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Abstract

Purpose: To investigate the effect of arbutin on chronic hypertension-induced optic nerve damage in
rats, and the mechanism(s) of action involved.

Methods: Adult Sprague Dawley rats (n = 32) of both sexes weighing 200 - 230 g (mean weight = 215 £
15 g) were randomly assigned to 4 groups (8 rats/group): control group, chronic hypertension glaucoma
(CHG) group, 50 mg arbutin/kg body weight group, and 100 mg arbutin/kg group. Intraocular
hypertension was produced in the right eye of each rat via ischemia/reperfusion. Intraocular pressure
(IOP), retinal ganglion cell (RGC) survival and histopathological changes were determined. The levels of
interleukin (IL)-18, IL-6, nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) and nitric
oxide (NO) were assayed using their respective kits. Messenger RNA (mRNA) and protein expressions
of pro- and anti-apoptotic factors in retinal tissue were determined by quantitative reverse transcription
polymerase chain reaction (QRT-PCR) and Western blotting, respectively.

Results: Intraocular pressure (IOP) was significantly higher in CHG group than in control group, but
was significantly and time-dependently reduced by arbutin (p < 0.05). Arbutin treatment significantly
enhanced the survival of RGCs in retinal tissues of CHG rats (p < 0.05. It significantly and dose-
dependently lowered the levels of circulating IL-1B, IL-6, NF-kB and NO (p < 0.05). Moreover, arbutin
significantly and dose-dependently downregulated the mRNA expressions of caspase-3 and caspase-8,
and bax and Akt, but upregulated bcl-2 mRNA expression (p < 0.05). Similarly, it significantly and dose-
dependently downregulated the protein expressions of caspase-3, bax, p-NF-kB, inducible nitric oxide
synthase (iINOS) and Akt, while it upregulated bcl-2 protein expression (p < 0.05).

Conclusion: These results show that arbutin mitigates chronic hypertension-induced optic nerve
damage in rats via the regulation of inflammatory cytokine levels and oxidative stress, and therefore can
potentially be used for the management of glaucoma.
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INTRODUCTION due to abnormally high pressure in the
eye. Glaucoma is a neurodegenerative disease

Glaucoma is a group of eye conditions caused by and one of the leading causes of blindness for
damage to the optic nerve. This damage is often  people over the age of 60 [1]. A study has
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predicted that by 2020, approximately 79.7
million people would suffer from glaucoma-
induced blindness [2]. This disease s
characterized by optic nerve degeneration and
loss of RGCs.

The predominant and only modifiable risk factor
for glaucoma is elevated IOP [3]. Studies
suggest that activation of neuroglial cells causes
neuro-inflammation involving an interplay of
signaling pathways [4]. In glaucoma, optic nerve
injury is caused by increased release of
inflammatory cytokines which in turn cause
inflammation [5]. It is speculated that the
activation of NF-kB pathway in turn activates
neuroglial cells and results in the death of RGCs
[6]. However, the precise molecular mechanism
responsible for the loss of vision in glaucoma is
yet to be fully understood. In addition,
conventional drugs used for the treatment of
glaucoma have limited effectiveness.

Alternative medicine has shown great promise in
the treatment of chronic disorders. Arbutin is a
glycosylated  hydroquinone isolated from
bearberry plant which belongs to in the genus
Arctostaphylos [7]. Arbutin has been reported to
possess alpha-amylase and alpha-glucosidase
inhibitory properties, as well as gastroprotective,
antioxidant, antihyperlipidemic,
antihyperglycemic and anti-inflammatory effects
[8-11]. It protects against osteoporosis via
mechanisms involving the inhibition of osteoclast
proliferation and regulation of RANKL/NF-kB
pathway [12]. The aim of this study was to
investigate the effect of arbutin on chronic
hypertension-induced optic nerve damage, and
the mechanism(s) involved.

EXPERIMENTAL
Rats

Adult Sprague Dawley rats (n = 32) of both sexes
weighing 200 - 230 g (mean weight =215+ 15 g)
were used in this study. The rats were housed in
metal cages under standard conditions and
allowed free access to standard feed and water.
Prior to commencement of study, the rats were
acclimatized to the laboratory environment for 3
days. Thereafter, they were exposed to 12-h
light/12 h dark cycle, and maintained at an
average temperature of 24 + 3 °C, and 55 — 65
% humidity. The study protocol was approved by
the Institutional Animal Care and Use Committee
of The Second Clinical College of North Sichuan
Medical College, China (no. IAEC/SCC-
NSMC/2017/05). The procedures used were
carried out according to the guidelines of
Association  for the  Assessment and

Accreditation of Laboratory Animal Care

International (AAALAC) [13].

