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Abstract
The present study investigated the effect of arylsulfonyl indoline-benzamide (ASIB) on neovascular glaucoma in the mice 
model in vivo. In the mice model of glaucoma, ASIB treatment significantly (P < 0.05) increased PDGF-B-positive cell 
count in the corneal tissues. ASIB treatment at 5, 10, 15 and 20 mg/kg doses raised the level of PDGF-B mRNA in the mice 
cornea by 2.3-, 3.8-, 5.4- and 5.5-fold, respectively. Pre-treatment of the glaucoma mice with ASIB leads to inhibition of 
TNF-α and IL-6 production. In the glaucoma mice, treatment with ASIB leads to a marked decrease in the level of NOD2 
mRNA and protein. ASIB treatment caused a significant decrease in the glaucoma-induced up-regulation of NF-κB p65 
activation. The phosphorylation of NF-κB p65 was almost completely inhibited in the glaucoma mice on treatment with 
15 mg/kg dose of ASIB. ASIB exhibited inhibitory effect on glaucoma-induced inflammatory cytokine and oxidative factor 
damage in the mice. It caused up-regulation of PDGF expression and down-regulated NF-κB activation. Therefore, ASIB 
can be of therapeutic significance for neovascular glaucoma treatment. However, more studies need to be performed to fully 
understand the molecular mechanism of ASIB in glaucoma treatment.
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Introduction

Neovascular glaucoma is a disease of the eyes leading to 
blindness, intractable disease and is difficult to manage 
(Sohan 2007). It is one of the serious ophthalmic diseases, 
is detected generally in the old aged people and is a cause 
of blindness in high percentage of the population (Worley 
and Grimmer-Somers 2011; Wong et al. 2011; Yanagi et al. 
2011). The main factor responsible for the development and 
progression of glaucoma is high intraocular pressure which 
is associated with optic nerve shrinking and loss of ganglion 
cells in the retina (Worley and Grimmer-Somers 2011; Wong 
et al. 2011; Yanagi et al. 2011). There are no chances of 
vision restoration following glaucoma because of the loss 
of ganglion cells. At present, the disease is generally treated 
by the transplantation of stem cells; however, in most of 

the cases, the transplanted cells are unable to undergo spe-
cialised differentiation (Worley and Grimmer-Somers 2011; 
Hayreh 2007). Therefore, protection of neuronal damage by 
inhibition of inflammatory cytokines and oxidant radicals in 
patients with glaucoma is considered to be the best approach 
for development of treatment strategy.

The production of pro-inflammatory cytokine, tumour 
necrosis factor-α (TNF-α) and mediators of inflammation 
such as interleukin (IL)-6 and -8 during the infection and 
under oxidative stress leads to immune system modulation. 
TNF-α and IL-6 play very important role in the regulation 
of network of the cytokines in the body (Parrillo et al. 1990; 
Pinsky et al. 1993). The secretion of cytokines in higher 
concentration is associated with the enhancement of vas-
cular permeability, development of coagulopathy and also 
leading cause of multiple organ dysfunction (Blackwell and 
Christman 1996).

Platelet-derived growth factors (PDGF) are produced 
in several types of cells and have been found to attach to 
their specific receptor (PDGFR) (Ishii et al. 2006). Study 
has revealed that administration of PDGFs exogenously 
plays a vital role in the protection of neuronal degeneration 
(Ishii et al., 2006). It is believed that PDGFs are associated 
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with neuronal development and their maintenance (Ishii 
et al. 2006). The process of embryogenesis and pathologi-
cal changes in the adults are linked with the expression of 
several members belonging to PDGF family (Bergsten et al. 
2001). Transmission of the nerve impulse and axonal growth 
is regulated by the expression of PDGFs (Wu et al. 2010a, 
b). In the rat model, PDGF-B has been found to enhance 
glial cell mitosis and protection denegation of the nervous 
system (Janmaat et al. 2010). In the present study, effect 
of novel molecule, arylsulfonyl indoline-benzamide (ASIB; 
Fig. 1), on neovascular glaucoma in the mice model in vivo 
was investigated.

