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Abstract 

Aflatoxin-B1 is a ubiquitous mycotoxin usually accumulated in food and feeds, thereby posing a critical 

health risk to humans and animals. This study was carried out to determine its effects on performance 

characteristics and haematology indicators of stress in male Sprague Dawley rats. The rats were randomly 

distributed into 4 groups (n=10 per group) including an unexposed group that served as control and other 

groups which were orally exposed to 150 µg of aflatoxin-B1 per kg body weight on a varied basis for 28 

days. The records of food intake and body weight changes were obtained while blood was collected at the 

end of the study for downstream analyses. There was a significant difference observed in food intake, 

body weight, kidney weight, liver weight, lung weight, and testes weight of the rats (p<0.05). There was 

a significant difference observed in the heterophil-lymphocytes ratio and bilirubin concentration as 

haematoolgy biomarkers of stress in the rats (p<0.001). The study concluded that aflatoxin-B1 exposure 

in rats is capable of inducing stress-related performance dysfunction such as reduced food intake and body 

weight loss, while haematoolgy biomarkers of stress heterophil-lymphocyte ratio and bilirubin 

concentrations could be used as potential biomarkers suitable for measuring these performance 

dysfunctions. There is a need for further studies to establish the possible use of heterophil-lymphocyte 

ratio and bilirubin as measures of performance compromise in response to aflatoxin-B1 exposure in rats.  

 

Keywords: Aflatoxin-B1, Stress, Heterophil-lymphocyte ratio, Bilirubin concentration 

Introduction

Aflatoxin-B1 is a secondary metabolite of the 

fungi Aspergillus flavus; it is a mycotoxin capable 

of poisoning foods and feeds of humans and 

animals (Awapak et al., 2021; El-Sayed et al., 

2022). It is a reported carcinogen representing one 

of the most toxic principles of foods and feeds that 

could pose serious health consequences for humans 

and animals (Shabeer et al., 2022). It is found in 

crop harvests including maize, cassava, rice, wheat, 

and barley which are the commonest foods of 

people living in developing countries (Mahato et 

al., 2019). Therefore, it is a huge burden on food 

security and well-being because, it is almost 

inevitable to avoid aflatoxin-B1 contamination in 

many foods and feeds since it is capable of 
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contaminating crops from cultivation to harvest, 

storage, processing, and even after processing 

(Gallo et al., 2020).  

Meanwhile, there are pieces of evidence 

supporting that aflatoxin-B1 causes molecular 

complications such as changes in chromosomal 

components, DNA strands breakage, and the 

formation of molecular adducts which was the basis 

of its categorization as a human carcinogen 

(Kumari et al., 2021; Marchese et al., 2018; Alahlah 

et al., 2020; IARC, 1993). Furthermore, identified 

mechanisms associated with toxic bio-

transformation of aflatoxin-B1 include induction of 

stress but this has not been fully elucidated (Guerre, 

2020; Marin et al., 2020; Navale et al., 2021). 

Identification of simple blood markers associated 

with stress induction can contribute to the filling of 

this research gap and the heterophil-lymphocyte 

ratio is a suitable candidate. 

The heterophil-lymphocyte (H/L) ratio has 

been described as a haematoolgy indicator of stress 

because of its roles in the adrenal-corticoid activity, 

metabolic regulations, immune system functions, 

blood pressure, and other essential body functions 

associated with stress compromise of performance 

characteristics in animals (Khan, 2000; Price, 

2016). Furthermore, the heterophil-lymphocyte 

ratio is related to the rapid secretion of 

catecholamine from the adrenal medulla and 

glucocorticoids from the adrenal cortex which 

could make it a simple measure of physiological 

stress using blood samples. However, despite the 

suitability and the simplicity of the heterophil-

lymphocyte ratio as a measure of stress, its usage 

for measuring aflatoxin-B1-induced stress-related 

performance compromise is rarely reported. Hence, 

this present study was conducted to understand the 

relationships between performance characteristics 

and heterophil-lymphocyte ratio in rats orally 

exposed to aflatoxin-B1. 

