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Abstract

Background: Related reviews reveal that the impact of obestatin (with or without exercise) on the level of ghrelin has not been investigated. The
present study investigates the possible effect of intraperitoneally (IP)-administrated obestatin and short-term exercise on serum acyl-ghrelin and
body weight in rats.
Methods: In present experimental study forty-five male rats weighing 100± 5 g were divided into five groups; Group 1: control group was normally
reared, and did not receive any injections or exercise. Group 2 (placebo) was treated with basal solution (50 mL distilled water). Group 3 was referred
to as obestatin group which was subjected to double-injection during the test with obestatin (10µg obestatin/ rat). Group 4 was known as treadmill
group which was subjected to treadmill exercise. Finally, group 5, known as obestatin /treadmill group (OT), was subjected to injection with obestatin
and treadmill exercise. The exercise groups were trained for 3 weeks (run at 25 m/min for 60 minutes, 5 days/week).The data were analyzed with SPSS
software version 16.
Results: Two main parameters include body weight gain and serum acyl-ghrelin was assayed. The results indicate that body weight and ghrelin level
in obestatin and OT groups did not significant changes compared with the control group (P < 0.001). However, treadmill group had less ghrelin level
was different significantly from control group (P < 0.0001). Also, the treadmill group had the least weight gain (P < 0.0001).
Conclusions: It was found that whereas short-term treadmill exercise significantly reduces serum acyl-ghrelin, IP-administration of obestatin had
no significant impact on serum acyl-ghrelin and final body weight. The short-term treadmill exercise reduced weight gain rate. The results of the
study indicated that the combination of obestatin injection and treadmill exercise had no significant impact on the measured variables.
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1. Background

It has been 16 years since ghrelin was discovered in hu-
mans and animals [1]. Studies on ghrelin have shown that
ghrelin-gene codes other peptides with different regula-
tory effect, namely obestatin. Studies carried out in the
medical college of Stanford University in 2005 led to the
discovery of a novel peptide which had rather opposite
or antagonistic effect on ghrelin. Indeed, in physiological
terms, obestatin is a part of ghrelin system [2]. According
to bioinformatics, it is a hormone which can be found via
searching in genome sequence of many animals [2]. It has
twenty three amino acids in its biochemical structure (Fig-
ure 1).

It has been argued that obestatin might have potential
effects on weight gain and appetite [2, 3]. Whereas ghrelin
and obestatin have the same bio-molecular origin and are
released from the same endocrine cells, their levels are dif-
ferent in blood circulation. That is, the peripheral level of
ghrelin is ten to twenty times more than that of obestatin
[2, 4]. Two main functional differences between obestatin
and ghrelin have been reported [5]:

- Antagonism of GH-releasing

- Suppression of ghrelin-induced appetite stimulation

In studies conducted on appetite and energy balance
of body, various findings have been reported. As a case in
point, Sibilia et al. [6] found that obestatin had an appetite-
suppressing impact and a significant role in weight loss.
However, some other researchers observed that peripheral
obestatin had no impact on appetite or food intake [7]. In
another study, Lagaud et al. [8] came to the conclusion
that the infusion of obestatin reduced food intake and sup-
pressed body weight gain in rodents.

Moreover, numerous other studies have been con-
ducted on the relationship between obestatin and exer-
cise; Ghanbari-Niaki et al. [9] found that six-week tread-
mill exercise (20 m/min, for 60 hours per day) can cause
declines in fundus and intestinal obestatin concentration;
however, level of plasma obestatin was unchanged which
was attributed to treadmill exercise protocol. In another
study on obese rats, Wang et al. [10] found that eight-week
treadmill exercise (20 m/min, 5 d/wk, 40 min/ day) can de-
crease hypothalamic obestatin but the plasma obestatin
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Figure 1. Peptidic Structure of Human and Rodent Obestatin [2]

level was unchanged in the trained animals.

A brief review of the related literature reveals that the
direct impact of obestatin on the level of plasma ghrelin
has not been investigated. This is considered to be a re-
search gap. Furthermore, to the best of the researchers’
knowledge, no studies have been carried out on synergy
(or non-synergy) impact of obestatin and treadmill exer-
cise on ghrelin levels and other metabolic or physiological
indices. Indeed, the present study is intended to address
the above-mentioned research gaps.

2. Objectives

That is to say, the purpose of this study is to inves-
tigate the impact of the peripherally-infused exogenous
obestatin and short-term treadmill exercise on plasma
ghrelin and body weight in rats (trained and not trained).

3. Methods

3.1. General Condition

Present study is an experimental work on animal
model which purchased from Tabriz University of Medical
Sciences. Forty-five male wistar rats weighing 100 ± 5 g
were selected for the experiments after the confirmation of
routine veterinary examinations. Animals were kept from
1 week to 12 hours in a light space and 12 hours in dark
lighting conditions. The temperature was kept at 22°C as
the appropriate temperature for the experiment. During
the experiment, all animals were fed standard diet based
on the formulated laboratory animals enterprise Niroo-
Sahand Co©, Tabriz.

