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ABSTRACT
Leptin and estrogen have an important role in energy homeostasis through anorexic effects 
on the central nervous system. These hormones can decrease food intake, increases 
energy expenditure and thermogenesis. Long-term high-fat diet can lead to impaired leptin 
function. Moreover, estrogen, deficiency is a risk factor of obesity in menopause. The 
aim of this study is to investigate the effect of long-term high-fat diet on leptin serum 
levels in ovariectomized rats. Twenty-eight female Wistar rats (Rattus norvegicus) aged 
6-8 weeks with body weight 120-150 g were used in this study. Rats were divided into 
4 groups i.e. OVXSC groups: rat were ovariectomized and given a standard diet; OVXH 
groups: rat were ovariectomized and given a high-fat diet; SHAMSC groups: rat were not 
ovariectomized and given a standard diet; SHAMHF groups : rat were not ovariectomized 
and given a high-fat diet. Pre-post test with control group design for measurement of 
serum leptin levels, food intake, and Lee index. While post-test only control group design 
for measurement of abdominal fat mass. Pearson test was used to analyze the correlation 
between leptin serum levels, food intake, Lee index and abdominal fat mass. Paired t-test 
was used to analyze the differences between values before and after being treated. 
The daily food intake dropped in rat fed a high-fat diet although it was not statistically 
significant (p>0.05). Ovariectomy significantly increase Lee index (p<0.05). Obesity 
occurs in ovariectomized group, both of high-fat diet and standard diet. Abdominal fat 
mass was significantly higher in high-fat compared to standard diet group (p<0.05). 
Increase in levels of serum leptin highest in OVX-HF group (16.45 ± 8.75 ng/mL), and 
the lowest in the SHAM-SC (2.98 ± 1.61 ng/mL). In conclusion, serum leptin levels 
positively correlated with Lee index and abdominal fat mass, but negatively correlated 
with daily food intake.

ABSTRAK
Leptin dan estrogen memiliki peran penting dalam homeostasis energi melalui efek 
anoreksigenik pada sistem saraf pusat. Kedua hormon ini dapat menurunkan asupan makan, 
meningkatkan pengeluaran energi, dan termogenesis. Diet tinggi lemak jangka panjang 
dapat menyebabkan fungsi leptin terganggu. Selain itu, defisiensi estrogen merupakan 
faktor risiko terjadinya obesitas pada menopause. Penelitian ini bertujuan mengkaji efek 
pemberian diet tinggi lemak jangka panjang terhadap kadar leptin serum pada tikus yang 
diovariektomi. Sebanyak 28 ekor tikus Wistar betina berumur 6-8 minggu dengan berat 
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120-150 g digunakan dalam penelitian. Tikus dibagi menjadi 4 kelompok, yaitu kelompok 
tikus ovariektomi dan diberi diet standar (OVX-SC), kelompok tikus ovariektomi dan diberi 
diet tinggi lemak (OVX-HF), kelompok tikus tidak ovariektomi dan diberi diet standar 
(SHAM-SC), kelompok tikus tidak ovariektomi dan diberi diet tinggi lemak (SHAM-HF). 
Penelitian ini menggunakan metode eksperimental murni dengan pre-post test with 
control group design untuk pengukuran kadar leptin serum, asupan makan dan indeks Lee. 
Sedangkan post test only control group design untuk massa lemak abdominal. Uji korelasi 
menggunakan uji Pearson. Uji paired t-test digunakan untuk menganalisis perbedaan nilai 
sebelum dan setelah diberi perlakuan. Penurunan asupan maka harian dijumpai pada 
kelompok yang diberi diet lemak tinggi meskipun tidak bermakna (p>0,05). Ovariektomi 
menyebabkan peningkatan indeks Lee yang bermakna (p<0,05). Obesitas terjadi pada 
tikus yang diovariektomi baik yang diberi diet tinggi lemak maupun diet standar. Masa 
lemak abdominal lebih tinggi secara nyata pada kelompok diet tinggi lemak dibandingkan 
kelompok diet standar (p<0,05). Peningkatan kadar leptin serum tertinggi terjadi pada 
kelompok OVX-HF (16,45 ± 8,75 ng/mL), dan terendah pada SHAM-SC (2,98 ± 1,61 
ng/mL). Dapat disimpulkan, kadar leptin serum memiliki korelasi positif dengan indeks Lee 
dan massa lemak abdominal, namun berkorelasi negatif dengan asupan makan harian.

