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Abstract

Received:

This study investigates the effect of G. kola on adrenal and testicular tissues
oxidative and antioxidant activities and histology in normal Wistar rats. In a bid to
achieve these objectives, 20 adult male Wistar rats were divided into 4 groups after
accessing the oral acute toxicity of G. kola. Group A served as the control while groups
B, C and D were treated on 1000, 1200 and 1400mg/kg of the constituted G. kola for
7 days. At the end of treatments, organs weights and histology as well as oxidative
and antioxidant activities in tissue homogenates were determined. Using appropriate
statistical analysis (ANOVA) the investigated variables were analyzed and results
presented as means ± SEM with p<0.05 considered significant. The results showed
that G. kola ingestions stimulates adrenal gland and testicular weights, SOD and CAT
but inhibits MDA and protein in a dose dependent fashion. Histologically, there was no
effect on the adrenal gland but there was dose dependent development of testicular
germ cells. This study showed that G. kola reduces adrenal and testicular oxidative
stress status via stimulation of tissue antioxidants activities.
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Introduction
Garcinia kola Heckel (family, Guttiferae); referred to as “bitter
kola” or “male kola” because of its bitter taste and the perceived
aphrodisiac activity respectively [1], is a plant found in moist
forests grows up to a height of 12 meters [2]. It is traditionally
regarded as a highly prized item and it is served to visitors in social
gatherings as a mark of honour [2]. The plant is regarded as a
wonder plant because every part of the plant (bark, leaves, root,
and wood) has been found to be of medicinal value [3]. G. kola is
reported safe when taken with or without other foods and has
been documented to increase the absorption of the key ingredients
when taking it an hour before or after meals [4]. The medicinal
importance of bitter kola has been documented to be based mainly
on the phytochemicals of the plant [5].
Phytochemical and biochemical analysis revealed G. kola seeds
to be a complex mixture of sterols, terpenoids, flavonoids, glycosides,
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saponin, tannins, reducing sugar, triterpenoids [6,7], and phenolic
compounds including biflavonoids, xanthones, benzophenones,
cycloartenol and triterpenes [3,8,9], Kolaviron [10,11]. In term
of percentage, nutritional composition of G. kola nut has been
documented to be rich in Moisture, dry matter, crude fat, crude
protein, ash, crude fiber and total carbohydrates [12-14]. Mineral
composition of G. kola has been documented to include K, Ca, Mg,
Fe, Zn and P as well as a rich source of vitamins [14]. Several studies
have documented that plant-derived polyphenolic compounds
possess antioxidative properties which can mitigate the damaging
effect of ROS and by so doing promote good health in humans [15].
Consequently, a number of evidence-based studies have implicated
a strong correlation between the ingestion of fruits, vegetables,
and medicinal plant rich in polyphenols with antioxidant potential
and the reduced risk of oxidative stress-related disorders [16,17].
Although reactive oxygen species are considered to be unavoidable
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by-products of normal aerobic metabolism, they are known to
disrupt cellular homeostasis [18].

Chronic stress shifts the balance of hormones to low levels of
anabolic hormones and high levels of catabolic hormones [19]. From
hormonal point of view, knowing that testosterone is anabolic, and
cortisol is catabolic, and that testosterone/cortisol ratio is a great
marker for stress [19], it therefore suggest a relationship between
the testis and adrenal gland which released these hormones. In fact,
steroidogenic cells in the adrenal cortex and testis are reported to
arise from a common pool of progenitors in the adrenogonadal
primordium, a specialized group of coelomic epithelial cells in
the urogenital ridge [20]. According to Heikinheimo et al. [21],
the common developmental origin of the adrenal cortex and testis
is reflected in overlapping functional profiles for these organs.
Thus, the organs may suffer or enjoy together in a condition of
exposure to substances or agents. Considering that the adrenal
gland and testis are easily exposed to substances ingested by man
and animals, and are from common developmental origin couple
with the assertion that they may suffer or enjoy together, this study
was therefore undertaken to investigate the effect of G. kola on the
histology of adrenal and testicular tissue as well as the oxidative
and antioxidant activities in normal Wistar rats.

