T 5 F W oE) HAC ), LHEA(O)
11~1541000-001242-01

UZIRH X7Y 52 Y 2SR
HEZHE 7154 ME W

Development of functional food for reinforcement of
endurance and exercise mimetics from licorice

a + 71 &
= A E2d Ty
I
58 444 E R







7 AF N

=3
[}

' 2y ATEEE 7

8 A78 3% 2

=]
s

XTE

[
g “z

o] KA

Aol HaAE AE3h T

—

19 ¢

12 ¥

2011

A7 &

2

A o}

7&

B
e

—_—

B

Ho
B

\.mo

o

0
R

B

o
TBE

=

Tor

T
ﬂo
-
&

—_—

B

o
,mﬂ

R

B

o
"BE






I. A

—_—

R e A R S A

Aoz dHA g3 ALl

Aaa7), vk

S
=

o A

PR

S

Nfo

0

Jo

o7
Hi

—

0

T7F S AL

%
=

—_
fife)

0

8o
ojiy

e = s

Nfo
Hiz

—

<

0

AAAA R 75

S
) Y
e

275N EN Y

sl

2

N

FAS 24 9 A

I

= T

A
Al

& 5" (exercise-mimic)

1

E

1=

A

Aol

A A5 23

Jo
N

o}
A
-
i

A

3

Jo

o
N

N



~
ﬁo
Jo
;onﬂ

oy
N
N

)

‘mo
e

Jo
;onﬂ

T

s
;OO

o7
gl

0

Jo

N

A

~
ﬁo
Jo
;onﬂ

Njo
wr

o7
N

A

~
ﬁo

JJo

Ar

=13
=

99] HA formula 7l

=13
=

Al AN

s
o

V. dF/042 3}

7 93

P
o)
|

A

ol

)
J_.NO

A
ol

)

Mo

all
Pl
_ZT

3R
R

.
ol

FEA =RtRed/EA R W7 22 FEEee

A
-

—

N

ol
%o

Mo

A
-

)

)

o]
e
mjw

G

A
N
s
™

3

o 23E o8

3

Mo

—

<

—~
0

X
&

CUCEE

;onﬂ

ol

Z 7 A

)
™

Eod

T
ol

welow 7y

ol
Jjo
;onﬂ

pu—

0
NI
%o

Mo

bl



&t7] S8t

T 57

3

)

~
ﬁo
Jo
;onﬂ
ﬂL __ﬁ
No 2

s olelel &E Al vA

AW Aol FE MR ko]

NJo

)

No

i &

9]

Q1 A olEl Fojitef H]

N

JJo

Nfo
ol

# ATE S Be= A HEld= &A

=
[€)

;onﬂ

tine kinase”}

FHAAl BF crea

A
H

110
o
o
ol
jmat

oF

3
o
i
—_

7
NJo

s}
o}

1 24 Formula =1&

9]

EE F

W= Eekslth

o] ALA

q

7HLA

T4} % RS A

V.

Gl
pze]

Jo

ol

-
)

g 22 4

B3 7%

No

T X

ted Al

S

= 2§

=3
AL

o

A

d

=
o

debd 5 gtk olelg 7]

I =y

AA

7hE =

=
[e)

7 Al A=

g &84 otk

+

NO
N

o

-
R






Summary

I. Tite

Development of functional food for reinforcement of endurance and exercise mimetics

from licorice

II. Objective and Significance

Obesity is closely associated with life-style-related diseases, such as hyperlipidemia,
hypertension, arteriosclerosis, type 2 diabetes mellitus, and cancer. It is a widely
accepted fact that obesity results from the disequilibrium between energy intake and
expenditure, and is highly likely to be the cause of chronic diseases such as heart
diseases, type 2 diabetes, high blood pressure, stroke and some forms of cancer, and its
prevalence is rapidly rising. Excess energy is conserved in the form of fat in adipose
tissues, leading to obesity and obesity-associated fatty liver disease. As a result, there is
increased urgency to develop strategies that will be effective for both the prevention and

treatment of obesity.

To treat and control obesity, other than diet therapy and exercise, many different
approaches have been suggested, such as drugs for weight loss, appetite suppressants,
and food supplements. However, some of the treatments have been reported to have
serious side effects, such as vomiting, headaches, stomach pain, and heart attacks.
Nowadays, some recent studies have focused on the search for functional food
ingredients or herbal extracts that can suppress the weight gain and body fat

accumulation induced by high fat diet with less significant side effects.

In this study, we tried to develop the functional food material which shows anti-obesity

and enhancement of exercise performance at the same time.

III. Scope of Research
1. Development of health functional food material with licorice

- Establishment of indicator compound from licorice extracts



Optimization of extract process for production of functional material with licorice

Improvement for functionality

2. Weight loss effect of licorice

- Effect of licorice extracts on high fat diet-indueced obesity

Effect of licorice product on high fat diet-indueced obesity

3. Improvement of endurance exercise performance by licorice

- Effect of licorice extracts on endurance exercise performance

Effect of licorice on post-exercise response

- Study for mechanism of action

4. Development of functional food using licorice

Development of the optimum formulation

Development of functional food product

IV. Results

1. Development of health functional food material with licorice

We tested the anti-adipogenic effect of functional compound from licorice. As a result,
glabridin showed effective anti-adipogenic activity in 3T3-L1 cells. To acquire licorice
extract with high purity of glabridin, we made various licorice extracts and measured
the content of glabridin. We found that supercritical fluid extraction is appropriate for
glabridin-rich extraction. Supercritical extract is a good method for acquiring high purity
of glabridin, however, there were some problems when we scaled up the extraction
volume for pilot study. We tried to seek another extract method and found grain

alcohol extraction has beneficial characteristics for mass production.

2. Weight loss effect of licorice

To investigate the anti-obesity effect of licorice we fed mice with high fat diet
containing various licorice extracts for 8 weeks. Licorice hot water extract (LHE) and
supercritical fluid extract (LSC) markedly reduced the weight gain by high fat diet.
Moreover, hepatic steatosis and hypertrophy of adipocyte in white adipose tissue were
ameliorated in LHE and LSC groups. The altered expressions of hepatic

metabolism-related genes in high fat diet-fed mice were normalized by licorice



supplement. We also performed the safety test of licorice extract and confirmed the

safety.

3. Improvement of endurance exercise performance by licorice

To test the effect of licorice on exercise performance, we treated licorice extracts to
high fat diet-induced obese mice. We found LHE and LSC showed not only anti-obesity
effect but also enhancement of exercise performance. We compared the effect of licorice
with creatine as a positive control and demonstrated the efficacy of licorice is even
more higher than that of creatine. Licorice increased the mitochondrial biogenesis and

induced muscle type transition in skeletal muscle through the upregulation of PGC-1 .

4. Development of functional food using licorice

To develop functional food using licorice we tried to apply supplement materials or
excipients and optimized formulation. We also tested the stability of candidate material.
We made 2 types of draft products such as soft capsule and hard capsule. We also

standardized the functional food materials.
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kinase)i= PPAR 8/6 ¢+ €7 A4+ BFS) W3tE FEAlZIvhal HarE gl

fl
ofl

&

oolgfst A¥E HlFFO R PPARAB/JE+ AMPK ¢ agonistth specific-activators
Al Y WEE S A4S 7383 A3 PPARS agonist?! GW1516 A
A w20 5 AIZFS 60-75% S7HAF 31 AMPK agonistS] AICARE #] 2] A
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H 3F. gz =¥ UiE X di

A 14, T2 FEE9 7|58 98 &A%

7% (licorice)= Glycyrrhiza uralensis Fisch®] ¥g] F& on|sto] o ZHH 3shrt

AzAet Arjge gy AREH] gtk o] Hobes vdAd £ Hxe O0F
o] mpet 7% (Glycyrrhiza uralensis Fisch), 3333 (Glycyrrhiza glabra Linne), %
% (Glycyrrhiza kansuensis Chang et Peng.), &34 % (Glycyrrhiza inflata Batal) &
2 e 7 S Soldel ) AES washn A

% (Glycyrrhiza ularensis Fisch) -+ compound- glycyrrhizin, isoliquiritigenin,
licochalcone, % glabridin ¢l thallA= thekst Aelgd 5o Ky o] gt

Glycyrrhizic acid (GYC) glycyrrhizin®] hydrophilic part® %9 A& & 71 ©ol
Age ZAZA AE 50 o] ©HF (sweet-taste)= A Y A FANR Y AwE=E
g AREE I Tk AAIF o R W mlolE A Fbed, del=Y1A R AR
AEHT o slolw B, B, BAAL, BHA A% 9 Buoleia Fl o)

Ael&dAdo] B ¥t (Rahman & Sultana, 2007).

Glabridin (GLB)< Glycyrrhiza glabra L.°] T2 active flavonoid=A] o] ~E =7 FAF
g—/\é’ U]’}E% /\g;g- qu-ﬂ /\{]}]‘L« E/\-] fﬂ-ol— _—é'_jq, l:_g] 1;].0]:-;5_]_— /\gg]g—/ﬂol E_j_ﬂo]
grom wehd A4, 9%, LDL-C 43} 8 Abshd AEgls A vEEEc A
o A3 Ao® d#A Utk (Somjen £, 2004).

Isoliquiritigenin (ISL)¥= chalcone 7-%E A'd flavonoid=A &4, Atst W vhekst
H

AL (A, %, 9, A Sl AL A FE 59 AIBY sl

21t} (Chin 2], 2007).
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Glycyrrhizic acid Glabridin Isoliquiritigenin

Fig. 1-1 Chemical structures of licorice functional components

. Hx 715w AAE 3 Als Bt

(1) A8

(7 3T3-L1 wiF 9 &3 =

Mouse embryo 3T3-L1 XA 3= American Type Culture Collection (ATCC)°l A
T-%43F] 10% bovine serum, 1% penicillin/streptomycin/glutamine®] 37} Dulbecco's
modified Eagle's medium (DMEM) ¥} *] o]l 2x10° cells/ml 5% =2 seedingdl®] confluent
A7 B A 37T, 5% CO, incubatorol] A Bl 9F3}FSATE 100% confluent”} & 48A] 7
H 37C, 5% CO, incubator®| A wjFsFITh =3}alA] (10% FBS, 1% penicillin /
streptomycin / glutamine, 5 wg/ml insulin, 1 M dexamethasone, 0.5 mM 3 - isobutyl
- 1 - methylxanthine)= W A|3}o] 48A|7F wljeFstct, o] df, HIAE 3 samples 37
Aelgtet. g8a AGAERS] #3tE S]] @l 5 pg/ml insulin®] FH7HE

10% FBS DMEM HJA|Z 48A|7F vioFst & 10% FBS DMEMXE 48A17F 7FA S 2 2
oA w3k d50] adipocyte® ] W-3HE f kT

(‘h Oil red O I

3L adipocyte®] lipid droplet®] S $I&l| lipid dropletel] 5©]% 2 RHEEdF=
Oil red O sttt Al A|A $ 10% formaling 5i%F 13] A 2jsh ¥ A=
10% formalins 143t <9t A glste] 117433t 60% isopropanol= washing
wellS 23] AZXZAIZTE Oil red O stock solution? THTE 6:4H] &=
solution= 1023F A2 ¥ FHTFE 43] AHs. 1 F dArjHdo®R
celle T&ste] Z3h7F A HAA=AE st ##F & FRTE AT well
S 9Hs] AXAZCE lipid droplet¥t A3 Oil red 02 &2 9@l 100%
isopropanol = 10--3+ A 2] 3F% 3L 490 nmeolA FF =5 S HSlT

[‘«{o

o

Aot

M
Yot
oo N
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(Y}) Western blotting

MAEZZ} A2kl 3l Plates ice cold-PBS®E 2-33] washing & harvest$t cell®] RIPA
buffer (Tris pH 8.0, 150mM Tris NaCl, 0.02% Sodium Azide, 0.2% SDS,
PMSF(Phenylmethylsulfonyl fluoride) 100 xL, Aprotinin 50 xg/mL, NP-40 1%, NaF
100 mM, Sodium Deoxycholate 0.5%, EDTA 0.5 mM, EGTA 0.lmM) 200 p¢LE 4
A 3Fsto] 13,000 rpmeol A 10237 €4 ®Elete] AFde st dsd=
new tubeoll &7 H F @HES G 20802 sEES LS SF
SDS-polyacrylamide gel 171953t & o] 513 western blot 3FTE Gel $1°l| transfer
Lo 7 W3 A7l membranes =7 E3L 100V, 350 mA=Z 2A|7F F<F transfer 3
Stk wlA o] transfer® membranes 5% skin milk®] X3$FEl TBST f£do =
blocking ¥ TBST £ © % membranes A3t TBST ¢H58 N3 o] &30 A
23t =2 3|AA7 1) antibody (SREBP-1, C/EBP @, PPAR y, FAS, f -actin)=
membraneo] Tl A ®E 7heto] 4eCel A 12413t FFol REgAIZITH TBST &<
O % membranes A3 & TBST &N o7 AFs] 31X A7 anti-rabbit -HRPE 2A|{F
Ao A WA Z T FAell A ECLRES& AlA EE §748t9] bandE 221330

O

Q) A% 4
Tz 7155459 in vitro WY S H7ESH] 95k vl$-A fibroblast?] 3T3-L1s
ggote] FH e dEY AARE Z3 Alss SAST vkt A
(DM, differentiation medium)®l|  glycyrrhizic acid (GA), glabridin (GB) %!
isoliquiritigenin (ISL)= 2z} 50 ﬂMW A2t F 48A13F vk & B3I E AE f %
ot APAA £ A 8ol w3 FE @ F AW AR oil red O stain® E
MEU A 524 =5 545 A3, glabridino] AHAEZ F3} Aol wf-§- &}
o

ARl AL FRsATt (Fig. 1-2).
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GM DM DM+GA DM+ GB DM+ISL.

ﬁdd‘h L j ; o 0 i.
.!"_-H-". "* &
,n L] " ﬁli; '
et | ﬁw‘ Fi
B h,;. -vh:!"i L ‘5‘3
% EGar
) -
B & E*’w::m o
1251
§_ 10
53
g€ 757
59
30
oY% J
g o S0
TR
8~ o
= 25 *

GM 0 GA GB ISL
DM

Fig. 1-2. 0il red O staining of 3T3-L1 cells treated with

various licorice functional components

S|
~

S~
M
d

d &

M

th. HPLC ©] &3 f=x 7]s
7z 7t Al 7HA], = glycyrrhizic acid, glabridin 2! isoliquiritigenin®] &A] it
A& 918 HPLCS &-8-3F ¥4 219 g3 e3itt (Table 1-1).

