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Abstract
e AIM: To investigate the mechanism by which
Shuangdan Mingmu Capsules alleviate retinal

inflammatory responses in mice with diabetic retinopathy
(DR) through the inhibition of the cGAS-STING signaling
pathway.

e METHODS:. SPF C57BL/6J male mice were first
randomly divided into two groups: a DR model group
(n=30) receiving daily intraperitoneal STZ injections (50
mg/kg) for 5 d, and a normal control group (n=10)
receiving equivalent sodium citrate buffer. After successful
diabetes induction, the mice were randomly divided into
model group, Shuangdan Mingmu Capsules group, and
positive drug group, with 10 mice in each group. The
Shuangdan Mingmu Capsules group received gavage with
Shuangdan Mingmu Capsules solution at a clinically
equivalent dose (11.2 g/kg), while the positive drug
group received gavage with Calcium Dobesilate solution
at an equivalent dose of 11.6 mg/kg. The model group and
the normal group received gavage with an equal volume
of normal saline. Each group of mice received gavage
once daily, and after 8 weeks of intervention treatment,
Evans blue staining was used to detect the retinal leakage
in each group of mice, HE staining was used to detect
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changes in the retinal tissue structure, TUNEL staining
was used to observe the apoptosis of retinal cells, and
immunofluorescence was used to detect the expression
levels of retinal Rhodopsin, Opsin, Ibal and GFAP.
Furthermore, Western blot was used to detect the protein
expression levels of ¢cGAS, STING, TNF-«, IL-6 and
IL-1B in the mouse retina.

¢ RESULTS :Compared with the normal group, the model
group mice exhibited increased levels of neuroretinal
leakage, retinal thinning, and elevated retinal cells
apoptosis, accompanied by upregulation of lbal and
GFAP expression levels in the retina, and downregulation
of Rhodopsin and Opsin expression. The protein
expression levels of cGAS, STING, TNF-«, IL-6, and
IL-1B in the retinal tissue were significantly increased. In
contrast to the model group, the Shuangdan Mingmu
Capsules group and positive drug group mice showed
decreased levels of neuroretinal leakage and retinal cells
apoptosis, along with downregulation of lbal and GFAP
expression levels in the retina, and upregulation of
Rhodopsin and Opsin expression. The protein expression
levels of cGAS, STING, TNF-«, IL-6, and IL-1B in the
retinal tissue were significantly decreased. However, there
was no significant difference between the Shuangdan
Mingmu Capsules group and the positive drug group.

e CONCLUSION: Shuangdan Mingmu Capsules exert
therapeutic effects on retinal inflammation and early
damage in DR mouse models, with the underlying
mechanism involving the inhibition of the cGAS-STING
signaling pathway.

e KEYWORDS: Shuangdan Mingmu Capsules; cGAS -
STING; diabetic retinopathy; inflammatory response
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factor— 1o, HIF — To) FIAR R B | 4% B F — kB ( nuclear
factor—kappaB , NF—«kB ) ik 7KF-, Ff- 40 i) i 487 P9 B2 A= K
F (vascular endothelial growth factor, VEGF) &3k | # i 1)
T PO B SR A i ) 2R B, 03 DR O B 4T, cGAS -
STING 3 #%5 NF—«B il & 4 RE W0 19 A DGR = 1%
P&, cGAS—STING i i 3= 22 38 1 13 790 40 i ot o 19
DNA BTG I fil % T #9140 = A0 4 40 M DX 9 7= 26,
M PRZE I F (tumor necrosis factor, TNF) AN %K -6
(interleukin—6,1L-6) Al H 40 il A 2 - 1B (interleukin— 18,
IL-18) , I e i i 2 RRE I Bl g 7, HHE
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U5 % [ (Roche ) 73 &, cGAS $i &  STING Hifk  TNF-a
PO IL-6 Bk (IL- 1B Hiik B 5 L1 5 ( Rhodopsin ) HT 14
5 GAPDH HU4& ¥ A Proteintech 23 ), #L 2 F ( Opsin) $i
1A Ibal HLi&  GFAP HLIKI H abcam /A W], STZ W H [
2 SR AL B B A BR A ) O SO e e e
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AT
122 AXXBIELRE AL 2 H/NRIE T SO g
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PR 25 P20 /N BRIB T k4 B B R 21 sl 2 | BH PR 25 4 5 X0
FPHI B g4 T o 3 25 5 X RO B IR FE RE 8 7E —
FEFERE AR il — 40 X B 57 % ( blood —retinal barrier, BRB)
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28531 TUNEL FHEA0 A5 (1) Rhodopsin Opsin GFAP Ibal
IERH 0.66+0.58 1.00+0.07 1.00+0.05 1.00+0.12 1.00+0.22
PRI 2 18.00£2.00° 0.25+0.02" 0.35+0.05* 6.78+0.97* 3.25+0.15°
X H e 9.00+2.00° 0.50+0.03° 0.63+0.05° 3.32+0.36° 1.80+0.09°

