
ORIGINAL PAPER

Influence of short- and long-term treadmill exercises on levels
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Abstract This study aims to clarify the effects of exer-

cise on levels of appetite regulatory hormones in plasma

and hypothalamus of obese rats. Diet-induced obese rats

undergo short- (40 min) and long-term (40 min, 5 days/

week for 8 weeks) exercises. The rats ran at a speed of

20 m/min on a 5� slope treadmill. Rats undergoing short-

term exercise were divided into C, E0, E1, E3, E12, and

E24. Rats undergoing long-term exercise (LE) were com-

pared to long-term control (LC). Concentrations of ghrelin,

obestatin, and neuropeptide Y (NPY) were measured using

radio immuno-assay. Expression of ghrelin receptor

(GHSR-1a), putative obestatin receptor (GPR-39), and

NPY in the hypothalamus was measured by quantitative

RT-PCR. After short-term exercise, the plasma concen-

trations of ghrelin and obestatin were not changed, but

NPY decreased. Ghrelin and obestatin in the hypothalamus

decreased, and recovered 12 until 24 h. NPY increased and

recovered after 24 h. Expression of GHSR-1a and NPY

was not changed and GPR-39 was not observed. In LE,

these changes are different in plasma and hypothalamus. It

would be concluded appetite and body weight of obese rats

are decreased by exercise through reduced level of ghrelin

in the hypothalamus. Obestatin seems to have no effect in

exercise-induced change in appetite.
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Introduction

Ghrelin is an endogenous ligand for the growth hormone

secretagogue receptor [1]. Considerable and unequivocal

evidence shows that ghrelin plays critical roles in the short-

and long-term regulation of appetite and body weight [2].

Levels of circulating ghrelin increase markedly before each

meal and decrease rapidly after food intake [3–7], and

exogenous ghrelin administration stimulates appetite and

food intake in both rodents and humans [3, 8, 9]. In addition,

ghrelin stimulates gastrointestinal motility [10, 11], gastric

acid secretion [12] and pancreatic exocrine secretion [13]. It

can also decrease locomotor activity [14], energy expendi-

ture [3, 10], fat catabolism, and lipolysis [3, 15, 16],

adipocyte apoptosis [17], and can directly promote adipo-

genesis [3, 8, 15, 17]. Thus, ghrelin affects the multiple steps

involved in appetite and food intake, energy expenditure and

fuel utilization, and promotes weight gain and fat accumu-

lation. It is hypothesized that elevated levels of ghrelin may

contribute to the pathogenesis of obesity [18].

Recently, Zhang et al. [19] reported that the GHRL

(ghrelin/obestatin preprohormone) gene also encoded

another 23-amino acid secreted peptide, termed ‘‘obesta-

tin.’’ The biological activity of obestatin requires the

amidation of its carboxyl terminus, and it can then bind to

and activate the orphan receptor GPR39 [19]. It is inter-

esting to note that obestatin, though derived from the same

peptide precursor as ghrelin, suppresses food intake,

inhibits jejunal contraction, reduces body-weight gain and

antagonizes the action of ghrelin when both peptides are

co-administered [19]. It is therefore suggested that the

delicate balance of ghrelin and obestatin is important in the

regulation of energy homeostasis and body-weight control.

Subsequent investigations, however, reach a different

conclusion. Unlike for ghrelin, fasting rodents for 48 h and
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then re-feeding has no effect on obestatin levels [19].

Receptor GPR39 is expressed in several tissues in human

and rodents including stomach, small intestine, pituitary

and hypothalamus [19, 20]. It is also found that GPR39

expresses in rodent amygdala, hippocampus, auditory

cortex, and other brain regions but not in hypothalamus

[21]. Two separate research groups have failed to activate

the GPR39 receptor with obestatin [22, 23]. In addition,

ghrelin induces wakefulness in rodents [24] and subsequent

research has shown that centrally administered obestatin

increases time in non-rapid-eye-movement sleep; hence,

obestatin has a sleep-promoting effect [25]. Although the

original publications of two groups have partially con-

firmed the effects of obestatin on food intake and gastric

emptying [26, 27], other groups have failed to replicate

these findings [28, 29]. Its significance in the short-term

regulation of food intake therefore remains unclear and

contradictory. It also warrants more research in this area.

