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Abstract

The study investigated the ameliorative and fecundity potentials of Azanza garckeana on formalin-induced toxicity in
mice testes. Male albino mice were divided into eight groups of five mice each. Group | was administered normal
saline (1 ml/kg per oral); Group Il received formalin (10 mg/kg) alone; Groups Ill, IV and V received formalin (10
mg/kg IP) plus extract (orally) at 125, 250 and 500 mg/kg respectively for 40 days; Groups VI, VIl and VIII received
extract alone at 125, 250 and 500 mg/kg respectively. Gonadotropin assays and sperm analysis were carried out using
standard methods. Animals in groups I11 to VI1I showed significant body weight increase compared to baseline value
(p<0.05) from day 20 to 40. Co-administration of the extract at 250 and 500 mg/kg with formalin caused a significant
increase in weight of the epididymis compared to control (p<0.05). Extract at 125 and 500 mg/kg induced significant
increase in LH, FSH and testosterone compared to control (p<0.05). Extract alone at 250 and 500 mg/kg caused
significant increase in FSH compared with control (p<0.05). Extract at 250 mg/kg demonstrated highest fecundity
potential of 8.49. These results imply that Azanza garckeana possesses ameliorative and pro-fertility properties.
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INTRODUCTION

Azanza garckeana is a deciduous shrub
that grows to a height of 3-15 m. It grows
naturally in Tropical regions of Africa
especially at 1700 m above sea level with total
annual rainfall of between 250 and 1270 mm
[1]. In Nigeria, it grows mainly in a town called
Tula in Kaltungo Local Government Area of
Gombe State, North-East region. It is also
found in other African countries such as South
Africa, Mozambique, Botswana, Zimbabwe,
Tanzania, DR Congo, Kenya, Malawi and
Namibia. It is known by different common and

local names that include “silky kola”, “snot
apple”, “chewing gum” and in the local Hausa
language, “Goron Tula” (“Tula” being the
town it grows naturally in Nigeria while
“goro” means kola). In Nigeria, particularly
around the areas among the communities
where it grows naturally Azanza garckeana has
been associated with many socio-medicinal
uses in their traditional settings. It is
traditionally used for the treatment of various
ailments that include chest pain, cough,
stomachache, menstrual disorder and sexually-
transmitted diseases such as gonorrhea and
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syphilis. It is also used traditionally to enhance
libido as its consumption is traditionally
claimed to enhance development of a strong
desire for sexual intercourse in both males and
females alike, suggesting its possible
aphrodisiac property. Azanza garckeana has
been reported to possess antibacterial and
antifungal activities [2-5], anti-hyperglycemic
effect [6], antioxidant and cytotoxicity activity
[5, 7] and antimalarial property [8]. Some of
these pharmacological properties have been
attributed to some of the phytochemicals such
as tannins, flavonoids, saponins, alkaloids and
xanthones that are found in it [3,9-11].

It has also been reported to have high
quality pectin of good industrial application
especially in food and pharmaceutical
industries [12]. Azanza garckeana has also
been found to improve growth rate when
included in a diet or feed at above 20 % in fish
[13]. Curiously, Azanza garckeana is reported
to have significant influence on fecundity and
potential pro-fertility property in fish [14].

Given that male reproductive health
has generally received only a little attention
over the years [15, 16], the aim of the present
study was to investigate the ameliorative and
fecundity potentials of Azanza garckeana on
formalin-induced toxicity in mice testes. This
is premised on the earlier traditional claims
that Azanza garckeana enhances sexual appeal
and desire for sexual intercourse which are
both characteristics of aphrodisia and
fecundity potentials.

