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Abstract

e AIM:. To investigate the effects of Rhodiola
sachalinensis on ocular blood flow in diabetic retinopathy
rats.

¢ METHODS. A total of 90 SD rats were randomly divided
into control group (n=30), model group (n=30) and
intervention group (n=30). Rats in the model group and
intervention group were fed with high glucose and high
fat diet and injected with streptozotocin (40mg/kg) in
order to construct DR model rats, while rats in the control
group were fed with basic diet and injected with the same
amount of normal saline. After 4wk, the rats in the
intervention group were injected with Rhodiola
sachalinensis injection (10mL, one per day), while rats in
the control group and the model group were injected with
normal saline. The course of intervention treatment was
4wk. The ocular blood flow in rats was detected by laser
doppler flowmetry, the apoptosis of retinal cells in rats
was detected by TUNEL method, the expression of
vascular endothelial growth factor (VEGF), glial fibrillary
acidic protein ( GFAP ) and glutamate/aspartate
transporter ( GLAST) in retina of rats was detected by RT-
PCR method and Western blot method.

« RESULTS: The whole blood viscosity, whole blood high
shear viscosity, low shear blood viscosity and erythrocyte
sedimentation of rats in the model group and intervention

group were higher than those in the control group ( P<
0.01), while the indexes of intervention group were lower
than that of model group (P<0.01). The PSV and EDC of
rats in the model group and intervention group were
lower than those in the control group (P<0.01), and the
RI was higher than that in control group (P<0.01). The
PSV and EDC in the intervention group were higher than
those in the model group ( P<0.01), and Rl was lower
than that in the model group (P<0.01). The apoptosis
rate of retinal cells of model group and intervention group
was higher than that of the control group ( P<0.01), that
in the intervention group was lower than that in the model
group (P<0.01). The expression of VEGF and GFAP in
retina tissue of model group and intervention group was
higher than that of the control group (P<0.01), and the
expression of GLAST was lower than that in the control
group (P<0.01). The expression of VEGF and GFAP in the
intervention group was lower than that in the model
group ( P<0.01), and the expression of GLAST was higher
than that in the model group (P<0.01).

