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Insulin-like and Insulin Sensitizing Effects of
Modified Anti-diabetic Remedies in 3T3-L1 Fibroblasts

Sun Min Park', Mi Kyung Choi', Dong Wha Jun?, Soo Bong Choi?, Seong Kyu Park’,
Mi Young Lee, Ho Kyoung Kim, Young Hee Hwang, Byoung-Seob Ko*

Korea Institute of Oriental Medicine, 1.¥Food and Nutrition, Hoseo University,
2:School of Medicine, Konkuk University, 3. College of Oriental Medicine, Kyunghee University

Based on the data from our previous studies, four new diabetic remedies were composed with the addition of
Coicis Semen into Okchun-san (OCH), Commelinae Herba into Gangsim-tang (GST), Scrophulariae Radix into
Sunki-san (SKS), and Erythrinae Cortex into Yukmijihuang-hwan (YMG). The water extracts of these new remedies
were treated in 3T3-L1 fibroblasts and adipocytes in order to investigate insulin-like substances and insulin sensitizers,
respectively. With and without differentiation inducers, unmodified SKS (SKS-O) treatment induced 3T3-L1 fibroblasts
into adipocytes more than the control. However, without inducers, YMG treatment, but not SKS, induced the
differentiation more than the control among modified remedies. Without inducers, SKS, OCH as well as YMG increased
the induction of differentiation from 3T3-L1 fibroblasts into adipocytes, compared to the control. The treatment of OCH
and YMG with 1ng/mL insulin increased glucose uptake much more than only insulin 1 ng/mL treatment. Thus, OCH
and YMG contained increased insulin actions. In conclusipns, the modified remedies, OCH and YMG, contained
insulin-like substances and insulin sensitizers, and they can be improved the hypoglycemic effects.
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deRld 2Ae detiAd A8slke 2R RulEe oladl
o] —‘jréé‘}ﬁi}h:_ gye Ashlle amwt e SEoltk

uhEhol A norpseudoephedrmeE ;ga]'é].oﬂ Ol

2d BAES 30151901, Kameda 9% royal jellyoll 8HR-8}1L
U= BEZ A Y4 trans -10-hydroxy-2-decanoic acid’} @1&7

& EHUE 0I5 royal jellyrt & oy W X 5ol G54
7} ASE AT QST D17 ok2 QRO obxoli] B
g8} thiazolidinedione AIEQ] ZAZ 1999450 0= Aok

&17HE 2ot AN roziglitazone, pioglitazone £9] ¢to] &
mhE I e,

Stolsloll Al RS WES HiEES BimSR, %
BEN Y THRES BMRE 59 54 E42E o, ¢
Y A5 =550 AEYOZ oI BiE, BEWD, £R 59
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U8 AEH &d] Uny AH80| Ue A 9B E 3T3-L1 4

FOMIZSL XgtMl 2ol Hlal EASIRATE

Ag 3y

1. oAl
2 4golAM AR SHIE A8 A3R|EoA FYs &=
Sh=gtalstd F-ola] PAskA ZEstil A8¢ AE ALEsH
[, 4 HEE BolX = std 7 gEde] Hast
3 ATk
2. A15Y ZA
gEHo AZ MYUCE AEshs dXYel s[4

(OCH-0), ZAIE (GST-0), 714t (SKS-0) 1211 Srixge
(YMG-0)9 M&E34 & AFAEY HA 7ol Fut e
ZACE g1 Qg Frisld "R Yololrin] sH4t
(OCH), ¥ x710) ZdY (GST), Wad7io] £714F (SKs), ais
37t SuiAEE (YMG)Q| 7| Adke BHETt 7hu] A8
T8 AE2 Table 1ofl FHCY. 01 HME 724 s 5Y
g &8 5 $R7F%7I0) 12} SF4 4000w} A Ee =

oTrT
100C 7o)l 257t d5die golo] B AIF2ZRE 247

S 7185l FE3 TS, filter paper® 719} ol S NS
rotary vacuum evaporatorZ 0|25l sH5UE I 5, 54

AZ7)8 0|86l AEGIITHTable 1).

