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Objectives In this study, it was investigated whether Gami-Handayeolso-Tang (HDYST)
medication has anti-obesity effects in high fat diet (HFD)-fed obese mice,

Methods The experimental animals were divided into five groups—normal diet-fed (ND),
high fat diet-fed control (HFD), HFD+HDYST 150, HFD+HDYST 300, and HFD + orlistat
as a positive drug. The obese markers such as body weight, diet efficiency ratio, serum lev-
els of total cholesterol, triglyceride, lipid contents, leptin, adiponectin, and GOT/GPT were
measured, Also, white adipose tissue, liver weight, abdominal fat mass, hepatic lipid con-
tents, and mRNA expression of obese-associating genes were examined in obese mice,
Results In high fat diet-fed mice, HDYST administration significantly decreased body
weight, diet efficiency ratio, serum levels of total cholesterol, triglyceride, LDL-cholesterol,
as well as leptin and GOT/GPT, compared to the HFD group in a dose-dependent manner,
HDYST increased significantly the serum levels of HDL-cholesterol and adiponectin., It also
reduced the accumulation of lipids, such as total lipid and triglycerides, in organs such as
liver and abdominal adipose tissue, Moreover, HDYST administration significantly de-
creased the expression levels of fatty acid synthetic genes, such as sterol regulatory ele-
ment-binding protein-1¢c (SREBP-1c¢), FAS and Stearoyl-Coenzyme A desaturase 1
(SCD-1), in the liver tissues, while it increased the messenger RAN (mMRNA) levels of fatty
acid catalytic genes, such as Peroxisome proliferator activated receptor alpha (PPAR- @),
acyl-COA oxidase (ACO), and Carnitine palmitoyltransferase-1a (CPT-1a),

Conclusions Based on the results above, HDYST reveals anti-obesity effects declining
body fat accumulation through the regulation of fatty acid metabolism and lep-
tin/adiponectin serum levels, It therefore suggests that HDYST can be clinically useful for
the treatment of obesity. (J Korean Med Rehab 2016;26(1):13-31)
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A Ad B SshEe] 355 Asfishs 28 9 A
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o7l AlgzHol| EHolHA] Fapgo] AL A
HEollA] Zrohfaial AE E SteRAoA] A7t &
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vighol] thel Shef AWko 2 I, MATImE
B, BiEGETE L, Bk, EOTE R RS 5ol
o, APFARe R KEFB S, FEIEE, HET
%59 KA A, EFEESR, t-W®ETE 59 2
A, HiBEaEe k Al thgk A3z F3)
7} By, S wwkeldelr] Hese ghopad
= Wk Sol 71 Wol AMEEAL 9lom, 1 FolA k
A KEEFEHS FHEtERCl, drEs mige] Wl
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2 Ao ARSE eRRlE ootEta OO Y eilA]
ToA3te] AAste] ARSSHITE ks % B i THRES
FHARTE,OS 7I1FOR RS vIEEHElon] Mnkse %
b5 Gami-Handayeolso-Tang, ©18F HDYST)ol| Eo7l=
oFAl= Table 13} 2t}

2) Aot

HIRhS: fiesky] 9k aApol= 45%2] ApgE 9
S= Research dietsAte] D12451A 59 AdFE2] 4
falole] AR 10%9] RS $Hyshks D12450BAL
= SYAPT=IN FAstReH, 9%, 3 24, W
A 22 o] AEs EAEh] fIgk Aok (F)oRA|
HAE, Tl TSkt wgt APEEe] dF W
leptin S A=Fsli= ELISA kit ENZOAKFarmingdale,
NY, USA)lA, Aidiponecting #X3}7] ¢gF 859
ELISA kit®= ALPCOAKSalem, NH, USA)oA] A3+ A&
S ARgakdth 23 U total RNAS FE317] 9J8te] A}
31 Trizol & 2 mRNA £4& 93 (DNATA kite=
invitrogen (Grand Island, NY, USA)ol|X Fdsle] ARE-
Shlc, ek - Aglol AE SJEk AR e sigmart
(St. Louis, MO, USA)9] A& ARESIITE A d2lold
Abz, wARAo] Almel kg 2] e Bake o
57 ZtH(Table D).
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Table 1. Prescription of HDYST

Herbal name Pharmacognostic name Weight (g)
B Coicis Semen 12
HEET Raphani Semen 8
L IRES Ophiopogonis Radix 4
it Platycodi Radix 4
A Scutellariae Baikalensis Radlix 4
o Armeniacae Semen 4
i Ephedrae Radlix 8
LR Castaneae Semen 12
Total amounts 56
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Table II, The Components of Normal & High Fat Diet

