HEEEZ2 Y 388): 637~648, 2005

Aol Ao} £5F (HCA) % L—Carnitine )
M 2 250 D] AZ wlAE P
-7 v A

ol shed Rl eiL ) E o ¥t

i %)

Effect of Feeding Garcinia Cambogia Extract (HCA) and/or
L-Carnitine and Exercise on Body Weight in Rats

Park, Ji Young® - Kim, Mi Kyung
Department of Food & Nutritional Sciences, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

This study was performed to investigate the effect of feeding garcinia cambogia extract (HCA) and/or L-carnitine and
exercise (swimming) on body weight in rats. Forty-eight male rats (Charles River CD (SD) IGS) of eight weeks old and
weighing 323.5 = 2.4 g were raised for two months with high fat diet (40% fat as calorie) to induce obesity. After in-
duction of obesity, rats weighing 552.8 == 5.8 g were blocked into eight groups according to body weight and raised for
six weeks with diet containing HCA and/or L-camitine. Plasma aspartate aminotransferase, alanine aminotransferase, total
protein and albumin levels were in normal ranges. Food and calorie intakes of H+ C and H + C/E groups were highest
among non-exercise (NE) groups and exercise (E) groups. Food and calorie intakes of NE groups were higher than
those of E groups. E groups showed significantly lower body weight gain and calorie efficiency ratio than NE groups
and H/E group was the lowest among all groups. Perirenal fat pad weights of E groups were lower than NE groups, and
epididymal fat pad weights of H and H + C groups were lower than CO and C groups among NE groups regardless of
exercise treatment. Brown adipose tissue weights of E groups were higher than NE groups and highest in H/E group
among all groups. Liver citrate lyase activities of H and C groups were lower than CO and H + C groups regardless of
exercise treatment. The differences between NE groups and E groups were not found to be significantly. Liver carnitine
acyltranferase activity was not significantly different among all groups. Fecal total lipid, trigtyceride and total cholesterol
excretions were found to be higher in H and H + C groups compared to CO and C groups both in NE and E animals, those
of lipid excretions of NE groups were higher than E groups. In conclusion, HCA was more effective in reduction of body
weight and body fat than L-carnitine or HCA + L-carnitine. HCA ingestion with exercise was far more effective than
without exercise treatment in reducing body weight and body fat. (Korean J Nutrition 38(8) : 637 ~648, 2005)
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1. 48N g F|

B o4 AFEEF hydroxyecitric acid (HCA) S+ L—
carnitine CJ () JFAT40M F3U4ch Hydro-
xycitric acid®] §9° 2% Phytotech (India) ¢} garcinia
cambogia (HCA 40% ) £ ARE3I% 3L, L—car-
nitine2 Lonza (Switzerland) &} £% 100%2] A& %
ez 2jo]o] &3t} Garcinia cambogia®} L—car-
nitine®] 4L Table 13} Zk}.

Table 1. Specifications of garcinia cambogia and L-carnitine

Characteristic Gcrcinig L-carnitine
cambogia

Content of HCA or 0% 100 %

L-camitine
Appearance Amorphous powder Crystalline powder
Color Colorless to pale White

yellow
pH 65-75 65-88
(1% w/v solution) (2.5 g/50 mg water)

Heavy metals <20 ppm max. 10 mg/kg
Total microbial <1000 cfu/g max. 50 cfu/g

count (only aerobic)
Table 2. Classification of experimental groups

Groups” Dietary treatment (g/kg diet) Exercise

CcO - - -
H Hydroxycitric acid 40 -
c L-camitine ' 5 -
H+C Hydroxycitric acid + L-camitine 45 -
CO/E - - +
H/E Hydroxycitric acid 40 +
C/E L-carnitine 5 +
H+C/E Hydroxycitric acid + L-camitine 45 +

1) CO: Control diet group
H: Hydroxycitric acid diet group
C: L-carnitine diet group
H + C: Hydroxycitic acid + L-camitine diet group
CO/E: Control diet with exercise group
H/E: Hydroxycitric acid diet with exercise group
C/E: L-camitine diet with exercise group
H+ C/E: Hydroxycitric acid + L-camitine diet with exercise group
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APEEL A% 85 @ Charles River CD (SD) IGS
FR 87 480 E Yo . AdEEL 1F

4 7+ 73FALE (Bio Genomics) ® A4 & Al
] 3235 * 24 go] H3Jt} o] HYFESA 1A of
ZT (Table 39 CO)# Z2 o] (Rygtsko] &9
40%) & o] 271¢ 7t BvhE =3k v oIzt
¥ Azo] 552.8 + 5.8 g AEE AFoll wet FHH (ran
domized complete block design) el 2)3] Table 29} 7o)
HCA, L—carnitine 383 &% AA] oo we} 6vje}y)
8ToE FH3IY 653 ASETh &5 %ol 10
A FFE o XE 4T F 43, o] FRE 34
AR 2534wl $9E HAAIEh

Ao AL 2ofe] FAGRE Table 33} 7t} 20]
%9 HCA® 3F%L Leonhardt $7& F13lo] 40 g
garcinia cambogia (HCA 40% 3 /kg dietE 235
AA HCA®S) %3] 16 g/kg diet7} A} 313111, L—carnitine
9] F%E Feng $9& #F1sl 5 gkg diet= 3153tk
AYAEE AlQlgt do] AR-L (F) vl AxYAS F
319 )¢ Harlan Taklad AE-& FUsiA AIN-93M

