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Antispermatogenic and antifertility effects of fruits of Piper nigrum L. in mice
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Effect of oral administration (25 and 100 mg/kg body wt/day, for 20 and 90 days) of fruit powder of Piper nigrum L.
on the male reproductive organs of mice, Parkes strain, was investigated. Various reproductive end points such as organs
weight, histopathology, sperm parameters, sialic acid and fructose contents, and fertility indices were assessed.
Histologically, testes in treated mice, except in those treated with 100 mg of dose for 90 days, showed non-uniform
degenerative changes in the seminiferous tubules, as both affected and normal tubules were observed in the same section. In
mice treated with 100 mg dose for 90 days, degenerative changes were observed in all the tubules. Affected seminiferous
tubules showed intraepithelial vacuolation, loosening of germinal epithelium, occurrence of giant cells, and mixing of
spermatids of different stages of spermatogenesis; in severe cases, the tubules were lined by mainly a layer of Sertoli cells.
Percentage of affected tubules in testes of Piper-treated mice was dose-and duration-related. Further, Piper nigrum
treatment for 20 days did not cause appreciable alterations in histological appearance of the epididymis, while the treatment
for 90 days caused detectable alterations in the duct. The treatment also had adverse effects on sperm parameters, levels of
sialic acid and fructose, and on litter size. Fifty six days after cessation of treatment, the alterations induced in the
reproductive organs recovered to control levels, though the litter size in females impregnated by Piper-treated males
remained significantly decreased compared to controls.
Keywords: Fruit powder, Litter size, Mice; Testes, Piper nigrum, Seminiferous tubules, Spermatozoa

