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Abstract: Objectives: Ischemic ophthalmopathy threatens people’s lives and health. The herbal compound medica-
tion, Naoshuantong capsule, plays a critical role in the treatment of cardiac-cerebral vascular diseases; however, 
the roles and mechanisms of action of Naoshuantong capsule in ischemic ophthalmopathy is unknown. The ob-
jective of the present study was to determine the effect and mechanism of action of Naoshuantong capsule on 
ischemic ophthalmopathy in rats. Methods: In this study a rat model of ischemic ophthalmopathy was constructed 
using a high intra-ocular pressure-induced ischemia/reperfusion model. The effects of Naoshuantong capsule on 
ischemic ophthalmopathy were detected using electroretinography, and changes in retinal ultrastructure were ex-
amined by HE staining and electron microscopy. The mechanism of action of Naoshuantong capsule on ischemic 
ophthalmopathy was explored by immunofluorescence and real-time PCR. Results: Rat models of ischemic ophthal-
mopathy were successfully constructed by intra-ocular hypertension, which presented decreased amplitudes of the 
electroretinogram (ERG-b) wave and total retinal thickness, intracellular damage, increased expression of Bax and 
caspase 3, and decreased expression of Bcl-2. Treatment with Naoshuantong capsule attenuated the changes and 
damage to the ischemic retina in the rat model, inhibited the over-expression of Bax and caspase 3, and increased 
the expression of Bcl-2. Conclusion: Our study indicated that Naoshuantong capsule attenuates retinal damage in 
rat models of ischemic ophthalmopathy, possibly by inhibiting apoptosis.
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Introduction

Ischemic ophthalmopathy is an ischemic dis-
ease with obstructed blood supply in eye tis-
sues, especially the optic nerve and retina, 
which is caused by various factors, such as vas-
cular diseases, metabolic abnormalities, trau-
ma, surgeries, and ocular hypertension [1-4]. 
With the rapid development of the economy 
and changes in lifestyle, the morbidity rate of 
ischemic ophthalmopathy is increasing world-
wide, which severely threatens people’s lives 
and health. Once ischemic ophthalmopathy, 
such as ischemic optic neuropathy, central reti-
nal artery or vein occlusion, or glaucoma, 
occurs, there will be permanent damage to eye 
tissues, especially the optic nerve and retinal 
neuronal cells, and finally damage to vision. 

Naoshuantong capsule is a compound herbal 
medicine, which consists of extracts of five 
herbs (Cattail pollen, Radix paeoniae rubra, 
Rhizoma gastrodiae, Radix Rhapontic and 
Curcuma aromatic). Naoshuantong capsule 
has been shown to be effective in the treatment 
of various ischemic diseases, such as cerebral 
arterial thrombosis, myocardial infarction, and 
angina pectoris [5, 6]. It is considered that 
Naoshuantong capsule may have potential 
treatment effects on ischemic ophthalmopathy 
of the optic nerve or ischemic retinal injury; 
however, the effect of Naoshuantong capsule 
on ischemic ophthalmopathy is still unknown 
and needs to be studied. In this present study, 
we applied a high intra-ocular pressure-induced 
ischemic/reperfusion rat model, which can be 
considered as an ischemic ophthalmopathy 
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model, to investigate the effects of Nao- 
shuantong capsule on ischemic ophthalmo- 
pathy. 

Studies have found that apoptosis exists in the 
retina of ischemia/reperfusion injury animals, 
such as rat and rabbit models [7, 8]; however, 
whether or not Naoshuantong capsule has 
effects on apoptosis in ischemic ophthalmopa-
thy is unclear. In the current study we also 
detected several apoptosis-related factors to 
elucidate the potential mechanism underlying 
the Naoshuantong capsule effect on ischemic 
ophthalmopathy. 

Materials and methods

Antibodies and reagents

Goat anti-rabbit immunoglobulin (IgG) conju-
gated with horseradish peroxidase (GAR-HRP), 
goat anti-mouse immunoglobulin (IgG) conju-
gated with horseradish peroxidase (GAM-HRP), 
and FITC-conjugated goat anti-mouse IgG 
(FITC-GAM) were purchased from Biosource 
(Camarillo, CA, USA). Antibodies against Bax, 
Bcl-2, and caspase-3 were purchased from 
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, 
USA).