D12450B* D12451"
Product
gm% Kcal% gm% Kcal%
Protein 19.2 20 24 20
Carbohydrate 67.3 70 41 35
Fat 4.3 10 24 45
Total 100 100
kcal/gm 3.85 473
Ingredients gm Kcal* gm Kcal*
Casein, 80 Mesh 200 800 200 800
L-Cystine 3 12 3 12
Corn starch 315 1,260 72.8 291
Maltodextrin 10 35 140 100 400
Sucrose 350 1,400 172.8 691
Cellulose, BW200 50 0 50 0
Soybean Oil 25 225 25 225
Lard 20 180 1775 1,598
Mineral Mix S$10026 10 0 10 0
DiCalcium Phosphate 13 0 13 0
Calcium Carbonate 5.5 0 5.5 0
Potassium Citrate, 1 H20 16.5 0 16.5 0
Vitamin Mix V10001 10 40 10 40
Choline Bitartrate 2 0 2 0
FD&C Yellow Dye #5 0.05 0
FD&C RedDye #40 0.05 0
total 1,055.05 4,057 858.15 4,057
*D124>OB Cholesterol (mg)/4057 kcal=19, Cholesterol (mg)/kg=18.
D12451 Cholesterol (mg)/4057 kcal=168.6, Cholesterol (mg)/kg=196.5.
Typ1cal analysis of cholesterol in lard=0.95 mg/gram.
3) A~ ZH| 4 MY S2
kTS B T BEE112 902 Fske] oF 16w) C57BL/6 Al A 678 (FMEL(LAY, 7715l

Bue] 274 1,800 mlg 7k 100°CoA] 2A17H 2
3 g7 F=3 5, O g FEES Whatmann paper
filter2 o3}t oFES rotary evaporator (EYELA
2 e Sl ok 50 2ol kA
FEE 32.88 g5 AUTE MmkEL B FEES HY
FEollA FoAst] H 3 49l EFAIT Fote] w2
AT 7 19 Folke AEAAT. FEE) AbE
M AEEHA] FEE FAE fJste] hmkES B
F25S e AFF 150 © 300 mgkgs Fofalr]

slste] Abg A AE A,

A elatel 15:7F FEAREA $7 T3 A8 9 %
st A7l F Al ALgsiolnt. Y T nEAR
o} 558 Al AFHES S

HFE S0E10%E FAISHIT x%.‘g_ o rEo o
F7)2 whEslott, B 2Rl S8 felEd (<

¢IHE CBNU 2015-0010) &3l 3= dc}.

2, Wy

1) ik A

i
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C57BL/6 F7] npg-2=0] H-g-7|7ko] 1 3 22 gl 9]
o] ke AE 18 snlg|E JHHd &3t & 7o
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sy, shesel ulgk @ Ak
24 abr] stel sl AR BRI LA
ol& ARESIITE. a2 vt AolE AFHATIE A
OZ(ND)F} IAPFAOIH(HFD) % LA o] +- Jyink 5
%8005 150 mg/kg FORE(HDYST 150), ALAE2 o]+
vk Fe % #4045 300 mg/kg FoI(HDYST 300)% %A
thZrel X2 o] +Orlistat 20 mg/kg F-od(Orlistat)
cu Rl e ARAdRE 7 1
carboxymethyl cellulose (CMC)7} E&HE A<=o]] 8315}

i

of 17 13] FAF Aol APE] stgla, Aol %
R Fo HUFEE SPste] vle B ARES 2

331

A AFE 170 13, HoluAZGe F 28] ¥
& Aol Age olgstel Sgsar) HololgEEE
e e ARl Slaje] AT,

Az 37FHg)

2Jo]o] & & -g(Diet efficiency ratio)(%)= 2ol 2%
bl H ¢}

X100

3)

g

o otz w3

g gl 225 AQFHst] QM de] #2495 A
HE =2 diethyl etherZ nlFsle] 3 d=Ho 2 3|4
AZTE 1 o TREske] 3 2 gl A 23S A
AR AHgE 5 Fo]sjekEdl] Ztele-E Al7staL -
AL S k2] A o 2 f3A 24 Als
2H WA ALl F FAste] AFs] W7k —80°C
of Bsiiict. dH2 mheiE JhES el 23
gauge needled] FA|E o|83le] BXRA o 2 RE
olg A

Table III, The Control group & Experimental Group

5 B galst x5 30| XA 25

HPEERIE AT WAL Pl 308 5 3
A8kl 3,000 rpmelld 103 &<+ Al Felete] S
pelselt, @ 24 9 waagelde A FEe
Folch ¥'e] Z3le] 30 mge] 7F22 2 A=z o
Akl phosphate buffered saline&H ol 23}t & &

SELXET WEe-S 219 HEE Hrlslal AgelA
W) gk 3 il st felE S BulE A
7131, 1 ml9] isopropanol® o] | ZEA-S ¢t |
= ALgard

5)

g

X 7F =% gl

O —

13
>
Pal
-3
10
Pl
2
Ok
It}
I

i i |

A ZAA|HH(riglyceride), & Zd|2H|E(Total-cho-
lesterol), HDL Z#]|2:H|=(HDL-cholesterol), LDL S~
H|Z(DL-cholesterol) 2] ke olakA|ekox] Al &sh=
o]_/\]-HlE-EL AFgsle] 2480 5 ml tubed]] EAA]Y

< 300 pl BFslal SHAE 2 plS BFshe] 37°Col
A sEZE BESAIZL F 500 nmoll FEEE 54 5]
S ALk

3 z2Ao 2R FE5 Ao F AH e Frings
¢} Dunne] WS o] 83te] 540 nme] FAEE =
stator, b 22 gl waztoM o] SR Jhde
A 2e Pos SAs

ﬂJ){.

