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Background: Ghrelin is the most common orexigenic hormone which acts as starvation signal by 
acting on hypothalamic neurons. It acts as adipogenic agent. Increased food intake caused by high 
levels of ghrelin causes increase fat mass. We investigated the possible beneficial role of ghrelin 
antagonist on food and water intake in obese and type 2 diabetic mice. Methods: This study was 
carried out at Department of Physiology, Army Medical College, Rawalpindi in collaboration with 
National Institute of Health, Islamabad, from Jan to Jun 2013. A total of 50 healthy male BALB/c 
mice were divided into 5 groups. Group I served as control, groups II and III were obese, and 
group IV and V were diabetic. Group II, III, IV and V were fed high-fat diet for 4 weeks. Group 
IV and V were given intraperitoneal (IP) injection of streptozotocin to induce type 2 diabetes 
mellitus. Ghrelin antagonist was injected IP to Group III and V for 6 days. Food and water intake 
were measured daily. Body weights were measured twice a week and at the end of experiment. 
Terminal intracardiac blood extraction was done and samples were analyzed for fasting plasma 
glucose levels. Results: Food intake decreased significantly in group III (obese with Ghrelin 
antagonist) and group V (diabetic with Ghrelin antagonist) as compared to controls after injection 
of ghrelin antagonist. Conclusion: Ghrelin antagonist decreases the food and water intake 
significantly in obese and type 2 diabetic mice. 
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INTRODUCTION 
Obesity is a major threat for health.1 It is associated 
with many diseases such as diabetes mellitus, 
hypertension and heart diseases. Sedentary lifestyle 
and unhealthy eating habits have increased the 
incidence of obesity to almost double in past two 
decades.2,3 

Obesity is associated to type 2 diabetes 
mellitus characterized by hyperglycaemia, 
hyperinsulinemia and insulin resistance.4 In obesity, 
glucose transporter type 4 lose their function leading to 
increase glucose resistance.5 Insulin resistance can be 
improved by weight reduction, thus improving the 
glucose homeostasis in the body.6 

Ghrelin is a 28 amino acids peptide produced 
from oxyntic cells in stomach. It was extracted from 
the stomach of the rats for the first time in 1999.7 It is 
known to stimulate hunger. The ghrelin receptors, 
which are G protein coupled receptors, are present in 
many tissues including, stomach, pancreas, pituitary 
gland, intestines, thymus, gonads and thyroid glands.8 

Ghrelin increases the appetite by stimulating 
the neurons in hypothalamus. The orexigenic effect of 
ghrelin is through NPY and the levels of mRNA for 
NPY were increased after ghrelin secretion.7 This 
orexigenic effect of ghrelin was demonstrated in mice, 
which showed weight gain after ghrelin 
administration.9 

D-Lys3 GHRP6 (His-D-Lys-Trp-D-Phe-Lys-
NH2) is a ghrelin receptor antagonist. It antagonizes 

the actions of ghrelin by acting on ghrelin receptor 
GHS-R1a. There is some weak evidence in literature 
that shows ghrelin antagonist decreases appetite and 
causes weight reduction.9 This study was designed to 
find out the probable role of ghrelin receptor 
antagonist (D-Lys3) in obese and diabetic mice, and to 
see its effects on appetite, body weight and blood 
glucose levels.9,10 

MATERIAL AND METHODS 
This study was conducted at Department of 
Physiology, Army Medical College, Rawalpindi, 
National University of Science & Technology (NUST) 
in collaboration with National Institute of Health 
(NIH), Islamabad, Pakistan. A formal approval was 
taken from animal ethics committee of Army Medical 
College/NUST before starting experiment. All animals 
were handled with due care. 

Ghrelin antagonist and Streptozotocin (STZ) 
were obtained from Sigma Chemicals and Bioplus 
Fine Research Chemicals, USA respectively. 
Glucometer (On Call EZ II glucometer Catalogue No. 
G113-152, Acon Laboratories, inc., USA) was used to 
measure serum glucose levels. Food and water was 
measured daily with the help of electrical balance. 