Table 1. The Composition of Herb Extracts

0OCH-0 0Cs GST-0 GST
Pharmaceutical Dose Pharmaceutical Dose Pharmaceutical Dose Pharmaceutical Dose
name (%) name (g) name (%) name (%)
Trichosanthis Trichosanthis Trichosanthis Trichosanthis
Radix 12 Radx %5 Ragx X0 pagyx 100
Puerariae Puerariae 4 ) Ginseng
Radix 6.25 Radix 625 Ginseng Radix 100 Radix 50
Rehmanniae Rehmanniae Polygalae Polygalae
Radix 5%  Radx 0% magx 00 Ragx 90
) ) . Angelicae
Schizandrae Schizandrae Angelicae
Fructus 625 Fructus 625 Gignatis Radix 160 Gﬁg”at's 50
adix
. ! Rehmanniae Rehmanniae
Ghomtias gos GVOMEAS Go5  Radx 100 Radx 50
Preparat Preparat
Oryzae :
Semen 625 Coicis Semen 625 Poria 100 Poria 50
Astragali Astragali
Radx 90 Radx 90
Schizandrae Schizandrae
Fructus 100 Fructus 50
Glycyrrhizae Glycyrrhizae
Radix 100 Radix 50
Commelinae
Herba 500
HSK-0 SKS YMH-0 YMG
Pharmaceutical Dose Pharmaceutical Dose Pharmaceutical Dose Phamacettical Dose
name (%) name (%) name (%) name (%)
' ' Rehmanniae Rehmanniae
Ve gsu MAUOME g3 Radk g3 Redx 160
Preparat Preparat
Rhei Radix et Rhei Radix et Dioscoreae Dioscoreae
Rhizoma 364 Rhizoma 20 Rhizoma 8 Rhizoma 80
Aurantii Aurantii
immaturus 182  Immaturus 125 Comi Fructus 9.1 Comi Fructus 80
Fructus Fructus
Scrophulariae Schizandrae Schizandrae
Radix 813 Fructus 8 Fructus 80
Poria 6.8 Poria 6.0
Alismatis Alismatis
Rhizoma 68 Rhizoma 60
Moutan Moutan
Cortex 68 Cortex 60
Puerariae Puerariae
Radix 68 Radix 60
Liriopis Tuber 68 Liriopis Tuber 6.0
Mori Fructus 68 Mori Fructus 6.0
Astragali Astragall
Radix 68 Radix 60
Bombyx Bombyx
Batryticatus 68 Batryticatus 60
Erythrinae
Cortex 120

QCH-O: original remedy of Ckchun-san. OCH: Okchun-san added with Coicis Semen.
GST-0: original remedy of Gangsim-tang. GST: Gangsim-tang added with Commelinag
Herba. SKS-O: original remedy of Hyunsamsunki-san. SKS: Hyunsamsunki-san added
with  Scrophulariae  Radix.  'YMG-O: original remedy of Yukmiihuang-hwan. YMG
Yukmijihuang-hwan added with Erythrinag Cortex

3. MIE uNeF
Aol AHESE 3T3-L1 M= v =AM E2F 2ol A 753
1,1 % fetal bovine serum (FBS), gentamycme (100 units/ me),

streptomycin (100 pg/ml) S E71S+ Dulbecco’s modified
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5 X8 RS KOl 3T3-L1 Adipocytesoll 4] ¢)&@

Eagle’s medium (DMEM)olA] wfF5I9TE. 3T3-L1 M FOM|E
= Y 3Y O E sigME
saline (PBS, Sigma) EHOE Aol&E & 50 nf flask & 1 meo
025 % trypsin-EDTAENS W1 4 L20]A 187 Az)s tie
trypsin8N & We| L 37 CojlA] 587 Hysld M2E E56t
o} Aot B2k MEE 10 % FBS/t A7 DMEM
HHQFH 10 moll RFAI7] th2 AMESR wiekE7] (50 ml culture
flask)oll €A 1 : 209 split ratio® CO, Hi7) (37 C, 5 % COy)
ol A1 Bl FSIATT