SESEZEE 38(8) 637648, 2005/639
dietZ 712 o2 wigsl] FF3isith

Ho] AL AFYe) 33 AT Aol 851,
AFE T 13 22 Al S350, AoldFHNAN 2
ALY AFe] Walg W] Ao AT 54 2A0 A
o o] 122 wiFglch AFFEL 3 vlElY stainless
steel cageolX ARS3}3L 2ol B& ARFA HES 3
grt T2 ARRAL £5 23 £ 1T, 5 50 + 5% W9
2 HANZ e, lighting cycle 12417 F712 U3
33Tt
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R 1 24 9AFE v A 9ATAIE AolE A
HIEF & F AEAF 3UAA & 24 9AFH 1243
B oA AE AFHEATE olgh 2ol 12417 F R’ A
H s T 192 Hog I3 o] 71k F &

< Al glo] FEEINeH T AL FAS SHE F

Table 3. Composition of experimental diets (g/kg diet)
Groups” ingredients o) H C H+C
Cormn starch 271192 231.692 266.692 226.692
Casein 174.000 174.000 174.000 174.000
Dextrinized cornstarch 15656.000 1565.000 155.000 155.000
Sucrose 100.000 100.000 100.000 100.000
Lard 100.000 100.000 100.000 100.000
Soybean ol 100.000 100.000 100.000 100.000
Fiber 50.000 50.000 50.000 50.000
Mineral mix” 35.000 35.000 35.000 35,000
Vitamin mix” 10.000 10.000 10.000 10.000
L-cystine 1.800 1.800 1.800 1.800
Choline bitartrate 2.500 2.500 2.500 2,500
Hydroxycitric acid - 40 - 40
L-camitine - - 5 5
Tert-butyl hydroquinone 0.008 0.008 0.008 0.008
Total 1000.000 1000.000 1000.000 1000.000
Total calorie (kcal/kg diet) 4463.3 4321.3 44473 4303.3
Carbohydrate (% as calorie) 456 43.8 454 43.5
Protein (% as calorie) 14.1 14.6 14.2 14.6
Fat (% as calorie) 403 a7 405 AR
Total (%) 100.0 100.0 100.0 100.0
1) See Table 1

2) AIN-93M-Mineral Mixture (mg/kg diet): Calciurn 5000, Phosphorus 3000, Magnesium 511, Sodium 1033, Potassium 3600, Chioride 1613,
Sulfur (inorganic) 300, Iron 45, Zinc 35, Manganese 10, Copper 6, lodine 0.2, Molybdenum 0.15, Selenuim 0.17, Silicon 5, Chromium 1,

Fluoride 1, Nickel 0.5, Boron 0.5, Lithium 0.1, Vanadium 0.1

3) AIN-93M-Vitamin Mixture (mg/kg diet): Nicotinic acid 30, Ca pantothenate 15, Pyridoxine 6, Thiamin 5, Riboflavin 6, Folic acid 2,
Biotin 0.2, Vitamin B-12 25 g, Vitamin K 860 g, Vitamin E 75 IU, Vitamin A 4000 U, Vitamin D 1000 IU, Choline 1000
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5. WA

2E H43¥47= Window$ SAS package program
olgsl FAAEEHSY. RE SAAE ARTE BaEH
BEFELAE ALFEIT, JdguiA] 4K (one—way ana-

I ot

lysis of variance) & & ¥ o = 0.05 *F°I4 Duncan’s
multiple range testell 28k 2+ APF A 7+ 7
A& AR =3 7 AL (A AEAES HF,
B: &5 799 933 ol52 454 (A+B: APANEY
AT 7 2 JEL oA £AHEY (two—way
analysis of variance)& 3t ZF Q917 Q79| 43 d
BE ¢ =0.05 FFoIN AF3cE BE BsiEE £4 A
F2E 23 8 2335lon BAES &49 A8 ¥4
&2 AER T, =3 22 APE oA BAX7}F Hdo
2R 34 Yot g2 714ARE B3k AL=H

4 1

1. AT DIy {H Al

7} U aspartate aminotransferase (AST)$} alanine
aminotransferase (ALT), & @9, albumin< Table 49}
29} B Aol 38 ASTS ALTS 842 42+
79.28~130.2 U/L$} 19.87~34.38 U/LSE Sprague—
Dawley & 3 S dhdo =z FY2ol& 3¢ Song
599 B el $U H (AST: 72.44~122.78 U/L.
ALT: 32.14~44.74 U/L) ol l9shs Aoz Yehgon,
Sprague—Dawley & 832 94 71&X* (AST: 39~
262 U/L, ALT: 20~60 U/L) o= 3|F3dct. 18122
HCAS$} L—carnitine®] ABAIEE 742 4 +89 of
Yl F 7IXE @A 233 AP EES Y FE0ITh
o] & gz} okinl 5= Table 49 o] AR
BHoi= 2% oo 23 xjo)7) 9lo] L5FE0] & AT

Table 4. Plasma AST, ALT, total protein and alibumin in rats fed diets containing experimental compound”

Groups® AST (U/L) ALT (U/L) Total protein (g/dl) Albumin (g/dI)
CO 101.67 = 10.02" 30.08 + 393 5.88 + 0.21°° 3.49 £ 0.08”
H 81.75 + 247 2400 £ 1.97 594 + 0.26° 3.36 + 0.10°
C 104.67 + 21.10 2833 + 3.75 592 = 0.21° 3.46 + 011
H+C 103.92 + 13.09 20.67 = 0.80 6.15 £ 0.18% 3.72 £ 0.10®
CO/E 113.76 £ 16.45 2717 £ 214 6.38 + 0.09® 3.68 £ 0.11%°
H/E 87.50 + 6.54 21.83 +1.33 6.65 = 0.15° 3.92 + 0.10°
C/E 11042 + 7.95 23.33 £ 1.05 6.38 = 0.09® 3.71 + 0.05®
H+C/E 104.58 = 8.65 28.50 + 5.88 6.31 £ 0.12% 3.63 +0.13™
Significant factor® - - B B A*B

