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Effect and Mechanism of Different Doses of Ursolic Acid on Retinopathy
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ABSTRACT Objective: To investigate the effect and mechanism of different dose of ursolic acid on retinopathy in diabetic mice.
Methods: 60 male healthy C57BL/6 mice were selected, an among them, 50 mice were injected with a dose of 50mg/kg to the tail vein
was injected the fresh-configured four-chlorofluorocarbon saline solution of mice to construct a diabetic retinopathy model, randomly
divided into 5 groups, 10 mice in each group, they were model group, positive control group (Mice were vitreous injected with 3 L 40
mg/ml of triamcinolone), low dose UA interference group (Mice were vitreous injected with 3 pL 0.5 pg/pL of UA), mid dose UA
interference group (Mice were vitreous injected with 3 WL 1.0 wg/pwL of UA), high dose UA interference group (Mice were vitreous
injected with 3 wL 2.0 pg/uwL of UA), the remaining 10 mice as normal control group. The insulin sensitivity, glucose metabolism in
retina and apoptosis of retinal ganglial cells (RGCs) were observed. The expressions of vascular endothelial growth factor (VEGF),
cyclooxygenase-2 (COX-2) and matrix metalloproteinase-2 (MMP-2) and mRNA in retinal tissues of mice in each group were compared.
Results: After modeling, insulin resistance index (HOMA-IR), retinal glucose content, glucose transporter-1 (GLUT-1) and glucose
transporter-3 (GLUT-3) content, apoptosis rate of RGCs, expression levels of VEGF protein, COX-2 protein, MMP-2 protein and mRNA
of retinal tissues in the normal control group were lower than those in the model group (P<0.05). After interference, HOMA-IR, retinal
sugar content, GLUT-1 and GLUT-3 content, apoptosis rate of RGCs, expression levels of VEGF protein, COX-2 protein, MMP-2
protein and mRNA of retinal tissues in positive control group, different dose of UA interference group were lower than those in model
group (P<0.05), and decreased with the increase of UA interference dose (P<0.05). Conclusion: UA can reduce HOMA-IR and retinal
glucose metabolism, inhibit the apoptosis of RGCs, inhibit the expression of VEGF, COX-2, MMP-2 protein and mRNA, High dose of
UA has a good effect on the prevention and treatment of retinopathy in diabetic mice.
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1.1 #t#d

1.1.1 SEEEzhd R 10~12 F Wy, I 5 9% i £t B A
CS57BL/6 /N 60 H, 1A 19~23 g, V-1 H (21.08+ 1.02)g,
SER B M T T B, S RTIES R SYXK
(1#.)2018-0194,

112 K7 58  UA (FEMER)(ZifEz 90%), ZHEEWH
(Dimethyl Sulfoxide, DMSO), U4 M g 24 ) H 96 [ Sigma 2y
A, R 28 23 A R (R S 240l A FRA W), [ 2 i
H20065207) ,DNA Wi %4 i1 57 K viidnic 5 (In situ end labeling
method for DNA fracture, TUNEL) 5] &0 A &£ E % KA H ,
VEGF ,COX-2 . MMP-2 #i{& i |4 abcam 7\ 7] , Western Blotting
SRR H Bio-Rad AR, 4 H A b4 03U H AL 5T
T BT B P sl PR

12 7k

121 INEHERFAMRRTEENEE B DR
FE T 3 R, /N RS B B B v S R /N B AT
5 16 h 5, 4% ) 50 mg/kg B —k AT 50 HU/NEURE #K
T S T L ) 7 G A TR K VS YR R /) U R 1 D)
AR . 50 HUNRBEPL A 5 20, B2 10 5, 435 iy

20 PRPEX REZH O/ RIS AR T 3 w L 40 mg/mL f) 22757
R UA T4 DB BERIARTES 3 wL 5y 0.5 pg/pl 1y
UA) sl UA TR CNRITEAREG 3 L FIEH 1.0 pg/ul
B UA), milE UA THd ONRBESAES 3 pL RN
2.0 ng/pL 19 UA) KEFRIAH 10 HU/INERAE Ry 1E# %] R4 .

