>_[REsearcH] <

www.sphinxsai.com

PharmTech

International Journal of PharmTech Research
CODEN (USA): IJPRIF ISSN : 0974-4304
Vol. 3, No.2, pp 946-954,  April-June 2011

Antifertility acitivity of ethanol extract of Dioscorea
esculenta (L.) Schott on male albino rats.

P.S. Shajeela’, V.R.Mohan?*, L. Louis Jesudas® and P.Tresina Soris?

'PG & Research Department of Botany, St. John’s College, Palayamkottai,

Tamil Nadu,India.

’Ethnopharmacology Unit, Research Department of Botany, V.0.Chidambaram College,

Tuticorin, Tamil Nadu, India.

}® PG & Research Department of Botany, St. Xavier’s College, Palayamkottai,

Tamil Nadu, India.

*Corres.author: vrmohan_2005@yahoo.com

Abstract: Antifertility effects of ethanol extract of Dioscorea esculenta tuber were observed in male albino rats. The
relative weight of testes and epididymis were decreased significantly (p<0.01). No significant changes were observed in the
vas deferens, seminal vesicle and prostrate. The epididymal sperm count, motility and sperm abnormality were reduced
significantly in treated rats. No significant changes were noted in the serum biochemical and liver marker enzymes (SGOT,
SGPT and ALP) in the drug treated rats. The results of the hormonal assay showed that increased serum levels of FSH and
estrogen but decrease in the serum levels of LH and testosterone compared to control. The results of the present study
concluded that, ethanol extract of Dioscorea esculenta treatment inhibited sperm concentration, motility and testosterone

which might result in a male fertility.
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Introduction

The options available to men for fertility control
are much more limited compared to those of women.
The male reproductive system, particularly the process
of spermatogenesis, sperm maturation and transport and
also the sperm-egg interaction are so complex that it has
not so far been possible to find an effective intervention
that can be converted into a product. Continued efforts

over the past three decades to develop additional
methods of male contraception have made some
significant contributions in the field. However, there is
still no method available in the field of male
contraception that satisfies the essential criteria of safety,
efficacy, economy and complete reversibility'.

Plant preparations play an important role in
fertility regulation, a fact that has been reported in the
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ancient literature of indigenous systems of medicine. A
number of plant species have been tested for fertility
regulation beginning about 50 years ago and were
subsequently fortified by national and international
agencies > °. Ethnobotanical knowledge provides very
useful basic clues not only in the problem relating to
nomenclature identification of crude drug extracts but
also in the discovery and the use of medicinal plants *.

Dioscorea esculenta (Dioscoreaceae) is an
edible tuber found in Nigeria, China, Mexico, India and
some other parts of the world. Externally, the tuber paste
has been applied to ulcers, boils and abscesses. It
contains allantoin, a cell-proliferant that speeds up the
healing processes. It has been used traditionally as a
contraceptive in the treatment of menopausal symptoms
and various disorders of the genital organs. It has been
suggested for ethnomedicinal uses as an antifatigue, anti-
inflammatory, anti-stress, anti-spasmodic and immune
deficiency remedies in various ethnomedicines. The
main constituent of Dioscorea species is the well known
saponin, dioscin. The aglycone, diosgenin, is the major
starting material used in the industrial production of
steroidal hormones. Diosgenin has also been utilized for
hundreds of years to treat rheumatism and arthritis like
ailments > °. In view of the above said medicinal
properties, the present study was designed to investigate
the antifertility activity of ethanol extract of Dioscorea
esculenta tuber.

Materials and Methods

Plant material

The tuber of Dioscorea esculenta (L.) Scott was
collected from Pechiparai, Kanyakumari District, Tamil
Nadu and identified by the Botanical Survey of India,
Coimbatore. A voucher specimen was retained in
Ethnopharmacology Unit, Research Department of
Botany, V.O.Chidambaram College, Tuticorin for
further reference.

Preparation of plant extract for phytochemical
Screening and Hepatoprotective Studies

The tuber of the plant was dried under shade
and then powdered with a mechanical grinder to obtain a
coarse powder, which was then subjected to successive
extraction in a Soxhlet apparatus using ethanol. The
extract was subjected to qualitative test for the
identification of various phytochemical constituents as
per standard procedures . The ethanol extracts were
concentrated in a rotary evaporator. The concentrated
ethanol extract were used for antifertility activity.
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Animals

Normal healthy male Wistar albino rats (180-
240g) were used for the present investigation. Animals
were housed under standard environmental conditions at
temperature (25+2°C) and light and dark (12:12h). Rats
were fed with standard pellet diet (Goldmohur brand,
MS Hindustan lever Ltd., Mumbai, India) and water ad
libitum.