6) &% U GOT Y GPT &4

b EdeA Y] AxE Uehie= GOT % GPTE 34
sl7] flate] opikA|oke] 2|9 F - AFE(GOT * GPT) &
ALA|HNS 0|83 GOT 24L& 71dAF} GPT =
e 71-AA 100 ©15 37°Cold 587 A3 & dA
20 w13} 242y &3kete] GOTE 37°ColA 60%, GPT=
302 T RIS 2 5 FAAIY 100 119}

Group name

ND Normal diet-fed

HFD High fat diet-fed
HDYST 150 HFD+HDYST 150 mg/kg
HDYST 300 HFD+HDYST 300 mg/kg
Orlistat

HFD+orlistat 20 mg/kg

Experimental method

Normal group
Negative control group
Experimental group
Experimental group
Positive control group
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A4 Y leptin 3FS =438}312} mouse leptin ELISA
kit (ENZO)E ARE3IICE EH-S 1 329] H|EE assay
buffer2 28k 3o plateo] Zt wellol|] 100 ¢ 5
o] 1AI7F F<F whSA]Z] Zo| wash bufferE o]-&3}¢]
plateE 3% AHSA. AlF Foll Hol e Fola
2bd3] "dojulal, blankE A€J8k ZE wellol] antibody
5 100 g1 BFERL AFelA] thA] 1A7FERE HEA]
ZIth. Wash bufferg o|-83te] 33 Al&gE F blankE
A|2JBFAL blue conjugateE 100 p1E 78Il 424
THA] 308 B9F WAL whgo] £ plateE wash
buffer2 3 A|As]FaL substrate 89S ZF wellol] 100
pI® BF 3k 5 308 o Wx|A17] & stop solution
< 100 #1 Y31 microplate readerE ©]-8&}e] 450 nm
X Z7gsket.

8) &A LN adiponectin &2t =X

A F9| adiponectin S =A8}12} HMW and
total adiponectin ELISA kit (ALPCO)E ©]-8-3}3it}. WA
d3 10 ulE protease buffer 100 19} sample pre-
treatment Buffere} 78] Egsdict. £ 10 nl&
dilution buffer 1mlol] #H7}sle] A|8E F0Edet. A=
50 11E plate] ZF wellel] &5 gk & 1ARF B3 42
oAl WAL}, WhS-o] ¥4t & wash bufferg A-83}
o] 31 AJ&3}aL, biotino] ¥A]¥ monoclonal AbS 2z}
wellell 50 p1% 2531 ek. 1ARE F9F d-&ollx vk
AlZ1 3, wash buffer2 3% A|&3}aL 50 119 enzyme
o] FAH streptaviding 2} wellol] 53131 30% Fot
Feox] WgAIZTE, Wash buffer® 38 AJH & &
substrate solutions 50 1% QojFy HS ksl A
HZ 108 Fet W8t 2EH o= 50 119 stop sol-
ution® ¥ ¥, microplate reader (Zeniyth 200rt,
Anthos, Austria)E ARE3F] 492 nmollA FHE=E A

sk,

9) Mitst HEEZ(micro-CT) 57 X[ 24

Hlo] FaE T AUERE] AU B B (micro-
computerized axial tomography, micro-CT)-S $J8}e] 8
A2 SF Holsh Bre] FFHE FERIL h32E A7
sto] Zdld(zoletil) 2 mg/kgs BAFALE F3le] v
shaict. w27t oHYst | & B gA] o agste] A
HF5eEg A} &= #F9AA] Skyscan-1076 micro-CT
scanner (Skyscan, Aartselaar, Belgium)& ©|-83}o] ml$-
20 BHE H5lt} 18 1m pixel size 2} 48 kV/
200 pAS] 2704 0.5 mm o] &Fv]E FHE ©]-83t
of 7} Sefol=rd 0,409 ARFERE AR O M, B
Zeo] Fo] CTAn T2 13E 0|83} threshold Z+S A
AEFE 255/50 AL 60/50& A3t} ol At

Bl ARBE Zo| 2ulo]| AAFH= H]S-L AE5Fc)
10) 2+ Z==loj|A{ total RNA &

—80°Coll H¥E 71F2ZS trizol £ 1 mlS ¥l
homogenizerE ARgale] 2+ Hafste] E3tsloicy. &35
H total RNA 885 220
o] chloroform& BolFal E50] & $of 387t 429
HESAIZATE I % 12,000 rpm,
I, FZke] BIF B IR A FHE
ted Af 1.5 ml tubeol] %71 ¥, 500 x12] isopropanol
< A7Fl RNAS AAZT 108 B9t T 2ol
g 3 12,000 rpm, 4°C, 10%7F 94 Falste] pellet-s
AlLlgt ] §AS AASIT. 75% ethanol 2 pellet
< AFstaL 7] FollA 7ol dehEE AlAsItE A
Z%¥ RNA pellet2 20 ¢12] DEPC-treated waterd]] =<1
5], B34 %A (spectrophotometer)E 0]-83Fe] 260 nm
o} 280 nmellX] FFEE S73t] RNAYS st alct.