122 BEREGUBMSERN R/ B TUEHT 1) 1 IE AR A, A
FH 4 B S0 A A S AT AU 2 L3 7 28 (glucose ,FBG ) g &
# (insulin, FBD) & % , I35 R & RALH 540 : HOMA-IR=FBG
x FBI/22.5,

1.2.3 MMERAERE ST BN LR, A S &
[ PBS 28 i, M 1 3 ALK 41 2R 38 4 50 3K, S RR Btk
AT#§.0>,4000 rpm 250> 10 min, 20242 10 cm, B, R
FH Elisa 2751 £ 00 7 /N B I 1 2 i o, A M i Ak -1
(Glucose transporter-1, GLUT-1) K %5 %5 B % iz 1K -3 (Glucose
transporter-3 , GLUT-3) 1 & & .

1.2.4 IR EMHZ TR (Retinal ganglial cells, RGCs )i
TR UA TR R/ R R SR AR 25 s
ATEAC L/ INRITR IR BRZAZY, e A U1 3R 20 3R, il
AV R S RYI A 2 T 2R R AL B PR BRI R
KALE , BT AL B % TUNEL 5] S8 E T, ok
2 WA TR I RGCs 4T 20 M A 5iie: , 4 A% 2 AR B £
PR ORI A AL TR TR

1.2.5 KRS EE PCR QMMM RA L VEGF,COX-2 &
MMP-2 ] mRNA Fix  FRHL 100 mg ARERZH L, WA P
IR A AR, Al Trizol 3742 HU B RNA, 3151 RNA 37
R & ok b, RSN, K0 RNA (957 &5 5
o BT g RNA(FIA RNA fiff7 T -80°Cuk4H ) , FIJH TransS-
cript Two-Step RT-PCR SuperMix 257 &5 15 B 45 RNA 2 5%
35| cDNA,-20 C KGR A7 . qRT-PCR ¥ 14k J{| TransStart
Top Green qPCR SuperMix &7 £, PCR Ji Jif /& 22 2 IR i3 W
BT, TSI (10 pM) 45 0.4 pL, #4% 0.5 pL,STBR
Premix Ex Taq Mix 10 wL, BAKZ K 20 pL, K 5544:95 C
3 min, 95 °C 30's,60 ‘C 30 s(FHUIEIFIG AL , #E4TF 40 4~
PEH . B 53#7 R F Bio-Rad CFX Manager {4 , A4 75 ik
L HIW RT-PCR P2 5 S, AHX 2 B AR A 270 7 ik
AT 4B . 2 i PCR i F 51 ¥ . VEGF I {if 51 9 )% %1
5-TCTCGCGTCCGTAGTAGCCGTGGTC-3', Fii# 5| ¥ J¥ 3]
5-TCTCCTCTTCCTTCCTC -3';COX-2 L iFg| ¥ e %l 5'-AT-
TACTGCTCAACGGGACC-3', N5 ¥ 74 5-CTCCACCAA
TGACCTGATA -3';MMP-2 5|4 F%1] 5'-CGTCCTGTGCT-
GCCTGTTGG-3', FiEs|¥F4| 5'-GCATCTTCTTGAGGGTA
TCTTTC -3'; H: N5 5% GAPDH L ¥if 5| ¥ J¥ %1 5-AC-
CACAGTCCATGCCATCA-3', | iif 51 ® F¥ % 5'- GGTC-
CTCAGTGTAGCCCAAG-3', 8 FEMmER 3 IR,

1.2.6 Western Blotting #& il # | f&% 48 28 &f VEGF.COX-2 &
MMP-2 FIE B FRiE  HURERAZ1 100 mg, MMA 1 mL 24f#%
WL MR AL A, Z 5 5B % 1.5 mL B0, 4°CHIK
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TRELHLH 12000 rpm #5010 min, B E3E, #1F BCA 575 &
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A PBST ¥ =1k, &k 10 min, ZIRFM T T ZH0 1 /6T, 05
B PURYRERI A PBST PE =1k, &R 10 min, 1| F & G (4,
i PR R BRI AR R G A T UGS R LA o BT, S o
B K EEATRR, 54 5 NS A GAPDH (1L
HITRE AR R IR
L3 Git=E o

A AR SPSS24.0 it 2= A TAL ], T BER

A% BRui 22 (xxs ) FR , FFG IEZS 20 A0 (R 500E 41 0] L 3%
KA R, KIRARHER E N o=0.05,

2 BR

2.1 FREBFRFRBMER AR EAERS RGCs BTHER ST

TEH X R4 HOMA-IR A9 & i GLUT-1,GLUT-3 |
RGCs T AR TR s PAPEXTIRAL . A UA 42l
HOMA-IR | L% 5 & 4 4 . GLUT-1 ,GLUT-3 \RGCs Ji T~ %A
TR, HFE UA TR AT R MR (2 P<0.05). 45
L 1

