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TRF F1 RBP F iR E T, 4T SAA J5,ZDF REA N B ZER0A% , 0 REOps 3 "2 TR A AR B 2,
M3 IL-1 IL-6 .ox-LDL MDA &1 Lp-PLA2 3% T B, FRI&H TRF RBP &8 T, 4518 SAA BB ZDF X
SRR PR 100 I FBESRR A5 | A A1 P P e e 2B 38 ) FLVE B A2 v B8 S 9 18 M 58 RE B LR it U fk R B AIX Lp-PLA2 7544
R,

[ R@im] 2 BRI 4L IR 4% 5 Lp-PLA2; ZDF K
[ FESZES] R-33 [ZEk#RIRED] A [XEHE]1671-7856(2017) 10-0040-07
doi: 10.3969. j. issn. 1671 —=7856. 2017. 10. 008

Effect of salvianolic acid A on retinopathy and its mechanism in ZDF rats
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[ Abstract]  Objective To observe the intervention effect of salvianolic acid A (SAA) on retinopathy of Zucker
diabetic fatty (ZDF) rats and explore the possible action mechanism of SAA to prevent and treat diabetic retinopathy
(DR). Methods Thirty-two 7 —8-week old ZDF rats were taken and fed with Purina rat chow for 4 weeks. The ZDF rats
were equally divided by the blood glucose into model group, 0.5 mg/kg SAA goup, 1. 0 mg/kg SAA group and metformin

(Met) group. 8 Zucker lean (ZL) rats were taken as control group. After 12-week administration, incidence of cataracts
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and retinal pathology was observed, and levels of GLU, TC and HbA,, in blood, transferrin (TRF) and retinol binding
protein (RBP) in urine and levels of interleukin-1 (IL-1), intedeukin-6 (IL-6), oxidized low density lipoprotein (ox-
LDL), malondiadehyde (MDA) and lipoprotein related phospholipase A2 (Lp-PLA2) activity in serum were measured.
Results In the model group, GLU, TC, HbA, , diabetic cataract incidence rate, retinal basement thickening and
microangiopathy appeared in most of the mats. The levels of TRF and RBP in urine and levels of IL-1, 1L-6, ox-LDL, MDA
in serum were significantly increased, and Lp-PLA2 activity was also significantly increased. After SAA administration, the

motbidity rate of cataract was reduced, and retinal pathological changes were improved in different degrees. The levels of

TRF, RBP, IL-1, IL-6, ox-LDL, MDA and Lp-PLA2 activity was decreased. Conclusions

SAA can slow down the

process of diabetic retinopathy in ZDF rats and reduce the incidence of cataract. The mechanisms of action may be related

to inhibition of chronic inflammation, prevention of lipid peroxidation and reduction of Lp-PLA2 activity.
[ Key words] Type 2 diabetes mellitus ; Retinopathy; Lp-PLA2 ; ZDF rats
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i, A 51 RPN A R R L7 I ACRE o W DR A
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Rl R B IR B W R G A IR A A
IM£L % 1 (hemoglobin Alc, HbATc) Kk, W H
Trinity Biotech 2 ] ; I $usss W B35 45 I ( ELISA )
F & 5L R B (transferrin, TRF) | #0085 g 45 & 6
1 ( retinol-binding protein, RBP ), [ 40 ffl /i &-1
(interleukin-l ,1L-1), F 20} A 2%-6 (interleukin-6,
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&, H Abcam 23 Al ; 2 R FAA [E5E W .70% 1
90 mL,/KEEFR 5 mL,40% FFEE 5 mL R4 Bl AL ;
PAS Je il R &, W F 2RI DR AW BORAIRA ¥,
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J& R B 2y 1 mL, — &6 4 1 EDTA 4t
BE TR HbA 55— 38 2y By, 4 A
S AR RGNS T GLU A TC, 3 5 & A TL-1 (1L
6 .ox-IDL MDA & & il Lp-PLA2 75 1, AR 7 i fi
IR UL Bk AT
1.3.4  HEERJGHE L] Z14 R