¥HE phosphate buffered

4. Q&Y 24 e 4g

&7 417) (Haemacytometer) 2 Al AR 5x10° cells/ml9)
AEZE 24 well plated] Z} wello] 21 PBSE AHSE & 1%
bovine serum albuming $FFG}L = DMEM HiAoll4] 2
S HRYSr &, AHE S DMEMEI A 2 ZotFT B2 F&5¢
Srokxidlol OCH, YMG, SKS, GST A8 & ZH2F 1, 10, 100 ==
250 pg/mt & Fr¥oted 7 Lt shgoldivt 2] i Ql&v A
BAZE dolry) 8l ESFEEE0 dexamethasone 0.25 1
M (DEX, Aldrich), 1-methyl-3-isobutylxanthine 0.5 mM (MIX,
Aldrich), insulin (10 pg/ml, Sigma)z} 8MA ¥}l OCH-O,
YMG-O, SKS-O, GST-O%} 71 Aglol OCH, YMG, SKS, GST
9 ZEEE 742} 1, 10, 100, = 250 pg/mE BUHSI 793
ﬁHOkoPQﬂD} xS IQ}‘%EE I0io] h7¥ DMEM A

AEBIHCE HEE T ZHE Oil-Red-0F FHsld &5
Fa=w”, PRSE 23] AA &, 10 % formaling 50 p4 X7}
(FEEE 3 % formalin) O F 3027t MZE UHA71L, &F
£& 33 ukEsled AL, &7] Boli HAZRE tie
Oil-Red- OE 2X[7F O HASINE FAFE FR|E 33 A
H3ala, &71 SollA] RAIFIAL iso-propyl alcohol 100 //,@W
= fox| 1*]?} E0) &4} ELISA reader® 510 nmAA] &
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3T3-L1 A RO ZE Al &) S gIH O E 23]
AMAD WA R LSIRTE AR 7] At g &S] AME A 2
Y 2ol F B3 E4& g9 3¢ St iYget & 2¢
HA DMEME A E HlFo] Fol ARAZE SH8] Hekd
10-15¢ *Foloﬂ Zog 43I 4EE sl g0l A=

ANGAZY £ o] 12 well plated] wellS B8] Z7iglo] &
M) A 9,15% B0} Well plateoll $71 XA E
& PBSE A|H 1% bovine serum albuming 338}
U Ay i,:_‘%— B3 DMEMOlA 124)17F 014} A
Y & HEPES &dol|4] 37 CollA] gtk ZEEE HIIBIH 30

St i FsIrt

1 % 1 pCi/mf of [14C]2-deoxyglucose 41mM ZEES

H7IskaL 22°ColA 308 hﬂﬂ Fslol 2o AEWE 4
F BT & U] /\ﬂibﬂi o] ES UO T FHEIT vl

¢l 2ty HAE wiAls] -r]oH/H glucose transporter 4

He o

AT QgEl Wakl nAE g8

(GLUT4)Q] Z15& AFISH= cyto B} $HA mieioidE w9l &
T oISHE ML AEZWE o] &3 2EHQ &4 FFHIINC
MEE 10mM 57} g8 PBSCE MASHL 0.5 N NaOH
2 AZE Hololict 2alE AEE RUCE FIKI7IL B
B 14CY) =g wleb counter (Tri-Carb 2100TR, Packard
Bioscince, IL)E &3 Ao,
6. St Aol 2T HFol viile B 4F

OCH, YMG, SKS, GST £9] 7] A& DMSOd| =01 —‘_E’r_-

A& PBSoll 0.3} 3ug/mE BJAAIA F7HA sEolM 25
43%‘512 Z83519r OCH, YMG, SKS, GST &t Xl Olgﬂ
gaEe Ae A9 ARE RARBP] H6iA]
3T3- Ll N zo] Q14T 1 ng/md} 8 2 FZ2EE 01 p/
e} lpg/me WAL 1A B¢ St Foll 2 W HF] S8
EZ45I8Tt U RZOE Q&8 0 ng/md (basal), 1 ng/ml, A&
2 50 ng/mE AT 2 FEE Aie REES V)
SHA @1 Q1&®¥S 1 ng/m A8 A3} ¢1&E] 50ng/wt 7}
8t Ao Y AMS} HI BT

