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Hypoglycemic Effects of Crude Extracts of Moutan Radicis Cortex

Sunmin Park', Dong Wha Jun', Chun Hee Park’, Jin Sun Jang', Seong Kyu Park?
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School of Medicine, Konkuk University
'Food and Nutrition, Hoseo University
*College of Oriental Medicine, Kyung Hee University
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Hypoglycemic effect of Moutan Radicis Cortex (MRC) extract contained in Yukmijihuang-hwan was determined
by investigating insulin-sensitizing and o-glucoamylase-suppressing actions. MRC was extracted with 70%
ethanol, fractionated by XAD-4 column chromatography with mixture solvent of methanol and water, and
utilized for hypoglycemic effect assay. Significant insulin sensitizing activities of MRC extracts were observed in
3T3-L1 adipocytes, giving MRC extracts with 1 ng/mL insulin reach glucose uptake level increased by 50 ng/mL
of insulin alone. MRC methanol extracts of 20, 40, 60, and 80% suppressed a-glucoamylase activity in vitro.
Peak serum glucose levels and area under curve were lower in Sprague Dawley male rats treated with MRC
ethanol extract than those treated with cellulose in oral glucose tolerance test using 2 g dextrin/kg body weight.
These data suggest MRC extracts contain effective insulin-sensitizing and o-glucoamylase-suppressing compounds

for hypoglycemic activity.
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FaHe XgAE AMSe FEEE sulfonylurea AlES] ¢)
d BY5S F7MTIe A oMY 2w ANFAE
71E metformin A5 b8 2 2o JLE Q&
d A4S 7)HA7]= thiazolidinedione HIEJ oFEo] Slrk
(34). ZodE Br3tE 43 T g4stE 4235 AAIsy
g & ¥AS= acarbose AlF2 ‘1F = =z gt
(5). HF-E FE AEE dh= Fode 9d FER 28317
= AARE 715l Bk FoRA] o)ide] fEE ZFsl AN
oz Mz J5aAE Jehjo] o] 3oz A3ty
=2 37 Urh4,6).

LW AIZE B $EUEE HIESE ofAjololM = glefo 2
Awg B3t 5 gl AW XA F=E F9
BZE 712E AMESER B AZNEL ofH] A7 F9
Bzt Yo oF 50090 dAlelA Qe ARdE #Aa
AZle 4, ded BES MY BF, 292 g
3lE9] A&3e Az EFol = AE 2ABIITKT). 50
oZe] e F o7 7K ek el AdAdE A
AIFIAY g BYE SVRIIIAY gdE 43lE o

Azhs B82S dHdeh B dolXe 2 F shikl 55
¥)(Moutan Radicis Cortex)S —’;—“ 23l Aed g
T3Ee] &gl HXe IS AL
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2 Al A Bdve M AFARON Y F 8
e AT NN AAEA Esln MRS AL AM-EI
3, YE W3 2002-5408 Eol|T §=EEeddTd EEAH
B3asta Yok

Alge] =X

By 1kgoll 70% SE2 1018 WX 2X7Hx23] g5
23] WHE 228 § AZE gF8lT 2000 pmlE YARE
7](Megafuge 1.0R, USA)Z J54E By 32T ¥
7}(Buchi R-114, USA)IA ZAA5H3 & FAAZ7Wsin
freeze dryer, Korea)® ZAZAIA 9 F2A8E UEAT. &
TEEFEANR 1€ 75 10mLo] SEAA dyeor bt
€ ¥, amberlitt XAD-4 gel® $H& $A2HEZA: 30 mm;
Zol: 300mm)2.2 HAEI) ol f&e e e
FEANA F4L HATHEA HO®F 1), 20% HE-S(Fr 2),
40% HNEHE(Fr. 3), 60% NSEFr 4), 80% HE2(Fr 5) ¥
100% WEHE (Fr. 622 o] B85l 7953 5 547
Z381qch Zzte] B-8ELe 10% DMSOd 1 mg/mLE %<9 %
sonicator®. 205 B¢t FEste] AAE Qo] BYF GaAATh

