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[(EZE] a6 @EaERARERE (STZ) JE000E IR /N BT RS ARy | 75 B HDIE PR G /] BRI D9 5% 114
PR AR J I e st f o m 48 P 2 AE KR (VEGF ) i3z 4K ( VEGFRL. VEGFR2) #£ sl iiiil i i) Rk i 0l .
F & 68 il CSTBL/6J /N EEELLEST STZ (55 mg/kg ) 5d, 1ESTE 1 JEEH 23 I MR RS, Fep
TIHENT B DA/ S X BN SR 5 AN A TR 5 AR, sk A YR H-E Yet cBgE TR .
DVR) 55 11 A8 X8 45 0k A AT R DR /IS R X IR ZH 2O 2578 Ak o ik SR B PCR | 8K FH J5 R0 325 40T AR D 400 o 5
JiAr i fit VEGF KJHAZ1& VEGFR1. VEGFR2 [WFikfEIL. 4 & SXHRAML, HHE 1A 1~5 7 i
H/NEUIEACER TR (38T 16.5 mmol/L ) , Z2RIAGIH#E L (P <0.01) o HHE 5 4 H BRI /N
PR 42 AR, ORI . NAZZ R IMZ 2w, HEFIEEL; mESE M, HBB R &S IwEE; 1
BN AR, RS, B, oL CAE RN . EHsH%; VEGF. VEGFR1, VEGFR2
AYEE F1F0RT mRNA Fk3B38 i, SX A2 AR (P 3#<0.01) . &k R EpERmE /NI
o RS AR AR | AR e BHAE R PR R 5 1 i HE B L P P R P g 25, ELBR PR /N BRI i VEGF
VEGFRI1 #l VEGFR2 ik /K-FE Tt
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Streptozotocin-induced diabetic retinopathy in mice: model establishment and evaluation
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[Abstract] Objective To establish streptozotocin (STZ)-induced diabetic retinopathy model in mice, and to observe
the pathological changes of the retina in early diabetic stages and the expression of vascular endothelial growth factor (VEGF),
vascular endothelial growth factor receptor (VEGFR)1 and VEGFR?2 in the mouse model. Methods C57BL/6J mice, aged
6-8 weeks, received intraperitoneal injection of STZ (55 mg/kg) once a day for 5 d. The fasting blood glucose concentration
was measured 1 week after injection. The diabetic and control mice were fed for 5 months. Then the morphological changes
of retina in diabetic mice were analyzed by H-E staining, Evans blue perfusion angiography and retinal vascular network
digestion. The expression of VEGF and its receptors VEGFR1, VEGFR?2 in diabetic retinopathy was analyzed by quantitative
real-time PCR and Western blotting. Results Compared with the control group, the blood glucose levels of the model group
were significanlty increased 1 week, 1 to 5 months after injection (all higher than 16.5 mmol/L, all P<<0.01). At 5 months
after injection, the whole retina of the model group became thinner; the number of photoreceptor cells, inner and outer nuclear
cells were decreased and disorderly arranged; the blood vessels went tortuously with leakage and leakage spots; the number
of vascular endothelial cells was increased, with altered morphology; the number of peripheral cells was decreased; and

there were no cellular capillaries and lumen occlusion. The expression levels of VEGF, VEGFR1 and VEGFR2 protein and
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mRNA were significantly increased in the model group compared with the control group (all 7<<0.01). Conclusion Diabetic

retinopathy mouse model has been successfully constructed, with proliferative diabetic retinopathy appearing 5 months after
diabetes, and the expression levels of VEGF, VEGFR1 and VEGFR2 are increased in the retina of diabetic mice.