The study was conducted on 5 weeks old, 50 
healthy BALB/c male mice obtained from animal 
house of NIH, Islamabad. Average weight of mouse 
was 28.07±0.1 g. Mice were divided into 5 equal 
groups. They were given free access to food and water. 
The room was well ventilated with controlled 
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temperature range of 20–22 C and 12 hours light and 
dark cycles were maintained. 

After acclimatization the animals were 
randomly divided into 5 equal groups. Group 1 
(control) was fed normal pellet diet, while group II–V 
were given high fat diet ad libitum (to induce obesity 
and insulin resistance) for 4 weeks. After 4 weeks, 
group IV and V were given intraperitoneal injections 
of streptozotocin 50 mg/Kg body weight for 5 days, to 
induce type 2 diabetes. Streptozotocin induces rapid 
and extensive degradation of cellular deoxyribonucleic 
acid (DNA) of beta cells of pancreas.11,12 All other 
groups were injected normal saline intraperitoneally 
(IP). 

Tail vein blood samples were used to 
measure fasting blood glucose levels and to confirm 
diabetes. The blood glucose level >252 mg/dl was 
taken as the cut-off value for confirming diabetes 
mellitus.12 This was followed by intraperitoneal 
injection of ghrelin antagonist 10 μmol/Kg for 6 days13 
to group III and V. At the end of 8th week, terminal 
blood samples were collected by intracardiac puncture. 
Blood was collected and serum was separated by 
centrifugation at 3,000 rpm.14 The samples were stored 
at -20 ºC for analysis. 

Data was analysed using SPSS-20. Results 
were expressed as Mean±SD. The statistical 
significance of differences across the groups was 
determined by applying Post-hoc ANOVA and 
Tukey’s HSD to find the difference in various pairs of 
groups and p<0.05 was considered statistically 
significant. 

RESULTS 
The average weight of the mice was 28.07±0.10 gm.  
At the start of experiment the body weight of mice in 
all groups were nearly same without any significant 
difference. The mice continue to gain weight 
throughout the study period. 

Significant weight reduction was observed in 
group III (obese mice treated with ghrelin antagonist) 

as compared with group II (obese mice) (p=0.00). 
Similarly, significant weight reduction was also 
observed in group V (diabetic mice treated with 
ghrelin antagonist) as compared to group IV group 
(diabetic) (p=0.00). 

There was no significant difference in the 
blood glucose level at the start of the experiment. After 
8 weeks of study fasting blood glucose levels were 
significantly high in group IV and group V compared 
with the group I (control) (p=0.00). There was no 
significant difference between other groups. 

Blood glucose level in terminal blood 
samples were raised in group II (obese mice) as 
compared to the Group I and group III (p=0.00) 
Significant difference in blood glucose was also seen 
in group IV in comparison to Group I and V (p=0.00) 
Ghrelin antagonist significantly reduced the blood 
glucose levels in group III and Group V compared 
with group II and group IV respectively showing 
beneficial role of ghrelin antagonist in reducing blood 
glucose levels in obese and diabetics. 

After 8 weeks, and at the end of the 
experiment, significant difference in food intake was 
observed between control group (group I) and study 
groups (II, III, IV and V). Difference in food intake 
among group II and III was significant (p=0.00) while 
insignificant among group IV and V, thus indicating 
Ghrelin antagonist significantly reduced the food 
intake in obese, but in diabetic groups the use of 
ghrelin antagonist did not cause any decrease in food 
intake. 

After 8 weeks there was no significant 
difference in water intake between group I and group 
II, III, IV and V, while there was a significant 
difference between group III and IV. However At the  
end of the experiment there was significant difference 
between water intake in group II as compared to group  
III and IV (p=0.033 and p=0.045 respectively) and 
between group IV and  Group V (p=0.011) thus 
indicating Ghrelin antagonist had significant effect on 
water intake in diabetic mice (Table-1 & 2). 

