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Effects of voluntary wheel exercise on body mass and energy metabolism

in male Mongolian gerbils ( Meriones unguiculatus )
HU Zhendongl’z , WANG Dehua'

(1 State Key Laboratory of Integrated Management of Pest Insects and Rodents, Institute of Zoology, the Chinese Academy of Sciences, Beijing
100080 , China)
(2 Department of Physical Education, Huaibei Coal Industry Teachers College , Huaibei 235000, China)

Abstract: In order to explore the effects of voluntary wheel exercise on body mass and energy metabolism in male Mongoli—
an gerbils ( Meriones unguiculatus) , we determined the body mass, energy intake, digestibility, resting metabolic rate
(RMR) , nonshivering thermogenesis (NST) , body fat content, serum thyroid hormones (T, and T, ) and leptin concentra—
tions in two groups, the control and the exercise group which are treated with 8-week-wheel running exercise. Body mass
and energy intake increased in exercise group compared with control. Voluntary wheel exercise had no effects on digestibili-
ty, RMR, body fat content, serum leptin levels and T; and T, concentration, and mitochondrial protein content in brown
adipose tissue, but the concentrations of T; and T, of wheel running gerbils were lower than those in the control by 10% and
38% , respectively, while the leptin levels and body fat mass increased by 27% and 33% , respectively. Serum leptin con—
centration was correlated positively with body fat mass but not related with energy intake. Altogether, voluntary wheel exer—
cise stimulated the increase in body mass and food intake ( exercise induced hyperphagia) but not in body fat contents in
male Mongolian gerbils. The potential roles of leptin and thyroid hormones in the regulation of energy metabolism and ener—
gy balance in male Mongolian gerbils need to to be further studied.

Key words: Body mass; Gross energy intake, Leptin, Mongolian gerbils ( Meriones unguiculaius) , Voluntary wheel ex—

ercise
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MO AR E D, BASN e A R Tz
3, PR, W% 3 Y 45 R B 0 3l W) i S B A
(Ishihara et al. , 1998) . HHG, * T H B B3
P S )R S e R R TR R
(Nraetal , 1 99; Kimuae al. , 20 4;
Dunn-Meynell, 2004; Yuan et al. , 2004 ; Kawaguchi
et al. , 2005) , Xt BFAE BB TE R D, AR BB
RERIFA—B, AWFELI, HIEHIE 1)
Yy i B B B BRI R, (A R (Miyasaka
et al. , 2003 ; Levin and Dunn-Meynell, 2004; Yuan
et al. , 2004; Coutinho et al. , 2006) ; WA W5 &
W, HEERZEHEHY RS R mESRE, (&
HA4EFFHE  (Bartness and Wade, 1985 ; Miyasaka et
al. , 2003; Kimura et al. , 2004); AW XA,
sh) m % & & B, RE i in ( Sandretto and
Tsai, 1988; Gattermann et al. , 2004)

R (leptin)  F2 2 I il ) 07 40 1 0 6
JEMEFEH it srFah 16 kD EH LM R
(Zhang et al. , 1994), FEARFE AT, EELU
B {55 (Adipose signal) AYTE 2, 2] BEAR A
4B AR 2 W ER (Friedman and
Hallas, 1998) . 8 22 A Jy 5 i {4 76 R RE £ A 35 9 ¢
BF T2 —, TEWR s h bz A s s
Mo (Kimura et al. , 2004; Coutinho et al. , 2006)
— RSB, R RS AR W PR A v R
WRE, HOk B SR NR S & B EAHE (Kimura et
al. , 2004 ; Levin and Dunn-Meynell, 2004 ; Coutinho
et al. , 2006) , 124>, K TR G5z 5 X AE AL
i AR 2K A5 DT T R R A B D

K IR BR ( Meriones unguiculatus) EN S
R RS, FEUMHYNFH T RIE,
B AT VD A XA B 7 X, KO BRUAAT A
IR AL TR b R DR A AR A
(Wang et al. , 2000) , KT 5 w4 N B AR
T EERMBEEHSANIIRCA —LHRIE, Aotk
W (ZEXTH4 | 2003; Zhao and Wang, 2006) ., ¥
Pife (Z=2%TF5E, 2004) F A (Li and
Wang, 2005a) 5XF K JRNV> BRARE #3520, A
SCIGAESE T A R A s sh i EE P B AR 3% A9 A
JVD B A T | A A IR IV R 3R AF IR
M