Naoshuantong capsule, which consists of 
extracts of five herbs (Cattail pollen, Radix pae-
oniae rubra, Rhizoma gastrodiae, Radix Rha- 
pontic, and Curcuma aromatic), was provided 
by Guangdong Southern China Pharmaceutical. 
The experimental dose was calculated accord-
ing to the dose based on weight; the adult dos-
age of the Naoshuantong capsule was 1.2 g/
day, and the dose for experimental rats of the 
Naoshuantong capsule was 3.6 g/kg/day. The 
dose of Nimodipine was 10 mg/kg/day, which 
served as the positive drug. All the drugs were 
dissolved in 2% sodium carboxymethylcell- 
ulose.

Animals

The present study was approved by the Ethics 
Committee of Zhongshan Ophthalmic Center at 
Sun Yat-sen University. All male healthy SD rats 
were purchased from the Animal Center of 
Southern Medical University in China. Rats 
were maintained on a 12-hour light-dark cycle 
and were allowed free access to standard 
rodent chow and water ad libitum. All proce-
dures were performed carefully and gently to 
ameliorate any extra suffering. According to the 
existing literature and our previous experience, 

a low concentration of chloral hydrate (450 
mg/kg) is safe for use in eye research involving 
rats [9, 10]. Therefore, chloral hydrate was 
used intraperitoneally for anesthesia in this 
present study. Rats were placed on a heating 
pad to keep warm during anesthesia. After all 
of the procedures and eyeball collections, rats 
were sacrificed using cervical dislocation under 
anesthesia.

Construction of a rat model of ischemic oph-
thalmopathy

A rat model of ischemic ophthalmopathy was 
constructed using high intra-ocular pressure 
induction [11]. Briefly, rats were anaesthetized 
with chloral hydrate (450 mg/kg) intraperitone-
ally. The right eyes of the rats were selected 
and tropicamide eye drops were used twice to 
fully dilate the pupils. An intravenous needle 
was used to puncture the anterior chamber. 
Equilibrium liquid was perfused into the anteri-
or chamber with the liquid level, at which a 110 
mmHg intra-ocular pressure was produced and 
an ischemic retina was induced. When the 
intra-ocular pressure was enhanced, the cor-
nea exhibited fog opacity, the fundus oculi was 
pale, and the red light reflection disappeared. 
The liquid level was decreased gradually to the 
same plane of the eyeball after 1 h and the 
puncture needle was removed. Then, the oper-
ative eye was treated with tetracycline eye 
ointment.  

Grouping and administration of the rat model 
of ischemic ophthalmopathy

The rat models of ischemic ophthalmopathy 
were randomly divided into the following 4 
groups: normal control group; model group; 
positive drug (Nimodipine) group; and Nao- 
shuantong capsule group. Eye tissues were col-
lected on the 1st, 3rd, 7th, 14th, and 28th days 
after ischemia/reperfusion. Each time point 
included 15 rats. Animals in the Naoshuantong 
capsule group were treated with Naoshuantong 
capsule by gavage. Animals in the positive drug 
group were treated with Nimodipine by gavage. 
Animals in the normal and model control groups 
received 2% sodium carboxymethylcellulose by 
gavage.

Monitoring method of ERG

The ERG-b wave was recorded using the ERG 
recording method, as previously described 
[12]. Briefly, rat animals were put in a dark room 
overnight. After the administration of anesthe-
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sia, pupils were dilated using cyclopentolate 
(1%) and atropine (1%). An electrode was placed 
in the tail of the rat and another reference elec-
trode was placed in the buccal mucosa. The 
gold electrodes on the corneas of rats were 
employed to record the ERG responses of the 
eyes of the rats at the same time with flash 
intensities of 1000 cd.s/m2 and 2000 cd.s/m2. 
The amplitudes of the b-wave were examined 
and analyzed in the analysis of retinal func- 
tion.

HE staining and retinal thickness

The eyeball samples were collected by cutting 
the median in the vertical direction through the 
optic nerve head for the following paraffin sec-
tions. The collected paraffin sections were then 
dewaxed, rehydrated, and incubated with the 
commonly used hematoxylin and eosin (HE 
staining) according to previous reports [12]. 
Then, the HE stained samples were observed 

under light microscopy. Under 20X magnifica-
tion, pictures of three consecutive microscopic 
fields from the optic nerve head to the periph-
eral retina were taken and the retinal thickness 
through the center point of each field was mea-
sured using ImageJ software. The average 
thickness of these 3 points was calculated and 
considered as the retinal thickness of this 
sample.

