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Anti-obesity Effects and Safety of the Mixture of
Herbal Extracts in 3T3-L1 Cells and HR-1 Mice Fed a High Fat Diet

Eui Seon Jeong'’, So Yi Park', Ki Hoon Lee', Ju Ryun Na', Jin Seok Kim', Kyung Mok Park’, Sunoh Kim'*
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The aim of this study was to investigate whether a novel formulation of an herbal extracts has an inhibitory
effect on obesity. To determine its anti—obesity effects, we performed anti—obesity—related experiments in vitro and in
vivo. Thus, our present study was carried out to evaluate the anti—obesity effect of herbal extracts using a high fat
diet (HFD)—induced obese mouse model and 3T3—L1 adipose cells. The effects of each herbal extracts on lipid
accumulation in 3T3—L1 cells were examined using Oil Red O staining. Results showed that treatment with each herbal
extracts at 10~100 pg/ml had no effect on cell morphology and viability. Without evidence of toxicity, herbal extracts
treatment decreased lipid accumulation compared with the untreated adipocytes controls as shown by the lower
absorbance of Oil Red O stain. Futhermore, compared with control—differentiated mature adipocytes, each herbal
extracts significantly inhibited lipid accumulation in mature 3T3—L1 adipocytes. In the HFD—fed obese mice, body
weight, liver weight and white adipose tissue weights were significantly reduced by mixture of herbal extracts
administration in mouse skin. Futhermore, we found that mixture of herbal extracts administration suppressed serum
triglyceride (TG), and total cholesterol (TCHO) in HFD—induced obese mouse model. The mixture of herbal extracts of
permeability was estimated by measuring the transepithelial electrical resistance (TEER) value in pig skin. The
optimized formulations of herbal extracts (Test 3 formulation) showed skin permeation. However, test 1 formulation
containing essential oil as enhancer showed maximum skin permeation. After confirming the enhanced skin
permeability, in vivo studies were performed to assess whether skin irritation potential on the basis of a primary
irritation index (PII) in rabbit skin. Reactions were scored for erythema/edema reactions at 24 h, 48 h and 72 h
post—application. It was concluded that the test 1 formulation was not irritation (PII = 0). The present study suggests
that the test 1 formulation might be of therapeutic interest with respect to the treatment of obesity.
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Wik, WA Edl, wsd Wld (unripe Prunus mume, SHS, =
WA, £43 (Rhodiola rosea, ALRK, F3A), "% EE3)
(unripe  Rubus Ba&F, Ui, S
(Polygonatum odoratum, ¥, =W4b), 49y (Mori cortex,
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Table 1. 15 Plants Extracts Used for Experiments

No. Genus species Korean name Plant part Extraction condition  Concentration condition ~ Dry matter (%)

1 Camellia sinensis = & Seeds 40% ethanol freezing dry 9

2 Citrus unshiu g Fruit peel water freezing dry 17

3 Liriope platyphylla wEE Root water freezing dry 12

4 Rehmannia glutinosa 1g Root water freezing dry 1"

5 Hippophae rhamnoides HEFULE Fruits water freezing dry 26

6 Hippophae rhamnoides HEFULE Seeds expression - 1 (oil)

7 Prunus mume of & Fruits water freezing dry 28

8 Rhodiola rosea SEH Root water freezing dry 15

9 Rubus occidentalis N Fruits water freezing dry 19

10 Polygonatum odoratum L Root water freezing dry 9

11 Mori cortex e Barks water freezing dry 11

12 llex paraguayensis ot Leaves water freezing dry 14

13 Cf;\amae;ypans pbtgsa LEOHJ" Ltf'l— Leaves Steam distillation 4 (oil)
rtemisia capillaris e

14 Cf;\amae;ypans obtusa LEOHJ" Ltf'l— Leaves Steam distillation 180 (floral water)
rtemisia capillaris e

15 Rosmarinus officinalis 220 Leaves Steam distillation 9 (oil)
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Table 2. Composition of Creams

Genus species Extract  Test 1 Test 2 Test 3 Test 4 Test5
Camellia sinensis ~ 40% ethanol 1 0.5 1 0.5 -
Citrus unshiu water 1 0.5 1 0.5
Liriope platyphylla water 1 0.5 1 0.5
Rehmannia glutinosa water 1 0.5 1 0.5
. . water 1 05 1 0.5 -
Hippophae rhamnoides expression : 05 ) ) '
Prunus mume water 1 05 1 0.5 -
Rhodiola rosea water 1 0.5 1 0.5
Rubus coreanus water 1 05 1 0.5
Polygonatum odoratum water 1 0.5 1 0.5
Mori cortex water 1 05 1 0.5
llex paraguayensis water 1 05 1 0.5 -
Chamaecyparis obtusa oil 3 1.5 - - 3
+ Artemisia capillaris  floral water 45 23.8 - - 45
Rosmarinus officinalis oil 2 1 - - 2
Glycerin 3.0 3.0 3.0 3.0 3.0
1,3-Butylene glycol 4.5 45 45 4.5 4.5
Xanthan gum 0.5 0.5 0.5 0.5 0.5
Olive ol 5.0 5.0 5.0 5.0 5.0
Isostearyl alchohol 1.0 1.0 1.0 1.0 1.0
Abocado oil 10.0 100 100 100 100
Olive pure ol 10.0 100 100 100 100
Naturotics 2.0 2.0 2.0 2.0 2.0
Anhydrous alcohol 2.0 2.0 2.0 2.0 2.0
Distilled water - 29.7 51 56.5 1
TOTAL (%) 100 100 100 100 100

