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Effects of Exercise Training on the Relationship with Brain—-derived Neurotrophic
Factor Expression and Leptin mRNA Expression in Hypothalamus, Serum
Leptin, and Anti-obesity in High—fat Diet-induced Obese Rats

Sang Heon Woo, Sunghwun Kang, Jinhee Woo, and Ki Ok Shin’

Laboratory of Exercise Biochemistry and Physiology, Dept. of Physical Education,
Dong-A University, Busan 604-714, Korea

ABSTRACT The purpose of this study is to examine how to relate with hypothalamus protein BDNF and mRNA
leptin expression, and test the effect of exercise training upon anti-obesity in high-fat induced obese rats. Weight
and plasma TC of the high-fat diet group (HF) significantly reduced in comparison to those in the high-fat diet and
training group (HF-T), high-fat diet and normal diet group (HF-ND), and high-fat diet, training, and normal diet group
(HF-ND+T) (P<0.05). Plasm TG of the HF group significantly decreased in comparison to the HF-ND+T group (P<
0.05). The plasma leptin level significantly reduced in the HF-T group in comparison to the HF group, in the HF-ND
group compared to the HF-T group, and the HF-ND+T group in comparison to the HF-ND group (P<0.05, respectively).
All groups were significantly increased in hypothalamus BDNF protein expression in comparison to the HF group.
In hypothalamus leptin mRNA expression, the HF-T and HF-ND groups reduced, but the HF-NF+T group increased
in comparison to the HF group. This result suggests that it shows the effect of exercise training upon anti-obesity
in high-fat diet induced obese rats and the combined exercise and/or normal diet may affect the optimal obesity improve-

ment and prevention in appetite and weight control.
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+ training) 15“}3 ,

h4+& Daehan Biolink(Eumseong,
s
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£ Sprague-Dawley 7 I #HAF
J—lxlﬂc} 2] O](X]H]' 40%, T4 20%,

%—@ o] L#iKHF hgh
v % (HFT: high fat diet
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et+normal diet) 15v}2], duk2jo] A3t &5 (HFNDT:
high fat diet+ normal diet+ training) 157}l & &3}
o, D A TEAFHANA $ cagel 4vtEH
do] A3 tHTable 2).
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HEPA(high efficiency particulate ar—

restant) T ATV E FFA7]I= HE9} 59 29F
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Table 1. An ingredient of experimental diet (%)

Components Normal diet" High fat diet”

Carbohydrate 91.0 35.0

Protein 34 20.0

Fat - 40.0

Vitamin mix 0.1 1.0

Mineral mix 0.1 35

Other 5.4 0.5

l)Purchased from Samtako bio Korea (Gyeonggi, Korea) feed.
ngh fat diet: 40% beef tallow Modified AIN-76A Purified
Rodent Diet (Dyets Inc., Bethlehem, PA, USA).

Table 2. Classified table of experimental animal

Group (n=60) Group description
HF 15 8-week non-exercise and high fat diet
after 8-week induced obese
8-week exercise and high fat diet after
HFT 15 8-week induced obese
8-week non-exercise and normal diet
HFND 15 after 8-week induced obese
HENDT 15 8-week exercise and normal diet after

8-week induced obese
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Table 3. Exercise training protocol

Ho

T Edold &% 1587
S =
Mslsty - EAMYESHE EM
3 24 9 Ael: 37 2~ E(total cholesterol, TC)
3} S A W (triglyceride, TG) S @™ol o3 A

£ kit(TC, AM201-K; TG, AM202-K: Asan Co., Seoul,
Korea)® =A3s}9tt &3 2 ulol] 48N 300 uLE 3
7tate] wwkalar, 37°CelA 5EgE WEEAA HAg &
blankE tZ & 3}o] E33F A (TECAN AUSTRIA GMBH
Sunrise, Grodig, Austria)Z &33% 500 nme} 550 nmol
A EAs 5 283 Y 558 19l ELISA(en-
zyme-linked immunosorbent assay) kit(R&D systems,
Minneapolis, MN, USA)E o] &3}o] &3 %= 450 nmeoll A
=738kl A8k

BDNF western blot: A]|%3}-ol 4] proteing F<3}7]
93t Z# 9 150 mM NaCl, 5 mM EDTA, 50 mM
Tri-HCI(pH8.0), 1%-NP 40, 1 mM aprotinin, 0.1 mM
leupeptin, 1 mM pepstatin®] g3 & H7tslo] 22
3 o3 14,000 rpmelA 30% EF YAlRE Sk
Protein(20 pL)< 10% SDS-polyacrylamide difluoride
membrane©] o]¥ ™, membrane< phosphate-buf-
fered saline(PBS)(NaCl 8 g, KCI 0.2 g, Na,HPO, 1.44
g, KHoPOy 0.24 g, pH 7.4)°0 5% skim milk7} & 718 £
o] A blocking 3}%ith. 7 ©}8 BDNF antibody(1:1,000,
Santa Cruz Biotechnology, Santa Cruz, CA, USA)7} A7}
H gA A 1AZE B 9EgAIT] = PBSell 0.1% tween—
200] T Aol A 1x15 minT} 2X5 min E<F A1H 3R
t}. Membrane-2 Z+Z} anti-rabbit 1gG conjugated sec-
ondary antibody”} H7}d & A 1A7F 5t ¥ A7
% kodak 5% &3l immunoreactive bandsE& =73}
t}. Bands9] A4 densitometer(Sci-Scan 5000
USB, Cleveland, OH, USA)Z %a] d%3l st

