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ABSTRACT

Background and Objectives: Herbal contraceptives are used
in Africa and Pacific Asia including China, India, Pakistan and
Bangladesh but scientific data on their safety and efficacy are
not well established. This study was aimed to evaluate the
effect of different parts of Acacia nilotica on serum testosterone
levels in adult male rabbits (Oryctolagus cuniculus). Material
and Methods: Forty-five sexually mature male rabbits were
grouped in nine groups, having five rabbits in each group.
Rabbits of Group | (b), I (f), I (I) and | (p) were administered
prepared Aqueous extracts of Acacia nilotica bark, flower, leaves
and pods at daily oral doses of 400 mg kg-1 of body weight,
while rabbits in Group Il (b), Il (f), I (I) and 1l (p) were given daily
oral doses of 400 mg kg-1 of 75% Ethanolic bark, flower, leaves
and pods extracts of Acacia nilotica, up to eight weeks. Serum
testosterone levels were tested following baseline, a second,
fourth, sixth and eighth week of treatment. Results: Significant
decrease in the serum testosterone levels was seen in Group |
(p) in which the rabbits were administered an aqueous extract
of Acacia nilotica pods (p < 0.05). Conclusion: It is concluded
that administration of 400 mg kg-1 daily oral doses of aqueous
pods extract of Acacia nilotica affect male fertility in the rabbit
model via a severe decrease in the serum testosterone levels.

KEYWORDS: Acacia nilotica, bark, flowers, leaves, pods, serum
testosterone, male rabbits

INTRODUCTION

An increase in the world’s population at dramatic rates is a
matter of great global concern as the resources are consumed
at speed of 1.7 times more than the planet’s capacity, while the
demands for the natural resources are increased by three times
[1-3]. Family planning programs have been initiated in many
countries as per the WHO guidelines to control and to achieve
sustainable human reproduction, leading to reinforcement
of human rights, economic growth, regional development
and environmental protection [4]. The main goal is to avoid
unintended pregnancies by following safe and effective
contraception. Unfortunately, females have to bear the burden
of finance, health and other related issues. The overall cost of
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female contraceptives is higher than the male contraceptives
which include physician visits and prescriptions; moreover, it
requires knowledge, time, energy and cares [5,6]. To equalize
reproductive autonomy and burden the responsibility should
be shared by both partners. The available male contraceptive
methods include the pull-out method, condoms and
vasectomy. Vasectomy provides irreversible contraception
while the pulls out method and use of condoms have higher
failure rates [7]. Development of male contraceptive pills
such as Nestorone-Testosterone Gel, oral dimethandrolone
undecanoate DMAU is currently under clinical trials [8,9].
Reversible Inhibition of Sperm Under Guidance, RISUG®
administered by injection is a copolymer of maleic anhydride
and styrene. It provides long term contraceptive effects, the
product is under phase Il clinical trials [10,11]. In contrast,
extracts of herbal drugs are being used as folk medicine since
ancient times which are still used in areas where modern
medicines are not accessible and it is considered to have lesser
side effects [12]. Herbal contraceptives are used in Africa and
Pacific Asia including China, India, Pakistan and Bangladesh
but scientific data on their safety and efficacy are not well
established.

According to literature studies Acacia nilotica is considered
to have significant male anti-fertility characteristics [13]. It is
commonly known as Gum Arabic in Arabic, Babool, Indian
gum, and Kikar in Hindi, Urdu and Bengali. The genus Acacia
with approximately 1350 species is considered the second
largest in the family Leguminosae. It grows in warm and
tropical areas of Australia, Africa, Asia and America [14]. Acacia
nilotica is native to India, Bangladesh, Pakistan, Nepal and
Myanmar and is also grown in Angola Egypt, Ethiopia and
Tanzania. It is a perennial tree with a medium average height
of 4-7m. The crown of this tree is moderately dense and
rounded or flattened. In mature trees, the colour of the bark
is dark brown or blackish-green with longitudinal fissures.
Acacia nilotica is abundantly found in Sindh, Pakistan. The
plant is well-known as a multipurpose tree in several parts of
the world which is used for environmental management, in
preparation of chemicals, as a source of food, drink, fibre, wood
[15]. The parts of the tree are digestible and rich in proteins.
The leaves of this tree are used for its antibacterial activity and
its ethanolic, methanolic, aqueous, chloroform and petroleum
extracts have both antibacterial and antifungal properties,
these activities against various pathogens are according
to the composition of the extracts. Tender leaves and pods
are effective for the treatment of diarrhoea because of anti-
dysenteric and antispasmodic activities [16]. Pods of this tree

are used as a contraceptive in Africa, due to its antifertility
effects on males [17].

