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ABSTRACT

Aim of the study: Mucuna pruriens is often used in Unani medicine as an aphrodisiac and to
improve male reproductive functions. Since systematic study on these aspects are few and far in
between, we studied its androgenic effect on an established obese mutant rat model at our centre,
which is obese and infertile.

Materials and Methods: 18 obese male rats with their corresponding 18 lean littermates were
taken and divided in to three groups and were fed with the herbal seed extract at two different
dose levels. Blood samples were collected from control and experimental rats to measure
hormones like testosterone, luteinizing hormone (LH), follicle stimulating hormone (FSH) and
prolactin. Levator ani (LA) muscle weight and complete semen analysis, gonadial index and
testis histology were investigated.

Results: Testosterone, LH, FSH and prolactin hormone levels showed significant increase in
experimental rats compared to controls. The LA muscle weight significantly increased and also
sperm count and motility as well, in treated rats. The testis histology of experimental rats showed
significant improvement in the architecture with densely packed spermatids in the seminiferous
tubules.

Conclusions: M. pruriens ethanolic seed extract has definite positive effect on male reproductive
functions in terms of hormone profile, organs weights, semen quality and quantity.

© Copy Right, IJCR, 2011, Academic Journals. All rights reserved

INTRODUCTION

of their corresponding lean littermates and often they remained
undescended. Penis and scrotum are often poorly developed, but,

Infertility is often a problem encountered under obese conditions,
and this is well depicted by obese rodent models, where in a
deligent selection of heterozygous carriers (+/-) only ensures
continuous production of obese rats (Kasten, 1952). This is not
restricted to animals alone and often humans equally affected. In
women, obesity is frequently associated with menstrual
disturbances with a high risk of androgenic ovulatory
dysfunction (Robinson et al., 1993). Obese men relatively have
low serum testosterone concentrations and they invariably
respond to exogenous administration of testosterone, resulting in
weight reduction (Martin et al., 1992). Among the obese models,
only the AY mice have been reported to have normal fertility and
this was also restricted to young animals who were yet to
become fully obese (Kasten, 1952). The testis of Ob/Ob, db/db
and Ad/Ad obese mice was also found to be smaller than those
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despite reduced gonadal development, active spermatogenesis
was observed in these obese species (Coleman & Hummel, 1970;
Hellman et al., 1963; Hetherington and Ranson, 1942). To
restore the infertility problems, compounds endocrinal in
composition like thyroid cytomel, glucocorticoids and low doses
of androgens and long acting testosterone esters are often tried
(Charles, 1978). Apart from these hormones, traditional
medicinal plants are increasingly used now a days to restore the
infertility. It is often observed that, the leaf and seed extracts of
some of these medicinal plants often more effective with fewer
side effects (Jayanthi Abraham, 2011). Mucuna pruriens seeds
often known as velvet beans is one among them and in Unani
medicine it is extensively prescribed as an aphrodisiac (Suresh et
al., 2009). Additionally they have anti Parkinson (Kasture et al.,
2009), antidiabetic (Gupta et al., 2007) and antioxidant
(Dhanasekharan et al., 2008) activities and also found to regulate
steroidogenesis and improve semen quality in infertile men
(Shukla et al., 2008). Though much work has been carried out on
M.pruriens for its reproductive enhancing activity especially on
males, systematic study on an obese animal model with infertility
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is yet to be reported. In the present study we have studied the
effect of M.pruriens seed extract on the male reproductive
functions of an indigenously developed mutant obese rat
(WNIN/GR-Ob) with infertility problem. WNIN/GR-Ob is an
obese mutant rat with impaired glucose tolerance (IGT),
established at our centre in 1997 (Giridharan et al., 1996;
Harishankar et al., 2010). In this model we studied the effect of
M.pruriens seed extract on testis and accessory glands weights,
sperm count, sperm morphology and gonaidal index and LA
muscle weight. The circulatory reproductive hormones like
testosterone, FSH, LH and prolactin, in the control and
M. pruriens seed extract treated obese and lean littermates. In
this model we studied the effect of M. pruriens seed extract on
testis and accessory glands weights, sperm count, sperm
morphology, gonaidal index and LA muscle weight.