XMz ZSl ZTE &4(uptake) AH

Ak wig2 FUS o g 3T3-L1 A-f-ob4) ¥ (American
Type Culture Collection, Manassas, VA)E 12 well plateo] 5X
10°¢] AZE ?53 F H3] 292 (confluent) W7hA] Wik
ek WFE7) i A8 AL A 2 Fo fx B3
S48 #3EEHR] 025uMe] dexamethasone(Sigma-Aldrich,
St. Louis, MI, USA), 0.5mM$] 1-methyl-3-isobutylxanthine
(Sigma-Aldrich, St. Louis, MI, USA), i10ug/mLe] o&¥
(Sigma-Aldrich, St. Louis, MI, USAY o] 3 &<+ wjost
F 2ol Y wFE XEF Dulbecco’s Modified Eagle
Medium(DMEM)S A2 nlto} Fof APRA X ¢hds] A
H 10-15¢ Alelell 2= F5 A8-e st wleksr)o gl
© AAIREe] 8 Ao} 12 well plateo] Z well wlth 5% 10°
o] AEE wrsle] Bl Fgle] 3] ASEE STk Well
platell £71 AGAHEE phosphate bufferPBS)E MH3H 3 19
bovine serum albuming 737 Ye Aol Tugte g
fr& DMEMOIM 12A17F o} Adt Fofl 98 ZARY &
FEEL 0, 037 3pgmLE 3417+ B2t AE)sl9lch. HEPES
BNOZ media® wEE F ohA] 282 0, 03 28|32 3
pg/mLE AH2]8kal 37°Col| A 30% F<F wiFs ¥ 1 uCifmLe)
[“C]2-deoxyglucose < I mM EXGFE H7Vekar 22°CH)A 30
¢ st 229 AXURY F4 HEE HCol A
THZ o]F3 FoB AL vSojHeg Frgdo] A
Iz F5E= AL wiAls] 948lA glucose transporter 4
(GLUT4)®] 2§-2 AR5l cyto B @7 v el g wel
Exd olFHE M AXUE o)FE Xxye ok EAs}
At AEE 10mM ETEZo] §738 PBSCE AMHEaL 05
N NaOHE HZE E&lalct. 2l HNEE 2oz 3}
A71aL R R Hcol geke el counter(Tri-Carb 2100TR,
Packard Bioscince, IL)2 Z43}9]t}.

ey 3F FYEo] 22T F5ol vixe 8L 2
7] AaM B9 & BIES DMSOY 1 mymLoE =<)
& o]Z& PBSO 033} 3ugmLE HAAA F 71K FRoA
=Y 78 S50 B 7t BYE Qlsd vz
2 A7 FaEl e X JRE 2A}E) YA 3T3-
L1 Ao 1€ | ngmlel A 7 2EEL Q1 1A
hERt iR o Teg 4 AEE AT, URe
& BEdw BYE Qo) 48 1 agmLiHe X3 2L AMe
ST ZE A¥e 3 whelgn, 4¥dde AJed 1ngml
o By FEHES A2 2HUL I94Y 1ngmLike
23 7] goF Uro] F718 ARE H(foldE VER)
ck, Befst Edo) dadel 2ol BARe] detergent® 3}
g3l NI AHAA Te FFE T TE AL )
A7) Y81 2A&¥ol Ong/mL oM 2eldt BAs A X
=7 FTE 348AE W o] @ol A (basal) FhET L
AL X" FTFE F7HRIAGL A% ded AN Az
9] ZHgo] gl Hog 7 syt

In vitro o-glucoamylase assay
a-glucoamylase(Sigma-Aldrich, St. Louis, MI, USA): 50
mM sodium acetate B9 L Z(pH 5.0) Smg/mLE BAAF) 3,
713 dextrin Fxe YEZ 20mg/mLE FF50) =9 £ 1:1
o] HIEE AUt $FYES FHA02T A I mgmLe] 5%
Z DMSOZE =ol3 o|71& PBSE 3Asla) AMLEIRT} 53
2 S0pgmLe] BEZ AMS-EIST) o] ¥k fode 37
A A7 FQE WA 1A)12F Foll wkg-S 150 L of 02
M NaOHZE FHA| Z381317) Y8l 150 uLe) 02 M acetic
acid €4& Yol g F HAseE f9 g e
27438l o-glucoamylase®] 848 2489t rFe 2t
el £8ZF9 801 DMSORHE A3t AN YA &
Y ¥xd Yo E AU dae= DMSOTRE X2k
W AAEe fE 22 gl vle By BRgRe Yoe
W FHEETe] o] Zase FEE WEEE A