Ample evidence indicates that exercise causes weight

loss in obese individuals. As the balance of ghrelin and

obestatin is involved in the pathogenesis caused by obesity,

the effect of exercise on levels of ghrelin and obestatin in

the circulation and the metabolic regulatory area of brain,

the hypothalamus, requires investigation. In this experi-

ment, we measured the levels of ghrelin, obestatin, and

neuropeptide Y (NPY, a well-established peptide regulat-

ing appetite) in the plasma and hypothalamus of obese rats

after short- and long-term periods of exercise, aiming to

clarify the mechanism of exercise in weight control.

Results

Influences of short-term exercise

The influences of short-term exercise on meal size of obese

rats

Almost every group had a great decline in meal size after

acute exercise, except for E0. E1 ate little for 1 h after

exercise. The meal size of groups E3, E12, and E24 was

recovered with the greater time following exercise. The

effect of exercise on meal size is given in Table 1.

The influence of short-term exercise on serum lipid levels

of obese rats

The level of GLU decreased greatly in group E1

(P \ 0.01). There was no significant difference seen in

other groups. The level of TG decreased markedly in E12

but was not changed greatly in other groups. CHOL, HDL-

C, and LDL-C levels changed by different degrees. These

changes were listed in Table 2.

In Fig. 1, it can be seen that the concentrations of

plasma ghrelin (a) and obestatin (b) have not changed

markedly, but NPY (c) decreased greatly in each group

after acute exercise.

In Fig. 2, it can be seen that the concentrations of

ghrelin and obestatin (a) in the hypothalamus decreased

greatly at 0, 1, and 3 h post-exercise, then increased

sharply for the E12 group and were restored for the E24

group. The changes of ghrelin and obestatin were propor-

tionally similar. NPY (b) levels increased greatly after

acute exercise but were restored for the E24 group.

In Fig. 3, it can be seen that GHSR-1a mRNA and NPY

mRNA in the hypothalamus did not change after acute

exercise. GPR-39 mRNA could not be detected on the

hypothalamus in any group.

Influences of long-term exercise

In Table 3, it can be seen that after 8 weeks of exercise, the

weight of both LC and LE groups increased, although the

increase in the LE group was not as great.

The meal size of the LE group decreased on every test

day compared to the LC group. These results are given in

Table 4.

In Fig. 4, it can be seen that 8 weeks of exercise had

almost no effect on serum index of obese rats.

After 8 weeks of exercise, the concentrations of plasma

ghrelin and obestatin had not changed in the LE group

compared to LC group. However, NPY decreased sharply

after long-term exercise. Results were different in the

hypothalamus; however, the concentrations of ghrelin and

obestatin decreased sharply while NPY increased greatly.

These results can be seen in Figs. 5 and 6.

In Fig. 7, it can be seen that GHSR-1a mRNA in the

hypothalamus did not change compared to LC group.

However, NPY mRNA increased sharply after long-term

exercise.

Discussion

Obesity represents one of the most urgent global health

threats as well as being one of the leading causes of death

throughout industrialized nations. It has been reported that

Table 1 The meal size of obese rats after short-term exercise

Groups Decrease

(g)

Decreasing

rate (%)

E1 (n = 8) 2 100

E3 (n = 8) 2.5 83

E12 (n = 8) 14.2 70

E24 (n = 8) 16 64

E1, 1 h post-exercise; E3, 3 hour post exercise; E12, 12 h post-

exercise; E24, 24 h post-exercise
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exercise is the best method to reduce weight for the obese

and over-weight. Exercise expends energy and influences

appetite, although the mechanisms for the improvement are

not clear. Several hormones have been identified to play an

important role in regulating appetite and body weight.

Ghrelin has been shown to stimulate food intake after

acute systemic (intraperitoneal) or intracerebroventricular

administration. However, the concentration of ghrelin

administrated intraperitoneally was 1,000-fold that injected

intracerebroventricularly [30].

