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Abstract: Diabetic retinopathy (DR) is a diabetic ocular complication that can lead to poor vision and
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blindness. This experiment aimed to investigate the ameliorative effect and its mechanism of Panax notoginseng
saponins (PNS) eye drops on streptozotocin (STZ)-induced non-proliferative diabetic retinopathy (NPDR) in rats.
All experiments were approved by the Animal Research Committee of Shanghai University of Traditional Chinese
Medicine. Animal welfare and the animal experimental protocols were strictly consistent with related ethics
regulations of Shanghai University of Traditional Chinese Medicine (No. PZSHUTCM 211115004). Diabetes
mellitus was induced by a single intraperitoneal injection of STZ into rats. Two months later, PNS solution was
dropped binocular twice per day at 6 h intervals at dose of 20, 40, and 80 mg-kg" continuously for 1 month. The
morphological structure and activation of microglia of the retina were observed by hematoxylin-eosin staining and
immunohistochemical assay. The disruption of the blood-retina barrier (BRB) was conducted by the Evans blue
dye leakage assay. The number of acellular capillaries in the retina was assessed by digesting and hematoxylin-
eosin staining assay. The number of retinal leukocyte adhesion was observed by fluorescein isothiocyanate-coupled
concanavalin A lectin labeling assay. The serum expression of inflammatory factors was measured using enzyme-
linked immunosorbent assay. Western blot experiments were used to detect the expression of relevant proteins in
retinal tissue and transcriptional activation of nuclear factor kappa-B (NF-xB). The results revealed that PNS eye
drops significantly increased the thickness of the retina, decreased the number of acellular capillaries, and
up-regulated the expression of the tight junction proteins claudin-1 and occludin, thereby alleviating BRB damage.
In addition, PNS eye drops were also able to significantly reduce leukocyte adhesion and microglia activation, the
expression of inflammatory factors in serum, and the nuclear translocation of retinal p65 proteins, effectively
inhibiting the occurrence of retinal inflammation. The above results showed that PNS eye drops played a role in
improving NPDR by inhibiting the activation of the NF-xB signaling pathway and reducing inflammation.
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Figure 1  Effect of Panax notoginseng saponins (PNS) on body weight (A) and fasting blood glucose (FBG, B) in diabetic rats. n = 20,

x£s. P <0.001 vs control group. Control: Control group; DM: Diabetes mellitus group
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Figure 2  Effects of PNS on retinal morphology and structure and inner nuclear layer (INL) thickness in diabetic rats. A: Hematoxylin-

eosin (HE) staining of retinas. Scale bar: 50 pm; B: Quantitative analysis of retinal INL thickness. n = 4, X = 5. ™P < 0.001 vs control group;

""P<0.001 vs DM group

S,
LV % | /
B PNS (20 mg-kg™)
5 15
% il i
EEIO i . .
oz
885
S o
g
=
Z 0
> 2 N
& S ANV
& Q&% & ®
fF &
RS

Figure 3 Effect of PNS on retinal acellular capillaries in diabetic rats. A: Typical diagram of acellular capillaries in retinal tissue. Scale

bar: 100 pm, black arrows indicate acellular capillaries; B: Quantitative analysis of the number of acellular capillaries. n = 4, x + 5. P <

0.001 vs control group; "P < 0.05 vs DM group
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Figure 4 Comparison of the amount of Evans blue dye leakage
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in the retina of rats in each group. n = 6, X + 5. “P < 0.01 vs control

group; P < 0.05 vs DM group

(P<0.001), F PNS ¥ HR 25 24 (20,40 F180 mg-kg™)
HBIT IS, B8 R DR BSAL X S I A P R A 1 R
P 5 1 1 48 0 g B S % (P < 0.01, P < 0.001, P <
0.001, & 7).
8 ELISA#&M I 7E P RIERFRIFRIE

5 TE S0 R ZE K B B, A28 2 PR KRR 1 i
7 11 TNF-a. IL-6 F1 IL-15 () ik & 8 % T SRR
HAH L, PNS AR AR 45 2 (20,40 1 80 mg-kg") VAT
AT DL 2 AR PR K BRI IS A TNF-o IL-6 F1IL-18
P25 (1 8).
9 NF-«B R RHENHIFAR