Table-1: Comparison of body weight, blood glucose levels, food and water intake in Group I, II and III 

Parameter Time 
Control 
Group I 

Obese 
Group II p 

Obese with ghrelin antagonist 
Group III p 

Start of experiment 28.1±0.27 28.09±0.45 0.997 28.18±0.21 0.982 
At 8th week 32.57±1.80 37.78±0.14 0.00 38.35±0.53 0.00 

Weight of mice 
(Grams) 

At end 32.81±1.56 39±0.68 0.00 36.7±0.62 0.00 
Start of experiment 97.2±11.87 101.89±16.07 0.988 107.70±13.74 0.537 
At 8th week 100.2±9.59 116±11.05 0.139 118±10.91 0.052 

Blood glucose 
(mg/dl) 

At end 92.6±10.17 169.9±9.8 0.00 103±7.3 0.443 
Start of experiment 5±0 5.5±0.09 0.00 6.4±0.11 0.00 
At 8th week 6.46±0.13 7.17±0.24 0.00 7.15±0.16 0.00 

Food intake 
(gm/day) 

At end 6.52±0.16 7.17±0.22 0.00 6.85±0.21 0.004 
Start of experiment 5.21±0.17 5.31±0.11 0.00 6.54±0.17 0.00 
At 8th week 7.8±0.16 7.8±0.17 1.00 7.74±0.25 0.955 

Water intake 
(ml/day) 

At end 7.89±0.13 7.87±0.15 1.00 7.65±0.16 0.023 
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Table-2: Comparison of body weight, blood glucose levels, food and water intake in Group I, IV and V 

Parameter Time 
Control 
Group I 

Diabetic 
Group IV p 

Diabetic with ghrelin antagonist 
Group V p 

Start of experiment 28.1±0.27 27.91±0.38 0.692 28.07±0.38 0.997 
At 8th week 32.57±1.80 37.87±0.21 0.00 37.83±0.19 0.00 

Weight of mice 
(Grams) 

At end 32.81±1.56 41.2±1.48 0.00 37.21±0.37 0.00 
Start of experiment 97.2±11.87 105.90±0.93 0.702 109.67±17.25 0.482 
At 8th week 100.2±9.59 383.6±17.06 0.00 395.67±20.73 0.00 

Blood glucose 
(mg/dl) 

At end 92.6±10.17 488.8±17.19 0.00 257.56±20.09 0.00 
Start of experiment 5±0 6.11±0.09 0.00 6.3±0.07 0.00 
At 8th week 6.46±0.13 7.04±0.21 0.00 7.11±0.18 0.00 

Food intake 
(gm/day) 

At end 6.52±0.16 7.06±1.78 0.00 6.84±0.18 0.004 
Start of experiment 5.21±0.17 6.54±0.17 0.00 6.54±0.18 0.00 
At 8th week 7.8±0.16 8±0.20 0.151 7.9±0.19 0.768 

Water intake 
(ml/day) 

At end 7.89±0.13 8.1±0.25 0.062 7.85±0.13 0.960 
 

DISCUSSION 
This study highlighted the association between ghrelin 
antagonist and food intake with obesity and type II 
diabetes. Ghrelin, a gastrointestinal hormone, is proven 
to have a strong influence on food intake. It causes 
hyperphagia, weight gain and increase in plasma 
glucose levels.10 

Continuous weight gain among mice was seen 
during the experiment showing that the nutritional 
status of the animals was good. Obesity was confirmed 
by significant increase in weight gain among 
experimental groups as compared with the control. 
Diabetes type II and insulin resistance was also 
confirmed by fasting blood glucose levels.12 

Ghrelin is a recently identified potential 
regulator of energy homeostasis. Previous studies show 
that it increases the appetite and thus cause weight gain 
and increase blood glucose levels. On the other hand, 
Ghrelin antagonist causes a reversal of these effects, 
causing a decrease in food intake and weight gain. Our 
results supported the previous studies in animal models 
where ghrelin antagonist decreased food intake in 
normal and obese mice. Our study showed that the 
ghrelin antagonist decreases the food intake by 3.21% 
among diabetic mice as compared to the mice that were 
not treated with the drug. 