Table 1-1. HPLC analysis condition

Eluents a) 0.2% acetic acidin 10% meoh
b) 0.2% acetic acidin 70% meoh

c) Meoh

Gradient sys. 0min;100% a — 10min; 100% a — 12min; 100% b — 25min; 100% b — 29min; 100% a

— 30min; 100% ¢ — 35min; 100% ¢ — 37min; 100% a — 40min; 100% a

Flow rate 1.0 mifmin

Column ZORBAX ECLIPSE XDB-C18 (4.6x250mm, Sumy)

Cwen temp. 40

LUV wavelength  E52nm

7z 716 Ee HPLC Al 4 chromatogram ZA¥= ofefj el 2Tk (Fig.1-3). 7t
71573 %-9] calibration curvet™ R > 0.999 ©]4+2] good linearityS .3t} (Fig. 1-4).
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ISL standard

Fig. 1-3. HPLC histogram

IsL GYC GLB
1800000 2000000 - | 2500000
1800000
1600000 -
1400000
1100000 +
1000000

1600000 1 y. 16013x+ 85369
1400000 | = 0.99%6

1200000 -

y=9319.9x + 6066

y=0545.2¢- 7663.9
R'=1

2000000 -
R=0.9999

1500000
1000000 -

800000 1

400000 | 1000000 -

600000 1

400000
200000 | 200000 1

600000 -

400000 - 500000 -

0+ N— - " ’ o 4 : ; ; . ; o4
V] 20 40 &0 80 100 120 0 50 100 150 00 250 0 50 100 150 200 150

Fig. 1-4. Calibration curves

AF (KR), ¢-Z=H7]|A~AE (UZ), = A4 (CHN-1), 5= %94t (CHN-2)°|t}. 4t
A T E AAE FE3lo] 70% EtOH F=%9 A|%3te] HPLCE 7|5AE 3%
(GA, GB, ISL)9] %A A& 333t} HPLCE AHAYE 4 x 559 7sAE

< w493t chromatogram-> Fig. 1-5%} £t}
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Stds

. | KR ( Yield 7.7%)

, UZ (Yield 4.1%)

: CHN-1 (Yield 5.1%) .

| | CHN-2 (8.5%) |

Al

-

Fig. 1-5. HPLC chromatograms of various licorices

Tz AAE FEEY FE2 A KR), F=H7IAER (UZ), T Al
(CHN-1), &= $JAF (CHN-2)0] Z+Z}t 7.7, 4.1, 5.1 9 852 =itz = ik

Tx A FE2E0 7R §E vud A3 Fig. 1-60] WERH vRgl o
z7v 7V EA veERs on CHN-13 CHN-2% fiAFSHAl vebsith
Grabridin®] 79 UZ > CHN-1 >KR > CHN-2 % & 3¥2Fo] =9tt} ISLY ZA-$
5 EFolA g wFo R vErsTh

Q
>
1o
o,
o
rlr
c
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1004 301

75

N
o
1

50

=
o
1

Glabridin (mg/g)

Glycyrrhizic Acid (mg/g)

KR uz CHN-1  CHN-2 KR uz CHN-1  CHN-2
Fig. 1-6. The contents of glycyrrhizic acid (left) and
glabridin (right) of various licorices
3.8 2FxEE 5S4 B4
7h &upd FEU 9 s v
Hx8] 7SR F glabridin® in vitro WV Eso] 7 Zle FASIAV] W
ol glabridin ¢o] ¥ F& £ FHe7] 98t o8 FE WHe A
stol 7tz 2F2EL A 72 FEE U Pz /15ARY e v 249 B
ke
Table 1-2.°] YERH wiel Fo] Tz A4 FZF+& (LHW, Licorice hot water
extract), ol &+ %% (LET, licorice ethanol extract) ¥ 7 F+%E& (LSC, licorice
supercritical extract)ys Yo FF FES S A Ax 5 FEFE9] 163%
2 7FE E=A vERs
Table 1-2. Licorice extract conditions and yields
LHW LET LSC
70% EtOH,
solvent DW, (x10) 10% EtOH (x7)
(x10)
extract . . 40°Cc, 300bar,
L. 100°C, 4hr RT, overnight .
condition 196 min
Yields (%) 16.3 10.9 3.56
LHW, Licorice hot water extract; LET, licorice ethanol extract; LSC,
licorice supercritical extract
U FE5E TFE Ve A % vl
=/ 2Fol 7t tiv] = F 7FA] &0l (water, ethanol)®} ZUAIFEE UAX Y 75
e gEo WEE AP BA B 242 BEHAL AT HPLC histogram S
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Fig. 1-79] YeERfIth &3 o]5 A3} slo] 7% &
ZA3}E Table 1-3°] YERHSIT

Jo
ol
1o
)
-
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%
oX,
o

ET R

asznd 1 standard
LOT i % E
:::-‘J— J’\ L) i) L3 %ﬂ 200 Gk
o
- LHW (x100)

0L airt
& rirt
1 vty

L N
LoEs 1 3
ann A 3

T g L] rog Fio] T el

] k LET (x5)
Basst . _ n }\\JL\JL\_JL |
i LSC (x100)
Frows 3

m:m_ erMAM

Fig. 1-7. Representative HPLC phenolic profile of various

licorice extracts.

Table 1-3. Content of phenolic compounds in various licorice

extracts.

LHW LET LSC

Glycyrrhizic acid (GA) 56.65 + 2.8 | 2.18

I+

3.75 | 16.30 £ 0.65

Glabridin (GB) 3.66 £ 0.11 4.19

I+

7.74 | 45.12 + 0.14

I+

0.28 | 2.62 £ 0.11

Isoliquiritigenin (ISL) 0.2 £ 0.04 0.32

5 FAENE AFES A FEFE (LHW)Q A%, glycyrrhizic acid®] $&Fo] F3
o] ¥ 5 AFES ovlE FEE (LEDNY 4%+ glycyrrhizic acid

] %Z% mi-p- WXL glabridino] A% EFHIAT o9k 2, 29U FE=
o

labridin®] T &€& &S}

A
f
s

=

o
FE gl W 729 AUBY AolF vwstuA, Aol o, 95 ¥ x9
2

A FEE5S 27 vF$2 preadipocyteQ! 3T3-L1 A3Eo 48A13F A2 st & A5 A



WA EZRS] F3E et FevF FRE AWAEZS] AExEW A& Oil red O
AAsto] drFow AFA YA oE Fsrt XdE MDI o AeE HS A
o7 dadE Axd 549 AS A= F vk B3 ORO elutions 33 574

Aukel A s AAEglon F3t 2 A UHS western blots 3l

2l
el st A¥= Fig. 1-83 2t}

LHW LET LSC
ORO
stain
1.5 H'I.Z
E E
3 s 8
kﬂ ——‘—LH = 19 o o *
c c
H S S
X] O]- S os 3 04
. £, R .
‘:'-Ta [¢] © 0.0 © 0.0
cs MDI 01 05 cs MDI 25 50
Water ext. (mg/ml) EtOH ext. (mg/ml) SC-F Ex. (ng/ml)
C/EBP mmy e C/EBPa - - Csba m -
: — SREBP-1¢ - — - : F =
B §]— =7 SREBP-1c mmp - = Repp-lcmp MR W T
- PPAR -y mmb j— PPAR -y mmp _— PPAR -y mm) -
A 9 | s = - s mF T s NN -
factin e | o actn ) | — Practin ) |
G M 05 10 ¢S MDI 01 05 M5 50

Fig. 1-8. Effects of various licorice extracts on adipocyte

differentiation

LHW (% 495 F25)9 4%, 0510 mgmLe H52 3T3-L1 A% A2 A
A A AA Fsol AR YeEon ol AWAEY ¥iE xds)
T 8% AP 1Al CEBPa 9 PPAR7Y 9] & AFo=HN YER=
23] gelx9dtt. =3k SREBP-1c ¥ FASS w3de] A$%:

w =
A FE5 Aol o) FEo] AT

e B
IS m
o

P

LET (Fx 70% °l&& FE8)° 49+ 05 mgml 55 A2 A Axd A2
Aol oA or fHalon o= AWAES] F3tE A= T AAF <l

2}l C/EBP @ 8} PPAR y o] W8S Ao 2x UeEh}E 207 western blots %
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3 EQlstdtt. o] QJeo|% SREBP-lc %! FAS9 W% Tz AgeE& FEE 05
mg/mL &5=F A A sl

oW
%\1
tlo
=2
kit
fol
=)
ey
(0]
i =

SN
I
3
F
1o
<1
Loty
A\
L
2
Y
ulil}

it o

gelstqltt. olelst Fx %<l
Z A3k key factor?]l C/EBP « 2}
55" SREBP-1c ¥ FASS| &

ol
o

FEE AP sxel gEH R Hasglth

T Ay FEE U9 glabridin® TE7F 55, 5 glabridin/glycyrrhizic
STE o] =2 Aol Y] wWiEel, = ‘
Rt fFEAY FF £ E TS ol = 3 HAse HFolH

olE flaM Hxeol vF EAs: SN YRS FEE Hadshs 3 NEst

L} pH =4
pHE ThFstAl 52 o Akel 24 st AIAEAR] glycyrrhizin®] s =HEE 242l
sl o, pH =4 S &2 & Glycyrrhizin 3F0] 1% S04 o o]A; A A=A skt

(Table 1-4).

Table 1-4. Contents of licorice functional components after

pH control

4 x| YA | 344 | glycyrrhizin| glabridin | 8] I

pHcut (13) 400g | 14.0g | 3.5 % 1.2 % 5.3 %
pHcut (23)) 400g | 13.0g | 3.2 % 1.4 %

ok oolgs o wist
gt I st wE VR FE TR H FE 28-S S0 Bt o
= TS 30-70%= A SFA] 7] H A glabridin} glycyrrhizin®] ©] 55 574315t o ghE
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steF W s} o2 glycyrrhizin 2 glabrdin®] $F5F<2 Table 1-52} T}

30% ol ¥k AFE- Al glabridin 45 3 R A& ZH2F ANEo 2 Lb X A1, glyeyrrhizin

2 AL AAET 50% o eHE AFE A] glabridin?} glycyrrhizine H] -2 745

off 73] 0 7 Fro] o] 53}l T 10% ol &= Al A Al glycyrrhizin 35 2 O 2 A A F

A9k, A E ol 2H glabridin®] 3752 69%= SOTE 70% ool &3l Al

St Bt} 1§ & 2 glabridin?} glycyrrhizin©] 5 Y 8 0 2 Bl

2 AN Fdw Fel xddE AREHY 3FES 90-95%% FARL

glycyrrhzin®] Zo Hholl A A= =] &Sttt 5% ol&-& A S WHE A8 | ®mgron
Glycyrhzin A 7] E‘r AZEADL &40l o Wkt

ARAoR, ees FEE ol $3 A3t WS Glycyrrhizin#l Al A 3
glabridin @] $FeFo] v7] wjZ ol glycyrrhizin A4 & & K. T glabridin &2 &0] o 74 2t
g3k R o7 AR

Table 1-5. Contents of licorice functional components after

ethanol pH control

> A x| BAEF | 348 | glycyrrhizin |glabridin|  H] 1L
pH cut 400 g | 14.0g| 3.5 % 1.2 % 5.3 %
30%EtOH 8% | 400g | 93¢ | 23 % 0.2 % 3.3 % 41 %34
30%EtOH A5 | 400g | 4.7¢g | 1.1 % 4.8 % 9.3 %
50%EtOH £8& | 400g | 3.9¢g | 0.9 % - 0.8 %
10%EtOH E4E&E | 400g | 6.5¢g | 1.6 % 0.6 % 7.2% |69.4 %3
10%EtOH 458 | 400g | 3.6 g | 0.9 % 3.7 % 4.7 %
7T0%EtOH 8% | 400g | 28 ¢ | 0.7 % 0.02 % 0.2 %
5%EtOH A5 400g | 2.3g | 0.5 % 3.7 % 0.09 %
5%EtOH E&& 400g | 8.7¢g | 2.1 % 1.0 % 8.0% |95.5 %3l
5%EtOH &% 1x| 400g | 94¢g | 2.3 % 1.1 % 7.1 % 190.4 %35
5%EtOH &% 22 400g | 74¢g | 1.8 % 0.7 % 7.2 % |80.2 %3
5%EtOH &% 3% 400g | 7.0g | 1.8 % 0.6 % 71 % |74.7 %3
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i
o
o
o
4
e
w°
ot

FHFA S G843 1 glabridin A FE 20 &
A8k Tz Al=2 108 2 208 5= AFE- A 2429 84
Atk 7 div] 209 2] & &1l AFE- Al glabridin®] 5
=41 = 100 2 47 -3 T} (Table 1-6).

Table 1-6. Contents of licorice functional components after

adsorbents treatment

T 3 Az | A | 848 | glycyrrhzin|glabridin v 1
22 (E¥A) | 100 g |860 ml| - 0.9 g 269.9 mg
10M & P2 H 3] o o o
T EFSEA AA B8 100 g [25.5 g[25.5 % 3.4 % 0.01 %
*%
FH4A 3¢ B8 1009 |1.8g]1.8 % 0.45 3 12.2 % |219 mg 3%
=22 (84d) | 100 g |1.99 1| - 1.1 g 309.3 mg
ZOHH S )2 H_ 3] o o [
| F& A AA B8 100 g [30.0 g 30 % 3.6 % 0.14 %
FE
FH4A ¢ Y1009 |1.79]1.7 % 0.18 3 11.1 ¢ |188 mg 3%

O

s

w2 A 9] washing o] glabridin 2] VA= F&FS dotry] &M the
washing =71 3}9] glabridin 3] &3 S48l ¥ 43}, &2 4] ¢] washing Fo| B
glabridin®] 3]F&ofl= A ¢ M3}7} ¢l 9 washing 3| 8] 9] glabridin®] 3
stal, glyerrhzine G924 02 A A = 2S5 &R1e = 18l o] A 3ol 7 sto

=4 washing &2 10 BV & 44 &} t}.

=
=

7

-

Eloi' oy

7:(11—
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Contents of licorice functional components after

Table 1-7.

adsorbents washing
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Table 1-8. Contents of licorice functional components after

adsorbents washing

EREp glycyrrhizin glabridin
EE (pg/ml)| ¥ (mg) |FE (pg/ml) | F  (mg)
445 ml 10.88 4.84 mg 564.78 251.3 mg
780 ml 5.34 1.79 mg 186.80 62.6 mg
965 ml 4.75 0.88 mg 108.58 20.1 mg
1,355 ml 4,12 1.61 mg 70.03 27.3 mg
1,770 ml - - 36.02 14.9 mg
2,185 ml - - 23.68 9.8 mg
2,635 ml - - 20.44 9.2 mg

(7 300 mL =4 A 8] (BRExEv g == AT
FE XA T AEY FELEE 7| HolEE vtgE o 2 717} 300 bar, 40 C 2 A 5FS
OF AAF GeEE B g P ffo| fpErg ¥ §5E 5 S AT

9,1
(]
s
o
32
M

Fig. 1-9°] UEb npe} o] 59, B S ALE A H o] & 35 A2 2
B8] AR A5 gin] suleela, SetReld g4
R S AFE Al A T x F5 A7 300209, B

ES
18R 2, e Y 3482 93 %St

O;

—

5% WEEHS AFESte] FF Al B gl AR RRe] Fol = Aol slo, SehE e
© Sl gl 10% B8 A wofl B8l 10% Skt

o

g/ 2B HATEo) mE R g
B 2] 2 Bekakoith. 18 3l Fig 1-994 B
gt e 3 5E gin] a84Q B g AFgse 7ol A ekolth. uhebA 7t
= 2712 944 (300 bar), 281 (10 %N &), FE25 (4070),
thu] 7uf) = A g skl
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Fig. 1-9. Supercritical fluid extract condition for 300 mL

scale
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(th) S0L 24 A 3]

FZ& 712300 mL scaler] FHE A 274 [ 49 (300 bar), B 241 (10 %ol &), 5
225 (407), e ALE (A2 v] 74155) 12 AFR el

tx 98 17 Ke& AHEte]l 325 A% FEFEE 37 % ZelnaY S 32 %,
A YA FHL 011 %E FE2H P ZRd 3582 60 %9

50 L 2A A8 Bxgu] FZ wA7F E7Fssk 7] watoll sl ] ol A scale up
A& FEet oL, SulollA] o] & 7hesh e 29 A e B4 s A3 100 L =9 A
AH7F o 100 L €-F 2] =94 A 5 ] & o] &3 scaleup A1 @ S &2 X 3k Th
BOZIE] =2UH| EH| [EZEEF: 17Kag, 300bar, 40%,10%
EtOHACOZ]
30.0g
25.0g ffg*
c el
go  20.09 /
il
0 1e0g
il /./'
o 10.0g
E.DEI »

- 2,08 == 4. 081 == 6. OHH == 8. 04H =
2EEINF

Fig. 1-10. Supercritical fluid extract condition for 50 L

scale
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(th 100 L = A )

F& 2712300 mL scaler] 33kl 50 L scaleo| A = A3 w H A =71 [ &
bar), B2 (10 % ol €k2), FEL5 (40T), ol ek AL (45 tin] 7v15) ]
SHA] AFg-3F A o

i
~
(O8]
S
[e)

o |
offt
ne

A8 35 Kg2 AFEale] &3 A, FEFES 128 %, =atB gy shake 79 9%, 2
A S 0.06 %% FEEH YD FE R Y 3482 52 %S )

AGzxFE2E F220Y UA] ot scaleup 3H7] = F-24 4 o A

~ L=y
gl A

1o02le =2 A ZBIHZEF ¢ 3bkg,
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Slg
= 40g A
= = ,.#%*
2l =g b —
g Lo [T
=t 109 7 I s
.