* 1 BB RGBSR N RS RCCs BTIER A (v2s)

Table 1 Analysis of insulin sensitivity, intraretinal glucose metabolism and RGCs apoptosis( xzs )

Groups N HOMALIR Retinal sugar content GLUT-1 GLUT-3 RGCs apoptosis rate
(nmol/mg protein ) (nmol/mg protein)  (nmol/mg protein ) (%)

Normal control group 10 2.56x 0.35% 37.92+ 4.19*% 12.83+ 2.26* 5.32+ 0.62%* 8.36% 0.92*
Model group 10 4.94+ 0.51 196.26% 33.41 49.82+ 5.92 19.92+ 2.37 29.92+ 4.82

Positive control group 10 3.71x 0.31* 9291+ 21.02* 37.82+ 4.01* 13.02+ 1.23* 19.02+ 3.02*
Low dose UA interference group 10 4.19% 0.27* 99.17+ 23.06* 45.13+ 3.28* 17.21+ 1.02* 25.92+ 2.88*
Mid dose UA interference group 10 3.51% 0.22* 92.93% 19.17* 36.93% 2.99* 13.92+ 0.82** 17.93+ 2.01*
High dose UA interference group 10  2.86+ 0.19%% 4493+ 18.92%% 24.99+ 1.02%% 8.24+ 0.27*% 8.92+ 0.71**%

Note: compared with the model group, *P<0.05; compared with the low dose UA interference group, “P<0.05; compared with mid dose UA interference

group, P<0.05.

2.2 MMELALH VEGF,COX-2 & MMP-2 ] mRNA Fik
1E# %821 VEGF, COX-2 }2 MMP-2 mRNA {3k A%
TFAGAIL ; BHEXT R4 AN [FFlE UA 4841 VEGF, COX-2 K&

MMP-2 mRNA [y ik i I BACFAERIA], ABE UA T4 i
BT TR (3 P<0.05), 25 SR L3 2,

* 2 IMPEAL  VEGF,COX-2 B MMP-2 i mRNA i (xs )

Table 2 mRNA Expression of VEGF, COX-2 and MMP-2 in retina tissues( xzs )

Groups n VEGFmRNA COX-2mRNA MMP2mRNA

Normal control group 10 0.33% 0.03* 0.16+ 0.02* 0.15+ 0.03*
model group 10 1.09% 0.16 0.78+ 0.15 0.86% 0.14

Positive control group 10 0.45% 0.03* 0.44% 0.07* 0.43% 0.12%
Low dose UA interference group 10 0.92+ 0.16* 0.68+ 0.11* 0.76+ 0.05*
Mid doseUA interference group 10 0.74% 0.05** 0.51% 0.12** 0.62+ 0.06*"
High dose UA interference group 10 0.51+ 0.02*% 0.42 0.04*% 0.44% 0.09*%

Note: compared with the model group, *P<0.05; compared with the low dose UA interference group, “P<0.05; compared with mid dose UA interference

group, “P<0.05.

2.3 MpEHELRAH VEGF,COX-2 & MMP-2 IEHRIE
TE#%HRZ] VEGF, COX-2 & MMP-2 )ik =ik T Al

A BHEXS IR

. RIFFH UA T4 VEGF, COX-2 &

MMP-2 )RR AR TR, HEE UA T304 T = ke

(3 P<0.05), 25 B0 3,

3 ¥ig

DR AL 190 [ A8 A4 SR D I S v e ™ B ) Bl
AL Z — , WIRME R I T AAEAE IR AR A 2 2R BUE AT, K
ST v MU RS , R O 10 S 2 U 255 1R I

