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Anti—diabetic effects of the extract from Atractylodes lancea, Anemarrhena
asphodeloides and Cinnamomum Cassia mixture in high fat diet—induced diabetic mice

and regulation of the function in C2C12 mouse skeletal muscle cells

Ki Ho Park', Seok Yong Kang"”, Anna Kang', Hyo Won Jung"”, Yong—Ki Park"*"
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ABSTRACT

Objective : This study investigated the anti—diabetic effects of DM1, a herbal mixture with Atractylodis Rhizoma,
Anemarrhenae Rhizoma, and Cinnamomi Cortex in high fat diet (HFD)—induced diabetic mice and the mechanism
in C2C12 mouse skeletal muscle cells,

Methods : The C57B/6 mice were fed high fat for 12 weeks, and then administrated DM1 extract (500 mg/kg, p.o.) for
4 weeks, The changes of body weight, calorie and water intakes, fasting blood glucose levels and the serum levels of
glucose, insulin, triglyceride, HDL—cholesterol, AST and ALT were measured in mice, The histological changes of liver
and pancreas tissues were also observed by H&E stain, C2C12 myoblasts were differentiated into myotubes and then
treated with DM1 extract (0.5, 1, and 2 mg/ml) for 24 hr. The expression of myosin heavy chain (MHC), PGCle,
Sirtl and NRF1, and the AMPK phosphorylation were determined in the myotubes by western blot, respectively.
Results : The DM1 extract administration significantly decreased the calorie and water intakes, glucose, triglyceride,
AST and ALT levels and increased insulin and HDL—cholesterol in HFD—induced diabetic mice, DM1 extract inhibited
lipid accumulation in liver tissue and improved glucose tolerance, In C2C12 myotubes, DM1 treatment increased the
expression of MHC, PGCle, Sirt—1, NRF—1 and the AMPK phosphorylation,

Conclusion : In our results indicate that DM1 can improve diabetic symptoms by decreasing the obesity, glucose
tolerance and fatty liver in HFD—induced diabetic mice, and responsible mechanism is might be related with energy
enhancement,

Key words : Antidiabetic Effect, Atractylodis Rhizoma, Anemarrhenae Rhizoma, Cinnamomi Cortex, C2C12 cell,
High Fat Diet, Obesity, Skeletal Muscle

I.A & A2} vRhe A Aol v H R EL TEahA
. ZA o] 742 WYL ofy|5H Hi Ajtoln], 49k goloz

*Corresponding author: Yong—Ki Park, Department of Herbology, College of Korean Medicine, Dongguk University, Dongdaero 123,
Gyeongju, 38066, South Korea,
el © +82—-54-770-2661 - Fax : +82—54-770—-2647 - E—mail : yongki@dongguk.ac kr
#First author: Ki Ho Park, Korean Medicine R&D Center, Dongguk University, Dongdaero 123, Gyeongju, 38066, South Korea,
- Tel : +82—54—770-2658 - Fax : +82—54-770-2647
- Received : 10 October 2019 - Revised : 12 November 2019 - Accepted : 30 November 2019



80 PN N .

H=T A 7‘%‘?} ﬂs’a‘iﬂl
Blof| w2 L3 Ql
53] "k ’Hgﬁrﬂl 4=
22 dA gou,” E3 01
F8 AX wE A2F %*htgl—}E “H-r DA du=
A28 D (type 2 diabetes mellitus, T2DM)L A1
A oA Qe Aol WAt ol AWA EulE=
Qledo] S53517 X3 243}, @9 23 58S AHASHA H
£ Agolt” Eat uwit A28 Ty WAE A AAe)
ol 2oz st Gzl ZRATAMY ZHE HAI S-S
A5kA 2wt ohal ¥ Tk 22849 glucose transporter
(GLUT) gl dyt el 849 7|2 dAst= 5 &5
A7l goloz deA ik wekd Hade
vk} g o] FEF X 5ol flo] 85 Alojet & A
AYA] 2R7]EY +59 A7 I Fo| Fasicte B
olr;].

:Lfs

dlo

EERE R DR
%}:94 Z:]-/\ =0 = A o]E]_

[e] =

@%

ol A9 vt fF2 GHH|THFSARAD 9 i,
PREE, SRR, ﬁﬁﬁ FRER, I 52 ARE-SaL glom AAdolM=
PRER, NI, REE, &7, IBK, RE «o=2 A4S 34%tn
Qo] Hig v ek, EF P g 2 1 AdFe
AT fARE AR B Qlal, REHEE GHBMDAA &
259 YA 4zt R B, LERE, BRERT, Mz
2, BT, BiERS SLo8, FEIL 5okt 7k Aldell
go] = AL R 7| staL gloH, =iRiElA 53] it
fifiol &3kaL, die EHoll &3k, Tt Bol &3t 34
ooz gy 2o QoA i, JEEH. Bl 71538 F
RS AT = Ut
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2) N & 717

H Ao AFE A|Fo2E Dulbecco Modified Eagle
Medium(DMEM), penicillin/streptomycin(P/S, Corning,
NY, USA), Fetal bovine serum(FBS), horse serum(HS)
(Merck Millipore, Temecula, CA, USA), Anti—Sirtl, TFAM,
NRF1, AMPK, phospho—AMPK, ACC, phospho—ACC(Cell
singlaing, Danvers, MA, USA), Anti—-MHC(Santa Cruz,
Dallas, MA, USA), Anti-PGCla 5°] 9od, AMgH 7]
7|12 9FA|5Z&7](Daihan scientific, Korea), 3|&47¢t
=7 (Eyela Co., Ltd, Japan), =274 %7](llshin Lab Co.,
Ltd, Korea), @9=47](Accu—Check, Roche Diabetes Care
GmbH, Mannheim, Germany), A& HE 4 7](Automatic
clinical biochemistry analyser, FDC7000i, Fujifilm Co,
Tokyo, Japan), A=73332](ChemiDoc., Biorad, USA),
Bst8u| F(LEICA, Wetzler, Germany), Microtiter plate
reader(ASYS, Austria) 59 7172 A3 o) AM&35+4Th
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1) FE2 M=

