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ARTICLE INFO ABSTRACT

Amcl'e history: Objective: To explore the antispermatogenic and testicular antisteroidogenic activities of Feronia
Rece}‘md = J““'e 2012 limonia fruit pulp used traditionally to induce sterility in men in southern India. Methods: Fourty
Received in revised from 11 July 2012 Wistar male albino rats (Rattus norvegicus) were equally divided into four groups. Experimental
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groups were administered with the ethanolic extract of Feronia limonia fruit pulp at doses of
250 and 500 mg/kg body weight once daily for 55 days. All the treated rats had corresponding
recovery groups. At the end of each treatment periods, various spermatological indices, tissue
biochemicals and testicular enzymes levels were analysed. Blood profiles were also estimated.
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Antispermatogenic ody weight, while the testes, epididymides and seminal vesicles were significantly (P<0.01)

reduced this effects were associated with decline in epididymal sperm count, motility, viability
and increased percent of abnormal sperm. Further, the Feronia limonia fruit pulp at 500 mg/kg
body weight markedly reduced the epididymal and testicular protein content by 24.58 and 29.86,
respectively, as well as the glucose—6—phosphate dehydrogenase (G-6—PDH) and A>3 & —hydroxy
steroid dehydrogenase (A’-3 B —HSD) levels by 42.82¢, and 38.08¢, respectively, while a significant
elevation was observed in testicular cholesterol and ascorbic acid content. A gradual recovery of
all the parameters was observed after 55 days of treatment withdrawal. No significant alterations
in haematological indices were observed. Conclusion: The present findings indicate that F.
limonia fruit pulp may have reversible antispermatogenic and antisteroidogenic properties, and
could partially support the traditional use as male contraceptive.

Testicular antisteroidogenic
Rattus norvegicus
Hematological indices

limonia Linn, syn. Feronia elephantum Correa and Limonia
acidissima Linn (Family: Rutaceae) is a small deciduous tree

1. Introduction

Control of fertility constitutes a global health issue, as
overpopulation have both major personal and societal
impact and it is necessary to control it on the time. As we
know the entire available contraceptive in the market are
not safe, mostly they are steroid in nature and they have
more or little hazardous side effect. Attention has now been
focused on indigenous plants for possible contraceptive
effectl1-3]. The traditional knowledge on the medicinal use of
plants should be assessed under laboratory conditions using
appropriate biological assays to disclose if the traditional
claims are evidence—supported.

Feronia
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found throughout the plains of Indial45l. All the parts of this
plant are prescribed in the indigenous system of medicine
for the treatment of various ailments. The fruits of this plant
are used in diarrheoa and dysenteryl6
wounds, cardiac debility and hepatitis4l. Recently, the fruit
pulp of this plant is studied to have anti—inflammatory,
antipyretic and analgesic activitiesl[7l, antiulcer(sl,
hepatoprotective, wound healing and antioxidant
activities(9.10l. The fruit shells were reported to contain
antifungal compounds, namely, psoralene, xanthotoxin,
2, 6—dimethoxybenzoquinone and steroll11l. Our survey
revealed that the fruit pulp of this plant is traditionally used
for male contraception by the rural people of Thanjavur
district, Tamilnadu, India (Personal communication). To
the best of our knowledge, no scientific reports on the
antispermatogenic and testicular antisteroidogenic effects of

1, tumors, asthma,



Ramaiyan Dhanapal et al./Asian Pacific Journal of Tropical Biomedicine (2012)S1024-S1030

this plant were so far available. Being part of a programme to
find new compounds with antifertility activity, the fruit pulp
of Feronia limonia was extracted with 709 (v/v) of ethanol
and evaluated in male rats.

2. Materials and methods
2.1. Plant materials and extraction

The fruit pulp of Feronia limonia was collected during the
months of December from Thanjavur district of Tamilnadu,
India, in the year of 2006. The plant specimen was identified
and authenticated by Dr.P.Jayaraman, M.Sc., Ph.D, Plant
Anatomy Research Centre (PARC), Chennai Tamil Nadu,
India. A voucher specimen (PARC/2006/382) has been
deposited in the herbarium of the same department. The
fruits pulp were carefully removed and separately dried
in shade, pulverized by a mechanical grinder and passed
through 40-mesh sieve. The powder was subjected to
extraction in Soxhlet extractor, was defatted with petroleum
ether (40-607C) and later extracted successively with 709
v/v ethanol at 68°C. The extracts were collected in 5 liter
individual conical flasks, filtered, and the solvent was
evaporated to dryness under reduced pressure in an Eyela
Rotary Evaporator (Japan) at 40—-45°C and were stored in
a vacuum desiccators. The yield (% w/w) of the prepared
extract was found to be 19.4%, with regard to dried powder.
The extracts were dissolved individually in 1% Tween—80
solution were used for experimental purpose.