LG
L1 S shy)

evin and

SR A ES B 4 A P 5t ORA b ST B A= A
= N R0, YR s W) o 2 3R T R
% (30 cm x 15 em x20 em) ", (AFRIRE N 23 +
1°C, JelEy 16L: 8D, M LLAL 5B B 1] A A5 B
I8 A AR PRI bR A BV R R RTROK

TE IR AE TR OV B 16 H, 4R H 3 I
54.8~63.4 g (CF¥IME + FrdEiR: 59.5£0.7g ),
BEHLI> iz sh Al AT IRZH , fE2H 8 H, B R R T
B (30 em x20 cm x 19 em) H1, Hi iz sh 4 K
TN A — AR 1T em MR (SCRIF IG5
i), ShWITERE NE N 2 e, s s i
fbRBiE, Shnl AR TR s, SRR LL 8
Ji, AR A AR 1 AR 1~
3dA4~6dILiE 2 K, MIEEANE 1K, #
1EARI % (resting metabolic rate, RMR) 4 J& il &
1, R XF ST 4, AHE S5 50 JF 46 F1 45 3R
I AR B P B, SCIR SR, b BEEh Y, ik
EIMTE FAHOC S SURE i, T M ISR AN T . T
T W LR AR AR S bR
1.2 fRHER A E

AR (RMR) R T 30 23 44 & 07 B
WA E s #op PEIX Y (30 = 1°C) PxE, KB
PR, PPIREAAR 3.6 L, FH KOH Al Rk 4
T W % N B COL FIIK 43 BT 1 2 1Y
W1 h, B RIT IR IC A AR, B S5 min ic
SR, ESEE 60 min, EBURE R 2 NIELER
HARAE T 5 RMR, B0 & 1 )5 PR s i Kk
e8I BE PE 7= #4 (nonshivering thermogenesis, NST)
FE25C ((+1°C) MZE, KRB FESEHE LR
% (norepnephrine, NE) 55, NE &4 7 & DU
Heldmaier (1971 ) B 24 &: NE (mg/kg) =
6.6W "I (W hBh Wik E, ). HEHNEJF
K S Wy U I = rp A S min 2t 1 IRFER
i, HZE 60 min, HUERE BY AN % SL Y o K E
THEE NST fEL, FE %05 K X 2 bR R 2T (STP)
(T4 Fn T 40 3, 19905 T £ Mg f T A 4R
2006) ,

1.3 e ARE

FHE YA 37 A R AE . € I E & 28 50
WEHREsSYAE, 3d 8 —PDAW (Liu e al
2002; Li and Wang, 2005b) . 3 d J5 /N0 W AR 42
BYRAEME, B RICELE 15: 00 ~ 16 00 2 [&) 3
1o WEER B WM ZEMEFE W, 72 65°C LA T
BrEfEE, FTABRREYMISHE, WA
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(EHTE0.7~1.0 g ZIAl, +1 mg), H PARRI281
SRR T (36 PARR A RIAE™) I E#VE

BB = B A (Gross energy intake, GEI, kJ/
d,). JH1LBE ( Digestible energy intake, DEI, kJ/
d,). WHALE (Digestibility) S8 ITHE A XK
(Drozdz, 1975; Liu et al. , 2003; Grodzinski and
Wunder, 1975) .

SEEE A (kI/d)
d) xBEYHRE (kI/g);

FMERE (kJ/d) =2fETH (g/d)
5 (k/g);

HALRE (kJ/d)
g (ki/d);

HE (%)
(kJ/d) x100% |,
1.4 PREEAARE 2 0 e

B o RPFRE (£0.1 g). KIES &R
MRS EWE, ¥ EBRNIENSIY R (N
SR B ERYRE W5 R /) & T 60°C HEAR rh T 4R 2 H
H, BERIRS), WREC2 g A RS, BTE TR
AT, A A CBER RIS T, 7E 70°C 1Y K
wERNRZY 5 h, dhfdsese, Krugatmut, TH
FEhHET . BREE, FhAR TS 00 H &8 22 RO AES Th EY
PR &, RIEAX. KisERE (g) = (FEMT
MR E R (g) / HEMmER (g)) x W& TH
(g); WIEEH (%) =WIEER (g) /WA TE
(g) x100%
1.5 ML 38 e B g s