Piper nigrum L., commonly known as black pepper
has some medicinal values. In Ayurveda, fruits of this
plant are used in the treatment of asthma, bronchitis,
fever, cough, dysentery, arthritis etc1. However, to the
best of our knowledge, there is no report of the effect
of Piper nigrum fruits on the male reproductive
system. Reports on piperine, an active alkaloid of
Piper species, suggest a putative antispermatogenic
action of this compound 2. We have earlier reported
the effects of certain medicinal plants, viz.
Azadirachta indica 3, Allamanda cathartica 4, Bacopa
monnieri 5, and Syzygium aromaticum 6 on the male
reproductive system. In the present study, we have
studied the effect of the fruit powder of Piper nigrum
(P. nigrum) on the male reproductive organs and
fertility of mice, Parkes strain, which are used earlier
for an animal model 3-6. Several male reproductive
end points such as organs weight, sperm parameters,
histopathology, sialic acid and fructose contents, and
_________________
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fertility indices were evaluated and also conducted
recovery studies.
Materials and Methods
Animals and treatments―Adult (age 12-15 weeks)
male laboratory mice of the Parkes (P) strain,
weighing 32-34 g, were used in the investigations.
Mice were from closed and randomly bred colony
maintained in the animal house of our department.
Animals were housed under standard laboratory
conditions, and were maintained on pellet food
(Mona Laboratory Animal Feeds, Varanasi) and
drinking water ad libitum. Mice were randomly
allocated to nine groups (Groups I - IX). Each group
(eight animals per group) was housed in separate
polypropylene cages (450×270×150 mm) and treated
as follows: Group I, untreated controls; Group II,
vehicle-treated controls for 20 days; Groups III-IV,
administration of P. nigrum, 25 mg/kg body
weight/day (Group III) and 100 mg/kg body
weight/day (Group IV) respectively for 20 days;
Group V, vehicle-treated controls for 90 days; Groups
VI-VII, administration of P. nigrum, 25 mg/kg body
weight/day (Group VI) and 100 mg/kg body
weight/day (Group VII), respectively for 90 days;
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animals in Groups II-VII were killed 24 h after the
last treatment. Animals in Group VIII were
administered P. nigrum, 100 mg/kg body weight/day
for 90 days, while those in Group IX received only
vehicle for the same duration; animals in Groups VIII
and IX were killed 56 days after the last treatment.
Vehicle administered to control mice was sterile
distilled water containing milk powder (Amulspray,
Anand; 0.15 mg milk powder per 1.0 ml of distilled
water).
Dried P. nigrum fruits of good quality were
obtained locally from a commercial shop and were
duly authenticated. The fruits were then ground into
fine powder and stored in an air tight container at
room temperature. The fruit powder of P. nigrum was
suspended in sterile distilled water containing milk
powder (Amulspray, Anand; 0.15 mg milk powder
per 1.0 ml of distilled water), and this was prepared
daily and administered orally using an oral feeding
needle. Doses of P. nigrum were selected based on a
pilot study conducted in our laboratory in P mice;
lower dose (25 mg/kg body weight) of the fruit
powder in the present study is with reference to the
use of P. nigrum fruits in indigenous medicines in
humans7. In the present study, we have used 20 and
90 days durations in order to assess the effect of P.
nigrum treatment for short and long durations.
Controls (Groups II, V, and IX) were administered an
equivalent volume of vehicle (0.5 ml/100g body
weight) in a similar manner.
After recording final body weights at the end of the
treatment schedule, animals were sacrificed by
decapitation. The testis, epididymis, and seminal
vesicle were dissected out, blotted free of blood and
weighed. For histological examination, the testis and
epididymis were randomly excised from left or right
sides of five mice in each group, fixed in Bouin’s
fluid, dehydrated in graded ethanol series, cleared in
benzene and embedded in paraffin. Tissues were
sectioned at 6 µm and stained with periodic acid
Schiff (PAS) and counterstained with haematoxylin.
Identification of stages of spermatogenesis in mouse
testis was performed according to the criteria of
Russell et al.8. To determine the effect of P. nigrum
treatment on stages of spermatogenic cycle, one
hundred seminiferous tubules in a randomly selected
section of the testis from five mice in each group were
identified with respect to the stages of
spermatogenesis (cf. Singh & Singh 4, 5). Since, in
some cases, accurate identification of stages was not
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possible because of severe tubular damage, tubules
were, therefore, grouped as - stages I-IV, stages VVIII, and stages IX-XII. Percentage of affected
seminiferous tubules was also determined9.
Assessment of sperm parameters―At the time of
euthanasia, spermatozoa were obtained from cauda
epididymidis of five mice in each group in
physiological saline maintained at 37°C10. Motility,
viability, and number were assessed according to
WHO laboratory manual11. For assessment of sperm
morphology, a drop of sperm suspension was smeared
on a clean glass slide and observed under phase
contrast microscope. The criteria of Wyrobek and
Bruce12 and Zaneveld and Polakoski13 were employed
for evaluation of sperm abnormality.
Analyses of sialic acid and fructose contents―The
concentration of sialic acid in the epididymis was
determined according to Aminoff’s thiobarbituric acid
method14, while that of fructose in the seminal vesicle
was estimated by the method of Lindner and
Mann15.
Fertility test―Sixteen adult (age 12-15 weeks)
male mice of proven fertility were used in the fertility
test. Mice were administered P. nigrum fruit powder
suspension or vehicle (n=8 per treatment). P. nigrum
fruit powder was suspended in sterile distilled water
containing milk powder (Amulspray, Anand; 0.15
mg/ml distilled water) and administered orally at a
dose of 100 mg/kg body weight/day for 90 days,
while the controls received only vehicle ( 0.5ml/100g
body weight) in a similar manner. Eighty adult female
mice were employed in the fertility test. The fertility
of P. nigrum or vehicle-treated males was assessed
24h, and 2, 4, 6, and 8 weeks after cessation of
treatment. Assessment of fertility in Piper-treated
mice 24h after cessation of treatment was like testing
the fertility performance during the treatment/efficacy
testing phase. The other groups (2-8 weeks postwithdrawal) were assessed during the process of
restoration of spermatogenesis. Fertility was
evaluated by allowing each male to cohabit with a
proestrus female for overnight. Females were checked
next morning for the presence of vaginal plug for an
indication of mating. The females becoming pregnant
were then allowed to deliver at term, and the litter size
was recorded.
Statistical analysis―All data, except for body
weight and fertility test, were analysed by one-way
analysis of variance (ANOVA) followed by NewmanKeuls’ multiple range test for the comparison of
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group means. Body weight data were analysed by the
Student’s t test. Data on male fertility and pregnancy
in the females were analysed by the Chi-square test.
Student’s t test was used to analyse data on litter size.
Values were considered significant at P <0.05.
Results
Body/organ weight―No significant differences
were found between initial and final body weights of
P. nigrum-treated mice and controls. Piper treatment
also had no effect on weights of the testis, epididymis,
and seminal vesicle in mice treated with 25 and 100
mg/kg body weight doses for 20 days compared to
controls. However, the same doses of the P. nigrum
fruit powder for 90 days caused significant reductions
in organs weight in treated mice compared to
controls; by 56 days after cessation of treatment,
however, the organs weight recovered to control
levels (Table 1).

