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ABSTRACT 

Although cataract is one of the leading causes of blindness worldwide, there is no 

pharmacological management for the disease. There is evidence that L-cysteine, 

a substrate for the endogenous production of hydrogen sulfide (H2S) and 

Nonsteroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen can mitigate 

cataractogenesis. Therefore, this study investigated the pharmacological actions 

and mechanisms by which ATB 343 (indomethacin & H2S donor) and ATB 337 

(diclofenac & H2S donor) regulate time-dependent and hydrogen peroxide (H2O2)-

induced cataractogenesis in cultured bovine lenses, ex vivo. Dulbecco's Modified 

Eagle's medium (DMEM)-cultured lenses exhibited a time-dependent decrease in 

transmittance and a corresponding loss of lens optical clarity up to 72 hours. 

Except for ATB 343 (10-7 mM) that increased transmittance by 26.91% (n=16; 

p<0.01) after 24 hours, all concentrations of ATB 343 and ATB 337 tested (10-8 M 

- 10-4 M) decreased transmittance in cultured bovine lenses. Moreover, neither 

indomethacin (10-8 M - 10-4 M), diclofenac (10-8 M - 10-4 M), nor elevation of pH 

attenuated time-dependent lens degradation, ex vivo. Interestingly, H2O2 

accelerated lens opacification in a concentration-dependent manner, achieving a 

significant (p<0.001) inhibition of 45.11% (10 mM; n=24) and 42.77% (50 mM; 

n=12) after 72 hours. Whereas ATB 343 (10-8 M, 10-7M & 10-6 M) partially 

attenuated H2O2 (10 mM)-induced loss in transmittance up to 72 hours, achieving 
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the highest magnitude of attenuation after 6 hours of 33.21% (n=6; p<0.001); 

29.40% (n=6; p<0.001) and 15.20% (n=6; p<0.05), it partially attenuated H2O2 (50 

mM)-induced lens opacification in cultured bovine lenses up to 24 hours by 39.30% 

(n=12; p<0.001), 46.11% (n=9; p<0.001) and 9.30% (n=24; p>0.05) (24 hours), 

respectively. Similarly, ATB 337 (10-8M to 10-6M) partially reversed H2O2 (10 mM 

and 50 mM)-induced degradation up to 72 hours. After 48 hours, ATB 343 and 

ATB 337 (10-7M) significantly (n=3; p<0.05) enhanced time-dependent GSH 

depletion by 3.6% ± 0.05% and 2.7 ± 0.5% and H2O2-induced GSH depletion by 

12.3 ± 0.1% (n=3; p<0.01) and 8.7 ± 0.4% (n=3; p<0.05), respectively. ATB 343 

enhanced time-dependent SOD depletion by 35.3 ± 2.7% (n=3; p<0.001) but 

attenuated H2O2-induced SOD depletion by 56.6 ± 3.1% (n=3; p<0.001) (t=48 h). 

ATB 337 enhanced time-dependent loss in SOD by 48.9 ± 4.4% (n=3; p<0.001) 

but reversed H2O2-induced SOD loss by 31.8 ± 4.9% (n=3; p<0.001) (t=48 h). In 

conclusion, ATB 343 and ATB 337 partially protected cultured bovine lenses from 

cataract formation, presumably via an effect on lenticular SOD concentrations. In 

addition to delineating the exact mechanism by which H2S-NSAIDs regulate 

cataractogenesis in bovine and other in vitro models of cataract, future studies 

should be conducted to replicate these studies in animal model of cataracts. 

Globally, successful identification of pharmacological cataract treatments is likely 

to have a significant impact of the prognosis of the disease, especially in 

developing nations that lack access to cataract surgery.  
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GENERAL CONSIDERATIONS 

 Cataract 

Cataract, an ocular disease characterized by lens opacification, is a primary 

cause of blindness worldwide. In the United States, 20.5 million (17.2%) people 

aged 40 years and older have cataract in either one or both eyes. The total number 

of people who have cataracts is estimated to increase to 30.1 million by 2020 

("Common Eye Disorders | Basics | VHI | CDC"). By age 80, more than half of all 

Americans either have cataract or have had cataract surgery ("Cataract | National 

Eye Institute"). 

 Because cataract is an aging disease, it is the major cause of visual 

impairment in the elderly. In general, the rates of blindness due to cataract vary 

widely from country to country because of disparities in financial resources, the 

perceived need to improve vision, the availability of ophthalmologists, and genetic 

and environmental factors. Till date, the only FDA-approved cataract treatment is 

surgery. Unfortunately, the availability of cataract surgery in developing nations is 

insufficient and remains costly, presenting a challenge to management of cataract 

for most of the global population. To find a better therapeutic option, we 

investigated potential pharmacological prophylactic and therapeutic strategies for 

cataract management. 

1.1 Classification of cataracts 

Cataracts can be classified by either location of opacity or etiology of 

disease. 
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 Classification of Cataract by location 

Cataracts can be named for location of opacity within the lens. Nuclear 

cataract is localized in the center of the lens and is characterized by darkening of 

the nucleus from clear to yellow or brown coloration. Cortical cataract affects the 

layer of the lens surrounding the nucleus. In this type of cataract, opacity assumes 

a spoke-like appearance within the cortex. Nuclear and cortical opacities constitute 

the majority of cataracts, but nuclear opacities are usually of greater concern 

because they interfere directly with the passage of light along the visual axis 

(Weikel et al., 2013). Posterior subcapsular cataract is localized in the back-outer 

layer of the lens and often develops more rapidly compared to the other types of 

the disease. There is evidence that defective cells that fail to degrade by apoptosis 

or necrosis are moved to the posterior capsular area, thereby contributing to 

posterior subcapsular cataract (Nartey, 2017) 

   

A      B    C  

 

Figure 1: Major types of cataract by location of opacity-based classification A-Nuclear 

cataracts, B-Cortical cataracts, C-Posterior subcapsular cataracts (Rowther and 

Аймекенов, 2017) 
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 Classification of cataract by etiology 
 

Etiologically, cataract can be classified into senile, congenital and 

developmental, traumatic, complicated, metabolic, toxic, radiation and electrical 

forms of the disease. Table 1 provides the etiological classification of cataracts and 

the corresponding vulnerable population in which the disease occurs. Senile 

cataracts, affecting mostly those over the age of 50 years of age, is associated 

with senescent changes such as dehydration, oxidative stress, and lack of 

essential dietary elements. The etiology of most of human cataract can play a role 

in the diagnosis of the disease. For example, posterior subcapsular cataract is 

mainly due to steroid use, and anterior cataract is the most common form of senile 

cataract (Gupta et al., 2014) 

Table 1: Types of cataract by etiology, causes and vulnerable population (adopted 

from Gupta et al., 2014) 

Type of 

Cataracts 

Causes Vulnerable people 

Congenital 

and 

developmental 

Heredity, gestational 

maldevelopment of lens, 

maternal malnutrition, infection, 

drugs, radiation, fetal/infantile 

factors-anoxia, metabolic 

disorders, birth trauma, 

It may occur since birth or 

from infancy to 

adolescence 
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malnutrition, congenital 

anomalies, idiopathic 

Senile Senescent changes, 

dehydration, systemic 

diseases, smoking, oxidative 

stress, and lack of essential 

dietary elements 

Elderly persons, mostly 

those over the age of 50 

years 

Traumatic Some physical damage to the 

eye lens capsule, penetration 

of foreign object 

People working in 

hazardous conditions such 

as welders and those in 

glass furnaces 

Complicated Complications of some chronic 

inflammatory and degenerative 

eye diseases 

Patients of skin diseases, 

allergy, uveitis, glaucoma, 

diabetes, emphysema, 

asthma, etc. 

Metabolic Metabolic disorders- Diabetes 

Mellitus, galactosemia etc. 

Persons deficient in certain 

enzymes and hormones 

Toxic Certain toxicants and drugs- 

Steroids, NSAID’s etc. 

People on steroid therapy 

and toxic drugs 
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Radiation and 

electrical 

Infra-red rays, x-rays, ultra-

violet rays, and powerful 

electric current etc. 

Persons who encounter 

excess sunlight, artificial 

radiations, high voltage etc. 

1.2 Risk factors  

Cataract is recognized as an aging disease because senescence is the main 

risk factor for this ocular condition. In most cases, the lens is clear from infancy 

until around 45 years of age, the age at which the progressive opacities begin to 

show signs of cataract formation (Anon, 2018). In addition to age, other risk factors 

include diabetes, excessive exposure to sunlight, smoking, obesity, high blood 

pressure, previous eye injury or inflammation, prolonged use of corticosteroid 

medications, drinking excessive amounts of alcohol, and gender (Mayo Clinic, 

2019).  

The male lens is heavier than its female counterpart. Also, women younger 

than 50 years have a lower incidence of cataract than men, but the reverse is true 

after 50 years of age. It is believed that female hormone plays an important role in 

the incidence of cataract (Duncan et al., 1997). A recent study on African diabetics 

confirmed the strong correlation between exposure to sun light and increased risk 

of cataract (Weikel et al., 2013). Some studies also showed that decreasing 

latitude of residence and further deterioration of the ozone layer are expected to 

increase the risk of cataract. Artificial ultraviolet radiation such as that produced by 

tanning beds, are also documented as risk factors for cataract formation. Table 2 

provides a list of risk factors associated with different types of cataracts. Cortical 
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and subcapsular cataracts are associated with specific risk factors of ultraviolet 

and steroid use, respectively. Together with nuclear cataracts, cortical and 

subcapsular cataracts share common risk factors such as such as age, female 

gender, low economic status, amongst others. 

Table 2: Types of cataracts and their risk factors (Pharmacytimes.com, 2019) 

Types of cataract Risk factors 

Nuclear Age, female, whites, smoking, low 

socioeconomic status 

Cortical Age, female, whites, blacks, ultraviolet 

B, low economic status, diabetes 

Subcapsular Age, female, Chinese, smoking, low 

economic status, alcohol, diabetes, 

steroid use 

 

  Review of the anatomy and physiology of the lens 

2.1 Lens embryology and anatomy 

The lens of the eye is an avascular tissue surrounded by fluids such as the 

aqueous and vitreous humor.  Aqueous humor fills the space between lens and 

cornea whereas the space between lens and retina is filled by vitreous humor. 

Interestingly, the human lens continues to grow up 70 years (Duncan et al., 1997). 

In the trilaminar embryo, lens cells develop from the ectoderm which is lateral to 

the neuroectoderm. These ectodermal cells make up the lens at various stages of 
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differentiation while being surrounded by a basal lamina which becomes the lens 

capsule. Anteriorly they form an epithelial monolayer while internally they are 

represented by shells of concentrically arranged fiber cells, which form the bulk 

of the lens (Michael and Bron, 2011) (Figure 2). The lens cells differentiate into a 

spherical optical element consisting of layers of elongated, transparent, refractile, 

cellular fibers. These fiber cells make up more than 95% of the lens (Clark, 2013).  

Epithelial cells in the lens maintain metabolic activity and undergo mitosis to 

produce daughter cells which migrate and differentiate into fiber cells (Augusteyn, 

2010). The newly formed fiber cells are laid down over existing cells in the cortex. 

The old cells are pushed towards the center of the lens to form the lens nucleus. 

This process makes the inner region of the lens its oldest anatomical structure. 

During the differentiation process, cells lose their nuclei, mitochondria, ribosomes 

and other organelles (Figure 2).  
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2.2 Lens transparency and Crystallin proteins 

The molecular structure of the lens proteins and microscopic structures affect 

the traversing light wave and determine its transmission characteristics. The 

transparency of the lens is made possible by a tight configuration of lens fibers, 

which are mostly devoid of cellular organelles. The primary gene products of the 

fibers are called crystallins: alpha (α), beta (β) and gamma (γ). α-crystallins are the 

major proteins of the mammalian lens in most species. The three crystallins of the 

human lens are made up of monomeric proteins of roughly 20,000 Da. The α-

 

Figure 2: Cross-sectional view of a mammalian mature lens and differentiating lens 

fibers (Slideshare.net, 2018) 
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crystallins are complex proteins made of aggregated two polypeptides: αA and αB 

subunits. In a dilute solution, they were found as water-soluble hetero-oligomers 

of about 800,000 Da. The β-crystallin which have five polypeptides: βB1, βB2, βB3, 

β A1/A3, and βA4, were found as water-soluble hetero-oligomers in the range of 

50,000–250, 000 Da (Michael and Bron, 2011). Then finally there are γ-crystallins 

with three subunits: γC, γD, γS-crystallin as shown in table 3 below.  

