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Abstract 
 

Sixty post-pubertal male albino rats, above 50 
days of age and weighing 98.0 ± 22.9 g, were used to 
study the effects of prolonged oral administration of 
aqueous extract of Ficus sycomorus stem bark on sperm 
cell production and pH of sperm microenvironment. 
They were divided into four groups of 15 each and 
treated through an esophago-gastric tube at doses of 0, 
200, 400 and 600 mg/kg, respectively, using extract 
concentration of 200 mg/ml for 30 days. Five rats from 
each group were euthanized on days 10, 20, and 30 of 
treatment and the testes were dissected out. Sperm head 
counts (SHCs) were estimated from testicular and 
epididymal homogenates by using hemocytometer and 
the pH of the homogenates were determined with a pH 
meter. The testicular and epididymal (head, body, tail, 
total) SHCs increased during the period of treatment 
with significant (P < 0.01) time-dependent linear trends 
which were apparently higher in the treated (r2 = 0.70-0.91) 
than control (r2 = 0.50-0.54) animals. Treatment effects 
were not observed between days 10 and 20 of treatment 
until day 30 when only testicular and total epididymal 
SHCs significantly (P < 0.05) increased in dose-
dependent linear trends which were higher for testicular 
SHCs (r2 = 0.53; P < 0.01) than total epididymal SHCs 
(r2 = 0.17; P < 0.01). The treatment also significantly 
(P < 0.05) increased the pH of testicular and epididymal 
(head, body, tail) homogenates on days 20 and 30 of 
treatment with dose-dependent linear trends which were 
higher on day 30 (r2 = 0.52-0.81; P < 0.05) than day 20 
(r2 = 0.28-0.59; p < 0.05) of treatment. At 400-600 
mg/kg doses of treatment, the pH of the testicular and 
epididymal homogenates increased with time-dependent 
linear trends (r2 = 0.42-0.85; P < 0.05), while no 
significant (P > 0.05) variations occurred in the same 
parameters in the controls. It was concluded that the 
extract increased sperm cell production and pH of 
homogenates of testes and epididymes of albino rats.  
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Introduction 
 

Spermatogenesis in the rat is similar to that of 

other mammals (Hernandez et al., 2007). The time of onset 
of puberty is day 25 after birth and by day 53, the rat starts 
to produce mature spermatozoa (Bourguignon et al., 1992; 
Gleen and Levine, 2003). The duration of spermatogenesis 
in rats ranges from 51.6-56 days (Rosiepen et al., 1994, 
1995; Penida, 2003). Spermatogenesis extends over 4 
cycles of seminiferous epithelium (Penida, 2003) and each 
cycle of seminiferous epithelium ranges from 12-13 
days (Aslam et al., 1999; Penida, 2003). There are 14 
stages of cells in spermatogenesis in rat as defined by 
the number of morphologically recognizable germ cell 
associations within the testes (Russel et al., 1990; 
O’Donnel et al., 2001).  

Quantitative evaluation of spermatogenesis 
may be done by counting of sperm cells in the ejaculate, 
cauda epididymis or testicular homogenate (Berndston, 
1977; Collins et al., 2006). Testicular sperm head count 
(SHC) has a direct relationship to fertility and can be 
applied to the quantitative assessment of reproductive 
risk (Meistrich, 1989). Epididymal sperm cell count is 
linearly related to fertility (Chapin et al., 1997). 
However, it must be noted that testicular and epididymal 
SHCs, as indicators of spermatogenesis, do not provide 
information on sperm cell motility, fertilizing potential or 
genetic integrity when a biologically active substance 
has been administered; and any substance being 
evaluated for its effect on spermatogenesis should be 
administered for a prolonged period to affect sperm cell 
production to the extent that the effect may be quantified 
by SHCs (Collins et al., 2006). 