e CONCLUSION: Rhodiola sachalinensis injection can
significantly improve the ocular blood flow in diabetic
retinopathy rats, reduce the apoptosis of retinal cells in
rats, down regulate the expression of VEGF and GFAP,
and up regulate the expression of GLAST.
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A YDA LT 5 T X% IR (P<0. 01) , T T T4 K Bl #%
BRI AR (P<0. 01) o AL AT T2 R Bl PSV
1 EDC R T X BRZH ( P<0. 01) ,RI & T % BRZH ( P<0.01) ;
T T 4 K B PSV A EDC #BIRYZ 3411 ( P<0. 01) ,RI %
FERYLA FEAIK (P<0. 01) , BEARYZE AT T 41 AR FURH IR0 i 200
PATZ R T X HRZH (P<0.01) , T F2H U 12 R A A A 21
FEAIC(P<0. 01 ), BEHLZH A0 T 241 R BURR I i 2 40 VEGF
I GFAP ik T X B 4H (P<0.01) , GLAST 235K T X%
HEZH (P<0.01) ;1M T 41 KB VEGF I GFAP 3 ik 8%
RIZH P AIK (P <0.01), GLAST 32 3k %5 45 580 20 $ i (P <
0.01),
SRR KR 5 TR S VAR 0 3 A0 0 D 0 D) B A4 A
FRU R SIS0 0 Y80 A8 2 R LG 30 0 2, s/ AR R U )
JEEAH A T, T JE A R B ZH 41 VEGE A1 GFAP 2R3k, i
GLAST #ik,
SRR  OMRET 7K 5 W i 0L D) BS99 725 5 I YR 3 28 2 5 1
s
DOI;10.3980/j. issn. 1672-5123.2018.5. 05
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AR R B HR AL 7 5 ) ) S 9 A 5. [ B HR A 2% 35 2018 518 (5)
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B PR AL X JES 95 72 ( diabetic retinopathy, DR) J& 143
UL OB PRI T ACAE o Bl A= 19 JBT 1Y 4 e LA IR
PR, TR DS PR A 56 H w0 i FE 5a DL E 2 Al
BEIRIG (type 2 diabetes, T2DM) 8% & 1 DR W) & 4= % H
24% ~40% JKFE 10a DL E T2DM & A I DR ) & %
F51553% ~84% "', DR JEFHURA KU EE N Z
— T LIXET DR B iR A H R L i o 58 B+ o B
SRR X BRAEWESE 2 A A 48 e 2 2 5 2 DR
A 2B i DR SR T R 8 2 P 9 U S Al A AR R R
ZH B 28 A AR AR SR T e R 2 4T
SR B Z R0 A YT 1 78 80 A B 100, — 7 A A P
ZICR YRR 45 £ 07 T & ¥R AR FRATT 4
MILLFRXT DR kA R BA —E MR E- . R
W, AW ST A A DR RS | W48 R ok 21 55 K 3
OGBS AR R S MRS At 3t ) 52 ), %o HAH SE AL A T W) 25
PRI, T DR 891G ARG 7 S it — 7 1 BSR4
1 MRF A %
1.1 88 SD R 90 H KBt 203 ~215g, 14 A 7 [FH}
2 BRI vE 5L B P L (SCXK 5L 2011-0012) |, 1 [0 5
TR AR R 2wk ST TR LR | A s e R
(FER TR 64% 381 8% FE KT 9% , HEHE 18% , UL A
1% ) W H AL 5T P28 2 R A W BORAT PR W) o B IR AR T
2 (Sigma 237,25 ) . TUNEL 40 i i =46 M3 70 2 (%
[, B 1) ; Trizol & RNA $EHUA T & (Invitrogen, & [H) ;i3
5% 38 ) & ( ABL Applied Biosystems, € [ ) ; Real — time
PCR X5 & (Takara, H ) s St R B—Pi [ L8 N B2 AR
A F (vascular endothelial growth factor, VEGF) , it 5t £ 4k
11 25 1 ( glial fibrillary acidic protein, GFAP) , 5% % iR/ K
KRR %% 18 1K ( glutamate/aspartate transporter, GLAST) ] |
I3 =40 . DAB 5 (377 & (Santa Cruz, 32 ) ,
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1.2.1 DR AREBMERLZ  SD K 90 HEEHL R
34 X HRLH ARRUL AT T4, AR 30 H o X IRZH KR
ST LR AR 3R AR 4 RN A K RS T v e I
RIIRFE . 8wk J5 , AR A RN FUZH R BRI 1 S O A PR
R (40mg/kg) X ALK BT B S A B K, 3d J5 R 4E
R SRR e ik L 0 ot AR , 7 M = 16. Tmmol /L, BRAE 3+, I
PR PRI R BRSBTS BT 5 4R 2R 5% 4wk, 45
R BRI LT, 4wk J5 17 R RS I 45 26 ' 1 5 46 25 1
SEREUH B DR, WA A DR KBRS, SR 5, T4l
KRB 0 SRR L 50 R T S (A 10mL/ 32, [ 24
5 720060362 , 38 Tt £ X 25\ B A PR A Al L, 10mL/¥K
1R/ /d, X BT FIAR R 20 K BRI 9 45 o 2R R AR OK , i 2k
THEIT 4wk,

1.2.2 KBRREPMFMZE K AD Instrument 2\ & Laser
Doppler Flowmetry ( LDF ) 385 IfiL 3 43 % 45 41 K BUSUHR i
TRAEATASIN , ko B S 0] o A M B 25—, R FH AR BR [ 5
ZERRIME %

1.2. 3 KRMMEARBS /KA G IS SRR AL 58K
B, 40 BB TR K, B0 5 5 1 400 D) R 28, G TR ol P % 1
TS 4% PR E K & A e bl R
4pm, —80°CIRAFE, FH T TUNEL #9055 BT 43 40 90 s 20
80 CH-AF, T RT-PCR F1 Western blot £

1.2.4 TUNEL ER MR MRMMEET KERIERAZ]
A, RIS B BE B oK AR, PBS BEU 3x5min, A
HHH K (2pg/mL) % BT 30min, PBS P4 3 xSmin,
49 % J& W 5 3 [ %E 30min, PBS % 3 x5min, 3%
H, 0, — F st P4 4% % R B 4] 30min, PBS %E 4% 3 x5min, L
TUNEL 7 £ , Bt & Bottle 1 Fl Bottle 2 FUTR AW, B9k
RO 20wl IR AV, NS5 8%, SIRMFE 1h, PBS ViU 3x
Smin, 45K A 20 L () Coveter—POD ¥, g5 3¢ A, 28
69 30min, PBS P 3x5min, DAB % J#EG I (L, 7%
K bk B R O A 400 %R ALY A R 7 A
PR | 25O T 115k 200 A4S0 M, DA 3807 2 0 - 4
HOEOT b7 B o BRI TR