Male fertility depends on the release of hormone Testosterone
from the Leydig cells of the testes and the initiation of the
process of Spermatogenesis process. Testosterone is a steroid
hormone and its levels vary with age and time; with an
increase in age, its levels decrease. The concentration reaches
the highest at the age of puberty. Its concentrations are
observed to be higher in the morning [18]. In the process of
Spermatids, Synthesis testosterone acts upon the Sertoli cells
in the testes to provide metabolic support during the synthesis
and it also stimulates the process of sperms maturation [19].
In low levels or complete reduction or a severe increase in
the testosterone levels, meiotic cell division, sperm cells
development and maturation will not proceed. In comparison
to its concentration in the testes, the concentration of
testosterone in blood plasma is 25 to 125 times more [20]. In
adult males, the secretion of testosterone is 4-9 mg per day.
The total concentration of testosterone in blood plasma is
400-600 ng/dL. 60% binds to plasma albumin and 40% binds
to SHBG (sex hormone-binding globulin), while only 2% is
freely available to bind to the intracellular receptors. Its levels
are decreased in the blood in half to one hour. In the cells it
is metabolized into dihydrotestosterone and estradiol; the
affinity of dihydrotestosterone is more for androgen receptors
in tissues. Testosterone is metabolized in the liver and excreted
in urine [21]. A testosterone serum concentration is related to
its volume and levels in the testes [22].

The objective of the current study was to evaluate the effects
of different parts on serum testosterone levels of male rabbits.

MATERIAL AND METHODS
Study Area

The current study was conducted at the Department of
Pharmacology, Faculty of Pharmacy, Hamdard University
Karachi from August-November 2019.

Plant collection

Bark, leaves, flowers and pods of Acacia nilotica were purchased
from a local vendor and were identified by the Botanical
Garden of Hamdard University, Karachi. The collected parts
were washed with distilled water, dried under shade and
then ground separately using an electric grinder to obtain a
homogenous powder and weighed. Obtained powder from
each crude part was stored in separate labelled glass jars.
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Extract preparation

Aqueous extracts of crude bark, leaves, flowers and pods were
prepared by maceration [23]. In four glass conical flasks, 100g
of dried powder of bark, leaves, flowers and pods were poured
separately in 500 ml of distilled water. The suspension was
stirred, covered and kept for three days at room temperature.
The prepared suspensions were decanted to separate
sediments and impurities and then filtered using muslin
cloths. All obtained solutions were dried in a water bath at
50°C to obtain crystals.

To prepare alcoholic extracts of Acacia nilotica bark, leaves,
flowers and pods extract maceration method of extraction
was used [24]. 100 g of dry powder of bark, leaves, flowers
and pods were soaked in 500 ml of 75% separately. After
stirring the suspensions were covered with aluminium foils.
The suspensions were kept at room temperature for up to
three days. After three days the suspensions were decanted
and separately filtered through muslin cloths. The impurities
and sediments were discarded. To obtain solid crystals the
resultant solutions were evaporated at room temperature.
The yields of the prepared aqueous and ethanol extracts were
calculated by the formula, [23]

Percentage Yield = (Weight of prepared extract in grams /
100 grams of dry crude powder) x 100

The prepared extracts were collected in a separate labelled
glass jar, closed with lids. They were stored in the refrigerator
at2-4°C.

Study animals

We have selected 45 healthy adult male rabbits (Oryctolagus
cuniculus) age between 1-1.5 years for this experiment. All
selected animals were housed in separate cages tagged with
their assigned numbers. 12 hours of light and dark cycles
were maintained with a temperature range of 20 - 22 degrees
Celsius. Rabbits were fed with fresh vegetables, hay and
freshwater ad libitum.

