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bstract

This study examined the possibility of using Shilajit as a fertility agent. The effects of Shilajit on spermatogenesis and ovogenesis were studied
sing male and female rats. Shilajit was administered orally to 7-week-old rats over a 6-week period. In the male rats, the number of sperms in
he testes and epididymides was significant higher than in the control. A histological examination revealed an apparent increase in the number of
eminiferous tubular cell layers in the testes of the treated rats. However, there were no significant differences in the weights of heart, spleen, liver,

idney, brain, testes and epididymides. In the female rats, the effect of Shilajit was estimated by the ovulation inducing activity. Over a 5-day,
vulation was induced in seven out of nine rats in the Shilajit administration group and in three out of nine rats in the control. It was estimated that
hilajit had both a spermiogenic and ovogenic effect in mature rats.
2006 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Efforts to develop antifertility agents from natural sources and
hemical compounds have been ongoing since ancient times. On
he other hand, there have been fewer efforts to develop materials
hat improve the ability to reproduce. In modern society, sper-

atogenesis and ovulation have decreased and the incidence
f infertility has increased as a result of various factors such
s environmental pollution and stress. Shilajit has been used
s a folk medicine in Himalayan regions for general physical
trengthening, antiaging, blood sugar stabilization, urinary tract
ejuvenation, enhanced brain functioning potency, kidney reju-
enation, immune system strengthening, arthritis, hypertension
s well as for treating many other conditions. Shilajit (botanical
ame: Asphaltum), also known as mineral pitch, is a natu-
al exudate oozed from rocks during hot weather in the lower
imalayas, Vindhya and other mountain tracts. Shilajit is a com-

act mass of vegetable organic matter, which composed of a
ummy matrix interspersed with vegetable fibers and minerals.
ubstances identified in Shilajit include moisture, gums, albu-
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inoids, calcium, potassium, nitrogen, silica, resin, vegetable
atter, magnesium, sulfur, iron, chloride, phosphorous, iodine,

lycosides, tannic acid, benzoic acid, and a number of vitamins
nd enzymes. According to recent reports, Shilajit was found to
ave significant anti-inflammatory activity (Goel et al., 1990),
ree radical elimination functions (Bhattacharya and Sen, 1995),
nd anxiolytic effects (Jaiswal and Bhattacharya, 1992). How-
ver, there are no reports on the activity of Shilajit on fertility.
herefore, this study examined the possibility of using Shilajit
s a fertility agent.

. Materials and methods

.1. Animal model

Six-week-old Sprague-Dawley albino male rats (Samtako,
yungkido, Korea), weighing 200 g were used to check for sper-
atogenesis. Six-week-old female rats, weighing 160 g were
sed to examine the ovulation inducing activity. The animals
ere maintained under a controlled temperature (23 ± 1 ◦C),

elative humidity (55 ± 10%), and a 12-h light/dark cycle per
ay. Standard laboratory chow and tap water were provided ad
ibitum.

mailto:khan@chungbuk.ac.kr
dx.doi.org/10.1016/j.jep.2006.03.039
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Table 1
Microscopic characteristics of the vaginal smear as a function of the sexual cycle

Phase Duration days Microscopic characteristics of vaginal smears

Diestrus 1–3 Exclusively leukocytes
Proestrus ∼1 Leukocytes and nucleated epithelial cells
Early estrus 0.5–1 Epithelial cells, may have some cornified cells
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.2. Administration of Shilajit

Shilajit (mineral pitch) is a blackish brown dried matrix
urchased from Dolpa, Nepal. The material was authenticated
y Dr. Kim, who is an oriental medical practitioner. Shilajit
as dispersed in purified water and used without any further
urification. The rats were assigned into groups (9 rats/group)
ccording to their body weights and Shilajit was administered
fter a 1-week acclimatization period. The rats were given a daily
ral gavage of 0 mg/kg (control), 25 mg/kg (group I), 50 mg/kg
group II) and 100 mg/kg (group III) for 6 weeks. The volume
dministered was 2 ml/kg b.wt. The body weight was recorded
efore the start of dosing, every 3 or 4 days, and on the day
f the necropsy, and the actual dosing volumes were adjusted
ccording to the body weights recorded.

