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ABSTRACT: The modulatory effects of three dietanpplements, honey, garliél{ium sativum L.) and bitter kola
(Garcinia kola seed) on sodium arsenite-induced toxicity werewatald in rabbits. The experimental animals were fed
100 mg/kg body weight each of honey (Ho) and agsentracts of garlic (Ga) and bitter kola (Bi) eittalone or in
combination for five weeks. Sodium arsenite (2.5kgdpody weight) was fed at the beginning of thedtlveek while
feeding with the dietary supplements continued ughmut the period of the experiment. Control rabbiere given
distilled water.

The body weights of the animals were monitavbde they were bled once a week for eight wegks packed cell
volume (PCV) of the blood was determined and ganginéamyltransferasey{GT) activity was assayed for in the
serum. Serum albumin/globulin ratio (A:G) was atstimated. In general, the body weights of thenals did not
show any appreciable difference during feeding af, iba, Bi and intoxication with sodium arsenite.imiar
observations were made for the PCV of all the atlinrathe various groups. Conversely, sen@T activity was
elevated by about 51% in arsenite intoxicated tabfihis activity was markedly reduced by the comstion of the
dietary supplements before and after the intoxdcatAlthough the toxic effects of arsenite decrdaséh time, the
extent of disappearance of this toxic effect wasenpvominent in the second and third weeks follgradministration
of arsenite. Whereas serum A:G ratio was apprecidetreased in rabbits intoxicated with arsenfie,donsumption
of the dietary supplements also caused a gradvetsa in this parameter till the eighth week of #xperiment. The
effect of the supplements is in the order Ho > @i.>Arising from these observations, it seemssjige that dietary
supplements may have long-term protective effegtind and after exposure to sodium arsenite.

Key Words: Sodium arsenite; Arsenite toxicity; Hpn@arlic; Bitter kola.

Introduction

Arsenicals are well known for their beneficiad toxicological properties (1,2). For instanoéthe
organic arsenicals, the trivalent sodium arserdtetieen shown to be the most cytotoxic and widaspoé
the group (3). Consequently, this toxicant has hesd as a model arsenical for toxicity studiesnimals.
Several studies have shown that extensive expadunemans to arsenic (As) results from mining, coal
burning and the use of arsenicals in manufactuimdgstries, agriculture and in chemotherapy (4 — 6)
More importantly, continuous exposure through léegn ingestion of drinking water containing high
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concentration of As from wells has been widely mepd (7, 8). Such exposure in areas such as West
Bengal, India and Bangladesh (9) has been assdaiatie the etiology of cancers of the bladder (10hg
and skin (11), diabetes (12), hypertension (13)taedlack-foot disease (14).

In order to check the incidence of diseasésingr from ingestion of environmental contaminants,
awareness has been created for the potential usketdry inhibitors of mutagenesis and carcinogenia
the prevention of human cancer (15). In this regdietary intervention has been shown to be effedi
reducing the cytotoxic effects arising from the siomption of As contaminated water by humans. For
instance, regular dietary administration of crudtraets ofEmblica officinalis fruits (Indian goose berry)
(16) or garlic bulbs Allium sativum L.) to mice significantly reduced the cytotoxicdashromosome
damaging effects of sodium arsenite in bone marells (17). The list of dietary supplements (sush a
garlic) which are being used in traditional medicia inexhaustible (18). Two of such supplemenitterb
kola (Garcinia kola seeds) and honey are of interest in the presessiigation. Honey is known for its
decongesting, antiseptic and regenerating progeitievound dressing (19). Extracts of bitter kokvén
been used for the treatment of laryngitis and diediver diseases (20) and in the prevention dfarar
tetrachloride-, amantia toxin- and thioacetamidduited hepatoxicity in laboratory animals (22). Asmlier
investigation in our laboratory has shown thatafigtsupplementation with honey and aqueous extfact
bitter kola offered some degree of protection agfair2-acetylaminofluorene (2-AAF)-induced
clastogenicity in micén vivo (23).