1) Mean = Standard error (n = 6)

2) See Table 2

3) Not significant at @ = 0.05 level by Duncan’s muttiple range test
4) Values with different alphabet within the column are significantly different at @ = 0.05 level by Duncan’s multiple range test
5) Statistical significance of experimental factors was calculated based on 2-way ANOVA

A: Effect of experimental compound was significant at @ = 0.05 level

B: Effect of exercise was significant at ¢ = 0.05 level

A+B: Interaction of experimental compound and exercise was significant at ¢ = 0.05 level
—: Effects of A and B was not significant at ¢ = 0.05 level
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Table 5. Food intake, calorie intake, body weight gain and calorie efficiency ratfio in rats fed diefs containing experimental compound”

Groups® Food intake (g/day) Calorie intake (kcal/day) Weight gain (g/6 weeks) Welgri%zrgocslcz:? intake
CcO 19.93 + 0.88% 89.00 + 3.92%® 80.83 + 8.04° 220 £ 0.17°
H 2091 + 0.66™ 90.35 + 2.87® 5283 + 599° 1.42 + 0.15°
C 20.16 + 0.82%® 89.66 + 3.63%° 7033 = 7.76* 1.92 + 0.22%
H+C 2245 + 0.73° 96,61 + 3.13° 68.33 £ 14.05% 1.71 £ 0.32%
COJE 18.62 + 1.05° 83.15 = 4.70° 23.33 + 11.00° 0.62 £ 0.31°
H/E 18.55 + 0.74° 80.15 + 3.21° 450 = 4.30° 0.13 £0.13°
CJE 19.96 + 0.30° 80.15 + 3.21° 11.33 £ 3.85° 0.30 £ 0.10°
H+C/E 20.59 = 0.50% 88.60 = 2.15® 750 + 824° 0.21 +0.23°
Significant factor” A B A B B A B
1) Mean + Standard error (n = 6)
2) See Table 2

3) Values with different alphabet within the column are significantly different at « = 0.05 level by Duncan’s multiple range test

4) See Table 4

o|gle} RE oM Sprague—Dawley Z 332 g4t 7]
A (F @ 59~7.9 g/dl, albumin: 2.8~4.4 g/dl) ol
aFct. olg} o] BE MHFEo)4 HCAY L—car-
nitine] 4HZ A3 SN FokEIE) 2HR) &
4 F AN

2. HEFEY Mo NP NFEiSt

ARTEY 9 B do] AFAFY 9F HHHL
Table 58} okt At o AR 7o WE Py W
of HXFTEY 5 FE EF HCA + L—carnitine 7
27 # HCA #, L—camitine ¥EY B & 433513
1, £F Qe FEE Yol HFTEC] $EFERY
o) A3 aiich wlabs H + C 29 o] Adx=o] 714 =
Utk Aol e IF AFFo = TS A Ao) A
FB7 T2 A Bo) HCA + L—carnitine 7°) thz2
3} & APAETE) vIslo] B3O S5 FERIRE 1|
FTENA =T BE FE F H+C ol 7FF 134t

AG717E Bt AFH3= Table 59 29k €% o
ol mE dFo] FeJFolo)A] EFTE0| HlEFTERY
AF S7F30] Holth APAI8 whe JF2 F2lHo] of
YU SETER} NS TE EF AIAETEY AF =
7130 gzl nisle] W AN EFE FoAE HCA
7o) 718 Witk 28y} HCA + L—carnitine 79 2%
o= *FF, BlET BT HCA ol Hlsh] 23)8
AF F71%0] FoFHA L—carnitine T3} HlsloiFich A
Z Z713S A3 9% 100 keal o2 tsle) B A
AF 57132 Adel ANA o nlsdt ATE Hojx &
TTE0| TRt Woton, AFAETE 5 HCA
0] Q223 T2 AJAN BT S| vt} 7H3 weth
HCA + L—carnitine 72 H2F7E 257E Ueoli &

—

Table 6. Adipose tissue weights in rats fed diets containing expe-
rimentat compound" (@

Groups” Pfg:irs;\gl E;:gi?;rgol Brow}:im SSoucipose
CO 2437 + 2,66™° 1820 +£202®  0.44 +0.05°
H 24.62 + 291* 16,35 = 1.62*° 0.46 + 0.03°
C 28.57 + 2.42° 1839 + 1.75°  0.55 + 0.03"
H+C 26.77 + 2.36° 16.68 + 1.69°°  0.52 + 0.05°
COJE 19.07 £ 1.97° 1430 + 133 0.49 + 0.03°
H/E 1928 +2.21° 1291 +£1.93%  0.75 + 0.07°
CJE 17.48 + 1.23° 1323 £ 071" 052 = 0.04°
H+C/E 1858 + 1.36 1123+ 104  0.47 £ 0.04*
o ® o moa

1) Mean + Standard error (n = 6)
2) See Table 2
3) Vdlues with different dlphabet within the column are significan-
fly different at « = 0.05 level by Duncan’s mulfiple range test

4) See Table 4
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FEE FRIA HERA W8ih

Fag A FAe AFFE A go] Awtaos
0] HlEsTERt W AFES B3k BlET
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Table 7. Liver cifrate lyase and camitine acyltransferase activities
in rats fed diets containing experimental compound”

