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In vitro Anti-diabetic Effects of Crude Extracts of Platycodi Radix

Byoung Seob Ko', Dae Young Kwon?, Sang Mee Hong’, and Sunmin Park*>**
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*Food Functional Research Division, Korean Food Research Institutes
*Department of Food and Nutrition, *Institute of Basic Sciences, Hoseo University

Abstract Anti-diabetic effect of Platycodi radix (PR) extract fractions was determined in vitro by investigating insulin-
like action, insulin sensitizing action, glucose-stimulated insulin secretion, gene expression related to B-cell function and
mass, and a-glucoamylase suppressing action. Insulin-like activity was not promoted by the treatment of PR methanol
factions in 3T3-L1 fibroblast. However, treatment with 0, 20 and 100% PR methanol fractions along with 1 ng/mL insulin
increased insulin-stimulated glucose uptake in 3T3-L1 adipocytes. In addition, the treatment of 0% and 100% methanol
fractions along with differentiation inducers significantly increased the differentiation of 3T3-L1 fibroblasts to adipocytes.
These fractions may contain insulin sensitizer. The 20%, 80% and 100% methanol fractions enhanced glucose-stimulated
insulin secretion in Min6 cells, insulin secreting cell line. This was related to the mechanism to promote glucose sensing
and f-cell proliferation, which was regulated by the induction of IRS-2, glucokinase and PDX-1 genes. As expected, 20,
80 and 100% methanol fractions increased mRNA levels of IRS-2, glucokinase and PDX-1 genes. However, PR fractions
did not affect the a-glucoamylase activity in vitro. These data suggested that PR extract fractions have anti-diabetic actions
through improving insulin sensitization, glucose-stimulated insulin secretion, and B-cell proliferation. Therefore, PR extracts
can be beneficial for anti-diabetic treatment in lean diabetic patients.
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=9 299 Folle A7tel wetd 2o gt @A Aol 3l
3, lsdg BE £ UAS T dEgAEs S8 S48
Zg o) vepdtia sigivt. 3, e 2] << insulin-like
growth factor-IIGF-I) 21 & Ago] e uf weld el F4]0]
Z7FskaL A EAVE (apoptosis)©] 7HA43He] Wb Q] ko] 7}
ke Zlol dHATHO,1D. WIEHES] QI&EU/IGF-1 A5
< insulin receptor substrate(IRS)-29] W3] F7o} LHe #A
o] 2™ glucagon-like peptide-1(GLP-1) receptor agonistS!
exenatidex TRS-29] WAL S7MA insulin/IGF-1 NS HGS 3
BAA HEA 2] S FTHZITE Flo] RAHTHI2).
FEUetE HIZE oprete] oFuEteME FAROR o
2] 7K F2ES Bu 2 oy A X8AR AMEEl st
ok ZEu Rz a oA g XE5e] AREHL U SR
FAME bR PP At BEH e BA ¥, 53
o JHeR RS BEEAY gt dve 2ol 7HEA &
ATk B ArEHS TR Frge] X Bo) A3l
1004 9] F2ES FHOZ in virodld A= E4L 7R
oS BHEIGTh & ArHel AFst BA] FolM Wig, o
=, T=d HgY B8 ded U Eo] i3]
BABTH13-16). o1AT FA At F ded W
% TRkl U 7FeES LT Fol AFeleA o]
o A7AE ZZBEINCampamiaceae)®) &3F= TR ES ©
@A (balloon flower, Platycodon grandiflorum)2] 2] 24 EAFZ
07 239 &5 Ag T oFE0E ARSI £2 ), A
5o AR AMEEY gon HIT 5o TFNAGAER
, A, ABEIh, & A5, & AY L AAEH AL
ZUAE, B, T A, ZY2HE YA A
&, 1 & AARE, B ANAE 84 £ 2 By 24
7b 5 OFR @4e] BaHo] AvH(17-19). A7 TR
EE platycodigenin, polygalacic acid 5 oleanane?| triterpeneS
aglycone 2 &k 200 £ ALEY 14% A= dF-Ho| glom
olE AT HEEL 47 FEEO| HAFE us s
& Uehlle @8R 0E F5 vy Qv A48 SRt &
At frEe] e AARUES el Zo|rt glow, Fatate)
= AREYE] giFE] platycodin DolZ, =2k platycodin
D, platycoside E, polygalacin D2, platycodin D3, platycodin D2
o] Bol FfrEe] SIth20). 2BEE 2 AFdME =it 4
A FEE] AW AEE WP dEd U &9,
=

i
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flo tlo to

ol DY ot odt of

HAY 2l Aedy BduAe &3, Twg A5 ¢
3 ded BHlE, WER ZoAAe] RS2 29, 28Y aglu-
coamylase®] JAAZY] EA7} Y& A RS ARSI

