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ABSTRACT 
 
Background: Beta-carotene (βC), an antioxidant present in fruits and vegetables responsible for 
the yellow coloration of these plants has been used for ages as remedies against different ailments. 
The present study was aimed at investigating tumor necrosis factor (TNF-α) and plasma glucose 
level changes due to dietary fat and β-carotene in Wistar rats.  
Methods: Thirty (30) male Wistar rats were grouped into 6. Group A was the Control and received 
distilled water, Group B received high fat diet of 60% fat and 40% rat chow, Group C received 300 
mg/kg body weight (bwt) of βC, Group D received high-fat diet for 12 weeks and was treated with 
300 mg/kg bwt of βC for 2 weeks, Group E received 300mg/kg bwt of βC for 2 weeks and then high-
fat diet for 12 weeks while Group F received high-fat diet for 12 weeks and then treated with 150 
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mg/kg bwt of βC for 2 weeks. At the end of 14 weeks, the animals were sacrificed; blood samples 
collected and the livers were harvested, homogenised and assayed.  
Results: The results showed a significant decrease in plasma glucose level in Groups C and D 
when compared to Groups A, B and F (P≤0.05). The result of TNF-α assay showed that the TNF-α 
was significantly higher in Group B compared with the other Groups and was significantly lower in 
Group E compared to the treatment Groups (P≤0.05).  
Conclusion: The results of the present study suggest that β carotene can be effective in reducing 
blood glucose and that consumption of dietary fats sequel the increase in TNF-α and as such could 
predispose to dietary obesity and cancer in humans and animals. 
 

 
Keywords: Beta-carotene; dietary fat; tumor necrosis factor; plasma glucose; wistar rats. 
 
1. INTRODUCTION 
 
Dietary fats are essential source of essential fatty 
acids, and it has been reported that uncontrolled 
intake of dietary fats ad libitium could lead to 
obesity, type 2 diabetes mellitus, dyslipo-
proteinaemia, hypertension and metabolic 
syndrome including coronary heart disease, 
stroke and cancer [1,2].  It has been reported 
that rats fed with a diet containing 70% fat have 
developed obesity and elevated basal and 
postprandial blood sugar values [1,3]. Such high 
fat diet effect noticed when the fat content is well 
above 30% energy, have been subsequently 
specified for different animal strains, fat types, 
and diet lengths [4,5].  
 
High-fat diet effects on blood glucose levels are 
described discrepantly, while normoglycemia, 
slight hyperglycaemia, and the development of 
type 2 diabetes have been reported with different 
diet regimes [1,6]. From the data published so 
far, one can conclude that prolonged feeding with 
both animal and plant fat-enriched diets would 
eventually lead to moderate hyperglycaemia in 
most rat and mouse strains of which the most 
widely used are Wistar rats and Sprague-Dawley 
rats [3,4]. With the High-Fat diet types, the 
elevation of fasting glucose levels is usually 
accompanied by a moderate to distinct                
increase in fasting plasma insulin levels. As with 
obesity, fish oil-fed animals generally do not 
develop such signs of systemic insulin resistance 
[4,5].  
 
However, fat deposits can release triglycerides 
and free fatty acids into the blood causing 
hyperlipidaemia, which is a significant factor for 
atherosclerosis. Meanwhile, studies have shown 
that continuous deposits of triglycerides can 
result to non-alcoholic fatty liver disease 
(NAFLD) [6,7]. NAFLD represents a wide 
spectrum of disorders, the hallmark of which is 

hepatic steatosis. NAFLD was considered a 
benign condition but is now increasingly 
recognised as a major cause of liver-related 
morbidity and mortality [7]. Although the exact 
physiopathology of NAFLD is not fully 
understood [6,8], it was described as a two step 
model. The first step is supposed to be the 
increase of free fatty acids in hepatocytes, which 
results in a decrease of β-oxidation, which 
aggravates accumulation of fatty acids and 
insulin resistance. The second step includes all 
mechanisms contributing to the generation of 
proinflammatory cytokines, oxidative species and 
thereby enhances lipid peroxidation of the 
hepatocyte membranes [6,9] and the 
development of inflammation and fibrosis [10]. 
The present study aimed to evaluate tumor 
necrosis factor alpha (TNF-α) and plasma 
glucose level changes due to dietary fat and β-
carotene in Wistar rats. 
 

