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ABSTRACT

This study was undertaken to examine effects of dietary intake of garcinia cambogia extract, soy peptide and L-carni-
tine mixture on body weight gain and obesity-related bio-markers in rats fed high-fat diet for 9 weeks with or without
regular treadmill exercise. Forty 5-week-old male Sprague-Dawley rats were randomly divided into four groups; seden-
tary control group (SC), exercised control group (EC), sedentary formula-fed group (SF), and exercised formula-fed
group (EF). The SC and EC rats were fed high-fat control diet (fat comprises 40% of total caloris) , and SF and EF rats
were fed high-fat formula (composed of garcinia cambogia, soy peptide and L-carnitine) supplemented diet. Statistical
analyses by two-way ANOVA indicated that the regular treadmill exercise significantly lowered cumulative body weight
gain, total visceral fat mass, and epididymal, perirenal and retroperitoneal fat pad weights, and serum concentrations of
total cholesterol and LDL + VLDL cholesterol, insulin, c-peptide and leptin. Feeding the formula also resulted in signifi-
cant reductions in cumulative body weight gain and visceral fat pad weights, along with other related parameters including
serum total and LDL + VLDL cholesterol levels, and hepatic enzyme activities involved in fatty acid synthesis. Statis-
tical analyses by one-way ANOVA revealed that the formula consumption significantly improved body weight gain (18%
reduction), total visceral fat weight (20% reductions) , and serum total {(43% reduction) and LDL + VLDL cholesterol
(54% reduction) levels, as well as serum levels of insulin (49% reduction), and c-peptide (41% reduction) in seden-
tary rats, but failed to exhibit significant reductions in these indices in animals under treadmill exercise program. Taken
together, these results suggest that the treadmill exercise per se exhibited significant improvements in body fat reduction
and other related bio-markers, and so the formula consumption did not achieve a further significant reductions in these
bio-markers in exercised rats. Nevertheless, animals fed the formula with regular exercise showed the most efficient
weight reduction compared to other groups either fed formula without exercise or received regular exercise without
dietary supplementation. (Korean J Nutrition 38(8) : 626 ~636, 2005)

KEY WORDS : garcinia cambogia, soypeptide, L-carnitine, treadmill exercise, rats, weight reduction.
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tyrate, plantago ovata, ephedra sinica, ilex paraguariensis,
pausinystalia yohimbe 52| 2 FAAMNEC] e APFE 2
AAE thhez AF2E Ago] B4E vk oy o)g
e IR, ASHF a3 9@ ZE71ded #Haloie of
Z Aty A7AgTE SFTEE ot

£ A7E 84 Sl fEEL e AFedd 3%
Te2EA AREHL e Z7EEAIoRIRA o AAFE
£, L-7l24d 4 oiF Feo| =9 AFHHE 552 H7t
ah1, okt ol 71/AdAELA A THAA A3
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1. Ao QU AIBEEY A

A% 5539 Sprague—Dawley T2 85 (120 + 10
g 40 "HIE (P BRE (71D 2R 745 4
£ TPAEE 157U A A1 £, e
we} B&Eth2F (SC, sedentary control group), %
& (EC, exercised control group), Hl+E3FAE4F
T (SF, sedentary formular—fed group), 283l %%
AHEARHAT (EF, exercised formular—fed group) (n = 10)
9] 4707 vix|EIGict & ATl ARE A Aol AIN-
76 o)2AVE 71RO Fglon, Aol du|RtE FE3)
7] 98 ALEFE F 9F2) 40% FFEOE TV,
ALAFEoR got=g SFFRE 17 139 HEE AMS3t
or, FHXHES 1% (wi/wt) TFEOE ZFAFCE 4
Hajolo H7te ZAES FLHHS JlEAotR Ao}
AFEEE (60% hydroxy citric acid 3, InterHealth Co.,
US.A), h5FHele)= (Fuji Oil Co., Ltd., Japan) % L—
7}=U9 (Lonza, Switzerland) S 1 : 0.6 : 0.02% H|[&&
33t Aol 71eb Adole] ZAF AL Table 11
A upel 2t B ] AR A0E pellet FH
2 AR T, pARAR] st A E AR AEFE
AA AHFEAAF T