HE o W
HE=

£ Ao g9 A3L A2t Plancodon grandiflorum) B
2 (Platycodi radix)® *& ZEAglA 2003 10€9] 7YT F
gkl st oA AASHA sk A AL AREES
I, ¥ WEE Bo)1 ggtelsiiTel BEA Rty ¢l

AZe| =X

A7 1kedll 70% &S 10L& E 2 A7+ D52 23] v
E FE3 3 A2 A3l 450 x g& A2 (Megafiuge 1.0R,
Waltham, MA, USA)sla 454 SH3F 57| (Buchi R-114,
Haverhill, MA, USA)E 35°ColA 4523 T 54 7AZ(shin

Freeze dryer, Yangju-si, Korea)dld 2% FEAEE THEIT €
FRGUZZAE g EFF 10mlol] FEAA dgdoz o
E &, amberlite XAD-4 gel€ 7% AAZHEA: 30 mm; 2
°]: 300 mm)S-Z HA|FACE. ol §FqL WErge] I FH
A|A 3AE WE7IEA HOPRD), 20% HIEE(PR2), 40% W
E&(PR3), 60% T¥H-E(PR4), 80% TIE-Z(PRS), B 100% W&
S(PROLE pFo] Bt IjkeSE & T4zt ALGS}
Gt zhzhe] B8=2 10% DMSO°| 1mg/mLE %< F soni-
catorZ 20% B JEE] HAE glo] BF &IAFHTY. EF
F@22% ]go)A PRI, PR2, PR3, PR4, PR5, PR6Z 7}
286, 121, 310, 118, 108, 57 mgE =3},

oledly 3 B A

3T3-L1 A-5-oMH F(ATCC, Manassas, VA, USA) 75cm’ flask
of ¢ds] MY w7iA] vt o] AEE trypsin 25k
flaskoll Al Wo] W & 1A 27 (haemacytomete)E AlAFE 5X
10° cells/mLe] A|EE 24 well plate®] Z} welle]l ¥ phosphate
buffer salinePBS)E A& 3g & 1% bovine serum albumin(BSA)
S g3l JdE L¥E EEF Dulbecco’s modified eagle
medium(DMEM) HiAoA Fegsted 5 Aded(10ugml) &
A2l 025 uM2] dexamethasone(DEX, Sigma-Aldrich, St. Louis,
MO, USAY 0.5mM2] 1-methyl-3-isobutylxanthine(IBMX, Sigma-
Aldrichys} 34 27 EEES 22 100 pg/mL Friste 547F
HioFaldeh. olwl DMEMS 2dol ghiX wdsigict 2R3 &
FE] e EFo] FiEY e A AFe 5d T
¥ Fofl ANE TA AW 4 43 3T3L1 AFoHE
7t AR ER BeEE AEE SHAT FAALY] sEE
4 A4k 274 kit(Young Dong Pharm., Seoul, Korea)2 Z7J3}
A dzxde 4% #95E §31421 §90 DMSOE ZA
FIE oAl @risted Wit

