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Abstract This study aimed to determine the effects of black pepper fruit extract on serum testosterone status and
fertility potential in male subjects. Twenty seven healthy male mice, four months old, weighing between 25-30 g,
were used as experimental animals and grouped into three. The first group was given pellets that do not contain
black pepper extract as the control. The second and third groups, respectively were treated with pellets containing
water extract and ethanolic extract. Pellets given ad libitum every day for 90 days. Serum testosterone measured by
radioimmunoassay (RIA) techniques. Left testis of mice removed, weighed and dissected. Cauda epididymis was
separated from testis and squeezed to determine epididymal sperm concentration, motility, and morphology. To
determine the diameter of the seminiferous tubules, the number of spermatocytes and spermatids, testes were fixed
in Bouin solution, processed and cut at a thickness of 5 um, stained with hematoxylin and eosin and examined under
a light microscope at 400x magnification. When compared with control group, male mice treated with fruit extract of
black pepper showed significant increase in the serum testosterone level, epididymal sperm concentration,
spermatocyte counts, spermatid counts, and the weight of epididymis tubules. As the conclusion, fruit extract of
black pepper has a positive effect on androgenic hormone level and fertility potential in male mice.
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1. Introduction

Study results on the biological benefits of the pepper
plants families for medicinal purposes are still a maze.
Relating to reproductive function, the effects of pepper
plant extract both on human and animals seem to
contradict each other. Reference [1], for instance, found
albino male rats (Rattus norvegicus) treated with diherbal
mixture of Zanthoxylum leprieurii and Piper guineense
showed significant increase in libido parameters.
Reference [2] also reported that male rats treated with a
combined extracts of Piper retrofractum, Centella asiatica
and Curcuma domestica showed a significant increase in
sexual drive. The result of our previous study, through
mating test, has also proved that black pepper extract can
improve sexual drive in male mice [3].

However, there were many studies that seemed to
contradict the above findings that make the effects of pepper
against reproductive function become uncertain. Reference [4]
wrote that piperine could allegedly damage the epididymal
environment and sperm function due to its ability to
increase the level of reactive oxygen species by lowering
the activity of antioxidant enzymes and sialic acid level in
the epididymis. Furthermore, [5] found that male mice
treated orally with black pepper powder significantly
shows antispermatogenic and antifertility effects.

Such findings supported by many other reports, as
reviewed by [6], that the herb plants belong to pepper
family, such as Piper longum and Piper nigrum, has the
potential to be used as a contraceptive material. These
findings strengthened by [7] that piperine treatment
caused a significant reduction in the weights of testes,
regression in seminiferous tubules, damages of germ cells,
and spermatogenic arrest. On the other hand, mice treated
with P. longum showed a significant increase in the
weight of testes, sperm number and motility [8]. Although
such positive claims had not been widely supported by
adequate data, these facts should be considered as a
scientific challenge.

Supposing piperine from Piper guineense [1] or Piper
retrofractum [2] and Piper longum [8] is the key factor
responsible for any reproductive and sexual effects in
laboratory animals, the same active substance from Piper
nigrum (black pepper) can also, at least, reveals similar
phenomenon.

In an attempt to find out whether black pepper should
be seen as a useful drug or not in relation to male fertility
as well as sexuality we had applied two kinds of fruit
extracts of black pepper, water extracts and ethanolic
extracts, in mice.

By using only one species of pepper, Piper nigrum, the
maze effects of pepper plants, Piper guineense, Piper
retrofractum, Piper longum, and Piper nigrum on male
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reproductive function would be minimized. Furthermore,
by using water and ethanol as the solvent, it would be
known which type of extraction methods should be
applied in extracting the fruit of black pepper the best for
treating male reproductive problems.

2. Methods

2.1. Extract Preparation and Dosage

Black pepper fruits (Piper nigrum Linn.) were obtained
from pepper farmer in the District of Lampung Utara,
Lampung Province, Indonesia. The procedure of extract
preparation and the dosage calculation in this study was
similar to our previous study [3] as follows. Two extract
types of black pepper, ethanolic extract and water extract,
were prepared. All extraction steps initiated with grinding
the dried pepper fruits into powder form. Ethanolic extract
was made by soaking the black pepper powder in 95%
ethanol in room temperature. The supernatant collected
every 24 h for three days and evaporated under low
pressure until the brownish-viscous extract formed. To
make water extract, the black pepper powder was added to
the boiling distilled water for 15 min and after filtering the
solvent evaporated until the extract became a pasta form.
The pasta of the extract then mixed completely with the
pellets formulated specifically for mice that had been re-
grinded.

