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Abstract 
Aim of work: The role of pancreatic polypeptide family including Neuropeptide Y (NPY), 

and Peptide Tyrosine Tyrosine (PYY) in obesity development and its metabolic changes is 

controversial due to multiple receptor involvement. Therefore, this study was designed to 

investigate the effect of a potent Y2 receptor agonist; Peptide Tyrosine Tyrosine (PYY3-36) on 

high fat diet (HFD) induced obesity in adult albino rats of both sexes. Materials and 

Methods: forty two adult albino rats were divided into 6 equal groups: Controlmale (kept on 

standard diet), HFD male, HFD male +PYY treated, Control female (kept on standard diet), 

HFD female and HFD female + PYY treated groups. PYY3-36 was administered (50µg\ kg) by 

intraperitoneal injection twice daily during the 5th week of high fat diet protocol to rats of the 

treated groups. Blood samples were collected for measurement of lipid profile, glucose and 

leptin. Body weight, lee index and daily food intake were also measured. The brain was 

removed and the hypothalamus was isolated for determination of NPY concentration. 

Peritoneal omental fat was removed as the whole gastrocolicomentum fat (GCOF) and 

weighed. Results: Consumption of HFD resulted in a significant increase in food intake in the 

first and second weeks then decreased significantly at the end of the study in the HFD groups 

as compared with control groups. This was accompanied with a significantly higher body 

weight, lee index, serum glucose, leptin levels and weight of (GCOF) with a significant 

decrease in hypothalamic NPY concentration. These were associated with a state of 

dyslipidemia. Peripheral administration of PYY 3-36 with HFD decreased food intake, body 

weight, lee index, GCOF weight, hypothalamic NPY, plasma leptin and glucose. In 

conclusion, PYY3-36; the potent Y2 receptor agonist could prevent partially HFD induced 

obesity. Gender differences revealed that males developed higher measures of obesity with 

more adverse metabolic effects. 
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Introduction 
Obesity is a pathological condition in which 

excess body fat has accumulated to the 

extent that it may have an adverse effect on 

health, leading to reduced life expectancy 

and/or increased health problems
(1)

. 

 

Body weight depends on the balance 

between energy intake and energy consu-

mption. Correlation between the macro-

nutrient contents of the diet that reflect the 

nutritional status and the body fat storesare 

the bases of the glucostatic, lipostatic and 

aminostatic hypotheses that control energy 

intake and expenditure. The brain regulates 

energy homeostasis in response to signals 

from both adipose tissue and the 

gastrointestinal tract
(2)

. 

 

The pancreatic polypeptide family contri-

buting to the mechanisms of energy balance 

includes peptide tyrosine tyrosine (PYY), 

neuropeptide Y (NPY) and pancreatic 

polypeptide (PP). They are all 36 amino 

acid peptides with terminal tyrosine 

residues coded by the letter Y, found in 

different locations throughout the gastroi-

ntestinal tract and nervous system, and 
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possess different biological actions
(3)

. The 

pancreatic polypeptide family binds to a 

family of receptors that were originally 

characterized as NPY receptors. There are 

four NPY receptors in humans and rodents 

designated as Y1, Y2, Y4, and Y5. An 

additional receptor identified as Y6 is found 

in mice and rabbits
(4)

. 

 

The NPY is one of the most abundant and 

widely distributed peptides in the central 

nervous system (CNS) of both rodents and 

humans. Within the hypothalamus, NPY 

plays an essential role in the control of food 

intake and body weight; being orexigenic in 

most studies. Furthermore, its synthesis and 

release is a subject of neuro endo 

crinalregulation
(5)

. 

 

Peptide tyrosine tyrosine (PYY), on the 

other hand is released from the L cells of 

the gastrointestinal tract, with increasing 

tissue concentrations found in the more 

distal portions
(6)

.In the circulation, it exists 

in two major forms: PYY1-36 and PYY3–36. 

PYY1-36 is rapidly proteolyzed by the 

enzyme Dipeptidyl-peptidase IV. The 

cleaved product; PYY3–36, is bioactive. PYY 

binds to members of the Y receptor family. 

