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Abstract — The purpose of this study was to investigate anti-obesity and anti-hyperlipidemic effects of extracts from Geranium
thunbergii (GT) in high-fat-diet-induced obese rats. Animals were randomly divided into four groups [normal diet, high fat diet,
MeOH extract of GT (GITM), and BuOH fraction of GT (GTB)] and GT samples were treated with dose of 100 mg/kg for 8
weeks. It was observed that GTB-treated group significantly reduced body weight gain, food intake, epididymal fat weight, and
triglyceride level in serum and liver compared to control group. The rats fed GTB also decreased contents of thiobarbituric acid-
reactive substances (TBARS), hydroxyl radical, and xanthin oxidase (XO) increased by high fat diet. Furthermore, the anti-oxi-
dant enzymes such as superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and catalase were increased by GTB
treatment. The experimental results indicate that GTB has anti-obesity and anti-hyperlipidemic effects, as well as radical scav-
enging activity.

Key words — Geranium thunbergii, Antiobesity, Antihyperlipidemic

HIRES of|A] FH el 4] B3 o= Fise At 2 T, W, VS, EWS, 1A
QAo BA vz E] 9Fo] ALy o= Ty & #7} E =] 1o, sibutramine®] 739~ A A o]
Ale AxH g2 AAALe] o) do g whstal S-2uet O 2 gk Abdgh Al|7F Slo] dwl7t :LX]E]‘”‘:PM) g
Adele1 o] oF 30%4 =7} A 2 #A 43 (body mass index, H k2t 37 ubsle A E S statinZl (simvastatin,
BMI) 2501”01 Aoz dEA oh'? ujele] vgre F rosuvastatin, atorvastatin ), fibrateZ] (clofibrate, bezafibrate
2 3= 2 IAY HHZ A ArskE A5 wiE E) oF=5°] AME- o LDL-ZHZEH1E B SAA 74
ol ekl 2, ASA0R Al ATl bl & Al W e, 94, 23kl 5ol Fag

o S92, LDLEY&H1E, T2 ZH &) S71 THE Aoz dHA Uk uEha el EEe
—t— o dAAEZFo] Yeh Al =M 73}, I, v Y TS Has) slal ko] SR EEA XE a3t H
S 9 ABIA A 5L o] AT TR M A olu £A)) o] 243 Basih AT AAEL ol

:E
m
rlo
41:
X
o
>

Eru[om

BE 93t 7k sibutramine, orlistate} 7S Al o] okE 3l ATE0] Faks] AP HEA A7 S5AAE 1 o]k
7ol U}O] o|FofR 1L o, 53] HuA SHEES
7= AOFE0] in vitro, in vivo AL Fale] FuH

*¥WAIZZHE-mail) : hyun104@wku.ac.kr 12) g
(Tel): +82-63-850-6814 2l ?E}E’JWZ s YepE Aoz BAES7 e ¥

69



70

3 =S e AALAZTE HIR| 5A] TS
=3k

AZ(Geranium thunbergii Sieb. et Zucc.y= ©1ZE0]2lL
T opH, gk, tiRh, 2SRl Exske AHEEA AE
HOZ AFHE ARgate] AL B A5 A Fel ARE-sho
gkom, FAAHEOZE (-)-epicatechin, kaempferitrin,
kaempferol-7-rhamnoside, brevifolin, corilagin, pyrogallol,

>

ellagitannin, geraniin, gallic acid, quercetin, protocatechuic
acid 59 HEA SFESC] FE FHiEo] U, Fits)
g4, 7R 5 as 5o o2 Zg-S vepdoh Y

Ao e HdAS Tt AR WEE FEE,
SEEIE, FEE 9 2 FYE Yol 717} 191.1, 1473,
291.4, 73.1 ug/(mg of extract)Z =4 IFFEE0] EAS
Th= Z1< Folin-Ciocaltew’s assay' "= 218193, 0] %
< FE= A SEESC] tF g Fes &
< MAA o2 fEg FE B Foiste] AU A
4 AAaH, g Y Ad 4 A L #d &
2445 Hrrekinh

