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ABSTRACT

The ameliorative effects of D-3-O-methyichiroinositol (D-3-O) and Garcinia
hydroxybiflavanonol (GB1) administration to male Wistar rats exposed to cadmium chloride
(CdCl,) toxicity was investigated. Forty-eight (48) adult male albino Wistar rats were used for
the study. The rats were randomly assigned to 4 groups of 12 rats each. Group A was used as
normal control and was given distilled water. Groups B, C and D were each challenged with
CdCl; in drinking water (2.5 mg/kg/ b.w. day) while groups C and D, in addition received ;
Group C: D-3-O-methylchiroinositol (2 mg/kg/ b.w ./daily) and Garcinia hydroxybiflavanonol
(2mg/kg b.w./daily) respectively. All treatments lasted for 90 days. On days 30, 60 and 90, four
(4) animals from each group were humanely sacrificed and blood samples collected from the
media canthus of the eye. Serum samples were assayed for antioxidants including superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and total antioxidant enzyme
(TAC). The levels of SOD, CAT, GPx and TAC in both D-3-O- and GB1-treated groups were
significantly (P< 0.05) lower than values recorded in the normal control (GroupA) but
significantly (P< 0.05) higher than corresponding values recorded in CdCl,-challenged
untreated group (Group B). The activities of SOD, CAT, GPx increased in the D-3-O- and
GB1-treated groups respectively, but decreased progressively in CdCl,challenged untreated
group, from days 30 to 90. It was concluded that, D-3-O-methylichiroinositol (D-3-O) and
Garcinia hydroxybiflavanonol (GB1) improved antioxidant capacity in male rats chronically
challenged with toxic doses of cadmium chloride. This suggests that D-3-O and GB1 may be
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useful in the management of toxicities from drinking water contaminated with toxic heavy
metals.

Keywords: Salmonella enterica serovar enteritidigroteus mirabilis offal, cattle, antibiogram.
INTRODUCTION

D-3-O-methylchiroinositol (D-3-0), an isomer of Bitwl, is a six-carbon polyol described as an iimsul
sensitizer [1,2,3] and exerts beneficial effectmatabolic, hormonal and ovarian levels [4]. ThiS{®D
improves glucose tolerance in normal rats and asgé gluconeogenesis in the diaphragm@&aircinia
kola (Guttiferae) seed, also known as “bitter kola”, widely used in African ethnomedicine and
traditional hospitality; especially in the Southstaegion of Nigeria. Valuable phytochemicals and
bioactive pure compounds have been isolated frems#eds and most prominent amongst them is the
Garcinia hydroxylbiflavanono(GB1). The extracted GB1 possesses an array obdiaal activities
which includes antioxidant, antidiabetic, antigemit¢ and hepatoprotective properties [6]. This GB1
atropisomeric in nature[7]and is the major antilefixic component ofGarcinia kold8].The GB1
stimulates the synthesis of ribonucleic acids aogjins in primary cultured rat hepatocytes [8].

Cadmium (Cd) is a known environmental and indulspridiutant which generates free radicals known to
cause oxidative stress in humans and animals [#hoAgh the body has natural antioxidant system to
detoxify free radicals, exposure to several exogenchemicals and toxic heavy metals can cause
generation of free radicals to exceed the proteatapacity of the body’s antioxidants system, tinere
resulting in oxidative stress [10].

Information is lacking in available literature dmeteffects of D-3-O and GB1 on oxidative stress and
antioxidantin vivo. The current study evaluated the antioxidant pakof D-3-O and GB1 on oxidative
stress induced by chronic cadmium chloride toximtyVister rats.

MATERIALS AND METHODS

Experimental Protocol

D-3-O-methylchiroinositol (D-3-O) an@arcinia hydroxybiflavanondlGB1) Isolation
D-3-O-methylchiroinositol was isolated from the retdark of Piliostigma thonningiias described by
Asuzuet al.[11]. The pure compound was isolated using colunth BLC, lyophilized and stored in the
fridge at 4°C until used for the experiments [3].

Mature, fresh seeds &arcinia kolawere purchased from Watt Market in Calabar, CRiser State and
identified by Dr. Michael Ekpoof the DepartmentBidtany, University of Calabar, Nigeria. A voucher
specimen was deposited in the herbarium of the Dmpat of Biochemistry, University of Calabar,
Nigeria. The extraction oGarcinia hydroxybiflavanonoll was done as described bySonnenbiehler
al[6] and Ilwuet a[12] with slight modifications. Briefly, the fresbeeds ofG. kolawere dried at room
temperature and reduced to coarse powder by ggndiith a laboratory mill. One (1) kg of the
pulverized plant material was defatted with 3 Lneiexane in a Soxhlet apparatus for 48h. The &-fr
plant material was then extracted with80% methdonol72 h and later concentrated with a rotary
evaporator (Buchi, Switzerland). This proceduredpiced 180.4 g of methanol extract (brown sticky
gum). A total of 100 g of the methanol extract vgaspended in distilled water and subjected to digui
liquid partitioning with ethyl acetate (EA) to givé4.3 g, and further isolations of pure compounds,
described and identified previously by Madubunyi [7