SETY A BT B AT ES EFEY
(Dual~treadmill, thE717])& o5t Wi 2084 (A
10:30~12: 00) 2} E2V71¥%S F 54, 957 Bt AA
3t EdsdFl A&k 71k 7] A3 A& 3
F ¢ EY=Y £58 9 m/mindllA AlFSI] AxE
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Table 1. Composition of experimental diets

Ingredients” cD? FD
(g/kg diet)

Casein 200 200
DL-methionine 3 3
Corn starch m 106.9
Sucrose 370 370
Celiulose 50 50
Cormn ol 30 30
Lard 170 170
Mineral mixture” 42 42
Vitamin mixture” 12 12
Choline bitartrate 2 2
Cholesterol 10 10
tert-Butythydroquinone® 0.04 0.04
Garcinia cambogia extract’ - 1.518
Soy peptide - 2.53
L-Camitine - 0.0506
Total (g) 1.000 1,000
Fat (% Calories) 40.0 40.0

" Modified AIN-76A diet composition

2 CD: high faf controt diet, FD: formula (garcinia cambogia ex-
fract, soypeptide and L-carnitine) -supplemented diet

¥ AIN-76 Mineral Mixture: g/kg of mix: calcium phosphate diba-
sic 800; sodium chloride 74; potassium citrate HXO 220; potassium
suifate 52; magnesium oxide 24; manganous carbonate 3.5;
ferric citrate 6; zinc carbonate 1.6; cupric carbonate 0.3; po-
tassium iodate 0.01; sodium selenite 0.01; chromium potassium
sulfate 12H20 0.55; powdered sucrose 118.03

4 AIN-76 Vitamin Mixture: g/kg of mix: Thiamine HCI 0.6; ribofia-
vin 0.6; pyridoxine HCI 0.7; Niacin 3; calciumn pantothenate 1.6;
folic acid 0.2; biotin 0.02; vitamin By, (0.1%) 1; vitamin A palmi-
tate (500,000 iU/g) 0.8; vitamin Ds (400,000 IU/g) 0.25; vitamin E
acetate (500 IU/g) 10; menadione sodium bisulfite 0.08; pow-
dered sucrose 981.15

® Antioxidant agent: 0.01 g/50 g lipid

¢ Garcinia cambogia extract contained 60% hydroxy citric acid

S7HIA WL &, 3 T+ 9 m/ming] oA F 208
¢ &A1 oH, 2FAE 9 m/ming $EM 38, 12
m/min £%ol 178 32, 183 3F4E 9 m/min £5
Z 3%, 12 m/min $52 3%, 15 m/min®] £52 14%
7 SN 4~9F A= 9 m/minolA A3}l oj 3
Folt} 3 m/min® H 18 m/min7HA] SFFEE ST
2} (9 m/min, 3% 12 m/min, 3%¥; 15 m/min, 3%, 18
3 18 m/min, 114). 18 m/min $59] EF=deE2
Sprague Dawley #F e QlojA] HopkigdFi3ke] 70%01
3 FAEEF AFHE Ao

E AL 2523+ 1T, #E 50 + 5% U9, 2382
12A17F WY57] (light; 6 : 00~18 : 00, dark; 18 : 00~
6 : 00) & 4P fAIse SEARACIAN 3= i) 4
ol wid 24 10~114) Aol 3 g7 FF3ision,
Aol AA%L v, T2lx AFL 3Uo Y =4

o} AlEAF O] e EAY ASHEE 9] 8 AES
& AAG I 247 Foll AFE S eH, Hojg s
(FER, food efficiency ratio) & A&2jo] FFUYZRE 3
RAZAE & AP7|17H0.2 3lo] AP/ B¢ A A)
ZZ713E F oA R o] AE3ISith

2. Na9| N H YIRIYRA qETY 23

AYFES 1223 o1 FAAZ F, diethyl etherZ v}
3t Aefold g9, 7+ 2 ¥ UgAEERY [FudA
1 (epididymal fat), A8FAA% (perirenal fat), Z37Fet
)8} (mesenteric fat) ¥ F54A% (retroperitoneal fat)]
£ A8 ERdisHozRE] AP 4L 1000 X g
oA 1587 daEelsld g3& Felsiitk Ase %
Fopd WA za2 242 419479} 0.1 M phosphate ¢
%89 (pH 7.4) 22 AT F, FAE S8 84,
7H g WA RAe B4 AR —80TCell Baslsith