2.2. Anumals

Adult Wistar strain male and female albino rats, Rattus
norvegicus (90 days old), weighing 150—200 g, procured from
Animal house, were housed in groups of five per cage made
of polypropylene (8” x 12” x 8”) with metal grill tops. The
animals were maintained with standard pellet feed (Sai
Durga Feeds and Foods, Bangalore, India) and water ad
libitum. All experimental procedures described (CPCSEA)
were reviewed and approved by the University Animal
Ethical Committee.

2.3. Acute oral toxicity study

The acute oral toxicity study was carried out as per the
guidelines set by Organization for Economic Co—operation
and Development (OECD), revised draft guidelines 423 B
(“Up and Down” method)12] received from Committee for
the Purpose of Control and Supervision of Experiments
on Animals (CPCSEA)I13], Ministry of Social Justice and
Empowerment, Government of India. The test substances
were administered in a single dose using a gastric intubation
tube after fasting for 3 to 4 h. The substance is tested using
a stepwise procedure, each step using three animals of a
single sex (females). Since there was no information on the
substance to be tested (i.e. extracts), starting dose was 2000
mg/kg body weight up to 5000 mg/kg body weight. Animals
were observed initially after dosing at least once during the
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first 30 min, periodically during the first 24 h. In all cases
death was observed within first 24h. Attention was also given
to observations of tremors and convulsions.

2.4. Design of experiment

Fourty healthy male albino rats were selected and divided
into four groups containing ten rats each and treated as
follows: Group—1 received distilled water (10 ml/kg body
weight) as normal control and Group-2 received 1% Tween 80
dissolved in distilled water (10 ml/kg body weight) as vehicle
control. Groups—3 and 4 received the ethanolic extract of
Feronia limonia fruit pulp at the doses of 250 and 500 mg/kg
body weight, respectively. The vehicles and the plant drug
were administered intragastric (i.g.) route on consecutive
days for 55 days. At the end of the experimental period, five
animals from both control and experimental groups were
given anesthesia under mild sodium pentobarbital 24 h after
the last dose and 18 h after fasting. Blood was also obtained
by cardiac puncture from these animals for the analysis
of hematological profiles. The testis, cauda epididymal
ducts and seminal vesicles were dissected out, trimmed
off from adherent fats and weighed and recorded to the
nearest milligram on a digital balance. Sperm from cauda
epididymal ducts were released in phosphate buffer solution
(pH—9.0) media and used for spermatological studies(14l. The
testes were used for biochemical estimation. The remaining
five rats from groups 3 and 4 were left for recovery studies
over a period of next 55 days, (from 56th day to 110th day).
All spermatological parameters were repeated in order to
ascertain the nature of action of extract, i.e. reversible or
irreversible.

2.5. Gravimetric analysis of Body and reproductive organ

The body weights of the animals were recorded, prior
to and after treatment and recovery. Testis, epididymis,
seminal vesicles and ventral prostate gland were weighted to
the nearest milligrams.

2.6. Spermatological studies

The cauda epididymal duct on one side was exposed and
incised. The connective tissue capsule around the cauda
epididymidis was teased out and the epididymal duct was
uncoiled. The semen that oozed into the cavity block was
quickly sucked into a capillary tube upto 0.05 1L mark and
transferred to an Eppendorf tube. It was diluted 200 (0.05 +L
of sperm with 99.95 1. of PBS) times in physiological saline.
After thorough mixing, the sperm suspension was used for
analysis of motilityl15].

A drop of dilute semen was transferred to an Eppendorf
tube containing one drop of 10% nigrosine and one drop
of 1% eosin then the sperm viability test was done by the
method as described in the WHO Laboratory Manuall16].
Sperm morphology was observed adopting Papanicolaou
staining. The staining solutions were prepared according
to the method of Raphaelll7l. Sperm counts were made
according to the method described by Gopalakrishnani!sl.
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2.7. Biochemical estimations

2.7.1. Estimation of Cholesterol content

Testis tissues about 3 mg weight, were carefully
homogenized in Potter Elvehjem homogenizer using
chloroform: ethanol mixture (2:1) and non—polar part was
extracted out and total cholesterol content was estimated
according to the method of Sperry and Webbl191. The optical
density was determined in spectrophotometer at 620 nm
against blank (chloroform).

2.7.2. Estimation of ascorbic acid content

About 5 mg of testis tissue was homogenized in Potter
Elvehjem homogenizer using 45 #L ice cold 5% meta-
phosphoric acid and centrifuged for 20 min at 3500 x g.
Then, 30 »L supernatant, 15 ¢ L acetate buffer, and 15 »
L of 2, 6—dichlorophenol-indophenol sodium (0.1 mg/
ml) were mixed and optical density was measured against
blank (distilled water) at 540 nm. Standard curve was drawn
against known concentrations of ascorbic acid content(20].