Table 2 The serum index of obese rats after short-term exercise

Group Index

GLU (mmol/l) TG (mmol/l) CHOL (mmol/l) HDL-C (mmol/l) LDL-C (mmol/l)

C (n = 6) 7.51 ± 0.38 0.79 ± 0.17 2.07 ± 0.27 0.59 ± 0.09 0.24 ± 0.07

E0 (n = 8) 7.48 ± 0.58 0.64 ± 0.15 1.77 ± 0.18* 0.48 ± 0.03* 0.29 ± 0.10

E1 (n = 8) 5.97 ± 0.64** 0.61 ± 0.14 1.62 ± 0.16** 0.42 ± 0.04** 0.23 ± 0.04

E3 (n = 8) 6.98 ± 0.82 0.61 ± 0.27 1.75 ± 0.25 0.48 ± 0.08* 0.27 ± 0.06

E12 (n = 8) 6.84 ± 0.85 0.55 ± 0.20* 1.82 ± 0.42 0.48 ± 0.11 0.32 ± 0.13

E24 (n = 8) 6.24 ± 0.65 0.67 ± 0.34 1.75 ± 0.42 0.52 ± 0.16 0.34 ± 0.18**

C, control group; E0, post-exercise; E1, 1 h post-exercise; E3, 3 h post-exercise; E12, 12 h post-exercise; E24, 24 h post-exercise

*P \ 0.05; **P \ 0.01
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Fig. 1 The concentrations of plasma ghrelin (a), obestatin (b), and

NPY (c) after short-term exercise. The concentrations of plasma ghrelin

and obestatin have not changed markedly, but NPY decreased greatly

in each group after acute exercise. C, control group; E0, post-exercise;

E1, 1 h post-exercise; E3, 3 h post-exercise; E12, 12 h post-exercise;

E24, 24 h post-exercise. *P \ 0.05, **P \ 0.01
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Fig. 2 The concentrations of brain ghrelin, obestatin (a) and NPY (b)

after short-term exercise. The concentrations of ghrelin and obestatin

in the hypothalamus decreased greatly at 0, 1, and 3 h post-exercise,

then increased sharply for the E12 group and were restored for the

E24 group. The changes of ghrelin and obestatin were proportionally

similar. NPY levels increased greatly after acute exercise but were

restored for the E24 group. The concentrations of hypothalamic

ghrelin, obestatin (a) and NPY (b) after short-term exercise. C,

control group; E0, post-exercise; E1, 1 h post-exercise; E3, 3 h post-

exercise; E12, 12 h post-exercise; E24, 24 h post-exercise.

*P \ 0.05, **P \ 0.01
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Regarding the effect of exercise on plasma ghrelin

concentrations, different researchers have come to variable

conclusions. Some researchers reported that acute exercise

had no effect on plasma ghrelin concentrations [31–35],

while other studies concluded that plasma ghrelin con-

centrations increased after physical exercise [36–40].

There are no extended studies on levels of ghrelin in the

hypothalamus during or after exercise, although this area of

the brain is central to the control of appetite and body

weight. Several studies have however reported that physi-

cal exercise under normal conditions induces hyperphagia

by increasing energy intake in humans and stimulating

NPY activity in the rat hypothalamus [41, 42]. It is there-

fore highly possible that ghrelin, obestatin, and NPY levels

are affected by exercise and these changes lead to meal size

and weight changes.

Table 3 Influences of body weight of obese rats after long-term

exercise

Group LC (n = 10) LE (n = 10)

Weight pre-exercise (g) 440.5 ± 35.4 439.6 ± 28.1

Weight post-exercise (g) 589.7 ± 52.1 478.7 ± 37.4**

Weight increasing (g) 149.2 39.1

LC, long-term control group; LE, long-term exercise group

*P \ 0.05; **P \ 0.01

Table 4 Influence of meal size of obese rats after long-term exercise

Weeks LC

(g)

LE

(g)

Reduction

(g)

Reducing

rate (%)

