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M OE BRIt A E RoR (DM) R A /s RURAR 20 22 A 5 8 Rk BR ILEE-3-330 B (PISK)/ 7 A B & & i85 (AKT) /3]
B WA R G 4A(GLUTA)E Tl B ag e o 7 % 60 RN R, SR ML M B Ak 1 2 (60 mg/kg) 49 77 ik BRI Akom B AL, 4%
BEARE R 09 40 R RS A AR 20 = P SN2 (Fa M B, 200 mg/kg) A= % 25 et % b & AR & 20 (400,200 mg/kg) , A-40 10
R BRI0REEDRMEAEFA(AEREKR), HFRERLH 1R, E54%28d, FHRME, WED R —AR AR TS T
BT O IRH B A E (OGTT) L[ 2 # § 40% ) 2 #757% 0,30,60,120 min /& 89 = M2 4% (FBG) K-F1. K k&2 /5, M )
R HE AR 3 35 AF[FBG 5 MM B 7 (FINS) Fo ik B 2040 48 40 (IS Wk B Z 30448 40 (IRD) ], e g A8 £ 48 4R [ ik o & B B A5 B G
e B (HDL-C) K% JE 5 % @ f2 B &% (LDL-C) . A2 B 8% (TC) , =Bt ¥ it (TG) 4= BAL B A8 X 45 AT MM L 2R F 73 =8 (MDA)
A Fa B RN HALEE(SOD) | it RALE B (CAT) BB H Ik iE R AL B8 (GSH-Px) #1169 T AL, I 52 /s BRI 4L LR P PI3K B
AL AKT (p-AKT) A= GLUTA & & &k KT, &R R HR, 5 Ew AR R M (T30 R %, AR ERIROKEN £ 16
JR% 2 %4 (P<0.05);4F 3 &4 0.30.60.120 min j5 , A~ K49 FBG K -F 34 2 4+ 5 (P<0.05) ; R A% 25, fo ik F FINS,
HDL-C 4% #= IST VAR WA 21 2% F SOD ,CAT .GSH-Px 7 1 4= PI3K . p-AKT .GLUTA4 %& & % ik 7K -F 3 2 F AL (P<<0.05) , fo o i
% FBG .LDL-C .TC . TG 4 % #= IR VA B JE 2022 F MDA 4% 2 245 (P<0.05), HAEAI 20 1b 4k, R 20354000 R — A S A
OGTT 1 L34 A 45 45 ; % F FINS \HDL-C A% F ISI vL B A% 28 2% P SOD ,CAT .GSH-Px & F= PI3K .p-AKT .GLUT4 % & % &
K 2 F 3 (P<0.05), M ¥ FBG,LDL-C . TC.TG & % #v IRDAZ IR A L2 F MDA &%) £ 3 %K (P<0.05), 4t
Bt S B FAE SR IRAE R AR R T AR AR AL iR T Fe % 3 PISK/AKT/GLUT4 42 538 349 7B AL R %

KGR FFT S BAC R PISK/AKT/GLUTA A 5 38 % 3 48 Sk 5 /) R

Effects of Purple frutescens Leaves Polysaccharides on Oxidative Stress and PISK/AKT/GLUT4 Signaling
Pathway of Pancreatic Tissues in Diabetes Mellitus Model Mice

SUN Guangping, YUAN Li, FANG Xiaolin, YANG Haibo (Dept. of Endocrinology, Jilin Chemical Hospital,
Jilin Jilin 132022, China)

ABSTRACT OBIJECTIVE: To study the effects of Purple fiutescens leaves polysaccharides (PPLPs) on oxidative stress and
PI3K/AKT/GLUT4 signaling pathway of pancreatic tissues in diabetes mellitus (DM) model mice. METHODS: Totally 60 mice
were given intraperitoneal injection of STZ (60 mg/kg) to induce DM model. The 40 successful modeling mice were randomly
divided into model group, metformin group (positive control, 200 mg/kg) , PPLPs high-dose and low-dose groups (400, 200
mg/kg), with 10 mice in each group. Another 10 healthy mice were selected as the normal group (normal saline). They were given
relevant medicine intragastrically, once a day, for consecutive 28 days. During the experiment, general information and body
weight of mice were observed; oral glucose tolerance (OGTT) test (determining FBG at 0, 30, 60, 120 min after giving 40%
glucose solution) was conducted. After last medication, the changes of related blood glucose indexes (FBG, FINS, ISI, IRI),
blood lipid indexes (HDL-C, LDL-C, TC, TG) and oxidant stress indexes (MDA content and the activities of SOD, CAT,
GSH-Px) as well as the protein expressions of PI3K, p-AKT and GLUT4 in pancreatic tissue were determined. RESULTS: During
the experiment, compared with normal group, the mice were slow in action, the feed consumption and water consumption
increased, and body weight significantly increased in model group (P<<0.05). 0, 30, 60, 120 min after giving glucose, the FBG
content of mice were all increased significantly (P<<0.05). After last medication, the contents of FINS and HDL-C in serum as

