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Abstract: Aged related macular degeneration (AMD) is one progressive eye disease with complicated pathogenesis
mechanisms. The degeneration of retinal pigment epithelium (RPE) is the major pathological change of AMD, due
to their gradual oxidation by free radicals. Pterostilbene as one derivative of resveratrol, has potent anti-oxidation
function, but with unknown effects on AMD. This study aimed to investigate the function and mechanism of pteros-
tilbene on RPE in AMD, further illustrating its effects on AMD, in order to provide evidences for clinical treatment
of AMD. Mouse AMD model was established for separation and culture of RPE cells. Histological changes of AMD
in mice were observed by electron microscope. 2 mM pterostilbene was added for 48 h treatment. MTT assay was
used to test cell proliferation, whilst ELISA was employed to quantify expression of inflammatory factors TNF-a and
IL-1B3. Western blot was used to test VEGF protein expression. ROS contents, GSH and SOD activity were further
analyzed. Analysis of pterostilbene pharmacodynamic parameters was conducted. Our result showed that the de-
posits were accumulated in RPE cells, the proliferation of which in AMD model mice was inhibited, accompanied
with enhanced TNF-a and IL-1 expression, plus higher VEGF protein expression, ROS production, and lower GSH or
SOD activity (P<0.05 compared to control group). The GSH and SOD pharmacodynamic parameters in group treated
with Pterostilbene exhibited significant difference, compared to that in control (P<0.05). Pterostilbene treatment
facilitated RPE cell proliferation, decreased TNF-a and IL-1[3 expression, inhibited VEGF expression, decreased ROS
production, and elevated GSH and SOD activity (P<0.05 compared to model group). Pterostilbene can modulate
oxidation-anti-oxidation balance via alleviating inflammation, and can inhibit VEGF expression while facilitate RPE
cell proliferation in AMD, thus retarding AMD progression.
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Introduction tation of retinal pigment epithelium (RPE),
abnormality of choroid plexus, and vasculariza-

Aged related macular degeneration (AMD) fre- tion of newly formed vessels in choroid plexus,

quently occurs in middle-aged people over 50
years. As one progressive eye disease, it can
eventually cause unilateral or bilateral blind-
ness [1]. Age is one high risk factor for AMD.
With aged population worldwide, incidence and
mortality of AMD gradually increased by years
[2]. AMD has complicated pathogenesis mech-
anism with unclear factors. Most studies
agreed that both age and genetic factors were
strongly correlated with AMD, whilst inflamma-
tion, oxidative stress, obesity and cardiovascu-
lar disease can all lead to AMD occurrence [3,
4]. Pathological features of AMD involve periph-
eral nerve and retinal lesion, including typical
Bruch’s membrane thickening, pigment precipi-

among which RPE degeneration is the major
pathological change [5, 6]. Derived from neuro-
ectoderm, RPE cells can provide metabolic sup-
porting for photo sensory cells. Abnormality of
RPE cells can cause the loss of normal physio-
logical functions, further causing precipitation
in retina and AMD occurrence [7]. Under normal
conditions, anti-oxidation defense system con-
sisting of small molecule anti-oxidant, anti-oxi-
dase and DNA repair system can maintain body
redox homeostasis and clear reactive oxygen
species (ROS) produced by the body. When
redox homeostasis is interrupted, over-expres-
sion or inability for elimination of ROS cause
oxidative stress response of cells [8]. The inabil-
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ity of the body to clear excess ROS leads to cell
damage, and accelerates ageing process.
Therefore oxidative stress plays important roles
in various aged-related diseases [9, 10]. The
gradual oxidation of RPE by free radicals is one
of its pathogenesis mechanism. Therefore the
effective clearance of oxygen free radicals,
maintaining body’s oxidation/anti-oxidation
balance is one major challenge in AMD preven-
tion and treatment [11].

As one homologous derivative of resveratrol,
pterostilbene has multiple functions including
anti-oxidation, anti-bacterial, anti-tumor, regu-
lating vasodilation, inhibiting platelet coagula-
tion and mediating lipoprotein metabolism,
thus can elevate body immune defense func-
tion [12-15]. Pterostilbene is one type of non-
flavone polyphenol compound that is widely
distributed in grape, nut, strawberry, resina
draconis and propolis [14]. Current study has
demonstrated the treatment efficacy of pteros-
tilbene in treating Alzheimer’s disease, cardio-
vascular disorder, brain trauma, tumor and
hypercholesterolemia [15, 16]. Its effects on
AMD, however, has not been studied. This
research thus investigated the role and mecha-
nism of pterostilbene on RPE of AMD, further
illustrating the effect of pterostilbene on AMD,
in order to provide evidences for clinical treat-
ment of AMD.