e AR, A 19 24 w2t £t 8§71 ¥
AaE = 1.6LY A 95TolA 3AITHES 1A &8 &
€° HEE 27 352 AASAT #2582 13 9ET A

o] (Whatman paper filter No, 1) AZ23, 34 7+¢

11,1_712 olg3sly] &3 F FAARIE 01%6}@1 AzA]
Ak ol &L 42.15%9t, EFFEEDM)LS AR

e Aol dome? wgel N Azme] Awe oy Loro ] HE A ARAGT 49 see 4 Fehid
5] AL RN PhE o sto] i o, T oo o0 xRS % erEe Agsha.
Table 1. Composition of DM1
kA 3} (Scientific name) Aok (Latin name) vl (g) +& (%)
FE Atractylodes lancea Atractylodis Rhizoma 80
R 5 Anemarrhena asphodeloides Anemarrhenae Rhizoma 40 42.15
|7 Cinnamomum cassia Cinnamomi Cortex 40
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protein: Teklad, Envigo, WI, USA)E &390, Gt
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Teklad, Envigo)® 163 7t AANZT RE P52 #e)
W AAE Aok §2EEY 132 74 L SaYtn 58
Agag AU ZEE 49 (IACUC-2019-3)F ol AMg-3}
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A ¥4 o] (high fat dlet
2717} Yol AAE
A3t % 8 ‘I'I'HE}_ EHZ::T_L(HFD), 2ol DM1 ;ggg
500 mg/kg/body weight (b.w.)E T3t SFEZ(DM1) L
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At 30%, otAbsHRlA T0% &Y o)A EZF e (isoflurane)
SAAA vrHste] B JH oz RE FHS 519 0H,
AN A 7t A 23S 25T

3) Mi2|5IA} BB} E X

Ty B mE @Y HIkE ] Y =

o] 124 4 16574 AT wske Sg3tact HaF wst
(food intake)E &A3}7] Y3) H 2E SEAA A3
¥ AARE ATkl 2 FAF Astgen, 4% 7|3t
B AFH e FEF(calorie 1ntake Keal)& A3ttt
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TE F G2 JoAFE SHTOEZN AL
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melgmo iy @ale A, WREHI(AccuCheck,
Roche Diabetes Care GmbH, Mannheim, Germany)g ©|-&
sto] S S5, AY FRY AY 1243 35 &
ATFEE=FESHANOral glucose test, OGTT)E A A5t
Yol 8 A=g S5t

4% FR 5 20T Ylonny A welsle] ug
(glucose), € (insulin), ¥ ZF 28| E(total cholesterol),
Z A% (triglyceride), HDL-ZH2HE 2 7+ &AFREQD
ASTE} ALTY 2E xSIHEA7|(Automatic clinical
biochemistry analyser) @ enzyme— linked immunosorbant
assay(ELISA) kitE o] &3l &35 ey | ZF npA &
FEHG 0] &3t standard curveE £ =5 AASIG T

N

5) AZ|He| H} gHa

AY 8 & 7HLiver)d A& (pancreas) 23& £|3t4
4% paraformaldehyde &Nof|A 24417t o]AF TAHA|Z &=
10~30% sucrose £H o2 7iatebs| 1, A 2F A A
715 &3l g, B9, AR s olE ety o Zajdt
T 2XHH7 (rmcrotome)—% o] &8t 4~6 um F7 HH
o2 AFstgrt, 2AHHWE ol FFAX & ZF 2
9] H&E E4E 8t xyleneo 2 WA Zujd miatdlS
A A3, hematoxylin €N R 6EZF G 0|2 0.1~1%
HClo| Z+Zy 235 75% alcoholZ A8 & eosin R/ o2
7 iz @S AASAT d8E SEfolEE 95~
100% 32 gt FPHYES 7 ¥ permount® &
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6) MIZZHHQE

Aol AR AlZ = vhe29] ZATAETF(mouse skeletal
muscle cell line) 2 w234 9] LopA|ZQl C2C12 Al ZE
ATCCAHCRL—-1772™ , Manassas, VA, USA)ZXE I
3to] ARESH o™, 10% FBSF 1% penicillin/streptomycin
(P/S)o] &-HE DMEME sjfH o2 3to] 37T, 5% CO29)
2704 kst aTt. &F 85~95%%] MEZL At EE
2% Horse serum(HS)¢} 1% P/So] $H4-¥ DMEM-Z ¥ 13]
® Z 5A7t wAFo 2 B34 9] ZobA|Z(myoblasts)
£ ZHAZ(myotubes)E ESAAFNEH, 3} 443 5
Zto] DM1 B322E2 0.5, 1, 2 mg/ml Ex RFEZA
okl W EZ Y (Metformin)& 2.5 mM/m¢ & 2|3t ct,

7) MEZ=4E7t

C2C12 N2 4 DM1 EgFEES 37187
A3l MTIT assayES $H3t%HTt =, C2C12 myoblasts
(2x 10" cells/wel)E 96—well culture plateo] HZ=3to]
37T, 5% COz ZALE 31F F< vje & DM1 5852
£50.1,0.2, 0.5, 1, 2, 3 mg/mle] =2 s}e] 24A|7F
vjekst gttt o710l ZF well & MTT §HS 10 wt & dof 2
A7t Fet vieketH A SRS FEstgTh o] WA EE
microplate readerE ©]€3t9 550 oA FFEE =A5
gom, NEZEAZP e AlEZT vjoFgt o)A e 100%
HEzCE 7|20 2 AAQ NEZAYZE(cell viability)S A
AFSH4T