1 23.03 16.95 6.08 26.40

2 31.04 20.46 10.58 34.10

3 28.44 19.64 8.80 30.95

4 25.27 19.60 5.67 22.45

5 23.42 18.42 5.00 21.34

6 23.82 20.40 3.41 14.33

7 24.06 19.64 4.43 18.39

8 23.84 20.01 3.84 16.07

LC, long-term control group; LE, long-term exercise group
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Fig. 3 Influences of GHSR-1a and NPY mRNA on hypothalamus

after short-term exercise. GHSR-1a mRNA and NPY mRNA in the

hypothalamus did not change after acute exercise. GPR-39 mRNA

could not be detected on the hypothalamus in any group. C, control

group; E0, post-exercise; E1, 1 h post-exercise; E3, 3 h post-exercise;

E12, 12 h post-exercise; E24, 24 h post exercise
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Fig. 4 The serum index of obese rats after long-term exercise. Eight-

weeks of exercise had almost no effect on serum index of obese rats.

LC, long-term control group; LE, long-term exercise group
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Fig. 5 The concentrations of plasma ghrelin, obestatin, and NPY

after long-term exercise. After 8-weeks of exercise, the concentra-

tions of plasma ghrelin and obestatin had not changed in the LE group

compared with LC group. However, NPY decreased sharply after

long-term exercise. Results were different in the hypothalamus;

however, the concentrations of ghrelin and obestatin decreased

sharply while NPY increased greatly. LC, long-term control group;

LE, long-term exercise group. P \ 0.01
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Fig. 6 The concentrations of hypothalamic ghrelin, obestatin, and

NPY after long-term exercise. LC, long-term control group; LE, long-

term exercise group. **P \ 0.01
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In this study, it was found that the rat meal size decreased

sharply after short-term exercise and was restored at 12–24 h

post-exercise. Serum GLU and TG decreased only 1 h post-

exercise. Plasma ghrelin concentrations were not changed at

24 h after short-term exercise. This is consistent with pre-

vious published data [32]. The level of ghrelin in the

hypothalamus decreased during the first 12 h after short-

term exercise, then increased briefly before returning to

pre-exercise level 24 h after exercise. The reason for the

discrepancy between plasma and hypothalamic ghrelin

concentrations is not clear. It is possible that negative energy

balance caused by high intensity, short-term exercise may

cause the increased hypothalamic ghrelin concentration and

hyperphagia 12 h post-exercise. In our study, it was also

found that plasma NPY decreased and hypothalamic NPY

increased after short-term exercise in obese rats. NPY

stimulates food intake and is secreted mostly by the hypo-

thalamus. Plasma NPY was irrelevant to feeding of obese

rats. Increased hypothalamic NPY stimulates feeding and

reduces energy expenditure after exercise, which is probably

a protective feedback mechanism. The fact that there are no

changes to ghrelin receptor GHSR-1a and NPY mRNA in the

hypothalamus indicate that acute exercise cannot increase

their synthesis. Acute exercise does not decrease serum GLU

and TG immediately after exercise. This is because obese

rats can motivate surplus energy of body after exercise, so

hypothalamic ghrelin concentration decreased sharply. After

1 and 3 h, levels of GLU and TG decreased. This leads to

hypothalamic ghrelin and NPY concentrations increasing.

After 8-week long-term exercise, the LE group’s body

weight decreased sharply compared with LC. This is attributed

to the decreased meal size and to energy expenditure. It may

also be attributed to the decreased hypothalamic ghrelin con-

centration according to the molecular biology mechanism;

however, the plasma ghrelin concentration did not change

compared with LC. It can be concluded that it is the change

of hypothalamic ghrelin concentration that leads to the

rats’ body weight decrease after 8 weeks exercise, but not

plasma ghrelin concentration. Ghrelin receptor GHSR-1a

having no change indicated that long-term exercise could

not induce the increasing of ghrelin synthesis. At the same

time, NPY and NPY mRNA increased, indicating that NPY

synthesis and release augment after long-term exercise. The

levels of brain NPY remained continuously high after the

exercise, indicating such high-intensity exercise was in a

state of exhaustion. It may be contributed to the stimulation

of brain NPY neurons by reducing energy expenditure.

Hypothalamic ghrelin are decreased after 8 weeks exercise,

but NPY is increased. The decrease in ghrlein in hypothal-

amus was induced by exercise and such decrease led to

reduction in food intake. The energy deficit caused by

exercise and food intake resulted in the increase in NPY on

hypothalamus. The increase in NPY may be a protective

feedback to avoid exhaustion.

