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Intense exposure to light, robust metabolic activity, and high oxygen tension render the human eye particularly vulnerable to oxidative 
damage and the list of ophthalmological disorders implicating reactive oxygen species is rapidly expanding. The present study involves 
reducing or preventing damage to the cornea resulting from oxidative stress by up-regulating the SIRT1 level. Data was collected from 
the tissue culture experiments using the human corneal cell line (2.040 pRSV-T) as a model of corneal tissue and the chemical compounds 
(SRT1720, SRT1460, and resveratrol) as SIRT1 activators. The results indicate that SRT1720 eliminated cellular morphological changes 
related to oxidative stress by H2O2 treatment and increased cell proliferation under oxidative stress. Results indicated that targeting 
oxidative damage of the cornea by SRT1720 is therapeutically beneficial.
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IntroductIon

The cornea is the outermost part of the eye that serves to 
protect the eye from mechanical injury.(1) The cornea is the 
major structure designated for diffracting light which passes 
through the eyes, and its transparency is critical to the eye’s 
function as an ocular system. Normally, the optical zone (the 
center portion of the pimple-like cornea).(2) is responsible for 
two-thirds of the eye’s focusing power while the lens supplies 
the extra ocular efficiency.(3) Any significant alterations in the 
shape of the eye, whether hereditary or no heritable, will 
cause refractive disorders and impairment of best sight due 
to presbyopia, myopia, or corneal astigmatism (4). The optical 
and biomechanical properties of the cornea have been studied 
extensively. The cornea receives a considerable quantity of 
additional environmental oxygen and daylight, especially the 
UV spectrum, due to its highly exposed location (5). These 
factors cause the generation of reactive oxygen species 
(ROS) and, as a result, oxidative stress in the cornea (6). 
Earlier studies has shown that SIRT1 plays an important 
role in ocular disorders, as previously discussed. In 2015, a 
study confirmed the potential clinical use of SIRT1-activating 
compounds such as resveratrol as protective effects on corneal 
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epithelial cells in terms of the influence of ROS (7). However, 
because resveratrol characteristics at several levels, including 
cellular and molecular signaling as well as physiological 
impacts, were toxic and unstable, the mechanisms of 
resveratrol against cornea protection by activation of SIRT1 
remained unknown. According to several animal studies, 
SIRT1 controls ocular aging and oxidative stress resistance 
in ocular tissues by deacetylating various proteins in a 
NAD+-dependent way. Krauss et al used SRT1460 compound 
which is SIRT1 activator in a dry eye study in mice and found 
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cell lines were purchased from ATCC (USA). In 10 ml of 
keratinocyte serum-free media, supplemented with 5 ng/ml 
of human recombinant EGF, 0.05 mg/ml bovine pituitary 
extracts, 0.005 mg/ml insulin, 500 ng/ml hydrocortisone 
and 50 IU/ml penicillin and 50 µg/ml streptomycin, corneal 
2.040 pRSV-T cell lines were cultured at 37°C and 5% CO2 
using 75 cm3 cell culture. Subcultures were done when cell 
layers were confluent (2–3 days) (19). The cells were rinsed 
in 5 ml of phosphate buffered saline solution (PBS) before 
being incubated in trypsin solution  at 37° C for 3 minutes 
to enable the cells to separate from the flask’s bottom. The 
cell suspension was placed int a 50 ml conical tube with an 
identical volume of complete growth medium. After that, the 
cells were centrifuged for 3 minutes at 1200 rpm. The cell 
pellet was resuspended in fresh enriched growth medium after 
the supernatant was removed. Corneal cells were counted 
on a haemocytometer under the microscope and utilized as 
needed. The arrest cell suspension was centrifuged for 3 
minutes at 1200 rpm, then resuspended in 4 ml freezing media 
and aliquots of 1 ml were added to cryovials. These cells 
were stored for 24 hours at -80°C and were kept under liquid 
nitrogen for long-term preservation. Liquid nitrogen-frozen 
cells were rapidly dissolved at 37°C and supplemented with 
10 ml of new growth medium. Centrifugation was used to 
collect the cells, which were then reconstituted in 25 ml of 
new media before being transferred to a 75 cm2 flask and 
cultured again as needed(20, 21) previous research has proven 
that activation of SIRT1 might prevent T2DM, demonstrating 
the SIRT1 may consider as a novel curative target for T2DM 
treatment. So, in this study, SIRT1 aptamer as activator of 
SIRT1enzyme was used as a pharmacological model to 
prevent T2DM by management the expression of SIRT1, 
FOXO3a and PGC-1α, genes in INS-1 832/13 rat insulinoma 
high fat cell lines (a type of model that used in order to study 
the pancreatic islet beta-cell role and for insulin excretion 
organization.

