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ABSTRACT

To examine the effects of Garcinia hydroxybiflavanonol-1 (GB1) isolated from seeds of Garcinia
kola Heckel (Guttiferae) on reproductive toxicity induced with cadmium chloride (CdCl.) in male
Wistar rats. Rats were randomly assigned to Groups 1 to 3 (n = 12) as follows; A: control, B: CdCl;
only group, C: CdCl,+GB1. Cadmium toxicity was induced by including 2.5 mg/kg of CdCl; into the
rats’ drinking water and GBI was dissolved in 0.5 % Tween20 and administered per os daily for 90
days. Four (4) animals from each group was humanely euthanized every 30 days. The testes were
exteriorized and sperm cells collected from the caudal epididymis for analysis and histology.The
result showed accumulation of Cadmium (Cd) in the testes of Wistar rats and a significant decrease
(p< 0.05) in sperm count and sperm motility in Group B compared to Groups A and C. There was
also a significant increase (p< 0.05) in immotile sperm count, headless sperm count and sluggish
sperm count in Group B. Histology results revealed that CdCl, significantly reduced the volume of
spermatozoa in the seminiferous tubules and resulted in reduced spermatogenesis observed, in
reduced number of sperm counts and histology. Amelioration with GB1 restored the testicles to
normal spermatogenic activities after 90 days of treatment.

Keywords: Garcinia kola seeds, Garcinia hydroxybiflavanonol-1 (GB1), cadmium chloride
(CdCly), toxicity, Wistar rats, male reproduction.

1.0. Introduction

Bioaccumulation of cadmium; a ubiquitous non-degradable environmental pollutant that enters the food
chain is an issue of severe global concern. Its environmental accumulation is due to its increased
industrial usage in mining, electroplating, dyeing, paints, just to mention a few, as well as its occurrence
in agricultural fertilizers (Renugadevi and Prabu, 2009; Newairy et al., 2007). Cadmium is one of the
elements found to damage antioxidant systems in mammals (Uwagie-Ero et al., 2019). In general
cadmium pollution results from natural weathering of materials, forest fires and volcanoes, but much
larger amounts are released by human activities (Morrow, 2001). Cadmium chloride used in
photography, photocopying, dyeing, calico printing, vacuum tube manufacture pigment production,
galvanoplasty, lubricants, ice-nucleation agents, drinking pipes and manufacture of special mirrors
(Herron,2003) may easily enter the environment. Long-term ingestion of large amounts of cadmium
has been observed in Japan (Massanyi et al., 2005). The exceptionally long half-life of cadmium in the
human body of about 30 years (Kjellstrom et al., 2011), emphasizes the need for the effective
assessment and treatment of cadmium toxicity. The reproductive potential of species and their survival
have been threatened by an increased industrial and environmental contamination (Bu et al., 2011).
Cadmium has been reported to contribute to male infertility via reducing sperm quality in humans and
rats (Mendiola et al., 2011; Roychoudhury et al., 2010).

Oxidative stress is a condition associated with an increased rate of cellular damage induced by oxygen
and oxygen derived oxidants commonly known as reactive oxygen species (Zikic et al., 1998). The
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cellular damage in the gonads may be due to an improper balance between ROS (reactive oxygen
species) generation and scavenging activities (Pajavic and Saicic, 2008). Exposure to cadmium
intoxication has been reported to cause damage to the reproductive tissues and gonads, cadmium
toxicity targets the testes both in low and high levels of exposure (de Angelis et al., 2017). It is found
to accumulate in the testis, resulting in oxidative stress and germ cell apoptosis, as well as suppression
of spermatogenesis (Nna et al., 2017). To ameliorate cadmium toxicity and to prevent oxidative stress,
natural products may be useful. The biflavinoid has been shown to improve negative effects of oxidative
stress in lipids, proteins and DNA (Farombi et al., 2013).

Previous phytochemical investigations of G. kola resulted in the isolation of cycloartenol, 24-
methylene-cycloartenol and kolanone (Hussain et al., 1982) from the light petroleum extract and C-
3/8”’-linked hydroxybiflavanonols from the ethylacetate extract of the seeds (Sonnenbichler et al.,
1986).

The aim of the present study was to investigate the ameliorative effects of administration of Garcinia
hydroxybiflavanolol-1 on the reproductive health of chronic cadmium chloride intoxicated male Wistar
rats.

