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ABSTRACT

The study aim is to investigate the free radicals scavenging and spermatogenic potentials, as well as to analyze 
any reproductive toxicity of ethanolic extract of Mucuna prureins (M. pruriens) Linn. in spermatozoa, under different 
dosages in normal male rat. Normal rats were randomly selected and suspension of the extract was administered 
orally at the dosages of 150, 200 and 250 mg/kg body weight of the different groups of male rats (n=6) once in a 
day for 60 days and grouped as group II, III and IV respectively. Saline treated rats served as control -group I. On 
the 60th day the animals were sacrificed and the epididymal sperm were subjected to various analyses like level of 
ROS production, LPO, enzymatic and non enzymatic antioxidant, morphology, morphometry, chromosomal integrity 
and DNA damage. Results showed significant reduction in ROS production and peroxidation and significant increase 
in both enzymic and non-enzymic antioxidants in all concentration treated groups when compared with control. 
Results from all the drug treated groups showed good sperm morphology, increased sperm count and motility. There 
was no DNA damage and showed normal chromosomal integrity even in 250 mg/kg dose. When compared with 
control all the three extract treated groups showed increased ROS scavenging activity. However, group II (200 mg/kg) 
showed significant changes in all the parameters. From the present study it was confirmed that the M. pruriens has 
potential to improve the sperm qualitatively and quantitatively through scavenging the excess ROS with any adverse 
side effects. These observations suggest that ethanolic seed extract of M. pruriens may serve as anti-oxidant that can 
exploit to treat the oxidative stress mediated male factor infertility.
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INTRODUCTION        

Oxidative stress due (OS) to excessive production of 
reactive oxygen species (ROS) has been interrelated 
with defective sperm function and infertility (Wang et 
al., 2003). Reactive oxygen species are known to affect 
cellular lipids, proteins and DNA. This OS to the spe-
rm DNA can have profound implications for normal 
embryonic development and long-term health of prog-
eny (Evenson et al., 2002). It also plays a significant ro-
le in many of the sperm physiological processes such 
as capacitation, hyperactivation, and sperm-oocyte fu-
sion (Aitken et al, 2004). But, they also trigger many pa-
thological processes in the male reproductive system, 
and these processes have been implicated in cancers of 
the bladder and prostate as well as in male infertility 

(Agarwal and Saleh, 2002).
Spermatozoa are sensitive to OS because they lack cy-

toplasmic defenses. Moreover, the sperm plasma mem-
brane contains lipids in the form of polyunsaturated fa-
tty acids, which are vulnerable to attack by ROS. ROS, 
in the presence of polyunsaturated fatty acids, triggers 
a chain of chemical reactions called lipid peroxidation (Za-
lata et al, 2004). ROS can also damage DNA by causing 
deletions, mutations, and other lethal genetic effects (Mous-
tafa et al, 2004). 

A balanced generation of ROS and antioxidant en-
zymes is associated with normal physiological functions 
(Aitken, 1994). An unbalanced, excessive production of 
ROS and decreased level of antioxidant enzymes cause 
decreased sperm motility and viability, and increased 
sperm defects by initiating an oxidation chain reaction 
damaging proteins, lipids and DNA (Sikka, 2004). Enor-
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mous animal and human studies reported that anti-
oxidant supplementation produce preventing effect on 
oxidative stress induced decreased sperm count, mo-
tility, viability, mitochondrial function, DNA damage 
and apoptosis (Wang et al., 2003). However, there is an 
increasing interest in the natural antioxidants by using 
the medicinal and dietary plants, which are candidates 
for the prevention of oxidative damage.     

Mucuna prureins L. (M. pruriens) belonging to legumi-
nous family (Papilionaceae) has been used in Indian 
system of medicine since ancient times for the treat-
ment of male sexual disorders. The major phenolic consti-
tuent of Mucuna bean was found to be L-dopa, along 
with minor amount of methylated and nonmethylated 
tetrahydroisoquinolines and no alkaloids were detected 
in these beans (Siddhuraju and Becker, 2003). However, 
in addition to L- dopa, 5-indole compound, two of whi-
ch were identified as tryptamine and 5-hydroxytrypt-
amine were also reported in M. pruriens seed extracts 
(Tripathi and Upadhyay 2001). M. pruriens is recogni-
zed to increase testosterone levels, leading to deposi-
tion of protein in the muscles and increased muscle ma-
ss and strength (Amin et al., 1996). M. pruriens has 
been studied for its chemical & pharmacological prop-
erties such as analgesic, antipyretic & anti diabetic (Su-
resh and Prakash, 2010). However, no further scientific 
evaluation of the folklore claims were addressed. Aim 
of the present study is to assess the antioxidant and 
spermatogenic potentials as well as to analyze any re-
productive toxicity of M. pruriens administered at dif-
ferent dose in epididymal sperm.