Treatment of SIRT1 activator compounds (SRT1720, 
SRT1460 and Resveratrol) in cells, and oxidative 
stress model.
Normal human corneal epithelial 2.040 pRSV-T cell lines 
were divided into four main groups (96 well plate at 24, 48 
and 72h): (1) Control group: 2.040 pRSV-T cell lines were 
cultured in normal conditions. (2) H2O2 group: 2.040 pRSV-T 
cell lines were treated with 400 μmol/L H2O2. (3) SIRT1  
activator group 1: includes seven different subgroups were 
pretreated with SRT1720 at final concentrations of 1, 
3, 5, 7, 9, 11 and 13 μM, 12 h before adding 400 μmol/L 
H2O2 in addition to one group treated with 7 μM SRT1720 
without H2O2. (4) SIRT1 activator group 2: includes seven 
different subgroups were pretreated with SRT1460 at final 
concentrations of 1, 3, 5, 7, 9, 11 and 13 μM, 12 h before 
adding 400 μmol/L H2O2 in addition to one group was treated 
with 11 μM SRT1460 without H2O2. (5) SIRT1 activator 
group 3: includes six different subgroups were pretreated 
with Resveratrol at ultimate concentrations of 25, 50, 75, 100, 

that the activation of SIRT1 significantly decreased corneal 
fluorescein staining (by 26% in the low-dose group and by 
49% in the high-dose group).(8) 

Wang and Sun have shown that the caloric restriction (CR) 
stimulate the protective mechanism against oxidative stress(9)  

protein thiols, reduced glutathione and ascorbic acid levels 
in the lenses of old BN rats. From the lens protein point of 
view, the development of cataract in rat lenses has 3 stages: 
(1. Interestingly, in both mice and rats, CR had the ability to 
postpone the development of cataracts (9) protein thiols, reduced 
glutathione and ascorbic acid levels in the lenses of old BN 
rats. From the lens protein point of view, the development 
of cataract in rat lenses has 3 stages:(1, 10) and (2. The precise 
processe through which CR affects cataract development and 
oxidative stress are unknown, although they may involve a 
decrease in free radical generation by the mitochondria (11). 
SIRT1 may also play a role in the CR antioxidant protection 
against oxidative damage (12, 13). SIRT1 confers protection 
from apoptosis caused by oxidative stress in humans, SIRT1 
protection mechanism includes the deacetylation of targets like 
p53, FoxO family, PPAR, PGC-1, and NF-B (14). Suppressing 
p53-dependent apoptosis is a significant downstream 
mechanism among these targets (14). Several acetylation sites 
are involved in p53 activation and stabilization to induce 
apoptosis (15, 16). SIRT1 deacetylation of p53, on the other hand, 
protects cells from apoptosis in relation to DNA degradation 
and oxidative damage (17 , 18). Based on these findings, scientific 
trials are raising additional concerns regarding the future of 
SIRT1 activator resveratrol as a potential factor for preventing 
or treating ocular disorders, as well as its protective function. 
Furthermore, additional preclinical research is necessary to 
have a better understanding of resveratrol’s potential adjuvant 
action. Therefore, in the present study we hypothesized the 
use of SRT1720 and SRT1460 the activators of SIRT1 as 
protectors of the cornea from oxidative damage by its possible 
role in blocking p53 as shown in (Figure 1).

MaterIals and Methods

Cell Culture
A human corneal epithelial cell line (2.040 pRSV-T) 
was utilized as a normal control cell line. 2.040 pRSV-T 

Figure 1: The mechanism of SIRT1 activator compounds to protect the 
corneal from oxidative stress via suppressing p53-dependent apoptosis.
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Blue, an identical amount of 0.4%Trypan Blue (100 µl) 
was added. Mix the sample using a 1 ml micropipette, then 
allowed the sample to stand for 2-3 minutes before adding  
1 µl of each sample to the hemocytometer (23). Using 
Image-Pro plus software and an inverted microscope, the 
cell density of 2.040 pRSV-T cell lines in each group was 
assessed. For cell density measurement, one image from 
every group with the most closely organized cells was 
selected.