2.7.3. Estimation of A-3B —hydroxysteroid dehydrogenase
(A5-3B -HSD)

Testis were homogenized in 0.1 M phosphate buffer (pH 7.4)
and centrifuged at 10,000 x g for 10 min at 0°C. Nicotinamide
adenine dinucleotide (NAD; 0.2 ml) and 0.1 ml of DHEA
(Dihydroxyepiandrosterone) were added to supernatant and
mixed well. This solution was kept in shaking incubator at
35 °C for 90 min, acidified with 0.1 ml 3M acetate buffer (pH
5.0) and extracted with 10 ml of ethyl acetate and evaporated.
Residue was dissolved in 2ml of ethanol and optical density
was measured at 240 nm against blank (ethanol). The specific
activity was expressed per mg of protein(21].

2.7.4. Estimation of glucose—6—phosphate dehydrogenase
(G-6-PDH)

Testis were homogenized and centrifuged at 1000 x g (5

min) and 10,000 x g (10 min) at 0 ‘C. Tris—HCI buffer (0.025
ml; pH 8.3; 0.5 M), 0.01 ml of 20 mM of nicotinamide adenine
dinucleotide phosphate (NADH), 0.02 ml of supernatant, and
0.025 ml of glass distilled water was added and mixed well
and optical density was measured at 340 nm against blank
(distilled water). The activity of G—6—PDH was estimated by
the method of Lohr and Walleri221.
Protein was estimated with Folin’s phenol reagent and
the activities of enzymes were expressed in unit per mg of
proteinl23]. Fructose content in seminal vesicle was measured
as described in WHO Laboratory Manuall16].

2.8. Estimation of hematological profiles

The whole blood sample was analyzed for RBCs and WBCs
count, hemoglobin(24], blood sugari25], ureal26], and serum was
analyzed to estimate phospholipids(27] and cholesterol28].

2.9. Statistical analysis

Results are expressed as mean+SEM. Data obtained were
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statistically analysed by using Graphpad Prism, version 4.03
for Windows (Graph Pad Software, San Diego, California,
USA). Results were compared using one—factor analysis
of variance (ANOVA) with Dunnett’s post—hoc test. Values
were considered significant at P<0.05 or less. In many cases
results were calculated as percentage of relevant control
values to make understanding of the results easier.

3. Results
3.1. Acute oral toxicity

The LDy, Cut off value was found to be 2500 mg/kg body
weight for the ethanolic extract of Feronia limonia fruit

pulp.
3.2. Body weight and the weight of reproductive organs

The data revealed that the body weights of rats were not
much altered after the treatment of F. limonia fruit pulp
at both doses, whereas, a significant (P<0.01) decrease in
the reproductive organ weights was observed in relation to
the control (Table 1). These changes were more marked at
higher-dose. However, the organ weights of rats in group—3
and group—4 recovered gradually to control levels by 55 days
after cessation of treatment (data not shown).

3.3. Effect on Sperm morphology and viability

In the vehicle control (Group—2) rat, 90.6% of spermatozoa
possess normal morphology (Table 2). On the other hand, in
the rats fed with ethanolic extracts of Feronia limonia fruit
pulp at the doses of 250 and 500 mg mg/kg body weight the
lower percent of spermatozoa possess normal morphology
(68.5 and 37.3%, respectively).

The abnormalities of the epididymal sperm morphology
observed were flexed head, detached head and sticking
or fusion of spermatozoa. The degree of morphological
abnormality expressed as percentage was significant
(P<0.01). The morphology of rats treated with F. limonia fruit
pulp extract at a dose of 500 mg/kg body weight exhibited
higher percentage of abnormality (71.4%) than those treated
with 250 mg/kg (42.5%). However, the percentage of the
normal sperm gradually recovered to control levels after
cessation of treatment for 55 days (Table 2).

The sperm viability reduced significantly (P<0.01) in rats
that were treated with ethanolic extract of F. limonia fruit
pulp at both doses. Thus, in comparison with the vehicle
control group (88.2%), the groups treated with extract at the
doses of 250 and 500 mg/kg b.w showed about 57.5 and 38.69,
respectively (Table 2).

3.4. Effect on epididymal sperm count and motility

The cauda epididymal sperm count was significantly
reduced (P < 0.01) in that were treated with ethanolic extract
of F. limonia fruit pulp at both doses (Table 2). Thus, in
comparison with the vehicle control group (64.8+3.6 x 106
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Table 1
Effect of ethanolic extracts of Feronia limonia fruit pulp on the body weight and weight of reproductive organs of male rats after 55 days of
treatment.
Parameters Treatment design
Group—1: Normal Group—2: Vehicle Group—-3: EEFL Group—4: EEFL
(10 ml/kg body weight) (10 ml/kg body weight) (250 mg/kg body weight) (500 mg/kg body weight)
Initial body weight (g) 181.16+8.53 180.43+3.27 182.26+4.16 184.24+2.65
Body weight after treatment (g) 236.43+6.64 234.47%8.53 235.53+5.34 236.61+4.76
% increase in body weight 30.50 29.95 29.22 ns 28.42ns
Testis (mg) 2.81+0.082 2.82+0.071 2.34+0.045 " (—17.02) 1.97£0.063  (=30.14)
Caput epidimidis (mg) 348.86+5.74 347.65+8.76 314.6642.58  (~9.48) 285.1242.43  (—17.98)
Cauda epidimidis (mg) 237.46+7.76 235.63+8.46 212.17+ 6.42" (—9.95) 185.843.23" (=21.13)
Seminal vesicles (mg) 286.52+15.66 287.46%13.57 255.67+ 3.18" (—14.53) 235.36+4.76  (—21.60)
Ventral prostate (mg) 135.1423.16 134.1124.23 115.38£1.74 (=13.96) 104.3324.36 " (—22.20)