The α-crystallins are polydisperse and can be isolated in a variety of forms, 

including spherical particles. Like many other heat shock proteins, α-crystallins 

exhibit chaperone-like properties, including the ability to prevent the precipitation 

of denatured proteins and to increase cellular tolerance to stress; they identify 

partially unfolded species and sequesters these misfolded conformers from one 

another thus reducing the availability of aggregation-prone species. Unfortunately, 

with increasing age, α-crystallins are lost from the soluble fraction of lens proteins. 

 

Table 3: Crystallins identified in human lens with their size, amino acid residue, 

Gibbs free energy, the gene encoding for them and chromosomal location (Moreau 

& King, 2012) 

Protein Size (Da) Residues ΔG(kJ/mo

l) 

Gene Chromosomal 

location 

αA 19909 173 27 CRYAA 21q22.3 

αB 20159 175 21 CRYAB 11q23.1 
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βA1 23191 198 – CRYBA1 17q11.2 

βA2 21964 196 – CRYBA2 2q35 

βA3 25150 215 58 CRYBA1 17q11.2 

βA4 22243 195 – CRYBA4 22q12.1 

βB1 27892 251 67 CRYBB1 22q12.1 

βB2 23249 204 49 CRYBB2 22q11.23 

βB3 24230 211 – CRYBB3 22q11.23 

γC 20747 173 36 CRYGC 2q33.3 

γD 20607 173 69.4 CRYGD 2q33.3 

γS 20875 177 43.9 CRYGS 3q27.3 

 
 

2.3 Other factors that contribute to lens transparency 

Internal structures such as the nucleus, mitochondria, the Golgi apparatus and 

endoplasmic reticulum, each have their own unique refractive index. When a light 

ray crosses an area where the index changes, the light scatters, creating a degree 

of opaqueness. Therefore, the absence of these light-scattering organelles within 

the mature lens fibers is an additional important factor in maintaining the 

transparency of the lens.  

Lens fibers also have a very extensive cytoskeleton that maintains the precise 

shape and packing of the lens fibers. This specific spatial arrangement also 
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contributes to lens transparency (Bloemendal et al., 2004). The maintenance of 

lens transparency is critically dependent on the ability of the lens to regulate the 

volume of its constituent fiber cells. Fiber cell swelling, or shrinkage not only 

disrupts the regular arrangement of these cells, but also changes the solubility of 

the crystallin proteins, thereby producing light scattering and eventually lens 

cataract (Chee, Kistler and Donaldson, 2006). Within the fiber cells, a short-range 

spatial order of protein molecules also contributes to the lens transparency as 

confirmed by Delaye and Tardieu 1983.  

Other components that contribute to lens transparency are the potassium 

chloride cotransporters (KCC). Modulation of transporter activity and subcellular 

localization suggests that multiple KCC mediate potassium chloride efflux in 

peripheral fiber cells in a dynamic fashion. These KCC transporters play a role in 

mediating a circulating flux of Cl− ions which contributes to the maintenance of lens 

transparency by controlling the steady state volume of lens fiber cells. In the cortex 

of the lens, transparency is enhanced by high spatial order of fiber architecture 

and narrow intercellular spaces (Chee, Kistler and Donaldson, 2006). Another 

study by Clark et al., (1999) showed that a progressive increase in protein 

aggregation and lens opacification corresponded with the loss of cytoskeletal 

protein in the selenite model for cataract. They, therefore suggested that 

proteolytic modifications played an important role in lens transparency as they 

stabilize required interactions in the absence of structural support provided by the 

cytoskeleton. 
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 Cataract pathophysiology 

In its lifetime, the lens undergoes biochemical, physiological, and functional 

changes that result in loss of flexibility and accommodative capacity. Although the 

exact pathophysiology of cataract has not been completely elucidated, oxidative 

stress has been identified as a primary instigator of the disease. Oxidative stress 

occurs when there is an imbalance between production of reactive oxygen species 

(ROS) and the cellular antioxidant defense mechanisms, a toxic imbalance has 

been described in the lens of cataract patients (Nartey, 2017). 

3.1 Reactive oxygen species (ROS) and oxidative stress 

Excessive oxygen and its reactive metabolites, along with other moieties, 

have been linked to enhanced risk of cataract. ROS are produced from molecular 

oxygen as a result of normal cellular metabolism. ROS can be divided into 2 

groups: free radicals and nonradicals. Free radicals are molecules that have 

unpaired electrons in their outer shell. This unpaired state makes them very 

unstable and prone to react with other molecules to either gain or lose electrons. 

When two free radicals share their unpaired electrons, nonradical forms are 

created. The three major ROS that are of physiological significance are superoxide 

anion (O2
−), hydroxyl radical (•OH), and hydrogen peroxide (H2O2) (Birben et al., 

2012). A major source of free radicals is the partial reduction of di oxygen by heme 

proteins and flavoproteins during mitochondrial electron transport. An elevation of 

the concentration of ROS and low concentration of endogenous antioxidants have 

been associated with cataracts (Nartey, 2017). When the production of reactive 
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metabolites exceeds the endogenous cellular antioxidant defense mechanisms, 

oxidative stress results. 

 Consequences to oxidative stress 

Disturbances in redox homeostasis within the cells induce the production of 

peroxides and free radicals that damage all components of the cell, including 

proteins, lipids, and DNA (Nartey, 2017). Extensive damage to proteins leads to 

intracellular protein aggregation and precipitation (Ho et al., 2010; Nita and 

Grzybowski, 2016). Moreover, these reactions further propagate oxidative stress, 

thereby causing more production of ROS and depletion of cellular antioxidant 

defense mechanisms, a key factor in cataract formation 

 

Figure 3: Oxidative stress, a major contributor to cataract formation (adapted 
from Nartey, 2017) 
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 Changes in lens proteins 

Lens transparency depends upon maintaining the native tertiary structures and 

solubility of the lens crystallin proteins over a lifetime. Thus, as the lens ages, its 

proteins are photo-oxidatively damaged, resulting in loss of sulfhydryl groups as 

proteins are cross-linked by disulfide bonds and become thiolated. Consequently, 

protein aggregates and precipitates which get accumulated within the lens leading 

to lens opacification. This aggregation or mixture of protein-thiol and protein-

protein disulfide bond, results in higher molecular weight compounds that become 

insoluble and affect lens transparency as well as contributing to morphological 

changes observed in cataract. (Ho et al., 2010). Figure 4 is a schematic 

presentation of some of the changes that occur due to oxidative stress 

 

                

Figure 4: Physical changes in lens proteins that lead to cataract formation 

(adapted from Derham, 1999; Ho et al., 2010) 
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 Change in soluble proteins (crystallins) 

In addition to changes in lens proteins, changes in the solubility of crystallins 

interfere with transparency. With aging, several posttranslational modifications 

occur in crystallins that cause crosslinking, deamination and truncation, thereby 

inducing increase in molecular weight and conformational changes that render the 

proteins more hydrophobic (Augusteyn, 2004). As the crystallins increase in 

molecular weight, protein aggregation culminates in decrease of protein 

solubilization resulting int formation of cataracts (Figure 5). 

 

 

 

        

 

Figure 5: Crosslinked & aggregated Crystallins (Adapted from 

Moreau and King, 2012)  
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 Key antioxidants  

 

4.1 Glutathione (GHS) and Superoxide dismutase (SOD) 

Experimental induction of cataract in vivo using UV radiation has been 

reported to decrease both epithelial cell density and the levels of soluble 

sulfhydryls (S-SH), glutathione (GSH)-reductase, superoxide dismutase (SOD), 

GSH-peroxidase and catalase (CAT) (Johar et al., 2007). However, this study used 

only GSH (reduced form of glutathione)/GSSG (oxidized form of glutathione) In 

this study GSH/GSSG) and SOD.  

Gamma-l-glutamyl-l-cysteinyl-glycine, commonly known as GSH, is the 

principal lenticular antioxidant of the lens. It is synthesized and regenerated in the 

lens cortex (Cekić et al., 2010). GSH is a ubiquitous intracellular tripeptide thiol 

consisting of the amino acids: glycine, cysteine, and glutamic acid. found in 

virtually all cells. Because GSH functions include detoxification, antioxidant 

defense, maintenance of thiol status, and modulation of cell proliferation, the 

dysregulations of GSH synthesis are largely associated with the pathogenesis of 

many pathological conditions including cataract. 
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Figure 6: Endogenous antioxidants systems GSH/GSSG & SOD in cataract 

formation (adapted from Weikel et al., 2013) 
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Under physiological conditions GSH is the major form of the antioxidant, with 

its concentration ranging from 10 to 100-fold higher than the oxidized species, 

GSSG (Aquilano, Baldelli and Ciriolo, 2014). GSSG is predominantly produced by 

the catalysis of GSH peroxidase as well as from the direct reactions of GSH with 

electrophilic compounds, (Aquilano, Baldelli and Ciriolo, 2014) GSSG can be 

catalytically reduced back to GSH by the NADPH-dependent GSH reductase 

(Aquilano, Baldelli and Ciriolo, 2014). Therefore, the ratio between reduced and 

oxidized forms of GSH is an important indicator of the redox environment as well 

a key element in understanding the pathophysiology of several diseases at the 

molecular level. Normally, sustained high levels of reduced GSH provide a 

protective effect, while its depletion causes damage to epithelial and fiber cells. 

Multiple SOD isoenzymes are present in human eyes, consisting of the 

extracellular, the cytosolic copper/zinc-containing and the mitochondrial 

manganese-containing SOD (Molvis.org, 2019). Copper/zinc-containing SOD is 

widely distributed and comprises up to 90% of the total SOD (Molvis.org, 2019). A 
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loss or decrease in SOD enzymes can lead to accumulation of free radicals to 

induce irreversible effects and subsequent pathologies, such as Parkinson's 

disease, Alzheimer's disease, several neurological disorders and cataracts. In 

normal conditions, the toxic effects of these free radicals and ROS is eliminated by 

enzymes such as SOD which eliminates O2
- to produce H2O2. This is then 

eliminated by GSH peroxidase or by CAT. The antioxidant property of SOD and its 

inverse correlation with cataract formation was reported by Lin et al, (2005). This 

study showed that in normal whole human lenses, SOD shows no marked 

difference in activity during aging. However, the mean values of SOD are 

significantly lower in human lenses with mature cataract than in clear lenses 

(Molvis.org, 2019). Therefore, SOD can be used as an important indicator in 

determining cataract formation. 

4.2 Ascorbic acid (vitamin C) 

A great number of studies have reported that there are age-related 

decrements in ascorbic acid levels in the lens which may be related to 

compromises in lens function (Weikel et al., 2013). Reciprocally, enhancing 

ascorbate supplies may potentially provide beneficial effect to the lens. It is found 

in the lens and aqueous humor at more than 50-fold the concentration found in 

plasma. Ascorbic acid is probably the most effective and least toxic antioxidant 

identified in mammalian systems (Weikel et al., 2013).  

A pro-oxidant effect of ascorbic acid through H2O2-induced cataract has been 

suggested. According to van der Pols (1999), the presence of sufficient 

concentration of plasma ascorbic acid is needed to prevent oxidative damage in 
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the lens. Ascorbic acid not only scavenges free radicals but can also regenerate 

vitamin E and GSH to further increase the antioxidant capacity of a cell. Another 

study in the form of survey conducted between 1976 and 1980 stated that, in a 

population of 4001 participants aged 60 to 74 years, serum ascorbic acid level was 

inversely associated with prevalence of cataract in multiple logistic regression 

analyses (Simon and Hudes, 1999). Moreover, each 1 mg/dl increase of serum 

ascorbic acid level was independently associated with a 26% decrease in cataract, 

thereby affirming its protective role in this ocular disease. 

