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Objectives We evaluated the improving effects of 7aeksa—tang (TST) using 3T3-L1
cells and C57BL/6 mice were fed on a high—fat diet.

Methods The anti—radical activities of TST were studied using 2,2—diphenyl-1-picrylhy—
drazyl and 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid). The content of
total polyphenol was measured using Folin—Ciocalteu reagent, whereas aluminum
chloride colorimetric method was used for the content of total flavonoid. Moreover,
the factors related to lipid profile and the protein expressions such as S—oxidation and
anti-oxidant enzyme were analyzed using serum and western blotting of 3T3-L1
cells. Additionally, we examined lipolysis through glycerol appearance in mouse adi—
pose tissue.

Results TST treatment showed strong free radical scavenging activities with half
maximal inhibitory concentration and the presence of a amount of total polyphenol and
total flavonoid. TST treatment significantly increased factors related to S—oxidation
such as carnitine palmitoyl transferase—1 and uncoupling protein 2 via the phosphorlya—
tion of liver kinase B1 (LKB1) and AMP-activated protein kinase (AMPK). Moreover,
the protein expressions of anti-oxidant enzyme and lipolysis were significantly
elevated by TST administration. In addition, TST supplementation lowered serum ma-—
londialdehyde, triglyceride, and total cholesterol levels compared with the control
group. Taken together, these data suggest that TST treatment regulated lipid parame—
ters via the increase of f—-oxidation by LKB1-AMPK signaling pathway.

Conclusions TST may have a potential remedy in the prevention and treatment of
obesity. Therefore, this study may provide the scientific basis for TST use. (J Korean
Med Rehabil 2021;31(2):1-14)
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1. M=

1) A<F

E Aol AF8-H gallic acid, 2,2-diphenyl-1-picrylhy-
drazyl (DPPH), 2,2'-azino-bis (3-ethylbenzothiazoline-6-sul-
phonic acid) (ABTS), sodium carbonate, potassium phos-
phate dibasic, sodium hydroxide, 3-isobutyl-1-methylxanthine
(IBMX), Folin-Ciocalteu's phenol reagent, naringin,
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3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT), diethylene glycol, insulin, potassium phos-
phate monobasic, dexamethasone (Dex), dimethyl sulf-
oxide (DMSO), potassium persulfatex= Sigma-Aldrich
(St. Louis, MO, USA)eAl F3te] ARg-3t o,
bovine calf serum (BCS), fetal bovine serum (FBS) 2
high-glucose Dulbecco'smodified Eagle's medium (DMEM),
Dulbecco's phosphate-buffered saline (DPBS), pen-
icillin/streptomycin (P/S), trypsin<> Hyclone (Logan, UT,
USA)oll A AIF-E F43FATE Santa Cruz Biotechnology
(Santa Cruz, CA, USA)°IA]l 12} &) liver kinase Bl
(LKB1), phospho-LKB1 (p-LKBI), carnitine palmitoyl
transferase-1 (CPT-1), mitochondrial uncoupling protein
2 (UCP2), nuclear factor erythroid-2-related factor 2 (Nrf2),
catalase, heme oxygenase-1 (HO-1)< ujl3t o,
AMP-activated protein kinase (AMPK), phospho-AMPK
(p-AMPK) %} &A= Cell Signaling Technology (Danvers,
MN, USA)AlA F43kRat, 22 &A= Gene Tex (City
of Trvine, CA, USA)olAl T43te] A& ol AME-SIHT.
Isopropyl alcohol-& Junsei Chemical (Tokyo, Japan)©l| 4]

A3FH O™, formaldehyde solution Duksan Pure
Chemicals (Ansan, Korea)ollA T3l Th

2) 3=

o ghato] 2 8 S(Eumseong, Korea)oll A FH1- 55
B A C57BL/6 mouse®l =3 I FHALZ (YA i
A7}, Samyangsa, Seoul, Korea)E 2&3| Fg3laL, 12
AZEe] M), 5 (2242°C), HE(50+5%)E B
= AR A 1Y HSAIR T A3l Tt
Aot gt FEAF 829 Y 3] (Institutional
Animal Care and Use Committee)®] 5912 &2 & 4l

e MY ATH$2UHE: DHU2020-056).
3) A= M=

2 Ao AHES gAY 74 kAl TR
#,70) o]ABt] g7|3HeFH(Daegu, Korea)oll Al T
stod AJekqtAZ el graro] ofxfA] A3 e Ak
A3 THTable 1). BIAE 42 o 104 FA|SGol @
31 100°ColA] 2AIRF o FEt o o7 & 2t

TR FEEle] BA AE F AT(FE T.6%)E

I



Table 1. Composition of Taeksa-tang

Pharmacognostic name Amount (g)
Alisma orientalis (Sam.) Juzep 6
Morus alba L.

poria cocos (Schw.) Wolf
Citrus aurantium L.
Areca catechu L.

Akebia quinata Decne.

[=) W= ) Ne) SN e N © NN

Zingiber officinale Rosc.