A& LA AR e dFE 0.1 M pho-
sphate buffer7} @3] tissue culture dish (100 mm) A
0.1 mm® 2712 A #Zhd ¥, glutaraldehyde (1%)7}
239 4% paraformaldehyde €904 2447 TAAA
£}, 0.1 M phosphate buffer= 1082 33 #1235k & thA)
1% 0s0, (Osmium tetraoxide) &Holx 3087t F1A4
342, 70%, 80%, 90% L 95% el X2 1084
FAAA T 100% ekl 1A 23] FRAAA =
Aol eBub4E ¢4838}11, propylen oxide®t Epon$%
(KANTOA}, Japan) ol 24213t AFAIA Zujdt &, g2
ol== wEt) Jerdn (Axioplan 2, Zeiss, Gottin-
gen, Germany) & °]&3lo] A=A AH SElo|=F EY
3 & xubzzA o] £93-S Discovery Series Quantity
One (Bio—Rad Laboratories, Inc., Hercules, CA, USA)
ZZIE olf3je] F3t, olF AAHETE W] A
A BH#A7E ARGt
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¥y FZu2HE, HDL-Z82HE U SAYsEE
49 kit (5, FBAID & ol g3l 23] vkE A3l
e AWARsEE= SICDIA NEFAZYME kit (Eiken Chemi-
cal, Tokyo, Japan) & o830} &43131 o, 8% LDL +
VLDLEHAHE $5& FF2HE TE004 HDLEH
2HE FEE Alste] A
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M sucrose + 1 mM EDTA + 0.002 M dithiothreitol, pH
7.6) 8 mLE 752 polytron homogenizers ARl #
AsAIZL F, 600 X g, 4ToIN 1587 AR5 A
SU4& 105,000 X g, 4ol 4087 24488} A
FASES R F, A48 SA o)Lk

ZEAE A A O] A)gHa A2 malic enzyme (ME) &
32 Hsu 59 el 28l 378319ic). £, 0.4 M trietha
nolamine buffer (pH 7.4) 700 gLel, 0.12 M MnCl, 50
L, 3.4 mM NADP 80 zL, 30 mM malate 20 2L, 718}
3 AEAR-E 20 gL (0.08~0.12 mg] @d P E 7}
g F 26T, 340 nmolM 90x7F E4%: W3 &A1)
EAEA 1 unitd 1852 A4E NADPHY) oz 23
315,91, specific activity= AE2e]| g0 = @l
A 1 mgell AE3= enzyme unit® YER) 3, AEAEE
o] @ AE =+ Bio—Rad Alohs AMEEle] 438150

Glucose—6—phosphate—dehydrogenase (G6PDH) &
AL Kelley 579 Wo) 3] NADP7} NADPH=E 3
HE AxE H7Ed 55 mM Tris—HCl (oH 7.8), 3.3
mM MgCl, buffer 900 gLl 6 mM NADP 40 xL, 0.1 M
glucose—6—phosphate 40 zL, ¥ MZAEE 20 uL
(0.08~0.12 mg @HAZ 71 F, 257, 340 nmellA 90
Z 2 FAE) HEE SAegth 48 1 wnitd 17
=9t AAd® NADPHS| ¢ko g A28} 1, specific acti-
vitys @93 1 mgoll 3= enzyme unit® VERACH

Fatty acid synthase (FAS) €42 NADPH”} NADP
2 AEEE Axg 2351990 90 mM potassium pho-

BESES & 380) 626~636, 2005/629
sphate buffer (pH 7.0), 0.18 mM EDTA, 0.10 mM ace-
tyl~CoA, 0.20 mM NADPHe}| A¥&AEE 20 4L} 0.20
mM malonyl—CoAE 713+ &, 257, 340 nmoIA] 90% 2+
9] F3% WS A0 248 1 unit 1% ¢
F40] Zojzhgo o3) AbslEl= NADPHS o= A 2lst
A3, specific activityr @4 1 mgoll 3Fsk= enzyme

unitZ YeRAoh

5. I=2EE BN

FEA] A glucose FEE 3ERIFEA7] (Express
Plus, Chiron Diagnostics Co., USA)E o)-&3lo] ZA3}
glom BAQ xoke BayerAl (Tarrytown, NY, USA)
2HE Fol5it). 4 insulin, C—peptide ¥ leptin &
5 Z17) Rat C—Peptide RIA kit, Rat Insulin RIA kit,
83 Rat Leptin RIA kit (LINCO Research, Inc, St.
Charles, USA) & AH&-3}9] gamma—counter (COBRA
5010 Quantum, USA) ¢l &J3t ¥AMAH 0= S743)3ict