[Key words] diabetic retinopathy; streptozotocin; vascular endothelial growth factors; vascular endothelial growth

factor receptors

TR 95 LI 5955 48 ( diabetic retinopathy,
DR ) S PR B o UL 09 B0 450 AR 2 —, R Es
2 O RS R R Y R RN R
W] DR 7€ 1 BOEPRAGAN 2 BOBEIR G HSAT KA
W 5 0 P S8 B S i, DR B PR
A ER FZFEFEY, DR AR R
A A5 L D) I 4 LA A R R L R R R
N 2 BRI DI RETE S | 400 19X B 5 s il R 25 o g
B g A o o~ & 7 1 T 8 B2
M A K ¥ (vascular endothelial growth
factor, VEGF ) /KFETH@Et"?, wi5E#%E W, VEGF
aob B R 5 A I I A TR A G, T A )
B A AT D0 T | A D B S . R
R O I8 5 o A i A IR A, ™ E Y
MAE, BAFHRAY, DR WA RESFEATL
G0 2 BB FUAR R A PERE AR A ) IR AR
( non-proliferative diabetic retinopathy, NPDR)
G A7 398 A= 1 0 PR A0 R0 i 72 ( proliferative
diabetic retinopathy, PDR ) , Hij#& % LI M
T F PR BG IRRL I FEE PN  CA RRAE, EA R R
BRI SR AR AR . £ NPDR, @i T
A A TN B3 7 3 S 47 7 A A ) A M R R Ll
V2R S~ R R R BRI, i — 2 R B
JEEGRIAL . SR P TE & FES] PDR I, 2B
WA MBI, RSB EYRIIHE".

R T HBRSE DR R4 A oK L&
J'&, BFSEE AR O s B R AT T Tz B E
g, Hoh, w2 SRR ( FERERR . /D
B 5 AL SAHl. DR AWE 523
RIS R U5 R DRI 1) 7 R IS R 2
PRS0 AHEE R, /D USSR T R AR AH
XPARCHRE . BEE R, ek R B R EROR tingH 4
FER R L R SRR TR ) S R bR 5, T8 gm T
/N FRAB R R 1 5 S DR T RS 7R g ST v ) R X
WEME, HAT, ERRACHAEEA: BALR YL 2

[Acad J Sec Mil Med Univ, 2019, 40(9): 977-983]

WELWAREE, /RTINS Y] DR 84
HLi A AN E

HaiH HSEIRIEE & (streptozotocin, STZ)
Vs SRR SRR, B PR 4 v iR (5
J5 3 d) AR PR B —Sepg AR AL, iR
JRAMRIB AN AE 2% . A BRI | 145 P
SR A B PR I

WE5E KB, VEGF 70 R f5357 AR i 48 8 1l
RAFE AN, 1 NPDR HELAG L i 1fn.
GRS VEGF KV Ihm i E =R, 7E
DR K. kJEidFEd, VEGF ZKW . Btk et
A4 KA ¥ ( basic fibroblast growth factor,
bFGF) | S ZREMAKKEF 1 (insulin-like growth
factor 1, IGF-1) . AfEANEEST s . HE 4 )8
HEH M ( matrix metalloproteinase, MMP ) 254 [fil
B U S 5T T AR A R
Hovh, VEGF #iA 2 70 B BAE 3261 R
A4 0 A A G R Y P R4 I Y VEGF il
REOE 2 A SR P 52 A LA 9 B A KR
%Ak (vascular endothelial growth factor receptor,
VEGFR ) 1 F1 VEGFR2, JI{Ifi 45 P B A5
fEBER A MAETE AL, IFiE— et DR iR,
BEFEAGE B2 0CTE X VEGF (985, Xk
VEGFR1 1 VEGFR2 #J7Z4L7E DR HE94E HIHGE
=

SRS PR/ LR P FEEp AR R R A 5E DR Y
HET k. AWFER IR 20 ST STZ /YJ7
SR PR /N SRR, LS PR s /) BRURE R AR 1)
R A2 R WU A R RS, A A g s v
VEGF. VEGFRI Hll VEGFR2 ik /KT-, N5
T FEE A2 ) o AL S5 7 ik SR BRI

1 #RFnFiE

1.1 %4 6~8 JHi#d C57BL/6T /ML 36
H RFiE 18~22 g, HIBEEE RS (5B %



oM. SER, . BEMRVTHFAHM AR/ B R AR K BT * 979 -

R ) L sy ot (i AgiEs .
20180006000296 ) . fH FARERFURL AR SR, R
BRE K, 1INl ROR O R b, R 4 AR
(2342) C, FHXNBEE N 50%.