MATERIALS AND METHODS

Preparation of experimental drug

Experimental drug was prepared as per the modified method
of Murugan and Uma Maheswar Reddy, 2009. M. pruriens,
dried seeds were procured from Lala Dawasaz, Charminar,
Hyderabad and the extraction was carried out using soxhlet
apparatus. After extraction the ethanol was distilled off and the
extract was concentrated on hot plate for evaporation and for
further drying of the drug. Subsequently the drug was kept in
clean container for feeding the experimental rats. For feeding
the experimental rats, 24 gm of the drug was mixed thoroughly
in 2 Kg powder of standard laboratory rat chow which had been
developed and established at our centre. This rodent chow
containing all macro and micronutrients prepared at our
facilities (56% carbohydrates, 18.5% protein, 8% fat, 12%
fiber, 55% of carbohydrate and recommended levels of
minerals and vitamins). Handmade pellets were prepared from
the mixture in the quantities of 0.5 gm and 1 gm, containing 6
mg and 12 mg of the drug respectively.

Animals and housing conditions

Eighteen WNIN/GR-Ob obese (-/-) male rats, aged 90 days,
were taken for study along with eighteen lean (+/+) littermates.
These animals were housed in standard polycarbonate cages
(Techniplast, Italy) with top grill having facilities for holding
pelleted feed and drinking water in polycarbonate bottles with
stainless steel sipper tubes. The bottom of the cage was also
steel grilled to facilitate free droppings of feces and urine and
also to prevent coprophagy. Readily available autoclaved
paddy husk was used as a bedding material in the cages. An
ambient temperature of 22 + 1° C with 14-16 air changes per
hour, relative humidity of 50-60% and light/dark cycles of 12
hours duration were maintained in the animal rooms. Standard
rodent chow prepared at our centre containing 20% protein, 6%
fat, with recommended levels of vitamins and minerals, prepared
and pelleted in our animal facilities was fed along with water ad
libitum.

Drug treatment and end points

After three days of acclimatization with standard rat chow, 6
obese rats were fed with control diet (placebo group), 6 obese
rats were fed with 0.5 gm hand made pellet containing 6 mg of
the seed extract (normal dose group - ND), 6 obese rats were fed
with 1.0gm handmade pellet containing 12 mg of the seed extract
(high dose group - HD). Similar groups were made with lean

littermates to serve as positive controls. The supplementation of
seed extract continued for 45 days as per the schedule given by
Suresh et al (2009). Animals belonging to the control and
experimental groups were studied for growth and food intake
studies till the end of the experiment. Daily food intake and
weekly body weights were monitored in the control and
experimental rats of both phenotypes. Blood was collected
from supra orbital complex (Riley, 1960), for reproductive
hormonal profile and subsequently the animals were euthanized
by isoflurene inhalation to measure the reproductive indicators
and organ weights, as well as for histology of testis.

Weight of gonads and accessory glands

The male reproductive accessory glands along with testis were
separated from the viscera and the fat attached to these glands
were removed and blotted on a filter paper. The weights were
then taken on a Sartorius analytical balance (0.1 gm sensitivity)
and kept in appropriate fixative solutions for further processing
to study the histology.

Reproductive indicators

To measure the sperm count, sperm was collected from the cauda
epididymis, and counted by using a haemocytometer in control
and extract treated rats as per the method described by
Raghunath et al., 1987. The intact sperm cells were only counted
and the counts were expressed as 10° cells/ml of saline
suspension.

Gonadial index

The weights of both testes in relation to the body weights were
calculated for correlating it with the sperm production potential
which indicates the gonadial index (Marks, 1990). The gonadial
index was determined in control and extract treated obese and
lean littermates as per the method described by Jayanthi
Abraham (2011).