The functions of obestatin and its receptor have not yet

been stated clearly in the literature. In this study, GPR-39

mRNA expression was not identified in the hypothalamus

before or after exercise. The change in obestatin levels was

consistent with that for ghrelin in short-term and long-term

exercise models. As there was no GPR-39 found in our study,

it is not clear whether there is any effect of obestatin in the

hypothalamus on food-intake or energy balance. As chang-

ing pattern is similar between ghrelin and obestatin, it is hard

to propose an opposite effects between two peptides.

From theses results, it would be concluded that appetite

and body weight of obese rats are decreased by exercise

through a reduced level of ghrelin in the hypothalamus.

Obestatin seems to have no effect in this exercise-induced

change in appetite. GPR39 was not observed in the hypo-

thalamus. How did exercise decrease ghrelin in hypothalamus

is still not clear and awaits future research.

Materials and methods

Animals and obesity model

Diet-induced obese male Sprague–Dawley rats weighing

between 404 and 464 g were housed under standard light

cycle (12-h light phase, 12-h dark phase) and at controlled

ambient conditions (temperature 22�C; humidity 70%).

These animals had ad libitum access to a high-fat diet

(Beijing Keao Xieli Co., changed every morning) and tap

water. All experiments were conducted in accordance with

the internationally accepted principles for the care and use

of laboratory animals and approved by the Beijing Ethical

Committee for Animal Research.

Experimental design I: influences of short-term exercise

on obese rats

Forty-six obese rats were randomly divided into six groups,

namely C (control, six rats), E0, E1, E3, E12, and E24
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Fig. 7 GHSR-1a and NPY mRNA on hypothalamic after long-term

exercise. GHSR-1a mRNA in the hypothalamus did not change

compared with LC group. However, NPY mRNA increased sharply

after long-term exercise. LC, long-term control group; LE, long-term

exercise group. **P \ 0.01
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(number of hours after exercise, eight rats for each group).

All groups were engaged in short-term exercise, with the

exception of the control group. Rats were trained to run on

a motor-driven treadmill at different time on the daytime

and they were killed on the light cycle. The treadmill slope

was 5�, the speed was 20 m/min and duration was 40 min

after 3 days’ adaptation at 20 min/day. On the days of

adaptation, the rats were forced by administration of sound

(15–30 db) and mild electric shock presented to the rats’

tails when the rats stopping running. The rats accustomed

to running on the treadmill after 3 days’ adaptation. After

that, the sound and electric shock have no effect on them

and not required. On the exercising day, the sound and

electric shock were not needed and not applied. The control

group remained in their cage during the periods when their

counterparts were exercising. E0 were tested at 0 min post-

exercise, E1 were tested 1 h post-exercise, E3 were tested

3 h post-exercise, E12 were tested 12 h post-exercise and

E24 were tested 24 h post-exercise.

Experimental design II: influences of long-term

exercise on obese rats

Twenty obese rats were randomly divided into two groups:

long-term control group (LC = 10 rats) and 8-week long-

term exercise group (LE = 10 rats). The rats ran on a

motor-driven treadmill at a speed of 20 m/min, 50 slopes

for 40 min at 8:00–8:40 am per day except every Saturday

and Sunday for 8 weeks. The control group remained in

their cage during experimental days. They were killed after

24 h rest at 8:00 am on the last exercise day.

Preparation of plasma and tissue

All rats were placed under deep anesthesia with 2%

(0.25 mg/100 g, i.p.) Pentobarnital Na. Blood was drawn

from the abdominal aortia. A proportion of blood taken was

injected into tubes for standard serum collected for GLU,

TG, CHOL, HDL and LDL measurement. A proportion

was collected in cooled tubes containing 4 M ethylene

glycol-bis (2-aminoethyl ether)-N,N,N0,N0-tetra acetic acid

and 3 M GSH (Glutathione), mixed thoroughly and then

centrifuged at 4,000 rpm/min for 20 min at 4�C. The

plasma layer was carefully transferred to a fresh tube kept

at -20�C for radio immuno-assay (RIA). Rats’ hypothal-

amus were stripped and divided into two parts from the

middle line. The left was preserved -70�C for quantitative

RT-PCR and the right was boiled at 100�C isotonic Na

chloride for 5 min. The boiled tissue was weighed and

homogenated using 0.5 ml HCl (1 mol/l), standing 100 min

at room temperature, then neutralized with 0.5 ml NaOH

(1 mol/l). Finally, it was centrifuged at 4,000 rpm/min for

20 min at 4�C and the upper layer was carefully transferred

to a fresh tube kept at -20�C for RIA.