The pH of the sperm microenvironment varies 
in the testis, excurrent duct, ejaculate and the female 
reproductive tract. The luminal pH is higher in the 
efferent ductules of the rat than in the epididymis 
(Newcombe et al., 2000). The pH of the fluid in the 
seminiferous tubules and rete testis of rats is about 7.4 
(Tuck et al., 1970; Levine and Marsh, 1971), but decreases 
to about 6.5 in the epididymal head (Levine and Marsh, 
1971). Acidification of fluid leaving the testis occurs 
primarily in the initial segment and to a lesser extent in 
the intermediate zone of the epididymis (Levine and 
Kelly, 1978). The acidic luminal pH of the epididymis 
keeps the spermatozoa in an immotile quiescent state 
during maturation and storage (Setchell et al., 1993; 
Shum et al., 2009) because of the activation of a pH-
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dependent inhibitory factor (Acott and Carr, 1984). The 
nominal pH of seminal plasma in man is 7.0 and its 
buffering agents are provided by the vesicular gland, but 
pH of 7.2-7.8 is required for sperm motility (WHO, 
1999). The seminal plasma pH in most domestic 
animals is 6.7-7.4 (Roberts, 1986). The vaginal fluid pH 
in women is ≤5, but the seminal ejaculate has the 
potential to neutralize the vaginal acidity and prevent 
sperm immobilization after coitus (Suarez and Pacey, 
2006). Thus, reduction of sperm acidity is necessary for 
the commencement and sustainability of sperm motility; 
and factors which promote a drift toward increasing pH 
may enhance sperm motility and fertility, since sperm 
hyperactivation is promoted by alkaline-stimulated 
calcium ion influx (Marquez and Suarez, 2007). 

Folkloric information is available on the use of 
Ficus sycomorus extracts in the treatment of infertility 
and sterility in humans (Malgras, 1992; Pakia and 
Cooke, 2003; Kone and Atindehou, 2008). Ficus 
capensis Thunb. extract was used in the treatment of 
azoospermia (Gelfand et al., 1985). Ficus asperifolia 
extract was reported to have an estrogenic effect in 
female rats which supported increases in the number of 
implantation sites and the litter size (Watcho et al., 
2009). The aqueous extract of Ficus sycomorus stem 
bark was reported to contain pharmacologically active 
substances such as gallic tannins, saponins, reducing 
sugars, alkaloids and flavone aglycones, and was 
relatively safe in rats with LD50 of 720 mg/kg, causing 
no haematological, hepatic and renal toxicities 
(Sandabe, 2002; Sandabe et al., 2006), but the male 
reproductive effect of the extract has not been studied. 
Folkloric information from the local communities in 
Borno State, Nigeria, indicates that both men and 
women use the aqueous stem-bark extracts to treat 
infertility. It is not clear whether the plant extract has 
phytoandrogens and/or phytoestrogens. However, we 
speculate that the constituents of the extract may have 
gonadotrophic activities which affect both male and 
female reproductive functions.  

The present study is the first experimental 
assessment of the effects of prolonged oral administration 
of the aqueous extract of Ficus sycomorus stem bark in rats 
on sperm cell production, evaluated by SHCs, and sperm 
microenvironment, estimated by the pH of homogenates 
of the tissue source of sperm.  

 
Materials and Methods 

 
Animals 
 

Sixty post-pubertal male albino rats, above 50 
days of age and weighing 98.0 ± 22.9 g, were selected 
from Ayuba Animal Farm, Maiduguri, 14 days prior to 
commencement of the experiment. They were housed in 
standard plastic cages containing 5 rats each with 
comparable mean live body weights and kept in a room 
with ambient temperature not exceeding 30oC. They 

were fed ad libitum with commercial pelletized feed 
(Vital Feed, Jos). Clean drinking water was provided 
freely in nipple drinkers.  
 
Plant identification and extraction 
 

The tree of Ficus sycomorus was identified by 
a taxonomist in the Department of Biological Sciences, 
Faculty of Science, University of Maiduguri, 
Maiduguri, Nigeria. The tree, which is perennial, is 
planted for shade in the sahel region of the country. It 
grows to 20 m tall and 6 m wide with a dense round 
crown of spreading branches, green-yellow to orange 
bark and heart-shaped leaves having round apex 
(Sandabe, 2002; Ficus, 2009).  