well as ISI, the activities of SOD, CAT and GSH-Px as well as the protein expressions of PI3K, p-AKT and GLUT4 in pancreatic

. _— < .
A LA« b BT LR 45 S T (No.201737133) tissue were all decreased significantly (P<<0.05); the contents

*E'J‘I{fliﬂﬂiﬁﬁj:o m%ﬁmﬁ%ﬁﬁ&ﬁﬁﬁﬁﬂ@%ﬁﬂ'ﬁ{ﬁ of FBG and LDL-C, TC and TG in serum as well as IRI,
J7. E-mail:sunguangping83@163.com MDA content in pancreatic tissue were all increased
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significantly (P<<0.05). Compared with model group, the general condition and OGTT of mice in each administration group was
improved; the contents of FINS and HDL-C in serum as well as ISI, the activities of SOD, CAT and GSH-Px as well as the
protein expressions of PI3K, p-AKT and GLUT4 in pancreatic tissue were all increased significantly (P<C0.05) ; the contents of
FBG, LDL-C, TC and TG in serum as well as IRI, MDA content of pancreatic tissue were decreased significantly (P<<0.05).

CONCLUSIONS: PPLPs has anti-diabetic effects, which are related to reducting oxidative stress level and promoting the activation

of PISK/AKT/GLUT4 signaling pathway.

KEYWORDS Purple frutescens leaves polysaccharides; Oxidative stress; PISK/AKT/GLUT4 signaling pathway; Diabetes; Mice
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N K% PIBK/AKT/GLUTA {553 % 1 I , )2 i B
SLGUBE PR B FH I , A L — 2 A R N7 FH B4
B3

1 7
1.1 {88

AL204 1Y 43 Hr K F- (1[5 Mettler-Toledo 23 w] ) 5
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1.2 ZAm5iRH

ST ZG T 2018 4F- 8 J1 SR A B 7 AR 7 R Hb
X, AR 222 B sl ) R B A e NS TR R ) 5%
I[P, frutescens (L.) Britt. ][ Fr; Ehfig — XU A (1
% bW SN L HES 20190427, B0 - 0.5 @) 5 BEIR
e % (STZ) Xif B i (38 [ Sigma 23w L, 35 : S0130, 4f
Ji : =98% ) ; 25 I LA (FBG) 25 I8 5 % (FINS) il 22
A (IR = B A w45 : 190116 ,190223) 5 5
5% JE g 2K 11 MH [ B (HDL-C) | IK % 3 g 25 11 fH [
(LDL-C) . BB [ @ (TC) . =Bt H ol (TG) I % 157 £
(RMEGFEEDR AR A, # S : 20190415,
20190426, 20190302, 20190517) ; 7§ —Ji& (MDA) . # 4
LY ARG (SOD) it S AL A (CAT) (A5 Bk T K3 41
Akt (GSH-Px) il 7 14070 5 (B o A= ) TR 5%
it , 415 : 20180908 ,20181120,20191120.20181018) ; fi
U5 PIK . B2 1 AKT (p-AKT) .GLUT4 £ 5 f i 14 (35
Abcam A #] , fit5 : ab140307 ,ab8805 ,ab654 ) ; 4t I f-
WLBhEE 11 (B-actin) 2 SeFEHUIA AR AL PR bR iC 1Y
HPEHT R e B3R 1 G (1gG) —Hi (BuM A AR vl
it : 180526 , 180603 ) 5 JAx 1270 14 Ay 73 A 2 g S 6 %
PR , IK R 28K
1.3 ¥
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SCXK (7 )2016-0001, 1l FEFEL Il 20~25 C  AH
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2.1 EHRMEHERNSE