Measurement of food intake and serum levels

The meal size was measured by weight, by subtracting the

food remaining from that served. Every treatment group

was given access to food at the same time with the control

group on light cycle. E12 and E24 groups exercised ahead

of time with other groups. Serum GLU, TG, CHOL, HDL,

and LDL were measured by using auto-biochemistry

instruments (HITACHI-7020).

Radioimmunoassay

The concentrations of ghrelin, obestatin, and NPY in

plasma and hypothalamus were assayed using a commer-

cial RIA (Phoenix Biotech Co., LTD). The total plasma

immunoreactive peptide concentrations were measured

with samples that had never been previously thawed, using

the modification of a commercial RIA that employs a

polyclonal antibody raised against full-length rat ghrelin

and obestatin and 125I-labeled peptides as a tracer (Phoenix

Pharmaceuticals, Belmont, CA).

RNA extraction and RT-PCR

Total RNA was extracted by Trizol Reagent (Invitrogen,

Inc.). Rat hypothalamus expression of the mRNA encoding

GHSR 1a, GPR-39, and NPY was assessed by quantitative

RT-PCR. Actin was used as a control for PCR and we nor-

malized all data to the actin control. The oligonucleotide

specific primers for rat are as follows. GHSR1a(Sense:50CA

GCGTCTTCTTCTTTCTAC30;Antisense:50TGGACATGA

GCACCATCTTC30);GPR-39(Sense:50CCAAGCGTCCGC

ACTGTAAC30; Antisense:50CCATGTCACCACGATCAG

TC30),NPY(Sense:50GTGGACTGACCCTCGCTCTA30;A-

ntisense:50TGCATTGGGTGGGACAGG30) and b-actin

(Sense:50CCCATCTATGAGGGTTACGC30;Antisense:50

CATCGTACTCCTGCTTGCTG30).

Statistical method

All values are expressed as means ± SEM unless other-

wise indicated. The data were analyzed at time points 0, 1,

3, 12, and 24 h after exercise and 8 -week exercise. The

data were compared by independent samples t-test using

SSPS11.5. Values of P \ 0.05 were considered significant.

Acknowledgments This work was supported by grants from the

State Sport General Administration of China, The Science and

Technology Foundation (Project 05054); Open Topic of the Beijing

Key Laboratory (Project 2007TY021) and Australian NHMRC.

82 Endocr (2008) 33:77–83



References

1. M. Kojima, H. Hosoda, Y. Date, M. Nakazato, H. Matsuo, K.

Kangawa, Nature 402, 656–660 (1999)

2. D.E. Cummings, Physiol. Behav. 89, 71–84 (2006)

3. M. Tschop, D.L. Smiley, M.L. Heiman, Nature 407, 908–913

(2000)

4. T. Shiiya, M. Nakazato, M. Mizuta, Y. Date, M.S. Mondal, M.

Tanaka, S. Nozoe, H. Hosoda, K. Kangawa, S. Matsukura, J.

Clin. Endocrinol. Metab. 87, 240–244 (2002)

5. D.E. Cummings, J.Q. Purnell, R.S. Frayo, K. Schmidova, B.E.

Wisse, D.S. Weigle, Diabetes 50, 1714–1719 (2001)

6. B.O. Yildiz, M.A. Suchard, M.L. Wong, S.M. McCann, J. Lici-

nio, Proc. Natl Acad. Sci. USA 101, 10434–10439 (2004)

7. P. Marzullo, A. Caumo, G. Savia, B. Verti, G.E. Walker, S.

Maestrini, A. Tagliaferri, B.A. Di, A. Liuzzi, J. Clin. Endocrinol.