2.0. Materials and Methods
2.1. Chemicals

Cadmium chloride (CdCly), Tween20 used for this study were purchased from Sigma-Aldrich Co. (St
Louis, MO, USA). All other reagents were of analytical grade.

Mature seeds of Garcinia Kola were purchased from a local Market in Calabar, and the seeds were
identified by Dr. Michael Ekpo of the Department of Botany, University of Calabar, Nigeria. A voucher
specimen was deposited in the herbarium of the department of Biochemistry, University of Calabar,
Nigeria.

2.2. Extraction, fractionation of crude extract and Isolation of Garcinia hydroxybiflavanonol-1 (GB1)

This was done as described by Nwaehujor et al (2013) and isolates were identified as previously
described Sonnebichler et al (1986).

2.3. Laboratory animals

Thirty-six (36) pathogen-free male adult Wistar rats (10 weeks old) and weighing 170 -190 g were
obtained from the animal house of the Department of Biochemistry, College of Medical Sciences,
University of Calabar, Nigeria. They were acclimatized for 7 days and were allowed ad libitum access
to feed and water. Experimental animals were kept in accordance with the guidelines for animal care as
contained in the animal ethics handbook of the Faculty of Basic Medical Sciences, University of
Calabar, Nigeria.

2.4. Experimental design for Reproductive Toxicity assay

The rats were randomly assigned to Groups 1 to 3 (n =12) as follows; A: control, B: CdCl; only group,
C: CdCI,+GB1 group. Group A rats were orally administered distilled water only, group B rats received
CdCl2 (2.5 mg/kg b.w. in drinking water), group C rats were treated with GB1 (2 mg/kg b.w./daily) and
CdCl; (2.5 mg/kg b.w. day) in drinking water. Cadmium chloride (CdCl,) was dissolved in the drinking
water at a dose of 2.5 mg/kg and GB1 were dissolved in 0.5 % Tween20 and administered per os for
90 days. The dose for CdCl, was chosen from previous studies by EI-Demerdash et al (2004) and
Alkhedaide et al (2016) for cadmium chloride, and Nwaehujor et al (2013) for GB1. After every 30
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days, 4 animals from each group was humanely euthanized under chloroform anesthesia. The
experiment lasted for 90 days.

The testes were immediately exteriorized through a mid-caudoventral abdominal incision with sterile
scalpel blade. Sperm cells were then collected from the caudal epididymis (Oyeyemi et al., 2011).

This was done by removing the caudal epididymis from the right testes and blotting with filter paper.
The caudal epididymis was immersed in 5ml formal-saline in a graduated test tube and the volume of
fluid displaced was taken as the volume of the epididymis. The content from the epididymis and the
content from the caudal epididymis were poured into a ceramic mortar and homogenized into a
suspension from which the sperm count was carried out using the improved Neubauer haemocytometer
under the microscope (Zemjanis, 1977).

A small drop of sperm suspension was collected with fluid from the caudal epididymis via scalpel and
dropped onto a slide. The diluents (buffered 2.9 % sodium citrate solution) kept at 37 °C was added to
the sperm suspension until the desired dilution was obtained. Sperm motility was assessed by the
method described by Zemjanis (1977). The motility of the epidydimal sperm was evaluated
microscopically 2 - 4 minutes of their isolation from caudal epididymis and later expressed as
percentages.

This was assessed by adding 2 drops of warm eosin nigrosin stain to the semen on a pre warmed slide,
a uniform smear was made and dried with air and the stained slide was immediately examined under
the microscope using x400 magnification. The live sperm cells were unstained while the dead sperm
absorbed the stain. The stained and unstained were counted and the percentage calculated (Oyeyemi et
al., 2011).

2.5. Testicular histopathology

Testes of each rat were fixed in bouins fluid, passed through ascending series of ethanol and then
through xylene and embedded to paraffin wax. The tissues were sectioned at the thickness of
haematoxylin and eosin and mounted. All sections were examined under light microscope at x100 and
x400 magnifications. Photomicrographs of the lesions were taken for observation and documentation
of histopathologic lesions.

2.6. Data analysis

The mean and standard error of mean were calculated for the semen characteristics and hormonal assay
and were presented in percentages. One-way ANOVA (analysis of variance) and Duncan multiple
comparison test was done using statistical package for social science (SPSS) v20 for Windows to
establish any significant difference at 95 % confidence interval. Values of p < 0.05 were considered
significant.