2. AEG 2 3R e

3T3-L1 AYATFAEE ATCC (American Type Culture
Collection, USA)SlAM  FHsigla, AE wjFRoze
Dubcecco's modified Eagle's medium (DMEM, Gibco, USA)e
10%  Bovine serum  (BS, Gibco, USA)#H 1%
penicillin—streptomycin (P/S, Gibco, USA)< A7}8le AM&319]
or, 37C, 5% CO:9 =AM HF3ATt. AL} 80~90%
confluent®™ 0.25% trypsin—EDTAE A8t AEXE 6-well
platedll 5 X 10* cells/mlZ EF 3t 29% A& 2P 4
Aol AHE7} post—confluentdtAl HW 10% fetal bovine
serum (FBS, Gibco, USA)7} #7td DMEM Hi&de]l 0.5 mM
3—isobutyl—1—methylxanthine (IBMX, Sigma, USA), 1 uM
dexamethasone (Sigma, USA), 10 pg/ml insulin (Sigma, USA)
o] Aty Egg F=3ch EIFE 29 F, 10 pg/ml e
insulin 10% FBS7} ¥£3¥ DMEMO.Z @341, £IF=E 4Y
AREE 10% FBS7 £33 DMEMO 2 wj ol ugsle] 847t
AHAE £318 A=Y 7 FEFE AET AW 23E 94
3} anti—adipogenesis A& &215l7] 93l £ AL 2, 4,
644 = ol AEE 47 FEEE AL, AFAEY A
R ERE FAsty] 93 lipolysis A3 &AL & AWE3)

7 59 ¥ AREE 47 FEEE AT FUERTeR
Orlistat (Sigma, USA)E ZIZ} 3= E A A5} 2L AL
2 A

3. Oil Red O €4

Oil Red O stock solution® 0.35 g Oil Red O A} (Sigma,
USA)€ 100 ml9] isopropanolel =9 filter ¥ A@ol| AR
o BEAFYGERY 8YA HY & HRE AA F
phosphate—buffered saline (PBS)2Z HRojdd F 10%
formaldehydeZ 1A17F ¢t 148Gk $75E 38 AH 5 7
welloll Oil Red O working solutiong 1 ml¥ Y3 A-2A 30
% @43 ¥ FHRFE 33 wrEste] Rouigich @40 @
AWTE AFLE 715891, 100% isopropanold 718t AE
el &84 lipidE &3t 96 well platedl] %71 ¥ 500 nmol
A EF3=E 543 lipid accumulation F=E B7I8Hich.

Table 3. Formula of Experimental Diet

Normal fat diet (NFD)
Rodent diet with 10

High fat diet (HFD)

. Rodent diet with 60
Ingredients

kcal% fat kcal% fat
gm% kcal% gm% kcal%
Casein, Lactic 30 Mesh 200 800 200 800
L-Cystine 3 12 3 12
Corn starch 315 1260 0 0
Maltodextrin 10 35 140 125 500
Sucrose, BW200 350 1400 68.8 275.2
Cellulose 50 0 50 0
Soybean oil 25 225 25 225
Lard 20 180 245 2205
Mineral mix 510026 10 0 10 0
Dicalcium phosphate 13 0 13 0
Calcium carbonate 5.5 0 5.5 0
Potassium citrate, 1H,0 16.5 0 16.5 0
Vitamine mix V10001 10 40 10 40
Choline bitartrate 2 0 2 0
FD&C Blue dye #5 - - 0.05 0
FD&C Yellow dye #5 0.05 0 - -
Total 1055.05 4057 773.85 4057