6. 1 2o

BE 5o BARAEL SPSS 12.0 (Chicago, IL, USA)
& ARg3le] AASE T, BA4X]= mean £ SEMOE 1}
ERfigich 2 dFold] E3E B RE A= 28
o] B EEUeEe Fax, 1y A¥Ao)s} 59
333 gioll thgt 724 o%~= general linear model
ling & 2231 two—way analysis of variance (ANOVA)
ol 28 kst 4, A¥F 219 FAAQA Aol
one—way ANOVAE AA3lo] 5313l e, p < 0.05 &
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Fig. 1. Body weight gain of rats fed
experimental diets for 9 weeks. Va-
lues are mean * SEM of 8 — 10 rats.
SC: sedentary control group, EC: 100
exercised control group, SF: seden- Vo4

tary formula-fed group, EF: exerci-
sed formula-fed group.
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Table 2. Effects of diet and treadmill exercise on body weight gain, food intake, food efficiency ratio and liver weight of rats

Group” ANOVA
] . Diet x
SC EC SF EF Diet Exercise oxercise
Inifial body weight (g) 187 + 395 188 + 251 18 * 268 18 * 252 NS® NS NS
Final body weight (g) 650  +20.3° 561 +116° 565 +£2834 524 +£175° * * NS
Cummulative body 463  +£233° 374 +115° 381 +185° 342 166 * * NS
weight gain (g/9 wks)
Liver weight 501 + 0.18° 426 + 016 451 = 007° 376 £ 014° * - NS
(g/100 g body weight)
Food intake (g/day) 276 =+ 050° 214 =+ 033° 272 * 049° 228 + 040° NS b NS
FER? 0266+ 0.009° 0275+ 0005° 0224+ 0009° 0241+ 0011 ** NS NS

" SC: sedentary control group, EC: exercised control group, SF: sedentary formular-fed group, EF: exercised formula-fed group

Values are mean + SEM of 8 — 10 rats

2 - . _ Body weight gain for experimental period
FER (food efficiency ratio) = Food intake for experimental period

¥ NS: not significant

*, xx: Significant effects of diet (D), freadmill exercise (E) and their interaction (D X E) were found by two-way andlysis of va-

riance (ANOVA) at +: p<0.01 and **: p<0.001, respectively

Different letters in a same row represent significant differences among experimental groups by one-way ANOVA atf p<0.05

TAA fodo] B AS 7 ¥ HAe Aol
gk 5242 Duncan’ s multiple range test& o]g3}q
7183t

LI L

1. M3 318 2 MoHg

Ago)s} 3 FHAQ FALSFS 957 Ak
A &A% AoliHF, A5 9L Holad Avk= Fig. 1
2} Table 20 A€ wpel 2o}, FAAFZIIES F27
A FAALE (10~19% 7A) F= ZAEXHE (9~18%
Aol A3 Zhz folsiA Basen (p<0.01), &
AERH ) 259 A3 avh= BEERA Yokt 73
A 52 A & AHolN 2AERARE FHAAES
VS 18% skl AR 8, LETN ZAEA
FHoll A%t FAAZTS/NF FAE&L 9%l EHst) o
£ 2 AN AR ST ee S0 AEARS 47
o2 AT, wely 2AERFC JF AFdH a3
7b % FEo 7 YR 9L o Zojdr). &%
(p<0.01) = XAAEAHF (0 <0.00D)E AF o 574l
£ foHA 247 (Table 2).

FAEAAE doldHFl H3e vHA] FL A o)
E8E F9F 0% A v, FHEHY 5L Ao
Fgolle YFE vHA EaAx, HoldARE FsH
ZAANFNERA AFE AN RAe® Yt & 2%
T vl FF 2ol vehd A7 2o)e $508
A3 LT ] FURTHE= F 7112 HolAF 2)o)d)

l"

O

48 o

7108 Aoz QZIE, ol AR 5] A4S
ke B} ATEAHET IR XSk Ygolth
EAF7T Aol Tl ot FFE mAA Eo ARR
ujFo] B w, JEAFHE 2894 adRrke dxlE 4
Qeofl o8] AFE 2HEE AFE F Utk ol & A7
A AFEE A Eo] 389 hydroxy citric acid (HCA)7}+
248 AAE 2N AFAF a9E vehdve A%A
T o= AEElE Aot $H, T FelolE T L-
F2uElo] AoldF o) vXj= Fel W3 E AT
B3g vt glch