1.2.5 RT-PCR #&ill VEGF .GFAP #1 GLAST mRNA &
Fok KRB R IR ZH 4, Trizol 15 $2 B AL RNA, R % 1
SIPTACGHES T RNA BTt PPAS . 20300 % sl il ) B VR U0 T,
WA A cDNA, DL cDNA MBI E4T PCR §738 , 514
T LA TAMARA R &ITE K, VEGF .5 -
AAACTGTCAGCTCGGTCAGA - 3°, F . 5 -
TCAGGGGCCGATTAAAGCTC - 3°, GFAP I ii#: 5 -

TAATGACTATCGCCGCCAACTG - 3°, F . 5 -
TTCGCCCTCCGCAATTTC - 3°, GLAST I ¥f#. 5 -
CTACGGAACACAAAAGAGCA - 3, T Wf. 5 -

GACAGGGACACAAGCAAACT - 3°, GAPDH | {if. 5 -
GGAGCCAAACGGGTCATCATCTC - 3°, T f: 5 -
ATGCCTGCTTCACCACCACCTTG - 37, 4" # 4 4. 94C
3min,94°C 1min,61°C 30s,72°C 30s, 3L 35 NEER, 72°C
Tmin, SR 27225 B A S BFARXT & & Rk
B3 AL AR 5 K,

1. 2. 6 Western blot #: il VEGF ,GFAP #1 GLAST &i%
HUCR BRI o 8 2 210, 4 BOAR T, BCA 3250 2 R B,
-80C A7 % H ., 80pg B M I AE, £ SDS-PAGE HLJk 77
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B1 EEXRM DR KBRMEMERFRL A EH K ;B:DR KR,

F1 ZAKXRROERETFIEIRLER xEs
20531 n AR EE (mPa/s ) A=A = Y) (mPa/s ) 4 MRS BEAR Y] (mPa/s ) 1T ( mm/h)
X IR ZH 30 1.42+0. 44 4.38+1.02 6.83+2. 05 13.41+5.33
A2 30 1. 83=0. 57" 6.67+2.13" 9.86+3. 14" 21. 67+6. 84"
T 30 1.58+0.51"¢ 5.33+1. 74" 7.84£2. 211 16. 38+5. 97"
F 4.936 13. 845 11.307 14.215
P <0.01 <0.01 <0.01 <0.01

1 :"P<0. 01 vs X HELL;"P<0. 01 vs LTI,

F2 ZAKXBMENIFEIREE xEs
20 5 n PSV(em/s) EDV(em/s) RI
Xf iR ZH 30 28.36+6. 71 8.01+2.34 0. 5420. 09
T2 30 23.21+5.93" 5.87+1.69" 0.81+0. 11"
T 30 25.47+6. 24" 6.75+2. 01" 0. 69+0. 08"
F 5.034 8.416 61.917
P <0.01 <0.01 <0.01

1. "P<0. 01 vs BFHAZ ;9 P<0. 01 vs BEHIL]

2,5 % PVDF B, TBST ZE3E,5% WiAs Ui & il 3] 1h,
A fi 4t K B — $1 ( VEGF, GFAP, GLAST) T 1 ¥k
(1:1000) ,4°CWFE I, TBST EEvk i A B it A 1k
g bRic iy L E BT =Pt TAEW (1:1000) ,37°C i F 1h,
TBST {50k, B5 = N DAB 1 (4 B25%, Band Scan 5.0 &4t
oM, HINE A REE = H W E A% E(E/GAPDH Y6 %
JE{., GAPDH ANZSEN, EWEL 31K,
Giitef T . R I SPSS19. 0 SE i 2r 4k ik e AT 0 b 4%
AIEASI A BRG] x+s o, Z 4] LR
HHZE I 2001, AN PRI ELACR ] LSD—: K25, DA P<
0.05 BREFARITFEL,
2R
21T REMBRAEZRET Ew KRIBKKEAES,
DR K BRUR R A A W] WL AR 22 9k B8P 43 A 04 R s (L 1)
2.2 ZHARMERTFIBIRLE  BALU T 4l K
I 408 ML 38 0740 4 ML AN 32 4 RS 32 15 11T, 4 il Al JE ARG 1 A
M Ty 8 25w X R, 2 5 A St E L (P<0.01)
RN R A, T I R BRUMR 8 0 9 ) 4 IURS BE | 4
IS B2 R 1 4 I Al I D RN il e 2 B B R AR, 22 S &2
P L (P<0.01) LK 1,
2.3 ZAKRRMFEh AFEIBIR  BIALLUR T W4 KRR
HRIMLIA ) PSV A EDV 34 5 AR T X HE2H 22 R G Ge it 2%
B (P<0.01) 1M RI 8 bRy 2w TXT A 2 R A5
THEE L (P<0.01) , SHRA KR E, T Wi K RUR
FRIM A PSV A1 EDC 8] W3, 2 A G it 8 L