Electron microscopy

The collected rat eye samples were subjected 
to transmission electron microscopic analysis, 
as described previously [12]. Briefly, the eye 
samples were fixed with glutaraldehyde at a 
concentration of 2.5% for 36 h. The vitreous, 
lens, iris, and cornea in the anterior parts of the 
eyes were removed. The eyecup samples were 
cut into pieces and immersed in osmium tetrox-
ide. After dehydration in an ethanol solution, 
the samples were embedded in epon. Ultrathin 

Figure 1. Effects of Naoshuantong capsule on ERG.
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sections of samples were dyed with lead citrate 
and uranyl acetate. Finally, the prepared sec-
tion samples were observed under a transmis-
sion electron microscope. 

Real-time quantitative fluorescence poly-
merase chain reaction (PCR)

Extraction of tissue miRNA was performed as 
described previously using the RNA extraction 
kit, according to the directions of the manufac-
turer [12]. cDNA of each retinal sample was 
produced using designed primers and reverse 
transcriptase. The real-time PCR system was 
used in the real-time RT-PCR analysis with the 
same dose of cDNA. GAPDH simultaneously 
served as an internal control. Analysis of mRNA 
expression was performed using a standard 
PCR curve with GAPDH as a control. 

The sequences of the primers used in the cur-
rent study were as follows (primer sequences of 
5’ to 3’): Bax (NM_017059.2), CTGCAGAGG- 
ATGATTGCTGA and GATCAGCTCGGGCACTTTAG; 
GAPDH (NM_017008.3), TGCCACTCAGAAG- 
ACTGTGG and TTCAGCTCTGGGATGACCTT; cas-
pase 3 (NM_012922.2), GGACCTGTGGAC- 
CTGAAAAA and GCATGCCATATCATCGTCAG; and 
BCL-X-Long (U34963.1), GCTGGGACACTTTTGT- 
GGAT and GAGCCCAGCAGAACTACACC.

Bio-Rad CFX Manager Software 1.6 matched to 
the Bio-Rad CFX96 fluorescence quantitative 
PCR instrument was used in analysis of the flu-
orescence quantitative realtime-PCR data. The 
2^-ΔΔCt method was used in the calculation. 

Immunofluorescence

The paraffin retinal samples or cryosections 
were produced using the method according to a 
previous investigation [12]. Briefly, retrieval of 
the antigen sample was performed in the form 
of paraffin sections through a heating method 

stained with secondary antibodies and obser- 
ved under a fluorescence microscope. 

Statistical method

All data are presented as the mean ± standard 
deviation (X ± SD). One-way analysis of vari-
ance (ANOVA) was used for comparisons 
between > 3 groups. A two samples t-test was 
used to compare two groups. A P < 0.05 indi-
cated that the difference was statistically 
significant. 

Results

Effects of Naoshuantong capsule on ERG-b

To demonstrate the effects of Naoshuantong 
capsule on ischemic ophthalmopathy in rats, 
an ischemic ophthalmopathy rat model was 
constructed. As illustrated in Figure 1 and 
Table 1, the amplitude of the ERG-b wave in 
rats with ischemic ophthalmopathy induced by 
intra-ocular hypertension were significantly 
lower than the control group on the 1st, 3rd, 7th, 
14th, and 28th days, indicating that ischemic 
ophthalmopathy rat models were constructed 
successfully. Therefore, the ischemic ophthal-
mopathy rats were treated with Naoshuantong 
capsule, and the results demonstrated that 
Naoshuantong capsule enhanced the ampli-
tudes of the ERG-b wave in the rats of ischemic 
ophthalmopathy in a time-dependent manner, 
and there was no significant difference in the 
amplitude of the ERG-b wave between the nor-
mal control and Naoshuantong capsule groups 
on the 28th day, suggesting that the Nao- 
shuantong capsule significantly improved the 
amplitude of the ERG-b wave. The improvement 
on ERG-b by Naoshuantong capsule was better 
than the positive drug group at each time point, 
indicating that the effect of Naoshuantong cap-
sule may be better than the positive drug 
(Nimodipine). 

Table 1. Amplitude of the ERG-b wave on dark adaptation of the 
mixed potential in various groups (X ± SD)
Time 
point

Normal control 
group

Model control 
group

Positive drug 
group

Naoshuantong 
capsule  group

1st day 102.2 ± 23.2Δ 39.2 ± 14.9* 34.3 ± 18.1* 35.8 ± 21.1*

3rd day 103.9 ± 35.8Δ 30.9 ± 12.3* 38.4 ± 27.3* 43.6 ± 20.2*

7th day 116.4 ± 35.1Δ 45.3 ± 24.3* 44.9 ± 23.6* 65.4 ± 36.2*

14th day 116.4 ± 28.8Δ,○ 37.6 ± 23.0*,○ 67.3 ± 18.2*,Δ 80.8 ± 28.5*,Δ

28th day 128.1 ± 35.8Δ,○ 54.0 ± 17.6*,○ 76.3 ± 16.9*,Δ 107.4 ± 42.9Δ

*Compared with the normal control group, P < 0.05. ΔCompared with the model 
control group, P < 0.05. ○Compared with the positive drug control group, P < 0.05.