=
o] X
=
F

o ot

k>

ME o 4
F& % dolo| M= - Aol AR-E AZ(Geranium
thunbergiiy= 850l 2223 Mshgolx] Fste] ARSI
o} A EAE9.5kg= WESE 33] 7 FET 3
Sl ek FEE 973 o2 AU, o] F=
ol dEfsle] FRREE(242 g), FEH(305 2)
Yoo Weke FEE3 Fekg BYES A A
St A8 FEE ool ATV A Aoz
ek 12|83 AF A dEg FFEEC] THE 28
o] BodFEE IR &9 100 mgkgE A8, 4%
Tween 800l 83|t & 85 &<t oral sondeE AME-shed A
s Eol T2 T3t
ASEE Y XX| — Sprague-DawleyZl 54 3F(45H,
120-140 gy= thEAlo] 912~ (Dajeon, Korea)Z -8 H-ofito}
ARFTERZ AME3I9A, 93U sty SEALN AT
o] FEARS A U7 ZA(RE: 22+3°C, A FE:
50£10%, F71: 12A17F light/dark cycle)o 2 15
Sl A-3AIFTE FEA A 24417 Ao E7F a2 4

o
o Y

bt 41 =2

o

™

A
e o

(e}
AAZHEA 10:00-12:00)0 SAYATATE £ A= L3
g FEAaE 93] Sl sl &S =t
o] AAlstaitt.
H|OF & TXEE FY - AFSEN AR A2 0]
+= Research diets*H(New Brunswick, NJ)2] 737320 (AIN-
76A)°1 beef tallow 45%7F SHrEl ZAXE(D12451)E At

8395, 857 ARS3te] fAIAT

Kor. J. Pharmacogn.

2t

e
S
z

%, = [= Py | — B0 = S
W= A3 AAAZRE T 13], o] HFAES F 334
Ak A7kl SR AL, A A FAE AY =
dol| ERE Arfste] H7F 9 Fargk 3919 A Ag
AAFZ MHS F AR Z RS A A 2F A
o] FAE 435It

Y A AR MX - A5e] o7t 2 § AHE
55 COE 7PaA mEHAIA 5 tlsWoz iy dAs
ANFHBFAIL 307 Aol WAgH £ 3,000 rpmel| A 154

kit 7F 23 A Est]
A AR AFAA AX R F5 AL, 0.1 M
sodium phosphate buffer(pH 7.4)E 7}3}¢] teflon homo-
genizer= "SH & A4E2]3td mitochondrial, cytosol 2
microsomal =8-S o] EAN o= AL TE H
7F BN -80°C A2 E Ao BaetglaL, A A3
2 §094S SYsh=t ARSIt
7 |

E: o

A — 7+ Ao 10u)
o] E3-41)(CHCL;:MeOH = 2:)E F7}sted A 2& 5
oS FEEEETY YA A ESTIE o8
ste] AAg ATt olo] WEE=E 7 §alAIZl * s}
o AEE ARSI, ddox EEE dHH T Gt
2HA| ©F(Whasung, Korea)ollAl Tl sl FZ3 2~HE(AM
202-K), SAAHHAM 157S-K) 2 TR E FE2HZ(AM
203-K) H & kit A 2FS ARE-Ste] A A A AlFet =
2EZo| wa} UV-vis spectrophotometer(UV-2401PC,
Shimadzu, Kyoto, Japan)E ©|-&35l>] S3=E =431t
2t 715 AAF - 8% F glutamic oxalacetic transaminase
(GOT, AM-101K), glutamic pyruvate transaminase(GPT,
AM-101K) ¥ gamma-glutamyl transpeptidase(y-GTP, AM
158-K)9] g2 FolkA| ke 2 e #9)eh Zthe- kit A
kS ARt AlZALNA AlgE 574 Wl wet g
skt
&2 = Lipid Peroxide(LPO) &2k =8 - Yagio] W™
of| F=5tod F3oll 1/12 N sulfuric acid?} 10% phosphotangstic
acidE #7Fsta ¥41%21(3,000 rpm, 10 min)ste] A=
Q1 whiE ek FEjesitt. olol] /72t 0.67% thiobarbituric
acid : 50% acetic acid(1:1)E 92 F F25(95°C)lA
607 F WESAIA Aol Wzt & Feh3-5 ¥ 3,000 rppm
ol 1027 ARk FEE AH AL FHs)
fluorospectrophotometer(Ex/Em 515/553) AM8-31 -4
£ A3 o2 2ol ¢Jdte] LPO $Hs AHEslith.