1.2 #Ehom s RAEA ag M BN ERBENL R X
MR (12 H) FoiiAud (24 ) o BRI /N R $%
M8 55 mg/kg iEZE 5 d TS STZ (3£ Sigma
5], S0130-1G) , {EHTHIZEE 6 h, STZ Ty
BERRANZE R (0.1 mol/L, pH 4.2) 5 XfMEZH/)N
B s 3 A5 B DR PR PR AN v . RIS 7 d
Ji B K BRI 0 1%, %5 >16.5 mmol/L AI i &
WE PRI /N RS R AG R Ty o AR ) (P VD =3
A= WAL I A BR S T A v UYL ( GA-3 B ) K&
MRHRSS o PRI S R ) A R 2 /)N BRI
X WAL /N AR SRR 57, IEWARE, R BER 30 d
W g 1R

1.3 AR5 kaem s RALM R 82T 5 AL
1.3.1 H-E &  HERM/NEEES ) 5 4 H
J&, R CO, M ATEANSE/INE . BOSUMIHR Bk,
BT FAS IREREE ( 3€FE Merck A7) W1, 4°C
5 24 ho BEREZEERGK . —F 2838 I ) 0 4y
AT T A B R L SO B T S D A
PR JERE Jg 4 um, H-E Y2005 W0 T mgg.
132 FXEEETEY ¥ 1 gMABE (b
i Maclin 247 ) T 50 mL A=HEhKp, 4 C
R B CIR A, EHATHME 37 C. HEkEE
) 40 mg/kg PG ZA ( BRI TARA
A, CAS: 57-33-0) BRI S, #4570 BT EMS [
SE, IR LB — 0, IR PR E T A
HRMB RIS T AR, R R
U S 3 P A 1 TN 1 R 8= W o= A <
By REF S b s Rk, S 08 i O SOV TR TR
0.2 mL. 7RSS WEE] /N O JE K DY AR % 5
FIAEIR 5~10 min Jabst/NR, FERER, BT
4% ZRWPBEHERPEE 2 h, GFRBHMET
S AR ) B 8700 IO LA AR g w1
JF, BUOHER, PETEIF L, h R R
R, THR AR B AT TSR,

133 MMELE RS F RHGE CO, AL
WFE/INER, BOSUMIRER, KAARERE T 4% ZRHE
VWO, 4 °C [EE 2 he EFARERET F /R
JBE, FHBERRER G MBS VR TR IS AR L T 4% 2 H

FHESAR, 4 °C [B5E 24 h, BEE/K UL
12 ho SRIGHH 3% REEAE 37 C KW N IHALAL
FEE 1.5 ho KRR E TR K, 7R T 4
B N IR S b 28 21 A 2 240, i 52 K 2 0 D) B
BB . R A B R = Yy L, R
o, ARBET S AT W H-E Jefn, WIREET
U3
1.4 5T AHmFFHxén VEGF, VEGFRI,
VEGFR2 % & /i 5 mRNA &k

141 Eakmkwmdx BEHEE TN 1 AN
UL B A 1.5 mL EP 4+, filA 80 uL RIPA
iR ( B E S RAEYHE AR ) A
3 WimE R, S7 R A 4GSR P 60 Hz B
90's, 4 °C 17 468.75Xg B.0> 5 min; P EFIEE T
By 1.5 mL EP &b, 4 °C $EKZY#% 30 min, 4
AMFESA 30 pL EFEZE MR, BE/KE 15 min,
FEMEMET . A 15 pL 8 [ R & TR I
FEFLN AT RLTK , SRS R BRE I T A 2R 1 B B &
Rm 8 LK (polyvinylidene fluoride, PVDF )
JE |, 280 mA 1HJ 90 min, ] 5% WAS4- 035
M 2.5 h 5, BUIEREE 2 BIIA VEGF —4L
( £[E Affinity Biosciences /AH] ) . VEGFR1 —$t
Al VEGFR2 —Ht ( R =AY HEARAGBRAF )
M2 GAPDH —#T ( 52[F Abclonal 22 H] ) fiF
B, 4 °C K% (14~16h) o FJ 1 X Tris $hiiz
ERGE P+ Tween ViU 3 5, AR I (£
[ Invitrogen AH) ) , ZEiRMFE 2 h, H 1 X Tris £
FRER 5% i 4+ Tween PEIA 3 WA, B THEER RSN
( 32 Syngene AH] ) BEGHEE .