4. A9%5E % v

AYTEL AT 25~27 g9 55F% SR albino hairless
mouse (Skh, HR—1)E @Ael=n}o] @ 5o} (Osan, Korea)dlAl
T3t 6U T w8 F o] fle MAE AHdq A¥e
AP BE APFES 25 (22 + 27), AdEFE (50 +
5%), #7185 (10~15 3/A|7}), 28 F7] (lights on from 8:00
AM~8:00 PM), ZE% (150~300 Lux)9] §74202 HA4Q TEALS
HolX ALS3IG Y. dutdoli= Research DietsAF (10% kcal
from fat, D12450B Research diets, USA), XA Aol
Research DietsAl (60% kcal from fat, D12492 Research
Diets, USA)dlA T84, T =4S Table 33 2ok A¥F
Ee 79 sl & 7] 2o FEIAYPL & dvE F9
&7 (Normal fat diet, NFD), ZAIAIE F9ul&7 (High
fat diet, HFD), %24 E A&7 (HFD+Test 1-5)2.2 FE3IR
o 34UARE AAHAIEE AF S HE] =8 AHFES
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T2 5/ o2 FEsta v 134 Hxe 250 pl AFE
g =339 AP AAEY. F AP 14290]0, Alg
9 &5E 99 (ad libitum)E AFsF L0, AFH Ao AFF
L UFdd 238 S35 FEAHY BED BE 4ZL
e FEAA4EA 4939 943& #F ($UHE 201700102)

s gel49 FWe weste] SRS,

il

5. 4¥FE AX 2 dHHE A

o7t B A¥EES A A 1247 B 24 A7 ¥
vl ste] AL E9dste] Son 509 WE L FuE 2 FE A
W3s WAg 73 "mwsct. 29 F A9 EE T3
FEGAE AHAs L AL 3000 X g (4C)dlA 1087 94 &
gte] @RS Fa F 24 A7A -80T oA Bastgon Ad
A% NE3S FugAg, B2, 2 2 712 FE3 Y
0.9% NaCl %02 ¥ 2 7|t EFE AAS}L FE£& AA
3 F 7 A FFE SAH3AL. EFAE AR F8 A®S}
He AREZE FAAY (triglyceride, TG), ¥ Z2HE
(total cholesterol, TCHO) &F& AHgdAE47] (DRI-CHEM
NX500i, FUGIFILM, Japan)& °]-83te] =431t}

6. & EFES IR FHE 49

AT7E HAAHFE 237 (A7) lg2, Korea)] ZHAS o]
A8 FEE dto] HAERE F7} A2E Fulo a1GF¢ F 12
w9 50% ol&¥22 receptor chambere] ¥I 2%Z 32 £ 1T
2 fA5H 0, 24 hedt 9ASA Lkttt (600 rpm). Test
13} Test 32 500 w¥ FH3t] 1.77 cm® WA IR FHA
syringe® o| 838ty FuF =XI F 1, 2, 4, 7, 10, 24 hol
receptor phaseE #3t9, 0.22 um syringe filterE ©]-&3le o
I3t th. EVOM2 (World Precision Instruments, USA)E o] &
3] A7) AR EE SA Y IR FHE Aol FAsATh

7. RS AY

HRAFAHL HEFEHAA 1A A2016-98% | wreh
AR, F, AFFTELS 3 NEHY $7R YacNZW (KBL)
rabbit (ALY, Korea) 67lE]E o]&3l3on, 58 &
ok 24 hA] 5 BYE 15 X 15 cm’S) IVE AR F =¥
Aol Z42} 2.5 X 2.5 cm® Kol EXTH 27048 2TH 27
22 35 2 ZAFG AFYEZEE Test 1 (T)E, zEFL
IFFFF (OF o83t A58 2 =¥ 783 =278 &
27y A3 29 (95)9 v AT 19 (FF)E TR, 2
B w99 SA4HT A3 E &A4FA] g AE AL ¢
Fth 500 nl A|EE 25 X 2.5 cm® BolY gauzed] A-E5t] 24
h B¢ #23 F AA 19 138 72 b5 E5A, ARE,
TR 9 9 Jh], REPH =S B2 Draized] 3
Fhge] wa™® B Ruks Prhs s 7199 4 71FL 0
(F AL, 1 (oFF 7Hg Fub), 2 (9 F9b), 3 (%2
A% Fuh), 4 (A3 T e vhe)E, REFHY N1FEL 0
(AF 48, 1 (oFF 7 23), 2 UMHE 5F), 3 (F1 mm

E HFY £F), 4 (41 mmolde A3 RF)E 7|E22 39
oun, o2 %3 1x IHEAFAS (PI, Primary irritation
index) S A&3dt}

sum of 24 and 72 h readings

Primary irritation index (PH) = (No. of test site = 12)x(scoring intervals = 2)

HRAZTAL PII & 7N1EL2 0.0~0.5 (HRFA), 0.6~2.0
(%3 A5A), 2.1~6.0 (FFE AF4), 51~8.0 (B AFA)2
AT 2 AP FERSYH 4 APTE A3 HEA 2
A TERNLI (JAC2017-0110)5 F A F3tatt

8. BAAH

BE AL 33 HEAF e BAF (mean) T H B
F93} (standard deviation, S. D.) T IEFHTLA
(standard error of measurement, S.EM.)E yYehjglen, z
57 94 7HS5L Graphpad PRISM 5 (Graph pad
software, USA)E ©]-83}4 Student T—test @ ANOVAH S =E F
Z38te] pgto] 0.05 (p<0.05)™ ¥R A& BATFHOZE o3t A
o2 gty

