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ABSTRACT 
 

Beta-carotene (βC), an abundant natural antioxidant in fruits and vegetables may possess the 
Ability to modulate oxidative stress and leptin-insulin signaling. This study was designed to 
evaluate the biochemical effect (hormonal and oxidative enzyme markers) of βC on Wistar rats fed 
high dietary fat. Thirty (30) male Wistar rats were randomly divided into six (6) groups of five rats 
each. Group A was taken as 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 (bw) of βC, Group D 
received high-fat diet for 12 weeks and was treated with 300 mg/kg bw of βC for 2 weeks, Groups 
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E received 300 mg/kg /bw of βC for 2 weeks and then received high-fat diet for 12 weeks while 
Group F received high-fat diet for 12 weeks and was treated with 150 mg/kg bw of βC for 2 weeks. 
At the end of the experimental period of 16 weeks. The animals were humanely sacrificed, and 
blood samples were collected by cardiac puncture, Leptin and insulin hormonal assay and 
oxidative enzyme markers were evaluated using the respective standard methods. The data were 
analyzed with SPSS version 20.0 at a value of P<0.05. The result showed the mean values of 
leptin, insulin and Malondialdehyde (MDA)were higher for group B when compared to the rest of 
the groups (P<0.05) but this increase was reversed following βC administration. Superoxide 
dismutase (SOD), Catalase (CAT), has decreased values in group B, these values were increased 
upon administration of βC (P<0.05). When compared to group A, group C showed increased value 
for the variables SOD, CAT and is equal to A in the variable insulin. Group F is greater than group 
D and E for the variable leptin, MDA and equal to group D (P<0.05). The findings of this present 
study suggest that β carotene extract at high dose can be very effective in treating oxidative stress, 
lipid peroxidation, insulin and leptin resistance. 
 

 
Keywords: Beta-carotene; dietary fat; oxidative stress; lipid peroxidation; insulin; leptin resistance. 
 

1. INTRODUCTION 
 
Two important anorexigenic hormones that signal 
adiposity and nutritional status to the 
hypothalamus and inhibit food intake                              
are leptin, produced by the white adipose tissue 
(WAT), and insulin, produced by the pancreatic 
B-cells. The circulating levels of leptin and insulin 
are often elevated in obesity. This initiates a 
rapid insensitivity to both hormones which is 
seen as a hallmark feature of obesity. In addition 
to the classical target tissues for insulin action, 
the liver, muscle and WAT, insulin also acts on 
the hypothalamus where it plays a pivotal                       
role in maintaining energy balance, regulation of 
peripheral lipid and glucose metabolism [1]. In 
contrast, leptin is a potent regulator                            
of food intake and energy expenditure [2]. 
However, both hormones act synergistically in 
the maintenance of peripheral glucose 
homoeostasis [3]. 

 
In animal models of genetic and                                     
diet-induced obesity, the activation of an 
inflammatory response in the hypothalamus 
results into a molecular and functional                            
resistance to the adipostatic hormones, leptin 
and insulin, resulting in a defective control of 
food intake and energy  expenditure [4,5,6]. The 
reversal of these effects can be achieved by 
distinct genetic and pharmacological 
approaches, aimed at inhibiting inflammatory 
signaling [5,6]. 

 
Besides the aforementioned factors, a previous 
study shown that dietary fatty acids can influence 
the susceptibility of cells to oxidative stress, due 
secondary to changes in the fatty acid 
composition of the cellular membranes  [7]. Diets 

rich in fatty acids, mainly saturated fatty acids 
(SFA) and TFA, as well as carbohydrate- rich 
diets, favor an acute increase in insulin 
resistance independent of adiposity [8]. Thus, 
high SFA intake also promotes steatohepatitis 
directly by modulating hepatic triacylglycerol 
accumulation and oxidative activity, and indirectly 
by affecting insulin sensitivity and postprandial 
triacylglycerol metabolism [9]. 

 
The HF diet types and elevation of fasting 
glucose level are 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 [10]. 

 
However, fat deposits can release  triglycerides 
and free fatty acids into the blood causing 
hyperlipidaemia, which is a major factor for 
atherosclerosis. Meanwhile, studies have shown 
that continuous deposits of triglycerides (fats) 
can result to non-alcoholic fatty liver disease 
(NAFLD). NAFLD represents a wide spectrum of 
disorders, the hallmark of which is hepatic 
steatosis. NAFLD was considered a benign 
condition, but is now increasingly recognized as 
a major cause of liver-related morbidity and 
mortality [11]. Although the exact 
physiopathology of NAFLD is not fully 
understood [12], it was described as a “two hit 
model”. The first hit is supposed to be the 
increase of free fatty acids in hepatocytes, which 
results in decrease β-oxidation, which 
aggravates accumulation of fatty acids and 
insulin resistance.  The  second  step include  all 
mechanisms contributing to the generation of 
proinflammatory cytokines, oxidative species and 
there by enhances lipid peroxidation of the 
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hepatocyte membrane [13], and development of 
inflammation and fibrosis [14]. 