 

Materials and Methods 

The Rat Models and The Aflatoxin-B1 (Afb1) 

Samples 

Male Sprague Dawley rats (n=40, average 

initial body weight of 102.92±5.69 g) were 

procured from a reputable laboratory animal 

facility in Nigeria for use in the study. The animals 

were randomized equally using their body weight 

and distributed as 2 animals per replicate of 5 

replicates per group, giving 10 rats per 

experimental group. The aflatoxin-B1 sample used 

was obtained as an isolate of the fungus Aspergillus 

flavus maintained at the Laboratory of Pathology 

and Mycotoxin Unit of the International Institute of 

Tropical Agriculture (IITA), Ibadan, Nigeria. The 

aflatoxin-B1 sample was supplied as a dried extract 

containing 28.34 mg of aflatoxin-B1 per kg of the 

extract. 

The Rat Housing and Management 

The rats were housed individually in plastic 

transparent cages arranged on a rack; the laboratory 

temperature throughout the experimental study 

period was 25±2o C, while the rats were provided 

with light and dark regimes of 12 h each. The food 

served to the rats was produced in the laboratory 

using natural ingredients and then pelletized for 

easy consumption by the rats. The food was 

formulated to meet the protein requirement of the 

rats, according to NIH 31M Rodent Diet, while the 

energy composition of the food followed the 

requirement of 3.8–4.1 kCal ME/g according to the 

guidelines of the National Research Council 

(Benevenga et al., 1995). The ingredients and 

nutritional composition of the rat food are 

presented in Table 1. 

Aflatoxin-B1 Exposure and Recording of the 

Rat’s Performance Parameters 

The rats were exposed to aflatoxin-B1 through 

food contamination, the procedure involved 

contamination of a known quantity of food with the 

required quantity of the aflatoxin-B1 per kg body 

weight of each rat, then the food is served to the rat 

at 08:00 h in the morning. After complete 

consumption of the served contaminated food, a 

known quantity of uncontaminated food is then 

served ad-libitum; while the remnants are weighed 

the following day to account for the previous day's 

food intake. This procedure was repeated every day 

for each rat throughout the study period; the food 

intake was recorded daily, while records of body 

weight changes were recorded weekly. The 

exposure of the rats to aflatoxin-B1 lasted for 28 

days. Upon completion of the exposure to 

aflatoxin-B1, the animals were sacrificed for
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Table 1: The food ingredients and their respective percentages in the rat food and composition of the  

   nutrients supplied 

Ingredients Percentages in the diet 

Wheat 35.50 

Maize 25.00 

Wheat bran 13.00 

Fishmeal 9.00 

Soybean meal 6.00 

Groundnut cake 5.00 

Soybean oil 2.50 

Brewer's dried yeast 1.00 

Dicalcium phosphate 1.50 

Ground limestone 0.50 

Salt 0.50 

Vitamin-mineral premix 0.25 

Choline chloride 0.13 

L-lysine 0.10 

L-methionine 0.10 

 100.08 

Nutrient composition of the diet 

Protein (%) 19.75 

Crude Fibre (%) 3.63 

Ether Extract (%) 4.91 

Ash (%) 3.57 

Carbohydrate (%) 46.67 

Total sugar (%) 3.62 

Gross energy (kCal/g) 4.31 

The vitamins and minerals premix supplied vitamin A 24300000 IU, vitamin D 4,200,000 IU, vitamin K 22.0 g, vitamin E 

16.5g, Biotin 132.0 mg, Folic acid 1.1 g, Niacin 22.0 g, Pantothenic acid 27.5 g, Pyridoxine 2.2 g, Riboflavin supplement 5.5 

g, Thiamine 71.5 g, Vitamin B12 supplement 15,400.0 μg, Cobalt 440.0 mg, Copper 4.4 g, Iron 66.0 g, Magnesium 440.0 g, 

Manganese 110.0 g, Zinc 11.0 g, and Iodine 1.7 g. 

 

internal organs observation and collection of blood 

used in downstream haematology and serum 

biochemical analyses. The aflatoxin-B1 (AFB1) 

exposures are as indicated below: 

i. Control – Unexposed rats 

ii. T1 – rats orally exposed to 150 µg 

AFB1 per kg body weight daily 

iii. T2 – rats orally exposed to 150 µg 

AFB1 per kg body weight every two 

days 

iv. T3 – rats orally exposed to 150 µg 

AFB1 per kg body weight twice in a 

week 
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Procedures of Animal Sacrifice and Collection 

of Blood 

On the last day of the animal experimentation, 

rats in each group were placed under chloroform 

anaesthesia and euthanised by cervical dislocation 

while the blood was collected through cardiac 

puncturing of each rat (Everitt & Gross, 2006). The 

blood was collected in two separate bottles 

(anticoagulants and non-anticoagulants bottles), the 

samples collected in the anticoagulant bottle were 

used for haematological analysis, while the samples 

collected in the non-anticoagulant bottles were used 

for serum biochemical profiling (Sikiru et al., 

2021). 

