2015-11-24 17:04.00
http://www.cnki.net/kems/detail/53.1217.Q.20151124.1704.042.html

H Yy X5 & IE F R 201537 (6): 821~827
Plant Diversity and Resources DOI: 10.7677/ynzwyj201515046

REEBERNAMERNHERNA

g =13 : 1,3 >3 e 1,3 N A w1 S AR 1,3
W E, BEEY, ge’, dlER, WO, TR RN,
1,3 D sk ) 1 K 1 %%
T OFY, OKEETT, EXF", LEs
(1 Rl b B WA 58 B R L2 5 Y iR ) SRR e R B R e, R 6502015
2 EBLEBE MR ARG, BB 650223; 3 EEBMELGERS, JEaC 100049)

WE. MYELALSAYNRARERE, BEHREIRINZY 0 — D EZOREUEEY) . WAEY) T R TR IR
993 245 90 ) G BEAE TR PR 25 W I R T A T, O RAR — N SEARE | IR s SR o v R AR PR 245 )
SR A SO F B M 200 B FR BB 4 W ) 25 W TSR A TR SCRARGE A il FUKE I R AE
S BT BRI AR S [R] e Ji £ 28 RN 0 A B VR S BH X R, AR TR RS e | DRSS SR N AT R, 0
Ab, ARSCGE LR S A5 53 BRI Akel/2 PORIFIE R 55— PR B, 2 00 a7 N R R AE S
PRI TERE, PR TSR R, &5, X 16 MEYR IR KA TR IZ AR R ST, AR
E, IFRM 3 MNEALEY . X E LS Y X15, X16 S TH ERRRESImY ) 45 R FY], PiFE R
HRELA B M BRI X1S T X 16 P9 20 Jf 168 4800 M it 5% R Jim it — 25 It 5 L 4y VR R L3 B 5 3
filh, IF R WIT RER 25 T R ek

SK4RR: 3T3-LL BRIWGAIME; HUMEPRIRZGMTHIE; AMEAIRY; ARG K™Y

FESES. Q946 XERFRERS . A XEHS: 2095-0845(2015)06-821-07

The Development and Application of the Glucose
Uptake Stimulating Cell Model

HU Hai-jun'?, TIAN Wei-feng'®, LU Yan-ting'’, LIU Hai-yang', HU Jing',
GONGPAN Pian-chou'”, WANG Fang'”®, ZHANG Yu-mei’ "
XIONG Wen-yong' ™ | KONG Qing-hua' ™

(1 State Key Laboratory of Phytochemistry and Plant Resources in West China, Kunming Institute of Botany, Chinese Academy

’

of Sciences, Kunming 650201, China; 2 Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences ,
Kunming 650223, China; 3 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The plants are great resources for digging leading compounds, and many current anti-diabetic drugs are
derived from plants. The key to discover compounds with anti-diabetic activities from plants relies on the application
of anti-diabetic drug screening models. In order to establish a more stable and reliable anti-diabetic drug screening
model, we optimized the screening model based on the glucose uptake of adipocytes. In the previous models, insulin
was used as the only positive control, while in our model both insulin and rosiglitazone were used as positive con-
trols, which made the model more stable and reliable. Furthermore, we expanded the application of the model to
screen the insulin signaling pathway inhibitors, and Aktl/2 inhibitor which was an inhibitor of insulin signaling
pathway was used as positive control. In the end, we screened 16 compounds isolated from plants using this model

and identified three active compounds with glucose uptake stimulating activities. We also performed the dose-re-
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sponse experiments of compound X15 and X16. Both showed significant dose-responses. These activities were first

reported at the cell level, providing fundamental data for their mechanisms study of the activities and for the potential

development of the drugs in future.

Key words: 3T3-L1 adipocytes; Anti-diabetic drug screening; Cell model; Glucose uptake; Natural products