Total amount 42

A

e

o

)

A THSEE 0°Ce] B B F BRS

2

|
TST)E

A
(]
)

fEe

A B FEE(Taeksa-tang water extract,

150 ALg3tsich

i

4)

=

7171

B 2l8]o)| AL8H 7]7]E Sensi-Q2000 Chemidoc (Lugen
Sci Co., Ltd., Bucheon, Korea), vortex mixer, 5271%
71(FD5508; Ilshinbiobase, Yangju, Korea), ¥7d1&
AH22]7] (Megal 7R; Hanil Scientific Inc., Seoul, Korea),
IYFZ7](DWT-1800T; Daewoong Bio, Hwaseong,
Korea), microplate reader (Infinite M200 pro; Tecan,
Minnedorf, Switzerland), AAASA|(CAS, Yangju, Korea),
rotary vacuum evaporator (Buchi B-480; Buchi AG, Flawil,
Switzerland), deep-freezer (Sanyo Co., Osaka, Japan)E

gL,

2. 4
1) Total polyphenolit total flavonoid & &8
Total polyphenol Folin-Denis WHOZ2 &S =

AT, 100 mg/mLe] TST 10 uL, distilled water

790 puL 2 50 uL2] Folin-Ciocalteau’s phenol reagentE

gt & ARoA 1327 9REAIZITE 1 B, 20%

sodium carbonate 150 pLE F713F & 2A13F HHS-A]AH

E4 =% microplate readerZ 765 nmol|A] ST

FZEAQ gallic acid= ¥F HAPAS FPoH, =

=9 total polyphenol 32 A=
Total flavonoid Lister 5'92] WH o2 g&f

ARk 11.1 mg/mLe] TST 100 uLol 1 N NaOH

o
A\

ingin® 2 ®F HHFAL F3or, FE2E9] total fla-
vonoid S AHE3IA T

2) DPPH free 2tC|Z 275 &3

TST2| @4tsbe< S4st7] $18) DPPH free 2hH|%
2AHE o] 83IETH?. 100 Lol 60 uM DPPH £
7 TSTS F=EE 345 898 100 pLE &3t 304
Tt A9] g A WHX]g & microplate reader 540 nm
oA FBEE S5 FAHET O E+ L-ascor-

bic acidE AH8-8F1 oM, FFEE off Aol wet 7
4

DPPH radical scavenging activity (%)

> 100

_ ODs ample
oD,

control

ODgampie: absorbance of sample

ODcontrol: absorbance without sample

3) ABTS free 2iC|Z 275 &F

TSTS] &tsbs& 4371 98l ABTS free 2HH %2
2A%E SAATY. 7 mM ABTS A% 2.4 mM
9] potassium persulfateE 2 e o A 2 G4
S0l A oF 16A13F o] A3 F ABTS'E JHAIA
415 nmolA 0.70+0.022] &F= ko] F=F ethanol =
3| ated ARESEATE 3]AE 894 95 pLell TST 5 L
5 92 7 158 5 WA microplate reader=
415 nmolA FB=E SAHSAHY. AT 2=
L-ascorbic acidS AFE3EoH, S35+ ol Aol u}

2} Alakste] AEsiait.

ABTS radical scavenging activity (%)

oD, sample 100
= — X
Ol)amtr‘ol

ODgampie: absorbance of sample

ODqonirol: absorbance without sample
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4) EHAFESO] HIE S B0l

=

3T3-L1 MZE 96 well plateol] 2x10° cells/mL A|3Z
5 BFste] SN & TSTE 7+ 55(0.05, 0.1,
0.15, 0.2, 0.5, 1, 1.5, 2 mg/mL)EZ X &|3}te] 244]7F
HjFstd o, WA & AASIL MTT AlekS A28t
4AZE BESAIZ] 5] DMSO 200 pLE 718kt 35
microplate reader2 570 nmolA FFEE SH3IATH

5) 3T3-L1 MIZ HiY¥ & 25t

Ao ARE-E 3T3-L1 A% A ZE(American type cul-
ture collection, Manassas, VI, USA)= 5% CO, W%7],
37°C (HERA Cell 150; Thermo Fisher Scientific, Waltham,
MA, USA)°l4 DMEM HJZ|(1% P/S, 10% BCS)E #
gato] 6 Ft midFetA o, BAAR] tha vl
< 10% FBS, 1 mg/mL2] insulin, 11.1 mg/mL2] IBMX,
0.1 mg/mLe] Dexo] X3E #3Hi% vjgA oz wA|
stal 29 FF Witk 2 H 23S vl
(1 mg/mL insulin, 10% FBS)S. 2 w3s}al 447 vjof
AZ H insuling F7FSHA] ¢82 DMEM HiA] (10%
FBS)Z 23t vijfstAth

