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 Resveratrol has antioxidant, anti-inflamation, and neuroprotective effects 

in oxidative stress induced by ischemic reperfusion injury in eyes with 

IOP elevation. This study aimed to investigate the protection effect of 

resveratrol against oxidative stress in retinal ganglion cells. Retinal 

ischemia was induced by increasing intraocular pressure to 110 mmHg 

for 60 minutes in 20 adult male Rattus Norvegicus rats. Resveratrol 

(RSV) suspension of 100M in 2L PBS was injected intravitreally 3 

hours after reperfusion. After 7 days, rat’s eye was enucleated. Primary 

SOD-1 antibody (Santa Cruz Biotechnology, Inc.) and MDA antibody 

(Biorbyt Ltd.) was used to determine the SOD-1 and MDA expression in 

retinal ganglion cells. SOD1 expression was significantly decreased 

between control group and both of ischemic group (p value <0.001) and 

MDA level was increased after ischemic-reperfusion (IR) injury (p value 

<0.01). Comparison between IR+RSV group and both of IR groups was 

increase significantly: IR0 group (p value <0.05); IR7 group (p value 

<0.01), respectively. There was also significant decreased of MDA 

expression between resveratrol group (IR+RSV) and IR0 (p=0.030), also 

IR7 group (p=0.006) respectively. Resveratrol protects retinal ganglion 

cells from oxidative stress after IR injury by increasing SOD1 

expression as antioxidant enzyme and then reducing malondialdehyde as 

oxidative stress marker. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Glaucoma is progressive neurodegenerative disease and second most common cause of blindness after 

cataracts among elderly in developed country, affected 67 million people worldwide [1- 3]. Clinically, 
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glaucoma was characterized by glaucomatous optic neuropathy which involves damage to the retinal 

ganglion cells (RGC) and their axons, thus lead to visual field loss even blindness. Elevated IOP is the 

important risk factor in glaucoma because of the impaired outflow of aqueous humor to drainage system or 

anatomical and functional of the system itself [3]. 

 

Ischemic reperfusion by elevated IOP in rat’s eyes was a common animal model of glaucoma. It is cheaper 

and easier comparing to another method of ischemic reperfusion, such as arterial ligation [4], [5]. Ischemic 

state impaired enzymatic activity in cytoplasm, include antioxidant enzyme such superoxide dismutase, 

catalase, and gluthation peroxidase. At reperfusion stage, high level of oxygen provides by red blood cells 

after restoring blood flow, generation of ROS increases due to lack of antioxidant enzyme. ROS then cause 

oxidative stress that lead to DNA, lipid and protein damage, caspase cascades, and inflammatory responses, 

resulting cell death [6]. In glaucoma, oxidative stress firstly described by [41], which caused degeneration 

to trabecular meshwork and impair outflow mechanism as primary pathway of aqueous humour outflow 

[12]. Oxidative stress in glaucoma is targeted not only trabecular meshwork, but also retinal ganglion cells 

and optic nerve head, mostly observed in glaucoma was apoptosis of retinal ganglion cells [7], [8]. 

 

Superoxide dismutase plays important role in cellular defence against oxidative stress insult by ROS. SOD-

1 is antioxidant enzyme which contained copper (Cu) and Zinc (Zn), convert superoxide anion (O2
-) to 

hydrogen peroxide (H2O2). Hydrogen peroxide was also reactive oxygen species which converted by 

catalase enzyme and glutathione peroxidase to oxygen and hydrogen [9]. Hydrogen peroxidase, in the 

presence of iron, may produce hydroxyl radical through Fenton reaction which reacts to polyunsaturated 

fatty acids (PUFA), called lipid peroxidation. MDA is one of lipid peroxidation product, therefore MDA 

was considered as oxidative marker in tissues [9], [10]. 

 

Increase ROS level could damage important cell’s structure, such as DNA or RNA, lipid peroxidation of 

polyunsaturated fatty acids (such as phospholipids), and oxidation of proteins [11]. The products of lipid 

peroxidation, can stimulate cellular signalling for apoptosis, both intrinsic and extrinsic pathways [12]. 