_|_4
_>;‘
ol
2
[o
R\

11) Real time RT-PCR

7+ Ao RRE FEF F 2 1g9 toal RNAZIE]
cDNAE &A3817] 93] super script 1T first synthesis
system kit (Invitrogen, Grand Island, NY, USA)E o]&
39Tt RNA 2 pg& Oligo (dT) % dNTPS} 1.5 ml
tubedl] FiL 65°ColA] S EF REEAIZ] Fof] Aol 1
EZF 9Ex]5I), 10x buffere} MgCl,, DTT, RNase ]3]
A 8! RTase7} &3 84S ZF RNA mixtureol] &3}
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Table IV, Sequences and Product Size of Primers for Real-time PCR

Gene Foward (5"-3") Reverse(5-3") Product Size (bp)
SREBP-1c¢ CTTCTGGAGACATCGCAAAC GGTAGACAACAGCCGCATC 278
SCD-1 TCGCCCCTACGACAAGAACA CCGGTCGTA AGCCAGGCCCA 190
FAS GCGGTGTGAAAACGAACTTT CTGTCTGGGCATAACGGTCT 119
PPAR- @ GCAGTGGAAGAATCGGACCT CAACCCGCC GTCATAC 121
ACO TCCAGACTTCCAACATGAGGA CTGGGCGTAGGTGCCAATTA 286
CPT-1a GATGTTCTTCGTCTGGCTTGA CTTATCGTGGTGGTGGGTGT 126
GAPDH CATGGCCTTCCGTGTTC CCTGGTCCTCAGTGTAGC 152

A, 50°CelA] 50E7E wkRSElich 1 & 85°CY] water 38- —
‘ N N '

bathol]A] 5% &<F ¥F3AIZ] & cDNA 38 F43H% @ 36 B Hhverisa
o}, PR R 1 p19] RNase HE Pl 37°CollA] 208 2 341 o e e )
ot WhgAlA B a3 RNAZ AASIH $48E D32 :
DNAZRE] At 34 0 B-agsl BeE 484 £ 30,

50 10]3 = t
LS glstr] flal, 24 f-3F SolAQl primerg Al g 28
Z}3}9c}. SYBR green PCR master mix (Applied Biosy- 2 26
stems, Warrington, UK) % ABI real-time PCR system ﬁ 24
from applied biosystem Inc (Forster City, CA)S AR&-3} 22

o] real-time PCRES 3J3}3ctk PCRE 95°CollA] 108
Fob 7] WAS 3 T 95°CollA] 15%, 60°CollA] 148,
40 cycles 27122 PCR 3}$1.2.™, housekeeping gene?l
GAPDH mRNA W&zgos FFEslsigitt. & g
ARE-E primere] 7] EE- Table Vo]l YERY ST

< 53 92 BE FAES MeantSD HoF
BArEkgeH, BAEAS 98] GraphPad Prism soft-
ware (version 5.0)Z2 13 ARESIIC) tiE=73} A
9] x}olE AZE A} t-testE AAEY AL, pvalue:

0.0501891 #& 7o R foldE B,

7§ﬂ]-»»»
1, ME 37120 o|xl= g

TAYHoIR

)

APE=] AT 7ol st

ol
1> o
o
A
)
W,
ki
B
ol
1>
o
_I_
=)
5
o
S\
ey
&
N
—
N
(@)
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2 3 4 5 6 7 8
Week

Fig. 1. Effect of HDYST on body weight gain in high fat di-

et-fed mice,

Data are presented as Mean®S.D (n=5 per group).

*p<0.05, Tp<O,Ol compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control

group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+

HDYST 300, Orlistat: HFD+ orlistat,

mg/kg FORE(HDYST 150), TA2]o] + fiink 5€ % #/)
% 300 mg/kg FFHDYST 300)3% At z=el 314
k2l o] +Orlistat 20 mg/kg FoJr(Orlistat) © 2 2|35}
o}, 737k AT S kEL ALY FEES F
gk & HDYST 1507ollX & A2 o]} v ws}
& W, As S7FF] 19% FH4=3haL, HDYST 300
A= dov ZHasle] kIS MO FEE TE OE
How AT F7hFo] Akt Orlistartelli= 25%
7 Faste] oAl Al SRS dAIFIeH(p
<0.05), HDYST 3007~ Ordistatit 2t o f9J8kp
<0.01) AT S7HF FAEHE BokFg 1).



k% % #bigo] A2 o] HIRkAYF o] AAR Al v FFF ]

2, AolMdFZ H Aolo|Z2=E0 lxl= I

Ik 5E % #bigio] A2 o] i mhe-2o] 2o H
o % 2ojol R gl nA= JFS Lol Tt Aol
ko Aol F Hlwale] HDYST 15070] 16%
(p<0.05), HDYST 3007-¢] 24% 743l(p<0.01) &
TolEHo R folal| 7hAadtglon, OristatmolrlE
12% frolabA sk dtk(p <0.05).

2lo]o] @ F5-2 oA e AleS7HES vk
ZO T A olol| HIgte] 2ol HAAIEHA
7Vl ATt Ik E % # g Folatollile APEAlolE Tt
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Fig. 2, Effect of HDYST on food intake and food efficiency in
high fat diet-fed mice.

Data are presented as Mean=®S.D (n=5 per group),

*p<0.03, Tp<0,01 compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD+orlistat,

H|wate] 2lojo]l8-&go0] HDYST 1507°] 8% (p<0.05),
HDYST 300:70] 30% 7+238t(p<0.01) FEo|&Fog
SolsHAl 7243H9aL, Oristati-S 20%2] 7HAE UeR)
ATHp<0.05).

EkFE S B FEE FATOME AoldFE 2
2olo] 8888 TAAFOH, IFER Fo3F HDYST
30070l Orlistats B o} o] &3¢l ZHAaa=s gl
SIrHFig. 2).