- 1HH== ZHH== SHH== A4HH== ©BHH== BGHH==
EtOH [ ]

Fig. 1-11. Supercritical fluid extract condition for 100 L
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< W=t 1 F
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Fig. 1-12. Hexane/Ethanol extract condition
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50% ol &2/ Gl 23 Huh U £2 F5 Sl S B8] 9l A% 3ol AR 7

5L ST 0) 1) 59 TheRtt SIS AHESto] A9 make.

A7) SAE A g2 224 AFRR A1F 9 FAel Agehn Thss
o gl 7o) B2 Rk olo] §Fehs Ao AL o] 2T AL, TAk]
go] k.

45 10 gofl o1& 7FA) &l (oAl E, ol Az R EAE, o H =, o, o dolAHo] E,

Ol M E/ANAL, 50% o] A 2 H A/ A 50%°] H 2/ A, 50%0] §F2/3AF) 20 mLS &

00% 0%

: 192% ;
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— i) B0
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§ 51%% ;io\
mS‘UD% """" T 45% 5‘0% m
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1 021% 1% ki 0 i Il fi T
0% — . i == || - il
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Fig. 1-14. Various solvents extract conditions
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(7.4%), o+ E/34F (6.9%), Oliz
(2.7%) = o2 FF 3k
o] Ao A Hx & F=F ¥HY FEEE olAZZILEE AL BIE
SHATE 1 ol = AA, FA oA Bl o] B B ALl Ze-grol vlal o]kl &
A, 2E Az TG ol AHEThe s EujoldA AA, thE Gl (ol Hl =, FA, o obAlE|
o|E, opAlE)H et F o] §o]str] wEolth

“F

jé%f’é—’—/ﬁ—‘l*& (6.9%), OliEE% o= (6.3%), ol ¥H&

| 2ZRARFE ol &F &7 FE A 2AS AYsolok A, of
2

ol 3ol A
D293 %017 B¢, duoy] F& §ugE H Ao

o] A~ ZHFE o]l 14l], 108, 1009) scale up Al 2
10 g, 100 g, 1 Kgoll ] A~ 2 A= 20 mL, 200 mL, 2 LS 7}
N=02 pm o3 5 ASsS Axst] 5 T8 54
= 2ol &3l & SR dy S8R %S HPLCE
S e

Table 1-9. Scale up study of isopropyl alcohol extraction

) o Zgagd A=
FAE FE FE - . "
& 3 T& &
IPA 1Hj 10 g 3.3 % 6.3 % 99 % 0.21 %
IPA 104} 100 g 3.9 % 5.8 % 93 % 0.03 %
IPA 1004} 1,000 g 3.9 % 6.0 % 98 % 0.59 %

Table 1-9°]] YEFH vFo} o] o] A3 2 3 oF scale up®ll Wt 5 552 33-3.9%, =
e T 58 - 63 %, 2EtEA S ES 93 - 99 %, S AR T 0.03 -
0.59 %% & = ATk 1008 74 scale up Al & &0, =etH e W 3 W3 A2
AT} wEbA scale up A A 7F Sle A 02 FEEI T
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Table 1-10.
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ZE NEE F2A:HEE, 23] L HEE EZS[Hs HEE, 23]
140ng 6.0g 2ng 100.00%
I6ng ——i 90,00%
120“19 509
_—a o o B0.00%
100ng T 1 0%
B o | ow .
T N o 0% g
Al G o 3
T , |
WL B o wos 1
R i 206 I e L R0 M
— ng 20,00%
g | 11 L\ A
2ng ‘\1 10,00%
v . . 0.00%
D Zhe dhr Bhr ghr — 2hr dhr Bhr ghr
e SOHECE B2 AN = TIEEE ==3CtECH  =B=2otECH F
Fig. 1-15. Optimization of extration time for licorice

ethanol extract

&

A7 G x F4 FF HE 202 gx 2% 5% U] 4 774
< 93, A& A FF F oY Axste otk Ax 7 FEEY SAS
FEL 122 %, FHHYHY] S 152 %, FEA ALY S 0.76 %E &
Q1% 3l t} (Table 1-11).

Table 1-11. Optimized licorice ethanol extract condition

¥4 | %% | 2ondu | 2YAdds | 2oneg
A S b g /AR

o°
H

Az F4 F2E5 | 4vls [12.2 .52

o°
(@)
~J
N
o°
N
(@)

Hzx 200 Kgoll 800 L TS Fskar, AolA 2413 53t & &
ok S A E 200 LY FHOE Aol A o3 $ FE Ao EFstqltt FEHE 40
T olstellA s H ¥ T4 40 LS ol &3] FEES 3T F I5AIRF
}. o 3

A A 550 L €L, 1A s wyk &
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Zo o]&s fxAse] Hu ZtEEd

Table 1-12. Pilot scale up of licorice ethanol extract

27 2z 3 2z ZdAd Zgr | Zgrgd | Zgedd
° AbgE | ARE | S8 | AA gd | /2N | e
=74 2.08

.- | 200 keg|1,000 ¢/8.1 %/0.65 % 3.2 80 3
FE $

245 2.90

- 40 ¢ |5.8 %|0.60% 4.8 80 3%

A A 3
FEE 5.23

NN - - 3.0 $/0.35 % 14.9 75 %
3 %

Table 1135 #4EFEE 1 Kg& A 278 34 @A AR 97t
& e AENE BRARE 315 kol Badn 3
2 4 =

= 1 kg
e Fedt F49 ke 532 L, AAFE 125 L oW v g2 oF

Table 1-13. Cost for the production of 1licorice ethanol

extract (1 kqg)

TG T F= ELEAA FEEIT
484 =z T T A
AHE-F 31.3 kg 46.9 L 6.3 L 125.0 L

& 7 7,500 3,222¢ 3,222¢ 309

2 A 234,375 | 151,0429¢ 20,1399 3,750¢
Al 385,417¢ 20,1399 3,750¢
ZA 409,3069
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27 3% AL FA5A A WA Az A FehRdd SRR Go Feng
9 A REAS e FEHC T 3 2R A B A vebge
2 59 A FHFA FE FE R 18] 22 o) 20 Fx o] YA

Table 1-14. Comparison between adsorbents applied extract and

supercritical fluid extract

&R 28 FEE 294 FEE
TEE 3™ 15.1 35.6
(% 1 Kg T FEE 9g) ' '

glabridin TX (%) 14.5 7.2

glabridin % (g) 2.19 2.57
T3 52 22454 3L (FE>H>FFFA ZY->washing> 8-> >0 3%
) Bske AAY B2 A dEs QAN 2UQAFES (FE>UD) HES AR

TS 7™ B E = AP0 E F25A 34 ¢ 83l Wkt (Table 1-15)

Table 1-15. Comparison of cost demand between adsorbents

applied extract and supercritical fluid extract

FEE 1kg F2eA] o] g A XA Z9A olg AFAP
Az 29% " (Q)|2A () 2% " (@) |24 (@)
ZHE  (Kg) 66 1,200 | 79,470 28 1,200 | 33,708
£ (L) 166 1,767 | 292,550 164 500 82,081
RZE]
82 1,767 | 145,037
(L)
F&A
0.3 16,900 | 5,596
(L)
Al 377,616 260,826
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FATA ol g Ax x4 0 & AR [ sF3F (FFTA S FE2A, FF
TA =N, AAHE (FFTA washing®) ], Elution&w Af &w ARE, ol&-E
70%3] <, #Z 1003] AFE-

"Z2AA ol f AFE A AEE 70%3]5, CO2 & 90% 3]

Table 1-16. Comparison between supercritical fluid extract

and isopropyl alcohol extract

ZUAFE o)F Ax AEZZIALE FZ
A Z = 35.6 g 38.9 g
Zetndd g 7.2 % 6.0 %
F2d Sgrdd #F 2.57 g 2.34 g
T Az 294 FE A olAZEISF o] & Alx ¥ d8H]E st 4

3}= Table 1-17¢1 YERA ST

Table 1-17. Comparison of cost demand between supercritica.

fluid extract and isopropyl alcohol extract (1 kqg)

297 o]& Ax olATEILF o]§ AX

s = 2 A AHE-F @ 7t 2 A
ax 28 Kg | 2009 |33,708¢ | 5.7 Kg | 1,2009¢ 30,840¢
£l | 164 Kg| 5009 | 82,081 | 181 2,555 9| 46,000¢

BEEu | 82 1 | 767¥ |145,037¢

A 260,826 76,840¢

= ol g Ax AFE A A ol AZRHUAT 70% I
o] & Ax AFEE AL Al ;A EEL 70%3] 5, CO2 = 90% 3]
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b
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Fig. 1-17 9% ZIdelA yepd npel o], x4
Capryol 908 F=7bA =etE el A g xlite] &4
ATE Y ot e, St ed/a A g xIAt Bl 3
mg/g Capryol 90 FE=7kA] A& o7 F7etA|RE, 1 o] % FLoA %
o} (Fig. 1-17, Right). 181, X224 I5&S TFx T4 F5&5
Capryol 90041 80%°|#| %k, T+x F4 FE%& 5.0 mg/g capryol 9014 48%= FrA
skt

=5 25 - 200 mg/g
o AR o7 Z7}3)

.5 mg/g
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Fig. 1-17. Optimization of mixing ratio between licorice

ethanol extract and capryol 90
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o
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W 155 s
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Fig. 1-18. Application of ethanol as a supplement for capryol

90 optimization
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treatment
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7yetar, 71 o) FelA ekEAl F71ekH, 300 mg/mL oA 6.2 Huirb = Ath (Fig.
1-19, Right). 12|31, A EEQ] & A FEoA 87 %ol oz e o

15 k.

o Zetuddrt &8 ket As

218kl

okt

x 74 FEEC 300 mgmLo] HEF FAS Y &3l F A (3,000
pm, 30)E Fe NS ¢ 3 F WXt 2 AT Table 1-18] YrERA vlRe}
ol SR /a2 A g AL vl 25004 442 FUFeIGlA, AREA IFES

Table 1-18. Extract yield after ethanol use for solubilizer

oy EHRIE FANGAAY AxEd | FAndY/
°eT g e g8 | YA

Ax FA FEE 1008 | 1.47 % 0.58 % 100 % 2.5

T4 &3 =3 74 % | 1.73 % 0.39 3% 88 3 4.4

(3) HxA A&

TAE o] BTEAA A FFES 8%E S FHES JHRAR, SRy
=AYt Hl= 447 drol o] e HIY A2 4 FEEL =R
=AY e] HIE Fol7] Slete] AEFEHol AHE7bssta, 49 kel 9
F= T, FxRFEwo] gl glon, sgrgde gtste] dEAo] gl BE
ASS oz HAe.

AN AT} acetic acid, ammonium chloride, =°] G¥A <l F o2 1LY} ol&L
v o 7 SR g d/sd Al YAt v v 2aE vlasksit.

Table 1-19°] UERH B9} 0], acetic acidS HEZAZE AFE Al IFE&2S 838 %,
ZetE g d/Z8 A8l 24t B]+= 4.20] 31, ammonium chlorideE H.ZA|Z AR A] 3]
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2 87.6 %, =etB g d/ZFEA g xAat v= 642 YENYT. I8 ES BRERAR
AFE Al B S-S 782 %, =etRE /=g Al E XA Bl 1052 &l Qi) o] ek
ANE B3] B FHO o] 7x FEE Ax B A THIS

ik,

Table 1-19. Extract yield after various supplements treatment

A EEZ Z#Bead
HZA Sgngu | zasgan| (Eed | =FEREd/
3 A R4
4z 4 FE25 1.53 % 0.57 % 100.0 % 2.7
1% Acetic Acid 1.82 % 0.44 % 83.8 % 4.2
I} ¥ 3} Ammonium
1.87 % 0.29 % 87.6 % 6.4
Chloride
95% = 4.46 % 0.42 % 78.2 % 10.5
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A 24, 7+%2] in vivo A= 4 8%

LA Aol S W s B8 2E 22 £RE &% 97
QT

() HBEFE AP 3 Holzy

ottt 473 A 2Alo] Fo] A, uAY Aol FoZ QIgk AT St
VERA] 9= uF$-2 (resistant to high fat diet-induced body weight increase)E A&
To A A QA A A FE AA| 549 variationCE I HoJE A 0 R{HE =

JER
M F 7 2FEE ovhels WAse] 61F O o] 8% Bk AYHolE
ofahsieh 6 o) FHE B0l Fold 0, A Aol el ) &

1% F3 1A o] FoJx (B), &% I FE= 1% ¥

ﬂ&“
oo
D)
ol

0]
Aoz stk Aol 42 Table 2-1°] WEbd Hieo} 7“"31 907 E LA
=3 ]

B AEE ZHAT Y HolFE ZYske] UE Pt A

X
g
N
z
EN
N,
EY
e
lo
oft
=

G4 pEe 93 AEF 2 2
= A=3sto] 10 % formaldehyde & 14 W &4 %
A ENST. MARAZ oF 4 pm FAZ sl
hematoxylin-eosin (HE)S. %2 A A3}31, xylene©. = T3} AlA B3t ths Fe3 v
Box wAsET

OR EREEERR

Q@] ol g7 F 1247 AAS AT A Fa) AEL AAHAG. Do AE
< 3000 rpmell A 15%-7F A4 FElste] S FEdke] 30 LA FEFste] 4
st7] A7bA] -80Ceoll Bastdeh 3o AW (triglyceride), T X~HE (total
cholesterol), HDL Z#| ~E|E Y glucose= T 418 kit (A1F38}8}, Korea)E ©] &
sto] EAstGlth LDL FHlAHES SAE ZUAHE9] dFozHY ALkt

HESAT
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Table 2-1. Experimental diet compositions
Formulation N C E 1)) SL SH
Casein 200 238.792 | 238.792 | 238.792 | 238.792 | 238.792
Corn starch 150 185.123 | 175.121 | 175.121 | 175.121 | 175.121
Sucrose 500 217.3 217.3 217.3 217.3 217.3
Cellulose 50 59.698 59.698 59.698 59.698 59.698
Corn oil 50 29.849 29.849 29.849 29.849 29.849
Lard - 208.943 | 208.943 | 208.943 | 208.943 | 208.943
Mineral mix 35 41.789 41.789 41.789 41.789 41.789
Vitamine mix 10 11.94 11.94 11.94 11.94 11.94
DL-
3 — — — — —
methionine
Choline
2 3.582 2.985 2.985 2.985 2.985
Bitartrate
L-cystine - 3.582 3.582 3.582 3.582 3.582
Licorice
- - 10.0022 | 10.0022 | 10.0022 | 5.0011
Extract
Total 1000 1000.6 1000 1000 1000 995
(4) @4 adipokines =7
&% adiponectin %! leptin &%+ ZF7Z} mouse adiponectin/Acrp 30 immunoassay kit

(R&D,

USA)%} mouse leptin immunoassay kit (R&D,

USA)E AHE-3te] 24

shaint.

