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BACKGROUND: Consumption of foods and 
drinks high in energy, fat, and/or sugar beyond the 
recommended quantities can cause obesity, which 

triggers the incidence of brain nerve cell death related 
to oxidative stress, high levels of tumor necrosis factor 
(TNF)-α and triglycerides, and low high-density lipoprotein 
(HDL) levels. Progressive nerve cell death causes decreasing 
cognitive performance. This study aims to prove that an 
American Institute of Nutrition committee in 1993 (AIN-
93M) diet modified with high-fat-high-fructose (HFHF) can 
decrease the number of hippocampal neurons. A decrease in 
the number of hippocampal neurons indicates progressive 
nerve cell death. 

METHODS: An experimental study using a post-test 
control group design was carried out using male Sprague 
Dawley rats. Samples were selected using simple random 
sampling to divide them into two groups, Group I was AIN-

93M-modified HFHF diet (n=14) and Group II was AIN-
93M standard (n=16). The number of visible neurons was  
measured  in  the  hippocampus  area  of  Sprague  Dawley  
rats’  brains,  stained  with  haemotoxylin  and  eosin 
(H&E) and scanned under 400x magnification. Neurons 
were counted in 10 visual fields using the "Cell_Count" 
application.  

RESULTS: The data were analysed by Pearson’s correlation 
test using SPSS. The results show that rats in Group I had 
a greater weight gain and fewer neurons than those in the 
Group II (p=0.023, r=-0.413). 

CONCLUSION: The consumption of foods high in fat and 
fructose can cause an increase in nerve cell death, as shown 
by the decrease in the number of hippocampal neurons.
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Abstract

Introduction

The consumption of foods and drinks high in energy, fat 
and/or sugar is escalating throughout the world. Several 
studies have shown that the administration of high-fat-
high-fructose (HFHF) diets in experimental animals causes 
metabolic complications, commonly known as metabolic 
syndrome, for example obesity, dyslipidaemia, insulin 
resistance, impaired glucose tolerance, hyperinsulinaemia, 
and increased systolic blood pressure.(1,2) An HFHF  
diet causes obesity associated with hyperlipidaemia 

and endothelial dysfunction.(3) Obesity is a condition 
of excessive fat deposits in adipose tissue (4), and an 
individual is considered obese if their body mass index 
(BMI) is greater than or equal to 30 kg/m2. Based on  data  
from the 2016 National Health Survey/Survei Indikator 
Kesehatan Nasional (SIRKESNAS), the national prevalence 
of individuals with a BMI 25-27 was 33.5%, whereas the 
prevalence of individuals with a BMI ≥27 reached 20.6%. 
The prevalence of obesity in men (24.0%) was lower 
compared to women (41.4%), and according to age group, 
the highest prevalence of obesity was in the 40-49 year age 
group, being as high as 38.8%.(5)
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 It has been shown that increasing BMI and waist 
circumference significantly correlate with a decrease 
or failure of cognitive function; individuals who are 
overweight or obese have a 2.34 times higher risk of 
developing dementia, and individuals with central obesity 
have a 3.60 times higher risk of developing dementia.(6-
10) A BMI greater than 30 causes shortening fibre bundle 
length (FBL), and in turn shortened FBL contributes to 
atrophy in the brain and decreased survival rate of nerve 
cells, especially in the frontal and pariental cortices.(11-
13) While central obesity that can be indicated by waist 
circumference (>102 cm in men and >88 cm in women) 
is associated with various neuroendocrine disorders, such 
as increasing cortisol levels associated with hippocampal 
atrophy and resulting in reduced memory function, leading 
to increased risk of suffering from dementia despite having 
a normal weight. In addition, the blood flow in the brain's 
gray matter matrix is reduced by 15%.(14,15)
 The previous study stated that the white-matter 
volume of obese individuals aged 50 years is equivalent to 
60 year-old individuals with normal BMIs, suggesting that 
the brains of obese individuals age by 10 years.(6) Another 
study showed that the impact of obesity does not only occur 
in maturity but also has effects in childhood. Increased body 
weight is associated with decreased short-term memory 
and visuospatial coordination in children and increases the 
risk of dementia in adulthood. The results of these studies 
indicate that obesity has an impact on age-related structural 
brain changes.(16)
 This  information  highlights  the  need  to  do  this 
research that aims to prove that an American Institute of 
Nutrition committee in 1993 (AIN-93M)-modified HFHF 
diet can decrease the number of hippocampal neurons. 