treated with 25 mg dose for 90 days (Group VI), nonuniform degenerative changes were observed in the
seminiferous tubules in the testis as both affected and
normal tubules were observed in the same sections.
On the other hand, however, in mice treated with 100
mg dose of P. nigrum for 90 days (Group VII), all the
seminiferous tubules in the testis were affected.
Table 1—Effect of P. nigrum administration on body weight and
weights of the testis, epididymis, and seminal vesicle
[Values are mean ± SD for 5 animals]
Group & treatment
(mg/kg body wt/ day,
for 20 or 90 days)
I
Untreated
II
Vehicle - 20 days
III
25 mg - 20 days
IV
100 mg - 20 days
V
Vehicle - 90 days
VI
25 mg - 90 days
VII
100 mg - 90 days
VIII a
100 mg - 90 days
IX a
Vehicle - 90 days

Histological studies

Testis―Testes of untreated controls (Fig. 1A) and
vehicle-treated controls showed normal histological
features in nearly all the seminiferous tubules, except
in a few (Group I: 12.94%; Group II: 8.74%; Group
V: 12.84%;(Table 2) in which there was loosening of
germinal epithelium or the epithelium consisted of
mainly Sertoli cells and spermatogonia. By contrast,
marked alterations were observed in the
histoarchitecture of the testis in P. nigrum-treated
mice (Groups III-IV and VI-VII) (Fig. 1B-D).
Individual differences, however, were noticed in
response of the testis to the treatment with some mice
showing more alterations in the tubules than others. In
mice treated with 25 and 100 mg/kg body weight of
P. nigrum for 20 days (Groups III-IV) and in those

Sex organs weight (mg/100g body wt)
Testis
Epididymis
Seminal
vesicle
318.68
±15.25
353.14
±12.59
350.37
±21.43
291.97
±25.42
314.49
±19.91
213.04*
±20.94
183.01*
±13.79
281.18
±18.83
273.62
±34.51

114.53
±7.58
104.0
±8.07
96.96
±13.21
96.36
±16.92
105.22
±7.52
82.97*
±5.74
77.21*
±7.62
86.28
±7.50
89.88
±9.79

343.52
±24.62
356.78
±20.95
379.01
±20.07
348.09
±26.67
323.69
±25.40
179.05*
±18.02
171.76*
±11.47
263.02
±39.10
308.85
±31.67

Sex organs weight refers to the weight of the unpaired organ.
*Significantly different from controls (P<0.05) by ANOVA
followed by Newman-Keuls’ multiple range test.
a
Treatment was discontinued after 90 days, and animals were
sacrificed 56 days after treatment withdrawal.

Table 2—Effect of P. nigrum administration on stages of spermatogenesis and on percentage of affected seminiferous tubules in testis
[Values are mean ± SD for 5 animals]
Group & treatment
(mg/kg body wt/ day, for 20 or 90
days)
I, Untreated
II, Vehicle - 20 days
III, 25 mg - 20 days
IV, 100 mg - 20 days
V, Vehicle - 90 days
VI, 25 mg - 90 days
VII, 100 mg - 90 days
VIII a, 100 mg - 90 days
IXa, Vehicle – 90 days

Stages I-IV
( %)

Stages V-VIII
( %)

Stages IX-XII
( %)

Affected seminiferous tubules
(%)

15.17±5.84
12.77±9.40
34.17±15.80
43.59±33.28
10.14±3.66
40.04±34.60
stages cannot be
identified
35.47±6.80
11.95±7.28