The stem bark was chopped off and air dried 
away from direct sunlight for eight days. The dried stem 
bark was pounded into powdered form using pestle and 
mortar. The powdered stem bark (550 g) was dissolved 
in distilled water (3000 ml) in a round bottom flask. The 
mixture was refluxed for 2 hours and filtered while hot 
with No. 1 Watman filter paper. The refluxing was done 
three times using fresh distilled water each time. After 
filtration, the filtrate was poured on a tray and placed in 
a hot air oven at 40-50oC for 2 hours for the water to 
evaporate. The dried sample left on the tray was 
weighed and used for the experiment. 
 
Experimental design 
 

The rats were divided into four groups of 15 rats 
each. The concentration of the extract used was 200 mg/ml 
(Sandabe, 2002). Rats in group A, B and C were 
administered orally through an esophago-gastric tube 
(Onu et al., 2007) with 200 mg/kg, 400 mg/kg and 
600 mg/kg, respectively, of the extract daily for 30 
days. Rats in group D served as control and were sham-
treated. Five rats from each group were euthanized on 
days 10, 20 and 30 of treatment by decapitation through 
cutting the cervical blood vessels with a sharp scalpel 
blade (Close et al., 1997). The testes and epididymes 
were dissected out.  
 
Sperm head counts 
 

The tunica albuginea was removed from each 
testis before its homogenization in 5 ml of normal saline 
(Dana, Ilorin). The head, body and tail of the 
epididymes were separately homogenized in 2 ml of 
normal saline. The sperm head count per milliliter of the 
homogenate was done using a hemocytometer 
(Almquist and Amann, 1961; Amann and Lambaise, 
1969; Foote, 1969; Igboeli and Cardoso, 1984; Kwari, 
1990; Seung et al., 2003; Wannang et al., 2008; Parrish, 
2009). The total sperm head count per homogenate was 
determined using the formula: (Volume of homogenate) x 
(Count in 5 squares) x (0.05 x 106). 
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pH of homogenates 
 

A pH meter (ExStikTM, Extech Instrument 
Corp., Waltham, MA, USA, http://www.extech.com) 
was used to determine the pH of homogenized samples 
of the testes, and head, body and tail of the epididymes. 
 
Statistical analyses 
 

The data obtained are presented as means ± 
standard deviations and variations in means were 
assessed by one-way analysis of variance (ANOVA) 
with Dunnet or Tukey post-test, and coefficient of 
determinations, r2 , for linear trends in relation to time 
and dose (as independent variables) were determined 
using computer software (GraphPad Instat, 1993 
version, http//:www.graphpadinstat.com). 

Results 
 
Sperm head output 
 

The testicular and epididymal (head, body, tail, 
total) SHCs during the period of treatment are presented 
in Tables 1 and 2, respectively. Treatment effects were 
not observed between 10 and 20 days of treatment. At 
30 days of treatment, testicular and total epididymal 
SHCs significantly (P < 0.05) increased in dose-
dependent linear trend, which was higher for testicular 
SHCs (r2 = 0.53; P < 0.01) than total epididymal SHCs 
(r2 = 0.17; P < 0.01). All the SHCs at all doses increased 
with significant (P < 0.01) time-dependent linear trends 
which were higher in the treated (r2 = 0.70-0.91) than 
control (r 2= 0.50-0.54) animals.  

 
Table 1. Effect of oral administration of aqueous extract of Ficus sycomorus stem bark on testicular sperm head 
counts (x106) in albino rats. 

 Dose (mg/kg) 
Days of treatment Control 200 400 600 
10 14.4 ± 3.1a 17.3 ± 5.8a 17.7 ± 4.0a 14.4 ± 2.5a

20 15.8 ± 6.7a 29.8 ± 11.2a 27.0 ± 12.2a 27.7 ± 6.5a

30 36.0 ± 11.6a 44.0 ± 5.0ab 48.5 ± 5.6b 54.8 ± 3.1b

a,b Means ± standard deviations with different superscripts in rows are significantly different (P < 0.05). 
 
