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To investigate the mechanism of sodium tanshinone IIA sulfonate inhibiting hypoxia induced retinal
neovascularization in rats. Forty 7 d old clean grade C57BL/6J male neonatal rats were randomly divided into
control group, model group, low-dose group and high-dose group. The control group was kept in normal air
for 10 d. Oxygen-induced retinopathy was studied in the model group, low-dose group, and high-dose group
30 mg/kg sodium tanshinone IIA sulfonate. The body weight of mice in all groups was measured on the 12
and 17" d after birth, and the area without perfusion around the optic disc was observed and calculated. The
number of neovascular endothelial cells was calculated using hematoxylin and eosin staining. The expression
of vascular endothelial growth factor, vascular endothelial growth factor-2 and hypoxia-inducible factor-1
were detected by Western blot. The no perfusion area around the optic disc in the model group was raised than
that in the control group, and the no perfusion area around the optic disc in the low-dose group, and high-dose
group was reduced than that in the model group (p<0.01). In the model group, the inner limiting membrane
of retina was proliferated and disordered, and the surface was not smooth; in low-dose group, smooth limiting
membrane of the retina, and a small number of endothelial cells could be seen breaking through the limiting
membrane; in the high-dose group, the limiting membrane of retina was relatively complete and smooth, and
the tissue structure of each layer could be seen. The number of neovascular endothelial cells in the model
group was raised than that in the control group, and the number of neovascular endothelial cells in the low-
dose group, and high-dose group was reduced than that in the model group, as the dose increased, it decreased
(p<0.01). Vascular endothelial growth factor, vascular endothelial growth factor-2 and hypoxia-inducible
factor-1 in low-dose group, and high-dose group were raised than those in control group, and those proteins
expression level of in model group was reduced than control group, as the dose increased, it decreased (p<0.05).
Sodium tanshinone ITA sulfonate can inhibit hypoxia induced retinal neovascularization in a dose-dependent
manner, and its mechanism may be related to the regulation of vascular endothelial growth factor pathway

related proteins by sodium tanshinone IIA sulfonate.
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The formation of retinal neovascularization is one
of'the serious complications of intraocular diseases.
The accompanying pathological symptoms such as
hemorrhage, hyperplasia and exudation seriously
damage the structure of the eye and its function,
thus leading to visual impairment and even
blindness in patients!'). The current methods of
clinical treatment of retinal neovascularization
include surgery and laser treatment. The surgical
treatment is difficult, expensive and has a higher
incidence of complications and fewer clinical
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applications!?. Laser surgery has certain side
effects and increases the patient's pain®. Therefore,
finding a safe and effective drug that effectively
inhibits retinal neovascularization has become
the focus of attention of ophthalmologists both at
home and abroad. Sodium tanshinone IIA sulfonate
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is an effective monomer extracted from the
traditional Chinese medicine Salvia miltiorrhiza
(S. miltiorrhiza), it has the effects of scavenging
oxygen free radicals, placing myocardial damage,
and inhibiting the function of white blood cells,
placing myocardial infarction, and ischemic
heart disease, pulmonary hypertension, and
chronic obstructive pulmonary disease often
require its use*¢. High glucose-induced retinal
neovascularization can be inhibited by tanshinone
ITA sodium sulfonate, according to recent studies,
and the effect of retinal neovascularization caused
by hypoxia is not yet clear!”. In this experiment,
forty 7 d old clean-grade C57BL/6J male neonatal
rats were used as observation subjects to analyze the
mechanism of tanshinone IIA sulfonate inhibiting
hypoxia-induced retinal neovascularization in rats.

MATERIALS AND METHODS
General information:

Experimental animals: Forty 7 d old clean-grade
C57BL/6J male newborn rats were selected and
bred together with lactating female rats, provided
by Guangdong Medical Experimental Animal
Center. This experimental animal was operated
in accordance with the "Regulations on the
Administration of Laboratory Animals".

Experimental gas: A mixture of nitrogen and
oxygen (75 % oxygen+25 % nitrogen) was used,
provided by Guangzhou Iron and Steel Co., Ltd.

Experimental drug: With a purity of >98 %,
tanshinone IIA sodium sulfonate is provided by the
National Institute for the Control of Pharmaceutical
and Biological Products.