Wik abseshyy . Wi, AAREEE 1 hE, T
4°C, 4000 r/min #.0> 30 min, HUMEETF -20°C
PRAF45 R LT % e SR T 1— 22 W A R ik
S E Ak & (3£ E Linco AwIE=) WE;
1 PRI R (TR T, ) WREER T,/ T, 1k
S & (W A b 50 E R 7 BE 0T 58 )
D7 o 8 2 R PR 330 3R 00 2 1) Atk D 22 Rt ] 22 1
INF 5% . BEAUEM Leptin M T,/ TR F &E ST
KRV B (2 % T+ 4, 2004; Zhao and Wang,
2006) ,
1.6 SRR (1o it

0.1 g 7247 BAT B5#%, JIA 0.5 ml 20K
(250 mM JiE B¥, 5 mM Tris base, 1 mM MgCl,,
0.5 mM EDTA F1 0.5 mg/ml 4= 113 H & H, pH
7.4) A%, BIALS ml BOE T, HA 1 ml $2E

= AT FRER (g/

x FE fiH 4

e A (kJ/d) -2fF

=H1LfiE (ki/d) / RERIEA

WPPE 2 o )T 3 000 r/min &0 7 min, H
35 FE 10 000 v/min 254 F B0 10 min, BT
UE; JH 0.5 ml SRHUEETES , FH7E 10 000 r/min T
B0 10 min, WIUHE; REHSHAER 1:1 KL
Bl P $E ORGP ULHE  ( Wiesinger et al. , 1989) , 2k
RAREE 15 & ] Folin — Bkl o . LA AR 16 M &
FEPRUE, Fo3 66T (Beckman A W), #IS
DU 800) 7£ 500 nm % K I BUEH ( Lowry et al. |
1951; Zhao and Wang, 2005 ),
1.7 ZEitorbr

BE % H SPSS13. 0 for Windows #4440 #1758
T, B IER M 255 R, 63
Bk e 25 fF, /R H . BE& A . RMR, NST, %
MR LRI S 1 A Y 4 ) 22 SR T
MSTREA ¢ K NST 2H N 22 5ok HITE X RE A ¢ 46
B MVEE R SRR S = . REE AR S 1) ¢
F KM Pearson # KoM, N EBRIKE YR W, X
REFE IR A . RMR I NST fE JHAREAY 0. 67 YR HEAT
¢ IE ( Hayssen and Lacy, 1985; Li and Wang,
2005b) . LGSR HME « brifEiR £x, P <
0.05 NZEFRE,

2 #X
2.1 k&
S H B S 4 AT IR KONV B A IR R 22 B R

BE (P>0.05), B3 FFaHET (0 d) 4ilE 2508
ABFE (1=0.215, P>0.05), [ iz shita) i iE
K, Bohd R E R, 7E5 21 ~26 d KX 36
~56 dRFEE TR (P <0.05), SCE 45 it
B RER ERmTFAEA (1= -2.69, P<
0.05, K1),
2.2 REEEA

LI TF R AT, 1B sh 4l 5 X HE AL 0 B AR A
(ki/g"™" - d). HfkfE (kzg™" - d) Atk
(%) HMERFEZSR (P>0.05), LBRIFHF,
iz KRV B 8. BE 1 A RN T 1k BEZ i 8
MWFE3 AT EES TYRHA (P<0.05, K 2,
A, B); SEIRAERAET (8 ), BadHKMYR
) EHE 2 A FIE fb e 3 B 3 & T X IR 4 33%
(BfEEH A t=1.231, P<0.05, B2, A; i
fbfE. 1=0.954, P <0.05, K2, B), iszshdl Kk
JIUD BRI b S5 78 B A~ S50 9 1] 5 0 B4 T I 2% 25
S (P>0.05, B2, C),
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— 1=
- n L
& I 2.3 BIERBEE (RMR)
N — par N N N
— ] SEE AT, B K R RMR (ml0,/
— a 0.67
- 1= g - h) SXMATXEHFESR (1=0061, P>
e I 0.05) . B3R )5 1230 44 KNV BB RMR 5 %t
[=))
1 e BMHBELREZESR (P>0.05, F3),
2 3 17 16 .
OB = | o 1 —+— 2314 Exercise
E 5 n ---m--- X4 Control
|0 1< =12 t
T & 1 S 0|
R - 2
= ] =
- E
. i ~ 6
; o &
. Ik 24T
. 1 o 2 r
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K3 AR E s R R (RMR) 19 52 mW
BT AR fiz 3 T BUATE (30 Fig. 3 Effect of voluntary wheel exercise on the resting metabolic
Fig. 1 Effect of voluntary wheel exercise on the body mass in male