EXPERIMENTAL

Laboratory animals. Forty adult male albino
mice weighing between 24 and 37 g were
purchased from the Animal Experimental Unit
of the University of Jos. They were approved
and certified for the experiment by the
Committee on use of experimental animals’
protocol of the Department of Pharmacology
and Toxicology, University of Jos (Certificate
Number F17-00379). The mice were handled
under ethical conditions for the use and care of

laboratory animals [17]. The animals were fed
with standard solid nutritional pellets and
water ad libitum until the commencement of
the experiment.

Preparation of extract. Azanza garckeana
pulps were purchased from a reputable dealer
in a local market in Tula town of Kaltungo
local government area, Gombe state of North
East Nigeria in the month of November
September 2018. The pulps were re-
authenticated by a taxonomist, Mr.
Christopher John of the Federal College of
Forestry, Jos, Plateau State and an herbarium
voucher specimen (number FHJ/260) was
prepared. The pulps were removed, washed,
and carefully crushed in small pieces to
enhance drying. They were then dried under
shade in the laboratory. Thereafter, they were
grounded to a finer powder using mortar and
pestle, and extracted according to the method
described by Adegboye et al [18. The
powdered fruit pulp (600 g) was extracted
continuously with distilled water in a Soxhlet
extractor for 25 hours at 55 °C. The extract was
evaporated to dryness in a vacuum evaporator
at 50 °C until a constant yield of 348.2 g
(representing 58.03 %) following repeated
weighing was obtained. The extract which was
brownish in color and sticky in consistency
was reconstituted in normal saline for the
purpose of the experiment.

Phytochemical analysis. The phytochemical
analysis was carried out using various methods
for each constituent that include alkaloid,
saponin and carbohydrates (19), tannins (20),
anthraquinones (21), steroids (22), and
terpenes (23)

Treatment of animals. The forty male albino
mice were randomly divided into eight groups
of five mice each. The first group (I) was the
control group and were administered normal
saline (1 ml/kg) by the oral route every
morning daily for 40 days. Animals in group |1
received formalin by the IP route (10 mg/kg)
while groups 111, 1V and V received in addition
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to formalin, the extract at doses of 125; 250 and
500 mg/kg respectively by the oral route. Mice
in groups VI, VII and VIII were administered
the extract alone at doses of 125; 250 and 500
mg/kg by the oral route for same duration of 40
days. The weights of each mice in the
respective  groups  were  determined
periodically at 10-day intervals until the end of
the 40 days treatment.

Determination of serum gonadotropin levels
and testicular weights. The micro well
enzyme-linked immunoassay (ELISA) method
which is based on competitive binding of the
gonadotropins on immobilized specific
antibody as described by Braide [24] and; Gan
and Patel [25] was used. In the procedure, the
animals were anesthetized using chloroform
and blood samples obtained through cardiac
puncture 24 hours after the last dose. The blood
samples from each mouse were collected in a
non-heparinized sample bottle and allowed to
stand for 3 hours in iced water. Thereafter, it
was centrifuged at 3000 rpm for 10 minutes to
separate the serum from clots. The serum was
collected and stored at -20°C until needed for
the experiments. . Bioassay using the micro
well ELISA method was carried out for the
gonadotropins  that include luteinizing
hormone (LH), follicle stimulating hormone
(FSH) and testosterone.

Sperm concentration/motility assay. The
method reported by Bavister and Andrews [26]
was adopted with modifications. Following the
last dose of the daily administrations of the
extract and normal saline, the mice were
allowed to rest for 24 hours. Thereafter, the
distal caudal epididymis was dissected and
placed in an equilibrated 2 ml Tyrode’s
solution in a petri dish. A hypodermic needle
was used to release the sperm cells from the
caudal epididymis into the medium. The
sperm cells were allowed to swim out into the
medium for about 4 minutes. Sperm
concentrations were then determined by
physical count under the electronic microscope
(Olympus, model c47, Japan) at a

magnification of x400. Thereafter, a culture
was added to the culture for sperm motility
assay. The rapid motility was determined after
4 hours as the cut-off time.