.3. Sperm count

The male rats were weighed and sacrificed 1 day after the final
ose. The rats were anesthetized with ether. The weights of the
iver, heart, brain, kidney and spleen were recorded individually.
he right testis and epididymis were weighed and used for sperm
nalysis. The number of sperm heads in the testis and epididymis
as assessed by counting the number of sperm heads based on
slight modification of the procedure reported by Toth et al.

1989).
For the testes, the tunica albuginea was removed and the

emaining tissue was placed in 10 ml of 0.9% saline. The tissue
as then homogenized twice with a homogenizer for 30 s and

reated with an ultrasonic cleaner for 3 min. The homogenate
as then diluted to a suitable concentration, and 10 �l of the
ilution was placed on hemocytometer, covered with a cover
lass, and the numbers of sperms were counted using an optical
icroscope (Nikon, YS 100).
The epididymides were cut into small pieces with scissors,

laced in a 50 ml centrifuge tube, and 6 ml of 0.9% saline was
dded. The tissue solution was homogenized three or four times
or 30 s each with a homogenizer, and the homogenate was
iluted to a suitable concentration. The number of sperms in
0 �l of the diluted solution was determined using the same
ethod described above.
.4. Ovulation inducing activity

In the female rats, the effect of Shilajit was estimated by
heir ovulation inducing activity. The Shilajit was administered

n
l
t
w

able 2
he number of sperms in the testis after administering Shilajit to the rats for 6 weeks

Testis (g) Sperm/rat (x)

ontrol 3.416 ± 0.094 154727939 ± 29660595
roup I 3.445 ± 0.088 156550895 ± 40112227
roup II 3.422 ± 0.078 181472994 ± 35509540
roup III 3.495 ± 0.081 201905772 ± 51969044

ata are presented as mean ± S.D. (n = 9).
a x/6.1, where 6.1 is the period of spermatid development from stages I to XIV.
strus 0.5–1 Exclusively cornified cells
etestrus ∼1 Leukocytes and cornified cells

t dose of 0 mg/kg (control group), 25 mg/kg (group I) and
00 mg/kg (group III). After 6 weeks, the estrous cycle of each
nimal was checked. The estrous cycle was determined using
he method reported by Yamazaki et al. (1977). Vaginal smears
f the rats were obtained before 9:00 a.m. and applied to a slide
lass, and observed under an optical microscope. Rats in the
strus stage were anesthetized using ether, and the oviducts were
etached. The oviducts were compressed between two slides and
nspected for the presence of ova using a microscope. Three main
ell types were used to classify the estrous cycles, i.e. leukocytes,
pithelial cells and cornified epithelial cells. Fig. 1 and Table 1
how the characteristic of the estrous cycle.

.5. Testicular histology

One (left) of the testes from each animal was fixed in
ouin’s fluid, dehydrated in graded ethanol, cleared in xylene
nd embedded in paraffin wax. Five-micron sections were cut,
tained with Harris’ hematoxylin and eosin and observed under
microscope.

. Results

.1. Sperm count

As shown in Tables 2 and 3, all the animal groups adminis-
ered Shilajit showed an increase in the number of sperms in both
he testes and epididymides in a dose dependent manner com-
ared with the control group. In particular, the epididymides
rom groups II and III showed a significant increase in the num-
er of sperm compared with the control group (Fig. 2).

The weight of each of the organs was calculated as a weight
ercentage to the body weight (Table 4). The final body weight of
ll the groups was similar to the control. In addition, there were

o significant differences in the weights of the heart, spleen,
iver, kidney, brain, testes and epididymides. It was assumed
hat Shilajit produced a dose related increase in spermatogenesis
ithout altering the general organ weights.

Sperm/g Sperm/daya

44952917 ± 8617256 25365236 ± 4862393
44895582 ± 11503363 25664081 ± 6575775
53031267 ± 10376838 29749671 ± 5821236
57769892 ± 14869540 33099307 ± 8519515
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Fig. 1. Vaginal smears, the day of estrus, metestrus, diestrus and proestrus, respectively, in the rats. Bar = 50 �m. (Ref.: Fundamentals of Toxicologic Pathology,
Academic Press, pp. 491–494.)