PYY1-36 is a potent agonist of both Y1 and 

Y2 receptors, whereas PYY3-36 is a potent 

Y2 receptor agonist. PYY is able to cross 

the blood brain barrier (BBB) by 

transmembrane diffusion from the 

circulation
(4)

. 

 

The pancreatic polypeptide (PP) is post-

prandially secreted from the endocrine F 

cells of the pancreatic islets. While 

peripheral administration decreased food 

intake and body weight in obese rodents, its 

central administration produced opposite 

effects. Y4 and Y5 receptors mediate the 

peripheral effect, but the central receptors or 

mechanism is unclear
(6)

. 

 

The role of PYY in the regulation of food 

intake is controversial: peripheral PYY3–36 

administration inhibits food intake, reduces 

weight gain and improves glycemic control 

in rats and human
(7)

. Other studies observed 

that acute and chronic administration of 

PYY3–36 in rats either increased or did not 

change food intake and body weight
(8)

.Due 

to these discrepancies, this study was 

performed using the rat model of high fat 

diet (HFD) obesity. 

 

Our work aimed to study the effect of 

intraperitoneal injection of PYY3–36on HFD 

induced obesity in adult albino rats with its 

metabolic abnormalities during the dynamic 

phase of obesity development. Measuring 

the central NPY concentration during this 

study will reflect its contributory role trying 

to answer the question: “Is there a relation 

between leptin, lipid profile, PYY, NPY, 

food intake and obesity development in this 

rat model or not?” 

 

Materials and methods  
I-Animals 

Forty two adult albino rats (Sprague dawley 

strain) of both sexes (21 males and 21 

females) were used. Their weight ranged 

between 150-180 grams at the beginning of 

this study. Rats were housed in stainless 

steel mesh bottomed cages offering 

individual housing. They were housed at 

room temperature with natural light\dark 

cycles for one week for acclimatization to 

lab conditions. Rats were fed a standard diet 

of commercial rat chow and tap water ad 

libitum until the time of the experiment. 

During the acclimatization period, daily 

food intake was measured to know the mean 

daily food intake per rat. All the procedures 

followed with the rats were in accordance 

with our institutional guidelines. The 

protocol was ethically approved by The 

Laboratory Animals Maintenance and 

Usage Committee of Faculty of Medicine in 

Minia University. 

 

The rats were randomized into the following 

groups (7 rats each): 

 

Male groups were divided into: 

1-Control male group (CM): in which rats 

were fed a commercially available standard 

diet and left for 5 weeks without treatment.  

2-High fat diet male group (HFDM 

group): in which rats were fed high fat diet 

(HFD) for 5 weeks.  

3- High fat diet male treated group 

(HFDM +PYY):in which rats were fed a 

HFD.The animals were accustomed to the 

injection procedure by intraperitoneal 

injection with saline (0.5 ml /rat) for 2 days 

before PYY3–36 administration 
(9)

.Then each 
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rat received PYY3-36 (Sigma Aldrich, USA) 

at a dose level of 50µg per kg, by intra-

peritoneal injection twice daily during the 

5th week. It was prepared by dissolving it in 

saline solution
(10)

. 

 

Female groups were divided into: 

1-Control female group (CF): in which rats 

were fed a commercially available standard 

diet and left for 5 weeks without treatment.  

2-High fat diet female group (HFDF 

group): in which rats were fed high fat diet 

(HFD) for 5 weeks. 

3- High fat diet female treated group 

(HFDF +PYY): in which rats were fed a 

HFD. Rats received the same previous PYY 

treatment regimen as (HFDM +PYY)group.  