2. YSANRIRA S U R

THAY FAAEES FURAEEE Frosha ZaA]
Aow, YW 2oz Rusad (13~20% {4
p < 0.05), AFFHAM (20~22% 74, p <0.001)
EAZAY 17~18% 24, p<0.01) #AE 2F fo@
702 ZFANAT (Table 3). RAEAH A4 2%
Aube oA ZdarR e, RusAd (15~22% 2
2, p <0.05), AFFHAY (19~22% 74, p <0.001)
2 BEREA (20~21% A4, p<0.01) FAE BFE &
oAl AR ZPES AFEA TEA 5E
HePs A9 ST AFE Aol visl FnE&A, AT
A, B g A7t FA7F BE kA
 A%E B33, 53], AFFHA FARME SFS) EF
T Zhll FeA Hol7k BT} (0 <0.001). ¥, =
AEAF ) A% FUFAY FAEL 5 S R & 1
9] A% 20% B3k o (p <0.05), +5& IS
oAM= 13% (p > 0.05)F Jept vlsvE 7haZol

Bl ZA)

T, -0
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)t RAEAFS} &5 0] B3 2E Sde BEEA At of

WHAAZS] 2715 AR, FasgAEe] Hy &8, 27 UL FAE FAsAl A
L7)E 5 A3 FsA 2Asga (p<0.001), 28 o= Bty AL 27)d 9EE vixA] e A
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YA 5390 (Table 3, Fig. 2). #-918 WA #E vehidgo] 58t olgh= W& Hasegawa™
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Table 3. Effects of diet and treadmill exercise on liver and visceral fat weights, and visceral fat cell size of rats

Group” ANOVA
SC EC SF EF Diet Exercise Diet X exercise
Visceral fat weight
(g/100 g body weight)

Epididymal 286 +027° 229+ 0073° 224+ 011" 194 +024 * * NS”
Perirenal 0.85 -+ 0.049° 046 £ 0022° 0.7 +0039° 053 +0042° *** NS
Retroperitoneal 3.33 £ 0216 272 +0.154° 263 +0.198° 2,19 £ 0.13¢°  ** b NS
Mesenteric 229 £0.104° 205+ 0091 194 +0155% 1860107 NS NS NS
Total viceral 933 +0584° 7.71 £0.236° 7.48 +0527° 6.53 +0408° ** * NS
Fat cell size (zm?

Epididymal 717 £043° 459 +029° 599 +0.38° 463 023 NS NS
Mesenteric 392 +026™ 350+039 357 +055 290+ 027 NS NS NS

" SC: sedentary control group, EC: exercised control group, SF: sedentary formula-fed group, EF: exercised formula-fed group
Values are mean + SEM of 8 — 10 rats

2 NS: not significant

+, *x, wx Significant effects of diet (D), treadmill exercise (E) and their interaction (D X E) were found by two-way analysis of vari-
ance (ANOVA) at *: p<0.05, #+: p<0.01 and ***: p <0.001, respectively

Different letters in a same row represent significant differences among experimental groups by one-way ANOVA at p<0.05

Fig. 2. Histological images of epidi-
dymal fat cells from rats fed experi-
mental diets and treadmill exercise
for 9 weeks. SC: sedentary control
group, EC: exercised control group,
SF: sedentary formula-fed group, EF:
exercised formula-fed group. Ima-
ges were captured at 200 X mag-
nification.
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Table 4. Effects of diet and treadmill exercise on serum lipid levels of rats

Group” ANOVA
SC EC SF EF Diet Exercise Diet X exercise

Serum .

Total cholesterol (mg/100mbL) 163 +21.2° 102 *283° 937 +3.39° 848 +621° * ** *

LDL + VLDL cholesterol 114 +£193° 557 +336° 529+391° 41.9+467° ** = *

(mg/100 mL)?