 
On the other hand, β- Carotene a tetra- terpene 
and lipid soluble plant pigment with                      
molecular weight of 536.873 g, which is widely 
distributed in nature, is reported to have a 
profound beneficial biological effect including 
antioxidant property [15][16]. It is also known as 
provitamin A because, it is enzymatically 
transformed into retinal, and then finally into 
retinol (vitamin A) [15]. This is found in foods rich 
in vitamin A such as onions, peas, spinach and 
carrots. Carrot particularly is known to have rich 
beta-carotene content. Therefore, based upon 
the antioxidant and pro- vitamin A functions of 
carrot derived beta-carotene; it is                      
biologically plausible to extend the human 
lifespan [16,17]. 
 
The beta-carotene exerts its antioxidant property 
by scavenging radicals (peroxyl), to prevent lipid 
peroxidation. Thus, increased uptake of 
carotenoids from fruits and vegetables lower the 
incidence of various diseases such as cataract 
formation, cardiovascular diseases, macular 
degeneration and cancer [15]. An appropriate 
consumption of Carotenoids and other such 
nutrients (phytochemicals) can lower the 
mortality rate globally [18,19,20]. The present 
study aimed to evaluate the positive effects of 
beta-carotene on oxidative stress, lipid 
peroxidation, and insulin and leptin                  
resistance when wistar rats are fed with high 
dietary fat. 
 
2. MATERIALS AND METHODS 
 
2.1 Preparation of the Extract 
 
Five hundred grams (500 g) of fresh carrots was 
purchased from Meat Market Abakaliki,                   
Ebonyi State, Nigeria. The carrots were dried 
under shade for three weeks and were grounded 
into powder. The pulverized carrots were 
wrapped with Whatman filter paper and placed 
into the chamber of the Soxhlet extractor. Then, 
250 ml of N-Hexane was added into                                      
the Soxhlet flask and placed on a heating mantle. 
The solvent was heated at 500 C, the Soxhlet 
extractor condenses the sample in the filter 
paper and the content of the carrots were 
extracted until clear solvent started coming out of 
the extraction chamber. The extract was 
concentrated using Water bath at 500 C and was 
then stored in the refrigerator. 

2.2 Animal Procurement and Ethical 
Statement 

 
Thirty (30) Male Wistar rats of average weight of 
71.05 g were procured from and were 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 week. The animals were maintained at room 
temperature in a ventilated cage and were 
allowed free access to vital growers mesh and 
water. All protocols used were in accordance 
with the ethics and research guidelines of the 
institution. 
 
2.3 High Fat Diet Preparation 
 
Cow fat was purchased from Meat Market 
Abakaliki, Ebonyi State, Nigeria.  The fat was 
dissolved by heating, collected in metal 
containers and stored in the refrigerator. High Fat 
Diet was prepared by mixing 60% of cow fat and 
40% of normal rat chow as described by [8] and 
then was stored in the refrigerator. 
 

2.4 Animal Experimentation 
 
The rats used 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 300 mg/kg body weight 
(bw) of β- Carotene daily for 14 weeks. Group D 
received High fat diet (HFD) daily for 12 weeks 
and then 300 mg/kg bw of β- Carotene daily for 2 
weeks. Group E received 300 mg /kg bw 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 bw of β- Carotene 
daily for 2 weeks. 
 
2.5 Biochemical Study 
 
After 14 weeks, the animals were starved for 24 
hours and then sacrificed by cervical dislocation. 
The rats were dissected and blood sample 
collected by cardiac puncture and centrifuged. 
Lipid peroxidation in the tissue was estimated 
calorimetrically by thiobarbituric acid reactive 
substances (TBARS) method [21] Catalase 
activity was measured according to the Aebi’s 
method [22]. Superoxide dismutase activity was 
measured according to the method of 
Winterbourn [23] as described by Rukmini [24]. 
The concentrations of insulin and leptin in the 
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serum were measured respectively with rat 
insulin ELISA kit (Alpco Diagnostics, Salem, 
USA), rat leptin ELISA kit (BioVendor, Brno, 
Czech Republic). 
 

2.6 Data Analysis 
 

Data obtained were expressed as mean ± SD. 
The level of homogeneity among the group was 
tested using students t-test. A value of p < 0.05 
was considered significant using Statistical 
Package for Social Sciences (version 20.0). 
 

3. RESULTS 
 

The biochemical study shows a significant 
(P<0.05) increase in the variables: insulin and 
leptin in animals in group B. These effects were 
reversed in beta carotene treated group, but not 
to a great extent in group F (beta carotene low 
dose) (P<0.05) for insulin and group D (high 
dose beta carotene) (P<0.05) for leptin. It also 
shows significant increase in Malondialdehyde 
(MDA) and a significant decreased Catalase 
(CAT) and Superoxide dismutase (SOD) in group 
B (P<0.05) although these effects were reversed 
significantly, in beta carotene   treated   group,   
for   the   whole parameter. 
 

