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[ Abstract] Objective To investigate the effect of Qideng Mingmu capsule on the formation and remodeling
of retinal neovascularization in mice with oxygen-induced retinopathy (OIR). Methods Thirty-six postnatal day 7
(P7) SPF grade C57BL/6] pups were divided into normal group, OIR group, Qideng Mingmu capsule group and
apatinib group by random number table method,with 9 mice in each group. The mice in the normal group were raised
in normal environment. The mice in the other three groups were fed in hyperoxic environment of (75+2)% oxygen
concentration for 5 days from P7 to P12 and then were fed in normal environment for 5 days from P12 to P17 to

establish the OIR model. From P12, mice in Qideng Mingmu capsule group and apatinib group were given intragastric
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administration of Qideng Mingmu capsule (900 mg/kg) and vascular endothelial growth factor receptor 2 inhibitor
apatinib (70 mg/kg) respectively,once a day for 5 consecutive days. On P17, paraffin sections of mouse eyeballs were
made and stained with hematoxylin-eosin to count the number of vascular endothelial cells that broke through the
internal limiting membrane. The retinal slices were prepared and stained with FITC-dextran to quantify the retinal non-
perfusion area, neovascularization density and total vascular density. The distribution and fluorescence intensity of
retinal vascular endothelial cell marker CD31 and pericyte marker a-smooth muscle actin («-SMA) were observed by
double immunofluorescence staining. Immunohistochemical staining was used to detect the expression and distribution
of retinal hypoxia inducible factor-lac (HIF-1a) and vascular endothelial cadherin ( VE-cadherin). The use and care
of animals were in accordance with the Regulations on the Management of Laboratory Animals issued by the Ministry
of Science and Technology. This study was approved by the Animal Ethics Committee of Chengdu University of
Traditional Chinese Medicine ( No.2019-30). Results The number of vascular endothelial cells breaking through
the internal limiting membrane in normal group, OIR group, Qideng Mingmu capsule group and apatinib group were
(2.83+4.40),(37.33+5.43),(23.83+£6.79) and (14.00+9.34) , respectively, with a statistically significant
overall difference ( F =28.313, P<0.001). There were more vascular endothelial cells breaking through internal
limiting membrane in OIR group than in normal group, Qideng Mingmu capsule group and apatinib group, showing
statistically significant differences (all at P<0.05). In the observation of mouse retinal slices, there were large non-
perfusion areas,neovascularization buds and disordered distribution of blood vessels in OIR group. The distribution of
blood vessels was more uniform and the areas of non-perfusion and neovascularization were smaller in Qideng Mingmu
capsule group and apatinib group than in OIR group. The relative area of central retinal non-perfusion area and
neovascularization density were significantly lower in normal group,Qideng Mingmu capsule group and apatinib group
than in OIR group (all at P<0. 05). The immunofluorescence intensity of CD31 and the absorbance value of HIF-1a
were significantly lower, and the immunofluorescence intensity of «-SMA and the absorbance value of VE-cadherin
were significantly higher in normal group,Qideng Mingmu capsule group and apatinib group than in OIR group (all at
P<0.05). Conclusions Qideng Mingmu capsule can inhibit retinal neovascularization formation, increase vascular
pericyte coverage,relieve retinal hypoxia and increase vascular integrity in OIR mice. It can protect the retinal vessels
of OIR mice.

[Key words] Retinal neovascularization; Oxygen-induced retinopathy; Mouse; Qideng Mingmu capsule;
Apatinib

Fund program: Sichuan Natural Science Foundation Project (2023NSFSC0690) ; Talent Program of “Xinglin
Scholars” of Chengdu University of Traditional Chinese Medicine ( YXRC2018013)

DOI:10. 3760/ cma. j. cn115989-20220426-00181

. 429 .