U= 22 0.9%

< %3l homogenizer= #©

2 AAs e 7 22 0.2 gol
3 o] 7]l chloroform :
2 233 bufferg 20 mLs Yo Z =59 £t} 3000 rpmeA 20 min7t £
gsto] ot T &5 sodium sulfate”} F0I%0= Ao Fo] ofFAZITE o] A
Pt 1ol 2ol evaporationA| Tt} o] uf ARG 7St 7]+ ml e Tﬂl =7
ook stt}. ¢+ 3] evaporationAl 7 FH FAIE SASF] A AYGE S5
chloroform 3 mLS ¥ %<9 ¥ 10 pL¥ wpx di Ags}stz Fajy e

O F kitE o] &3] =3}

dzA g Ad e o
m P+ # methanol =

NS o fz T
9
= 40

ok
ok
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oo

(6) qRT-PCR 8§ 4= & 4

Total RNAS] F%5 84 RNeasy Plus mini kit (Qiagen, USA)S AM&3lAth 5
¥ RNAT #3357 (JASCO, V-530)= ©]&-3te] 260 nm$} 280 nmellA] =7 8tof
260 nm/280 nme] H]7} 1.8 ©]/F<l total RNA MEWS AP AHgstqlch F59
RNA+ Maxime RT Premix Kit (Intron Bio)E ©]-8-3}9] cDNAE ¥ staLAt skt
o]& 93l total RNA®} oligo dT primers <33te] 45T oA 60minZ} 95T o 4|
Smin 59 WEAIAT Qol7 DNAZ Table 229 & primer st g efo]
Light Cycler 480 (Roche, Germany)= SYBR Green I Master (Toyobo, Japan)E ©|-&3}

o] BAgT

Table 2-2. Primers used for RT-PCR

Primers Sequences
CPT-la, forward 5'-CTCCGCCTGAGCCATGAAG-3"
CPT-la, reverse 5'-CACCAGTGATGATGCCATTCT-3"
PGC18, forward 5'-TCCTGTAAAAGCCCGGAGTAT-3"
PGC1lB, reverse 5'-GCTCTGGTAGGGGCAGTGA-3"'
PDK4, forward 5'-AGGGAGGTCGAGCTGTTCTC-3"
PDK4, reverse 5'- GGAGTGTTC-ACTAAGCGGTCA-3'
Sirtl, forward 5'"-AGAACCACCAAAGCGG-AAA-3!
Sirtl, reverse 5'"-TCCCACAGGAGACAGAAACC-3!
PEPCK, forward 5'"-CTCCGTAGCTGGTTCG-3"
PEPCK, reverse 5'"-CGATCCGCAACGCAAA-3'
G6Pase, forward 5'-GTGTTGACATCGG-CCC-3"'
G6Pase, reverse 5'"-AACTGAAGCCGGTTAG-3"
Ndufb5, forward 5'-CAAGAGACTGTTTGTCGTCAAGC-3"'
Ndufb5, reverse 5'-TGTTCACCAGTG-TTATGCCAAT-3"
Actin, forward 5'"-GGCTGTATTCCCCTCCATCG-3"'
Actin, reverse 5'"-CCAGTTGGTAACAATGCCATG T-3'

63



NEEH 2 355 W3 574
+% T8 Skl vAE SE5EY ¥ Lot A8, 7 aFe vk E
A9 TAFEH 2™ TAZ7FA 124]7F F<QF  calorimetry® VO, VCO, %! RQ

(8) FAEA
A3 ZEAEAL GraphPad Prism 4 software (San Diego, CA, USA)S A}£3}%th
One-way ANOVA = 1w 7tel] A% tlo]H & Hlwsh=t ARE-H AT (P < 0.05)

u A A3t

A3 Ao AT meel 7P AR in vivo RER R LAY o] Fo
of ot wigk fi= vk BES el Uk FEE TFE IV Eee ¥
7Fsk At

(1) Al Wk Bl Ao] AR

]
T ARV s ATRsE FEE 54 A3 W, SL % SH 15EelA

-~ N
= C
-+ E

Weights (g)
Weights (g)

48~

$4h4

Weights (g)
[ ]
-]

24

Fig. 2-1. Body weight change
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877t Ad 71 st AT FUFES vlwd A% NI 8.65 g S7/ksH Wb C
IFS 1412 g 716 oM E 12 1252 g0 2 CAFY BAACRE FAU)
AAo W, SL U SH 15> 717 8.7 6g, 1196 g H 9.14 g 24 C “1&F°] ¥
o7 WAEQAT (Fig. 2-2). 22y A37|7F F9] 2]
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) &7 FA

gF3te] Aol wol = 7 a5H vk BV
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9 A w gAauhe wlm A, e A A Ao] Folw Qg TA F
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t} (Fig. 2-4).
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Fig. 2-5. The morphology and H&E stain of liver
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Fig. 2-6. The morphology and H&E stain of white adipose tissue
(WAT)

Fig. 2-7. The H&E stain of brown adipose tissue (BAT).

“4) €T A4 W3t

dx FE2E Fo7t 95 Ad kol v A= JddS = A3 triglyceride?] 4
S W 2 SH A ¢ aFl el foHow gastgih e nAY Aol 7
o Al

SL 4 LDL-C] 7% CI1
woll mlsf 2e %‘i FEE 7;101%011/\1 oA vt dEHIT (Fig. 2-8).
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2185 2A3H= leptin®] A% C IFel vl&) x F
™ adiponectin® W & Al&etale A eFo] LERLEA] o
(Table 2-3).

Table 2-3. Blood glucose and hormones levels

Glucose (mg/dL) Insulin (ng/ml) Leptin (ng/ml) Adiponctin (ng/ml)

N 1394 + 3.8* 1.06 + 0.03* 12.02 + 0.65* 20.97 + 0.46
c 2242+ 81 189+0.23 52.87 + 0.78 2276 +0.18
E 195.6 + 4.8* 1.25 + 0.03* 30.34 + 2,81* 20.58 + 0.67
w 2136+33 1.14 + 0.06* 21.83 + 0.85* 19.90 + 0.59*
SE 1875 £ 6.2* 111 + 0.04* 22.90 £ 0.66* 20.69 £ 0.41
SH 197.1 + 0.9* 1.08 + 0.04* 14.42 + 3.83* 18.12 + 0.60*
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7o) Al W, SL ¥ SH 1E9 A% At tiate] ##¥ PDK4S
Folrer FUMANZIoH o= AWk tiAbe] SUbE EEl Als St
o A7 =¥ AO=Z ARt PDK4 (pyryvate dehydrogenase kinase 4)&
pyruvateE acetyl CoA= 71 3FA|7]i= pyruvate dehydrogenase®] <*U4FstE f-Ldko] =
23 A7E aax dEA o o]F &3l acetyl CoA7F TCA cycle® 017}
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Fig. 2-10. Real-time PCR analysis of fatty acid

oxidation-related genes in liver
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Fig. 2-11. Real-time PCR analysis of gluconeogenesis-related

genes in liver
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oF thate] #HHE PGC1A7F S7HE Ao =Z Hol w|EFZ =20} biogenesis &
Fxo #nvt 259 714d F stH=Z Als Eo (Fig. 2-12).
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Fig. 2-12. Real-time PCR analysis of mitochondria

biogenesis-related genes in liver
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Fig. 2-13. Measurement of VO;, VCO; and RQ of licorice ethanol

extract treated mice
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paraffin FTge Ad wujskolch wHEAWsIR ek 4 gm AR ud
hematoxylin-eosin (HE)S. %2 A3} 31, xylene©. = T3} AlA B3t ths Fe3 v

Bdow dFshgith

(4) Dol Asheta BA
@3“101 ol 85 & 12213 EA S AR F d AEe AFEl d S
< 3000 rpmell A 15%8-7F A4 FElste] S FEdke] 30 LA FEFste] 4
6]'7] A7MA] -80TC ol Haetglet o FAAY (triglyceride), T AEHE (total
cholesterol), HDL Zd#| A~ E|&, NEFA, glycerol, GOT, GPT % glucoset= & =4 &
kit (A1%F3}8}, Korea)S ©]83to] 243513t LDL ZHAHES S3E e AHE
o] gForHE AAtste] AbEsAT
6) 8F 328 5%
&% adiponectin, leptin % insulin® F%+ ZFZF mouse adiponectin/Acrp 30
immunoassay kit (R&D, USA), mouse leptin or insulin immunoassay kit (R&D, USA)E
Argtel wA ST,

A o 22 oz AN B 24 0.2 goll 0.9%

%
L& Y1l homogenizer= Zo} = % o]7]¢f chloroform : methanol = 2 :

A5

1 2 Z33 buffers 20 mLS 9o & 59 Fr} 3000 rpmoA] 20 minF ¢4
Falsto] oldl&E M-S sodium sulfate’} E01Ql+= oA o] go ofypA|7It} o] A
= 71l Yol evaporationA| 71T o] W] ARE-st 7hSF 7= v FAE SH
3l oo sttt €3] evaporationA] 7] ¥ FAIE Sk} A HdS ST o
719 chloroform 3 mLS Wil % ¥ 10 pLA upr N Ases B3 7
o 7 kitE o] gate] =438t

A

M
ik

(7) qRT-PCR && 4

Total RNAS] =5 $l3all 4] RNeasy Plus mini kit (Qiagen, USA)E AF&-3lott. =
¥ RNAT 33357 (JASCO, V-530)= ©]&3lo] 260 nm®} 280 nmol|A] =7 5lo]
260 nm/280 nme] H|7} 1.8 ©]/F<l total RNA METHS Aol AHEstlth 549
RNA+ Maxime RT Premix Kit (Intron Bio)E ©]-&3}9] cDNAE ¥ stalAt skt
o]5 9l&l total RNA®} oligo dT primerS Z3%3}0] 45CeolA 60minT} 95T oA
Smin &<t HESAI AT AojX cDNAE Table 2-39F 72 primer setE &85}

=
F
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Light Cycler 480 (Roche, Germany)% SYBR Green I Master (Toyobo, Japan)E ©]-& 3}

o] ¥A ek}

Table 2-3. Primers used for RT-PCR

Primers Sequences
PPARa, forward 5'-AAC ATC GAG TGT CGA ATA TGT GG-3'
PPARa, reverse 5'-AGC GCA ATA GTT CGC CGA AAG-3'
FASN, forward 5'-AGA GAT CCC GAG ACG CTT CT-3'
FASN, reverse 5'-GCC TGG TAG GCA TTC TGT AGT-3'
SCD-1, forward 5'"-TTCTTACACGACCACCACCA-3"
SCD-1, reverse 5'-GCGTTGAGCACCAGAGTGTA-3"
®)=5F B

AL BEFE GFS Sohws] AN, 2 1FE vheaE

TAIRE el TAI7EA] 12A13F F?F  calorimetry®=  VO,, VCO, %! RQ

9) EAEA
Ay} FAEA S GraphPad Prism 4 software (San Diego, CA, USA)E AF&3}3IT)
One-way ANOVA + 13 Ztoll A% dlolH & vlustk=d AFE-H AT (P < 0.05)
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(1) A5 Wk 2 2o] A
673k AV FH] AFHsE FEHE ST A% SH A TelA F4d
Ase] A o] YeErst (Fig. 2-16).

EL
EH

weight(g)
¢ttt
OnwIoT<OZ

Period(week)

Fig. 2-16. Body weight changes

677k Ay 71ZF Ft AT S/ S wlwst A3 N2 335 ¢ SUsE ®bd C
5L 787 g =Mk o V IS 755 g, PC 12 6.6 g7 CAEY 544
o7 Fx7F gl= Aow yekyth 12y SL W SH IES AlFE bk 7zt
F 6.6 g 9 545 g ©2H SHw oA CaFel Hls] AT F7Fdo] Foldoz 7
st Ao=® #EHT (Fig. 2-17).

N

B>

gy AVIRE o Aol AFAFES AdTd Aol dWERA edstor o= 3
= N AY A AT 7 A4 marh Aol AFHT dael wE Aol ofd
7

& YERATE (Fig. 2-18).
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o E
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= E
T
o
o
[TH
N C V PC SL SH N C V PC SEL SEH
Fig. 2-17. Weight gain Fig. 2-18. Food intake
2) &7 FA
6F7re] Aol ARol F o2 g vheae PVIRA rud Ay 9 A

Fu3 Aol A9 uA Aol Fod e AlF 100 g T FAVF fo)H o
S7ednh v AE ol = wshE UEhbA] o8> Zle® Hol vehicle®] FF
AE FoE YERETE PC ¥ ooty Fx Y AP A % (SL) ¥ IEE
ol Al Fagk A FAS] FojAl ZHAa7F YERH Y (Fig. 2-19).

NG Ae] A%, mAW Aol Folol ds) #A Ko FAsL
o

Z AT A Folwl SL 9 SH 1EelA € el wld oA os FAV 1

By

5+

E 2.0+
2 4 z
=z : * 3 1.57
88 o .
28 g 38 10

3 8-
5 £2
g g

0.0-
N C VvV PC SL SH N C VvV PC SL SH

Fig. 2-19. The effect of licorice functional compound on white

adipose tissue weight, epididymal fat and ret
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o3t creatine A zlol oA = o= W37l §AIRE,
Az M AW AT A% AW Aze A7 gaBe s (Fe
2-20).

PC SL - SH

i

Fig. 2-20. H & E staining of white adipose tissue

A Ay z2A ol A pA W Ao] Fo] Al AWAE ) A A HH =7z Qs
A HkRe]l A717% S5 7Fsh= phenotypes KL vehicle W PC Fofvtoll A= W37t
A4 Aol

»}E}»}xl orokth 1 7E AN AW Folzel A AWAE

At gastda AT E BEE A 4T} (Fig. 2-21).
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S5 MY AP AFFA7r 85 A gFe v A= 9FS ST
ool &l A4 S7F=E e v, PC, SL

o Zadht AL wAoY 59
3!

_I.I.t

120- _ 160,
3 3
£ 110- E
= i * *
K] g
s 4 2 1001
2 100 o .
§ o0 §
3 3

80- 50-

N C V PC SL SH N C V PC SL SH

Fig. 2-22. Effect of licorice functional compound on serum TG

and TC levels
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AN A 2olE Fo A % HDL-ZdAHE (HDL-C) FAashal
LDL-Z# A H & (LDL-C) S7Fstslct. Zx 7/ Ay Fof A] HDL-C= Y& &
7bstal LDL-COl ¢ Fastes BAdFs KIS FA4CE FosAl= &udtt
(Fig. 2-23).

rl

- 80+ 150-
= 2
(]
=t -
2 3
- ]
= f—
53 532
4D a2
QE gt
I = =
§ §
= £
o @
w0 w

N (o \Y) PC SL SH N Cc \ PC SL SH
Fig. 2-23. Effect of licorice functional compound on serum HDL-C and LDL-C

levels

A E Aol Al Fo] ZF g XRE Z A oA lipolysis7t S 7Fste] EF glycerol
fatty acid7} Eob4 &’ AIFAS FEstaL AWIHS (hepatic steatosis) 22 €
Qo] Foh= Hazk Qo & A¥oA PCE AFE-E creatine®] 4% FZF glycerol
FAO= &37F %3 NEFA A5 Y3e 202 Ut 284 #dx g
o
=

AW ol A 8% gycerol? NEFA 25 fo|d0oz 407 olgs AnE =
A% 7tz ALAGe] TAW Ao] olel oa lipolysiss EIA O olAsHs 2
o7 Al HAT} (Fig. 2-24).