Determination  of  testicular  profile,
epididymal weights and GSI. The right and
left testes for each mouse were carefully
removed and their lengths and weight
measured separately for each group. In similar
manner, the epididymis was isolated and
weighed for each animal. The data generated
was used to calculate the GSI.

Analysis of data. Data were collected and
expressed as Mean += SEM. They were
analyzed statistically using student’s t-test and
the two-way ANOVA on the IBM SPSS 23
Statistical Software Program. The level of
statistical significance was placed at p = 0.05,
using the Bonferroni Post Hoc test.

RESULTS

Phytochemical composition. Result for the
phytochemical screening of the aqueous
extract of Azanza garckeana is presented on
table 1. The result reveals the presence of
flavonoids in large quantity, followed with
alkaloids and cardiac glycosides. Steroids and
tannins were present in much lower quantity
while saponins, terpenes and anthraquinones
were absent.

Effect of Azanza garckeana on body weight
of mice. The results of the effect of daily of
Azanza garckeana alone and in formalin-
induced toxicity are presented on table 2. The
results indicate that formalin significantly
decreased body weight compared to control
group (p < 0.05), but not so when compared
with the baseline value (p > 0.05). Concurrent
administration of formalin with the extract at
the doses of 250 and 500 mg/kg from 20 to 40
days induced significant body weight
increased compared to baseline value
(p<0.05). Similarly, the extract alone at all the
doses used caused significant body weight
increase from day 20 to 40 compared with
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baseline (p<0.05). Generally, formalin alone
caused body weight decrease at the end of day
40 while the extract caused increase compared
with the baseline.

Testicular profile, epididymal weights and
GSI of treated mice. The results as presented
on table 3 showed that co-administration of the
extract of Azanza garckeana at 250 and 500
mg/kg with formalin caused a significant
increase in weight of the epididymis compared
to control (p < 0.05). However, both formalin
and the extract either alone or in combination,
caused inconsistent effect on the weight of
testes, which were non-significant compared
with control (p > 0.05). Results of the
gonadosomatic profiles of control and treated
mice are shown on table 4. The extract of
Azanza garckeana alone at all the doses used
caused non-significant increase in the GSI of
treated animals compared with control group
(p < 0.05). However, animals in the group that
received formalin alone had significant
increase in GSI compared to control (p < 0.05).

Effect of Azanza  garckeana  on
gonadotropins. The results of the effect of the
extract on gonadotropins are presented on table
5. The results indicated that the extract alone at
doses of 125 and 500 mg/kg induced
significant increase in LH compared to control
(group 1) and formalin alone (group 2) (p <
0.05). In a similar manner, the extract alone at
doses of 250 and 500 mg/kg caused significant
increase in FSH compared with the control and
the group that received formalin alone (p <
0.05). Again, the extract alone at all doses
caused significant increase in testosterone
levels compared with the group that received
formalin alone (p < 0.05). On the other hand,
administration of formalin alone induced
significant decrease in FSH and testosterone
levels compared with the control (p < 0.05)

Effect of Azanza garckeana on sperm
concentration and progressive motility

i. Effect on sperm concentration. The effects of
the aqueous extract of Azanza garckeana on
sperm concentrations are shown on figure 1.
The extract alone at doses of 250 and 500
mg/kg caused significant increase on sperm
concentrations compared to both the control
and formalin alone-treated groups (p < 0.05).
The extract at the dose of 125 mg/kg did not
demonstrate any significant ameliorative effect
in sperm concentration on formalin-induced
toxicity (p > 0.05). However, there was an
observed ameliorative effect of the extract at
the doses of 250 and 500 mg/kg of the extract
by way of significant increase in sperm
concentrations on formalin-induced toxicity (p
< 0.05).

ii. Effect on progressive motility. The effects of
the aqueous extract of Azanza garckeana on
some sperm rapid progressive motility are
shown on figure 2. The extract alone at doses
of 250 and 500 mg/kg caused significant
increase on sperm cell motility compared to
both the control and formalin alone-treated
groups (p < 0.05). The extract at the dose of
125 mg/kg did not demonstrate any significant
ameliorative effect on motility on formalin-
induced toxicity (p > 0.05). However, there
was an observed ameliorative effect of the
extract at the doses of 250 and 500 mg/kg of
the extract by way of significant increase in
motility on formalin-induced toxicity (p <
0.05).