Levator Ani Muscle

LA muscle weight is often used as a bioassay for testosterone
(Eisenberg and Gordon, 1950). The levator ani muscle is a horse
shoe shaped muscle at the bottom of the large intestine
surrounding the rectum. This muscle is under the control of
steroid hormones and its weight is correlated with androgen
concentration (Sala and Baldrati, 1953). The LA muscle is often
expressed as wet weight. LA muscle was extirpated from control
and extract treated obese and lean littermates as per, the modified
technique of Rassaert et al., (1968).

Reproductive hormones

Hormones like testosterone, FSH, LH and prolactin in the
control and ethanolic seed extract of M.pruriens treated obese
and lean littermates measured by using kits supplied by
Biosystem, Spain, based in the Elisa kit method.

Histology of testis

For this, animals belonging to control and treated group were
fasted for 17 hours and sacrificed by isoflurene inhalation. Both
testis were rapidly removed and fixed in 10% Bouwin’ fixative
and processed for histological studies. The transverse sections of
the testis were stained with hematoxylin and eosin and observed
under 10X eye piece graticule.
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Statistical analysis: Mean + standard error were tested using
one way ANOVA to check for any significant differences
between the mean values of different groups. All the values
given were mean * standard error of mean (SEM). A
probability level of less than 5% (p < 0.05) was considered
statistically significant.

RESULTS AND DISCUSSION

Food intake and body weight

Food intake significantly increased with increase in age and
HD treated rats showed high food intake (29.58 + 2.13 gm/per
rat/per day) with high feed efficiency ratio. The initial trends
in terms of the hyperphagia were seen in ND treated rats at 2™
week of extraction administration. However, subsequently
there were no significant changes among obese control (24.46
+ 2.86 gm/per rat/per day) and ND (23.58 £ 2.9 gm/per rat/per
day) treated rats. In the case of positive control lean rats, no
significant changes were seen in terms of their food intake in
ND and HD treated rats.

lower testis and accessory gland weights, and also low gonaidal
index. Epdidydimal fat weight is high in the treated obese
groups compared to obese control. Between ND and HD groups
there was no difference in weights of testis and accessory glands.
The LA muscle weight, sperm count also showed increase after
completion of seed extract supplementation in lean as well as
obese groups. It was observed earlier that, low testis with
normal spermatogenesis and histology was seen in WNIN/GR-
Ob obese rats compared to lean littermates (Harishankar
thesis, 2001), which is in line with many other genetically
obese rodents (Bray et al., 1976; Swerdloff et al., 1976, and
Edmons and Withyachumnarnkul, 1980) as described above.
From the results of this present study it becomes evident that
the seeds of M.pruriens have a definite positive action on
improving testis weight and sperm production (as indicated by
sperm count) in treated obese rats. The testis weight was found
to be less in control rats compared with ND and HD treated
obese rats. The increase in the total weight of testis of ND and
HD treated obese rats was 17.98% and 19.25% respectively.
This also reflected in terms of the increase in sperm count as
discussed below.

Table 1. Effect of ethanol extraction of M. pruriens seeds on reproductive accessory organ weigts in
WNIN/GR-ODb obese and lean rats. (n=6).

Group Testis (g) Seminal Epidydimus  Epidydimal LA Muscle Sperm count Gonaidal
vesicle (g) (g) fat (g) (g) 10° cells/ml Index

Obese control ~ 2.6+0.17 0.65£0.28  0.6£0.24 9.73£2.28 0.18+0.2 109.83+8.59 0.44+0.16
Obese ND 3.17+0.12  0.87+0.27  0.7+0.1 10.05+3.67  0.22+0.11  148.75+5.14™  0.52+0.13
Obese HD 3.22+0.3 0.98+0.17  0.68+0.04 10.28+2.13  0.28+0.12  171.0+£5.33™ 0.617+0.06
Lean control 3.01£0.31  1.0+0.2 0.65+0.10 3.55+1.16 0.18+0.11  146.83+8.33 0.68+0.15
Lean ND 3.18£0.07  1.25+0.28  0.71+0.14 2.88+0.64 0.25+0.14  129.82+9.88 0.86+0.08
Lean HD 3.23+0.13  1.06+0.17  0.85+0.13 2.46+0.13 0.23+0.13  131.66+4.66 0.87+0.07

Values are mean + S.E. * P<0.01.