The objective of the present study is to giveomparative assessment of the effectivenessetdrgli
supplementation with honey as well as aqueous &gt bitter kola and garlic against the toxiceets of
sodium arsenite in rabbits.

Materialsand Methods
Chemicals and Reagents

Sodium arsenite (NaAsODwas obtained from Sigma Chemical Co., St. Louie. Mhe salt was
dissolved in distilled water and the concentraticas made equivalent to 11@f the oral LD50, i.e. 2.5
mg sodium arsenite per kg body weight. This cotraéibn has been shown to be highly toxic (24).
Gamma glutamyltransferase diagnostic kit was obthiftom Biolab SA, Fisme, France, while albumin
and total protein kits were products of Randox Labaries Ltd., Crumblin, N. Ireland. All other resagds
and chemicals were of analytical grade and weraiogtl from Sigma Chemical Co., St. Louis, Mo, USA.

Experimental Animals

Three and a half month old male New Zealabtita of average weight of approximately 1.6 + Okj5
were used. The rabbits were housed in the ExpetaheAnimal House of the Department of
Biochemistry, University of Ibadan, Nigeria. Thesere fed with rabbit pellets obtained from Ladokun
Feeds Limited, Ibadan, Nigeria. The pellets comtdiat least 20% protein, 3.5% fat, 9.0% fibre, 1.2%
calcium, 0.7% phosphorus, vitamin mix, mineral maqtioxidant, antibiotics, carbohydrates, etc. The
rabbits were also fed watad libitum. The room temperature was 29 %2with twelve hours light/dark
cycle.

Dietary Supplementation

Garlic bulbs Allium sativum L., single clove variety) and bitter kolaGdrcinia kola seed) were
purchased from Bodija Market, Ibadan, Nigeria. Thweye certified at the herbarium in the Departradnt
Botany and Microbiology, University of Ibadan, Nige Pure honey was purchased from the School of
Forestry, Eleyele, Ibadan, Nigeria. The aqueousaekiof garlic (Ga) was prepared from freshly slice
cloves that had been ground into paste and made 2[2% w/v stock suspension. A dose of 100 mg/kg
body weight was fed to the rabbits based on a dmityan intake of 60g garlic by a 60 kg individugthis
dose also corresponds to the highest concentrafigarlic extract that had been used beneficiadjgiast
certain ailments (25). Bitter kola extract (Bi) svalso prepared from freshly peeled seeds whicle wer
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blended with an electric blender and oven driedt@C. The preparation and administration were as
described for garlic extract. Honey (Ho) was feghaschased at 100 mg/kg body weigh of rabbits.

Experimental Protocol

The rabbits were distributed randomly into goups of three animals each. The rabbits in grbup
served as the negative control and were fed didtilVater for the five weeks duration of the stullyose
in group 2 were fed distilled water throughout gexond, third, fourth, fifth and sixth week. Sodium
arsenite (2.5 mg/kg) was fed once during the thiegk of the study. Animals in groups 3, 5 and Tewe
separately fed with Ga, Ho and Bi throughout theoad, third, fourth and sixth week respectivelyo3é
in groups 4, 6 and 8 were treated in a similar reato those in groups 3, 5 and 7, except that theng
fed with sodium arsenite (2.5 mg/kg body weightg@luring the third week. The rabbits in group Yeve
fed simultaneously with Ga and Ho while those iougr 10 were fed with Ga and Bi throughout the
second, third, fourth, fifth and sixth weeks regp@ty. The animals in the two groups (i.e. gro@and
10) were also fed with sodium arsenite (2.5 mg/kgybweight) in the third week. All experimental
animals had access to pellets and watkfibitum throughout the duration of the experiment. The body
weights of the animals were measured weekly.