Methods:

Forty C57BL/6J male newborn rats were randomly
divided into the Control Group (CG), the Model
Group (MG), the Low-Dose Group (LDG) and the
High-Dose Group (HDG). The CG was kept in
a normal air environment for 10 d, and the MG,
LDG and HDG were constructed. The model of
retinopathy induced by oxygen was placed in an
autophagy closed container, and the oxygen flow
was adjusted to maintain 75 %+2 %. Soda lime
was placed at the bottom of the container to absorb
the Carbon dioxide (CO,) exhaled by the mice.
The mice were kept in the container for 5 d and
then placed in a normal air environment for 5 d
and raised for 5 d. The LDG and HDG were given
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intraperitoneal injections of 10 mg/kg and 30 mg/
kg of tanshinone IIA sodium sulfonate from the
1*t d of modeling, and the CG and MG were given
intraperitoneal injections of the same amount of
normal saline.

Observation indicators:

Mice were measured for their body weight at 12" d
and 17% d after birth in each group.

Retinal preparation: After weighing on the 17"
d, the mice were sacrificed by neck dissection, and
the eyeballs were placed in Eppendorf (EP) tubes
and fixed with 4 % neutral paraformaldehyde. The
sphere with small surgical scissors was cut and the
retina was peeled. It was washed with PBS, placed
in blocking solution, blocked at 4° overnight, add-
ed Fluorescein Isothiocyanate (FITC)-conjugated
isolectin B4, and avoided light for 5 h at room
temperature; it was washed with Phosphate Buffer
Saline (PBS), the retina was placed under a micro-
scope, 5 incisions were made on the retina with
small surgical scissors, and placed on a glass slide.
The non-perfusion area around the optic disc was
measured under a fluorescence microscope.

Hematoxylin and Eosin (HE) staining: After
weighing on the 17" d, the mice were sacrificed
by neck dissection, and the eyeballs were placed
in EP tubes and fixed with 4 % neutral paraform-
aldehyde. Paraffin sections were taken, dewaxed
with xylene, rinsed with Double Distilled Water
(DDW), rinsed with gradient alcohol, rinsed with
DDW, 2 drops of hematoxylin dye solution was
added to each section, stained at room temperature
for 10 min, rinsed with tap water for 3 min. 1 drop
of 1 % hydrochloric acid ethanol was added to each
slice, the color was separated at room temperature
for 10 s, rinsed with DDW, 2 drops of 1 % Eosin Y
dye solution was added to each slice, stained for 5
min at room temperature, rinsed with tap water and
alcohol gradient, 1 drop of resin was dropped to
mount the slide. A microscope was used to observe
the pathological changes of the retinas of mice in
each group, and the number of nuclei of neovascu-
lar endothelial cells was calculated.

Western blot: The Vascular Endothelial Growth
Factor (VEGF), VEGFR-2 and Hypoxia Induci-
ble Factor Alpha (HIF-0) of each group of mice
were monitored by Western blot. After taking out
the sample, it was broken with an ultrasonic pul-
verize, lysed on ice for 30 min, and centrifuged
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at 14 000 rpm for 15 min at 4°. Take supernatant
and determined the protein concentration. Sodium
Dodecyl-Sulfate Polyacrylamide Gel Electropho-
resis (SDS-PAGE), membrane transfer, immune
response were performed. The color of the bands
obtained by Western blot was developed by the
Enhanced Chemiluminescence (ECL) kit. Pictures
were taken by the BIO-RAD gel imaging system
and the gray value of the protein band data was
analyzed. Glyceraldehyde 3-Phosphate Dehydro-
genase (GAPDH) was used as the reference pro-
tein to calculate the relative expression of Vascular
Endothelial Growth Factor A (VEGFA), VEGFR-2
and HIF-1a proteins.

Statistical methods:

The data in this study were all used Statistical
Package for the Social Sciences (SPSS) 20.0 soft-
ware for statistical data analysis. The compari-
son of all measurement data conforming to the
normal distribution was expressed as (x+s), the
comparison between multiple groups was by sin-
gle-factor analysis of variance, and the pairwise
comparison was done by Student—Newman—Keuls
(SNK)-q test; enumeration data were expressed as
percentages, and the Chi-square (y?) test was used
for comparison between groups. The statistical re-
sults were statistically significant at p<0.05, and
4p<0.05 compared with the CG; ®p<0.05 compared

with the MG and ¢p<0.05 compared with the LDG.