[Values are in Mean=SEM (n = 5); “P<0.01 significantly different from vehicle control; ns=Non- significantly different from vehicle control Figures
in parenthesis are ¢, increase (4+) or decrease (—) over vehicle control; EEFL= ethanolic extracts of Feronia limonia fruit pulp].

Table 2

Effect of ethanolic extracts of Feronia limonia fruit pulp on spermatological parameters after 55 days of treatment and 56—110 days after

withdrawal of the treatment.

Parameters

Treatment design

Group—1: Normal

Group—2: Vehicle

Group—3: EEFL

Group—4: EEFL

(10 ml/kg body weight) (10 ml/kg body weight) (250 mg/kg body weight) (500 mg/kg body weight)
Normal sperm (%) After treatment 91.3£2.7 90.623.2 68.522.6 37.322.6"
Recovery 91.4%2.3 92.3%1.2 89.6x1.8 ns 87.4£2.7 ns
Abnormal sperm (%) After treatment 8.7£1.6 9.3%1.4 425434 714423
Recovery 8.2+1.7 7.6£2.4 9.5£1.2 ns 10.1+2.3 ns
Sperm viability () After treatment 89.4£1.6 88.241.4 57.542.3" 38.6+1.3"
Recovery 90.2+1.3 89.3%1.5 83.9%1.6 ns 82.4%2.4 ns
Sperm count X 106 sperm/ml  Afier treatment 65.442.3 64.843.6 47.6+1.8" 334327
Recovery 66.3x£1.2 66.7£2.4 62.8+2.6 ns 61.5+2.2 ns
Motility duration (mins) After treatment 10542 10343 47+ 2" 384"
Recovery 104£3 103£5 98+2 ns 98+5 ns
Types of motility After treatment ~ Rapid progressive Rapid progressive Sluggish Sluggish
Recovery Rapid progressive Rapid progressive Progressive Mild progressive

[Values are in Mean+SEM (m = 5); ~ p<0.01 significantly different from vehicle control; ns=Non- significantly different from vehicle control Figures

in parenthesis are ¢, increase (1) or decrease (=) over vehicle control; EEFL= ethanolic extracts of Feronia limonia fruit pulp)|

Table 3

Effect of ethanolic extracts of Feronia limonia fruit pulp on the contents of epididymal protein, seminal vesicular fructose and the testicular
cholesterol, ascorbic acid and protein contents in the rats after 55 days of treatment and 56—110 days after withdrawal of the treatment.

Parameters

Treatment design

Group—1: Normal

Group—2: Vehicle

Group-3: EEFL

Group—4: EEFL

(10 ml/kg body weight) (10 ml/kg body weight) (250 mg/kg body weight) (500 mg/kg body weight)
Seminal vesicular After treatment 4.840.23 4.940.22 3.920.13 " (=20.40) 3.0+0.12(=38.77)
fructose (mg/gm) Recovery 4.8+0.02 4.8+0.04 4.8+0.02 ns 4.7+0.12 ns
Epididymal protein After treatment 218.53+4.67 215.38+5.86 186.1622.24" (=13.36)  162.4242.24  (—24.58)
(mg/gm) Recovery 216.43£2.12 214.14%3.35 210.42+1.66ns 210.72+3.44ns
Testicular protein (mg/  After treatment 186.3£2.4 188.5+1.7 145.6£1.3  (=22.75) 1322+ 1.4 (=29.86)
gm of testis) Recovery 191.5+1.4 190.621.8 188.420.4ns 187.9+1.2ns
Testicular cholesterol (  After treatment 87.2622.34 88.43+2.42 123.3722.54 (439.51)  135.83%2.31  (+53.60)
1 g/mg of tissue) Recovery 88. 6+1.26 89.1241.38 87.9241.63ns 87.48%1.16ns
Testicular ascorbic acid After treatment 138.6122.17 137.83%1.36 181.7623.15 (+31.87)  197.6242.46  (443.37)
(1 g/mg of tissue) Recovery 139.42+1.24 138.34£1.53 136.87+1.27 ns 136.68+0.52 ns