TE Adale 33 uEsE I, 2eidt 220] 94y
Zrgoll A Qo] detergent® Zr&dta] MAEuts Tt AlA
EEY HFHE E7MIIe Re Bﬂlﬂom AN l&Eo]
0ng/m oA EE1¢ 243 ¢4 Evd HFHE 5N
g uf o] gtol 71X (basal) WHETH *“—E A2 25y HF
g Z7RICI sl O &'l Uad AMEAY ol §l
= EFEscth
7. 24 Ag]

Ztztol glerxidtoliA] AMElgh ol wizh a3 d]wsks
two sampled t-testZ EA1H FAHEE ASoICE ZE A4 A
219 F94 HE2 p<0.05Z FHBIHT

A7 A3t

(e} =
3T3-L1 470t E7E 8710 &Hs] ALRE wl 287
T E2E ‘37}6}7:] oFi1 dlol OCH-O, YMG-O, SKS-O,
GST-O & 7} &ukel OCH, YMG, SKS, GSTE #7811 7
Y Foll &E th4] DMSOE FH7iet tHET I H|WSIAT:. A
b oA 250 pg/mé AEISIRE W SKS-O7F thET ol Bl
3 3T3-L1 RO EE ANLAEZZE FASHA 23AIFTE 5,
SKs-Odl= QledliE dtEole EZol AT RALE AIRY
T} (Table 2).
Qvle] 7io

1 Aol SKSE= 3T3-L1 Mo T 2
sHE ERXAI7IA 250

1ok, 250 ug/mé YMGE A215i3S wigl A
rg;xﬂ:tEA B2EE FXA)ZTE YUl YMG-OE 3T3-L1 4%
O ZO] BHE HZXAT7]= sl et BAFESE |RIYGHA=
oIorct. o, GSTE 10 pg/me O1-FE XTIBINE Wl R Tol
Bia] A ERY 2318 28l8] IAAIETE

lﬂl g\,o ﬂllﬂl

=),
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Table 2. The Effect of Oriental Medicine on the Adipocyte
Differentiation from 3T3-L1 Fibroblasts without Differentiation Inducers

GOl Conto s/ 0w/w 100w/m 00/nl
OCHO 100C0:469 890064  BAM675 06892205  10436¢B51
OCH 100CD693 128056345 QROTHIAB6  BAGO05  B110+634
GST-0 1COC0:B72 99261629 11037:524 1098454  12272+133

GST  100€0+461 10545:064 8045:257"  8250+418 71143418
SKS-0 10000124 118424868 11929868 120611674 14123+10.78"

SKS  1C0C0+909 95914827  8596+083  B187+496  8304+1.65
YMG-O 1C0C08.17 111.17£1461 0739+664 118061373 122762974
YMG  10000+888 11208273 109.18%137 12077+683 128024205

Tre confluent 3T3-L1 fibroblast were incubated with DMEM/FBS medium contained extracts
wihout differenbation inducess for 7 days, and the differentiation was measured. a) Each
value represents mean + standard error of determinations, respectively. Significantly different
from contrel group(™ p(00B, ™ p001). OCH-O: original remedy of Okchun-san. OCH:
Okchun-san added with Coicis Semen, GST-C: original remedy of Gangsim-tang. GST:
Gargsim-tang added with Commelinae Herba. SKS-C: original remedy of Hyunsamsunki-san.
SKS: Hydnsamsurki-san added with Scrophulariae Radix. YMG-O: original remedy of
Yukmiihuang-twan. YMG: Yukmijhuang-hwan added with Enythrinae Cortex