RS X S d 748 SE AR, BR4H v Bl HLRE X 4
HORE /N0 MU BCR IR 3K, & T 4% bk B e
24 hJE, WK M 1 h, DBRER AR 50 28 85 o 30 I
BYPAT B, BR ATHR 5 20 R IR AR AL FLK S v
3V 3 4 450 Wk IR IR 3k 5 00 I FEEJE | PBS
L% PR 4°CIRML IR, FOR R 57 I 400 D )2
A 3% JBEE A B IHAL 2 ~3 h, 10 mL Hfk 1 HHR
P DR (] B8 20 min $25& AL /N, Zak05 4k, A
ZRIRK TPIEE R T, AT T — J2 37 W %) PR D 1
5 0, FEPRE A5 4 6 00 0t 7657 Pty 7K I B T 3t 28
PR bR S AR e K I R R T T
A RT IR , # & UiRH FiE T PAS e i,
B Ao 4 HREARERM AR IE th/NO U, B8 T
MR FAA BEEWR, E5E 24 h 5, URELL A H,

TEE T DT B A YA, 38 1T HE QL @A0f
WEE  BJG 7E NDP. view2 314, & K R 45 8 B
BERE XTI 5 A a5, 006 DA PR AL 380 400 I i €, 3R
Bz AR JREEE I A A IR F T SR
1.4 SFitFH*E

T Bl XM = bRifE 22 (v 25) R, R
SPSS 22. 0 JRfF#E A7 5 KR 7 22 404, 4L I] L3R
FH L-S-D 571 ,P < 0.05 Fm E59H B &1,

2 &R

2.1 XMigE LB

e 1 AT UL 22 12 JEIE S IE ek IR ek
R XTIE 4 GLU \TC 5 HbAlce ¥ THE (P < 0.01),
SRR BRZH 48, 1. 0 mg/kg SAA 2 HbAlc [
(P< 0.05),Met 41 GLU 5 HbAlc FF%&(P< 0.05,
P<0.01),
2.2 XARNEEZER S MNERE 0

2525 12 JEII ) TEH X BEZH R H B g B AR A
Xif B 2 % R 68.75% ,0. 5 mg/kg SAA ALK E N
31.25% ,1 mg/kg SAA 4 KN 12.50% , Met 41
BN 31.25% , W 2,

A 1 HE 4e g ] UL, 1E 5 X B 4140 ) i
2 AU HED B 300 ST DA 5 A X R 2R ) R
PRZE LT 45 J2 S5 R B AS , AT BEBE XK e, 4% J2% 400 M HE
HIZETEL, W] ULE A A REHE JF50. 5 mg/kg SAA 415
1.0 mg/kg SAA ZH LI EZH 225 ¥4 N IR B8 114 A
3] AR SRR R /D 25 NDP. view2 BRI &
51EH X R He e A A RE A A R IR (P <
0.01) , SELARIN; A2 L4, SAA & K4 5 Met
H B R RER (P < 0.01) , WL 2,

Fz1 SAA XS ZDF KEUME A ALFEARIIZm (n =8)
Tab.1 Effects of SAA on blood biochemical indexes of the ZDF rats

453

GLU/mmol/L TC/mmol /L HbAle/ %
Groups
TE A R 2
6.81+0.74 3.43 +0. 14 4.83+1.10
Control group
IR HE 4
31. 17 £2. 22 8.48 0. 84 11.81 +0. L%
Model group
0.5 mg/kg SAA AL %0.89+2.28 8.34+1.43 11.44+0.%
+ + +
0.5 mg/kg SAA group oo T T
4
1.0 mg/kg SAA 2 28.70 £2.92 8.26 +0. 98 11.2420.3 "
1.0 mg/kg SAA group
Met 2 . .
¢ 25.38+£3.21° 8.30£0.73 10.82+0.37 ™
Met group

TE: SIEFE XML, 7P < 0. 01; SHAIX BRI, “P < 0.05,**P < 0.01,
Note ; Compared with the contwol group, #P< 0.01 ; Compared with the model group, *P < 0.05,**P < 0.01.
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£z 2 SAAXT ZDF KA WEE &R0 (n =8)

Tab.2 Effects of SAA on cataractin incidence rate of the ZDF rats

5 ZEHR AR &t RARH/ %
Groups Left eye Right eye Total Morbidity
IEH XF iRZ Contol group 0 0 0 0
MERISTHE L] Model group 7 4 11 68.75
0.5 mg/kg SAA 4 0.5 mg/kg SAA group 3 2 5 31.25
1.0 mg/kg SAA 41 1. 0 mg/kg SAA group 2 0 2 12. 50
Met 4 Met group 3 2 5 31.25

