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Original Research Article

CADMIUM-INDUCED TESTICULAR DAMAGE IN WISTAR RATS:
PROTECTIVE EFFECTS OF HIBISCUS SABDARRIFA L.

ANTHOCYANINS
ABSTRACT

Background: The search for potential ameliorators of Cd-toxicity is still on due to the many
toxic effects of Cd including testicular damage.

Purpose: Thus the present study was designed to investigate the protective effects of Hibiscus
sabdarrifa L anthocyanins (HSA) on cadmium-induced testicular damage in wistar rats.
Materials and Methods: Twenty five adult male wistar rats (185+£5.2g) were randomly
divided into four groups and where treated for 15 days: A: control, B: Cd alone, 3mg/kg b wt,
C: HSA alone, 3mg/kg b wt, Group 4: HSA Pre-CD: HSA (3g/ kg b wt for ten consecutive
days) and Cd (3mg/ kg b wt) for five days.

Results: Exposure to Cd caused significant (p<0.05) reduction in weight of testes compared to
rats in the control group and those maintained on HSA alone. Exposure to Cd also caused
significant reduction in activities of CAT and SOD and in the level of GSH in the testes
accompanying increase in lipid peroxidation. However, pre-treatment of Cd-exposed rats with
HSA resulted in amelioration of Cd-induced reduction in testicular weight, the activities of
SOD and CAT and the level of GSH in rat testes. Administration of HSA also reduced Cd-
induced testicular lipid peroxidation and could be attributed to the antioxidant properties of
HSA.

Conclusion: This study confirms the role of oxidative stress in the toxicity of Cd and the
potentials of HSA in protecting tissues against Cd-induced damage and implicates HSA in the

reported antioxidant properties of various H. Sabdarriffa extracts.

Keywords: Antioxidants, lipid peroxidation, Glutathione, Oxidative Stress, Anthocyanins

1. INTRODUCTION
Cadmium is an extremely toxic metal commonly naturally found in ores combined with
other metals, but has found its way into industrial workplaces and the environment in general

due to its use in manufacturing industries and agriculture, smoking of cigarette and the
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general environmental pervasiveness of heavy metals [1, 2, 3]. Cd has low permissible
exposure limit and a long biological half-life and as such overexposure and bioaccumulation
occurs in humans and animals [4]. The testis has been reported to be a major target of Cd
toxicity being very sensitive to low doses of Cd that may show no toxicological effects in
other organs [5, 6, 7, 8]. Although the exact mechanism Cd induced reproductive toxicity is
still unknown, oxidative stress has been implicated by several studies [9, 8] and Cd has been

reported to induce testicular injury by disruption of the blood-testis-barrier (BTB) [8].

Alirezaei et al. [5] associated oxidative stress with decline in fertility of spermatozoa and Ige
et al. [10] established that Cd exposure causes adverse effects in humans and is a risk factor
for infertility. Santos et al. [11] reported that Cd exposure reduces testis weight and causes
histopathological lesions leading to reduced sperm counts and impaired sperm motility.

Given the importance of the testes to reproduction and the increasing rate of infertility,
many researches have been conducted in search of substances with ameliorative potentials
against Cd-induced damage to the testes and reproductive toxicity. Studies in this regard
includes the use of vitamin E [12], coenzyme Q10 and vitamin E [9], Curcumin [1], Allium
cepa [10], Egyptian Date Palm Pollen [13], Grape juice concentrate [ 14], betaine [15], Beta
Carotene [4], Physalis peruviana L. [16], and Lycopene [17] as exogenous antioxidant
agents. Extracts of Hibiscus sabdariffa L. have also been reported to possess antioxidant
properties capable of scavenging free radicals and reducing Cd-induced oxidative stress [18].
Polyphenolic compounds, flavonoids and other molecules present in these plants and animal
materials were implicated in the observed antioxidant effects of these studies, but only few
studies have been conducted using the isolated and purified compounds and molecules. The
present study was thus designed to investigate the protective effects of Hibiscus sabdarrifa L.
anthocyanins (HSA) on cadmium-induced testicular damage in wistar rats.

2. MATERIALS AND METHODS
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2.1 Chemicals: Reagents of analytical grade were used in this study. Cadmium Chloride,
methanol, trichloroacetic acid, acetonitrile and sodium chloride were purchased from Lobal
Chemic Laboratory Regents and Fine Chemicals, Mumbai — India. 2,-thiobarbituric acid,
Dichromate, acetic acid, adrenaline, and Ellman’s reagent were gotten from BDH Chemical

Company (Poole, England).

2.2 Plant Material: Fresh calyces of H. Sabdariffa L. were obtained from Warri, Delta State
and were identified by a specialist in the Department of Botany, Delta State University,
Abraka. Thereafter, they were dried under continuous air-flow maintained at room

temperature until constant weight was achieved.