In vivo glucose uptake assay

Sprague Dawley &% #M(FY 438 58, Korea)E 16717}
B # Al ¥ By FE2ES 500mgkg RS £o3)
SL 108 Foll dextrin B YEZRE 2gkp AF S A15A 3
F 0, 10, 20, 30, 45, 60, 90, 120 min®| Za]2HE] HAL )
Foldd Y Ind TRE YUY 4Y 55 v de
ult} gulEl 2 it AN RET R BEoiuel e ko] 4
FR2ZE AN AT SEZY dextrin B3 ZAMIA 8
F Wdh= area under the curve® AAISt] Hrte] Aeale
ALE Yeple AEE AR5,

BA X2

Ak Wt EFUAE YERIAT 3T3-L1 ADA o)A
oy B8 Eo] thixgel vis) I3 F7t Fvlske AR
&} in vitrool A o-glucoamylase?] 8/39] M3l TE one sam-
ple test UL R FTAH {F948¢ HE3AT In vivedlM =
Eove] 538 4FR=2E TIE P4 dzed vnsid
two sample rtest® FA1H Fo4-L A RE B4 A
219 oA HAEL a=0052 st
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Fig. 1. Insulin dependent glucose uptake by 3T3-L1 adipocytes.
The data given are means & SD of triplicate measurements.
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olgRlo| ST0f| ME 3T3-L1 X|MZLiRe| ZTTet &% =7}

3T3-LI AR Es AR B3ld Qed 5849
GLUT47} A x2=te] ddElo] Qe target M EE A3 o]
=W A Ad AAE A7l L2 Zdolr} T3 3T3-
Ll XA Ee 2o whE A7) @e EZ3d il &
e BARE UL W ot Aol EAjshs A}
© el grd molmy) fxol 7ko B thalel A
o] A eobA QlEd RIZMY B @A AE &rld 5
3JTH®). Kamei 59 3T3-L1 AMAFE ¢l&ale] x| o}
gt 5o F5 SUMAL, B3 4B RE Ras
chalcone®] %A1 2-benzyloxychalconeS H7}8lg o <1
US 2ok led AsHIEAA Y shte] 7129) phosphati-
dylinositol 3-kinase(PI3 kinase)?] &/4& F71A1A ¢l&d g
g AL Bastgrt

B A= s 0, 1, 3, 5, 10, 25, 50, 75 ng/mLS ]
23 & ¥ed F4 A5E 23S W Jded =) 25
ngml 7= Q1€ Tt S7igl et 2 F57 &
7L, 25 ngmLET %2 €Y FRelME AXuz e
EEg F7t ded R g Ao)7t fAtHFig. 1.

St £& 2&80| Xt &0 0XlEs P&

E 3= Paconia suffruticosa Andr.(7}V}2]olRlH]) 2+ Ranun-
claceae)?] <FE RGO 2 THE Z2E monoterpene glycosides
8ol FEF AL o] oM APA Fojdote
2A o]&Fo] k(7). Eduel paeoniflorin® 4 23 o
A A& 3IAL fibrinogenS ZHAAZICEY. B W= Jrh(10,11).
opF7ZFA BEdtu|zl H 7ste]l ol Wi RuE ARk
272 (31) AL sl Kux|33tel FHEE dAjolmz
(N & A7oMe Bdue] 58] A&dY 248 A
71E ded U EFEAMY f%0) e A oJRe g
stEe] &3t Fd vAE 99 ARG Bdde 3-
(4,5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium bromide(MTT) 41
oz AXE 54L& 4T 47 3T3-L1 Ao Eel Bt
o] Mg 28 Y3 £35% B d7M 4L e
e % 3ugmLEt 32559 1 mg/mLolA 124]7F A7)
e M= Ao AEES BE EIFoIM 93-98%S B
A2 542 8ol A9 f1thdata not shown).
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Fig. 2. Effects of Moutan Radicis Cortex (MRC) extracts on
glucose uptake by 3T3-L1 adipocytes.

Each extract at the level of 0.3 (A) and 3 (B) ug/mL was treated in
the presence of 1 ng/mL insulin.

Fr. 1-Fr. 6: I ng of insulin+each of Fr. 1-Fr. 6.