4 3

1. Anti—adipogenesis ¥ lipolysis &3

£ A7 AH8E 7} FF380] 3T3-L1 AATAX A
T AESA 9FE dotry] 93 3T3-L1AXEe 10~100 pg/ml
=8 47 AL MIT AP o83t A% BEEE 5
39ttt 1 A%, BE AFEAA AX E4& JehiA fgd
(data not shown). WA £ AFo|HE AX PE&d IEe
27 &= FE HHA 10~30 pg/ml FHAM AFAEE 3]
Al (anti—adipogenesis) &3 2 £3}d A|WAX9 x|HES
(lipolysis) E& AF 48< APt

3T3-L1 AWATAEE o] &3t AHAEZE £315 F =T
5, 7 FEES FEHEE A3 AYEAERE A 2
(Fig. 1), "<} EE2>5-28 >vHE > 5304 > 2 5] >/ wl v > 2| 3> o
> W A>HERUT A>3 49 ¢0.8 ang 8
A% B3 30 ugml FEEZ AYF vwsF EER
(59.08+1.98%) ¢+ 524 (61.90+2.65%) FZEL 2T A}
43t orlistat 20 pM F=9] &7 (61.39+£7.95%) 2ot A W23 &
H7} FABRIAY #5S &3

3T3-L1 AATHEE AWAXEE E3}A)7]= F4 7} FAq
FEZES At ARESE JASE 208 I 27 (Fig.
2), vt > &a) o> >ven) BRA>|3>5 2 >5A14 >
FAA>E > A SHEIUT Erje] $2.2 1 a34E 3}
At =3 30 pg/ml FEE AT vhE (52.86£1.72%), V&I
o (55.92+1.56%), WEE (58.53+2.51%), W&I EEx}
(58.98+3.05%)F A& (62.29£1.77%) FEEL YZTOLE AL
3t orlistat 20 uM F=9] &3 (62.79+2.32%) 2t} A 9E3} JA
ER7L BEES G
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A F= ANt 4 7 BF AFEAE FA3 24 F(Fig. 3(C)),
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Fig. 2. Effect of plants extracts on 3T3-L1 anti-adipogenesis. Value
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Fig. 3. Effect of slimming cream containing plants extracts on the body width of each group of mice. The body width of each group of mice was
checked before sacrifice. Values are expressed mean + S. E. M. of five mice; NFD, normal fat diet; HFD, high fat diet; *p<0.05 and ***p<0.001, compared

to the HFD group.

3. AFF71E, Aol dFE ¢ Holag

A o] AHE T3 vlvte] KFEH AFo] fFHoE F
7F (p<0.0D)8 ¥ & EFES 5897 HEF IR vid =X ¥
AFS71FT Holags EAsYT 1 27+ Fig 4% 2v. 1
AHa o] AH7|7HEQ BE HFD AF+2 NFD A3 w924
3 94 (p<0.0DJYE FFA 718 BEon, i =
Test 179 E5FA 571 4 %] HFD A= Hl3] f98o=z
Z4& (p<0.05)3= AL FAsAH(Fig. 4(A)). AFEDE =
FHE A9FEYHA ATHsEes g 27 (Fig. 4(B)),
Test 129 body weight gain (2.89+1.15 g)& NFDZY FF
(2.8910.88 g)©o2 HFDT (6.3242.08 g)F A 3o
(p<0.05)7} Hol& Ag FA3TE T4, Test 2 (5.78+2.73 g),
Test 3 (5.07+£0.89 g), Test 4 (5.41+2.88 g), Test 5 (5.75£2.20
2T HFDTZH #3 zol& Holx] gsith BE FoFdA
Aol AFFT Holage 7z T 7 FYaeE $tH(data not
shown).

1

4. 7tz 2 AR=2A FA

IAH HolE AT v FERG ] i 58U X&F
o2 =33 ¥ 7H9 RudXW 2z FAE Hzy d9E
Table 49 YeRfSict 7F FAE 34+ NFD (2.42+0.11 g) 1.
o A a o2l HFD (3.73+0.15 g)llM $23 57} (p<0.01)

£ 2gon Test 1 M2 (2.4840.20 g)F} Test 2 AT
(3.04£0.43 )l A F28HAl A3 Hp<0.05). YA A
dX+& HFD A7 9% Zel7t FAFHA FUrH(p>0.05).
HFD#¢] ¥ 18 A% (epididymal fat)e] Ad)FZF (1.79+£014 g)
2 AFF (3.8110.23%)E NFDT H|3| f-<H 22 (p<0.001)
Z7rt9oH, Test 1 AT (1.23+£0.35 g)I Test 2 AT
(1.31£0.27 g)ellA RagAge] FAZL {Fo3tA Fa3A
(p<0.05). E5A4 (retroperitoneal fat) @ ZAX% (brown
fat) FA 9 A$dE ZE Test oA 73 zpo]E A& T 5
1% ch(data not shown).

