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ABSTRACT
Introduction: α-tocopherol is an antioxidant which protects tissues from oxidative stress via inhibition of free radicals 
production and lipid peroxidation after exposure to tissue toxicants. The potassium bromate is a food additive which causes 
toxic effects on tissues through generation of reactive oxygen species and impairment of antioxidant system. The current 
study was aimed to assess the mitigating activity of α-tocopherol on adverse effects of potassium bromate on haematological 
parameters and hepatic function markers in rats. 
Materials and Methods: Twenty Wistar rats were equally grouped into four (1-4) and respectively administered with distilled 
water, α-tocopherol (50mg/kg), potassium bromate (25mg/kg) and α-tocopherol (50mg/kg) + potassium bromate (25mg/kg) 
for twenty eight days. Blood sample of study animals was collected and employed for haematological and hepatic fucntion 
analysis. 
Results: The findings of this study showed that exposure to potassium bromate causes adverse effect on haematological 
parameters (erythrocyte count, haematocrit, haemoglobin, platelet count, neutrophil count, leucocyte count, lymphocyte 
count and monocyte count) and markers of hepatic function (ALP, ALT and AST) in the study animals. However, co-treatment 
with α-tocopherol showed significant mitiagtion on the adverse effect of the potassium bromate exposure. 
Conclusion: The potency of α-tocopherol as an antioxidant demonstrated its efficacy in mitigating the adverse effects of 
potassium bromate on haematological parameters and markers of hepatic tissue function. Hence, α-tocopherol may provide a 
possible solution to tissue toxicities mediated by exposure to potassium bromate.
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Introduction
The vitamin E is a lipophilic vitamin which is 

readily abundant in food substances such as cereals, 
vegetables oils, eggs, fruits, meats and so on.1  It is 
essentially a group of eight lipophilic compounds 
which include four tocopherols (α-, β-, γ-, and δ) and 
four tocotrienols (α-, β-, γ-, and δ) that vary based 
on the methylation of their chromanol heads and 
saturation of their side chain.2 The α-tocopherol and 
γ-tocopherol are the most abundant forms of vitamin 
E in the diet. However, α-tocopherol (TP) is the most 
biologically active form in mammals which functions 
to reverse vitamin E deficiency.3,4  TP is also a lipophilic 
antioxidant which is readily incorporated into the cell 
membrane and protects the membrane from oxidative 
stress  after direct or indirect exposure to tissue 
toxicants via inhibition of free radicals production and 
lipid peroxidation.5-7

Potassium bromate (PBR) is an oxidizing agent 
employed in the baking industry because it is one 
of the cheapest and most effective agent used to 
improve dough as it affects its gelatinization, viscosity 
and swelling, helps to remove sulfhydryl group and 

form disulfide linkages thereby improving the bread 
properties.8 However, the PBR also causes toxic 
effects on body tissues through lipid peroxidation 
and oxidative tissue damage following the generation 
of reactive oxygen species (ROS) and impairment 
of tissue antioxidant system.9,10 The PBR reportedly 
induces liver tissue damage through derangement of 
the supporting cellular and cytoskeletal architecture 
of the tissue thereby adversely imparting the hepatic 
tissue function.11 Toxicological studies have proven 
the PBR to be cytotoxic, carcinogenic and mutagenic 
with diverse health complications associated with its 
consumption. The International Agency for Research 
on Cancer (IARC) has classified PBR as a potential 
human carcinogen under the class 2B and this has 
prompted many countries to declare a partial or 
complete ban on PBR consumption.8

Due to the earlier reported usefulness of PBR in 
the baking industry, its consumption still persists 
especially in many developing countries. Therefore, 
food nutrients, additives or supplements that could 
mitigate the adverse effects of PBR on body tissues are 
worth finding out. This study was carried out to assess 
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the potency of α-tocopherol in mitigating adverse 
effects of potassium bromate on the hematological 
parameters and hepatic function in experimental 
Wistar rats.

Materials and Methods
Experimental animals
This study involved twenty adult Wistar rats with 

body weight between 160 g - 180 g. The animals were 
housed under standard laboratory conditions in the 
Animal House of the University of Medical Sciences, 
Ondo City, Ondo State, Nigeria. They were fed with 
pelletized mash and given drinking water. The 
experimental animal handling was in accordance with 
the guidelines by the National Institutes of Health.12 
This study was approved by Research and Ethics 
Committee of the University of Medical Sciences, 
Ondo City, Nigeria (PHS/16/0460).