In vitro evaluation of activity of SIRT1 enzyme in 
cells by Fluor de Lys deacetylase fluorometric drug 
discovery assay
The Fluor de Lys Deacetylase kit was used to measure SIRT1 
deacetylase activity. Briefly, 4 × 104 cells were plated in 
100 μl of suitable media in the presence of 2 µM of TSA 
in 0.1% (v/v) ethanol (to inhibit class I and II HDACs and 
all remaining activity that can be attributed to SIRT1), after 
24h the media were removed and 50 μl of medium containing 
10 µl of (5, 7 and 9 µM from SRT1720 and SRT1460); 50, 
100 and 150 µM resveratrol; 100 µM suramin and 100 µM 
nicotinamide were incubated for 3h at 37° C prior to substrate 
addition. The reaction was initiated by adding 25 µl of 2X 
Fluor de Lys substrate; the plate was incubated for 5h at 37° C, 
then 50 µl of 1X Developer II/2 mM nicotinamide was added. 
After further incubation for 45 min at 37°C, the fluorescence 
was measured using a microplate-reading fluorimeter able 
to stimulate at a wavelength in the band of 350-380 nm and 
measure the released light in the band of 450-480 nm. SIRT1 
enzyme activity was calculated by subtracting the background 
in the presence of suramin, an inhibitor of SIRT1 activity and 
resveratrol, an activator of SIRT1 activity (20).

Immunofluorescence
In 6-well clear bottom imaging tissue culture plates, 2.040 
pRSV-T cell lines were planted at about 10,000 cells per well. 
After 18 hours, normal corneal epithelial 2.040 pRSV-T cells 
were treated with 3, 5, 7, or 9 µM SRT1720 before being 
treated with 400 µmol/L H2O2 and incubated at 37° C in 5% 
CO2 and 95% humidified air. After that, the 2.040 pRSV-T 
cells were then rinsed triple in PBS, fixated for five minutes 
at room temperature with Formalin 4%, rinsed two times in 
PBS, permeabilized for five minutes with 0.5% Triton X-100, 
rinsed three times with PBS, and non-specific attachment was 
suppressed or blocked with 3% FBS for one hour at room 
temperature, then the blockage solution was eliminated. 
An anti-SIRT1 antibody (100 µl/well) was added to cells 
and incubated overnight at 4°C in a wet tray. The next day, 
normal corneal 2.040 pRSV-T cells were rinsed triple in 
PBS and incubated for two hours at room temperature in the 
darkness with 1:2000 Alexa Fluor 546 goat anti-mouse IgG 
1% FBS in PBS, then cells were rinsed three times in PBS.  
At the end, the preparations were treated with 10 µl mounting 
medium containing DAPI to stain cell nuclei left for 1hr before 
the microscopic examination using florescent microscope 
Imaging Multi-Mode Reader.(24)

125 and 150 μM, 12 h prior to adding 400 μmol/L H2O2 in 
addition to one group was treated with 100 μM Resveratrol 
without H2O2.

The Protective effect of SIRT1 activator compounds 
against oxidative stress by MTS assay
MTS assay used to evaluate the effect of SRT1720 and 
SRT1460 compounds as compared with resveratrol on 
oxidative stress in human corneal cells (2.040 pRSV-T cell 
lines). After culture of 2.040 pRSV-T cell line, an inverted 
microscope was used to view the cells to assess the degree 
of 80 % confluence and to confirm the absence of bacterial 
and fungal contaminants, then remove and discard culture 
medium. The cell layer is rinsed with 5 ml of Dulbecco’s PBS 
without Ca2+/Mg2+ solution to remove all traces of serum that 
contains trypsin inhibitor and this step was repeat 3 times. 
Three ml of trypsin-EDTA solution was added and extract 
gently with a pipette the excess of the trypsin-EDTA solution 
and leave enough solution to cover the cell monolayer and 
incubate 3 minutes at 37◦C and checked periodically for cell 
detachment, with the aid of an inverted microscope, cells 
were observed until the cell layer became scattered. Add 5 
ml of complete growth media to aspirate cells, which were 
then centrifuged for 5 minutes at 200 rpm in a sterile 15 ml 
centrifuge tube. 

The cell viability count was done by trypan blue staining and 
diluted cells (50000, 40000 and 30000 cells/ml) by complete 
media were prepared and 100 µl of the 50,000 cells/ml 
solution was added into each well of the 96 clear sterile cell 
culture plate, this gave 5000 cells/well for 24, and adding 100 
µl of the 40,000 cells/ml solution into each well, 4000 cells/
well for 48 hrs incubation, and the same for 72 h by adding 
100 µl of the 30,000 cells/ml solution into each well, 3000 
cells/well. Overnight incubation (37◦C with 5% CO2). 