5. 8% F $8AY 4 FZd26E §F

39 FAAY (TG)F & F2EHE (TCHO) F WAge
Table 63 2t} TG ¥ W3+ NFD + (72.7516.37 mg/dl)
o H] HFDE (123.5%13.19 mg/dD)AA TG FFo] foHdoz
Z7} (p<0.01)3l= AL &9 3o, Test 1 oA HFD +
o "8l TG ¥ (86.00£14.10 mg/dl) o] §23 #+Fo 2 74
(p<0.05)3H= RS &2lsgloh. TCHO &3 nAH ALEE A3
3 HFD (147.25+11.39 mg/dD) A §2149 F7} (p<0.01)7}F
#2HRoH, HFo X3 AFE F Test 17T I 54
(103.75+8.55 mg/d)7} 8oz 744 (p<0.01)3te AL &9
HAt
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Fig. 4. The body weights (a) and the body weight gain (b) of each
group. Body weight gains were calculated during the day 84 to 142 of
continuous skin treatment of 5 conditions of slimming cream in HFD
supplied mice; *p<0.05, **p<0.01 and ***p<0.001, compared to the HFD

group.

Table 4. Fatty liver and Epididymal weights.

E43& Fig. 59 YRS =¥ 3 Test 173 Test 37 EF
EX F IARE {93 zpolE Ho|HA FRd F4HI| AR
Ao, oYU o] XFHo] QUE Test 172 29 Ao X
g5 o] QYA Fe Test 379 B8 §oFo B RESF7) 2447
B¢ AEFHoE 71 (p<0.00D)FHE RS FAF 5+ Ut

100000 -
80000

60000

40000

TEER (2x em?)

20000

1 2 4 7 10 24
hour

Fig. 5. Transepithelial Electrical Resistance (TEER) measurement of

slimming cream containing oil (Test 1) or not (Test 3). Values are

expressed as mean * S. E. M. *p<0.05 **p<0.01 and ***p<0.001,

compared to the slimming cream without oil (Test 3).

Table 6. Mortality, Body Weight and Clinical Signs

Days after application

Motality
Body weight
(meantsD, g) 222851527 230641742
Clinical sign K40 (09, 01, 09) K40 (09, 01, 09) K40 (09, 01, 09)

Fatty liver Epididymal fat Table 7. Evaluation of Skin Irritation
Groups Absolute Relative , Absolute Relative , T dvidual scores
(9) (% of body weight) (9) (% of body weight) Skin reaction Observation time
NFD 2424011 7304017 0544011 138£0.25 Control(€) _ Test(T)
HED  373:0157  883:038"  179:014""  381:023°" 24°h 0 0
HED+Test 1 248£020*  648:035%  123:035%  2.59+065* Intact 48 h 0 0
HED+Test 2 3.04£043*  750063*  131£027*  3.09+0.28* Erythema/Eschar 72 h 0 0
HED+Test 3 3204016 8204022 179£0.20 3054032 Formation 24°h 0 0
HED+Test 4 335:0.12 8.60+0.71 2004035 3224044 Abraded 48 h 0 0
HED+Test 5 3.62:0.25 8514052 1.64£0.36 3.80+0.61 72 h 0 0
Values are expressed mean + S. E. M. of five mice; NFD, normal fat diet; HFD, 24 h 0 0
high fat diet;* F<0.01 and ***p<0.001, compared to the HFD group. ###p<0.001, Intact 48 h 0 0
significantly different from the NFD group. ) 72 h 0 0
Edema Formation b 0 0
Table 5. Serum triglyceride and total cholesterol levels Abraded 48 h 0 0
Groups Serum level (mg/dL) 72 h 0 0
16 TCHO Sum (S) 0 0
NFD 72754637 100.00£3.34 Pl (S/24) 0 0
HFD 123.5£13.19% 147.25¢1139% sum = (No. of test sites = 12) x (scoring intervals = 2)
HFD+Test 1 86.00+14.10* 103.75+8.55*
HFD +Test 2 927541858 126.00+15.09 7. AR D ohAA
HFD+Test 3 104.25+23.74 150.00+10.90 = .
HFD+Test 4 108.849.20 1375041292 T 2 3 AREFFH] M FFE Test 13 242
HFD+Test 5 129.50+7.31 119.50+11.49 5 AFEHAES § AP Table 6~73 Fig. 691 YERIS]

Values are expressed mean £ S. E. M. of five mice; NFD, normal fat diet; HFD,
high fat diet; M, Various condition of the mixture of the natural plants extracts;
*p<0.05 and **p<0.01, compared to the HFD group. ##p<0.01, significantly
different from the NFD group.