ANUMELZO| Z=E &+ AE

A wjkd & 3T3-L1 Aot E7F 75em® flasko €A
A9 w7kA] wloFstd ok wMgEr] vieks @] AL A
o f= 23 EFE Ho] 39 T widE ¥ 299
10% FBSE 353 I%% 5% DMEM Sdo= 7§
A EE A3 ABHE 10-15Y Aol T FF
o YEE 24 well plateZ &4 FACE 4 W= trypsin®
2 AZE do] J F AT FE ALSI] 24 well plate
9] welle ¥l F7hglo] &3] AL F UY=F EFHAct Well
platec] £71 A ETE pBSE AH3 F 500 uLel 1% BSAS
et e Azl TEdE Ifs DMEMOA 12417 ©]
A At Fo HEPES &0 2 37°CoA 308 ot njdst &
1 uCi/mLe| [MCJ2-deoxy-glucosest 1 mM E=TF& H7ISkL 22°C
oA 308 Fot vkl 2] AlZRS F5 AEE C
o] MEWE o)5g doz ZA3IGTE HSolXl =Y FF
£ ujAE7] 981 glucose transporter-4(GLUT4)] 2H8-2 <A
= cyto B 3 wldEla S wel X o|F g Wil A
U= o)gd 2] 4g A% Aze 10mM E5F
o] 343k PBSO.E AHSI 05N NaOHE M ZE E3slch
(16). Ed HNEE 2o g FIAT|Z TFE MY TS
W€l counter(Tri-Carb 2100TR, Packard Bioscience, IL, USA)=
dpme =384 Th olu wellel] sHE AEZ 4E ZF3EVI
YA AED 1 well lysis buffer2 23214 Sid =4 kit
(Bio-Rad Laboratories, Hercules, CA, USA)Z &743t4H}.
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A7 F25 B0 xud F49¢ nAe G 2] ¢
3N 474 F2E #3L DMSO 1 mgmLoE =9 3 oA
< PBSOll 059 SugmlE FXAA F A oM Txy
T ARE AT 449 7 2o ded 94 A
7} FHrEol 2 & ZAKE7] f18iA 3T3-L1 AA)
Foll e 1ngmlst I 7F BY& 93 1417 FoF wjgst

¢1&d S0ngmLe A2t Axje}l B
23T R R d&d 0, 1 283 50ngmLe ARES
X, BE AP 38 wESIGnh XEst £¥Fo) A& 2

Z= X300 ot olsdl 24|

Miné A EZE 24 well plate® %71 3 70% confluent® w =
X EEZ%-serum free glucose DMEM -£oA 10A]7F E9F
I F 27 EEEE MYsiz A7 Bk slgsie A
EE PBS 8902 AHY & 47 FIEL TIF A¥:
(5mM) *2%% Kreb-Ringer biocarbonate(KRB) -&-ejellA] 1417}
L WA § ol AFHEAT A PBS §90E A
3l 77 BEE3 ] IFEEQ0mM) 5D KRB 29904
1A Bt v & 8o g AFstH AHS fHozHE
Y=d F=E RIA killinco Research, Billerica, MA, USA)E
A3t

e

e

A

IRS-2, PDX-12} glucokinase2] mRNA levels

deds E¥lske AEQ Min6 MEZoA RS2 L& Z71
o 7o} Web 2 7153 BH BEo) & glucokinasest ¥
e 2] F2lol] Fosle PDX-12] WHL realtime RT-PCR W
How Z4sirt. 247 2EES Ming AE) gA7F B¢t A
23 & PBSE M A3}, total RNAE Trizol -9 (Life Technol-
ogies, Inc., Grand Island, NY, USA)& o|&-sted Esigch
cDNA= 23 total RNA oligo dT primer® AREsle RET-
ROscript kit(Ambion Inc., Austin, TX, USA)S.2 ¥A)&+9ich
QuantiTect SYBR Green PCR kit(Qiagen Inc., Valencia, CA,
USA)E ARE3te] quantitative realtime PCRE iCycler PCR
instrument(Bio-Rad Laboratories)ol 4] =& 3}d IRS2, glucokinase
2} PDX-19] 2H9] Wsls ARG PCR A#25E 77k
FRAR] A Q] AFEA L internal control?! cyclophilindl] T
3 ZAMIAL Sk fRRke] PCRE A EC] BlE AlXtelt)