For the tested compounds, a second well plate was prepared 
by the transfer of 5µl of each of the tested compounds to 
125µl of warmed up media. To each well of cells, 25 µl of 
compounds with media was added for all plates. After 12h, 
400 μmol/L H2O2 was added and incubated overnight. In the 
next day, remove the plates from the incubator and place in 
the safety cabinet. Add 20 μl of MTS solution to each well, 
then mix the plate in the thermo mixer for 2 minutes at 500 
rpm at 37◦C.(22) Incubated for 2h at 37°C in culture hood. 
Finally, read absorbance at 492 nm. Repeated this step for 
plates of 48 and 72h. 

Cell density
The number of cells per unit volume is called cell density.  
The number of living cells per unit volume is sometimes 
referred to as viable cell density. Briefly, after 24h as group 1,  
SRT1720 with various concentrations was used to treat 
normal corneal epithelial 2.040 pRSV-T cell lines (50000 in 
each well, 6 well plate). The 2.040 pRSV-T cell lines were 
trypsinization to extract 100 µl to place in the eppendorf tube.  
To produce a 1:1 diluting of the cell suspension in Trypan 
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results

Protective effect of SIRT1 activator compounds 
against oxidative stress by MTS assay
Corneal 2.040 pRSV-T cell lines were cultured to 
determine whether SIRT1 activator compounds (SRT1720 
and SRT1460) protects against oxidative stress induced 
cytotoxicity, corneal cells were grown in the presence or 
absence of these compounds and then exposed to H2O2. 
Figure (2) shows marked protective effects of SRT1720 on 
the oxidative stress-induced cytotoxicity by H2O2 in 2.040 
pRSV-T cell lines. Without SRT1720, H2O2 significantly 
reduced cell survival to 30% at 72h of the 2.040 pRSV-T 
cell lines control group (p<0.0001). The results indicated 
that the different concentrations of SRT1720 (5, 7, and 9μM) 
significantly decreased the inhibitive ratios of 2.040 pRSV-T 
cell lines growth compared to that of H2O2 group (p< 0.005)  
at 24, 48 and 72h. In contrast, SRT1720 consternation of 
11μM, after H2O2 treatment, the proliferation of 2.040 
pRSV-T cells were significantly reduced (reduced to 75% and 
53% at 11 and 13μM respectively) compared with the 5, 7, 
and 9μM SRT1720 concentrations (p<0.01), that means when 
subjected to oxidative stress, the proliferation of corneal cells 
is significantly elevated at the concentrations of 5, 7, and 9µM 
with 2.040 pRSV-T cells (Figure 2, p< 0.0001; compared to 
the H2O2 group). When compared to the control group, there 
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Figure 2: Effects of SRT1720 compound on 2.040 pRSV-T cell 
lines proliferation by MTS assay. There is a significant difference in 

comparison with the H2O2 group. p< 0.0001.

Figure 3: Effects of SRT1460 compound on 2.040 pRSV-T cell 
lines proliferation by MTS assay. There is a significant difference in 

comparison with the H2O2 group (p< 0.005). 

0 2 0 4 0 6 0 8 0
0

5 0

1 0 0

T im e  (H o u rs )

%
 C

e
ll

 V
ia

b
il

it
y

 C
o

m
p

a
re

d
 t

o
 t

h
e

 C
o

n
tr

o
l 

G
ro

u
p

C o n tro l (2 .0 4 0  p R S V -T  c e ll l in e )

C e lls  tre a te d  w ith 1 3 µ M  S R T 1 4 6 0

C e lls  tre a te d  w ith  H 2 O 2

C e lls  tre a te d  w ith  1 µ M  S R T 1 4 6 0 +  H 2 O 2

C e lls  tre a te d  w ith  3 µ M  S R T 1 4 6 0 +  H 2 O 2

C e lls  tre a te d  w ith  5 µ M  S R T 1 4 6 0 +  H 2 O 2

C e lls  tre a te d  w ith  7 µ M  S R T 1 4 6 0 +  H 2 O 2

C e lls  tre a te d  w ith  9 µ M  S R T 1 4 6 0 +  H 2 O 2

C e lls  tre a te d  w ith  1 1 µ M  S R T 1 4 6 0 +  H 2 O 2

C e lls  tre a te d  w ith  1 3 µ M  S R T 1 4 6 0 +  H 2 O 2

0 2 0 4 0 6 0 8 0
0

5 0

1 0 0

T im e  (H o u rs )