Acute Toxicity Studies

Acute oral toxicity study was performed as per
OECD-423 guidelines (acute toxic class method), albino
rats (n=6) of either sex selected by random sampling
were used for acute toxicity study '°. The animals were
kept fasting for overnight and provided only with water,
after which the extracts were administered orally at
Smg/kg body weight by gastric intubations and observed
for 14 days. If mortality was observed in two out of three
animals, then the dose administered was assigned as
toxic dose. If mortality was observed in one animal, then
the same dose was repeated again to confirm the toxic
dose. If mortality was not observed, the procedure was
repeated for higher doses such as 50, 100 and 2000
mg/kg body weight.

Experimental Design

The male rats were divided into four groups
consisting of 5 animals.

Group I: Rats received normal saline daily for 14 days
(control).

Group II: Rats received ethanol extract of Dioscorea
esculenta tuber in a dose of 100 mg/kg body weight
daily for 14 days (low dose).

Group III: Rats received ethanol extract of Dioscorea
esculenta tuber in a dose of 300 mg/kg body weight
daily for 14 days (moderate dose).

Group IV: Rats received ethanol extract of Dioscorea
esculenta tuber in a dose of 600 mg/kg body weight
daily for 14 days (High dose).

After 24 hours of last treatment, the final weight
was recorded and the animals were sacrificed by
decapitation. Blood was collected; sera were separated
by centrifugation at 3000g for 10 minutes and stored at -
20° C until used for various biochemical assays. Then
testes, epididymis, vasdeferens, seminal vesicle and
ventral prostrate were dissected out, trimmed off
extraneous and weighed accurately on a torsion balance.
The organ weights were expressed in terms of
mg/100gm body weight.
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Sperm Count

Epididymal fluid (for sperm count) was
collected from caput and cauda segments separately and
diluted with Sorenson’s buffer (pH 7.2). The separated
fluid was taken for sperm count. Sperm count was
carried out by using Neubauer’s haemocytometer as
described by Zaneveld and Polakoski '

Sperm motility and abnormality

After anaesthetizing the rats, the caudal
epididymis was then dissected. An incision (about 1mm)
was made in the caudal epididymis and drops of sperm
fluid were squeezed onto the microscope slide and 2
drops of normal saline were added to mobilize the sperm
cells. Epididymal sperm motility was then assessed by
calculating motile spermatozoa per unit area.

Morphology (abnormality) was evaluated on
sperm from the cauda epididymis. The total
morphological abnormalities were observed as described
by Linde et al .

Serum biochemical analysis

Serum protein? and serum albumins were
determined by quantitative colorimetrically method by
using bromocresol green. The total protein minus
albumin gives the globulin, urea'®, creatinine'”, serum
glutamate pyruvate transaminase (SGPT) and serum
glutamate oxaloacetate transaminase (SGOT) was
measured spectrophotometrically by using the method of
Reitman and Frankel'®. Serum alkaline phosphatase
(ALP) was measured by the method of King and
Armstrong .

Hormonal Assay

Blood removed from the rats by intracardiac
method. Blood was centrifuged at 3000rpm to separate
the serum for the measurement of testosterone,
luteinizing hormone (LH), estrogen and follicle
stimulating  hormone (FSH). The quantitative
determination of hormones was done by using Enzyme
Immunoassay Method (EIA). The EIA kit was obtained
from Immunometrics (London, UK).

Statistical Analysis
Data were expressed as Mean + SEM. Student’s
t test was used for statistical comparison.
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Results

Body and Reproductive organ weight

The ethanol extract of Dioscorea esculenta tuber
at different concentration were treated on male Wistar
albino rats for antifertility activity.