 Explorative treatment 

More than 95% of patients who undergo cataract extraction can expect an 

improvement in vision (Horton, 2014).  Though surgical intervention is the standard 

treatment for cataracts, it does come with potential complications such as posterior 

capsule opacity, intraocular lens dislocation, eye inflammation, ocular 

hypertension, retinal detachment, etc. (Allaboutvision.com, 2019). Experimental 

medical therapies for cataracts are under extensive investigation. A significant 

body of research indicates that nutritional intervention may offer a way to diminish 

the risk of cataract. Some antioxidants have been reported to delay cataract 

formation and progression in diabetic animals. These include ascorbic acid, alpha 

lipoic acid, synergistic combination of vitamin E and insulin, endogenous pyruvate 

and carotenoids (Gonzalez-Perez and Gonzalez-Castaneda, 2006). Carnosine, a 

pro-drug of carnosine-N-acetyl carnosine, bendazac, ascorbic acid, and aldose 

reductase inhibitors are also under therapeutic evaluation (Ho et al., 2010). Much 

of the early research on the role of diet in cataract focused on antioxidants, but this 
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has since expanded to include macronutrients such as fatty acids and 

carbohydrates. The role of nutrients in eye health has also been explored in a 

variety of model systems, including in vitro, cell culture, animal, and human studies 

as shown in the Table 4: 
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Table 4: Reviews of investigated compounds for cataract pharmacological 
treatment 

 

Given the extensive association of cataract formation and gradual increase in 

oxidative stress in lens, this study investigated the potential antioxidant properties 

of H2S and NSAIDs in cultured bovine lenses, ex vivo.   

 Hydrogen sulfide (H2S) 

The gasotransmitter, hydrogen sulfide (H2S) is a signaling molecule that 

exhibits antioxidant properties (Zheng et al., 2015). From a chemical standpoint, 

H2S is a colorless, flammable, water-soluble gas with the characteristic smell of 

rotten eggs (Szabo and Papapetropoulos, 2017). For a long time, H2S was viewed 

exclusively as a toxic gas and environmental hazard and has been implicated in 



23 

 

the pathogenesis of multiple diseases. The transition from the status of a 

toxicological substance to that of an endogenous biological mediator, was recently 

overviewed (Szabo and Papapetropoulos, 2017).  

The simplest and oldest known thiol activated H2S donors are active principles 

of garlic. The physiological roles of endogenous H2S are multiple and are rapidly 

expanding. There is a great deal of interest in searching for appropriate H2S-

releasing agents, which are generally called H2S donors or prodrugs (Zheng et al., 

2015). Literature evidence suggests that H2S has anti-inflammatory, anti-tumor, 

ion channel regulation, cardiovascular protection and antioxidation properties 

(Zheng et al., 2015). 

 Although the mechanisms for its antioxidant effects are poorly understood, 

H2S has been extensively shown to exert a cytoprotective functions amongst which 

is an increase in GSH levels (Xie et al., 2016). Current literature shows that, in 

most cells and tissues, two pyridoxal-59-phosphate-dependent enzymes 

responsible for metabolism of L-cysteine, cystathionine-β-synthase (CBS) and 

cystathionine-λ-lyase (CSE), and a third system, the combined action of 3-

mercaptopyruvate sulfurtransferase (3-MST) and cysteine aminotransferase 

(CAT, also known as L-cysteine-2-oxoglutarate aminotransferase, aspartate 

aminotransferase, or aspartate/cysteine aminotransferase) are responsible for 

H2S biosynthesis (Szabo and Papapetropoulos, 2017).  

Although the quantification of biologic H2S levels remains an intensively 

debated issue, it is generally estimated that mammalian cells and tissues are 
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physiologically exposed to low micromolar H2S concentrations. In practice, the 

signaling effects of H2S are more complex because it readily interacts with other 

signaling molecules, such as ROS and reactive nitric-oxide species. Given the 

toxicological profile of H2S, it is assumed that chronic administration of H2S 

releasing compounds at high doses will cause adverse effects. Therefore, the rate 

of H2S release is a key factor in the pharmacological actions of this 

gasotransmitter. Studies have shown that there are rapid- and slow- H2S donors. 

Some H2S donors may be too slow for the optimal level of H2S to be achieved 

while some may be too fast. However, the optimal concentration and consistent 

rate of H2S release is necessary to establish a pharmacological profile for each 

H2S donor which should be taken into consideration for figuring out its route of 

administration (Szabo and Papapetropoulos, 2017) 

7. Non-steroidal anti-inflammatory (NSAIDs) drugs 

Non-steroidal anti-inflammatory drugs (NSAIDs) are compounds that inhibit 

the production of prostaglandins (PGs). PGs mediate fever and pain that are 

associated with inflammation. NSAIDs block the enzymes that make PGs through 

cyclooxygenase 1 and 2 pathways, thereby reducing the levels of PGs which 

induce fever, pain and inflammation. Naproxen, an NSAID has been evaluated for 

its anticataract action in the prevention of cataracts induced by selenite. Treatment 

with naproxen resulted in a significant preventive effect in rats. Because the 

biochemical analysis showed that selenite induced cataract through oxidative 

stress, it is believed that naproxen thus acted as an antioxidant (Gupta and Joshi, 
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1994). Another study showed that low concentrations of the NSAIDs, 

indomethacin, diclofenac, and celecoxib caused a significant protection from H2O2-

induced apoptosis of human lens epithelial cells (Petersen et al., 2005).  

However, a case-control study involving 300 cataract patients and 609 control 

patients demonstrated that long-term use of aspirin-like analgesics halved the risk 

of cataract formation (Heyningen and Harding, 1986). According to Harding et al., 

(2009), the effect elicited by consumption of aspirin‐like analgesics (aspirin, 

paracetamol, and ibuprofen family) was evident even at low doses. For example, 

less than 150 g total dose reduced the risk of cataract extraction by 50% (Harding, 

Egerton, and Harding, 2009).  

Three mechanisms were identified to account for inhibition of cataract 

formation: 1) acetylation of the lens proteins; 2) decrease of glycemia, and 3) 

decrease in blood tryptophan content. In a bid to mitigate cataract formation, it was 

recommended that those with high risk of cataract and with incipient signs of 

opacity take a daily and long-term treatment of 1/2 buffered and effervescent 

aspirin tablet under careful ophthalmologic surveillance.                                                                                                                                                                                                                                                                                                          
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SPECIFIC CONSIDERATIONS 

 Hypothesis 

Based upon the observation that NSAIDs and H2S can independently mitigate 

cataract formation, we hypothesize that C9H6S3 (HS)-NSAID hybrid molecules can 

protect cultured bovine lens from time-dependent and H2O2-induced cataract 

formation. 

 Specific aims 

 

2.1 Aim 1: To investigate the prophylactic effect of the HS-NSAIDs, ATB 

343 and ATD 337 on time-dependent cataract formation 

H2S-releasing NSAIDs (HS-NSAIDs) have been developed in order to 

conjugate the beneficial effect of H2S with other pharmaceuticals. HS-NSAIDs are 

an emerging novel class of compounds with significant anti-inflammatory 

properties. They consist of a traditional NSAID to which an H2S-releasing moiety 

is covalently attached. For example, HS-NSAIDs have been designed through the 

conjugation of the parent NSAID with a dithiolethione moiety [5-(4-hydroxyphenyl)-

3H-1,2-dithiole-3-thione] (ADT-OH) which releases H2S.  

In animal models, HS-NSAIDs release the parent compound, which exert 

their own pharmacological properties while the H2S released has marked activity 

against inflammatory cells including a cytoprotective effect in non-inflamed tissue. 

It is well known that aspirin-induced gastric injury is caused by oxidative stress (Liu 

et al., 2012). Similarly, another study examined four different HS-NSAIDs: HS-

aspirin, -sulindac, -ibuprofen, -naproxen, and their traditional counterparts on the 
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growth properties of eleven different human cancer cell lines of six different tissue 

origins. It was observed that HS-NSAIDs inhibited the growth of all cancer cell lines 

studied, with potencies of 28- to >3000-fold greater than that of their traditional 

counterparts (Chattopadhyay et al., 2012).  

ATB 343 is a hybrid of the NSAID, indomethacin and a H2S-donating 

molecule, 5-phenyldithiole-3-thione (C9H6S3) (Figure 7). ATB 337 is a hybrid of the 

NSAID, diclofenac and a H2S-donating molecule, 5-phenyldithiole-3-thione 

(C9H6S3) (Figure 8). Both indomethacin and diclofenac are NSAIDs that inhibits 

the production of PGs. Moreover, novel H2S releasing drugs such as ATB-346 and 

ATB-352 showed efficacy in treating digestive diseases, with the promising 

application potential in various eye diseases (Han et al., 2019). Since 

epidemiological studies have indicated that regular use of aspirin-like analgesics 

decrease the incidence of cataract (Cheng, 1992); H2S has been reported to 

function as an antioxidant during episodes of elevated free-radical production 

(Rose et al., 2016); and HS-NSAIDs have been shown to elicit a greater 

pharmacological potency, we sought to determine the role of two hybrid 

compounds, ATB 343 and ATB 337 on cataractogenesis in bovine cultured lenses, 

ex vivo. Therefore, Specific Aim #1 investigates the prophylactic role of ATB 343 

and ATB 337 on time-dependent cataract formation in cultured bovine lenses, ex 

vivo. 
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 ATB-337 

                  

Figure 8 : ATB 337 a hybrid molecule of the H2S releasing 5-   phenyldithiole-3-

thione (C9H6S3) and the NSAID diclofenac  

 

  ATB-343 

   

Figure 7: ATB 343 a hybrid molecule of the H2S releasing 5-phenyldithiole-3-

thione (C9H6S3) and the NSAID indomethacin 
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2.2 Aim 2: To investigate the protective effect of the HS-NSAIDs, ATB 343 

and ATB 337, on H2O2-induced cataract formation. 

There is evidence that H2S releasing compounds can mitigate experimentally 

induced cataract formation. For instance, substrates for the endogenous 

production of H2S (e.g. L-cysteine; NAC) have been shown to slow progression of 

cataract formation in vitro and in vivo. It has been previously reported that two L-

cysteine prodrugs 2(R ,S)-methylthiazolidine-4(R)-carboxylic acid (MTCA) and 

2(R,S)-n-propylthiazolidine-4(R)-carboxylic acid (PTCA) can prevent naphthalene-

induced cataract formation in 20 of 21 and 12 of 12 mice (Rathbun, Nagasawa, 

and Killen, 1996). Furthermore, Heruye et al., (2019) recently reported an 

anticataract activity for L-cysteine in H2O2-induced cataract formation in cultured 

bovine lenses, ex vivo. However, not many studies have examined the effect of 

HS-NSAIDs on oxidant stress-cataract formation. Therefore, Specific aim #2 will 

investigate the role of ATB 343 and ATB 337 on H2O2-induced cataract formation 

in cultured bovine lenses, ex vivo. 

 

2.3 Aim 3: To determine changes in the activity of antioxidant 

enzymes/proteins during cataract formation  

Oxidative damage and reduction in the antioxidant capacity are closely inter-

related. A healthy lens utilizes its various antioxidants and oxidation defense 

enzymes to protect itself quite effectively against oxidation. GSH levels can 

markedly affect the direction of oxidation processes. As the lens ages the de novo 
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synthesis and the recycling system for GSH become less efficient causing the net 

concentration of GSH to decline (Lu, 2009). 

Superoxide dismutase (SOD) is a thiol-based enzyme that plays a 

significant role in maintaining lens clarity. Robben et al., (2005) reported that 

expression of the SOD protein correlated with prevention of H2O2-induced cataract 

formation through inhibition of gap junction activity. ACS14, a H2S-releasing 

derivative of aspirin attenuated aspirin-suppressed SOD-1 expression and GSH 

activity, suggesting that ACS14, may stimulate antioxidants in the gastric tissue 

(Liu et al., 2012). It is conceivable that ATB 343 and 337 could elicit an anticataract 

effect by modulating the antioxidants, GSH and SOD. Therefore, Specific Aim #3 

will investigate the effect of the H2S-NSAIDs-releasing compounds on lenticular 

GSH content and SOD activity following exposure to H2O2 ex vivo. 