3.2. Grouping

As mentioned above, the selected rats were divided
into five independent experimental groups (each group or
treatment included 9 rats). Full randomization was used
in the design of the study (CRD):

- Group 1: control group (C) which was normally reared
for two weeks. This group was not treated with injections
and exercise.

- Group 2: placebo which was treated with injections at
two times during the test with hormone-free (50 mL dis-
tilled water) solution normally and it was kept without ex-
ercise protocol.

- Group 3: Obestatin group which was subjected to in-
jections at two times during the test with obestatin (50 mL
solution contained 10 µg obestatin/ rat). During this pe-
riod, this group was kept - Group 4: treadmill group which
was only subjected to treadmill exercise.

- Group 5: Obestatin and treadmill (OT) group which
was subjected to obestatin injection at two times during
the test with 50 mL solution containing 10 µg obestatin/
rat and treadmill exercise.

3.3. Exercise Protocol

At the beginning, the animals were adapted to the rat
treadmill apparatus for four days (5-line motorized-driven
treadmill was designed by Technic-Azma Co., Tabriz, Iran).
The exercise groups were trained for three weeks using
the same training procedure used in Ghanbari-Niaki et al.
[11] who referred to it as a short-term treadmill exercise.
The rats were forced to run at 25m/min for 60 minutes, 5
days/week (Table 1).

3.4. I.P-Injection Procedure

Lyophilized powder of obestatin (product no: O0266,
Rat obestatin, Sigma-Aldrich Co., USA) was dissolved in dis-
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Table 1. Treadmill Exercise Protocol Used in Present Experimenta

Step (Week of
Protocol)

Speed (meter / min.) Exercise Duration
(min./ day)

1 10 10 - 15

2 15 - 25 15 - 60

3 25 60

aAdapted from Ghanbari-Niaki et al., [11].

tilled water. The solution was injected intra-peripherally in
50 mL volume containing 10 µg obestatin for each rat. In
the three-week experimental period, the solution was in-
jected twice, i.e. on the first day and on the seventh day.

3.5. Data Collection and Data Analysis

All the rats included in the experiments were weighed
before and after the experimental period (treadmill exer-
cise). According to laboratory animal ethics, blood sam-
ples were taken from heart after anesthesia. The obtained
bloods were centrifuged and the produced serum was an-
alyzed for acylated-ghrelin level by rat ghrelin Elisa kit
(Glory kits, Canada).

The collected data was fed into SPSS V.16 for conducting
the required statistical analysis. The normality of collected
data was analyzed by Kolmogorov-Smirnov test. Then,
ANOVA (analysis of variance) was used to statistically exam-
ine the significance differences among the independent
groups of the study (P < 0.05). Next, tukey post-hoc test
was used to detect the direction and location of signifi-
cant difference among the five independent groups of the
study.

4. Results

The mean values (± SEM) of ghrelin level and body
weight are depicted in Figures 2 and 3, respectively. As
illustrated in Figure 2, based on the results of ANOVA
test, the obestatin group and OT (obestatin and tread-
mill) group were not significantly different from the con-
trol group. However, it should be noted that the tread-
mill group was significantly different from the control
group. The difference was related to less ghrelin level (P
< 0.0001). Moreover, as shown in Figure 3, regardless of
positive weight gain in all groups, rats within the treadmill
protocol (treadmill group) had significantly less weight
gain than those of other experimental groups (P < 0.0001).
Furthermore, no significant difference was found between
obestatin group and OT group.

Figure 2. Plasma Acyl-Ghrelin of Trained and Obestatin Injected Rats
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Figure 3. Body Weight Gain of Trained and Obestatin Injected Rats

19.05

14

21.08 21.24 20.05

Body Weight Gain, g

OTTreadmillObestatinPlaceboControl

50

45

40

35

30

25

20

15

10

5

0

P < 0.0001, SEM: 0.381; OT: obestatin + treadmill.

5. Discussion

As it is depicted in Figure 2, the results of the present
study revealed that only treadmill exercise led to a signifi-
cant decline in acyl-ghrelin which was not the case with the
rats within other experimental groups. Present study had

Zahedan J Res Med Sci. 2016; 18(11):e4987. 3

http://zjrms.com/


Lotfi A et al.

shown that short-term exercise may decrease both acyl-
ghrelin and body weight gain parameters in rat model,
without any synergic effect of infused-obestatin. The find-
ings of the present study acknowledge those of Hsu et al.
[12] and Ghanbari-Niaki et al. [11] who found that exercise
in short-term, or in simple training arrangement resulted
in a decline in acyl-ghrelin level.

Surprisingly, the group with both treadmill exercise
and obestatin injection was not significantly different
from the control group. In other words, the infusion of ex-
ogenous obestatin had no remarkable impact on the ghre-
lin level (Figure 2).