*Significantly different from 1 ng/mL insulin treated group at p<0.05.
**Significantly different from I ng/mL insulin treated group at p<0.01.
***Significantly different from I ng/mL insulin treated group at p<0.001.
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H 2 274% Ingml €3 F2E5S 810 S o X%
Fe] F47t AEdE S0ngmLE HHd vE Z/8ithE o
Jedd 28-S PP T BE Qled gy &
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HIs|N SAH o= §oalA 3T3-L1 AMAIEA] X
T ST, UHA] B32e ¥ 53 F4E 27}
Al71E EH7F YA Fig. 2A). 3 1 ng/mle] Ql&sdz 7
AeEE FEES HNL W TEF S5 A48 50
ng/mLE A3 WE7R T F57F 27A7IRE E@ch

o EYES ¢ 108 /A 3ugmLet 2lEd | ng

< 7 3T3-L1 AAZo X2lelie W) Fr 1, 3, 4, &
© 5 AT FTE TVRA Jdedvne My e
gholl vl BAoz FoaA E¢T £ o xxgd &
FFo] AFER MRS W 2o} wEeEdA AR =
7¥eted Qled 50ngmLE A R FAreAY o Eoke)
(Fig. 2B). Fr. 6°] 79+ 5034 A%ES! 03 ugmLst ¢l
¥ I ngmlLE ML e =8 T4E IyRHEN &
38 TEEoME e FFE FTRAIA gt o)lRe
Fr. 6 B8Eo] gt 71He #HoistA EA6P8 negative
feedback g 3t A= LS AHIAFIE AP o] o=

{1 b



=oms) ¥ 74 £ 415

120

-

«© (=1

(=4 o
T

L) ek

A Alnl

Fr. 1 Fr. 2 Fr. 3 Fr. 4 Fr. 5 Fr. 6
Treatment of MRC fractions

Fig. 3. The effect of Moutan Radicis Cortex (MRC) extracts on O~
amylase activity.

Fr. 1-Fr. 6: treatment of each of Fr. 1-Fr. 6.

*Significantly different from DMSO treatment group at p<0.05.
*#*Significantly different from DMSO treatment group at p<0.01.
#**Significantly different from DMSO treatment group at p<0.001.
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Fig. 4. Changes of serum glucose levels after the consumption of
2 g maltose /kg body weight (n=8).

MRC: Moutan Radicis Cortex. 2 g Maltose/kg body weight was
provided after 10 minutes orally administered 500 mg MRC extract.
Serum glucose levels were measured at 0, 10, 20, 30, 45, 90, 105,
and 120 minutes. --4 --: MRC, -l -: Control.

Rnoz AL} ol BT FYEY TET FF M E
7} BolRow Qe AL PYNAM vehle Y
Q)R] By Eo] M| detergent® HIEFHOR gl ¥
e AT o]Eshs AARXNE AR A8 dedd H
7bE1A 3 BEETS Yo AN EEFE Fréke A
w2 2Qsged 2 gol /AR FARAY 2388 Hot
BY2o| detergent® A-E3H] HlEo|HoR Exe FTE
Z771E AL ot s BEdy] 8% T R,
Fr. 3, Fr. 4, Fr. 59l 3T3-L1 AAEM HEre] ded
=AM o1& 2HE-S PEAA aEEe) Agdel EA)
e wE ¥uge) ¥xw F58 I/ ded Uk
o] &xdthe A& ¥ F AN

In vitroolM BT @ B8Ol o-glucoamylase WO
Oixle A%

Fig. 3ol 209 %% E38o| o-glcoamylase 4 &
g3l 7120 dexrin® EEROE Eajshsdl vXE Al
e 23S Fch B99e] EHES ¥ o-glucoamylase
o) e AR BAAA HAE FEl TP Fol A
Jth B A¥e 2oy BIBEFL 2, Fr 3, Fr 4 123 Fr
5% 50pg/mLE 1A7F B9 wiFstdS sl A=l ol
3 27AL gE A7 E=RA UNtEoR o-glucoamylase®]
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Fig. 5. Changes of serum glucose levels after the consumption of
2 g dextrin/kg body weight (n=8).

*Significantly different from the treatment group at p<0.05.
**Significantly different from the treatment group at p<0.01.

