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Protection Mechanism of Potentilla discolor Aqueous Extract
on the Morphology and Function of Type 2 Diabetic Rats Islet
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' Medical School of Yangize University , Jingzhou 434023 ,China ;> Department of Integrative Traditional & Western
Medicine , Tongji Hospital , Tongji Medical College ,Huazhong University of Science & Technology , Wuhan 430030, China

Abstract; To observe the protective effect of Potentilla discolor aqueous extract for type 2 diabetic rats islet. Type 2 dia-
betes rat model was induced by fat emulsion formulation and small dose of streptozocin. Biochemical assay was applied to
measure serum glucose, total cholesterol (TC) ,high density lipoprotein ( HDL) ,low density lipoprotein ( LDL) and tri-
glycerides (TG). ELISA was applied to measure serum insulin levels. Pancreatic histology was examined by HE stai-
ning. Immunohistochemisiry (THC) was employed to examine Forkhead box O 1 (FoxOl) ,p-FoxOl and insulin protein
expression. P. discolor aqueous extract groups significantly decreased random blood glucose and TC levels, increased in-
sulin expression, promoted the release of insulin,decreased the expression of FoxO1 protein in the nucleus,induced the
phosphorylation of FoxOl protein and its getting out of the nucleus. P. discolor aqueous extract played a protective role
for type 2 diabetic rats islet cell. The mechanism may be related to decrease FoxO1l expression and increase p-FoxOl,
which further increase the number and improve the function of g cells.
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1 HREH%

1.1 zhip

SPF 2% 4 FE i ietE SD K., 120 ~ 140 g, 4 T
WAL L5 sh Y s, Y ATIE S : SCXK (5R) 2015-
0018,
1.2 X#HY

B 2 v B B g 24 R R T AR R AT
2GS R 2 REAE 2 R IE A . Z5AHR IO
VY KSR OR R BUT 2 ScikY , 3hme
MR (b 36 b i s 5t 5 ) 25 A IR A A, i 5
20023370) .,
1.3 RXH

5 R T & (streptozocin, STZ) ( 35 [ Sigma 2y
A, it S0130) 5 JIE [A1 B ( bk 25 4R 1A, iS5
20100624 ) ; IRFR A (1 i BT hr T A= AL B B A BR
a4 B1227012 ) 5 Y SEAR s e (LB T
AR B A BR A 7, it 5 24898446 ) 5 5 fiH [
P PR TR AT B R D TR 3ol =T A 1T b
Bl & (LA AY TERARLA, #5:
011M15003, 02815014, 02915006, 010M15023,
016M15028) ; K IR & & ELISA 57 & (I 4 Mer-
codia /A ], 24703 ) ; FoxO1 BA 77 [ 3T 1K ( abcam,
ab52857) ;p-FoxO1 £ iR HifAk (abcam,ab131339) ;
Jif 5% 2 £ TEEPUAA (Sigma-Aldrich, 12018)
1.4 {u88

T6 5250 Al W43 FE T (A 5t A AR AT
FRFEAE 2 7)) ; BEdR I ( Bio-Tek EXL-800) ; DXC800
2 A AT AR ( SE 1 DL 5 & 20 ) ) 5 A1 ek e e 5
ML ( Thermo Fisher) ;{88 B 45 K DS-Ril ZCag 8
H AR F 8 (Nikon) 5 3 31K L ( Leica ASP300s) ;
AIEAIHL(EGLIS0) .
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B2 30K JEi 20 o FREORY 5 g, ML 5
g HPREN 2 g, N LA SEUMENE 1 o, INARSEFEA 5 i
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K 30 mL WYIR -G W, 7800 B pE LA, A 100
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3 KRB IS, Ve 4 20078, 70 °C A5 T Bfie,
1t 80 Hfi, B 1 g S TH:25.95 g
1.5.3 BAR G LHA U

50 HREL SD MR BRL, 18 N PR MR F7 — A )5, Bl
ML A 10 X BR A1 40 H s s L7 4, o R 4
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o SR MU S BOR BRIk i, 00 55 0H [
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PR ER G IR T T ) T A bR AR R, Xof HE 2 S 5 25
BRI ERZE M. 72 h J5 IBENL A =16. 7
mmol/ L /A HIZE SN Yy , MMEFR & — JA 5 70 4, e ¢
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SEEIYIRENL > 4 4, [ 7 H, KRR | FH A X R
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EAKRREBETWLE (x+5,n=7)