The amount of black pepper extract added to the pellet
was based on the tolerated dose limit of Trikatu which is 5
mg/kg body weight. Trikatu is a generic Ayurvedic
medicine prepared by mixing fruit powder of black pepper
(Piper nigrum Linn.), fruit powder of long pepper (Piper
longum Linn.) and rhizomes powder of ginger (Zingiber
officinalis Rosc.) in the ratio of 1:1:1 [9].

Given Trikatu consist of three species, two peppers and
one ginger, so that the tolerated limit of piperine dose
should be 3.33 mg/kg. Referring to the safe dose
mentioned above, a single dose of piperine for mice with
an average weight of 30 g supposedly was 0.1 mg/mouse.
Assuming each mouse needs food as much as 10% of its
body weight, per day, mice with an average weight of 30 g
would require food as much as 3 g. In order to make the
food always available (ad libitum), the amount of pellets
prepared for each mouse was rounded up to 4 g daily. To
meet the daily dosage, hence to the every 1 kg of pellet
was added extracts of black pepper of 25 mg. Next, the
mixture was re-molded and re-dried to become a renewed
pellet. The renewed pellet, then, served for treating the
experimental animals.

2.2. Animals and Experimental Design

By using completely randomized design 27 male Swiss
albino mice, 4 months old and weighing 25-30 g from
Lampung Veterinary Center, Indonesia, were used. The
experiental mice divided into 3 groups consisted of 9 mice
each. The first group was given the pellet that did not
contain extracts of black pepper as the control. The second
and third groups were consecutively treated with pellet
containing water extract and ethanolic extract. The
treatment was carried out for 90 days. During treatment
both pellet and water were available ad libitum.

2.3. Hormone Assay

At the end of 90 days experiments, mice’s blood was
collected by cardiac puncture after the animals deeply
anesthetized. For separating serum, blood was centrifuged
at 3000 rpm for 15 minutes and stored in freezer at -20°C
until use. Serum testosterone was measured by
radioimmunoassay (RIA) technique.

2.4. Sperm and Testis Histological Studies

Immediately after the blood is drawn, the testes of mice
dissected for assessing: testis weight, epididymis weight,
diameter of seminiferous tubule, spermatocyte count,
spermatid count, spermatozoa concentration, sperm
motility and normal morphology. Testes and epididymis
removed and weighted using analytical-density digital
balance with readability of 0.0001g. Semen in the
epididymis was squeezed and diluted with physiological
saline. Spermatozoa was counted using a Neubauer’s
haemocytometer under a light microscope at 400x
magnification and expressed as million/ml of suspension.
Quantitative epididymal sperm motility expressed as an
index determined by counting both motile and immotile
spermatozoa per unit area.

Sperm morphology was assessed from a smear of the
epididymal filtrate prepared on a clean glass slides by
addition of a drop of 1% eosin. After the object dried
observation done under a light microscope at 400x
magnification and abnormalities of either head or tail were
noted. To assess the seminiferous tubular diameters and
spermatocyte as well as spermatid count, left testis from
each mouse was fixed in Bouin’s solution. Transverse
sections of the organs were cut at 5 um and stained with
hematoxylin and eosin and examined under a light
microscope. The tubular diameter was determined by
measuring the width of the tubules using occulometer.
Spermatocytes and spermatids counts were done at 10
seminiferous tubules of each experimental unit and then
averaged.

2.5. Statistical Analysis

The data, presented as Mean + SEM, was analysed with
a one-way ANOVA. Means were separated using Least
Significance Difference (LSD) test. All of the statistics
that applied are programmed in SPSS version 18.

3. Results

All effects of treatment on serum hormone, testicular
histologic and sperm parameters are shown in Table 1.
Serum testosterone of mice given water extract and
ethanolic extract of black pepper fruits was significantly
higher compared to that of control group (p <0.01). The
concentration of spermatozoa, the spermatocyte and
spermatid counts of male mice fed water and ethanolic
extracts were significantly higher compared to that of
control. When the effects of aqueous and ethanolic
extracts of black pepper were compared, ethanol extract
showed a higher effect than that of water extract. On the
other hand both water and ethanol extract of black pepper
showed no significant effect on sperm motility and
morphology.
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Table 1. Effects of black pepper extract on serum testosterone and testicular parameters of mice

