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ABSTRACT:  The modulatory effects of three dietary supplements, honey, garlic (Allium sativum L.) and bitter kola 
(Garcinia kola seed) on sodium arsenite-induced toxicity were evaluated in rabbits. The experimental animals were fed 
100 mg/kg body weight each of honey (Ho) and aqueous extracts of garlic (Ga) and bitter kola (Bi) either alone or in 
combination for five weeks. Sodium arsenite (2.5 mg/kg body weight) was fed at the beginning of the third week while 
feeding with the dietary supplements continued throughout the period of the experiment. Control rabbits were given 
distilled water. 
     The body weights of the animals were monitored while they were bled once a week for eight weeks. The packed cell 
volume (PCV) of the blood was determined and gamma glutamyltransferase (γ-GT) activity was assayed for in the 
serum.  Serum albumin/globulin ratio (A:G) was also estimated. In general, the body weights of the animals did not 
show any appreciable difference during feeding of Ho, Ga, Bi and intoxication with sodium arsenite.  Similar 
observations were made for the PCV of all the animals in the various groups. Conversely, serum γ-GT activity was 
elevated by about 51% in arsenite intoxicated rabbits. This activity was markedly reduced by the consumption of the 
dietary supplements before and after the intoxication. Although the toxic effects of arsenite decreased with time, the 
extent of disappearance of this toxic effect was more prominent in the second and third weeks following administration 
of arsenite. Whereas serum A:G ratio was appreciably decreased in rabbits intoxicated with arsenite, the consumption 
of the dietary supplements also caused a gradual reversal in this parameter till the eighth week of the experiment. The 
effect of the supplements is in the order Ho > Ga > Bi.  Arising from these observations, it seems possible that dietary 
supplements may have long-term protective effects during and after exposure to sodium arsenite. 
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Introduction 
 
      Arsenicals are well known for their beneficial and toxicological properties (1,2). For instance, of the 
organic arsenicals, the trivalent sodium arsenite has been shown to be the most cytotoxic and widespread of 
the group (3). Consequently, this toxicant has been used as a model arsenical for toxicity studies in animals. 
Several studies have shown that extensive exposure of humans to arsenic (As) results from mining, coal 
burning and the use of arsenicals in manufacturing industries, agriculture and in chemotherapy (4 – 6). 
More importantly, continuous exposure through long-term ingestion of drinking water containing high 
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concentration of As from wells has been widely reported (7, 8). Such exposure in areas such as West 
Bengal, India and Bangladesh (9) has been associated with the etiology of cancers of the bladder (10), lung 
and skin (11), diabetes (12), hypertension (13) and the Black-foot disease (14). 
     In order to check the incidence of diseases arising from ingestion of environmental contaminants, 
awareness has been created for the potential use of  dietary inhibitors of mutagenesis and carcinogenesis in 
the prevention of human cancer (15). In this regard, dietary intervention has been shown to be effective in 
reducing the cytotoxic effects arising from the consumption of As contaminated water by humans. For 
instance, regular dietary administration of crude extracts of Emblica officinalis fruits (Indian goose berry) 
(16) or garlic bulbs (Allium sativum L.) to mice significantly reduced the cytotoxic and chromosome 
damaging effects of sodium arsenite in bone marrow cells (17). The list of dietary supplements (such as 
garlic) which are being used in traditional medicine is inexhaustible (18). Two of such supplements, bitter 
kola (Garcinia kola seeds) and honey are of interest in the present investigation. Honey is known for its 
decongesting, antiseptic and regenerating properties in wound dressing (19). Extracts of bitter kola have 
been used for the treatment of laryngitis and diverse liver diseases (20) and in the prevention of carbon 
tetrachloride-, amantia toxin- and thioacetamide-induced hepatoxicity in laboratory animals (22). An earlier 
investigation in our laboratory has shown that dietary supplementation with honey and aqueous extract of 
bitter kola offered some degree of protection against 2-acetylaminofluorene (2-AAF)-induced 
clastogenicity in mice in vivo (23). 
     The objective of the present study is to give a comparative assessment of the effectiveness of dietary 
supplementation with honey as well as aqueous extracts of bitter kola and garlic against the toxic effects of 
sodium arsenite in rabbits. 
 