Treatment groups

The study was approved by the Ethical Review Board of
Hamdard University. Selected animals were divided into
nine groups, having five rabbits in each group. Rabbits in
all mentioned designated treatment groups received the
following treatments for up to eight weeks period.

« Group, I(b) received oral daily doses of 400 mg of

prepared aqueous extract of Acacia nilotica bark per
kilograms weight of the rabbit.

e Group I(f) received oral daily doses of 400 mg of prepared
aqueous extract of Acacia nilotica flowers per kilograms
weight of the rabbit.

e Group I(L) received oral daily doses of 400 mg of prepared
aqueous extract of Acacia nilotica leaves per kilograms
weight of the rabbit.

« Group, I(p) received oral daily doses of 400 mg of
prepared aqueous extract of Acacia nilotica pods per
kilograms weight of the rabbit.

«  Group lli(b) received oral daily doses of 400 mg of Acacia
nilotica bark extract prepared in 75 % ethanol, per
kilograms weight of the rabbit.

e Group lI(f) received oral daily doses of 400 mg of Acacia
nilotica flower extract prepared in 75 % ethanol, per
kilograms weight of the rabbit.

e Group lI(L) received oral daily doses of 400 mg of Acacia
nilotica leaves extract prepared in 75 % ethanol, per
kilograms weight of the rabbit.

»  Group ll(p) received oral daily doses of 400 mg of Acacia
nilotica pods extract prepared in 75 % ethanol, per
kilograms weight of the rabbit.

o Control Group lll received oral 3 ml of Normal Saline
daily.

Blood collection

Blood samples were collected according to standard
procedures [25], from all the rabbits for the baseline; second,
fourth, sixth and eighth week of treatment. For blood collection
the rabbits were put in the restrainer, their ear was cleaned
with spirit and Lignocaine Gel was applied. After 10 minutes, 2
mL of blood was drawn through a 26 Gauge butterfly needle
(Huamei, China) from the external jugular vein of the ear into
the labelled collection tubes. To stop the bleeding a piece of
sterile cotton wool was applied with figure pressure.

Serum hormonal assay

Blood samples were assayed at the testing laboratory facility
at Taj Medical Complex, Hamdard University Hospital located
at Muhammad Ali Jinnah Road, Karachi. ELISA (Enzyme-
Linked Immunosorbent Assay) technique was used for the
quantitative analysis of serum testosterone concentrations
[26,27]. Blood samples were centrifuged and stored at -80°C.
DiaMetra® Testosterone ELISA kits, Italy was used for serum
testosterone assay; it has an analytical range of 0.2-16 ng / mL.
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The sensitivity of the serum hormonal assay was 0.07 ng / mL
according to the user manual guide. Pooled serum (serum of 5
rabbits were mixed in the Control Group) was tested to validate
the procedure of assay.

Statistical analysis

All the data were presented as Mean +SD by SPSS -21. One
way ANOVA followed by post hoc Tukey HSD. P <0.05 was
considered significant.

RESULTS AND DISCUSSION
GROUP | (b)

Table 1 shows the results of serum testosterone levels of rabbits
at baseline, second, fourth, sixth and eighth week. Levels of
serum testosterone levels vary from 28.8 to 31.8 ng/dl.

Table 1: Serum Testosterone Levels of Group | (b)

GROUPI (L)

Table 3 indicates serum testosterone levels of rabbits in group
I (L). Levels of serum testosterone levels vary from 27 to 33.9
ng/dl.

Table 3: Serum Testosterone Levels of Group | (L)

s SERUM TESTOSTERONE LEVELS (ng/mL)
No. 0Week | 2" Week | 4" Week | 6™ Week | 8" Week
11 27.9 27.7 28.9 27.8 27.2
12 30.2 31.3 30.0 30.9 299
13 29.9 29.5 30.6 29.0 304
14 33.9 33.1 32.8 31.9 31.3
15 31.9 28.5 27.6 27.3 27.0
GROUP I (p)

Table 4 represents the results of serum testosterone levels of
rabbits in group | (p). Levels of serum testosterone levels vary

S. SERUM TESTOSTERONE LEVELS (ng/mL)
No. | oweek | 2" Week | 4" Week | 6" Week | 8™ Week
1 28.8 313 32.2 29.0 31.8

2 32.0 31.6 29.7 30.9 31.8

3 274 28.6 29.8 30.0 27.9

4 31.0 30.2 30.8 29.7 30.0

5 31.6 31.0 31.8 31.8 31.0

GROUP I (f)

Table 2 shows the test results of serum testosterone levels of
rabbits obtained during eight weeks of study. Levels of serum

testosterone levels vary from 27.9 to 34 ng/dl.

