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Effect of triterpenic acid-enriched fraction from Cyclocarya paliurus on high

glucose-induced pancreatic o cells insulin resistance
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Abstract To investigate the effect and possible mechanisms of triterpenic acid-enriched fraction from Cyclocarya
paliurus (TAE) on glucagon secretion in insulin-resistance pancreatic o cells, the model of insulin resistance in
oTC1-6 cells was induced by long term exposure to high glucose. Experimental groups were divided as follow:
control (5.5 mmol/L glucose), model (25 mmol/L), TAE (1,5, 10 pwg/mL), and TAE (10 pg/mL) plus
wortmannin (10 nmol/L) group. The supernatant and lysate of treated cells were collected to determine glucagon
secretion by ELISA kit. The mRNA and protein abundance of IRS-1, PI3K and Akt were measured by qPCR and
Western blot analysis. Results showed that TAE could not only significantly reduce glucagon secretion induce by
high glucose in a dose-dependent manner, but also remarkably increased the mRNA and protein abundance of

IRS-1, PI3K and Akt in oTC1-6 cells. However, these effects of TAE were reversed by PI3K inhibitor
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wortmannin. In conclusion, it suggested that TAE could improve the insulin resistance induced by high glucose in

pancreatic o cells which may be related with the activation of IRS-1/PI3K/ Akt signaling pathway.

Key words  Cyclocarya paliurus; triterpenic acid-enriched ( TAE); «TC1-6 cells; insulin resistance; type 2 dia-

betes
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2 RUHPR R (type 2 diabetes, T2DM ) J& —Ffi X
e MU R R AR A PEAC IR , W 5 1R B e
0B O R AR R ORI S 5 e . e
A T AR 1 U B i 5 43, 2014 AR 2R H
4.22 fZREPRI A b T2DM (B 3t 90%
“ BB S AR AR PR 1 3 R A2
JiR B AN, A 55 J R W 2R AR AR X B4 X i 2 A
ST T M R A W id Z RN 2 — 2 «
£ )71 1 R € T N T e S 50 L b G
JHR & o M AT 8 25 7 A i kPR 1 e B 2R KB, TR
By ZAZAR-1(IRS-1) W Ik ILEE 3 3 (PI3K) J¢
LR & 2245 38 1 T Ui 2R O B (Ake) (3R
HH 300 BEAIR , 5 L [T i 5 e 5% 28 X0 Je o3 LA 2R 4
WA A P W 0 0 5, TR v MK 2R 0 I S A
i, SR MR R BT DR e BT IRS-1/
PI3K/ Akt {5538 B 2035 o 20 B JER & R AR BT T RE &
1697 T2DM A RGERZ —.

M ( Cyclocarya paliurus ) JySIREFLT BN E
Wiy SR ERA A BB R,
AN ELAT A I AR I T 2 oA o A A i
HOESE R, A 5 =il R 7 T 5 5
/NG I EH 2R IRS-1/PI3K/ Akt {5538 P& 1% 5 111
PO TR 5 AT, O I o MBI 5 R AKPTE
FATPAA 1 R P o ASSCILR F i A S
/INERUBR 2R 988 20 L ok ( «TC1-6) 3 57 Jig 5 R It
YRS, PRITTT BRI = TR T IR 5 oo 200 R 1 1L
BT A S B R BE A BALA
1 # #

.1 & #

DMEM #5535 (fiih ) \HEPES[4-(2-5 8 £ ) -
1-WRIE CREPR | UL (75 %5 %= MEE&H R ) \MEM 3k
Whig @ H R (32 E Gibeo 23] 5 J 4 1ML (3£
ScienCell 23 7] ) 5 B¢ 28 11 BiE-EDTA 5 1k K | g g 22