The administration of ethanol extract of
Dioscorea esculenta tuber to rats did not cause any
significant change in the body weight ( Table 1) and on
the libido of treated rats whereas weights of testes and
other accessory sex organs were decreased significantly
(p < 0.01) (Table. 1). Among the accessory sex organs,
a significant weight reduction was seen in the caput and
caudal epididymal segment. The weight reduction was
dose dependent i.e. high dose ( 600 mg / kg body weight
) treated groups ( Group IV) drastically reduced
followed by moderate ( 300 mg / kg body weight ) (
Group III) and less in low dose groups ( Group I1') ( 100
mg / kg body weight ). No change was observed in
vasdeferens, seminal vesicle and prostrate.

Sperm count and Sperm motility

Sperm motility and sperm density in caudal
epididymis, significantly decreased and the reduction
was severe in higher dose treated group (Group IV)
followed by moderate and low dose groups (Group III
and II respectively) (Table 2) and the same trend was
seen in the caput epididymal sperm density when
compared to control (Group I).

Sperm abnormality

Sperm abnormality in caput and caudal region
was drastically affected by ethanol extract of Dioscorea
esculenta tuber (p < 0.05). Among the three dose
treatment groups, high dose group have shown
significant and drastic abnormality in the sperm
morphology, further tail region of the sperm in all the
treated groups much affected than the head region.

Serum biochemical profile

Serum protein, albumin, globulin, urea and
creatinine and the activity of liver marker enzymes
(SGPT, SGPT and ALP) levels of control and treated
rats were depicted in the Table 3. No significant
changes were noted in the serum biochemical and liver
marker enzymes in the entire drug treated groups when
compared to control group.
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Table - 1 Effect of ethanol extract of Dioscorea esculenta on the reproductive organ weight of adult male albino rats.

Treatment Body wt(gm . Epididymis (m.
- — y (Agfte)r Testis (gm) Capuf ymis ( Cg;uda VD (mg) SV (mg | Prostae (mg)
Group-I 258.14+11.4 266.42+12.3 1.786+0.66 134.13+3.8 279.41+13.2 101.26+11.3 343.36+13.8 169.46+7.3
Group-H 240.19+12.6 252.21+10.1* 1.413+0.40%* 119.43+5.2% 245.14+8.6* 90.14+2.5 318.43+17.4 156.56+8.4
GI‘Oup-IH 218.15+11.2 237.14+14.3 1.301+0.90** 116.26+£3.1** 233.46+5.4%* 96.21+1.6 313.56+124 168.26+8.6ns
Group-IV 216.25£9.3 214.32+12.3 1.20940.14%** 08.434].8%** 215.7241.9%** 93.46+2.1 318.23+14.4 153.33+8.4 s

Each Value is SEM of 5 animals * p < 0.05%* p<0.01*** p<0.001 Control vs. Treated

Table — 2 Effect of ethanol extract of Dioscorea esculenta on the sperm concentration and motility in the epididymis of adult male albino rats.

Parameter

Treatment Groups

Group- | Group - 11 Group - III Group — IV
Caput Cauda Caput Cauda Caput Cauda Caput Cauda
Sperm Concentration | ;¢ 34,31 4 | 502.14231.00 | 205.14416.5% | 198.11422.3% |[192.12415.4%% | 172214184%% | 158.4164%%% | 1054419 4%%*
(Counts x 10° mil)
Sperm Motility (FMI) @ 132.4+15.5 72.4+4 4% | 6831x4.8%* | 48409 2%%x
Sperm Head 5.12%0.12 | B62249% | 68.08£423%% | 05.2146.55%*
Abnormality # Tail | e 6.78£045 | e 62.34+1.56% | e 88.98+333%* | e 08.56:-£4,98%#%

Each Value is SEM of 5 animals * p< 0.05, ** p<0.01, ***p<0.001 Control vs. Treated
@: Motility is movement recorded after 5 min in suspension of caudal epididymal spermatozoa in phosphate buffered solution.
#: Expressed in percentage
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Table -3 Effect of ethanol extract of Dioscorea esculenta on few serum biochemical profiles of adult male

albino rats.