2. MATERIALS AND METHODS 
 

2.1 Preparation of the Extract 
 
Fresh carrots were purchased from Meat Market 
in Abakaliki, Ebonyi State, Nigeria. The carrots 
were shade dried for three weeks and were 
grounded into powder. The pulverized carrots 
were wrapped in Whatman filter paper and 
placed into the Soxhlet extractor chamber. Then, 
250 ml of N-Hexane was added into the Soxhlet 
flask and placed on a heating mantle. The 
solvent was heated at 50°C, the Soxhlet 
extractor condenses the sample in the filter 
paper and the content of the carrots was 
extracted until clear solvent came out of the 
extraction chamber. The extract was 
concentrated using Water bath at 50°C and was 
then stored in the refrigerator. The beta-carotene 
was used at 300 and 150 mg/kg body weight 
according to the methods of Wardi et al. [11] and 
Zahra et al. [12]. 
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2.2 Animal Procurement  
 
Thirty (30) Male Wistar rats of the average 
weight of 71.05 g were procured from and 
maintained in the animal house of the 
Department of Biological Science, Federal 
University Ndufu-Alike Ikwo, Ebonyi State 
Nigeria. The animals were housed in metal 
cages, fed and water was allowed ad libitum with 
acclimatization period of two weeks. Ethical 
approval was sort and obtained from the Federal 
University Ndufu Alike Ikwo Ethics and Animal 
Handling Committee with approval 
FUNAI/ETHAHCOM 2017/21. 
 

2.3 High Fat Diet Preparation 
 
Cow fat was purchased from Meat Market in 
Abakaliki, Ebonyi State, Nigeria.  The fat was 
dissolved by heating, collected in metal 
containers and stored in the refrigerator. High Fat 
Diets were prepared by mixing 60% of cow fat 
and 40% of normal rat chow as described by 
Xiao et al. (2013) and then was stored in the 
refrigerator. 
 

2.4 Animal Experimentation 
 
The rats used for the study were randomly 
divided into 6 groups. Group A received normal 
rat chow for 14 weeks. Group B received high-fat 
diet daily for 14 weeks. Group C received 
300mg/kg body weight (bwt) of β-Carotene daily 
for 14 weeks. Group D received High-fat diet 
(HFD) daily for 12 weeks and then 300 mg/kg 
bwt of β-Carotene daily for 2 weeks. Group E 
received 300 mg/kg bwt of β-Carotene daily for 2 
weeks, and then HFD daily for 12 weeks. Group 
F received HFD daily for 12 weeks and then 150 
mg/kg bwt of β-Carotene daily for 2 weeks as 
shown in Table 1. 
 

2.5 Biochemical Study 
 
After 14 weeks, the animals were starved for 24 
hours and then sacrificed using cervical 
dislocation method. The rats were dissected,    
and cardiac puncture collected blood                 
samples, centrifuged and the sera were used for 
the assay of blood glucose and TNF-α. The 
blood glucose measurements were determined 
by the glucose oxidase method using  
commercial kits from Randox Diagnostic 
Solutions and tumor necrosis factor-alpha (TNF-
α) was assayed using ELISA kits (Alpco 
Diagnostics, Salem, USA), according to the 
manufacturer’s instruction. This assay employed 

antibody specific for rat TNF-alpha coated on a 
96-well plate. 
 

2.6 Data Analysis 
 
Data obtained were expressed as mean ± SD. 
The level of homogeneity among the groups was 
tested using one way Analysis of Variance 
(ANOVA). Where heterogeneity occurred, the 
groups were separated using Duncan Multiple 
Range Test. A value of p < 0.05 was considered 
significant using Statistical Package for Social 
Sciences (version 20.0).  
 
Table 1. Experimental Protocol and Treatment 

 

Gp Status Rats      Treatment 
duration 

A Negative 
Control  

5 Normal rat chow 
and 5 ml/kg body 
weight of water 
daily for 14 weeks 

B Fat-Diet 
alone 

5 High Fat Diet Daily 
for 14 weeks 

C β-Carotene 
alone 

5 300 mg/kg body 
weight of β-
Carotene daily for 
14 weeks and 
normal rat chow  

D Fat-Diet 
before High 
dose β-
Carotene  

5 Fat Diet and 300 
mg/kg body weight 
of β-Carotene daily 
for 14 weeks 

E High dose β-
Carotene 
before Fat-
Diet 

5 300 mg/kg body 
weight of β-
Carotene and Fat 
Diet daily for 14 
weeks 

F Fat-Diet 
before Low 
dose β-
Carotene 

5 Fat Diet and 150 
mg/kg body weight 
of β-Carotene daily 
for 14 weeks 

 

