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Abstract. The treatment of glaucomatous optic nervedamage 
using ginsenoside Rg1 mediated by ultrasound targeted 
microbubbles destruction was evaluated. Thirty healthy New 
Zealand white rabbits were subjected to injection of 0.3% 
carbomer solution to establish glaucomatous optic nerve 
damage model. Rabbits were divided into 5 groups: control 
group, model group, model group + intravitreal injection of 
nerve growth factor (NGF) group, model group + intravit-
real injection of ginsenoside Rg1 group (Rg1 group), model 
group + intravitreal injection of ginsenoside Rg1 + ultrasound 
microbubble group (ultrasound group), model group + ultra-
sound targeted microbubble destruction (ultrasound group). 
Intraocular pressures were compared at 1, 2 and 4 weeks after 
model establishment. Rabbits were sacrificed 4 weeks after 
model establishment to collect retinal tissue for H&E staining. 
Histological changes were observed and the retinal thickness 
was measured. Contents of malondialdehyde (MDA), super-
oxide dismutase (SOD) and nitric oxide (NO) were measured 
by ELISA. Intraocular pressure was significantly higher 
in model group than in control group at 1 week (P<0.05). 
Intraocular pressure was significantly lower in the ultrasound 
group than in NGF group and Rg1 group at all time-points 
(P<0.05). The number of ganglion cells in model group was 
decreased significantly. Number of nuclear layer cells was 
significantly reduced. Thickest retina was found in control 
group and model group was the thinnest (P<0.05). Contents of 
MDA and NO in model group were significantly higher than 
those in NCF group and Rg1 group. SOD content in control 
group was higher than that in ultrasound group and model 
group (P<0.05). In conclusion, treatment of glaucomatous 
optic nerve damage using ginsenoside Rg1 mediated by ultra-
sound targeted microbubble destruction can reduce the level 

of oxidative stress, relieve intraocular pressure and reduce 
ganglion cell damage.

Introduction

Glaucoma is the second most common eye disease leading 
to blindness in the world with high intraocular pressure, 
irreversible optic atrophy and visual field defects as the 
main features. Clinical treatment mainly aims to reduce 
intraocular pressure and maintain the normal range of 
intraocular pressure, main treatments include laser, drugs, 
surgery and other methods (1). Basic study confirmed that (2) 
retinal ganglion cell (RGC) apoptosis and optic nerve axon 
degeneration caused by ischemia, oxidative stress and inflam-
matory response are important causes of the occurrence and 
development of glaucoma. Malondialdehyde (MDA), nitric 
oxide (NO) and superoxide dismutase (SOD) are the most 
commonly used biochemical markers for the evaluation of 
glaucoma animal model and glaucoma patients with oxida-
tive stress disorder. The use of optic nerve protection drugs 
such as nerve growth factor (NGF) can prevent or delay the 
damage of RGCs, so as to improve glaucoma symptoms and 
prognosis (3). Drug application paths mainly include oral 
medication, and intravenous and intramuscular injection, the 
drug reaches the eyes through circulation system, which in 
turn lead to the relative low effective concentrations of drugs 
in area around retina and optic nerve, leading to the low effi-
cacy, at the same time, the incidence of toxic side effects will 
be increased (4). Therefore, the development of a more efficient 
and safe way of drug administration will definitely improve 
the clinical treatment of glaucoma. Drug release mediated by 
ultrasound targeted microbubble destruction can achieve accu-
rate positioning and targeted release, which in turn reduces the 
dose, improves clinical results, and reduces systemic adverse 
reactions (5). Ginsenoside Rg1 has proven anti-fatigue, anti-
aging, anticancer, lipid-lowering, memory enhancement, 
immunity improvement and other pharmacological effects (6). 
Based on this, we investigated the mechanism of treatment 
of glaucomatous optic nerve damage using ginsenoside Rg1 
mediated by ultrasound targeted microbubble destruction.

Materials and methods

Experimental materials. Thirty healthy New Zealand white 
rabbits (2-2.5 kg) without restriction on sex were purchased 
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from Sangon (Shanghai, China). Rabbits were raised under 
normal conditions for 1 week to be familiar with the environ-
ment before the experiment. The study was approved by the 
Ethics Committee of Cangzhou Central Hospital.