142 g & PCR BB T8 2 /0
AL LA 1.5 mL EP &, Jim A TRIzol ik
( £ Invitrogen AH] ) , [A 1.4.1 T T Jyikutgs
W W LIEWRERR RN EP B, 4 °C W
30 min, >R TRIzol — A FEHCI M BB RNA
B AR ARG B RNA W B, R FH R 7 it 3t )
& ( HA TaKaRa A ) 455 RNA -G
% ¢cDNA, fiff] SYBR E# PCR i#|& ( HA
TaKaRa /3w ) Xf#H[F & cDNA #47 PCR. i
%A 50 °C 2min, 95 °C 10 min, 95°C 55, 60 °C
30 s 40 NMEI . A I FEZH AR AU ZH /N R0 R
VEGF. VEGFRI. VEGFR2 1) mRNA Fik/KF-,
Ll GAPDH “RNZM . 5IWIF4WF: VEGF IE
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X5[% 5-GCT ACT GCC GTC CGA TTG AG-3',
L 31%) 5'-ACT CCA GGG CTT CAT CGT TAC
AG-3'; VEGFRI 1F X531 5-CCT GAT GGG CAA
AGA ATA ACA T-3', & X51¥) 5-ATT TGG ACA
TCT AGG ATT GTA TTG G-3'; VEGFR2 iE X 5%
5"GTG GTA AGT TGC GAT TGT TGT G -3', & X
3% 5-TGA ACA TTG GCC TTC TTT GAT A-3';
GAPDH 1E X 5% 5'-CAA TGA ATA GGG CTA CAG
CA-3', 2 X51¥) 5-AGG GAG ATG CTC AGT GTT
GG-3'. ffif] AACt J7 Mkt .

1.5 %it#42 R GraphPad Prism 6.0 {43k
G750 . BARLL x5 Fon, TSR ST
FEA ¢ K56 KEI/KiE (o) o4 0.05,

7 R

2.1 BB R T XTHRY 5K
Y20 /N BUZE 3 S A B K SF 22 R R g i m X
[ (6.81+0.61) mmol/Lvs (6.82+0.36) mmol/L,
P>0.05]. Xf REZHVESRT S K- 22 R 05 i+
B (P>0.05) . HERIA/NRES STZ 1 JHE
MEk. 28/, ZIRFR; WWZEREN, 5
XTHRZHAH I, BEAVZH /N ERIMBEK F T E, 250
Gt E L (P<0.01) , R /N FALTIH
AR, dRERFR R 1~5 AN BRI /N
S K- T XTI, Z2RASITEE X
(P¥<0.01) . W1,

F1 WRANMRSHRIERRIESHERRB/NBARZE TG A E A E S gk F

Tab 1 Blood glucose levels in control mice and streptozotocin-induced diabetic mice

at different time points after injection

cy/(mmol « L), x+s

Group 1 week 1 month 2 months 3 months 4 months 5 months
Control n=12 6.6040.45 7.1540.58 7.0740.66 7.07£0.60 6.73+0.52 6.81+0.61
Model n=24 22.87+2.77" 22.63+£2.55" 24.67+£2.57" 24.04+2.71" 22.38+2.77" 22.96+3.14"

“P<0.01 vs control group

2.2 AR IR N AL Bk T BE AL AL R B4 4%
T4

22.1 H-E Ze&4 51 SR/ SZ 400
HEF 35T, KA Z ANz g s mi, HLUBAA
WSEE (B 1A, 1B) o &8 5 SHE, A /N
SR L e N P2 VAN 0 G A (2 5
AZIE R (K 1C, 1D) o SR /N
WIRE (] 1B ) bbdss, ARAVLL/INFRAILRI R A% J 2 R ok
HIZMHE A ZEEL, Ee i (K 1D) .
222 FXEEEAEYER HREDMBE T
D XsF HEZEL /DN BRUAO DO B8 1t 2872 U M, GEATIER . TG
Tl BIRS (E 2A) o BORIZE /N BRI AR i
BEATIEM, WL, B, BBk &s
Ispt (& 2B) .

