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Effect of Gymnema sylvestre Extract on Body Weight, Adiposity,
and Lipid Metabolism in ob/ob Mice

Min-Young Um, Ji-Yun Ahn, Sung-Ran Kim, Sang-Yoon Choi, Kyung-Jin Kim', Se-Kon Kim',
Jin-Hee Lee', Sung-Soo Kim, and Tae-Youl Ha*

Korea Food Research Institute
'CJ Corporation

Abstract This study investigated the effects of Gymnema sylvestre (GS) extract on body weight, adiposity, and lipid
metabolism in leptin-deficient ob/ob mice. The experimental mice were divided into the following 4 groups: basal diet
(AIN-93G diet) and 0.5%, 1%, and 1.5% GS supplemented groups. Each group was fed the experimental diet for 9 weeks.
The final body weights, adipocyte sizes, and epididymal fat weights of the GS groups were significantly lower than those
of the control group. There were no significant differences in food intake and food efficiency ratios among the treated
groups. Serum triglyceride levels and the atherogenic index were significantly lower in the GS groups compared to the
control group. Serum HDL cholesterol levels were significantly higher in the 1% and 1.5% GS groups compared to the
control group. Serum glutamate oxaloacetate transaminase and glutamate pyruvate transaminase activities did not differ
among the four experimental groups. The total hepatic lipid content was significantly lower in the GS groups, and hepatic
cholesterol and triglyceride contents tended to be reduced in the GS groups compared to the control group. These results
suggest that GS extract may be useful for ameliorating dyslipidemia and fatty liver.
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H(5), H2 4, vF 5 Ay vgelN d7]s, 4, 39, 4
2], Flo|2=E o] 17 EFSR Mt 2 AH7F F
7¥skal Sl FAlolth6). Aulute] A|EAEZAE = gymnemic
acids, tartaric acid, gurmarin, triterpenoid saponins, stigmasterol,
quercitol 5o &#E A Qo (7), LAl e T F4 A3}
(8) 2 F& 4F olF d&d wre 2H(9) 5 FHEUAN &
HAQl Ao Wy Q) HFF Shigematsu 5(10)> AW
2lolel Hulv} AFFEES AFAT 29 Y Ul lecithin-
cholesterol acyltransferase(LCAT)2] E4do] mx|ul2lo] o Z<tol|
H|gle] F7lels ALeE BIsiPor, ol d ] ¥ 2
&3 FRAY g MAAZIE 222 HAsdt). Sugihara
(1) Avl 2E WEER FE38ke] £2]3 triterpene glu-
cosideZ streptozotocin® 2 FixE FUAZl Fol|Al U717 F
olala S Al ddo] AstES AlAEATE. Shanmugasundaram
512y FAUlvl FEFES 400 mg/day] H5%F insulin depen-
dent diabetes mellitus 3H2} 27930 A] LA 7|7F Foidt Az}, &
AR o] AR I)HE UL, glycated hemoglobin,
plasma glycosylated protein®] f+¢]# & vrelxrlal H.381%)
o} olggk #HolA Funle XF A 2 ¥F 28E 53
AA Aol 7= vk, wEkA £ Al A= oblob M)
NFHE o] gsle] vl ofhE FEEC] AF, AAY T 4
A AL PR FEE AESIT
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2 AlgollA 5578, 4% oblob mouseE JacksonAH(Bar Havbar,
ME, USA)lIA 40m2]E FF/tol $7do] ¥ ASARE
23+1, % 50+5% We, lighting cycleS 12417F F7])ellA &
HIPAEE Fo 157Y T FH$717HE T FH-377H]
F859 AlAEoA 3% (randomized complete block design)ell <]
sle] 10v}E]Y] 4o = ERFEIICh £ AFelA AREgE Fdv}
FZE(GYMNEMIN™, Phytotech Extracts Pvt. Ltd. St, Thomas
Town Post, India, Gymnema sylvestre extract (GS). Gymnemic
acid 25% TS T8 Ao E 4#% gymnemic acid7t 25%
FHE ek FZEZ Hzlo] FAF AN AlFEo}l 0.5%,
1%, 1.5%(wiw) T3t 2lo|& ZAlele] 937+ FFadt. o]
T2 2 AN FE qudPs EERALE Fote] 4%
Fack & AFge] dujddelr vl FEFE 1% H7H 0]
o] 737 ARSS A, HolAdFH B o3t st %
=4, A3lea Wsle BEE A d9kth 3 Nakamura 5(7)
A} FFEE 1.0gkg body weight2 5] Al A Fo]
she A3 AAsie o £ dFET =& FF0I%
B, AFH71ZHE 18-19Ue Exsicth. ¥R ohe; ko=
o 5% HrtE o 5E3 5A0] gl & 1% 59
7} AFsithe Ae 1, £ dFdMe vt FEE

FEE 05, 1, 1.5%2] 202 AAE.