Metab. 91, 4124–4130 (2006)

8. A.M. Wren, C.J. Small, C.R. Abbott, W.S. Dhillo, L.J. Seal, M.A.

Cohen, R.L. Batterham, S. Taheri, S.A. Stanley, M.A. Ghatei,

S.R. Bloom, Diabetes 50, 2540–2547 (2001)

9. A.M. Wren, L.J. Seal, M.A. Cohen, A.E. Brynes, G.S. Frost, K.G.

Murphy, W.S. Dhillo, M.A. Ghatei, S.R. Bloom, J. Clin. Endo-

crinol. Metab. 86, 5992 (2001)

10. A. Asakawa, A. Inui, T. Kaga, H. Yuzuriha, T. Nagata, N. Ueno,

S. Makino, M. Fujimiya, A. Niijima, M.A. Fujino, M. Kasuga,

Gastroenterology 120, 337–345 (2001)

11. F. Levin, T. Edholm, P.T. Schmidt, P. Gryback, H. Jacobsson, M.

Degerblad, C. Hoybye, J.J. Holst, J.F. Rehfeld, P.M. Hellstrom,

E. Naslund, J. Clin. Endocrinol. Metab. 91, 3296–3302 (2006)

12. Y. Masuda, T. Tanaka, N. Inomata, N. Ohnuma, S. Tanaka, Z.

Itoh, H. Hosoda, M. Kojima, K. Kangawa, Biochem. Biophys.

Res. Commun. 276, 905–908 (2000)

13. N. Sato, S. Kanai, S. Takano, M. Kurosawa, A. Funakoshi, K.

Miyasaka, Jpn J. Physiol. 53, 443–449 (2003)

14. M. Tang-Christensen, N. Vrang, S. Ortmann, M. Bidlingmaier,

T.L. Horvath, M. Tschop, Endocrinology 145, 4645–4652 (2004)

15. K. Choi, S.G. Roh, Y.H. Hong, Y.B. Shrestha, D. Hishikawa, C.

Chen, M. Kojima, K. Kangawa, S. Sasaki, Endocrinology 144,

754–759 (2003)

16. G. Muccioli, N. Pons, C. Ghe, F. Catapano, R. Granata, E. Ghigo,

Eur. J. Pharmacol. 498, 27–35 (2004)

17. M.S. Kim, C.Y. Yoon, P.G. Jang, Y.J. Park, C.S. Shin, H.S. Park,

J.W. Ryu, Y.K. Pak, J.Y. Park, K.U. Lee, S.Y. Kim, H.K. Lee,

Y.B. Kim, K.S. Park, Mol. Endocrinol. 18, 2291–2301 (2004)

18. M. Tschop, C. Weyer, P.A. Tataranni, V. Devanarayan, E. Ra-

vussin, M.L. Heiman, Diabetes 50, 707–709 (2001)

19. J.V. Zhang, P.G. Ren, O. Avsian-Kretchmer, C.W. Luo, R.

Rauch, C. Klein, A.J. Hsueh, Science 310, 996–999 (2005)

20. K.K. McKee, C.P. Tan, O.C. Palyha, J. Liu, S.D. Feighner, D.L.

Hreniuk, Genomics 46, 426–434 (1997)

21. V.R. Jackson, H.P. Nothacker, O. Civelli, Neuroreport 17, 813–

816 (2006)

22. B. Holst, K.L. Egerod, E. Schild, S.P. Vickers, S. Cheetham, L.O.

Gerlach, Endocrinology 148, 13–20 (2007)

23. E. Lauwers, B. Landuyt, L. Arckens, L. Schoofs, W. Luyten,

Biochem. Biophys. Res. Commun. 351, 21–25 (2006)

24. E. Szentirmai, I. Hajdu, J.F. Obal, J.M. Krueger, Brain Res. 1088,

131–140 (2006)

25. E. Szentirmai, J.M. Krueger, Neurosci. Lett. 404, 222–226 (2006)

26. E. Bresciani, D. Rapetti, F. Dona, I. Bulgarelli, L. Tamiazzo, V.

Locatelli, J. Endocrinol. Invest. 29, 16–18 (2006)