Table 8. Fecal totd lipid, triglyceride and total cholesterol excre-
tions in rats fed diets containing experimental compound”

Citrate lyase Camitine (mg/day)
Groups”  (nmol hydroxamate/ acyliransferase 2 o . . Total
G Totallipid ~ Triglyceride
mg protein/30 min)__ (nmol/mg profein/min) roups orarie royeer cholesterol
co 0.45 + 0.04* 419 +0.13° CcOo 17.63 + 2.36™ 0.4+ 0.01® 1.61 £ 0.20™
H 0.32 + 0.06° 3.85 £ 024% H 1802 + 621  0.15+006® 258 = 0.82°
C ab
ﬁ - g'j; * g'gi 2-20 0207 c 1670 + A71® 007 +001° 082 + 0.24%
+ 46 + 0.03° 95 + 0.17°
+ 01 + 5.96° .20 = 0.07° .68 + 0.72°
COLE 0.40 + 0.04%° 381 £ 029" H+C 2201 5%h 0.20 007b 2.58 0720
HJE 0.34 + 0,00 3.0 + 0,20 COJE 742 £176° 004+001° 054+0)7
CIE 0.34 = 0.01” 3.74 £ 0.17* H/E 1498 £543® 011 £0.05° 137 £ 0.39™
H+C/E 0.41 + 0.06™ 3.36 £ 0.15° C/E 749 +210° 0.04+001° 060=*0.17°
Sign‘ﬁfccj)"f A - H+C/E 1779 £273® 013 +002® 210 +020®
QACTOr PP
1) Mean + Standard error (n = 6) Slgnlﬁcc:)\ t B A B A B
2) See Table 2 factor
3) Values with different alphabet within the column are signifi- ) Mean = Standard error (n = 6)
2) See Table 2

cantly different ot @ = 0.06 level by Duncan’s multiple range test
4) See Table 4

& I3tk 18y L—carnitine 79 A$-ol= £577 1)
TFT EF 2T Aol7} 4tk

d wbgo g xS FEk= 48 AR T
= % 4R TS Wol FFTE0| vjeETERY &
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L—carnitine & &%l &gt 533 Az} Iich A
Alge) wE JT &5 el ue} geby BT
Ae C 23 H + C 9 AW FA7) 2944 v &%
TENME HE 23 H + CE 79 A% FA471 230
E 7P 90k v TEY S5 TE BF APMER
9 A% FAVL d2FRY w%kod HE 29 AW &
A7t BE + F 7P 9%tk

4. 9 citrate lyase<t carnitine acyltransferase 2

te] citrate lyase$} carnitine acyltransferase®] &4
< Table 72 29}t). Citrate lyase] 4L AHAR
TE Ajol7t fFoFolojA nHlETEY $FTEN BF
HCA ¥%} L-carnitine 7] t)ZF% HCA + L—carni-
tine TR A0 Wit T} &5 o] wE x}
ol FHsHA JehiA| asktk H 23 C 29 54 84
o] AA & F 7P Wskth

Carnitine acyltransferase®] 842 APA 52 79
TF %] o] f2H o T YRR ggtoy ARA
STE T HETE T H+ C 29 $57E 2=
H/E T°] thd 2 AFE BT

5. U 3 5N 3Y NY, 7 AHE 87
ARTES AL ¥ F F A 3 A, F Faiw

3) Values with different alphabet within the column are signifi-
cantly different af @ = 0.05 level by Duncan’s mutipie range test
4) See Table 4

£9) wjdeE Table 83 2tk F Ao wjddL &
5 -] ol felFoloA HlRFIEC] L=l v
8o o HRETE FH+C TR H o da &
Ui EFTE o= H+ C/E T3 HE 7o) 2 3%
£ HAFA

Hol 4 el F ZYAHE vk AFAEY F
Fo} &5 452 o] foFolojA vjETFEC| +F
TE) Hlgl] B3t C & Aldstas AFAEFE
izl Hlgle] ok AFNETE Folle 25 A%
o] #Agle] HCA F3 HCA + L—carnitine ¢} L—car-
nitine T-XC} ¥4}

il

£ Q7%= hydroxycitric acid (HCA) $} L—carnitine®]
AF 2 5 o7 8H Y ATl v e G Loln
1A Fgick AF wskel AA R vXe TS =
ARsl7] st 2lo] AH % 4% A% AT 37V &
FaEE S, AT AW Fag Ay, 44 R
W5 Az BAE S5l W U2 F AN F
A A, F FUAEHE FEE §35 A apdRgs A
Hygton] HCAS} L—camitine®] 4337} XAdi}e] rate—
limiting BAIE 283 a4 t)R= 9T AT §
&) 7+ ZA A citrate lyase®} carnitine acyltransferase
9] &4& A3