Determination of fecundity potentials. The
results for the fecundity profiles are shown on
Figure 3. Animals in the control group
exhibited the highest fecundity potentials
followed by the group that received the extract
alone at 250 mg/kg. The group with the least
reproductive profile was the one that received
formalin alone. The fecundity potential is
testosterone production per unit of GSI which
is expressed as:

H : A t of Testost dL
Fecundlty Potential = mount of Testosterone (ng/dL)

GSI
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Effect of gonadosomatic index with
fecundity potential. The results for the
comparative values of GSI with those of the
Fecundity Potential are shown on figure 4.
Animals that were administered formalin 10
mg/kg alone (group 2) had the highest GSI of
1.53, but curiously they also had the lowest

reproductive potential of 2.81 as compared to
other groups. The extract of Azanza garckeana
alone at a dose of 250 mg/kg demonstrated the
highest reproductive potential of 8.49, but this
value was lower than that of the control with
9.44.

Table 1: Phytochemical composition of agueous extract of Azanza garckeana fruit pulp

Constituents

Composition

Alkaloids
Tannins
Flavonoids
Steroids
Saponins
Carbohydrates

Cardiac glycosides

Terpenes
Anthraguinones

++

Key: +=Low; ++ = Moderate; +++ = High; -- = None
Table 2: Effect of Azanza garckeana on body weight of treated mice
Group Baseline Day 10 Day 20 Day 30 Day 40
1 25.37+1.13 3193+0.95 3452+068 36.43+0.61 37.75%0.56
2 26.50+242 2562+0.96 27.20£266 2425+150 22.83+1.16
3 26.93+153 30.00+1.15 30.90+0.92®8 29.16+1.20° 28.34+0.93
4 28.02+153 29.28+0.69 31.08+0.74% 32.04+0.67* 33.30+0.542
5 27.13+236 29.61+158 32.10+1.03* 32.61+0.82% 33.93+1.73?
6 26.30+1.06 29.13+1.15 30.82+0.97* 32.04+0.67* 33.30+0.54
7 27.82+202 31.10+.07° 3254+1.83° 34.48+1.62* 3554+ 1.69
8 26.93+1.64 3181+1.10* 33.06+124* 3561+1.74* 35.82+1.88

N =5, values are mean + SEM 2 = Treatment duration has significant effect on weight compared to baseline value
(p<0.05). P= Changes in treatment in any group also has significant effect compared to control (p<0.05).
1 = Control, Normal saline, 1 mg/kg; 2 = Formalin, 10 mg/kg; 3 = Formalin, 10 mg/kg & Extract, 125 mg/kg; 4 =
Formalin, 10 mg/kg & Extract, 250 mg/kg; 5 = Formalin, 10 mg/kg & Extract, 500 mg/kg; 6 = Extract, 125 mg/kg; 7
= Extract, 250 mg/kg; 8 = Extract, 500 mg/kg

Table 3: Effect of Azanza garckeana on the Testicular and Epididymis Weight of Male Mice