6) 3T3-L1 cells western blotting

Al 235t 8 okE AR 3 AR F A g
< AA3SIY DPBSE 33] A|&3lal phosphatase in-
hibitor & protease inhibitor7} %7} radioimmuno pre-
cipitation assay buffer& 713t MEE Ss|AATH
AZE T 1027 3% vortexste] 44171 5
13,000 rpm (4°C)2.Z 302 &< YA B2V E o]83)
of & AFHe ¥E Basioh AlZ We] HO-1,
Nrf2, catalase, p-AMPK, p-LKB1, CPT-1, UCP2, B-actin
o] whilz I S8 fJsiA ©E 10 pLEe 8-12%
sodium dodecyl sulfate (SDS) polyacrylamide gel®ll &
F3te] A7)19SA1Z] ZF  nitrocellulose  membrane ©]]
SDS polyacrylamide gel-& ©]5AI1Z T 12} antibody &
FHE membraneol|] *2]3}] 4°Coll overnightA1Z] 5
phosphate buffered saline with tween 20 (PBS-T)E A&
ato] 6wttt 53] AH3ta, 1A} antibody7} A E|H
membrane®] A 3}gF 22} antibody (PBS-TS ©]-83}]
1:3,000 34 E A2 F 243t F<F G20l A WA
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20 Fell PBS-TZ 6&rttt 53] A&k th 18]al en-
hanced chemiluminescence Aol =2 A|%7] membrane=
Sensi-Q2000 Chemidoc®ll ZHgAIA Thilzl W e 821
3k %, ATTO Densitograph Software (ATTO Corporation,
Tokyo, Japan) ZZ 1S ©]83}] bandE A T3l
ok Zhzte] vl s e ol £Eo R

= 5 AthE ¥Z YER I THrepresented as 1).

7) Ex vivo lipolysis assay

573 mouse (25~30 g) =] epididymal fat padS Tl
o\l & Hank's balanced salt solution buffer (HBSS;
Invitrogen, Carlsbad, CA, USA)°l Y=t} Wofd fat pad
= Al (20 mg/piece)stal, AlFH F 150 mg2] 1% free
fatty acid free bovine serum albumin (Sigma-Aldrich)©]
323 1 mL HBSSOl| EHIgT) S E 3143 Al oF
=7} A thE2FE<] isoproterenol (1.86 mg/mL, 7.5 mM)
= Ao B F 1A 51F 37°CE] oA vl
o AR H ATds 42 F fato] E3EO {=
H glycerol®] S Sigma-Aldrichol|l A Tt glycerol
assay kitE AH8ste ZA3ATh

filo

oo
=

10

FEE02t

AT VAR E F93 G (Normal), 60%
high-fat diet (HFD; Diet 12492; Research Diets, Inc.,
New Brunswick, NJ, USA)E Fo8ll S/FFE T3t
o] Z%(Control), 60% HFDE 7<I3}aL TST 100 mg/kg
Ea]3k oFE(TST100), 60% HFDE i3l TSTS
200 mg/kg T3 FETHTST200)S.2 8ulE] ] 470
2 FEY e, AdTS AQsta e Tl 10%
fructose & &7t TE BT YHALS(Z3]E 8.0%
o3}, A1 5.0% ©]5k, =AM 8.0% ©l3l, 21 0.4% ©]
, 2 22.1% o, A & HI7E ZE 0.6%
o]4; AFAL Seongnam, Korea)ES 3330, 114
Walolte 60% HFDE 73t mid Fg33ttt
(Table 1. oF& Fo= AT S T SHRT 5o ¢
FYzE v I3 Aol Etl(zonde)E ©]-8-3t] 7

Solg AASHAL.

M

=

~

aicil

VS|
21

d

oIr
HI

9) 2t 7|

Glutamic oxaloacetic transaminase (GOT), glutamic



Table II. The Ingredients of 60% High-Fat Diet

Product # D12492
gm (%) kecal (%)

Protein 26.2 20
Carbohydrate 26.3 20
Fat 34.9 60

Total 100

Kcal/gm 5.24
Ingredients gm kcal
Casein, 80Mesh 200 800
L-cystine 3 12
Corn starch 0 0
Maltodextrin 10 125 500
Sucrose 68.8 275.2
Cellulose, BW200 50 0
Soybean oil 25 225
Lard 245 2,205
Mineral mix S10026 10 0
Dicalcium phosphate 13 0
Calcium carbonate 55 0
Potassium citrate 16.5 0
Vitamin mix V10001 10 40
Choline bitartrate 2 0
FD&CBlueDye#1 0.05 0
Total 773.85 4057.2

pyruvic transaminase (GPT)+< assay kit (Asanpharm Co.,
Ltd., Seoul, Korea)Z =73}t

10) €3 W X1 itetE 2M

g3 U9 A 34EskE(thiobarbituric acid reactive
substances, TBARS)2 Mihara®} Uchiyama®] ¥H!9&
ALgele] A3 0, 4 =5 microplate reader®
540 nmeol A gh= ST

) 8 W X2 =4
7L TST £ 3 mice®] Aol AL e
o] g-3te] 1083 4,000 rpm o2 U4 R

A=
g3 FAHS Ao A triglyceride (TG)2} to-
tal cholesterol (TC) Wako-Chemicals (Wako Pure
Chemical Industries, Ltd., Osaka, Japan)2] TG assay kit
9} TC assay kitES ARS8l =3

Erﬂz

12) Az

A A= in vitroo) 4] meantstandard error of the
mean, in vivooll Al meantstandard deviation= YEFH L,
SPSS program for windows version 25 (IBM Co., Armonk,
NY, USA)ZE one-way analysis of variance 73732 AA]
stom, 2F A5 FAA 12432 least significant
difference method= AZF3tR 1L, BT iz, o
Zi} ofE Foft Abolol] o)A p-value<0.05 ¥

 froliol itk WSk

-
3 _L]-» »

1. Total polyphenol2} total flavonoid &t&f

TST<] total polyphenol} total flavonoidE 43+ 2
7, total polyphenol 2 85.19+0.11 mg/g e = e}
O™, total flavonoid g2 51.1140.24 mg/g O 1}
EFSiT

2. DPPH 2iC|Zh A7 &9 511}

Aol ARH TSTY d4tst S4-& gRlsty] 2l
DPPH 2} &7 27435 4T 23}, DPPH &7
£ half maximal inhibitory concentration (ICs))@t2-2
ERNSLS w 52.23£1.02 ug/mLZ YERFTHFig. 1).