2.4 Aim 4: To investigate loss of soluble lens proteins during cataract 

formation. 

The structural proteins amount to about 90% of the total proteins in the lens. 

The major constituents of mammalian lens proteins are: α-, β-, and γ-crystallins, 

with a high level of homology within each group. As already stated, the 

transparency of the lens strongly depends on the crystallin solubility and structure. 

All crystallins are initially water-soluble (Kopylova et al., 2011). As aging occur, 

crystallins may undergo post-translational modifications which accumulate 

throughout life. Since modifications of the lens crystallins such as proteins 

oxidation, coloration, aggregation, and loss of solubility and antioxidant capacity 

have been reported to affect the lens chaperone activity and prevent the onset of 
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cataracts (Nakazawa et al., 2017), Specific Aim #4, will investigate the effect of the 

ATB compounds on soluble proteins and lens crystallin contents.  
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 GENERAL METHODS 

 Preparation of buffers 

After extraction, lenses were temporary kept in cold Krebs buffer solution, an 

isotonic solution containing 1.8 g/L dextrose (fisher Scientific), at physiological pH. 

1.1  Composition of Krebs’ buffer solution  

To make Krebs buffer solution, 100 ml of stock solutions, A, B and C were 

used. The stock solutions were prepared as follows:  

 Solution A  

Stock solution A was prepared by dissolving the salts indicated below 

(Table 5) in 1 L of distilled water. 

Table 5: Composition of Krebs’ buffer solution, solution A. 

Salt    Gram (%)  mM  Grams (g/L) 

NaCl   6.9   118  69 

KCl   0.39   4.8  3.9 

KH2PO4  0.16   1.2  1.6 

MgSO4·7H2O  0.3   2.0  3.0 

  Solution B 

Stock solution B was prepared by dissolving sodium bicarbonate (NaHCO3) in 1 L 

of distilled water (Table 6). 

Table 6: Composition of Krebs’ buffer solution, solution B. 
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Salt   Gram (%)  mM  Grams (g/L) 

NaHCO3 2.1   25  21 

 Solution C 

Stock solution C was prepared by dissolving calcium chloride (CaCl2) in 1 L of 

distilled water (Table 7). 

Table 7: Composition of Krebs’ buffer solution, solution C. 

 

Salt   Gram (%)  mM  Grams (g/L) 

CaCl2     0.19   1.3  1.9 

 

 Reconstitution of Krebs’ solution 

To make Krebs’ buffer solution, solution A (100 ml), solution B (100 ml), solution C 

(100 ml) and 1.8 g dextrose were mixed, together, and the final volume adjusted 

to 1 L with distilled water. The pH was adjusted to 7.45 and the buffer solution was 

stored in a refrigerator prior to use. 

 Extraction of bovine lens 

Bovine eyeballs were obtained from Greater Omaha Packing Company, 

Omaha, Nebraska within one hour following enucleation and transported to the 

laboratory in an ice bucket. The eyeballs were dissected, and the lenses were 

removed and isolated by making an incision at the limbus. The incision was 
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extended around the limbus junction with a pair of scissors. Following removal of 

the cornea, iris, and ciliary body, suspending ligaments were removed using 

forceps and lens was carefully extracted. After extraction, lenses were temporally 

stored in cold Krebs solution. At the end of the extraction, all lenses in the Krebs’ 

buffer were refrigerated for further studies. 

 Various treatment groups and lens culture 

Gibco FluoroBrite Dulbecco’s Modified Eagle Medium (DMEM), specifically 

appropriate for mammalian tissues, was used as the culturing medium in this 

study. This DMEM is reported to enhance fluorescence signal during live-cell 

imaging and to preserve cell health (Sciences et al., 2020). To minimize microbial 

growth, five ml of antibiotic (10,000 IU/mL penicillin and 10,000 µg/mL 

streptomycin) (Mediatech Inc) were added to 500 mL DMEM (Gibco life 

technologies). Lenses were incubated in 12-well plates (Thermo Fisher Scientific) 

was used, with each well being filled with 3 mL of either DMEM with or without 

H2O2. Freshly isolated bovine lenses were cultured in a DMEM buffer solution as 

follows: Group I: Control (DMEM); Group II: Positive control, endogenous 

antioxidant (Ascorbic Acid [AA];10 mM); Experimental groups (III-VII): (ATB 

343;10-8 M to 10-4 M) and groups (VIII-XII): (ATB 337; 10-8 M to 10-4 M) in presence 

and absence of H2O2 (10 mM or 50 mM). Intact lenses were transferred from 

Kreb’s buffer solution into each well using a spatula. Wells were filled up to capacity 

with the respective medium and the culture plates were incubated in a CO2 

incubator (Napco e series CO2 incubator model 5100) at 5% CO2 and 35 0C. Every 
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24 hours, each lens culture within the well plate was replenished with its respective 

treatment medium. 

 Assessment of Opacity 

5.1 Qualitative studies 

Qualitative evaluation of cataract formation was assessed visually and by 

capturing photographic images against a black grid. This is the classical methods 

that has been extensively reported for the assessment of cataract formation in the 

past decades (Cicchetti et al., 1982). Using a twelve-megapixel camera, pictures 

of lenses were taken against black grid at specific time points: zero, three, and six 

hours on the first day after which measurements were taken every 24 hours up to 

72 hours  

5.2 Quantitative studies 

In addition to the qualitative assessments, quantitative evaluation of cataract 

formation was assessed using a plate reader (Synergy H1 hybrid reader; Bio Tek 

Instruments, Inc). Transmittance was measured at 420 nm at specific time-points. 

In this analysis, a decrease in transmittance indicated formation of cataract while 

an increase in transmittance or no change from initial measurement (0 hour) was 

evidence for protection against cataract formation. Transmittance was measured 

at zero, three, and six hours on the first day after which measurements were taken 

every 24 hours up to 72 hours. 

 Antioxidants studies 

Biochemical assays consisted of assessment of total GSH content and SOD 

activity of homogenized lenses. 
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6.1 Total glutathione (GSH) content assay 

A solution of phosphate buffered saline (reconstituted from phosphate buffered 

saline tablet from Sigma-Aldrich), pH 7.4 was used to wash lenses in order to 

remove any red blood cells (RBC) and clots. One gram of lens was homogenized 

in 10 mL of cold phosphate buffer pH 6.7 containing 1 mM of EDTA (Sigma-

Aldrich). The tissue homogenate was centrifuged (Sorvall Legend RT) at 10000 x 

g for 15 minutes at 40 C. The supernatant (0.750 ml) was collected, stored on ice, 

and deprotonated. Five grams of metaphosphoric acid (Sigma-Aldrich) was 

dissolved in 50 mL of water and equal amount of this reagent was added to the 

sample and mixed. After 5 minutes (room temperature), the mixture was 

centrifuged at 3000 x g for 5 minutes. The supernatant which contains GSH and 

GSSG was collected without disturbing the precipitate and taken for storage at -20 

0C before assay. Before assay 4 M solution of triethanolamine (TEAM) was 

prepared by mixing 531 µL of triethanolamine (Spectrum chemical mfg. corp.) with 

469 µL of water. 50 µL of this TEAM reagent was added per mL of supernatant 

and vortexed immediately. After this, the sample was ready for both GSH and 

GSSH assays and necessary dilutions were done with GSH mycothiol (MES) 

buffer. The GSH assay was performed following the protocol for GSH assay kit 

(Cayman Chemical, Item no. 703002). 

6.2  Total superoxide dismutase (SOD) activity assay 

A solution of phosphate buffered saline (reconstituted from phosphate buffered 

saline tablet provided by Sigma-Aldrich), pH 7.4 was used to wash lenses in order 

to remove any red blood cells (RBC) and clots. One gram of lens was homogenized 
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in cold 20 mM HEPES buffer (Sigma-Aldrich), pH 7.2 containing 1 mM of EDTA 

(Sigma-Aldrich), 210 mM mannitol (Janssen Chemica) and 70 mM sucrose 

(Janssen Chemica). The tissue homogenate was centrifuged at 1500 x g for 5 

minutes at 4 0C. The supernatant was collected over ice and stored at -80 0C. On 

the day of the experiment, samples were thawed in a bucket of ice The SOD 

activity assessment was done following the protocol for SOD assay kit (Cayman 

Chemical, Item no. 706002). 

 Soluble proteins assessment 

Initially the possible changes in the level of energy released in lens 

homogenates was investigated by assessing area under the curve using FTIR. 

Then changes in physical properties of soluble lens proteins were investigated 

using gel electrophoresis. 

7.1 Fourier-transform infrared spectroscopy (FTIR) 

Assessment of protein content was conducted using the method described 

by Paluszkiewicz et al., (2018) in their study of “the vibrational microspectroscopy 

analysis of human lenses”. This method was applied with some modifications. 

Instead of 10 μm thickness cryosectioned samples placed on CaF2 windows, our 

samples were homogenized in NaCl and further analyzed following their 

investigation procedures. 

7.2 Biocinchonic acid (BCA) 

Total protein was determined using the method of (Vora et al., 2019) in their 

study “Preparation, Characterization and Antioxidant Evaluation of Poorly Soluble 
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Polyphenol-Loaded Nanoparticles for Cataract Treatment”. This method was 

applied with modifications, instead of whole lenses, our samples were prepared 

from lens protein powder obtained from lyophilized lens soluble proteins  

7.3 Gel electrophoresis 

Gel electrophoresis studies were conducted using methods previously 

reported by Spector and Roy, (1978) and   Sun et al., (1997) with some 

modifications. Instead of PCR Isolated ɑA and ɑβ-crystallin our samples were 

prepared from lens protein powder obtained from lyophilized lens soluble proteins. 

Instead of SDS-PAGE, mini-protean II cast and gel of Bio-Rad were used. 

8. Data Analysis 

Results are presented as arithmetic mean ± standard error of the mean 

(SEM). The level of significance between various groups was done using two- way 

analysis of variance (ANOVA) and one-way ANOVA in addition of a Dunnett’s 

multiple comparisons test (Graph Pad Prism 7) where the differences with p 

values< 0.05 were considered statistically significant 
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SPECIFIC METHODS 

 Aim 1: To investigate the prophylactic effect of the HS-

NSAIDs, ATB 343 and ATB 337 on time-dependent cataract 

formation 

 

1.1 Determine time-dependent lens opacification in cultured bovine 

lenses, ex vivo 

Initially, the time-dependent loss of transparency was determined by culturing 

lenses in 12- well plates containing DMEM, without any treatment up to 72 hours. 

Both quantitative and qualitative measurements were conducted at time zero, 

three, and six hours on the first day, then every 24 hours up to 72 hours. 

 

1.2 Investigate the prophylactic effect of HS-NSAIDs on time-dependent 

cataract formation  

The next series of experiments investigated the prophylactic effect of HS-NSAIDs, 

ATB 343 and ATB 337 on time-dependent cataract formation.  
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 Investigate the prophylactic effect of ATB 343 on cultured bovine 

lenses  

To determine the effect of ATB 343 on time-dependent lens opacification, 

lenses were cultured in DMEM containing (ATB 343;10-8 to 10-4 M) and then 

evaluated both quantitatively and qualitatively as already described. 

 

 Investigate the prophylactic role of indomethacin in cultured bovine 

lenses, ex vivo. 

Since ATB 343 is a hybrid of indomethacin and a H2S donor, the next series 

of experiments investigated the prophylactic effect of indomethacin on cultured 

bovine lenses, ex vivo. Lenses were incubated in the presence of indomethacin 

(10-8 - 10-3 M) up to 72 hours and quantitatively and qualitatively assessed for lens 

opacification. 

 

 Investigate the effect of pH on the prophylactic effect of ATB 343 and 

indomethacin on cultured bovine lenses, ex vivo. 