with the presence of sodium 
citrate solution at a concen-
tration of 10 mM and a pH of 
6.0 for 30 min at the sub-boil-
ing temperature. Next, the 
samples, including cryosec-
tions, were cooled at 4°C. The 
prepared retinal samples 
were stained with antibodies 
against Bcl-2, Bax, and cas-
pase-3 (Santa Cruz Biotech- 
nology, Inc.) at a dilution ratio 
of 1:1000. After washing with 
PBS, the retinal sections were 
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Effects of Naoshuantong capsule on total reti-
nal thickness

Rats with ischemic ophthalmopathy exhibited 
abnormal retinal morphology and function. To 
further verify the possible therapeutic effects 
of Naoshuantong capsule on ischemic ophthal-
mopathy rats, HE staining was used to observe 
the morphologies of the ischemic ophthalmop-
athy eyes. As shown in Figure 2 and Table 2, 
the total retinal thicknesses in the model 
groups after reperfusion were significantly 
decreased from the 7th to the 28th day when 
compared to the normal control group. Further, 
the effects of Naoshuantong capsule on the 
total retinal thickness of the rat model of isch-
emic ophthalmopathy were examined. The data 
in Figure 2 and Table 2 suggested that retinas 

in the Naoshuantong capsule treatment group 
were significantly thicker than the ischemic 
ophthalmopathy model group on the 7th, 14th, 
and 28th days, although still significantly thin-
ner than the normal control group. The total 
retinal thickness in the Naoshuantong group 
was slightly higher (P > 0.05) than the positive 
drug control at each time point, especially on 
the 28th day, which indicated that the improve-
ment resulting from Naoshuantong capsule 
was at least as good as or even better than the 
positive drug control group.

Effects of Naoshuantong capsule on morphol-
ogy by electron microscopy

The role of Naoshuantong capsule in retinal 
structure and morphology was further verified 

Figure 2. Effects of Naoshuantong capsule on total retinal thickness.
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by electron microscopy. In normal group, there 
was clear demarcation of various layers of reti-
na, and the nuclei of the inner nuclear layer 
(INL) and the ganglion cell layer (GCL) were 
large, round and clear, with smooth nuclear 
membrane. After reperfusion, there was a pro-
gressive appearance in GCL and INL, with 
nuclear chromatin condensation, swollen mito-
chondria and formations of cytoplasmic vacu-
oles and bodies with high electron density. In 
the 7th day and the 28th day after reperfusion, 
the number of GCL cells in the model control 
was decreased, with incomplete GCL cell struc-
ture, defect cell walls and loss of cell content. 
In INL, chromatin was condensed, with swollen 
mitochondria and cavitation near the cell mem-
brane. However, the ultra-structural appear-
ances in INL were better than in GCL in model 
group. In the Naoshuantong capsule group, cell 
structures in GCL and INL were relatively com-
plete, and with the nucleus and cell membrane 
were relatively intact when compared to the 
model control group, and similar to the positive 
drug group (Figure 3A, 3B).  

Taken together, the results revealed that the 
effects of Naoshuantong capsule on the mor-
phology and structure of the ischemic ophthal-
mopathy rat model were consistent with the 
results of the ERG-b and total retina thick- 
ness. 

Effects of Naoshuantong capsule on expres-
sion of apoptosis-related genes

Apoptotic proteins, including anti-apoptotic pro-
teins, such as Bcl-xL and Bcl-2, and pro-apop-
totic proteins, such as Bax and Bak, play critical 
roles in apoptosis [13-16]. Caspase-3 activa-
tion is the final step and gold-standard of apop-
tosis [17]. To investigate whether or not apopto-
sis is involved in ischemic ophthalmopathy and 

results, therefore we selected the samples of 
the 28th day for this experiment. 

Our results showed that these three genes 
(Bax, Bcl-xL, and caspase 3) had altered levels 
of expression, indicating that the mechanism of 
action of Naoshuantong capsule might be 
associated with these apoptosis-related genes 
(Table 3). 