B AgellA TSTE| atsheS g<lstr] 918l ABTS

2755 243 Ay, ABTS &A% S IC#HE U
EFNAS uf 62.44+5.72 pg/mLE UEFSTHFig. 2).

4. TST7t M SZ=0 O|xl= S

TST A& 3T3-L1 AA|E) 1|X]&= AlE EA4
T2 ol r] ¢J8) 3T3-L1AIZ) 50-2,000 pg/mL %
9] TSTE A sk & MTT G0 & Al &=L &
gk A¥), tza Blaekds Al A A w5

K JL bl o

_>Lmo

t

Al
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Fig. 1. Scavenging activity of TST on DPPH free radical. Each
experiment was run in triplicate. Data are mean+standard
error of the mean. TST: Taeksa-tang, DPPH: 2,2-diphenyl-1-pic-
rylhydrazyl.

100 1
S 751
=
2
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= acid
E —e—TST
5 25 A
<

0

1 25 5 10 25 50 100 250 500
Concentration (pg/mL)

Fig. 2. Scavenging activity of TST on ABTS free radical. Each
experiment was run in triplicate. Data are meantstandard error
of the mean. TST: Taeksa-tang, ABTS: 2,2'-azino-bis (3-ethyl-
benzothiazoline-6-sulphonic acid).

SA o] YehA| ext7lell 2k 50, 100, 200 pg/mL &
2 A3 W3 THFig. 3).

5. Ex vivo lipolysis 2E|MIZ HiEZ

TSTS] A3l &3 fat padE ©]-8-3 ex vivo lip-
olysis AEE Tl st om A4 AHE Hoks
o AEE7F 4 pg/mLe] FXlA A FXEE
A& I8t TKFig. 4).

6.t 7Is

1t 71%s AR GOTY FA(IU/L)E &A% 23, 7%

>
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160 -

120 A

80 A

40

Cell viability (% of Cortrol)

Control 0.05 01 015 02 0.5 1 1.5 2

TST (mg/mL)

Fig. 3. Effect of TST on cell viability using 3T3-L1 cells. Cell
viability was measured by MTT assay. 3T3-L1 cells were
treated with 50-2,000 pg/mL of TST for 24 h. Each experiment
was run in triplicate. Data are meantstandard error of the
mean. There were no significant differences between Control
groups and TST treated groups. TST: Taeksa-tang, MTT:
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

G

2 0 1 2 4

Isoproterenol TST (pg/mL)

(B

30

20

Glycerol (mg/dL/hr)
h

2 0 1 2 4

Isoproterenol TST (ug/mL)

Fig. 4. Effect of TST treatment on lipolysis. Glycerol release
was measured in mouse fat pad after treatment with
isoproterenol and 1, 2, and 4 pg/mL of concentration TST by
concentration. Each experiment was run in triplicate. Data are
meantstandard error of the mean. Isoproterenol, a beta-adrenergic
agonist, was used as a positive control. (A) The color changes
after isoproterenol and TST treatment, (B) glycerol contents.
TST: Taeksa-tang.



T 20.74+1.44, THZT 40.79+9.33, TST100% 27.60+9.08,
TST200+ 24.62+7.97°. 8 UeRtom, thxgo] Hla)
TST1003} TST200-ol A 2|7} ZHAastad ot 79
shA| eFdth ®EF GPTY FA|(IU/L)S] ¢ A
2.98+0.75, ThZT 11.9625.38 (p<0.01), TST100T 7.33+3.62
(p<0.05), TST200<% 5.34+3.50 (p<0.05)°-Z L}EP o™
tf ol Hla TST1003 TST200-NA #-218HA 7+
438} tFig. 5).

A FrolshAl A4Sk thFig. 7).
0. 8¥X L = SYUAHIEZE &H

A W F ZE=HE FFmgdl)S ST 4,
A 72.68+1.17, T 115.1243.76 (p<0.001), TST100
T 96.22+4.51 (p<0.05), TST200™ 81.29+4.12 (p<0.001)
©° 2 Yo thxate) Histe] TST100732 TST200

7. 98 W XE ItetE 5 1
g3 Y A 313HE-2 2-TBARS #419S 53 ma- — :
londialdehyde (MDA) AJ/3 @ (nmol/mL)S S73le] 4 % S t
SHATE A3 2.18+0.19, &2 4.35+0.30 (p<0.001), }g
TST100: 3.55+0.24 (p<0.05), TST200 3.40+0.14 § 2 | :
(p<0.01)°.= YEeRFom, izl vty TST100T %
Z TST200T-0ll A FrolskA] 743t tHFig. 6). 5
0
8. %Edlj'é-l LH %gxl |-3I:'|-%|: Normal Control TST100 TST200

Fig. 6. Serum MDA levels measurement by TST treatment.
Data are meantstandard error of the mean. (n=8/group).
Normal: normal mice, Control: 60% HFD and distilled water
treated mice, TST100: 60% HFD and TST 100 mg/kg treated
mice, TST200: 60% HFD and TST 200 mg/kg treated mice.
MDA: malondialdehyde, TST: Taeksa-tang, HFD: high-fat diet.