It is conceivable that pH may affect the in-situ H2S producing moiety and 

indomethacin within the lens, thereby affecting the prophylactic effect of ATB 343 

on lens opacification. Therefore, lenses were incubated in ATB 343 (10-8 - 10-4 M) 

and indomethacin (at varying at pH of 8.5, 9, 10, 11 and 12) up to 24 hours. Lens 

opacity was qualitatively and quantitatively assessed as already described. 
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1.3 Investigate the prophylactic effect of ATB 337 on cultured bovine 

lenses  

Bovine lenses were cultured in DMEM in the presence of ATB 337 (10-8 - 10-

4 M) up to 72 hours and quantitatively and qualitatively assessed for lens 

opacification. 

 Investigate the prophylactic role of diclofenac in cultured bovine 

lenses, ex vivo. 

Since ATB 337 is a hybrid of diclofenac and a H2S donating moiety, the next series 

of experiments investigated the prophylactic effect of diclofenac on cultured bovine 

lenses, ex vivo. Lenses were incubated in the presence of diclofenac (10-8 - 10-3 

M) up to 72 hours and quantitatively and qualitatively assessed for lens 

opacification. 

 

 Aim 2: To investigate the protective effect of the HS-NSAIDs, 

ATB 343 and ATB 337 on time-dependent cataract formation  

 

2.1 Determine time-dependent lens opacification in H2O2-cultured bovine 

lenses, ex vivo 

The optimal concentration of H2O2 to be used to induce formation of cataracts 

was determined by exposing lenses to its various concentrations up to 72 hours. 

H2O2 (5 mM, 10 mM, 50 mM and 100 mM) was prepared from a stock solution of 
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H2O2 (30%; Sigma-Aldrich) by pipetting aliquots of the stock solution into 

respective 15 mL vials containing DMEM as indicated in Table 7. Both 

quantitative and qualitative measurements were conducted at time zero, three, 

and six hours on the first day, then every 24 hours up to 72 hours 

Table 8: Aliquot volumes and final concentration of hydrogen peroxide 

FINAL H2O2 CONCENTRATION 
ALIQUOT OF 30% H2O2  

5 MM 
8.5 µL 

10 MM 
17.0 µL 

50 MM 
85.0 µL  

100 MM 170.0 µL 

 

 

 

2.2 Investigate the protective effect of HS-NSAIDs, ATB 343 and ATB 337 on 

time-dependent cataract formation 

In the next series of experiments, we investigated the effect of the HS-NSAIDs, 

ATB 343 and ATB 337 on H2O2-induced lens opacification, ex vivo. 
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2.2.1 Investigate the protective effect of ATB 343 on H2O2-induced lens 

opacification in cultured bovine lenses  

To determine the effect of ATB 343 on peroxide-induced lens opacification, 

lenses were exposed to ATB 343 (ATB 343;10-8 - 10-4 M) in the presence of H2O2 

(10 mM and 50 mM) and then evaluated both quantitatively and qualitatively as 

already described. 

 

2.2.2 Investigate the role of indomethacin on H2O2-induced lens 

opacification in cultured bovine lenses, ex vivo 

To verify the role of indomethacin on peroxide-induced lens opacification, 

lenses were incubated in indomethacin (10-8 - 10-3 M) in the presence of H2O2 (10 

mM and 50 mM) up to 72 hours and quantitatively and qualitatively assessed for 

lens opacification 

 

2.3 Investigate the protective effect of ATB 337 on H2O2-induced lens 

opacification on cultured bovine lenses  

To determine the effect of ATB 337 on the peroxide-induced lens opacification, 

lenses were exposed to ATB 337 (10-8 to 10-4 M) in the presence of H2O2 (10 mM 

and 50 mM) and then evaluated quantitatively and qualitatively as already 

described. 
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2.3.1 Investigate the role of diclofenac on H2O2-induced lens opacification 

in cultured bovine lenses, ex vivo 

To verify the role of diclofenac on the peroxide-induced lens opacification, 

lenses were cultured in with diclofenac (10-8 - 10-3 M) in the presence of H2O2 (10 

mM and 50 mM) up to 72 hours and quantitatively and qualitatively assessed for 

lens opacification 

 

3.  Aim 3: To determine changes in the activity of antioxidant 

enzymes/proteins during cataract formation 

To determine if the antioxidant defense systems are involved in regulation of 

cataract formation, the assessment of the antioxidant defense systems in 

cataractous lenses was done by measuring total GSH content and total SOD 

activity in lenticular homogenates (Cayman Chemical assay kits) following 

exposure of lenses to test compounds for 48 hours in the presence and absence 

of H2O2 (10 mM). A second positive control L-cysteine, that is well known as a 

substrate for endogenous production of H2S was incorporated in these studies. 

 

3.1 Assessment of total glutathione (GSH)  

Initially, standards of GSH (equivalent total GSH concentration ranging from 

0-16 µM) were prepared with aliquoted GSSG standard and MES buffer. Then, 

sample tested for GSH concentration were grouped as shown below. Each group 

had a sample (n=3) and test was carried out in duplicate. 
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i. Untreated lens homogenate at 0 hour 

ii. Untreated lens homogenate at 48 hours 

iii. Ascorbic acid (10 mM) treated lens homogenate at 48 hours 

iv. L-cysteine (10-6 M) treated lens homogenate at 48 hours 

v. ATB 343 (10-7 M) treated lens homogenate at 48 hours 

vi. ATB 337 (10-7 M) treated lens homogenate at 48 hours 

vii. H2O2 (10 mM) treated lens homogenate at 48 hours  

viii. Ascorbic acid (10 mM) + H2O2 (10 mM) treated lens homogenate at 48 

hours 

ix. L-cysteine (10-4 M) + H2O2 (10 mM) treated lens homogenate at 48 hours 

x. ATB 343 (10-7 M) + H2O2 (10 mM) treated lens homogenate at 48 hours 

xi. ATB 337 (10-7 M) + H2O2 (10 mM) treated lens homogenate at 48 hours 

An assay cocktail of 150 µL was prepared as per protocol (containing MES 

buffer, reconstituted cofactor mixture, reconstituted enzyme mixture, water and 

reconstituted DTNB) were added to each well containing 50 µL of standard or 

samples within 10 minutes of preparation. After this, aluminum foil was used to 

cover the plate which was then incubated on an orbital shaker for 25 minutes. 

Finally, GSH concentration of samples was determined by the end-point method 

measuring absorbance at 405 nm. A standard curve was plotted using the 

corrected absorbance (corrected for background absorbance of MES buffer) for 
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the standards. GSH concentration (µM) was calculated using the slop and y 

intercept of the standard curve using the formula below: 

 

3.2 Assessment of total superoxide dismutase (SOD) activity  

First, standards of SOD were prepared with aliquoted SOD standard and 

diluted sample buffer. Then, each group of (n=3) samples was tested in 

duplicate. The sample tested for SOD activity were grouped as shown below 

i. Untreated lens homogenate at 0 hour 

ii. Untreated lens homogenate at 48 hours 

iii. Ascorbic acid (10 mM) treated lens homogenate at 48 hours 

iv. L-cysteine (10-6 M) treated lens homogenate at 48 hours 

v. ATB 343 (10-7 M) treated lens homogenate at 48 hours 

vi. ATB 337 (10-7 M) treated lens homogenate at 48 hours 

vii. H2O2 (10 mM) treated lens homogenate at 48 hours  

viii. Ascorbic acid (10 mM) + H2O2 (10 mM) treated lens homogenate at 48 

hours 

ix. L-cysteine (10-4 M) + H2O2 (10 mM) treated lens homogenate at 48 hours 

x. ATB 343 (10-7 M) + H2O2 (10 mM) treated lens homogenate at 48 hours 

xi. ATB 337 (10-7 M) + H2O2 (10 mM) treated lens homogenate at 48 hours 
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For the preparation, 200 µL of diluted radical detector and 10 µL of standards 

or samples were added to each well accordingly. The reaction was initiated by 

adding 20 µL of diluted xanthine oxidase to all the wells. This plate was and 

covered with plate cover and incubated on an orbital shaker for 30 minutes. Finally, 

SOD activity was measured at 440 nm. Following interpretation directives from the 

Cayman protocol, a standard curve was plotted using the linearized SOD standard 

rate (linearized rate of background= absorbance of background/ absorbance of 

background, linearized rate of standard= absorbance of background/ absorbance 

of standard) as a function of SOD activity. SOD activity (U/ml) was calculated using 

the slop and y intercept of the standard curve using the formula below: 

 

4. Aim 4: To investigate loss of soluble lens proteins during 

cataract formation 

 

4.1. Fourier-transform infrared spectroscopy (FTIR) 

Each lens was weighed, then manually homogenization in a mortar and 

pestle with five ml of normal saline. The weight of the homogenate was then taken 

in order to reduce the margin of error caused by homogenate stuck on 

homogenization material. This constituted the sample. The sample was vortexed 

for ten seconds and one hundred microliters were taken for further dilutions in 

 

𝑆𝑂𝐷  
𝑈

𝑚𝐿
 =

 𝑆𝑎𝑚𝑝𝑙𝑒 𝐿𝑅 − 𝑦 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 

𝑠𝑙𝑜𝑝𝑒
 x  

0.23𝑚𝐿

0.01
 x 𝑆𝑎𝑚𝑝𝑙𝑒 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 
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order to achieve a detectable range for the proteins using UV-visible 

spectrophotometer. In order to separate the lens homogenate into soluble proteins 

in the supernatant and precipitated proteins as pellets, samples were centrifuged 

at 2844 g for one hour. Fifteen microliters of the supernatant of each sample was 

then withdrawn and analyzed into the FTIR spectrophotometer. The picture of the 

wavelength distribution was taken, peaks were identified and area under the curve 

was calculated. The range of interest was the 1500-1700 nm wavelength because 

the purpose was to identify changes in the functional groups of protein within the 

lens.  

 

4.2. Bicinchoninic acid (BCA) 

 One hundred grams of lens powder was diluted with twenty-five ml of 

deionized water which gave an initial concentration of 4 mg/ml. A stock of albumin 

2 mg/mL was diluted to 1mg/ml for further treatment following the protocol 

described on Fig 9. Samples were untreated albumin and lenses, H2O2+NaHS 

treated albumin and lenses; and denatured by heat and (laemulli + BME), albumin 

and lenses at t=0 hour. Then untreated lenses and H2O2-treated lenses at t=72 

hours, number of samples n=3. Samples were analyzed following the protocol of 

the Thermo Fisher BCA Protein assay kit. 
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4.3. Gel electrophoresis 

Following FTIR samples preparation, the supernatant part of the lenses was 

lyophilized and stored in the refrigerator. Each day on the gel electrophoresis experiment, 

one hundred grams of soluble lens powder was diluted in twenty-five ml of deionized water 

and treated according to the following scheme. Albumin was used as a positive control. 

Sample was treated for 2 hours with H2O2 (10 mM) which effect was stopped with an equal 

volume of NaHS (10 mM). Sample was analyzed following the protocol of mini-protean II 

cast and gel of Bio-Rad. These results are analyzed using the estimated molecular 

weight guidelines provided by the corresponding gel used: Mini-Protean TGX 

Precast Gels 
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Figure 9: Protocol for gel sample preparation. Panel A: Albumin sample. Panel B: 

Lyophilized lens sample 

 

Lens 100 g/25 ml

4 mg/ml

100 µL H2O

100 µL H2O 1:1

+Laemulli 

1:1

+ Laemulli + β
ME+ heat

1:1

100 µL H2O2

100 µL NaHS 1:1

+Laemulli

1:1

+Laemulli +β
ME + heat

1:1

B 

Albuminstock 2 mg/mL

1mg/mL

100 µL H2O 1:1

100 µL H2O

+Laemulli 

1:1

+ Laemulli + β ME+ 
heat

1:1

100 µL H2O2  1:1

100 µL NaHS

+Laemulli

1:1

+Laemulli +β
ME + heat

1:1
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Samples were loaded in the gel from left to right as described on Table 9.  