Materials and methods
Experimental animals

Healthy female C57BL/6 mice (age 6-7 weeks,
SPF grade, body weight 27+5 g) were pur-
chased from Laboratory Animal Center of Sun
Yat-sen University and were kept in an SPF
grade facility with fixed temperature (21+1°C)
and humidity (50~70%) with 12/12 light/dark
cycle.

Rats were used for all experiments, and all pro-
cedures were approved by the Animal Ethics
Committee of Zhongshan Ophthalmic Center,
Sun Yat-sen University.

Equipment and reagent

Hydroquinol was purchased from Sigma (US).
Pterostilbene (98% purity) was purchased from
Fujistu (Japan). DMSO and MTT powders were
purchased from Gibco (US). Trypsin-EDTA lysis
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buffer was purchased from Sigma (US). PVDF
membrane were purchased from Pall Life
Sciences (US). EDTA was purchased from
Hyclone (US). ELISA kit for TNF-a and IL-13 were
purchased from R&D (US). SOD activity assay
kit was purchased from Jiancheng (China). GSH
test kit was purchased from Trevigen (US).
Western blotting reagent was purchased from
Beyotime (China). ECL reagent was purchased
from Amersham Biosciences (US). Rabbit anti-
mouse VEGF monoclonal antibody, and goat
anti-rabbit horseradish peroxidase (HRP)-
conjugated IgG secondary antibody were all
purchased from Cell Signaling (US). Other com-
mon reagents were purchased from Sangon
(China). Labsystem Version 1.3.1 microplate
reader was purchased from Bio-rad (US).
Ultrapure workstation was purchased from
Sutai (China).

Animal grouping and treatment

Healthy male C57BL/6 mice were randomly
assigned into two groups (N=20 each), includ-
ing control group and AMD model group.

Mouse AMD model preparation

Based on previous records [17], mice in the
model group was fed using 8 g/L hydroquinol,
using normal diet containing protein, vitamin,
lipid, linoleic acid and taurine. Normal mice
received normal diet without hydroquinol. The
model preparation was carried out for 5
months.

Histological changes by electron microscope

Rats were killed (3 rats in each group), and the
eyes were enucleated, before the fixation with
2.5% paraformaldehyde and glutaric acid mixed
stationary liquid for 24 h. The cornea, lens and
vitreous body tissue were removed, and then
the 4 mm x 2 mm ball wall was cut for the fixa-
tion with osmic acid and glutaric acid mixture.
The sample was embedded in epoxy resin and
sectioned by using thin slice machine (LEICA
ULTRACUT R type) (Leica, Germany). Transmi-
ssion electron microscopy (JEM1010EX) (JEOL,
Japan) was employed for observation.

RPE cell culture

Control and model rats were anesthetized by
2% lidocaine via post-bulbar injection. Bilateral
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eyeballs were removed under sterile condi-
tions. Attached fascia tissues were removed.
The eyeball was rinsed in gentamicin-contain-
ing saline and was placed in DMEM culture
medium. A circular incision was made 3 mm
posterior of corneoscleral junction. Anterior
segment and viscous body were removed, fol-
lowed by 0.25% trypsin digestion for 10 min.
Retinal neural epithelial layer was separated
and removed. Remaining eyecup, which con-
tained RPE cell layer, was cut radically. After
0.25% trypsin digestion for 30 min at 37°C.
Cells suspensions were then centrifuged at
800 rpm for 10 min. the supernatant was dis-
carded and cultured medium containing 100 U/
ml penicillin and 100 pg/ml streptomycin was
added for incubation at 37°C with 5% CO,.
Culture medium was changed every changed
every other day. Cells were passed every 2-3
days. RPE cells at log-growth phase at 2" to 8
generation were used for experiments. Model
group was randomly divided into two groups:
control group; and pterostilbene group, which
received 2.0 mmol/L pterostilbene treatment
for 48 h as previously recorded [18].