 

II -Diet protocol  

The composition of standard diet (g/kg diet) 

was according to the formula of 
(11)

.It 

contained (Fat 5% [corn oil 5%], carbo-

hydrates 65% [corn starch 15% and sucrose 

50%], proteins 20.3% [casein 20% and DL-

Methionine 0.3%], fiber 5%, salt mixture 

3.7%, and vitamin mixture 1%) and 

provided 3.0 kcal/g of diet. The HFD 

contained (fat 46% [corn oil 25.5%, and 

beef tallow 20.5%],carbohydrates 24% 

[corn starch 6% and sucrose 18%], proteins 

20.3% [casein 20%and DL-Methionine 

0.3%], fiber 5%, salt mixture 3.7%, and 

vitamin mixture 1%) and provided 4.6 

kcal/g of diet
(12)

.Rats were allowed HFD for 

5 weeks
(13)

, during which food intake was 

measured daily and body weight was 

measured every week.Standard and HFD 

dietswere purchased from El-Gomhoria 

Company, Cairo, Egypt, and preserved at 

4°C until used.  

 

III-Lee index: 
Lee index is used to determine obesity in 

rats using weight and naso-anal length.  It 

was measured at the beginning of the study, 

at the end of the 4th week and at the end of 

the 5th week. Lee index was calculated for 

each rat according to the following formula:  

Cube root of body weight (g) X 10 / 

nasoanal length (mm) 
Rats with Lee index ≥ 0.3 were considered 

obese
(14)

. 

 

Rats were sacrificed after an overnight fast 

by decapitation and blood samples were 

collected, allowed to clot at room 

temperature, and then centrifuged at 3000 

rpm for 15 min. in a cooling centrifuge 

(Hettich centrifuge). The serum layer was 

then withdrawn into identified eppendorf 

tubes and stored at - 20°C till the time of 

assay. 

 

IV- The weight of gastrocolicomentum: 

Rats were opened via ventral abdominal 

incision. Peritoneal omentaladipose tissue 

was removed by lifting the intestines and 

cutting the fat free, starting at the distal end 

close to the appendix, the whole 

gastrocolicomentum wasweighed
 (15)

. 

 

V- Biochemical analysis 

Total cholesterol (TC), triglycerides (TGs), 

low density lipoprotein (LDL-c), high 

density lipoprotein (HDL-c) and glucose 

were determined by enzymatic colorimetric 

methods, using kits purchased from Bio-

diagnostic, EGYPT using spectrophoto-

meter (Spectronic 2000, BAUSCH & 

LOMB). Leptinconcentration was deter-

mined by enzyme-linked immunosorbent 

assay (CUSABIO, CHINA) using ELISA 

apparatus (SLT-SPECTRA,Salzpurg). The 

methods followed the instruction manual of 

the manufacturer. 

 

VI- Analysis of brain homogenates:  

The heads were dissected, then the brain 

was removed and the hypothalamus was 

isolated, weighed, and homogenized by 

ultrasonicate homogenizer (4710 series, 

Chicago) in 500 μL of 0.5 mol/L acetic acid 

(Prepared by mixing 28.62 ml glacial acetic 

acid (El-Nasr pharmaceutical chemical 

company, Egypt) completed to 1000 ml by 

adding distilled water) then the homogenate 

was boiled for 15 min followed by 

centrifugation at3,000 rpm for 10 min at 

4°C. The supernatant was collected and 

stored at −80°C until use 
(16)

.Determination 

of Neuropeptide Y (NPY) concentration 

was done by enzyme-linked immunosorbent 

assay (Sigma Aldrich USA -Cat No 

RAB0387). 

 

VII- Statistical Analysis 

Statistical analysis was performed using 

Graph pad Prism 5 software and significant 

difference between groups was done by 

one-way ANOVA followed by Tukey-
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Kramar post hoc test for multiple 

comparisons with a value of P ≤ 0.05 

considered statistically significant 

 

Results 
1. Changes in body weight,  Lee index  and 

food intake in different groups: 

The means of the initial body weight were 

insignificant among the different groups at 

the beginning of the study. In control rats, 

the body weight at the end of 5
th
 week was 

significantly higher as compared to the 

initial values as shown in figure (1-A, B).    