Mongolian gerbils

rate (RMR) in male Mongolian gerbils
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2.4 AEBEHE A (NST) YRR 8 B 5P AT AL, NST W& TR T 14%
NST (ml0./ ¢+ h) BHFFEERZHE 8 (1=2.503, P<0.05); i & 41 i) NST W] % A

FJe, HIREREA 25 (B3H: 1=1.664, P> Ak (t=1.401, P>0.05, £ 1),

0.05; %8 J. 1=0.623, P>0.05), izsh KN

x1 BERERBRESIHNKINDGRMEE . ER NSTHH MW

Table 1 Effects of voluntary wheel exercise on the body fat mass, leptin level and NST in male Mongolian gerbils

iz #4H Exercise *F B8 4 Control P1{H P value
K Body mass (g) 66.8 +2.0 60.7 +0. 8 0.014
15 F i Body fat mass (g) 6.61 =1.17 4.27 +£0.55 0.096
A& & 5 Body fat content ( % ) 32.19 £3.76 24.18 +2. 38 0.094
1L 7% 98 R W B Serum leptin levels (ng/ml) 31.00 +8. 24 24.37 £5.38 ns
NST (mlO,/h)
WHAAH Initial 297.55 +11.12 277.71 7. 47 ns
ZE{A Final 280. 64 +18.30 271.87 £10.81 ns
P8 P value ns ns
NST (ml0,/ ¢+ h)
WA nitial 19.59 £0. 78 18.06 +0. 47 ns
ZE{A Final 16.77 +0. 87 17.49 +0. 74 ns
P{H P value 0. 041 ns
2.5 PRARFIE R & fik 10% 1 38% , BAT &, 2k Riik 2 (6 = flp

8 B E B, FEREA W Rz 34 o7 2H 20 E B 2535 FR AE 15 0 2H O IR 40 K TV BRL Ta)
KNV R ER (g). KBS E (%) MAME TRFEERE (P>0.05, £2).
JHEWE (ng/ml) SXTMHAZRAL EXER, H

- N E 80 1 4 EEM Brercise  R'=0.850
15 S 2 X IR x5 B v T 55% | 33% I 27% o E 0T et Conrol P <0001
(£ 1), MFERKESKIEER (R =0.850, n RS s0r
, Loy b
-16, P<0.001, K 4) F{AE (R =0.282, n= Rl
16, P<0.05) BHEM%E, MHMEKESHS  “go0|
%ﬁ%i%/\ (kJ/gO‘m. d) Z[‘E—JZ:*B?Q (R2: 2 0 1 A L 1 1 1 )
0 2 4 6 8 10 12 14
0.0006, n=16, P>0. 05)0 HJEER Body fat mass (2)
2.6 HURBRIECE A BAT LR IR 115 i
SR | 2 S 41K TR o B I3 TR I B4 KRB A 5 BRI 7 D
% T, *ﬂ T, i& E —I:;J‘Xfr ,E!ﬁ ZH_Z‘, rE_J ﬂﬁﬁ % %j% (P > Fig. 4 The relationship between serum leptin levels and body fat

content in male Mongolian gerbils

0.05, 2), {HizZh4 T, #1 T, W 35 20 51 be X e 2H

*2 BERBRBREHIKMSBMET,. T, KFMEBRBEMALR (BAT) ZHNEEOSENEMN

Table 2 The effects of voluntary wheel exercise on serum Ty and T, levels and mitochondrial (Mt) protein content of brown adipose tissue (BAT)in male Mongolian gerbils

iZ 814H Exercise XfFE 2H Control P8 P value
T, (ng: ml™!) 1.45 £0. 15 1.61 £0.25 ns
T, (ng- ml™1) 40.41 £6. 30 64.95 +18.89 ns
(0 5 W 42U B BAT mass (g) 0.225 +0. 019 0.187 +0.010 ns
2o (R EE IV BE Mt protein content
mg/g tissue 11. 85 0. 69 13.08 0. 80 ns
mg in whole tissue 2.61 £0. 18 2.44 +0. 19 ns

3 ‘_J_ \/lﬁ\‘ FERR M, AR WA B ( Mesocricetus auratus) TE 5
" A R B i B, 7E4 8 ~20 d I 10 g /&
ARz s AR R R R 2" AR ARERE TR, (HAE% 30 ~35 d (R 8 UK &2 BT
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kL