3.0. Results and Discussion
3.1. Identification of isolate

Garcinia hydroxybiflavanonol-1, GB1 was identified as previously described by Madubunyi (1983) and
Sonnenbichler et al (1986), as shown in Figure 1. GB1 have shown antioxidant and anti-inflammatory
potentials in pervious experiments. GB1 alone had significant quantity that was enough for animal
treatment for the number of days the experiment lasted and so, was used for the experiment.
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Figure 1: Chemical structure of Garcinia hydroxybiflavanonol-1
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3.2. Sperm morphology

The chosen dose for cadmium chloride was shown to cause significant oxidative stress in various tissues
of the body (EI-Demerdash et al., 2004; Alkhedaide et al., 2016) while that of GB1 showed significant
antioxidant effect (Nwaehujor et al., 2013; Uwagie-Ero et al., 2019). Results of this study showed a
significant (p<0.05) reduction in sperm count, sperm motility, number of morphologically normal

spermatozoa and a significant (p<0.01) increase in the number

of morphologically abnormal

spermatozoa in Wistar rats exposed to cadmium chloride when compared to control and GB1-treated
groups (Figure 2a-d).
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Figure 2: Ameliorative effect of Garcinia hydroxybiflavanonol-1 on cadmium-induced toxicity on a)
total sperm count, b) motile sperm count, ¢) immotile sperm count and d) headless sperm count.

3.3. Testicular histopathology

Histologically, testes of Wistar rat revealed that; at month one the control and treated groups (Figure 3)
showed no visible lesion (Figure 3C and C1) when compared with the control group (Figure 3 A and
Al). However there was mild erosion of the germinal epithelium in the group treated with CdCl,as seen
in (Figure 3B and B1). The structural integrity of the interstitium was intact across the groups.

Figure 3: Photomicrograph of Wistar rat testis showing the control group (A and Al) and the CdCl;
treated group (B and B1) and GBL1 treated group (C and C1) at month 1 with the sperm cells (SP) in the
lumen (L), the interstitial tissue (IT) of the seminiferous tubules (S).

In the treated group (B and B 1), there was no visible lesion observed in GB1 treated group (C and C1)
when compared with the control group (A and Al). However, there was mild erosion of the germinal
epithelium in the group treated with CdCl, (B and B1). Note the intact structural integrity of the
interstitial tissue across the groups.

At month 2 however, the structural integrity of the interstitial tissues in the CdCl, treated group was
severely compromised with widening of the interstitial space (Figure 4 - B and B1) but this was mild in
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the Garcinia hydroxybiflavanonol-1 treated groups (Figure 4 - C and C1) as compared to the control
(Figure 4 - A and Al).

Figure 4. Photomicrograph of Wistar rat testis showing the control group (A and Al), CdCl, treated
group (B and B1), and GB1 treated group (C and C1) and at month 2, with the sperm cells (SP) in the
lumen (L), the interstitial tissue (IT) of the seminiferous tubules (S).

In the treated group (B and B1), there was no visible lesion as observed in (C and C1) when compared
with the control group (A and Al). However, compromise in the structural integrity of the interstitial
tissue in the CdCl, and GB1 treated groups compared to the control was observed. This compromise is
pronounced in group (B and B1). By the third month, there was severe interstitial edema and
spermatogenic arrest in the CdCl, treated group (Figure 5 - B and B1), whereas no visible lesion was
observed in GB1 treated group (Figure 5 - C and C1) when compared with the control group (Figure 5
Aand Al).

Figure 5: Photomicrograph of Wistar rat testis showing the control group (A and Al), CdCl, treated
group (B and B1) and GB1 treated group (C and C1) at month 3, with the sperm cells (SP) in the lumen
(L), the interstitial tissue (IT) of the seminiferous tubules (S).
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There was no visible lesion observed in GB1 treated group (C and C1) when compared with the control
group (A and Al). However, severe compromise in the structural integrity of the interstitial tissue in
the CdCl; treated group (B and B1) was observed. This was mild in the GB1 treated group compared
to the control.