W5 R Ak B IR U TR KRR 40 H
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DBREE 0, B AT 2L IR 20, 2R - R VA A
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2.2 B DESEY

/NEGE R FE 1A G, BEALEL 60 H/NER, — kb
JU R 3 53 DA R A AR R M 2 vhif (0.1 mol/L, pH 4.4)
ST Y STZ 7 (60 me/kg) , & IR PROGISRL . 13
553 dJa /N B FR KU I F oSO 2 FBG & 1, 4l
PRI /I ERURE AR 1 oy 37 AR FBG>16.7 mmol/L'™
Pl 10 FUAg /N BRUVE Ry TE A, VR S S AR L [ e A
pH WY FF IR IR/ IR FR AN 2% M . AT 43 /DN BRL RS A5
i, WA 40 H/NERBENL - AT XL
HIAL (B X B, 200 mg/kg) FIEE 950 24 i AR 4l
(400,200 mg/kg) , BFZ 10 H o 1EH AR AL L] /N FE
B SRR BEER K AR 2 /N BRUE S A L 25, E
PRFEIR 0.2 mL/10 g, BERZRZ 1 IR, 824525 28 . HL
H, ORI /s B 4 24 391 5 2 SOk s
[, SR 2B R R RS2 SRR I S A T
ZERBEEM,
2.3 IMNR—ERRERENE

SERHAIE , A H SR AL/ BT R TE 8l R RS
B K/IME PR ORISR, TR LA 2T &
RIR G255 53 TFRE /N R B A BT 2t
24 MNROREEMEG =X

WHGY 21 d)E, S4/NRESEAEOK 12 h, MR
VEH 40% WE MW (2 g/kg) o 43 T HE B BHAW 0.
30.60.120 min Ji5 , W2 B I IAUEEASCIN 3 FBG % 4t o
2.5 /NRR I AR AR | f0 RS #E X FE AR ZE

RKIRG 2512 h e, 45 2/ B IR Bk 3B, L3 000
t/min #5010 min, 43 B 007G o R A IR & FBG &
T, TIBC 8 R R0 2 FINS 5 i, 4 A shAE AL iR
% HDL-C \.LDL-C .\ TC . TG &+ . AR S X
HURAR F (ISD FE & R ALHTHEEL (IRD) : ISI=In(1/FBGx
FINS) ; IRI=FBG*FINS/22.5,
2.6 /INRPRBRAL h ARk ERE

25 4/ IS BRIBUILJ5 AL FE , TR 45 43 B L R AR ZH 21,
B> 2L TS B B I 22 RIPA L 221 ) , LA 3 000
r/min 0> 10 min, Hl & HE FER . RAMACE L ZR
2200 MDA 7 i, B IEERS 40fL i 25 00 2 SOD Tk | it
PR R A 75 DU A CAT 36 M, 6] i R 2R H R vk I
GSH-Px {ifi 1t , LA 42 O N 3R] G v B Btk 7o
2.7 INRERRALA B PISK . p-AKT .GLUT4 E AR %
FKFEME

U/ — R TR AR 20, 452,67 T T Jy vkl
L W, vk R (BCA) 1 2 BB 1 =
Jei Ak AR 1AM . I 1T 20 pg, AT 12 % RN IR
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BEIE FL UK 43 25 B B8 (L ik 4 S =2 70 vV, HLDK
B[] R 40 min 3 28 i HL R 120 V, HLPKERH R 244 1.5
h)  SRJE HUE R 120 mA  BFTHISH 2 h) 2SR AT 4E R
FEE b s FHAR PR L b, A3 il A B LG5 25 2R 122 000
(Y PI3K .p-AKT .GLUT4 Fllg-actin—$T , 7 4 C5A4F F 07
BB DL TBST IS0k 3 WU , I A . 470 (R B L £51)
9 1:5000) , 765 i T 4kEE07 5 40 min; LA TBST 5506 3
W, IMA ECLIAG B 0. RABER UG R G B )5, LA
Image J v1.8.0 {43 M 45 45 K BEAE, DL B 98 11 24501
JKBEAE 5 N 2 B-actin 4571 K BEAELAY HUAEROR H 8
(AR IR K-
2.8 HFitERHE