Methods

Ethics Commission of the Faculty of Medicine, Universitas 
Brawijaya (No. 368/EC/KEPK/10/2017). 
 In this study, male Sprague Dawley rats that fulfilled 
the inclusion criteria were randomly divided into two 
groups, the standard AIN-93M feed group (Group I) and 
the AIN-93M-modified HFHF feed group (Group II). The 
Group I consisted of 16 rats, and Group II consisted of 
14 rats. The minimum sample size was determined using 
Federer’s formula. The rats were adapted for 4 weeks and 
then continued with the intervention for 17 weeks. 

Fructose Feeding
The composition of the AIN-93M standard feed was corn 
starch, dextrinized corn starch, sucrose, soybean oil, casein, 
egg-white flour, agar, minerals, and vitamin mix of AIN, 
l-cysteine, choline bitartrate, tertiary butylhydroquinone 
(TBHQ). Meanwhile, the composition of the AIN-93M-
modified HFHF feed was corn starch, dextrinized corn 
starch, sucrose, fructose, lard, soybean oil, casein, egg-white 
flour, agar, minerals, and vitamin mix of AIN, l-cysteine, 
choline bitartrate, TBHQ. The nutrient composition per 100 
grams of each rat diet is presented in Table 1. The drink 
given to Group II was 30% fructose liquid containing 0.3 
kcal/mL energy and 1.2 g/mL carbohydrate.

Dietary Intake and Weight
The diet was given ad libitum and contained 20 g/day/rat 
feed and 250 mL/day drink. The actual intake of food and 
drink was calculated by subtracting the the remaining food 
(gram) and drink (mL) per 24 hours from the initial weight. 
The data were used to calculate energy intake (kcal), protein 
(gram), fat (gram), and carbohydrate (gram). The rats were 
weighed once a week to determine their body weight.
 
Analysis of Neurons Number
At the end of the study, rats were anesthetised by injecting 
0.3 mL of ketamine in the intramuscular section, followed 
by surgery. The obtained brains were preserved in 10% 
formalin buffer and closed tightly. A standard histology 
examination was carried out by hematoxylin and eosin 

Nutritional Composition Standard AIN-93M HFHF Modified AIN-93M

Energy (kcal) 421 508

Carbohydrates (gram; %) 45.12 ; 42.87% 37.32 ; 29.39%

Protein (gram; %) 32.96 ; 31.32% 27.68 ; 21.80%

Fat (gram; %) 12.07 ; 25.81% 29.14 ; 51.64%

Energy Density (kcal/gram) 4.21 5.08

Table 1. Nutritional composition per 100 grams of rat feed.

Research Design
This was a randomized post-test control group study. The 
ethical clearance was obtained from the Medical Research 
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(H&E) staining, covering the steps of fixation, dehydration, 
cleaning, impregnation/embedding, blocking, sectioning, 
and staining. The H&E stained samples were scanned 
under 400x magnification in the hippocampal area using an 
Olympus dot slide microscope. Subsequently, the number 
of nerve cells was count in 10 visual fields, assisted by the 
"Cell_Count" application.

Processing and Analysis of Data
Data were processed using SPSS software version 18. 
All data were presented as the mean±standard deviation 
(SD). The relationship between increasing body weight 
and decreasing neurons was analysed using Pearson’s 
correlation test.

Results

was greater in the Group II compared to the Group I. The 
average food and intake of rats per day was significantly 
different between both groups (Table 2).
 Rats in each treatment group experienced weight gain 
during the study. Rats in the Group I increased in body 
weight, during the intervention, by up to 31.33 gram and in 
the Group II by 15.82 gram (Figure 1). However, the initial 
body weight, final body weight, and changes in body weight 
were not significantly different between the two groups. 
 There was a significant correlation between the average 
of food intake, protein, and fat on the increase in rat body 
weight in Group II. There was no significant correlation 
between weight gain and energy intake or protein intake in  
Group  II  or  any  of  the  feed  and  nutrient  parameters  in 
Group I. Details of the correlation between the average food 
intake and the increase in rat body weight is presented in 
Table 3.