Experimental design
The study animals were randomly divided into 

four groups (1-4) comprising five animals per group 
(n=5) and received the treatment regimen for twenty 
eight (28) days. Group 1 (control) animals were treated 
with distilled water daily and orally; group 2 animals 
received only TP (50 mg/kg) daily and orally; group 
3 animals received only PBR (25 mg/kg) daily and 
intraperitoneally (i.p.) while the group 4 animals were 
treated with TP (as in group 2) + PBR (as in group 3). 
The treatment dosages were considered safe for the 
experimental study.13,14 After the treatment period, the 
study animals were anesthetized with an i.p. injection 
of sodium thiopental (50 mg/kg), the blood plasma 
was collected from study animals via cardiac puncture 
into Ethylenediaminetetraaceticacid (EDTA) and plain 
bottles for subsequent hematological and biochemical 
analysis respectively.

Hematological analysis
The blood samples collected in EDTA bottles 

were analyzed with haematology analyzer (Mindray 

Auto Hematology Analyzer, BC-200,USA) following 
the manufacturer’s guidelines. The haematological 
parameters analyzed include erythrocyte count, 
haematocrit, haemoglobin concentration, platelet 
count, neutrophil count, total leucocyte count, 
lymphocyte count, and monocyte count following the 
method described by Yakubu et al.15

Hepatic function analysis
The blood collected in plain tubes was centrifuged 

at 4,000 revolution per minute (rpm) for 10 minutes 
to obtain clear serum. The serum was analyzed using 
Randox kits (Randox Clinical Diagnostic Solutions, UK)  
and hepatic function marker enzymes including alkaline 
phosphatase (ALP), alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) were assayed 
following the method described by Enenebeaku et al.16

Statistical Analysis
The results were expressed as mean ± standard 

error of mean in graphs. The significant differences 
between mean values were determined by one-way 
analysis of variance (ANOVA) followed by Tukey’s 
Honestly Significant Difference (HSD). The confidence 
interval level was 95% and p < 0.05 was considered 
statistically significant.

Results
Effect of TP on haematological parameters in rats 

treated with PBR
According to the findings of this study, the 

treatment with PBR caused adverse effect on the 
haematological parameters in the study animals 
(Figure 1-4). Specifically, the PBR treatment resulted 
into significant (p < 0.05) reduction in the erythrocyte 
count, haematocrit, haemoglobin count, platelet 
count, neutrophil count and total leucocyte count in 
the serum of the experimental animals. Conversely, 
the co-administration of TP helps to mitigate the 
adverse effect of PBR exposure on haematological 
parameters and relatively normalizes the serum levels 
of the aforementioned haematological parameters.

Figure 1. Effect of TP on erythrocyte count (a) and haematocrit (b) in rats treated with PBR. [a, b: indicates significant difference (at p < 0.05) compared to group 1 
(control) & group 2 (TP only) respectively; c: indicates significant difference (at p < 0.05) between group 3 (PBR only) and group 4 (TP+PBR)].
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Figure 2. Effect of TP on haemogblobin count (a) and platelet count (b) in rats treated with PBR. [a, b: indicates significant difference (at p < 0.05) compared to group 1 
(control) & group 2 (TP only) respectively; c: indicates significant difference (at p < 0.05) between group 3 (PBR only) and group 4 (TP+PBR)].

Figure 3. Effect of TP on neutrophil count (a) and total leucocyte count (b) in rats treated with PBR. [a, b: indicates significant difference (at p < 0.05) compared to group 
1 (control) & group 2 (TP only) respectively; c: indicates significant difference (at p < 0.05) between group 3 (PBR only) and group 4 (TP+PBR)].

Figure 4. Effect of TP on lymphocyte count (a) and monocyte count (b) in rats treated with PBR.  [a, b: indicates significant difference (at p < 0.05) compared to group 1 
(control) & group 2 (TP only) respectively; c: indicates significant difference (at p < 0.05) between group 3 (PBR only) and group 4 (TP+PBR)].
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iron-deficient anaemia characterized by decreased 
production of haemoglobin.19 Moreover, a significant 
reduction in haemoglobin count and haematocrit in 
PBR-exposed  animals could be due to the production 
of methaemoglobin which is another form of 
haemoglobin that has a significantly reduced capacity 
to bind with oxygen.19,20 In addition, the diminution in 
leucocyte and platelet counts could be linked to the 
DNA damage caused by PBR-induced oxidative stress.20 
This implies that the reduction of haematological 
parameters, following exposure to tissue toxicant 
(PBR) in this study, is mainly due to the impairment 

of the physiological activity of the haematopoietic 
system. 