(P<0.01), 1 RI B REAR, 2% A%t 8 X
(P<0.01), %2,
2.4 ZHAXRUMRMMBTEREER X RA A
AT T804 R BRUAR D) B 4 L O T 2R 40l (8.3 +1.4) %
(31.2+5.2) % F1(19. 8+3.5) % , =41 K S X 5 40 it o
TR, ZRAGIH L (F=23.417,P<0.01) A&
2RI T B A0 P B8 0 L O R B R IR 2 R
HEIT#7E (P<0.01) , T K B AN IR A0 B 08 TR 5%
RETRUZH B B PR AIG , 22 B Gei T # s L (P<0.01) WL 2,
2.5 =KX R VEGF,GFAP #1 GLAST mRNA Fix Lb &
AR ZH AT TR ALK R 0 20 VEGE Fi1 GFAP mRNA
ik Fm TX A, 2505158 L (P<0.01),
GLAST mRNA 3Rk i F(L T XA, 2R A%t 8 X
(P<0.01), SHIAIA R B A, T 104 K B M A 2 41
VEGF Fl GFAP mRNA ik B i FRAIG, 2 S A S it 2= B X
(P<0.01) 1 GLAST mRNA L& B3N, ZRE %l
FE U (P<0.01), W33,
2.6 =HAKR VEGF,.GFAP #1 GLAST E B &k b &
R 2H DT T2 K RO B 2H 4 VEGF Al GFAP 25 11 3%
R E BT, 2R A 501247 L (P<0.01) ,GLAST
FEARBEEMTXIRA, ZR A5 E X (P<0.01),
SRR A KRB B, T AL R RO R I 2 41 VEGE Al
GFAP 5 RN W FEA%, 22 R A Ge it 2% 5 L (P<0.01)
1M GLAST & H Rk B3, Z2 R A 41t 2 L (P<
0.01),W3% 4, K3,
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A

X 2

2 TUNEL #&il X 542 ¥ B2 248 B 1= ( x400)

R A F ¥4

A B .C.JH DAPI Xt 4% 4 ;D E F. F TUNEL 3L (809 08 T4

%3 =4KFR VEGF.GFAP #1 GLAST mRNA Fixtb# xEs
205 n VEGF GFAP GLAST
papiicti:| 30 0. 11+0. 02 0. 17+0. 05 1.13+0. 24
HIRZH 30 0.58+0. 19" 0.75+0. 15" 0.59+0.11"
T 30 0. 30+0. 07" 0. 41x0. 07" 0.79+0. 18"
F 121. 522 255. 652 65. 700
P <0.01 <0.01 <0.01
. "P<0. 01 vs XFIRA ;P<0. 01 vs FRIUL
*4 =4KRK VEGF.GFAP 71 GLAST EARIELLEK xXEs
215 n VEGF GFAP GLAST
X B2 30 0. 08+0. 02 0. 12+0. 03 0. 91+0. 20
PRI L 30 0.51£0.15" 0. 68+0. 10" 0.38+0.07"
T 30 0. 24+0. 09" 0. 37+0. 09" 0. 67+0. 14"
F 137. 129 372.789 98. 279
P <0.01 <0. 01 <0.01
1" P<0. 01 vs FFHAZH ;9 P<0. 01 vs FHUL
A R il CHEMEER - TFR2Z A 4MeY . “ KRB Z A 1M, B H
ZR RN BRI Z Y, WE AR, DA =i, B
W . 4 VEGF