LPO(nmole/mL) = 0.5%(sample®] S-d=/E8N ] 3
=)x1.0/0.02

83 & Superoxide Dismutase(SOD) &t&f £H —
SOD &4 Oyanagui®] HEH 2™ olsle] A3}



Vol. 45, No. 1, 2014

>

AN ZHFE Y AJ2F A3 mM hydroxylamine/
mM hypoxanthine) 2 A] ¢F B(0.1 mM EDTA-2Na¢l] &
&8k 7.5 mU/mL xanthine oxidase with )& &35t 37°C
Gz A 3077 WA & AleF C(16.7% acetic acid
ol sulfanilic acid 300 mg/N-1-naphthyl-ethylenediamine)S
F7Fste] Aol 2087k WA STt B4 550 nm
A &F=E =43l SOD2] U/mg protein® = 3 A3}
3L, 1 unite 50% A== adrenochrome®] AJAd-&Z
= A=

HEZ=E 9l SOD &2 £ — Marklund®t Marklund®]
o) FEake] @4dlo] 02M potassium phosphate
buffer(200 uM cytochrome C, 100 uM EDTA &} pH 8.6)
£ 92 F 4°C 2087k WWASIAL testelli= alkaline DMSO
29 planko| = non-alkaline DMSO 8-S 74z} 718 5
37°Cell A 307F REGAIA 3H 550 nmol A ZHasE =
cytochrome C9| &3%EE £%4 3 th3 alkaline DMSO-
mediated cytochrome C reductions 50% <JA|sh= S4%
< 1 umit? A3t GHEE FAEIT

Hydroxyl Radical &{2F & - Kobatake’s] W0l u}
2} @3] A]12K0.1 M potassium phosphate buffer (pH
74)/0.54 M NaCl/10 mM NaN,/7 mM deoxyribose/SmM
ferrous ammonium sulfate)S ¥ E38l] 37C ez
of A 1587F ¥EX]g 3 3,000 rpmol|A] 1057F YA E2] s
of A AS Falstar, oo 8.1% sodium dodecyl sulfate
(SDS), 20% acetic acid, 57T % 1.2% thiobarbituric acid
£ A7t 100°CNA 3027 WHSAI 7|2 W Ztate] ThA|
3,000 rpmell A 57 AR ste] A2 G NS 9
52nmolA FF=E 748t of ¢jstod
hydroxyl radical(nmole/mg protein)2] $HaFS- AH=313t).

Xanthine Oxidase(XO) &f&f &8 - Stripex} Della2] ¥
WPo)| Z3}ed 0.1 M potassium phosphate buffer(pH 7.5)
of &4 9L 7183 total activity =2 ¢4 3 mM
NAD 0.1 mL-& 3713818137, xanthine oxidase(XO)y24S 9
AME SHT 0.1mLe FH7ssith of7]e] 7|22
150 pmol xanthine 1 mL:g ¥o] & 412 % 295 nmelA] &
F= HElE AT a4 SAEE 18 59 1 mge

[O8)

[e5

2 o
=]
S
o
o
2

ps

71

o] 1 umol®] uric acidE AJAFs= AS 1 unitZ 3f
Aok T3t total A =oA XOFA S Wl A2 xanthine
dehydrogenase 2 == AT