 

Table 9: Sampling Order for Gel Electrophoresis experiment  

Column Treatment 

1 Molecular weight ladder 

2 Denatured albumin+H2O2+NaHS 

3 Denatured albumin 

4 Albumin+H2O2+NaHS 

5  Albumin 

6 Denatured lens+H2O2+NaHS 

7 Denatured lens 

8 Lens+H2O2+NaHS 

9 Lens 

10 Molecular weight maker 
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RESULTS 
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 Aim 1: To investigate the prophylactic effect of the HS-

NSAIDs, ATB 343 and ATB 337 on time-dependent cataract 

formation  

 

1.1 Time-dependent lens opacification in cultured bovine lenses, ex vivo 

Lenses incubated in DMEM exhibited a time-dependent decrease in 

transmittance, ex vivo (Fig. 10, Panel A). After six hours of incubation, there was 

an increase in transmittance of 2.44% (n= 12; p<0.001) followed by a persistent, 

time-dependent decline up to 72 hours of incubation. In corroboration, the 

qualitative analysis of lenses revealed a time-dependent decline in optical clarity 

of the lenses, ex vivo as depicted in (Fig 10, Panel B). 
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Figure 10: Time-dependent degradation of cultured bovine lenses. Panel A: Time-

dependent decline in transmittance (420 nm) in bovine lenses cultured in Dulbecco’s 

Modified Eagle Medium (DMEM); Panel B: Optical clarity from of DMEM-cultured 

bovine lenses at times 0, 24 and 72 hours  

 

 
B 
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1.2 Prophylactic effect of ATB 343 on time-dependent lens opacification  

In this series of experiments, the effect of ATB (10-8 to 10-4 M) on cataract 

formation was investigated, ex vivo. Except for ATB 343 10-7 mM that exhibited the 

highest increase in transmittance of 26.91% (n=16; p<0.01) after 24 hours, all 

concentrations of ATB 343 tested either had no effect or decreased % 

transmittance (Fig 11, Panel A, B, C and D). Moreover, the increase in 

transmittance elicited by ATB 343 (10-7 M) was more than that of ascorbic acid (10 

mM) control, which posted a modest increase of in transmittance of 1.7% (n=6; 

p<0.05). 
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Figure 11: Effect of ATB 343 in cultured bovine lenses. Panel A (t=6 hours), there is 

no significant change in cataract protection. Panel B (t=24 hours), there is a 

significant increase in cataract prevention at ATB 343 (10-7M). Panel C (t= 48 hours), 

no cataract prevention rather ATB (10-8M) contributes to cataract formation. Panel D 

Time-dependent prophylactic effect of ATB 343 in cultured-bovine lenses. Results 

are expressed as mean ± SEM. *p<0.05 **p<0.01, ***p<0.001, ****p<0.0001 significantly 

different from the corresponding control (time point DMEM-only) treated lenses. 

Number of observations (n) range from 6-29 per time point. 
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1.2.1 Role of Indomethacin in ATB 343 response 

Since ATB 343 consists of a H2S donor and the NSAID indomethacin, the 

effect of indomethacin on cataract formation was further examined, ex vivo. 

Compared to untreated lenses (DMEM-only; t=0), all concentrations of 

indomethacin tested (10-8 to 10-3 M) decreased % transmittance in bovine lenses, 

ex vivo (Fig 12).  Interestingly, indomethacin (10-8 M) exhibited the least detrimental 

effect on time-dependent lens transmittance. Thus, the effect elicited by 

indomethacin (10-8 M) was compared to that of ATB 343 (10-7 M), the most potent 

concentration of ATB 343 tested (Fig. 12). The effect of ATB (10-7 M) on 

transmittance was superior to that exhibited by the least detrimental concentration 

of indomethacin. For instance, after 24 hours, ATB 347 (10-7 M) increased 

transmittance by 26.91% (n=16; p<0.01) while indomethacin (10-8M) reduced it by 

15.1% (n=12; p<0.001), compared to DMEM (t=24 hours)  
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1.2.3 Role of pH on the effect of ATB 343 and indomethacin on lens 

opacification  

Since pH may affect the in-situ release of the H2S producing moiety and 

indomethacin, in the next series of experiments, the role of pH on the effect of ATB 

343 and indomethacin on lens opacification was determined.  

 

1.2.3.1 Role of increasing pH on lens opacification 

 

 

Figure 12: Time-dependent prophylactic effect of indomethacin in ATB 343 response. 

Results are expressed as mean ± SEM. *p<0.05 **p<0.01, ***p<0.001, ****p<0.0001 

significantly different from the corresponding DMEM-only treated lenses. The number of 

observations varies from 6-18 
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Due to the intrinsic acidic nature of H2O2, studies were focused on the role 

of the basic milieu on transmittance in DMEM-cultured bovine lenses, ex vivo. 

Incubation of lenses at pH 9.5 accelerated time-dependent lens opacification within 

48 hours. Moreover, incubation of lenses at pH of 12 induced physical damage, 

with lenses cracking within 24 hours. 

1.2.3.2 Effect of pH on indomethacin response  

Since lenses were physically damaged at pH of 12, the effect of 

indomethacin on transmittance was evaluated at pH 8.5 and 10 only. Treatment of 

lenses with indomethacin (10-7 M) at pH of 8.5 and 10 accelerated time-dependent 

loss in transmittance (Fig 13, Panel A). For instance, after 24 hours, the NSAID 

elicited a significant (n=12; p<0.001) reduction in transmittance of 23.75% (at pH 

= 7.4), 19.14% (at pH = 8.5) and 28.90% (at pH = 10), compared to DMEM (t = 24 

hours). Moreover, qualitative analysis showed evidence of visible change in lenses 

exposed to the higher pHs-culture medium, with these lenses remaining intact but 

turning cloudy or whitish after 24 hours (Fig 13, Panel B). However, after 48 hours 

elevation in pH induced physical damage to the lenses (Fig 13, Panel C).  
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Figure 13: Panel A: Regulation of indomethacin response by pH. Results are expressed 

as mean ± SEM. *p<0.05 **p<0.01, ***p<0.001, ****p<0.0001 significantly different from the 

corresponding DMEM-only treated lenses;  Panel B: Capture images of ATB 343 (10-7M) 

after 24 h treatment at pH 8.5; Panel C: Physically damaged lenses after 48h treatment 

with Indomethacin at pH 10. 
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1.2.3.3 Effect of pH on ATB 343 response  

It was interesting to note that increasing pH from 7.4 (neutral pH) to pH 8.5 

and pH 10 elicited cataract formation by ATB 343 (10-7 M) up to 24 hours (Figure 

14, Panel A).  Thus, whereas ATB 343 (10-7M; pH=7.4) elicited an increase in 

transmittance by 10.34% (n=16; p<0.001), increasing the pH to 8.5 and 10 

significantly (n=6; p<0.01) decreased transmittance by 23.30% and 28.42%, 

respectively, compared to DMEM (t=24 hours), implying that the physiological pH 

presented the optimal environment for the HS-NSAID response. 
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Figure 14: Panel A: Role of pH on the response elicited by ATB 343 and indomethacin; 

Results are expressed as mean ± SEM. *p<0.05 **p<0.01, ***p<0.001, ****p<0.0001 

significantly different from the corresponding DMEM-only treated lenses Number of 

observations (n) range from 6-24 per time point. Panel B: Capture images of ATB (10-7M) 

at neutral, pH 8.5 and pH 10. 
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1.3 Prophylactic effect of ATB 337 on time-dependent lens opacification  

ATB 337 (10-8 to 10-6 M) accelerated time-dependent lens opacification, ex vivo, 

with ATB 337 (10-7 M) achieving the least reduction in loss of transparency (Fig 15, 

Panels A and B).  After 72 hours, ATB 337 (10-8M; 10-7M and 10-6M) significantly 

(n=6; p<0.01) reduced transmittance by 39.47, 24.78% and 29.60%, respectively, 

compared to DMEM (t = 72 hours).        

 

 

Figure 15: Panel A Time-dependent effect of ATB 337 in cultured-bovine lenses. No 

prophylactic effect of ATB 337. Results are expressed as mean ± SEM. *p<0.05 **p<0.01, 

***p<0.001, ****p<0.0001 significantly different from the corresponding DMEM time point. 

Number of observations (n) range from 6-29 per time point. Panel B: Capture images of ATB 

337 (10-8M) after 00, 24 & 72 hours 
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1.3.1 Role of Diclofenac in ATB 337 response  

Since ATB 337 consists of a H2S donating moiety and the diclofenac, the effect of 

diclofenac was determined on cultured bovine lenses, ex vivo. ATB (10-8 to 10-4 M) 

accelerated time-dependent lens opacification, ex vivo (Fig 16, Panel A). For 

instance, after 24 hours, the rank order of reduction in transmittance by diclofenac 

was 10-8 M >10-4 M ≈10-5 M > 10-7 M. When compared to ATB 337, the most potent 

concentration of diclofenac (10-7 M) was significantly less potent than that of ATB 

337 (Fig 16, Panel B). Thus, after 48 hours, the percent reduction in transmittance 

for ATB (10-7M) and diclofenac (10-7M) was 5.1% (n=18; p>0.05) and 22.68% (n=9; 

p<0.01), respectively. 

 

Figure 16: Time-dependent prophylactic effect of indomethacin in ATB 343 

response. Results are expressed as mean ± SEM. *p<0.05 **p<0.01, ***p<0.001, 

****p<0.0001 significantly different from the corresponding DMEM time point. 

Number of observations (n) range from 6-18 per time point.  
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2. Aim 2: To investigate the protective effect of the HS-

NSAIDs, ATB 343 and ATB 337 on hydrogen peroxide-

induced cataract formation  

 

2.1 Effect of H2O2 on time-dependent lens opacification 

The stimuli for lens opacification, H2O2 accelerated lens opacification in a 

concentration-dependent manner, achieving a significant (p<0.001) inhibition of 

40.06% (5 mM; p=6), 45.11% (10 mM; n=24), 42.77% (50 mM; n=12) and 82.84% 

(100 mM; p<6), respectively (Fig 17, Panels A and B) after 72 hours. It was 

interesting to note that H2O2 (5 mM) did not induce a visible qualitative change, 

compared to the apparent quantitative change. Fig 17, Panel B demonstrates the 

time-dependent lens degradation induced by H2O2 (50 mM).  
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 2.2 Protective effect of ATB 343 on H2O2-induced lens opacification 

2.2.1 Protective effect of ATB 343 (H2O2 10 mM) 

ATB 343 (10-8 to 10-6 M) attenuated H2O2 (10 mM)-induced loss in 

transmittance up to 72 hours (Fig 18, Panels A, B and C). The highest magnitude 

of attenuation was apparent after 6 hours, where ATB 343 (10-8 M, 10-7 M and 10-

 

 

 

Figure 17: Panel A Time degradative effect of H
2
O

2
 on cultured-bovine lenses. H2O2-

induced decline in transmittance (420 nm) up to 72 hours. Results are expressed as 

mean ± SEM. *p<0.05 **p<0.01, ***p<0.001, ****p<0.0001 significantly different from the 

corresponding H2O2 time point. Number of observations (n) range from 6-24 per time 

point. Panel B Capture images of H2O2 (50 mM) after 00, 24 & 72 hours. 
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6 M) reversed H2O2-induced loss in transmittance by 33.21% (n=6; p<0.001);  

29.40 (n=6; p<0.001) and 15.20% (n=6; p<0.05), respectively, compared to DMEM 

(t=6). Moreover, the protective effect was comparable to that of the positive control, 

AA (10 mM) up to 48 hours (Fig 18, panel C). 
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Figure 18: Protective effect of ATB 337 (10-8M–10-6M) from hydrogen peroxide (H2O2; 10mM)-

induced cataract formation in bovine lenses. Panel A: Effect of ATB 337 on H2O2-induced 

decline in transmittance (420 nm) after 6 hours; Panel B: Effect of ATB 337 on H2O2-induced 

decline in transmittance (420 nm) after 24 hours. Panel C: Time dependent protective effect of 

ATB 343 in cultured-bovine lenses. Results are expressed as mean ± SEM. *p<0.05 **p<0.01, 

***p<0.001, ****p<0.0001 significantly different from the corresponding H2O2 time point. Number 

of observations (n) range from 6-24 per time point.  
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2.2.2 Protective effect of ATB 343 (H2O2 50 mM) 

ATB 343 (10-8M to 10-6M) attenuated H2O2 (50 mM)-induced lens 

opacification in cultured bovine lenses, ex vivo up to 24 hours (Fig 19, Panels A, 

B and C). After 24 hours, ATB 343 (10-8M, 10-7 and 10-6M) reversed the peroxide 

induced reduction in transmittance by 39.30% (n=12; p<0.001), 46.11% (n=9; 

p<0.001) and 9.30% (n=24; p>0.05), respectively. Compared to the protective 

effect elicited by ATB 343 from H2O2 (10 mM)-induced response which lasted up 

to 72 hours, the protective effect of ATB 343 from H2O2 (50 mM) effect was 

markedly reduced after 48 hours (Fig 19, Panel C). 
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Figure 19: Effect of ATB 343 in cultured bovine lenses. Panel A: After 6 hours and up to 

24 hours Panel B, there is significant increase in cataract protection. Panel C: Time-

dependent protective effect of ATB 343 in cultured bovine lenses Results are expressed as 

mean ± SEM. *p<0.05 **p<0.01, ***p<0.001, ****p<0.0001 significantly different from the 

corresponding H2O2 
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2.2.3 Role of indomethacin in protection against H2O2 (10 mM) effect 

The NSAID, indomethacin (10-8 M, 10-7 M and 10-5 M) protected lenses from 

H2O2 (10 mM)-induced lens opacification up to 6 hours, achieving an inhibition of 

16.61% (n=6; p<0.001), 6.72% (n=6; p<0.05) and 6.26% (n=5; p<0.05) at the 6 

hour time point (Fig 20). After 48 hours, indomethacin (10-7M) attenuated H2O2-(10 

mM)-induced lens opacification by 8.78% (n=24; p<0.05). Moreover, the protective 

effect of indomethacin (10-7M) lasted up to 72 hours (Fig 20). 