 
 
Materials and Methods 
 
Chemicals and Reagents 
 
     Sodium arsenite (NaAsO2) was obtained from Sigma Chemical Co., St. Louis Mo. The salt was 
dissolved in distilled water and the concentration was made equivalent to 1/10th of the oral LD50, i.e. 2.5 
mg sodium arsenite per kg body weight.  This concentration has been shown to be highly toxic (24). 
Gamma glutamyltransferase diagnostic kit was obtained from Biolab SA, Fisme, France, while albumin 
and total protein kits were products of Randox Laboratories Ltd., Crumblin, N. Ireland. All other reagents 
and chemicals were of analytical grade and were obtained from Sigma Chemical Co., St. Louis, Mo, USA. 
 
Experimental Animals 
 
     Three and a half month old male New Zealand rabbits of average weight of approximately 1.6 ± 0.15 kg 
were used.  The rabbits were housed in the Experimental Animal House of the Department of 
Biochemistry, University of Ibadan, Nigeria.  They were fed with rabbit pellets obtained from Ladokun 
Feeds Limited, Ibadan, Nigeria. The pellets contained at least 20% protein, 3.5% fat, 9.0% fibre, 1.2% 
calcium, 0.7% phosphorus, vitamin mix, mineral mix, antioxidant, antibiotics, carbohydrates, etc. The 
rabbits were also fed water ad libitum.  The room temperature was 29 ± 2oC with twelve hours light/dark 
cycle. 
 
Dietary Supplementation 
 
     Garlic bulbs (Allium sativum L., single clove variety) and bitter kola (Garcinia kola seed) were 
purchased from Bodija Market, Ibadan, Nigeria. They were certified at the herbarium in the Department of 
Botany and Microbiology, University of Ibadan, Nigeria. Pure honey was purchased from the School of 
Forestry, Eleyele, Ibadan, Nigeria. The aqueous extract of garlic (Ga) was prepared from freshly sliced 
cloves that had been ground into paste and made up to 2.2% w/v stock suspension. A dose of 100 mg/kg 
body weight was fed to the rabbits based on a daily human intake of 60g garlic by a 60 kg individual. This 
dose also corresponds to the highest concentration of garlic extract that had been used beneficially against 
certain ailments (25).  Bitter kola extract (Bi) was also prepared from freshly peeled seeds which were 
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blended with an electric blender and oven dried at 40oC.  The preparation and administration were as 
described for garlic extract. Honey (Ho) was fed as purchased at 100 mg/kg body weigh of rabbits. 
 
Experimental Protocol 
 
     The rabbits were distributed randomly into ten groups of three animals each. The rabbits in group 1 
served as the negative control and were fed distilled water for the five weeks duration of the study. Those 
in group 2 were fed distilled water throughout the second, third, fourth, fifth and sixth week. Sodium 
arsenite (2.5 mg/kg) was fed once during the third week of the study.  Animals in groups 3, 5 and 7 were 
separately fed with Ga, Ho and Bi throughout the second, third, fourth and sixth week respectively. Those 
in groups 4, 6 and 8 were treated in a similar manner to those in groups 3, 5 and 7, except that they were 
fed with sodium arsenite (2.5 mg/kg body weight) once during the third week. The rabbits in group 9 were 
fed simultaneously with Ga and Ho while those in group 10 were fed with Ga and Bi throughout the 
second, third, fourth, fifth and sixth weeks respectively. The animals in the two groups (i.e. groups 9 and 
10) were also fed with sodium arsenite (2.5 mg/kg body weight) in the third week. All experimental 
animals had access to pellets and water ad libitum 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 marginal ear vein once every week, starting from the first week 
to the eighth week. Blood samples were collected in two parts every week. One part was collected into 
anticoagulant tubes containing ethylene diamine tetraacetic acid (EDTA) for packed cell volume (PCV) 
determination and the other part into plain tubes fro serum γ-GT, total protein and albumin determinations. 
Serum was prepared by allowing the freshly drawn blood samples to stand at room temperature for 2 hours 
for clot formation and centrifugation at 3,500g for 10 minutes in a Beckman CS-15 centrifuge. The clear 
supernatant was immediately used for the estimation of γ-GT activity, total protein and albumin 
determinations. 
 