Table 3
The number of sperms in the epididymis after administering Shilajit to the rats for 6 weeks

Epididymis (g) Sperm/rat (x) Sperm/g Sperm/daya

Control 1.048 ± 0.046 167839305 ± 68402608 168283317 ± 40483637 29021975 ± 6981768
Group I 1.121 ± 0.051 190979680 ± 75536110 189351194 ± 21161789 33648638 ± 3760554
Group II 1.137 ± 0.056 486930544 ± 193966032* 435702224 ± 112113310 81212037 ± 20897186
Group III 1.175 ± 0.059 635303497 ± 257783689* 634271513 ± 106600497 122175251 ± 20533702

Data are presented as mean ± S.D. (n = 9).
a x/6.1, where 6.1 is the period of spermatid development from stages I to XIV.
* Significant difference from the control value (ANOVA test, p < 0.01).

Table 4
The weight percentagea of the organs after administering Shilajit to the rats for 6 weeks

Control Group I Group II Group III

Body weight (g) 445.7 ± 27.33 440.8 ± 24.08 457.9 ± 22.52 445.0 ± 31.28
Liver 4.418 ± 0.598 4.105 ± 0.447 4.226 ± 0.391 3.955 ± 0.352
Spleen 0.279 ± 0.024 0.248 ± 0.028 0.209 ± 0.015 0.249 ± 0.043
Kidney 0.876 ± 0.098 0.791 ± 0.091 0.785 ± 0.083 0.743 ± 0.089
Heart 0.350 ± 0.043 0.300 ± 0.015 0.314 ± 0.027 0.332 ± 0.049
Brain 0.507 ± 0.051 0.464 ± 0.037 0.459 ± 0.020 0.464 ± 0.025

Data are presented as mean ± S.D. (n = 9).
a Organ weight/body weight × 100.
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Table 5
The number of rats and ova where ovulation was induced by the oral adminis-
tration of Shilajit for 6 weeks

Treatment 1 day 2 days 3 days 4 days 5 days

Number of rats ovulating/examine
Control 0/9 1/9 1/7 1/6 0/6
Group I 1/9 1/8 0/7 0/6 0/6
Group III 4/9 2/5 1/3 0/2 0/2

Number of ova in ovulating rats (ova/rat)
Control 0 9 10 15 0
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ig. 2. The number of sperms in the testis and epididymis according to amount of
hilajit administered to the rats for 6 weeks. Data are presented as a mean ± S.D.
n = 9). *Significant difference from the control value (ANOVA test, p < 0.01).

.2. Ovulation inducing activity

To estimate for Shilajit activity in female rat, we examined
he number of rats that induced to estrus stage and ova for 5
ays after oral administration of Shilajit for 6 weeks (Table 5).
he 25 mg dose group showed a similar number of ovulation-

nduced rats to the control group. However, the 100 mg dose
roup showed a significant increase in the number of rats in
strus. In the control and the low dose group, the number of rats
n the estrus stage over the 5 days was only two to three out of
ine animals. However, there were seven rats in estrus stage over
he 5 days in the 100 mg dose group, which is two to three times

igher that of the control group. Therefore, it was presumed
hat Shilajit promoted the proliferation and differentiation of
ocytes, and appeared to shorten the diestrus stage and increase
he ovulation frequency.

b
t
n
h

ig. 3. The seminiferous tubules of the rats treated with Shilajit, H&E. Magnification a
ost apparent was the presence of dense spermatid nuclei and sperm heads within th
Group I 12 8 0 0 0
Group III 11.75 14 16 0 0

ata are presented as mean ± S.D. (n = 9).

.3. Histopathology of testis

No histopathologic alterations were observed in the control
nd the test group of testes. The leydig cells and sertoli cells
ere normal in appearance. The seminiferous tubules of the

nimals treated with Shilajit (Group III) were more closely
rranged and larger (193 ± 17 �m versus 187 ± 13 �m) than
hose of the control rats (Fig. 3). Some of the tubules showed
lear signs of spermatogenesis. Most apparent was the presence
f dense spermatid nuclei and sperm heads within the seminif-
rous epithelium.