K HISPSS 18.0 e it A T 8l 43 B o 45 LA
x s Kon, ZA B SR SR R 5 2290, Jr 2255 I)
21 5] 9 R FE A R T Bonferroni 15, J7 25 A5 551 4 8] 19 4
F 48 % F Nemenyi 15, P<<0.05 %7 22 5 H A 58112

3 #HR
3.1 ZEBH ZHEXHERFEI/NR — KRR RE
RIS

TEH /N AT SIE BR RS MRS R, KB Tt
T RUIME i A RO R R B2 /N AT Bl
BORGE KRG MZEREAIR | B & A AN R 2 1) 3 7% 5021 45
JRFE , R/ VB SE I, ARDEREFE R AR IR 22 s AL
HIZE 5 5 22 vy ARG 4/ B — R DA R 2
YR —E R GE . 2R, A /N BT 22 S
PGB L (P>0.05); HEH 4525 28 d ), FIEH 41
PO, A /N BB i 2 25 R AR (P<<0.05) 5 S5 R 4
PO, - FXUNRAE 48 5 - 2o My AR i 4/ LA o
HIAAFRERN T & HE RS TRE AL (P>
0.05). FIRGERILIR, S0 AT LA PR A5 2
ANERUE) — BCR DL (B A BT R I FIE B 2R . % 2H/IN L
T E S R L,

x1 BHNMNRERENELER (x+s5,n=10,g)
Tab 1 Body weight of mice in each group (x + s, n=

10,g)
ik B IR AR
E&4 20424221 2949+347
g 19.97£2.56 0631
R 2030£2.12 U74+278
EOLPS Tl 20.69+2.65 24254354
E BRI AL 19814243 23.66+3.70

A HIER 4L A, *P<<0.05

Note: vs. normal group, “P<<0.05
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3.2 ZEF M HEXTHE R B/ O AR A R = A
=210
THE B A MR 0~ 30 min Ji5 , 452/ U FBG 7K
-2 LTI A A T TERE H 30~120 min f5 , HAfl
BRI B A S 5 IEH 2 AR AR 2
/IR T ARV 0,30 .60, 120 min J FBG ZKF-1
BT (P<0.05) 5 SHORIZ e, — FOBUIRZL A€ 95
W 220 v AR R e 4/ U7 A A B 0..30.,60
120 min 5 FBG 7KV 34 {2 IR (P<<0.05) o 4% ZH/)N
ST AR A RS R B ) FBG I E 2R IR 2.
®2 FHNREBEFRBEARRNBEGEHFBGH
ELER (x+s,n=10, mmol/L)
Tab 2 FBG of mice in each group after intragastric
administration of glucose solution for different

time(xts,n=10, mmol/L)

A5 (0 min 30 min 60 min 120 min

EF4 548406 11244138 821103 639089
fR 21644355 3437543 3476 25074363
ZHmA 816+ 1.18° 23.68+3.5° 18645218 1561185
EONP A eyl 1220£1.52° 2549+3.18° 20574260 173542.06
L 2R R 14924167 2%23+317 BT BN

H SIER A L, P<<0.05; SR Hu s ,*P<<0.05

Note: vs. normal group, “P<<0.05; vs. model group,’P<<0.05
3.3 EETM Z HEXTHE R R R BN R 175 H FBG . FINS
SERISI, IRIF I

5 A b, RV /N BUMLIE H FBG 7 i FlIRI
g 2 T (P<<0.05) , 1 FINS 75 & A1 1ST ) {2 25 %A%
(P<<0.05) ; 515 20 Fb s, — FF RN 4 128 5 i 22
IR 4/ BT P FBG 5 2 Al IRT 2 5 25 P AIG
(P<0.05), FINS & & IS ¥ & & T 7 (P<<0.05) . %%
ZH /N B H FBG L FINS 5 i & ISI, IR I 22 25 5 L
%3,
*3 HANMRMFRFBG FINSEERISI, IRIE
#ZR(x+s5,n=10)

Tab 3 Serum contents of FBG, FINS and ISI, IRI of

mice in each group(x+s,n=10)