3.4. Discussion

Spermatogenesis is a complex series of differentiation process that can be disrupted by toxic chemicals,
heavy metals, heat, radiation, hormone deficiencies and deficiency in the immune system (Akunna et
al., 2014; Khanna et al., 2016). Results of this study showed a significant (p<0.05) reduction in sperm
count, sperm motility, number of morphologically normal spermatozoa and a significant (p<0.01)
increase in the number of morphologically abnormal spermatozoa in Wistar rats exposed to cadmium
chloride when compared to control and GB1-treated groups (Figure 2a-e). These results are in line with
earlier studies which showed a degenerative reaction of testicular and epididymal tissues to cadmium
thereby contributing to male infertility by reducing sperm quality in humans and rats (Mendiola et al.,
2011; Roychoudhury et al., 2010).

Cadmium has been reported to cause spermatotoxicity either by causing a disruption of the
hypothalamic-pituitary axis or by direct effect on spermatogenesis through oxidative damage
(Roychoudhury et al., 2010; Xu et al., 2001). Since sperm cells and testicular leydig cell mitochondria
are common body cells that are susceptible to cadmium-induced oxidative stress the latter represents
the major factor (Khanna et al., 2016). Cadmium is known to affect reproductive organs (Massanyi et
al., 2000; Toman et al., 2002). In the blood and tissues, Cadmium stimulates the formation of
metallothioneins and reactive oxygen species (ROS), thus causing oxidative damage in erythrocytes
and in various tissues. This produces a loss of membrane functions (Sakar et al., 1998).

It has been shown that GB1, an atropisomer in nature (Sonnenbichler et al., 1986) is the major
component of G. kola seed (Cotterhill et al, 1978). This agent stimulates the synthesis of ribonucleic
acids and proteins in primary cultured rat hepatocytes (Madubunyi, 1983; Cotterhill et al, 1978).
Although the stimulatory effect on cell metabolism gives an insight into its mode of action, it does not
fully explain the mechanism of action against such totoxins like D-galactosamine and the toxic
constituents of the death-cup toadstool Amanita phalloides, especially phalloidin.

Testicular histology showed that the interstitial cells had a high degree of sloughing off and there was
interstitial oedema in the CdCl.-treated group (Figure 3) in the first month of treatment. No visible
lesions were seen in the seminiferous tubules in the germinal epithelium but there was significant
reduction in the accumulation of spermatozoa in the lumen of the seminiferous tubules (Figure 4) by
month 2. Interstitial cell integrity was improved in GB1-treated and the control groups, and the germinal
epithelial cells did not show any signs of degeneration by the third month (Figure 5). The experiments
also showed patterns similar to direct and indirect effects of CdCly: - direct since Cd** replaces Ca**
and Zn?* by mimicking their physiological processes in the cells (Valko et al., 2005), and indirect since
Cd in non-reproductive glands (e.g. the hypothalamus and pituitary) negatively affects reproductive
function through suppressed release of FSH and LH (Hoyer et al., 2005). Clinical (Varga et al., 1993)
and experimental (Massanyi et al., 2007) data have reported that Cd accumulates in the testes following
oral exposure. Treatment with GB1 offered appreciable protection against Cd accumulation in this
research, compared to the untreated groups. According to the trend of results, three mechanisms may
likely be involved in GB1 ability to suppress Cd accumulation in the testes. It is possible that GB1 (a)
altered CdCl; absorption in the gut or (b) enhanced its excretion through the kidneys or (c) acted as an
antioxidant in the xenobiotic degradation or excretion of Cd.

It had earlier been reported that Kolaviron (a defatted ethanol extract from G. kola seed) elicit its
protective action on liver cells by acting as membrane stabilizer (Iwu et al., 1990). However, this does
not provide a concrete evidence to prove the “membrane stabilizing” action of the Garcinia
hydroxybiflavanonols. Apart from stimulating metabolism in the testicular cells, and scavenging on free
radicals, GB1 may also be acting by stabilizing the membranes of the spermatozoa and membranes of
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the Leydig cells which are involved in spermatogenesis. These findings demonstrate that the testicular
protective activity of the Garcinia hydroxybiflavanonol-1 (GB1), could be explained, at least in part,
by their ability to stabilize the membranes of the spermatozoa and those of cells involved in
spermatogenesis.

4.0. Conclusion

The study concluded that Garcinia hydroxybiflavanolol-1 ameliorated the deleterious effects of
cadmium chloride toxicity on the gonads of male Wistar rats. This stabilizing effect may find a
beneficial application in the therapy for various testicular disorders especially those involving abnormal
spermatozoa morphology and reduced fragility of the testicular membrane.
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