Assessment of Heamatological, Liver and 

Kidney Function Parameters of the Rats 

The haematology analysis was carried out 

using Sysmex XN Haematology Analyzer (Sysmex 

Corporation, Japan). The instrument performs 

automatic reflex testing of blood using a novel 

white blood cell differential technology and 

enumeration of nucleated red blood cells (Briggs et 

al., 2012). The serum analysis was performed using 

ChemWell® - T 4600 Chemistry Analyzer 

(Awareness Technology, USA). The 

haematological analysis implemented was full 

blood count parameters determination from which 

the heterophil-lymphocyte ratio values were 

computed using the values obtained from the full 

blood counts. The serum parameters determined 

include sodium, potassium, bicarbonate, chloride, 

urea, creatinine, total bilirubin, alkaline 

phosphatase, aspartate aminotransferase, and 

alanine transferase concentrations in each of the 

samples. 

Statistical Data Analysis 

All data obtained were subjected to one-way 

analysis of variance (ANOVA) using SPSS version 

20.0. The exposure to aflatoxin-B1 was used as the 

factor upon which the data were analysed. The 

results were presented as Mean±SEM with 

significant differences in the means determined at 

the probability of p < 0.05, while homogenous 

means were separated by subjecting the means to 

Duncan’s Multiple Range Test. 

Results 

Body Weight Changes of the Rats in Response to 

the Aflatoxin-B1 Exposures 

The average body weight of each rat was 

102.92±5.69 g. There was no difference in the body 

weight changes of the rats within the first 20 days 

of the experiment (p > 0.05) but, there was a 

significant difference observed in the body weight 

changes of the rats from 21 days of the exposure to 

aflatoxin-B1 till the end of the experiment (p = 

0.05). The changes in body weights showed that the 

unexposed rats (control group) progressively 

gained more weight from day 0 of the experiment 

till the end. Similarly, the rats exposed every two 

days, and twice weekly also gained weight, which 

was lower compared with the control. The rats 

exposed to aflatoxin-B1 on a daily basis lost more 

body weight compared with the other rats in the 

control, T1, T2, and T3, respectively (Table 2). 

Average daily food intake, weekly and total food 

intakes of the rats 

There was a significant difference observed in 

the average daily food intake, weekly, and total 

food intake of the rats (p < 0.05). All the feeding 

parameters including daily food intake, weekly and 

total food intake were significantly higher in the 

control group compared with the exposed groups. 

However, except for the food intake in the first 

week of the experiment (days 1-7) when there was 

no significant difference in the quantity of food 

consumed, the weekly food intake was significantly 

higher in the control group compared with other 

groups throughout the experiment. The mean 

average daily food intake was 18.16±0.62 g, which 

shows that the rats in the control group consumed 

more food daily than the exposed rats (p = 0.001). 

The mean total food intake was 508.70±17.39 g, 

respectively (Table 3). 

Organ Weights (G) and Organ-Body Weight 

Ratios of the Rats 

There was a significant difference observed in 

the kidney, liver, lungs, and testes weights of the 

rats (p < 0.05), while no significant difference was 

observed in the heart weights of the rats (p = 0.387). 

There was also a significant difference observed in 

the percentages of the liver to body weight (p = 

0.001), kidney to body weight (p = 0.001), heart to 
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Table 2: Body weight changes of the rats measured in grams (Mean±SEM) weekly in response to oral 