Keywords: obesity, menopause, leptin, Lee index, abdominal fat.  

INTRODUCTION

Menopause is a critical period in the 
woman’s life related to aging and marks the 
cessation of the woman’s natural reproductive 
life. During the menopause, the ovaries no 
longer produce ovum and the production of 
estrogen decreases and eventually stopped.1 
The composition of body fat after menopause is 
changed, from the deposition of subcutaneous 
fat into the abdominal and visceral fat which 
causes an increased incidence of metabolic 
syndrome. This is due to decreased production 
of estrogen after menopause, which is a crucial 
factor in influencing metabolic abnormalities.2 
The estrogen has an anorexigenic function to 
the central nervous system. When estrogen 
levels are high, during the estrous cycle or 
menstruation, as well as during pregnancy 
decreased food intake and accumulation 
of subcutaneous fat. In contrast to the 
ovariectomy, menopause and anti-estrogen 
therapy increase food intake and abdominal 
fat.2,3

Obesity is the accumulation of excess 
total body fat leading to high body mass 
index (≥25kg/m2 for the Asian population 

and ≥30kg/m2 for the European population). 
Physiologically, obesity can occur because 
of a disturbance in the energy balance which 
is the amount of energy intake more than 
the amount of energy expenditure and the 
excess energy is stored in the body as fat.4,5 
The prevalence of obesity in many developed 
and developing countries have increased and 
are in an alarming condition, because it has 
reached pandemic proportions over the past 
decade.6

Leptin is a hormone mainly secreted 
by white adipose tissue, known as ‘satiety 
hormone’.7 Leptin function is as a signaling 
molecule that communicates messages to 
the brain about the availability of energy 
stored in body fat. The brain, particularly the 
hypothalamus integrates metabolic signals 
coming from the leptin to regulate energy 
homeostasis by reducing appetite, increasing 
energy expenditure and thermogenesis.8,9 
Women tend to have higher leptin levels 
than men, but decreased significantly after 
menopause.9,10 In rat Diet-Induced Obese 
(DIO) with a high-fat feed, leptin resistance 
can occur.1,11 Since estrogen and leptin have 
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an important role in energy homeostasis and 
anorexigenic function, the author interested 
to investigate the effect of long-term high-fat 
diet and estrogen deficiency as a risk factor 
for obesity on leptin function, which is seen 
through changes in serum leptin levels, daily 
food intake, Lee index and abdominal fat 
mass.

MATERIALS AND METHODS

Animals
Twenty-eight female Wistar rats (Rattus 

norvegicus) aged 6-8 weeks with body weight 
120-150 g were obtained from Laboratory of 
Research and Testing Integrated, Universitas 
Gadjah Mada, Yogyakarta. All of the rats 
were adapted for seven days in a cage made 
from plastic material 25 x 35 cm in size. Each 
cage contains a rat and was reposed by chaff 
and given cover by woven wire. The cages 
were placed on Animal Treatment Laboratory 
room which is located in the Department of 
Physiology, Faculty of Medicine, Universitas 
Gadjah Mada, Yogyakarta. The temperature 
ranged 20-25oC was under controlled 12 hr 
of day and night cycle. Standard feed and 
drinking water were provided in the cages 
and could be consumed at any time (ad 
libitum). Protocol of this study was approved 
by the Medical and Health Research Ethics 
Committee, Faculty of Medicine, Universitas 
Gadjah Mada, Yogyakarta.

Animal groupings 
At day 8th, rats were randomly divided into 

two groups. The first goup is ovariectomized 
rat (OVX) and the second group is not 
ovariectomized rat (SHAM) with each number 
of group is 14 rats. After having ovariectomy 
and undergoing recovery for 21 days, rats in 
groups of OVX and SHAM were subdivided 
into two new groups based on the provision of 
diet. The first group is ovariectomized given 
standard diet (OVX-SC), the second group is 
ovariectomized given a high-fat diet (OVX-

HF), the third group is non-ovariectomized 
given a standard diet (SHAM-SC), and the last 
group is non-ovariectomized given a high-fat 
diet (SHAM-HF).