1000+ 800+
g 800+ «
s o 600
o 600 w -
$< <5
€5 a00{ = < Eq
g x &~ a0
5 2001
[72]

o_.

N Cc V PC SL SH 200~

N € VvV PC SL SH
Fig. 2-24. Effect of licorice functional compound on serum

glycerol and non-esterified fatty acid levels.
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) 99 % dF =& ¥
A7 g5 49 54 A
ol Ble d'ol AA Frtstlou dx A AlE
UEFSE T} vehicle ©5 o
ol © =LA AU

& T 7HE ans o= el 47
T A7 AA gAY & Az AlYE aAEAo] Fofe] &3 insulin
resistance S A= @ 7F Q= AOoE AlREHWY, o] F NEFAY FAa= <l

s g E siAE ¢ AT (Fig. 2-25).

250- 2.0
= )
3 £
<) | S 1.54
B aw 2 .
o £ *
g 1504 2 107 ==
2 £ * *
[+ *
E  100- § 0.5
2 5]
[}]
3 »n

50- 0.0-

N c V. PC SL SH N c Vv PC SL SH

Fig. 2-25. Effect of licorice functional compound on fasting

glucose and serum insulin levels.

g% leptin® A5, 1AW o] FolZ FE¥ H|TE Al leptin resistance”} Y A A
d% FA7F A F7HEA B Ax N AlE2 oY e leptin®] dse WY &
HAow AAlste] G FAA FAaART Yy FAAE 2 dad A

M 5o 3484 avs A < adiponectin®] 7d-%-, 1% 2ol 4y

EhubA] okttt (Fig. 2-26).
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Effect of licorice functional compound on leptin and
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Effect of licorice functional compound on GOT and GPT

Fig. 2-27.
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total lipid$} TG7} 73210] &

Ao F7kskn. ey g x N
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=4 Ay dx AP T (SL % SHI)ol A Ctell Bl Fod o2 A4t
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Fig. 2-28. Effect of licorice functional compound on leptin and

adiponectin levels.

HA AL absle] w X = JES dolr ] Qe xual Abstel B E AR
%l CPT-l1a, PPARe¢ % PDK4°| ¥ o SAsialvt. 1 A3, 1A%

PPAR ¢, CPT-1a % PDK49] Wadlo] 7HAiw o] Ak Abslrl fas =, 1z 7|
W A8 Foli= PPARwe, CPT-1e ¥ PDK49 WaS Foxo=w &7} ]zit} (Fig.
-29). olelst A¥=RY 2 WL AP A A

Eee HEhE Aow Atsdn
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CPTia PPARx

2.0q 2.5
§ g .
@ A
S 1.5 S 2.0
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Relative mRNA expression
*
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Fig. 2-29. Effect of licorice functional compound on fatty acid

oxidation-related genes in liver.

et u A 2o] Fojo o8] F7he AW A (lipogenesis) T FASN (fatty acid
synthase) %! SCD-12] ~%7@iﬂ%XW Folofl g A4 Aol ot vlsh
w o
=

A o] oA

FASN SCD-1

_S 2.0+ § 2.59
2 8

<

: ¢

£

2 H

s g

& ¢

Fig. 2-30. Effect of licorice functional compound on

lipogenesis-related genes in liver.

Az e AGe] Fois vEZEL oL tiabe] 3w PGCL S 9 SIRTI= 7HI4
o™ (Fig. 2-31) °|& FARE vEZEF 0} biogenesis 511 Hx2 |9 %52
4 % shuw Am,

rN
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PGC1B Sirt1
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; ;
% 1.0 % 1.0
% 0.5 % 0.5 E *
¢ ¢

0.0- 0.0-

N (o4 v PC SL SH N (o4 v PC SL SH
Fig. 2-31. Effect of licorice functional compound on

mitochondrial biogenesis-related genes in liver.

9) elvA thAkE

AlsHstel wX= oy A] thARES] &
61 F-E] 1241 7HE<EE] energy expenditure
IA|R Aol Fo] C TZFi=  energy expenditure®] xFo|=  TEE A kbt
Reference 24| creatines 703t PC 2] 7%, 23|28 ThA: energy expenditure”} Sto}
Ae AFe Beo #Ax2AY A w5 Tl SLe A-f, FHSE xfol= HolA
ot Oot (Fig. 2-32), = A¥Y &% FoI?0 SHE 7%, energy expenditure”}
AA sk Aol IEHSIITH (Fig. 2-33). & X% A 5% Fo72 energy
expenditure?] 75 S AT T7HE Al Ao] sl TheA R AAE

& gk
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g YS9t 340l T Fold NI
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Fig. 2-32. Effect of 1licorice functional compound (SEL)on

energy expenditure
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Fig. 2-33. Effect of 1licorice functional compound (SEH)on

energy expenditure
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() £5% 2 558 A3 =74
$B A5 Tkl AL BEEY 9L Fohuy] A, 2 IFY heaE
A AR

B @ 7A7FA] 12A13F F<F  calorimetry®= VO, VCO, %! RQ
)

il
It
il
J
(e

7_(—1
&to] 10% formaldehyde &<l 1174 4
P34 A Eustgdct wrE#Ez| e ok
hematoxylin-eosin (HE) 2. % o] A&} a1, xylene 0.2

Bow dFskgit

oE
B
>,
N N
of
o
=
)
o
o
2
=

@) g AQsled 1A
%:_13“]0] o 85 F 12413 AAs AR F 9 AEs AFsGiT 8 AE
< 3000 rpmeoll A 151 A4 EEete] A e EElste] 30 pLA EFsto] A
3]'7] A7MA] -80C ol HAstAt. Ao FAAAY (triglyceride), F=d ~HE (total
cholesterol), HDL 2|~ H &, NEFA, GOP, GPT % glucoset= 8 248 kit (A%
3}, Korea)E ©]&3te] #4385t LDL FHAHES S48 Zexv &9 &%
O 2RE AAkste] AE3It € = LDH @412 LDH assay kit (Biovision, USA)
oz FHA&Atr. g% U SOD (superoxide dismutase) &/4d SOD assay kit
(Cayman Chemical Company, USA)E AFgE-3slo] 574 3F3I T}

6 ¥ 328 54

d 3 leptin &5~ mouse leptin immunoassay kit (R&D, USA)E A}-8-3}o] 43}k
e,

) AR e B4

24 ) AR F4e thed ge wew ANsdth 1 24 02 g0l 09 %
2199 5 mL<s Y3l homogenizer® Zol = ¥ o]7]l chloroform : methanol = 2 :

=

2 Z bufferE 20 mLs WOl & &5 £ 3000 rpmelA 20 mingt 4
sto] olgT &N sodium sulfate”} S o] FX| o] Wol A7} ©]F]
F71°] Yol evaporationA] 71t} o] wj AF&3F 7ot 7= vE RAE =F

of sttt k3] evaporationAl 7l F FAIE S st A AFS S o

o Mz —
Ac)

%
U
2
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71°l chloroform 3 mL& 9L ¢l F 10 pL# wbq Hel Yafsia @A) g
O kits o] &3te] skt

7) 23 2 A B

v, 25, A A4S 10 ml 150 mM KCL-Tris-HCl (pH 7.2)8 45 H7balo] E4
& #1500 goll A 10wzt AR AFTAE Bt AFAE Bad &

R Fpsle] A8 A7EA] -80TC o Ejﬂra‘oﬂ‘:}. b & A glycogen, LDH,
CK, A%z 2 oA Catalase, SOD, TBARS, 2ol 4 glycogen, lactates =7 5}S)
T}, Catalase (CAT)S 7> Beers and Sizer (1952)01] AAE HE o2 25T, 240 nmo]|
A Hy0, Aloks AFE3dte] S48 3l Superoxide distumase (SOD)S < Sun and
Zigman (1978)°] A|Al¥E B O F 480 nmolA S35 T Glycogens Hassid and
Abrahamol| A A At WS Edj2 SH sl th

(8) qRT-PCR &-§ 4= & 4

Total RNAS] F%S 9|34 RNeasy Plus mini kit(Qiagen, USA)E A}&3ISith +&
H RNAT 3357 (JASCO, V-530)= ©]-83Fo] 260 nme}t 280 nmollA] =7 3o
260 nm/280 nme] H]7} 1.8 ©]/F<l total RNA MEWS AP AHgstqlch F59
RNA+ Maxime RT Premix Kit(Intron Bio)E ©]-&3}0] ¢cDNAE 3HAdstaxt 348t
o]5 9lal total RNA®} oligo dT primerS Z3%H3}o] 45CeolA 60minT 95T oA
Smin &<t HESAIZHATE AojX cDNAE Table 3-19F 72 primer setE 83}
Light Cycler 480 (Roche, Germany)% SYBR Green I Master (Toyobo, Japan)E ©]-& 3}
of 453t

Table 3-1. Primers used for RT-PCR (X Z}o]y 7]+ &2l

Primers Sequences
Tropolslow, forward 5'-ATGCCGGAAGTTGAGAGGAAA -3
Tropolslow, reverse 5'-TCCGAGAGGTAACGCACCTT-3"
MyHCITIb, forward 5'-GGAATCCTTTGGAAATGCGAAGA -3
MyHCIIb, reverse 5'-GCCCCAACAATATAGCCAGTTAC-3"

) A4
A3} FAEA 2 GraphPad Prism 4 software (San Diego, CA, USA)E AHE-3HSIth
One-way ANOVA + 15 7to| A% dlolEE v wal=d] AFE-EHATH(P < 0.05)
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Fig. 3-1. Body weight change
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Fig. 3-2. Weight gain Fig. 3-3. Food intake

Bz 229 Fol7b vlw B2 5 FAvel WAE GBS Syt A
o] itof £52 Ba A £F FI5S

o
sk A2 (distance to exhaustion)= =73ttt 1 A3 APHo] &
6+ ¥ E-E, W-E ¥ SH-E°l|A, 9572 A%+ W-E ¥ SH-E IF°A &% T35
ol Z77F vEbon E3], 9379 SH-E 159 2% C-Eol Hlal 238 o], N-E
a5l BlE 134 o) Ho olF ATt Frkete]l AT Sl wig- &A e
e T (Fig. 3-4).
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Fig. 3-4. Measurement of exercise endurance performance
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Fig. 3-7. Serum lipid profiles

5 leptine =
R RS e z.}iﬂﬂ% A0 ® UEbgow 53], A9
SH-E oA 7Hg w2 FA &5 Bt
LDH (lactate dehydrogenase)i= glycogen %-1i= glucose’} 3l ¥|o] ATPE FAdst= 3
Ao A EUef] FTESE ko] A7} FFEA S5 anaerobic metabolism®] A3} =
lactate”} %2 el whe} LDHE] &AJo] F71shAl ¥w HEgh LDHy: <5 &9 o
24 w0l % z‘s}u‘r. C-E I3#°lA= N-E Z15°l ¥lal serum LDHO| 214 F7}7t
Fol Fol BE aRAow oAE Ao BRI =
o A XHLE'—%‘ E A FEHE 25 Sl dall s #go] e

Hx FEE A 4
Aoz Atmdrh @akst 49 SoDe A% CE el vlsl fx FEES Joid
TE FollA FTtehe AEE Boy foHolx = Skt (Table 3-2).
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Table 3-2. Blood glucose and enzyme activity

glucose Leptin LDH SOD
(ng/ml) (ng/ml) (IU/L) (U/min/mg protein)
N-E 2416+ 79 15.76 + 0.82* 60.64 + 3.77* 2.87 + 044
C-E 284.2 +15.1 61.85 + 0.81 107.60 £ 1.73 1.89+0.18
E-E 2699+ 7.5 43.81 + 0.91* 68.85 + 1. 77* 435+ 115
W-E 249.2+ 10.9 30.05 + 3.46* 59.58 £71.39* 2.54 £ 0.24
SL-E AR | 43.56 £ 3.82* 82.79 £ 5.08* P Bt 4
SH-E 257.8 £ 85 21.99 + 2.60* 81.66 + 5.06* 4.50 + 0.81

3
s
X

14 Wg)
=y A, TG, TC Y NEFAE
total lipid, TG, TC % NEFA 5& nlo]ulA o gAk2lo] Fojito] nls] F2JF
© 7 Z7}3lth. Hepatic total lipide] 2% 7% =

o ol xR FEEC] MAAE W ed e a4 Ae
T TC, TG % NEFA =% #x 27
A¥NE AR R FEES AW o] gojeof st dF A

Aoz oAse Aoz Alg ©r} (Fig 3-8).
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Fig. 3-8. Hepatic lipid profiles
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(10) Muscle fiber type transition
A717ke] A8 5 &5 (fast and glycolytic)®] 52 %= type 1I muscle©]
A (slow and aerobic)®] S-S Zte type 1 muscle® <A+ EFYdo] A3
(transition) ¥ thal & A Qlth
2 Ao E Aol Jo] 9 EfEd wo] ARG Bl vAE 9 gx
FEEY 59 Al 89EF dolR A A2 (slow and aerobic type I muscle) W}FA<]

troponin 17} 4 wh# el MyHCIIbS] 44} 2&S =43 o)

IA AolE Hofgt —‘%Efoﬂ/ﬂ Type 11 rnuscleol = 7Fskal type 1 muscle©] 74~
2

[}
T A4S HQ ¥hH % FE5 59 Al Type II muscle 7FA3HAA] Type 1

Tropolgow MyHCIIb

Normalized Ratio

Relative mRNA expression
[]

1k
| | I
: + 5 sl |

W-E SL-E SH-E N-E C-E E-E W-E SL-E SH-E

Jl__ 5
N-E C-E E-E

Fig. 3-12. The expressions of muscle type specific markers

2. A% Aol wo] mheA &8 Fx 294 FEE 5% Bt

VA

() AgsE 9 Aol

459 0] ul$A (C57BL/6NE T-9late] 157719 A3 F 7 J5dHE 10vka]y )

=

.