exposure to aflatoxin-B1 through food 

Parameters Control T1 T2 T3 Mean p-values 

Day 0 101.76±14.20 100.12±9.10 102.80±12.68 107.12±15.62 102.92±5.69 0.984 

Day 7 125.00±14.24 120.00±6.73 120.55±8.01 116.10±15.87 120.42±4.08 0.925 

Day 14 138.89±11.48 109.99±17.40 131.66±8.55 128.30±30.96 127.22±5.78 0.373 

Day 21 142.22±9.80a 98.33±15.12b 97.22±16.56b 134.40±42.42ab 118.05±8.10 0.05 

Day 28 151.99±12.73a 60.30±8.44c 108.50±10.84b 130.80±11.66ab 112.90±11.01 0.001 

Means with different superscripts on the same row are different (p < 0.05) for the parameter measured per group. Control – rats in the 

unexposed group, T1 – rats exposed to 150 µg aflatoxin-B1 per kg body weight on a daily basis, T2 – rats exposed to 150 µg aflatoxin-B1 

per kg body weight every two days, T3 – rats exposed to 150 µg aflatoxin-B1 per kg body weight twice weekly. 

 
Table 3: Food consumption (g) characteristics of the rats showing average daily, weekly, and total food intakes 

Parameters Control T1 T2 T3 Mean p-values 

Average daily food intake 21.53±0.21a 16.60±0.05b 16.69±0.66b 17.54±0.50b 18.16±0.62 0.001 

Days 1 - 7 140.85±6.49 128.18±7.83 128.53±11.28 129.40±10.18 131.74±5.25 0.170 

Days 8 – 14 150.22±0.22a 115.99±4.04b 115.24±7.65b 116.93±6.28b 124.00±5.01 0.004 

Days 15 – 21 158.11±1.78a 114.44±3.38c 122.00±2.60b 129.44±0.29b 131.00±5.08 0.001 

Days 22 – 28 153.76±1.22a 114.68±3.80c 111.69±4.12c 135.32±1.94b 128.86±5.29 0.001 

Total food intake 602.94±5.98a 463.30±1.45b 467.47±18.64b 491.10±14.04b 508.70±17.39 0.001 

Means with different superscripts on the same row are different (p < 0.05) for the parameter measured per group. Control – rats 

in the unexposed group, T1 – rats exposed to 150 µg aflatoxin-B1 per kg body weight daily, T2 – rats exposed to 150 µg 

aflatoxin-B1 per kg body weight every two days, T3 – rats exposed to 150 µg aflatoxin-B1 per kg body weight twice weekly. 
 

body weight (p = 0.001), and testes to body weight 

(p = 0.002), of the rats, respectively. The rats 

exposed to a continuous daily dose of aflatoxin-B1 

had a higher internal organ weight and percentage 

of body weight compared with the unexposed rats 

(Tables 4a and 4b). 

 

Haematology and Serum Biochemical Profile of 

the Exposed and Unexposed Rats 

There was a significant increase in 

haemoglobin concentration (p = 0.001) in the 

exposed rats compared with the unexposed rats. 

Similarly, there was a significant difference in the 

red blood cells, white blood cells, PCV, MCHC, 

and the heterophil-lymphocytes ratio of the rats 

(p=0.001). The mean red blood cell count was 

6.82±0.22 (x1012 cpL), and the mean heterophil-

lymphocytes ratio was 0.16±0.01, respectively 

(Table 5). There was a significant difference 

observed in sodium concentration (p = 0.008), 

bicarbonate concentration (p = 0.014), creatinine (p 

= 0.002), total bilirubin (p = 0.001), aspartate  
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Table 4a: Internal organs weight (in grams) of the rats exposed to aflatoxin-B1 on daily, every two days, 

and weekly basis compared with the internal organs of the unexposed rats 

Parameters Control T1 T2 T3 Mean p-values 

Liver 5.25±0.08a 6.12±0.08b 5.42±0.28a 5.40±0.11a 5.55±0.12 0.023 

Kidney (left) 1.08±0.01a 1.66±0.12b 1.53±0.16b 1.66±0.18b 1.48±0.10 0.050 

Kidney (right) 1.09±0.01a 1.68±0.12b 1.55±0.16b 1.68±0.18b 1.50±0.10 0.047 

Heart 0.56±0.07 0.61±0.02 0.57±0.03 0.49±0.04 0.56±0.02 0.387 

Lungs 1.04±0.01a 1.05±0.05a 1.08±0.15a 1.62±0.12b 1.19±0.08 0.009 

Testes (left) 1.39±0.05ab 1.30±0.02b 1.33±0.03ab 1.43±0.04a 1.36±0.02 0.050 

Testes (right) 1.43±0.02a 1.32±0.01b 1.37±0.02ab 1.42±0.01a 1.38±0.02 0.014 

Means with different superscript on the same row are different (p < 0.05) for the parameter measured per group. Control – 

rats in the unexposed group, T1 – rats exposed to 150 µg aflatoxin-B1 per kg body weight on daily basis, T2 – rats exposed to 

150 µg aflatoxin-B1 per kg body weight every two days, T3 – rats exposed to 150 µg aflatoxin-B1 per kg body weight twice 

weekly. 