AR/ F8 F FEE AF H3lE 49E A3 HCA
9] dF9} ol BF AFS7E dAl Adoiee &



F At 53] LFTEY AF TR vjETERT
LFA Ao 5 AFS A P2 AL & F
AATE APAE) O3t YL 1A HLFFER 5T
EoX BF HCA 29 AFo) 71 dAA Svlsiict 18
1} HCA + L—carnitine 79} 3% HCA TEUR= AF F
7k P L-camitine TRTH= AFZ7P} Aok &
AT F712e 27171 vl T EF oA 2F HCA
T <HCA + L—carnitine 7 < L—carnitine 7 < t}Z79]
SAUATE o1Z L AT FUIE 4F B39 100 keal F
o2 FAEAE ol vi A o] 2L AWE B
%S Wl HCAS] AFE &5 %ol #AQle] A2
g A7) A € 4 QATE 28y L-carnitine
T2 Yz vlgted AFF7E AAA % f-2)Fe] oy
Q& ¥ol#] HCA + L—carnitine T8t} & A& 713
< YehA # A3z70)A= HCAZ} L—carnitine 2.0} A
A% o aEellSS & Atk =3 HCAS L-
carnitineS 37 FFHL 72 B¢ F AEY synergy
E7RTR= HCAS) 37} L-carnitine?] ¥4 432 <
3o ZAENSE B 5 it olgj@ HCAY a9 &
< HYE Als vl HE 19 A% S &
T TE 7P A%len, ols) o] HCAS 333 &
= 3h= Zlo] HCAY AF37 AAEHE 0% A &
ol ZoF Jehdth B Ayejriivt ol e tE
ATNAE HCAS L—carnitineS A=7<F E47 A
elA Foals w A¥2Nt £ A7as fAR
& B 4 9tk Kim $99 974lA Sprague—Dawley
F 4R FolA 85 B4 315 20 mgd HCAZ 37 (= 4
T HCA 99 B 5% HCA T2 789 mg, HCA +
L—carnitine ¥ 861 mg°|3ls) § A} pair—feeding$t
qx73 vl A% F7FEe] fojdos HE Ro) o)
u] =N, A% 67187 10~1271€ & Charles Ri-
ver CD & ¥R FfA 3709 o) kglo] 7 <+ 11 g9
HCA (B a7+ kg2lo] % 16 g9 HCAE T E
FaE AFPAME iz vassie o A5E7ke) o
A&7} F58HA Yebstt). Sprague—Dawley & 773 &
HollAl AHlago] gako] 50% TAWAo] (B AF
TR = Asteko] A 40%°190%) & B4 kg
o] 3 3 g9 HCAE FJ3shdA 853 Wid 9& 24
T APPoME= HCAS T3Pon 598 ¢ T2 B8
F9& 3 43 HCARH 3348 79 AF F71E o
ZTERG foFoz A} Ty FES tog B
Ag#al ofg} AAAPBAME L-carnitine ‘FNF 7
A 249) &37} HCARTH F3811] oottt &
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27 kg/m’ 22 FAFol &3 JUE WIS E L-camni-
tineS @77t (109) 35 3 g& 358 5 AFE 54
Az AY Al F3E AFH 27t YR oH,® e
Al F 43] 3089 £% (60~70% maximum heart rate)
& B3I L—camnitine S 4F B} 1% 4 g& TFH A
S AFF7Pt vz vnste] {229 o)zt ol
At A carnitined] 98%7F 25l A= Q7] o
Foll A carnitine poolel]l F&E wlX77AE AAIIo)
HQ g Aolm g™ YZW3le)| et L—carnitined] &7}
38717 5%l met A8FW vE ZeE B
t}. & A7 L—carnitine B 387Y AF 71
AL o} g2THTH A2 HE BTGt o]

2 B Aol AMFo)] 552.8 = 5.8 gql APFEC] 3
o] ¢k 100 mg?) L—carnitine (& 7] L~carnitine ¥

B AAFH %S L—carnitine & 100 mg, HCA + L~
carnitine T 107 mgoISH) & 65 B AT A7 v
W3E o AFo] AP TES] oF 15081 ALl A A4
o7 AL 3~4 g/day L—carnitineS 38 A1)
Aol 75 kgololemE AUFTES] TS 150ME 3
A¥slod L—camnitine AAFFE 15082 k1A 15 g/day
013912 7] YEOIAY 109 Et 45 AFAE 37
717k zolel] Qg AxYd & glrk T2 & Al &
3t PR} L—carnitine 938 S7HRIEE A+ AF
#F 2t kAl ¢ slvh

AZE7} t}Eo] HCAS} L—camitined] A3 2 0] A
Auteko] m)X|&= d3kS Lotnz) S8 AT A 2
13 ko] £AE S350tk 1 A AEAvitt oha
O A Vet AR 2] A9 Antdos ¢
% ojRo] g3fo] foA o7 YehbA SEFEY AU
A7} Bl FTERY Wgkou} AAA R BE JF2 F
HapA JeRER] skt wheba] A 2] FAE A
AR T TR 259 JFgoZ AT AL B
& AU B ke BA =3 2529 dFgo] F4
oloj £F7E0] ¥R FTERT Yo, AT A
B3 g APAlEe] & gFgol 9o, vl ER %
TE 254 HCA &3 HCA + L—carnitine ¢ 34|
7} & FEC viste] & Aol Ut AT WA
9} o] HCA ©=L L—carnitine % 2] 18 |
wzA LA o) E3930)% 08 L—carnitine 7 o
Z77 H)%8 $5 08 HCA + L—carnitine Rt 2%
FAZ Y & A& E 5 AUtk gebx HCAS A7)
A ute] el At o, Fadk A
Zadlle 2371 Y3, HCAS 37 L—carnitine2 A3

e
Jo
1o



644 /HCA#} L~Carnitine®] 43 U £5-¢] A5 v)x)= g3k

Aol 2 a3 ZAERh ol2dt HCAY AR 74
A= AREE o2 315 1000~1500 mge] HCAE &
T8 ATEYOME FoF oz Yo