In vitro a-glucoamylase A

o-~glucoamylase= 50 mM sodium acetate &N S Z(pH 5.0) 5
mgmlLE FAAI713, 7142 WMol 20 mgmlLE FFHGo] ¢
F1:19 HEE A FELe $AAXT AL 1mgmle F
T2 DMSOZ =0°|Z o]71& PBSE FAste] Algsigit. 44
=2 S0pgmle] $EE ARSI o) whE fele 37C
oANA IAZE FRF AlFAITE 1A1ZE Foll 150 e} 02 M NaOH
2 WSE SAAA 3] S 150 ule) 02M A &
HE HolFoh wE & PAHE FE T=F 4L 2464
a-glicoamylase®] 24L& ZA3IT). tl22e 247 B35 &
w2l DMSORMS Aejd Ao A= e fe) Teg o 4
At 2= DMSOTHS: Aslae W A HEE f8 5

[ed

SEIAY
ol
ofl

O
o3

j

o

4 24

2E A= A ¥ REEd i3l Hed EEUAE AtE
YERNSITE Th¥st parametercli A A7
one-way ANOVAXIH .2 FAA o4& AF3dch 4 +A
olo] Hpzkel 94 o) Tukey testz G313} Positive
controi2 DMSO42] Z}o|E two-sample ttest® H53IATH B
€ A Al 44 A5 p<0.05E AT

= =

AGAIZ 3T3-LICA Qlele) g WE 259 F5 $7F

Fig. 194 Hol & RAd 3T3-L1 ARAZo] Azl A&
FE7t 50ngmlZHAE el e Fopdd wet 19 §
F7F 7RI o, O o] ded FRiME Xxd F4t
o ol F7kHA &Stk &, S0ngml A€W F=rb Asd
FEAE 5 JdEd A4S UEie Y BEE o] F= ©
stelide Qe F=of HEste) Jdad Hgo] FUIeAR 2
ol ksl dErhs AL & F T JER Azl
dedst gastt s BES AAe ¥ rede) F
7t dASA FrkslE A4E MY BEE ded UG B
Az 75g F Ao

2 ATox Qled Wi 4 wsle 3T3-L1 AHA
X5 A ol 3T3-L1 AAIEE in vivoll SRS AL
/g mol=w o AHE BT EAG AFH A Ko
WA ey A9 GLUTA4E Al 7R Qlo] el&d
of RIZEIAl W-EE7] sfEelth ledE Ashd 3T3-L1 A
WAle] Aol Qledle] Agsial ozl dHe e Al

FAGAAG] IRS-1 - PI3 kinase > Akte] HAL ZEAZIT}, o)
AR GLUT-47} A X222 translocation®+= o] 27k &
o] 2T 55 TVMZITL LeiAiThe,7,14). e BE 3T3-
L1 A Axe d&ede] 888 A7 E2S 95

u cled AsdgAAE dyske Rdz et AlEdn

1Y F& 2slg0| T 570 O[xis 4

B AR 3T3-L1 A Ee| Agkel ¢l&8lel | ng/mLat
27 BIEES AFSEE W 50ngml d=L AHE A
Ze AR XYY FE STHYE AE 2BRKY. As
(0.5 pgmL)et TEEG ugml)e] 473 FEES A2 Ee o

fe3
O

NoW A g1 B
o O O O O Q
L L L L L L

Glucose uptake (dpm/ug protein)
3

o
|

0 1 3 5 10 25 50 75
Insulin (ng/mL)

Fig. 1. Insulin-dependent glucose uptake by 3T3-L1 adipocytes.
The data given are means + SD of triplicate measurements.
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Fig. 2. Effects of Platycodi radix (PR) extract fractions on
insulin-stimulated glucose uptake by 3T3-L1 adipocytes. The PR
extract fractions were treated in 3T3-L1 adipocytes with at a level of
0.5 and 5 pg/mL in the presence of 1 ng/mL insulin. The two levels
of rosiglitazone (2 UM and 20 uM) as a positive control were treated
with along with | ng/mL insulin. The data given are means = SD of
triplicate measurements. PR1-PR6: 1 ng of insulin + each of PR1-
PR6. DMSO: treatment of 1 ng of insulin + DMSO (solvent of PR).
*bede Values on the bars with different superscripts (a, b, ¢, d) were
significantly different at p<0.05 by Tukey test. "Significantly
different from the control (DMSO-treated) group in two-sample t-
test at p < 0.01. " at p < 0.001.