 
Table 2. Effect of oral administration of aqueous extract of Ficus sycomorus stem bark on epididymal sperm counts 
(106) in albino rats. 

  Dose (mg/kg) 
Epididymal tissue  Days of treatment Control 200 400 600 
Head 10 3.1 ± 2.3a 3.0 ± 3.0a 2.2 ± 0.4a 2.8 ± 2.4a

 20 3.8 ± 2.1a 7.8 ± 3.2a 8.1 ± 4.8a 7.5 ± 3.0a

 30 15.2 ± 7.0a 21.6 ± 0.8a 19.5 ± 2.0a 21.0 ± 3.1a

      
Body 10 1.2 ± 0.4a 1.4 ± 1.1a 1.3 ± 0.2a 1.0 ± 0.2a

 20 1.9 ± 1.8a 6.2 ± 2.8a 5.5 ± 3.3a 8.5 ± 5.7a

 30 8.9 ± 5.0a 12.8 ± 2.3a 16.6 ± 6.2a 16.1 ± 3.8a

      
Tail 10 7.0 ± 2.7a 4.2 ± 3.8a 6.0 ± 1.5a 4.9 ± 3.1a

 20 9.3 ± 1.8a 12.8 ± 6.7a 13.7 ± 9.3a 8.7 ± 4.1a

 30 19.4 ± 7.6a 24.0 ± 0.9a 24.9 ± 1.8a 25.0 ± 1.2a

      
Total 10 11.2 ± 4.9a 8.3 ± 7.5a 9.5 ± 1.7a 8.8 ± 5.5a

 20 14.2 ± 7.4a 26.8 ± 12.3a 23.1 ± 12.7a 24.7 ± 10.1a

 30 43.5 ± 19.0a 58.4 ± 2.6ab 61.6 ± 8.1b 62.1 ± 3.5b

a,b Means ± standard deviations  with different superscripts in rows are significantly different (P < 0.05). 
 
 
pH of testicular and epididymal homogenates 
 

The effects of treatment on pH of testicular and 
epididymal (head, body, tail) homogenates are presented 
in Tables 3 and 4, respectively. In the untreated control 
rats, the pH of testicular and epididymal homogenates did 
not vary significantly (P > 0.05). The administration of the 
extract significantly (P < 0.05) increased the pH of 

testicular and epididymal (head, body, tail) homogenates 
on days 20 and 30 of treatment with significant (P < 0.05) 
dose-dependent linear trends which were higher on day 
30 (r2 = 0.52-0.81) than day 20 (r2 = 0.28-0.59). Also, 
the pH of the testicular and epididymal homogenates of 
treated rats significantly (P < 0.05) increased with time-
dependent linear trends (r2 = 0.42-0.85; P < 0.001) at 
400-600 mg/kg doses of treatment. 
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Table 3. Effect of oral administration of aqueous extract of Ficus sycomorus stem bark on the pH of testicular 
homogenates of albino rats. 

 Dose (mg/kg) 
Days of treatment Control 200 400 600 
10 6.6 ± 0.0a 6.6 ± 0.1a 6.6 ± 0.1a 6.9 ± 0.1a

20 6.6 ± 0.0a 6.8 ± 0.2a 7.0 ± 0.2b 7.1 ± 0.1b

30 6.7 ± 0.1a 6.9 ± 0.1b 7.1 ± 0.1bc 7.2 ± 0.1bc

a,b Means ± standard deviations with different superscripts in rows are significantly different (P < 0.05). 
 
Table 4. Effect of oral administration of aqueous extract of Ficus sycomorus stem bark on pH of epididymal 
homogenates of albino rats. 