Preparation of Serum

The animals were bled via the external matgsaa vein once every week, starting from the fivsek
to the eighth week. Blood samples were collectetivio parts every week. One part was collected into
anticoagulant tubes containing ethylene diamineaaeetic acid (EDTA) for packed cell volume (PCV)
determination and the other part into plain tulvesserumy-GT, total protein and albumin determinations.
Serum was prepared by allowing the freshly dravaotlsamples to stand at room temperature for 2shour
for clot formation and centrifugation at 3,500g fid¥ minutes in a Beckman CS-15 centrifuge. Therclea
supernatant was immediately used for the estimatbrny-GT activity, total protein and albumin
determinations.

Packed Cell Volume Deter mination

The Packed Cell Volume (PCV) was determinedhgymicrohaematocrit method of Dacie and Lewis
(26). Blood samples collected into EDTA treatedtlbs were mixed gently and then transferred iréanp
capillary tubes. The bases of the tubes were direfealed by heating with lighted Bunsen burndie T
capillary tubes were then arranged in the spaceiged inside the microhaematocrit centrifuge andewe
centrifuged at 12,000g for 10 minutes. The PCV &al({in percentage) were read using the haematocrit
reader.

Serum Total Protein and Albumin

The serum total protein was determined byBheet method (27) with the aid of the total protei
diagnostic kit. Serum albumin was also estimatedguthe albumin diagnostic kit (28). Serum globulin
concentration was estimated on a weekly basis byuleding the difference between total protein and
albumin. The albumin/globulin (A:G) ratio was alsalculated.

Gamma Glutamyl Transferase Assay

Gamma-glutamyltransferaseGT) was assayed by the method fo Szasz (29). yf&& diagnostic
reagent kit was reconstituted by mixing the bufiglycylglycine/Tris) with the substrate (L-glutarayt
nitro-anilide). The reconstituted enzyme is stdble7 days at 2 —"€ or for one day at 24 — %5. One m|
of the reconstituted reagent was mixed alC3@ith 50ul of the serum sample and the mixture was
incubated at 3W. The initial absorbance was read after 30 secand05 nm and subsequently at 1 min
interval for 3 min.y-GT activity was then calculated and expressedierhational Units (IU) per litre as
described by Szasz (29). The data were statistiaahlysed using Student’s t-test.
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Results

The effects of honey (Ho) and aqueous extrafctrarlic (Ga) and bitter kola (Bi) on the bodyigles
of rabbits fed with sodium arsenite are presemedable 1. There is a gradual increase in body hteify
the rabbits fed with distilled water only duringetiperiod of investigation. The observed increase is
between 13% in the second week and 44% in theteighek. The rabbits in group 5 fed Ho alone (second
to sixth week) showed the same gradual increaseight ranging from 13% in the second week to 50% i
the eighth week. Although the animals in Group & féth Ho for five weeks (second to sixth week) and
sodium arsenite (third week) showed a gradual asadn their body weight. This increase (12% in the
second week to 29% in the eighth week) is lowen tttat of Group 5 and the control animals in Grdup
for the same period.

Table 2 shows the weekly packed cell voluR@Y) of blood samples from the control and tesbitab
There is an increase of between 0.1% (second veeek®.4% in the PCV of the control rabbits in Grdup
The PCV of the rabbits fed with Ho alone in Grou@l8o increased between 0.1% (second week) and
12.5% sixth week with a slight reduction of 9.4%aor increase of 6.3% in the seventh and eighth week
respectively. It is also clear that the PCV of thbbits Groups 2 — 4 and in Groups 7 — 10 decreased
gradually from the second or third week to thelsiwieek, followed by a slight increase in the selwveartd
eighth week. The PCV of the animals fed with Hac¢swl to sixth week) and sodium arsenite (third week
increased (6.1%) in the third week and decreasadhag the initial value before exposure to sodium
arsenite (seventh to eighth week).