Establishment of glaucomatous optic nerve damage model: 
Intramuscular injection of sumianxin II (0.2 ml/kg) for anes-
thesia, dicaine hydrochloride eye drops was used for topical 
anesthesia; aqueous humor (0.2 ml) was extracted from ante-
rior chamber along one side of corneoscleral in the direction 
of 9 o'clock, 0.2 ml of compound carbomer solution (0.3%) 
was injected into the anterior chamber along the other side 
of corneoscleral; ofloxacin eye drops was used. Intraocular 
pressure measured by accumen hand-held tonometer >22 mm 
Hg for 4 weeks indicate the successfully established model; if 
intraocular pressure <22 mmHg, drug administration can be 
repeated 7 days later.

Main reagent: Ginsenoside Rg1 powder (purity ≥98%) was 
purchased from Beyotime Biotechnology (Jiangsu, China), 
NGF injection was purchased from Beijing Zhongshan Golden 
Bridge Biotechnology Co., Ltd. (Beijing, China). Sulfur 
hexafluoride microbubbles for injection was purchased from 
Bracco Inc. (Milan, Italy), medical ultrasonic coupling agent 
was from Sigma (St. Louis, MO, USA), MDA, SOD and NO, 
enzyme-linked immunosorbent assay (ELISA) kits were 
purchased from R&D (Minneapolis, MN, USA).

Main instruments: ophthalmic microsurgical instruments 
were purchased from Beijing Liuyi Instrument Factory 
(Beijing, China), pathology slicing machine was from Leica 
(Wetzlar, Germany), optical microscope was purchased from 
Olympus (Tokyo, Japan), Accupen handheld tonometer was 
from Accutome Inc. (Malvern, PA, USA).

Research methods. Rabbits were divided into 5  groups: 
control group, model group, model group + intravitreal injec-
tion of nerve growth factor NGF group (NGF group), model 
group + intravitreal injection of ginsenoside Rg1 group (Rg1 
group), model group + intravitreal injection of ginsenoside 
Rg1 + ultrasound microbubble group (ultrasound group), model 
group + ultrasound targeted microbubble destruction (ultra-
sound group), 6 rabbits in each group. Methods of intravitreal 
injection: compound tropicamide eye drops were used for 
mydriasis, eyelid was opened with eye speculum, conjunctival 
sac was rinsed with 3% iodophor. One milliliter syringe was 
injected vertically into vitreous cavity through the position 
3 mm away from corneoscleral limbus to extract 0.1 ml vitreous 
humor, then 0.1 ml ginsenoside Rg1 solution (2.5 mg/kg) or 
NGF solution (18 µg/0.1 ml) was injected, once per 3 days 
for 4 weeks. Methods of ultrasound targeted microbubbles 
destruction: After the injection of ginsenoside Rg1 solution or 
NGF solution, 0.1 ml microbubble suspension (45 µg/0.1 ml) 
and coupling agent coating was performed after the eyes were 
closed. Ultrasonic probe was places above the eyes to irradiate 
the eyes for 60 sec, once per 3 days for 4 weeks.

Observation indicators. Intraocular pressures were compared 
at 1, 2 and 4 weeks after model establishment. Rabbits were 
sacrificed 4 weeks after model establishment to collect retinal 
tissue for H&E staining. Histological changes were observed 
and the retinal thickness was measured under a light micro-
scope. Contents of MDA, SOD and NO were measured by 

ELISA. All operations were performed in strict accordance 
with the instructions of kits.

Statistical analysis. Statistical analysis was performed using 
SPSS 20.0 software (SPSS Inc., Chicago, IL, USA). Measurement 
data were expressed as mean ± standard deviation. Single-factor 
ANOVA analysis was used for the comparisons among multiple 
groups, and LSD-t method was used for the comparisons 
between two groups, intraocular pressure within a group was 
compared with the analysis of variance of repeated measure 
data. P<0.05 was considered to be statistically significant.