Some of products of lipid peroxidation such as malondialdehyde (MDA), propanal, hexanal, and 4-

hydroxynonenal (4HNE). MDA is one of the most popular and reliable markers to determine oxidative 

stress. MDA also reported as signalling messenger and regulating gene expression, thus MDA appears to be 

the most mutagenic product of lipid peroxidation [10]. 

 

Resveratrol is a polyphenol present in many of plant species, especially grapes, peanuts, mulberry, and 

many more [13]. Resveratrol has been known as antioxidant, anti-inflammatory, neuroprotective and 

cardioprotective agent [14], also reported to prevent or slow the progression of degenerative disease such as 

cancer [15], Alzheimer’s disease [16], and ischemic disease [17]. Resveratrol, as an antioxidant, increases 

SOD, CAT and GPX activity by activating SIRT1 in retinal ganglion cells after ischemic reperfusion injury 

[18], [19]. Resveratrol also increases antioxidant activity by Nrf2/ARE pathway and decreasing MDA 

levels [20]. 

 

This study provides the antioxidant and protective effect of resveratrol against oxidative stress after 

ischemic reperfusion injury by assessing the expression of SOD-1 and MDA in rat’s retinal ganglion cells. 

 

2. Materials and Methods 

 

2.1 Study design and settings 

The study is an experimental study in animal model elevated IOP to evaluate antioxidant effect of 
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resveratrol on retinal ganglion cells after ischemic-reperfusion injury. This research was approved by 

institutional review board Animal Care and Use Committee (ACUC) Veterinary Faculty, Universitas 

Airlangga (Ethical Clearence no: 2.KEH.136.10.2022). 

 

Healthy twenty male Rattus norvegicus aged 6 to 8 weeks were used. There were randomly separated in 4 

groups. Group 1 (C) was control group which eye was left untreated. Group 2 (IR0) includes IR injury eyes 

and enucleated at 3 hours reperfusion. Group 3 (IR7) was IR injury eyes and injected 2L PBS at 3 hours 

reperfusion. Group 4 (IR+RSV) includes IR injury eyes and injected 2L suspension of 100M RSV. Both 

of group 3 and group 4 were enucleated in 7 days after IR injury. 

 

2.2 Ischemia Reperfusion Injury 

Under anesthesia (intraperitoneal 80mg/kg ketamine and 5mg/kg xylaxine diluted in normal saline), a 30-

gauge needle was inserted through the peripheral cornea, about 1 mm from corneoscleral limbus. Needle 

then connected to syringe cannula contained balanced salt solution and IOP was elevated approximately 

110 mmHg for 60 minutes. The whitening of iris and red reflex indicated retinal ischemia. 

 

2.3 Intravitreal Resveratrol Preparation 

Resveratrol powder (Tokyo Chemical Industry Co., Ltd., Tokyo, Japan) was dissolved in PBS to final 

concentration 100M under dark and low temperatures. Using Hamliton syringe, a 33-gauge needle was 

inserted to 1-2 mm posterior to the corneoscleral limbus to intravitreal cavity and avoiding the blood 

vessels. The intravitreal injection and retinal IR model were performed only in the right eye, while 

contralateral eye remained untreated. 

 

2.4 Immunohistochemistry 

Under anesthesia, the rat’s eyes were enucleated and embedded in 4% PFA for 1 day. After fixation, the 

eyeball was dehydrated and embedded in paraffin and cut into 2m sections through optic nerve. Each 

section was heated with 10mM sodium citrate buffer at boiling point for 10 minutes and cooled for 30 

minutes for antigen retrieval. Primary and secondary SOD-1 antibody (Santa Cruz Biotechnology, Inc.) and 

MDA antibody (Biorbyt Ltd.) labelling were performed. Staining was observed using confocal microscopy 

at a magnification of x40. A total of 5 images were obtained from each retinal section of every eyeball for 

measuring average of Immunoreactive Score (IRS) according to [21], [22] All of sections was evaluated by 

the same Anatomy Pathology expert (I.K.S) 

 

2.5 Statistical analysis 

Statistical analysis was performed using SPSS 26.0 (IBM Inc., USA). Data compared by Kruskall Walis 

continued with Mann Whitney U test and One-way ANOVA continued with post hoc LSD. All data were 

shown as mean  SD and p<0.05 was considered statistically significant. 