HCA A37t 485 &9 AT AAYHE 2271
71707 Ao] Al digt 9L B3 B = Uk A
2ollA AFPule} Zo] HCAY 21875 FFo st
AT 23IH HCAE AWAE A8k 549 o
trate lyased] 4& AATOZN acetyl-CoAd TS
Ak, o] Wl acetyl-CoA7} )&= BAS:= A
77Ag E3Q acetylcholine?] ATAo]22 acetyl-CoA
7} A% 734 acetylcholined] 84 A52 Qlalo] A&
77} vepdtla s1giok ®38 Hayamizu S 7389
42 miceolAl 457+ o] 1 kgoll ¢k 20 g&] HCAE -
& AolE FFet A} 2o} HAFL 2T viwsl] &}
o7} Yo A &e] JFg w|X]= 85 insulin¥} leptin
9] 571 HCA A&TelA o W3ttty Busisit ol¢}
ZE A A7) ARE F3sle] 1A HCAY A
R Qg A& APt Ho] HAFE A, olF F
3l HCAZ} AT $71%3l 4% nze 754 e 448t
of B 4 glovt £ AFeM= HCAY 4371 o) 443
Zoll YL v|XA] Z3i8i) A8z S Ao] HHHS
AS R v TE F APANETES 2T 8|2l
AR Apol7t gigleH, $F5TE F APAETEY 4
o] AHFE izl nist] FelAA o)z} ik 18
1} HCA + L—carnitine 7 HIF7EY £S5 750 &
T U278 e APANEFER okt B ako] Ao)E
AR e olgd AT Ao] JAFE IFo= it
e WE 22 A Bt uEA B Aol 3
3 HCAS] AF37t oAl a7h= HCAS A& #Ea
HZ Qg Ao] AHHF Fael A3 Ho] opdE & £ Q)
th HCAS A7} A&l 43 v)x]x] et A9
AlEE o2 8 2 AE*0oE B uE3ich Kovacs
0] 4 Yig oz 015 (double—blind) F
AL AN A 5F 294 mge] HCA 4437t Alo]
AT 2 Lo opF TS w|X)A) £3% o0, Mattes
TR A9l HRleidolA 1% 1.2 g2 HCAZ F33ln
H1E AEE 93 49 g7 o7t 98-S #jlst
Acth T8 X F7HA) L—carnitine®] 2jo] A3 J&e F
A diglels AFE vt ot opd ApAslola F
E3jlold 2& HCAS L—caritined 3 A3 49 2
38 Ao] Aol Ttk AFE HAFE Ao}, o)A
= 4o AR Q& ATE B3l toloE HF Az
Alef| Qigsjol & Zlo AztE)

7V v A S AEgEe AR AAE B8 Aoy
Aol 39 NS AxA7E ¥ F E ita
50 LA Qitk & AT AFFEL] AhbelA
A 5 4F9) F9E FEAA AR AFHTY =
e} njwsigich. 1 A9 AT S/ A% FHA
A, Fu8 ] AN 252 Fgo| BF FF
o19ltl. Ry A2 BEE A g wWE FIE A
Ak A TR 2F 9] FAR FFEEY FAVL B
SETE B Wk, olgd AL AF FTRFIME vt
7RG o] 2 A= AP JFTY afRg &
& W & o AREFS Bk At Heljud, %
€ B3 AAYH Za FR0] AF FI1E S vH
& BHAFEr)h olgt $59 a7 Sprague—Dawley ¥
FR AF A nA o] (N dFe] 50%) 9} A
kg2lo] 3 3 g2 HCAE F5319A 853 vid %9 3
£3 F B uEke 233 8P 4532 Sprague—
Dawley % 3 8FHNA kg2lo] 2 300 mg®] HCAE
F85PEA F 53] 3089 252 A7 F 54 U A=
S A3 AFINE AFHA AR FES U
Z HCAE AR F 5 s e SRREE
A%t Ay} x|upake] AR} S8R Zlo] #REATHS
b HCA®] AF7T Aitsle $7H171x, olejgt 2+
o] 5 T AL AsEadE Jehiy, 2 A7 AF 4
ARG 7ol P vjAE Ao FPdch 9,
L~camitines 3314 258 ¢ Ael= A= 2
27t FRHG oM B Ao g}l Zo] 5 hAA L-
carnitine S AF & A% APt A} S7HEATRE B
TO7E QoM B ATFelME 5 ool FAIglel L-
carnitine 7] AW2A FA Zrgaapr e A ik
a2 g 5o 93 L—carnitine?] A¥d4a 37} F
25)7] o)A B AT-oXE L—carnitine AAS] AR
F A2 INE E F QU] vl Al wsls F3l
3 Qe FA) B3 Aoz QA A A g
2] Fu8 APeME AR uke o] F3EHA Y
e, ol AHo] 7)Fel mE v JFE IkE vt
€ RoEh A 718AQ 98 A7) REE 9
gk Aot ofz] dH e} AMg] BEdEoR FAY A
AelFe] GEo] Bk gt & AFox AE A
FAEE HRE A SR AW ZRAFE Ro] H3jo|m
2 AN R 7} BT AW $4F 0 Ve
& 7FsAdel itk A% A7EA] AT A3 Eo
g Aupe] B3 o] Aolg AL glorng AP R
o Jgo] folFo|ud F1g x| EF a3 Aol