Aol SO PRtk s PAS tlaEel gl FolE (N, positve
12 F

control Q1 0.1% creatine X8+ JAF2lo] Fo =5 0.5% X

=
& AArale] FoJi (SEL), x 294 & :
Hx I FEE 1% £ ZAdA0 3947 (WE)LR 33t A3 2ol= 95 &
b Fosqlth
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@ At £F £ 374
AGAele] Folst Aol BRO £% AN v TS FFstad,
Fajo] Fol 6 W 95 Fol 15°4AL2 treadmill &5 AZTh A &5 S5

nh--27F 2= wj7kA] o] F g 72| (distance to exhaustion)® 57 SF3A T

flo >

T FHs g8 AAGAdE 5 m/min® £E2 1087 10 m/min 1037
FAZAT EAGE 5 mmin® 52 55375 10 m/min 1583 £
*lﬁiﬂi Aol Addels 10 m/min 02 1087 99 &
m/min® 2 HE5F TV HAY &5 FS & &

oY MTE wbAe] wdl Az garahalnh

(3) Ao} Asers A

AgAo] Fof 87 F 1247 AAL AN A o) AEL AFehnh @
3000rpmell A 1537F A4 et S wEelske] 30 ul¥ ekl #
7FA] 80T HEstTk. e FAAW  (triglyceride), FTZEAHE  (total
cholesterol), HDL =] ~H =, NEFA, GOP, GPT, BUN % glucose:= & A4 kit
(X193}, Korea)S ©o]-g3te] A3ttt LDL FelAHES S3Y FolAHE
FFo Y Axbsto] AtEstitt. @ 5 LDH €73 LDH assay kit (Biovision,
USA), lactatei= lactate assay kit (Biovision, USA)S. 2 A3}t &% U SOD
(superoxide dismutase) €/ SOD assay kit (Cayman Chemical Company, USA)E A}
g3t S

4 8% s=2% 5%

%=+ mouse insulin immunoassay kit (R&D, USA)Z =73}t
(5) A T B
A Y Ad 542 e 22 g er AAsglth b 22 0.2 goll 0.9%
219 5 mL<s €3l homogenizer®= Zo} = ¥ ©17]ol chloroform : methanol = 2 : 1%
TS buffers 20 mLS Fo] & E£5° £t 3000rpmel A 20mingt A4 2] 5ke]
ol 5 &2 sodium sulfate”} S01%0i= o HA| o Fof AFHAIZIL o] Z S
7ol Yol evaporationA| {1}, o] wf AFE-$E 7HSF Y= v FAE S Folok
ot ¢HdS] evaporationA 7l ¥ FAE SAS AAGS AT 7]
chloroform 3 mL& ¥l =91 § 10 £l wA €4 Asiers T30 g2 Wyew
kits o]-&3ato] 4383t

< insulin
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M
£

10 ml 150 mM KCL-Tris-HCl (pH 7.2)& %S % 7}ahod
gk 5 500 gollA 1023 Al ste] A s Edeth Asods Beek vt
wete] A sk A7kl -80TC ol Haskglth 1t A oA glycogen, LDH, CK, 4

Z A |4 Catalase, SOD, TBARS, 53Zo|A glycogen, lactates =743}
Catalase (CAT)S 7> Beers and Sizer (1952)°] A|AlE wH o2 25T, 240 nmol|A]
H,0, AleF& AFE3to] 7438331 Superoxide distumase (SOD)S <> Sun and
Zigman (1978)°] A|Al¥E B O F 480 nmolA S35 TE Glycogens Hassid and
Abrahamol| A A At WS Edj2 SH sl

alll
3

(M) FARA
Ay} FAEA S GraphPad Prism 4 software (San Diego, CA, USA)E AF&3}3I T}
One-way ANOVA & 135 Ztell A= dlo]g & nlwst=d AR ATE (P < 0.05)

B g8l Aol FolTe oy

B 7ksheiet.

(1) AF W D Aol HAY

0F7re] AYYI7H FH AZWIE F
1}

A FeHe AF g Al vehg

ot
rlo

973t Ad VI w3 Al SUMEe vlwd Ay N2> 972 gdk3lal, PC
9.15 g 5 7}8F3th SELT2 7.80 g, SEHT> 6.75 g, WET2 520 ¢ 2442 S7F
om, o= Nu# Fo4el AolE Hetld (Fig. 3-13). 12y AA7IF &
Aol AT AdE Aol YEhA ot Ao] AHF il wE AT 7t

ol Ao=Z Al7 HT} (Fig. 3-14).
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Fig. 3-12. Body weight change
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Fig. 3-13. Weight gain

Fig. 3-14. Food intake
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Fig. 3-18. Serum glucose and insulin levels

% Al H]E = catecholamine<> %t Glycogen®| 3llE F%lsl™, glycogen =
glucose’t F3EH o] ATPE FAste FAoAA Mz FE3 Fo A&7}
T 55 A H3H  anaerobic metabolism®] ZA¥IZE LDHE dAdo] F7)ste] ulef
lactate”} A ¥ o] dF X7t T7FeHAl dh T3t o] 2 Qle < v EE
Al €@tk =, LDHE <+ &5 T ZAIEAA S Z4te] 43 des 2dees =4
BA, ZEY AREE o] g€

=43 A7, Nl H]3] PC, SEL, SEH 1Eo]A 3
S

Aasdet Ax FE2E 2 A= 7401 1%}%% &3
Tz FE= 97 ATY 2% 43 fFREeE 25 S "8 BE 8] e
Hnor AtmEtt ¥4 lactated A 1w I 494 wWsE #EEHA LT
(Fig. 3-19).

Serum LDH (W.U.)
Serum lactate(mM)

N PC SEL SHE WE Resting N PC SEL SHE WE

Fig. 3-19. Serum LDH and lactate levels
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SOD (superoxide dismutase)i= AUl &4 =ojZtell ot &AFS oWstal WA 51
stk AL g AEMA, free rasicale A A tFE AXQ] Iy E AAs= AT
sto] AR thgh o] dE et dF SODE St A, Nutol| vl
B OFelAd &40 Frtstalon, 29 FE= IadAs 1 240 +94

o7 Z7}3kl Y} (Fig. 3-20).
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Fig. 3-20. Serum SOD and BUN levels
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(6) 7#d W3}
ZA9 T A" TG, TC % NEFAE +43$t A3} hepatic total lipid ¥ TG

Zt

BF PCE obfdd o] gldloy Hx & W 29 FE= ol E FA7L
Aashe Aoz Yelgth TCO Afos Ax 294 55 Fod -t +
o)A o7 FHishes A¥S HQUh NEFAS 4%+ SEH wolAw 4oz i
shltt. =, b 2 FA9 Ay, 5 A4 FA 54 At A A B
Row, o]l F3, treadmills T WE A FE= Folv AL % s
- gy ow Aget= A OoRE YERT (Fig 3-21).
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3T E T 151
o2z o5 kd
N o 601 " 2
.‘E S * o w
%é 22 109
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Resting N PC SEL SEH WE

Fig. 3-21. Hepatic lipid profiles

(7) 74 glycogen ¥ & ¥ vA H}
b EA = glycogen®] A%, 1 mole®] glycogens FAAA dldAgS F3l 3
mole2] ATPE AstARE AbAg o] FTish Absta] afd 2ol 39 moleJ

A}
ATPE A4 & ok 2F Ul =8l3A4& 543 23, Resting®] -9 treadmillS
H

[e]

o
TASHA] ol wEl FAE glycogens oUA PO E AFESE RF 1ol HF
=4 ettt PC 1w W xR FEE woITolA Y glycogeno] N ZFel H] |

FoHol gort Frkshe AFL otk Ar) 259 ALzt o elw BT
313 glycogen AT A vhehd A 1 99 qUA FEo] AEH S
®elth (Fig. 3-22).
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Fig. 3-22. Hepatic glycogen content
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A utA EAE 543871 $18l Lactate Dehydrogenase (LDH) %!
Creatine kinase (CK)¢ &A1& =433t (Fig. 3-23). Anaerobic metabolism®] 2 2}
2 F7Veki= LDHv 1 &Aool F7hstell Wt lactate”} 2 =l 2W =5 2
stAl €tk =, LDHe 24te] 43 dss 2dstes =424, & AdoA 119

~
3% A3, £FT W PCT) Wd Px FATAN fFoHow
%

Al ATPE AAdeki=dl = Q3 creatine phosphate 3=
= Ql CKe YAz Qe #gHoltt. CcKY

bl e] s S A3, N 25 vle) PCet fHx FEEolM CK 2740
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1501 4-
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Fig. 3-23. Enzyme activities of LDH and CK in liver tissues
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A ol AFEA FAR QS THAEX &2 YEhA dkeS ov] gt
(Fig. 3-24).
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Fig. 3-24. Serum levels of ALT and AST

®) Ao ditst a4 GE
eEol sdEHE E5Y Ata
7¥A71A] ¥ o] superoxide HU]Z A& A

B OARARS] o] SR ofY et AxA o &4 W A A T free radical 373
& T/ Qo R ZhEET

Ao A 2] Catalase, SOD, TBARS =74t Ay= Fig. 3-25¢F 2ot #aks)t ol
= YAbskeadh Abaw ST Gakst a4 A<l sob = =

3}, Resting 135 olA Notoll Hls] Fol& oz :kom, Nol vla =94 F&
°] SOD &4do] oA o ® A Yk

SODS] #Zg-o7 wHES A H,0,% lipid peroxideE E/g4t4AE A7) deol d7t
S AR AEAA FAHdE AYE ddsts A a4 F skl CAT
(catalase)E =793t A, Resting ol H|S|A N9 Ao FoFo=r =4 YEr
wom, N7k vlwgk A3, PC IFHE fo Al Aolg Holy gov kxS
& dFoMde Fodor AAHdth

Lipid peroxidation ¥% w}#<Ql TBARSE =743t A}, Resting oAl Nt B3|

frejdo® v JEebon] Nitel Hs] SEHT I WET9] TBARS #4o] 94
o7 v UEstow, PC W xR FEES TBARSYF WolAE A4S W] Fx
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3T} (Fig. 3-26).
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Fig. 3-26. The content of glycogen and lactate 1in muscle
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(10) 5% 4 =FE W3t
FARA S ARAAFFT o abstekAh Ao Ayt S T FOoE IHA
g, xHoR e Aae] FHY, AR Solet ojudui, FY #7]Fol

+E T8 7kl vAe EEY dFS LotRy] fdll, 4 159 vk~ E
A9 TAIRH e TAIZEA] 12A]3F b calorimetry®  VO,, VCO, % RQ
(respiroatory quotient, T &&)E 543 A, N 15 PC IF> RQ 7} 0.75 - 1.0
Atolefl A vl 4] =A Yebde B3-S Bou {4 Aole . Ax F&
B 159 A% V0o, ¥ vCo, BF F7FEo] RQE FAHATE (Fig. 3-27 - Fig.
3-29). VO, @ VCO, ¢ F7}= energy expenditure®] 57k olstP =2 Az F&E9
HAZE uA avlE SR Ze® AbgEv B RQZF 072 #FAE S o
= vAder @A AYRts ARGE AS KEtRE, ol 3 U 25 W F
A glycogen®] =7t @ FAE Aol AT 5 Al AWo] U fo®w
ARG E = VR e 2El] s 7)3E Rk ofyEt Aolel Fd AdEjel] wEbA

o o o] A=

dell M= we ZPAE v @

o
f

e

-]
it

o
T UCEE o= wig gAAR At
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Fig. 3-29. The analysis of respiratory gas
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olr

3. glabridin 11%F 72 FE=9] 5 AQ M &
7h A W

() AFsE 9 AR Fo

¥ A= 3599 Sprague-Dawley (SD) 7 F levigl® &tglow & Aol
(20.7x35x17 cm)ell 1 wFe]¥ gof ARSIty ARG 22 21CE FASHl o,
q719F 45 A7 1227t 2AEY 4] % 7:00~19:004 2 FA &%)
1 739 34 Ae 7k AR F, FEALE AdAske] vl (Control group;

CON, n=8), Zrx=3 & (Glycyrrhiza glabra; GU, n=8)°. % -5}t

FE% (50% glabrilin %) comn oiloll =
oJstglom HuATtS T &+ corn oils F
bt 2 FHE AA F 12A1F8 SAS AAH AT 100 gF 6.5 mge] sodium

pentobarbital S ©]&3Fo] n}FH 3 3+ & A E3)

ri
Ho

o A Az nYHL BEE

- =
ol A AFH T NS A FElste] AR 4 A 7HA -70TCelA ®Hastlth
Soleus®} epitrochlearis T+ HF= A &Esto] <5 U X523 SHEES SA35%H

@ 2% A4 9 4T 24

TC (total cholesterol), TG (triglyceride)®] & %+i= EF ofitA|eF S48 Aleks o] &

sto] EawMHoR A8l F8] AAEE Noma 5 (1973)°] W= ©]&-5ho]

e EEL]

d32 d9= 94 Bt o2 dARtS o] &5t AFEdFS47] (YSI 1500

ATAT plus, USA)E 24351511, &2 Coat-A-Count Kit (Diagnostic Products
H

Corporation, USA)E ©|-&sto] WA W 54" (radioimmunoassay) 0. 2 4] 3}

i)

o
-
£35to] SAststh 545 93 25 Soleus?} epitrochlearis 58 &3 1L,
9] glucoses A|ASH7] 9138 18 mM mannitol?} 0.1% BSA, + 2 mM pyruvate”}
¥ KHBel 1023+ 1 3 AlA3dh A2 $ 16 mM mannitol?} 0.1% BSA, + 4

M glucose + (with/without) Insulin (1,000 IU/mL)°] 34 KHBo| 3037t HjOkA]
713 Rl 1087 AFH 3 4 mM [ 3-HMG(R.2 «CimL)$F 16 mM

114



['*CJmannitol(0.2 xCi/mL)°] ¥ 1.5 mL KHBol 307C, 10%-7F wjekstaich. wiok
% soleus TF> AAAAE aHste] FA FAE A FAE A F5E IN
NaOHeol ¥o] 50~60 C water batholl A 607} shakingd %, 1600rpmeol|A] 4537+ ¢
Al B3t ASsde do Optiphase Hisafe 20 €42 % Liquid Scintillation

countero| Al 102 =<F =435} t},

4) A4 4

7t S5 did dys Hd ¥ EF A (Mean £ SE)E AMESGl oW, A4
A& SPSS 17.0 BA ZEIHS o] &akqlth 277ke] A & vluyddd Tz
Ao zlo]E dolr7] fl& SHEE t HAES AMEsil o AFdEstHAE

v A5 A

() 85 A4 9 I3 Ag

SAA S Bl (57.946.6 mg/dL)¥} BluLsko] FFEFwh (48.5+4.6 mg/dL)°l A
2 st 4TS B B3 FZYAHES v dd (126.146.6 mg/dL)¥}

Hlwsto] ZFx=A e (109.5+6.5 mg/dL)ol| Al Ak A3dFS BTt (Fig. 3-30).

240 mg/dL
160

100

120 70

80 40

40

CON CON GU

Fig. 3-30. Serum triglyceride (left) and total cholesterol
(right) levels after 2 weeks of glabridin-rich licorice extract

treatment
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ok

o
flo
=
Rl

2] 4] A (0.19 + 0.0 mM)Z}F Bl ste] 2T (0.23 £ 0.0 mM)°lA]
7Vebe AES BAT (Fig 3-31).

CON GU

Fig. 3-31. Serum free fatty acid level after 2 weeks of

glabridin-rich licorice extract treatment

g2 vl ydet (1834 + 4.7 mg/dL)¥} Hlw3te] TF=F (179.3 £ 7.3 mg/dL)ol Al
Fardhe A4S BHYoy FAHSE FolAtolrt gl ASE Yt A4 3
ok AAF Ay fx Ao A ddo] oA wE ZoE yEgou Tt
FAACE Folgt xto]= U (Fig. 3-32).
mg/dL
mg/dL 240 ---0--- CON
240 o— GU

200
200 |

160

120

120 1
80

80 [

40
0 30 60 time

40
CON GU

Fig. 3-32. Serum free fatty acid 1level after 2 weeks of

glabridin-rich licorice extract treatment

Q) <45 U 259 RHE
Soleus$} epitrochlearis <5 W L4 REE 5743 A3} non-insulin A Ef el A 7H
Z Hqdo A 22d & © A%Fs UEHloy AR

A= AT (Fig. 3-33).
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submaximal insulin non-insulin

Fig. 3-33. Glucose transport efficacy in muscle tissues

1 1=
F Ude TE8] 2 5 A ATHor Fofdt= & F

o
A Wtk AEAAE FAY AP, T ARCE o] A
A

Table 3-3. Characteristics of subjects

o] (yr) 7] (cm) AF (kg)

CON (n=10) 25.0 £ 0.6 174.3 £ 1.9 69.9 £ 2.5

GU (n=10) 24.0 £ 0.5 178.0 £ 1.5 70.1 £ 0.5
At + BF 23 vl (Control : CON); #HZEHAW (Glycyrrhiza glabra: GU)

2) A B

2 Ao AFE-¥ 55+ CON (control : CON) ¥} 7% (Glycyrrhiza Uralensis: GU)
S80Itk 559 1 3 AFAFS 100 mL 2, 3 AFE 5 74 AFH W
28] 271 09 : 00, &% 17 : 00 Aol AHAAH w5 HFH A 252 4T Hel=
ST xS E 100 mL Wels A% 2% 4 go] LFHEE ZA|s] A FH A

k.
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(3) A

e vagdds S5 7Y S AERE AT F 122318 54 Fel A
B 5] 304l AedWe Fate] 10 mLe AdEgith AHF A S1E A
at71 $1stel EDTA @oalA]l FHe| wob 24 Fste] 70T ¥ Hysiglor
g AF = 5 7dd, A, FEAF, TF F 15T, 30, 60+, 1204, 180+,
24A1ZE (1) 48717 (29), 72417 (3)ell A3kl

e
@0}71 Ql8te] 48A17F F<F uﬁu} AY3 ¢S 3 LS AlE oA

1 RM& %
A8kl
LETES AFES HAAEIG oY REZREFTS | RM 80%% 8HA, SAER 3}
Aok BE APAES & d TR Eees AASla AEIRS] FAA R

)
—- |=
1Eo 2 3t % A Fol AP 2E= 21x1TC, FEE 75%=2 FA 8

(5) o +4

A&, FEHEFY HAEAHES Coat-A-Count Kit (Diagnostic Products Corporation,
USA)E ©|&3to] WA HAS A (radioimmunoassay) & %2 248kt -
T A7) (YSI 1500, Springfield, USA)E o] &3to] A3t dF CKY
21L& Elitech it 9] Kit (France)E AF&-3t o™, &332 7] (Thermo, England)S ©]
&3t FFE 340 nmollA g4 FHEE S8

Y
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@ Creatine Kinase
& Insulin,

1RM 80%,8RM, Ssets ‘ @ glucose

& cortisol

@ testosterone

> & 0| & & (CON)
> 2EZEEH(GU)

Fig. 3-34. Experimental schedules

(6) A 4
EE ARET SPSS 170 S/ ZRIHS olgst Z48laL, 2 A9 Ay
two-way ANOVA with repeated measuresE A A|SF & t-test®} contrastE ©]-&3}o] *

A9 AzE Abole] Aol E AFHGLh BE £ £ 0052 T

. A5 A

(1) % Adote 7] A

dF Adotd 7IvAlE 7 AA 3F Fod Aol gl
AxFAGAAN = 794, 5 A

ogt Apol7k 3l Ao ® YERRT (p<.05).