MATERIAL AND METHODS

Animals

Animal maintenance was according to the recom-
mendations of the international (Canadian Council for 
Experimental Animal Care) and national (Laboratory Ani-
mal Science Association of India) standards. Ethical clea-
rance was obtained from Institutional ethical committee 
(IAEC no.01/031/05). Healthy adult male albino rats of 
Wistar strain (Rattus norvegicus) weighing 175～200 g 
and 225～250 g (90 day-old) respectively were used for 
the present study. The colony was maintained under con-
trolled conditions of temperature (23±2℃), humidity 
(50±5%) and a 12 h light-dark cycle. The animals were 
housed in sanitized polypropylene cages containing ste-
rile paddy husk as bedding. The animals were fed wi-
th standard rat pellet diet and clean drinking water ad 
libitum. The rats were divided into four groups. Each 
group consists of 6 animals. Group I: control rats re-
ceived saline daily for 60 days as a vehicle. Group II, 
Group III, Group IV rats received a daily dose of etha-
nolic seed extract of M. pruriens 150, 200, 250 mg/kg of 
body weight  respectively,  for  60  days.  Animal body 

weights were measured every day before drug admi-
nistration. At the end of the experiment period animals 
were sacrificed by cervical decapitation. Epididymis 
were rapidly removed and placed in a saline solution. 
Spermatozoa were collected from separated caudal por-
tion of epididymis. The final sediment was suspended 
and the spermatozoa were counted by using a hemo-
cytometer. The final pellet was re-suspended in a small 
volume of 50 mM Tris-HCl (pH 7.4) containing 1 mM 
EDTA and 0.1 mM. This was taken for various ana-
lyses.

Drug Preparations

The ethanolic extract of M. pruriens seed was used in 
the present study. Collection of plants and extract pre-
paration, percentage of yield, and phytochemical analy-
sis were described elsewhere [13], [14].

Sperm Analysis (Sperm Count, Motility, Morphology 

and Morphometry)

Sperm analysis was done according to the procedure 
described previously (Suresh et al., 2010, 2011). Percen-
tage of motile sperm was assessed using graded semi- 
quantitative scale of 0 to 5 and the spermatozoa were 
evaluated for the rate of forward movement and grad-
ed accordingly, i.e., 0=no movement, 1=sluggish or tail 
movement alone, 2=intermittent sluggish movement, 3 
～4=fair & good movement and 5=maximum movement 
in forward direction.

Estimation of ROS and LPO 

Protein content was determined as per the method 
described by Lowry et al. (1951). Hydrogen peroxide 
productions were quantified by the method of Pick and 
Keisari (1981). Hydroxyl radical was measured by the 
method of Puntarulo and Cederbaum (1991). The hy-
droxyl radical present in the sample was expressed as 
μmoles /min/mg protein. Lipid peroxidation was meas-
ured by the method of Ohkawa et al., (1979). The Thio-
barbituric Acid Reactive Substance (TBARS) measure-
ment was expressed as nmoles of Malondialdehyde (MDA) 
formed/min/mg protein in tissue samples.

Estimation of Enzymic and Non-enzymatic Antioxidants

The level of vitamin E was estimated by the method 
of Desai (1981). The level of vitamin E was expressed 
as μg/mg protein. The level of ascorbic acid was esti-
mated by the method of Omaye et al., (1979). The level 
of ascorbic acid was expressed as μg/mg protein. The 
level of reduced glutathione was measured by the 
method of Moron et al., (1979). The level of glutathione 
was expressed as μg/mg protein. Superoxide dismuta-
se (EC 1.15.1.1, SOD) was assayed according to the 
method of Marklund and Marklund (1974). The en-
zyme activity was expressed as units/mg protein. Cata-
lase (EC 1.11.1.6, CAT) was assayed by the method  of 
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Sinha et al., (1972). The activity of catalase was expressed 
as units/ mg protein (1 unit is the amount of enzyme that 
utilizes 1 mole of hydrogen peroxide/min). Glutathione 
peroxidase (EC 1.11.1.9, GPx) activity was determined 
by the method of Rotruck et al. (1973). The enzyme ac-
tivity was expressed as units/mg protein (one unit is the 
amount of enzyme that converts 1 mole GSH to GSSG 
in the presence of hydrogen peroxide/min). Glutathione 
reductase (EC 1.6.4.2, GR) activity was determined by 
the method of Staal et al. (1969). Activity of GR is ex-
pressed as micromoles of NADPH oxidized/ min/mg 
protein. Glutathione-S-transferase (EC 2.5.1.1.8, GST) en-
zyme was assayed by the method of Habig et al. (1973). 
Activity of GST was expressed as units/mg protein (1 
unit is the amount of enzyme that conjugate 1 nano-
mole of CDNB with GSH/min).