 

HFD caused a significant higher body 

weight in both male and female groups from 

the second week till the end of the study as 

compared to control groups. Injection of 

PYY3-36 caused a significant lower body 

weight as compared to HFD groups as 

shown in figure (1-A, B) and table (1) 

 

In all groups(control, HFD and HFD treated 

groups), the body weight in female was 

significantly lower as compared to male 

groups at the end of the 4th and 5th weeks; 

table (1).control rats had a Lee index less 

than 0.3 at the end of the experiment and 

were considered non obese. All rats fed with 

HFD had a Lee index higher than 0.3 at the 

end of the 4th week and 5th week and were 

considered obese. The lee index was 

significantly higher in HFD groups as 

compared to control groups.  Injection of 

PYY 3-36 during the 5th week did not 

decrease the Lee index below 0.3 and rats 

were still obese, but the Lee index in HFD 

treated groups was significantly lower as 

compared to HFD groups and insignificant 

as compared to control groups as shown in 

table (1). Also, in HFD groups, the lee 

index was significantly lower in female as 

compared to male groups only at the end of 

the 5
th
 week. 

 

The HFD groups showed a significant 

higher food intake from the control groups 

in the first and second week, and then 

lowered to a significant level in the fourth 

and fifth weeks. Injection of PYY3-36 caused 

a significant lower food intake as compared 

to the control and HFD groupsas shown in 

figure (2-A, B). There was a significant 

lower food intake in control female as 

compared to control male groups at the end 

of the 4th and 5th weeks; table (1). 

 

Table (1):  changes in body weight,  Lee index  and food intake in different groups: 

 

HFDF+PYY HFDF  CF HFDM+PYY HFDM CM 
Groups 

Parameters  

 

185.7±3.1 

 

187.5±1.6 

 

186±3.7 

 

187.5 ±2.5 

 

187.2 ± 2.4 

 

188.7 ± 2.3 
Body weight (g) 

Initial 

228.5±1.5
a c1

 227.5± 1.6
a c1

 217.5± 0.8
c1

 237± 1.2
a1 

236.2± 0.7
a1 

225± 1.08
1 

After 4 weeks 

224.2±0.4
abc12 

229.7±1.3
ac1

 219.2±0.4
c1

 232 ± 0.7
abc12 

238± 0.5
ac1 

227.7 ± 1.1
1 

After 5 weeks 

 

0.290±0.004 

 

0.285±0.002 

 

0.291±0.001 

 

0.292±0.001 

 

0.293±0.001 

 

0.294±0.001 
Lee index  

Initial 

0.309±0.002
a 

0.309±0.002
a 

0.295±0.002 0.314±0.005
a 

0.317±0.007
a 

0.296±0.002 After 4 weeks 

0.3002±0.003
b 

0.309±0.002
ac

 0.295±0.001 0.303±0.003
b 

0.318±0.001
a 

0.297±0.001 After 5 weeks 

 

19.8±0.32
a 

 

19.9±0.44
a 

 

14.04±0.61
 

 

19.6±0.38
a 

 

19.8±0.64
a 

 

14.4±0.52 
Food intake (g/day) 
After 1 week 

12.5±0.16
a1 

12±0.49
a1

 13.2±0.24
c 

13.12±0.59
a1 

13.14±0.55
a1 

15.9±0.35 After 4 weeks 

9.02±0.39
ab12 

12.2±0.33
a1 

13.2±0.35
c 

9.6±0.47
ab12 

13.28±0.78
a1 

15.08±0.32 After 5 weeks 

CM= control male, CF= control female, HFDM=high fat diet male, HFDF = high fat diet female, 

PYY= Peptide YY3-36 during 5
th

 week. Data are expressed as mean ± S.E.M. of 7 rats in each group. a: 

Significant from corresponding control group, b: Significant from corresponding HFD group, c: 

Significant from corresponding male groups respectively,
1
: Significant frominitial values, 

2
: Significant 

from4th week, P < 0.05. 
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Figure 1: Time course changes in body weight (g) in male HFD groups (A) andfemale 

HFD groups (B) 
HFD: high fat diet, HFDT: high fat diet treatedwith Peptide YY3-36 during 5

th
 week. * Significant from 

HFD group; ☼ Significant from control group.Values are expressed as mean ± SEM of 7 rats in each 

group. 

