liver and epididymis. Results showed that semen 
homogeneity disappear and liquefaction occurs after 30 seconds, sperm motility dropped to 
below 20%, glutathione levels dropped to 50nmoles/l sperm, abnormalities rose to 95 % by 
day 90, of these 75% had bent tail and 80% had abnormal mid-piece The study group had 
80% quantal pregnancy, >60% libido, >80% mount and intromissions and a total of 12 pups 
from the four rats, gestation period was increased by an average of 10 days as compared to 
the control group with 100% quantal pregnancy, <80% libido, mounts, intromissions and a 
total of 35 pups. However al pups were 100% free from abnormality. These results show that 
glutathione depletion affects male fertility especially on the quality of sperms. Normal 
sperm dropped to less than 5% by day 15. Sperm droplets were not marked and were not 
affected with time. The study group showed marked accelerated increase in sperm 
abnormality from 50% at day 15 to 90% at day 90. For the control group it rose from 10 to 
35% on day 15 and 90, respectively. Significant reduction layer of spermatogonia, 
spermatocytes and spermatids, were observed on day 30 to day 90. However in the control 
group slight lymphocytic infiltration and liver necrosis and a slight reduction in 
spermatogonia, spermtocytes and spermatids were seen on day 60 to 90. It could be 
concluded that glutathione depletion affects the physiology of male reproductive system 
with consequent detrimental effects on male fertility. 
 
2 INTRODUCTION 
Excessive concentrations of ROS in the semen 
depresses total antioxidant capacity (TAC) and 
lowers the levels of individual antioxidants 
(Lewis et al., 1997). ROS are generated by the 
cellular components of semen, and include a 
superoxide anion radical (O2−), hydrogen 

peroxide (H2O2), and lipid hydroperoxides 
formed via lipid peroxidation of the membrane 
lipids of the spermatozoa (Alvarez & Storey, 
2005). The effects of lipid peroxidation include 
irreversible loss in motility, damage to the 
sperm DNA and reduced fertility (Maxwell & 
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Watson, 1996). Oxidative energy production is 
inevitably associated with the generation of 
reactive oxygen species (ROS), excessive 
concentrations of which can lead to cellular 
pathology. Glutathione as a substrate of 
glutathione peroxidase present in the sperm 
head slows down the peroxidation process and 
hence maintains sperm motility 
(Christopherson, 1968), thus playing an active 
role in sperm fructolysis (Slaweta & Laskowska, 
1987). The cell membrane of mammalian 
spermatozoa has a high content of 
polyunsaturated fatty acids (PUFA) (Zalata et al., 
1998), and the lipids incorporated in the sperm 
plasma membrane amount to 60 – 65% of its 
content. In spermatozoa, a high ratio of 
glutathione/glutathione disulfide (GSH/GSSG) 
is known to be a protective factor against 
oxidative stress (Sikka, 1995).  

Various reports have confirmed the role 
of glutathione in improving some fertility 
indicators in human and animals. Spermatozoa 
are highly susceptible to oxidative damage due 
to the high content of polyunsaturated fatty 
acids within their plasma membrane and such 
damage may underlie certain aspects of male 
infertility. Increasing knowledge of the 
mechanisms whereby ROS and endogenous 
antioxidant systems influence reproductive 
processes can assist to optimise the application 
of exogenous antioxidants to fertility treatment 
(Taylor, 2001). Infertility problems in human 
are increasing to alarming figures and the 
investigation of the possible roles of antioxidant 
is of growing interest among researchers and 
scientists. This study assessed the role of 
glutathione depletion in fertility in male rats. 

 
3  MATERIALS AND METHODS 
3.1 Animals: Forty adult male Sprague-Dawley 
rats of 12-14 weeks of age and weighing 380-430 g 
were randomly selected. They were kept at the 
animal house at the University of Zimbabwe in a 12-
h light/dark cycle with controlled temperature and 
humidity for the whole research period of 15 weeks. 
The rats were maintained in wire-floor cages over 
laboratory-grade pine shavings as bedding and  were 
allowed to adapt for at least 2 weeks prior to the 
commencement of the study. 
3.2 Experimental protocol:  The rats were 
randomly divided into two groups of 20 each. 
Group one, which was the control got 0.9% normal 
saline. Group two received paracetamol syrup and 
timely killed for histological studies, measurement of 
glutathione levels, sperm analysis as well as fertility 
study. The rats received daily doses of normal saline 
or paracetamol syrup based  on body weight for up 
to ninety days applied using the rule of thumb that a 
rat consumes 5 grams of food and 10 millitres of 
water daily per 100 grams of body weight. Four rats 
from each group were taken at day 15, 30, 60 and 90 
for histological analysis, glutathione measurements 
and sperm analysis. Semen harvesting and sampling 
from the epididymis was done according to Brown et 
al. (1994).  
3.3 Semen analysis: The semen sample was 
first evaluated by simple visual inspection. A normal 
sample has a grey-opalescent appearance, is 