Packed Cell Volume Determination 
 
     The Packed Cell Volume (PCV) was determined by the microhaematocrit method of Dacie and Lewis 
(26).  Blood samples collected into EDTA treated bottles were mixed gently and then transferred into plain 
capillary tubes. The bases of the tubes were carefully sealed by heating with lighted Bunsen burner. The 
capillary tubes were then arranged in the space provided inside the microhaematocrit centrifuge and were 
centrifuged at 12,000g for 10 minutes. The PCV values (in percentage) were read using the haematocrit 
reader. 
 
Serum Total Protein and Albumin 
 
     The serum total protein was determined by the Biuret method (27) with the aid of the total protein 
diagnostic kit. Serum albumin was also estimated using the albumin diagnostic kit (28). Serum globulin 
concentration was estimated on a weekly basis by calculating the difference between total protein and 
albumin. The albumin/globulin (A:G) ratio was also calculated. 
 
Gamma Glutamyl Transferase Assay 
 
     Gamma-glutamyltransferase (γ-GT) was assayed by the method fo Szasz (29). The γ-GT diagnostic 
reagent kit was reconstituted by mixing the buffer (glycylglycine/Tris) with the substrate (L-glutamyl-p-
nitro-anilide). The reconstituted enzyme is stable for 7 days at 2 – 8oC or for one day at 24 – 25oC. One ml 
of the reconstituted reagent was mixed at 30oC with 50µl of the serum sample and the mixture was 
incubated at 30oC.  The initial absorbance was read after 30 seconds at 405 nm and subsequently at 1 min 
interval for 3 min. γ-GT activity was then calculated and expressed in International Units (IU) per litre as 
described by Szasz (29).  The data were statistically analysed using Student’s t-test. 
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Results 
 