 

 

 

 
 

 

Figure 2 : Time course changes in food intake (g/day) in male groups (A) and in female 

groups (B) 
HFD: high fat diet, HFDT: high fat diet treatedwith Peptide YY3-36 during 5

th
 week.* Significant from 

HFD group, ☼ Significant from control group.Values are expressed as mean ± SEM of 7 rats in each 

group. 

 

2- Changes in weight of the 

gastrocolicomentum (GCOF) in the 

different studied groups: 
The weight of the GCOF was significantly 

higher in HFD groups as compared to the 

control groups. Injection of PYY3-36 caused 

a significant lower weight of the GCOF as 

compared to the HFD groups with no 

significant change from control groups. The 

weight of GCOF was significantly lower in 

females than males in all groups including 

control, HFD and HFD treated 

groups(figure 3). 
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Figure (3): The weight of the gastrocolic omentum (GCOF) in different groups. 
CM= control male, CF= control female, HFDM=high fat diet male, HFDF = high fat diet female, 

PYY= Peptide YY3-36 during 5
th

 week.a: Significant from corresponding control group, b: Significant 

from corresponding HFD group, c: Significant from corresponding male groups respectively, P < 0.05. 

Values are expressed as mean ± SEM of 7 rats in each group. 

 

 

3-Changes in Serum glucose, leptin and 

lipid profile in different studied groups 

(table2): 

 

In comparison to the control groups, HFD 

groups showed higher serum levels of TC, 

LDL-c and TGs associated with a signi- 

 

ficant lower serum level of HDL-c. 

Injection of PYY3-36 caused insignificant 

effect on serum lipid profile as compared to 

the HFD groups;the levels of TC, LDL-c 

and TGs remained significantly higher as 

compared to control groups associated with 

a significant lower serum level of HDL-c. 

 

Serum glucose and leptin levels were 

significantly higher in HFD groups as 

compared to corresponding control groups. 

On the other hand, injection of PYY3-36 

caused a significant lower serum glucose 

and leptin levels in HFD groups as 

compared to non treated groups; however, 

the levels were still significantly higher than 

the control groups 

 

In HFD and HFD treated groups; the serum 

glucose level was significantly lower in 

female as compared to male groups. Serum 

leptin was significantly lower in females as 

compared to males in control and HFD 

groups. In control groups, the serum HDL-c 

was significantly higher in female as 

compared to male groups, but the serum 

levels of TC and TGs were significantly 

lower in females as compared to males in 

either HFD or HFD treated groups. 

 

 

 

  

 a 

 b 

 c 

 ac 

 bc 
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Table 2: Serum glucose, leptin and lipid profile concentrations in the different studied groups. 

HFDF+PYY HFDF CF HFDM+PYY HFD M CM 

Groups 

 

Parameters 

139.3± 1.1
 ac

 140± 0.7
ac

 134.6 ± 1.6 153± 3.3
 a
 156.9± 1.3

 a
 133.1 ± 4.5 TC (mg/dl) 

127.6± 5.8
 ac

 128 ±3.5
ac

 97.1± 1.1 166.2± 2.1
 a
 167.4± 2.7

 a
 96.8 ± 0.6 TGs(mg/dl) 

39.1± 0.1
 a
 39.6± 0.2

 a
 55.3 ± 0.6

c 
38.9± 0.1

 a
 39.1± 0.1

 a
 46.7 ± 0.3 HDL-c(mg/dl) 

69.9± 1.1
 a
 72.9± 1.6

 a
 66.3 ± 1 73.07± 1.8

 a
 74.7± 1.5

 a
 66.8 ± 1.05 LDL-c(mg/dl) 

95.2± 3.03
 a bc

 106± 1.8
 ac

 66.5 ± 1.7
c
 113.5± 3

 a b
 123.2± 1.3

a 
70.8 ± 2.3 

Serum glucose 

(mg/dl) 

12.6± 0.4
 a b

 23.1± 0.8
ac

 5.4 ± 0.09
c 

13.22± 0.3
 a b

 27.7± 0.7
 a
 10.8 ± 0.1 

Serum leptin 

(ng/ml) 

CM= control male, CF= control female, HFDM=high fat diet male, HFDF = high fat diet female, 

PYY= Peptide YY3-36 during 5
th

 week. Data are expressed as mean ± S.E.M. of 7 rats in each group. a: 

Significant from corresponding control group, b: Significant from corresponding HFD group, c: 

Significant from corresponding male groups respectively,P < 0.05. 