Experimental design
A total of 48 rats were randomly assigned to 4 gso(each group having 12 rats), namely: Group A:
normal control, given distilled water only; Group @dCL, only in drinking water (2.5 mg/kg/ b.w. day)



only; Group C: CdGlin drinking water (2.5 mg/kg b.w. day) + D-3-O-gichiroinositol (2 mg/kg/
b.w./daily) and Group D: Cdgin drinking water (2.5 mg/kg b.w. day)Garcinia hydroxybiflavanonol
(2mg/kg b.w./daily) Cadmium chloride (Cdflwas dissolved in the drinking water at a dose? &f
mg/kg, while D-3-O-methylchiroinositol (D-3-O) an@arcinia hydroxybiflavanonol(GB1) were each
dissolved in 0.5% Tween20 and administered, indi&ily, to each raper os The dose for CdGlwas
determined from previous studies by [3] and [13}jeTthosen dose for cadmium chloride was shown to
cause significant oxidative stress in various gssof the body [13, 14]. Also, the doses of D-3-O-
methylchiroinositol (D-3-O) and>arcinia hydroxybiflavanon¢GB1) were determined from previous
studies that showed that these doses were effemsianthelmintic and in reproductive distress [3]L,1
After every 4 weeks, 4 animals from each group warmanely sacrificed for blood collection. The
experiment lasted for 3 months (90 days). The exymatal animals were handled humanely all through
the experiment.

Sample collection
Blood samples were collected from media canthubh®feye. Serum was separated from blood clot by
centrifugation at 3,000g for 10 min.

Evaluation of oxidative stress marker

Superoxide dismutase (SOD) activity was evaluatdguthe Northwest Life Science Specialties SOD
kit (NWLSS™ NWK-SODO02), based on the method of maning the auto-oxidation rate of hematoxylin
originally described by [16] and with modificatiots enhance reliability [17]. The activity of cadak
(CAT) was determined by spectrophotometry accordmghe method of [18], with modifications to
increase robustness and convenience using the NWLEStalase activity assay kits protocol NWK-
CATOLl. Glutathione peroxidase activity (GPx) wasalaated using the Northwest Life Science
Specialties (NWLSS™) glutathione peroxidase ass#y protocol NWK-GPX01, adapted from the
method described by [19]. Briefly, GPx catalyzed tieduction of hydrogen peroxide and oxidized the
reduced glutathione to form oxidized glutathioneS8&). Oxidized glutathione was then reduced by
glutathione reductase arfdnicotinamide adenine dinucleotide phosphate (NAPRMmMing NADP+.
This resulted in decreased absorbance at 340 nrthardcycling of GSH. The decrease in absorbaince a
340 nm was directly proportional to the GPx conicran.

Measurement of serum total anti-oxidant capacigQY was performed with a commercial kit (Randox
Laboratories, Crumlin, UK). The suppression of tdodor was compared with that of Trolox, which is
widely used as a standard for TAC measurements thadassay results are expressed as Trolox
equivalents (in nmol/mL) [20].

Statistical analysis

Data obtained were expressed as mean + standamdoérthe mean (mean + SEM). Group means for
antioxidant enzymes and total antioxidant capasigye compared using analysis of variance, followed
by Turkey’spost-hoctest. Values of P < 0.05 were considered sigmfi¢21].

RESULTS

Figure 1 shows the changes in superoxide (SODyigcat days 30, 60 and 90 of the study period in
cadmium chloride-challenged Wistar rats treatechvéither D-3-O or GB. The SOD activity was
significantly P<0.05) lower in Wistar rats challenged with cadmiahioride (untreated control) when
compared with those of normal control (group AXdays 30, 60 and 90, respectively. Similarly, SOD
activity in Wistar rats treated with D-3-O was sfgrantly (P < 0.01) lower than the values obtained
normal control group at days 30, 60 and 90, respEgt There was no significant difference in SOD
activity of GB1 treated Wistar rats and the norowitrol group at days 30 and 90.
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Figure 1: Superoxide dismutase activity in cadmium chloride challenged Wister rats treated
with D-3-O and GB 1 (n =3).

Figure 2 shows the activities of CAT of cadmium lidraged rats and those treated with either D-3-O or
GB1. The CAT activities of Wistar rats challengedhacadmium chloride at day 30, 60 and 90were
significantly (P< 0.05) lower than the values recorded in normalrob group. Wistar rats treated with
D-3-0 recorded significantly (P < 0.05) lowered CAgtivities when compared with values in normal
control group, but significantlyR< 0.05) higher values of CAT activities when congzhwith those
untreated control challenged with cadmium chlorideaddition, CAT activities in GB1 treated Wistar
rats differed significantly (P< 0.05) when compareith the values obtained on corresponding days in
thenormal control group. However, the CAT activitgs significantly (P < 0.05) higher in GB1 treated
group when compared with the value obtained in ¢adnthloride-challenged untreated group.
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Figure 2: Catalase activity in cadmium chloride challenged Wister rats treated with D-3-O
and GB 1 (n=3).