BE o] AELS AIN-93G(13) Ao]2 wjgsinon 2o]9
T A AR TR Table 19 AAEIAT) 2lo] 3ol 8l
o]x 2ol F #e] Aolo| ME AFF7E A wiAEH] 93}
o 9A djZe] AolE AFEA TSt 1Y AoldFHHE
ol 15 H o] dHABE 7IFEoR ztzte] AYFEolA %2
L &2 FHFINeH, AFS F 4.

Ado] THE AP 12417 AR £, 4 (orbital
vein) O 2HE] g AFUCE AFHS AL A4l Hol
ol 1A 7F WA]E 3 2,500 pmollA 10827+ 914 5-2) (Centrifuge
VS-500, Vision Scientific Co. Seoul, Korea)ste] 372 £&]3}%1
oh E2st e B4 A7RA] -700ce A Basisint, Aol
2 F EEte] 1 HES v, FAIE Al 2FFES 9
3 LT F-9E ol &2 Az & F -70°Col|A BHs)
o, Yz 7+ 222 jce cold salineg o2 A3 E7]
£ A7k vl —70°C deep freezerol] RABIATE A|ukzzS
2 Z3l0] 4% formaldehyde 8ol ©7F A 3IA

ol

X rlo AL

© off i fo d
F e B>
i

8y 24
83 Fo| & ZY2HE, FAAY, HDL-ZH2HE 3= ¢
g B2 2gsleefE (F)(Seoul, Korea)2] & 48 kit

Table 1. Experimental design and animal groups

Group Diet

C Basal diet” (AIN-93G)

GS 0.5%  Basal diet + 0.5% Gymnema sylvestre (GS) extract
GS 1% Basal diet + 1% Gymnema sylvestre (GS) extract
GS 1.5%  Basal diet + 1.5% Gymnema sylvestre (GS) extract

YAIN-93 ingredients (g/kg diet): Corn starch 397.486, Sucrose 100.00,
Dyetrose 132.00, Casein 200.00, Soybean oil 70.00, Cellulose 50.00,
Mineral mixture 35.00, Vitamin mixture 10.00, Choline bitartrate 2.50,
L-cystein 3.00, t-Butylhydroquinone 0.014

ol &3l AU &, F Ze 2 EL Cholestezyme-V,

AW Triglyzyme-V, HDL-Zd| 282 HDL-C555, 8%
GLZYMELZ TFE 4385tk EF glutamate oxaloace-
tate transaminase(GOT) % glutamate pyruvate transaminase
(GPT) €42 kinetic quantitative UV determination S ©]-&-3F
25 H-417](CH-100, SEAC, Bologna, Italy)® =43}t £4]
< 918 AREE Al°F2 Standio*HBoerne, TX, USA)] 5788
kit ARSI

rlo o\ tlo

UEE 5 NE BY &Y
7+ 27 Fo] A AT Folch H(14)0) 2l A AL &
¥, (Fagstste] BAE kits AMgdle] FIY 2 g F

LS
gAY P 2T,

KY==o| HEHStY #st
Az e APAEe] 27] IS At ME FA] A2
5, 4% formaldehyde 8o @7} A8k 243 Tk 5741

of g S AR F paraffin N2 #z]lo] paraffin block
< THER, 4um FAR ¥PE3le] hematoxylind} eosin® Z HAY
3 H Bedngos #EEAT.

SAIXE|

RE Alg A= SAS programe 0|85l zt AFe] Ha
I HFEAAE AL, AR EAHEA] (one-way ANOVA
test)= $F o Duncan’s multiple range testo] €J&l] a=0.05
FolFellX FodS AFsiAh

EERL St

X GOT/GPT &M

3 GOT/GPT A= 7k &4 Aol F43kA 718k, =
gk vl Ay 74, SAHEZ o3 7k &4 3 o] 7+ A}
7t D= el Y FoE fEEHY 2 848 vERA €
t}. Table 20 FAM|u} FFEo] EF W] GOT, GPT &4l »]X]
= YL JeRITE Ogawa S(15) 525 &%t Avv FEE
S AfEE(Wistar ratell Al Tzt 50,01, 0.1, 1.0%)2 ¥-H3}
o EAZHAIE AAERE, A 8 2 7k 27 B W3}
7} BEER sitty Bk Fdvl FEEFY GOT ¥
GPT &4 tixwt3} zlo|7t gllem, AR & < & 4 3
H oA 2gA #F AFolME Boldt o] 4FAS sl