 

 

4- Hypothalamic neuropeptide Y (NPY) 

concentrations in the different studied 

groups: 

The hypothalamic NPY was significantly 

lower in HFD groups as compared to 

control groups. Injection of PYY3-36 caused 

a significant lower hypothalamic NPY level  

in both HFD groups as compared to both 

control and non treated groups. 

Hypothalamic NPY concentration was 

significantly lower in female as compared to 

male groups in control groups as shown in 

(figure 4).  

 

 

 
Figure (4): Hypothalamic neuropeptide Y (NPY) concentrations in the different studied 

groups. 
CM= control male, CF= control female, HFDM=high fat diet male, HFDF = high fat diet female, 

PYY= Peptide YY3-36 during 5
th

 week.a: Significant from corresponding control group, b: Significant 

from corresponding HFD group, c: Significant from corresponding male groups respectively,P < 0.05. 

Values are expressed as mean ± S.E.M. of 7 rats in each group. 
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Discussion 
Obesity is a pathological condition in which 

excess body fat has accumulated. A number 

of factors can contribute to obesity, 

including lack of physical activity, high 

caloric intake, genetics and certain 

medications
(17)

. 

 

The brain receives hormonal, neural, and 

metabolic signals to regulate body energy 

status. The brain must modulate appetite, 

and the core of appetite regulation lies in the 

gut-brain axis
(18)

. 

 

The results of the present study revealed 

that  HFD caused a significant higher 

food intake in the first and second weeks 

then lowered significantly at the end of the 

fourth and fifth weeks in HFD groups as 

compared to control groups. These results 

agree with other previous studies
(19, 20, 

21)
.This increased food intake with HDF at 

first and second weeks may be due high 

palatability of fat
(22)

. 

 

Various mechanisms have been suggested 

for an increase in satiety signaling 

accompanying HFD consumption at the end 

of the fourth and fifth weeks. These include: 

(1) The interaction of nutrients, particularly 

fat, with receptors in the small intestine 

results in inhibition of gastric emptying, 

which serves to prolong gastric distension 

and regulate the rate at which nutrients enter 

the small intestine
(23)

; (2) secretion of satiety 

hormones (cholecystokinin, peptide YY 

(PYY) and glucagon-like peptide-1
(24)

; (3) 

decreased hypothalamic NPY concentration 

as found in the present study and by 

previous results 
(25,26)

. 

 

Within the hypothalamus, NPY plays an 

essential role in the control of food intake 

and body weight
(5)

. Some studies have 

shown that NPY drives the animal to 

overeat, which can lead to obesity after 

central infusion
(27)

. No effects were 

observed after its peripheral infusion
(28)

.The 

orexigenic effect of NPY is mediated 

through Y1 and Y5 receptors
(29)

.The 

reduction in hypothalamic NPY; the 

orexigenic transmitter in high fat fed rats, 

perhaps in an attempt to restore energy 

balance, may be due to the inhibitory effect 

of leptin. Leptin; the adipokine homone 

significantly increased in sera of HFD 

groups of this study secondary to increased 

visceral fat mass marked by the significant 

increase in GCO weight and it has been 

found that both hyperleptinemia and 

hyperglycemia could act as feedback 

suppressors of NPY in the 

hypothalamus
(30)

.However, despite the 

reduced hypothalamic NPY level, the high-

fat fed animals developed obesity, 

suggesting other hypo-thalamic mechanisms 

to be involved in the development and 

progression of diet induced obesity. Certain 

research reported that the hypothalamic 

NPY mRNA and protein content may 

increase or remain unchanged in diet 

induced obesity, and these alterations of 

hypothalamic NPY gene expression were 

shown to be dependent on the genetic 

background of the different strains of 

rodents
(31)

. 