Ovariectomy rat
Ovariectomy was firstly started by rat 

anesthesia using ketamine injection 0.2 
mL/100 g body weight (IM) under aseptic 
conditions. Surgery was begun by doing a 
small incision on the ventral abdominal wall. 
After that, ovary was clamped bilaterally 
and removed out. Uterine horns (the meeting 
point between the uterus with fallopian tubes) 
was tied and uterus was left intact, then the 
abdominal wall was sutured back. In dissected 
rat (SHAM group), it was anaesthetized and 
the abdominal wall was opened in the same 
way as in the ovariectomy ovaries group 
without removing it out.1

Taking and examination of blood samples
Blood samples for serum leptin levels 

examination (pre and post-test) was taken from 
the retro orbital vein of 1.5 mL. Before blood 
sampling, rats were fasted approximately 6-8 
hr. Blood samples were kept frozen for 25 
min, then centrifuged 20 min at 2,000 g, equal 
to 4,339 rpm. Serum was taken and stored at 
-20oC temperatures until examination using 
ELISA.

Measurement of daily food intake
Measurement of food intake was done 

every day at 8:00 to 10:00 am during the 
treatment (56 days). The measurement was 
performed by calculating the difference 
between the amount of feed given and the 
remaining amount of feed, both in the feed 
bowl and scattered in the cage. Feed was 
given as much as 15 g/day/rat.

The Lee index
Naso-anal length and body weight were 

measured every week during the study (during 
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the 8 weeks of administration of a high fat 
diet). The measurement results are used to 
calculate the Lee index. Lee index is calculated 
using the formula, which is the cube root of 
the weight (g) divided by naso-anal length 
(cm) and multiplied by 1000. The result of the 
calculation is greater than 310 expressed as an 
indicator of obesity.12

Abdominal fat mass extraction and 
measurements

Abdominal fat extraction begins with 
anesthesia using ketamine 0.2 mL/100gBW 
(IM), under aseptic conditions. Surgery was 
performed through an incision of the ventral 
abdominal wall. After the abdominal wall was 
open, then intra-abdominal fat was collected 
including retroperitoneal and omental fat. 
Collected fat was weighed on digital scales 
and expressed in units of grams.

Statistical analysis
Normality data test with the Shapiro-Wilk 

test and variance data test were using Levene 
test. Normal distribution data was shown 

as mean ± standard deviations. Parametric 
statistical tests for numerical data was done 
by using one-way ANOVA, followed by 
multiple comparison post hoc LSD (p<0.05). 
Correlation between serum leptin levels, food 
intake, Lee index and abdominal fat mass was 
tested using Pearson correlation test. Paired 
t-test (for daily food intake, Lee index and 
leptin serum levels) or the Wilcoxon signed 
rank test (for daily food intake OVX-HF 
group) was used to analyze the differences in 
values before and after being treated.

RESULTS 

The daily food intake
The highest daily food intake was found in 

OVX-SC group (9.71 ± 1.40 g) and the lowest 
was in the SHAM-HF group (6.68 ± 0.78 g). 
The statistical analysis showed a significant 
difference between the first week and eighth 
week of the SHAM-SC group, whereas in 
OVX-SC, OVX-HF and SHAM-HF groups 
were not found any significant differences 
(FIGURE 1).

FIGURE 1. The bar chart is the average daily food intake ± standard deviation in 
the first week and the last week giving a high-fat diet. OVXSC: groups 
of rat were ovariectomized given a standard diet; OVXHF: groups of 
rat were ovariectomized given a high-fat diet; SHAMSC: groups of rat 
were not ovariectomized given a standard diet; SHAMHF: groups of 
rat were not ovariectomized given a high-fat diet. The results of paired 
t-test were significantly marked by (*)
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Lee Index
Lee index value in each treatment group in this research is shown on FIGURE 2.

FIGURE 2.  First week to eighth week Lee index graph of diet treatment in each group. 
OVXSC: groups of ovariectomized rat and given a standard diet; OVXHF: 
groups of ovariectomized rat and given a high-fat diet; SHAMSC: groups of 
non ovariectomized rat and given a standard diet; SHAMHF: groups of non 
ovariectomized and given a high-fat diet.

The results of paired t-test on the mean 
of Lee index before and after ovariectomy, as 

well as before and after giving high-fat diet 
are shown in the TABLE 1.