Specifically, the level of Bax in the model con-
trol group was higher than the normal control 
group, indicating that Bax might be involved in 
the mRNA levels of the ischemic ophthalmopa-
thy rat model. In comparison, the level of Bax 
mRNA following the administration of Nao- 
shuantong capsule was lower than the rat 
model group, although there was no significant 
difference. There was no difference in the Bcl-
xL mRNA levels in various groups. The expres-
sion of caspase-3 in the model group was high-
er than the normal control group. Surprisingly, 
although there was no significant difference, 
the expression of caspase-3 following the 
administration of Naoshuantong capsule was 
not only lower than the model group, but also 
the normal control group, suggesting that cas-
pase-3 might be involved in the therapeutic 
effects of Naoshuantong capsule. 

Effects of Naoshuantong capsule on the ex-
pression of apoptosis-related proteins by im-
munofluorescence

After real-time PCR experiments, we applied 
immunofluorescence to further investigate 
apoptosis-related factors, including Bax, Bcl-2, 
and caspase-3, on protein levels. Samples 
were obtained at multiple time points, including 
the 1st, 3rd, 7th, 14th, and 28th days. Both Bax 
and caspase-3 were strongly expressed in the 
retinal ganglion cell layer, and Bcl-2 was weakly 

Table 2. Total retinal thickness between various groups (X ± SD)
Time 
Point

Normal control 
group

Model control 
group

Positive drug 
group

Naoshuantong 
capsule group

1st day 172.5 ± 15.4 173.7 ± 12.1 171.0 ± 10.6 171.1 ± 31.9
3rd day 178.1 ± 11.7 168.7 ± 12.8 165.4 ± 8.4 167.4 ± 28.2
7th day 171.6 ± 6.5Δ,○ 121.4 ± 14.2* 133.0 ± 11.7* 146.5 ± 15.5*,Δ

14th day 170.0 ± 13.6Δ,○ 90.7 ± 11.3*,○ 122.2 ± 19.5*,Δ 123.6 ± 11.6*,Δ

28th day 171.2 ± 24.0Δ,○ 91.7 ± 10.5*,○ 118.4 ± 8.3*,Δ 132.1 ± 25.0*,Δ

*Compared with the normal control group, P < 0.05. ΔCompared with the model 
control group, P < 0.05. ○Compared with the positive drug control group, P < 0.05.

Naoshuantong treatment, re- 
al-time PCR was used to 
determine the expression of 
apoptosis-related genes, su- 
ch as Bax, Bcl-xL, and cas-
pase-3. Thus, there were sig-
nificant changes in ERG-b and 
morphology in the model 
group on the 28th day of 
model construction, and the 
Naoshuantong group demon-
strated significantly effective 
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expressed in the model group compared to the 
normal control group at each of the above time 
points, especially the 1st and 3rd days, indicat-
ing that apoptosis was involved in the ischemic 
ophthalmopathy rat model. In the Naoshuantong 
capsule group, the expression of Bax and cas-
pase-3 was lower than the model group, and 
even lower than the positive drug (Nimo- 
dipine) group, while the expression of Bcl-2 was 
higher when compared to the model control 
group and similar to the positive drug (Nimo- 
dipine) group, confirming that Naoshuantong 

visual field, and decreased vision or blindness 
[1-4]. There has been little research involving 
Naoshuantong capsule on the treatment of 
ischemic ophthalmopathy. Therefore, the pres-
ent investigation explored the effect and poten-
tial mechanism of Naoshuantong capsule on 
ischemic ophthalmopathy.

In the present investigation we found that the 
amplitude of the ERG-b wave was significantly 
lower and the total retinal thicknesses was 
decreased in rats with ischemic ophthalmopa-

Figure 3. Effects of Naoshuantong capsule on the morphology of retinal tissue observed by electron microscopy. A. 
Ganglion cells layer (GCL); B. Inner nuclear layer (INL). 

Table 3. mRNA expressions of Bax, Bcl-xL and Caspase-3 in the 
28th day after reperfusion by real-time PCR (X ± SD)

Gene Normal  group Model group Positive drug 
group

Naoshuantong 
capsule group

Bax 1.03 ± 0.33○ 3.11 ± 1.68 4.88 ± 3.59* 1.84 ± 0.19
Bcl-xl 1.01 ± 0.22 2.36 ± 1.27 2.29 ± 1.39 0.89 ± 0.53
Caspase-3 1.03 ± 0.31 1.60 ± 1.60 1.73 ± 0.80 0.64 ± 0.60
*Compared with the normal control group, P < 0.05. ΔCompared with the model 
control group, P < 0.05. ○Compared with the positive drug control group, P < 0.05.

capsule has a critical role in 
the ischemic ophthalmopathy 
rat model by inhibiting apop-
tosis (Figures 4-6).