A U SAAY S mg/dL)S =43 A3} HAdT
46.7149.48, THZTL 100.92+7.24 (p<0.01), TST1003™
64.87+15.34 (p<0.05), TST200-E 55.00+2.21 (p<0.01)

2 YERtth thzaoll Hls) TST10073 TST2007- Significance: p<0.001 vs. Normal, “p<0.05, ““p<0.01 vs. Control.
B0 4 20 A
15 A4
40
% % 10 *
] %
20 A L
5 |
.
] o
Normal Control TST100 TST200 Mormal Control TST100 TST200
TST (mg/mL) TST (mgimL)

Fig. 5. Serum GOT and GPT levels measurements by TST treatment. Data are meantstandard error of the mean. (n=8/group).
Normal: normal mice, Control: 60% HFD and distilled water treated mice, TST100: 60% HFD and TST 100 mg/kg treated
mice, TST200: 60% HFD and TST 200 mg/kg treated mice. GOT: glutamic oxaloacetic transaminase, GPT: glutamic pyruvic
transaminase, TST: Taeksa-tang, HFD: high-fat diet. Significance: *p<0.01 vs. Normal, "p<0.05 vs. Control.
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#4
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3
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2
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25

0
Normal Contrl TST100 TST200

Fig. 7. Serum triglyceride levels measurements by TST treatment.
Data are meantstandard error of the mean, (n=8/group).
Normal: normal mice, Control: 60% HFD and distilled water
treated mice, TST100: 60% HFD and TST 100 mg/kg treated
mice, TST200: 60% HFD and TST 200 mg/kg treated mice.
TST: Taeksa-tang, HFD: high-fat diet. Significance: *p<0.01
vs. Normal, “p<0.05, “p<0.01 vs. Control.

T mFolN folshA AastArhFig. 8).

10. Kl 424 XISpAt At} R ErElo] w

OL—- -

1) p-LKB1

3T3-L1 MXZE ©]-&3F western blotS F3|| p-LKBI
o] ol WS RS AR, T 1.00+0.1490 H
&) 50 pg/mL FEE 1.04£0.16, 100 pg/mL F =X =
1.20£0.328 F7Veh= AR UElstou thzato] H
3t 200 pg/mL FEo A= 1.7740.26 (p<0.05)2.=
oAl F7ete As ERIs A thFig. 9).

r°4'

L
L

2) p-AMPK

3T3-L1 A|3EE ©]83F western blot= 53l p-AMPK
o] vhild WS B Adh thET 1.00+0.149] H]
3l 50 pg/mL FENAE 1.16:0.092 718t 7St
et oy thztell B8] 100 pg/mL H5= 1.42+0.07
(p<0.05)%} 200 pg/mL E=olA1E 1.80+£0.10 (p<0.001)
o2 FYstA STkt tHFig. 10).

11, K|tk Aot TR 2iodEt

1) CPT-1

3T3-L1 A|ZE ©]83}F western blot2 53 CPT-19]
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— *

50 4

Total cholesterol (mg/dL)

[
(8]
1

Normal Control TST100 TST200

Fig. 8. Serum total cholesterol levels measurements by TST
treatment. Data are meantstandard error of the mean (n=8/group).
Normal: normal mice, Control: 60% HFD and distilled water
treated mice, TST100: 60% HFD and TST 100 mg/kg treated
mice, TST200: 60% HFD and TST 200 mg/kg treated mice.
TST: Taeksa-tang, HFD: high-fat diet. Significance: **p<0.001
vs. Normal, "p<0.05, *p<0.001 vs. Control.

p-LKB1 o

LKB1

2.4 1

2.0 1

p-LKB1 (fold of Control)

0.8 1

0.4 A

Control 50 100 200

TST (pg/mL)

Fig. 9. Effects of TST on p-LKB1 expression. p-LKB1 expression
evaluates using western blot assay (n=6, meantstandard deviation).
Control: differentiated adipocytes as control, 50: TST 50 pg/mL
treatment on differentiated adipocytes, 100: TST 100 pg/mL
treatment on differentiated adipocytes, 200: TST 200 pg/mL
treatment on differentiated adipocytes. TST: Taeksa-tang, LKB1:
liver kinase B1, p-LKBI: pahospho-LKBI1. Significance: “p<0.05
vs. Control.

il s AT A thET 1.00+0.1100 HIS|
50 pg/mL FEE 1.23+0.052 F7leke AT UEr

o, gizFel Blsk 100 pg/ml FEE 1.76+0.13
(p<0.001)%} 200 pg/mL F=NA = 1.85+0.12 (p<0.001)