TABLE 1.  The mean ± standard deviation Lee index before ovariectomy, after ovariectomy and 
after givin high fat diet based on group

Group (n=7)
Lee Index

Beginning (before 
ovariectomy)

After Ovariectomy (before 
given high fat diet)

End (After given 
high fat diet)

OVX-SC 288.88 ± 16.48a 307.86 ± 5.56a 312.84 ± 6.94
OVX-HF 283.78 ± 6.19b 310.75 ± 6.21b 319.38 ± 8.23b

SHAM-SC 285.03 ± 7.33c 296.05 ± 6.56c 305.12 ± 4.37c

Description: OVXSC: ovariectomy group and given a standard diet; OVXHF: ovariectomy 
group and given a high-fat diet; SHAMSC: non-ovariectomy group and given a standard diet; 
SHAMHF: non-ovariectomy group and given a high-fat diet; Paired t-test results were signifi-
cantly (p<0.05) marked by the same letter notation.
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Abdominal fat mass
The mean value of abdominal fat mass in 

each group after treatment from the highest to 
the lowest, the OVX-HF group (10.49 ± 3.79 

g), SHAM-HF group (10.04 ± 1.60 g), OVX-
SC group (7.31 ± 2.76 g) and SHAM-SC 
group (6.08 ± 2.41 g) are shown in FIGURE 
3.

FIGURE 3. The bar chart abdominal fat mass mean ± standard deviation after 
treatment. OVXSC: ovariectomy group and given a standard diet; 
OVXHF: ovariectomy group and given a high-fat diet; SHAMSC: 
non ovariectomy group and given a standard diet; SHAMHF: non 
ovariectomy group and were given a high fat diet. Significant 
differences between groups are marked by (*)

Levels of serum leptin
The mean value of leptin serum levels 

before and after treatment is shown in 
FIGURE 4. The highest increased serum 

leptin levels was in OVX-HF group with an 
average value increase of 16.45 ± 8.75 ng/mL, 
and the lowest was in SHAM-SC group (2.98 
± 1.61 ng/mL). 

FIGURE 4.  The bar chart serum leptin levels mean ± standard deviation before and after 
treatment. OVXSC: ovariectomy group and given a standard diet; OVXHF: 
ovariectomy group and given a high-fat diet; SHAMSC: non ovariectomy 
group and given a standard diet; SHAMHF: non ovariectomy group and 
given a high fat diet. An asterisk (*) indicate a significant difference.
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DISCUSSION

The daily food intake dropped in rat 
fed a high-fat diet (OVX-HF and SHAM-
HF groups), but this reduction was not 
statistically significant. These results were 
different from previous research by Lin et 
al.11 which explained the food intake in rat 
fed a high-fat diet was higher than rat fed a 
standard diet since the 8th week after given a 
high fat diet. A decreasing daily food intake 
in OVX-HF group is because the effect of 
leptin, seen from the increase in leptin serum 
levels were very high (16.45 ± 8.75 ng/mL). 
Leptin is a hormone that plays a role in energy 
homeostasis and have anorexigenic effects on 
the central nervous system.9 Leptin circulation 
are transported to the brain, binds to the 
leptin receptor (ObRb) in the hypothalamus, 
activates the JAK-STAT3 pathway and lead 
to suppression orexigenic neuropeptides 
such as Neuropeptide Y (NPY) and agouti-
related protein (AgRP), which plays a 
role in increasing food intake. In addition, 
activation of JAK-STAT3 results in increased 
production of anorexigenic neuropeptides as 
Proopiomelanocortin (POMC) and Cocaine 
and Amphetamine-regulated Transcript 
(CART), which plays a role in reducing food 
intake.13,14

A decreasing daily food intake in SHAM-
HF group probably caused by the effects of 
the hormone estrogen. Estrogen acutely and 
chronically affecting energy homeostasis 
through inhibitory effects on food intake 
involving estrogen receptors (ERs) in the 
central nervous system. Estrogen also 
trigger an increase in the number of input 
stimulation to the POMC neurons in the ARC 
hypothalamus that produce anorexigenic 
neuropeptides.15-17