Parameters Treatment Groups
Group I Group II Group III Group IV
Protein (gm/dl) 7.91+0.8 6.6+0.8 7.4+0.7 7.4+0.32
Albumin (gnvdl) 4.90+0.6 3.6+0.14 4.8+1.9 4.24+0.16
Globulin(gm/dl) 3.01+0.5 3.0+0.16 2.6£0.15 3.2+0.24
Urea(mg/dl) 18.33+2.4 20.51£2.23 16.3£1.9 19.1£1.9
Creatinine(mg/dl) 0.67+0.3 1.1+0.84 1.0+0.9 1.8+0.06*
12.34+0.78 18.44+0.45 21.89+2.87 22.96+1.98
SGPT(U/L) 19.45+0.98 24.21+1.56 22.67+2.08 26.67+6.44
ALP(U/L) 123.42+9.88 129.55+4.32 112.89+5.89 148.48+9.87

Each Value is SEM

Table — 4 Effect of ethanol extract of Dioscorea esculenta on sex hormones levels

Parameters
Treatment Groups Estrogen
Testosterone (ng/ml) | LH/ICSH (ulu/ml) FSH (ulu/ml)
(pg/ml)

Group 1 2.14+0.56 1.33+£0.21 24.89+0.22 0.92+0.09
Group I 2.04+0.26 1.02+0.36 32.124+0.43 3.21+£0.76 *
Group 1II 1.67+£0.95** 0.57+0.19 * 57.4340.34 ** 2.87+0.21 *
Group IV 0.84 £ 0.11%%* 0.29+£0.78 ** 88.234+0.98 *** | 1 45+0.54

Each Value is SEM of 5 animals* p < 0.05,** p<0.01, *** p<0.001 Control vs. Treated

Reproductive hormone file
Serum Testosterone level

The ethanol extract of Dioscorea esculenta tuber
(100, 300, 600 mg / kg body weight) repeated treatment
daily for 14 days caused a significant decrease in the
serum level of testosterone in male rats. The level of
testosterone decrease was dose related (Table 4).

Serum Luteinizing hormone (LH) level

Repeated treatment of male rats with the
Dioscorea esculenta extract for 14 days caused a dose
related decrease in the serum level of LH (Table 4). The
level of decrease was statistically significant (p < 0.05).

Serum Estrogen level

The ethanol extract of Dioscorea esculenta (100,
300 and 600 mg / kg body weight) caused an increase in
the serum level of estrogen in male rats. Doses of 100,

300 and 600 mg / kg body weight administered daily for
14 days caused a sharp rise in the serum level of
estrogen (Table 4) whereas the highest dose of 600 mg /
kg body weight induced gradual increase.

Serum follicle stimulating hormone (FSH) level

Pretreatment with ethanol extract of Dioscorea
esculenta tuber for 14 days caused an increase in the
serum level of FSH in male rats compared to control
(Table 4). The increase in the serum level of FSH in
male rats statistically significant (p < 0.05).
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Discussion

Studies on the effects of plant products on male
reproductive system and fertility are comparatively few
and far fetched. From a public health perspective, the
head for contraception has never been greater.

The results revealed no change in the body
weight of rats treated with Dioscorea esculenta ethanol
extract of tubers (100, 300, and 600mg / Kg body
weight) for fourteen days. The testes and other accessory
sex organs decreased significantly during the
experiment. Among the accessory sex organs, a
significant weight reduction was seen in the testes, caput
and caudal epididymal segments and the weight
reduction was dose dependent. Reduction in the weight
of testes and other accessory sex organs might be due to
low level of androgen, which was not enough to
maintain the weight of gonads and accessories '°. It is
known that the accessory sex organs viz., epididymis
and vasdeferens are androgen dependent target organs
and manifest differential sensibility to androgens for
maintenance of their structure and function. It is also
known that, any change in circulating androgens would
affect the internal microenvironment of epididymis and
thereby lead to alteration in sperm motility and
metabolism *.

In the present study, Dioscorea esculenta
ethanol extract treated rats decreased the sperm motility
and sperm density in cauda and caput epididymal
segments (Table 2). Drastic effect on the nature of the
normal sperms in the caput and caudal region was
observed in Dioscorea esculenta tubers treated rats.
Further tail region of the sperm in all the treated groups
(Groups 11, III and IV) were much affected than the head
regions (Table 2). The development of normal and
mature sperm is the key to optimum male fertility. The
production of the sperm cells (spermatozoa) and
testosterone in the testis are mainly regulated by the
follicle stimulating hormone (FSH) and luteinizing
hormone (LH), which are released from the anterior
pituitary *°. FSH stimulates spermatogenesis in the
sertoli cells, while LH stimulates the production of
testosterone in the leydig cells of the testes *'. Many
studies on the testes of rat treated with plant extracts has
also demonstrated that the inhibitory activity on the
proliferation of spermatogonia in mammals > ** **,
Spermatogenesis is therefore, a complicated process,
covering proliferation of the spermatogonia, long-lasting
process of the tissue meiosis and numerous changes in
the spermatids during their pre-formation '> '°. The
result of the present study suggests that ethanol extract
of Dioscorea esculenta tuber may affect the normal
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function of the sertoli and leydig cells on continuous oral
administration for seven days.