it

EF PRI, PR29} PR67F Q1€ A=l 93 ¥x3 &
7INZATE o] A BEFoA BF 5Spugmle] BEEe H7
£ o 05pgml & 7S Ao vlE] TEY E5E2 =

7WNZATHFig. 2). 2 FAME 5pugmle] PR2E X5
© 50ngmLe] &AL AT RAF FAEH ZF7HA

¥
M

Mo o 3%
KB oy 32 ol

rosiglitazone S Mgt ANE FIWAAHY &, 24 2g= =
PRI, PR2¢} PR6= UE9 oL 20-508] ARtk A
= @ F Uk HES 0% 20%0 £5F EYZo Qe
d Wz Bl 3aHe dths AL ¥ 5 L, oded
DA B FHAEL FAY Eojgn 428 &
Aeds F7BHA ¥ 474 REF0e 9e HHdN ey

Frdhs ARE A Ed 2 ge) AR SAksEAY

=
Yol B8&o] AEue FHHo2 ThE: detergent®
ZHesto] HSe|Hos Trge] FrE FTMIYIE AL oY

o
TN HAE FE2ES AL o d&d g
= /A 29 FFE FVMIZIthe Bt I Krenisky

<+ 25k Qled e #odsiy e Edolgy Bs)
AL, Hong §(22) <4, AE%, 34, X123, g, Ego
2 789 EFAWo| 3T3L1 AWAH TN g 45 27}
NRTHL BsiGith B A7Ee] A7 Aie] wEw) oig)
-7-¥ sennosides, rheins and rhaponticing: = EHE 71X
€ AL LFEHEd 2 7148 rhaponticin® rhein 3T3-L1 A
W AZA AE™ ATl 9F TnF F4E AL, B
3] thaponticin= Ao EE XA EZR B3}2 23A)7)3,
A £4E F7MIIE 292 Hol PPAR-y agonistd] rosiglita-
zoneZ FALSE 28-S 3IRTH(13). WES0) ¥ homoisoflavone
& 3T3-L1 AEAZAA [RS-1 - Plkinase A SHEL FAA)A
A Zo M 2 F5E FTPIRIGE AL BT4).

2lggly 2EEMe g3
B A7 ARSR 3T3-L1 Afoll e BT E4o] &

Table 1. Effects of Platycodi radix (PR) extract fractions on the
differentiation of 3T3-L1 fibroblasts

With differentiation inducers With complete
Groups except insulin” differentiation inducers
(ug triglyceride/mg protein) (ug triglyceride/mg protein)
Control 13.6+£227 213+34
PR1? 13.5+£23 33.0+3.9*
PR2 128+28 215+26°
PR3 126+29 19.8+£2.3°
PR4 13.8+£2.6 21.6+29°
PR5 13.5+£3.8 18.5+2.1°
PR6 133+35 349+3.8"
R‘(’;‘(%'W 139422 470+52"

YInducer is a mixture consisting of 0.25 uM dexamethasone, 0.5 mM
1-methyl-3-isobutylxanthine and 10 pg/mL insulin.

IThe data given are means =+ SD of triplicate measurements.

PR fractions (5 pg/mL) were administered into incubation media
from starting to provide differentiation inducers.

*b*Values on the same column with different superscripts (a, b, c)
were significantly different at p <0.05 by Tukey test.

"Significantly different from the control (DMSO-treated) group in
two-sample t-test at p <0.01.

2 e FEEH AT AYAE
2 BlEle B48 23 flo] B3l Xl BE< el
I AR 2ERIEAY E)9 X AFE BEke A
ARSI T} 3T3-L1 AAfodE= 21&d, DEXSF IBMXE =4
H FEAEEES FAURIe W ATAER HA3ETH6,7,13).
A&AX B EA] ¥ % 3T3-L1 AfoZE 32 o
NS At f=ist 4% A sugml 47 REES
7S W AAEE F9 Aol tizEl DMSOE AFe
ARt B3, deds ¥ Fein EES A A &
ARstAl F4A o] AEEHAE o A7 EEE ey EF
o] TFHo] Atk etk 274 B F dedd 22
2 Agshe 58S Xitk(Table 1) ¥HEel o8] Aol <&
A 248 dfete AFES B Ko 5(23)¢ a7
A B EEZC] A7 & AdE b FEEE ]
o} 10 pgmlLe] T2 A sIe o thzee] vjs) + F&=dl
Al B BAF LR fofstA B3l SIAA B Big=
43 3 B EERS H7RIS WS 1 pgmlolx #3)
E FANA Jdedd 22 A83ve AE o vk =
I Kameda 5(24) A58 XA 2N AFEs)E A3t
NS 2R5le TEREOR AeANY AIPHE =
NTIEA AEelE Ak B2 et SHo=a 4
e, ZEAERE BT trans-10-hydroxy-2-decanoic
acid®t w89 non-pseudoephedrine®] I&EHA EZYS I3}
At