MTT PBS ¥ W (VL5 DL Ak A W R e 0y A BR 22
H)) s ZHEE AL DMSO (RIPA 24 \PMSF | & &
H B & . Anti-Glucagon antibody ( 3£ [E Cell Signaling
Technology 23 1] ) s KRBH Z& i ( ] JH il i A= 1y il
dn AT B2 7] ) 5 JBE ) 3 (€ 8 Sigma 2% H] ) 5 Trizol
Reagent ( £ [H Life Technologies 2\ ] ) ; 75 Za) A 46
R & (i R B AR W 250 AT FR 2 =) 5 1B ey il b
% ELISA 171 & (3£ [ R&D 2A]) ;514 .DEPC /K
( FipsEsm A TREA R 7)) s SYBR Green Real-
time PCR Master Mix ,ReverTra Ace qPCR RT Master
Mix with gDNA Remover|[ R ¥EZ5 (L) YR
AR A 5 HoAt iR 24 2 i 85 23 fr

1.2 B %

B8 506 BB (1 E Carl Zeiss 22 7] )
Microfuge 22R & A2 7R 25O HL ( 22 [E Beckman
Coulter 3 F]) s fHIE THE4E Synergy H1 Z I BE R
% ( 2£ & Biotek /> F]) ; QuantStudio® Dx Real-Time
PCR {&3F % ; S1000 PCR # 7% FF4X ( 2 [H Bio-Rad

AR
1.3 %

TERMIK A B UMLK (GPS At f: N32°04
46.95",E118°48'47. 40") , th vp [ 25 R} K 2ah 25 B R
S Kk #BiE 8 RIRHFYE N Cyclocarya paliurus
(Batal) Ijinskaja, FEAGRAE T H [E 25 B K2 K AR
2y E (No. 120100033 ) o HUFT Bl 1A R
2.5 kg 1 80% LB MIREZI(20 Lx3, 4K 2 h) .
F IS , Vol s v 4 O R I i i 7K R g,
AR 05 73 B, 15 2 R 5 5L S B
171.9 go BB APTRBYIH 3% NaOH /K
P KARER 2> 1 5% HCL 3R 2 3003 1K,
3 iR E S 84. 7 g(18R 4 3.39% ) .
L4 mrek

/B 2R AT bR o TCL-6, 3K B SE 1]
ATCC 4l ffd % o
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2.1 ek BRI A
2.1.1 ZH#Esr oTCl-6 b tg ¥ B0
AR oTCL-6 4TSRS , AL 7.5 x 107 4~41
JHL ) 25 BE 4 R T 96 fLAR Hr, 4t A BE SR S A
11 mmol/L %5 15 () 15 72 54 ik & A 5.5.25.30
133 mmol/L #j 251 (1) DMEM 5 35 3%, 43 B 15 =
1.3.5 7 dJ5,BFLMA S mg/mL MTT 20 pL, %
B4 h, gk B, BLINA DMSO % 150 pL,
P%3% 10 min,570 nm ZbPNE ISRE (A) o
2.2.2  FZ#Est oTC1-6 28 ok & fu & o ik 49 %
v PO K oTCL-6 40, DL 2 2.5 x
10° /N2 0 45 3 12 R0 T 12 FLAR R, 40 i 0 BE
AT e A 5.5.25 .30 Fil 33 mmol/L 4 45 5 1Y
DMEM ¥ 3538 43515535 1.3 .5 17 d, ffl ELISA
R &I b e e I R A
2.3 TAE st oTC1-6 it % /1 693 h

i oTC1-6 4t A= K % 2 35 3] 85% ~90% It
HRHRAEFLT. 5 x 10° DN UHAY SRR T 96 FLARH,
ARG RE S I AR FRBE, IN AR 58 4> DMEM K 55 i
(11 mmol/L) FFF I 2454y, 245 Wy 1 Jo itk 85 3 1) oy
1.2.5.10,15.20 .25 F1 30 pg/mL, HNZ§iEE 24 h
J&, 2. 117 P MTT 340 77
2.4 TAE st oTC1-6 2 il 3 e i & 2 ik 64 % v