 

 

 

Figure 20: Time-dependent protective effect of Indomethacin in cultured-bovine 

lenses. Results are expressed as mean ± SEM. *p<0.5 significantly different from 

the corresponding H2O2 time point. Number of observations (n) range from 6-24 per 

time point. 
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2.2.4 Role of indomethacin in protection against H2O2 (50 mM) effect  

With exception of indomethacin (10-8 M) which protected lenses from H2O2 

(50 mM) effect up to 6 hours (9.2%; n=9; p<0.05) and indomethacin (10-6M) which 

protected lenses after 72 hours (23.8%; n=12; p<0.05), all concentrations of the 

NSAID accelerated H2O2-(50 mM)-induced lens opacification (Fig 21). 

 

 

            

Figure 21: Time-dependent protective effect of Indomethacin in cultured-bovine 

lenses. Results are expressed as mean ± SEM. *p<0.5 **p<0.01, ***p<0.001, 

****p<0.0001 significantly different from the corresponding H2O2 time point. Number of 

observations (n) range from 6-24 per time point. 
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2.2.5 Comparison of indomethacin and ATB 343 on H2O2-induced lens 

degradation  

When compared to ATB 343, indomethacin (10-7 M) also protected lenses 

from H2O2 (10 mM) effect (Fig 22, Panel A). After 48 hours, ATB 343 (10-7 M) and 

indomethacin (10-7 M) attenuated H2O2-(10 mM)-induced lens opacification by 

26.91% (n=6; p<0.05) and 8.78% (n=6; p<0.05) respectively. However, the same 

concentration of indomethacin did not significantly mitigate H2O2 (50 mM) effect, 

compared to ATB (10-7M) (Fig 22, Panel B).  
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Figure 22: Time-dependent protective effect of indomethacin in ATB 343 response   Panel 

A: After H2O2 (10mM), Panel B: After H2O2 (50mM) Panel C: Capture images of 

Indomethacin (10-7M) after 00, 24 & 72 hours. Results are expressed as mean ± SEM. 

*p<0.05, 
 ****p<0.001 significantly different from the corresponding H2O2 time point. Number 

of observations (n) range from 6-18 per time point.  
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2.3 Protective effect of ATB 337 on H2O2-induced lens opacification 

2.3.1  Protective effect of ATB 337 from H2O2 (10 mM) response 

ATB 337 (10-8 to 10-6 M) attenuated H2O2 (10 mM)-induced lens 

opacification up to 72 hours (Fig 23). However, the protective effect of ATB 337 

was less potent than that of ascorbic acid up to 24 hours, after which ATB 337 (10-

8 M and 10-7 M) became more protective than ascorbic acid, the positive control. 

For example, at 48 h, ATB 337 (10-8 M and 10-7 M) attenuated the peroxide effect 

by 24.31% (n=6; p<0.01)  and 25.52% (n=6; p<0.01) respectively while AA (10 

mM) attenuated H2O2 (10 mM) effect by 20.57 % (n=6; p<0.05). 

 

 

Figure 23: Time-dependent protective effect of ATB 337 in cultured-bovine lenses. 

Results are expressed as mean ± SEM. *p<0.05 **p<0.01, ***p<0.001, ****p<0.0001 

significantly different from the corresponding H2O2 time point. Number of 

observations (n) range from 6-24 per time point 

 

0 2 4 4 8 7 2

2 5

5 0

7 5

T i m e  ( h o u r s )

L
ig

h
t 

tr
a

n
s

m
it

ta
n

c
e

 (
4

2
0

 n
m

)

A T B  3 3 7  (1 0
-6

M ) +  H 2 O 2 (1 0 m M )

A T B  3 3 7  (1 0
-7

M ) +  H 2 O 2 (1 0 m M )

A T B  3 3 7  (1 0
-8

M ) +  H 2 O 2 (1 0 m M )

A A  (1 0 M m ) +  H 2 O 2 (1 0 m M )

H 2 O 2 (1 0 m M )

* * * *

* * *

*

* *

* *
*

* * * *

* * *
* *

*

D M E M



77 

 

2.3.2  Protective effect of ATB 337 from H2O2 (50 mM) response 
 

ATB 337 exhibited a protective effect from H2O2 (50 mM)-induced lens 

opacification in a manner that was distinct from that elicited by the HS-NSAID 

against H2O2 (10 mM). Indeed, all concentrations of ATB 337 tested (10-8 - 10-6 M) 

mitigated H2O2 (50 mM)-induced lens degradation up to after 72 hours. 

Interestingly, ATB 337 (10-6 M) elicited the most protective effect after 24 hours 

(17.73%; n=12; p<0.001) compared to ascorbic acid (26.19%; n=6; p<0.001) while 

ATB 337 (10-8 M) exhibited the most protective effect (15.77%; n=12; p<0.05)  after 

72 hours (Fig 24). 

 

 

Figure 24: Time-dependent protective effect of ATB 337 in cultured-bovine lenses. 

Results are expressed as mean ± SEM. *p<0.05 **p<0.01, ***p<0.001, ****p<0.0001 

significantly different from the corresponding H2O2 time point. Number of 

observations (n) range from 6-12 per time point 
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2.3.3 Role of diclofenac in protection against H2O2 (10 mM) effect 

Similar to indomethacin, we investigated the role of diclofenac in the protective 

effect of ATB 337 on peroxide-induced cultured bovine lenses. Except for 

diclofenac (10-4 M), which attenuated H2O2 (10 mM)-induced reduction in 

transmittance up to 6 hours only, diclofenac (10-8M, 10-7 and 10-5M) attenuated the 

peroxide effect up to 72 hours (Fig 25). After 6 hours, the rank order of protection 

elicited by diclofenac was 10-7 M > 10-8 M >10-5 M>10-4M (Fig 25).  After 24 hours, 

diclofenac (10
-7

M) exhibited the highest protective effect of 21.04% (n=6; p<0.01).  

2.3.4 Role of diclofenac in protection against H2O2 (50 mM) effect  

 

Figure 25: Time-dependent protective effect of Diclofenac in cultured-bovine lenses. 

Results are expressed as mean ± SEM.  **p<0.01, significantly different from the 

corresponding H2O2 time point. Number of observations (n) range from 6-24 per time 

point  
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In another series of experiments, the protective role of diclofenac from H2O2 (50 

mM) was determined.  Diclofenac modulated the peroxide-induced cataract 

formation with the following rank order of activity after 6 hours: 10-8M>10-7M≈H2O2 

(50 mM) ≈10-5M>10-6M (Fig 26). Interestingly, after 24 hours, the percent 

transmittance of all tested concentrations of diclofenac fell below that of H2O2 (50 

mM). (Fig 26) 

  

3.  Aim 3: To determine changes in the activity of antioxidant 

enzymes/proteins during cataract formation 
 

 

 

Figure 26: Time-dependent protective effect of Diclofenac in cultured-bovine lenses. 

Results are expressed as mean ± SEM.  Number of observations (n) range from 6-24 

per time point 
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In the next series of experiments, the effect of HS-NSAID compounds on cataract 

formation on bovine lens homogenates was investigated. 

3.1 Effect of HS-NSAID compounds on glutathione (GSH) content 

3.1.1 Effect of ATB 343 on total glutathione (GSH) content in lens 

homogenates 

3.1.1.1 Prophylactic effect of ATB 343 on time-dependent reduction in total 

GSH content in bovine lens homogenates 

It was interesting to note that incubation of lenses in DMEM for 48 hours reduced 

lens homogenate GSH content by 1.34% (n=3; p<0.01) compared to GSH content 

at time zero (t = 0 hour) (Fig 27). Furthermore, after 48 hours, ATB 343 (10-7 M) 

reduced GSH content by 4.85% (n=3; p<0.001) in a manner that was comparable 

to that of the control compounds, L-cysteine (10-6 M; 4.46%; n=3; p<0.001) and 

ascorbic acid (10 mM; 3.58%; n=3; p<0.001), compared to DMEM (t=0). When 

compared to DMEM-treated lenses (t = 48 hours),  ATB 343 significantly (n=3; 

p<0.01) attenuated GSH content by 3.56% in a manner that was comparable to 

that elicited by L-cysteine (3.20%; n=3; p<0.01) and ascorbic acid (2.28%; n=3; 

p<0.01) (Fig. 27). 
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3.1.1.2  Protective effect of ATB 343 on H2O2 (10 mM)-induced 

reduction in total GSH content in bovine lens homogenates 

Exposure of bovine lenses to H2O2 (10 mM) for 48 hours significantly (n=3; 

p<0.001) attenuated total GSH content by 9.45% (Fig. 28). Unlike L-cysteine (10-

4M) and ascorbic acid (10 mM) which did not significantly modulate the peroxide 

effect after 48 hours, ATB 343 (10-7M) significantly (n=3; p<0.05) enhanced the 

peroxide effect by 1.13% (t=48 hours) (Fig. 28). 

 

 

                    

 

Figure 27: Effect of ATB 343 on total GSH content in bovine lens homogenates. 

Results expressed as mean ± SEM). One-way ANOVA ##P<0.01 compared to 

DMEM treated lenses at 48 hours, #### p<0.001 compared to DMEM-treated 

lenses (t=0 hours) 
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3.1.2. Effect of ATB 337 on total glutathione (GSH) content in lens 

homogenates 

3.1.2.1.  Prophylactic effect of ATB 337 on time-dependent reduction in 

total GSH content in bovine lens homogenates 

 

Exposure of cultured bovine lenses to ATB 337 (10-7 M) for 48 hours 

significantly (n=3; p<0.001) attenuated total GSH content in lens homogenates by 

3.98% (comparison to DMEM [t=0]) (Fig. 29). Compared to DMEM (t=48 hours), 

ATB 337 (10-7M) further reduced total GSH content by 2.68% (n=3; p<0.01) in a 

            

Figure 28: Change in total GSH concentration. Result as mean ± SEM). One way 

ANOVA *P<0.05 compared to H
2
O

2
 treated lenses at 48 hours, ### p<0.001, #### 

p<0.001 compared to untreated lenses at 0 hours 
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manner that was comparable to the control drugs, L-cysteine (10-6M; 3.2%; n=3; 

p<0.01) and ascorbic acid (10 mM; 2.28%; n=3; p<0.01) (Fig 29).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.2.2  Protective effect of ATB 337 on H2O2 (10 mM)-induced 

reduction in total GSH content in bovine lens homogenates 
 

Although exposure of bovine lenses to H2O2 (10 mM) for 48 hours 

significantly (n=3; p<0.001) attenuated total GSH content by 9.45%, ATB 337 (10-

               

 

Figure 29: Effect of ATB 337 on total GSH content in bovine lens homogenates. 