12.01±2.26
8.98±2.75
28.25±9.47
62.23*±25.77
16.54±6.39
68.51*±20.90
stages cannot be
identified
39.98±7.52
25.62±8.84

10.42±3.34
12.76±6.06
19.38±7.91
48.97±30.24
15.28±7.47
49.40*±30.82
stages cannot be
identified
46.92±10.85
22.75±19.23

12.94±4.27
8.74±3.01
19.47±4.07
48.24*±30.80
12.84±3.52
65.28*±24.32
100.00*
±0.00
30.33±6.08
12.99±2.76

*Significantly different from controls (P < 0.05) by ANOVA followed by Newman-Keuls’ multiple range test.
a
Treatment was discontinued after 90 days, and animals were sacrificed 56 days after treatment withdrawal.
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Fig.1A-D ― PAS-haematoxylin stained sections of mouse testis [X 175]. (A) - Control to show normal appearance of the seminiferous
tubules; (B) - After P. nigrum treatment, 100 mg/kg body wt/day for 20 days and sacrificed 24h after the last treatment. Note the mixing
of spermatids of different stages of spermatogenesis in a seminiferous tubule. Intraepithelial vacuole is also seen in a tubule; (C) - After
the same treatment as shown in Fig. 1B of another mouse to show occurrence of giant cells (arrows) and intraepithelial vacuoles in
seminiferous tubules; and (D) - After P. nigrum treatment, 100 mg/kg body wt/day for 90 days and sacrificed 24h after the last treatment
to show severely affected seminiferous tubules.

The histological changes noticed in the
seminiferous tubules in testes of mice treated with 25
and 100 mg/kg body weight of P. nigrum for 20 and
90 days were not much different, though the changes
became more pronounced with the increasing dose
and duration of the treatment. The changes are,
therefore, described together. In general, the affected
seminiferous tubules showed mixing of spermatids of
different stages of spermatogenesis, intraepithelial
vacuolation, loosening of germinal epithelium, and
occurrence of giant cells (Fig. 1B-D). Giant cells
contained 2-3 nuclei of round spermatids. The
severely affected tubules were lined by mainly a layer
of Sertoli cells (Fig. 1D). Percentage of affected
tubules in the testis was dose- and duration-related
(Table 2). Treatment with 25 mg dose of P. nigrum
for 20 days (Group III) had no effect on stages of

spermatogenic cycle (Table 2). However, in mice
treated with 100 mg/kg body weight of P. nigrum
fruit powder for 20 days (Group IV), and in those
treated with 25 and 100 mg doses for 90 days (Groups
VI - VII), tubules in stages V-VIII and IX- XII were
more affected than those in stages I-IV of the
spermatogenic cycle (Table 2). Fifty six days after
cessation of treatment, however, the alterations
caused in the seminiferous tubules recovered to
control levels.
Epididymis―The epididymis of untreated controls
(Fig. 2A-D) and vehicle–treated controls showed
normal histological features. In the present study in P
mice, epididymis was divided into five segments
(I-V; cf. Mishra and Singh3). Individual differences,
as seen in testis, were also noticed in the epididymis
after P. nigrum treatment, with some mice showing