2 fFostAl F7FskAthFig. 11).



sl pisiel BEAEO] o a3t g

p-AMPK

AMPK

20 1

15 A

H %

p-AMPK (fold of Control)
P

(=)

Control 50 100 200
TST (pg/mL)

Fig. 10. Effects of TST on p-AMPK expression. p-AMPK
expression evaluates using western blot assay (n=6, mean+standard
deviation). Control: differentiated adipocytes as control, 50:
TST 50 pg/mL treatment on differentiated adipocytes, 100:
TST 100 pg/mL treatment on differentiated adipocytes, 200:
TST 200 pg/mL treatment on differentiated adipocytes. TST:
Taeksa-tang, AMPK: AMP-activated protein kinase, p-AMPK:
phospho-AMPK. Significance: “p<0.05, “"p<0.001 vs. Control.

15 A

=
o

CPT-1 (fold of Control)

o
&)

Control 50 100 200

TST (ug/mL)

Fig. 11. Effects of TST on CPT-1 expression. CPT-1 expression
evaluates using western blot assay (n=6, meantstandard deviation).
Control: differentiated adipocytes as control, 50: TST 50 pg/mL
treatment on differentiated adipocytes, 100: TST 100 pg/mL
treatment on differentiated adipocytes, 200: TST 200 pg/mL
treatment on differentiated adipocytes. TST: Taeksa-tang, CPT-1:
carnitine palmitoyl transferase-1. Significance: “p<0.001 vs.
Control.

2) UCP2

3T3-L1 MZZE o] 83+ western blot2 E3l UCP2¢]

UCP2

B-actin

2.4 4

UCP?2 (fold of Control)

Control 50 100 200

TST (ug/mL)

Fig. 12. Effects of TST on UCP2 expression. UCP2 expression
evaluates using western blot assay (n=6, meantstandard deviation).
Control: differentiated adipocytes as control, 50: TST 50 pg/mL
treatment on differentiated adipocytes, 100: TST 100 pg/mL
treatment on differentiated adipocytes, 200: TST 200 pg/mL
treatment on differentiated adipocytes. TST: Taeksa-tang, UCP2:
mitochondrial uncoupling protein 2. Significance: = p<0.01,

sk

p<0.001 vs. Control.

i g 249 A, thET 1.00+0.1290 M|
50 pg/ml FEEE 1.13+0.072 Z718R= A3 VRt
u, tizel] BIskd 100 pg/ml F55 1.57+£0.20 (p<0.01)
9} 200 pg/mL FENAE 1.97£0.13 (p<0.001)Z F<]
sHAl 718k tH(Fig. 12).

12, BHALS} Tl it

1) Nrf2

3T3-L1 A|EZE ©]83F western blot2 E3] Nrf22]
e S EA4% Ay, 2T 1.00+0.0700 Hl 3]
50 pg/mL FENAE 1.05£0.092 Z718H= AT U

o} thztoll vk 100 pg/mL FEE 1.64+£0.10
(p<0.01)2} 200 pg/mL F == 2.26+0.20 (p<0.001)
2 fFosHA 71 tHFig. 13).

2) Catalase

3T3-L1 A|ZEZS ©]-83} western blot= 53l catalase?]
i ade B A, o2 1.00+0.1400 HlS|
50 pg/mL FENA4E 1.00£0.062 HTHE 21071 UL
o, thzaroll BISled 100 pg/mL F5= 1.54+0.15 (p<0.05)
9} 200 pg/mL F=olA= 2.30+0.24 (p<0.001)°.Z
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Nrf2 (fold of Control)
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3
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Fig. 13. Effects of TST on Nrf2 expression. Nrf2 expression
evaluates using western blot assay (n=6, meantstandard deviation).
Control: differentiated adipocytes as control, 50: TST 50 pg/mL
treatment on differentiated adipocytes, 100: TST 100 pg/mL
treatment on differentiated adipocytes, 200: TST 200 pg/mL
treatment on differentiated adipocytes. TST: Taeksa-tang,
Nrf2: nuclear factor erythroid-2-related factor 2. Significance:

"p<0.01, ""p<0.001 vs. Control.
Catalase m-h m *
B-actin | |
2.8 -

N
o

—

o
o

Catalasse (fold of Control)
s

Control 50 100 200
TST (pug/mL)

Fig. 14. Effects of TST on catalase expression. Catalase expression
evaluates using western blot assay (n=6, meantstandard deviation).
Control: differentiated adipocytes as control, 50: TST 50 pg/mL
treatment on differentiated adipocytes, 100: TST 100 pg/mL
treatment on differentiated adipocytes, 200: TST 200 pg/mL
treatment on differentiated adipocytes. TST: Taeksa-tang.
Significance: "p<0.05, *"p<0.001 vs. Control.

olsiAl F7FeHe JEPATHFig. 14).