R mRd EXE SIS 45 FrHos g
9 ARE 22 Test 173 oY AES AY3 Test 379 I

% 48717 T ARERS VY EXF BE FEAA I
AL BEI A AT B oS UEYA &gten, A
= B3 dAsA It RS BEIAAH(Table 6). AFEDT
HEEDS =X F 24, 48, T2A A o] R F9E BF3S ¥
g 7] 2 2FPA A=E BEst IRASE 371 E3
. Draize®] B7PHdEd we ¥4 434 13 97 A2 5 (PIDE



392

E.S.Jeong et al

0.0 2&Ho] HAIF4L A5t tH(Table 7, Fig. 6).

(A)

Fig. 6. The skin surface of rabbit at 24 h(A) and 72 h(B).
R

gk o|Ux] AF o] olux] AHE S7kste] Aol A

o] #J HP Felz A28 Fud, n¥Y, 1AIF 5 FF
Aol Yooz A4t vk WA B o] PAY H|Te
HYrAE BESL Aoz Z7t FAd AHD. AR H)
o] o3} X 2E 9T B FBEO ALHT Yoy FE, W
H), 2% 59 A48, Ay 2240 Yehin go] &
A AL B¥E 5k AAEY Mgy B g A7}
723 AWPL Yok B3] A2 S0} BLL 3 L 1R
AR =X 5 Fulw Gl giF A7 APHn PO,
B AT ARdTFolA w23 aulu 2420 Hx}4), ]
3 Bz 2 e HEste] s HAE S o guw
Hg 239stn AEY AT Y BPEL Hlwe] fE
AYEEY R =xALYE 5 FHT a7} 84 A7
150510 £ AT AE3 HABE F 534 40% T4
2o AWATHALY B8 AT ZA vlwto] AATL BT
AQL?, W& BEA 5% FHAFZE EF AYATALY
32 AT vHEERdd ujd Firt 4o Ba
AN Jeong $2¢] Ao w=® Hehd YR o g F
FEAAN ALATAEY £33 AgAAEFH AMP-activated
protein kinase (AMPK)&4 7|4 & Rusdx, Kim 3209 a7
AME A9 BE FHBN AWATFATY 23 A DA} Y
¢ BUEAT E3 Pang SV QTN vie 3380 1A
BAolz =g HNHEERDA FHw FH7} S-S B3
o, AT BE Q7N FEH o2 AATATANA A X
2 289 A9 A add daM a7t olFod gon,

ook e Lo e 1

37t 483 AWAXY e A i A7 AFE 4
Aolth, Wk B AFdAEs ALEF JA9 AWEd adE
A 2= FAE BT, 1 ARE VREX Fouhyd 9
3 vt Ad 245 AF3uR R

A E o] AW (lipid droplet)= A& A} 2 ZAd
Za3 Qe 5y AWATAENA ALGAERY B3l A FA4
e FRAL F7A T, AT AR 2 S 2AIH, )
T AT @] o] 8HE E3hA AHe] 3T3-L1 AHATFALE
B334L AR 5T Y FRY ARAIE A5dn B 47
oA A&-3 Oil Red O FAAFL FAHAA, FH2HEWNE ¢
At AX U HE AT FAANE G5t AT &
M AEE 53 2 AES FAT £ o), o8 o]gad
3T3-L1 AXE E3HAdNA 2FE 0] AT YA wx&= &
< s} B A7 3TS-L1 AEE 53 4 =A¥8 &
F% FEES 28I AWEH A= g3 20 FEEE
(10, 20, 30 pg/m) Az 3P W ZE FFEA FofFoz
AT AL AAZE AE B F Aok 53] 30 pg/mEEE
AgsAe o BE FZE4A 97 (p<0.001) 2.2 AT FA
< JASHAT, YIFFE ASHT Y FHANETQ orlistat
Bt FAAYY EFd O AR} HEH EEx
(59.08£1.98%)sF T2 (61.90+£2.65%) FEEAA 2 ALE K
of gl ojule] ERHY Ao yYdc) e aRE A2
37] S8 237 958 AHA T FEEE (10, 20, 30 ug/ml)