%
 C

e
ll

 V
ia

b
il

it
y

 C
o

m
p

a
re

d
to

 t
h

e
 C

o
n

tr
o

l 
G

ro
u

p

C o n tro l (2 .0 4 0  p R S V -T  c e ll l in e )

C e lls  tre a te d  w ith 1 2 5 µ M  R e s v e ra tro l

C e lls  tre a te d  w ith  H 2 O 2

C e lls  tre a te d  w ith  2 5 µ M  R e s v e ra tro l+  H 2 O 2

C e lls  tre a te d  w ith  5 0 µ M  R e s v e ra tro l+  H 2 O 2

C e lls  tre a te d  w ith  7 5 µ M  R e s v e ra tro l+  H 2 O 2

C e lls  tre a te d  w ith  1 0 0 µ M  R e s v e ra tro l+  H 2 O 2

C e lls  tre a te d  w ith 1 2 5 µ M  R e s v e ra tro l+  H 2 O 2

C e lls  tre a te d  w ith  1 5 0 µ M  R e s v e ra tro l+  H 2 O 2

Figure 4: Effects of resveratrol compound on 2.040 pRSV-T cell lines proliferation by MTS assay. There is a significant difference in  
comparison with the H2O2 group, p˂0.0001.

was no significant difference between the groups with 7 µM 
SRT1720 with and without H2O2.

The results demonstrated in figure (3) were indicated that 
the SRT1460 compound treatment at 7, 9, 11, and 13 μM to 
2.040 pRSV-T cell lines were significantly decreased and the 
inhibited growth effect of H2O2 (63%, 75%, 79%, and 83% 
respectively) compared to that of H2O2 group (p<0.005)  
at 72h. SRT1460 at 13μM was the best consternation that 
recovered 53% from the 2.040 pRSV-T cell lines viability 
that were damaged with oxidative stress.

Figure (4) shows the 2.040 pRSV-T cell lines pre-treated with 
resveratrol and H2O2 at final concentrations of 25, 50, 75, 
100, 125 and 150 μM for 24, 48, and 72 h respectively. The 
cell viability of 2.040 pRSV-T was significantly increased by 
the effect of 125 and 150 μM resveratrol compared to H2O2 
group, p˂0.0001. Despite the positive effect of resveratrol to 
protect 2.040 pRSV-T cells against oxidative stress damage 
by H2O2, the concentration to recovered the cells was very 
high (125μM) compared to 7μM of SRT1720 and 13μM of 
SRT1460.

Cell density 
The investigation of corneal epithelial cell morphology using 
an inverted microscope indicated that 2.040 pRSV-T cells in 
the control group were regular quadrilateral or round cells 
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with relatively high cell density, while 2.040 pRSV-T cells 
density decreased after treatment with H2O2 (p<0.001) with 
diminished circular cells with tendency to round up and 
separate from the culture wells. SRT1720 caused a raised 
in cell density in comparison to the H2O2 group (p<0.005), 
especially at the concentrations 7 and 9μM of SRT1720. 
(Figure 5)

In Vitro evaluation the activity of SIRT1 enzyme in 
cells by Fluor de Lys deacetylase fluorometric drug 
discovery assay. 
In this experiment, SIRT1 activity was estimated on 2.040 
pRSV-T cell lines. The activity of SIRT1 on 2.040 pRSV-T cell 
lines which were pretreated with SRT1720 at concentrations 
5, 7 and 9 µM were markedly increased compared with 
SRT1460 at the same concentrations and control (100 and 
150 µM resveratrol as SIRT1 activators; 100 µM Suramin 
and Nicotinamide as SIRT1 inhibitor) (p˂ 0.0001) as shown 
in (Figure 6). 

The effect of SRT1720 on SIRT1 
immunofluorescence in 2.040 pRSV-T cell line
Results from the performed tests on SIRT1 activator 
compounds (SRT1720, SRT1460) showed a protective effect 
on the 2.040 pRSV-T cell lines growth, it had been found 
that SRT1720 showed the best results in activating SIRT1 
enzyme with the lowest IC50 value (2.9μM) and the highest 
percentage of cell viability at low concentration (7μM) and 
protection against H2O2 oxidative stress in compare to 
13μM SRT1460 and 125μM resveratrol. Additionally, 7µM 
of SRT1720 can activate SIRT1 more than twice compared to 
control (150µM Resveratrol). 