Group  Body Weight (g)  Weight of Testes/ Length of Epididymis GSI
Day 40 testes () Body Ratio  testes (mm)  Weight (g) (%)
1. 37.75+ 0.56 0.33£0.02 0.009 4.47 £0.09 0.45+0.03 0.90
2. 22.83+1.16 0.35+£0.03 0.015 4.27 £0.12 0.74+0.08" 153"
3. 28.34 £0.93 0.34£0.01 0.119 4.50 +0.30 0.47 £ 0.05 1.20
4. 33.55+0.95 0.27 £0.01 0.008 4.20£0.35 0.63+0.07" 0.80
5. 33.92+1.73 0.29+0.03  0.009 4.83+0.51 0.68+0.03" 0.90
6. 33.30 £ 0.54 0.32 £0.02 0.0096 4,97 £0.49 0.49+0.07 0.96
7. 35.54 £ 1.69 0.33+0.01 0.00928 4.90+0.21 0.50+£0.02 0.93
8. 35.71+1.88 0.38 £ 0.02 0.0106 5.08 £ 0.36 0.71+£0.05" 1.06

N =5, values are mean + SEM; "= p < 0.05 compared to control.
1 = Control, Normal saline, 1 mg/kg; 2 = Formalin, 10 mg/kg; 3 = Formalin, 10 mg/kg & Extract, 125 mg/kg; 4 =
Formalin, 10 mg/kg & Extract, 250 mg/kg; 5 = Formalin, 10 mg/kg & Extract, 500 mg/kg; 6 = Extract, 125 mg/kg; 7
= Extract, 250 mg/kg; 8 = Extract, 500 mg/kg
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Table 4: Effect of Formalin and Aqueous Extract of Azanza garckeana on Gonadotropins
Group LH(MIU/ml)  FSH (mlU/ml) Testosterone (ng/dl)

6.23 £3.30 14.43 £ 3.46 8.50£0.72

10.17 £ 0.48 450+ 049¢ 4.30+1.68

14.47 £7.36 6.33£0.89 490+0.43

1476 £5.11 11.20+3.70 487 +043

13.91+£4.33 12.68 £2.90 517+1.28

12.90 +12.35% 8.97 +0.80 6.57 £0.70
10.13+6.67%  39.50+13.93* 7.80+0.70°
11.18+3.84® 35.13+6.52® 8.30+0.67°

3= p < 0.05 compared with control (group 1). °=p < 0.05 compared with formalin-treated (group2)
Values are expressed as Mean = SEM; N =5 1 = Control, Normal saline, 1 mg/kg; 2 = Formalin, 10 mg/kg; 3 =
Formalin, 10 mg/kg & Extract, 125 mg/kg; 4 = Formalin, 10 mg/kg & Extract, 250 mg/kg; 5 = Formalin, 10 mg/kg
& Extract, 500 mg/kg; 6 = Extract, 125 mg/kg; 7 = Extract, 250 mg/kg; 8 = Extract, 500 mg/kg

O~NO Ok WN -

60

ab
50 ab

30
20 I

10

Sperm Concentration (x10%/mL)

Figure 1: Sperm Concentrations of of Mice Treated with Aqueous Extract of Azanza

garckeana Seed Pulps.
B Normal saline 1 ml/kg B Formalin 10 mg/kg

Formalin 10 mg/kg, Extr 125 mg/kg M Formalin 10 mg/kg, Extr 250 mg/kg
H Formalin 10 mg/kg, Extr 500 mg/kg m Extr 125 mg/kg
W Extr 250 mg/kg W Extr 500 mg/kg

3= p < 0.05 compared with Normal saline group 1 (Control). °=p < 0.05 compared with formalin alone group 2
Values are expressed as Mean + SEM; N =5
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Figure 2: Progressive Motility of Sperm Cells of Mice Treated with Aqueous Extract of Azanza garckeana
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Figure 3: Fecundity Potentials of male mice Treated with Azanza garckeana
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Figure 4: Gonadosomatic index (GSI) versus Fecundity Potential of male mice treated with Aqueous Extract of

Azanza garckeana

DISCUSSION

Male fertility as a critical component of health
issues is a multifactorial problem. Until
recently infertility was generally thought of
and regarded as a female problem, but as
scientific research and awareness increased, it
was discovered that the male gender contribute
equally to the problem such that about 1 out of
every 3 cases of infertility is due to the man
alone [27]. Not less than 30 million men
worldwide are infertile with the highest rate in
Africa and Eastern Europe [28, 29]. The
present study was aimed at finding a solution
to such problems by exploiting our abundant
medicinal plants in Africa. Some of these
medicinal plants could possess phytochemicals
either as single entities or in combinations that
may be effective in tackling the management
of infertility in man.