A0 58 A IfiL 45 ( retinal neovascularization, RNV)
S L LA I g 7 A I I e Jk L 22 AF1OHE B g HR 1Y)
IR 722 S5 HIR A 174 i g BRI, 0 5 1R A i AR T , 72
WIRRINRE "™ o PLILAE N Bz 42 K B (vascular endothelial
growth factor, VEGF ) I ¥ {4 Ji v 5 & H 5 RNV 145
HEZG WG T 7 3, AT 08 B B K M D 2 A i A
DA B et s R M3 R, VEGE 401 il 550 1 1L
O A T R 2 B A I 18] A HE RS TR I, 5 B
AR T, 45 BB A Pt i R T 0y 4, BB
A4 N 23 Bt AR A JE K T R B L A IR ST R W
Bt VEGF Y& I7 23 i 38 1 A= VA 99 Ji A0 R 1) T B, 9 Im
o B B AL P i 51 L TR A 6 BRI SE RNV T Y
BI7 T BT WY R 4 5 M | B PRI T =5 4 < 4
o AT R EEAT BT B S RE I8 e LW BUAY R
B AL 10 JBE I A7 400 T /b A A 2 O, DR i — 4 Y

R s, PR AL T BB 5 4 ) VEGF-A |, DL Bk 41155
5T 1o (hypoxia inducible factor-lo, HIF-1at) %A
KT BRI A S K B RNV, 1 RE
A R B R LA PN B A0 LA 405, T =% 4 S RE A R 8
EAZ N {111 = = 1 =2 B SO NI T e SRl 8 2 | 2
BB A T LR, e AT 9T A
JKEHERESD H] RNV AT i, I HL AT BE X B A4 14 A R
P 1048 e AR T, DTG i 2 A I JBE i A R e R g o i
T RAT W H B AR 25 25, 1 H AT EF X RNV AR i1
1097 &bt VEGE 25 PR AATESHATT o ke 2a 25 )5
7 HE ISR, AT LA IR VEGER2 410 i1 551 Bl i 75
JEU A A B X B 2 o AR O R S R
7 4% (oxygen-induced retinopathy, OTR ) f& 5 | i 2¢ % AT
W] H BB xt RNV JE BR800 5200, 380 54T 0] B I
P A AEANH] RNV IR Y [F] g i R I 48 % 16, A



- 430 - B S IR B AR

2024 4E 5 HE5 42 3255 5]  Chin ] Exp Ophthalmol ,May 2024, Vol. 42 ,No. 5

T2 I, Ay PG P8 4 0 930 fc
1 HESH®

1.1 #he

1.1.1 %z 5 H# SPF 4 C57BL/6J 4 i, 36
R W 8 SR Ik RS 56 S A RS W) [ VF AT HIE 5 - SCXK
(J11) 2020-030 ] . &) Bl 55 H il 2L BE B3k ) 1A 3% 72
12 h/12 h WA (5 0 22 ~26 C A BE Sl (50«
10) % 358, 2 B e oK iiFL. LR shY
F8 82 P R 3 329 45 5 ] Bk = B R B ke A 1) € 52 56 3l
P BRI ) AT 58 28 JUHR v B2 24 K Sl 48 T R
Bt (3045 :2019-30)

112 F2al0 R ACEs:  BOATH B (R
AR F]) s BUbRE e (b BT n T A AR B A IR
A 3 5 EUR 5O R - M (FITC-dextran , A1 X
Gy F Wik 2x10°, 5 [ Sigma 24 7)) s LY A A
R YA FITC dric thFEH0/h B =41 (GB22303) \CY3
FRic 40/ B 50 (GB21301) (I ZE 4 7K A= W) B
FABRA ) s /NEE HIF-1a $T4K (BS-0737R, b 5%
WRAYHARA R ) 5 1008 N B 45 %6 8 H (vascular
endothelial cadherin, VE-cadherin) (251821) $ii{4& .CD31
B g BEDL AR (383815) (36 [ ZenBio 24 A)) 5 o F- 1 L
W3h & 9 (a-smooth muscle actin, a-SMA ) Hi 4 (67735-
I-g) (R = JE AW ARG RA A o By il A AL
(CY-12C, g vyl ik o Pl B ) s v Ul i
X ( Pannoramic 250, H 4% Olympus 2 &) ) ; 7] &
FOL R (FRD-4C, Jt 5t 1 42 BHE B 22 A0S A R