Therefore, a study of SIRT1 activator mechanism on growth 
inhibition of 2.040 pRSV-T cell lines by oxidative stress 
was limited to SRT1720 at different lower concentrations. 
Immunofluorescence showed that SRT1720 produced a 
dose-dependent elevation in SIRT1 levels in cultures treated 
with H2O2 (Figure 7). After treatment the 2.040 pRSV-T 
cell lines with SRT1720 at concentrations of 5, 7 and 9 μM, 

the amount of SIRT1-positive cells and SIRT1 expressions 
significantly increased with 7 and 9 μM SRT1720 in 
com parison with the H2O2 group (p < 0.005) as shown in 
(Figure 8). 

dIscussIon

SIRT1 regulates the actions of many transcription factors and 
cofactors, influencing subsequent expression of genes and 
ultimately mitigating oxidative damage. SIRT1 malfunction 
has been associated with optical disorders such as cataracts, 
age-related macular degeneration (AMD), diabetic retinopathy 
(DR), and glaucoma, according to many investigations, while 
overexpression of SIRT1 protects against these conditions or 
disorders (25). In the present study, the major finding is that the 
up-regulation of SIRT1  level can protect the normal corneal 
epithelial cells (2.040 pRSV-T cell line) from oxidative stress 
induced by H2O2, this implies that SIRT1 provides protection 
against oxidative stress-induced apoptosis in the cornea. The 
MTS assay used in this experiment to evaluate the effect of 
increased binding affinity between SIRT1 and its substrate 
as a structural factor by SRT1720 and SRT1460 compounds 
and compared with Resveratrol as a standard SIRT1 activator 
in a study of oxidative stress induced cytotoxicity in human 
corneal epithelial cells (2.040 pRSV-T cell lines). 

The MTS assay provides advantages over the MTT assay 
as it is more sensitive, faster, easier to use and less toxic. In 
addition, human corneal cells (2.040 pRSV-T cell lines) are 
considered very sensitive and the MTT assay can be toxic 
for these cells. In the control group, 2.040 pRSV-T cell lines 
were cultured in normal conditions without treated with 
SIRT1 activator compounds and showed that 100% cell 
viability. While the percentage of cell viability significantly 
decreased by 30% in H2O2 groups as compared with control 
group (the model of oxidative stress, 2.040 pRSV-T cell lines 
were treated with 400 µmol/L H2O2). In specific, a study 
revealed that H2O2 can cause cell apoptosis through the p53 
pathway (26). When the 2.040 pRSV-T cells were pretreated 
with SRT1720 at 1, 3, 5, 7, 9, 11 and 13 μM, 12 h before 
adding 400 μmol/L H2O2, the percentage of cell viability 
significantly increased at 5, 7, and 9µM by 85%, 90%, and 
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Figure 5: Typical micrographs and cell density demonstrate the effects 
of SRT1720 on human corneal epithelial 2.040 pRSV-T cell lines 

morphology. Human corneal epithelial 2.040 pRSV-T cell lines (50000 
in each well, 6 well plate).
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Figure 6: SIRT1 activity in 2.040 pRSV-T cell lines at 5, 7 and 9 µM 
SRT1720, SRT1460 and 100-150µM resveratrol (SIRT1 activator 

control), 100 µM suramin and nicotinamide (SIRT1 inhibitor control). 
The results represent the mean ± SEM of three different experiments 

performed in triplicate. p ˂ 0.0001. 
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95% respectively compared to that of the H2O2 group at 24, 
48, and 72h. This indicates that SRT1720 has a significant 
protective effect against oxidative stress-induced cytotoxicity 
by H2O2 in 2.040 pRSV-T cell lines. This is attributed to 
the SIRT1 activator (SRT1720) up regulates SIRT1 to 
produce deacetylation of P53 and reduces the acetylated P53 
(AC-P53) as a result to inhibit apoptosis caused by oxidative 
stress. In comparison to the 5, 7, and 9µM SRT1720, the 
viability of 2.040 pRSV-T cell line at 11µM SRT1720 was 
considerably reduced following H2O2 treatment (reduced to 
75% - 53% at 11 and 13μM respectively), that means when 
subjected to oxidative stress, the proliferation of corneal 
cells is significantly elevated at the concentrations of 5, 7, 
and 9 µM (up to SRT1720). According to a recent study, cell 
viability was significantly reduced at higher concentrations 
(10 µM-100 µM) of SRT1720.(27) In addition, low doses of 
SRT1720 have a survival benefit, but high doses of SRT1720 
promote cell death.(27)