Materials and Methods

Adult male Wistar rats (N=32) of comparable weight (180 to
200g) were obtained from the Department of Physiology animal
holding unit of the Ambrose Alli University, Ekpoma, Nigeria
and were transferred to the site of the experiments. They were
housed in plastic cages (measuring 50 x 35 x 25) under standard
environmental condition of 12/12hr light/dark cycle and were
allowed to acclimatize for two weeks to the laboratory conditions
before the experiment and fed ad libitum with rat chow and
tap water. Garcinia kola (G. kola) Heckel Seeds were purchased
commercially from a local market in Ekpoma in Edo State, Nigeria.
The plant material was authenticated in the herbarium unit of
Forestry Research Institute, Ibadan, Nigeria. Thereafter the testas
were peeled off the seeds, cut into small sizes and sun dried. This
was blended into powder and packed in clean and well covered
containers pending when it was used. Oral acute toxicity (LD50)
was performed on the grounded seed by Lorke [22] method using
12 rats.
Based on the results of the oral acute toxicity, the remaining
20 rats were divided into 4 groups as followed; group 1 served
as untreated control while groups 2, 3 and 4 served as the test
groups treated on 1000mg/kg, 1200mg/kg and 1400mg/kg dose
of the prepared G. kola respectively. These doses of G. kola chosen
are comparable with previous study by Ahumibe and Braide [23].
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Administration of the prepared G. kola was as describe by Nwaopara
et al. [24]. Briefly, the required grams of crude G. kola powder
(1000mg/kg, and 1200mg/kg and 1,400mg/kg) were mixed with
20% of normal daily feed (5.0g rat chow) to form paste that was
then given to each group of animal. After the rat finished the formed
paste, a measured quantity of normal rat chow (80% of 150g) was
given to the animal for that day. At the end 7 days treatment the
animals were euthanized following cervical decapitation. The testis
and adrenal glands were dissected out, devoid of accessory fats
and tissues, weighted (using electronic weighing scale) and each
dropped in containers containing phosphate buffer (1:10w/v)
and 10% formal saline for tissue oxidative stress analysis and
histological evaluation respectively.

The tissues (testis and adrenal gland) in phosphate buffer
were homogenized and centrifuged at 4000 rpm for 10 minutes
to obtain the supernatant which was used for the determination
oxidative stress and antioxidant marker. The protein concentration
was determined by means of the Biuret method [25] while lipid
peroxidation was determined by measuring the thiobarbituric acid
reactive substances (TBARS) produced during lipid peroxidation
following the method by Varshney and Kale [26]. The level of SOD
and Catalase activities were determined by the methods of Misra
and Fridovich [27] and Sinha [28] respectively. Following standard
histological processing procedures, the tissues in the container
containing 10% formal saline were processed and then evaluated
under the microscope. The result was analyzed with appropriate
statistical analysis (ANOVA) using SPSS 20 and p<0.05 (LSD) was
considered statistically significant and then presented as means ±
SEM in charts, tables and microscopic slides.

Results

Table 1 shows the findings of oral acute toxicity study of G. kola.
Orally, G. kola seed was found to be safe at dose as high as 5000 mg/
kg body weight. Figure 1 presents the effect of G. kola treatments on
adrenal gland weight. Although G. kola causes a slight increase in
adrenal weight, the difference was not significant compared to the
control. Table 2 presents the effect of G. kola treatments on adrenal
gland oxidative and antioxidant markers. There were significant
reductions (p<0.05) in adrenal gland tissue MDA and protein levels
with 1400mg/kg G. kola treatment compared with the control.
However, 1200mg/kg and 1400mg/kg G. kola treatment resulted in
significant increase (p<0.05) in adrenal gland tissue SOD and CAT
levels compared to the control. Histological presentations showed
(plate 1) normal pattern of cortex zonation showing stainable zona
glomerulosa cytoplasm, clear zona fasciculata cytoplasm and zona
reticularis acidophilic cytoplasm with normal medulla layers in the
1000, 1200 and 1400mg/kg G. kola treated and in the control.
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Figure 1: Effect of G. kola treatments on adrenal gland weight.
Note: Mean ± SEM of 5 male rats per group.

Plate 1: Effect of G. kola treatments on adrenal gland tissue histology (Haematoxylin and Eosin stained x100).
Table 1: Oral acute toxicity study of G kola.
Groups

Number of rat

A1

3

C1

3

B1

Mortality

Percentage mortality

10

0

0%

1000

0

0%

3

A2

1

C2

1

B2

Dose of G. kola seed (mg/kg
body weight)

1
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Phase 1
100

Phase 2

0

0%

1500

0

0%

5000

0

0%

3000

0

0%
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Table 2: Effect of G. kola treatments on adrenal gland oxidative and antioxidant markers.
Groups

Adrenal gland tissue oxidative stress markers

Adrenal gland tissue antioxidant marker

MDA (U/ng protein)

Proteins (mg/ml)

SOD (U/mg protein)

CAT (U/mg protein)

Control

3.83±0.28

4.76±0.25

45.54±5.87

371.91±33.90

1200mg/kg G.K Rx

2.87±0.05

3.11±0.05

61.24±4.62*

438.53±38.76*

1000mg/kg G.K Rx
1400mg/kg G.K Rx

3.14±0.24
2.13±0.08*

4.21±0.12
2.03±0.02*

Note: Mean ± SEM of 5 male rats per group, * = p<0.05 compared to control.
Figure 2 represents the effect of G. kola treatments on
testicular weight. There was a non-significantly dose depended
increase (p>0.05) in testicular weight with graded dose of G. kola
treatments compared to the control. Table 3 presents the effect of
G. kola treatments on testicular tissue oxidative and antioxidant
marker activities. There was dose dependent decrease in testicular
tissue MDA and protein levels that were significant (p<0.05) in the
1400mg/kg G. kola treated group compared to the control. Testicular
tissue SOD and CAT activities were significantly increased (p<0.05)

53.84±3.98

76.79±4.72*

402.57±31.91

491.83±27.55*

in a dose dependent fashion compared to the control. Histological
findings on testicular tissue (Plate 2) showed comparable normal
spermatogonia cells in the seminiferous tubules epithelium,
normal spermatocytes, spermatids and interstitial leydig cells in
the G. kola treated groups with the control. However, there was a
dose dependent germ cells development within the lumen in the G.
kola treated groups compared to the control with mild congestion
(white arrow) in the 1400mg/kg treated group.