W PRI 2 — Pl LA = OB by SRR AR 1) 02 AR
PRSI . W PRIE 142 e I 5 R AR AL 4
AR SHLE, FRALRIR B L &
WA RGP E LI Re iR fog s, U E e H
fdt ¥ (Vinik 1 Vinik, 2003) ., B &4 & K42
wr . NI DL BRI & A 238 T, BRI
RN T = I A AR R A B (Weill 5§,
2004) , EFREERE M5 BoR, 2011 48k
Wi PRI R B ik 3. 66 12, T X —%0 2
2030 4EH4 5 E] 5. 52 /2 ( Whiting %5, 2011) , B
PRI B E A 90% ~95% I8 T 11 BB IRIE (Al
berti Fll Zimmet, 1998), & J& MBS R W AL
OB R APT (RE RAXTE =) BT (Leney
F1 Tavaré, 2009) Kt I %94 PR 9 2 B DR s iF
FEMEE S, HETIG RIS 1z i 1 BOR% R
2 ETATRRNR DS . RIS | e g — i) 24
o A T BRI R 45, X SR 2GS TR
JraL, HBRefd R h AR B I R R, (HK
W S A RRAR P il B B, Ak, ax sk
A —EMEWER, WSS, . 8
155, UILTERF O RE R 2 i BB v o A2 31—
A2 PR, i LR A R AN e K W A2 LR T
(Cheng 1 Fantus, 2005) . b, HrAURE LT 24 1
TR —HET 1 BOBE PRI 25 I FE i E s

Pt 11 UM PRI 250 A PRI ORI, — b id 1o
b2 G R, 5 A —FE N RSR = 3k A
WA A BRI 2 BB 1T R DR 9% 2590 1) B
AR MERERCR, 1 H TSR YA
TRK o 1SR 7=y Hh R AR O PR s 245 4 2 A B
ARG, MERE/N . iRt R R VE R S s . A
I, IRER =ik th i ny . sl HAR
FHPLIRIE RE A HOE IR 24— B w0 11 BYH IR
IR AL, USRI 25 W ) D BEAE T
SEEEAL, FIEE | FRE BBURE IR 25 1) i e AR A
308 3 00 7 4 L % ) 2 AR BB BB 4 W £k 45 400 1) B A
TP — i bl A 2 A B0 PR s 245 0 T R Tk
O 2N, (HE A MR R AR T e 45

PR ME2E | ATAETEA R AGE e, PRI A SOREZ i
38 1) B T4 A BRI A O bR 245 ) T 1 A 8
(Xie, 2005) #4177 HAb, 76 SCHRIRIE RRIAL
FUR I35 AR R BHPEXT R, AR SC IR RRe g 5 2
F A& BB AE R BEE X R, 388 7 A i e 1
MR AE R T EE M, W, ASCERDIIRS RE
5 IE EEPI R 7] Akel/2 VB SR BHAEXT IR, i A
O] TR 5 2R A5 o B A B i e, AT
PR TR IR . MY RIR W8 25 K IR
B —EEORIR, YR A T 2, A
25% KR TAEY) (Smith Fl Clinard, 2014) , =7
WX HA FF W 2, 2RI FAYN
PEURE PR, FRATR 2 A r AL —HEAE
SRR RAR 7 WA TR IS P I 18, )b & 3R
T 3NEMAREY, RATEXH A E P
TEPEEAT TR 5E, e ST e oy FAE AL
il ZE R AT BEER AT & BE S

1 MB5RE®
1.1 SEg#fet

o4 2 2 v R A e B W A A 0 5 T A 4 2
5V AE Y o IR RS A [ R A SRR = AR, /Ny
P v R Rk e DG LR 490 A A g el sk 6 M R 3, BT
FABRIRAP RS . 3T3-L1 s i 4l (ATCC) . DMEM
PR 725 (Hyclone) . /NEIMLYE (GIBCO) | Jii4-
I (GIBCO) , HHR/HERE (B, HHEME (BI),
BHHIE (SIGMA) . Akil/2 5 (SIGMA) . FEE IR
W (SIGMA) | 579 2 H B8 2% ( 3-isobutyl-1-methylx-
anthine, TBMX) (SIGMA) . 53 (Roche) . HbZEXK R
( Dexamethasone, DEX) (Adamas) . 4 IMiEHEH (L
A TAAERRA R MR IR & (LSRR
WA RN
1.2 ZHREEFE S

H4 3T3-L1 A g U7 4420 T 10 em B 6 em U055
M, HE 10%# 44 s 1% 5 55 2/ 48 5% R 1=
DMEM }EFRIE7E 37 °C . 10% CO, 1T RS, fHaiEk
WA E LR 2 d, BITA® 0.5 mmol - L' IBMX, 1
wmol - L™' DEX, 170 nmol+ L' /% & | 1 wmol - L' 24541
Ml . 10% 64 175 F 1975 %5 3/ % R 1 = i DMEM $5