710

INDIAN J EXP BIOL, SEPTEMBER 2009

Fig. 2A-H- PAS-haematoxylin stained sections through segments II-V of mouse epididymis [X 175]. (A-D) - Segments II (Fig. A), III
(Fig. B), IV (Fig. C), and V (Fig. D) of a control to show normal features. In segments II and III, spermatozoa and PAS-positive materials
are seen in the lumen, while in segments IV and V, the lumen contains abundant spermatozoa and PAS-positive materials; (E-F) Segments II (Fig. E) and III (Fig. F) of a mouse treated with P. nigrum (100mg/kg body wt/day for 90 days). Vacuole-like spaces in the
epithelium have been observed in the segments. Lumen is empty or contains a few exfoliated germ cells and PAS positive materials; and
(G-H) - Segments IV (Fig. G) and V (Fig. H) of the same mouse as shown in Fig. E -F. The lumen of the tubules in these segments
contains fragments of spermatozoa, PAS positive materials and a few exfoliated germ cells. In segment IV (Fig. G), PAS-positive
inclusions (arrows) are also seen in the epithelial cells.
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more alterations in epididymal segments than others.
Mice that showed more testicular alterations also had
more of epididymal alterations.
In mice treated with 25 and 100 mg/kg body
weight of P. nigrum for 20 days, epididymis
presented almost normal appearance, except that the
lumen of tubules contained less number of
spermatozoa. On the other hand, in mice treated with
25 and 100 mg/kg body weight of P. nigrum for 90
days, histological alterations were evident in the
epididymis, though segment I of the duct appeared
unaffected. In segments II (Fig. 2E) and III (Fig. 2F),
epithelium showed vacuole-like spaces. The lumen of
the epididymal duct in segments II-V was empty or
contained a few exfoliated germ cells and PASpositive materials or a few exfoliated germ cells,
fragments of spermatozoa and PAS-positive materials
(Figs 2E-H). Further, in two mice, one each in 25 mg,
and 100 mg dose group for 90 days, accumulation of
PAS-positive inclusions was noticed in the epithelium
of segment IV of the epididymis (Fig. 2G). Fifty six
days after withdrawal of treatment, epididymis
presented a histology which was similar to that of
controls.
Assessment of sperm parameters―Significant
reductions were found in motility, viability, and in the
number of spermatozoa in the caudae epididymides of
P. nigrum -treated mice compared to controls, though
sperm viability was not affected in mice treated with
25 mg dose of the fruit powder for 20 days. There
was a significant increase in the number of
morphologically abnormal spermatozoa in treated
mice compared to controls (Table 3). Sperm
abnormalities were often noticed in the head region
such as oval-shaped head or head without hook. The

711

altered sperm parameters, however, recovered to
control levels by 56 days of treatment withdrawal
(Table 3).
Analyses
of
sialic
acid
and
fructose
contents―Treatment with P. nigrum in doses of 25 or
100 mg/kg body weight/day for 20 or 90 days caused
significant reductions in the levels of sialic acid in the
epididymis and that of fructose in the seminal vesicle
in treated mice compared to controls; by 56 days of
treatment withdrawal, however, the values recovered
to control levels (Table 4).
Fertility test― When P. nigrum -treated males
were caged with females at 24 h and 2, 4, 6, and 8
weeks after withdrawal of treatment, mating was not
affected at any interval, except at 24 h postTable 4— Effect of P. nigrum administration on concentrations of
sialic acid in the epididymis and of fructose in the seminal vesicle
[Values are mean ± SD for 5 animals]
Group & treatment
Sialic acid
Fructose
(mg/kg body wt/ day,
concentration
concentration
for 20 or 90 days)
(µmole/100g tissue ) (µg/100mgtissue)
I, Untreated
II, Vehicle - 20 days
III, 25 mg - 20 days
IV, 100 mg - 20 days
V, Vehicle - 90 days
VI, 25 mg - 90 days
VII, 100 mg - 90 days
VIIIa, 100 mg - 90 days
IXa, Vehicle – 90 days

146.26±16.58
124.61±9.35
83.98*±42.08
76.62*±28.07
128.69±12.37
74.79*±5.52
54.87*±6.30
88.99±5.57
92.96±3.47

226.53±15.50
206.02±27.94
172.80*±15.34
128.99*±55.82
222.21±41.23
168.10*±38.50
55.07*±18.23
179.36±14.11
190.31±9.04

*Significantly
different
from
controls
(P<0.05)
by
ANOVA followed by Newman-Keuls’ multiple range test.
a
Treatment was discontinued after 90 days, and animals were
sacrificed 56 days after treatment withdrawal.