     The effects of honey (Ho) and aqueous extracts of garlic (Ga) and bitter kola (Bi) on the body weights 
of rabbits fed with sodium arsenite are presented in Table 1. There is a gradual increase in body weight of 
the rabbits fed with distilled water only during the period of investigation. The observed increase is 
between 13% in the second week and 44% in the eighth week. The rabbits in group 5 fed Ho alone (second 
to sixth week) showed the same gradual increase in weight ranging from 13% in the second week to 50% in 
the eighth week. Although the animals in Group 6 fed with Ho for five weeks (second to sixth week) and 
sodium arsenite (third week) showed a gradual increase in their body weight. This increase (12% in the 
second week to 29% in the eighth week) is lower than that of Group 5 and the control animals in Group 1 
for the same period. 
      Table 2 shows the weekly packed cell volume (PCV) of blood samples from the control and test rabbits. 
There is an increase of between 0.1% (second week) and 9.4% in the PCV of the control rabbits in Group 1.  
The PCV of the rabbits fed with Ho alone in Group 5 also increased between 0.1% (second week) and 
12.5% sixth week with a slight reduction of 9.4% or an increase of 6.3% in the seventh and eighth week, 
respectively. It is also clear that the PCV of the rabbits Groups 2 – 4 and in Groups 7 – 10 decreased 
gradually from the second or third week to the sixth week, followed by a slight increase in the seventh and 
eighth week. The PCV of the animals fed with Ho (second to sixth week) and sodium arsenite (third week) 
increased (6.1%) in the third week and decreased again to the initial value before exposure to sodium 
arsenite (seventh to eighth week). 
     The effect of pre-treatment of the rabbits with Ho, Ga and Bi on sodium arsenite-induced serum γ-GT 
activity is presented in Table 3.  From these data it is evident that administration of a single oral dose of 
sodium arsenite to rabbits in Group 2 in the third week significantly induced serum γ-GT activity by about 
51% when compared to the serum γ-GT activity of the control animals in Group 1.  Although the serum γ-
GT activity of the Group 2 rabbits remained high (at least 33%) throughout the experimental period, it 
decreased gradually during the eighth week when about 20% increase in activity was observed.  The serum 
γ-GT activity of Group 5 rabbits fed with Ho alone was similar to that of the control rabbits in Group 1.  
Pre-treatment of the rabbits from the second week to the sixth week with Ga or Bi alone (Groups 3 and 7) 
also resulted in a slight increase in serum γ-GT activity when compared with the controls. 
     Although the serum γ-GT activity observed in the rabbits pre-treated with Ga (Group 4) or Ho (Group 8) 
in combination with feeding with sodium arsenite in the third week was high, this activity was not as high 
as the activity observed in rabbits Group 2 which were treated with sodium arsenite alone. In this study, Ho 
(Group 6) was more effective in reducing the serum γ-GT activity, followed by Ga (Group 4) and Bi 
(Group 8) in rabbits intoxicated with sodium arsenite. In this regard, Ho, Ga and Bi reduced the γ-GT 
activity by 16%, 11% and 7% respectively when compared with animals intoxicated with sodium arsenite 
alone. Pre-treatment with a combination of Ga and Ho (Group 9) also reduced sodium arsenite-induced 
serum γ-GT activity to the level observed for Group 4 treated with Ga. Similar results were observed on 
pre-treatment with a combination of Ga and Bi where γ-GT activity was reduced to about the level of the 
protection offered by Bi alone (Group 8). 
     The data presented in Table 4 show the effect of orally administered Ho, Ga and Bi on sodium arsenite-
induced changes in the serum albumin/globulin (A:G) ratio in the intoxicated rabbits. It is clear from this 
table that a single oral dose of sodium arsenite in the third week led to a decreased serum A:G ratio, 
compared to the control group fed distilled water only. This decrease was observed from the third to the 
sixth week and slight increases were observed in the seventh and eighth weeks. Similarly, the serum A:G 
ratio was slightly reduced in the groups of rabbits fed with the dietary supplements alone when compared 
with the animals in the control group. The degree of reduction is in the order Group 5 (Ho) > Group 3 (Ga) 
> Group 7 (Bi).  Feeding of the dietary supplements between the second and sixth weeks plus the oral 
administration of sodium arsenite in the third week also caused a reduction in serum A:G ratio. However, 
this reduction was not as marked as what was observed with sodium arsenite alone. Ga, Ho and Bi could, 
therefore, decrease the ability of sodium arsenite to reduce the serum A:G ratio in the experimental 
animals. This effect is in the order Ga + Ho (Group 9) > Ho (Group 6) > Ga + Bi (Group 10) > Ga (Group 
4) > Bi (Group 8). 
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Discussion 
 