3. 2t ZE|o| 2ol olxlE Y

TAA o2 FEE BN nhe-2oA] 3F 22| FA 9
k% % B BHDYST)O] Pl gEFRs Akt
T 22 o) FAE AT A, wAgAolEex
o} H|WBFYS Wl 200 271 1.154+0.09

n 4
09
mlooii
2,
L 1>

HDYST 300

Fig. 3. Effect of HDYST on Liver weight in high fat diet-fed
mice,

Data are presented as Mean®+S D (n=5 per group).

*p<0.05 compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD+orlistat,
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R AASHA F718ldct. ks % #bin Folarelr=
A2l o)FEe] H|3] HDYST 15030] 13% st 42X
2l 1.005£0.090 g& YERHIT. HDYST 3002 24%
7423k 0.875%0.070 g UERfo] §o3k rrFds
HolFo] 230 7448k AUz H|&d rEaaE
YERSITHp<0.05) (Fig. 3).

™

4. 2t =% | & X|H(total lipidjof| Ojx|= S

aA2o| = of7]E 7h22e] F A|E Wslel| st
Tk %8 % B RHDYST) Y] B8 Jolry] g8, A3
FE| 3t 2HlAM AHE FEdte] A, LAY
2ol 7k 24 U F AHE 136.17£6.48 mg/gO &

GraolEe] 57.776,70 mg/eoll I3he] AR 27}
SISt Mk Bbis FEE Folzola LAl

T} Blwatke] HDYST 150704 25% 7343k 101,37+
10,05 mg/gS YERHIL(p<0.05), HDYST 300:-¢llA]
T 4% A3 75,33 mg/go R UEht B oEHow
FolsHl #2433t (p<0.01), HDYST 30072 Orlistat
ool b 27 F A FF 96.97£8.11 mg/g H} T
frofgk Aagas JehiSITHEg. 4).

150,
=
£ *
=] b
2 400 -
2 t
E ——
e
3
[t
c Ll Ll
L 0 S &
£ e
&2 & O
F X

Fig. 4. Effect of HDYST on hepatic total lipid content in high
fat diet-fed mice.

Data are presented as Mean®S.D (n=5 per group).

*p<0.03, p< 0.01 compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD+orlistat,
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5. Zt Z==| W K|l triglyceride)od| O|X|= e

JIAEAo]R oldt kA o] FAdA|WH(triglyceride) 2]
Halol] thste] fnk s % B HDYST) Y] S35 goli
7] 93, AdFE 7t Z2oA SR g B4
3kdh. AR o)l 7 A oA EAR|He] dleke
65.1015.88 mg/gO. 2 AAFAle| 25.17+1.52 mg/g 7
H|wate] SAXJsHA| S7Fekdt. MmksE % #ig Fofell
A= A2 o|tw) B wslke] HDYST 15020l 24% 7+
2%k 49,13%+3.53 mg/gS VERAIAL(p<0.05), HDYST
300704 479% 7rA8E 34.27+3.96 mg/gS VERY B&
ojEHog e THASIITtHp<0.01). HDYST 300
T Orlistat#e] 7+ 2] AR sk 40.70+3.85
mg/gith O folZQl A dE YERITHFig. 5).
6. W]t XE|o| 20| n|xls gt

J—_y;qtlw\lo]e
A ol ik % % £ (HDYST)Ol n| x| 03'55 S A8k
Pol= SILLE B L #Xﬁ‘«l TAE &gt 23, g2lolr
I} wjwste] 75%7F 718 1.919+0.407 g& YERHo
HABHA FAZE STVt ks % g g ool

o
T

Triglyceride (mg/g liver)

Fig. 5. Effect of HDYST on hepatic triglyceride content in liver
of high fat diet-fed mice,

Data are presented as Mean®S.D (n=5 per group).

*p<0.05, p<0 01 compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD+orlistat,



k% % #bigo] A2 o] HIRkAYF o] AAR Al v FFF ]

= HDYST 15072 A2 oltol vlsl 19%7} 7HA3h
1,559%0.227 g (p<0.05), HDYST 3002 45%7} 744~
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Fig. 6, Effect of HDYST on white adipose tissue (WAT) weight
in high fat diet-fed mice,

Data are presented as Mean+S.D (n=5 per group).

*p<0.05, Tp <0.01 compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD+orlistat,

ko 747} 244,55+18,46 mg/g, 238.80£15,95 mg/g O
2 FAe ey, sAdcR fofshA] skt
3 Orlisatz WAXY 22 o] FAAY o
thste] mALAolEd} Frofgh xtol7k JATHEig. 7).
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Fig. 7. Effect of HDYST on WAT triglyceride content in high
fat diet-fed mice,

Data are presented as Mean®S.D (n=5 per group).

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD+ orlistat.
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Triglyceride (mgldl)
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Fig. 8. Effect of HDYST on serum triglyceride levels in high
fat diet-fed mice,

Data are presented as Mean®S.D (n=5 per group).