RESULTS AND DISCUSSION

At 12 d, mice in each group had similar body
weights; at 17 d, the weight of mice in the MG
was reduced than that in the CG, and the weight of
mice in the LDG and HDG were raised than that in
the MG, and it increased with the increase in dose
(p<0.01) as shown in Table 1.

The non-perfusion area around the optic disc of
mice in the MG was raised than that of the CG.
The non-perfusion area around the optic disc of
mice in the LDG and HDG was reduced than that
in the MG, and with increasing doses, the effect
decreased (p<0.01) as shown in Table 2.

In CG, the Internal Limiting Membrane (ILM) of
the retina was intact and smooth, and the tissue
structure of each layer was clearly visible. In the
MG, the ILM of the retina appeared proliferation
and disorder, and the surface was not smooth. The
endothelial cell nucleus that broke through the
ILM could be seen, either alone or in clusters, or
forming a capillary wall containing several red
blood cells; in the LDG, the ILM of the retina
was smoother, and a small amount of endothelial
cell nuclei that broke through the ILM were seen;
in the HDG, the ILM of the retina was relatively
complete and smooth, with various layers of tissue
structure visible as shown in fig. 1.

TABLE 1: CHANGES IN BODY WEIGHT OF MICE IN EACH GROUP

Group Case 12 d weight (g) 17 d weight (g)
Control 10 5.15+0.14 8.12+0.56
Model 10 4.95+0.21 5.01+0.182
Low dose 10 5.08+0.16 6.24+0.24%
High dose 10 5.12+0.18 6.8520.36%¢
F 2.551 125.59

p 0.07 <0.001

Note: 2p<0.001; 2°p<0.001 and 2**p<0.001

TABLE 2: THE NON-PERFUSION AREA AROUND THE OPTIC DISC OF MICE IN EACH GROUP

Group Case Non-perfusion area (%)
Control 1.28+0.21

Model 16.52+2.182

Low dose 12.52+2.85%

High dose 4.82+1.07%¢

F 138.254

p <0.001

Note: 2p<0.001; 2*p<0.001 and 2**p<0.001
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Fig. 1: Pathological analysis of HE staining of mice in each group, (A): CG; (B): MG; (C): LDG and (D): HDG

The number of neovascular endothelial cell nuclei
in the MG was raised than that of the CG. The
number of neovascular endothelial cell nuclei
in the LDG and HDG was reduced than that of
the MG, and with increasing doses, the effect
decreased (p<0.01) as shown in Table 3.

The levels of VEGFA, VEGFR-2 and HIF-1a in
the MG were raised than those in the CG. The
levels of VEGFA, VEGFR-2 and HIF-la in the
LDG and HDG were reduced than those in the MG,
and increased with the dose increase (p<0.05) as
shown in Table 4.

Retinal ischemia hypoxic eye disease is a serious
intraocular disease. Presently, most studies
believe that factors such as ischemia, hypoxia,
inflammation, tumors and trauma can lead to the
formation of retinal neovascularization. Among
them, ischemia and hypoxia are the most common
factors. Retinal ischemia-hypoxic eye disease
has become a killer to deprive the light of the
people. Retinal neovascularization is a common
complication®®. There is an urgent need to explore
the mechanism of retinal neovascularization and
find drugs to treat it.

S. miltiorrhiza is a plant of the Salvia family
Lamiaceae, and is the main source of a large
number of active natural products. Among them,
the fat-soluble components and water-soluble
components are active and have a wide range of
clinical applications®. Tanshinone ITA sodium
sulfonate is a fat-soluble active ingredient extracted
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from the rhizome of S. miltiorrhiza, and it is also
one of the most active fat-soluble components
in S. miltiorrhiza®. Recent studies have found
that tanshinone IIA sodium sulfonate can slow
the proliferation of vascular intima by inhibiting
the proliferation of vascular smooth muscle
cells!''l. However, there is no research report on
the biological effects and related mechanisms
of tanshinone IIA sulfonate on hypoxia-induced
retinal vascular endothelial cells.