B

M

R e

A IER XS B BT B ZH 5 C.0. 5 mg/kg SAA #H;D:1. 0 mg/kg SAA #;E; Met 4 ,
El1 SAA X ZDF KA RS20 (HE B £4)
Note: A ; Control group; B: Model group; C: 0.5 mg/kg SAA group; D:1. 0 mg/kg SAA group; E: Met group.
Fig.1 Effect of SAA on the retina of the ZDF rats. HE stain

IE W% 4

Normal group
- B
Model group
o SAAfE T BE4
0.5 mgkg SAA
SAA TG B4
1.0 mg/kg SAA group
PR
200 mg/kg met group

400 =

300 #

2004

Retinal thinckness

A o JBL B um

100014

0

W SIE XA % P < 0.01; S8R B4 AHLL, =P
< 0.01,
B2 SAAXS ZDF K RUL IR I Y S
Note ; Compared with the contol group, #P < 0.01; Compared
with the model group, **P < 0.01.
Fig.2 Effect of SAA on the thickness of
tetina of the ZDF rats

H 1] 3 LRI/ TH TRl e PAS e ozl SRn] UL,
TEH X R AR DO B 1l 45T S, 1A e 4 L 0] 4t
SIATHIN  BEAUXGT AL PR RSN bz 20 s 22 3 o0
A AHIRAZ I/ AN —, JRL 20 2> 5 4545 25400 D B
AT AR FLEE (2, H 1.0 mg/kg SAA 4
T I 1 A R 24 A R A e D BRGR
2.2 X3FR TRF F1FR RBP & £/ 0

i & 4 AT L 5 0E R X R b, B R X R A

ZDF K EUR W H RBP 1 TRF & &3 T8 (P <
0.01) ; SRS FELH L, SAA & AR50 i 2H Al Met
ZHPR W RBP X R (P < 0.05) ;1 mg/kg SAA 4R
W TRF & FFE(P< 0.05),

2.3 XfER EREF K FE B

mE 5 AP UL 24 2 12 JEE ) SIE ok IR e
FAIXT B 4] ZDF KRR [L-1 # 1L-6 & & b T
(P< 0.01); 5HRIXTIE 4,1, 0 mg/kg SAA 41
ZDF RELIMIG 111 #IL-6 FFE(P < 0.05) 1 200
mg/kg Met IfiL7E TL-1 F1 1L-6 7RG T RS, H2E S
T EME (P> 0.05),

2.4 Xt iERE Bud &L &

& 6 AT UL, 4525 12 JEIE S5 IE o0k B LA,
BRI AR 2 ZDF K B MDA Hl ox-LDL % 2 I+
TH(P < 0. 01) ; SHE RIS BRZH Fu#s | SAA & AR5 i
ZHAT Met ZH UM MDA &P TN (P < 0.01);
1.0 mg/kg SAA 4] ox-LDL & &8 F (P < 0.01) , H:
RGN I BEN .

2.5 ¥t Lp-PLA2 & A0 500

H & 7 AT 2525 12 JRIEE, 510 % 6 IR 40 ke
B, BRI BR 2 ZDF KBRS Lp-PLA2 34 L7t
(P< 0.01); SBIRIXREL] LA SAA = K5 =
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Fig.3 Effect of SAA on the retina microvessels of the ZDF rats. PAS stain

150+ B 150 — IEH R4
Mormal group
BT 3o i 4
- Maodel group
= SAMERIEHL
0.5 mgkg SAA
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P

100 4 100 4

TRE

Lh
=
i

S0+

S E A /mhg/mL

B AR O ng/mL
RBP

- 0=
I SRR R ML, P < 0.01; SHIR R4 ML, *P < 0. 05,
B4 SAA Xt ZDF KK RBP FIJR TRF A5

Note: Compared with the control group, **P < 0. 01;Compared with the model group, *P < 0. 05.

Fig.4 Effect of SAA on RBP and TRF in urine of the ZDF rats

A 404 B 2004
- . ERARA
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- 20 2 100
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— TR AL
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S IEE M IRAM P < 0.01; SHEBT IR A, P < 0.05,
B 5 SAAXF ZDF K EUMIE 5 E K+ 1) 5%

= SAAKTIEA
Note: Compared with the control group, **P < 0. 01;Compared with the model group, *P < 0. 05.