27. D. Moechars, I. Depoortere, B. Moreaux, S.B. de, I. Goris, L.

Hoskens, Gastroenterology 131, 1131–1141 (2006)

28. R. Nogueiras, P. Pfluger, S. Tovar, A. Myrtha, S. Mitchell, A.

Morris, Endocrinology 148, 21–26 (2007)

29. L.M. Seoane, O. Al-Massadi, Y. Pazos, U. Pagotto, F.F. Ca-

sanueva, J. Endocrinol. Invest. 29, 13–15 (2006)

30. A.M. Wren, C.J. Small, C.R. Abbott, W.S. Dhillo, L.J. Seal, M.A.

Cohen, R.L. Batterham, S. Taheri, S.A. Stanley, M.A. Ghatei, R.

Stephen, Diabetes 50, 2540–2547 (2001)

31. J. Kallio, U. Pensonen, M.K. Karvonen, M. Kojima, H. Hosoda,

K. Kangawa, M. Koulu, J. Clin. Endocrinol. Metab. 86, 5348–

5352 (2001)

32. A. Schmidt, C. Maier, G. Schaller, P. Nowotny, M. Bayerle-Eder,

B. Buranyi, A. Luger, M. Wolzt, Horm. Metab. Res. 36, 174–177

(2004)

33. J.A. Zoladz, S.J. Konturek, Physiol. Pharmacol. 56, 63–85 (2005)

34. R.R. Kraemer, R.J. Durand, E.O. Acevedo, L.G. Johnson, G.R.

Kraemer, E.P. Hebert, V.D. Castracane, Exp. Biol. Med. 229,

240–246 (2005)

35. H. Takano, T. Morita, H. Iida, K. Asada, M. Kato, K. Uno, K.

Hirose, A. Matsumoto, K. Takenaka, Y. Hirata, F. Eto, R. Nagai,

Y. Sato, T. Nakajima, Eur. J. Appl. Physiol. 95, 65–73 (2005)

36. U. Andersson, J.T. Treebak, J.N. Nielsen, K.L. Smith, C.R.

Abbott, C.J. Small, D. Carling, E.A. Richter, Biochem. Biophys.

Res. Commun. 2, 719–725 (2005)

37. E.F. Karen, M.T. Anne, R.S. Frayo, S.S. Robert, B.R. Kumar, Y.

Yutaka, S.T. Shelley, E.C. David, J. Clin. Endocrinol. Metab. 90,

2820–2825 (2005)

38. K. Hyun, J.K. Hyun, L. Sangyeoup, U.K. Tae, J.K. Yun, B.K.

Sang, Arch. Phys. Med. Rehabil. 11, e40 (2006)

39. K.J. Mackelvie, G.S. Meneilly, D. Elahi, C.K. Alfred, S.B. Wong,

P.C. Jean, J. Clin. Endocrinol. Metab. 92, 648–654 (2007)

40. M.J. De Souza, R. Hontscharuk, M. Olmsted, G. Kerr, N. Will-

ianms, Appetite 48, 359–367 (2007)

41. D.E. Lewis, L. Shellard, D.G. Koeslag, D.E. Boer, H.D.

McCarthy, P.E. McKibbin, J.C. Russell, G. Williams, Am. J.

Physiol. 264, 279–284 (1993)

42. P. Verger, M.T. Lanteaume, J. Louis-Sylvestre, Appetite 22, 159–

164 (1994)

Endocr (2008) 33:77–83 83


	Influence of short- and long-term treadmill exercises on levels of ghrelin, obestatin and NPY in plasma and brain extraction of obese rats  
	Abstract
	Introduction
	Results
	Influences of short-term exercise
	The influences of short-term exercise on meal size of obese rats
	The influence of short-term exercise on serum lipid levels of obese rats

	Influences of long-term exercise

	Discussion
	Materials and methods
	Animals and obesity model
	Experimental design I: influences of short-term exercise on obese rats
	Experimental design II: influences of long-term exercise on obese rats
	Preparation of plasma and tissue
	Measurement of food intake and serum levels
	Radioimmunoassay
	RNA extraction and RT-PCR
	Statistical method

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