 

HFD induced a significantly higher body 

weight and Lee index in the present work. 

These effects are compatible with the results 

of previous reports
(32, 33)

.Several 

mechanisms have been suggested for this 

obesigenic effect.la Fleur et al.,.
(20)

 ascribed 

this effect to HFD  induced  hyperphagia, 

however, the reduced food intake at the end 

of this study makes this explanation not 

reliable in the presence of the high obesity 

measures. HFD induced obesity in our study 

could be related to the high caloric value of 

diet irrespective of its amount according to 

prevoius studies
(34,35)

.HFD could also lower 

the rate of oxidation of fatty acids and 

increase lipogenesis leading to increased fat 

accumulation
(36, 37)

 and it was evident in the 

present study by increased GCOF weight.  

Hyperleptinemia; the consequence of adipo-

sity is in agreement with other 

researchers
(26,38)

,however, the increased 

leptin failed to decrease body weight as 

leptin alone couldn't fight adiposity in the 

presence of continuous HFD consumption 

but only decreases food intake and prevents 

further gain in body weight
(39)

. 

 

HFD groups showed a significant higher 

serum glucose level compared to control a 

group which is in agreement with previous 

research
(37)

.However, another study found 

that serum glucose levels were not modified 

by HFD feeding
(40)

. The hyperglycemia 
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found in the present work could be 

explained bythe increased insulin resistance 

secondary to hyperleptinemia induced by 

HFD. The ability of insulin to stimulate 

glucose transport and metabolism in 

adipocytes and skeletal muscle is impaired 

resulting in peripheral insulin resistance and 

hyperglycaemia
(41)

.Pro-inflammatory cyto-

kines; like TNF-α released from visceral fat 

which increased in HFD fed rats of the 

present study could have a down regulating 

effect on glucose transporters specially 

glucose transporter 4 (GLUT 4) decreasing 

peripheral glucose uptake and metabolism 

according to previous research
(42)

. 

 

In the present work, ingestion of HFD 

resulted in significant higher serum levels of 

TC, TGs and LDL-c associated with a 

significant lower serum level of HDL-c. 

This result is in agreement with Zhukovaet 

al. 
(43)

. Several studies have explained the 

dislipidemic effect of HFD; Shah et al. 
 (44)

 

have ascribed it to increased absorption of 

fat from the small intestine following the 

intake of HFD. Excess de novo hepatic 

triglyceride synthesis and accumulation 

leading to hypertriglyceridemia may be the 

major cause of the other lipid abnormalities 

since it will lead to delayed clearance of the 

TG-rich lipoproteins and formation of small 

dense LDL according to
(41, 45).

On the other 

hand, with HFD hepatic lipase hydrolyzes 

the TG and phospholipids of HDL resulting 

in smaller HDL particle that can be filtered 

and degraded in the kidney, leading to a 

reduction in HDL-c 
(46)

. 

 

The reduction of food intake with PYY3-36 

administration in both HFD groups as found 

in the present study is in agreement with 

other studies
(47, 48)

. PYY is able to cross the 

blood brain barrier (BBB) by trans-

membrane diffusion from the circulation
(49)

. 

PYY3-36 has been shown to exert the 

inhibition on food intake through an Y2-

receptor dependent manner. Y2 receptors 

are abundantly expressed on NPY neurons 

in the arcuate nucleus (ARC) of the 

hypothalamus. Mittapalli and 

Roberts
(47)

reported that the anorexigenic 

actions of PYY3–36 were abolished in Y2 

knockout mice and blocked by Y2 

antagonist.  Y2 receptors primarily act as 

presynaptic autoreceptors modulating 

endogenous NPY release. In particular, 

PYY inhibits NPY neurons and reduces 

hypothalamic NPY mRNA and /or protein 

content as found in the present results and 

by previous research
(50)

. In addition to its 

central effect, PYY3–36 may transmit satiety 

signals to the brain in part via the vagal 

afferent pathway through afferent vagal Y2 

receptor stimulation; such effect was found 

to be attenuated in vagotomizedrats
(51)

. 