& HANIIE FEE 2 ol AN AR Qe
48t mitochondria®] Wetel Fd&A £A5H= uncoup-
ling protein 1 (UCP1) ¢l &Jgt Rojt}. o] @A [xE
ATPS] A4 W] ohd 4 #4E& Y3 mitochondriaZ
olFAIFLEN A ko] 4 A 5HE 7 =
A0 HATLPY B AT APFEo 2 zae
el FAE SAT 29 570 v ETERY
F3%on HAPAEY FFL 5 o) uet t=A et
sk Bles7 e A9 C T 24 Aza FA) &
4G9 9 e5TEINE HE #3 H + OF 29 28
ALzA FAZF & F TR 34 530k MicedlAl 6
7+ F 53] 9L A7) Ohishi 579 g7 E B o
Tolxig o) 2N xR FAE 25 €E Ut
Ho] #FTE0| HlEEFERT ¥kt 21U B )
A H 9] 24 Azl FAE giz7d 2)o] glo] v
o HE 9] 24 Az A= A4 25 F 7
FUT} o]Z 07 "ol HCAS AFwo g 2 xukx
29 FAlo] WH3lE & = §loH 258 A € A9
T2 ApkxA FAE S7HEE 28 4 4 9%l o
H+C 3 H+CE T& BR3P E BE 22 BP0
o} 12y L—carnitine®] AH= &% ool #AQol 2
A AR F3hell J3E XA = AoE Hol,
24 Az Z7pF M AW HE $3 H+ CE &
< AF 71 248 538 A AhANT AV &
7} Zick webA HCAE A8 58 & 3% 24 5
W2Ag F7MA A 45 FR380L o)F F3 AF
& A2 F USE F35E F 930

7HllA E33% citrate lyaseE acetyl-CoAZE o] &3k
A E F8hs G208 B Aol AFPARY
AH 9 E50) 549 AL AR E dolr izt 3}
itk Citrate lyase 849 54 A9 w2575 457
£ BFoM HCA % L-carnitine 79 &4 #4o) o
273 HCA + L—carnitine 7Rt} W90 250 w2
AL glE Aoz wginh oju) &AW HCAY citrate
lyase A &3 o]9]e]] £ AT = L—carnitineS 4]
FHg FENAE citrate lyase £42 84do] AA=ch
Z8v HCA + L—carnitine 72 &4~ 842 05T
FT EF0IAM HCA 3 L—carnitine 75} £& 55
O F citrate lyase 84 Al synergy &3} Itk 2
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o] AHAYL & F ATk 7hIM P = ThE G291
carnitine acyltransferaset= A%t} acyl group& mi-
tochondria matrix® ©SAIA AWAiIstE FRshe a4
olt}, B Apojx ARE3H HCAS 739 citrate lyased 72
3t A3AIQl AWt ope} o] 2 s FHAadh= acetyl—
CoAZ Q8] malonyl-CoA7ME ZAA7E= Ao o9
Z k. Malonyl-CoA+ 32 A&7 58 o 78k,
A 4F0] =74 ¢ carnitine acyltransferase) &
A& AAE AAtElE AshArlie F8E divh a2
2 HCA®°)l 93] malonyl—CoAS] &do] A3EAS -+
carnitine acyltransferase 2Hgo| AAEA] Fomg
WALe7t E7vacka $tE%% L—carnitine2 mitochond-
ria®llA] carnitine acyltransferase7} 283t uj 221 7)
Ag AL EEE [ —carnitine®] £7F+% carnitine acyl-
transferase®] @/40] F7lsld ApPAsp 2314 Aow
718, b B dFoME o] 7 7 71AE EdiE
slo] APA R HFHZ A% Ax B T} ofFs &
E07 A3 AL fFFE ARSI 484 o] &
298 B4 AR FHY 7 A% 9 9T
2] grol AT 7kl Apolzt JGovt H + C/E ¢l A
< 23]8 aA8Ao] COTl HIsl] AT wekA
B2 QoA carnitine acyltransferase 84 wiglol] 9]
g AT D AL At I AeEw AEr. O
L} koA % BHESo] carnitine2 FAA01E FFEE
2% AelA lysine®} methionined] 28] FAH=EHY 2
2o Z carnitine®) 98%7F AFEHO} Q7] WEel Au)
carnitine poolel FEE BIX7 7= AARIO] Qo™
A Yol J3E nAddle FH7IReIY FEFe] F
EZ30E 7S A S vk EE ol vE
carnitine AU TS E A AT FHE AEe|=
2 carnitine® ¥ %7} carnitine acyltanseferase?
84 W3] g uxER| gotiy] AAE 2319 A
W carnitine 7M7) ) carnitine S 3831 4 &
Aol W3yl JeAE AHEE R Ads & Atk
AT H+C T (& 479 ketlo] ¥ &3 HCAE
16 g, L—carnitine< 5 g°]31%) & HCA$} L—carnitine©]
A7he ERES FEIGY APATF APFE (WA
79| kgAlo] ¥ ¥ HCAE 0.0864~4.32 g, L—car-
nitine< 0.135~6.75 g°I&) < citrate lyase 843 4l
of Z3t Yo, B Aol HCASL L—carnitine s &
Eo07 43 T citrate lyase?] 4E A T+



646 /HCAS} L—Carnitine®] A% g #5°] AT vlxle 4%

AT BF carnitine acyltransferase} 4ol Q&E n)
X 2319k, HCAS L—carnitine 2 3 338 249 5
A B JFE v|X)A] £§ 0% Hof F Iy £3
& W AHE A5 HCAY ALY AA247 L—car-
nitine?] ZWHits} FRARGolels A 71Ho] vt A4
& 7hs9E 5% & Aok HCAS L-carnitine®)
95 FFO7 ZAH citrate lyase® AHEAE-E oAt
o AF L AAYF] Thro] TS nFE Fold o=
B a7 Algdsts) F g gz A 7x 495