& 7K 3% ( Coutinho et al. , 2006 ), {H Pieper 5§
(1999) W% B2 18 J& iy A JE % iz 3, AUFE
O R R E R A, 8 Ji H IERE # iz sh i
J5 W B ( Microtus pennsylvanicus) 1K T i 2 [ AIX
( Kerbeshian and Bronson, 1996), 14 J&i HJ&##iz
B2k B B (Phodopus sungorus sungorus) &
LW ESE W (Bartness and Wade, 1985) , KZH(
WHE &8, EREA/NT, ARz 17
SRR A, E 0 ) 4 2 e ] — AN 3 —
J, ZJE R E UK B IROK T (AR B IR
Wiz, 38 shal AR E K T X IR 4] ( Lattanzio
and Eikelboom, 2003; Yuan et al. , 2004) . FATH
R KW, 8 M AR E A, KNV RAAKE
WEER, B s LKA HIERKR, NRE
RERMEIIRER . AR S SR R E
e AR R — Bt #2157 FEIRE &
THaE . Gattermann 55 (2004) R HEE iz
£ )| R A g R N

YR E R B TR B A FIBE R I FEZ
V-7, 7 BB s shd &, sh el Ll st
R e i B ACEAME T iz 3h 200 RE 1 E AR Y
s, M 4E R AR A 2 iE ( Bartness and Wade,
1985) ; {HL W fig<s i TREELTH AESG M (40 RMR J
=) (Sullo et al. , 2004) . IKRE& & N ( Yuan et
al. , 2004; Coutinho et al. , 2006) . 4% £ 1
(Afonso and Eikelboom, 2003 ; Lattanzio and Eikel-
boom, 2003 ; Yuan et al. , 2004) B¢k B8 5 {0
AR LA UK Ab fE & 08 A4 B 34 0 ( Coutinho et al.
2006) R, Wi SEATE T, Gattermann 55
(2004) KM, HIEF Rz HERFT GBS
WS, AR S 0 W A, A R D) G
hn, IR AR B e Rz — AT e R H R R s
st sh W) B (BRI 10 2l . Alessio 2§ (2005)
Wikhy, HEFRREIHN KR ERA ., AR
o, B E SOV LAY B BE R A N,
TH AL RE QAR R 38 m, (HIE AR A KA A
[F] B B S 502 Bl I A s TG BRI B B 2 7 01
¥ (RMR)., BRizsshd KN B NST 74 A &
%, (HigshH 5XF F4H Z B 75 BAT & Fl BAT £
LR Mk B RTAE (R NST BE 1 %5 T, IR 2
5o (BRI, KRV BB R =B AR S T
REHETHAE RGP S An X T 5 A G 14 3
YmiE, HIEZIE I BOR B , ART
KR 2z 8, P B2 iz sh il 2] Lkt sh

)£ BICORT B AR

FURBR R (T, AT, BA b & S m
FIACHE = ER . A A BB s I e S 3K
KITVD B3 T, 1 Te B9k BE & Bl A8, 3X 5 NST
I RMR (AT RRUE A — B, RAE A |2 F A
W3, B A ER iz i KO By s T, # T,
W TREAL, X265 H NST /9 BEAL A ¢ 75
HE— 2R

98 2 ELA R AR AR A I BB E ] (Fried-
man and Hallas, 1998) ., f5X k¥, BRI izs)
KT, Shi B E 8 Rk TR, Em, i
HWHERWE SR &8 F R EFWNIEHMEX
(Coutinho et al. , 2006) , TEARMFFH, 8 JE#%{Lis
e, 12804 o B4R OV B 7R A 2 5 36
33% , BEEEIE AN 33% (HA W E B
5, WATRE SHEARE N L) . AR s S
SO TV B J 3 0 FT B8 5 52 ah s T i i R
BAX, miEEERIFRARES “PRES" EH
SEEEEWIm, FEHBERREHXT, MERE
Z 5T KNV BR g & Q0 I Re &7 Ay i o 3y i /2
AL ML TR AR, EL YL T K
BRI 95 98 2Rk B S RE R A I A G (2%
THAE, 2004) , T Sk JE 3 940 ) B A BRI
MM (Zhao and Wang, 2006)

B2, 8 JE A IR A B i A I T R
JRUP OB T M RE = 4 A, {HXF RMR, NST | M
e (K Rg & . I R KCOE R RO R
(T, M1 T,) S RhRlA B, g EM
FH R MR 980 25 A A A TV BRI 8 o A 31 R i o - A
AR Y R T A T S —

Brigt. O b E R B s Mt ST T AR AR 2R T
2 A P R B 7 S92 56 e i TP 4 T B0 B ARG SR B9 8
E&O

S E k-
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