MTT assay for RPEs cell growth

RPE cells at log-phase were digested, counted
and seeded into 96-well plate at 3000 cells per
well. Cells were randomly assigned into three
groups: normal control group, model group and
pterostilbene group (N=5). After 48-hour incu-
bation, 20 uyl MTT solution (5 g/L) was then
added into each test well. With 4 h continuous
culture, the supernatant was completely
removed, with the addition of 150 ul DMSO for
10 min vortex until the complete resolving of
crystal violet. Absorbance (A) values was mea-
sured at 570 nm in a microplate reader. The
proliferation rate was calculated in each group.
Each experiment was repeated in triplicates for
statistical analysis.

ELISA for inflammatory factor TNF-a and IL-1[3
expression

Cell culture supernatant was collected and
tested for expression levels of TNF-a and IL-103
following the manual instruction of test kits. In
brief, 96-well plate was added with 50 ul seri-
ally diluted samples, which were used to plot
standard curves. 50 ul test samples were then
added into test wells in triplicates. After wash-
ing for 5 times, liquids were discarded to fill
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with washing buffer for 30 sec vortex. The rins-
ing procedure was repeated for 5 times. 50 pl
enzyme labelling reagent was then added into
each well except blank control. After gentle mix-
ture, the well was incubated for 30 min at 37°C.
Chromogenic substrates A and B were sequen-
tially added (50 ul each), followed by 37°C dark
incubation for 10 min. The test plate was then
mixed with 50 ul quenching buffer as the blue
color turned into yellow. Using blank control
well as the reference, absorbance (A) values at
450 nm wavelength were measured by a micro-
plate reader within 15 min after adding quench-
ing buffer. Linear regression model was then
plotted based on the concentration of standard
samples and respective A values. Sample con-
centration was further deduced based on A val-
ues and regression function.

Pterostilbene pharmacodynamics

The elimination rate constant of GSH and SOD
(Ke), the elimination effect of half-life [t1/2
(Ke)], the effect emerging rate constant (Ka),
the effect presenting half-life [t1/2 (Ke)], the
duration of the effect (tm), peak time of effect
(tp) were calculated.

Western blot for VEGF protein expression

Proteins were extracted from RPE cells. In brief,
tissues were mixed with lysis buffer for 15~30
min iced incubation. Using ultrasonic rupture (5
s, 4 times) and centrifugation (10000 g, 15
min), proteins were quantified from the super-
natant and were kept at -20°C for Western blot-
ting. Proteins were separated in 10% SDS-
PAGE, and were transferred to PVDF membrane
by semi-dry method Non-specific binding si-
tes were blocked by 5% defatted milk powders
for 2 hours. Anti-VEGF monoclonal antibody
(1:12000) was applied for 4°C overnight incuba-
tion. Goat anti-rabbit IgG (1:2000) was then
added for 30-min incubation. After PBST wash-
ing and ECL development for 1 min, the mem-
brane was exposed under X-ray. An imaging
analyzing system and Quantity one software
were then used to scan X-ray films and to detect
the density of bands with repeated measures
(N=4).

SOD activity in cells
Using SOD activity assay kit, SOD activity was

tested in RPE cells following manual instruc-
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Figure 1. Histological changes of AMD by electron microscope (x 10000). A:

Control groups; B: Model group.
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Figure 2. Effects of pterostilbene on RPEs cell prolif-
eration in AMD mice. *P<0.05 compared to control
group; #P<0.05 compared to model group.

tion. In brief, cell proteins extracted were dena-
tured at 95°C for 40 min, and were centrifuged
at 4000 rpm for 10 min after cooling down.
Ethanol-chloroform mixture (5:3, v/v) was used
to extract ethanol phase in the homogenate for
total SDO activity assay.

ROS content assay in cells

Cells were denatured at 95°C for 40 min, rinsed
in cold water, and were centrifuged at 4000
rom for 10 min. At 37°C, homogenates were
incubated in 2’, 7’-dichlorofluorescein diace-
tate (DCF-DA) for 15 min. After centrifugation at
10000 rpm for 15 min, precipitations were re-
suspended in sterilized PBS buffer, and were
incubated at 37°C for 60 min. Spectrometry
was used to detect the ROS levels expressed
as ROS production percentage.