Discussions

Ischemic ophthalmopathy is a 
common medical condition 
manifested as decreased 
visual acuity, defect in the 
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thy induced by intra-ocular hypertension com-
pared to the control group at each time point, 
and retinal tissues and cells showed abnormal 
morphology, indicating that the rat model of 
ischemic ophthalmopathy was constructed 
successfully. The rat model was then used to 
explore the possible effect of Naoshuantong 
capsule, and the results demonstrated that 
Naoshuantong capsule effectively and signifi-
cantly enhanced the amplitude of the ERG-b 
wave, increased the total retinal thicknesses, 
and improved the cellular morphology in retinas 
when compared to the model group. Our results 
showed that the effect of Naoshuantong cap-
sule was at least as good as, or even better 
than the positive drug, suggesting that Noa- 

shuantong capsule is effective in improving the 
morphology and function of retinas in rats with 
ischemic ophthalmopathy.

However, the pathogenesis of ischemic oph-
thalmopathy is not completely understood, and 
uncovering the mechanism underlying ischemic 
ophthalmopathy is undoubtedly helpful in the 
development of new methods for treatment. It 
has been shown that there is excess produc-
tion of ROS in the ischemic ophthalmopathy 
model, which might induce apoptosis [18, 19]. 
In the current study, we explored whether or not 
apoptosis was involved in the pathogenesis of 
the ischemic ophthalmopathy rat model. Real-
time PCR was used to analyze the expression of 

Figure 4. Effects of Naoshuantong capsule on Bax in retinal tissue observed by fluorescence microscopy.
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the pro-apoptotic gene, Bax, the anti-apoptotic 
factor, Bcl-xL and the apoptosis executor, cas-
pase 3. Although there was increased expres-
sion of Bax and caspase 3 in the rat model of 
ischemic ophthalmopathy, there was no signifi-
cant difference between the normal control 
and model control groups; however, Nao- 
shuantong capsule decreased the level of Bax 
and caspase 3 in the model group, indicating 
that Naoshuantong capsule may have some 
effects during apoptosis. In the following immu-
nofluorescence experiments, there were signifi-
cantly increased levels of Bax and caspase 3, 
and decreased levels of Bcl-2 in retinas of the 
rat model group, especially in the GCL, confirm-
ing that apoptosis is involved in the rat model of 

ischemic ophthalmopathy. At each time point, 
Naoshuantong capsule significantly inhibited 
apoptosis by preventing the over-expression of 
the pro-apoptosis factor, Bax, and the apopto-
sis executor, caspase 3, while increasing the 
expression of the anti-apoptosis factor, Bcl-2, 
suggesting that the effect of Naoshuantong 
capsule on ischemic ophthalmopathy may be 
partly dependent on inhibiting apoptosis. 

As we described above, Naoshuantong capsule 
is a compound herbal medicine and consists of 
extracts of five herbs (Cattail pollen, Radix pae-
oniae rubra, Rhizoma gastrodiae, Radix Rha- 
pontici, and Curcuma aromatic). Studies have 
shown that cattail pollen can inhibit platelet 

Figure 5. Effects of Naoshuantong capsule on Bcl-2 in retinal tissue observed by fluorescence microscopy.
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aggregation, reduce blood lipid levels, prevent 
atherosclerosis, decrease blood pressure, 
impart anti-oxidative and protective effects to 
damaged vascular endothelial cells, and has a 
key role in anti-cerebral ischemia reperfusion 
injury [20, 21]. Radix paeoniae rubra can inhibit 
platelet aggregation, protect vascular endothe-
lium, prevent coagulation and thrombosis, and 
provide anti-oxidative effects, such as reducing 
MDA and NO levels and increasing SOD activity 
[22, 23]. Curcuma aromatic can decrease 
blood lipid levels, thus inhibiting atherosclero-
sis and improving hemorrheology [24, 25]. 
Rhizoma gastrodiae can inhibit platelet aggre-
gation, reduce blood pressure, enhance intelli-

gence, improve microcirculation, and resist 
ischemia and hypoxia [26, 27]. Radix rhaponti-
ci has antioxidant effects, reduces blood lipid 
levels, attenuates atherosclerosis, and can 
prevent hypoxia [28, 29]. As the compound of 
these herbals, Naoshuantong capsule may 
have a role in the treatment of ischemia-reper-
fusion injuries, and is used in the treatment of 
ischemic stroke [5, 6]. Although in our study we 
did not detect hemorheologic changes in the 
ischemic ophthalmopathy and Nanshuantong 
capsule-treated rats, we suggest that Nao- 
shuantong capsule might improve the micro-
vascular circulation of retinas, ameliorate reti-
nal ischemia, and therefore inhibit retinal cell 

Figure 6. Effects of Naoshuantong capsule on caspase 3 in retinal tissue observed by fluorescence microscopy.
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apoptosis, protect rats against ischemia-
induced retinal morphologic damage, and 
attenuate visual function, such as ERG results. 