 

 

Table 4b: The percentages (%) of internal organs by body weights of the unexposed rats compared with 

the exposed rats to aflatoxin-B1 

Parameters Control T1 T2 T3 Mean p-values 

Liver to body weight 3.53±0.27a 10.53±1.30b 5.17±0.36a 4.13±0.10a 5.83±0.90 0.001 

Kidney to body weight 1.45±0.13a 5.77±0.86b 2.88±0.30a 2.55±0.28a 3.16±0.52 0.001 

Heart to body weight 0.38±0.10 1.05±0.12 0.53±0.02 0.37±0.03 0.58±0.10 0.001 

Testes to body weight 1.89±0.16a 4.50±0.56b 2.55±0.25a 2.18±0.02a 2.78±0.34 0.002 

Means with different superscript on the same row are different (p < 0.05) for the parameter measured per group. Control – 

rats in the unexposed group, T1 – rats exposed to 150 µg aflatoxin-B1 per kg body weight on daily basis, T2 – rats exposed to 

150 µg aflatoxin-B1 per kg body weight every two days, T3 – rats exposed to 150 µg aflatoxin-B1 per kg body weight twice 

weekly 

 

amino transaminase (p = 0.001), and alanine amino 

transaminase (p = 0.050), respectively (Table 6). 

Discussion 

Findings from this study suggest that dietary 

exposure of rats to AFB1 could cause a reduction in 

body weight, and compromise hepatological and 

serum biochemical profiles including reduced 

concentrations of sodium, bicarbonate, and total 

bilirubin, and increased creatinine, and aspartate 

amino. transaminase, and alanine amino 

transaminase concentrations in rats. Also, 

observations showed that there are relationships 

between the frequency of the rat’s exposure to 

AFB1 and the body weight change because there
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Table 5: Haematological parameters of the rats exposed to aflatoxin-B1 orally through food 

contaminations 

Parameters Control T1 T2 T3 Mean p-values 

Haemoglobin (g/dL) 10.48±0.62a 15.00±0.35b 14.30±0.10b 15.23±0.33b 13.75±0.48 0.001 

PCV (%) 30.11±2.08a 40.50±0.88b 38.71±0.13b 42.10±1.00b 37.05±1.20 0.001 

White Blood Cell (x109 cpL) 7.86±0.94a 5.82±0.54b 5.42±0.25bc 3.81±0.20c 5.73±0.42 0.001 

Red Blood Cell (x1012 cpL) 5.45±0.44a 7.30±1.00b 7.02±0.07b 7.52±0.21b 6.82±0.22 0.001 

MCV (fL/L) 56.40±0.96 55.73±0.44 55.20±0.43 54.46±0.95 55.45±0.38 0.344 

MCHC (gHb/100mL) 35.26±0.76a 36.50±0.28a

b 

36.96±0.10b 35.90±0.16ab 36.15±0.24 0.05 

MCH (fL/L) 19.90±0.71 20.36±0.25 20.43±0.11 20.30±0.14 20.25±0.18 0.77 

Neutrophils (109 cells/L) 5.03±0.28a 15.16±1.36b 14.83±1.71b 16.55±0.76b 12.89±1.81 0.001 

Lymphocytes (103 cells/µL) 82.20±0.33a 79.43±1.14b 73.61±1.55b 75.48±1.09b 77.68±1.02 0.001 

Heterophil/Lymphocytes ratio 0.01±0.01a 0.20±0.02b 0.18±0.02b 0.22±0.01b 0.16±0.01 0.001 

Means with different superscript on the same row are different (p < 0.05) for the parameter measured per group. Control – 

rats in the unexposed group, T1 – rats exposed to 150 µg aflatoxin-B1 per kg body weight on daily basis, T2 – rats exposed to 

150 µg aflatoxin-B1 per kg body weight every two days, T3 – rats exposed to 150 µg aflatoxin-B1 per kg body weight twice 

weekly. 