102 vEd. ey

5 F 29, 3014 &

Mo
offt
o
©
=
R
=
ol
£
[‘«{0 >,\1

119



IU/L

300 B
OJCON
250 | .GU *, k%, C * k% C -
€35 % 39 Fee) ko W3l
200 @B 70T KA Aol
150 (p<.05) .
**:  pre®t  fFOF  Aol7b
100 T (p<.05) .
s0 | cr ©F F 103 /AT Aok W
(p<.05) .
0 \ \ \ \
—7 pre I‘ 1 2 3 day
exercise

Fig. 3-35. The creatine kinase activity during 3-days exercise

@ 99 9 A4 W
Fig. 43914 Bt nie} o] A% dge] £3e 259 1904 F A4 2 F%

Zpol7t e A UEET (p < 0.05).

OCON
BGU

N
o
T

ot1 2 3 day

exercise

Fig. 3-36. The blood glucose level during 3-days exercise
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Fig. 3-37. The serum insulin levels

ng/dt
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Fig. 3-38. The serum cortisol levels
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Fig. 3-39. The serum testosterone levels

5. 4% A8 71d AT
7k A
(1) SDH (succinate dehydrogenase) 324

SDH (succinate dehydrogenase)i= succinic acidE fumaric acid= %] AFs}E FHA]7]&=
47 24 SHS AAe dE F AAdst AHA sEAAR 25 24 S
tetrazolium $}3t= 2} 37 succinic substrate®} Hb-5-= A]AH ok ST} Tetrazolium= &
|4 EHEA formazanC® SLEH MZAS wA Hoh a4 @A e AFe
7NAZHE 4 o]2E WEAIA nitro blue tetrazolium (NBT)oll A3t 8t 4
o] 2.9] Aslof 9] tetrazolium®| H.ZFM Q] formazan© 2 WH3l™ 7 WH3E Ao ez}

529 BHL Ao S48 Ak,

0.2 M phosphate bufferell sodium succinate®} NBTE buffer mL & 212} 27 mg, 1 mg
gol mekg MAE vEn 24 EdolEE @ 37CA 3021 RESAIZTH S
=

FrE 3 Aojdl ¥ ofdESHNOE unbound NBTE AAS WA & oA /T
AHE 5 drjFow Az

(6) QRT-PCR & =5°] 314 wal #4
Total RNA®] %3 9|34l RNeasy Plus mini kit (Qiagen, USA)E AF&3oith %%

260 nm/280 nm<] H]7} 1.8 ©]AFQl total RNA METHS A& o AlLsgct. &3
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RNA+ Maxime RT Premix Kit(Intron Bio)E ©]-&3}0] ¢cDNAE 3 staxt 343t
= 93 total RNAS} oligo dT primers <318Fo] 45CeoAl 60mind} 95T oA
Smin &<t HESAI AT AojX cDNAE Table 3-49F 72 primer setE 83}
Light Cycler 480 (Roche, Germany)® SYBR Green I Master (Toyobo, Japan)E ©]-83}¢]
2.

o]

Table 3-4. Primers used for RT-PCR

Primers Sequences
PGCl-a, forward 5'-TATGGAGTGACATAGAGTGTGCT-3"
PGCl-a, reverse 5'-CCACTTCAATCCACCCAGAAAG-3"'
Cytochrome C, forward 5'-GGA GGC AAG CAT AAG ACT GG-3'
Cytochrome C, reverse 5'-TCC ATC AGG GTA TCC TCT cC-3'

Cytochrome C oxidase
5'-GCCCCTAGAGAAGCTACGAGA-3"
subunit 3, forward

Cytochrome C oxidase
5'"-CCTCTTGCAGCGAAGGAAGT-3"
subunit 3, reverse

ERRa, forward 5'-GGA GGA CGG CAG AAG TAC AAA-3!
ERRa, reverse 5'-GCG ACA CCA GAG CGT TCA C-3"
Tfam, forward 5'"-GTCGCATCCCCTCGTCTATC-3"
Tfam, reverse 5'-GCTGGAAAAACACTTCGGAATAC-3"
NRF-1, forward 5'-AGCACGGAGTGACCCAAAC-3"
NRF-1, reverse 5'-TGTACGTGGCTACATGGACCT-3"
Myoglobin, forward 5"'-CATGGTTGCACCGTGCTCACAG-3"
Myoglobin, reverse 5"'-GAGCCCATGGCTCAGCCCTG-3"
MyHC2b, forward 5'-CAC CTG GAG CGG ATG AAG AAG AAC-3'
MyHC2b, reverse 5'"-GTC CTG CAG CCT CAG CAC GTT-3'
MyHC1, forward 5'-CCAAGGGCCTGAATGAGGAG-3"
MyHC1l, reverse 5'-GCAAAGGCTCCAGGTCTGAG-3"

(3) Western blot

=43 FA° UHFE Protein  extraction solution (PRO-PREPTM)®l| % 3}35}o]
13,000rpmell Al 20427F A4lEglste] dsds etk Eld Aol dox
A2 12% SDS-PAGE gelS Abg-3to] A7195S AAISSIHE o] % transfer®
membranes 5% skim milk® 2A]7F &) blocking= ¥+ % primary antibody (PPAR S/ S,

AMPK, phospho-AMPK)$%} secondary antibody (mouse and rabbit Ab)E F-ZHA|71 %,
ECL& 2 o]&3to sttt
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EF&=glol AA (mitochondrial biogenesis) 2! S-S T7HAI 7| =4 L2
B TANUG o)F Bol BT oPPau Amshzd dolA s
T8 BLEEFHORE A AZ.

Tz 294 FEEY % T FAH =429 | EZEo 1o dAE &
o}x 7] $13ll hindlimbs muscle®] SDH (succinate dehydrogenase) $&40-& G335}
SDH stain<> X 2} 9] formazan % o] w|EZ=2]o}9] sarcoplasmic network -+l

%2 5o] SDH swin®] 4 JE vEE=eote] ¢ o 4 9tk

SDH 94 24 ¥ dvjgoz B 4
vEEEe o} ool F3lo] Pt S

s
wol Al mEZEgoel ¢fo] FRlo] Frleks e & ¢ AT (Fig. 3-40).
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Cytochrome C Cytochrome C oxidase subunit 3

2.0r ar
8 §
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2 0.5F 2> 1
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@ 0.0 2

X 0

N c SL N c SL SH

Fig. 3-41. The mRNA expressions of mitochondria-specific genes

nEFZEg ol dAF AR PGC-1a  (peroxisome-proliferators  activated receptor
gamma coactivator-1 alpha)= UA} &5 (metabolic flux)e Z4d3f=d - T3
g st mEZE=Eol Y F2 A Aotk PGC-1e = AW FA T
o] Arslg o] 2 A FFst F w3 ol AR w2 duArt Za
g o PGC-1a7F ¥ mlEZ=gol S S7FAZIA FoF (Rodgers &,
2005). PGC-1ea &l mEZE=or S S7HA17]= o AARIAE Tfam
(mitochondrial transcription factor A), ERRa ( estrogen-related receptors alpha), NRF-1
(nuclear respiratory factor 1) 5°] Th PGC-1a ¢} ERRae+ WEZEEof A4
Folatal Nrfl & ml|EFZEgote] HAbE: 24H3 TfamS WEZEE o DNA %

9 translations =4 g},

A Aole] Foli =& v PGC-1a 9 WS FaAAY Bk 294 13
)

PGC-1a TAE Zg Ao 7 IBAAY. T
J A
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PGC-1a ERRa

g 1.5r c 1.5r
5 * -% *
a »
4 . S
x 1.0F X g- 1.0F
(] [
g 3
o z *
E 0.5 S o5t
2 2
k s
[} ©
x 0.0 0.0
N c SL SH N c SL SH
Tfam NRF-1
c 2.0r c 2.0r
2 9
2 * 2
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(=% (=%
o o
* *
<10 2 10
['4 ['4
£ £
2 o5t 2 o5t
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N c SL SH N c SL SH

Fig. 3-42. The expressions of mitochondrial biogenesis related

transcription factors

PPAR /68 (Peroxisome proliferator-activated receptor (/0 )= <5 UIAF 249 FA4
Al HAF IALZ A PGC-1a & F7HA7 vEZE=gol AANS F57FA] 7)1, catalase
9l superoxide dismutaseE S7HAIA  FAabst AE s, CPTIb  (camitine
palmitoyltransferase Ib), CPTII (carnitine palmitoyltransferase 1)E < 7FAlA A BHAE
hALE S7FA1Z B oY 2f, GLUT4 (glucose transporter 4) <7} &3l QojAlets: 3
ol ek

ATl A Aol Fo Al 25 Wl PPARB/6 ROl HaHou 3

=
294 FEE Fod g8 addoR IHHAS

(Fig. 3-43).
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PPARp/E ==

B-actin ==

Fig. 3-43. The western blot analysis of PPARB/d

AMPK (AMP-dependent protein kinase)™= PGC-1a 2] Thr177 % Ser536< <14t g} Al A
PGC-1a promoter?] 59 ol& &3 vEZZgol A whao #ojst= Jo=
dH A At (Janger 2, 2007).

o]
=
FEES 429 AMPK A4S SV S ZHA PGC-1a o] QASHE fr&skal
5 53 vEEZCgol S TV %5 Al LT ouAE FFEY] &5

T s TTHTIE o R AR

AMPK

f-actin ==

Fig. 3-44. The western blot analysis of phosphorylated AMPK in

skeletal muscle

]
L B R P K R

Type I <+ myoblobin®| o] 7% red muscle fiber2A =¥ 5 HE9} W
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Aol 48 D we ATHS AUL glof FARY 25 AR ATPase 9
a

T 7} ¥ om 5ol utAHi= myosin heavy chain 1 (MyHC1)©] T}

HHE, Type 1T T5%2 myoglobin®] #o1A &7 wo|w wEZ=glole] =7} Zt},
FelaAe Bel FASR 93 FUA 92 WG 2ee] Do o)
5

of AREEW W ALl dEolis AFEEA ¥ETh 59| WAL= troponin

2
B
ry
Ho
o
fol
B
iy
o
mo U
toby
dz
>
N
rlr
po
o
il
L
ful
30
- 4
o
o
-
kit
=
N
o
>,
o

ool A= Type 1 5% 5o] nl# <l MyHC1E] 3o
1A Q1 MyHC2b 2 Tropol slow®] @&lo] S7hElov, Hx 294 55

ol gt W7} A= As sttt (Fig. 3-45).

Myoglobin MyHC2b
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Fig. 3-45. The expressions of muscle type related genes
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S J4x 29 FEE2 AT Holel o3 IATU] mEZE=g W A
‘l:‘

[e)
&
Hoz wyoln o]t 7|l oA %

(4) UCP3 w3 s}

UCP (uncoupling protein)i= A1 %|5+2] thermogenesis®l| A F 23t &S @dsh=
Ho=z zZ deA 9l ouA] AH] (energy expenditure)t} H|WFY} FHydo] ¢l o
fatty acid thAkell QlojA] F Qs &S Il (Langin £, 1999). E=3F UCP+ W ES
T 2lo}e] proton leak At3}H2] /AALSHE E¥ 9 (uncoupling)Al A oy A AtstE F
ATP B4 & JAlsta AU & 4= ASEA s

UCP3= =24+ 5°] UCPEA PEZE=2]ol innermembrane®l 4] cytoplasm© % FA

A
transports 5 7FA|

713 MEFZEgotE: REsta A AT S AAAA A

shal AEYA A g-5°] Qlth UCP3 transgenic VF-A~9] 749 1AW 2ol& 7

oAl HW AFT7HF AL 5 U AW (IMCL, intramyocellular lipid)%] =

Aol ZAAE = o7 RIETE (Choi 2], 2007). REtZ UCP3 knockout PF--7~9]

A9 1AW Aol Fel Al IMCLe] Z7bHa, @) U] FA S37F Z7beka AF
A

S7PF AsE e AES BT (Costford ], 2006).

UCP3
_ 207
S
n
7]
o 1.5+
Q.
3 *
S 1.0
x *
o
2 0.5}
B
&
0.0 ]
N c sL SH

Fig. 3-46. The UCP3 mRNA expression
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(2) MB11316

ZAAE ol &3 Ax FEE] A AF Al BA o3 = FIHATI LA A Zo
71990 () WAIAZE A5 Al e okml] A W A 24 SRgeE 7] )
3k F-A 59 MB11316%H2] W8 TS E3Fo] oblob vHF-2ofl 3o AT Skl
RER L B
Hx 24A FEFE (glabridin % 4.3%)7 MBI113169] W4 Fo] Al % 297
FEE U5 Folg 2ot gl otk MB11316% purines EAlo] EAEE AR Al
AT S7H A 2ol F7HE A (Fig. 4-2).
ob/ob mice, M E S 78 (%)
] AAAAAAAAAAAAAAAAA‘AAAA"A
0.0% IiFgFEN :" - ] 1 1
SO hl s~ TRET 20 25 30
5.0% | M= S = g R EEEEE g
S .-.-I- —
-10.0% | S 8-Q o
—&A— Control R A g Q
-15.0% | _a— Grabridin (crude 40%) "
-20.0% | —D—SCF
2500 b —WSCF +MB11316
—€—SCF +MB11316 + Purine
-30.0% L
Time(day)
Fig. 4-2. Effect of supplement compound on anti-obesity
activity of licorice
. Gl XS SIs FEA AR
(1) ¥4 F738 &l vl
h A8 B
FHAE 2 mLA 73 F 10 mg T2 FZ5-S 7} vialoll 371staL 20 C el 4] 300 pm &=
magnetic bar ©]-§-3ko] 41019tk 1R of=o] o} %01 thA] 10 mgd 3 73ko]
o] aL o] g5 HEEshe] ZF @ o Zhx YA FE=o] drpyt A skt

131



+h 2%

Table 4-18] #H S E ZA S F A= AF LA E AHE s sl a5
o] & AR sto] Capryol 907} Lauroglycol 905 7] 4| & stal & 72] A& 571 91 &l
Pretex T20= A 7Fet= A& 7] Aoz A4 skt

Table 4-1. The efficacy of wvarious excipients on licoric

extract solubility

S $3=

Acetylated monoglyceride (Myvacet 9-45) <95 mg/mL
Mineral oil <5 mg/mL

Oleic acid <5 mg/mL

Olive oil <15 mg/mL
Propylene glycol monocaprylate (Capryol 90) >320 mg/mL
Caprylocaproyl macrogolglycerides (Labrasol) >510 mg/mL
Diethyleneglycol monoethyl ether (Transcutol) >815 mg/mL
Polyoxyethylene lauryl ether (Brij 30) >355 mg/mL
Polyoxyethylene sorbitan monolaurate (Pretex T20)| >245 mg/mL
Propylene glycol monolaurate (Lauroglycol 90) <170 mg/mL

A7 A3} gAE Hol R 6744 F AFHHEE A 5 Qe 4HAE 7

Capryol 90> HLB (hydrophilic lipophilic balance) #t©] 6, Lauroglycol 90 HLB #t°] 531
Lipophilic3} surfactanto] ™, 0] &2 410 7= Z2A S B 7R S W= 53 A9 4 9]

A AL e E = Aol wEE .