Sperm Analysis (Sperm Count, Motility, Morphology 

and Morphometry)

Epididymal sperm analysis was done according the 
procedure described previously (Suresh et al., 2010: Su-
resh et al., 2011).

Single Cell Electrophoresis (Comet Assay)

M. pruriens on DNA damage was analyzed by the 
comet assay. The neutral single cell electrophoresis was 
used in the present study. The method used in the 
present study described elsewhere (Suresh et al., 2010). 

Sperm Chromosomal Integrity Study (Acridine Orange 

Staining)

Acridine orange staining was done according to the 
method described previously (Suresh et al., 2010). Spe-
rm cell heads with good DNA integrity had green flu-
orescence, and those with diminished DNA integrity had 
orange-red staining. Samples could be scored within 48 
hours after staining. 

Statistical Analysis

The data were subjected to the “one-way ANOVA” 
by the method of Zar (1974). The significance was de-
termined using “Tukey’s post hoc test” with p<0.05 con-
sidered statistically significant (Microsoft Excel 2003 
and SPSS statistical package version 7, SPSS Inc., Chi-
cago, IL, USA).

RESULTS

Sperm Analysis (Sperm Count, Motility, Morphology 

and Morphometry)

Sperm analysis revealed that when compared with 
control group the entire drug treated groups show  in-

creased sperm count and motility. Significant changes 
were observed in group II (200 mg/kg). Data is presen-
ted in Fig. 12～13. When compared with control no mor-
phological changes were observed in the experimental 
groups. Morphometrical analysis showed no significant 
changes in all experimental groups. However all drug 
treated groups were more or less similar to the control. 

Estimation of ROS and LPO 

In this study the production of HO., H2O2 and LPO 
were significantly decreased in all the drug treated ani-
mals when compared with control. However the effect 
was more appreciable in the Group III. Data is repre-
sented in Fig. 1～3.

Fig. 1. Effect of concentration in epididymal sperm of M. pruriens 
treated and control rats. Each bar represents means of six ani-
mals. Significance at p<0.05, a - Control, * NS - Not significant and 
** 0.01.

Fig. 2. Effect of motility in epididymal sperm of M. pruriens treat-
ed and control rats. Each bar represents means of six animals. 
Significance at p<0.05, a - Control, * NS - Not significant and ** 
0.01.

Fig. 3. Effect of generation of HO. in epididymal sperm of M. 
pruriens treated rat. Each bar represents means of six animals. Sig-
nificance at p<0.05, a Control, * 0.05 and ** 0.01.



Suresh et al.444

Fig. 4. Effect of generation of H2O2 in epididymal sperm of M. 
pruriens treated rat. Each bar represents means of six animals. Sig-
nificance at p<0.05, a Control, * 0.05 and ** 0.01.

Fig. 5. Effect of generation of LPO in epididymal sperm of M. 
pruriens treated rat. Each bar represents means of six animals. Sig-
nificance at p<0.05, a Control, * 0.05 and ** 0.01.

Fig. 6. Effect of SOD in epididymal sperm of M. pruriens treated 
rat. Each bar represents means of six animals. Significance at p< 
0.05, a Control, * 0.05 and ** 0.01.

Estimation of Enzymatic and Non-Enzymatic Antioxi-

dant

When compared to the control, enzymatic antioxidant 
levels of vitamin-E, vitamin-C and GSH showed sig-
nificant increase in all drug treated groups. Data is 
presented in Fig. 4～6. The present study showed sig-
nificant increase in the non-enzymatic antioxidant levels 
like SOD, CAT, GPx, GR and GST in all drug treated 
animals when compared with control animals. Data is 
presented in Fig. 7～11.

Comet Assay for DNA Damage and Chromatin Integrity

Comet assay analysis showed normal migration of 
sperm cell DNA in all drug treated groups as in the 
control. Chromosomal integrity study revealed that wh-

Fig. 7. Effect of CAT in epididymal sperm of M. pruriens treated 
rat. Each bar represents means of six animals. Significance at p< 
0.05, a Control, * 0.05 and ** 0.01.

Fig. 8. Effect of GR in epididymal sperm of M. pruriens treated 
rat. Each bar represents means of six animals. Significance at p< 
0.05, a Control, * 0.05 and ** 0.01.

Fig. 9. Effect of GPx in epididymal sperm of M. pruriens treated 
rat. Each bar represents means of six animals. Significance at p< 
0.05, a Control, * 0.05 and ** 0.01.

Fig. 10. Effect of GST in epididymal sperm of M. pruriens treated 
rat. Each bar represents means of six animals. Significance at p< 
0.05, a Control, * 0.05 and ** 0.01.
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Fig. 11. Effect of Vitamin E in epididymal sperm of M. pruriens 
treated rat. Each bar represents means of six animals. Significance 
at p<0.05, a Control, * 0.05 and ** 0.01.