=4 yEg

8) Western Blot

C2C12 MZoA THEHE ZHESHMyogenin, MHC),
NIRHWAHPGCla , Sirtl, NRF1, TFAM), oA FAMA
FA(ACC, AMPK)Y] ©haido] tj3t DM1 EgF&89] =
A anE #F93l7] 93 western blot= 33Tt =
C2C12 AIZZ 60 mn culture dishol|A 314k w3t oh&
ok 85~95%<] NZE7} JAsH-E W 2% HS} 1% P/So] &
f¥ DMEME wj¥ 13]¥ % 547t wAgo=ZH v|EsHi}
o] 2ot ZE ZTAZE B AF oD B3} 493} 5
Ao A2 2 5= DM1 E&FEE(0.5, 1, 2 mg/m)
9 tfzoFEQl Metformin(2, 5mM/ml)<& A==t 2
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MEZE A3 3,000 rpmoA 587 YAEF
RIPA bufferE @31 homogenizerE ©]-&3}o] n}lay
4°C, 14,000rpmofA 202 &<t ¥ 22stA. 4R
’\7]3 3}4] Bradford's assay €802 iz o] =5 =45}

3 30 ug TS SDS—PAGE £8]3}%t}. ©]& nitrocellulose
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1. St SERd M9 AX &7}

1) ‘dz|Hstof EH@ k=anl;

DM19o] A5 Wl 9 S8 A uX = 9§
g1st Ak, AlFHstlAE ZAddel HE] LA olE
165 AAIS G 58 h2E(HFD)o A ‘l'l"’]?s]'(p<0 001)
Az Z77F BREYOoH, 43 7+ DM1E =43 Z(DM1
500 mg/kg)oll A= ﬂ%iimﬂ Hl& §oJ3k rart HEEA o
a, R GEQ HEEZT T (Met 500 mg/kg)olAE F
O3H(p €0.001) AF Ha7t FRIFAHFig. 1A). ZEF
d# ¥ (calories intake) WHTto|A = Aol H& Tt
i dz2aolA §2AA(p 0.01) F7HF Wb,
DM1(p<0.05)3} HEZR(p<0.001) Fojo] &) Hasts

©° 2 Vel th(Fig. 1B), E3F &8 A FFH(water intake)
A3l M= 2N A ] 938 2A(p €0.001) &
27 JEEQRL, 2o 8 AHF daes DM1(p <
0.05)3 HEZ(p(0.01) FAol o3 FojHer F7tst
SAch(Fig. 10). wahA A2 o] 2 o] FUE npgio
DM19] Foj= Hlghe] o3t Z2E| F7HE HAAA7|AL, 8

AA 37} WetE AN 4 Uk RoE vehget
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Fig. 1. Effects of DM1 extract on the physiological changes in HFD—induced diabetic mice.
Mice were HFD for 12 weeks and then administrated DM1 extract at 500 mg/kg or metformin at 500 mg/kg for 4 weeks. (A) the body weight
was measured in mice once a week. (B) Calorie intake and (C) water intake were measured in mice at 16 week. Data were presented as

mean=+SD (n=5 per a group).

2) S0 chst st

DA A0 $& G upprolr DM19 1 F7 W
shofl st BTHE BlEl] Hste] TEIGAAL 9 FrFEst
HAHOGTT)E At WA FEEFHANfasting blood
glucose, FBG)IM+& ATl vl3] Ty 49 di=T
A -2 (p<0.001) F7FetA e, o]Hg F7H= DM1

*0{0.05. *p{0.01, and **p{0.001 vs. normal (a) or diabetic control group (b).

2 W ExY Fofo o5 FastP ot o4 HHEA ¢
ttHFig. 2A). 28y OGTTIAE tizel B3] DM1 £
158(p <0.01), 30E(p<0.001), 60E(p 0.01)°l F2JF 2l
g #art BEE(Fig. 2B) DM19] Foi7 Ydsgol&
AN &322 Qe Ao R Yepygt
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AHhalo] S s npSAofx DM19] R E 3l
x| FE elsly] 98 EH o2 RE LEF(glucose),
¢l< 9 (insulin), 4 XY (triglyceride), LU= 2|2z
(HDL—cholesterol) % 7t &7 E2 ofATgo]|E ofn]x
Hol A A (aspartate amino— transferase, AST), &ahd o}

=

IR

o= A o] & 4 (alanine amino— transferse, ALT) $£2& &
Aot 1 A, ATl v G S 2ol
Zeg} Ql&d, S, 1de oA AST 9 ALTY
F9941(p<0.001) F7F7F BAE Y (Fig. 3). ol EH

A ®E2 Hil= DM1 4o o) 922 8 a(p<0.01,
Fig. 3A), $4A4 22(p<0.01, Fig, 3C) & AST(»€0.01,
Fig. 3E), ALT(p<0.05, Fig, 3F)9] 74 9 Q& BH| =7}
(»<0.05, Fig. 3B)¢} 1= 2 @Aehuz £=x]2] F7Hp <0.05,
Fig, 3D)& 053}5“3\‘:}. E3 HEZY] FoFAE F9F¢
A= A, ASTE ALTY #A4AE Uehiglt
‘ﬂ’a}/"] J_-’-Z]HJ' Aloj2 %"31‘33 o] fitE mpe-Aof DM19] Fo=
F2AAT AEUH DY A A
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Fig. 2. Effects of DM1 extract on the change of blood glucose in
HFD—induced diabetic mice.
Mice were HFD for 12 weeks and then administrated DM1 extract
at 500 mg/kg or metformin at 500 mg/kg for 4 weeks. (A) the levels
of fasting blood glucose were measured in whole blood of mice
once a week during administration for 4 weeks. (B) the oral glucose
tolerance test (OGTT) was performed in mice at 16 week Data
were presented as mean=SD (n=5 per a group). **p<0.01, and
***(0.001 vs. normal (a) or diabetic control group (b).
A) B) C)
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Fig. 3. Effects of DM1 extract on the change of serological markers in HFD—induced diabetic mice.
Mice were HFD for 12 weeks and then administrated DM1 extract at 500 mg/kg or metformin at 500 mg/kg for 4 weeks. The levels of glucose
(A), insulin (B), triglyceride (C), HDL—cholesterol (D), AST (E), and ALT (F) were measured in the sera of mice at 16 week. Data were presented

as mean=SD (n=5 per a group).