— -~ 44— GFAP

R s e €¢——GLAST

A SRS e € GAPDH

B3 =4X VEGF.GFAP #1 GLAST ERXRiELE,

3 itip

WA 02— L, — M A A MR L A
B, (A - Reakif) 1 FOE A 2R
HET T 2B B BIORY 0 L 72 2 110 9 JR A i
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AT, CHEUUERY E .« HLAETE B M ANGRE 6, {5 H
B R AE W, AMS7, A I AR, B ook T,
M Wb, U2 19 299 55 AR I K 7 IROFEAT G,
A9 LA A 32 Th AR AR B 3z i i s B PR | 5
INLAE S5 PENE B SE , FEAME AT IR E S IEIR T,
Sy BEMF P Re S8 iy, H R RS, NI B0Z 1Y
R, AR ZAE A FARTEY), (AR AR R 28) 1 31
Jgrh b BARNE R SR AR, A IREL S R ]
BYEA,NEMRE, B BB (RERNE )R, O
RGBS, #MEAS 7 2 B Rb 25 24 v B
T, LIRS R FEIE S, B ISR R
VA DR AR HY K B ) B2 20 VEGF (1 33k, T A ] T
DR HIIAYT . B INARSE B I R B, Kk 4T 7 K v it
WA DR AR E IR TR B, (2 2 0 i 4578 A L i BXE %
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W, %k BB AT SR RS A8 AT B i el R, AR SR
GER RO, SRR R R LA, 40 5 KT A KRR A4 I kG
JE A IR BE R U 4 R B ARV il T 2 B & RRAIG, PSV
FIEDV BA 3G, 1 RT B S8 RRARG . U0 WA KRR 40 5 K i i
TR T S 3 A R 00 R i 7 A 7R At IR S 94 9 A
RN sh 2%

REAAIF G Z2IA 0 DR & —Fp B PR I 10 8 9 A8 L T
SRR AE (R AR 5 A T A 0 I 8 ) A K T A
ZROUEYE B R PRI T A AR AR 2 AL )
P28 U R 2 B R A M e © 28 A8 T AR, S B4, il
ZETANME 2 4 2 AR 28 U8 b , Miller 41 i
SRR RN GFAP ik S, TR 2 40 i /K7 40 i
FICIERAZ AR AN 5 A AR AT M el AR 2 400 I B o 42 i I 4
it 2 24 O ) 2 1 S A, Ml 40 i S 2 2 4 4L 1)
JIES o 22 fls SR A B, LD BE S8 5 646 DR 76 N A 5 2 Fp
RRES B AR O AR AR s, SRR R R R,
21 35 K A K A IR 41 2 GFAP 2538 B I A1, ifi
GLAST FIKBH @340, BaBH AR 5t R E SR T A 3T
P Miiller 401 GFAP ik, n] fig 5 HAR P Miiller 40 it
ZHNRIA O, BN IEHAE DR, Miiller 41 i H AR /b v]
UL GFAP B3 35, 24 1L I 155 32 3] S 554l 38 46 495 1), Miiller
YR GFAP ik Hm, BF5E R, 7€ DR &7
WIR AT WL Miller 40 GFAP F3A34 0, HH Rk Bl &
AR 628 Z BT, T DA RORR 21 5% 2R v S W ] B3l it
{47 Miiller 4HJf0 T 8 GFAP ik, AN, AT HE 5K
PRET S RIS F M GLAST K35 H %, KA, RE R 2
O 5% 2 T A P 223 T, AR SV R e 5 B 2 X AR oA i
P2 A1 M s AR Y EE MR AE T, Miller 40 B IR 2 T Y
GLAST "W A R R i iz 28 40 ML I, I 28 40 i P9 19 75
JHie £ R A AR B TE 75 (1) 4% A B , AT kil B 3 R 5
AL B EE P 1 B LA RR AT S R i S T e -
P& GLAST 3511 AR 37 100 19X 5 ot 20 240 L £ 32 4% 24 R 1) 2 1
YEF . BEAN, AWFFTIA & B, 40 5 KT Tl K B0 X 4
U VEGF FA R RIZH B 3 T8 . DR (%) 2O AR IE %
TRy PR D R 105 P ez A 8 A RO A 1l A5 B L 5F . VEGE
BTN N TR Y R 40 A 3 A K A i A T G % B A i
HF, /& DR kK4 ERIAHLIHT, EFEENLT, REBH
21 VEGF R F ik, DT 4 57 B 38 1f 45 id s vk, i if
VEGF 1 BE 35, W 254 1 1045 PN Bz 200 e 34 3 0 A= ol 4
T R, I 16 I i 4% 38 B v 51 i — 40 0 R B A

FITLL, RARZL S5 R R vT il i T 98 VEGF ik, 41 il
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