Establishment of rat model of intraocular
hypertension

The rats were randomly assigned to 4 groups (8
rats/group): control group, CHG group, 50 mg
arbutin/kg bwt group, and 100 mg arbutin/kg bwt
group. Intraocular hypertension was produced in
the right eye of each rat via ischemia/reperfusion
as described in previous studies [14]. Normal
rats served as control. The rats were
anesthetized with pentobarbitone (100 mg/kg
bwt, i.p.) and topical application of 0.5 % alcaine
eye drop. Tropicamide (1 %) was used to dilate
the pupils. The anterior chamber of the right eye
was cannulated using 30-gauge needle. This
procedure was performed by maintaining IOP of
70 mmHg for 1 h. The IOP was normalized after
needle withdrawal. The IOP was measured after
vein cauterization using Tonopen XL tonometer.
Rats in the treatment group received arbutin at
doses of 50 and 100 mg/kg bwt subcutaneously
for a period of 5 weeks, and IOP was measured
on weekly basis.

Determination of RGC survival

Retina was isolated from each rat and washed
with phosphate-buffered saline (PBS) containing
30 % sucrose. Topographic analysis of Rbpms
immunolabeling was performed on retinal
wholemounts. Polyclonal goat anti-brain-specific
homeo box/POU domain protein 3a (Brn3a)
antibody was incubated with retinal tissue at 4 °C
for 3 days. The retina tissues were thereafter
washed with PBS and incubated for 4 h with
secondary antibody. A fluorescence microscope
was used to examine retinal images to determine
loss of RGCs. The surviving RGCs were counted
at periphery, middle and center of each tissue
sample.

Nitric oxide (NO) assay

The level of NO in retinal tissue was determined
using standard method [15]. Retinal tissue
homogenate (20 %) was prepared in isotonic KCI
solution using a mechanical homogenizer. The
homogenate was centrifuged at 12,000 rpm for
10 min to obtain supernatant which was then
reacted with 1 % sulfanilamide and 1 % N-(1-
napthylethylenediamine dihydrochloride) for 10
min at room temperature. The absorbance of the
solution was read at 550 nm in a microplate
reader, and the corresponding NO level was
extrapolated from standard NO calibration curve.
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Histopathological examination of retinal

tissue

Portions of the retina were serially sectioned and
fixed in Davidson’s solution containing 12.5 %
acetic acid, 9.3 % paraformaldehyde and 37.5 %
ethanol for 24 h. The specimen was then
dehydrated through graded series of alcohol and
cleared in three changes of xylene before being
embedded in paraffin. Serial sections, each 4-ym
thick, were cut using a microtome, and the
sections were stained with hematoxylin and
eosin (H&E) according to standard procedures.
The sections were examined under the light
microscope and photographed. The retinal
ganglion cells were counted using an image
analyzer (Image Proplus 3.0).

Determination of
cytokines

levels of inflammatory

The levels of IL-1B, IL-6 and NF-kB were
determined using their respective commercial
enzyme-linked immunosorbent assay (ELISA)
kits.

Quantitative reverse transcription-
polymerase chain reaction (QRT-PCR)

The mRNA expressions of caspases-3, caspase-
8, bax, bcl-2 and Akt were determined using
gRT-PCR. Trizol RNA extraction reagent was
used to extract total RNA from cell suspension
resulting from the trypsinization of retinal tissue,
while cDNA synthesis kit was used to perform
cDNA synthesis reaction according to the
instructions of the manufacturer. Light Cycler
1536 RT-PCR detection system was used for the
estimation of the expression levels of the genes.
Variation in the cDNA content was normalized
using (-actin. The gRT-PCR reaction conditions
were: pre-denaturation at 95 °C for 5 min, PCR
reaction at 95 °C for 5 sec and 60 °C for 30 sec,
and a total of 40 cycles. The PCR reaction
mixture (20 pL) consisted of 6.4 pL of dH20, 1.6
ML of gene-specific primer (10 pM), 2 pL of
synthesized cDNA, and 10 yL of SYBR Premix
Ex Tag™ II. The Ct value of U6 was taken as the
internal parameter, and 2%22°t was used to
calculate the relative expression levels of the
genes.