Number of Neurons in Rats 
The number of neurons in the Sprague Dawley rats is 
presented in Table 4, and the calculation used to determine 

Table 2. Food and nutrients intake.

*: showed that the two groups differed significantly (p<0.05). All values are 
presented in the mean±SD form. 

Group I Group II

Feed (gram) 12.02±1.62* 6.31±1.12*

Fructose Drink (mL) - 29.73±3.88

Energy (kcal) 50.60±6.85* 67.75±6.38*

Carbohydrates (gram; %) 5.42±0.73* ; 43.0% 11.27±1.13* ; 66.5%

Protein (gram; %) 3.96±0.53* ; 31.3% 1.74±0.31* ; 10.3%

Fat (gram; %) 1.86±0.25* ; 33.0% 2.36±0.41* ; 31.4%
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Treatment Group
Group I                                     Group II

Final weight (gram)
Initial weight (gram)

261.93±29.30

246.10±19.10 245.58±22.05

276.93±35.65

Figure 1. The average body weight of rats in both groups.

Dietary Intake and Weight
The average food intake of Group II was smaller than Group 
I. However, the average energy and carbohydrate intake 
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p -value*

Increased Weight

Feed 0.136 -

Energy 0.136 -

Carbohydrates 0.137 -

Protein 0.135 -

Fat 0.137 -

Feed 0.002* 0.722

Energy 0.67 -

Carbohydrates 0.943 -

Protein 0.002* 0.723

Fat 0.001* 0.725

Treatment Group r**

 Group I

 Group II

Table 3. The correlation between food and nutrition intake on 
weight increase.

*p-value was analysed with Pearson correlation test (p<0.05 
means there was correlation); **=relationship/correlation strength.

Group I Group II

Average number of brain nerve cells 2072.07±657.96 1679.25±737.21

Min number of brain nerve cells 591 487

Max number of brain nerve cells 3410 2850

Mean±SD
Brain Nerve Cells

Table 4. Number of rat brain nerve cells.

the number of rat neurons in the hippocampal area in each 
treatment in one field of view is given in Figure 2. 
 The number of rat neurons in Group I (2072.07 
neurons) was higher than in Group II (1679.25 neurons), 
and the difference between the number of neurons in the 
two groups was quite large, 392.82 cells, although this 
difference was not statistically significant (p>0.05). There 
was a significant negative correlation (r=-0.413, p=0.023) 
between the increasing body weight and the number of 
neurons in the Sprague Dawley rats. 

The feed intake in the AIN-93M-modified HFHF group was 
lower than in the control group (standard diet). The intake 
of drink containing fructose is thought to be the cause of the 
low intake, as it has been suggested that the intake of fructose 

Discussion

drink could suppress solid food intakes.(17) Low feed intake 
is also influenced by rat feed factors. Rats prefer food that 
is dry, solid, coarse texture, and hard in consistency (18), 
whereas the AIN-93M modified HFHF diet tended to be oily 
and slightly soft due to its high fat content (51.64%). The 
addition of lard can also cause the feed to easily oxidise and 
turn rancid. HFHF feed has a higher energy and fat content 
compared to the standard diet so the consumption of HFHF 
feed should cause rapid satiety. Some previous studies were 
also in line with this study, in which they showed that the 
feed intake of rats given a HFHF diet was lower than rats 
fed the standard/normal diet.(19-21) 
 Rat body weight in each treatment group experienced 
an increase during the study, but the increases were not 
statistically significant. Foods with high density increase 
energy intake (22), and high energy intake in the body 
will be stored as fat, leading to weight gain. In this study, 
HFHF feed had a higher energy density (5.08) than the 
standard feed (4.21). Calorie intake does not significantly 
affect changes in body weight but does significantly affect 
fat mass.(23)  This  could  be  the  reason  why  weight 
gain during the study was not significant in either of the 
two groups. Thus, an increase in body weight alone does not 
indicate the incidence of obesity; there are other factors that 
must be considered, such as changes in body composition.
(24) The results show that the higher the amount of fat in the 
diet, given to Sprague Dawley rats, the greater the weight 
gain. (25) 
 Based on the results of the calculation, it was found 
that the average number of neurons in rats given the HFHF 
diet (1679.25±737.21) was smaller than the rats given 
the standard diet (2072.07±657.96), and there was no 
significant difference between the number of rat neurons 
between the two groups. However, in this study, there was 
a significant negative correlation between increasing body 
weight and the number of neurons in Sprague Dawley rats. 
A decreasing number of neurons indicates progressive nerve 
cell death. Our study suggests that HFHF did not directly 
link to influence neuron number. High-fat and high-fructose 
intake accumulate adipocyte and lead to obesity. Obesity 
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A