2.3 Extraction and Purification H. sabdariffa anthocyanins: Anthocyanins were extracted
from H. sabdariffa calyces according to the method of Hong and Wrolstad [19] with sight
modification as reported by Ologundudu et al. [20]. The extraction began by pulverization of
one (1) kg of H. sabdariffa calyces. The pulverized calyces were then extracted using ten litres
of 0.1% trifluoroacetic acid (TFA) for a period of twelve hours at 40°C. Thereafter, the extract
was filtered with Whatman No. 1 filter paper and the filtrate was applied to silica-gel resin
column (120 mesh) for fractionation of the different compounds in the extract. The resin bed
became red as it absorbed anthocyanins while sugars, acids and other water-soluble
compounds were washed off with three litres of water. Anthocyanin pigments were thereafter
eluted with 50% ethanol solution containing 0.1% TFA. The resulting eluate was dried at
40°C under vacuum to obtain a concentrated eluate, which was then was subjected to high-
speed liquid chromatography (HPLC) to identify the purified anthocyanins and other active
principles. This was done according to the method described by Drust and Wrolstad [21] using

Agilent HPLC system (model-LC 1100 series).
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2.4 Experimental animals and Experimental Design: Twenty five (25) adult male wistar
rats (185+5.2g) obtained from the animal house of the University of Nigeria, Nsukka were
randomly divided into four treatment groups: A: control, B: Cd alone, 3mg/kg b wt, C: HSA
alone, 3mg/kg b wt, Group 4: HSA Pre-CD: HSA (3g/ kg b wt for ten consecutive days) and
Cd (3mg/ kg b wt) for five days.

H. sabdarrifa anthocyanin and cadmium (in form of aqueous solution) were administered to
the animals orally by orogastric tube. The animals were handled according to standard
laboratory protocols and were fed with clean water and feed ad /libitum. At the end of the
treatment period, the animals were sacrificed by cervical dislocation and from each rat, testes
were obtained, weighed and 1 g portion homogenized in ice-cold saline (1:4, w/v) and
centrifuged at 5000g for 10 min. Sera collected was stored frozen until used for biochemical
analysis.

2.5 Biochemical Assays: Determination of Catalase Activity: Catalase activity of samples
was determined by the method of Singha [22]. Optical density was measured at 570nm with a
spectrophotometer and a standard Catalase curve was obtained by plotting the concentrations
of the standard against absorbance.

2.6 Determination of Superoxide Dismutase Activity: The method of Misra and Fridovich
[23] was employed in determining SOD activity in samples based on the inhibition of the
autoxidation of adrenaline at pH 10.2 by superoxide dismutase. The increase in absorbance at
480nm was monitored every 30 seconds for 150 seconds and One unit of SOD activity of
being the amount of SOD necessary to cause 50% inhibition of the oxidation of adrenaline to
adenochrome during 1 minute.

2.7 Estimation of Reduced Glutathione Level (GSH) level: The method of Beutler et al.

[24] was followed in estimating the level of reduced glutathione (GSH). The optical density
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was measured at 412nm with GSH being proportional to the absorbance at this wavelength as
estimated from the GSH standard curve.
2.8 Estimation of Tissue Lipid Peroxidation: The level of Thiobarbituric acid reactive
substances (TBARS) which is an index of lipid peroxidation was determined by the method of
Varshney and Kale [25]. Values of TBAS were reported in terms of malondialdehyde (MDA)
and expressed as pmole MDA/g tissue, the amount of MDA in the samples being quantified
using a molar extinction coefficient of 1.56x10°m/cm.
2.9 Analysis of Data: Results obtained in the study were presented as Mean + SD. Statistical
analysis was performed using the Statistical Package for Social Sciences (SPSS) software. The
one-way analysis of variance (ANOVA) was utilized in comparing the degree of significance
of different parameters estimated and the difference between mean were considered to be
significant at p< 0.05.
3.0 RESULTS AND DISCUSSION

The effect of H. sabdariffa anthocyanin on testicular weight of Cd-exposed rats is
presented in Fig. 1. Exposure to Cd caused significant (p<<0.05) reduction in weight of testes
compared to rats in the control group and those maintained on HSA alone. However, when
Cd-treated rats were pre-treated with HSA there was increase in testicular weight compared to
rats maintained on Cd alone. Changes in organ weight has been used as an indices of toxicity
of metals since its reveals swelling in organs, organ deterioration or hypertrophy [26]. Thus,
the significant reduction in testicular weight observed in this study (Fig. 1) can be attributed to
the toxic effects of Cd. However, there is conflicting results concerning the effect of Cd on
changes in testis weight. While some studies have reported increased testicular weight [27,
28], others reported atrophy of testis [29, 13, 30, 31, 14, 32, 33, 34] similar to the findings of
the present study. Makanjuola et al. [35] showed that Cd exposure caused a significant

decrease in the testicular weight of rats and Rekha et al. [12] indicated that Cd reduces the
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testicular & epididymal weights. Their findings are in line with the result of this study and it
can be concluded, as they did, that a part of the complex Cd-toxicity processes is the induction
of necrotic and degenerative changes which damages testes and impair function.