MRC: Moutan Radicis Cortex. 2 g Dextrin/kg body weight was
provided after 10 minutes orally administered 500 mg MRC extract.
Serum glucose levels were measured at 0, 10, 20, 30, 45, 90, 105,
and 120 minutes, --4 --: MRC, -# -: Control.

g4 e AdAsH BEEYE)E 9T 9 AHEE 2dEn
238 il weky WAk Uitk 2dde B3t
3, B¢ty BEEo] 2ANME a-glucoamylase®] 4& &
gRog AR AL ¢ 4 AUk A in viwodlHE
7188 YEXE ARRENS dx Buy £33 FEFF 2,
Fr. 3, Fr. 4, Z18]3 Fr. 50 a-glucoamylase®] #-4-& control
o Hls) 30-70%% HAAZAL, o] Aoe BEZ WA dextrin
& 7|AR ASERE WE FAR 43S YeRBItHdata not
shown).

In vivoollM S|EHI] & E8#0| o-glucoamylase W0
0|kl A

In viro AZolA 2ty BYES thi-E 3o o-glucoamy-
lase AA7E TR0l AROeBZ in vived Bl E HHEL
2 283 AL AR 82 70% WEEE & T2
AZAZ AL AMEEIC) Fig 45 406163 gS) A WAl
A 500 mgkg AEe] By FHBoh} 4FR=2E FFY F
o] 2gkg AE TEZFE FTFIAL W ¥ WsE b
Qut, HE=E 7|22 TFEES W ¥9 A4 A 33
gt 7y oy ¥ w3l oz FE A4 area under the
curver Bg) 2EES Bo 8 73 4F22E FAF O
23 Aojoll xol7t Al flUthFig. 6). 1Y ol¢h= €]
718 dextrin®® AME3IES e AFE=] Hs Sd
=220 dextrin 43 F 108004 3087xe] 85 ExT F
w7} ol vls) A WUtkFig 5. & AT B
Eojal7) 308 Ho] MRC #2EE 13 AT Fosiiler
o] AT}Z MRC FZEo] &ed U vlAE 9L &
237] oYty dwrx o @ <&y Wzl FAET] A
= FHolx 9y ol E-gajof slug 13 BRowe e
2 wizky o m g &y et AxE 7Itis] o2
B2 MRC $ZES 593 3 2E2E FI88E o =
2ol vlg) o] AR e AV ed UEA &
#A7t g Ao WA S Utk &, BERY dextring F
J3l7] 308 Aol FE2EL I T4 TE2U dextring
2EE 3 Qe FAEPOEE 3289 ¥ MAE &
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Fig. 6. Area under the curve of serum glucose levels after the
consumption of maltose or dextrin in addition of Moutan Radicis
Cortex (MRC) or cellulose.

*Significantly different from the treatment group at p<0.05.

--B3--: MRC, -i-: Control.

Tz 43F F9ol vl dgTeR 7Esfor gt Coniff &
ol(12) &lslilA] W13 acarbose®] Aol Bla] = Aol A
%ﬂ E‘:J] FZEEL dextrin®E 77 F3F HAE SIS o
S A AN, FHAEA FFEH ATte] A
Ur‘i’i’ﬂ -r]‘p?ﬂ] grdo] AFEAE ZAtt B AN in vive
2 AHH SR o-glucoamylase o S SR Whore
AT g AAA 83 s Asit L g40] 84 4
o 23k Zolgts 9 = vk 28y in virwH oA
Bty 23850] @A o-glucoamylase®] 4L ZAAIH
omg AT g9 HARIA 83 A Mt a4 849
el o] g ez 4% + Uk

Acarbose= 7} 302 o-D-glycosidase EAIE ofA|A)7]=
AEE FE A HEY Hutel EXZT maltase®] 4L
A e Aoz deHvi12). 22t AR arcarboses H
Ex= B2 AdAAN= vk el e3ld Ay EelE
A AAske Aom deHT3,14). S9SN FEELE in
vivooll Xl dEZ9] BalE AAsRE F dextrin®] &5
e AAEIE). 3 T2 A7elA] AReIAl 2L88R] 300 mg
9] arcarboseZ AT FosIHS W HEZRS FFo & I
FR] UL g HAF T FFe AR 2 ZE A
o] go} &% Feke] el & zlo|7f IATHIS,16). E
H)vh i wiAjo) 359 7.570€Y F<t arcarboseE F-F3H
o ¥ iEEJ WHel= vjuleld AT FEA AT FH8
AAY B2t 9led st dAH A €Y XE 5
=7h %‘*3}"1‘?}3’_ HIEAT 18 BE acarboser AL T
razt EAFA &R A7) w9k FEEH g "ol
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