HDL cholesterol (mg/100 mL) 487 + 3.46° 412+ 1.73® 371 £1.81° 422+281" NS NS *

HIR (%)° 31.8+263° 427 +1.62® 417 +253® 510280 @ ** NS
Triglyceride (mg/100 mt) 344+308° 342+238 274+273 351 +1.77 NS NS NS

FFA (mg/100 mL) 163 £1.16° 139+ 130° 936+054° 139+058  * NS wee

Y SC: sedentary control group, EC: exercised control group, SF: sedentary formula-fed group. EF: exercised formula-fed group

Values are mean + SEM of 8 — 10 rats

2 {DL + VLDL cholesterol = total cholesterol — HDL cholesterol
¥ HTR (%) = HDL cholesterol/total cholesterol < 100

¥ NS: not significant

¥ Interaction between diet and exercise was synergistic

=, x#, #xx. Significant effects of diet (D). treadmill exercise (E) and their interaction (D x E) were found by two-way analysis of va-
riance (ANOVA) ot *: p<0.05, **: p<0.01 and *=x: p<0.001, respectively
Different letters in o same row represent significant differences among experimental groups by one-way ANOVA at p <0.05
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APAL A7) o) F 7] e ) FEE
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& < Stk
Bell 572 vh¢-28 oz 8)7nlf7t 324 cage
o 85 Bt AR 55 AN A, W) &
Al F2HREE BFY. ok Kim 57 A
£ e R F3AeE (60~70%2 FHuhitirRagdolA
308) % dolEEHeld Q0D o TAHE $FZEIY
& F 33 AAFEA tEAY AL F2E, OiF 3
Bl = gl L-7l24do] 348 71sE8E 43N0 2
I, AFARE AR FH oz ANYSE Bus)
of & d+ase AR Fa Yk

3. @% NS

THAR fFAERES 85 FZUAHE 95~37% 7
4) 9 LDL + VLDLEZHAHE ¥5 (21~51% &
7] FesiA Z2AZeH (p < 0.01), 8% HDLEHAH)
E/ZFHAHE vlE HTR S 28k S7 A0 (22~
34% %7}, p <0.001) (Table 4). ZAEAS 94X g2
ZE2928E (17~43% Z24) 9 LDL + VLDLEZdAH]
£ 5 (25~54% A E T #AERAReH (p<
0.0D), HTR FAE &2 S7MIAT (19~31% 57},
p<0.001). 8% FEd26E 2 LDL + VLDLEZ#AH|
E 559 AY 59 AEALFY AR ad g
HDLEZHAHE 559 35 £33 EHFY 432
£ a7t #FHACh
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One—way ANOVA®] 2J3] A8 719) xjo|g #4982
o) ¢J3hd, ECFY 73 SCFoll nish ¥3 FZd2uE
(37% 72 2 LDL + VLDLZHAHE % (51% T2
7t skl ZAasigith FEAEQ 25 SN % dEll
A 2B 83 FTU2HE 3% 24 L LDL +
VLDL ZHAHE 55 (54% 22 E #9514 Z2argl
$HE, 258 B FolMe RAE J37E 8 =Y~
HE (17% 7% 9 LDL + VLDL Z#XHE 25% &
&) BEE AaAE AL B3 o), #9339 Aolg
ERAE F89t)h HTR 318 55 shaA] 24E8S
AF% Z ER) oA g Azl vidl 7 oy, F
A @Qle) o3 A5G A BEEA it 4,
7 SAANEEE ZAEAS T 2500 I3 9T
w7] ekgkor ZAEHAHY 252 B e v v
2] skl FElAHRREEE 250 o8 93k X
B2 Wbl ZAAEGH A dEME FHow FAaEHYY
(p<0.01) (Table 4).

APATAT ] o5, Kwon 570 AHE o=z 8
T AR F9FS AAIBAA HCAE A7M7 2
3 % FEYAEE FoUF 2SI, A U
2 JtEAYo Ao} FEES 477 A A EF
FEYXUNEFTI) KAl Al ok, NEH
ARZRRE oz FAH FAAE (70% VO, max)
< Azl ¥, HDLEHAHE/ESFUAEHE HE&E S7H
ZAchs Bl a83 7330 5] 71229 LDL
ZH2HE FEAIE FYSATIERZA Thel] 2% LDLE
2HE uptakeE F7MI711 EF LDLEH2HE 5
AN RATRE 2?3 2 A7A3E X)x)8) F3 3ok
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Table 5. Effects of diet and freadmill exercise on lipogenic enzyme activities in the liver of rats