4) Ztat FE =2lo| TRM Hatol| st St
TAEFAo] 9% e H ko Aof|A DM1o] PiH o ¢l
Zha J 24 e AN = deA Fds] st

*0<0.05, *p{0.01, and **p{0.001 vs. normal (a) or diabetic control group (b).
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HEeHHFig. 4A). BT FAEAH A A= Bl Bl o
ZoA ARG 277 STk Ao HAEH Y,
DM1¢] Ro= djz2a3 FARE FEHE HEhlen fEX
o Fols tha gaAlyle A2 Yegth(Fig. 4B).
23 A= @3 Wl ded 20 W3kFlg. 3B)oIA Y] Akt
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S AL & 5 Uitk wetd TGl R Frgo] §
W mhgo] DM19] Sol Azt WBkE AHA D, 4
A gAZRAHANY A4 HuE AT 4 9k o=

e},

Fig. 4. Effects of DM1 extract on the histological change of liver and pancreas in HFD—induced diabetic mice. Mice were HFD for 12 weeks
and then administrated DM1 extract at 500 mg/kg or metformin at 500 mg/kg for 4 weeks. The histological changes of liver (A) and pancreas
(B) were observed under microscope after H&E staining (x200). Arrows present Langerhans' islets (B).

2. TEAENA 9 =4 7|H

1) MIZEAof 3t Hsf

uhe Ao ZAZA|ES C2C12 myoblastsoA DM1 &3t
FEE 3 AP EE B8] 8l MTIT assayE 3%
stgct, 1 23 DM1 E}FEES 2 g/l 5=7HA] A
S-S o AEZAEEY Zhart TEEA] ¢okon, 3 mg/ml
= Aol FA 2ol vl FHA(p €0.01) HZAY
EE At FEE N HFig. 5). GEkA o] AdoAE &
Aol e s=HH(0.5, 1, 2 mg/md)olA =3t HTHEFig. 5).

1504

)
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2

0+ T
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Fig. 5. Effect of DM1 extract on cell viability in C2C12 myoblasts.
Cells were treated with DM1 extract at 0.1, 0.2, 0.5, 1, 2 and 3
mg/md for 24 hr. Cell viability was measured by MTT assay. Data
represents mean=+SD of three independent experiments. **p(
0.01 vs. non—treated cells.

D

== 23t & D|EZ=2(0-047 ol X|CHA} =H
CHHE] 2h340f| ciet E4t

T4 M| 2o A DM1 EEFEE9 & £37= aE &
Q1317 3 C2C12 myoblastsE myotubesZ EIAIZ] &
At TESA A FEEE MyHC T o] WHE S western
blot B2 Istgiet, 1 A}, MyHCS #d-2 DM1
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Fig. 6. Effects of DM1 extract on the expression of MyHC, PGC1a, Sirt—=1 and NRF—1 and the AMPK phosphorylation in C2C12 myotubes.
Cells were treated with DM1 (0.5, 1, and 2 mg/m) or metformin (2.5 mM/mQ) for 24 hr. The expressions of MyHC (A), PGC1a, Sirt—1 and
NRF—1 (B), and the phosphorylation of AMPK (C) were determined by western blotting, respectively. All data were presented as the means
+3D of three independent experiments. M, metformin—treated cells. *0< 0.05 and **p{0.01 vs. non—treated cells.

v,z #

23 e detdo QA 2204 14 AHa4ol
Sl Thed) 2] WA Zo N Qe Bul7t el o
MAETD A Qo vgk dRe] H& AoR By
Uk, whebAl BlErel A GO R ool Ak WelslHe) X
e G ot A =e] g} Fat BEA H1 gleh. 59
HlE SRl o] BER A FUL 24E 2HRE) A
nEzeelol EAstel ool o BAALE(ROS) F7HE

5% vEZEol /15 Aot W AZ @3, AMPK % a4
52 B3 24T APYOR olojxA B, 1snz ast
rEd 2% 4F Fa, 2HIAY DS HEe 8 A
£ A A4l MTelH Frgoz ojFFE A oA
s Fa wdel @ 4 Atk A4 Hlwe] A4 Fag ¥l
o= ANSI G Eobel BEd AL A PA=

2 Aol Ao A 2oz Qe B4 4L Yen'?, wet
HE S Gt ol3to] ARHHQ a2 43 4 ok,

ghojstol| A @] mAuk AT Teko] Ao|akAle Aol
Sttt B 5 glom, AHe u|2S AskA ok
'Y, A Fxewol] disiNL REFEE WPl L ook
g a7k oz AWsla gow, Aol Ly, dil, T
el 371K w@ol 9ol 2z ChiE, FEARZL KiBAIEK.
PR, R, EATE, HIF. AGERE, /MEE FraE
B, B, FEE. SR, HiEs, MENE,
BEMSHGHN, FreBEEkEASIEE, 2t st 7EStm gk
gt azke) N Hho] Yol N EMMALMBE, Wi

Tk, & FERREINGNE. . kD%, R, A
FERCE Btol, R, FES, RN, REES o5 Ao,
S [ R RGR1OIA UFERE Supe) Awabyge
TGRS T, FFREEA DRISE, RS IS 1,
RSB BIE , B IMEBERI, FERTIA o 3t
B BF. L. B BO) £AE w2oT stgn? o)e} Zo) &t
ostol A 2722 Aol Wxa el XFo] ol A AlZat
B2 I xRt WEA vl ZohE ooF TS AE 2
3 9l