AolFE A MSE/HE

A@717E o Aeo] AFAF AT F7HFE Table 39 1A
et Aol F8E AN AT HF FAe dzx2
Table 2. Effect of Gymnema sylvestre extract on the activites of

serum glutamate oxaloacetate transaminase (GOT) and
glutamate pyruvate transaminase (GPT) in ob/ob mice"

Group GOT (U/L) GPT (U/L)
C 196.5 & 25.1N2 139.4 £ 17.7™
GS 0.5% 228.0+8.4 142.0+ 10.5
GS 1% 22534297 1358+ 18.3
GS 1.5% 2243+20.2 108.9+12.7

"Mean + Standard Error (n= 10).
INS: not significant at o =0.05 by Duncan’s multiple range test.
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Table 3. Effect of Gymnema sylvestre extract on weight, food intake, and food efficiency ratio in ob/ob mice"
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Body weight (g)

Group Food intake (g/day) — - FER?
Initial Final

C 32:£0.3%9 36.7+ 0.6 514+26 0.07 = 0.00™

GS0.5% 3.1+0.1 36.5+0.8 475+05° 0.06 +0.01

GS1% 3.1+0.1 36.5+0.8 473+13% 0.05+0.01

GS1.5% 3.1£0.1 37.1+£0.6 479+1.0° 0.05+0.01

"Mean + Standard Error (n=10).

YFER: Food Efficiency Ratio=Body weight gain (g/day)/food intake (g/day).

“NS: not significant at oo =0.05 by Duncan’s multiple range test.

“Values within a column with different letters are significantly different from each other at p <0.05 level by Duncan’s multiple range test.

Table 4. Effect of Gymnema sylvestre extract on adipose tissue weights in ob/ob mice"

Retroperitoneal fat pad

Epididymal fat pad

Brown fat tissue

Group (/100 g body weight) (/100 g body weight ) (/100 g body weight )
C 5.5140.18% 6.12+0.24™ 0.37 +0.04"
GS0.5% 6.20+0.15 6.16+0.21 0.33+0.06
GS1% 6.12+0.37 5724022 0.3240.05
GS1.5% 6.24+0.25 5.87+0.20 0.34 +0.06

YMean + Standard Error (n= 10).

?Values within a column with different letters are significantly different at o =0.05 level by Duncan’s multiple range test.

INS: not significant at oc = 0.05 by Duncan’s multiple range test.

P B

Fig. 1. Effect of Gymnema sylvestre extract on epididymal fat pad in ob/ob mice. Haematoxylin and eosin straining of epididymal fat pad,
Original magnification, x200, A) Group fed basal diet ,B) Group treated with 0.5% (w/w) Gymnema sylvestre extract, C) Group treated with 1%
(W/w) Gymnema sylvestre extract, D) Group treated with 1.5% (w/w) Gymnema sylvestre extract.

(514080 ¥lsl Ao} F2EL AT FSoA Rold
GS 1% 473+ 13g(p<0.0522 °F 10% ZAArk 34,
Aol dF g Ho|agd AAHOR 2T AlFEE Akl
FolF zol& Holz| 7] Wil ole vl FEE A
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Table 5. Effect of Gymnema sylvestre extract on serum lipid levels in ob/ob mice"

Group Triglycerides Total cholesterol HDL cholesterol Al index? Glucose
(mg/dL) (mg/dL) (mg/dL) (mg/dl)
C 107.9 + 3.1 268.5+ 14.5 1182+ 16.0° 1.8+ 0.6" 242.9 +26.1°
GS0.5% 104.5+3.1° 255.7+15.9% 161.9+ 12,3 0.5+0.2" 179.1 £23.0°
GS1% 83.0+4.2° 253.8+7.6" 150.0 £ 19.7* 04+0.1" 166.0 7.5
GS1.5% 100.7 +4.3° 232.9% 7.5 176.7+ 6.7 03+0.1° 177.5£9.3

"Mean £ Standard Error (n=10).

?Athcrogenic index (Al) = (total cholesterol-HDL cholesterol)/HDL cholesterol
IValues within a column with different letters are significantly different at o= 0.05 level by Duncan’s multiple range test.