NCIDRS
1.2 ik
1.2.1 OIR BRI, R or LAk B 5 B PR JR 2 d

Je SR BB HIL KR 7 2 05 K 4 B3 D IE R 4L 9 RIS ZN 4
27 K, ZMBH 3RS 1975 15 @S OIR BEAY i
"EJE S T K (postnatal day 7,P7) JF i, B4/ (L
SR P B B — A A S A % DA B SRR PN AU
90.2~0.4 L/min ) 100% 3 B B= F 480, SR
PEHIAE (7522) % o J) 1)l FH 0 0 408 3 28 M
(3 h/y) SRR, I K S0 R IE R 2P 58 4 i
FUBE BRAEAT S e, sl S B BB TS, AR 45 7 BF I BE A 1)
Ko 5 Ka (P12) Hf 4l U B8 2 18 & A 3R 58 1 57 .
IEH /N —H T IEW = WS R FR .

1.2.2 SEEEYh2Zy P12 R 48l o &) R4 fR
BEALEC T 23k 70 OIR 20 RCAT WY T 48 4L R ol by 25
JEAL, AL 9 o TAT B H B 2 2L A0 BT 5 e 2 4 S
TR ST W H 9 R & W (900 me/kg, JiT K R

90 mg/ml, #H >4 T 36 15 B A 5] ) 0 B A R JE TR 2
(70 mg/kg, Bk N 7 ¢/ml) F#H , &K £ 10:00
LR ESE S do IEH LR OIR 4145 755 5 A4 B
HAKHEE B RN 10 ml/kg,

1.2.3 R RMg - O 20 g o 3 W 5% 58 1% P A JEE 1 o
WEZAMECH P17 B, B4R 6 R/, R
I3 U L 22 M S ek e JRR T 1k b K S T Sk AR
BROZEWRT T 4% Z B HEEPE 2 24 h, 100% ,95% |
85% F1 75% L T A0 — WA ep s B i /K, A W0 38, Y R
AROAT 4w JEYT R HEBR & WURH 20980 J, 64T 00 K
(5 min) AHHLL (1 ~3 min) G0, KRB FV A8
T ASCR AR 400 15 & A, Bk U0 6 B 3 D HLEY . 3 44
BN G R B L TR R A 5 B 1 I 48 PN R 240 4
H, BCF B

1.2.4 WL B R ik a4 B 0 P17 B,
TR AR 3 H/N B, B N T S 1% 3 2 LG % 4
(50 mg/kg) 4= B BRI, 1) L HE J5 # Ik 82 3 A 5% FITC-
dextran %% 0. 05 ml, JE¥F 3 min J5 2% HI B b Z 80 1E
O S o i BRI i AR /N B, JF i IR Bk, 4% 2 SR
T EE O [ 5 40 min J5 76 A% 1) 2 0B T 59 BR AR I, 25 bR
s DR A R S A 8 T e IR A 28 /0N 0 4 5 1 A ) B
AR 28 kg v oo 10 P 8 55 R R /N R BORH 45 1 4 9, Y
ZE i BRI R b SR PTG K B R B R
I3 N T 2O B T W88 JF 40 ], ff ] Photoshop
2020 FRAEH G Rl G R 8 B I B LS, 2 S5 S
BRL16 ] B335 75 vk, Jo o 1 X AR b = T i i XU
ZH/ A0 AL 2B x 100% , 37 A6 175 %5 B = 7 46 il
TR E A/ 2N BEAG KA *x100% , FITC-dextran i
VE Y A8 Ry S, A R il 2H 21 T B W R TE
Photoshop 2020 % {:£ (2 i 18 #5 2X TF 3E vh e A & 5 1.
XL I R AR R, S = R R
fEL/ B A AR R (B % 100%