Conversely, the treatment with TP significantly 
mitigates the adverse effects of PBR on the 
haematological parameters in the co-treated animals 
(Figure 1-4). This finding is similar to the results of 
previous studies which indicated that TP is potent in 
mitigating adverse effects of chemical toxicants on 
haematological parameters in expermental models.21-23 
Essentially, the mitigating effect of TP can be attributed 
to its antioxidant properties. 

Furthermore, the results of this study showed that 
the exposure to PBR exerted adverse effects on markers 
of hepatic function which include the ALP,  ALT and 
AST in the PBR only treated animals  (Figure 5). These 
findings are in tandem with the results of the study 
by Bayomy et al., which reported that PBR exposure 
resulted into significant increase in the serum levels of 
AST and ALT.24  The significant increase in the serum 
levels of these markers are essentially indicative of 
hepatic tissue damage due to the exposure to PBR. 

The PBR has been described as a toxic halogen 
and environmental toxicant which can be found in 
contaminated drinking water.25 Induction of oxidative 
stress, distruption of inflammatory cytokines and 

Effect of TP on markers of hepatic function in rats 
treated with PBR

According to the findings of this study, the 
treatment with PBR caused significant elevation in 
the serum concentrations of the hepatic function 
markers including alkaline phosphatase (ALP), 
alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) (Figure 5). Conversely, the 
co-administration of TP helps to mitigate the adverse 
effect of PBR exposure on hepatic function markers 
and significantly reduced the serum level to relatively 
normal level.

Discussion
Haematological parameters have been assessed 

to evaluate the toxic effect of exposure to chemical 
toxicants or environmental pollutants and ameliorative 
effect of orthodox or herbal medicines against 
such toxicity.15-17  In this study, the haematological 
parameters were assessed to evaluate the toxic effect 
of PBR exposure and mitigating effect of TP treatment. 
Based on the findings of this study, it can be observed 
that all haematological parameters assayed including 
erythrocytes count, haematocrit, haemoglobin 
count, platelet count, total leucocytes, neutrophil, 
lymphocytes and monocytes were adversely affected 
by the PBR exposure. This was indicated by significant 
reduction in the haematological parameters among 
PBR only treated animals (Figures 1-4). The findings 
of this study show similarity to the findings of Oladele 
et al., which reported that exposure to PBR resulted 
into significant decrease in all the haematological 
indices assessed.18 However, the results of the study 
by Achukwu et al., indicated that PBR exposure caused 
only thrombocytopenia in the study animals.13

It has been reported that PBR interferes with 
the absorption of some dietary nutrients especially 
iron, hence, its continuous exposure could cause 

Figure 5. Effect of TP on serum concentrations of ALP (a), ALT (b) and AST (c) in rats treated with PBR. [a, b: indicates significant difference (at p < 0.05) compared to 
group 1 (control) & group 2 (TP only) respectively; c: indicates significant difference (at p < 0.05) between group 3 (PBR only) and group 4 (TP+PBR)].
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deoxyribonucleic acid (DNA) damage have been 
described as the mechanisms of PBR toxicity in 
vivo.25-27 In addition, the PBR mediates the depletion 
of enzymatic and non-enzymatic antioxidants and 
induces lipid peroxidation within the hepatic tissues 
leading to tissue damage and necrosis.25

Conversely, the treatment with TP significantly 
mitigates the adverse effects of PBR on the markers 
of hepatic function in co-treated animals (Figure 
5). The results of this study is similar to the findings 
of previous studies where TP had been reported to 
effectively mitigate the damaging effect of hepatotoxic 
agents.28-30 Based on their findings, the potency of 
TP to mitigate the toxic effect of hepatotoxins have 

been closely linked to its antioxidant properties. 
In this study, the mitigating potential of TP on PBR-
induced hepatotoxicty is essentially due to its potent 
antioxidant effect.

Conclusion
The potency of α-tocopherol as an antioxidant 

demonstrated its efficacy in mitigating the adverse 
effects of potassium bromate on haematological 
parameters and markers of hepatic tissue function. 
Hence, α-tocopherol may provide a possible solution 
to tissue toxicities mediated by exposure to potassium 
bromate.
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