2 AR AL 1259 1A Ao|2 B3 ujute P
FEAZ me Ao B2 AR, SAS EF, 53
E(DMDE 4% 7+ Eojgte] DM19] S avt 2
AL BHelstt, E AFo|A DM1S A2lo] ogt Zzalet
Sl 27), F9E g YA 271 FaAzoen, dox
HoN ZEFT ZAAY $22 FE23 ded @ 1UE
Adgrgel Bu2 Aoz Fdzd ans et
Wich, E3k H&E gae B 7k 7 229 7124 wst
DA DM1 Foj 7 2204 9] 2992 (lipid droplet)
22 722 B8 AU 34 AR RS BT 5 oo,
A% 2R M= FAZE2 ) T7)7h FAFZ wls) 163 ¢
A0S AAG dzo A Z7behe o]k jmeFEal
HEEZY Eojof o] Fasts AL lstdnt 53] DMI
Bl o] FA 22N A7|E 22T 2 o)zt BEER
okt ol dA W d&d X7 FAZ wE 2z

o
o,
L

Mo oR
N 19 o

o4 2 Z7Feksia, DM1 Fofol Sfaf i oo <15l
37h2 vehdl Asieh AX e HEe WOl WA A



86 PN N .

7o) &3] Q%8 Aol FusHed] ol A ek o
491 UEY 25 24D 718 RGN AE 2
"o Bk, 22 oldd 2WAAE Awd AFYS

FuG 5 gl Adol HY 8 A4 xﬂzzﬂ Faergol

st "k webd DM1ES mAgAelR et

RSt wal @ e Qe o] HAMY Z71E 2R 02N
ol&d AA AL Ed A Foxo] 2L & &

Rew, ol= DM1o] @A ABAZ AME-EHIL = FHE e
AHl3zo A ZLsl= AEQ A A (sulfonylurea) @R JSHAIS
(glibenclimide, gloclazide)®} ARt A7 UEhd 4 9lS-S
ofulalAgt oo gt oFel7| W A & o FAHOE of
Fojxof & Ao R AtRHT,

& SHRABAYA e Dol A EiohAT Myoe
WS IR 2RAE FUT 4 YLS AU

25 W AR HARE 28 8t= nEZ =g oA 5—@‘&‘41“
2 2al PGCle, Sirt—1, NRF-1 @ AMPK ¥d 2712 E3
AL EXTCEHN ded AFES AL = US5S
spletgich. el DM1e] FAY ol 24RE o
AL AL TRAZANY ThgT T BARAARE
(myoogenic regulatory factors, MRFs)¢l Myogenin,
MyoD, Myf5, MRF4 ol tfgt 24 &3 u|EZE=g|o}—
wj7f ol X 2 & Q1A= (mitochondrial biogenesis markers)
Q1 PGCla, Sirt—1, NRF—1, TFAM 59 childl vtg H3} 9]
AAA oHA] FATP)Q F7Het T2 54 S(glucose
transporters)®] W@ W3} Fof thgt 7L A7t o o F
Aoz Hopxlth a2yt & A5 3 DM1o] T 2
Al BEHE 5= Qe IS8T Ay 7l AstolA 2 £3E &
ZAXZIAY o UA AL F2& T8 A& AT Mo =
== Fo] Hjtto|u Gy 2T Yl =& € &
AE Ao 71]:“6]-]:]—

DM19] FAYE 5 A& ATHOE RN, RS

= anvt 9lE}J— geA 9o’ T ddory A7
FARE, FALTO diE Bxad I oM E
X-]](mcotinic acetylcholine receptor) %A &3},

2hg, ZEH /= AR g FE4aw a1, ¢
%44 £F B a3 A AR, Fe3
.G v § ot Ragm oY 53 o 4%
3]-11}01 stigmasterol2 53t WA XY} M|2Zo] A GLUT4
F7MA71T, KK-Ay H2Hd St vheo)A )
AL A+ F Fok IA, FEEF E 5 FHAE,
HE $XE daA7le Aol FE Gl Xz
Aol 4oz geiA Jop™9. o] oo f-Rudesmol&
Fo A 2] =ubgl D2 9 5-HT3 484 JAS 53 9
A% o= 2HFWH? U atractylenolide 11T A8} 37 ¥
oA 5-HT2A &4 A& 53 HAZEZ a7} Hog
ub QUoPY, oleie el o ks AT A4 92
oA " ARG A Y AR Y F7E AL A L
adiponectin #¥8] 7} & ot ZEE B FH|t
P ARE e £ 9SS g Ane 457
O 2 EHEA, A, WiGefEths S Ad FER
A glom” T Ao FHFP <led A
A AR Qlad Bl A7, 2ol A o) FeiaL B4

’

OﬂlI

(o]

Ol
—|—‘

oo oft g

Moo RIor St
JQL‘%%

2

I

e

I HHE 5
%

q

FE mE

Moo
Ll>

fo foi i my 1o ofy

O>~l

Vol. 34 No. 6, 2019

2 2k A AP G daEE oY gy
ey 4P, Faaw, FEAY 9 HANGNY 47
2357 sz 2aeiA)® 9% 53 5 thofaiA B
1EI Yot EI 2O FE=3 I git= NF—¢B
ﬁi 6.21.22.24.25.53)‘4_ 38 MAPKI() 21, 25) PIgK/AKT /\]_’QX‘]
S AP W AMPK B4 283 AmEs
o2 g#A AMPK®| 243l gytzles
NF-kB®} p38 MAPKS] A2 A2 ojojxmz® zmo
8 A2 AMPK 4310 Sl AL 2 Holxm o]
S| EZA A Sirt—1/PGCla F 2 E43E AZ = o] A
ANUA AL F2E T d&d AP AT Fd= EFJE
veld o2 woldrt, T Aol ARFEES 2

Hu] 2 a3} pertussis toxin(PTX)—sensitive Gl—protem
EL Ge-proteinTt B Qo Foo= il u
Z A 0| A 2] monoamine oxidase(MAO) &4 A&} T o]
Aoty BuEw Qb S 874 (C.cassia)e AEHOR
GRS, BRARE, MRS, EEdte 52 7 AR ¢
HA Qn”, 2l P, FEE, AE, Fuw 2 Fke,
9 hfolgla, A8 B, 3Fehd 2214 oA, A%
W 24, tyrosinase YA, xanthine YA, A7]%
5 BP9 st mau=zn Yo, S Fo a

L o

I_.