[Values are in MeanSEM (n = 5); * p<0.01 significantly different from vehicle control; ns=Non— significantly different from vehicle control Figures

in parenthesis are 9 increase (;) or decrease (-) over vehicle control; EEFL= ethanolic extracts of Feronia limonia fruit pulp]
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Table 4
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Effect of ethanolic extracts of Feronia limonia fruit pulp on the activities of A’~3 B —HSD and G-6—~PDH in testis of rats after 55 days of treatment

and 56—110 days after withdrawal of the treatment

Treatment design Dose (mg/kg body weight) Specific activity of A’~3 B ~HSD (U/mg of protein) Specific activity of G—6—PDH (U/mg of protein)

After treatment Recovery After treatment Recovery
Group—1: Normal 10 ml 8.52:£0.06 7.6820.26 23.224+0.34 23.47+0.16
Group—2: Vehicle 10 ml 8.27+0.12 7.52+0.15 23.14%0.12 23.82+0.31
Group—3: EEFL 250 mg 6.36+0.12" (=23.09) 7.23+0.42 ns 18.4240.13 (=20.39) 23.30+0.03 ns
Group—4: EEFL. 500 mg 5.1220.17 (=38.08) 7.35+0.12 ns 13.23£0.21" (—42.82) 23.19£0.21 ns

[Values are in Mean=SEM (n = 5); **p<0.01 significantly different from vehicle control; ns=Non-significantly different from vehicle control Figures

in parenthesis are 9 increase (1) or decrease (-) over vehicle control; EEFL= ethanolic extracts of Feronia limonia fruit pulp]

Table 5

Effect of ethanolic extracts of Feronia limonia fruit pulp on hematological parameters in male rats after 55 days of treatment.

Parameters

Treatment design

Group—1: Normal

Group—2: Vehicle

Group-3: EEFL Group—4: EEFL

(10 ml/kg body weight) (10 ml/kg body weight) (250 mg/kg body weighty (500 mg/kg body weight)
Hemoglobin (gm ¢,) 12.72+ 0.46 12.44% 0.32 12.940.13 (+4.01) 13.83+ 0.22 (+3.13)
RBCs count (million/cu.mm) 5.51+0.12 5.57+ 0.04 5.72+ 0.03 (+2.69) 5.76% 0.03 (+3.41)
WBCs count (thousands/cu.mm) 4.26% 0.42 4.34+ 0.56 4.47£0.36 (+2.99) 4.53+ 0.82 (+4.37)
Blood sugar (mg/dL) 82.02+ 1.6 78.03% 1.61 65.34% 2.72 (—16.26) 63.33% 5.81 (—18.8)
Blood urea (mg/dL) 343+ 1.3 31.72+ 2.52 31.03£3.15 (+0.03) 33.04% 3.03 (+4.16)
Serum cholesterol (mg/dL) 84.2+ 1.7 83.02+ 0.54 69.07% 1.04 (—16.80) 63.03% 4.31 (—24.07)
Serum phospholipids (mg/L) 82.3+ 0.24 79.04 0.63 74.08% 0.43 (—6.27) 72.02+ 0.53 (—8.88)
Serum protein (mg/dL) 7.82+ 0.15 7.86% 0.16 8.2120.64 (+4.45) 8.43% 0.09 (47.25)

Values are in Mean+SEM (n = 5); Figures in parenthesis are ¢, increase (+) or decrease (-) over control
8 p

sperm/ml), the groups treated with extract at the doses of 250
and 500 mg/kg body weight showed about 47.6+1.8 x 106 and
33.4%2.7 x 106 sperm/ml, respectively and gradually restored
following 55 days withdrawal of treatment.

In the rats from vehicle control group, cauda epididymal
sperm exhibited rapid progressive motility and it was
lasted for about 1 h 45 min. But, in the rats treated with F.
limonia fruit pulp at the doses of 250 and 500 mg/kg b.w
the sperm were showing sluggish motility for 47+2 and 38
+4, respectively. Following withdrawal of the treatment for
55 days, the sperms were actively motile showing forward
progression and recovered to normal level (Table 2).

3.5. Effect on seminal vesicular fructose, testicular and
epididymal protein contents

Our results showed that, treatment of rats with F. limonia
fruit pulp at the lower and higher—dose levels for 55 days,
significantly (P<0.01), reduced the seminal vesicular fructose
content in all treated groups, the effect was more marked at
higher—dose (Table 3).

A significant reduction in the protein contents of testis
(22.75 and 29.86%), and cauda epididymis (13.36 and 24.58%)
was observed following the treatment of rats with F. limonia
fruit pulp at the lower and higher—dose levels, respectively,
for 55 days. The above changed parameters were brought
to the normal level in testis and cauda epididymis after the
withdrawal of the drug (Table 3). However, levels of seminal
vesicular fructose, testicular and epididymal protein
contents were recovered gradually to control levels after
cessation of treatment for 55 days (Table 3).