Figure 2: Effect of G. kola treatments on testicular weight.
Note: Mean ± SEM of 5 male rats per group.

Plate 2: Effect of G. kola treatments on testicular tissue histology (Haematoxylin and Eosin stained x100).
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Table 3: Effect of G. kola treatments on testicular tissue oxidative and antioxidant markers.
Groups

Testicular tissue oxidative stress markers

Testicular tissue antioxidant marker

MDA (U/ng protein)

Proteins (mg/ml)

SOD (U/mg protein)

CAT (U/mg protein)

Control

6.51±1.04

5.15±0.34

59.24±4.92

400.86±21.60

1200mg/kg G.K Rx

5.17±0.78

4.01±0.19

1000mg/kg G.K Rx

5.88±1.07

4.97±0.27

Note: Mean ± SEM of 5 male rats per group, * = p<0.05 compared to control.

Discussion
Reactive oxygen species are considered to be unavoidable byproducts of normal aerobic metabolism, however, when not balance,
they can disrupt cellular homeostasis [18]. In the present study
the ingestion of G. kola in normal adult male Wistar rat stimulated
adrenal gland and testicular weights although not significantly
different from the control. In line with this observation, Mosunmola
et al. [5] has also reported no significant differences in the testicular
weight between control and G. kola extract treated rats not exposed
to arsenate. Also observed in the present study, the ingestion of G.

kola in normal adult male Wistar rat weakens the oxidative stress
activities and improved antioxidants status of the adrenal gland
and testicular tissues in a dose dependent manner. Abarikwu et
al. [29] have reported increase MRNA expression of SOD in culture
interstitial leydig cells in the present of kolaviron.

The antioxidant and scavenging activity of Garcinia biflavonoid
complex has been investigated in a range of established in vitro
assays involving reactive oxygen species and studies showed that
kolaviron elicited significant reducing power and a dose-dependent
inhibition of oxidation of linoleic acid [30], reduced damage to
proteins and lipids induced by Fe3+/EDTA/ascorbate mixtures ex
vivo [31] as well as caused reduced background levels of protein
oxidation marker in plasma and liver and γ-glutamyl semialdehyde
(GGS) and malondialdehyde in liver [32]. The inhibitory activity of
kolaviron in deoxyribose assay was suggested to directly relate to
prevention of the propagation of the process of lipid peroxidation
and modulation of other biomarkers of oxidative stress in animal
model [33,34]. Thus, the observed decreased in adrenal and
testicular oxidative stress markers in this study is in line.
Histological, the graded doses of G. kola have no effect on
the adrenal gland but 1400mg/kg resulted in a full germ cells
development and mild congestion on the testis. In comparison
with the findings of this study on the histology of the adrenal gland,
Mosunmola et al. [5] has reported comparable number of basophils
with the control group in groups not exposed to arsenate. Also
in line with the findings on the testis, the study by Mosunmola et
al. [5] has reported prominent and healthy spermatogonia in rats
unexposed to arsenat but treated with G. kola extract and was
concluded that the extract improved initiation of spermatogenesis.
The observed non significant effect of G. kola on the histology of
the adrenal gland indicates that the extract is safe. On the other
Copyright@ Osifo CU | Biomed J Sci & Tech Res | BJSTR. MS.ID.004754.

73.13±6.78*
77.39±6.83*

505.13±23.06*
571.96±20.58*

hand, the improved development on the germ cells of the testis
by the ingestion of G. kola indicates that the extract stimulates
spermatogenesis probably via enhancing hormonal interplay that
promote germ cells development through its phytochemical and
antioxidant properties.
It is known that plants use a diverse array of anti-oxidative
enzymes as well as low molecular weight antioxidants to scavenge
different types of reactive oxygen intermediates, thereby protecting
cells against injury and potential damage [18]. Thus, the observed
effects of G. kola on the adrenal gland and testis may be due to

its phytochemical and antioxidants components. In support of
this assertion, Okoko [35] has previously reported G. kola to
be a powerful antioxidant. Also, the cytoprotective activity of
flavonoids; a phytochemical in G. kola, has been reported to be via
direct antioxidant effect [36,37]. In fact, flavonoids are documented
to possess indirect antioxidant activity through inducing the upregulation of glutathione, γ-glutamylcystein ligase, glutathione
s-transferase and NAD (P) H: quinine oxidoreductase in different
cell systems and inhibit cell death by suppressing oxidative stress
[38]. Thus, the observed boosting of the adrenal and testicular
tissue antioxidant status and weakness of oxidative markers in
this study are in accordance and is owned to the antioxidants and
phytochemical properties of G. kola.
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