Results

Comparison of intraocular pressure. Intraocular pressure was 
significantly higher in the model group than in the control 
group at 1 week after model establishment, and the peak was 
reached at 2 weeks after model establishment. Intraocular 
pressure of NGF group and Rg1 group was significantly lower 
than that of model group (P<0.05), but no significant differ-
ence was found between NGF group and Rg1 group (P>0.05). 
Intraocular pressure was significantly lower in ultrasound 
group than in NGF group and Rg1 group at all time-points 
(P<0.05), and no significant difference was found between 
ultrasound group and control group at 4 weeks after model 
establishment (P>0.05) (Fig. 1).

Comparison of histomorphologic structure and retinal thick-
ness. Retinal histomorphology: H&E staining showed that the 
RGCs in control group were arranged in a single layer with 
different sizes, deep nuclear staining, clear boundary and neat 
arrangement, relative more cells with small nucleus and deep 
staining were found in outer nuclear layer, cells with neat 
arrangement, big nucleus and deep staining were found in 
the inner layer, inner and outer plexus layers showed obvious 
network structure; in model group, cell vacuolization was 
common, inner layer of retina was thinned, the nucleolus was 
dissolved, the nuclei staining was light, color of cytoplasm was 
light, number of cells in inner and outer nuclear layers was 
decreased, the gap was widened, cells were arranged sparsely 
without clear boundaries, inner plexus layers was significantly 
thinner or even disappeared; number of RGCs in NGF group 
and Rg1 was reduced but higher than model group, cell vacu-
olization and karyolysis were rare, cells in inner and outer 
nuclear layers were arranged sparsely, and inner and outer 
plexus layers were slightly thinned; there was no decrease 
in RGCs was found in the ultrasound group, and most of the 
nuclei were present, disorder in the arrangement of cells in 
inner and outer nuclear layers was not obvious (Fig. 2).

As shown in Fig.  2A in the control group, cells were 
arranged in a single layer with different sizes, deep nuclear 
staining, clear boundary and neat arrangement, relative more 
cells with small nucleus and deep staining were found in 
outer nuclear layer, cells with neat arrangement, big nucleus 
and deep staining were found in inner layer, inner and outer 
plexus layers showed obvious network structure. In Fig. 2B in 
the model group, number of RGCs was significantly reduced, 
cell vacuolization was common, inner layer of retina was 
thinned, karyolysis occurred, the nuclei staining was light, 
color of cytoplasm was light, number of cells in inner and 
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outer nuclear layers was decreased, the gap was widened, 
cells were arranged sparsely without clear boundaries, inner 
plexus layers was significantly thinner or even disappeared. 
In Fig. 2C in the NGF group and Rg1 group, number of RGCs 
was reduced but higher than model group, cell vacuolization 
and karyolysis were rare, cells in inner and outer nuclear layers 
were arranged sparsely, and inner and outer plexus layers were 
slightly thinned. No decrease in RGCs was found, most of the 
nuclei were present, disorder in the arrangement of cells in 
inner and outer nuclear layers was not obvious (Fig. 2D).

Retinal thickness: The retina in control group was signifi-
cantly thicker than that in ultrasound group (P<0.05), followed 
by NGF group and Rg1 group, the model group was the thin-
nest (Fig. 3).

Comparison of MDA, SOD and NO contents among groups. 
Levels of MDA and NO in retina of model group were signifi-
cantly higher than those in NGF group and Rg1 group, and 
control group was the lowest. SOD content in control group 
was higher than that in ultrasound group, followed by NGF 

Figure 1. Comparison of intraocular pressure at different time-points after model establishment. #P<0.05 compared with control group; △P<0.05 compared with 
control group at the same time-point; △△P<0.05 compared with nerve growth factor (NGF) group and Rg1 group at the same time-point. *P<0.05 compared 
with NGF group and Rg1 group.

Figure 2. Comparison of histomorphologic structure and retinal thickness at 2 and 4 weeks after model establishment.
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group and Rg1 group, and the differences were all statistically 
significant (P<0.05) (Fig. 4).