3T3-L1 M Rohizol B3l |5
Agtg MB AW ok glol Ba} KL A AR
S vlusle Mglold] £2&8 ek %94 AL 229 gNE
ST A& ZAKGINACE (Table 3). ojuf AW] A= 22
REEAg0] dEul AP 22 BETIKE SKS-Orlo]
xR Fol vidh AYMZR BalE XAz Ieiu 7] A
8}o] AQE 250 ug/ml =T 9] SKS 2yl ohizl YMGS OCH
25 xRzl 8|8 313-L1 HFopalZolA] AL zZ 9 235}
E EXIAIZTE T8 OCHE= 100 pg/mld) s & M2lfe i
= 229 FAE YSAIA A HNEZO Bilg £X
7ict. JBEE OCHE Q1&dlo] Ealdhks Zaut QI
EIE ASSE AE ¢ 4+ UYCh
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Table 3. The Effect of Oriental Medicine on the Adipocyte
Differentiation from 3T3-L1 Fibroblasts with Differentiation Inducers

G,Oug”"- Control  fwe/ml  10ume/m  100w/m  250ug/ml
OCH-O 10000091 8694363 8b87+1120 8887515 10535¢12.11
OCH 10000345 109484228 105.72+6.07 11512+266 123.17+9.49
GST-0  10000+860 110.84£760 10085+434 9906+181  98.46:207
GST  10000+571 90131142 8363095 76.68+951  8550+2.21
SKS-O  10000+947 109.15+451 10851+903 094.15+1219 126.177.72
SKS 10000475 10302+237 11208+475 11040996 12953095
YMG-O 10000478 9636702 97.95%375 9338+#937 110.60+16.79
YMG 100002423  9967+752 11262+329 11462705 130564799
The confiuent 3T3-L1 fibroblast were incubated with DMEM/FBS medium contained
extacts with differentiation inducers (dexamethasone, 1-methyl-3-isobutylxanthine  and
insuin} fcr 7 days, and the differentiation was measured. a) Each value represents
mean+sta"dard error of determinations, respectively. Significantly different from control
group(: p¢0.05, ™ p<d0N. OCH-O: onginal remedy of Okchun-san. OCH: Okchun-san
added with Coicis Semen. GST-O: original remedy of Gangsimtang. GST: Gangsim-
targ added wath Commelinae Herba. SKS-O: original remedy of Hyunsamsunki-san. SKS:

Hyunsamsunki-san added with Scrophulariae Radix,. YMG-O: original remedy of
Yukmithuang-hwan. YMG: Yukmijthuang-hwan added with Erythrinae Cortex

2. Agish eledl o] Ty dFgk) u|Xls g
3T3-L1 Al Eoll Q1&d 0, 1, 3, 5, 10, 25, 50, 7
At & TLoed 4F)

5 ng/ S

YL E EH819E W A& 557125
ng/m7AIE Q1&Rl sTU) Skl wet 2oy 4F 7 E7)
OFRIL, 25 ng/mEHT} %2 Q&R SholAs AZUNESY 2
g g3t Q&T S50l wE Aolrt Yt (Fig. 1),

97 olmig - B3 - BeE - e

60 - - —
50
40
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20

ol i ]
0 .
5 10 25 50 75

Fig. 1. Glucose uptake by 3T3-L1 adipocytes upon insulin dosage

dpm/ug protein

3. 310t Aulo] ETEH Mol nixle A
7ha) &2l OCH, YMG, SKS9} GSTY| @4 10t 258S

3T3-L1 AWM 2ollA 258 48 FE6IHTE OCHS YMG
FEEZ &S 1 ng/meS) A HZI5IRE Wl 1 ng/mk A&
RS H7BIRE wiol Bidl SAFCE FY8HA 25 &
= JC} (Fig. 2). £3] OCHE= 8% 9&EH0E LT 48
o] &7k8lad, 91&8! 1 ng/mTtE AEIsIHE ol vis) OCH
FEE 03 pg/mit 1 ng/me AT E HI6I9e UL 716
S, 3 pg/md OCH ZZEW Ing/mf Q1ET S 7519 =
T Bol E71814 QlsRIvke S0ng/mE KIS W & £
T &40t =00k E3 YMGHEE 3 pg/nt YMG FE2ES