Table 2: Serum Testosterone Levels of Group | (f)

SERUM TESTOSTERONE LEVELS (ng/mL)

S.
No. 0Week | 2" Week | 4" Week | 6" Week | 8™ Week
6 30.0 28.6 29.7 29.0 28.9

7 30.5 30.0 29.6 30.2 279

8 32.0 323 31.8 31.5 30.6

9 34.0 32.6 33.8 329 32.0
10 30.6 30.6 30.9 29.0 29.0

from 5.8 to 32.5 ng/dl.

Table 4: Serum Testosterone Levels of Group | (p)

. SERUM TESTOSTERONE LEVELS (ng/mL)
No. 0Week | 2™ Week | 4" Week | 6" Week | 8" Week
16 325 11.5 8.8 6.5 6.2
17 30.8 8.8 8.0 8.2 7.7
18 29.7 10.9 9.5 6.2 5.8
19 32.2 15.3 13.7 9.9 8.0
20 314 9.7 8.9 8.5 8.2
GROUP I (b)

Table 5 shows the test results of serum testosterone levels of

rabbits in group Il (b). Levels of serum testosterone levels vary
from 27.6 to 33.7 ng/dl.

Table 5: Serum Testosterone Levels of Group Il (b)

s SERUM TESTOSTERONE LEVELS (ng/mL)
No.

° 0Week | 2" Week | 4t Week | 6" Week | 8t Week
21 31.0 29.5 28.8 29.0 31.2
22 33.7 31.8 32.0 31.3 30.7
23 328 32.0 31.7 31.9 31.0
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Table 8: Serum Testosterone Levels of Group Il (p)

24 30.0 28.8 29.6 29.0 29.2
25 27.6 284 28.0 28.0 29.5
GROUP Ii (f)

Table 6 refers to the test results of serum testosterone levels
of rabbits included in group Il (f). Levels of serum testosterone
levels vary from 27.6 to 32 ng/dl.

Table 6: Serum Testosterone Levels of Group Il (f)

s. SERUM TESTOSTERONE LEVELS (ng/mL)

No. | oweek | 2" Week | 4™ Week | 6™ Week | 8™ Week
36 30.0 30.2 304 30.8 299
37 294 29.0 28.9 28.5 285
38 30.7 31.0 30.5 303 304
39 31.2 30.9 31.0 30.6 30.1
40 329 30.8 304 31.2 30.3

CONTROL GROUP Il

Refer to Table 9 for the serum testosterone levels of the
rabbits of the control group lIl. Levels of serum testosterone
levels vary from 28.8 to 32.0 ng/dl.

Table 9: Serum Testosterone Levels of Control Group llI

S SERUM TESTOSTERONE LEVELS (ng/mL)
No.
0Week | 2" Week | 4t Week | 6" Week | 8" Week
26 32.0 31.5 31.1 32.0 31.0
27 304 299 30.0 30.1 29.5
28 31.2 31.0 30.8 314 30.2
29 30.8 30.5 30.7 30.3 30.0
30 299 29.7 299 28.8 27.6
GROUPII (L)

Table 7 indicates serum testosterone levels of rabbits in group
I (L). Levels of serum testosterone levels vary from 28.5 to 32.4
ng/dl.

g SERUM TESTOSTERONE LEVELS (ng/mL)

No. 0Week | 2" Week | 4" Week | 6" Week | 8" Week
41 30.6 31.0 30.2 30.0 30.7
42 29.3 29.8 30.0 29.0 30.2
43 32.0 314 31.7 31.5 30.7
44 31.8 31.0 319 32.0 32.0
45 28.8 30.5 279 29.9 30.0