3) HO-1

3T3-L1 A|EE 9|83t western blot2 53 HO-19]
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o
L

N
.
-

HO-1 (fold of Control)
—

o
o

o
n

Control 50 100 200
TST (ug/mL)

Fig. 15. Effects of TST on HO-1 expression. HO-1 expression
evaluates using western blot assay (n=6, meantstandard deviation).
Control: differentiated adipocytes as control, 50: TST 50 pg/mL
treatment on differentiated adipocytes, 100: TST 100 pg/mL
treatment on differentiated adipocytes, 200: TST 200 pg/mL
treatment on differentiated adipocytes. TST: Taeksa-tang, HO-1:
heme oxygenase-1. Significance: ~p<0.001 vs. Control.

chl ks EAR A, iR 1.00+0.0400 HIS)
50 pg/mL FEE 1.17+0.112} 100 pg/mL FEolA=
1.3120.132 F7Fshs AT Ueh o, izl v
3l 200 pg/mL F=+ 1.82+0.18 (p<0.001)E +2J35HA
S7kHE g RISk thFig. 15).

AZ»»»
HIREE: o) /de] EAlRT obye} I, S,
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A= AP oK Qsymia®; Alvogen Korea, Seoul, Korea)
W 8)(Belviq®; Ildong Pharmaceutical Co., Ltd., Seoul,
Korea) 5©°| Stk o]83t kA& 28-S gAslaL
AR Tl 37t ok HollA Aol 9l
o ey A7IRE ARE Al kel A iAol vX =
FF Toll it A SHA A2 BaHo] A&
Ao A7 Ut} oA FAH wzeol HZ vl
T A 5ol oA AEE A EA ] thE Tt &
oo,

i, AR B, Rl o7FRlolt). HITke) gkojshd X
2= A e A, O, F FU 718 §Y AN
AT 53] ek KBTS, PiEEHEE, BicHKy
of tig A7} &Es] o] Foix L ™ g A A =
© gl g Q77 7P Edety Extel ot A
o] FaHETP.

A TS X Eshe AT kel A
Wage] #E ) Ao & vhex] koA o)t
ol 7o B Ag IRty AR FARE
AV RE EE RS, KBS FVME, HRESHL
2, S RS AN MENE AT, gAlee]
Zk kA 5ol kst 9 itk Aol tho] A
oA FRIHATE kA a7t dFd FAHERE T4
B At A o] kst 9l g ik aRE Bl
2 3T

B AT in vitro APANNE 71EHSE 3T3-L1
cell-& AF&3IATE 3T3-L1 cellS A A ZE £31E 7]
A GAle] AR WA E(preadipocyte) 1T In vitro 23
o] Az2 AToA 7P tiFH 0 E AMS-She FH
o] Mzolm A AfFRAZAA F P,

Z4a AASS S48 flaliA 7P B o
2 2ol RS DPPHS} ABTS (2,2'-azino-bis)'H ]
th. DPPHOIA] 2it)zo] A A=A Ao] ¥istA =& 4
AL o] gsle] AlE9 DPPHE HESAIZ & F3=E
ol A5 Sk AATE S SHIAT. gAt
ol DPPHE o]&3dte] &d4k4e] Adt 47510
[C5 @S 43S v 52.23+1.02 pug/mLATE ABTS
< goige] 2AHE FRETF Hashes &

H X0

= B o

P

sto] Fbskse AI8kse Aotk TST2| ABTS ICs
e 62.44+5.72 pg/mLE =4 SAHE A S DPPHS}
ABTS 215 $9FS ol TSTO| Hold 2tz Al
Ao 2 93 ksl a3 Hdgs AL &
AN

Z 8 #=(polyphenol)> 2] Fo EAd4HAe} 2H
A S AASH S| EFAT|(-OH)E v X
ghetar glo Wt ©hid Wo] SHY|9F AFAA 3
AL 71 4= AP, Z2kH 0] =(flavonoid) =
ZH s & AR F shE 2ANATE AA
k= o] grdte] 7 AR dEFeRE st &
HE & F AT TSTE] E 952 85.19+0.11 mg/g
ol FehR ol TGS 51.1140.24 mg/g o= =4
o] TSTO] =2 &xtsl 95 F&83) & 4 AUth

Cell viabilitys S54& e ANEE MIT 49
ol-gsted SAHIITE. S A AZTF 80% ol
AEZITA Mxz=Ao] gle Ao 3P, TST
= AES A3 B E FRM AEEAHS FosH
UERNA] ot AlZ=Ado] glo] bAsHAl AHEE = 9
= HYES & F AT

A ke ZE] Al E(glycerol)oll 3702] A|WHik(fatty acid)
o] o] A+ Fejolth AYo] =W =eA =3
A rke] Agto] oA HA A2 F SEAIES] Aol
S7FHA B, & ATolA tizdeZ ARS-EE iso-
proterenol-> B-ot=d'EH & A3kl nHAlA ol 28
sto] thALS SXIAIA A Eafol] BEE A7) 9
H E-o|tP0. Fo|A FE3 AZE o= 33
ex vivo A TST FoiollA S2AME WlEo] v5
oEH o7 FVIshe S BHATh E3] TST 4 pg/mL
T FoJTol| A& isoproterenol T HS:gE
o] FFHME HiEFS BATh

A &A1 A2 ol 7 A9 AFIMISIEE 2
&l Wh&Ad 4FAF(reactive oxygen species)©] THEOIA|
=t o= ASIAEY2E 2 5tA "t ol#g 4
Zbae) i) WojsheE ZHdlE E4F oz A e v
747 Wolr]xo] Utk