The non-perfusion area of blood vessels is caused
by the reactive contraction of retinal blood vessels
under hypoxic environment, which can stimulate
the formation of abnormal new blood vessels in
the corresponding areal'?. In this experiment, we
compared the non-perfusion area around the optic
disc by retinal spreading technology to analyze
the degree of disease and the treatment effects,
and found that the non-perfusion area around
the optic disc in the MG was raised than that in
the CG, and the non-perfusion area around the
optic disc in the LDG and HDG were reduced
than the CG, it decreases with increasing dose,
suggesting that tanshinone IIA sodium sulfonate
can slow down the process of hypoxia-induced
retinal vasoconstriction, and it is drug-dependent.
Under normal circumstances, the structure of each
layer of the retina is tightly arranged, and the
cell nucleus does not break through the ILMI!.
In this experiment, HE staining of pathological
tissue staining analyzed the degree of disease

September-October 2023



www.ijpsonline.com

and the treatment effect of tanshinone I1A sodium
sulfonate by the cell nuclei number that broke
through the ILM and found that the number of
neovascular endothelial cell nuclei in the MG
was raised than that of the CG. The number of rat
neovascular endothelial cell nuclei was reduced
than that of the MG, and decreased with increasing
dose, suggesting that the sodium tanshinone IIA
sulfonate can maintain the structure of each layer
of the retina and slow down the damage of hypoxia
to the retina structure.

The formation of new blood vessels is a complex
biological process dominated by endothelial
cells!". VEGF is a strong stimulator of endothelial
cell-specific mitogen and angiogenesis, it can bind
to receptors to participate in the angiogenesis
process under pathological or physiological
conditions, and is considered to be a key factor
involved in the formation of neovascularization!'s.
In the process of retinal angiogenesis, up-regulates
the level of VEGF, and then activates VEGFR-1
and VEGFR-2 to regulate the angiogenesis

process!!®l. Batchelor et al.l' found that activation
of VEGFR-2 can stimulate endothelial cell
proliferation and survival, and can also induce
angiogenesis and increase in microvascular
permeability. HIF-1a is a transcription factor that
exists as a heterodimer!'®]. Studies have shown that
hypoxia increases the expression of HIF-1oa mRNA
and protein, as well as promoting the transcription
of VEGF downstream. In this experiment, the
levels of VEGFA, VEGFR-2 and HIF-1a proteins
in the MG were raised than those in the CG, and
those in the LDG and HDG were reduced than MG,
suggesting that tanshinone IIA sodium sulfonate
can inhibit retinal neovascularization in mice, The
VEGF pathway may be involved in the regulation
of these proteins.

In conclusion, the sodium tanshinone IIA
sulfonate can inhibit hypoxia-induced retinal
neovascularization in rats, and the effect is dose-
dependent. It is possible that sodium tanshinone
ITA sulfonate regulates proteins involved in the
VEGF pathway.

TABLE 3: COMPARISON OF THE NUMBER OF NUCLEI OF NEOVASCULAR ENDOTHELIAL CELLS OF

MICE IN EACH GROUP

Group Cases Number of nuclei of neovascular endothelial cells
Control 10 2.16+0.37

Model 10 52.87+20.192

Low dose 10 26.37+10.59%

High dose 10 14.67+2.89%c

F 35.412

P <0.001

Note: 2p<0.001; 2°p<0.001 and 2**p<0.001

TABLE 4: COMPARISON OF VEGFA, VEGFR-2 AND HIF-1a PROTEIN EXPRESSION OF MICE IN EACH

GROUP

Group n VEGFA VEGFR-2 HIF-1a
Control 10 0.73+0.09 0.62+0.07 0.31+0.06
Model 10 0.96+0.06° 0.93+0.09° 0.70+0.032
Low dose 10 0.46+0.08* 0.39+0.12% 0.51+0.09*
High dose 10 0.35+0.032¢ 0.16+0.132< 0.41+0.0120¢
F 158.367 97.67 87.22

P <0.001 <0.001 <0.001

Note: 2p<0.001; 2°p<0.001 and 2**p<0.001
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