Group" ANOVA
SC EC SF EF Diet Exercise Diet x exercise
{nmol - min* - mg protein™
Fatty acid synthase 102 £093° 102 +063° 7.63=080° 796+080° * NS? NS
G'g:ﬁ\jifgggg;zgme 257 + 467 212+28 202+271 21118 NS NS NS
Malic enzyme 152 +3.01° 106+ 1.33% 836 +079° 658 +060° * NS NS

" 8C: sedentary control group, EC: exercised control group, SF: sedentary formula-fed group, EF: exercised formula-fed group

Values are mean = SEM of 8 — 10 rats
2 NS: not significant

*: Significant effects of diet (D), treadmill exercise (E) and their interaction (D X E) were found by two-way analysis of variance

(ANOVA) at *: p<0.01

Different letters in a same row represent significant differences among experimental groups by one-way ANOVA at p<0.05

o2 A EF KPR el &
FBBATE glEol dEA Jed,” B A7AAM T d
T A=Y 2 EAF N 2 folskAl sk
t}. o}&#8], Hayamizu 579 Q7oA E 457 A1
FI2AY o R Ao} F&Eo) o8] uhg-Ao) HE falA
AFEE7} 4 vt ik

4, NTNO| RPN WRHY M ZARY

xRN At Ao B3 4012 (HH Y A
A& Ful3= malic enzyme (ME) 2 glucose—6—pho-
sphate dehydrogenase (G6PDH), 12|11 acetyl-CoA=E.
HE kg A3AYsH=t] Bojsh fatty acid synthase
(FAS) 848 £73% Ax7} Table 59 veR} k. 713
HQ FAAREEE AZKA /) A 3R B
o fog JFS XA o whd, ZAEAFHE FAS
(22~25% #2) L ME (38~45% &) 84S 93
Al ZF2AZT (p <0.01). °1F AZIR] 2840 SloiA
+E9 ZAEAH Y] 45 e BEER gt

FEAE acetyl-CoA7t 2331 malonyl—CoA7} #8
=AM At AEde] AlEEEY], HCAE ATP—cit-
rate lyase (citrate® acetyl—CoA$} oxalocaetate 2 #3l
3= AE Fulshe &) ol citrate?} AYZ o7 Z-g3}
B2 acetyl-CoA F4& Adfshs 2oz deiA Qck?
HCAZ= <18}l acetyl—CoA o] Ad=A malonyl-CoA
Ado) AgEle], AntHoR XA AAEH? ¢
¥, HCA7} ATP—citrate lyase AAZ 2gst= ¢
acetyl—CoA ¥ o412} oxaloacetate A T3 A= 1,
FAK= malate ATAO]EZ HCA AH e <3 AZW oxa-
loacetate %2 Z4E malate FEA43E olojd Ho)
ot mebA] B A7Aaelq 28443 98 malic en-
zyme 40| ZAad A HA) HCA® &) malic enzyme
7133 malate FE7} 7A4E A} Aol & Ro= AL

25} o] s FHH BY, £ Al ARE =
HELE 2122 A 33 540 848 Asfst=
A AP RS Ak, AAF o xR 4 U
9] AEAS TS A0 ATk

L-712YslE A RS AEA2 e nEZ o}
Y= o]FA7 et 5AA Aol 84931 long chain
acyl-CoA¥ P|EZCdo} Y22 38 & gloug n|
EZt o} ¢ute)] £AF= carnitine palmitoyltransfe-
rase [ (CPT )¢ Zuiz-gef 93f sl=Helz} A8l
acyl—carnitine 22 H&=|o] n]EETeo} YZ o)FHct”
v EZealo} WollA acyl—carnitine< carnitine palmito-
yltransferase I (CPT M)l &J3}l carnitine™ long chain
fatty acyl-CoAZ ¥2|¥ ¥ IAP23Z=2 Fo{7} o|A
2 338 9ok’ o] Ao P29l carnitineS A%
Q1] 7k = AAol|A] lysine® methioninel] &l B4 H)
A, 201E B8 et gk, 2AEE S35t cani-
tine BEo| AL Abslel] S nFE AR o
e} ofge 7EEYolte ol AAFEE FFH A 25t Al
Z4 Ul malonyl-CoA §E9] Z4aE CPT 1& 843
7 vEZopE AR FYAI7IEZR At
AE ZTAAE 7S AR vk QI & Awak
Abskel 48491 CPT I o+ malonyl—CoAd] &3t *
EH$7} 913, malonyl—CoA7} o] ZHF-90l AFsnz
A CPT 1 &%) Asact?