Materials and methods

Animal model and approval

A total of sixty C57BL/6J mice (5 months old) were obtained 
from the Experimental Animal Center, Soochow University 
(Suzhou, China). The mice were acclimatised to the labora-
tory environment 1-week before the actual start of experi-
ment. All the mice were kept in animal house caged singly 
at 30 °C temperature and 60% humidity with 12-h light/dark 
cycles. The mice were provided free access to standard labo-
ratory food and water. Approval for the study was obtained 
from the Ethics Committee for Care and Animal Research, 
Department of Ophthalmology (Second Hospital of Jilin 
University, Changchun, China). The experimental proce-
dures were carried in accordance with the guidelines issued 
from Ethics Committee for Care and Animal Research.

Establishment of glaucoma mice model

The glaucoma was induced in mice after anesthetization 
with ketamine (50 mg/kg) and xylazine (10 mg/kg). The 

mice were then subjected to laser irradiation to the eyes 
twice with an in-between time gap of 2 h using slit lamp. 
The laser irradiation involved 65 pulses of 2 s each under 
diode input of 532 nm. The mice in the control group were 
subjected to anesthetization but left without laser irradiation. 
Neovascular glaucoma induction in mice was confirmed by 
recording intraocular pressure using  Icare® Tonolab tonom-
eter (Icare Finland Oy, Espoo, Finland). At 24 h of laser 
irradiation, intraocular pressure increased to ~ 22 mmHg in 
comparison to ~ 7–9 mmHg in normal mice. The mice were 
pre-treated with 5, 10, 15 and 20 mg/kg doses of ASIB 1 h 
before the surgery through intraperitoneal route.

Immunohistochemical assay

On day 8 of surgery, the mice were killed using ketamine 
(50 mg/kg) and xylazine (10 mg/kg) anaesthesia to collect 
the corneal tissues. The tissues after saline washing were 
treated with 200 ml of fixative which contained 4% para-
formaldehyde in 0.1 M PBS at a pH of 7.5 for 3 h. Then the 
tissues were put into the 30% phosphate-buffered sucrose, 
embedded in paraffin and subsequently mounted onto the 
slides subjected to poly-l-lysine pre-coating. The tissues 
were washed with PBS and then incubated for 45 min with 
1% bovine serum albumin. Then incubation of the tissues 
was performed at 4 °C with primary antibodies against 
PDGF-B (dilution 1:100) and 1% BSA overnight. The slides 
after PBS washing were subjected to incubation for 2 h with 
biotinylated goat anti-rabbit secondary antibody (dilution 
1:200). Visualisation of the immunolabelling was performed 
using 0.05 DAB and 0.3%  H2O2 in PBS. Before mounting of 
tissues under coverslips with Permount™, dehydration was 
performed using ethyl alcohol and xylene. The pathological 
changes in tissues were observed using H&E staining.

Western blot analysis

The corneal tissues were treated with lysis buffer contain-
ing Tris–hydrochloride (12 mM), EDTA (1.2 mM), and 
sucrose (275 mM) at a pH of 7.5, aprotinin (17 μg/ml), leu-
peptin (6 μg/ml),  PhCH2SO2F (0.2 mM), sodium fluoride 
(1.2 mM) and  Na3VO4 (1.2 mM). The concentration of pro-
teins in lysates after centrifugation was determined using 
bicinchoninic acid (BCA) kit (Sigma-Aldrich). The protein 
resolution was performed by electrophoresis on SDS-PAGE 
with 10% Tris–glycine gel and then transferred to polyvi-
nylidene membranes. The protein bands were incubated 
overnight at 4 °C with rabbit polyclonal antibody against 
p-NF-κB p65 (dilution 1:1000; obtained from Cell Signaling 
Technology, Danvers, MA, USA). The bands after washing 
two times with Tris-buffered saline and Tween 20 (TBST) 
were subjected to incubation for 2 h with horseradish per-
oxidase-conjugated secondary antibodies (dilution 1:1000; Fig. 1  Chemical structure of arylsulfonyl indoline-benzamide
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from Santa Cruz Biotechnology, Inc., Dallas, TX, USA) 
at room temperature. Visualisation of the immunoreactive 
bands was performed by incubation with lumiGLO reagent 
(Cell Signaling Technologies, Inc.) in accordance with the 
manual protocol. The protein bands were quantified in rela-
tion to GAPDH protein expression.