. Discussion and conclusions

Spermatocytogenesis has been reported to occur in Wistar
ats at age of 30 days whereas spermiogenesis commences at
0 days (Yves and Bernard, 1969; Brown et al., 1975). Seven-
eek-old Sprague-Dawley albino rats were used, and Shilajit
as administered orally to the rats for 6 weeks in order to deter-
ine the level of spermatogenesis and ovogenesis.
Shilajit has been used in traditional medicine as an aphro-

isiac and geriatric tonic. We thought that these effects might

e related to spermatogenesis and ovogenesis. We found that
he number of sperm epididymides of the male rats was sig-
ificantly higher than in the control. Moreover, a significantly
igher serum testosterone level was observed in-group III

pproximately 200×. Some of the tubules showed clear signs of spermatogenesis.
e seminiferous epithelium.
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say with a parameter of ovulation-induction in the diestrous rat. Journal of
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han the control. The serum LH levels increased slightly but
here was no change in the serum FSH levels (not shown
ata). The increase in the serum testosterone level is respon-
ible for increased spermatogenesis and sperm counts. The
nal body and organ weights of all groups were similar

o the control. It is assumed that Shilajit had dose related
ffects on spermiogenesis without altering the general organ
eights.
The estrous cycle of a rat is completed in 4–5 days (Yamazaki

t al., 1977; Table 1). Rats that had a regular estrous cycle
efore experimentation were not selected because the aim was
o determine the induction of ovulation by Shilajit. In female
ats, the number of ovulation induced rats increased for one
eriod of the estrous cycle but the number of ova was simi-
ar to the control. It was presumed that Shilajit promoted the
roliferation and differentiation of oocytes. Accordingly, Shi-
ajit appears to reduce the diestrus periods of rats, leading
o an estrus stage relatively faster than that of the control.
urther study will be needed to clarify the mechanism. The
dditional observation for 5 days was also examined to check
he estrous cycle in the non-ovulation induced rats. However,
here was no further increase in the number of ovulation-
nduced rats. This might be caused by long-term experimental
tress.

Generally, the causes of male infertility include semen or
perm abnormalities, sperm transport disorders, and aspermia.
mong these causes, more than half are spermatogenesis disor-
ers resulting from a disorder of the testis function in producing
perm as well as an abnormality of sperm components. The
auses of female infertility vary and are difficult to determine.
he interruption of tubal patency and ovulation disorders, such
s amenorrhoea, anovulatory menstruation, and sporadic anovu-
atory disorders are causes of female infertility. Spermatogenesis
s affected by numerous nutrients and enzymes, such as vitamin
C, E, B12) (Sandler and Faragher, 1984; Rolf et al., 1999), min-
ral (zinc, copper, selenium, calcium) (Scott et al., 1998), amino
cid (Schacter et al., 1973), coenzyme Q10 (Lewin and Lavon,
997).

Substances identified in Shilajit include moisture, gums,
lbuminoids, calcium, potassium, nitrogen, silica, resin, veg-
table matter, magnesium, sulfur, iron, chloride, phosphorous,
odine, glycosides, tannic acid, benzoic acid and a number of
itamins and enzymes (US Patent No. 5,405,613). The Shila-
it composition of biologically active components disclosed in

he US Patent (No. 6,440,436) contains 0.3% by weight of oxy-
enated dibenzo-�-pyrone and 60% by weight of low molecular
eight of fulvic acid. Ghosal et al. (1993) reported that the

ctive constituents of Shilajit in learning and memory in rats are

Y

rmacology 107 (2006) 349–353 353

xygenated dibenzo-�-pyrones, in combination with medium
olecular weight fulvic acids.
The administration of Shilajit to rats showed a remarkable

ncrease in the number of sperm of the epididymides in male
ats, and in the number of ovulation-induced rats in females.
hese spermatogenic and ovogenic effects of Shilajit may result

rom the combined effect of its many constituents, i.e. mineral,
ulvic acid, etc. However, further research will be needed to
dentify the active components of Shilajit.
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