  Dose (mg/kg) 
 Days of treatment Control 200 400  600 
Head 10 6.5 ± 0.1a 6.4 ± 0.0a 6.5 ± 0.1a 6.8 ± 0.1a

 20 6.7 ± 0.1a 7.0 ± 0.2b 6.9 ± 0.1a 7.1 ± 0.2b

 30 6.7 ± 0.1a 6.8 ± 0.0a 7.1 ± 0.1b 7.1 ± 0.1b

      
Body 10 6.5 ± 0.0a 6.5 ± 0.1a 6.4 ± 0.1a 6.7 ± 0.1a

 20 6.7 ± 0.1a 7.0 ± 0.2b 6.9 ± 0.1a 7.0 ± 0.1b

 30 6.7 ± 0.2a 6.8 ± 0.1ab 7.0 ± 0.1b 7.0 ± 0.0b

      
Tail 10 6.5 ± 0.1a 6.4 ± 0.0a 6.4 ± 0.1a 6.7 ± 0.1a

 20 6.6 ± 0.1a 7.0 ± 0.2b 7.0 ± 0.1b 7.0 ± 0.1b

 30 6.6 ± 0.1a 6.8 ± 0.1b 7.0 ± 0.1bc 7.0 ± 0.0bc

a,b,c Means ± standard deviations with different superscripts in rows are significantly different(P < 0.05). 
 
 

A comparison of the pooled means of the pH of 
testicular and epididymal homogenates during treatment 
is presented in Table 5. At the treatment doses of 200-
400 mg/kg and in the controls, no significant differences 
occurred between the pooled mean of the pH of any part 
of the epididymal homogenate when compared with that 
of the testicular homogenate. However, the pH of the 

epididymal homogenates was lower (P < 0.05) than that 
of the testicular homogenate when the treatment was at 
600 mg/kg, suggesting the acidification of the sperm 
microenvironment toward the epididymal tract, even 
though the treatment had increased the pH of both 
testicular and epididymal homogenates as shown in 
Tables 3 and 4.  

 
Table 5. Comparison of the pooled means of the pH of testicular and epididymal homogenates of albino rats during 
oral administration of aqueous extract of Ficus sycomorus stem bark.  

 pH of homogenate (n = 15, pooled from 10, 20 and 30 days of treatment) 
Dose (mg/kg)  Epididymis 
 Testis Head Body Tail 
Control 6.64 ± 0.06a 6.64 ± 0.12a 6.62 ± 0.15a 6.58 ± 0.10a

200 6.72 ± 0.24a 6.76 ± 0.29a 6.77 ± 0.28a 6.71 ± 0.25a

400 6.87 ± 0.28a 6.78 ± 0.38a 6.79 ± 0.29a 6.74 ± 0.29a

600 7.05 ± 0.19a 6.88 ± 0.15bc 6.88 ± 0.15bc 6.91 ± 0.15ac

a,b,c Means ± standard deviations with different superscripts in rows are significantly different (P < 0.05). 
 

Discussion 
 

Aqueous stem-bark extract of Ficus sycomorus 
might have increased sperm cell production in the rats 
by stimulating the hypothalamus-pituitary-testicular axis 
and this could only be ascertained through a subsequent 
endocrine study. A significant effect of the extract was 
observed at day 30 of treatment, because increased 
spermatogenesis was possible after at least 2 cycles of 
the seminiferous epithelium; one cycle being 12-13 days 
(Aslam et al., 1999; Penida, 2003). Since the duration of 

spermatogenesis in rats ranges from 51.6-56.0 days 
(Rosiepen et al., 1994, 1995; Penida, 2003), it was most 
probable that the extract did not act only on the dormant 
spermatogonia at the beginning of each cycle, but acted 
at intermediate stages of spermatogenesis to boost 
sperm production.  