AY e W RE 22804 foHoz 948 A B
223 AL B 4 ARG 53 BE 30 w/mE Adsge

o

o ZE FZEA £938(p<0.00) 22 AW F3E FAH% L,
FeET orlistat B} Ao 3ol i FAaA7} v
(52.86+1.72%), "4 (55.92+1.56%), HEF (58.53+2.51%), ¥
53 BE2H(58.98+3.05%)% A% (62.29+1.77%) FEEANA 2
Ao Hol H|Ht M ERAY Ao At APHATHAE
7t AAER FgE o] AWTE At JAG B ALA
x| AR VA AR SYH V|FHOE o] Fojta U
A At & ARATFALY &3 #ose IARERE
peroxisome proliferator—activated receptor (PPAR) v ¢
CCAAT/enhancer—binding protein (C/EBP) o’} tl¥¥oz %
£31?”. =3 hormone—sensitive lipase (HSL)$} adipose TG
lipase (ATGL)E ABENE AT AL Al 8422 AXYF
=449 triacylglycerol (TAG)3} diacylglycerol (DAG)E
non—esterified fatty acid (NEFA)$} glycerol2 A#st= 8-S
AP, ol2F Mz g2 717 HEe] £ AT e
BT} 4% FEEG AREHFZ 0] 58 FEE0| FTHL
2 FAL3A 4 AoE AREY. aY 89 Al 472
o =¥ v RE2 F5E9] %ol PPARy, C/EBP, ¥
9 olYZ} sterol regulatory element binding protein—1lc
(SREBP—1c), acetyl—CoA carboxylase (ACC)$} fatty acid
synthase (FAS) 257 ZAAA ALGYFgA & AREHEZ &
A7k BA Yee B Yor?, £ ATARNAE FAS
2745 #FZ T F ARt UHA FEE dEAE FF oleT
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A 71A 478 58 ZF FZ2EEY & "9 add i AR
2371 g F7F A7V 9o Ao #dHY, 53 AW
&3 &l tiste glycerol release EI-E EFS AR 7|H 4
T7t "9as Aoz Aggd.

B AFdME olH3 AX FFAAMY AFE S AWAE
3 dA aT e} AL FAEGT Qe FFES 28 F
4R BBt FAC Qe EEES AR AYPEEAME a7
7} Yetge=AE $957] A3 AR e] f = v vheand
£ 0|83t FEES T JREX PHoE B4 AT
71, Aol dAF, AWTA 2 E€F vlolevtAd A= 9F
& ZARI L

AREXE 53 FEEFEY JT BHE ZAY] 93t
uA P oS AFH3 HR-1 HHEERDH 58U7 JREE F
AFs571E 4 Aol dAFE FAsAtt 2 2% JREX A5
E AWt 2§ 2 19482 Aoy 4 T8 A 3 AF
W3l AATe NFDT (2.89+0.88 g)Hul TA| =] o] #<l
HFDE (6.321+2.08 g)dllA fol&og Zrletga, HFDT H] 3k
o Test 179 AFWFL 2.89+1.15 g2 #9A4 A #A4
39T (p<0.05). ZHY YR X7 Test 2F~Test 5T 2
T Fo89 AFRE 32 F F Qi Ao BAFY A
RE FAFNA F4< zpel= iKYk (data not shown). ©]F
9] A#=E Hol Test 1 EFEY JREXE 53 AFTHAE 4
o] AR Fe BAlel AN ANAAL g EE AW FFE A
Aol AFRLE FEF AoE ARFHY, 29 HED AT
Test 373 29 AET A3t Test 5 EF JH|W¢ a37F &
2R FA olH3F AFE Test | EFE] T Y&
oY AR HEHIUT IR, HEUF Q3% £3 FE0Y
2 2zulg 35 o4 o3& Fujt a4t dE FF EGEY
HREF7 F7HE 2F9le JFAE = A

AT ZAE HPEAEY F83 FAZ FriEn glon, A
A AEA @ 1 FUL HRe] F8 Ao, B3 AXHE
ApAE] Hoid] o3 Hwke] YeRIO, £8 A=) Fx
A FHEHH ARAREY 9 T7)7F S8, ded AR,
Frd, 18 5 2% A8 PHEL AP Az e
AW AARA N F23 FEe I, B AdFqME EFE
AREXE T3 AT 24 A7t ARA XY Fid 9 Fo
Yeld 2349)e &) A3te 7t RagA g FAE &
39tk 2 23 7+ FAE BT NFD (2.42+0.11 g) Bt} 1A
Aol #9 HFD (3.73+0.15 g)old #93 FUlE Hen
(p<0.01) Test 1 AT (2.48+0.20 g)F Test 2 YT
(3.04£0.43 )l A #-93kA 2439 (p<0.05), YA A=
dXE 94 Aozt #AHA sttt HFDEY Fud A
(epididymal fat)®] 3ol = AdFH (1.79£014 g) £ HSH
(3.81£0.23%)°] NFDZd| vl fojF oz (p<0.001) 78152
o, 7t FA 2L Ao Test 1 HFE (1.28+0.35 g)F
Test 2 AT (1.31£0.27 g)ollA F-ngA e FA7L F8tA
#2389t (p<0.05). 1Y B3 AW FARORE J|ATF
o] o $uE $o 7 st vpo| evtAE o] g3t F o] AA