In this present study we show that Naoshuantong 
capsule is effective in protecting retinas from 
ischemia-induced damage, in part by inhibiting 
apoptosis; however, additional studies are 
needed to further elucidate the detailed mech-
anisms on how ischemia induces retinal dam-
age and how Nanshuantong capsule is involved 
in ischemia-induced apoptosis. 

Acknowledgements

This work was supported by Dongguan City Me- 
dical and Health Unit Science and Technology 
project (2011105102021), Guangdong, China.

Disclosure of conf﻿﻿lict of interest

None.

Address correspondence to: Qiang Yu, State Key 
Laboratory of Ophthalmology, Zhongshan Ophthal- 
mic Center, Sun Yat-sen University, Guangzhou 
510060, China; Dongguan Guangming Eye Hospital, 
Dongguan 523000, China. Tel: +862087332529; 
Fax: +862087333271; E-mail: yuqiang-gd@tom.
com

References

[1]	 Jonas JB, Niessen A. Ophthalmodynamometric 
diagnosis of unilateral ischemic ophthalmopa-
thy. Am J Ophthalmol 2002; 134: 911-912.

[2]	 Jonas JB, Kaltakji F. Ophthalmodynamometry 
and ischemic ophthalmopathy. Graefes Arch 
Clin Exp Ophthalmol 2008; 246: 783-784.

[3]	 Wykoff CC, Brown DM, Croft DE, Major JC Jr 
and Wong TP. Progressive retinal nonperfusion 
in ischemic central retinal vein occlusion. 
Retina 2015; 35: 43-47

[4]	 Steigerwalt RD Jr, Belcaro G, Nebbioso M, 
Pascarella A, De Angelis M and Cesarone MR. 
An ischemic diabetic eye treated with intrave-
nous prostaglandin E1. Retin Cases Brief Rep 
2014; 8: 21-23.

[5]	 Li D, Li Z and Zhang L. Experimental Study on 
the Pharmacological Actions of Naoshuantong 
Capsule. Chinese Journal of Information on 
TCM 2003; 4: 25-31.

[6]	 Liu W and Wen Y. The clinical observation of 
Naoshuantong capsule treatment on ischemic 
stroke. Guangdong Medical Journal 2009; 30: 
129-130.

[7]	 Oz O, Gurelik G, Akyurek N, Cinel L and Hondur 
A. A short duration transient ischemia induces 

apoptosis in retinal layers: an experimental 
study in rabbits. Eur J Ophthalmol 2005; 15: 
233-238.

[8]	 Kara S, Gencer B, Karaca T, Tufan HA, Arikan S, 
Ersan I, Karaboga I and Hanci V. Protective ef-
fect of hesperetin and naringenin against 
apoptosis in ischemia/reperfusion-induced 
retinal injury in rats. ScientificWorldJournal 
2014; 2014: 797824.

[9]	 Hung KC, Huang HJ, Lin MW, Lei YP and Lin 
AM. Roles of autophagy in MPP+-induced neu-
rotoxicity in vivo: the involvement of mitochon-
dria and alpha-synuclein aggregation. PLoS 
One 2014; 9: e91074.

[10]	 Hirano T, Iesato Y, Imai A, Toriyama Y, 
Kikushima W and Murata T. Effect of Laser 
wavelength on delivering appropriate laser 
burns through the opaque lens using a pattern 
scan laser. Ophthalmic Res 2014; 51: 204-
209.

[11]	 Jeng YY, Lin NT, Chang PH, Huang YP, Pang VF, 
Liu CH and Lin CT. Retinal ischemic injury res-
cued by sodium 4-phenylbutyrate in a rat mod-
el. Exp Eye Res 2007; 84: 486-492.

[12]	 Zhong Y, Li J, Wang JJ, Chen C, Tran JT, Saadi A, 
Yu Q, Le YZ, Mandal MN, Anderson RE and 
Zhang SX. X-box binding protein 1 is essential 
for the anti-oxidant defense and cell survival in 
the retinal pigment epithelium. PLoS One 
2012; 7: e38616.

[13]	 Ibrado AM, Huang Y, Fang G, Liu L and Bhalla 
K. Overexpression of Bcl-2 or Bcl-xL inhibits 
Ara-C-induced CPP32/Yama protease activity 
and apoptosis of human acute myelogenous 
leukemia HL-60 cells. Cancer Res 1996; 56: 
4743-4748.