Western blotting

Cell suspension resulting from trypsinization of
lung tissues was washed twice with phosphate-
buffered saline (PBS) and lysed with NP40
protein lysis buffer containing protease and
phosphatase inhibitors at a volume ratio of 1:5.
The resultant lysate was centrifuged at 12,000

rom for 10 min at 4 °C, and the protein
concentration of the supernatant was determined
using detergent compactible (DC) protein assay
kit. A portion of total cell protein (30 pg) from
each sample was separated on a 10 % sodium
dodecyl sulphate (SDS)-polyacrylamide gel
electrophoresis and transferred to a fixed
polyvinylidene fluoride membrane at 110 V and
90 ° C for 120 min.

Subsequently, non-fat milk powder (5 %) in Tris-
buffered saline containing 0.2 % Tween-20 (TBS-
T) was added to the membrane, with gentle
shaking at 37 °C and incubated to block non-
specific binding of the blot. Thereafter, the blots
were incubated overnight at 4 °C with primary
antibodies (rabbit polyclonal anti- caspase-3,
bax, bcl-2, Akt, iINOS, pNF-kB, NF-kB and -
actin, each at a dilution of 1 to 1000). Then, the
membrane was washed thrice with TBS-T and
further incubated with horseradish peroxidase-
conjugated goat anti-rabbit 1gG secondary
antibody for 2 h at room temperature. The blot
was developed using an X-ray film. Grayscale
analysis of the bands was performed using
enhanced chemiluminescence (ECL). The
various protein  expression levels were
normalized to that of B-actin which was used as
a standard.

Statistical analysis

Data are expressed as mean + SEM. Statistical
analysis was performed using GraphPad Prism
(6.1). Groups were compared using Student’s {-
test. Statistical significance was assumed at p <
0.05.

RESULTS
Effect of arbutin on IOP in rats

Intraocular pressure (IOP) of the CHG group was
significantly higher than that of control group, but
was significantly and time-dependently reduced
after arbutin treatment (p < 0.05; Figure 1).

Effect of arbutin on the survival of RGCs

As shown in Figure 2, arbutin significantly
enhanced the survival of RGCs in retinal tissues
of CHG rats (p < 0.05).

Pathological changes in retinal tissues of
CHG rats

Rats in control group exhibited normal retina
morphology (normal structure and thickness of
retinal tissue) with high number of cells. The
retinal tissues of CHG rats had a few number of
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cells and reduced layer thickness. However,
treatment with arbutin significantly reversed the
altered structure, thickness and number of cells
in retinal tissues of CHG rats (Figure 3 A). Cell
number was significantly reduced in CHG group,
relative to control group, but was significantly
increased after treatment with arbutin (p < 0.05;
Figure 3 B).
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Figure 1: Effect of arbutin on IOP of CHG rats. #P <
0.05, compared with control group; “p < 0.01,
compared with CHG group
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Figure 2: Effect of arbutin on the survival of RGCs in
retinal tissues of CHG rats. (A): Retinal tissue labeled
with Brn3a; (B): Surviving RGCs per mm?. #P < 0.05,
compared with control group; “p < 0.01, compared
with CHG group

Effect of arbutin on levels of inflammatory
cytokines

Treatment of CHG rats with arbutin led to
significant and dose-dependent reductions in the
levels of circulating IL-183, IL-6 and NF-kB (p <
0.05; Figure 4).

Effect of arbutin on NO level in retinal tissues
of CHG rats

As shown in Figure 5, arbutin treatment
significantly and dose-dependently reduced the
levels of NO in retinal tissues of CHG rats (p <
0.05).
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Figure 3: Pathological changes in retinal tissues of
CHG rats. (A): Hematoxylin and eosin (H & E)-stained
retinal tissues. (B): Number of cells present in the
retina. #P < 0.05, compared with control group; “p <
0.01, compared with CHG group
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Figure 4: Effect of arbutin on the levels of

inflammatory cytokines. P < 0.05, compared with
control group; “p < 0.01, compared with CHG group
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Figure 5: Effect of arbutin on NO level in retinal
tissues of CHG rats. #P < 0.05, compared with control
group; “p < 0.01, compared with CHG group