Table 3—Effect of P. nigrum administration on motility, viability, morphology, and on number of spermatozoa in cauda epididymidis
[Values are mean ± SD for 5 animals]
Group & treatment
(mg/kg body wt/ day, for 20 or 90
days)
I,Untreated
II, Vehicle - 20 days
III, 25 mg - 20 days
IV, 100 mg - 20 days
V, Vehicle - 90 days
VI, 25 mg - 90 days
VII, 100 mg - 90 days
VIII a, 100 mg - 90 days
IXa, Vehicle – 90 days

Motility
(%)

Viability (%)

84.00±3.20
83.40±3.48
62.60*±7.98
39.40*±26.71
82.00±3.20
71.80*±3.66
27.10*±17.22
76.50±3.25
76.00±2.85

90.10±2.63
91.20±6.19
80.30±2.75
69.80*±7.59
87.50±3.72
73.90*±9.02
56.30*±8.87
81.20±2.33
82.70±3.29

Morphologically
abnormal
spermatozoa (%)
9.84±1.04
9.49±0.80
20.80*±3.44
25.13*±6.80
11.00±0.94
26.27*±4.94
78.14*±5.49
23.83±8.19
19.18±3.90

*Significantly different from controls (P < 0.05) by ANOVA followed by Newman-Keuls’ multiple range test.
a
Treatment was discontinued after 90 days, and animals were sacrificed 56 days after treatment withdrawal.

Sperm number
(X 106 )
11.47±0.47
10.87±1.25
8.16*±1.35
7.87*±2.62
12.13±1.23
5.86*±1.30
3.84*±1.71
9.47±0.76
9.82±0.46
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several antispermatogenic agents (cf. Singh 19, 20). It
has been suggested that these cells are formed as a
result of multiple nuclear divisions unaccompanied by
cytoplasmic division of germ cells or by fusion of
germ cells. In the present study, spermatid nuclei
were seen scattered in the cytoplasm of the giant cells.
It is, therefore, likely that these cells are formed by
fusion of spermatids because the haploid spermatids
are not normally known to divide. The percentage of
affected seminiferous tubules in the testis of P.
nigrum-treated mice was dose- and duration-related.
The frequency of stages V-VIII and IX-XII of the
spermatogenic cycle was affected by the treatment;
this is suggestive of alterations in the kinetics of
spermatogenesis21.
The present results in P mice also showed that the
P. nigrum treatment (25 and 100 mg/kg body weight)
for 20 days had no effect on the weight of the
epididymis, but the same treatment for 90 days caused
significant reduction in organ weight in treated mice
compared to controls. Similar was also the case with
the histology of the epididymis as treatment with P.
nigrum for 20 days had no appreciable effect on
histological appearance of the duct, while 90 days
treatment caused detectable changes. The changes in
the luminal content of the epididymis in Piper-treated
mice appeared to be the outcome of the changes in the
testis. In only two of ten mice examined after 25 and
100 mg/kg body weight of P. nigrum treatment for 90
days, PAS–positive inclusions were noticed in the
epithelial cells of the corpus epididymidis; it is
difficult to explain the significance of this observation
as only two mice demonstrated this phenomenon.

withdrawal. Fertility of the Piper-treated males was
affected 24h through 4 weeks post-withdrawal and
thereafter no differences could be detected in fertility
between treated males and controls; however, only 4
of 8 mice, and 5 of 8 mice showed return of fertility at
6, and 8 weeks respectively after treatment
withdrawal. The litter size in females impregnated by
Piper-treated males was significantly decreased
compared to controls from 24h up to 8 weeks of
treatment withdrawal (Table 5).
Discussion
The present results indicate that doses of 25 and
100 mg/kg body weight of P. nigrum for 20 days had
no effect on weight of the testis, but the same doses
for 90 days caused marked reduction in organ weight,
suggesting duration-related effect of the treatment on
testis weight. In the present study, P. nigrum
treatment (25 and 100 mg/kg body weight for 20
days; and 25 mg/kg body weight for 90 days) caused
non-uniform degenerative changes in the seminiferous
tubules, with the affected tubules showing
intraepithelial vacuolation, formation of giant cells,
and loosening of germinal epithelium. Similar
histological changes have also been reported in testes
of P mice after treatment with aqueous leaf extracts of
Azadirachta indica 3 and Allamanda cathartica 4 and
several other antispermatogenic agents such as
gossypol tetra-acetic acid 9, nitrofurazone16 and SC
12937 10. Multinucleated giant cells as described here
have also been noticed in mouse testis after efferent
duct ligation17, vasectomy18, and treatment with
aqueous leaf extract of Azadirachta indica 3, and