O

=3

ha

oA+ insulin—like growth factor—1 A2 X}gtof 9
I3K/Akt A2 B4 oA L MMP-2 &d& A*"3t A
Ca2+ o Abof 93t MEZEAEAF $ & So] HiE
. TNF-a, IL-1 53} #3% #38 9% o4 aist
HJ. lom® NF-kB A2 Ao o ZHEY o
A swAs g 2 AAGE 3 FANE BT
Wew Rug b Qo Y S4 FEEL AW A B
st o A 2 A|uke] Bals A7) 1% AMPK 2%
S w2 2 229 oA fAE BB R
2A A GH 8AE §AFEE 5-HTIA M:Lxu
A g 2ed xﬂﬁ*”’é % FLLeET} INS-1
et Zo| A o] ol By 2L 5 A28 Fdmd AL
a700] HIEgom, gﬁ& oA & Ve] HRuHY
t} o]gs DM1 TSRS E5ATES vlg oz DM1Y)
eSS G538 5 qle s_- T2 53 A7t
DA o) 2 Hjuh} Yo +%*°1]*H gz
A7t A&l AFAH A 55 2 2HRAES s}
At mebd DM1L HjTtes #El 29| o3 A3}
L ofEE BgHold 4 g Aoz Balrt

oA S R
Elgy FE fot w}O{' =

Hlﬂ

olf o[o (‘
(g o Mo

o,
°

)

E
% fr A ]

L.

v.2a &

2 dFodes AT o] §FE vy Ty npeAof
A2 - AR - SA EPEEEDOMD)Y FeZAUIA 2 C2C12
A A9 2E7) S BRIt oh2at E2 ZES A9

1. B mhero)A 43 7F DM1 500 mg/kgS BoidlgS
o H]gke] o3t AR AFH F7HE FFoE TAA
122, S%F A8 FoFo=2 F7HAAT

N



A2 ARSA EJFEEY AALY0] fE Tt vheLo MY PP B W C2C12 THIAZANM Y 227|H 9+ 87

3§ ubS- 2o M DMLY Folt 7GR A
Sl H4S feHo gaNRon, B U
Zrd, AR, AST, ALT $A5 FoFo= Fa
al

LAY, TUE AT £ foHoz 5

3. et vh92o)H DM19] ol 7k 2Ho|H gL
2 5 A7 FAS ARSI

4, C2C12 myotubeso]A DM1 0.5, 1, 2 mg/m¢ AT
SESIG ARl MyHCY] HHS 5% oEH o2 F7t
AlRer, nEZEgol—uj7] ouAYR}E =dd
A<l PGCle, Sirt—1, NRF—-1 ¥ 2143} AMPK®| &
AL ST

[e]

fru

2ot
R >
o

©

A
4

i
H

ZRE FEARSA EFFEE2 WY

2

oo

e 2

o] =EL 2016WE URHEIFRETATADY A
TH] A¥ezZ £YEYS5YTHNo,.2016R1D1A2B01012117).

References

1. WHO, Obesity and overweight, 2018 February 16.
Available from : URL : https://www,who.int/en/news—room
/fact—sheets/detail/obesity—and—overweight

2. Al-Goblan AS, Al-Alfi MA, Khan MZ. Mechanism
linking diabetes mellitus and obesity, Diabetes
Metab Syndr Obes, 2014 ; 7 : 587-91,

3. Beals JW, Burd NA, Moore DR, van Vliet S, Obesity
Alters the Muscle Protein Synthetic Response to
Nutrition and Exercise. Front Nutr, 2019 : 6 : 87.

4, Skeletal muscle inflammation and insulin resistance
in obesity, Huaizhu Wu, Christie M. Ballantyne, J
Clin Invest, 2017 ; 127(1) : 43—54,

5. PARK WH, Cha YY, Song YK, Park TY, Kim HJ,
Chung WS, Hwang EH, Shin SW, Jang BH, Ko SG.

The Review on the Study of
Oriental Obesity Pattern Identification: Focused on
Korean Research Papers, J Kor Med Rehabi, 2014 ;
24 : 83-93.

6. Korea Institute of Oriental Medicine, Dongui
Bogam, Available from : URL : https://mediclassics kr/
books/8/

7. The co—textbook publishing committee of Korean

Review Articles

oriental medicine school, The herbal medicine., Seoul

8.

9.

10.

11,

12,

13.

14,

15.

16.

17,

18.

19.

20,

> Younglimsa, 2016,
Kim KS, Kim BS., Study on the Mechanism of
Wasting—thirst in Viewpoint of 'Viscera and Bowels'
and 'Three Yin and Three Yang'. Kor J Ori Med
Physiol Pathol 2012 ; 26(3) : 265~272,
Ye J. Mechanisms of insulin resistance in obesity.
Front Med, 2013 ; 7(1) : 14—24,
Acosta—Montafio P, Garcia—Gonzalez V, Effects of
Dietary Fatty Acids
Metabolism, Implications in Homeostasis, Nutrients,
2018 ; 10(4) : 393.
Lim EL, Hollingsworth KG, Aribisala BS, Chen
MdJ, Mathers JC, Taylor R. Reversal of type 2
diabetes:

in Pancreatic Beta Cell

normalisation of beta cell function in
association with decreased pancreas and liver
triacylglycerol, Diabetologia. 2011 ; 54(10)
2506—14,

Jo HG, Kim BT, Literature Review on the Causes,
Stages, and Treatment of Obesity, J Haechwa Med
1992 ; 1(2) : 61-71,

Kim JH, Jeong CH, Baik YS. A Study on
Transmission and Transmutation of Disease in
"Hwangjenaegyeong". J Korean Med Class, 2010 ;
23(2) : 205—-37,