o Helol| =9 A dAZHA S #2871
o] FAl3] ghs A o= it} Saito T¥o] FEAE S E3

T Fele| =t wABA 2 AR EAE A SIAA
AuPaslE 73R 2189, Komatsu 572 of
T e =7} A1} ofgel A B Aol G (diet—
induced thermogenesis) & Z7MZ1tka B v} 3l

T Hete| =8 AeHH a3t AL ok
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Table 6. Effects of diet and treadmill exercise on serum glucose, insulin, C-peptide and leptin concentrations of rafs

Group” ANOVA
sC EC SF EF Diet Exercise Diset X exercise
Glucose (mg/100mL) 194 +11.0° 163 +522° 167 +541° 164 +909° NS° NS NS
Insulin (ng/mL) 338+ 088"  1.16*017° 1.72 + 031° 1.63 039" NS A NS
C-peptide (ng/mbL) 5568 £ 0.79° 2.56 + 0.31° 3.31 £ 048° 296 +051° NS ** *
Leptin (zU/mL) 11.0 + 1.57° 560 = 0.94° 8.12 + 1.30% 461114 NS > NS

VY SC: sedentary control group, EC: exercised control group, SF: sedentary formula-fed group, EF: exercised formulo-fed group

Values are mean * SEM of 8 — 10 rats
2 NS: not significant

=, xx Significant effects of diet (D), freadmill exercise (E) and their interaction (D X E) were found by two-way andlysis of variance

(ANOVA) at +: p<0.05 and *=: p <0.01, respectively

Different letters in a same row represent significant differences among experimental groups by one-way ANOVA at p<0.05

5. H|0h Y =R Bk

c—Peptide¥ insulin®] AT-E2<! proinsuling At
£ connecting peptided] ¢k4}o], proinsulin 1&#A= in-
sulin 13¥2}9} c—peptide 182} F3s]o] B0 T Hn)
gk J1Ed2 A7IRA o] &8 F 3toll 23 uptake
=] insulinase®l &J3] Fal=H, W27)= o 6~8F A%
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ARE AARTL o|glelE Aol A7} 2l FAg 7
S AGA L 2% leptin Y L #u7t FUMEER ¥
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tin ¥=F AF DAY= o] YAAAE vehdH,
AR olE XzA oA 9] leptin T U EF leptin
FEE PP A= 4EA Qv ok insulin® lep-
tin SAALHE 24 JOF lepting insulin sig-
nal transduction& AssH= Ao 2 LA Qoh¥
Aol BEZA A FE 9 AAAE 28k
JNeU75E AR EA A&d H|EY T (A 2
d 3 & fUshe AoE gEA Uk mxgae] A
AA % FeElAas =) S Ha, $ak= 7ellA
&Y uptakeS ASHAIA 1JETIEFE FEsH= A
4A Yok "R AFe] ZAdE 3 &Y A
o] M=z F&H A9 EF AdedsTrt ZAadh=s A
Btk HAdTAnel oshd, FHE Fe® 8F
nAGAo)s} F FFES A AT £5E A
2 t)zFel B8 @3 insulin ¥ leptin 57} #4274
A4 TtEA oA o} &80 BFAF
© "hA8] 8% insulin 9 leptin FEF FoF0g A
SHAJZTH?

TEHR fAAEES EF insulin (5~66% T2, p<
0.05), c—peptide (11~54% 74, p<0.01) 2 leptin 5
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88 AL o o
fio o
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5 (43~49% Z4, p< 00D E EF FolsH ZaAze
o, c—peptide FE9 7$ 253 A g %
2 g7t #FEUY (p<0.05) (Table 6). 3, 24
EAFE 3EED 2 gt B 32EEE 93 U)X
A oot} ABF 719 Xo)E one—way ANOVACY &3l
A3 2 Ay, ECTY A% SCTl w3 35873 (16%
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4 leptin = (49% Fa) 7t F2ldHA AE &5
B3R 42 AHol ZAAERHE TEET (14% 7
4, 8% insulin (49% 74 2 c—peptide F= 41% 7
2§ e Aszie @ <0.05), BF leptin F=
(26% 7ta) BT ZAaAFIe 4TS Bk 3 73
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