Real‑time qPCR assay

The total RNA from corneal tissues was extracted by the 
 TRIzol® reagent kit in accordance with the instructions 
from the supplier. The spectrophotometer was used for the 
determination of RNA concentration and 2 μg of samples 
was utilised for the synthesis of complementary DNA. The 
reaction was performed using the mixture 4 μl of 5X RT 
buffer, 2.5 μmol/l oligodeoxythymidylic acid oligo(dt), 
5 mmol/l deoxyribonucleotide triphosphate (dNTP) and 20 
U of RNase inhibitor. Annealing of the hexamers was car-
ried out for 10 min at 65 °C followed by the addition of 
M-MLV reverse transcriptase (200 U). Then the mixture 
was subjected to incubation for 1 h at 45 °C and the reaction 
was quenched by heating for 15 min to 75 °C. The reaction 
mixture used for RT-qPCRs consisted of complementary 
DNA (4 μl),  SYBR®-Green qPCR mix (40 μl), 5 U TaqDNA 
polymerase (0.5 μl) and 22 pmol/μl PDGF primer (0.5 μl). 
Denaturation of the DNA was performed for 4 min at 94 °C 
and amplification involved 45 rounds of PCR (the sequence 
consisted of denaturation for 15 s at 94 °C, annealing for 
35 s at 62 °C and extension for 25 s at 73 °C). The fluores-
cence was recorded at 73 °C. The primers used were as fol-
lows: PDGF-B: forward, 5-CTC CAT CC GCT CCT TTG ATG 
ACCTT-3 and backward, 5-CAG CTC AGC CCC ATC TTC 
GTC TA-3; GAPDH: forward, 5-GGT GGA CCT CAT GGC 
CTA CAT-3 and backward, 5-GCC TCT CTC TTG CTC TCA 
GTA TCC T-3; NOD2 forward, ATC CCT CGG TTA CTA 
TGT TG; backward, GCT TCC TGA ATA CTC CTC CT.

Enzyme‑linked immunosorbent assay (ELISA)

The retinal tissues after washing with PBS were homog-
enised using ice-cold solution of homogenate buffer. The 
homogenization buffer consisted of HEPES (10 mM; pH 
7.7), potassium chloride (10 mM), magnesium chloride 
(2 mM), EDTA (0.1 mM), dithiothreitol (1.0 mM) and phe-
nylmethanesulfonyl fluoride (0.5 mM). The centrifugation 
of homogenate was carried out for 20 min at 4000×g at 4 °C. 
The collected supernatants were stored under liquid nitrogen 
until use in the further experiment. Analysis of the TNF-α 
and IL-6 was performed using commercially available kits in 
accordance with the instructions from manufacturer (TNF-α 
ELISA kit; Diaclone, Besançon, France; IL-6 Rat ELISA 
kit, cat. no. KRC0061; BioSource Europe SA, Nivelles, 

Belgium). The level of TNF-α and IL-6 in tissues was pre-
sented as units per pg.

Statistical analysis

The data were analysed statistically using SPSS software, 
version 15.0 (SPSS Inc., Chicago, IL, USA). The values are 
represented as the average ± standard deviation (SD). The 
Student’s t test and one-way analysis of variance (ANOVA) 
were used for the determination of differences among vari-
ous groups. The differences were taken to be statistically 
significant at P < 0.05.

Results

ASIB increases PDGF‑B expression in glaucoma mice

In the mice of sham control and untreated groups, DAB 
staining showed the presence of only few PDGF-B-positive 
cells in the corneal tissues. ASIB treatment of the mice 
with glaucoma significantly (P < 0.05) increased PDGF-
B-positive cell count in the corneal tissues (Fig. 2a). ASIB 
treatment increased the PDGF-B-positive cell count from 
5 to 15 mg/kg doses but then it remained constant. These 
findings suggested that the effect of ASIB on increasing 
PDGF-B cell population was maximum at 15 mg/kg doses. 
The PDGF-B-positive cell count was found to be almost 