Sexual cells can occur during the reproductive
phase, mitotic division of the spermatogonia or during
the maturation of the spermatozoa, thereby affecting the
number and quality of the sperm cells produced in the
testes. Among the ethanol extract treated groups Il and
IV (300mg / kg body weight and 600mg / kg body
weight) produced a significant reduction in total sperm
count and viable sperms. This may be as a result of the
ability of the extract at the given doses, to either interfere
with spermatogenetic process in the seminiferous
tubules, epididymal functions or activities of
testosterone on hypothalamic release factor and anterior
pituitary secretion of gonadotropins which may result in
alteration of spermatogenesis > *°. The presence of
immature sperms was also observed in the experimental
rats treated with 300mg / kg body weight and 600mg /
kg body weight of ethanolic extracts of Dioscorea
esculenta. This suggests that the 300mg / kg body
weight and 600mg / kg body weight dose level could
affect the maturation of the spermatozoan in the male
rats, which might also be a contributory factor to the
decrease in the mean total sperm count. The data
generated in the present study, by and large, confirm to
those already reported and studied with various plant
extracts * ** . The decrease in the caudal epididymal
sperm counts are clear indications that, Dioscorea
esculenta tuber extract can affect one or more aspects of
spermatogenesis as well as spermigenesis. Though a
direct effect of D. esculenta extract on the cellular
mechanisms of spermatogenesis cannot be concluded, it
is likely that the impairment of the hormonal
mechanisms concerned with the regulation of
spermatogenesis may be the underlying cause.

The various other sperm abnormalities like
sluggish motility, coiled tail and sperm maturation are
also due to D. esculenta toxicity. The hitherto unreported
abnormal sperm morphology, coiled tail and malformed
head could be attributed to both testicular and
epididymal effects of D. esculenta tuber extracts.
Coiling of the sperm tail is usually the product of
abnormal axoneme and / or the outer dense fibril. The
outcome of the present study affirms the male
reproductive toxic effects of D. esculenta when applied
as a therapeutic agent. Since male reproductive
toxicology and male contraception are two sides of the
same coin, the negative consequence of D. esculenta on
the sperm may be taken as an advantage for further
study. By the treatment employed in the study, no toxic
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effect was produced in the liver and kidney, neither was
it directly involved on the development and functioning
of the male reproductive system nor in the reproductive
organs.

The present study revealed a decrease in the
serum level of testosterone. This observation was similar
to the earlier findings of ** *" *2. The reduction in the
serum level of testosterone could probably be due to the
decrease of serum levels of LH / ICSH observed in this
investigation. Leydig cells secrete testosterone by the
stimulatory effect of LH ** ** **. In males reduction of
testosterone level may impair spermatogenesis and cause
male infertility. This study further observed a dose
dependent increase in the serum estrogen level. This
increase might probably be due to the conversion of
testosterone to estrogen 336,

Treatment with the ethanol extract of Dioscorea
esculenta (300mg / kg body weight and 600mg / kg body
weight) was highly effective in producing reversible
functional sterility. The drug treated male rats clearly
indicated structural and functional alteration in testes,
epididymis and seminal vesicle. Depletion of sperm
count and sperm motility in the drug treated rats
suggests alteration in sperm production in the testes and
maturation in the epididymis. Changes in both sperm
count and motility resulted in partial infertility within
seven days. This resulted in abnormal sperm functions
which ultimately gave rise to complete male sterility.
Among the plant based contraceptives, inhibition of
male fertility after administration of natural substances
has been related to decreased spermatozoa density *’. For
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mainly because of their steroid structure. They are
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laboratories are engaged in developing male
contraceptives from plants*’. Plant products as
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plants ** ' ¥ In the present study, dose dependent
treatment of Dioscorea esculenta tuber extract and
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