Brij 30 HLB7):°] 9.7% Lipophilic surfactant® - % A 7}, Capryol 90°|} Lauroglycol
90l HlslA = XA o] 3t} Capryol 903} Brij 309 410 W= 42 Carpyol 903}
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Lauroglycol 90= 412 Z=/d of] vl &l 4] =of 2 4F% = 2 Lauroglycol 90 t A1 ¢l Brij 30=
AbgeH 2 A% ]’95\‘:]'

Tween 802 7% p-glycoprotein inhibitor=4] YA U] AF % (CMC; critical micelle
T o]ate] o} F Ao FLE AFEEY O, Tween 809 TS H 43}
317] 9]3Fo] Co-solubilizing agent= € 2] AFE-¥] = PEG 400= 37}l Capryol 90°] 7}

)

concentration) &

2k A18S 918l 15 mL vialel] Capryol 90, Brij 30, Tween 80, PEG 4002] H]-&-& &3}
o] £EA mixtureF 1 mLA Wi, B2 FEES 100 mgH 7Hate] A2o1A magnetic
barS AFE-8}] 300rpm O % stirringdto] 591 3, v 2] 37 TR G4 A1 A =L A A5 100
mLo| ©7! H]A | formulatione 1 mL¥ 8 o{F2] 11 magnetic bar® 100rpm ©. % stirring
ato] A= AA 9] TAM & BESHATh

(h A A3
A HASE Qs 2 =S Fshr] St #AM Alg S 3 e A3 PEG
400°] Capryol 90°] solubilizing= % 7] W<l water phasel = Z= = H g7 &4t 2 5 S

T M
=& F A AS FAsksith 18 L Capryol 909] oFo] U WolX|H HEX] A] T
A7 oil Y A= ©] water phase 2} L A 4= 31 7] w7 Capryol 90= 50 % J = g3l
= 3= o] H A o7 AL HETE 3 Brij 302> S5A400] S AT AR EHO 1% AT
et E =46kl

o] Abeks oF e sto], #H 2] 8] 2492 4% formulation® A 7d 3}t (Table 4-2).
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Table 4-2. Dispersion stability for licorice extract

No.|Capryol 90 (%) Tween 80 (%) 3?:?3) PEG 400 (%) B4
1 80 3 1 16
2 70 3 1 26
2 A YA}
0 5 1 e water phase®
3 6 HA ot
WA Al 2F7E
4 50 3 1 46 Lol Ao
weak
shaking®] ¢]3
5 40 3 1 56 At A
6 30 3 1 66
7 20 3 1 76

o}
glabridin A2~A1 2] IS HEE £l glabridin $F©] 50 %<1 crude glabridines 2
<ol A HF 1d7hA] A A 2R sk WHItE 543 Ay Table 4-33
2ok Aol 1d T A% glabridin®] g A sl BEE A ekghth

ro,

2 (AN AR

=

Table 4-3. The content of crude glabridin during storage period

-] 37N4 67/1<€ o7& 1271¢
%E}EE]H 50.0% 49.8% 50.1% 49.9% 49.4%
@-%k - (e} - (e} - (e} - (e} - (e}
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.0 g8 A
7}. 2% formula
A AE BAE A7 A4 70 190mge] T4 A4S Table 4-49} e},

Table 4-4. The chemical composition for soft capsule

75 A A

A& S v a1
1 Agtel (165B) 68.740%
2 =g A- 22.913%
3 D-AEH[ZH 8.183%
4 ofenid 0.164%
A 100.000%
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2733l

d A (43 A ocular toxicity 3 7} ) Wl

Table 4-5. The formula for soft capsule

1=e]
}\61'11__—1:

&3t = §l7] ol 2% AF8-715 S PGE Ol Al
N& W85 550 mge] 43

the ws} 2ol

A& s A Hl 2
1 =z FE2E 9.091 % 50.000 mg
AU F-A Ao A
2 86.364 % | 475.000 mg
H =
3 Tween 80 2.727 % 15.000 mg
4 PG 1.181 % 10.000 mg
A 100.000 % | 550.000 mg

Fig. 4-3. Licorice soft capsules
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Fig. 4-4.

Table 4-6. The formula for hard capsule

NO 4849 vl g &
1 ax FEE 24.0000 %
2 ERFEE (eatless) 19.2000 %
3 ERFEE (prosol) 9.6000 %
4 Resveratrol 4.8000 %
5 Amino acid mixture 4.8000 %
6 L-carnitine 14.4000 %
7 Creatine 14.4000 %
8 Tartaric acid 2.8800 %
9 Phytic acid 1.9200 %
10 SLS 4.0000 %

& Al 100.0000 %

Licorice hard capsules
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U 97 /¥ 4
(1) 959 (FFx5F=+E, Licorice(Glycyrrhiza) Extract )
o] Y5+ TE Glycyrrhiza glabra L. var. glandulifera Regel et Herder, Glycyrrhiza

uralensis Fisher B 71 9o A2 & (Leguminosae)® YElE THOZE FE3H
B2 FE=S UY w55t 7HEEAT Hsth 5% 7ol HEF ZATE Yol
gl & FHA g Bde Adxste] JHFE § Jojvh. o] 5= AFE o
e E T (CaoHaOs : 32438) 4.0% o] 2 ZFEAZAA (CoHaoOw : 822.93)
0.6% ©lst& g3trt

A}

R g2 e Ao ot

o,

)

o]

ro,

3) ZAAH
Aol HAo A A2 main peak®] FAAITFE ZF Ao A main peak®] -+
A 273} e,

@) =55

W (mg/kg) : 5 °]s}

FJ}=H (mg/ke) : 0.2 ©]3}
T4 (mg/kg) @ 0.3 o]
FH| A (mg/kg) : 2.4 o]d}f

6) a4

6) 5%
5.0% o3k (AFFA AT DWAEH F 1 AWARA R 1) o] w4

ot

(7 8 =F
h =4

FoAges Yo o] 50 mLZ skl o] 9 10
mLE dgatA FHslte] oe&ES Yol A5 50 mLzE s g HAow sir)
nE SeEYd 2FF 9F 10 mge AEsH Eot oehES Wol o] 50 mLE
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stal o] o 10 mL& F&3sHA Hst cetEs ¥
stoh Aol 9@ BmEN 20 pxLE VFAA TS0 F2HOE Cﬂiiﬂiiﬂ}ilﬂiz‘ﬁoﬂ
ek Algste] SetEede] dau Ar 8 AE ST

(9,
(e}
h
l
ot

"

K
MN
12
o
l

HE7]  AAFFFFEA (5437 282 )
ZE QR E 9k 2 - 6 mm, do] °F 15 - 25 Q] AEH QYA 3 - 10 gm

of AAARvIEIHZE SEHHAA- S Ayt AS AT

2% 40T
ol FAl XA A (1-50)yo Al EYUE™ Eghel (1:0)

% =R Ed dA0] FAAIREe] oF 14320 HEE A jth

(th =g A xAE

o] A= °F 1 g& AdstA Zot 70% °l®E 40 m
U o3ttt ZHFEol 70% olehE 30 mLS Wol 2 WHoeR &3t of
= BT @kl 70% oletEs Wol dgstAl 100 mLE sto] oo w sith wE
=AY 2F5F (Y RS SAsth oF 25 mgs A got 70 % o
g2S Yol &34 100 mLE 3t o] 9 10 mLE Z &3 FH sk 70% e
S Yol AgstA 50 mLE 3 NS FFAHoF ity A 2 xFEN 20 4L AS
7HAGL gl 2o R A ARvtE T ol wet Aldete] e g9l FEEo

5

A
e g 3k ZelAl e R A T °;<mg>xA—T
S

- 22x

AE7] 0 ALNFFFFEA (5H I 254 nm)

Z- g X E k2 - 6 mm, Zo] °F 15 - 25 cmQ! AH|AH AR 3 - 10 £m]
AHARrtE T2 St AAE S devt As FAS

2% 40T

=2
=
A I 24 (1250 tA EYES 23 (3:2)

H
o Zetued 929 §A Az o 10%0] HEE zA

9

Jo
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FEEe olgste] FdAAE AAE

= o oJ
| = AN %
o UY&E 1 Kgs AAtstgl o, A& 500 mgs F33te] 2,000 H&Es Ak

NO 4549 v )& (%) & (mg) 4% (9)
1 hx FEE 24.00 120.00 240.00
2 ARFEE T 19.20 96.00 192.00
3 ERFEE II 9.60 48.00 96.00
4 Resveratrol 4.80 24 .00 48.00
5 Amino acid mixture 4.80 24 .00 48.00
6 L-carnitine 14.40 72.00 144.00
7 Creatine 14.40 72.00 144.00
8 Tartaric acid 2.88 14.40 28.80
9 Phytic acid 1.92 9.60 19.20
10 SLS 4.00 20.00 40.00
3t Al 100.00 500.00 1,000.00

140



.
SHESYE I ZHEE0k2] 7|0

o4z

g <
o s X S R
pi = S S S 2
— S S ) X ©
- = S S S .
Eﬂu HT_ e} - m m W
o T X %O @
} TO Jlo W_ W__M ﬁ% = -
o ~ o o (3
G R . g G | T
A » B2 o W E
28 = ® | o5y oF L | = e o B | — TE
o | ~ - S ~ = : K
W_ I ) — ,:O W oz -
M- = o Mno =K B | o] N %o = Nl
® | Re ) u T 2l Mo Hoo | =
ol Jo K KO ™ N s
= | __ﬁf G | 5 we e ﬂ 4 % o 4o i
- oy | T T i ® | a
2 | T e R R o < ) oy w = B
MW o | o < Mo — |=% o B : s i
N A ~L E ol ol | 4
T i I T X . Jo 70 o o
M| o R MR SR i B Jo i
N X g _1% e eI B e R ! ™ N oo ~ —
= x B No = e o M N ~N N
Ui _ﬁo ‘:O ° ~X C.LO n_Alo ﬂﬂ ,_l_%.* ﬂvl,._ __i __i _ﬁo
H N mﬁo 2 N | N | MW
el T R o ﬂ%H G
In 0 jof < fold - ~ ﬁt Nl
h W oz ¥ A P
Ele i T W = w R
X f Mo ™ N To M g o
god _ Ui - oy
- M~ Mo RT o~ F
a8 . o N R
o e SR o o
N X OEK %O mﬁ ro ™ o N Ho zo
mu e BT Ome o Y| E Yo o
e " e TRk
— M e e
~ M 3
v Hi

141



okl 9] 7%=

2ok Holk 7%

"

E]

Jo
;ﬁ

oy

B3

N
A

U

)

A AFE SoA BEAEEAN FE AFREHO ¢

)
o7
4

N

O

A=A

2Z2X 7F

to

B
—
fife)

Bo
oy
o)
o

o7
N

A
o}

JJo

B

To
</

=
;onﬂ
3R
700

o

o7
N

A

el

A el Redox A

Grkst g A

bol ol

= =
= &9

AT

A7HA] Bars et &

142



M5 & ddaJjer Myl U Musts 7=

A 1d. d
AT 7 &
B3R 5HF FAskel T /1EEe HuaYon 259 APISHE AA

S sttt 1 AAE W8S et 2,

of —H
=
ji
o,
s

;I A A

PN
= W

A%

ke

7}. Effect of the various extracts from Glycyrrhiza uralensis Fisch on high fat
diet-induced obesity of mice. $H=rAg ¥}+3], 2009

L}, Effect of the various extracts from Glycyrrhiza uralensis Fisch on exercise

performance in high fat diet-induced obesity of mice. $H=2]<% % %F3}3+3], 2009

T}, Effect ofGlycyrrhiza uralensis Fisch on obesity and exercise performance in High-fat

Induced Obese Mouse. 3t 2135 E3r3], 2010

2}, Anti-obesity Effects of Licorice Are Mediated by altered Gene Expression in
Hepatic Lipid Metabolism in High Fat Diet-induced Obese Mice. ¥+ 2] F
2+st 3], 2010

v}, The effect of the supercritical fluid extracts from Glycyrrhiza glabra Linn on

exercise performance in C578BL/6 mice. $H=2]% 445 3+3], 2010

v}, Licorice improves Endurance Exercise Performance via Upregulation of

Mitochondrial Biogenesis in Skeletal Muscle. $+=2] %% oF¥}38}t3]) 2011
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H 6F. HlEAI0M FEIS olle] A==

The 32nd Annual meeting of the molecular biology society of Japan (MBSJ 2009)

o 9L Pacifico Yokohama®l|l4] 7H# %= The 32th Annual Meeting of the molecular
biology society of Japan (09. 12. 9 - 12. 12)2] symposium, workshop, biotech seminar®]]
A5ty A% Aw v]vkEE7]d '] gene  expression, molecular  biology,
metabolomics, woF8] HAl A& vpot W HRE FH ko] A F3qo A5 &

st 92,

o g3 WxoME AU SedT H A8V el #E ATEEEA
rato| L} w940 e AFE WRE ofy el 2T E H]XESto] C. elegans, zebrafish
e ol&d ATAyrt EkE EE 54 FHAAE knock-outA| 7] AU
overexpressionA| 71 R dlo] AL HEH o7 o]&FHI QI 7]eAd AFEoklE

71578 B7F B Ag71A Aol EgHojoF & AoR dHEH S

I
d
O

o Frontier medical research using model animals A4S &3dFo] TSt in vive 23
wdo] A/fE A=, FAATE 3 drosophila, clock-gene-animal 2, Al4f 2
AEZA cricket, 371 A Z A metaka 5O % vR-AY ratH Ut {F-AA FZO]

F% AHEE VAT 5. °] in vivo E oA RNAIi, geneswich,

I=In=
T
overexpressions & 2H-8-7|
715573 A FE okl oAM= 2
o Metabolic syndrome?} A5 #HAA] AFolA AWEA 2] remodeling,
WA 322 macrophage®] co-culture 22, thEWFE

g&ste A7 T TREHUS
o I3+ Biotechnology seminars A& &sto] EAEESH fofe] HA 7]7], kit

miRNA 2] taget gene screening system %! kit, QRT-PCRE] A4 & A3 SlojA] 9]

AAAQ 2% FF ATo] o] | RoE A,
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