oTC1-6 ZHHELLAFFL 5 x 10° > 20 a1 25 i 52
Tl T 6 FLAR, 20 545 15 5. 5,25 mmol/L #jZHE 1)
DMEM 5558555 5 d J5, 203 R4 ik
R (100 nmol/L) FIAIIR S R, BHTTH
6 ZH, 530 i IEH X B2 (5. 5 mmol/L A0 ) AR
RIZH (25 mmol/L &4 ) 5 B &7 A7 = IR
ZH(TAE,1.5.10 pg/mL) #1 10 wg/mL TAE + PI3K
PR = R (10 nmol/L) 2H . & 2H XS b )
ZPHEIVRE DMEM K557 5 d )5 B ge B AN &
IML¥E 7Y DMEM S5 58, [al i in A 259955 20 h J5,
INARE RIEE 4 he WHEZHGE, L LIER,
KRBH ¥ #& 35 ¥t Wi 3 , S8 J5 ] KRBH ¥ W % &
30 min, W 2 FF W, B S 1 mmol/L 4 45 B 11
KRBH ZE##% (0.5% BSA) & 1.5 h, BE i
W, T =20 CARTE, ELISA 231 & ke Il ft 5 1 2%
Trht, [N & L0 MLE B B, R BCA & &=
TR B B VR B, DA I Jo i L BE 25

2.5 Real-time PCR 23

oTC1-6 4HMIFIR“2. 47 5 R )5 k403 )5 , PBS
OB VAN, T Trizol 3277 $2 B 4N il RNA , il
FRASCIAE A g aso M IHLHERE . RNA 7E 65 C 444 F Tl
A5 5 min Ji5, 57 RUVE T K b 4% B8R SRR R &
ULIABC AR R K RNA Si% 5%k cDNA [ B 255
4:37 C,15 min;50 °C ,5 min;98 °C,5 min, %M
PCR 2070 Gl & SN AR R J5 #6417 PCR U, [
BHH 95 °C,15 5360 CL,15 5372 C 45 s, H,
95 C AR 60 s; SLAEH 40 Yk, MR FEH 519
JPHILE 1,

Table 1 Primer sequence for real-time PCR assay

Gene Primer sequence
Forward 5'-CCTCCAAGTAAGAACTCACATCAC-3’
Reverse 5’-CACCAGCGACTACAGCAAATA-3’
IRS-1 Forward 5'-ATGCAGAGCTGTGGCGTTTTA-3'
Reverse 5’-ACCTACTCGGGCTGGCAATAC-3’

5

5

Glucagon

PIBK Forward 5'-TTCCCTCGCAATAGGTTCTCC-3’
Reverse 5’-GACCAATACTTGATGTGGCTGAC-3'
AKT Forward 5’-CACTGGCTGAGTAGGAGAACTT-3’
Reverse 5'-TCTGAGACTGACACCAGGTATTT-3’
Forward 5’-AAGAAGGTGGTGAAGCAGG-3’
Reverse 5'-GAAGGTGGAAGAGTGGGAGT-3’

GAPDH

2.6 Western blot 2~#7

Y MR R 2. 47 AL RS, PBS W1 PR 41 i P
U, BEFLINEE L R# I 150 pL 72K E2# S min,
WCE T2 BEERR  SCAE At L, O °C 8 75 IR ABERY: 3 1K, 1K
FCE: 30 min JFAE -20 °C I 37 C 2 (] K Rl
3 ¥k,12 000 r/min 2.0 10 min, W& FWG W,
BCA 1870 & 3 vk 3 . W5 3 1 ke i M B
HATF] HA 3 v BE A T SDS-PAGE HiJk ( HL ik 45 11F
85 V,20 min;120 V,80 min) , 4R J5% % & PVDF I
AE 5% B E Y B ARCR = E P 1 b IA T
(1:800) 4 Cidtk, ZJF A ZHi(1:2 000) 37 CHz
H 2 h, RAA AOGR I (ECL A ) W64,
FEX RO A Al AT IR EEAE 3 HT
2.7 HAEHHT

AHEAEI T x 5 FR8, JH SPSS 22.0 Eit4k
PHAT R R 5 2250 0. LA P <0.05 42 B 1
St

3 & R

3.1 oTCl1-6 Zmpafk B ZIAAE AR 6 32 5
e A A 25 W RS R L 40 ) B #R o TCL-6 41 i
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1.3.5 F17 d J5 , M 5E A R L B 57 T o TC1-6 41
U35 VR s W 2R o 4 R S e 2 T
JE it 25 mmol/L, RIS AR S5 d I, Jik ey M b
RO WU T (1) o Hrb i A B vk R
25 mmol/L, 537 IF A4 5 d IF, ASAUAT LA St 2 14
B IILE 2R 43 W (P < 0..05) , H U Fa i PR AT
TR T 20 5 5 25 mmol/L {15 R LR 5 d
ST o TC1-6 20 & R AR AL