LSD posthoc analysis of the results 
showed that the difference in daily food 
intake between first week and the eight week 
was higher in the SHAM-SC compared with 

the SHAM-HF group. These results indicate 
that the high-fat diet only influence the non-
ovariectomized group. The low daily food 
intake in SHAM-HF group can be caused by 
the effects of leptin as an inhibitor of orexigenic 
neuropeptides.1 Another possibility is because 
of the content of saturated fatty acids in the 
diet which is an important factor in the energy 
balance. Although the daily food intake on 
SHAM-HF group is low, but the daily energy 
intake is relatively higher than that given 
a standard diet. This is because of the high 
energy content of fat in the diet. Moreover, 
fat also has the highest nutrient utilization 
efficiency compared to carbohydrates or 
protein, so the adequacy of energy intake is 
achieved faster even though fewer.1,12

OVX-SC group has an increasing 
daily food intake, but this increase was not 
statistically significant. An increase of daily 
food intake in the group of OVX-SC is 
probably caused by the influence of estrogen 
deficiency due to ovariectomy. Estrogen has 
an effect on food intake similar to leptin, and 
giving exogenous estrogen causes a decrease 
of food intake in ovariectomized rat.18 Estrogen 
is also known have a role in the regulation of 
orexigenic neuropeptides such as NPY and 
grelin, and anorexigenic neuropeptides like 
insulin, leptin and serotonin.19 In addition, 
studies reveals that estrogen deficiency 
causes excessive production of NPY in the 
hypothalamus and central leptin sensitivity 
disorders that causes an increase food intake 
and contributes to obesity.15

The results of paired t-test showed that 
there was a significant increase in the value 
of the index Lee before and after ovariectomy 
both in ovariectomy and non ovariectomy 
group. These results indicated that the increase 
in the Lee index in rat was not only influenced 
by estrogen deficiency. Estrogen deficiency 
that occurs at menopause has been shown to 
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closely related with an increase of women 
body mass, meanwhile estrogen withdrawal 
through ovariectomy in rat can increase body 
mass and this condition can be balanced by 
estradiol therapy.13,20 Another study21 also 
explains that the decline in estrogen levels 
along menopause is accompanied by weight 
gain, and a decrease in energy expenditure. 
But there are other factors that also affect 
the increase in body mass index in addition 
to estrogen deficiency. Several factors affect 
the body mass index in adults including the 
amount and composition of food consumed, 
age, physical activity, a decrease in the body’s 
metabolic or physiological changes related 
to menopause in women which enables an 
increase in body weight.22 Another study 
explains that obesity is especially common 
in women, increased with age, and is closely 
related to the frequency of consumption and 
the amount of calories in food.23 From the 
described studies, it is known that increasing 
age has an influence on an increase in body mass 
index, especially in women. It is associated 
with a decrease in the body’s metabolism and 
physical activity which causes an increase in 
body mass index is easier to rise.23

In this study, physical activity in rat could 
be assumed to be very low. The small size of 
cage (25 x 35 cm) caused the limited activity 
of rat, so there is no excessive energy expens. 
In addition, the availability and adequacy 
of feed given to the rat also could be factor 
influencing the increase in body mass index. 
Food and drink were always available inside 
the enclosure allowing the rat to consume 
at any time. Positive energy balance, when 
energy intake more than energy expenditure 
can cause an increase in body mass index and 
obesity.4

In the SHAM-HF group was no increase 
in the Lee index after a fat diet. Oppositely, the 
Lee index decreased  mean of 0.57 ± 7.20, but 

this reduction was not statistically significant 
(p = 0.840). The reduction of Lee index in 
SHAM-HF group was likely because the 
effect of anorexigenic estrogen. Estrogen is a 
steroid hormone that acts directly or indirectly 
in reducing food intake, increase energy 
expenditure and termogenesis.15 Estrogen is 
also suspected as a modulator of the anabolic 
action of leptin. High estrogen levels are 
associated with increased sensitivity of leptin 
central characterized by high expression of the 
leptin receptor (ObRb) in the arcuate nucleus 
(ARC) despite circulating leptin levels are not 
increased.13,24 The reduction of Lee index in 
SHAM-HF group may also be caused by the 
influence of leptin. Brown et al.,15 explains 
that leptin in circulation will be transported to 
the brain, then leptin will bind to the leptin 
receptor (ObRb) in the hypothalamus. The 
bond between leptin and its receptor causes 
activation of JAK/STAT which will trigger 
the production of anorexigenic neuropeptides 
and inhibit orexigenic neuropeptides. 
Anorexigenic neuropeptides activation causes 
a decrease in appetite, increased energy 
expenditure and thermogenesis.10,15 The effect 
of anorexigenic neuropeptides which may 
indirectly lead to decrease on the Lee index in 
SHAM-HF group.