 

3. Results 

 

3.1 Superoxide dismutase-1 (SOD1) expression 

The mean of SOD-1 score in control group (C) was 8.481.50; mean score in IR0 group was 4.561.56; 

mean score in IR7 group was 3.481.01; mean score in IR+RSV was 3.481.01, respectively (Table 1). 

There was significant different between all group (p<0.001). SOD-1 expression was significantly decreased 

after ischemic reperfusion injury in IR0 group (p<0.001, respectively). After 7 days’ reperfusion, SOD-1 

was not significantly decreased comparing to IR0 group (P>0.05).  Comparison of immunoreactive score 
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(IRS) between IR7 group and resveratrol group (IR+RSV) was significant with p value=0.001 respectively. 

There was also significant difference between IR+RSV group and both of IR groups: IR0 group (p value 

<0.05); IR7 group (p value <0.01). (Fig 1) 

 

Table 1: Comparison between groups of SOD-1 Immunoreactive Score (IRS) 

 MeanSD (IR Score) p*** 

C 8.481.50 

<0.001 
IR0 4.561.56 

IR7 3.481.01 

IR+RSV 6.440.43 

*One-way ANOVA test, p value <0.001 

 

 

Table 2: Comparison between groups of MDA Immunoreactive Score (IRS) 

 MeanSD (IR Score) p** 

C 5.320.90 

0.002 
IR0 6.321.10 

IR7 6.760.35 

IR+RSV 4.761.05 

*One way ANOVA test, p value<0.01 

 

 

Fig 1. Analysis of mean SOD-1 immunoreactive score (n=5 per group). Significant difference 

(*p<0.05; **p<0.01) between IR+RSV group and IR0, also IR7 group. C=control group; 

IR0=ischemic-reperfusion group, enucleated at day 0; IR7=ischemic-reperfusion group, enucleated 

at day 7; IR+RSV=resveratrol group, enucleated at day 7. 
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3.2 Malondyaldehyde (MDA) 

Mean of MDA score in control group (C) was 5.320.90; mean score in IR0 group was 6.321.10; mean 

score in IR7 group was 6.760.35; and mean score in IR+RSV group was 4.761.05, respectively. 

Comparison of all groups were significant with p value = 0.002, respectively. MDA was significantly 

increased after ischemic reperfusion (IR0 group p value = 0.003; IR7 group p value = 0.001, respectively). 

Described in Fig 2, there was significant decreased of MDA expression between resveratrol group 

(IR+RSV) and IR0 (p=0.030), also IR7 group (p=0.006). However, there was no significant difference 

between resveratrol group and control group (p>0.05). 

 

4. Discussion 

Elevated IOP has been proposed to accelerate free radicals and caused oxidative stress and impaired axonal 

protein transport of retinal ganglion cells (RGCs), leading to neurotrophic factor deficiency and cells death 

[23]. Increased oxidative stress is thought to be an early occurrence in RGCs, according to earlier studies 

using mouse models of glaucoma exposed to elevated IOP [24- 26]. ROS can be produce by several enzyme 

systems, including NADPH oxidases, xanthin oxidase, endothelial NO synthase, enzymes respiratory chain, 

and cytochrome P450 monoxygenase [27]. 

 

In this study, we found decrease SOD-1 expression after ischemic reperfusion injury immediately (IR0, p 

<0.001 respectively) but remained 7 days after. Previous study stated that ischemia reperfusion reducing 

antioxidant enzyme such as superoxide dismutase (SOD), glutathione (GSH), and catalase (CAT) [6], [26], 

thus aggravating oxidative stress in ocular tissues, include retinal ganglion cells. This study also supported 

by [28], showed that SOD-1 was found to play important role to suppress excessive ROS and protect RGCs 

from death. High expression of SOD-1 also decrease cellular damage caused by ischemic-reperfusion injury 

[28- 30]. Opposed to other study that stated that SOD-1 expression was increase as compensation effect of 

increase ROS production after ischemic reperfusion injury [31]. We conclude that ischemia reperfusion by 

elevating IOP until 110 mmHg was effective in reducing antioxidant enzyme and ameliorates SOD-1 

expression in retinal ganglion cells. 