According to the second compound SRT1460 to up-regulated 
SIRT1 (group 2,), the 2.040 pRSV-T cells were pretreated 
with 7, 9, 11, and 13 µM SRT1460 for 12 h before adding 400 

C o n tro
l (

2 .0
4 0  p

R S V -T
 c

e ll 
l in

e )

(2
.0

4 0  p
R S V -T

 c
e ll 

l in
e  +

 H
2O

2 )

(2
.0

4 0  p
R S V -T

 c
e ll 

l in
e  +

3 µM
 S

R T 1 7 2 0 +  H
2O

2 )

(2
.0

4 0  p
R S V -T

 c
e ll 

l in
e  +

5 µM
 S

R T 1 7 2 0 +  H
2O

2 )

(2
.0

4 0  p
R S V -T

 c
e ll 

l in
e  +

7 µM
 S

R T 1 7 2 0 +  H
2O

2 )

(2
.0

4 0  p
R S V -T

 c
e ll 

l in
e  +

9 µM
 S

R T 1 7 2 0 +  H
2O

2 )
0

5 0

1 0 0

 P
e

rc
e

n
ta

g
e

 C
h

a
n

g
e

s
 o

f
S

IR
T

1
-P

o
s

it
iv

e
 C

e
ll

s

Figure 7: Immunofluorescence micrographs showing the effects of SRT1720 on SIRT1 immunofluorescence in 2.040 pRSV-T cell line. SIRT1 
immunofluorescence decreased in the H2O2 group and was significantly increased in the SRT1720 groups in a dose-dependent manner. Red: SIRT1. 

Blue: cell nucleus by Dapi staining. Significant difference in comparison to the H2O2 group.

Figure 8: Percentage changes of SIRT1-positive cells demonstrate the 
effects of SRT1720 on SIRT1 in 2.040 pRSV-T cell line. SIRT1-positive 
cells were decreased in the H2O2 group and significantly increased in 

the SRT1720 groups in a dose-dependent manner, p< 0.005.
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oxidative stress. The possible mechanism was investigated 
in which SRT1720 activates SIRT1 to induce deacetylation 
of p53-dependent apoptosis, which promotes p53 breakdown 
and prevents p53-mediated cell apoptosis and death.(36) 
Numerous acetylation regions on p53 aid in controlling and 
stimulating it and enable it to initiate apoptosis.(37) On the 
other hand SIRT1 inhibits the activation and up-regulation of 
the nuclear transcription factor p53, among other substrates, 
and has been associated with an increase in longevity and 
cell survival and protects human corneal epithelial cells 
from apoptosis in relation to DNA impairment and oxidative 
stress.(38, 39) The effect of SIRT1 down regulation on normal 
corneal epethelial 2.040 pRSV-T cells was investigated 
by using NAM and suramin, selective SIRT1 inhibitors. 
NAM is the most potent and selective inhibitor of SIRT1 
deacetylation action.(40)  In association with NAD+, which 
is required for SIRT1 deacetylation activities,(16, 41) NAM 
is the end product of the SIRT1 deacetylation process and 
a competitive negative feedback inhibitor of SIRT1.(42) The 
results indicated that inhibiting SIRT1 with NAM accelerated 
corneal epithelial cell apoptosis as predicted, implying that 
SIRT1 is crucial for protecting human corneal epithelial cells 
from oxidative stress and also that the relationships between 
the elevation and lower SIRT1 levels, as well as the increase 
and decrease in degrees of protection, are not a coincidence. 
This is attributed to the fact that SRT1720 is the most 
effective SIRT1 activator compound at low concentrations 
when compared to resveratrol (by thousands of times in terms 
of fold activity) and SRT1460 at the same concentrations, 
which exhibited a less pronounced effect than SRT1720 
as revealed in previous studies.(43, 44) In a previous study, it 
was estimated that SRT1720 promoted the action of SIRT1 
by about 750% at a concentration of 10µM.(28) In a current 
study, SRT1720 activated SIRT1 at a concentration of 9µM 
by 9000 fold (activity) greater than both SRT1460 at the same 
concentration and resveratrol at the maximum concentration 
of 150 µM. The deacetylation activity of SIRT1 for particular 
transcription factors, including Foxo1a, P53, and PGC-1α, 
is improved by SRT1720 in both vitro and vivo. (45) Previous 
studies showed  that SRT1720 has a relatively longer half-life 
in the body than resveratrol and has a 1000-fold stronger 
affinity for SIRT1 than resveratrol.(28, 29) Immunofluorescence 
showed that SRT1720 produced a dose-dependent elevation 
in SIRT1 levels in H2O2-treated cultures. In comparison to 
the H2O2 group, the number of SIRT1-positive cells and 
SIRT1 expression significantly increased after treatment 
with SRT1720 at concentrations of 7 and 9 µM. SRT1720 
up regulate SIRT1 level in dose dependent manner. The 
significant and unique result of this study is that up regulating 
SIRT1 inhibits oxidative stress-induced apoptosis in human 
corneal epithelial 2.040 pRSV-T cells, indicating that SIRT1 
protects human corneal epithelial cells against oxidative 
stress-induced apoptosis.