Treatment ANOVA
Parameters
Control Water Extract Ethanol Extract F P
Serum testosterone (ng/ml) 0.863+0.084% 2.872+0.507° 2.967+0.276° 12.423 0.000
Spermatozoa concentration (million/ml) 9.322+0.755% 18.133+1.776" 26.578+2.270° 25.159 0.000
Normal morphology (%) 47.74143.446 53.213+3.474° 54.543+2.937° 1.197 0.319
Sperm motility (%) 43.889+3.310° 56.111+3.203 51.667+3.005% 3.796 0.037
Testis weight (mg) 100.433+2.123° 101.467+1.208° 103.992+1.445° 1.196 0.320
Epididymis weight (mg) 22.700+0.676° 29.755+1.482° 30.167+0.987° 14.558 0.000
Diameter of seminiferous tubule (um) 156.632+3.659% 148.828+16.820° 167.418+3.352% 0.850 0.440
Spermatocyte counts 11.268+0.410° 18.780+2.547° 27.132+1.947° 18.081 0.000
Spermatid counts 25.397+1.332° 44.183+1.771° 57.926+2.785° 63.165 0.000

Values are mean + SE; values of each parameter that share the same superscript are not significantly different at ¢=0.05 using LSD test.

On the testicular parameters, fruit extract of black
pepper has no effect on the testis weight and the diameter
of seminiferous tubules but significantly increased the
epididymis weight compared to that of control.

4. Discussion

High testosterone level in rats fed the extract of pepper
that revealed in this study is consistent with the findings
of [10], that piperine supplementation might increase the
plasma testosterone level. There are several possible role
of piperine in increasing testosterone levels in mice.
Piperine the active constituent of Piper nigrum is known
to have an inhibitory effect on testosterone 5a-reductase.
The inhibition of this enzyme causes testosterone levels
remain high [11]. Black pepper fruit, as shown by [12], is
rich in patty acid such as auric acid, myristic acid and
palmitic acid. Fatty acid, as summarized by [13] in a
review article, significantly affect the secretion and
metabolism of androgens.

The next possibility that makes black pepper extract
affect androgens secretion in male subject is minerals such
as magnesium (Mg) and zinc (Zn). As reported by [14],
black pepper contains magnesium (Mg) in a significantly
high concentration. A supplement containing of Mg-Zn
significantly increase free testosterone levels in strength-
trained, competitive athletes [15].

That black pepper is known to contain a variety of
nutrients, including zinc, has been reported by many authors.
This nutrient is responsible for numerous physiological
processes in organisms [16,17]. Zinc supplementation can
improve the anti-oxidative status and hormone levels in
goats [18] and proved to increase serum levels of sex
hormones including testosterone in rats [19].

Such zinc content was might explain the high number
of spermatocytes, spermatids, and spermatozoa in mice
fed water extract as well as ethanolic extract of black
pepper fruit as shown in Table 1. In men, zinc
administration make seminal zinc levels increased and
significantly improve the sperm count, number of motile
and normal spermatozoa [20]. Zinc, as considered by [21],
is an essential trace element for the maintenance of germ
cells, spermatogenesis development and regulation of
sperm motility.

As can be seen in Table 1, mice treated with pepper
extract did not show significant changes in the weight of
testis and the diameter of seminiferous tubules but showed
a significant increase in epididymis weight. With these
facts it can be presumed that the Piper nigrum fruit extract

has the potential to improve spermatogenesis. It may be
associated with the increased of testosterone level. This
may be associated with elevated levels of testosterone.
This is consistent with the findings of previous studies that
spermatogenesis is strongly associated with testosterone.
[22,23,24].

This study results clearly showed that there was no
significant effect of black pepper extracts on sperm
motility. However there was a report that men with poor
sperm motility showed greater improvement in response
to zinc sulphate possible due to a synergistic effect of zinc
and androgen [25]. Because sperm moitility depended
uppon dihydrotestosterone (DHT) while DHT itself
affected by testosterone 5a-reductase [26], these contradiction
seem to indicate that both water and ethanolic extract did
not contain enough testosterone Sa-reductase inhibitory to
change the DHT level.

The last finding of this study was that ethanolic extract
of black pepper fruits showed significant effects on
spermatocyte and spermatid counts and epididymal sperm
concentration when compared with that of water extract.
These facts seem to confirm that ethanolic extracts of
black pepper has a broader spectrum of effects due to
contain much more active ingredient than that of water
extract. Ethanolic extract of black pepper showed
antibacterial activity against all test bacteria compared
with that of water extract [27,28].

In mice, ethanol extract dosage of 100 mg/kg showed a
higher protective effect against gastric ulcer (90.9%) than
that of water extract (41.2%) [29]. In addition, ethanolic
extract of pepper showed higher antioxidant activity than
that of water extract [30,31].

5. Conclusion
In conclusion, fruit extract of black pepper, Piper

nigrum, has a positive effect on testosterone level and
fertility potential in male mice.
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