homogenous and liquefies within 60 min at room 
temperature 370C under the influence of enzymes of 
prostatic origin (Rat Sperm Morphological 
Assessment Guideline document, 2000). Sperm 

motility was rated on a visual scale. Sperm were 
classified as normal, abnormal head, abnormal mid 
piece, abnormal tail, detached head, proximal 
cytoplasmic droplet, distal cytoplasmic droplet, and 

bent tail using criteria described by Oettle and Soley 
(1988). 
3.4 Samples collection and measurement of 
glutathione: Blood samples were harvested by 
cardiac puncture and venipuncture of the posterior 
lateral tail veins. Ten labeled samples [1-10 vortex] 
were set up.  Nine milliliters of the blank solution 
(phosphate buffer) was added to 1 ml of standard 
GSH in sample 1. Total glutathione in blood was 
determined by spectrophetometry.  
3.5 Determination of fertility: A total of eight 
rats (four from each group) were used, each male rat 
was placed in a labeled cage with at least a Para 1 
female rat and 21-27 days after the beginning of the 
mating experience, the female rats were checked 
daily for parturition. The male rats were considered 
fertile if ithe mating resulted in at least one 
pregnancy. Sexual behavior was assessed through 
observation of libido (assessed by % mounting and 
% intromission).  
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3.6 Data analysis: All data were analyzed by 
two-way ANOVA using SPSS. Post hoc analyses 
compared treatment groups for the effects of time 

and for the effects of pretreatment/treatment at the 

same time point, all values were expressed as the 
mean ± SD. 

  
4 RESULTS 
Liquefaction time in the study group decreased from 
60 to 30 seconds at day 60 and remained unchanged 
despite continued treatment until day 90. In the 
control group liquefaction time decreased gradually 
down to 40 seconds on day 90 (Fig. 1). 

Sperm motility in the study group dropped 
by 30% on day 15 and there was no marked change 
up to day 30. On day 60 motility further dropped to 
20% but there wasn’t any further decrease. In the 
control group motility dropped gradually to 50% on 
day 30 then rose slightly to 55% on day 60 and 
remained at 50% afterwards. In group A (part of the 
control group) motility increased from 50 to 75% on 

day 30 then decreased sharply to below 50% on day 
90. In group 2B (part of the study group) motility 
never reached 50% from day 15 then dropped to 
below 20% on day 90 of paracetamol treatment (Fig. 
2). 

This figure shows that in the study group 
progressiveness dropped sharply from 5 at day zero 
to 2 at day 30, and remained constant until day 60. 
Progressiveness finally dropped to 1 at day 90. In 
the study group progressiveness remained 
unchanged till day 15 and gradually dropped and 
leveled at 3 between day 60 and 90 (Fig. 3). 
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Figure 1: Average liquefaction time in rats over 90 days. Blue columns is for control group; red columns for 
the standard treatment. 
 
5 DISCUSSION 
The effects of glutathione depletion on male fertility 
resulting from the commonest OTC (over the 
counter drug) acetaminophen has not been explored 
by previous studies.  Most studies have dealt on the 
immediate effects of glutathione on fertility in 
general using unique chemicals such as diethyl 
maleate and butathionine.  Mammalian spermatozoa 
are highly susceptible to lipid peroxidation, which 

leads to structural damage to the sperm cell 
accompanied by lowered motility and metabolism. 
In this study GSH dropped to 50nm/l in the study 
group as compared to 300nm/l in the control group 
and this showed that paracetamol is a GSH depleter. 
However a fall in GSH in the control group over 
time might be attributed to the aging process as 

http://www.biosciences.elewa.org/JAPS


Journal of Animal & Plant Sciences, 2009. Vol. 4, Issue 1: 261 – 266.  
Publication date: 15 August 2009, http://www.biosciences.elewa.org/JAPS; ISSN 2071 - 7024 
 

 264

JAPS 

illustrated by Rossi et al. (2002) that GSH levels can drop to 250nm/l with age. 
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Figure 2: Average motility of rat sperm over 90 treatment days. Blue line is for the control group; red line for 
the treated group. 
 