6 TR 4555 o (T 2 WA R 2 AR e 2 K 7 823

FIEFE T 72 h, SRR A 170 nmol - L™ RS
1 109% 54 M55 B9 DMEM 1537364k 428555 24 h, % 55
6~7dJE, 90%LL 2N A MIFRAL, AT T 5250
5 (Frost Al Lane, 1985; Govers %5, 2004) ,
1.3 ML O #8

FHBEIRERZ2 v ( Phosphate buffered saline, PBS) i
VEANA 13K, SEhnA 10% H S RAE R IR T [ E 10 min,
FEHHTEERY 10% H IS W EE =R P ARELE 2 L h, ZJR
FHZEAR/KTEYE 1K, T 60% M S BEEE 1 K, IE5E
3T, BUE AL O VG5 10 min, ZEIR/KTETE
2%, WEIFHAIE,
1.4 HESENEEEEEML

P o Rir i 3T3-L1 g 105 A0 M2 Fp 2 96 fLAR, 1R
Rigk, A HLHRE S 0 nmol - L', 0.1 nmol- L™, 0.5
nmol+ L', Tnmol- L™, 10nmol-L™", 100 nmol- L™, 200
nmol - LAY EALFE 24 h, BWER I ANELESL, K
SRR FRHE 10 pL, FHA M) SR 15 5% 1 e
VAR, DRHEEAR A0 /Y 25 (1 2 LA A & /e 3 (o
WIafE, SRS FLATIR A A FER (Zhou 55, 2007)

AN

HHEBHFER n=(Copin—Comn) *V (1)
1.5 FTIEFIRMANEEEEFEME

PR 3T3-L1 BB 7 40 B 2 /b 21 96 LAk, 1%
Bigw, S 1 nmol - LT HRE AT 0. 1 nmol - L7 | 1
nmol+ L™, 10 nmol- L™, 100 nmol- L', 1000 nmol - 17",
5000 nmol+ L™, 10 000 nmol - L™" % & 51| i fi4 1 7 5 b 38
SIGAIAE 24 h, FANRER 3 AELEL, RIEIRIEFRRE
10 L, FAEIHERF SR 5 750 AT R R, L
KBEFPANMLY 23 52 LAY B AR & S E N W) AR TR B
AL Y R A BT FE

HAREAE R (1)
1.6 Aktl/2 HIHIFIMEEEEEMZ

W o ARLF Y 3T3-L1 A 5 40 M 422 Fh 51 96 FLAR, 337
3%, Sy BIR& A 200 nmol - L™ B i Z M1 0. 001 pumol -
L™, 0.01 pmol - L', 0.1 pwmol - L. 0.5 pmol - L1
pwmol « L™ 5 wmol + L™, 10 wmol - L™ Akt1/2 41 3 iy 5%
FRELAC I ARSI 3T3-L1 fe I 40H 24 h, NREEIR 3
ANEEFL, BUE IR 10 wl, PR 24 0 S A I ks 7%
FE R B  DIRIE A A0 A AL A 2
TRBAENOIRWEE, B S LA R AR AR R

HAREAE R ARE (D
1.7 MAREHEERARERGEESAEETEN

RIRF=

o i 3T3-L1 g 105 A0 M4z Fp 21 96 fLAR, 1R
B8, A& 0.1 nmol - L7 B B £ LM JEH 10

pmol + L™ 5 10 g - mL™" AL A5 W 1 35 75 B b B3 AL 47 1)
3T3-L1 fRfii 40 24 h, RS 3 E AL, WAk
10 WL, FHA AR A I s IR h s AR, L
ARHETN AN Y 25 11 52 LA A 2 M 5 i A (B A ) 46 ok
8, S ALY A i FE =

HERREAE R A (1)

P A 0065 80 00 0 HEHE % = (g —n
0.t ool - L=V By % )7 Mo, 1 ol -1~ ity X 100%
1.8 HitAbiE

Bodls Z B Y LB AT ¢ K8, " P < 0.05 MGt
AR EEER

2 G#R

2.1 REFFEZNAMERMNEE

2.1.1 3T3-L1 gy m iy ik F 4L 3T3-L1 Jig
105 A ML AE 75 S o AR AR NR T 40 A, 4 e s
AR (K1, ¢, Mg Tatbe X5, 4
MO AR, SR AMRIES (K 1. B,
D), ZIHZ0 O Y i )5 76 i G T nl 0L 4 it py 2R
LREIRR, M6, ROSTIRER, 2990%
DL Ry 3T3-L1 20 M9 i85 = o Ak il s 4 i, mf
T G SL A pte s (K 1. D),