A5 FBG, mmol/L FINS, mIU/L ISI IRI

Fhd 5514053 17.7842.09 —458+0.67 4354057
B UITELET 10281425 5801 1L03£11Y°
~ A 724+081° 15054195 —4.69£0.54° 4844062
EONPZ ] 1163133 378+181F  —5.08£058° 7174096
EOLE s 13224156 2301147 —5.09£061° 7244 0.84°

T HIEWALILEE, " P<<0.05; SHURILL LEEE,'P<<0.05
Note: vs. normal group, *P<<0.05; vs. model group,’P<<0.05
3.4 EIM & HEXHE R H AR EN R I iE B HDL-C.
LDL-C . TC# TG & EH5 M
S IEH A A AL/ ML P HDL-C 5 i 2 3%
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B (P<<0.05) , LDL-C.TC.TG & 4 . & T+ 5 (P<
0.05) ; SHIRIZ b, — Y XSUIRZH AR T3 2 0 e AR
It 41/ BRI 3 H HDL-C & i ¥ 3 3% 5 (P<<0.05)
LDL-C.TC.TG &% &3 i FH AR (P<0.05) . £ ZH/IMER
I 3% HDL-C \LDL-C . TC Al TG ¥ il 25 SR 3% 4.

*x4 HKANRMBFHHDL-C. LDL-C.TCHTGEE

MELR(x+s,n=10,nmol/L)
Tab 4 Serum contents of HDL-C, LDL-C, TC and

TG of mice in each group (x £ s, n=10,

nmol/L)
A1 HDL-C IDL-C TC TG
R4 2514034 021£0.03 2404034 1134015
R 136£0.17° 035+0.04" 350£041° 1844022
R 2184023 023+0.02° 2.66+0.35° 132£0.17°
EOUEA T el 2094032 027£0.04° 2844028 147£0.16°
K SRR A 171£021° 029005 305£041° 163+020°

TG IER AL AR, *P<<0.05; ST AR, P<<0.05

Note: vs. normal group, “P<<0.05; vs. model group,”P<<0.05
3.5 EETNI & A X 4 PR AR AR BN R FE AR 42 4R tf MDA
& EF1SOD .CAT .GSH-Px i& 14 A #40

EJE R A A, SRS /)N BB A 240 24 MDA 5 i
i3 E T (P<<0.05), SOD . CAT . GSH-Px i M 14 i
fli(P<<0.05) . SAEIAYL] Hud, — B XUIRALFI 48 o5t 2
W AR i 2H /N BRUBE AR 2 21 MDA 35 534 il 2 IR
(P<C0.05) , SOD . CAT . GSH-Px i 1t 4 & 2 JI & (P<
0.05) . %21 /N BRI iR 2H 21 b MDA % i J2 SOD . CAT
GSH-Px IF PRI 25 R W3 5,
x5 FBHMNREIREAELH MDA &£ K SOD.CAT,
GSH-PxiEMMEL R (x£5,n=10)

Tab 5 Content of MDA and activities of SOD, CAT
and GSH-Px in pancreatic tissue of mice in
each group(x£s,n=10)

il j}'J MDA, nmol/mg pro - SOD,U/mgpro  CAT,U/mgpro  GSH-Px,U/mg pro

il 1.73£0.23 450.74 1 52.05 1237+ 1.56 566.91165.75

ai| 381£046" 223.12£28.59" 6.640.85 3286713784

mibelvil 2144032 407.06+4392° 10561127 S11.85458.50°

EONP 2 e 2054024 36143+40.56° 8OELI4 4941345318

SO SRR AL 260£039°  29651+32.88° BOTEI0N 4252844623

T SR A RS, * P<<0.05; SAEHIZH He#s,"P<<0.05

Note: vs. normal group, “P<<0.05; vs. model group, P<<0.05
3.6 EHM S HEXHERFEE/NRRBR AL P PI3K .
p-AKT #1 GLUT4 & B RIE/KFEHI=Mm

550 R 2H P, B 2 /) BRI 4H 21 v PIBK

p-AKT .GLUT4 & [ 335 K- i FHREAR (P<<0.05) 5 5
TULH e AsE, — HOBUICAE 158 T v 22 vy AR o 2H /)N B
JHE AR £ 24 7 PISK . p-AKT .GLUT4 & [ K iA K 44 1 2
Thim (P<<0.05) . 4% 2H /N BUBE R 2 24 v PI3K . p-AKT F
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GLUT4 25 [ 3R i LUK I DL R 1, 2 1 3R AP e 445
RWEG,
mK[— . ge— e —.]mm
p-AKT [- - a— G— —]BOkDa
GLUT4 [- e — -]50kDa