On the other hand, increase in testicular weight caused by administration of HSA is
probably due to the nutritional and antioxidant properties of HSA. This observation is in
consonance with previous reports [36, 37, 38]. Anthocyanins have been reported to have

beneficial effects on human health in addition to its nutritional value [39, 40].
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Fig.1: Effect of H. sabdariffa anthocyanin on weight of testes of Cd-exposed rats.
Groups: A (Control), B (Cd), C (Anthocyanin), D (Anthocyanin Pre-Cd). Values with
different alphabetic superscripts differ significantly (P<0.05)

The level of lipid peroxidation in the testes of Cd-exposed rats pre-treated with HSA is
shown in Fig. 2. Rats exposed to Cd alone (Group B) significantly higher MDA levels
compared to the control. Rats maintained on HSA alone had MDA levels lower than the
control and Pre-treatment of Cd-exposed rats with HSA significantly reduced MDA levels
compared to rats maintained on Cd alone. Also, Table 1 shows the effect of H. sabdariffa
anthocyanin on activities of CAT and SOD and on the level of GSH in the testes of Cd-

exposed rats. Exposure to Cd alone (Group B) caused significant reduction in the activities of

CAT and SOD and in the level of GSH compared to the control and rats treated with HSA
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alone. However, pre-treatment of Cd-exposed rats with HSA (Group D) significantly
increased CAT and SOD activities and the level of GSH relative to rats exposed to Cd alone

(Group B). In all the parameters assayed, treatment with HSA alone (Group C) did non-

significantly increase the activity of CAT and SOD compared to the control.
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Fig.2: Effect of H. sabdariffa anthocyanin on MDA levels in the testes of Cd-exposed rats.

Groups: A (Control), B (Cd), C (Anthocyanin), D (Anthocyanin Pre-Cd). Values with

different alphabetic superscripts differ significantly (P<0.05)

Table 1: Effect of H. sabdariffa anthocyanin on activities of CAT, SOD and level of GSH

in the testes of Cd-exposed rats

Groups/ Catalase SOD GSH

(mmoles H,O,

Parameters (umole/mg protein)  pmole/mg protein
consumed/min/mg

A 28.23+0.43" 37.89+1.52° 33.60+0.94"

B 14.60+0.64° 20.90+1.46° 19.74+0.45°

C 29.04+0.34° 37.99+1.57% 32.14+0.42°

D 20.99+0.29¢ 26.26+1.64° 24.02+0.36°
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Values are presented as Mean + SD. Values on the same column with different superscripts
differ significantly (P<0.05). Groups: A (Control), B (Cd), C (Anthocyanin), D (Anthocyanin
Pre-Cd).

Cd-induced increase in lipid peroxidation observed in this agrees with earlier reports [41,
18]. This occurs when Cd-induced generation of free radicals is beyond the buffering ability of
the testes antioxidants such as CAT, SOD and GSH. Usoh et al. [42]; Patra et al. [43] and
Alirezaei et al. [44] noted that reduced glutathione (GSH), CAT and SOD are involved in the
detoxification of reactive intermediates. Thus, the C-induced depletion of GSH and reduction
in the activities of CAT and SOD facilitated the production of ROS leading to oxidative stress
and increased lipid peroxidation witnessed in this study. This result also agrees with Salem et
al. [17] whose worked showed that Cd induces oxidative damage by disturbing the
prooxidant-antioxidant balance in tissues. Babaknejad et al. [45] and Salem et al. [17] also
reported significant increase in MDA of tissues of Cd-exposed rats compared to the normal
control group. In addition Liu et al. [46] reported decrease in testicular antioxidants: SOD,
CAT and GSH by treatment with Cd.

However, pre-treatment of Cd-exposed rats with HSA reduced lipid peroxidation with
concomitant increase in GSH levels and in the activities of CAT and SOD. This effect of HSA
may be due to direct quenching of the reactive metabolites induced by Cd toxicity or its metal
chelating ability. Oszmiafiski [47] and Mossalam et al. [48] have reported antioxidant and
metal ion chelating activities in anthocyanins. Mafulul and Okoye [49] and Mehmet et al. [50]
have also reported antioxidant effects of extracts of H. Sabdarriffa. The results of this study

confirm that HSA are responsible for such antioxidant eftects.
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4. CONCLUSION

Pre-treatment of Cd-exposed rats with HSA resulted in amelioration of Cd-induced
reduction in testicular weight, the activities of SOD and CAT and the level of GSH in rat
testes. Administration of HSA also reduced Cd-induced testicular lipid peroxidation and could
be attributed to the antioxidant properties of HSA. This study thus confirms the role of
oxidative stress in the toxicity of Cd and the potentials of HSA in protecting tissues against
Cd-induced damage. The study also implicates HSA in the reported antioxidant properties of
various H. Sabdarriffa extracts.
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