Koonrungsesomboon N, Na—Bangchang K, Karbwang
J. Therapeutic potential and pharmacological
activities of Atractylodes lancea (Thunb.) DC.
Asian Pac J Trop Med, 2014 ; 7(6) : 421-8,

Jun X, Fu P, Lei Y, Cheng P. Pharmacological
effects of medicinal components of Atractylodes
lancea (Thunb.) DC, Chin Med, 2018 ; 13 : 59,

Ji KY, Kim KM, Kim YH, Im AR, Lee JY, Park B,
Na M, Chae S, The enhancing immune response
and anti—inflammatory effects of Anemarrhena
asphodeloides extract in RAW 264.7
Phytomedicine, 2019 ; 59 : 152789,

Wang J, Huang M, Yang J, Ma X, Zheng S, Deng
S, Huang Y, Yang X, Zhao P, Anti—diabetic
activity of stigmasterol from soybean oil by targeting
the GLUT4 glucose transporter, Food Nutr Res,
2013 ; 61(1) : 1364117,

Kimura Y, Sumiyoshi M, Effects of an Atractylodes

cells,

lancea rhizome extract and a volatile component £
—eudesmol on gastrointestinal motility in mice, J
Ethnopharmacol, 2012 ; 141 : 530—6,

Murayama C, Wang CC, Michihara S, Norimoto H,
(Atractylodis
rhizome and Atractylodis lanceae rhizome) on

Pharmacological effects of "jutsu"

1-(2,5—dimethoxy—4— iodophenyl)—2—aminopropane
(DOI)—induced head twitch response in mice (I).
Molecules. 2014 ; 19(9) : 14979-86.

Oh CM, Park S, Kim H, Serotonin as a New



88

21.

22,

23,

24,

25,

26,

27,

28,

29,

K AR K2 g 5 — Vol. 34 No. 6, 2019

Therapeutic Target for Diabetes Mellitus and
Obesity. Diabetes Metab J. 2016 ; 40 : 89—-98,
Kim BR, Cho YC, Le HTT, Vuong HL, Lee S, Cho
S. Suppression of inflammation by the rhizome of
Anemarrhena asphodeloides via regulation of
nuclear factor—xB and p38 signal transduction
pathways in macrophages. Biomed Rep. 2017
6(6) : 691-7,

Wang Z, Cai J, Fu Q, Cheng L, Wu L, Zhang W,
Zhang Y, Jin Y, Zhang C., Anti—Inflammatory
Activities of Compounds Isolated from the Rhizome
of Anemarrhena asphodeloides, Molecules, 2018 ;
23(10) : E2631,

Zhao W, Wang M, Shao L, Liao M, Liu K, Huang
F, Liu B. The total

Anemarrhena asphodeloides inhibits inflammation

phenolic fraction of
and reduces insulin resistance in adipocytes via
regulation of AMP-—kinase activity, Planta Med,
2014 ; 80(2—3) : 146-52,

Yuan YL, Lin BQ, Zhang CF, Cui LL, Ruan SX,
Yang ZL, Li F, Ji D, Timosaponin B—II Ameliorates
Palmitate—Induced Insulin Resistance and
Inflammation via IRS—1/PISK/Akt and IKK/NF-x
B Pathways., Am J Chin Med, 2016 ; 44(4) :
755—69.

Kim JY, Shin JS, Ryu JH, Kim SY, Cho YW, Choi
JH, Lee KT, effect of
anemarsaponin B isolated from the rhizomes of
Anemarrhena asphodeloides in LPS—induced RAW
264.7 macrophages is

Anti—inflammatory

mediated by negative
regulation of the nuclear factor—kappaB and p38
pathways., Food Chem Toxicol. 2009 . 47(7)
16107,

Miura T, Ichiki H, Iwamoto N, Kato M, Kubo M,
Sasaki H, Okada M, Ishida T, Seino Y, Tanigawa
K. Antidiabetic the
Anemarrhena asphodeloides and active components,

Biol Pharm Bull,

activity of rhizoma of
mangiferin and its glucoside,
2001 ; 24(9) : 1009-11,

Hoa NK, Phan DV, Thuan ND, Ostenson CG,
Insulin secretion is stimulated by ethanol extract
of Anemarrhena asphodeloides in isolated islet of
healthy Wistar and diabetic Goto—Kakizaki Rats,
N. K. Exp Clin Endocrinol Diabetes. 2004 ; 112(9)
: 520-5.

Lim J, Liu Z, Apontes P, Feng D, Pessin JE, Sauve
AA, Angeletti RH, Chi Y, Dual mode action of
mangiferin in mouse liver under high fat diet.
PLoS One, 2014 ; 9(3) : e90137.

Li X, Cui X, Wang J, Yang J, Sun X, Li X, Zhu Q,
Li W. Rhizome of Anemarrhena asphodeloides

counteracts diabetic ophthalmopathy progression

30,

31.

32,

33.

34,

35.

36.

37,

38,

39.

in streptozotocin— induced diabetic rats, Phytother
Res. 2013 ; 27(8) : 1243-50.

Zhao @, Sun Y, Ji Y, Xu L, Liu K, Liu B, Huang
F. Total polyphenol of Anemarrhena asphodeloides
ameliorates advanced glycation end products—
induced endothelial dysfunction by regulation of
AMP—Kinase. J Diabetes. 2014 : 6(4) : 304—15.
Lu WQ, Qiu Y, Li TJ, Tao X, Sun LN, Chen WS,
Antiplatelet
timosaponin B-II,
asphodeloides, Clin Exp Pharmacol Physiol, 2011 ;
38(7) : 430—4,

Oh JK, Hyun SY, Oh HR, Jung JW, Park C, Lee
SY, Park JH, Kim SY, Kim KH, Kim YK, Ryu JH,
Effects of Anemarrhena asphodeloides on focal

and antithrombotic activities of

an extract of Anemarrhena

ischemic brain injury induced by middle cerebral
artery occlusion in rats, Biol Pharm Bull, 2007 ;
30(1) : 38—43.