The increased sperm cell production of control 
rats suggested that the capacity of the seminiferous 
tubules to produce sperm was enhanced, probably by 
increase in tubular length and diameter. Treatment with 
the extract exaggerated the time-dependent increase in 
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sperm cell production as shown by higher coefficients 
of determination, an observation that suggested that the 
extract stimulated faster testicular growth through 
expansion of seminiferous tubular function, perhaps 
because of increased spermatogenic stimulus. Also, a 
dose-dependent effect of the extract indicated a graded 
potency of the active components responsible for the 
increased sperm cell production.  

Normal saline (0.9% sodium chloride) was 
used to homogenize the testicular and epididymal 
tissues during sperm extrusion. The hydrogen ion 
concentrations, pH, of the homogenates estimated to 
assess the microenviromental effect of the extract on 
sperm was contributed to by the normal saline, which 
has a nominal pH of 5.5. Intravenous normal saline fluid 
was reported to have pH of 5.0 (Steele and Story, 2000), 
5.9 (Anshu et al., 1985) or 5.5-6.5 (Breborowicz and 
Oreopoulos, 2005), and has an acidifying potential after 
intravenous infusion even as an isotonic solution (Ho et 
al., 2001; Criss, 2007). Thus, the homogenate fluid was 
acidified by the normal saline since it contained no 
buffer and might not reflect the true pH of the testicular 
and epididymal tissues.  

The increase in pH of all the homogenates over 
time could be attributed primarily to the process of 
testicular maturation and invigoration of production of 
motile and fertile spermatozoa and secondarily, to the 
extract administration. The pH changes in the testicular 
tissues may arise from alterations in the pH of the 
extracellular fluid, but the pH of the epididymal fluid is 
adjusted by the clear cells of the epithelium that secrete 
high levels of protons contributing to the luminal 
acidification and the principal cells secreting 
bicarbonate (Shum et al., 2009). This study showed 
strong evidence that the extract increased the pH of the 
homogenates, an effect on the sperm microenvironment 
that might be considered pro-spermatic since decrease 
in pH in seminiferous tubules and epididymal lumen 
was deemed anti-spermatic (Caflisch, 1992).  

Non-motile sperm cells freshly extruded from 
the rat caudal epididymis could be initiated to full 
motility immediately after diluting with normal saline, 
an event that was dependent on the pH, viscosity and 
osmolality (Morita and Chang, 1971; Chulavatnatol, 
2008). The motility of epididymal sperm cell was 
initiated in diluents at pH of 4-8 (Chulavatnatol, 2008). 
The pH of bovine caudal epididymal sperm was 
approximately 5.8 and the motility of the sperm cells 
increased with elevation of the pH of the fluid (Acott 
and Carr, 1984). The sperm cell requires the alkaline 
medium to remain motile in the course of migration 
through the acidic vaginal fluid to reach the oocyte 
location, and to engage in the process of hyperactivation 
required for eventual fertilization to occur (Suarez and 
Pacey, 2006; Marquez and Suarez, 2007). However, the 
quiescent state of the sperm cell engendered by 
epididymal fluid acidification may be undermined if 
alkalinizing activity of the extract is not moderated, 

causing the early initiation of motility which may 
reduce the life span of the sperm cell during storage in 
the caudal epididymis. The pH of the testicular 
homogenates was higher than that of epididymal 
homogenates when the treatment was at 600 mg/kg, 
indicating that the acidifying potential of the epididymis 
was activated to moderate the alkalinizing role of the 
extract to favour the quiescent state.  

Although the data provided in the present work 
appears to justify the folkloric use of the extract in 
treating male infertility, the validity of its usefulness 
needs to be further ascertained by assessing the effect of 
the extract on the endocrine profiles relating to the 
hypothalamus-pituitary-testicular axis, sperm motility 
and fertilizing ability, genetic preservation, libido, 
fecundity of co-habiting females and viability of 
offspring. Meanwhile, it could be concluded that oral 
administration of aqueous stem-bark extract of Ficus 
sycomorus to albino rats for 30 days led to a dose-
dependent increase in sperm cell production and pH of 
testicular and epididymal homogenates, suggesting that 
the extract might have a pharmacologically active 
substance capable of affecting male reproduction.  
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