Table 2. Effect of ethanol extraction of M.pruriens seeds on reproductive hormone profile in WNIN/GR-
Ob obese and lean rats. (n=6).

Obese group Lean group
Reproductive Control Normal dose High dose Control Normal dose High dose
Hormones
Testosterone (ng/ml)  0.39+0.10 0.45+0.09 0.74£0.03"  4.16£0.91 24.16:2.06°  16.5:1.36"
LH (ng/ml) 0.42+0.11 3.85+0.33" 3424042 0.94£0.14  9.12+2.057  11.05+1.18"
FSH (ng/ml) 16.04+1.6 14.12+1.9" 27.98+42.47  6.68+1.02  13.87+2.36"  8.69+1.07"
Prolactin (pg/ml) 5.34+.0.68 5.13+0.69 5.72¢1.15  4.84+1.09  9.82+1.38" 6.86+1.10"

Values are mean + S.E. * P<0.01. ** P<0.001,

The body weights of control, ND and HD treated obese rats
showed significant increase with increase in their age. Among
the groups control obese rats (613.5 £ 7.89 gm) gained
significantly higher body weights compared to ND (518.67 £+
10.94) and HD (606 £ 6.00) treated obese rats till the
termination of the extract feeding (P<0.01). Among the treated
obese groups HD rats gained higher body weights than ND
rats (P<0.01). Similar results were obtained in lean littermates
with no significant change in ND and HD treated groups
(P<0.01). It was observed that within 15 days of seed extract
treatment, the ND and HD treated obese rats had become more
active and they resumed their grooming behaviour as well which
was not seen in control obese rats. This overall improvement in
their general wellbeing in terms of increased activity may be due
to the increased utility of the metabolic fuel, as witnessed by the
correction in glucose homeostasis and decrease in the body fat.

Reproductive parameters

Table 1 shows weights of the testis and accessory glands, sperm
count and gonaidal index. Obese control showed significantly

The results of sperm count in response to the drug M.pruriens
showed an increase with a 26.16% in ND and 35.77% in HD
groups. The drug is found to have a profound effect at 45 days
of 12 mg treatment (HD group). The increase in sperm count
is found to be dose dependent and a significant increase is
observed in HD treated group obese rats. This increase in
sperm count may directly relate to androgenic action of the
M. pruriens extract, as evidenced by the increased in LA
muscle weight and testosterone levels in these animals and
also the gonadotrpic levels. In fact, the weights of seminal
vesicle and LA muscle were often taken as a measure of
testosterone concentration and weight of LA muscle in particular
is suggested as a bioassay for testosterone (Whitaker et al.,
1983).

Hormones

The circulatory reproductive hormone levels were analyzed and
given in Table.No.2. The obese control had low hormone levels
compared to lean controls. But on comparison of seed extract,
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the testosterone, LH, FSH and prolactin levels were significantly
increased with the increase in the dose in both obese and lean rats
compared to controls.
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Fig. 1.

A. Microphotgraph of testis section of obese control group showing
most of the semineferous tubules with maturation arrest at
spermatogonia level and with giant cell formation. (H&E staining:
10X)

B. Microphotgraph of testis section of obese ND treated group
showing few tubules with maturation arrest at spermatids stage and
absence of maturation spermatozoa (black arrows) (H&E staining:
10X)

C. Microphotgraph of testis section of obese HD treated group
showing an occasional semineferous tubules showing maturation
arrest at spematid stage (black arrows) (H&E staining: 10X).

D, E, F. Microphotgraphs of testis section of lean control, ND and HD

groups showing normal maturation of semineferous tubules (H&E

staining: 10X).

The testosterone levels were significantly high in HD group
followed by ND and control group (P<0.05) in that order. But, in
the case of lean littermates ND treated rats had significantly
higher testosterone than HD and control groups ((P<0.001). LH
and FSH levels were significantly increased in both ND and HD
treated rats (P<0.001). The seed extract did not show any
increase in the prolactin levels of obese rats belonging to control
and treated groups. However, a significant increase in prolactin
levels was seen in lean control and treated groups ((P<0.001).