0

1

2

3

4

5

6

0th 15th 30th 60th 90th

time in days

av
er

ag
e 

pr
og

re
ss

iv
en

es
s

 
Figure 3: Progressiveness of rat semen over 90 treatment days. Red line for control group; blue line is for the 
standard treatment group. 
 
 
GSH depletion affects sperm motility more than any 
other variable, which is important as previous 
studies show that motility is the major factor 
determining the fate of sperms (Seed et al., 1996). In 
this study sperm motility might have been 
complemented by massive morphological 
abnormalities especially on the sperm tail and the 

mid piece with 60% and 75% abnormality, 
respectively. The mid piece being the powerhouse of 
the sperm is the main part affected by GSH 
depletion due to high ROS production and the 
higher amount of PUFA (Garrido et al., 2004). This 
might be attributed to the effects of hormones other 
than GSH but since GSH has pleomorphic roles, 

http://www.biosciences.elewa.org/JAPS


Journal of Animal & Plant Sciences, 2009. Vol. 4, Issue 1: 261 – 266.  
Publication date: 15 August 2009, http://www.biosciences.elewa.org/JAPS; ISSN 2071 - 7024 
 

 265

JAPS 

more studies are needed to establish the link 
between the role of hormones and GSH.  

In the general appearance of semen marked 
difference was seen on liquefaction time and 
homogeneity. This showed that glutathione was 
reduced in the group treated with glutathione since 
GSH plays an important role as a co-factor in 
prostatic enzymes responsible for semen 
homogeneity and liquefaction lagging time Lack of 
homogeneity and reduced liquefaction time affects 
sperm motility and half-life.  
In histological results paracetamol did not cause 
severe liver necrosis despite marked GSH reduction 
as reported in previous investigations. This suggests 
a need for future studies on the pharmacodynamics 
of paracetamol in other parts of the body other than 
the liver. The age of the rat at the start of dosing 
may also influence the outcome of the study.  For 
example, it is known that for some chemicals 
younger animals are more susceptible than more 
mature animals (Linder et al., 1990; Brown et al., 
1994). In Swiss Albino mice, paracetemol caused 
reduction in liver GSH-pX activity (Kanbur et al., 
2009) 

ROS production is high in the reproductive 
tissues (Kumagai et al., 2002; Agarwal et al., 2003) 
and the increases in ROS concentration may affect 
DNA integrity (Ford, 2004; Rivlin et al., 2004). 
Antioxidants counteract the effects of oxidative 
stress and age-related decreases in antioxidant 
enzymes in Leydig cells (Chen et al., 2001) and 
sertoli cells are characterized by high levels of 
intracellular GSH (Peltola et al., 1996; Mruk et al., 
2002). High levels of glutathione peroxidase have 
been found in testes (Fujii et al., 2003), and in Sertoli 
cells (Luo et al., 2006). The protective activity of 

glutathione peroxidase (GPX) in developing 
spermatids and spermatozoa has been noted in 
several species (Miura et al., 2002; Krishnamoorthy et 
al., 2005); in the sperm maturation process (Pfeifer et 
al., 2001), and having a role against oxidative stress 
(Kumagai et al., 2002). Reduced glutathione levels 
may be important in the initiation of chromatin 
compaction and DNA stabilization during 
spermiogenesis.  It must be taken into consideration 
that there is not yet a standardized methodology for 
semen analysis and experimental models in rat’s 
reproductivity,  and these differ from one laboratory 
to the other. Thus, basal values of seminology and 
GSH measured previously may (at least in part) 
differ and may also derive from artifacts.  

The results of this study demonstrate that 
paracetamol depletes glutathione and this depletion 
affected spermatogenesis. This in turn results in 
poor sperm quality and ultimately reduced fertility 
index as well as concentrations of GSH and, 
particularly, GSSG in blood. These findings suggest 
that almost all differences found in other 
investigations may be attributable to these artifacts 
more than to patho-physiologic in vivo factors.  

In conclusion, the study demonstrated that 
the effect of GSH depletion affected greatly sperm 
motility, morphology, and homogeneity, liquefaction 
and fertility index. However, some similar changes 
were also noted in the control group and this might 
be attributed to the aging process and biological 
factors.  More studies need to be done on the male 
human subject since of the 40% cases of infertility, 
10% are of unknown etiology. Male infertility can be 
reduced if ways of supplementing glutathione are 
discovered in addition to identifying other potential 
depletors of glutathione. 
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