GSH content assay
Cells were homogenized in vortex and were
denatured at 95°C for 40 min, rinsed in cold

water, and were centrifuged at 4000 rpm for 10
min. Following the manual instruction of GSH
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assay Kkit, cell supernatant
was mixed with 5% phospho-
rous acid, followed by 4000
rom centrifugation for 10 min.
Total supernatant was collect-
ed for detecting GSH level
change. The mixture was
incubated for 5 min, and was
tested for GSH activity change
at 420 nm wavelength. The
concentration of GSH was
measured based on standard
curve of GSH. At 1.0 cm pho-
to-diameter, OD value was measured by colo-
rimetry. GSH result was presented as nmol con-
tent in each mg protein.

b PPN

Statistical analysis

SPSS16.0 software was used for data analysis.
Measurement data were presented as mean +
standard deviation (SD). One-way analysis of
variance (ANOVA) was employed for comparing
between multiple groups. Post-hoc test follow-
ing ANOVA (tamhane’s T2) was conducted for
multiple comparisons between groups as equal
variance was not assumed. A statistical signifi-
cance was defined when P<0.05.

Results
The observation of histological changes

The result of AMD by electron microscope
showed that RPE cell in the control group pre-
sented integral structure, long microvilli, orderly
arranged basal infolding, plenty of mitochon-
dria, with similar thickness. In the model group,
however, RPE cells exhibited incomplete struc-
ture, short microvillis, vacuolized mitochondri-
al, layered sediments in outer layer collagen
(Figure 1).

Effects of pterostilbene on RPEs cell prolifera-
tion in AMD

MTT assay was used to test the effect of pteros-
tilbene on RPE cell proliferation in AMD model
mice. Results showed significantly inhibited
proliferation of RPE cells in AMD model mice
(P<0.05 compare to normal control group).
Pterostilbene treatment significantly facilitated
RPE cell proliferation in AMD mice (P<0.05
compared to model group, Figure 2). These
above results indicated that pterostilbene
could facilitate proliferation of RPE cells in AMD
model mice.
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Figure 3. Effects of pterostilbene on inflammatory factors TNF-a and IL-13
in AMD mice. *P<0.05 compared to control group; #P<0.05 compared to

model group.
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Figure 4. Effects of pterostilbene on VEGF protein ex-
pression in AMD mice.
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Figure 5. Analysis of pterostilbene effect on VEGF
protein expression in AMD mice. *P<0.05 compared
to control group; #P<0.05 compared to model group.

Effects of pterostilbene on inflammatory fac-
tors TNF-a and IL-13 in AMD mice

ELISA was used to test the effect of pterostil-
bene on expression of inflammatory factors
TNF-a« and IL-1B in RPE cell supernatant.
Results showed significantly elevated TNF-o
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IL-1B

and IL-10 expression in RPEs
supernatant of AMD model
mice (P<0.05 compare to nor-
mal control group). Pteros-
tilbene treatment significantly
inhibited TNF-o« and IL-1B
expression in RPEs superna-
tant (P<0.05 compared to
model group, Figure 3) but
was still higher than those of
normal control group (P<
0.05). These above results
suggested that pterostilbene
could decrease secretion of
inflammatory factors in RPE
cells of AMD mice, thus allevi-
ating inflammatory response.

Effects of pterostilbene on
VEGF protein expression of
AMD mice

Western blot was used to test the effect of
pterostilbene on expression of VEGF protein in
RPE cells of AMD mice. Results showed
enhanced VEGF protein expression in RPEs
cells of AMD model mice (P<0.05 compare to
normal control group). Pterostilbene treatment
significantly inhibited VEGF proteins in RPEs
cells (P<0.05 compared to model group,
Figures 4 and 5). These results suggested that
pterostilbene could facilitate VEGF expression,
leading to AMD pathogenesis. Pterostilbene
could exert effects on AMD RPE cells, thus
depressing VEGF protein expression.

Effects of pterostilbene on ROS content of RPE
cells

ROS production levels in all groups of cells were
tested. Results showed significantly enhanced
ROS production in RPEs cells (P<0.05 com-
pared to control group). Pterostilbene treat-
ment on RPE cells significantly inhibited ROS
production (P<0.05 compared to model group,
Figure 6).

Effects of pterostilbene on SOD activity in RPE
cells

SOD activities in all groups of cells were tested.
Results showed significantly lower SOD activity
in RPEs cells (P<0.05 compared to control
group). Pterostilbene treatment on RPE cells
significantly enhanced SOD activity in RPE cells
(P<0.05 compared to model group, Figure 7).
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Figure 6. Effects of pterostilbene on ROS contents
of RPE cells. *P<0.05 compared to control group;
#P<0.05 compared to model group.
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Figure 7. Effects of pterostilbene on SOD activity
of RPE cells. *P<0.05 compared to control group;
#P<0.05 compared to model group.
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Figure 8. Effects of pterostilbene on GSH activity
of RPE cells. *P<0.05 compared to control group;
#P<0.05 compared to model group.