A EBEVESCE , A AR RO S A sk i S BOR R A= 1M
A L, X R OB e JI R , 7 B 25 0 S R 03 AR
X BRI T SBOR AN, 7 R RO o R A
TR BIFSE AW, U | I 25 22 DR 2% R e 2 PR PR
PR AL 19 A LR 5 T PR AL I Ji 22 19 A ML ) 224
AR BN P, UA T2 A7 TR, R — A A Ry
HRIE PR AP 5T, UA X TR0 5 136 (9 4% P R HAT — RE 19
IR, Hm i Al R e i 0 R A D )
P KT e PR R 14 AR P RS R, SR DD Wi B 5
BRI O ULET 24l P00 0o M Bk 10 358 1 2 o B R AT,
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% 3 WML LT VEGF,COX-2 & MMP-2 B E Rk (xts )
Table 3 Expression of VEGF, COX-2 and MMP-2 in retina tissues( x=s )
Groups n VEGF COX-2 MMP2

Normal control group 10 0.14% 0.03* 0.11% 0.02* 0.24% 0.04*

Model group 10 0.78+ 0.14 0.41+ 0.04 0.63+ 0.18

Positive control group 10 0.39+ 0.03* 0.28+ 0.03* 0.42+ 0.07*

Low dose UA interference group 10 0.53% 0.07* 0.36+ 0.03* 0.53+ 0.06*
Mid dose UA interference group 10 0.42+ 0.08** 0.29+ 0.02*" 0.44% 0.07*
High dose UA interference group 10 0.32+ 0.06** 0.22+ 0.03**% 0.37+ 0.04%*

Note: compared with the model group, *P<0.05; compared with the low dose UA interference group, “P<0.05; compared with mid dose UA interference

group, “P<0.05.

UA X 05 JRI 5 B0 2 FhF R B — 2 a7 S 7E
FH, FEXE /I BRI P RS0 258 114 5 ) SCRR R 4580, PR AS T 9%
BERFEA R B UA X 08 R /1 B AR 90 RS 722 1) 52 M S A
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AHFFTSE F e, IEF % BB 20 HOMA-IR 4 R JIE6 5 o |
GLUT-1 ,GLUT-3 A S B8 - AR TR A s 2 T4, B
XFHRLH . ARTR G UA T4t 41 HOMA-IR . # W i B |
GLUT-1 ,GLUT-3 MBI T TR, H UA T4
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TR, 3875 UA ELA AR ) 2 s , a2 D400 100 6 A
Er IR o 2 R BRI B L] s BIRRAE 2 e ) AR H,
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TG, W B RS, A0 S Bt BRI e 8
GLUT figtg = 5 i i 4 5 0y Qg 7% , GLUT-1 &5 GLUT-3
REAS A0 5 A M 2o I - A0 P B e 24 L i e (I —
TR L RE 0 S WAL I s A2 1 L, UA A 7 )5 GLUT-1 5
GLUT-3 &8 B, 488 UA XTI/ UL R0 e 28
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TAT-E o ASHIFST 45 B30 B 7 1E % Yo HE 20 10 190 IS 441 230
VEGF .COX-2 % MMP-2 J% H: mRNA % ik & I & 16 T4
A, THEBHEX R, ANFEFIE UA TPogi ol Mg 2
VEGF ,COX-2 & MMP-2 & F mRNA % ik & B i AL T #17
20, BB UA T-H70 8 00 = i RS, 3278 UA X0 RS A
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JL 1 A P R A, 3 e A R SR R R A 5
TRz AN KA Al GEE L) RO A, UA S8 3 i VEGF
MIFRIK, VDA A R AR B, S0 R DO R A 1 7 A
MMP-2 J2: i 100 190 S A i 85 T A A B 2240 IR F , UA i
T D5 VS5 50 4 &/ 5 TR A0 ) 397 A /8 R T g, 9 1)

TN BN A B B DR LA I R R, 0 I R £ 1t

ERTERE, COX-2 ULTEM PRI L 10 5 12 14 A K S A il 7

TR SCHEAE T, UA T LLE ] COX-2 ik, ikl H:

A, BH 1L COX-2 e 53t (RHPEREAR , 4107 40 0 P 1M 5 PN B2 4

MUAG PR T B9 UA T8 400 8 B /1 BRI I 742 1 A8

VEGF,COX-2 St MMP-2 [y 55 5 3k s A , 0 A i 4 )

T, G IR I HERER
25 LR AR UA ST R0 B 22 i 2 AR HAT A [+)

PRI, i) UA AR RS B . HAm A F oy

A5 PR AR IR 5 2R AU S5 P R JEE P R AT, 17 RGCs 14 17

T2, 4] VEGF,COX-2 Jz MMP-2 {%% 5 5 Bk B A G
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