Table 1  The weight change in different groups of rats (; +s,n=7)

KT Weight (g)

I =N
i b " " ; ; "
Group 0se 550 4 51 552 Jil 554 556 JH 558 JH
(g/kg) 0 week 1 week 2 week 4 week 6 week 8 week
TE % X FEZH Control 155.2 £5.7 175.3 £9. 212.3 +14.6 241.3 £15.3 288.9+£22.2"* 333.4+29.2*
FEHIZH Model 151.5 +4.1 167.2 £5. 197.9 £17.3 226.5+£17.9 236.4+7.5 278.7 £30. 1
T XUIRZH Metformin 0.2 151.8 £7.5 170.7 £8. 201.9 £12.7 221.9 £13.1 227.3 +8.2 264.1+14.2
gy H [ 4]
ﬁ]aﬁlﬂ(&m%ﬁ&)difﬂ 1 151.1 £6.1 171.1 £9. 208.6 £14.8 227.3 £20.9 232.5+20.1 265.5 £28.1
P. discolor-1.
17 2 K AR IR 7 44
MHE‘—ﬂ(*ﬂ?E&%muJi,ﬁ 4 151.3 £4.1 174.2 £9. 207.3 £17.2 224.3 £21.7 231.7 +13.1 282.3 £28.6
P. discolor-H
SRR e, " P<0.05," P <0.01,
Note : Compared with model group, * P <0.05, " * P <0.01.
F2 HEAXRBMBEVMAELE (v £5,n=7)
Table 2 The content of random blood glucose in different groups of rats (x +s,n=7)
Rt BIL AR
- Random blood glucose ( mmol/L)
4151 kit #
Group Dose (g/kg) e, .
YT RITIE
Before administration After administration
TE & Xt iR 2H Control 6.01 = 0.61 6.58 + 0.21*"
FERIZ Model 23.47 = 3.1344 23.96 + 1.26
T HIXURZH Metformin 0.2 23.86 + 4.6344 9.29 +2.82""
Bl RK SEICYRTA B 4 P. discolor-L 1 23.76 + 1.5844 8.16 + 1.67""
B K S B 2 P discolor-H 4 24.63 = 2.2144 8.58 +2.37%*

TE: SRTIEAN L, 44 P <0.01; SEBUNA AL, * * P <0.01,

Note ; Compared with control group, 44 P <0.01 ; Compared with model group, * * P <0.01.

2.3 EBRE/KEYT 2 BUEERF AR AR K
TRITH, 5 1E 5 AU b, 45 21 OR BRI 7 o
TC.LDL M TG &1, 22 5 ¥ BA G2 X

(P<0.05,P<0.01) ;3897 5, S1E® X R4 AH L,
FAHHKER TG Sk IB#E M (P <0.05,P <0.01) .,
S A A EL, B0 A SRR YR T 4R R TC



Vol. 28 TS B RORSEY XS 2 BB R BRI 1 25 S S BE I PRAPAIL AR F 50 1899

WERIR(P <0.05) , ZR ¥ EASIE X, 1 ZRIES,
it HDL DL 1l TG 7EiA7 05 5k WL i) 3. )
R3 [AKXRMABLEE (v +5,n=7)

Table 3 The content of blood lipid in different groups of rats (; +s,n=T7)

TC (mmol/L) HDL ( mmol/L) LDL( mmol/L) TG ( mmol/L)

4151 ik e L e e .
Group Dose (g/kg)  IRJTHI RIT IR TRYT R HIT IR JRIT R RIT R IRIT R RIT R
Before After Before After Before After Before After
TE 8 %) FR 2R 2.19 + 2.11 1.41 = 1.27 = 0.34 + 0.32 + 0.61 = 0.59 =
Control 0.15 0.16 0.16 0.11 0.05 0.05 0.09 0.12
ki) 3.69 = 2.31 = 1.51 = 1.35 =+ 0.46 + 0.35 = 0.82 = 0.78 =
Model 0.4644 0.22 0.33 0.16 0.124 0.04 0.184 0.154
U4 0.2 3.37 = 1.96 = 1.42 + 1.29 = 0.48 = 0.29 + 0.74 + 0.75 =
Metformin ’ 0.4944 0.12** 0.12 0.03 0.114 0.07 0.114 0.094
B K SR B AR 2 . 3.83 + 1.94 = 1.45 = 1.33 = 0.52 + 0.31 = 0.76 =+ 0.69 =
P. discolor-L 0.6544 0.14** 0.44 0.07 0.0744 0.04 0.124 0.044
B 1 2K R U e 4 3.59 + 1.99 = 1.47 = 1.28 = 0.52 + 0.28 =+ 0.78 = 0.66 +
P. discolor-H 0.6344 0.14* 0.35 0.11 0.1144 0.04 0.164 0.154