Table 6. Effect of Gymnema sylvestre extract on liver weight and liver lipid contents in ob/ob mice"

Group Liver weight. Total lipid§ Triglyceride.:s Total cholestc?rol
(/100 g body weight) (mg/g wet weight) (mg/g wet weight) (mg/g wet weight)
& 6:81£0.37"9 204.0 + 8.8* 65.1+0.8™ TTE03"
GS0.5% 643 £0.18 181.4+8.9% 62.1£2.8 7.0+04
GS1% 6.60 +0.45 163.8 + 14.0° 60.9+23 6.7+04
GS1.5% 6.68 +0.40 179.6 + 5.4® 632+03 6.6+0.3

YMean + Standard Error (n=10).
INS: not significant at &= 0.05 by Duncan's multiple range test.

MValues within a column with different letters are significantly different at o= 0.05 level by Duncan’s multiple range test.

oA ¥F TR ZF2EHEo] F7I6INI HDL-Z# 2H]
2] 7k27F WarEl w) Juk(17,18). Leptin-deficient ob/ob mice®l]
ME g Aoz Q3 tAE AAE Q1S AR FH23) o
AYZF 52 EFHoz BTy BIET Th(19).

Table 59 ob/ob vF$-222] @3 F AT v A=
ul ZZEo] oJgks Vel Qlt)r. AR dheke o 2 tol| A
107.9+ 3.1 mg/dLS L}EM dh, Hujul Aol AE GS 1%t
o] 83.0+42mg/dLE 23kl #2sHchp<0.05). BF 28
2HE FEE tzolA 2685+ 145mg/dL, GS 1.5%x-ol 4]
2329475 mg/dLE FoH o7 Yolxltk(p<0.05). HDL 2
HE2 3 FulAsAREA 2H] FHZHES o2 2t
glo] AQ)2 widehs 9 &M, 53] dAMETEE, 18T
3, B, A83A HEAe 3% @ HDL 755 LPE]L“CPJ_
B gl Jrh20,21). Table 5914 BE A3} 7,\;0] Ad|u} 3=
EolAE HDL F%7) foFog Eolx, £3] GS l.s%uoﬂ
M gzl viEke] 50% S7HE S Bl ol g Wl
= YA oA TS E FEisk Rolzled), dizae] H]
slo] Aun)} FEENA FelslAl sl (p<0.05) EF A
2 AN E9E HAFUT o] Az ZAY 22 IANEF
S Fxdt gz vasle] Hvl FEES 4433 Sprague
dawley ratellA] SAA 2 Fl| Z2E| Eo] Yozl
(10)2] A+AFee B3 ZAgo|r)

Leptin-deficient ob/ob mices= leptin®] -=ale] 2834 o] o]
Folx|®] gro} A|Fo] wEA| FrIste] ALl AAAZFS] 36l
T, vgks gEe] 3¥8YSY FAE I, s e
I 8% 2d&d FUME Be Fadtd R‘UDEJ-_JE AREESL Q)
TH22). ¥ AgoA Auu} FEFEC] R v T3S A
23k A3l GS 0.5%, 1%, 1.5%9] 8342 tixzatd) ¥
Al oo w 7as9la, 53] GS1%2 Zols 166.0 + 7.5 my/
dLE thZ:2] 68% ALEE LERJAT o] A= streptozotocin
o2 Pus FIANZ FdA dFd =0 vt EFEFES

Shigematsu &

AR sy o] 7HASlohal Higk Chattopadhyay
A(23)9F LA

Adlefel] 3% gymnemosides/gymnemic acid®= AolA @
o] FFE Asatar Qled 2HE A=l @R Ast &
7t Atk BIE T JTh24). EF AEA ZHEL oA 2
old FH2HEH AAH wgoE FH2HE FTE At
3. HIEAT e ¥E % gH}(25). Nakamura 5(7)> gymnemic acid
7P o g5 FEES A7 T3 3AF0lA BoR vjdy

= lipide} sterol G}E“Ol Z7sItal Barsksd=s], 58] choles-
terol"] cholic acid derived bile acid”} =SITial &% C]- o] 2] %t
Hog njfo] B wj, Zuvlolli= gymnemic acidE V]t A
g =z g 2 b‘;-_]fﬂ‘o ZAR= B RS0 T-_«,(H?:gi} Aoz
AzbE,) ofu] FEARECRE UHA 9= gymnemic acids, tartaric
acid, gurmarin, ftriterpenoid saponins, stigmasterol, quercitol &=
e A2 AR did B4 4 o5 AR FAE7Re &
g AEAHR] A7 a3ttt
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