*»<0.05, p<0 01 compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD+orlistat,
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e AN A S g A, 1A
ofiollM= Aol E} 26%7F S7HE 113.83+4.32
mg/dI=2 YRt dAsHA F71slith. HDYST 150
A= Aol wlaake] 18%7F FHAgE 93.85+
8.88 mg/dl& YERH O (p<0.05), HDYST 3002
24%7} 7FA¥ 86.0615.46 mg/dIZ VFERY fiink s %
L FEOEH T A U SR o] Aol
HIS=gE P02 s aEs As eIskitkp
<0.01). £3] HDYST 3002 OrlistatsHt} ] $4J3)
A EAE UYERITHEg. 8).

9. @d L & Z3j|AH|ZE(total-cholesterol)oi| O]
5t
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axEAolg Ik IH ] F FYlZHE i wst
o thate] hmkFE % g igol nix= JEFS EAEIT
aAFAolrte] A U F FY2EEL 141.13113.21
mg/dIZ AA2oEe] 90.57+4.02 mg/dIRTt 36%7} 2
sl AR S7IESCE. ImkE L EAY Folwdd
HDYST 15072 dA2lo|Zat §-2]3k xjo]7} Qe
W, HDYST 30094 26%7} A% 104.52%17.60
mg/diZ R} folaH] A=tk p<0.01), Orlistats
2 16%7} 743 118.06112.43 mg/dlE &4 %|o] HDYST

3007°] ©] Gofst A= "]’E]'LH%{Q'(F@ ).
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Fig. 9. Effect of HDYST on serum total cholesterol levels in
high fat diet-fed mice.
Data are presented as Mean=®S.D (n=5 per group),
*p<0.05, Tp<0,01 compared with HFD group.
ND: Normal Diet-fed group, HFD: High Fat Diet-fed control

group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD + orlistat,
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10, €& {| HDL-cholesterolof| O|x|l= gt
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64.4812.22 mg/dl-& e o] Aol 71.04+2,
mg/dl Bt} 10% 7HAgk 45 YERfSITE, HDYST 150
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Fig. 10, Effect of HDYST on serum HDL-cholesterol levels in
high fat diet-fed mice.

Data are presented as Mean®+S D (n=5 per group).

*p<0.05 compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD+orlistat,



k% % #bigo] A2 o] HIRkAYF o] AAR Al v FFF

300 71%7F ZHaE 15.60%3.64 mg/dS YeRo](p
<0.01) MRFELBDY FEE FEOEHCE IDL Z
d=elE AAEIE eI Orlistate2 43%7}F 7
Z~3F 30.84+8.45 mg/dl=Z =3 E o] HDYST 300r¢]| ¢
AAg LDL S 2EE A EdE e Irk(Fg. 11).
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o] @A W leptin <ol WA= JFS A8
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Fig. 11, Effect of HDYST on serum LDL-cholesterol levels in
high fat diet-fed mice.

Data are presented as Mean=®S.D (n=5 per group),

*p<0.03, Tp<0,01 compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD + orlistat,

o} aAAolte] @AM adiponectin®] <2 7334
Ol 95.05£5.60 pg/ml¥}t HlmEke] 40% 7HAH 68,08+
3.69 pg/miz JeR} A5 7H-E2ith. HDYST 1503
oA mAMRAlolE Blaste] 2206 A4St 82.92+15.75
rg/mE VERIIA(p<0.05), HDYST 300:-9llA= 39%
d53ke] 94.86+10.52 pg/ml& YERH(p<0.01) fimk
KLEBDG 25 FEEHoE FA Y adiponectin
3lako] 78It} OrlistatdS 25% S7He 85.04+4.33
rg/mz JeERHp<0,05) HDYST 3007°] © &Ask
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Fig. 12, Effect of HDYST on serum leptin levels in high fat di-
et-fed mice.

Data are presented as Mean®=S D (n=5 per group).

*p<0.05, Tp<0,01 compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD-+
HDYST 300, Orlistat: HFD+orlistat.
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Fig. 13, Effect of HDYST on serum adiponectin levels in high
fat diet-fed mice,

Data are presented as Mean®+S D (n=5 per group).

*p<0.05, Tp<0,01 compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD 4+ orlistat,
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& BNt Aol "HA GOTE A
2ol 20.77£1.11 TU/LS} B3t 51% S7FH 42,64+
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Fig. 14. Effect of HDYST on serum GOT and GPT levels in
high fat diet-fed mice.
Data are presented as Mean=®S.D (n=5 per group),
*p<0.03, Tp<0,01 compared with HFD group.
ND: Normal Diet-fed group, HFD: High Fat Diet-fed control

group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD + orlistat,
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B TEw sREHR FoahA Fastlrk(p<0.05,
p<0.01).

e mApR2olte] Ao GPTE 25% 71
26,80%1,31 TU/LZ A7¢2]or 20,01£2,53 TU/LS} H|L
sto] AAI8HA S718HSIt. k% #vbig Fofr 114
HR2o|} Hwake] HDYST 150752 7% 743k 24,91+
1.09 TU/LE VERAQAL HDYST 30022 18% 7+Agh
21,9411.52 IU/LZ F-o3A] 7HA8rkp <0.01), B3t
Ordistatst . IAHHAo] &2 <13k GOT 9 GPTY <2
FroletAl AAlsATHp <0.05) (Fig. 14).
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Fig. 15. Effect of HDYST on fat mass in high fat diet-fed
mice,

Data are presented as Mean®+S D (n=5 per group).

*p<0.05 compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD 4+ orlistat,



N

k% % #bigo] A2 o] HIRkAYF o] AAR Al v FFF !