The effect of pre-treatment of the rabbitshwkto, Ga and Bi on sodium arsenite-induced seyt®&T
activity is presented in Table 3. From these daiw evident that administration of a single odalse of
sodium arsenite to rabbits in Group 2 in the thiekek significantly induced seruypGT activity by about
51% when compared to the seryw®T activity of the control animals in Group 1. tidugh the serung
GT activity of the Group 2 rabbits remained high Ieast 33%) throughout the experimental period, it
decreased gradually during the eighth week whenta2@% increase in activity was observed. Therseru
y-GT activity of Group 5 rabbits fed with Ho aloneasvsimilar to that of the control rabbits in Grdlup
Pre-treatment of the rabbits from the second weeke sixth week with Ga or Bi alone (Groups 3 &hd
also resulted in a slight increase in segu@® T activity when compared with the controls.

Although the serumGT activity observed in the rabbits pre-treatethva (Group 4) or Ho (Group 8)
in combination with feeding with sodium arsenitetlie third week was high, this activity was nothigh
as the activity observed in rabbits Group 2 whigremreated with sodium arsenite alone. In thidystto
(Group 6) was more effective in reducing the sens@T activity, followed by Ga (Group 4) and Bi
(Group 8) in rabbits intoxicated with sodium arsenin this regard, Ho, Ga and Bi reduced #@®T
activity by 16%, 11% and 7% respectively when coragavith animals intoxicated with sodium arsenite
alone. Pre-treatment with a combination of Ga amd(8roup 9) also reduced sodium arsenite-induced
serumy-GT activity to the level observed for Group 4 tezhwith Ga. Similar results were observed on
pre-treatment with a combination of Ga and Bi whef&T activity was reduced to about the level of the
protection offered by Bi alone (Group 8).

The data presented in Table 4 show the effectally administered Ho, Ga and Bi on sodium aitee
induced changes in the serum albumin/globulin (A:&io in the intoxicated rabbits. It is clear frahis
table that a single oral dose of sodium arsenitéhénthird week led to a decreased serum A:G ratio,
compared to the control group fed distilled watelyoThis decrease was observed from the thirchéo t
sixth week and slight increases were observeddrstfiventh and eighth weeks. Similarly, the seru@ A:
ratio was slightly reduced in the groups of rablets with the dietary supplements alone when coetpar
with the animals in the control group. The degreéeeduction is in the order Group 5 (Ho) > GroufGa)
> Group 7 (Bi). Feeding of the dietary supplemdmsveen the second and sixth weeks plus the oral
administration of sodium arsenite in the third we¢do caused a reduction in serum A:G ratio. Howeve
this reduction was not as marked as what was obdemith sodium arsenite alone. Ga, Ho and Bi could,
therefore, decrease the ability of sodium arsettiteeduce the serum A:G ratio in the experimental
animals. This effect is in the order Ga + Ho (Gr@&)p Ho (Group 6) > Ga + Bi (Group 10) > Ga (Group
4) > Bi (Group 8).
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Discussion

Despite intense research efforts and dietatgrvention attempts, mortality resulting from emg
poisoning in exposed individuals is still a cause doncern. The influence of dietary interventisith
honey (Ho) and extracts of garlic (Ga) and bittetak(Bi) in sodium arsenite-intoxicated rabbits, as
observed in this study, show that sodium arsefits hg/kg body weight; 1/10of the LDy) markedly
induced seruny-GT activity (Table 3), compared with the negateantrol group (Group 1), following a
single exposure in the third week of the experiméinhas been established that elevated sepT
activity is an indication of liver damage resultimgan increase in the rate of synthesig-&fT and leakage
of the enzyme into the serum from the liver (30, Eeveral studies have also shown that liver diseare
accompanied by a decrease in the serum albumiraaridcrease in total globulins and consequently a
decrease in the A:G ratio (32). In the present\stilde tested single dosage of sodium arsenite also
decreases the serum A:G ratio (Table 4) when cozdpaith the control (Group 1). Taken together, ¢hes
results suggest sodium arsenite-induced liver danrathe rabbits. The results also confirm earigrorts
on the toxicity of sodium arsenite in various origams (23, 24, 33). Although various mechanisms have
been proposed for arsenite-induced toxicity, it baen suggested that the strong cytotoxicity oérate
might be mediated via the production of active atygpecies and protease activation (e.g. superoxide
dismutase, catalase and glutathione) or by a pepitldbitor of interleukin-1 beta-converting enzyii34).