P8 288 RT-PCR: Total RNAS E&]8l7] ¢13)
TRIzol& AF&3FSItE TRIzol 1 mLE &3|A17] 3
pL2] chloroforms #7}ke] 4°CollA 587 wH-3-3191
o]% 4°C, 13,000 rpmoll A 2087+ LA+ sl
M2 FBo %At 5%9 isopropanold 37
2o A 10%7F ¥FE-318lth RNAE A%

BEE

-~
[0
o
2

5
n

Exercise intensity

Exercise time Exercise frequency Exercise duration

Variabl . :
arable Velocity (m/min) Slope (°) (min) (time/week) (week)
2 0 5 5
VO;max 50% 5 0 5 5 1~4
10 0 20 5
5 0 5 5
VO,max 60% 10 0 5 5 5~8
14 0 20 5

This exercise training protocol was used by modified Mazzeo et al. (25).
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Fig. 1. Changes of body weight after 8 weeks exercise training
and/or restricted diet in the groups. HF: high-fat diet, HFT: high-
fat diet training, HFND: high-fat deit and normal diet, HFNDT:
high-fat diet and normal deit training. Values represent means+
standard error. "P<0.05 vs. HF.
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Fig. 2. Changes of plasma TC levels after 8 weeks exercise
training and/or restricted diet in the groups. HF: high-fat diet,
HFT: high-fat diet training, HFND: high-fat deit and normal
diet, HFNDT: high-fat diet and normal deit training. Values rep-
resent means+standard error. P<0.05 vs. HF.

8% d%F TCx HF 15(145.68+8.24 mg/dL)el 1]l
HFT(109.95+5.73 mg/dL), HFND(114.48+5.70 mg/dL),
18] 32 HENDT(101.48+4.40 mg/dL) &4 2l a}A
231 TH(X0.05).
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TGE HF 1§(188.46+17.59 mg/dL)el H]&} HFNDT =L
#(151.95+15.97 mg/dL)olA f2stAl 7438kt
0.05).

g% el W3l Fig. 49 YeR I Fig. 4004 ¢}
Zo] HF 1&(1.04£0.04 ng/mL)ell ¥]3] HFT(0.83£0.03
ng/mL), HFND(0.55+0.04 ng/mL), =22 a2 HDNDT(0.33
+0.01 ng/mL) 120 25 723590 (7<0.05),
HFT Z15&) ¥&) HEND 132 HFNDT 1ol A 23t

=

N

A 48 4F W FEE HAiFALK0.05). E
HFEND 2359l H]8] HFENDT L&A 593 7+4AE vE
W A TH(X0.05).
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g 1501
g
©® 100 A
=
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Fig. 3. Changes of plasma TG levels after 8 weeks exercise tran-
ing and/or restricted diet in the groups. HF: high-fat diet, HFT:
high-fat diet training, HFND: high-fat deit and normal diet,
HFNDT: high-fat diet and normal deit training. Values represent
means+standard error. P<0.05 vs. HF.



e
2
Ho
i3
AN
{0

Leptin (ng/mL)

=T
I ]
T

HF-ND HF-ND+T

1]
0.8 A *
06 A
04
02 1
0 ; ;
HF HFT

Fig. 4. Change of plasma leptin levels after 8 weeks exercise
traning and/or restricted diet in the groups. HF: high-fat diet,
HFT: high-fat diet training, HFND: high-fat deit and normal diet,
HFENDT: high-fat diet and normal deit training. Values represent
means+standard error. P<0.05 vs. HF, TP<0.05 vs. HFT, ip<
0.05 vs. HFND.
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Fig. 5. Changes of hypothalamus BDNF protein expression after
8 weeks exercise training and/or restricted diet in the groups.
HF: high-fat diet, HFT: high-fat diet training, HFND: high-fat
diet and normal diet, HFNDT: high-fat diet and normal diet train-
ing. Values represent meanststandard error. "P<0.05 vs. HF.

A|AtSHE. BDNF protein &1} HEl 2|4 Ef mRNA 23
A AFERE- o A ¢] BDNF protein ¥& W3} Fig. 59 1}
Bt HE 2459] A3 BDNF 2@l vl & HFT,
HFND, 28]3 HFNDT 1§94 2% fosHA 714
S5 HojFa QTHXO0.05). o]# 3 HE Azl M)A
©] BDNF Z&o] mxihalo]2 fy vk oA 512 4
3 FEHY B AojAgdoR Wrsy BEE gl
A A%l fd avs A YgETa @ 5 o
Sk o] # 3t F7b= Fig. 6914 B vk} o] A4
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3 4= 9tk Fig. 6014 9F 2ol A3 5
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Hypo(ObRb)| D N e . e -|

Hypo(actin) | - s W s s i - -|

Fig. 6. Changes of hypothalamus leptin receptor mRNA ex-
pression after 8 weeks exercise training and/or restricted diet in
the groups. HF: high-fat diet, HFT: high-fat diet training, HFND:
high-fat diet and normal diet, HFNDT: high-fat diet and normal
diet training.
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