2.1.2 MBE, FHIEF Akil/2 FpH F R
HNABEPmOBER G ES | KRS R T
ag m R A TRIVR FE 09 R 5 2R AL R 5 oAk I 1)
3T3-LI AR A, 255 b R Bl A i i 2R Wk B 1) T
o, AR AR R RN, PR R RO
#, WS ZEAE 10 nmol « LR EERT, JE 740 ML i
WEFHHAERC ST R KA (K2 A), Bk
SE I ULHAE TR AT ARSI | 230 R R IR 25 4 1 7K
AT DIAR G 6k 25 Wy AR R e 13X AR R
TH—F (Li %8, 2009)

55 A7) T > T A I FH 5 R T2 B — g
WARJE — I S HUME PR 25 ( Mayerson 45, 2002) ,
‘BIE R A A R A G IS 321Ky (Peroxisome
proliferators-activated receptors v, PPARy) ¥zl
), AT ARG LR FRRE T AL R = kbt
ANTRLHR B B 2 #3714k #1355 3 41k IS Y 3T3-11
BRI, 255 Won, DG FIER AT DAL 240 ikt
A PR BREL, 7E 100 nmol - L™ YR EERT, B HITE
P (K2: B, C) . K HHIEZ5 ¥ i e i 1
R WO ) 1§y i 0] Gl o o



824 B Y a2k 5 % E ¥ K H371%

B 1 25 & 3T3-L1 BRI MR R L i . A, PUBHRE IR L AR A B, 3T3-L1 RN M b f; ¢, 3T3-L1 i
7 A M AE S S AR B BB (20%) 5 D, WRaMb 6 KI5, EAMENA REIRHEUR, WTHEHAL 0 JURLL@ (20x)

Fig. 1 The procedures of drug screening and 3T3-L1 adipocytes differentiation. A, The procedure of screening active compounds from natural prod-
ucts. B, The differentiation procedure of 3T3-L1 adipocytes. C, There are no droplets in 3T3-L1 preadipocytes before differentiation (20x). D, Af-

ter 6 days of induction by induction cocktails (see methods) , the lipid droplets in adipocytes were appeared and stained by oil red O (20%)

2 JEEBE . BHEFIEF Akel/2 SR AR A R AN A T Y B ST A B Re Y R N T, A, B ZXS 3T3-L1 BRI 4R
AR B A AR RO 2 2R B, PARSIEAAYHE N 0. 1~100 nmol - L™ J FEl i Xt 3T3-L1 g N5 4n M B 45 O 0, €, B8 3R
M9 E S 1 nmol + L™ ~ 10 ol « L™ I FHIREXT 3T3-L1 AR AN M SR IR R A0 B0 5 D, Akl /2 000X 3T3-L1 R 240 M 5 B 26
FIBRNKFR (n=3)

Fig. 2 The application of insulin, rosiglitazone and Aktl/2 inhibitor in construction, optimization and usage extension of glucose uptake stimula-
ting cell model. A, The glucose uptake of 3T3-LI adipocytes treated with different concentrations of insulin. B, The glucose uptake of 3T3-L1 adipo-
cytes treated with 0. 1-100 nmol - L™! rosiglitazone. C, The glucose uptake of 3T3-L1 adipocytes treated with 1 nmol - L™' =10 wmol - L™! rosiglita-
zone. D, The glucose uptake of 3T3-L1 adipocytes treated with different concentrations of Aktl/2 inhibitor (n=3)
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Fig. 3 The screening of the natural compounds from plants and iden-
tification of active compounds. A and B, Screening of 16 natural com-
pounds using the glucose uptake stimulating cell model. (The concen-
trations of compounds are 10 wmol + L™! or 10 wg + mL™"', * represents

the active compounds, n=3). C, Chemical structure of compound X11
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Fig. 4 Chemical structures and dose-response experiments of active compounds. A, Chemical structure of compound X15. B, Chemical

structure of compound X16. C, The glucose uptake of 3T3-L1 adipocyte cells treated with different concentrations of X15 (n=3).

D, The glucose uptake of 3T3-L1 adipocyte cells treated with different concentrations of X16 (n=3)
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