e SX AL, AP <0.05,44 P <0.01; SEIEIZH R, * P <0.05, * * P <0.01,
Note ; Compared with control group,4 P <0.05,44 P <0.01 ;Compared with model group, * P <0.05,* * P <0.01.

2.4 BWAENKREY 2 BBRFAREGEREME 4. SEAGMLL, G AUAE 30 min ME SR F
3L5% (IPGTT) By 2 M (P <0.01) , JB & F Bk th 4 T Al AUC
SR G AAE 30,60 .90 min F1120  AUEH I BRSSO (4 g/kg) I PR 0
min [M85 K #2810 AUC #4952 B B PR RRAIR (P < (P<0.05) AR WGl Ar . 45R WK S,
0.05,P<0.01) , ARG T4k AE, 4558 0%
%4 BAKXRIPCTT M#ER AUC LLER (v £5,n=7)

Table 4 The content of blood glucose in intra-peritoneal glucose tolerance test and area under curve of rats

. . JIE )
215 Bl Blood glucose ( mmol/L) AUC
Group Dose (g/kg) (h + mmol/L)
0 min 30 min 60 min 90 min 120 min
YR 4
AL R AREL 5.24+£0.68" " 11.92+1.64*8.75+0.94** 7.3820.74"" 6.42+0.71"*16.94+1.99**
Control
BEAIL
Model 20.12 +4.74  33.67 +6.89 35.74+7.23 30.59+6.35 28.32+5.78 62.44 +12.87
- 4]
#ﬁafaﬂﬂg,ﬂ 0.2 7.83£0.84" " 17.34 £3.27** 14.72 £2.49* * 12.32 £2.15" " 10.21 £2.23**26.72 = 4.72**
Metformin
ey H B4
@]Eﬁlﬂ(km%ﬁbllifﬂ 1 7.92£0.91"719.36 £4.12" " 15.28 +3.47" " 13.23 £2.83" " 11.42 +£1.85" " 28.71 +5.91 "~
P. discolor-1.
91 K B
B KRB 5 k2 4 9.36 £1.37" " 21.26 +4.62" * 17.47 +3.52* * 14.32 £3.02" * 11.81 £2.09" * 31.82 +6.45* *

P. discolor-H
0 SRR, * " P<0.01,
Note : Compared with model group, * * P <0.01.
#5 SAKRIPCTT RBRBHBR AUC LB (v 25,n=7)

Table 5 The content of blood insulin in intra-peritoneal glucose tolerance test and area under curve of rats

0 i JB i 2R
25 il i Blood insulin (ng/mL) AUC
Group Dose (g/kg) (h + mmol/L)
0 min 30 min 60 min 90 min 120 min
IR Y 12. 62 = 2.
AEF R AL 3.55 +0.38 * 7.23+1.12"" 8.02x0.41" 7.65+1.29 16.74 +2.28*

Control 23
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B Wity
251 il Blood insulin (ng/mL) AUC
Group Dose (g/kg) (h - mmol/L)
0 min 30 min 60 min 90 min 120 min
—
*f/fj;? 2.22+0.04 4.41£0.56 4.79 £0.88 5.23+£0.37 7.34 +£0.84 9.61 £1.12
. 4]
#qE‘XXEJE:,E 0.2 2.43+0.16  4.69 £0.87 5.32+0.52 5.42 £0.41 6.27 +0.76 9.89 = 1.13
Metformin
; 7 HlHY
ﬁaﬁﬂ(*@m%ﬁ&ldifﬁ 1 2.59+0.28 5.98+0.32"" 5.15+x0.37 6.23 £0.32 5.42 £0.55 10.68 £0.71
P. discolor-1.
0y R Sl 2y
ﬁeaﬂ(km%m}lji'ﬁ 4 3.11£0.17  6.34+£0.41*" 5.57+0.48 6.42 £0.12 5.34£0.39 11.28 £0.65*
P. discolor-H
T SR A, * P <0.05, * * P<0.01,