Fo] Bzl Byl ok 10y Z7}ske] FREHA At
o] Z2Jo] Z7}8F3ith. HDYST 150 @ 300T-olM= 242t
5, 7% skl frofs AdEEe] ERA F2E
P ZtHp<0.05) (Fig. 15).
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Fig. 16, Effect of HDYST on hepatic mRNA expression of lipo-
genesis-related genes in high fat diet-fed mice,

Data are presented as Mean=®S.D (n=5 per group),

*p<0.03, Tp<0,01 compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD + orlistat,
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Fig. 17, Effect of HDYST on hepatic mRNA expression of fatty
acid oxidation-related genes in high fat diet-fed mice.

Data are presented as Mean®=S D (n=5 per group).

*p<0.05, Tp<0,01 compared with HFD group.

ND: Normal Diet-fed group, HFD: High Fat Diet-fed control
group, HDYST 150: HFD+HDYST 150, HDYST 300: HFD+
HDYST 300, Orlistat: HFD+ orlistat,
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ZZ]o]| H|3}e] SREBP-1c, FAS, ACC1¢] mRNA o]
A S7FEIT. ik % 2 255 FolaollA
SREBP-1c9] mRNA ¥F&l-S HDYST 150 % 3007-0] LA
W2lolird vlulste] 747} 31, 48% FHAS.o ™, FASE
26, 45%, ACC1-& 27, 44% 7323dte] L& og &
oJ3HA| 7HAATHp <0.05, p<0.01) (Fig. 16).

17, 20 Z&| L X|2hat Ak3) 2 @A 2
off oxl= H&

pud O = A=

A} ke stel] tiste] hiksE % #vbige] s Yol
Hokrh, uApAolte] 7 22 olx] AAlolte] Th
Z2]o]| H|3}e] PPAR- @, ACO, CPT-1a2] mRNA & 0]
HABIA AU, kL B FEE FolaolA
= HDYST 150 2 300:0] A2lo|Za B
PPAR- @ = 247} 35, 57% 7 8321, ACOE 21, 59%,
CPT-1as= 29, 80% S7Feto] wolEd o g fofsiA <
7¥ateHp <0.05, p<0.01) (Fig. 17).
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3l 8|9k 2 EA4| = orlistat?} lorcaserine®] AT}, dFA|wF
orlistate= 7F £, F441%F, #1734, lorcaserineS 4%
H5E AU 7FsAel JoBRE, ARS Al FolE V)
gofof st} whebA o]2fdt kR alel FAIZ uwke:
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otk 11 3 REBHOR Uiss EFES KA
SRlZARSE Eoll Bigol Aok A|aL 1ol wet £Rjol i
s A ERE o714 Fskal vzl AL A1 €
HE S Hopd F=9] BFoE FiE] dPshs A
o=’ A% 9 vl kiEA FATE AW Fiev]
WE FaA AR KA o] 28] STt 7
Tl veh, o] wERekAY AR e
37, Wl F7he BAY 5 U, ol wEER B
o} ‘e oleh= a7l wet vvks fidehks %
el @89, RS BE7H A= dselr AAE
sk 2 FHE Be #RY JPdde KA vgt
e} fARShaL F53ke] Kig A Rl 2ol %
L Eole B AT A8 HSh

Ik E % #bigS Tdshs oFAle] ANk Bdte] o
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2lo] et} vamaEiA] hiwkE S B FodaellA
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Hlgka} 22 girpddste] 4e- 45
2HE 2 AUe Ak Z(ow density lipoprotein,
LDL)-Ze2HE 57 S7Ishe whd e X
Z(high density lipoprotein, HDL)-Zd|2HE EFF%
& BA%e 432 welf S, 2 gl vigke

wo ool 8% A4 wstel vAE e o
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Hjsl axpdAolZola] d3 W 42, & Sd2E
Z, LDLY] ¥ ] shgo] dAAsH = }Q‘R‘,\QE’%, HDL
o] T THASFITH(Fig. 8~11). MIKIES B Fo
oA LA olg Ik A W S44AY, DL &
£o) Sh8 srojedon golbl dedc U3
W & Sd2E12S HDYST 300ollxwt frelab] 24
3o (p<0.01), HDLY| L% IsE FofrolA
SIS AP IS B biBe] Bl W A SRS
WA AR YePtHp<0.05).

TAA )2 Q3| Fhel] o] FE ko] FAZE
Z7Vsta sl A, 7k 22do 2 Qls) opn]wr] o
S/ (amino transferase)?l GOT9} GPTe] 83 W 5
| ddicta A Qo B A Asjel mA
2lo)-e] 7HLA| 9 GOT, GPTe] 84 U] &

olzol Wil B8] F7HEL, 1 2 o) &
SAAL] e S7IEATHEG. 3, 14). ImkES #D
b F=E Folrdiie APEAolZd} s HDYST
300:zellA g FAZE FofsiAl #HAsklan(p<0.05), @
W GOT, GPT Fr<o] AEAthp<0.05). 1+ 23
T AE A A T kEL ALY FEE ST
olEHom Fha¥ AIE HoFo] kL A
22 Yol Al 45 AAE] 17)s &3 WAlsH
= Aoz Az