3.6. Effect on cholesterol and ascorbic acid content

Significant (P<0.01) elevation was observed in testicular
cholesterol and ascorbic acid content following the
treatment of rats with F. limonia fruit pulp at the lower and
higher—dose levels (Table 3).. This effect was more marked at
higher—dose. Thus, F. limonia fruit pulp extract at the doses
of 250 and 500 mg/kg body weight showed the percentage of
elevation of testicular cholesterol and ascorbic acid content
about 39.51 & 53.609%, and 31.87 & 43.37%, respectively (Table
3) and gradually restored following 55 days withdrawal of
treatment.

3.7. Effect on AS-3B —HSD and 6G-6-PDH activity

The oral administration of F. limonia fruit pulp extract at
the lower and higher—dose levels for 55 days treated resulted
in a significant (P<0.01) reduction in the testicular A’-3
B —HSD and G—6—PDH levels when compared to vehicle
control group. This effect was more marked at higher—dose.
Thus, F. limonia fruit pulp extract at the doses of 250 and
500 mg/kg body weight showed the percentage of reduction
of testicular A’~3 B —HSD and G—6—PDH levels about 23.09 &
38.08%, and 20.39 & 42.82%, respectively (Table 4). However,
by 55 days of treatment withdrawal, the values recovered to
control levels (Table 4).

3.8. Effect on Hematological parameters

No significant differences were found in the mean number
of RBC and WBC, level of hemoglobin and in hematocrit
value in F. limonia fruit pulp extract—treated rats compared
to controls (Table 5). But, a significant percentage of
reductions were noted in the levels of blood sugar, serum
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cholesterol and serum phospholipids in the rats treated with
F. limonia fruit pulp extract at the both dose levels when
compared to vehicle control.

4. Discussion

The present study showed for the first time that the F.
limonia fruit pulp extract impair reproductive activities
in male rats possibly by inhibiting spermatogenesis and
steroidogenesis. In our investigation, based on the results
of acute oral toxicity study, 10% and 20% of the LD50 cut—off
value were selected as doses and used for pharmacological
screening.

In the present investigation, an insignificant change in
the body weight of extracts treated rats when compared with
control groups suggest that the tested F. limonia fruit pulp
extract at both dose levels did not induce any over toxicity
to the animals. The male accessory reproductive organs
play an important role in the sperm maturation, motility
and formation of semen(29]. Thus, in our study, a weight loss
of the reproductive organs of the rats after treated with F.
limonia fruit pulp extract could suggest a disturbance of the
reproductive endocrine functions.

It is well established that, sperm count is one of the most
sensitive tests for spermatogenesis and it is highly correlated
with fertilityl30l. A reduction in sperm count suggests
alterations in sperm maturation and sperm production(3].
In our study, a decrease in the sperm count of cauda
epididymis following treatment with F. limonia fruit pulp
extract may be due to inhibition of the spermatogenesis.

The alterations in motility, viability and morphology
of spermatozoa in treated rats are likely the result of
adverse effect of the treatment on epididymal functionsf311.
Inadequate concentration, sluggishly motile or immotile
spermatozoa could not penetrate the cervical mucus and
thus failed to fertilize the oval32.33].

In our study, protein content in the testes and epididymis
was significantly reduced with F. limonia fruit pulp extract,
which might be a causative factor in reducing the weight
of reproductive organs, sperm count and motilityl234]. A
marked reduction in the level of seminal vesicular fructose
in the in F. limonia fruit pulp extract—treated rats may
be another cause of reduction in sperm motility as motile
sperm consume fructose after ejaculation(3s], which provided
energy for sperm motility.

Cholesterol and ascorbic acid, the principal precursor
for the formation of androgens in biogenic pathway in the
testis and involved in steroidogenesis in the testes[36-38].
In our study, an increased level of testicular cholesterol
and ascorbic acid in rats treated with F. limonia fruit pulp
extract resulting in impaired spermatogenesisi39l. Testicular
inhibitory action was further strengthened by the inhibition
of testicular A’>~3 B —HSD and G—6—PDH activities in rats
after treated with F. limonia fruit pulp extract, as the A’-3
B —HSD and G-6-PDH are the key enzymes involved in
androgen biogenesis|34.40],
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Nontoxicity of extract of Feronia limonia fruit pulp is
further supported by the data obtained after examination
of haematological parameters, which remained unaltered
even at the higher dose. After withdrawal of the extract
for a period of 55 days, the weight of reproductive organs,
sperm count, motility, viability, morphology, testicular
biochemicals and enzymes of the extract—treated male rats
were similar to those of the vehicle—treated control group,
which suggested that the impacts of Feronia limonia fruit
pulp extract on male reproductive functions were reversible.
The present findings indicate that Feronia limonia fruit pulp
may have reversible antispermatogenic and antisteroidogenic
properties, and could then partially support the scientific
rationale for the traditional use of this plant in inducing
sterility in male.