A1 BAH o7+ catalase®} superoxide
dismutase”} # gtk A ZA A superoxide”t A
AEled ole IS AH0,)E AEE O] Al

FolE G AP, Faslae] BHL AE

IN‘ oL

o U
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olg7 - ol - PA) - PF3}- PIZ - MBS

9] 32X (peroxisome)°l| 4] catalaseoﬂ os) =34 4F
A = AAET TSTS g o] 3T3-L1
cell®] catalase X5 SA3HS EH FoJahA] 42
ol Hlgl A7t FroJeAl ke As dEE
)A%AIjl‘t

g, Zgatae] Blaaz o732 Nrf29}F HO-1
2 274 758tk Nif2e 8 QrollA] ks vhg a4
(antioxidant response element)®} A 2H-8-3}] HO-1
AAE BRS Z4F S aAE A= o]
2 ABIAEY2ERE AEZE RS A8S ¢
oY, B Al izl HIs) TST FoiitolA
Nrf27} w5l et fFostA S7Fetal e HO-19] 2
A &3 thzxarol vl S7kstkaith. wetA TSTY &
o= GA4kAe a4F o7 AT B g4 % vlolr)
Aol 25 Aot ou| e kst a5 JERgL
g & 4 ok

AMPKE= ATPE 2:R|8h= A4t 9d& <Asta
ATPE Arkeh= 71221 Aike] 4bsE -»'j—‘l’é}‘i] Al
Z W AUA 8 A 7143 AMPKE= A
AR LKB1o] QIAtEtERA SASHET. AMPK |
AW A= acetyl-CoA carboxylase®} malonyl-CoA S
AN 7108 o] Fo|X|=H| o] W} ma-
lonyl-CoA9] AAIE W& CPTIo] S48t HA Al
of o] A4k 4kslr} Sdks) Rt

B AFolA= TST FofolA LKBI, AMPK 7}
A A} B izl Hlg) S7HleS & 5 AU
CPT-1 A= thzwtoll HlsiA FoJsiA &2 A5
HYoug TSTE LKBI-AMPK 32F T3 A4t
2kt 717 frofmle E9E E33ta & o 5tk

T OE A AR 2E UCP27E Bk
Kreb 3|27} )t} UCP2E YA proton)e] 502

A4k glutamine 2] kreb cycleS AX|= AHal7| o
FQ3tE g uCP2e W #F Aike Aksh=
Hlgt . B 4 Qo). & AFRolA] ucp2e] =
o] TST sxol Wzt Fo3 718 BHASBE TST=
ALt AFEHE PA7| = UCP2 #3Ah o=
FEFE A= Ae ¢ Aok
< Ak ZjAlEo] dl2Hz=E A
G2 o] Aol TGO Fel= g
PO, vinter) STbE SR

rulo

HEA

12 ] Korean Med Rehabil 2021;31(2):1-14.

el Z7ksk I el sH B BE9| FrPL BAY

o} &3 ARl %*37(]“‘ *’%Eﬂ’\ﬂla 'Eig JE]t

&) T 2HES 2= AL v
Z 83ttt B AT A = BIgk FHol TSTE 100 pg/mL,
200 pg/mLE A7t FoAge W SF-E FoAT di=
eI %594 o2 HA TGS & U 2HE
FA7F FosHAl AaTe & AATH

GOT®} GPT+= M7} S EHAE 75 A A
4 =7 st 9ok wEbA @3 GOT, GPTY &
S B9l I &Y ARE A BoPY. A
2lo)& sHA HW Fe 2 RUA & FEAWHAte] S
3 SOl 3 o] Al Zaef viEo] dgshA|
Z5HA Aok wekA Abo] E7RRI(eytokine) 2H8-3 ¥R
/KE)] A} /\E_oﬂ /]5]] 7]- _/1:}\]-/] _r]zﬂ/k-]o] 7{;(]1—439) H 0:]
Toll A vlgk Fol TSTE FHS 749 TST = o
2} GOT, GPT7} a3t A3Es BT A3 Ao
A FroAde gl ey =219 A¥ES BHtS o TST
= s Nds &7 & Ao 8 FEL 7+ 9

q

rhl m

F

W

?9 rir

AN Z7} = Aty
Al F7FshAl |0, &
8 141 MDAE 2-TBARS #4'§
T FoftA] & thERTS H B
9 MDA A7} w50 whet {F-23HA
Zsldt. WA o] AAE F8l B AFtelA= TSTY
gHaksl G35 ME F(in viro) ¥ ©
A(in vivo)o XM= AT 4 QAT
AaH oz aapere ksl et dF A A
of a3V} AL jn vitro, ex vivo, in vivo Al 7FA|
oA B ksl " aE Slsiitkes Aol
Al 2]2)7} Q. E3] BALES LKBI-AMPK 2] ¢14k3}
£ M)A AZ/ASHCPT-1, UCP2)E S7MA17]+=
7130l 2H-g3he FE8 & o AU 1 AP 2
P717o] BUT= A, in vivo ATONA O B A X
£ et Zloke Aol Aol JorgE F3

F7HAR A7 dad Ao w A7,
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