      Despite intense research efforts and dietary intervention attempts, mortality resulting from arsenic 
poisoning in exposed individuals is still a cause for concern.  The influence of dietary intervention with 
honey (Ho) and extracts of garlic (Ga) and bitter kola (Bi) in sodium arsenite-intoxicated rabbits, as 
observed in this study, show that sodium arsenite (2.5 mg/kg body weight; 1/10th of the LD50) markedly 
induced serum γ-GT activity (Table 3), compared with the negative control group (Group 1), following a 
single exposure in the third week of the experiment. It has been established that elevated serum γ-GT 
activity is an indication of liver damage resulting in an increase in the rate of synthesis of γ-GT and leakage 
of the enzyme into the serum from the liver (30, 31). Several studies have also shown that liver diseases are 
accompanied by a decrease in the serum albumin and an increase in total globulins and consequently a 
decrease in the A:G ratio (32). In the present study, the tested single dosage of sodium arsenite also 
decreases the serum A:G ratio (Table 4) when compared with the control (Group 1). Taken together, these 
results suggest sodium arsenite-induced liver damage in the rabbits. The results also confirm earlier reports 
on the toxicity of sodium arsenite in various organisms (23, 24, 33). Although various mechanisms have 
been proposed for arsenite-induced toxicity, it has been suggested that the strong cytotoxicity of arsenite 
might be mediated via the production of active oxygen species and protease activation (e.g. superoxide 
dismutase, catalase and glutathione) or by a peptide inhibitor of interleukin-1 beta-converting enzyme (34). 
It seems likely, therefore, that toxic effects of sodium arsenite may be due to arsenite-induced formation of 
reactive oxygen species in cells.  This is because reactive oxygen species have been shown to be involved 
in arsenite-induced DNA damage (35), cell proliferation (36) and apoptosis (37). 
     The present study has shown that administration of the dietary supplements (Ho, Ga and Bi), alone for 
five weeks or in combination with a single oral dose of sodium arsenite in the third week, did not 
significantly affect the body weight of the experimental animals (Table 1). However, the degree of increase 
in body weight of the Group 5 animals treated with Ho alone, as compared with the remaining nine groups, 
may be due to the carbohydrate content of honey (38).  The packed cell volume (PCV) is a measure of the 
relative mass of erythrocytes and is used in the diagnosis of anaemia. Anaemia is induced by a reduction in 
the production of erythrocytes as a result of defective or decreased erythropoiesis and/or haemorrhage. 
From the data presented in Table 2, it is clear that the PCV of all the groups of animals (Groups 2 – 4 and 6 
– 10) with the exception of those in the negative control (Group 1) and those treated with Ho alone (Group 
5) decreased in the five weeks of treatment. From the data presented here, this decrease was not marked as 
compared with the negative control Group 1, suggesting that under the present experimental conditions, the 
test substances may not necessarily induce anaemia, even in sodium arsenite treated rabbits. 
      The results of the effects of the oral administration of Ho, Ga and Bi on sodium arsenite-induced serum 
γ-GT activity and the decreased A:G ratio, as presented in Tables 3 and 4, show that the serum γ-GT 
activity and A:G ratio of the rabbits treated with Ho alone (Group 5) are similar to what was observed in 
the serum of negative control rabbits which received distilled water only.  Although Ga or Bi, when 
administered alone (Groups 3 and 7), induced a certain degree of serum γ-GT activity when compared with 
the control (Group 1), the two dietary supplements also slightly decreased the A:G ratio.  It is interesting 
that these dietary supplements have been shown in previous studies to have mild clastogenic and 
hepatotoxic effects in mice at a dosage of 100 mg/kg body weight (28, 29).  Conversely, sodium arsenite-
induced serum γ-GT activity was markedly reduced in the presence of Ho, Ga and Bi while there was a 
reversal of the effect on A:G ratio which was subsequently elevated during the course of the experiment 
(i.e. weeks 3 – 6; Table 4). Although the toxic effect of arsenite decreased with time, the extent of 
disappearance of this effect was more prominent in the fourth and fifth weeks of administering the dietary 
supplements. The degree of the effects of the supplements is in the order Ho > Ga > Bi.  These effects may 
be attributed to the antioxidant and free radical scavenging properties of Ho, Ga (39) and Bi (40). Based on 
the fact that the cytotoxicity of arsenite might be mediated via the generation of active oxygen species and 
protease activation (34), it seems reasonable to propose that any compound exhibiting antioxidant 
properties such as Ga and Bi could be useful in alleviating arsenite-induced toxicities. It was observed here 
that Ga and Ho, when administered simultaneously before and after sodium arsenite intoxication (Group 9) 
reduced sodium arsenite-induced serum γ-GT activity and reversed the decreased A:G ratio to about the 
same level observed in animals that received Ga only (Group 3). This shows that Ho by itself has some 
inhibitory properties over both sodium arsenite and Ga-induced toxic effects. 
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      It may, therefore, be concluded that dietary supplementation with Ho and Bi may, to a large extent, 
modify arsenite-induced toxicity as demonstrated for orally administered Ga, extracts of Emblica officinalis 
(16), mustard oil (41) and sodium selenite (42). 
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