 

Table 6: Analysis of serum biochemical parameters in rats subjected to oral aflatoxin-b1 exposure via 

food contamination 

 Control T1 T2 T3 Mean p-values 

Sodium (mmol/L) 139.00±0.46a 137.37±0.70b 138.00±0.66b 140.37±0.48a 138.68±0.36 0.008 

Potassium (mmol/L) 4.35±0.19 3.86±0.17 4.13±0.10 4.10±0.26 4.11±0.10 0.217 

Bicarbonate (mmol/L) 26.3±70.11a 25.12±0.50b 26.12±0.33ab 27.00±0.31a 26.10±0.24 0.014 

Chloride (mmol/L) 109.37±0.11a 107.75±0.64b 108.50±0.50ab 110.00±0.98a 108.90±0.35 0.106 

Urea (mg/dL) 7.33±1.48 6.23±0.35 6.75±0.27 7.78±0.46 7.12±0.40 0.461 

Creatinine (µmol/L) 135.25±12.40ab 175.00±4.42c 145.50±9.70b 141.75±10.66a 149.36±6.95 0.002 

Total Bilirubin (µmol/L) 22.26±2.56a 8.73±1.83b 9.82±1.19b 5.67±0.28b 11.62±1.60 0.001 

Alkaline Phosphatase (U/L) 40.25±3.46 40.50±2.99 47.37±6.04 34.87±2.89 40.75±2.12 0.23 

Aspartate Aminotransaminase 

(U/L) 

24.25±1.34a 85.00±1.73b 129.87±21.53b 130.62±19.33b 92.43±11.92 0.001 

Alanine Aminotransaminase 

(U/L) 

113.00±15.30a 155.00±1.07b 141.12±6.89ab 139.50±10.06a

b 

137.18±5.70 0.05 

Means with different superscripts on the same row are different (p < 0.05) for the parameter measured per group. Control – 

rats in the unexposed group, T1 – rats exposed to 150 µg aflatoxin-B1 per kg body weight daily, T2 – rats exposed to 150 µg 

aflatoxin-B1 per kg body weight every two days, T3 – rats exposed to 150 µg aflatoxin-B1 per kg body weight twice weekly. 
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was higher weight loss observed in the group 

continuously exposed to the mycotoxin daily 

compared with the other groups. Aflatoxin-B1 and 

other mycotoxins could be accumulated in grains 

consumed as food by humans and used to produce 

animal feeds. Upon consumption, because of the 

highly liposoluble nature of the aflatoxins, they 

could be easily solubilized and get into the blood 

circulation and eventually get distributed to 

different tissues, and liver (Mogopodi et al., 2022).  

The distribution in the gastrointestinal tract could 

cause alteration in the absorptive capacities of the 

intestinal tissue and suppression of immune 

function through modulation of cytokine gene 

expression (Grenier & Applegate, 2013; 

Thompson-Chagoyán et al., 2005). These complex 

processes could result in poor nutrient absorption 

and utilization of the derived nutrients which could 

both lead to poor body weight gain, and the poor 

body weight cannot be unconnected with the 

reduction in body weight of the exposed rats in this 

study. In agreement with this, some common 

symptoms of aflatoxin-induced food poisoning in 

humans reported include impaired food conversion 

ratio and slower growth rates (Fink‐Grernmels, 

1999; Godfrey et al., 2013). Further to these, the 

rate of exposure could also aggravate the loss of 

body weight because of the higher body weight loss 

recorded in the rats exposed every day compared 

with the others. This also agrees with the 

observations of Zain (2011), and Yu et al. (2020) 

who reported that the effect of aflatoxins in infants 

is dose-dependent and suggested that the higher 

dietary dosage could lead to a higher rate of body 

weight loss. 