Fig. 2  Increase in PDGF-B expression by ASIB. The mice pre-treated 
with ASIB were induced glaucoma and then PDGF-B expression 
was assessed by a immunohistochemical staining and b RT-PCR 
assays. Images were captured at × 250. *P < 0.05 and **P < 0.01 vs. 
untreated mice
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equal in the mice treated with 15 and 20 mg/kg doses of 
ASIB. The effect of ASIB on expression of PDGF-B in 
mice corneal tissues was also confirmed using RT-qPCR. 
A significant increase in the level of PDGF-B mRNA in 
mice corneal tissues was caused by treatment with ASIB 
(Fig. 2b). ASIB treatment at 5, 10, 15 and 20 mg/kg doses 
raised the level of PDGF-B mRNA in mice cornea by 2.3-, 
3.8-, 5.4- and 5.5-fold, respectively.

ASIB inhibits pro‑inflammatory cytokines 
in glaucoma mice

The level of TNF-α and IL-6 in the glaucoma mice corneal 
tissues was significantly (P < 0.05) higher than those of 
the normal control group (Fig. 3). Pre-treatment of the 
glaucoma mice with ASIB leads to inhibition of TNF-α 
and IL-6 production. The inhibitory effect of ASIB on the 
production of TNF-α and IL-6 in mice corneal tissues was 
dose based. Although a significant decrease in the produc-
tion of TNF-α and IL-6 was caused by ASIB from 5 mg/kg 
dose, the effect was maximum at 15 mg/kg concentration.

ASIB suppresses NOD2 level in glaucoma mice

The level of NOD2 mRNA and protein in the corneal cells of 
glaucoma mice was significantly (P < 0.05) higher than those 
of the normal control group (Fig. 4). In the glaucoma mice, 
treatment with ASIB leads to a marked decrease in the level 
of NOD2 mRNA and protein in a dose-based manner. The 
level of NOD2 mRNA and protein was almost completely 
inhibited in the glaucoma mice on treatment with 15 mg/kg 
dose of ASIB.

ASIB down‑regulated NF‑κB p65 phosphorylation 
in glaucoma mice

The activation of NF-κB p65 was markedly up-regulated 
in the corneal tissues of glaucoma mice than those in the 
normal group (Fig. 5). ASIB treatment caused a significant 
decrease in the glaucoma-induced up-regulation of NF-κB 
p65 activation. A dose-based reduction in glaucoma-induced 
up-regulation of NF-κB p65 activation was caused in mice 
on treatment with ASIB. The phosphorylation of NF-κB p65 
was almost completely inhibited in the glaucoma mice on 
treatment with 15 mg/kg dose of ASIB.

Fig. 3  Effect of ASIB on TNF-α and IL-6. Glaucoma was induced in 
mice following ASIB pre-treatment. Production of TNF-α and IL-6 in 
mice corneal tissues was determined by a ELISA and b western blot-
ting assays. *P < 0.05 and **P < 0.01 vs. untreated mice

Fig. 4  Effect of ASIB on level 
of NOD2 mRNA in glaucoma 
mice. The NOD2 mRNA and 
protein levels in the glaucoma 
mice were analysed by a west-
ern blot and b RT-PCR assays. 
The presented values are aver-
age ± SD of three experiments. 
*P < 0.05 and **P < 0.01 vs. 
untreated mice

Fig. 5  Down-regulation of NF-κB activation by ASIB. The acti-
vation of NF-κB in mice was analysed by a western blotting and b 
calculation of values was performed in relation to density of β-actin. 
*P < 0.05 and **P < 0.01 vs. untreated mice
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Discussion

Neovascular glaucoma is caused due to the development 
of abnormal blood vessels on iris leading to blocking of 
water drainage from the frontal portion of the eyeball. 
The present study investigated the effect of arylsulfonyl 
indoline-benzamide (ASIB) on neovascular glaucoma in 
the mice model in vivo. ASIB exhibited inhibitory effect 
on glaucoma-induced inflammatory cytokine and oxida-
tive factor damage in the mice. It caused up-regulation of 
PDGF expression and down-regulated NF-κB activation. 
Therefore, ASIB can be of therapeutic significance for 
neovascular glaucoma treatment.