1.2.5  fpe o Sy 6 K AL ) i CD31, o-SMA 3%
KA B 2.3 il A5 0 A 0 R, U0 R S Z K
)G HEATPURE B, 1L 03 A 5 3 0 i 45 PN R 4
PraE¥ CD31 A (1:50 Fi kg ) Al o-SMA $i {4 (1: 100
WikE) , 4 C W& of %, W B2 £k 2% v %5 W ( phosphate
buffer saline , PBS) JE ¥k ; 43 53 fin FITC #xic A1 CY3 $R
WIEPTN R =50 (B2 1: 100 F 8 ) 37 C T EFE
30 min,PBS {E ;; DAPI = JH#FE 10 min, PBS 1 ¥,
BT R E . BENTYOLEME T
WLEL I IR, b DAPT B 20 g 4%y i €4, CD31 [ 4
FIBAGA , a-SMA [HPERIE ML, BRI A RE
40045 AL BF R 34> X 3, SR H Tmage] #44 I 2€ 2% Ot 5



St IG IR By s 2024 4E 5 HEE 42 4555 58] Chin ] Exp Ophthalmol ,May 2024, Vol. 42 ,No. 5 . 431 -

JE A AR AR R R B POE R
1.2.6 4 20 234 2 g 0 05 46 I A0 ) B HIF-1ac F1
VE-cadherin 3235 B 1. 2. 3 Hifil £5 (19 0R Bk A7 I 4]
B RO — F AR B 2 v 1647 5 s 2 K Ak, B
JE A pH=6. 0 Frig R #h 2% vl 4T He 48 &2 g ]
XU K BEL T P 908 o 4R P T, L = ot 3 5 FAD 5 R
HIF-1a 5 VE-cadherin JTiR () 1:100 #i k)4 CIHE
JF &, PBS L 5 W N AH . 4T 37 CHEH 30 min, PBS
PEUE LN DAB (3, U5 R R S G A0 M, B K B
Fro M AR R G AT AR RS P IR R R
YA N 5 o, DAB & i BH M
RN E A, BRI R RE 3
K & 1% , {#i ] Image-Pro Plus 6.0
BAE o> b B K U0 R B RO
(absorbance ,A) {H -
1.3 SitsJrik

K SPSS 25.0 481t 2
HEAT S8 or M. b B W R &
Kolmogorov-Smirnov #4611 55 & 1F
BT, Phaoks FoR o 45 4L 1A) AN [+
SRR ZE R L ECR TN Ry

Figure 1

1 SENMNRANEALFELE (HE x400, 5 R =50 pm)
H L OIR L A7 KT 28 1 P 3 5 300 A B0 388 A B 010 16 75 P 2 400 M6, 6 KT BT e L R ) ) R 2 L 5
P A S A L P T B KSR OTR 41 i /b 0 6 15 Sk s 2 e 9 SRS A L P9 B A A% AL TR
WAL B:OIR AL C:rAT I H KL D Fif e 4l

Pathological staining of mouse retina in different groups ( HE X 400, scale bar =

PSS IIREa Y ko

P JEE AR J 45 2R s, T AL/ B P LT i A R
L5 2 7 R, S B AR S5 4 A, LA B AT o8 B
R LT A TG i A R T DX B OHT AR I A 5 OIR 21 /) B AR 19
5% LA A A 52 4, AL I S v SRR LR TR X, T
T DX i L AR T A A A LA A R 3 I
o 5 OIR AR L, BOKT W] H B 2 41 K B s 455 Je 4 /)N
R PO I 10 A e A e, O 288 ] BT 9 I 1 X T AR /)
A LU IR A LA IR A 442, AT DL 3 B Y B A 0L
P o o i R e (18T 3) .