This study also suggests that continuous 

dietary exposure of rats to AFB1 could first be 

tolerated, but lead to accumulation of the toxin 

before the onset of body weight loss. This is 

because the significant decrease in body weight 

loss started only after 21 days of exposure to the 

mycotoxin in this present study. The implication of 

this is that irrespective of the exposure frequency, 

accumulation of aflatoxin-B1 over time can lead to 

a reduction in body weight at the exposure dosage 

of 150 µg per kg body weight used in this present 

study. While the reduction in body weight became 

noticeable 21 days after exposure, the reduction in 

food intake becomes noticeable by 14 days after; 

this means that the reduction in food intake 

commenced before the weight loss. Compared with 

the control group where the food intake continued 

to increase throughout the study period, the food 

intake of the exposed rats reduced from day 14 till 

the end of the study, culminating in an overall lower 

total food intake of the exposed rats compared with 

the control. It could be inferred from this that 

aflatoxin-B1 exposure complications on body 

weight changes commenced with reduced food 

intake which manifested later as body weight loss. 

This implied that the rat could be progressively 

losing the capacity for food digestion and nutrient 

utilization before actual weight loss; this agrees 

with the reports of Kennedy & Short (1986), and 

Early, (1995). This could be a food insecurity risk 

in sub-Saharan Africa because, the accumulation of 

aflatoxins in some food crops is possible right from 

the field which means that human and animal 

exposure, even at low doses on a continuous rate, 

could cause poor food intake and nutrient 

utilization before weight loss becomes evident 

(Mahuku et al., 2019; Noreddine, 2020; Tirado et 

al., 2010). Hence, there is a need to promote the 

elimination of aflatoxins right from the cultivation 

stage across the entire food chain to avoid its 

negative consequences such as malnutrition and 

children's stunted growth, and other complex 

dysfunctions such as infertility and reproductive ill-

health, liver cirrhosis, hepatitis, liver cancer, infant 

and maternal mortality (Patial et al., 2018; 

Stehbens, 2003; Whitmee et al., 2015). 

This study also showed that exposure of the 

rats to aflatoxin-B1 could negatively affect internal 

organs; this is because, while the weights of the 

liver and kidney of the exposed rats were higher 

than the unexposed group, the testes of the group 

exposed daily, and every two days were smaller 

compared with the control. These observations 

could be a result of inflammation of the liver and 

poor cellular activities in the testes which could 

pose negative critical dysfunctions on the metabolic 

and reproductive performances of the rats (Abdel-

Wahhab et al., 2018; Alsayyah et al., 2019; Fan et 

al., 2021). Also, the percentages of liver, kidney, 

and testes to body weight of the rats in the group 

exposed continuously every day was significantly 
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higher compared with the other groups; this is an 

indication that the rate of exposure is a factor 

determining the percentages of these organs to the 

body weight. The liver and kidney damage by 

aflatoxin-B1 could cause a reduction in total 

protein circulation which is a prominent toxic effect 

occasioned by failure in the synthesis of protein due 

to its possible adducts formation with nucleic acids, 

gene expressions inhibition, and degranulation of 

the endoplasmic reticulum which were all reported 

consequences of aflatoxin-B1 according to the 

reports of Mallmann & Dilkin (2011), Sharma et al. 

(2011) and Wangikar et al. (2005). These could 

also not be unconnected with the recorded elevated 

concentrations of aspartate aminotransferase, 

alanine aminotransferase, and creatinine found in 

the serum of rats exposed to aflatoxin-B1 in this 

study. 

While some of the observations highlighted 

above agree with some previous studies on 

aflatoxin-B1 exposures, this present study suggests 

bilirubin and heterophil-lymphocyte ratio as 

possible haematological biomarkers of stress 

related to performance dysfunction of body weight 

changes and food intakes in the rats. This is because 

there was a significant reduction in total bilirubin in 

the exposed rats which could be linked with 

lowered total antioxidant capacities. The reduction 

in bilirubin could also be linked with a possible 

response of the rats to stress induction due to 

aflatoxin-B1 and the use of the bilirubin for 

counterbalancing of the prooxidants generated 

because of oxidative stress induction by the 

mycotoxin (Adin et al., 2005; Clark et al., 2000; 

Stocker, 2004). Apart from the reduced bilirubin 

concentration identified as a possible 

haematological marker of stress associated with the 

aflatoxin-B1 exposure in this study, elevated 

heterophil-lymphocyte count ratio could also be 

recognized as another haematological biomarker of 

stress concerning the AFB1 exposure. This is 

because, compared with rats in the control group, 

the exposed rats have a significantly higher 

heterophil-lymphocytes (H/L) ratio. Meanwhile, as 

a biomarker of stress, a decreased H/L ratio has 

been reported as a signal of strong antioxidant 

defence status which corresponds with reduced 

malondialdehyde and higher body weight gain in 

broilers (Aengwanich & Suttagit, 2010; Hosseini-

Vashan & Raei-Moghadam, 2019; Özkan et al., 

2007). Hence, elevated H/L recorded in the 

exposed rats could be because of possible stress 

induction by the aflatoxin in the rats, because the 

rats lost body weight and consumed less food 

compared with the unexposed group and these 

cannot be unconnected with the possible induction 

of oxidative stress damages in the rats. 