A% 2 & Yok

vpRleto 2 AFAIR S 4} 250] S B3 XA
Aol gt P |XER] dotry] 8 ¥ F F A4
& 34 A, F FuU2EHE) uidBEE S Al A
S ¥E B¢ A9 uSTEY £ Tk EF 7
< A% VeIt &, HCA T3 HCA + L—carnitine
79 XA wjdgo] 2T L-carnitine TRTH Ho}A
HCA AHZE 3 24 wid=iel 3718 g1 4= 3191th
a2y 58 3 COE T8 C/E T A4 ujidzgo] &
A3 A olfE B A & 5 ¢ldr) o HCA
3% HCA + L—carnitine 79 AX4=z334 AF Z7139)
A7} HCAS A= Z715 A wjdado] o3 AL ¢
T3S 4E 5 Ut

oldg FH3hd HCAS @5 4437} L—carnitine ©5%
33+ HCAS$} L~carnitine® 7 435 A8 AA)
W3 AT el AHdolY $5-& W T A¢
1 a3t FdEE A& 4 AUtk HCAY AR & cit-
rate lyase®] 84 dAl¢} ©E 53 A wjdE VA
AALE A3 )R 0 R A AF FE AR
RAo7 Alg "t} E3 HCAY Aoz 988 v
B ZYAY 2R o] A $F& shEA HCAS 43
g 3y 27171 7kt AR Alglel] 228 F= 3o
Z EQItk HCARE 3% 3¢9} 252 3IA HCAE A
Fst A9 25 XH9hikslel] Bosk= carnitine acyltrans-
ferse?] &l & FEE vIA] 3 whd AL o
AlFR= citrate lyase?] E4do)E 9L v|3 o2 g HCA
© At Boke A A Ble] Axga A%
Ao a3t Qe 202 A7) vk HCA + L—car-
nitine 2 AMFH37} L—carnitine ¥ H|53k) HCA
TEG AF0] o FlsIRoH, ol 258 R %o A
T ARFH RGN R v G. 2R 23)
o] A% &57E F HE Fol H + CE TRt} A=z3
o] Zom, HCA + L—carnitine & F 5484 4%
= UXA] X3k o] F8) HCAS L—carnitine s &

7 QAT A HCAT A E ung A5 AR F
7} AAEFH7) AL AL kg 714 HCAS) Ay
A4 &7} L—carnitine®] A"k} FR G 4 Wi
o7 F&38 4 Ak 1327 HCAY @5 HFE L-
carnitine®} g7 33k RA¥} AT AR F71 A
o o &)k

mEbA HCAE 95 HFsh=s AL L—camitined] &5
AV HCAS L—camitines 7] A= AR 48
FE2 AF 24 AWt £%0H, 1 A9 FAA 85
< & ¢ U=k

2o 9 B2

B 3= hydroxyecitric acid (HCA) ¢+ L—carnitine 2
AF 9 5ol nAEAo)Z HYo] 8 #FY AFl
U)X GEE Lol digien 1 Ad: e 2
pie=

1) K& 715k 93l £793t aspartate aminotrans-
ferase (AST)$} alanine aminotransferase (ALT)S &
do] BF A £F0l9 o, F @i} albumin®] ¥
¢ A FEolrh

2) 4Y o] AHS v|wst ZA¥) HCAZ} A& &
&g MAA de oz gszen 23]y HCASHL-
carnitine s 7 3 A5 o] AHFo| tE FH}
9Ho g w9t}

3) HCAS] 5318 A5 a3t F9H9eH, HCA
¢} L—camitineS 87 433 A9ol= ASLHF 2371 Y
ot HCARE A33190E Wx} 2371 Atk L—car-
nitine & JHe APol= AFo] PR HCAS L—-
carnitines 3 AP E Wi} @ Ar=oEE )
A 79 L—carnitine©] HCAS] &35 Wash= 2o
2 FE5E. o)9) 2 AFL FaEE ATE =
veigon, 258 3 A 1 a¥rt ASsisith

4) A5 Ate] A AR T I %L
U &5 o R 379 AW FAVL v TER
o} Wigit) g 2)dke) 7hiolxis= HCA T3 HCA + L—
carnitine 0| #92 AFAE BYoH, +5E T A
o g xdo] ZHAsISck 2 bz T3k HCA &3
HCA + L—carnitine 0] £ &35 Jellon ¢58
& A% 1 53} s 23y L-carnitine & A
o] S7tol FEE vXA] E3 Aog ®ur),

5) Citrate lyase2) 842 HCA$} L—carnitine2 Z+z}
AL AT FelAoz AAHG o, 500 A%



SHE¥= i) Carnitine acyltransferase] 42 4
BAEU 259 o) mE JFg ukx] gi),

6) Mo= WHE F A3 24 AW E Ty HES
574 A% HCA +3 HCA + L—carmitine 2] 2| )
o] TE F FHo} wgton] 259 3 A9 nlat
7HASTE web HCAS) A2 Qs wld e £8 <2 u)
o) Z7Hhe & = At

opde] ARE TR HCAS dEo0 2 HA319e o
7} L—carnitined @522 4354 HCAS L—carni-
tines 7 AL Wro) AF AAuke] i
7t 7P F3ktk HCAS AAshax $58 338 4% A
T 9 AR A Wo o XA vl nHE= w3}
7t 5L 3 g AR $91) wlebd HCAS A
S1AA $5-S WA A9 A AR A mwE
Ehfo] 25¢ tolo|E AF 2AzH9) 7158 & Row
71t e, BIREC E Q% 7 Ay ool x g3} Q)
£ Aog Algdrh
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