 

This study had purpose to analyse the effect of 100M intravitreal resveratrol on SOD-1 and MDA 

Fig 2. Analysis of mean MDA immunoreactive score (n=5 per group). Significant 

difference (*p<0.05; **p<0.01) between IR+RSV group and IR0, also IR7 group. 

C=control group; IR0=ischemic-reperfusion group, enucleated at day 0; IR7=ischemic-

reperfusion group, enucleated at day 7; IR+RSV=resveratrol group, enucleated at day 7. 
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expression in rats with ischemic reperfusion injury. RSV is a well-known antioxidant that works by 

preventing the production of ROS by activating the enzymes catalase, superoxide dismutase, and 

glutathione peroxidase via activation of Nrf2. In previous study RSV also reduced intracellular ROS 

production in cultured trabecular meshwork cells after sustained oxidative damage [27], [32]. 

 

This study showed significant difference of SOD-1 expression between resveratrol group and both of IR 

group (IR0 and IR7). In this study, we found mean of SOD-1 expression in resveratrol group was 

significantly higher than ischemic-reperfusion group 7 days after ischemic reperfusion injury. Resveratrol 

treatment was found to prevent further damage cause by oxidative stress after ischemic reperfusion [33]. 

We suggest that resveratrol of 100M used in our study could induce synthesis of SOD-1 in retinal 

ganglion cells after ischemic injury as previous study also stated that resveratrol increased SOD-1 mRNA 

expression in human endothelial cells [34]. This study also showed there was no significant difference of 

SOD-1 expression between resveratrol group and control group (p>0.05, respectively). The author believes 

that resveratrol can contribute to treat retinal injury from IOP elevation. 

 

In this study we found elevated MDA expression after ischemic reperfusion compared to control group 

(p<0.05). In study using Wistar rats, there was significant MDA increase in retinal ganglion cells after 

ischemia reperfusion with the same method as this study used [35]. Malondialdehyde (MDA) was one of 

lipid peroxidation products that has been widely used as a biomarkers of oxidative stress and reflects the 

severity of cellular damage [10], [36]. In patients with glaucoma, many studies showed there was increase 

malondialdehyde levels in blood and aqueous [37], [38]. MDA also elevated in vitreous and retinal of 

ocular hypertensive rats [39]. 

 

This study showed decreased of MDA expression after 100M intravitreal resveratrol administration 

compared to ischemic reperfusion group (IR0, p value 0.030; IR7, p value = 0.006).  Previous study, Yang 

et al, evaluated MDA activity after resveratrol administration to retinal pigment epithelium showed 

significant decreased of MDA activity at 2 hours, 8 hours, and 24 hours after exposure to oxidative stress. 

(yang et al, 2019). Free radicals produced by ischemic reperfusion injury due to hypoxic damage in tissues. 

Resveratrol, used in this study, has antioxidant effect that could decrease ROS production and prevent 

retinal tissues from oxidative damage, thus MDA formation was decreased. It also has been reported that 

resveratrol administration associate with retinal ganglion cell’s survival after ischemic reperfusion injury 

[40]. This indicate that resveratrol has protective effect to retinal ganglion cells against oxidative stress 

produced by ischemic reperfusion injury. 

 

The limitation of current study 

This study only evaluated in single dose resveratrol so we could not determine the dose dependent effect of 

resveratrol. Further studies are also suggested to investigate other antioxidant enzyme such as catalase 

(CAT) and glutathione peroxidase (GPX). Association of lipid peroxidation in retinal ganglion cell death in 

glaucoma also important to investigate. 

 

5. Conclusions 

This study showed that resveratrol protects retinal ganglion cells from ischemic reperfusion injury by 

increasing superoxide dismutase-1 expression, thus decrease malondialdehyde (MDA) as oxidative 

biomarker. 
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