& 71A 475 APERC] ITFHA gL SAUERTE L5
Z7 @77 9 g Aow Alsdnh

g3 F Zd2dE F=E AYolT (100.0+£3.34
mg/dD) el #3 Aol F (147.0£11.39 mg/d) oA 2l &HA
Z7HEAT (p<0.01). o]H 7 AFE aX P olE FAHE 7
S FEA AW AU Fol EF FH2HE T SR
¢ Hug A7 A fARGP, Ed mARelE =
HREEA 9 7 A F7t =3 A ZH2HE L FARAZ
o] Z7kgo] M oot FAAY ¢ W3} T3 NFD
T (72.75+6.37 mg/d)ol ¥3 HFDT (123.5+13.19 mg/d) A
TG #Fo] F9Foz F7} (p<0.01)3= AL I I3on,
Test 1 FoA%t HFD ol Hstd TG % (86.00£14.10
mg/d) o] §93 F=Fo2 2 (p<0.05)3H= A& FA3 o,
¥F F ZU2HE (TCHO) ¥% EF Test 12T 1 4
(103.75+8.55 mg/d)7} frfH oz 744 (p<0.01)dH= A& &
Atk o= Kim 5(2000)8] AFPA 952l g |EA
o] 7t @F FAAY F=d M dF2 WA FH Aol
234 AFEAAN FAAY TFo] rha g A gledl, 1A
WA olo o3 AR L] Frtd] wEt B AF AFdME B1A
W 25 A e RugALzA e FAVL ¢ 5748 HFDE
o] FAAW FFol M %, FuIAWRA ] FAUL
AAY Test 1AM FAAY FF= 71 R A3e] BEHA
o 58] Test 1¥& TG FFER otz TCHOY ¥ =3
NFD #5202 fo8o2 (p<0.05) 743, Test 1 Z4do] §H|
@ 247} 7MY $54E gelsigt) olgE AEAAE HRe R
EFEA Y 2d {5 we guvt ade] zpo|rt IR
EFFd WE 932U FHolgdE wt sl R F5d vNE 9T
< Fas4

R =¥3 Test 17F Test 37 ZF EX F 1A7HEH
frol3 ztolE Ho|HA HRo 47 AFsigony, oo A&
o] ¥35o] glE Test 170 LYAEo] EFFo] YA &&
Test 33¢ "3 FoH 02 AREFEF7} 2447 T4 A&H 02
371 (p<0.001) & & A& FAF 4 it} Wilkinson (2006)] &
F9¢ wz®, JRE AFPL HE AYEAY Fad oA
AR Zevdan dHA A EF, Seo T (2017)9] A7V
w29, 8 U BAFF 54 oM FhGe] B LA B
o] ¢ B2 IR Y ZFFS HJL, AR Yo IFT &
NEELLE 35 A7te] AYUH FRE 54T Aog o3Fsigd
A& 3RS 1 ol& A8 AFERS] 84 AFEE B
Y 2L B8 B9y, 44 B ¥ FAFS HtE V)
F9 d79 AR &, Test 17 FFEEC] 2o} & 49 7
5 F57F H0E Aoz Asdn

AR1EF7E F7tEel adrt F7kEE Aol YA wE
g7 g3 A5= F7tE $-8 £ Foldth wEhA wix|Te
2 2 dFdAE oY AEE TRAA IREFF SR8 g
EAR7F YE Test 1 EFES o2 FRd g3 A5 AF&
AXNEYT. E7Y HBd Test 1 EFES =X 5 Zuk, 713
2 23PN A=E BASY ARAIuks-& 3t 3 27 13} 5

=
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BASA¢ (PIDE 0.02.2 A&FHo HA3A4S 835k, A1 containing retinol, caffeine and ruscogenine by a
EFFEE SUIGAR 9id AT fE dAF 24U ¥ combination of several non—invasive methods. J Cosmet
¥ AT Sci. 2001:52(4):199-210.

ol ARz Hol B AFTE 5% in vitro ¥ in vivo &7

T3 AEUS A, 3uuRg e £ 55 29 ¥
iz“}ﬂl A EFEL VS FHE L HEEEE YEY T
&7 538 948829 H‘ja 7Vs7d Bk ofyg} thdd AAEY
E¥E 24 B3 R=EE B3 oA v X8 € o
AAZ A9 FfEo] 7}’0—'%} Ao Algd.

4 &

£ AFdxe Fuwte =fo] HE HH AAES in vitro
oA Adsta 1 B3E Ustgon, 4 uFgz=d S F93
o in vivo Aol 2 AFE AESIGU. 3T3-L1 ALATAEE
o]-g3ted FFEE9] anti—adipogenesis 2 lipolysisel &%7} )
E AL gAsgon, ofg FEER R EFF =2 FHe
AL FF 29& I3 HEE WPt aALH o2 {FEF H|
AR FEY A&Ho 2 JREXE T3, AT, 2T, €Y
Y TG, TCHO 5-9] Wglel vX& 93-S #Aste vt a7
4 HF gzAe AT £, IR =X E 58
B E59 303 gE€e 9% oY AR 45 0E JREss
A% % JFEAF g3 A S FAdGG ol ARE F
T Fgue ooE, tololE 9 &Y IHAE 48 & AF AT
A N2A8E G F S A= AsdY.

oY

o

&AL
E A7E TESMAERY Ao FEFAAE &8
7149 a5 }7}74 1E 7)< /821 (316065—3 2 116032—3)0.2
T8 dF AR o)d A=Y
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