Lee JS, Kim MH, Lee H, Yang WM. Anemarrhena
asphodeloides Bunge ameliorates osteoporosis by
suppressing osteoclastogenesis, Int J Mol Med.,
2018 ; 42(6) : 3613—-21,
Ren LX, Luo YF, Li
Antidepressant—like

X, Zuo DY, Wu YL,
effects of sarsasapogenin
from Anemarrhena asphodeloides BUNGE (Liliaceae).
Biol Pharm Bull. 2006 : 29(13) : 2304-6.

K. AMP-activated

protein kinase (AMPK) controls the aging process

Salminen A, Kaarniranta

via an integrated signaling network, Ageing Res
Rev, 2012 ; 11(2) : 230—41,

Zhang C, Fan L, Fan S, Wang J, Luo T, Tang Y,
Chen 7Z, Yu L. Cinnamomum cassia Presl: A
Review of Its Traditional Uses, Phytochemistry,
Pharmacology and Toxicology. Molecules, 2019 ;
24(21) : E3473,

Lid, Teng Y, Liu S, Wang Z, Chen Y, Zhang Y, Xi
S, Xu S, Wang R, Zou X, Cinnamaldehyde affects
the biological behavior of human colorectal cancer
cells and induces apoptosis via inhibition of the
PISK/Akt signaling pathway. Oncol Rep. 2016
35(3) : 1501-10,

Koppikar SJ, Choudhari AS, Suryavanshi SA,
Kumari S, Chattopadhyay S, Kaul-Ghanekar R,
Aqueous Cinnamon Extract (ACE—c) from the bark
of Cinnamomum cassia causes apoptosis in human
cervical cancer cell line (SiHa) through loss of
mitochondrial membrane potential, BMC Cancer,
2010 ; 10 : 210,

Sharma H, Chauhan P, Singh S, Evaluation of the
anti—arthritic activity of Cinnamomum cassia bark
extract in experimental models, Integr Med Res,
2018 ; 7(4) : 366—73,



40,

41,

42,

43,

44,

45,

46,

47,

48,

49,

A2 ARSA EJFEEY AALY0] fE Tt vheLo MY PP B W C2C12 THIAZANM Y 227|H 9+ 89

Xia T, Gao R, Zhou G, Liu J, Li J, Shen J.
Trans—Cinnamaldehyde Inhibits IL—18—Stimulated
Inflammation in Chondrocytes by Suppressing
NF-xB and p38—JNK Pathways
Chondrocyte Protective Effects in a Rat Model of
Biomed Res Int. 2019 . 2019

and Exerts

Osteoarthritis.
4039472,

Li W, Zhi W, Zhao J, Li W, Zang L, Liu F, Niu X,
Cinnamaldehyde attenuates atherosclerosis via
targeting the IxB/NF—-gB signaling pathway in
high fat diet—induced ApoE—/— mice. Food Funct,
2019 ; 10(7) : 4001-9,

Zhao Y, Deng H, Li K, Wang L, Wu Y, Dong X,
Wang X, Chen Y, Xu Y. Trans—cinnamaldehyde
NMDA

receptor dysfunction and memory deficits through

improves neuroinflammation—mediated
blocking NF—«B pathway in presenilin1/2 conditional
double knockout mice, Brain Behav Immun, 2019 :
S0889—-1591(21)30105-9,

Fu Y, Yang P, Zhao Y, Zhang L, Zhang Z, Dong X,
Wu Z, Xu Y, Chen Y, Trans—Cinnamaldehyde Inhibits
Microglial Neuronal
BV2
Microglial Cells with Lipopolysaccharide Stimulation,
Evid Based Complement Alternat Med, 2017 ; 2017
1 4730878,

Kwon KB, Kim EK, Jeong ES, Lee YH, Lee YR,
Park JW, Ryu DG, Park BH, Cortex cinnamomi
extract prevents streptozotocin—

Activation and Improves

Survival against Neuroinflammation in

and cytokine—
induced beta—cell damage by inhibiting NF-
kappaB. World J Gastroenterol, 2006 ; 12(29) :
4331-17,

Kang NH, Mukherjee S, Yun JW, Trans—Cinnamic
Acid Stimulates White Fat Browning and Activates
Brown Adipocytes, Nutrients, 2019 ; 11(3) : E577,
Song MY, Kang SY, Kang A, Hwang JH, Park YK,
Jung HW, Cinnamomum cassia Prevents High—Fat
Diet—Induced Obesity in Mice through the Increase
of Muscle Energy. Am J Chin Med. 2017 ; 45(5) :
1017-31,

Yu HS, Lee SY, Jang CG, Involvement of 5—HT1A
and GABAA receptors in the anxiolytic—like effects
of Cinnamomum cassia in mice, Pharmacol
Biochem Behav, 2007 ; 87(1) : 164—70.

Jung YH, Kwon SH, Hong SI, Lee SO, Kim SY,
Lee SY, Jang CG, 5—HT1A receptor binding in the
dorsal raphe nucleus is implicated in the anxiolytic—
like effects of Cinnamomum cassia, Pharmacol
Biochem Behav, 2012 ; 103(2) : 36772,

Zada W, Zeeshan S, Bhatti HA, Mahmood W, Rauf
K, Abbas G, Cinnamomum cassia: an implication

of serotonin reuptake inhibition in animal models

50,

o1,

of depression. Nat Prod Res. 2016 ; 30(10)
12124,

Verspohl EJ, Bauer K, Neddermann E, Antidiabetic
effect of Cinnamomum cassia and Cinnamomum
zeylanicum in vivo and in vitro, Phytother Res,
2005 ; 19(3) : 203-6,

Kim SY, Koo YK, Koo JY, Ngoc TM, Kang SS, Bae
K, Kim YS, Yun—Choi HS, Platelet anti—aggregation
activities of compounds from Cinnamomum cassia.
J Med Food, 2010 : 13(5) : 1069-74,