B

Figure 2. Overview of the 
number of rat brain nerve cells 
in the hippocampus area with 
400x magnification. A: Group I, 
with 113 counted cells; B: Group 
II, with 62 counted cells. Black 
arrow: neuron; Red arrow: other 
cells, such as neuroglia cells. 
Group II has less neuron than 
in Group I due to a progressive 
apoptosis. Black bar: 20 mm. 

condition is followed by lipid metabolism disorder through 
the decreasing of high-density lipoprotein (HDL) level and 
increasing the triglyceride level. HDL plays pivotal role 
in reverse cholesterol transport, while the impair of HDL 
level and the increase of oxysterol level trigger neuron 
inflammation and lead to synaptic function imbalance. 
(26,27) Some factors related to obesity that can reduce the 
number of neurons include oxidative stress, high levels of 
tumor  necrosis  factor  (TNF)-α,  triglycerides,  and  low 
HDL levels.

 In the plasma membrane, TNF-α binds to the death 
receptor (DR), which is followed by the activation of 
apoptotic pathways consisting of a set of enzymes, such 
as tumor necrosis factor receptor (TNFR)-associated death 
domain (TRADD), that activate apoptotic effectors. High 
TNF-α activity causes the production of apoptotic effector 
drivers to increase, triggering the occurrence of apoptosis 
and eventually leading to the progressive death of nerve cells 
and neurodegenerative diseases.(28) The neurodegenerative 
disease was a pathological disease which nerve cells are 
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lost its structure and function resulting nerve cells death 
and the decline of nerve cell number. Many factors are 
involved in the neurodegenerative such as beta-amyloid 
accumulation and B12 vitamin deficiency. B12 deficiency 
causes nervous system-related problems such as depression, 
psychosis, and poor memory function. B12 has been studied 
to protect against brain atrophy associated with Alzheimer's 
and decreased cognitive function.(29) Observation of the 
number of nerve cells that appear to indicate a decrease in 
nerve cell density in the area observed. 
 High triglyceride levels in the blood causes an increase 
in carbonyl proteins and 4-hydroxynonenal levels (HNE), 
which are both pro-oxidant substances that can trigger 
oxidative stress in the nervous system. Increasing reactive 
oxygen species (ROS) can alter calcium influx in glutamate 
receptors. Increasing reactive oxygen species (ROS) can 
alter calcium influx in glutamate receptors, therefore can 
causes damage to the mitochondrial membrane then induce 
the release of cytochrome c and apoptosis-inducing factor 
(Apaf-1), which results in nerve cell death.(30)
 Low HDL levels causes an increase in the metabolism 
of amyloid precursor protein (APP), and results in increased 
production of amyloid β (Aβ) monomers. Aβ has a 
neurotoxic effect on nerve cells that causes their progressive 
death. In addition, the Aβ monomer is a strong chelating 
agent against the antioxidant transfer of metal ions in its 
free form, a situation that triggers oxidative stress. The 
effect of this oxidative stress on the nervous system is to 
cause degenerative effects (experiencing stages leading to 
apoptosis) and the progressive death of nerve cells.(31,32)

Conclusion

Consumption of high-energy foods that are high in fat and 
fructose can cause an increase in body weight. This body 
weight increase correlates with an increase in nerve cell 
death. The higher the increase in body weight, the higher 
the number of nerve cells die in the hippocampus. Further 
research needs to be done regarding the relationship of 
decreased brain nerve cells with cognitive performance in 
an obese rat model.
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