Table 1. T-test analysis showing the hormone 
leptin 

 

Variable  
(groups) 

Mean ± SD P 
value 

Remarks 

A-B 159.37±0.00 
390.12±11.46 

0.0130  
 

Significant  
 

A-C 159.37±0.00  
125.81±6.467  

0.0004  
 

Significant  
 

B-D 390.12±11.46  
250.21±15.70  

0.0022  
 

Significant  
 

B-E 390.12±11.46  
225.74±21.90  

0.0038  
 

Significant  
 

B-F 390.12±11.465  
305.27±5.84  

0.0004  
 

Significant  
 

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

 
4. DISCUSSION 
 
Significant increase in the level of circulating 
insulin (p< 0.05) and in the level of circulating 
leptin respectively was observed in the animal 
given HF diet for 14 weeks, this is in agreement 
with the studies carried out by [25,26] 
respectively. These changes were reversed after 
the administration of beta carotene for 2 weeks 
but this reverse was not significant (p<0.05) 
when group A was compared to B for the 
variable insulin, although this  reverse was 
significant (p<0.05) when group B was 
compared to D, B to E and B to F respectively. 

Studies have proven that oxidative stress is 
implicated in the pathophysiology [27,28,29] of 
neurodegenerative diseases. In addition to the 
above findings, our study showed that there 
was elevated oxidative stress and enhanced lipid 
peroxidation (p<0.05) in the animals fed with 
dietary fats. 
 

Table 2. T-test analysis showing hormone 
insulin 

 

Variable  
(Groups)  

Mean ± SD  
 

P value  
 

Remarks  
 

A-B  
 

0.12±0.00  
1.81±0.14  

0.0720  
 

Significant  

A-C  
 

0.12±0.00  
0. 12±0. 01  

0.0001  
 

Significant  

B-D  
 

1.81±0.14  
0.66±0.07  

0.0172  
 

Significant  

B-E  
 

1.81±0.14  
0.43±0.12  

0.0343  
 

Significant  

B-F  
 

1.81±0.14  
1.31±0.13  

0.0011  
 

Significant  

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

 
Table 3. T-test analysis showing SOD 

 
Variable  

(groups)  

Mean ± SD  

 

P-value  

 

Remarks  

 

A-B  

 

28.18± 2.91  

13.79±2.30  

0.0082  

 

Significant  

 

A-C  

 

28.18± 2.91  

32.78±3.73  

0.0003  

 

Significant  

 

B-D  

 

13.79±2.30 

20.94±2.23  

0.0023  

 

Significant  

 

B-E  

 

13.79±2.30 

22.46±1.48  

0.0031  

 

Significant  

 

B-F  13.79±2.30 

11.58±2.04  

0.0007  

 

Significant  

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

 
In this present study, SOD and CAT activities 
were significantly decreased (p<0.05) in the 
group that received dietary  accordance with 
[30] who reported that β- Carotene plays an 
important role in protecting cell membrane 
against oxidative damage because of its property 
of scavenging lipid and peroxyl radicals. 
Moreover, Shih [31] observed that β- the diet-
induced oxidative stress in rats fed with high fat, 
a high-cholesterol diet, due in part to up-
regulated antioxidant defenses. At the same 
time, the significant decrease in MDA level in 
the animals fed with dietary fats after β-Carotene 
administration herein is in agreement with [32] 
who reported that the addition of β-Carotene 
returned MDA levels back to normal diabetic 
rats. 
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Table 4. T-test analysis showing MDA 

 
Variable  

(groups)  

Mean ± SD  

 

P-value  

 

Remarks  

 

A-B  

 

0.57±0.06  

3.12±0.01  

0.0436  

 

Significant  

 

A-C  

 

0.57±0.06  

0.30±0.02  

0.0065  

 

Significant  

 

B-D  

 

3.12±0.01  

1.86±0.21  

0.0033  

 

Significant  

 

B-E  

 

3.12±0.01  

1.66±0.74  

0.0074  

 

Significant  

 

B-F  

 

3.12±0.01  

2.82±0.27  

0.0001  

 

Significant  

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

 
Table 5. T-test analysis showing CAT 

 
Variable  

(Groups)  

Mean ± SD  

 

P-value  

 

Remarks  

 

A-B  

 

19.61±0.85  

8.82±0.44  

0.0100  

 

Significant  

 

A-C  

 

19.61±0.85  

20.42±0.01  

0.0001  

 

Significant  

 

B-D  

 

8.82±0.44  

17.21±1.27  

0.0065  

 

Significant  

 

B-E  

 

8.82±0.44  

15.81±0.57  

0.0045  

 

Significant  

 

B-F  

 

8.82±0.44  

11.32±1.27  

0.0006  

 

Significant  

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

 

5. CONCLUSION 
 
It could to conclude that beta Carotene has been 
proven to be an attractive target for therapeutics 
of the HF diet-induced fluctuation of insulin and 
leptin level. It also attenuated the diet-induced 
oxidative stress and lipid peroxidation. 
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