Effect of arbutin on RGC apoptosis

and dose-
the mRNA

Arbutin  treatment  significantly
dependently  downregulated
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expressions of caspase-3, caspase-8, bax and
Akt, but upregulated bcl-2 mRNA expression (p <
0.05; Figure 5A). Moreover, arbutin significantly
and dose-dependently downregulated caspase-3
and bax protein expressions, while it significantly
upregulated bcl-2 protein expression in a dose-
dependent fashion (p < 0.05; Figure 5 B and C).
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Figure 6: Effect of arbutin on RGC apoptosis. (A):
Relative mRNA expressions of caspase 3, caspase 8,
bax, bcl-2 and Akt in retinal tissue as measured using
gRT-PCR; (B): Relative expression of caspase 3, bax
and bcl-2 proteins as measured using Western
blotting. #p < 0.05, compared with control group; “p <
0.01, compared with CHG group

Effect of arbutin on NF-kB signaling pathway

Treatment of CHG rats with arbutin led to
significant and dose-dependent downregulation
of the protein expressions of p-NF-kB, iNOS and
Akt (p < 0.05). These results are shown in Figure
7.
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Figure 7: Effect of arbutin on NF-kB signaling
pathway. #P < 0.05, compared with control group; “p
< 0.01, compared with CHG group

DISCUSSION

Glaucoma is an ocular disease associated with
increased IOP and increased degeneration of
RGCs, thereby leading to irreversible loss of
vision [16]. Conventional drugs used for the
treatment of glaucoma cannot prevent the
degeneration of RGCs. A general understanding
of the disease with respect to pathophysiology,
diagnosis, and treatment may assist primary care
physicians in identifying high-risk patients for
comprehensive ophthalmologic examination. The
reduction of IOP is the only proven method for
treating glaucoma. Although treatment is usually
initiated with ocular hypotensive drops, laser
trabeculoplasty and surgery may also be used to
slow down the disease. The present study
investigated the effect of arbutin on chronic
hypertension-induced optic nerve damage, and
the mechanism(s) involved. The results showed
that treatment of CHG rats with arbutin
significantly and time-dependently reduced their
IOP. This suggests that arbutin may confer
protection on RGCs.

Apoptosis refers to programmed cell death which
that occurs in  multicellular  organisms.
Biochemical events lead to characteristic cell
changes and death. These changes include
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blebbing, cell shrinkage, nuclear fragmentation,
chromatin condensation, chromosomal DNA
fragmentation, and global mRNA decay. Retinal
ganglion cell (RGC) apoptosis has been shown
to contribute to retina damage in glaucoma due
to increased IOP [17]. The increased IOP
contributes to the loss of RGCs. In this study,
arbutin treatment significantly enhanced the
survival of RGCs in retinal tissues of chronic
hypertensive glaucoma rats, an indication that
the crude drug may possess antioxidant and anti-
inflammatory properties. This finding is in
agreement with results of previous studies [18].

The concentrations of inflammatory cytokines are
elevated in glaucoma [19]. Although the specific
triggers for inflammatory responses in glaucoma
remain poorly defined, inflammatory processes
mediated in part by astrocytes and resident
microglia, are clearly implicated in role glaucoma.
Inflammatory glaucoma, also known as uveitic
glaucoma, is a condition in which
ocular inflammation causes persistent or
recurrent elevation in IOP, resulting in anatomical
and physiological changes characteristic of
primary open angle glaucoma. The results of this
study showed that treatment of CHG rats with
arbutin led to significant and dose-dependent
reductions in the levels of circulating IL-1B, IL-6
and NF-kB.

Apoptosis involves an interplay of pro- and anti-
apoptotic proteins. The main function of anti-
apoptotic bcl-2 proteinsis  to  suppress pro-
apoptotic bax and bak, thereby preserving the
integrity of the mitochondrial outer membrane.
This is achieved by direct binding and sequestra-
tion of pro-apoptotic BH3-only proteins which are
able to directly or indirectly activate bax/bak.
Caspase-3 is a caspase protein that interacts
with caspase-8 and caspase-9 [20]. Caspase
activation is the hallmark of the mitochondrial
pathway of apoptosis which begins with the
permeabilization of  the mitochondrial outer
membrane [21]. The resultant complex promotes
the activation of caspase 9, which in turn
activates effector caspases that collectively
orchestrate the execution of apoptosis [21]. The
upregulation of bax and downregulation bcl-2
protein  expression also contributes to
mitochondrial dysfunction, and ultimately cell
apoptosis [22]. In this study, treatment of CHG
rats with arbutin significantly reversed the altered
levels of pro- and anti-apoptotic factors in rat
retinal tissues.

CONCLUSION

The results obtained in this study show that
arbutin mitigates chronic hypertension-induced

optic nerve damage in rats via the regulation of
inflammatory cytokine levels and oxidative
stress, and thus may be useful as a therapeutic
agent for the management of glaucoma.
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