lJ Sm SAA
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Fig.5 Effect of SAA on inflammatory factor in serum of the ZDF rats
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41 F1 Met 41 Lp-PLA2 3 43 TR (P < 0.05,

ox-LDL

S AL PR S B S B9 /ng/mL

=
1

P<0.01),

o EHHEA
Normal group
- R R
Model grow
SAAfETEEA
0.5 mgkg SAA
ms SAAT R4
1.0 mg/kg SAA group
mm — AU
200 mg/kg met group

e IR BRI L, P< 0,01 5 SRR BRI L, P < 0.01,
Bl 6 SAA XS ZDF K FUIR B S AL 52
Note : Compared with the contiol group, ® P <0. 01;Compared with the model group, **P < 0.01.
Fig.6 Effect of SAA on lipid peroxidation of the ZDF rats
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o IERR A
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= 3
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& SAA M 7 B4
1.0 mg/kg SAA group
= AL
200 mg/kg met group

wn
1

Lp-PLA2E
=
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Activity of Lp-PLA2
\IJI

WS IER X IRAAH " P < 0,01 ; 588X I 4UAH L, *P
< 0.05,"P< 0.01,

7 SAA X ZDF KEUMH Lp-PLA2 3% 0952
Note: Compared with the control group, **P < 0. 01;Compared
with the model group, *P < 0.05, ™P < 0.01.

Fig.7 Effect of SAA on the activity of
Lp-PLA2 in serum of the ZDF rats
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PRIS IR R | ELA R A5 AR s JE 4 e, AR
25N 5 NZEIRPRAEARAN L S5 451 A S iF
S8R, ZDF KEAE 20 Jai& i, B0 oA i At s
HF BUBE B M P B R D U R | 400 T S
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TESE T SAA XA bR 5 40 190 JE A 0 48 10 9
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DR W TE R, 2 38 ek At VR A% RS 3R
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AR, —J7 T, P B 5 RE 2 1 T 38 3k 5% i
DAz PR SR Ak R S SR P9 1l T s, O A T
FEA IS PR AR TR R A LA T, T I 2
M BEYER 5w " H— 07, A
T S SRAE A 5T FURS B 7 2238 T, T S 30
LIRS BRE i T R A RRE SR, E— A & I
BRI, BRHLIAR S AE K B DR Y
RN 2 —, ZTAFFEUESE SAA B B # 0
PrRIEAE 1 AW 5 [ RE & B, SAA fi BA B AIK
ZDF KETL-1 FIL-6 55 RAEARCH), T Met 2H I K
s M BB AE R, 8 SAA BE R R LI
JRE N K Z% DR A & J# i Bt R 5 1 A
SAAfIL T Met

S N CRAE ML A8 32 45 Rl T, A
PR3 07 A AT A B 18 2 G5 =2 [ A 2 A, AT 5
BB A, EERPIRS T, A Ak
s, 7= Al S AL P O M DR I A O K
KRB RME SESEE" AL R
7 SAA BE B3 FEAK M3 ox-LDL A1 MDA & &, T iX
P BRI BRI L Sk 0, BB SAA BT AR
T AL TEE . Met ATREAIN MDA R9VERT 1R 76 %
I ox-LDL J7Ti %A SAA /E I, #2718 SAA HA
35 T AR T | BB o s D IR B A AR Ak R R AR
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Lp-PLA2 J& — 98 A P 95 9 09 8 B bR ic 4y, H:
T PR 0 R 2 0 D) B B RS S Tp-PLA2
RE KA ox-LDL 7= L3 151 Wi A4 Akiives R 12
AR R AN 1L AR B AR R R 6 I A A e
20 s AR 005, o 0L A R N, T R R R
I BEAG Lp-PLA2 16 AR ARSI R 9 T35 A 1 -
PR B 5 s T B ik, FLAE AL R Lp-PLA2 #) kil
7 sl /i LT B i 0 7 A 0/ I A P B A I
T2 AR 2 A5 5 30 B A0 B0 , DT R AR 0l 45 3 i
PENT R, Lp-PLA2 ] RER M 16 R BR i SR v
BEAK M BHT BRI R S, AR SCIRAFSY R R, SAA fE
SRR IS P Lp-PLA2 WMk JF 2 — & i HlHE X%
2 HEDRAL Lp-PLA2 75 PERT GEL 2 SAA B3 ZDF

R R 5 A A/ P i e 2 — AR T B AR A
PRI 1 AN B, T B 2250 B AR

ZE LATIR, SAA A5 U 2% AR 36 A DR 975 A0 Do 5
A8 A2 B A F, AR F AL AT e A 8 P e ik
DL R REAR Lp-PLA2 {B1EA 5¢, IL, SAA 7T LIE R
DR i— R 2 BB I 259, % T DR 1Y s
AHEHEZXL,

SE k.
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