450

* %

400 "
350
300
250

200

(pg/mg protein)

150

o TC1-6 cell glucagon secretion/

100
50

0
Glucose/(mmol/L) 5.5253033 5.5253033 55253033 5.5253033
Culture period/d 1 3 5 7

Figure 1 Time- and dose-dependency of glucose-induced glucagon se-
cretion in oTC1-6 cells (¥ + s,n=4)
*P<0.05,"*P<0.01 v5s5.5 mmol/L for 1 day
3.2 TAE s} o«TC1-6 2 Jo3E 71 49 % v

WA 2 B , MTT A 1.,2.5,10 15,20 .25
130 we/mL 5 BRAD =15 B2 Y 240 M B 1k S 30 45 2R
WoR, HIEF X AL, Btk By 1.2.5.10 F1
15 wg/mL 1Y 7 ER M0 = ik B2 40 i 7% 0 ] ok T
90% , LA L BEPE  iiEHE 1.5 .10 wg/mL 3 i
W HEATAHOC LR N2 o

150

100

50

Cell viability/(% of control)

0
Control 1 2 5 10 15 20 25 30 50

TAE/(ug/mL)

Figure 2 Effect of triterpenic acid-enriched fraction from Cyclocarya
paliurus ( TAE) on cell viability of «TC1-6 cells. «TC1-6 cells were
treated with different concentration of TAE for 24 h,and then cell viabil-
ity was measured by MTT assay ( x +s,n=6)

*P<0.05,"* P<0.01 vs control group

3.3 TAE 3t oTC1-6 20 fLik 2 e 4% 23 69 % v#)
WK 3 Jos, 5 1E 5 X AL AR L, mopi s i 2]
ik e AR 53 Wb £ S E N (P < 0.05) . SR AIZH
FHLG, &M = M58 1.5 1 10 wg/mL fEFF
aTC1-6 ZHHEBITRY 24 h 5, 25 245 40 240 1 A9 i o5 0
oUW W BRI, AR AE VR BRI R . R R 5%
T TE 5 X B2 RS TR 2 ) Fl s I AR 26 0 i 1)
N At e D 7= 1 /S ]
TR =R 25 4 24 A B e IUBE 2R IR T R, 1)
JECRT o2 AT B o I W 43 s HLELAT — 8 R AR
Tk
500

M - insulin
M + insulin

&
[=3
(=}

#H *

200 *ok

*k

100 *%

EEd

Glucagon/(pg/mg protein)

*%

Control ~ Model 1 5 10

TAE(10 pg/mL)+
Wortmannin(10 nmol/L)

TAE/(ug/mL)

Figure 3  Effect of TAE on glucagon secretion in o TC1-6 cells. o« TCI1-
6 cells were incubated for 5 days in DMEM media containing 5. 5 mmol/
L glucose or 25 mmol/L glucose in the presence or absence of different
concentration of TAE for 24 h with or without insulin (100 nmol/L) for
4 h. Wortmannin (10 nmol/L) was added 30 minutes before insulin at
the last group (x £s,n=4)

#P<0.05,P <0.01 vs contol group; * P <0.05,** P <0.01 vs

model group

3.4 TAE 2t oTC1-6 zmje+ IRS-1.PI3K F= Akt &%
BRACL KT 89 % vh

EJIEE O BEZH A EL, o A R T 5E B 2 Y
IRS-1 \PI3K Akt 7 4 REAIG , 745 58 PR Atk (1
4) ., TAE T-HiJ5,IRS-1 PI3K FI Akt [ #52 fL 7K
SRR AL 2 A, OF B Uk B (P <
0.05) . finA PI3K i ))& & ¥ % R 5 , PI3K #1I
Akt (2 AP A AR (E 4) o
3.5 TAE 3 oTC1-6 28tk 3 s 4% 2 (IRS-1 PI3K
F= Akt %9 mRNA £k 69 %%