Glutathione Peroxidase(GSH-Px) &l2F &M - Paglia2}
Balentine®] >l Z=5} hydrogen peroxide 2 glutathione
o] 368 0.1 mM tris buffer(pH 7.2)0] &< 7}ated
3 340 nmol| A FEEE AL, BF HAFAd T8t
o BHEE gttt a4 BYE 18T Img
protein®] AJ/d3= NADP2| <2 nmoleZ EA| SIS

Catalase EM9| &X — Abeie] >0l 2Jslo] 50 mM
pottasium phosphate buffer(pH 7.0)° 712¢1 10 mM H,0,
o] F9HE XS I 240 nmol|A] FFEe] HIkE =
AL, BAEFAS 0041 mM'em'S o] g3lo] BHEE
2Pl aagde] @9l 19 1 mg protein®] E3l
3= hydrogen peroxide?] S pmoleZ EAISI T

EHHE M2k gl SHRE] - Lowry5e] W ojslo]
bovine serum albuming FFEOZ slo] Tl o] slakr
A& AN, BE HolEe 33 MHEAHS Al
W+RTUAE TAE Y. A4 f2/d HA= SPSS
statistics 19(IBM Co., Armonk, NY)& A3} Duncan’s
multiple range test2 Z 9143 VeI
2o g
Ao[gFE, ME « XUEE 2AH0 Chgt FE=9
T 5 A

o
_1

r

A AFHFE 155512 g/day= Ax et

FEES TS FAAE Fo4 e Aol HolA
RUAR FERE FYES Folgh AP oAM= 13.8+15 g
day= 12%48%2] 19 2ol F o] Fasidint. 8577k Al
FZ7}eFo] 19574133 gO & hX2-2] 2483+12.7 ghth
27% 4% Alea BE vebloh B3 Fes BeE
oj+o] F-uFAEE FAE 14.61+1.19 mg/g 2 =

o & o o 2 K
>
o
2

Table 1. Effect of samples from G thunbergii on food intake and body weight gain in obese rats

Group Dose Food intake Initi.al body Fin.al body Body\;veight
(mg/kg) (g/day) weight (g) weight (g) gain’ (g)

Normal 22.243.6° 129.7+3.2° 342.3+8.5" 212.7+6.4%

Control 15.5+1.2° 131.3+4.1° 378.7+10.0° 2483+12.7*

MeOH ex. 100 15.0+1.1° 133.6+4.8° 358.4+14.8™ 224.8+15.0°

BuOH fi. 100 13.8+1.5 130.8+4.3" 326.5+13.2° 195.7+13.3°

'body weight gain=final body weight - initial body weight. Values were express as the mean+S.D. (n=8) The effects of
samples were compared by one-way analysis of variance (ANOVA) using Duncan’s multiple range test.
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Table II. Effect of samples from G thunbergii on weight of
adipose tissues in obese rats

Dose  Retroperitoneal Epididymal
Group -
(mg/kg) mg/g of body weight
Normal 7.98+0.44° 10.96+0.38°
Control 12.73+0.58° 17.43+1.21°
MeOH ex. 100 13.17+1.12° 17.30+0.78°
BuOH ft. 100 12.25+0.77° 14.61+1.19°

Values were express as the mean+S.D. (n=8) The effect of
samples was compared by one-way analysis of variance
(ANOVA) using Duncan’s multiple range test.
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Table III. Effect of samples from G thunbergii on lipid profiles of obese rats
Lipid content in serum (mg/dl
Group Dose p (mg/dl) ' . CRF'
(mg/kg) Total cholesterol HDL-cholesterol Triglyceride

Normal 91.63+2.21° 68.71+£3.77° 55.61£3.69° 1.34+0.04°

Control 95.83+4.56° 53.74+3.42° 166.71£10.99° 1.79+0.03°
MeOH ex. 100 89.42+6.57° 56.83+4.05° 153.82+12.01* 1.57+0.01°
BuOH ft. 100 76.28+4.57 59.85+3.70° 129.93+8.85" 1.28+0.01