5 1E 56 R ZE R R B, A 7R 2B PR A R BRI Y
JIEE 40 23 b A% p6S R R IA E RN (P < 0.001); 5
U2 AH EE, PNS ¥ 9 R 45 25 (2040 A180 mg-kg™) ¥
705, B IR K BRI F p6s 1 (A R IA & W T kb
(P<0.05,P<0.01, P<0.001, & 9),

g

DR 52 18 2 47 VE A PR 3 S50 AL 1 L 6 95
TR AN BELZE, S W PR H I A SO R A RE 2 —, a2
BALR R AR B R R . K b, DR 32 23R
NMEARNE ML B RN, R R, H R

A B
150
Claudin-1 |-"- — — -|
£
Occludi gz
ccum‘-----| <$E 1004
=]
5 o
At | - -] 2
T e 50
§ I & & & =
& 5% @40 g‘?a
S o 0-
O
o © o
&8

A& WU, DRARYE /& 15t BLE AR I 4 9 NPDR Al
PDR™, 7E KRR AL o, 3 5 R ) STZ it A8 5 WL 54 i A~
H, %2514 H 8IS 5 €0t 78 2590 % NPDR K B
245 216,

£ NPDR K BRURE AL rr ) 0 I 52 o 22 2 1 30 5 A
E L 453405 22 T, 22 30 DA R o 5 4 i 98 - 00 R A
JIE R AR A 22 e iE sh e kT S5 R EOR, PNS
TR IR 25 25 1A J1 5 Sl 35 0] 17 0 D I Aot 20 4 L S 457
i, AR T AR . BRB R IR 51k [ RR K 5
108 375 VA 8 R R IO B L A T e P 451 40 1 T SELRRAGE, TG
21 7 20 L7 3 T A DX B L TR S S A A 1) B SRR
ko AHIF FE I8 I B S SR GRS T S 50 W0 S A0 19 i 1)
I8 Dy e, T 4 B 6 41 ifi 87 S 56 M IURR I JEE i A 1 T
5, 45 0 7R PNS ¥ W 1 IR 25 24 0] LA S, 225 4 82 400 RK) gt
MERBIE . REEREEOMNEREELS BRB A
YA . BRB H PRI &80 B R 2H B, G H AR R g
[ P4 5 BRB FH AW P 5 5 40 1058 P B2 400 M 2 0] 1) 5 %
B AL, 1 BRB EH AW 5 5 3% 1 Bz 4 2 [a) 1Y) 55
AR, Claudin-1 F1 occludin A& 32 % 1) 5 %5 1%
HEA, WYEFEBRB e B 2 0 EEY, HEAR
K YE > S N BRB IR . PNS VA R IR 45 245 B
8 1L #8 0 claudin-1 Al occludin 25 A ) R 15, )i /> BRB
BRI . USRS S AL FE P (electroretinogram, ERG)+
I 2= A T W J2 9 5 (optical coherence tomography,
OCT) %5 HR JiS & S B AR, Kt BE 58 55 in B0 1 W 540 94
JIES T 25 A I A 1R AR Ak

RAEF TN A A2 DR K JE FUBAL I — AN R 3R .
/NI 5 2 I RR IO ) S e 4 R, HE A 2 5 S
X 58 PR 450 1 2B Tha-1 A& — AN FH 17N B i
ML) AR B . ARSI S5 R ROR, PNS W U AR
45 2 5 He W D8 /b Tba-1 (1) B &, #0061 /N Jie J5T 240 e 7D 3
e MLAN, FERRESFAF T, B4 MRIT R IR 1G9k, B
2T 8% PR 6 A0 DX B L P B2 b DIR HP 5&0E AT AU 1
FREAE 2 — PO ] 80N Rz 4 i 451 4 AR BE W BRB Al 38

m= Control
= DM
I PNS (20 mg-kg)
. X PNS (40 mgkg!)
i W =3 PNS (80 mg-kg™)
T #
HE#
Claudin-1 Occludin

Figure 5 Effect of PNS on retinal claudin-1 and occludin expression in diabetic rats. A: Typical bands of claudin-1 and occludin protein

expression in retinal tissues; B: Statistical plots of quantitative analyses of claudin-1 and occludin proteins in retinal tissues. Results

expressed as a percentage of controls. n =3, x +s. “P<0.01, ™P < 0.001 vs control group; P < 0.05, P <0.01 vs DM group
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Figure 8 Effect of PNS on serum levels of tumor necrosis factor-a (TNF-a, A), interleukin-6 (IL-6, B) and interleukin-145 (IL-14, C). n =
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