WES Sow , A 2 e, 5 E 5 B2 A
Eb , B 75 21 ) J v LA 25 mRNA /K SF- B 2 32
JEA B EME2E R (P <0.05),IRS-1, PI3K FI
Akt K P2 B VR AR. 5B A AL A [, TAE
(10 pg/mL) REME 42 fil 9 PR TR e 1l 0 2% ) 2k Pl 5
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JRFEHE N IRS-1  PI3K A1 Akt f £k, A BES MUPEZR A9 3R 3K 3 8 35 138 i IRS-1 , PI3K A1 Akt
R, SIEH T A b, SR S R 0 R, ERAESIER (P <0.05), iff PI3K
FIRBHAE N, IRS-1 (PI3K I Akt /K PAR R 25 0E KRR 2 F &% Z A GBI 4% TAE X PI3K
FEAG; SEC AL AL AR L, TAE GBS W 25 PERRARIE = 0 Ak FEH S

A B C
p-IRS-|(Tyr) S e — a— - —— P-PIK e o — — - — PAK —— — — — D —
IRS-I.--:-.. PIK @ e S - - — Al — — — — — —
GAPDH il G S Wy W WS G\\DI M - W — GAPDH e - G — - —
0.6 ” 09r
*% 1.0 #k
05+ o 0.8
0.7
2* m O 8 L ok
g 041 & wo £ 06
@ i~
S 5 06f S 05
o 03 © : .
2 2 Z 04
= L 2 04} 5
&) 0.2 % n«‘) 013
= 02
0.1 02 :
0.1
0 o 0
Control Model 1 S 10 TAE(10 pg/mL)+ Control Model 1 5 10 TAE(10 pg/mL)+ Control  Model 1 5 10 TAE(10 pg/mL)+

TAE/(ug/mL)  Wortmannin(10 nmol/L) TAE/(ug/mL)  Wortmannin(10 nmol/L) TAE/(ug/mL)  Wortmannin(10 nmol/L)

Figure 4 Effects of TAE on protein levels of IRS-1,PI3K and Akt in oTC1-6 cells. aTC1-6 cells were incubated for 5 days in DMEM media contai-
ning 5. 5 mmol/L glucose or 25 mmol/L glucose in the presence or absence of different concerntration of TAE for 24 h with insulin (100 nmol/L) for
4 h. P-IRS-1 (A),p-PI3K (B) and p-Akt (C) was measured by Western blot (x +s,n=3)

#P<0.05,"P <0.01 vs control group; * P <0.05, * * P <0.01 vs model group

A B
g 1.4
#
3.0 12
% e %‘ 1.0
£ 20 £ 038
2 2
§ 1.5 E 0.6
£ 10 * g o4
0.5 0.2
0 0
Glucose(25 mmol/L) - - o+ o+ o+ Glucose(25 mmol/L) - - + 4 o+ + 4
Insulin(100 nmol/L) - + - + - + = + Insulin(100 nmol/L) - + - + - + - +
Wortmannin(10 nmol/L) - = = - - - + + Wortmannin(10 nmol/L) - = = - - - + +
TAE(10 ug/mL) - - - - o+ P TAE(10 pg/mL) - - - - o+ =
C
1.6 " 1.6
1.4 1.4
< 12 < L2
£ 10 % 1.0
g
o 08 # o 08
& E
S 06 # £ 06
<
~ 04 £ 04
0.2 0.2
0 0
Glucose(25 mmol/L) - - 2 & + 0+ + + Glucose(25 mmol/L) - = + + + + + +
Insulin(100 nmol/L) - + = + - + - + Insulin(100 nmol/L) - + - + = + = +
Wortmannin(10 nmol/L) - = - - - - + + Wortmannin(10 nmol/L) - = = - = - + +
TAE(10pug/mL) - - - - + o+ v+ TAE(10 ug/mL) - - S + o+ + o+