Note ; Compared with model group, * P <0.05,* * P <0.01.
2.5 FMBEKEYI 2 BINER R K RIRIRRIESE
B

T X R R Bt 5% 0 L e PADER: 0 A1 FE0 i
B , A0 Qe , HOE o3 A T R AR A1 -0 i
b AEAUZE K BRI Hh AR BT HE AR, A A AN TR A

1

Pathological changes of H&E staining in pancreatic tissue of rats ( x200)

Fig. 1

o =T P el

FLIRIR G, FF AR H BT 2R o5 B £ Aok i
i SRPE R AAE AR ML 25 ) o SRETIZE AR L, —
XUNRA 038 9 367 LR 5 4 I 25 S R R
R LAR BT AR, Herh — Y RUNCE & S 2 240 A
R A . SERILIE 1,

/

FHEKXRERAR HE FEFEHE( x200)

TE A TEH X I B BRI ;€L I XUIK0. 2 o/kg 43D A KR | o/ke 45 E I REKEEY) 4 o/ke 4
Note ; A. Control group ; B. Model group ; C. positive control group ( metformin 0.2 g/kg) ;D. P. discolor aqueous extract groups( 1 g/kg) ;E. P. discolor

aqueous extract groups(4 g/kg)

2.6 FRREKEWXT 2 BUHE PR R K BRI R Th BE
TE T X MR ZH A RUBR B 24 52 B, IR 5 3R FH P
R (O AR O, AL TR, 1 A (LR 2A) .
PR A Bl e &5 2R BHPE ORI /D, G (5%, PR
CIT IR 5 1T AR L A9 AN AT i 2, 00 SRS i (DL
2B) . SRS L, B RK R W 2 IR B Y B
PERURL I 58 22, e 5 i AR R (P < 0..05) (LA
2D 2E,36) . FoxOl HHKEE M TEIRIR B 4
P, SR A (ULP 26 ) , 1E 5 X HE 2 Rl 1
IR A2 (ULIET 2F 20) R BB FoxO1 B
P20 ECH B2 P BB AR (P <0..05)
(W2 6) , —HIBUIZL ( WLPE 2H) Rl Fok P24
(DL 21) K BRBE iR FoxO1 3k R DL B e o 22
FoxO1 2 ZIHFIRALI ST, p-FoxO1 nl AR A%
K SHAYHA L (ILE 2L) , IEH X A p-

FoxO1 PHYER (40 i e w5 9 2 (P <0.01) (1L
2K, 3% 6) , B 1 5K 52 9 41K RUBE R 7 p-FoxO1
PHPEDE (L AN M3 22, DL 4 o/kg A5 W W I (P <
0.05,P <0.01) (ULIE 2N 20,3 6) , —HI XKL p-
FoxO1 FH S (20 a2t oR LA d b2 (I BT 2M)

3 e

FRT A EAY T2DM [ AR (4 Ak i 72, 6 A2
K R g TR A A /NG B STZ /Y 5 1k AT 3
AT SR P AR £ L Bl R 3 L 7
1375, O A SR ) A T AR IR LRI HE |,
JEE R Bt & TCLDL Al TG {2 25 38, A5
AR — ST T DA i STZ s
St —JHJa T2DM BRI R K2 72. 5% , 3 4
T T2DM JEREI ], nl 4 AEMEas , al Vo — MLy i
T2DM #ER) {5 HEGHY T RS MR AZ 1L , 25 2H 1M
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2 HBHKBRIEIRAL insulin,FoxO1 #0 p-FoxO1 EH R X ( RIEHL x200)
Fig. 2 Expression of insulin,forkhead box Ol (FoxO1)and p-FoxOl protein in pancreatic tissue of rats ( Immunohistochemistry x
200 )
A F KB X AL B, G, LA € H, M U0, 2 g/ke 415D, 1, N (I SOKEEY) | o/kg 415E,J,0: BIH R 4 g/ke 41
Note: A, F,K: Control group;B,G,L:Model group;C,H,M:positive control group ( metformin 0.2 g/kg) ;D,1,N: P. discolor aqueous extract groups
(1 g/kg) ;E,J,0:P. discolor aqueous extract groups (4 g/kg)