k=1
=
=]
AR

m

|

1 ng/mt Q1T T} A M2IoldE Met A1ET 1 ng/mke A
2lgt Aol vidh 258 EF7F EUL oA A& E 50 ng/
ne F21ek Aol vldhAlE Hdct (P<0.01). &, OCHS YMG &
E20E QSRS TFATIE UET UHY EXo) €7
Hol tke Ag € 4 AUCH
—o—r;oksnea\nen[ _:_g(;-{ o-aees YMG

[=2]
(=]

[92]
o
.
N ]
.
X
e

I
o

\
\

dpm/ug protei
ny [
o o

_
o

Basal 0.1ug/mL 1ug/mb

Fig. 2. Glucose uptake with 1 ng/mL insulin and extracts from
OCH, YMG, SKS, and GST in 3T3-L1 adipocytes. In basal state,
neither of insulin nor extracts were treated in all groups. *
Significantly different from no treatment group in 01 we/ml of 1 4&/ml {reatment group
at a=001, ™ at a=0001. OCH Okchun-san added with Coicis Semen. GST:
Gangsimtang added with Commelinae Herba. SKS: Hyunsamsunki-san added with
Scrophularias Radix. YMG: Yukmiihuang-hwan added with Erythrinae Cortex

ST

313-L1 dRoMlEe B3t 24 MelclH AN 2R
235151 o] Q&R £8A) (receptor) 527} 35HHAT —;,U_ﬂ,s]
&Yk Qledla) vldch Al:ti REHEE 25 &5 ¥
Aol thaksol et 2 sle=nl o188k 7:47:40}1;}
3T3-L1 4 FotM| = -Es‘z} SEE2AE AP AGMEE 2
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B XE KK AMKO] 3T3-L1 Adipocytesoll 4l Q&8 FARS M &Rl MZLel njXls B8

siEm 23l /7 EZY shiyt ARl OF, ol&twlo] glols
AJA] E3EX] et I EE ety e BaY
W AFEE FAGINE W REESIEE Qo] AYHNZE 2318
U Foicr 242 QeRIoR A g5 ATk &

Ol
S
P}

Bt SUrehtH I o4
BEEFE# 9;1\*/} B EE 3T3-L1 4804
Y 23g gusk=t 2 2dolty*!.
= in vivool] EX5}= AR 1 0o)
At} A2Eo] AA] 222 ATEA
lucose transporter4 (GLUTHE A &
7N Qledl Wz
gol7| % &kt 3T3-L1 R)gt 1“t
+5l ]27‘4"/5438% Eal
9 AGHEE M=
ANSHAYMAE dohst] Rol o]&8l1 Ut Takahashi
3T3-L1 XYM ZES} HepG2 ZHAFoA] AlEoA] 2E]
isoprenolo] YixHi BHY UNEEE THATIE
e RAE HASIYHEE Kamei E2 AEJXRE 2l
chalcone®] FEAQ! 2-benzyloxychalcone 0] 3T3-L1 AT
oll41 phosphatidylinositol 3-kinase®} &4 & SRA]AH ZTHQ)
E48 E7AA0HL 2SI, Manchem 79 @70l wh
211 3T3-L1 A LA ZE 3.2uM 0]219] Q1&713} A TLK16998
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£ SIS E uh 2-deoxyglucose &4 % Z7WX 1%k TLK16998
< Ql&Elo] Q1&T] =EA ol Z§St & autophosphorylationg
EXA7]IL downstreamQ] 51gnalling0ﬂ = IRS-19

phosphorylation} GLUT4 translocationS HZXIX]7]= HOE
B U5} B3, Mukherjee E'0ll wHEH
proxisome proliferation activated receptor (PPAR)-r agonists
3T3-L1 UROMHIZE AYMERS B3E S7TKITIXNE &
A9k AGAZHES Il H5= E7RIZNE & - AE0A
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