WAL F2 oA A S8 A, 53]
5701 1419/] Hﬂxﬂx]l:ﬂ-g/] o]:o] Z:y].z'ﬂ—o eyﬂ ﬁ]uL]- I As)
AR Qe AR fR o] ST o

|
HE tot off’

oL

A, FEH)

O

o] Xé]/\]—/\l
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A T, 7] wARAl vlite] FE 1A
ool WA 22S Ajo] FRE § AFske]
FAE A A, Aol 27 2 AV
3| F7Feksdch(Fig. 6). T3 A3FEE ks o5
FHYJ(micro-CE FA8HAS o, B0l EAlshk= A
o] Fa7t Aol t wlalsl axg2olelx ¥
53] S7FeFAtHFig. 15). Mk % @G FolrolXe
Azre] A g A27)7F Aol Blaste] &
olEzH o7 foJsi 7”\3}9%03] s} T 29
= Foto] 5o A FuE SAEAS v o)
Al B Zto] ZhA-a) ﬂulﬁi%7§hd\‘ o] WAz ZhA
2 A 2 qAEWt des FRIE

olt] 29l (adiponectin)> AA|ZoA] FH] == o}
t]E¥7}el(adipokine)®] dZo]H, &= adiponectin®] &
= AR S0l ARAAT 2, v L A2
wge] AR 72T el Ao, W ob
A APEOIAE lepting ARPAESIN 205
= 3s2HEog eyﬂ Alas ZXJO].OE] )\10]/\442 Q}xﬂo]—-—
e ool AAPILY APHEY WA dore
adiponectin¥}= W 2 H]7HE7 oA leptin®] FE=7}F 5
Jhecka A Qo B Ao E AEEEd)
H2lo) g Fofsl Adwrella] &3 U adiponectin®]
T skl leptin®] FEE TA8] SkshE As
fﬂz‘s]—?il‘/]-(Fig 12, 13), ¥hAe) B]gk vp-2of| A fjiwk 5%
BLGS Foldt AdTdie FEoEHoR HRke
= ]:7]3 ¥Z adiponectin FEATFE F-25H 714
Aom, S7HE lepting == FrolabAl ATl i’lﬂ‘é
et elA|ollA adiponectin®]] EH?SL 2g713de
33 TTHER] QAL leptine] ¢ F=7) io]’
= leptin®] AL F71EL ’\hﬂb H|FH8| 2|, leptin
o] Tt W APRAIEY AHARS A=
BIF S AIEA XEA BHo A B #AS T
Qe ole} zho] ke % st
% adiponectin & leptin =5 7Aoo 2 A su|vkzt
48 vepdtal ddE

AN Qo] T2 AR
ement-binding protein-1c (SREBP-1c) & Fatty acid syn-
thase (FAS), Acetyl-CoA carboxylasel (ACC1)9] Id]
& W % Wl ARl W duEole
B Ao At 3 #H FRAAE SREBP-1c, FAS,

o 1 1% on

f :lo oft |}

-

off f
2

m ot

oA WgLO 2 <1% &

Sterol regulatory el-
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7AeE BATHFig. 16). o] A= Mk S #b
ol b 2AdA At g oAl e Aside s
ARk g3t 9leS eI

Agrt Aol 2ok kel el At
Astell B fAES] wstel] disiM® 2Askln
Peroxisome proliferator-activated receptor (PPAR)-2- W&
He 222 g Bejo webA @, 7,6 o AI7IA isoform e
2 FRErh 2 FollA PPAR-a = FE Thol| Bol #X
Hol o, FgA =N BAstEE nEZ=ol W)
2 AMRle] B4 © otq R|FAE Akslol] Qs 3 U
FRAA R ZTIIT, ACOE HAFS] Akt
B-Aste] R @Al Eavola, CPT-12 Al Ak A

EZs=glol Wie FYA7Ie &= AjhdA a4l s
ot isoform FollA] ZFAE CPT-1a7} W&lsic

B AT Aol Apaole] Ao A
o3} H|isle] PPAR-@, ACO, CPT-1a9} 7S A|Whal
Zrstel] dofehs RSl wdol Ao, ik
KL BB FoATOIM olE FAAS] WEle] Fe
EHo g F7IEAKFig. 17). o] A= k%% #big
o] b 2% ) A MBS SN BE B3kl
AALS7Fe AAlsh= AoR Alsdd.

ANE T, MREL By F2E2S Fogt 1L
Ag2o] nhe-2olx HvkdE ARES 243 A
Aoltolr S7HE AST7HE, AeldFH™E, 4olol
55 AN, A4S a9 oR oA
o}%iv} b z2A AL 22 ) A g3 A

GOT % GPTY] F5% A Zon, 85 S,
= &9 ]/\Eﬂ , LDL SY2H &S 7”\/\]7]31, HDL &4
ZHES S7MA BF AFTEE /WA leptin
7 =t Bvk A g2
= Z2Asigion, b 22 At g4 A fRAel
SREBP-1c, FAS, ACC12] W8-S Z7}A|7|a1, X|ukat 2ks}
A& G2} PPAR- @ , ACO, CPT-1aS &3] A|7]&= &3}
£ eI wEbA] ik S i A S4&
JAete] HvkE: o 9 FjAdslk=t] 28 7FA7E ErkaL
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Ik FE % #ebige] BNk, Aks 9 A8 AR
Be APHoR F] st TRl fEd
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nectin T 29| x| 9 2k g F Aksl #H fd
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