Conlflict of interest statement

We declare that we have no conflict of interest.

Acknowledgements

The authors are grateful to the Department of
Pharmaceutical Sciences, Andhra University and the
authorities of the Andhra University, Visakhapatnam,
for funding this research work for funding this research
work and also The corresponding author is grateful to
thank University College of sciences, Andhra University,
Visakhapatnam, for funding this research work and The
corresponding author is thankful to Prof. (Dr).U.K.Mazumder,
Department of Pharmaceutical Technology, Division of
Pharmaceutical chemistry, Jadavpur University, Kolkata,
for providing necessary laboratory facilities for carrying out
enzyme analysis.

References

[1] Shereen Cynthia D’Cruz, Selvaraju Vaithinathan, Rajamanickam
Jubendradass, Premendu Prakash Mathur. Effects of plants and
plant products on the testis. Asian J Androl 2010; 12: 468—479.

[2] Gupta Rajnish, Kachhawa Jai BS, Gupta RS, Sharma Anil
Kumar, Sharma M C, Dobhal MP. Phytochemical evaluation and
antispermatogenic activity of Thevetia peruviana methanol extract
in male albino rats. Hum Fertil 2011; 14(1): 53—59

[3] Raghav Kumar Mishra, Shio Kumar Singh. Reversible antifertility
effect of aqueous rhizome extract of Curcuma longa L. in male
laboratory mice. Contracept 2009; 79(6): 479—487.

[4] Kirtikar KR, Basu BD. Indian medicinal plants. 2nd ed. Vol 1.
Dehradun: Bishen Singh Mahendra Pal Singh; 1998, p. 496—498.

[5] Nadkarni KM, Nadkarni AK. Indian Materia Medica. Vol. I.
Bombay: Popular Prakashan; 1992, p. 498.

[6] Shastri B.N, editor. The Wealth of India: A Dictionary of Indian
Raw Materials and Industrial Products—Raw Materials Series.

Vol. 1V. New Delhi: Publication and Information Directorate,



51030

Council of Scientific and Industrial Research (CSIR) publications;
1995, p.18.

[7] Syed Mansoor Ahamed, Shiva Kumar Swamy, Jayaveera KN, Rao
JV, Kumar VS. Anti-inflammatory, antipyretic and analgesic
activity of methanolic extract of Feronia limonia fruit pulp.
Pharmacologyonline 2008; 3: 852—857.

[8] Ilango K, Chitra V. Hepatoprotective and antioxidant activities of
fruit pulp of Limonia acidissima Linn. Int J Health Res 2009; 2(4):
361-367.

[9] Tlango K, Chitra V. Wound healing and antioxidant activities of
the fruit pulp of Limonia acidissima Linn (Rutaceae) in rats. Trop
J Pharm Res 2010; 9(3): 223—230.

[10] Mishra A, Arora S, Gupta R, Manvi, Punia RK, Sharma AK. Effect
of Feronia elephantum (Corr) fruit pulp extract on indomethacin—
induced gastric ulcer in albino rats. Trop J Pharm Res 2009; 8(6):
509-514.

[11] Adikaram NKB, Yamuna A, Lesliegunatilaka A, Ratnayuke
Bandara BM, Kithsiri EM Wijeratne. Antifungal activity, acid
and sugar content in wood apple (Limonia acidissima) and their
relation to fungal development. Plant Pathol 2007; 38: 258-265.

[12]OECD (Organization for Economic Co—operation and
Development). Guidance document on acute oral toxicity,
Guidelines for the testing of chemicals. Revised Document.
Annexure—6. 2000.

[13] CPCSEA (Committee for the purpose of control and supervision
of experiments on animals). Guidelines for laboratory animal
facilities. Chennai: 3.

[14] Sarathchandiran I, Manavalan R., Akbarsha M.A., Kadalmani B,
Karar P.K. Studies on Spermatotoxic Effect of Ethanolic Extract of
Capparis aphylla Roth). J Biol Sct 2007; 7(3): 544 —548.

[15] Akbarsha MA, Kadalmani B, Girija R, Faridha A, Shahul Hamid
K. Spermatotoxic effect of carbendazim. J Exp Biol 2001; 39:
921-924.

[16] World Health Organization (WHO). Laboratory Manual for the
Examination and Processing of Human Semen. 5 th ed. Geneva:
World Health Organization; 2010.

[17] Raphael SS. Cytologic diagnosis, In: Raphael SS. (Ed). Lynch’s
Medical Laboratory Technology. Toronto: WB Saunders Company;
1976, p.1454—1485.

[18] Gopalakrishnan K. Estimating sperm concentration by cytometry.
In: Gopalakrishnan K, Hinduja I, Mehta RH (Eds). Laboratory
Manual for Human Semen Analysis. Bombay: ICMR and WHO
Collaborating Centre for Research in Human Reproduction: 1994,
p- 8-9.