In adult human beings, members of PDGF family 
are involved in the process of embryogenesis and vari-
ous pathologies (Enge et al. 2003). The compatibility of 
PDGF-B is good enough with the central nervous system 
development and in response of astroglial cells to the 
injury (Enge et al. 2003). HIV-1 Tat-induced toxicity of 
the neurons is protected by the exogenous administration 
of PDGF. In the present study, DAB staining showed the 
presence of only few PDGF-B-positive cells in the corneal 
tissues of the mice of sham control and untreated groups. 
ASIB treatment of the mice with glaucoma significantly 
(P < 0.05) increased PDGF-B-positive cell count in the 
corneal tissues. The increase in PDGF-B-positive cell 
count by ASIB treatment was maximum at 15 mg/kg doses 
and then it remained constant. The increase in PDGF-B by 
ASIB in the mice with glaucoma suggested the potential of 
the tissues to repair and regain their function.

Suppression of the pro-inflammatory factor, TNF-α and 
related mediators of inflammation like IL-6 and prosta-
glandin E2 by chemotherapeutic agents have been shown 
to be of significance in the treatment of various disorders 
(Kim et al. 2015; Zhu et al. 2013; Han et al. 2011; Sun 
et al. 2009). In the rat model, inflammation is inhibited by 
down-regulation of TNF-α and interleukin-6 on treatment 
with drug candidates (Wu et al. 2008; Wu et al. 2010a, 
b). The present study investigated the effect of ASIB 
on secretion of pro-inflammatory cytokines and media-
tors of inflammation in the mice corneal cells. The study 
demonstrated that ASIB treatment of the mice decreased 
glaucoma-induced up-regulation of TNF-α and IL-6 lev-
els. The inhibitory effect of ASIB on production of TNF-α 
and IL-6 in mice corneal tissues was dose based. Although 
a significant decrease in production of TNF-α and IL-6 
was caused by ASIB from 5 mg/kg dose, the effect was 
maximum at 15 mg/kg concentration.

NF-κB, which is an inducible nuclear transcription fac-
tor, plays an important role in the regulation of transcrip-
tion of genes associated with different functions (Hotch-
kiss et al. 2003; Arnalich et al. 2000). The genes which 

encode TNF-α and IL-6 pro-inflammatory factors and 
mediators are also regulated by NF-κB (Hotchkiss et al. 
2003; Arnalich et al. 2000). The increased mortality rate 
because of various disorders is believed to be associated 
with the constant NF-κB activation (Hotchkiss et al. 2003). 
Suppression of NF-κB activation has been found to exhibit 
beneficial effect (Feng et al. 2006a, b). The present study 
showed markedly higher activation of NF-κB p65 in the 
corneal tissues of glaucoma mice. ASIB treatment caused 
a significant decrease in the glaucoma-induced up-regu-
lation of NF-κB p65 activation. The phosphorylation of 
NF-κB p65 was almost completely inhibited in the glau-
coma mice on treatment with 15 mg/kg dose of ASIB.

NOD2 exhibits its effect by transmitting signals to 
receptor-interacting protein 2 which subsequently activates 
NF-κB-induced pro-inflammatory response (Hasegawa et al. 
2008; Magalhaes et al. 2011). Failure of NOD2 to regu-
late NF-κB activation due to polymorphism in the genes 
which encode NOD2 leads to early mortality (Brenmoehl 
et al. 2007). In the present study, NOD2 mRNA and protein 
levels in the corneal cells of glaucoma mice were signifi-
cantly (P < 0.05) higher. ASIB treatment of the mice with 
glaucoma leads to marked decrease in the level of NOD2 
mRNA and protein.

Conclusion

ASIB exhibited inhibitory effect on glaucoma-induced 
inflammatory cytokine and oxidative factor damage in the 
mice. It caused up-regulation of PDGF expression and 
down-regulated NF-κB activation. Therefore, ASIB can be 
of therapeutic significance for neovascular glaucoma treat-
ment. However, more studies need to be performed to fully 
understand the molecular mechanism of ASIB in glaucoma 
treatment.
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