3. RESULTS 
 

The result of the biochemical studies showed a 
decrease in plasma glucose level in Groups D 
and C when compared to Groups A, B and F. 
The result also showed that the TNF-α was 
higher in Group B when compared with the other 
groups and lower in Group E when compared to 
the treatment groups. These results showed that 
the serum levels of Plasma Glucose, as well as 
the levels of the adipocytokine marker (TNF-α), 
were significantly increased in the animals in 
Group B when compared with the animals in the 
Control Group (Group A) (P<0.05). However, 
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serum levels of TNF-α were significantly 
decreased (P<0.05) in the animals treated with 
β-Carotene (Group D) and in animals in Group F 
when compared with the animals in Group B 
(P<0.05) as shown in Tables 2, 3 and 4. The 
result showed there was no significant increase 
in the parameters in Group C when compared 
with the animals in the Control Group (Group A) 
while there was no significant difference in the 
parameters in the animals in Group E when 
compared with the animals in Group D.  
      

 Table 2. The effect of HFD and βC on the 
plasma glucose, adipocytokine markers 

  
Group Plasma Glucose  

(g/dl) 
TNF-α 
(mg/ml) 

A 247.37±1.36 5.30 ± 0.20 
B 255.27 ±1.46 6.17 ± 0.08 
C 221.87 ± 1.88 5.37 ± 0.08 
D 236.87 ±9.25 5.9 1± 0.84 
E 228.20 ± 4.33 5.17 ± 0.84 
F 252.89 ± 4.60 5.76 ± 0.77 

Values are expressed as Mean ± SD; N=5, P<0.05. 

 
Table 3. t-test TNF-α 

 
Variable 
(Groups) 

  Mean ± SD P-value Remarks 

A-B 5.30 ± 0.20 
6.17 ± 0.08 

0.0001 Significant 

A-C 5.30 ± 0.20 
5.37 ± 0.08 

0.0001 Significant 

B-D 6.17 ± 0.08 
5.9 1± 0.84 

0.0001 Significant 

B-E 6.17 ± 0.08 
5.17 ± 0.84 

0.0001 Significant 

B-F 6.17 ± 0.08 
5.76 ± 0.77 

0.0001 Significant 

Values are expressed as Mean ± SD; N=5, P<0.05 

 

4. DISCUSSION 
 
The results of the present study have shown 
significant increase in serum Plasma Glucose as 
well as tumor necrosis factor alpha (TNF-α) 
levels in the group of animals fed with dietary fats 
for 14 weeks. However, the elevated serum lipid 
profiles and the adipocytokine marker (TNF-α) 
were reversed upon the treatment with beta-
carotene for 2 weeks. This was in accordance 
with the study by Chung et al. [13], who observed 
that most of the carotenoids appeared to be 
inversely correlated to fat mass, suggesting that 
during obesity, carotenoids are sequestered in 
adipose tissues, decreasing their plasma 
concentrations.  

Table 4. t-test analysis showing blood 
glucose 

 

Variable 
(Groups) 

  Mean ± SD P-value  Remarks 

A-B 28.18±1.19 
13.79±0.94 

0.0001 Significant 

A-C 28.18±1.19 
32.78±1.52 

0.0001 Significant 

B-D 13.79±0.94 
20.94±0.91 

0.0001 Significant 

B-E 13.79±0.94 
22.46±0.61 

0.0001 Significant 

B-F 13.79±0.94 
11.58±0.83 

0.0001 Significant 

Values are expressed as Mean ± SD; N=5, P<0.05. 

 
Moreover, Van Helden et al. [14] have shown 
that anti-obesity effect of β-Carotene has been 
demonstrated to be linked to its pro-vitamin A 
effects which is more of the reduction in the 
oxidative stress induced activities. Furthermore, 
the findings of the present study have showed 
that there was a significant increase in the 
plasma glucose levels when animals in the 
Control Group were compared to animals in 
Group C, suggesting the unfolded protein 
response and the disruption of the endoplasmic 
reticulum homeostasis [6]. These results were in 
agreement with the results of Ozcan et al. [15]; 
Nakatani et al. [16]; Ozawa et al. [17] and 
Milanski et al. [18]. The significant difference was 
also noticed when group A was compared with 
Group B, Group A with C, Group B with D, B with 
E and finally B with F for the variable 
adipocytokine markers (TNF-α) levels in animals 
fed with dietary fats for 14 weeks. This is in 
agreement with Milanski et al. [18], who 
observed that the Consumption of High-Fat diets 
for 14 weeks led to a significant increase in the 
expression of the inflammatory cytokines TNF- α. 
Morin et al. [19] and Hariri & Thibault [5] had 
observed that adipose tissue-derived tumor 
necrosis factor-alpha (AT-TNF) has been 
associated with genetic models of insulin 
resistance and obesity. Presently it is unknown if 
the secreted AT-TNF protein is bioactive or 
whether it can be increased by environmentally 
induced obesity [12,19]. Thus, data generated 
from the present study suggested that high fat 
diets and obesity can influence TNF bioactivity 
and secretion but in a fat specific manner [19, 7]. 
High levels of adipose tissue-derived tumor 
necrosis factor-alpha (AT-TNF) mRNA and 
protein have previously been associated with 
genetic models of obesity and insulin resistance 
and as such there are endogenous TNF 