'CRF (cardiac risk factor) = total cholesterol/HDL-cholesterol

Values were express as the mean=+S.D. (n=8) The effect of samples was compared by one-way analysis of variance (ANOVA)

using Duncan’s multiple range test.
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Table IV. Effect of samples from G thunbergii on liver function of obese rats

Dose GOTl CIPT2 "{-GTP3
Group
(mg/kg) (U/L) (U/L) (U/L)
Normal 32.80+2.71° 46.84+5.06" 30.63+2.61°
Control 61.87+4.60° 29.01+1.36° 58.67+3.54°
MeOH ex. 100 47.45+4.26° 20.40+1.77° 52.90+4.22°
BuOH fr. 100 66.16£5.29° 28.70+2.63° 48.10£3.21°

Values were express as the mean+S.D. (n=8) The effect of samples was compared by one-way analysis of variance (ANOVA)

using Duncan’s multiple range test.

'GOT: glutamic oxalacetic transaminase, GPT: glutamic pyruvate transaminase, y-GTP: gamma-glutamy! transferase

Table V. Effect of samples from G thunbergii on lipids
content in liver homogenate

Dose Triglyceride Cholesterol
Group :
(mg/kg) mg/g of tissue
Normal 10.11£1.39° 4.80+1.61°
Control 18.48+2.29° 6.54+1.55°
MeOH ex 100 16.79+1.90™ 5.07+1.87°
BuOH fr. 100 14.43x2.21° 4.72+1.13

Values were express as the mean=+S.D. (n=8) The effect of
samples was compared by one-way analysis of variance
(ANOVA) using Duncan’s multiple range test.
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Table VI. Effect of samples from G thunbergii on LPO, SOD
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gk A3 A¥h= Table VISF Z2th LA 2lo]e] 2|44
ol AFe A A3t S Tz EA A SdaE
(reactive oxygen species, ROS)S 57141712, ol &XE3}
Akt Aghste] Akslet ghle] tiAkE<] malondialdehyde
9} 7+o- )& Ak3H=(thiobarbituric acid relative substance,
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and HR activities in obese rats

Group Dose LPO' SoD’ . HR’ .
(mg/kg) (MDA nmole/mL) (U/mg protein) (nmole/mg protein)
Normal 2.84:+0.24° 3.16:+0.18° 2.56£0.23°
Control 4.27+0.29° 1.97+0.06" 6.11+0.26"
MeOH ex 100 3.21£0.21° 2.12+0.08° 5.86+0.18"
BuOH fi. 100 3.3140.27° 2.38+0.14° 5.63+0.25°

'LPO: lipid peroxide; “SOD: superoxide dismutase; *HR: hydroxyl radical
Values were express as the mean+S.D. (n=8) The effect of samples was compared by one-way analysis of variance (ANOVA)

using Duncan’s multiple range test.
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Table VII. Effect of samples from G thunbergii on XO, SOD, GSH-Px, and catalase activities in obese rats

Group Dose XO' ' SOD’ ' GSH-Px’ ' Catalase '
(mg/kg) (nmole/mg protein) (U/mg protein) (nmole/mg protein) (nmole/ mg protein)
Normal 2.71+0.14° 9.73+0.21° 27.12+2.66° 2.4240.06
Control 5.46+0.27° 4.30+0.16 11.89+1.05° 0.75+0.02°
MeOH ex 100 5.24%0.19® 4.77+0.08" 18.51x1.21° 0.88+0.03°
BuOH ft. 100 5.02+0.15" 5.35+0.15° 19.15+2.79° 1.00+0.09°

'XO: xanthine oxidase; 230D: superoxide distimutase;

’GSH-Px: glutathione peroxidase. Values were express as the mean + S.D.

(n=8) The effect of samples was compared by one-way analysis of variance (ANOVA) using Duncan’s multiple range test.
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