e ] & o
Y, oledle X3

ai)
(o]

fd ok

fo N

o

B eEddt g4 spgml 474 B

JES ARE W 48 A Y] A ded 2
Fo g% T=F F4E F7MIE A PPAR-y agonistZ Z

|8 7Fs/do] wl$- =Y. PPAR+y agonist2A ¥ AHAZ &
"= UE rosiglitazone & F4 AW AR o] FII8IEA Q)
=4 2= o v FFE FVMIAHTKT,13). PR1F PR6E
23 5 29 ¢<d, DEX 281 IBMXS] 848 3
A 3T3-L1 Aot A zRe] ksl A8 FIIAA

o oA #3 £ 22 F 53] Jded AEE e
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Exendinog

Sample fractions

Fig. 3. Glucose-stimulated insulin secretion in Min6 cells. After
10 hour incubation in low glucose DMEM, Miné6 cells were treated
with vehicle (DMSO), 0.5 and 5 pg/mL extracts of Platycodi radix
(PR) extract fractions for 6 hours, and then they were incubated in
high glucose (20 mM) Krebs-Ringer buffer with PR fractions for 1
hour. Exendin-4 (2.5 nM) was a positive control. These assays were
repeated four times, and the results were expressed as mean = SD.
***Values on the bars with different superscripts (a b, c) were
significantly different at p<0.05 by Tukey test. "'Significantly
different from the control (DMSO-treated) group in two-sample t-
testat p <0.01.

A3 BAO) g AoE ZHL) o] B el AFH 7
Y JEd AT 98 IEFEFFE e REFoR
SFZA SUsAE AT PPARYS) BAE FATE A
Bdo] 3l Ao AR Yuix 2¥ES AP A9E
DMSOW-S A3 thzo] wls) A MEze] A% £75
At oA B it &, AR Al A4 PAE 2

qs ?;Wﬂoi e RE & F AAJL, o™ 714 2JE)A

A ﬂii«l BRE A 2AAT) SAHoE YA £
AREe] ZHR e 283 = transcription factorSo] 235014
T7F ARAZE EEEE HHd BdEe Ag #do) dnar
gt} o] Ao BFh= transcription factorss PPAR-y, CCAAT/
enhancing binding protein(C/EBP), adipocyte differentiation, deter-
minator factor 1(ADD1) 22|37 sterol regulatory element binding
protein 1¢(SREBP1c) 50| it f= E8E2LE AA% transcrip-
tion factorg®] LHE FAANFOE AfoHEE At Az
AN = Flez THATH2526). 18 B2 PRI PREETE
& PPAR-y activator® X33 715Alo] =T},

Zeg NS00 2E olal 2|
S5mM X% KRB §olxEs 47

2| HH
=C =

r-1rL
Je

_Vi g
o
=

i BN
5
£
g
£
17
e}

RUIL, 5 61 positive controli /\F‘l??l- 2 5nM exendin4E #g

3 = DMSO+# Qled ®Hlol zolrl 191 thdata not

shown). ©jZlo] Az 41:‘:1*01]*1% 473 EFEo|} exendin-4

7h Q1&d B8 SR ol surfonylureashs @@ A

e FskAE 4 Ao *}4‘35]915}. S, 20mM ERY

KRBEHoHE Min6 A2l Z474L 5pgml #2)3192 o PR2,
o

A
T}
[}

PR59} PR6 B8Z0] Xu 2o 98t <ed FujE Z7pA
ZArhFig. 3). PRS +3 ] Q%Y BUE /g SAAZAT

2.5n1M2] exendin4 BUh= &XA)7)R]) @bt} o)t Exgd X]—
o &g Qled UVt Sk AL 83 gt gt B8

s g3 705

G control  CIPR1 8PR2 8PR3 ®PR4

6.0 -

BPRE  BPR6  mEx4

5.0 4

4.0 1

3.0 1

2.0 -

Relative imRNAlevels (AU)