Discussion

In this study, the compound carbomer-induced rabbit glau-
coma model was used. Results showed that the average 
intraocular pressure at 1 week after model establishment was 
30 mmHg, and the peak (38 mmHg) was reached at 2 weeks 
after model establishment; retinal histomorphological 
changes were significant and the thickness was significantly 
decreased, indicating that the intraocular pressure of the 
rabbit model was significantly increased after carbomer 
treatment, the duration is long. This method is easy for 
operation and control, so it is an ideal model for the studies 
on glaucomatous optic nerve damage and anti-glaucoma 
drug screening. As the key cytokine involved in optic nerve 
development, NGF regulates the growth, differentiation and 
apoptosis of RGCs  (7). Different concentrations of NGF 
added to neonatal rat RGC cell culture medium can promote 
the survival of RGCs and optic nerve axon elongation, so 
as to achieve a certain therapeutic effect (8). Recent studies 
have found that ginsenoside Rg1 can play a neuroprotective 
by antagonizing dopamine to alleviate the excitotoxicity 
of neuronal amino acids and reduce neuronal amino acid 
excitotoxicity, and reduce the toxic effects of phenylfena-
pyridine (9,10). Rg1 can upregulate the expression of glial cell 
derived and brain-derived NGF and other genes (11), promote 
axonal regeneration, increase the expression of Bcl-2 protein 
and reduce the expression of Bax protein (12), improve mito-
chondrial structure and dysfunction, inhibit optic neuronal 
apoptosis, and block Ca2+  influx (13). Results showed that, 
compared with model group, NGF and Rg1 can significantly 
reduce intraocular pressure, improve retinal tissue morpho-
logic structure, increase the thickness of the retina, reduce 
MDA and NO content, and increase SOD content.

Ultrasound microbubbles achieved great success in the 
diagnosis and treatment of neoplastic diseases (14), ultrasonic 
microbubbles were formed by two-part shell and gas inside. 
After ultrasonic irradiation, drug-containing microbubbles will 
be destroyed to release drug and cause reversible or irreversible 

pores to increase the permeability of the cell membrane, which 
in turn achieve targeted drug administration (14,15). In the 
field of ophthalmology, ultrasound microbubbles are mainly 
used for gene transfection, such as ultrasound microbubble 
technology to improve the transfection rate DNA plasmid in 
transfecting retinoblastoma cells (15). Results of this study 
showed that ultrasound group can further reduce the intraoc-
ular pressure, improve retinal histomorphological changes and 
increase retinal thickness compared with drug treatment alone 
(NGF group and Rg1 group). In addition, content of MDA and 
NO in retinal tissue of ultrasound group was lower than that of 
NGF group and Rg1 group, and the content of SOD was higher 
than that of NGF group and Rg1 group, and the differences 
were statistically significant, indicating that the use of ultra-
sound microbubbles can achieve targeted drug administration 
to increase the drug concentration in eyes. So, ginsenoside 
Rg1 and NGF mediated by ultrasound targeted microbubble 
destruction is effective in the treatment of glaucomatous optic 

Figure 3. Comparison of the thickness of the retina between groups at 4 weeks 
after model establishment. Retina in control group was significantly thicker 
than that in ultrasound group; retina in ultrasound group was significantly 
thicker than that in nerve growth factor (NGF) group and Rg1 group, retina in 
NGF group and Rg1 group was significantly thicker than that in model group, 
the differences were statistically significant (#P<0.05 compared with control 
group; ##P<0.05 compared with ultrasound group; ###P<0.05 compared with 
NGF group and Rg1 group).

Figure 4. Comparison of MDA, superoxide dismutase (SOD) and nitric 
oxide  (NO) contents in retina after 4  weeks of model establishment. 
#Contents of MDA and NO in retina of control were lower than those in 
ultrasound group, SOD was higher than that in ultrasound group; ##Contents 
of MDA and NO in ultrasound group were lower than those in nerve growth 
factor (NGF) group and Rg1 group, SOD content was higher than that in 
NGF group and Rg1 group; ###contents of MDA and NO in NGF group and 
Rg1 group were lower than those in model group, SOD level was higher 
than that in model group, the differences were all statistically significant 
(P<0.05).
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nerve damage, which may be related to the changed contents 
of NO, MDA and SOD (16-18). This study provided references 
for the studies on mechanism of the role of oxidative stress 
injury in the occurrence and development of glaucoma.
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