223 WWEREFNE R B BME T IERE4/N
SECAOL DR B 1 5 P 5 SR AN ] 3A T, AR o S o,
BETRY, RS 5, EREN R 41
P GIRE . IRYY, AEIAE R ] ULIRITE (7 Ji 4t i
i, UL, JrAts). 1K 3B FT R AR /NI R
A, AEATASKIN, R 40 A B s
Rz RS, BREIE . MBS 20K, ZIR

ge, LG BAINETE, IR 28

E 1 H-E £ EBRRERERRESERRBNRER
PR PR 1B 5
Fig1 H-E staining of diseased retina in streptozotocin-
induced diabetic mice
A, B: Normal retina; C: The thinned retina 5 months after
diabetic mouse model establishment; D: Five months after
diabetic mouse model establishment, the cells in the inner
nuclear layer and outer nuclear layer of the retina were in
disorder and the number was decreased obviously. Original

magnification: X 100 (A, C), X200 (B, D)
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Fig 2 Retinal vascular Evans blue perfusion

angiography in streptozotocin-induced diabetic mice
under confocal microscopy
A: Normal retinal vessels; B: Five months after diabetic mouse
model establishment, the retinal vessels of mice in model group
were distorted, structurally disordered, and the layers were
blurred (the white arrows indicate leakage and leakage spots).

Original magnification: X200

B3 EREERE SRR/ R R IE MK
AR
Fig 3 Retinal vascular network digestion of
streptozotocin-induced diabetic mice
A: Normal retinal vessels; B: Five months after diabetic mouse
model establishment, the mice in model group had twisted
retinal vessels with irregular walking, significantly decreased
number of pericytes, and proliferated endothelial cells with
oval, fusiform or polygonal nuclear, deeply dyed (black arrows
indicate the cell-free capillaries and lumen occlusion). H-E

staining. Original magnification: X200

2.3 VEGF. VEGFRI. VEGFR2 % @ i 5 mRNA
koL B 4A Won, SXTREAUNRAM L,
R 5 A B2/ B R VEGF |
VEGFRI1 Hl VEGFR2 WE M RFE LB E.
K 4B W, HAH/NE VEGF. VEGFRI Fl
VEGFR2 ) mRNA Fik/KFTHE, S5XTHRAIAH

SYEGIFEEL (P #<0.01) , 5EAK
Tk —3 FIRSS R R B /N UL ) B i 30
o B BT A 100 Y T BB PR AR R

Control Model ~ Mr (X 10°)
VEGF 42

VEGFRI1 { .~ 43

GAPDH- % W - 36

4ro L. = Control
= Model

3k #ok
ok
2k

1k

0

Relative mRNA expression

VEGF VEGFRI VEGFR2
B4 sEREERFSERRENREZMES VEGF.
VEGFR1. VEGFR2 ZH 1 mRNA &ix
Fig4 Protein and mRNA expression of VEGF, VEGFR1
and VEGFR?2 in retina of streptozotocin-
induced diabetic mice
A: Protein expression by Western blotting; B: mRNA expression
by quantitative real-time PCR. VEGF: Vascular endothelial
growth factor; VEGFR: Vascular endothelial growth factor
receptor; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
"P<20.01 vs control group. n=3, x+s

3 it i

2| 2035 47, At FORE R B B TR
i 6 fC N, XS SEAT 2K BN &
FIRIMASIFRAE, FEXT B | 1B BRI 28 5 1 LS8 K
ﬁ%ﬁim]DR%ﬁﬁm%E%,ﬁﬁﬁ%ﬂﬁ
MY — BRI

STZ %bﬁ%ﬂ%ﬂ% P AMIAE, i 2 G BRI S
Wb, BIEEEEEL, SEUEF S, AR
W5, PR T2 T TR DR s (g g et
Wi NS A A R L B TR SR L AR
AN Gy HAG AT S S RO R, R AR Y S
X5 o, JNRPIEFFZREL S A EARL, /N
PR ARG MBS AN, LA T4 L R o
ShYIRERL, R 2