Generally the obese rodents have low reproductive indices in
terms of reproductive hormones, organs weights, testis and
accessory gland weights etc., Sinha et al., (1975) studied
extensively on gonadotropin hormone (GH) and prolactin (PRL)
in Ob/Ob mice and found that plasma levels of GH and PRL are
reduced in obese mice compared to their lean littermates. Sex
differences in levels of GH and PRL was observed in lean mice
and were not so marked in obese mice. Previous studies in obese
male Zucker rats at various age groups (4, 6 and 10 months)
revealed inadequate sexual behaviour, occurring at an age of 4
months (Edmonds and Withyachumnarnukul., 1980). In these
rats, the pituitary weight was found to be less and the
concentration of LH and FSH were shown to be increased (Bray,
1977). The concentration of circulating gonadotropin was also
abnormal and it did not show any response in fa/fa rats (Bray et
al., 1973). However, in spite of limited reproductive capacity, a
normal sperm production and motility were observed Zucker
obese rats (Edmonds and Withyachumnarnkal, 1982). Earlier
observations in these animals showed low levels of circulating
testosterone and low weights of LA muscle (Sala and Baldratti,
1963). It is well evident that medicinal plants with potential
reproductive enhancing activity will increase steroidiogenesis

activity leading to increased testosterone concentration
(Yakub, 2006). Similar mechanism might have been involved
with respect to this herb as well as shown by the increase in
circulatory levels of testosterone concentration at both ND and
HD dose concentrations. LH and FSH hormones are produced
by anterior pituitary of the brain and are necessary for
maintaining testosterone levels in the body and an increase in
the concentrations of bioavailable/free testosterone should
cause increase in the concentration of LH and FSH (Yakub et
al., 2007). Similarly, in the present study, we have observed
that there is a significant in increase in the testosterone, LH
and FSH concentrations in ND and HD treated groups.
Prolactin hormone is developed by specialized pituitary cells
called lactotrophs and increases the production of breast milk
and suppresses the secretion of LH and FSH (Yakub, 2007). A
high level of production often suppresses synthesis as well as
testosterone production. In the present study there is a
reduction in the prolactin hormone levels in ND and HD
treated groups leading to increase in LH and FSH levels and
there by increase in the testosterone as well. M.pruriens seed
extract contains higher amounts of L-dopa (Levodopa), and it
changes into dopamine after entering in to the blood stream.
The increase in L-dopa, which is converted in to dopamine, is
shown to be a powerful neurotransmitter leading to a strong
aphrodisiac affect (Capochichi et al., 2002).

Testis histology

Grossly there were no changes in the morphology of testis in
obese and lean littermates (Figure.l). Histologically most of
the seminerous tubules with maturation arrest at
spermatogonia level and with giant cell formation was seen in
control obese rats (Photo micrograph - A). The testis of ND
treated rats showed few tubules with maturation arrest at
spermatid stage and absence of mature spermatozoa (Photo
micrograph - B). Occasional seminiferous tubules showing
maturation arrest at spermatid stage observed in HD treated
obese rats (Photo micrograph - C). Normal maturation of
semineferous tubules was seen in the lean littermates (Photo
micrograph — D, E and F). The histology of the testis in lean
animals showed normal histology as expected, while obese
rats had a comparatively lesser packed male reproductive cells,
which also reflected in low sperm count exhibited by them. On
treatment significant increase in the number of primary
spemtocytes, spematogonia, spermatids, sertoli cells and
leydig cells were seen both in ND and HD seed extract treated
groups compared to control. In conclusion, the data obtained
in the present study, conclusively proves the male reproductive
enhancing activity of Mucuna pruriens on WNIN/GR-Ob
obese rats, a mutant obese rat with infertility problem. It is
thus evident that this seed extract has definitely a potential to
treat male infertility, especially associated with obesity and
diabetes and can be suggested to treat male sexual disorders
associated with obesity and diabetes.
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