Our study is akin to a study by Dong J et al15 
who experimented on diabetic ghrelin knockout mice. 
Their results showed no increases in food intake in 
diabetic ghrelin knockout mice while the wild type 
obese mice showed hyperphagia, increased plasma 
ghrelin levels and increased in number of neuropeptide 
NPY. When these mice were treated with ghrelin 
antagonist (D-Lys3-GHRP-6) their food intake reduced 
by23%.15 

Esler et al16 have reported that daily oral 
administration of a GHS-R1a antagonist in diet of 
obese mice led to reduced food intake and weight loss 
(up to 15%) due to selective loss of fat mass. Pair-
feeding experiments indicated that weight loss was 
largely a consequence of reduced food intake. Male 
C57BL/6 mice fed on high fat diet showed 28% 

reduction in food intake by 10th day of ghrelin 
antagonist administration. These findings are 
comparable to our study where the food intake was 
decreased by 4.5% in obese BLAB/c mice treated with 
ghrelin antagonist. The percentage decrease in our 
experiment was less, possibly due to reason that we use 
ghrelin antagonist for a period of 6 days rather than 10 
days.16 

In an another experimental study ghrelin 
antagonist was used IP at a dose of 200 ηmol/mouse for 
7 days  showed decreased food intake by 0.56 g/day as 
compared to saline treated group. In the same 
experiment it was seen that there was reduction in 
weight gain in ghrelin antagonist treated group as 
compared to saline treated group. The weight gain in 
ghrelin antagonist treated group was only 0.18 g/day as 
compared to saline treated group, in which the weight 
gain was 0.39 g/day. Our results were analogous to 
their findings as there was 0.32 g/day reduction in food 
intake and 5.9% reduction in weight gain in ghrelin 
antagonist treated group as compared to control group.9 

We observed that ghrelin antagonist reduced 
the water intake in both obese and diabetic mice. These 
finding were similar to the results of another study done 
by Gomez et al17 in which ghrelin antagonist when 
injected at a dose of 15 mg/Kg in male C57BL/6 mice 
showed reduction in water intake with a rapid 
tolerance. There was no further decrease in their 
animals with the same treatment.17 

In a study18 ghrelin at dose of 0.5 µg was 
injected to the animals. The food intake in them was 
increased but there was no significant change in water 
intake. The possible reason for that could be the 
difference in specie. Secondly the decreased water 
intake in our study could be ancillary to decreased food 
intake. 

CONCLUSION 
The study reveals the beneficial effect of ghrelin 
antagonist in decreasing food and water intake in 
obesity and type 2 diabetes mellitus, thus instigating 
weight reduction and improving glucose homeostasis. 



Pak J Physiol 2017;13(1) 

http://www.pps.org.pk/PJP/13-1/Lubna.pdf 42 

ACKNOWLEDGMENTS 
This work was supported by grant from the National 
University of Science and Technology, Islamabad, 
Pakistan. Animals were provided and kept at National 
Institute of Health Islamabad, Pakistan. The authors are 
grateful to technical staff of CREAM (Centre of 
Research for Experimental and Applied Medicine) 
Laboratory, Army Medical College, Rawalpindi, 
Pakistan, for their support for the study. 

REFERENCES 
1. Field AE, Coakley EH, Must A, Spadano JL, Laird N, Dietz WH, 

et al. Impact of overweight on the risk of developing common 
chronic diseases during a 10-year period. Arch Inter Med 
2001;161:1581–6. 

2. Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz 
WH. The disease burden associated with overweight and obesity. 
JAMA 1999;282(16):1523–9. 

3. Hady HR, Dadan J, Golaszewski P, Safiejko K. Impact of 
laparoscopic sleeve gastrectomy on body mass index, ghrelin, 
insulin and lipid levels in 100 obese patients. Wideochir Inne 
Tech Maloinwazyjne 2012;7:251–9. 