GKleyclophilin

IRS2fcyclophilin PDX-1/cyclophilin

Fig. 4. Expression of IRS2, PDX-1, and glucokinase in Min6
cells. Min6 cells were administered with vehicle (DMSO), 0.5 and 5
pg/mL extracts of Platycodi radix (PR) extract fractions, or 2.5 nM
exendin-4 in high glucose DMEM media for 8 hours. Total RNA
extracted from islets was reverse transcribed to make ¢cDNA, and
mRNA levels of IRS2, PDX-1, glucokinase and cyclophilin were
measured using primer sets for full length of IRS2, PDX-1,
glucokinase and cyclophilin genes by realtime PCR. The results
represented the ratio of mRNA levels of gene of interest (IRS2,
PDX-1 and glucokinase) and those of housekeeping gene
(cyclophilin). ***“Values on the bars with different superscripts (a, b,
c, d) were significantly different at p <0.05 by Tukey test.
" Significantly different from the control (DMSO-treated) group in
two-sample t-test at p <0.001.

AT, B AelM positive controlZ AHE-3H exendin-4= 2007
FDAZHE Exenatide®] ©|E2o =2 Y ZIsHAR
7+ ‘x’:%ﬂr 8B A7 E9F3de 2= A=
& 7P Bdol &FEol e AR A}

Miné MZOHA IRS2, pancreas duodenum homeobox-1
(PDX-1)2} glucokinase mRNA 23

Er AFel 93 Sl #ule] Aole @S
Aehe FHol "ojA|ar, Ao WEEe] FAo] FE3] ¢]
AXA] ¢kg W YERITRE Flo] YR THO,10). Glucokinase:
e 2ol 2x 3 1R (glucose sensing)E FATH= 4%
#HAe™, glucokinase o 3 EAJo] F7ted o =g 74A
PIAA e AT oF Qe BH] AEAoR £304]
= 7401 HIFEATHY,11). &4, e Ee] AEAAGE-1 A5
o] &g u) F2lo] S8 apoptosis’t THAdte] WERA]
o] ok 1 Zylsich, WER FolA RS2 HH S 277 A
o] ¢l&AU/IGF-1 AFAGE PIAZITHE B vk AATH11,27).
Insulinotropic 288 3= GLP-1 receptor agoniste = A=

u

foh L gy n

o o3t <led EHE FUiel 9 WEARY e F7MIA
a2, o]Ze RS2 HES FUMA insulin/IGF-I A EHEE 8
AAZATH11,27). ©] A 7&%«] ol WelA 2] Fo] F7 } |
7= A& W] F2

Hof| 3= transcription factor?] P

18] g %7%1 7= A FEo] 9ATh(28,29).

= PR2, PRS, 222 PR6°] IRS2 mRNAL] &
d& FTMIHS Dﬂ I FoA= PR5o| WAL s EAA B
TN A Fig. 4). 019 fAH 2x@de A B4R g
lucokinase?] mRNA®] %= PR2, PRS, = PR67} =7}
oJAE TG AF) o3t A& BHIE ST
3 ZkthFig. 4). T3 Mgz F4E PATE

)
7
H

ﬂllﬂl

tilo



706 =22 E383)R) A 39 @ A 6 F (2007)

120

100

o

<
‘
-+

% of dextrin digestion
o
=3

PR1 PR2 PR3 PR4 PRS PR6  Acarbose
Sample fractions

Fig. 5. Effects of Platycodi radix (PR) extract fractions on the
digestion of maltose by o-glucoamylase. The values are calculated
by the percentage based on the control(DMSO treatment) value. The
data given are means =+ SD of triplicate measurements. PR1-PR6:
treatment of each of PR1-PR6. 'Significantly different from the
control (DMSO-treated) group in two-sample t-test at p < 0.0S.
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