Table 7: Serum Testosterone Levels of Group Il (L)

S SERUM TESTOSTERONE LEVELS (ng/mL)
No. gth
0Week | 2" Week | 4t Week | 6™ Week

Week
31 31.5 31.0 31.8 31.6 31.2
32 30.6 304 29.7 30.3 30.0
33 32.0 32.2 324 32.0 325
34 28.5 289 29.0 28.7 285
35 31.3 31.6 314 31.0 309

GROUP I (p)

Table 8 refers to the obtained serum testosterone levels of the
rabbits in group Il (p). Levels of serum testosterone levels vary

from 28.5 to 32.9 ng/dl.

Testosterone plays a vital role in male fertility. It helps in the
synthesis of spermatids, in the maturation of sperms and in
the development of male characteristics in young males. The
results demonstrated that a significant decrease in serum
testosterone concentrations was observed in the rabbits that
had been administered aqueous extract of Acacia nilotica
pods in oral daily doses of 400 mg kg-1 till eight weeks. A
decrease in 64.1 % of serum testosterone levels was noticed
in the second week of its administration when compared with
the Control Group llI, followed by a further decrease by 68.7
% on the fourth week, 74.9 % on the sixth week and 77.0 %
on the eighth week of the treatment. The pattern of decrease
from the baseline till the eighth week of the treatment was
represented Fig. 1, after oral administration of a daily dose of
aqueous extract of Acacia nilotica pods in the adult mature
male rabbits of Group | (p).
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TREATMENT GROUP I (p). PODS EXTRACT USING
WATER AS SOLVENT
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Figure 1: Decrease in serum testosterone levels in treatment
group | (p)

The test results of Group I(p) were statistically significant with
a p-value < 0.05, in a similar study significant decrease in
serum testosterone levels, were achieved in adult male Wistar
rats who had received Acacia nilotica extract, published by
Lampiao, et al.[28] and Kadhem, et al.[29], concluded that
the extract of Anethum graveolens, Dill, has shown antifertility
effects on adult male rabbits. In a similar study Njoku, et
al.[30] published in 2021, it is reported that extract of Talpa
occidentalis, fluted pumpkin seeds and leaves significantly
decreased serum testosterone levels in male mice at higher
doses.

The presence of carbohydrates, alkaloids, flavonoids, sterols,
saponins and tannins in the aqueous extract of Acacia nilotica
pods [31-33] needs further analysis and identification of the
active constituent which mimics the male antifertility effecn ts
and is water-soluble.

In a previous study, Acacia nilotica treatment for 16 weeks
result in decreased total sperm motility. Moreover normal
sperm morphology was also affected with reduction in
testosterone level [28]. Another study reported that up to
40% Acacia leaves can be used effectively in the diet of rabbits
without significant effect on sexual activity of animals [34].
Simailarly another study revealed that Acacia hydaspica
treatment in Cisplatin induced testicular toxicity reverted the
level of fertility hormones [35].

Serum Testosterone concentrations in the rabbits of Group
I(f) demonstrated a slight insignificant decrease at the eighth
week (p-value > 0.05). They have been administered oral daily
400 mg/kg doses of aqueous flower extract of Acacia nilotica
for up to eight weeks. Insignificant changes in the serum
testosterone levels were observed in Groups Il (b), Il (f), Il (I)
and Il (p) rabbits that received extracts of Acacia nilotica bark,

flowers, leaves and pods prepared using 75 % ethanol as
solvent (p-value > 0.05).

The current study was conducted to evaluate the effect of
different extracts of different parts of Acacia nilotica plant
on serum testosterone levels of male rabbits. As significant
effects were observed, it carn be used for different male
sexual problems. Further it can be utilised to develope male
contraceptive in future. We recommend to conduct further
studies in future on large scale along with mechanism
exploration to get significant benefit from this plant in male

sexual diseases.
CONCLUSION

Aqueous extract Acacia nilotica pods in 400 mg/kg oral
daily doses up to eight weeks severely decreased serum
testosterone concentrations in adult male rabbits, making it
a potential herb with male antifertility effects. Further studies
are required to identify the active component, its mechanism
of action, safety, efficacy as well as reversibility.
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