From the results of this study, the aqueous
extract of Azanza garckeana significantly (p <
0.05) ameliorated the decreased effect of body
weight of animals induced by formalin (see
Table 2). In a similar manner, the extract
significantly (p < 0.05) caused increase in body
weight of treated animals. These observations
correlate positively with the effect of the
extract on epididymis where the extract
significantly (p < 0.05) increased its weight.
However, the effect of the extract on testicular
weights did not follow any regular pattern,
suggesting lack of consistency of its effect on
the testes. In fertility studies, the body mass is
related to that of the testes by the
gonadosomatic index (GSI) which is a ratio of
the testicular weight and the total body mass.
The GSI cut-off vary between the male and
female with the male having a cut-off of 1-1.3
% while that of the female is 8 % [30]. Indeed,
reproductive potential has been positively
correlated with male body weight [30].
Fertility has been described as the real and
measurable reproductive performance of a
given individual. It is a component of

fecundity which is an important part of both
sexual and asexual reproduction. Reproductive
potential expresses maximum fecundity where
it represents the capacity to reproduce and this
capacity is most often related to chemical
substances such as the hormones or
gonadotropins [31]. On this account, the
extract significantly (p < 0.05) caused increase
in gonadotropin levels at all the doses used
compared to group 2 (see table 5). However,
there was no significant ameliorative effect (p
> 0.05)

The extract demonstrated a dose-dependent
increase on GSI, but this was not as high as that
of the group treated with formalin alone.
Though, the GSI is an important index of
fertility and fecundity, its validity across
species of animals remains debatable. Indeed,
relationship  between gonadotropin and
gonadal stages appears lacking and hence the
use of GSI as a direct index of reproduction
remains unclear, as it may be an imprecise
index for gonadal stage in some species [32].
For this reason, this study assessed what we
referred to as the fecundity potential in which
a comparison of the amount of testosterone
produce per unit of GSI was made. In this
regard, the control group had the highest
fecundity potential followed by animals treated
with the extract alone at the dose of 250 mg/kg
(see figure 3). The highest fecundity potential
value due to the extract was observed at the
dose of 250 mg/kg (see figures 3 & 4). This
implies that the extract at the dose of 250
mg/kg could be more beneficial in male
infertility.

The study revealed that the extract
significantly (p < 0.05) increased the
concentration of the sperm cells at the doses of
250 and 500 mg/kg either alone or in the
formalin-induced toxicity group (see figure 1).
In similar manner, the extract significantly (p
< 0.05) caused increase in rapid progressive
motility (p < 0.05). It has been reported that



172

B.B. Bukar et al. / J. Pharmacy & Bioresources 17(2), 164-173 (2020)

increase in sperm count and progressive sperm
motility are important components of fertility.
Defects in  sperm motility is a high risk factor
in male fertility [33]. Fecundity is actually the
biologic capacity of men and women for
reproduction irrespective of pregnancy, and is
typically measured by end-points such as
hormonal profiles and semen quality in men
[28, 34].

The phytochemical analysis revealed the
presence of abundant flavonoids, and these
phytochemicals are reported as possessing
antioxidant properties that could be beneficial
in toxic conditions such as those induced by
formalin [35-37]. This explains why in groups
that received formalin there was marked
decrease in the levels of the gonadotropins.

In conclusion, this study established the
ameliorative and pro-fertility property of
Azanza garckeana in male mice. This could be
a novel scientific evidence that could justify its
traditional ethno-medicinal use.
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