Effects of pterostilbene on GSH activity of RPE
cells

GSH activity in all groups of cells was tested.
Results showed significantly lower GSH activity
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Table 1. The pharmacodynamics parameters
of pterostilbene on GSH and SOD

GSH soD
Ke 0.00063 0.00221
Ka 0.1041 0.1710
t s e 1091.33 310.85
toue 6.68 4.05
t 4218 25.93

in RPEs cells of AMD model mice (P<0.05 com-
pared to control group). Pterostilbene treat-
ment on RPE cells significantly enhanced GSH
activity (P<0.05 compared to model group,
Figure 8).

Pharmacodynamics of pterostilbene

In this study, we also detected the pharmacody-
namic parameters in order to evaluate the
effects of pterostilbene on GSH and SOD. The
data of different impacts on GSH and SOD indi-
cated that pterostilbene had potent antioxidant
effect, with the profiles of high-strength and
long-lasting effect (Table 1).

Discussion

During pathogenesis and progression of AMD,
RPE cell injury is one early event, making the
maintenance of normal structure and function
of RPE critical for retarding AMD occurrence
[19]. RPE cells are specialized tissues under
the effect of ROS, with aggregation of photo
sensory cells and pigment in macular region,
further affecting vision. Therefore, eye is sensi-
tive for light irradiation and photo-chemistry
injury. With its high oxygen expenditure status,
it can further participate in metabolism and
phagocytosis functions [20]. When oxidative
stress occurs, anti-oxidation defense system is
compromised, enriching ROS, further aggravat-
ing AMD occurrence and progression [21]. This
study thus established an AMD mouse model
on which RPE cells were separated to find inhib-
ited cell proliferation in AMD mice, accompa-
nied with higher TNF-a and IL-1B8 expression
levels, higher ROS production, lower GSH or
SOD activity. Histological detection result also
confirmed that RPE cells in model group pre-
sented obvious pathological changes, which is
strictly associated with the occurrence and
development of AMD.
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Further study added pterostilbene on RPE cells
of AMD model. Results showed that pterostil-
bene could facilitate RPE cell proliferation,
decrease TNF-a and IL-1p expression or ROS
production, and enhance GSH production and
SOD activity. Pterostilbene is one metabolism
of resveratrol with more potent pharmaceutical
efficacy. Besides advantages in pharmaceuti-
cal functions, pterostilbene has highly selectiv-
ity. After forming its methylation product pte-
rostilbene, resveratrol has highly biological
activity and selectivity, plus lower toxicity, mak-
ing more application advantages over resvera-
trol. Pterostilbene still has important roles in
anti-inflammation and regulating redox homeo-
stasis [15, 16]. Our pharmacodynamic analysis
also unraveled high values of parameters in
SOD than that in GSH, suggesting a stronger
effect of pterostilbene on SOD than that on
GSH. Study showed that abundant ROS could
injury mitochondrial and lysosomal structures
inside RPE cells. Mitochondrial injury can pro-
duce more ROS inside the body, forming a
vicious circle to induce cell apoptosis, abnor-
mality in RPE cells, and shortening and disorder
of photo sensory cells [22]. Anti-oxidase hydrog-
enase GSH and SOD can form anti-oxidants to
effectively clear ROS, thus maintaining normal
cell physiology mechanism and impeding oxida-
tive stress injury on RPE cells [23]. During oxi-
dative stress injury, both inflammatory and
immune factors could induce AMD pathogene-
sis. The drusen produced by oxidative stress
response precipitates between RPE cell layers,
activating macrophage, enhancing inflammato-
ry factor production. On the other hand, RPE
cannot effectively absorb oxygen or nutrients
under the influence of drusen, thus leading
over-production of vascular endothelial cells
and angiogenesis in choroid plexus [24, 25].
Therefore, AMD pathogenesis and inflamma-
tion are closely related with VEGF. This study
demonstrated that pterostilbene could inhibit
AMD inflammation, and decrease VEGF produc-
tion, thus retarding AMD progression.

Conclusion

Pterostilbene could facilitate RPE cell prolifera-
tion in AMD via alleviating inflammation, regu-
lating oxidation/anti-oxidation balance and
inhibiting VEGF expression, thus retarding AMD
progression. Therefore, the re-establishment of
anti-oxidase homeostasis can benefit the study
of effective treatment for AMD.
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