< e ]
b e
g

— ar S =

IE H 2H /D B SR A5 4 F 3 52

50 pm) In normal group, the structure of internal limiting membrane was smooth and intact. In OIR

EoMr, & EFHRRE, T E
55 2 ] Z2 EE bb R LSD-t ki

group , there was a large number of vascular endothelial cells breaking through the internal limiting

membrane into the vitreous cavity. Compared with OIR group, the number of vascular endothelial cells
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Figure 2 Comparison of the number of vascular endothelial cells

4.40) . (37.33+5.43) (23.83=6.79) , (14.00 =
9.34) M, BRI EZ R A S I E L (F=28.313,
P<0.001) ; Hrfr OIR 2 53 fil 4 53t R If 787 P9 B2 44 4
BOER A CEEKT W H e B 2 A0 BT i R e 1 W] B £
Bo] 1 5 e 2L 2 i P R O A PN R A L B A AT B
Ji % 20 WY /0, 25 R 3R et i L (Y P<0.05)
(El2),

2.2 A /0N BRI BSE TG 3 DX TR AR EL B A I A R

breaking through internal limiting membrane among various
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capsule group,“P<0.05 ( One-way ANOVA,LSD-¢ test;n=6) OIR:

oxygen-induced retinopathy
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Figure 3  Mouse retina slices of different groups ( FITC-dextran x40) In normal group,the retinal
vessels were evenly distributed, and there was no obvious non-perfusion area and neovascularization. In
OIR group, large areas of non-perfusion and neovascularization were seen in central retina and the
distribution of blood vessels was disordered. Compared with OIR group, the distribution of blood vessels
was more uniform in Qideng Mingmu capsule and apatinib groups, and the areas of non-perfusion and
neovascularization were decreased. For image analysis, blue indicated non-perfusion area, red indicated

vascular network , and orange-red indicated neovascularization OIR ;oxygen-induced retinopathy
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Figure 4 Immunofluorescence staining of mouse retina in different groups ( x400, scale
bar=20 pm) The positive expression of a-SMA was red (CY3) and the positive expression of
CD31 was green (FITC). In normal group,the structure of retinal layer was arranged neatly, and
the expression of CD31 and a-SMA was uniformly distributed in the deep and superficial retinal

vascular areas. In OIR group, the structure of retinal layer was disordered ,and there was a large

amount of CD31 fluorescent expression near the internal limiting membrane , while the fluorescent
expression of a-SMA was weakened, and there was a large number of immature new blood

vessels. Compared with OIR group, the fluorescent expression of CD31 was decreased and the
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fluorescent expression of a-SMA was increased in Qideng Mingmu capsule and apatinib groups,
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Table 2 Comparison of immunofluorescence intensity of CD31 and a-SMA

in mouse retina among different groups (x#s)
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Note : Compared with normal group,”P<0.01; compared with OIR group,”P<0.05 ( One-way

ANOVA ,Tamhane’s T2 test) «-SMA :a-smooth muscle actin;OIR :oxygen-induced retinopathy
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Figure 5 Immunohistochemical staining of mouse retina in different groups ( x400,scale bar=
40 pm)

cadherin was brown. Compared with normal group, the expression of HIF-la was significantly

Nuclei were stained blue with hematoxylin, and the positive expression of HIF-1a and VE-

increased and the expression of VE-cadherin was significantly decreased in OIR group, and the
structure of retinal layers was disordered. Compared with OIR group, the expression of HIF-la was
decreased and the expression of VE-cadherin was increased in Qideng Mingmu capsule and apatinib
groups,and the structure of retinal layers was regular OIR: oxygen-induced retinopathy; HIF-1a:

hypoxia inducible factor-la ; VE-cadherin : vascular endothelial cadherin
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with OIR group,”P < 0. 01; compared with Qideng Mingmu capsule group,‘P < 0.05 ( One-way
ANOVA ,LSD- test;n=6)
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