Mycotoxins, including aflatoxin-B1, are toxic 

principles in mammalian species including 

humans, birds, swine, fish, and rodents; while 

oxidative stress is an underlying promoter of 

performance dysfunction associated with the toxin 

principle (Lahiani et al., 2017). Exposure of 

humans and animals to AFB1 has been reported to 

be linked with increased malondialdehyde 

concentration, lipid peroxides, and protein 

conjugates in the liver, kidney, brain, and cutaneous 

tissues (Lee et al., 2005; Madhusudhanan et al., 

2004; Ravinayagam et al., 2012). In addition, it has 

also been reported to cause structural and 

functional deformations to DNA as well as 

oxidation of amino acid residue side chains, 

formation of protein-protein cross-linkages, and 

oxidation of the protein backbone resulting in 

protein fragmentation, and the modified forms of 

proteins accumulation in organisms resulting in 

changed physiological functions (Hatziagapiou & 

Lambrou, 2020; Marin & Taranu, 2012). However, 

despite this evidence, there is a scarce approach to 

assessment of oxidative stress complexities in 

aflatoxin poisoning due to variations in the 

measurement of oxidative stress biomarkers.  

Therefore, there is a need for a simple and 

rapid assessment of AFB1-induced oxidative 

stress-related physiological functional compromise 

to contribute to the prevention of aflatoxicosis in 

humans and animals. Hence, linking of higher 

heterophil-lymphocyte count ratio, and reduced 

bilirubin concentration to aflatoxin-B1 toxicity as 

demonstrated in this study could suggest the 

suitability of these haematology biomarkers as 

suitable options for measuring oxidative stress-

induced performance dysfunctions in mammalian 

species such as rats. Stress induction could be 

regarded because of toxicity associated with 

depression and compromised welfare leading to 
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loss of body weight in the exposed rats. The 

induction of stress in the rats, like in other animals, 

usually caused an increase in corticosterone due to 

an increase in the secretion of adrenocorticotrophic 

hormone (ACTH), and corticotropin-releasing 

hormone. 

These changes could be both environmentally 

or biologically induced, but could also be triggered 

by dietary means such as fasting, feed restriction, 

nutrient deficiency, and toxicity as shown in the 

present study. However, under any of these 

conditions, there could be an elevation of free 

corticosterone and production compromises such as 

decreased growth, increased liver, intestinal, and 

adipose tissue weights, and depressed immune 

function which are all associated with elevated 

heterophil-lymphocyte ratio (Roushdy et al., 2020). 

Meanwhile, measuring these parameters using 

endocrine biomarkers could be complex when 

compared with the simplicity of the H/L count ratio 

which can be easily computed from full blood 

counts. Hence, since there are relationships among 

H/L count ratio, stress induction, and performances 

as observed in this study, the H/L count ratio could 

serve as a convenient means of determining 

aflatoxin-B1-induced stress complications in rats 

and similar mammalian species. 

 

Conclusion 

It could be concluded from the data obtained in 

this study that, aflatoxin-B1 is a mycotoxin capable 

of inducing stress-related performance compromise 

in Sprague Dawley rats. Also, blood heterophil-

lymphocyte (H/L) count ratio and serum bilirubin 

concentration are worthy potential biomarkers 

suitable for measuring performance compromise 

associated with AFB1 toxicity in rats. Therefore, 

further study on H/L count ratio, bilirubin 

concentration, performances, oxidative stress 

status, and their molecular regulations in rats 

exposed to AFB1 is warranted for determining and 

establishing the validity of H/L and bilirubin 

concentration changes as suitable biomarkers for 

assessing aflatoxin-B1 stress-related performance 

compromises in rats and other mammalian species. 
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