Figure 5 Effects of TAE on gene expression in o TC1-6 cells. «TC1-6 cells were incubated for 5 days in DMEM media containing 5. 5 mmol/L glucose
or 25 mmol/L glucose in the presence or absence of 10 pwg/mL TAE for 24 h with or without insulin (100 nmol/L) for 4 h,gene expression levels in
oTC1-6 cells were determined and normalized to GAPDH. Data is expressed as relative level to 5. 5 mmol/L glucose group without insulin. A ; Glucagon
levels; B:IRS-1 levels; C: PI3K levels; D: Akt levels (% +s,n=3).%P <0.05, P <0.01 »s 5.5 mmol/L glucose ( control group) with or
without insulin

*P<0.05," " P<0.01l vs 25 mmol/L glucose (model group) in the absence of wortmannin and TAE with or without insulin
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4 1t i

JiR i 2 S BT 2 2 OB R e AR ) T BN
PIE L BRI, K R B AR S o 4
L7 A JR B R AHRPT , T BO  WE 2R A,
A U o ARSZI R A 25 mmol/ L g B 45 B
F% oTC1-6 41fiL 5 d, I E S RS o 4R & R
HEHURRL JF %48 T TAE (9 THROR . Lo s R
7R TAE REf5 2 35 PRS2 1Y o TCL-6 Ji&
IMBEZE 43, FF s IRS-1  PI3K Akt Y mRNA 18
K P27 5 B = s TR AT R ) o ZHMLIR S &R
HEHL A 2 1 P AT RE 598005 TRS-1/PI3K/ Akt 8
RIG5HESA X,

oTC1-6 /I BRI v W 2 980 200 M ok , D9 G 400
HERI 5] B — I 5 F 8537 M Pk T I AR 5 20 i
SETFSERS o HIEINRERH A bk —" ",
AN WF5E I o TC1-6 20 g 78 4 301 i B B 15 1 i
T M 2220 DA 1R DR 2 08 1 28 1 5 S A 4 A 1
WA B2 5, W oTC1-6 4 R B4 10 £
PESST L ARSI A 25 mmol/ L A 0 B R 3
Kigt oTC1-6 2015 d J5 , 40 Jf e s ks 2% 40 s BH
SN g 8 25 0t I g 0L BE 2 43 I 1) 0 A FH U
559, R D= A 5 BT 15 2 o TC1-6 41 fifg ™ A
T 5 AT, T B e L 4 0 S, 5
BRL 14,20 ] i 1B 45 R — 3, KW oTC1-6 41 il J§& &5
PRI ST R

BGRR[0 2R b 2
TS 220 WA JE 2 i U B R 2 O
WAEFDRAT  HE B 5 MR B LA, B R i
W22 I AW 243 A2 B R T A L T
RS, 52 10w MR £ S BOUB S o 4010 2R
T 25 416 L, T OB 2K 2 WA £, A v M
W RS2 & B TAE W] R 3 AR o S
oTC1-6 2 JfL 1 fie e MW 25 0 Wb /KK, $ 7 B A
P o AR R APTIIRE

IRS/PI3K/ Akt i s J2 fi B 25 5 2 11 33
AR R E R R o A0 X A
T 22 T0 vk 7 AR IE W 45, IRS/PI3K/ Akt Ji 1% %
1555 Som B A2 B, S EURE i UBE 220 ETH
AWFFE LB TAE fE B 5 WK WA 10 oTC1-6
24 Y P P 5 B 22 7K SF-, 34 L g IRS-1, PI3K
1 Akt [f) mRNA FIEE FKF. 44T PI3K )

B2 HEHERTHG, PIBK A Akt (193535 B ST,
B MR R K B3 BT, BOR SRR AR R,
TAE n] DUSCE e & = PT, ol g il id_E i IRS-1
I PI3K (TS S BRI IR AL S HE T i Akt AR
PRI IR 2 A5 5 56 R

LR PR, T M =l R R AL n] i 2
IRS-1/PI3K/ Akt {55538 B 24035 R 5 o 21O 5 3%
FIRBL , 10078 s AR 2R 4 20, 38 BN 7 B R 1Y
RCR o AT B =85 TR AE Sl 4 R DAY S 38 2 J e
MU ZR 0 S WU Ao A 1R =il A 4% 25 580, A e it — 2
WA
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