 

Both the central and peripheral mechanism 

could explain the decreased food intake, 

body weight, gastrocolicomental fat and 

serum leptin found in this study with 

improved insulin sensitivity indicated by the 

significant lowering of blood glucose level 

produced by PYY3–36 treatment and agrees 

with the previous results
(47)

. Diminished 

food intake in response to PYY3-36 treatment 

may lower the insulin: glucagon ratio, 

increase lipolysis and decrease de 

novolipogenesis
(52)

. However, the lee index 

though significantly decreased from non 

treated HFD groups, yet it did not decrease 

below 0.3 and rats were still borderline 

obese indicating that PYY3–36 only could not 

reverse completely HFD induced obesity in 

the absence of diet regimen, or the duration 

of treatment has to be extended and this will 

be a subject for future study. 

 

Contradictory results to our study showed 

that acute and chronic administration of 

PYY3–36 in rats either increase or did not 

change food intake and body weight 
(10)

.Another study found that intraperitoneal 

injection of PYY3-36 in mice produces an 

acute anorexigenic effect during the light 

phase followed by a delayed orexigenic 

effect during the dark phase
(53)

.Oliveira et 

al.,.
(54)

 reported that PYY3-36 produced 

insignificant effect on serum leptin.  This 

controverse may be caused by different 

experimental protocols or animal strains 

used. 

 

Gender differences were observed in the 

present study with male rats showing higher 

hypothalamic NPY concentrations probably 

due to the stimulatory effect of testosterone 

on both NPY synthesis and release 

according to previous result
(55)

.  This could 

have contributed to the higher food intake, 

higher body weight, higherGCOF weight, 
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higher serum leptin, with decreased insulin 

sensitivity marked by a significantly higher 

serum glucose level in male than female rats 

and is compatible with the previous 

result
(56)

. 

 

The increased body weight in male than 

female rats reflected an increased 

abdominal fat weight and it was evident in 

the present study by the increased GCOF 

weight and this was compatible with the 

previous studies
(57,58)

. Other studies docu-

mented that this sex difference in body 

weight might be attributed to the anti-obese 

effects of estrogen in the female rats 
(59).

.In 

females, estrogens increase in response to 

HFD which could be protective as the high 

fat diet increased extra-gonadal sources of 

estrogens
(56)

. 

 

Higher body weight and more visceral fat 

accumulation in males could explain the 

development of secondary complications as 

hyperglycemia and dyslipidemia
(56)

. The 

mechanism of increased HDL-c in female 

control rats may be due to the protective 

effect of estrogen as found by previous 

research
(59)

. The adipocytes of visceral fat 

tissue are more lipolytically active than 

subcutaneous adipocytes and thus release 

more free fatty acids (FFAs) in plasma. 

FFAs per se are among the most important 

products of the visceral adipocyte to cause 

insulin resistance and hence the metabolic 

syndrome 
(60)

. 

 

Controversial studies showed that food 

intake was equal in rats of both sexes
(61)

, 

orhigher in males than females with no 

differences in weight in both sexes 
(62)

.  

Another study reported that there was no 

significant difference in serum level of lipid 

profile and leptin between male and female 

control rats
(38, 63) .

This converse may be 

caused by different experimental protocols 

or animal strains studied. 

 

In conclusion, HFD produces a restraining 

feedback effect on hypothalamic food 

intake by suppressing NPY concentration to 

overcome obesity. This effect is mostly 

through Y2 receptors. Intraperitoneal 

administration of PYY 3-36; the potent Y2 

receptor agonist could prevent partially 

HFD induced obesity as well as its 

metabolic hazards in adult albino rats of 

both sexes by further suppressing 

hypothalamic NPY. Gender differences 

revealed that male rats have higher 

hypothalamic NPYconcentrations with 

higher food intake and body weight 

probably due to the male hormones. When 

subjected to HFD, males developed higher 

measures of obesity with more adverse 

metabolic effects than females probably due 

to the protective effects of female 

hormones.  
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