PR 245 20 9.00+1.00° 0.50+0.06° 0.62+0.07° 3.50+0.45° 1.74£0.11°

F 64.429 118.910 67.178 52.104 23.083

P <0.01 <0.01 <0.01 <0.01 <0.01

1 *P<0.05 vs 1F 4 ;°P<0.05 vs BERIZH
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E A A1 ) DA B DO JEE AR 10 A8 A B, B 1 B U L 98 % DR
RN RS A HE DR /N BB RS SO B H i
SN A AE B AR P AL, 25 SRR W UUPHBH H S % RE A%
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Rhodopsin A4 A 7 AT & BUAUSH I H i 9% R 1%
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Opsin— WL 52 A IR I 0 FRATTIRIARE & B H
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EFA R XSO H R #EA PS4
c¢GAS —”‘““p—-—nﬂﬂ——— 62 kDa
STING | S s s S S S s s s S o | ) (D),
TNF-a -——w——---’" 25 kDa
JL-6 | " e ovve GED SHED GHED swwn swwn s swen swne e | 23 kDa
IL-1p '<»--“'.'l!-----." 31 kDa
-
GAPDH | S-S s . o S - - 37 kD2
B 6 Western blot #ill&FH/NRMMIRAARAE G RIZFR,
x2 WHAHBREXNESHNRUMERALTRRIEKFEHNZIE xS
2H 5 cGAS STING TNF-a IL-6 IL-1B
EHEAH 1.00+0.25 1.00+0.14 1.00+0.13 1.00+0.13 1.00+0.32
FERIZH 4.49+0.63° 1.79+0.08* 1.83+0.25° 1.96+0.14* 4.45+0.46°
WOPHH B k2l 1.54+0.28° 0.99+0.11° 0.95+0.10° 0.88+0.08° 1.37+0.24°
FHM: 25 1.71£0.17°¢ 1.09+0.17°¢ 1.00+0.13° 1.01£0.21° 1.88+0.38¢
F 52.104 23.083 20.763 34.269 56.819
P <0.01 <0.01 <0.01 <0.01 <0.01

T P<0.05 vs IEH 4 ;°P<0.05 vs FiBI4
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i SEE

cGAS-STING {553 J# 15 5 A PE e B e Az e e v
PR A cGAS-STING {7 538 B 1) 3035 fiE
TR D 5 8 A5 2 I8, 6 & R RE 4537 . 24 cGAS X4
FfLJSE S R BUEE DNA #EAT RIS, i A6 & B2 A5 Al
cGAMP , JETI#E STING , JE MU Se e N2 . B, T4
ZJ#77 HF 3 (interferon regulatory factor 3,IRF3) Fll TANK
2551 B 1 ( recombinant TANK binding kinase 1,TBK1) ok
iRtk , 755 1 B4 &K (type 1 interferon, IFN— 1) Flfi
AN T3k BT A F2 I e A AFE R R,
Xt STING AT i R 845 T STING 0 451 30) v 0k 553 ik IR 5 15
S AR AN RS AL, O A B DA, B R /S
FUERLER STING J5 , BEAS MO8 A0 I 5 P4 Bz 4 s 2 | A
BN AEPE | 2R F 755 18 /0N UL 19X A P A
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B/ AR PP Y cGAS - STING 3 % e i HL A 3 35 1
ZARPE IS o TER [ T A I A DG B BE AR P (dry
age—related macular degeneration, dARMD ) £ 3 ) 75 BEAR ]

iR STING ) RNA ik E i, cGAS il STING Jii 3+
BRI €0 5 ] K2 PRI, % cGAS—STING 3 4 (14 41 g 1%
e ARMD R 98 E A B AZ B A E ) AR SRR &
PSP H e 2 B 0% 30 il 9L 5 cGAS—STING {5 53 [
BRI, O SO0 D0 S 20 AR T, e A 9B U , R AR AL )
PRAE N

ZE b, AR 5% 2% B OOLPE B B 9 58 3 9 3] cGAS -
STING 155 BTG 2 38 /1N BRI S 98 0 JS2 17 T 2 4 97+l
LA A OV SR, AR SCAT AR AE —E AR R 22 AL (1)
AR P4 B 49 52 56 2 WA U B B e 40 R % 410 1 400 I S ¢
$iE 2 cGAS—STING 15530 [ 0 |, it = F— 25 i (R 4
MOS256 . (2) BUPFIH H R4 X% cGAS-STING 15 5 1 #% %)
BRVE RPN A RR it — 20 W, S A 5T Sy XUPH ]
H I #ERT DR 34 T8 B 3 a
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{EE STl A B 7 e SO S B 2, DR R S 5 W BT SOk
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