Fig. 12 Effect of Vitamin C in epididymal sperm of M. pruriens 
treated rat. Each bar represents means of six animals. Significance 
at p<0.05, a Control, * 0.05 and ** 0.01.

Fig. 13. Effect of GSH in epididymal sperm of M. pruriens treated 
rat. Each bar represents means of six animals. Significance at 
p<0.05, a Control, * 0.05 and ** 0.01.

en compared with control all the experimental groups 
show the normal integrity of chromosome in the sperm 
heads.

DISCUSSION

The oxidative stress mediated alterations in sperm 
morphology and dysfunction, including DNA damage 
are the main pathophysiological mechanism involved in 
male infertility. The epididymal spermatozoa are more 
vulnerable to oxidative stress than germ cells, which is 
understandable viz. following reasons. First, epididymal 
spermatozoa are not protected, like pachytene sperma-
tocytes and round spermatids by the microenvironment 
provided by the Sertoli cell barrier. Second, the mem-
branes of spermatozoa may be particularly susceptible 

to free radical attack because of their high level of pol-
yunsaturated fatty acids (Zalata et al, 2004). Third, sev-
eral groups have demonstrated that, in contrast to sper-
matogonia, pachytene spermatocytes, round spermatids, 
elongated spermatids and spermatozoa have a reduced 
capability or even unable to repair DNA damage (Van 
Loon et al., 1991), which are accounted to oxidative st-
ress induced sperm abnormality related infertility in hu-
man. 

The bioavailability of herbal plants and clinical sig-
nificance of herbal-based drugs is a blooming tool in 
recent research worldwide. Furthermore, the contribu-
tion of herbal drugs has been massive in diabetic and 
cancer research, also equally progressive on male sex-
ual dysfunctions and infertility. In the present study ad-
ministration of the M. pruriens significantly increase the 
epididymal sperm count, viability and motility in dose 
dependent manner which clearly indicates the sperma-
togenic efficacy of the extract. These observed effects 
clearly demonstrate that the extract improves the fertil-
ity of the animals. This may be due to the improve-
ment in the androgen biosynthesis by activating the hy-
pothalamo-pituitary-testicular axis (Suresh et al., 2010). 
Further, increased lipid peroxidation and altered mem-
brane function can render sperm dysfunction through 
impaired metabolism, motility, acrosome reaction and 
fusogenic capacity as well as oxidative damage to spe-
rm DNA (Van Loon et al., 1991). Administration of M. 
pruriens significantly reduces the free radical production 
and LPO in dose dependent manner which clearly in-
dicates that M. pruriens has the potential to reduce the 
free radical production. This might be due to M. pruri-
ens directly suppressing the ROS production or increase 
the free radicals scavenging and thus may prevent the 
self-propagating LPO reaction and sperm cell damage 
(Suresh et al., 2009) 

It not only inhibit the ROS production but also en-
hance the endogenous antioxidants through scavenging 
the excess H2O2 as well as O2

— through which it pro-
vides a good environment to the normal sperm func-
tion and count (Saksena and Dixit, 1987; Rajeshwar et 
al., 2005). Since this extract is inhibiting the lipid per-
oxidation and enhances the enzymatic as well as non- 
enzymatic antioxidants, it is concluded that it acts on 
antioxidant property (Rajeswar et al., 2007). This en-
hancing antioxidant property of M. pruriens might be 
through the increase in the bioavailability of the anti-
oxidant precursors as well as, it stabilize and termi-
nates radical chain reaction by reacting with the free 
radicals Rajeshwar et al., 2005. Further, it protects the 
sperm from free radical damage by the removal of 
HO

., which demonstrates the hydrogen sharing ability 
of the M. pruriens. Thereby, with the potential of in-
hibiting the ROS production and enhancing the anti-
oxidant enzyme it protect the sperm DNA from the 
ROS mediated damage in all concentrations. However 
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the overall effect revealed that the dose of 200 mg/kg 
b.w. showed more significant effect in all the parame-
ter without any adverse effect. 

M. pruriens not only boosts up the antioxidants level, 
but also behaves like an anti lipid peroxidation agent. 
It also increases the spermatogenic ability of the testis, 
sexual behavior and libido. However, this effect may 
be due to the increase in the testosterone biosynthesis 
(Suresh et al., 2009, 2010). From the present study it 
was confirmed that the M. pruriens has potential to im-
prove the sperm qualitatively and quantitatively pre-
dominantly through scavenging the excess ROS and an-
other important observation was it did not show ad-
verse side effects. Redox being the primary deleterious 
process in testis and epididymis that affects fertility, 
findings an optimized antioxidant preparation like M. 
pruriens which may serve as anti-oxidant that can ex-
ploit to treat the oxidative stress mediated male factor 
infertility in human. 
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