WEFER FH BRI IGRI 15 STZ 155:1 DR A5
— AT EAE 6 A H LA A R SR ) 400 I S R
eSS, 2T, AR 2R T
5§} STZ Wik i DR AAY, AR{VAEREH I DR
SRR SRR TR, T HEAE R L FET R
5L J e R R R B Sk R R ) A
H BB 6 Sh 8 % A= DR f B AA i 1A 475 K 1
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i, AR5 DR e R s BB R sy 4
MHEHI, (AHEATFIERB DR 7ER R sh A
R E RN 6 A H G A . RIVE ST MR 0 3h
YRR, RN[A] 52565 2 1) % DR A EAA & A s 1]t
AER B, RSB RN, 5IEW
INEARLE, BEIRI /N BRI EE TS 5 A H B/
BRI IR0 586 400 005 o B A JR RS 2K L, phe Ty
2 62 T Y AZ 2 AT B A Y I R, U0 BH e
PRI/ N AR EE 3 5 S A Ja Al Wig%#)] DR fd i
RURRIEPE R P22 0 AR o R, ASBIFTE AR PR /N B
B EE T 5 A, i H-E Jefa . fcE
WS RS . M AR, DA SRR P s
VEGF K& VEGFR1 1 VEGFR2 Wik, #f
GO R 7N FURE TR0 A 0 S F s B2 B A8 437K S
AEAL, WA SC 002 75 B DAL R RS /N EL DR
REAY | Jf it — 25X R /N B DR AR (i 44 R
POA B L~ AR (AR I 2 A T

S B, AR RALRER
PHCBE AR I A () AT 5 o0 A SN e, I s )
P 510198 U S8 T BE T B o ARAIF 5% 45 S
N, TERERRS /N BRI S A AR, cE
AV T R 2 SR P B PR X BB T, 00 O I o 4
W% 2 SR e B PA 2 . P B A g L A4
LA T80 K i A I 24548 25 L AE DR SRR IR
X FIABIGT SR T R /1N ERL DR 7Y

VEGF ik /K- Tt a5 -5 00 9 50y B e i 28 1)
RO #F5E%W], VEGF/VEGFR {553 f47E I
AR EEELEEH, $T VEGF a7 T
P 25 1 A5 A A S TR T A R R, A
A E A 2595851 VEGF 3697 I8 A= ik 6 1
P, DURERERsREDUAR . == e B se BEp TR R AT
X VEGF MyaKyufk, IR b M iy s
g, A TAYT DR A A S B R R0 5 1 A
PR, BLAl, BRSO A 2 (I
HJ&E VEGF #Iil5] ) tgl tA N J&—Fhal 17 il R
IHJT DR BB,

E A LIS HGE VEGE 1EM IR sh 5 4
RAACETHRR, HHETX VEGFR BIBF5EHR
HEIHAZ, AWML R E/R, VEGF., VEGFRI,
VEGFR2 B mRNA 8 [ 38 7K T 764 R s
SRR ) 5 A AR X it— AR
VEGF K HZ1k7E DR k4, KIEdfEh RIEE

BREZEMEM. A CHREN, #BERYIE 3.
4 A H BNERIFAR M BUT A A TE R, HAL R R
VEGFR1 il VEGFR2 ik IEATHE, SmieErE
PRI 5 A HJa B A 4 VEGF . VEGFRI1
FI VEGFR2 (WA im0, X 5AM It 4
W3, X5 A A A G B R IAKOF
FFH R A PDR OB BRI /N B A D0 R A 1 4
TR HERHE . ROV, Ll NRAMAR Z (] 22
S AEAEIREE L IR E R BRI R S R PR
/N B B A A A LA R) 3B R 2R SEBRAE A
MELLAR S —30, Pz

Zr BT, AHESE A A TR IR /) BB
R, RERIL /N SRAEME SR 5 A H A 0 R R 41
MuzasE . Bl . AP ZE . SRR T Ko
M ZEFZERL . [RIASAE IS DR /NI VEGF
KN HAZIKR VEGFR1, VEGFR2 f) mRNA FI#E )i
TR T, UEBTEATT#E DR /NS A A A
BOS R A EEEN, 204578 DR A EDL
il S AFSE G RIAT T 27 4R T 257

[Z % X #f)
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