Examination of abdominal fat mass 
after treatment in this study showed no 
significant difference between in both the 
ovariecvatomized and non-ovariectomized 
group. The differences appeared only among 
the group given high-fat diet and a standard 
diet, which was between OVX-HF and OVX-
SC groups and between SHAM-HF and 
SHAM-SC groups, which indicated that the 
differences caused by the provision of high-
fat diet and it was not because of the effect 
of ovariectomy. These results are in contrast 
to some previous researches which explained 
that menopausal women and ovariectomized 
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rat is accompanied by changes in energy 
homeostasis which leads to increased 
intraabdominal fat mass.24-26 However another 
study27 described a similar result to this 
research. Ovariectomy in rat and menopause 
that occurs in women, both are closely linked 
with increase body mass and total fat mass. But 
in ovariectomy, more fat will be stored in the 
subcutaneous compared to intra-abdominal.

The results showed that the group given 
a high-fat diet, having a mean abdominal fat 
mass, was higher than those given a standard 
diet. This is probably caused by the content of 
saturated fatty acids that existed in a high-fat 
diet. Studies in humans and animals showed 
that saturated fatty acids are more obesogenic 
than unsaturated fatty acids. It is because 
very little saturated fatty acids are used for 
energy and mostly stored in adipose tissue as 
triacylglycerols.12,28

Increased levels of leptin serum was 
significant in the control group (SHAM-SC) 
that are likely due to the indirectly influence 
of estrogen.29 Studies explain that leptin levels 
may be influenced by estrogen, either directly 
or indirectly, through changes in body weight. 
In addition, high levels of estrogen are closely 
linked to improved leptin central sensitivity 
in rodents.30,31 Other possibility that causes 
increase leptin levels in SHAM-SC group is 
subcutaneous fat produce more leptin than the 
visceral fat.13

Ovariectomy and high-fat diet in this 
study affected serum leptin levels, seen from 
the significant differences between OVX-SC 
and OVX-HF group, and between OVX-HF 
and SHAM-HF group. The results agreed 
with previous research suggesting that high-
fat diet given to ovariectomized rat may lead 
to increased leptin serum levels which are 
higher than non-ovariectomized rat and with 
standard diet.1 Another study32 explains that 
there are some things that can affect changes 

in circulating leptin levels, such as changes in 
body weight, fasting and high-fat diet. 

Increased serum leptin levels positively 
correlated with increased Lee index and 
abdominal fat mass, but negatively correlated 
with daily food intake. This indicates that 
the high-fat diet given to ovariectomized or 
non-ovariectomized rat still heve not been 
able to induce leptin resistance. In humans or 
even obese rat, leptin resistance is commonly 
found. Leptin resistance is a condition that 
indicates a decrease in the response to leptin 
and linked as compensation for increased 
levels of circulating leptin which takes place 
continuously in subjects with obesity.10,14 But 
in this study, there was no leptin resistance in 
obese group which was categorized based on 
the average value of the Lee index (groups 
of rats OVX-SC and OVX-HF), It was due 
to high levels of leptin but low of daily food 
intake.

Meanwhile, the positive correlation 
between elevated levels of serum leptin with 
Lee index and abdominal fat mass in this 
study have met with previous research that 
suggests that circulating leptin consentration 
is correlated with body mass index (BMI), fat 
percentage and total body fat mass.33-35

CONCLUSIONS

Overall, high-fat diet in ovariectomized 
rats is a risk factor for obesity and impaired 
function of the hormone leptin. High-fat diet 
in ovariectomized rats leads to an increase 
in body mass index, abdominal fat mass 
and serum leptin levels, and a decrease in 
daily food intake which indicates that leptin 
resistance does not occur in this study.

Further research is needed to determine the 
effect of high-fat diet in ovariectomized rats 
for leptin seen through molecular substances 
or neuropeptides in the central nervous system 
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such as SOCS-3, STAT3 and NPY in order to 
explain the mechanism of the leptin resistance 
on the subject of obesity.
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