Table 5—Effect of P. nigrum administration (100 mg/kg body weight/day for 90 days) on fertility of male mice
Time after
withdrawal of
treatment
24 h
2 weeks
4 weeks
6 weeks
8 weeks

Treatment

C
PN
C
PN
C
PN
C
PN
C
PN

Number of males

Litter sizea

Number of females

Tested

Mated

Fertile

Tested

Mated

Pregnant

8
8
8
8
8
8
8
8
8
8

8
3$
8
5
8
8
8
8
8
8

8
0$
8
0$
8
2$
8
4
8
5

8
8
8
8
8
8
8
8
8
8

8
3$
8
5
8
8
8
8
8
8

8
0$
8
0$
8
2$
8
4
8
5

C= control; PN= P. nigrum
a
Values are mean ± SD and refer to the number of young born to pregnant females in corresponding groups.
*Significantly different from controls (P < 0.001) by Student’s t test.
$
Significantly different from controls by Chi-square test.

5.87±0.32
0.00*±0.00
5.62±0.84
0.00*±0.00
6.75±0.64
3.00*±2.82
6.75±0.91
3.00*±1.41
8.12±1.02
4.00*±1.22
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Appearance of such inclusions in the epithelial cells
of the corpus epididymidis is ascribed to the absence
of spermatozoa in the epididymal duct22. The
treatment also caused marked reduction in the level of
sialic acid in the epididymis. Since sialic acid is a true
secretory product of the epididymis23, the present
results suggest that P. nigrum treatment interferes
with the secretory function of the organ. The
treatment also had adverse effects on motility,
viability, morphology, and on the number of
spermatozoa in the cauda epididymidis. The reduction
in the number of spermatozoa in cauda epididymidis
of treated mice in the present study appeared to be
because of the suppressive effect of P. nigrum on
spermatogenesis as the sperm number recovered to
control levels after regain of spermatogenesis
following cessation of treatment. Further, sperm were
found to be present in the epididymis of mice treated
with 100 mg/kg body weight of P. nigrum fruit
powder for 90 days and this may be ascribed to the
fact that sperm could still be seen in the affected
seminiferous tubules in testes of mice in this group as
all the tubules were not so severely affected as those
shown in Fig. 1D and variations did exist in the same
testis section of a mouse and also among the treated
mice. The alterations noticed in motility, viability,
and morphology of spermatozoa in cauda
epididymidis of Piper -treated mice in the present
study might have been caused because of disturbances
in epididymal function24. The observation that there
was a marked reduction in the level of fructose in the
seminal vesicle in treated mice compared to controls
suggest that the P. nigrum treatment has an adverse
effect on the secretory function of the gland. Further,
marked reductions in weight of epididymis and
seminal vesicle in mice treated with P. nigrum for 90
days as noted in the present study indicate the
possibility of testosterone depletion in circulation in
treated mice.
The present results show that the P. nigrum
treatment caused suppression of spermatogenesis in
mice testes. Further, intraepithelial vacuoles were
often observed in the affected seminiferous tubules in
testes of P. nigrum-treated mice. Hoffer 25 has also
reported occurrence of intraepithelial vacuoles in
affected seminiferous tubules in rat testis after
gossypol treatment, and that these vacuoles occurred
primarily in the Sertoli cells. It is, therefore, probable
that in P mice P. nigrum treatment causes suppression
of spermatogenesis by acting through Sertoli cells.
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However, it should also be mentioned here that the
intraepithelial vacuoles are also reported to occur in
Sertoli cells after testicular injuries, and they have
often been interpreted as a non-specific reaction of
these cells26. Thus, the mechanism of the
antispermatogenic action of P. nigrum in P mice
remains unclear and needs further investigations.
In conclusion, our results in P mice suggest that the
P. nigrum treatment in doses employed causes
marked alterations in the male reproductive organs,
and that the alterations are reversible after cessation
of treatment, though the litter size in females
impregnated by treated males remained significantly
decreased up to 56 days of treatment withdrawal
compared to controls.
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