 
 
 
 

Okechukwu et al.; JAMMR, 26(12): 1-7, 2018; Article no.JAMMR.42282 
 
 

 
5 
 

inhibitors which is hitherto unknown and can lead 
to the AT-TNF activity increase [5,19,20,21]. The 
resultant effect of this inhibition is to increase the 
activity of the adipose tissue tumor necrosis 
which can lead to severe consequences such 
obesity, uncontrollable blood glucose increase 
and chronic heart diseases [5,22].    
 
It has been shown that obesity is associated with 
an overexpansion of adipose tissue, along with 
increases in blood pressure, glycemia, 
inflammation, and thrombosis [22,23,24]. 
Research to develop nutritional interventions to 
prevent or treat obesity and its associated 
diseases is greatly needed and as such 
previously, researches had demonstrated the 
ability of eicosapentaenoic acid (EPA) to prevent 
high-fat (HF) diet-induced obesity, insulin 
resistance, and inflammation in mice [22,23,24].  
 
Research has shown that mature rats had more 
fat mass when compared to the young rats but 
the whole body insulin resistance as estimated 
by fasting plasma insulin level was similar to 
those of young rats [6,20]. Obesity has been 
associated with many pathological conditions 
and as such the tumor Necrosis Factor-α (TNF-
α) which is one of the key mediators of 
inflammation involved in the obesity-related 
insulin resistance development [7,19]. The 
present report has shown to have a relationship 
between inflammatory changes and the body 
weight, with particular reference to TNF-α. 
Genetic polymorphisms and epigenetic factors, 
such as diet, could affect TNF-α activity and as 
such the TNF-α is associated with obesity, 
anorexia and cachexia [7,25]. Despite the role of 
TNF-α in obesity-related diseases anti-TNF-α 
antibody therapy is associated with an increase 
in adiposity and as such the results suggest that 
inflammation is more likely a consequence rather 
than a cause of obesity [3,25].  The adipose 
tissue TNF protein levels were shown to be 
higher in young rats, suggesting that these 
animals may secrete an inhibitor that reduces 
AT-TNF activity while AT-TNF activity was 
increased in mature animals in relation to 
adipose cell size.  Other research has shown that 
inflammation and body weight, with particular 
reference to TNF-α. Genetic polymorphisms and 
epigenetic factors, such as diet, could affect 
TNF-α activity [25,26].  
 

The results had suggested that inflammation is 
more likely a consequence rather than a cause of 
obesity and that obesity is now considered as a 
state of chronic low-grade inflammation as 

shown by Moussavi et al. [26] and Peluso et al. 
[27]. Adipose tissue, apart from its classical role 
as an energy storage depot, is also a major 
endocrine organ secreting many factors, whose 
local and circulating levels are affected by the 
degree of adiposity. Obesity leads to infiltration of 
the expanded adipose tissue by macrophages 
and increased levels in proinflammatory 
cytokines [3,21]. The first indication for increased 
cytokine release in obesity was provided by the 
identification of increased expression of TNF-
alpha, a proinflammatory cytokine, in the adipose 
tissue of obese mice [21,27]. TNF-alpha is 
expressed in and secreted by adipose tissue, its 
levels correlating with the degree of adiposity 
and the associated insulin resistance [3,28]. 
Thus, it can be considered that obesity 
corresponds to a sub-clinical inflammatory 
condition that promotes the production of pro-
inflammatory factors involved in the 
pathogenesis of insulin resistance. 
 
5. CONCLUSION  
 
It has been shown that beta-carotene was 
effective in reducing the levels of plasma glucose 
level and level of the TNF-α induced by high 
dietary fat consumption in the experimental rats. 
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