Zhang et al. [2] found that daily obestatin injec-
tion prevented body weight gain induced by ghre-
lin after a one-week period. In another study, acute
intracerebroventricular-injection of obestatin and ghrelin
did not change ghrelininduced increase of food intake in
rats [13].

Studies indicating the lack of obestatinimpact on food
intake are related to fasted-rodents which is a condition as-
sociatedwith the highest endogenous circulating levels of
ghrelin [14-16].

It can be argued that obestatin also did not alter theac-
tion of endogenous ghrelin. Obestatin serum levels, unlike
those of ghrelin, are not affected by feeding orfasting [2]. In
our study (Figure 2) I.P-obestatin infusion had no effect on
plasma ghrelin level.

The findings of this study are in line with those of
Zhang et al. [2] and Seoane et al. [13], who argued that
ghrelin or ghrelin-induced food intake is independent of
the impact of obestatin. It can be maintained that high
endogenous ghrelin level, unlike infusion of exogenous
obestatin, had no effect on serum ghrelin level. This find-
ing corroborates those of Tschop et al. [14], Tolle et al. [15]
and Gourcerol et al. [16]. Also, obestatin might co-operate
with ghrelin and regulate ghrelin releasing. In contrast, re-
garding group five (OT) which is illustrated in Figure 2, ex-
ercise resulted in a decrease in ghrelin.

Regarding the impact of exercise or training on plasma
ghrelin, different findings have been reported depending
on training type, its duration, and intensity. In the present
study, the findings of the effect of short-term treadmill ex-
ercise (Figure 2) acknowledge those of Ghanbari-Niaki et
al. [11] for short- or moderate-term exercise. Furthermore,
the findings corroborate those of Tiryaki-Sonmez et al. [17]
which was conducted on humans.

Zakavi et al. [18] contended that “Pilates Training” for
6-months had resulted in an increase in plasma total ghre-
lin level. Nevertheless, in simple treadmill exercise (en-
durance training) a significant decline was reported in
plasma ghrelin level not only for rats and humans [11, 17].

Studies investigating human ghrelin focused on

weight loss more than studying the direct impact of ex-
ercise [19, 20]. Hence, it should be pointed out that the
mechanisms by which treadmill endurance training alters
plasma ghrelin are not far from knowns and is considered
to be a research question.

Ghanbari-Niaki et al. [11] argued that lower plasma
ghrelin can be justified and explained by improvements
in training-induced exercise in energy status with re-
served/available sources such as liver ATP content as well as
liver glycogen content. It should be highlighted that ghre-
lin is a strong signal for mobilization of new food sources
to produce energy in body [21]. It should be pointed out
that lower plasma ghrelin content might be affected by a
negative feedback from higher plasma levels of GH which
should be investigated in future studies.

The impact of treadmill exercise on weight loss is evi-
dent. In an experiment on laboratory rats, the weight loss
rate caused by treadmill exercise did not occur up to 5-
week from the onset of exercise training. But after week six,
the weight loss was more remarkable and obvious due to
treadmill exercise [22]. In the study carried out by Mohebbi
et al. [22] which was similar to the treadmill protocol in the
present study, short-term exercise could not reduce body
weight. Similarly in Ghanbari-Niaki et al. [11], the animals
did not lose weight through short-term treadmill protocol.

Finding of the present study, as shown in Figure 3, ac-
knowledged those of Ghanbari-Niaki et al. [11] and Mo-
hebbi et al. [22] who did not find any significant impact
of short-term treadmill exercise on weight loss. It seems
that short-term exercise led to a decrease in the appetite
of trained animals which did not bring about remarkable
weight loss. Also, it can be attributed to the decreased
concentration of peripheral acyl-ghrelin (Figure 2) and
other appetite-stimulating peptides which was reported
by Tiryaki-Sonmez et al. [17].

In this study, peripheral administration of obestatin
(5 microgram/ rat) had no effect on the final body weight
which is shown in Figure 3. Similarly, Sibilia et al. [6] found
that low or moderate dosages of obestatin (0.75 and 1.2 mi-
crogram /rat) had no significant impact on body weight.
Moreover, Taghian and Zolfaghari. [23] found no signifi-
cant correlation between intensity of exercise and periph-
eral obestatin level.

5.1. Conclusion

The concluded to be made based on the findings of
this study is that short-term treadmill exercise signifi-
cantly reduced serum acyl-ghrelin in rats. Nevertheless, IP-
injection of obestatin had no significant impact on serum
acyl-ghrelin and final body weight. In general, it can be
maintained that short-term treadmill exercise reduced the
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rate of weight gain. Furthermore, obestatin injection com-
bined with treadmill exercise did not have notable impact
on acyl-ghrelin and body weight in animals. It seems in-
jection of obestatin had no additive or synergy effects in
short-term exercises.

Further studies with different dosage of obestatin and
different extensities of endurance exercise is suggested.
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