F6 SAKBBEARALR insulin, FoxO1 fl p-FoxOl BEARIAM FHRBRELE (v +5,n=5)

Table 6  Average optical density of insulin, FoxOland p-FoxOl in pancreatic tissue of rats(; +s5,n=5)

25 )4 SE-34 5% BE B Average optical density
Group Dose (g/kg) insulin FoxO1 p-FoxO1
IEH X &4 Control 0.39 £0.05" 0.141 £0.029* 0.393 £0.022* "~
K2 Model 0.19 +0.06 0.236 +0. 027 0.142 +0.038
ZHI UKL Metformin 0.2 0.22 +0.06 0.333 +£0.017 0.193 £0.026
B FRSE BRI T 20 P. discolor-L 1 0.29+0.03* 0.217 0. 051 0.274 £0.039 *
B FOK B = R S 20 P. discolor-H 4 0.33£0.05* 0.192 +0.025* 0.292 +0.031 * *

T SR IR, © P <0.05, © " P<0.01,
Note ; Compared with model group, * P <0.05," * P <0.01.

PR, AT HE S T2DM A S IR , S0 5 DS FLRCHE
A, R AT A R WA RN 1 A5 SR
m

WA R 2, B BEIA T IR 9 ik A K
2115 ~30 ¢ A S KB i p R AL, B A
PREL =1:6.17) M ARBFST LA TR BUBH ok
AR, LIEZG R R 4 ¢/kg - d A0 T —

A Sy 60 kg (9 B — K MR B 40 g (3
R4 g/kg - d+6.17 x 60 kg = 40 g/d) .,
AWFFEEI 10% ~ 15% ) T2DM 35 K
IAC R, B4 T2DM B LS, 5 AR AT 2L
bl AR e R T2DM (iR 22— AR5,
T2DM K FR =2 — /0" S, B 55K 34 mT
AREERREZ IR S0 MEE BRI A2
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W o — A B I A, % B P 2K 4R A i
BEAR 0L TC 7K, %t LDL HDL Hl TG $mA K. 1
o L PP p A DV RIEY R— B, 407 T g SRR
AT RIRARA X

A PR i 5 o LS I OB N, B B
2 LA o 1 55 2 43 000 ) W — 4 ., G 1 3 R ) 4
FERIDIRE Y & 45 SR LA I 2 o 12 65 2 AR5 HLAAR I
WA B4, B  T2DM #ig
5% B THREALAE 50% , ILJ5 B 4N A Y D) R ik 2 ek
TR 7EBS B AMMIINREE T e 90% I, T B 40 i
BRI 50% . DL, 435 B 40 KR R AR B
A D RE R L T2DM % 25 5B el ASTFSE
B WL 1 B K SR 0 T2DM K FUBE ) B 40
N EA B2 DB AR R LB L I8 v i | TPGTT
S I AUC 35 RS, [N 5 2% AUC 350
N, BREE K T R B AN IR ThRE

FoxO1 4% B 2 ML i) 55k A1 I R, X4 FR 995 fr)
K T B T A 2 ST AR 5 PIBK/AKT
5 W R BE 25 T B 4 MKk Ao B Y i
AT Y PIBK/AKT 343 i , 2 #E FoxO1 iR 1k
e, fT 0 A A% P FoxO1 iR Ak T % AR A% iy, ih
WNEERS ZE K b, e 2206 I 40 B 4n i o
T2 ARG R R B, B R K B, FoxO1 £ 5
ERERR RS , R b, 5 A TR N . T E
% R 2 B 1 B K B B AR P FoxO1 263k
YL, Tl p-FoxO1 FikBim , [RIF B 4L & 23k
. LB R K B T RESE i R FoxO1 %
Hpsm ek, BN R B AR S BB
i, AR P I 20 ML F) A T o R T AR BIF 5 9 o
I T 1 K AR 0 T o A 3 A o R B B 0 4
0, b T B0 K AR R 2, FLELA 23 A B i
SR AL A T TR A T — L IR ABTSE
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