Figure 3 shows variations in activities of glutatii peroxidase (GPx) of Wistar rats across grotps a
days 30, 60 and 90. Cadmium chloride— challengedeated Wistar rats recorded significantly lower (P
< 0.001) GPx activities on days 30, 60 and 90 efdtudy period; when compared with the correspandin
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values obtained in the normal controls and tregtegs. The values of GPx on days 30, 60 and @ in
3-0 treated Wistar rats were significantly (P <5).bwer when compared with values obtained in the
normal control group, but significantly higher (PO<05) than those recorded in the cadmium chloride—
challenged untreated Wistar rats. Similarly, GPtvéies in Wistar rats treated with GB1 on days 80

and 90 were significantly (P < 0.01) lower when panmed with values obtained in normal control group
and significantly P<0.05) higher than those recorded for the cadmibloricle challenged untreated rats.
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Figure 3: Gliutathione peroxidase activity in cadmium chloride challenged Wister rats
treated with D-3-O and GB 1 (n=3).

Total antioxidant capacity (TAC) on day 30 did rdiffer (P> 0.05) between Wistar rats in normal
control and GB1-treated group but were significa(f< 0.01) lower in rats challenged with cadmium
chloride and also treated with D-3-O (Figure 4).r&leo, the TAC were significantly lower in untreshte
rats challenged with cadmium chloride and thosdlaiged with cadmium chloride and treated D-3-O
and GB1 when compared with values obtained on @8yand 90 in the normal control group(Figure 4).
Total antioxidant capacity were significantly< 0.05) higher in the D-3-O and the GB1 treatedugso
when compared with values of obtained on day 3@r&@D90 in the untreated cadmium challenged group
(Figure 4).

DISCUSSION

The results of the present study indicate that gafduced toxicity lowered serum antioxidant status
male Wistar rats. This was evident from the sigaifitly (P < 0.01) lower concentrations of SOD, CAT
and GPx in the challenged but untreated group (negeontrol group). The lowered antioxidant status
implies that CdGlis deleterious to antioxidant systems; consequestibjecting them to adverse effects
of free radicals especially reactive oxygen spe(f€3S) which in turn exposes them to oxidativessire
These reactive free molecules have been establishédmage living tissues by reacting with lipids,
carbohydrates and protein components of cells.fiffaéings of the present study agrees with Stohs and
Bagchi [23] who demonstrated that metal ions deplglutathione and protein-bound sulfhydryl groups,
resulting in the generation of reactive oxygen sg®(ROS) such as superoxide ion, hydrogen perpxide
and hydroxyl radical. The oxidative potential of @4 toxicity necessitates the counter-effects of
antioxidants to ameliorate the adverse effects OSRThis study showed that, although activities of
SOD, CAT and GPx in the D-3-O-methylchiroinositaidaGarcinia hydroxybiflavanondireated rats
were lower (P < 0.05) compared with normal conttbEse activities were significantly higher than
values obtained in the Cd&thallengeduntreated group. This suggests that&id GBlimproved
antioxidant enzyme activities of rats subjecte@tCl, toxicity. These agree with reports of De et al|[24
which demonstrated that administration of D-chimositol in patients with poly cystic ovarian cancer
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reduced oxidative stress in women, and also thertepf Igado et al[25], who showed thaarcinia
biflavonoids specifically up-regulated antioxidaséfense capacity and reduced vivo markers of
oxidative damage to lipids, proteins and DNA.
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Figure 4: Total antioxidant capacity in cadmium chloride challenged Wister rats treated with
D-3-O and GB 1 (n = 3).

Comparatively, the results of the present studjcatd thatGBlshowed better antioxidant potentizds t
D-3-O sinceGB1 was more effective in protecting thés from the deleterious effects of ROS and
therefore agrees with those of Igado et al[25] w&lso showed that kolaviron ameliorated oxidativesst
induced by heavy metal toxicity in the brain ofstathe study showed that the effects of GdDI3-O-
methylchiroinositol andsarcinia hydroxybiflavanonoh antioxidant enzyme activities and TAC varied
with the duration of administration. While, actied of SOD and CAT increased in both the D-3-O- or
GB1-treated rats, the activities of these enzyneesehsed, progressively from day 30 — 90, in thél&d
only challenged rats.

The results of this study suggest that D-3-O methigbinositol andSarcinia hydroxylbiflavanolol 1 may
be administered as adjuvant therapy in the manageofechronic Cadmium chloride intoxication as
oxidative stress underlies Cadmium Chloride toyicnd D-3-O methylchiroinositol anarcinia
hydroxylbifavanolol 1 improved the activities of texxidant enzymes in Wistar rats. Also, these
compounds may be useful in the management of taedcirom drinking water contaminated with toxic
heavy metals.
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