4. Alberti KG, Zimmet PZ. Definition, diagnosis and classification 
of diabetes mellitus and its complications. Part 1: diagnosis and 
classification of diabetes mellitus provisional report of a WHO 
consultation. Diabet Med 1998;15:539–53. 

5. Czech A, Taton J, Piatkiewicz P. Cellular glucose transport 
disturbances in the pathogenesis and therapy of type 2 diabetes 
mellitus. Endokrynologia Polska. 2010;61(3):292–302. 

6. Rubino F. Bariatric surgery: effects on glucose homeostasis. Curr 
Opin Clin Nutr Metab Care. 2006;9:497–507. 

7. Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, 
Kangawa K. Ghrelin is a growth-hormone-releasing acylated 
peptide from stomach. Nature 1999;402:656–60. 

8. Date Y, Nakazato M, Hashiguchi S, Dezaki K, Mondal MS, 
Hosoda H, et al. Ghrelin is present in pancreatic alpha-cells of 
humans and rats and stimulates insulin secretion. Diabetes 
2002;51(1):124–9. 

9. Asakawa A, Inui A, Kaga T, Katsuura G, Fujimiya M, Fujino 
MA, et al. Antagonism of ghrelin receptor reduces food intake 
and body weight gain in mice. Gut 2003;52:947–52. 

10. Dezaki K, Kakei M, Yada T. Ghrelin uses Galphai2 and activates 
voltage-dependent K+ channels to attenuate glucose-induced 
Ca2+ signaling and insulin release in islet beta-cells: novel signal 
transduction of ghrelin. Diabetes 2007;56:2319–27. 

11. Reusser F. Mode of action of streptozotocin. J Bacteriol 
1971;105(2):580–8. 

12. Chin CY, Monack DM, Nathan S. Delayed activation of host 
innate immune pathways in streptozotocin-induced diabetic hosts 
leads to more severe disease during infection with Burkholderia 
pseudomallei. Immunology. 2012;135:312–32. 

13. Xu G, Wang Z, Li Y, Li Z, Tang H, Zhao J, et al. Ghrelin 
contributes to derangements of glucose metabolism induced by 
rapamycin in mice. Diabetologia 2012;55:1813–23. 

14. Dupouy VM, Ferre PJ, Uro-Coste E, Lefebvre HP. Time course 
of COX-1 and COX-2 expression during ischemia-reperfusion in 
rat skeletal muscle. J Appl Physiol 2006;100(1):233–9. 

15. Dong J, Peeters TL, De Smet B, Moechars D, Delporte C, 
Vanden Berghe P, et al. Role of endogenous ghrelin in the 
hyperphagia of mice with streptozotocin-induced diabetes. 
Endocrinology. 2006;147:2634–42. 

16. Esler WP, Rudolph J, Claus TH, Tang W, Barucci N, Brown SE, 
et al. Small-molecule ghrelin receptor antagonists improve 
glucose tolerance, suppress appetite, and promote weight loss. 
Endocrinology. 2007;148:5175–85. 

17. Gomez JL, Ryabinin AE. The effects of ghrelin antagonists [D-
Lys(3) ]-GHRP-6 or JMV2959 on ethanol, water, and food intake 
in C57BL/6J mice. Alcohol Clin Exp Res. 2014;38:2436–44. 

18. Mietlicki EG, Nowak EL, Daniels D. The effect of ghrelin on 
water intake during dipsogenic conditions. Physiol Behav. 
2009;96(1):37–43.

Address for Correspondence:  
Dr Lubna Siddique, Assistant Professor, Department of Physiology, Margalla Institute of Health Sciences, Quaid-e-Azam 
Avenue, Gulraiz-3, Rawalpindi, Pakistan. Cell: +92-334-5050143 
Email: lubnasiddiq@yahoo.com  

Received: 06 Feb 2017 Reviewed: 11 Mar 2017 Accepted: 14 Mar 2017 