It seems likely, therefore, that toxic effects ofl&im arsenite may be due to arsenite-induced foomaf
reactive oxygen species in cells. This is becaeaetive oxygen species have been shown to beviedol
in arsenite-induced DNA damage (35), cell prolifiena (36) and apoptosis (37).

The present study has shown that administraifahe dietary supplements (Ho, Ga and Bi), alfame
five weeks or in combination with a single oral €osf sodium arsenite in the third week, did not
significantly affect the body weight of the expeeintal animals (Table 1). However, the degree afeiase
in body weight of the Group 5 animals treated vidthalone, as compared with the remaining nine gpup
may be due to the carbohydrate content of honey (3&e packed cell volume (PCV) is a measure ef th
relative mass of erythrocytes and is used in thgrihsis of anaemia. Anaemia is induced by a resfudti
the production of erythrocytes as a result of défecor decreased erythropoiesis and/or haemorrhage
From the data presented in Table 2, it is cleartttePCV of all the groups of animals (Groups£2and 6
— 10) with the exception of those in the negatigetml (Group 1) and those treated with Ho aloneo(p
5) decreased in the five weeks of treatment. Ftoendiata presented here, this decrease was notdraske
compared with the negative control Group 1, sugggshat under the present experimental conditithres,
test substances may not necessarily induce anaeweia,in sodium arsenite treated rabbits.

The results of the effects of the oral adstmaition of Ho, Ga and Bi on sodium arsenite-induserum
y-GT activity and the decreased A:G ratio, as preskin Tables 3 and 4, show that the semu@T
activity and A:G ratio of the rabbits treated wido alone (Group 5) are similar to what was obsetined
the serum of negative control rabbits which reagidistilled water only. Although Ga or Bi, when
administered alone (Groups 3 and 7), induced aicettegree of serujmGT activity when compared with
the control (Group 1), the two dietary supplemeait® slightly decreased the A:G ratio. It is iesting
that these dietary supplements have been shownrawiops studies to have mild clastogenic and
hepatotoxic effects in mice at a dosage of 100 ghady weight (28, 29). Conversely, sodium argenit
induced seruny-GT activity was markedly reduced in the presentcél@, Ga and Bi while there was a
reversal of the effect on A:G ratio which was supntly elevated during the course of the expertmen
(i.e. weeks 3 — 6; Table 4). Although the toxiceeff of arsenite decreased with time, the extent of
disappearance of this effect was more prominettiénfourth and fifth weeks of administering thetdig
supplements. The degree of the effects of the sapghts is in the order Ho > Ga > Bi. These effewdy
be attributed to the antioxidant and free radicalvenging properties of Ho, Ga (39) and Bi (40)sé&hon
the fact that the cytotoxicity of arsenite mightrbediated via the generation of active oxygen sseand
protease activation (34), it seems reasonable apgse that any compound exhibiting antioxidant
properties such as Ga and Bi could be useful aviting arsenite-induced toxicities. It was obserhere
that Ga and Ho, when administered simultaneoudigrbeand after sodium arsenite intoxication (Gré&)ip
reduced sodium arsenite-induced semt@T activity and reversed the decreased A:G ratiakout the
same level observed in animals that received Gg @oup 3). This shows that Ho by itself has some
inhibitory properties over both sodium arsenite &adinduced toxic effects.
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It may, therefore, be concluded that dietsupplementation with Ho and Bi may, to a large ®eixte
modify arsenite-induced toxicity as demonstratedofally administered Ga, extractsifblica officinalis
(16), mustard oil (41) and sodium selenite (42).
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