/7'“““[ C— — G— c— —] 12 kDa
il BRI U %%ﬁ%ﬁ;%g% %ﬁ%ﬁtﬁ%ﬂ%
Bl |ANMREREALF PISK, p-AKT #1 GLUT4 &
HRIEHFEIKE
Fig 1 Electrophoretograms of protein expression of
PISK, p-AKT and GLUT4 in pancreatic tissue

of mice in each group

Fz6 FH/NRFEIREZLF PISK . p-AKT #1 GLUT4 &
ARIEKFUELER (x+5,n=10)

Tab 6 Protein expressions of PI3SK, p-AKT and

GLUT4 in pancreatic tissue of mice in each

group(x*s,n=10)

A5 PI3K/f-actin p-AKT/f-actin GLUT4/f-actin
il 12940.15 1L15£0.12 136£0.17
A 0.15£0.02° 0.12£0.01° 0.14£0.02°
ZHA L12£0.117 091£0.10° 0.80+0.09°
EONIPZ el 043£0.05° 082£0.09° 036005
EVLES {5 031£0.04 0574007 028+0.04°

VS IE R A, P<<0.05; R AR, 'P<<0.05
Note: vs. normal group, “P<<0.05; vs. model group,’P<<0.05

4 iTig

AHIF 38 8 11 AR S A A S, R IR Tt 2
A CE R RO RN BR P AR 52 . 4R TR
M Z2 0% 28 dJ5 , & BT T s A A /N B I P FINS
HDL-C 7 & fISI, F F# A% 1M 3 # FBG \LDL-C . TC . TG
THEMIRL, DL RS RER, SoRn 20 BAA POk IR
FEFE 0T R WE PRI AL /DN B i A A 25 6L o

SR SRR PR P R R O R O LA
HEAE, SHRIR IR R JEE DI, il
ISP HRETC SRR WE PRI IGYT i 2 T B, 7E R
JEAKSE-I TS T T EARIRYT | RERE B A RO 3 =
9 5 3R A BB, el e A W R 32 KO A RS E
S, K 22 W P A AR A R OK T & 4 R PR
PR i, 5 2 0H T AT 2 T RO A BB %
JLH SOD \GSH &5 i, [ Ik MDA 5 #: , 128 1t 22 i Wi PR
(R EREYD s PN, 4 HE IR 220 nl 3 2o 2 S AL AT A b
RE Ty, T RIS S 06 2 AU BRI K BRI ot i £ i
ZEAL", ASHI 538 2o A 0 58 T - 22 WX PR AR A /)N
B i 28 2 v AR AR N J3HE B MDA % 4 Fil SOD |, CAT
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GSH-Px {5 P2, 2 B AT LAAT 2RI MDA 5 5
JHiF SOD . CAT .GSH-Px /i . DL B 454K, 25t
Z Wl AT e O HLAR A LUK Y- T R PO
PRIRAE
MBI FEUESE , PISK/AKT/GLUTA {75 53 % 19 7 1k
X 19 8y B 2AR L 0 R £ 2R R A R S, AT LA
T ZH 20T A AR Y 48 B, 3 T AR 5 R R AT
AKT 24 PISK {5 53 % i A9 52 2 8 1 s GLUT4 2 4
MBI BB R, A S 0 1 s B o A A W ik
W SGHEAL R, M R A5 S Bk S , SR
REZWIEY LARSDZ G, SRR IR E A IS AL )5
H AHIRST & AEBEIR AL S W I PI3K 15 33 p85 &
A g B AL JE p110, 75 1k PISK; 1544 PISK A]
DAGEZE T IR 4 1 AKT & A= B AL, fuf 200 B 5T JBE 1 i)
p-AKT BERUTH A2 ZANML RN, 55 GLUT4 K1k, 0 &
BRI AN, e A T e R R AR Sy
BRI, T AR S PISK/AKT/ GLUTA {5 %5
T PR AT A AT O, S A UK R 3 ] DL 36 1 4
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