[19] Sperry WM and Webb M. A revision of Schoenheimer—Sperry
method for cholesterol determination. J Biol Chem 1950; 87:
97—-106.

[20] Omaye ST, Turnbull JD, Souberlich HE. Selected methods for the
determination of ascorbic acid in animal cells, tissues and fluids.
In: Mc Cormick DB, Wright LD (Eds.), Methods in Enzymology.
vol. 62. New York: Academic Press; 1979, p.3—47.

[21] Rabin BL, Leipsner G, Deane HW. A rapid sensitive assay
procedure for adrenal steroid 3 OH dehydrogenase activities.
Endocrinol, 1961; 69: 619—625.

[22] Lohr GW, Waller HD. Determination of Glucose—6—phosphate
dehydrogenase. In: Bergmeyer HU, Editor. Methods of Enzymatic
Analysis. New York: Academic Press; 1965, p.744—751.

[23] Lowry OH, Rosenbrough NJ, Farm AL, Randall RJ. Protein

Ramaiyan Dhanapal et al./Asian Pacific Journal of Tropical Biomedicine (2012)S1024—S1030

measurement with folin phenol reagent. J Biol Chem 1951; 193:
265-275.

[24] Crossby WH, Munn JI, Furth FW. Standardizing a method for
clinical haemoglobinometry. US Armed Force Med J 1954; 5:
695-703.

[25] Astoor A, King EJ. Simplified colorimetric blood sugar method.
Biochem J 1954; 56: xliv.

[26] Varley H. Determination of blood urea by urease nesslarization
method. In: Practical Clinical Biochemistry. 4th ed. London:
White Herrers Press Ltd; 1969, p.158.

[27] Zilversmist DB, Davis AK, Hamphenstern MT. Micro determination
of plasma phospholipids by trichloroacetic acid precipitation
method. J Lab Clin Med 1950; 35: 155—160.

[28] Zlatkis A, Zak B, Boyle AJ. A new method for the direct
determination of serum cholesterol. J Lab Clin Med 1953; 41:
486—492.

[29] Padashetty SA, Mishra SH. Effect of terpenoidal fraction of
Echinops echinatus roots on reproductive parameters of male rats.
J Nat Med 2007; 614): 452—457.

[30] Laxminarayana Bairy, Vijay Paul., Yeshwanth Rao. Reproductive
toxicity of sodium valproate in male rats. Indian J Pharmacol
2010; 42(2): 90—94.

[31] Singh A, Singh SK. Reversible antifertility effect of aqueous leaf
extract of Allamanda cathartica L. in male laboratory mice.
Andrologia 2008; 40(6): 337-345.

[32] Alka Chauhan, Meera Agarwal. Reversible Changes in the
Antifertility Induced by Aegle marmelos in Male Albino Rats. Syst
Biol Reprod Med 2008; 54(6): 240—246.

[33] Manivannan B, Mittal R, Goyal S, Ansari AS, Lohiya NK. Sperm
characteristics and ultrastructure of testes of rats after long—term
treatment with the methanol subfraction of Carica papaya seeds.
Asian J Androl 2009; 11(5): 583—599.

[34] Anitha Pankajakshy, Indira Madambath. Spermatotoxic effects of
Cananga odorata (Lam): a comparison with gossypol. Fertil Steril
2009; 91(5): 22432246

[35] Gupta RS, Sharma A, Kachhawa JBS. Evaluations of reversible
contraceptive activities of Annona squamosa (Linn) stem bark
methanol extract in male rats. Plant Prod Res J 2010; 14: 28-31.

[36] Chatterjee S, Roy A, Bagchi P, Deb CC. Suppression of testicular
steroidogenesis in rats by the organochlorine insecticide aldrin.
Environ Pollut 1988a; 51(2): 87—-94.

[37] Sarathchandiran I, Manavalan R., Akbarsha M.A., Kadalmani
B, Karar P.K. Effects of ethanolic extract of Capparis (Roth) on
testicular steroidogenesis in rats. J Biol Sci 2007; 7(3): 582—584.

[38] Alka Chauhan, Meera Agarwal, Sonalika Kushwaha, Anju
Mutreja. Suppression of fertility in male albino rats following
the administration of 50% ethanolic extract of Aegle marmelos
Contracept 2007; 76(6): 474—481.

[39] Sujata Maiti, Malaya Gupta, Upal Kanti Mazumder. Toxicological
potential of mycotoxin MT81 and its benzoylated derivative on
testicular spermatogenesis and steroidogenesis in mature male
Wistar albino rats. Toxicol Mech Method 2011; 21(5): 426—433.

[40] Mohanan Nair Mohana Kumari Anuja, Ramachandran Nair
Saraswathy Amma Nithya, Chellam Rajamanickam, Indira
Madambath. Spermatotoxicity of a protein isolated from the root of
Achyranthes aspera: a comparative with gossypol. Contracept 2010;
82(4): 385—390.