[14]	 Chipuk JE, McStay GP, Bharti A, Kuwana T, 
Clarke CJ, Siskind LJ, Obeid LM and Green DR. 
Sphingolipid metabolism cooperates with BAK 
and BAX to promote the mitochondrial pathway 
of apoptosis. Cell 2012; 148: 988-1000.

[15]	 Balakrishnan K, Aggarwal S, Wierda W and 
Gandhi V. Bax and Bak are required for 
apogossypolone, a BH3-mimetic, induced 
apoptosis in chronic lymphocytic leukemia 
cells. Leuk Lymphoma 2013; 54: 1097-1100.

[16]	 Naumovski L and Cleary ML. Bcl2 inhibits 
apoptosis associated with terminal differentia-
tion of HL-60 myeloid leukemia cells. Blood 
1994; 83: 2261-2267.

[17]	 Hoshi T, Sasano H, Kato K, Yabuki N, Ohara S, 
Konno R, Asaki S, Toyota T, Tateno H and 
Nagura H. Immunohistochemistry of Caspase 
3/CPP32 in human stomach and its correla-
tion with cell proliferation and apoptosis. 
Anticancer Res 1998; 18: 4347-4353.

[18]	 Bonne C, Muller A and Villain M. Free radicals 
in retinal ischemia. Gen pharmacol 1998; 30: 
275-280.

mailto:yuqiang-gd@tom.com
mailto:yuqiang-gd@tom.com


Naoshuantong capsule in ischemic ophthalmopathy

12263	 Int J Clin Exp Med 2015;8(8):12252-12263

[19]	 Carmody RJ and Cotter TG. Oxidative stress in-
duces caspase-independent retinal apoptosis 
in vitro. Cell Death Differ 2000; 7: 282-291.

[20]	 Zhang J, Zhou Z and Zuo B. Protective effects 
of Cattail pollen on hypercholesterolemia in-
duced endothelial injury. Pharmacology and 
Clinics of Chinese Materia Medica 2003; 19: 
20-22.

[21]	 Liu B, Lu Y and Sun J. A comparative study of 
different processed products of pharmacologi-
cal activity of pollen Typhae. Zhong Cheng Yao 
Bao 1998; 20: 25-26.

[22]	 Chen C, Zhang F, Xia ZY, Lin H and Mo AS. 
Protective effects of pretreatment with Radix 
Paeoniae Rubra on acute lung injury induced 
by intestinal ischemia/reperfusion in rats. 
Chin J Traumatol 2008; 11: 37-41.

[23]	 Lee SC, Kwon YS, Son KH, Kim HP and Heo MY. 
Antioxidative constituents from Paeonia lacti-
flora. Arch Pharm Res 2005; 28: 775-783.

[24]	 Quiles JL, Mesa MD, Ramirez-Tortosa CL, 
Aguilera CM, Battino M, Gil A and Ramirez-
Tortosa MC. Curcuma longa extract supple-
mentation reduces oxidative stress and atten-
uates aortic fatty streak development in rab-
bits. Arterioscler Thromb Vasc Biol 2002; 22: 
1225-1231.

[25]	 Chueh SC, Lai MK, Liu IS, Teng FC and Chen J. 
Curcumin enhances the immunosuppressive 
activity of cyclosporine in rat cardiac allografts 
and in mixed lymphocyte reactions. Transplant 
Proc 2003; 35: 1603-1605.

[26]	 Zeng X, Zhang S, Zhang L, Zhang K and Zheng 
X. A study of the neuroprotective effect of the 
phenolic glucoside gastrodin during cerebral 
ischemia in vivo and in vitro. Planta Med 2006; 
72: 1359-1365.

[27]	 Zhao X, Zou Y, Xu H, Fan L, Guo H, Li X, Li G, 
Zhang X and Dong M. Gastrodin protect prima-
ry cultured rat hippocampal neurons against 
amyloid-beta peptide-induced neurotoxicity via 
ERK1/2-Nrf2 pathway. Brain Res 2012; 1482: 
13-21.

[28]	 Yan X, Zhao H, Guan Y, Song Y and Meng J. A 
study on the effect of ethanol extract of Radix 
rhapontici on erythrocyte immune function in 
rats. Afr J Tradit Complement Altern Med 2013; 
10: 538-541.

[29]	 Quan J, Jin Y and Yin X. The in vitro antioxida-
tive effects of Radix Rhapontici extract. 
Chinese Journal of Experimental Traditional 
Medical Formulae 2011; 17: 197-199.