The results indicate that SRT1720 reduced cellular 
morphological alterations caused by H2O2 treatment and 

mol/L H2O2. The percentage of cell viability was significantly 
increased (63%, 75%, 79%, and 83% respectively) as 
compared to the H2O2 group. The optimum concentration 
of SRT1460 was 13M, which restored 53% of the viability 
of 2.040 pRSV-T cell lines that were damaged by oxidative 
stress. For SIRT1 activator group 3 (Resveratrol), the 2.040 
pRSV-T cell lines pre-treated with resveratrol and H2O2 at 
final concentrations of 25, 50, 75, 100, 125 and 150 μM for 
24, 48, and 72 h respectively. The cell viability percentage 
of 2.040 pRSV-T was significantly increased by the effect 
of 125 and 150 µM resveratrol compared to the H2O2 group. 
As the protective effect by MTS assay, SRT1720 shows a 
significantly high percentage of cell viability of about 95% 
at 7µM (There was no significant difference between groups 
with 7μM SRT1720 with and without H2O2 in comparison 
with the control group) and this percent is greater than the 
cell viability percentage of both Resveratrol 65% at 125 µM 
and SRT1460 83% at 13µM. 

Investigators determined that SRT1720 has a considerably 
longer half-life in the body than resveratrol, and that it has 
a 1000-fold greater affinity for SIRT1 than resveratrol.(28, 29)  
By monitoring oxidative stress, the results observed that 
the cells pretreated with SRT1720 substantially reduced 
oxidative stress induced by.H2O2 To investigate the effects 
of SIRT1 activator (SRT1720) on human corneal epithelial 
(2.040 pRSV-T) cell line morphology, cell density was 
determined by an inverted microscope. When the human 
corneal epithelial 2.040 pRSV-T cells were treated with 7µM 
of SRT1720, the cell morphology was similar to the control 
group cells without treatment after 24h. In addition, the cell 
density is equal to the control group, with 50000 cells/mm2. 
This indicates that SRT1720 alone has no effect on the cell 
density. When the 2.040 pRSV-T cells were treated with,H2O2 
they tended to round up and separate from the culture wells, 
resulting in a decline in the cell density. This is due to the 
ability of H2O2 to produce the hydroxyl radicals (ROS) in 
the human corneal epithelial cells (2.040 pRSV-T), which in 
turn can result in destroying macromolecules like DNA and 
lipid (30). Through p53 pathway induction, irreversible ROS 
damage causes apoptosis.(31) ROS are by-products of oxidative 
phosphorylation in the mitochondria, which can lead to further 
mitochondrial damage and an increase in ROS,(32) and this 
aggravated the oxidative stress and the mitochondria become 
less effective, lose their normal function, and produce more 
ROS. This mitochondrial malfunction results in consequent 
apoptosis and cell death. SRT1720 and resveratrol enhance 
the biogenesis and the efficiency of the mitochondria as well 
as reduce ROS generation.(33-35) Furthermore, after severe 
oxidative damage, SRT1720 increased the restoration of 
mitochondrial functions (35). When human corneal epithelial 
2.040 pRSV-T cell lines (50000 in each well, 6 well plate) 
were treated with different concentrations of SRT1720 (7, 9, 
13µM) with H2O2 after 24 h. Cells with different treatments 
appear similar after 24 h. These results indicate that a 
combination of SRT1720 and H2O2 treatment is more efficient 
in protecting corneal epithelial 2.040 pRSV-T cells from 
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elevated cell proliferation under oxidative stress. These 
indicated that targeting oxidative damage of cornea by 
SRT1720 is therapeutically beneficial.

conclusIons

This study revealed that SRT1720 removed cellular morphological 
alterations caused by H2O2 treatment and elevated cell proliferation 
under oxidative stress. These indicated that targeting oxidative 
damage of the cornea by SRT1720 may be used in the future to 
prevent oxidative damage. 
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