Result as mean ± SEM. One-way ANOVA ## p<0.01, ### p<0.001, compared to 

DMEM lenses (t=0 hours); ## p<0.01, compared to DMEM-treated lenses t=48 

hours) 
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7M) as well the control drugs L-cysteine (10-4M) and ascorbic acid (10 mM) did not 

modulate the peroxide response (Fig 30). 

 

 

 

 

 

 

 

 

                            

Figure 30: Effect of ATB 337 on hydrogen peroxide (H2O2; 10 mM)-induced 

reduction on total GSH content centration. Result as mean ± SEM). One-way 

ANOVA, ### p<0.001 compared to DMEM lenses at 48 hours 
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Table 10: Total GSH concentration of both ATB compounds 

 

3.2. Effect of HS-NSAID compounds on superoxide dismutase (SOD) 

activity in lens homogenates 

In the next series of experiments, the role of HS-NSAIDs on SOD activity in 

bovine lens homogenates was investigated. 

 

3.2.1. Effect of ATB 343 on SOD activity in lens homogenates 

Treatment Groups Total GSH (µM) SEM SD 

DMEM t=0 99.04932432 0.019490026 0.033758 

DMEM t=48 97.725 0.018817102 0.032592 

H2O2 t=48 89.69121622 0.048299701 0.083658 

AA 10 mM 95.49527027 0.019604421 0.033956 

AA 10 mM+ HP 89.79932432 0.053518688 0.092697 

LC 10-6M 94.63716216 0.008685876 0.015044 

LC 10-4M+ HP 89.35337838 0.01673569 0.028987 

ATB343 10-7M 94.25202703 0.008738484 0.015135 

ATB 343 10-7M +HP 85.68445946 0.084865089 0.146991 

ATB337 10-7M 95.11013514 0.013895443 0.024068 

ATB 337 10-7M +HP 89.1777027 0.063912266 0.110699 



86 

 

 

3.2.1 .1 Prophylactic effect of ATB 343 on time-dependent SOD activity in 

bovine lens homogenates 

Although incubation of lenses in DMEM for 48 hours had no significant effect on 

SOD activity in bovine lens homogenates, ATB 343 (10-7 M) elicited a reduction in 

SOD activity by 48.74%% (n=3; p<0.001) after 48 hours (compared to DMEM; t=0 

hours). On the contrary, the control drug, ascorbic acid (10 mM), slightly increased 

SOD activity by 4.13% (n=3; p>0.05) while L-cysteine (10-6M) reduced it by 4.73% 

(n=3; p>0.05) (Fig. 31) after 48 hours (compared to DMEM-treatment; t=0) (Fig. 

31). 
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3.2.1 .2 Protective effect of ATB 343 on H2O2 (10 mM)-induced reduction in 

SOD activity in bovine lens homogenates 

Treatment of lenses with H2O2 (10 mM) significantly (n=3; p<0.001) reduced 

SOD activity by 62.27% after 48 hours (compared to DMEM-treatment; t=0 

hours) (Fig 32). Moreover, ATB 343 (10-7M) attenuated H2O2 (10 mM)-induced 

reduction in SOD activity by 56.62% (n=3; p<0.001). Similarly, the control drugs, 

L-cysteine and ascorbic acid attenuated H2O2-induced reduction in SOD activity 

by 163.08% and 67.70%, respectively after 48 hours, compared to H2O2 (10 mM; 

t=48 hours) (Fig 32; Table 11). 

 

 

                  

Figure 31: Effect of ATB 343 0n superoxide dismutase (SOD) activity in bovine lens 

homogenates. Result as mean ± SEM. One-way ANOVA ## p<0.01, compared to 

DMEM lenses at 00 hours, ## p<0.01, compared to DMEM lenses at 48 hours 
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3.2.2. Effect of ATB 337 on SOD activity in lens homogenates 

 

3.2.2 .1 Prophylactic effect of ATB 337 on time-dependent SOD activity in 

bovine lens homogenates 

Similar to ATB 343 (10-7 M) which attenuated SOD activity in bovine lens 

homogenates, ATB 337 (10-7 M) elicited a reduction in SOD activity by 48.74% 

(n=3; p<0.001) after 48 hours (compared to DMEM; t=0 hours) (Fig 33; Table 11). 

On the contrary, ascorbic acid (10 mM) increased SOD activity by 4.13% (n=3; 

             

Figure 32: Effect of ATB 343 on superoxide dismutase (SOD) activity in 

bovine lens homogenates. Result as mean ± SEM. One-way ANOVA **P<0.01, 

***P<0.001 compared to H
2
O

2
 treated lenses at 48 hours, ## p<0.01, ### p<0.001, 

compared to DMEM lenses at 48 hours. 
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p>0.05) while L-cysteine (10-6M) reduced it by 4.73% (n=3; p>0.05) (Fig 33) after 

48 hours (compared to DMEM-treatment; t=0) (Fig 33; Table 11). 

 

 

                                            

                        

Figure 33: Change in SOD activity. Result as mean ± SEM. One way ANOVA ## 

p<0.01, ### p<0.001, compared to DMEM lenses at 00 hours, ## p<0.01, 

compared to DMEM lenses at 48 hours 
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3.2.2.2 Protective effect of ATB 337 on H2O2 (10 mM)-induced reduction in 

SOD activity in bovine lens homogenates 

Treatment of cultured lenses with ATB 337 (10-7M) attenuated H2O2 (10 mM)-

induced reduction in SOD activity by 31.69% (n=3; p<0.001) after 48 hours, 

compared to DMEM (t=0 hours) (Fig. 34). Similarly, the control drugs, L-cysteine 

and ascorbic acid (10 mM) attenuated H2O2-induced reduction in SOD activity by 

163.08% and 67.70%, respectively after 48 hours, compared to H2O2 (10 mM; 

t=48 hours) (Fig 34; Table 11). 

 

 

Table 11: SOD activity of both ATB compounds  

                    

 

Figure 34: Effect of ATB 337 on SOD activity in bovine lens homogenates. 

Result as mean ± SEM. One-way ANOVA **P<0.001 compared to H
2
O

2
 treated 

lenses at 48 hours, ### p<0.001 compared to DMEM-treated lenses (t=0 hours) 
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Treatment Groups SOD (U/ml) SEM SD 

DMEM t=0 0.992933694 0.081353 0.115051 

DMEM t=48 0.996077662 0.065595 1.234432 

H2O2 t=48 0.325205139 0.021041 1.181413 

AA 10 mM 1.034396536 0.032171 0.055722 

AA 10 mM+ HP 0.545278575 0.029457 0.051022 

LC10-6M 0.882600979 0.050715 0.08784 

LC 10-4M+ HP 0.855164776 0.057295 0.099238 

ATB 343 10-7M 0.646374701 0.039107 0.067735 

ATB 343 10-7m +HP 0.508874562 0.010556 0.018284 

ATB 337 10-7M 0.508522292 0.035188 0.060948 

ATB 337 10-7m +HP 0.42844019 0.037671 0.065248 

 

 

4. Aim 4: To investigate loss of soluble lens proteins during 

cataract formation 

 

4.1  Determination of loss of soluble proteins using FTIR technique 

Initial studies were conducted to standardize spectral readings for untreated 

bovine lenses, ex vivo. The graph below depicts a spectrum of absorbance versus 

wavelength ranging from 1500 to 1700 cm-1. Data was analyzed as area under the 

curve (AUC)/mg weight. For 14 untreated bovine lenses, with six readings per lens, 

the AUC/mg weight was highly variable and inconsistent and individual values 
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were significantly different from one another, indicating the test was inconsistent 

(figure not shown).     

   

 

4.2  Determination of total protein content using the colorimetric protein 

assay, bicinchoninic acid assay (BCA)  
 

                        

 

 

Figure 35: Sample of spectrum of absorbance versus wavelength ranging 

from 1500 to 1700 cm-1 
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The BCA method showed that untreated (t = 0 hours) albumin (used as control) 

which had a protein content of 393±0.006 (n=3) μg/mL while lyophilized, untreated 

bovine lenses had a protein content of 687 ± 0.009 (n=3) μg/mL (t = 0 hours) (Table 

12). Interestingly, denaturation significantly (n=3; p<0.001) increased albumin and 

lens protein content by 405.09% and 187.05%, respectively (t=0 hours). Exposure 

of lyophilized bovine lens to H2O2 (10 mM) enhanced protein content by 279.48% 

(n=3; p<0.001) (t = 0 hours). Moreover, exposure of albumin and bovine lens to 

H2O2 (10 mM) and NaHS (10 mM) attenuated albumin and lens protein content by 

1.2% (n=3; p<0.01) and 47.89% (n=3; p<0.001 (t=0 hours), respectively. Similarly, 

exposure of denatured albumin and bovine lenses to H2O2 (10 mM) and NaHS (10 

mM) significantly (n=3; p<0.001) attenuated protein contents by 14.01% and 

9.74%, respectively. It was also interesting to note that after 72 hours, untreated 

bovine lenses exhibited reduction in protein content by 50.07% (n=3; p<0.001). 

 

Table 12: Assessment of bovine lens protein content using the bicinchoninic acid 
assay  

Treatment time Experiment Albumin 
(µg/mL) 

Lens (µ/mL) 

 0 hours (t=0) Untreated 393 ± 0.006 687 ± 0.009 

H2O2  - 2607± 0.01 

 
Denatured by heat and 
laemulli + BME 

 
1985 ± 0.024 

 
1972 ± 0.012 

H2O2+NaHS 386 ± 0.014 358 ± 0.012 
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H2O2+NaHS denatured by 
heat and laemulli + BME 

 
1707 ± 0.009 

 
1780 ± 0.003 

72 hours (t=72) Untreated        - 343 ± 0.024 

H2O2        - 325 ± 0.012 

 
 

 

4.3 Gel electrophoresis results 

In another series of experiments, gel electrophoresis technique was used to 

separate lens proteins in lyophilized bovine lens powder and results analyzed 

using the estimated molecular weight guidelines provided by the corresponding 

gel used in the study (Mini-Protean TGX Precast Gels). The presence of the control 

protein, albumin was marked by a band at 65 kDa (column #5; Fig 35). Moreover, 

denaturation of albumin (column #5) caused an increase in both band thickness 

and molecular weight (column #3, Fig 35). Whereas the presence of H2O2 (10 mM) 

and NaHS (10 mM) in untreated albumin induced an increase in band thickness 

but within the same molecular weight range (columns #4 & 5), it reduced band 

thickness and molecular weight of denatured albumin (columns #2 & 3). 

Unlike albumin which exhibited a single band at 65 kDa, gel electrophoresis 

separated lens proteins into three bands within the 31KD, 21.5KD, and 14.4 KD 

region (column #9). Similar to albumin, denaturation of lens protein increased band 

thickness within the same molecular weight range (columns 9 & 7).   The presence 

of H2O2 (10 mM) and NaHS (10 mM) induced an increase in band thickness but 



95 

 

within the same molecular weight range (columns # 9 & 8) while it reduced band 

thickness and molecular weight of denatured lens (columns # 7 & 6). 

  

  

 

 

 

Figure 36: Isolation of lenses crystallins. Panel A Bands appear in the 

approximately 20 Kda as expected. Denatured = treated with heat and laemulli+ 

β-mercaptoethanol (BME) 
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DISCUSSION 
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 Prophylactic effect of H2S-NSAIDs-donor compounds on 

time-dependent cataract formation  
 

It is well known that cataract is a major cause of blindness among the aging 

population globally (Priority eye diseases, 2020). However, pharmacological 

solutions to cataracts have remained elusive, partially due to the multifactorial 

etiology of the disease (Gupta et al., 2009; WHO, 2019). Several factors have been 

reported to account for loss of optical clarity in the aging lens, including oxidation 

of lens proteins such as crystallins; depletion of lenticular antioxidants and UV-

filters; loss of soluble proteins; increase in protein aggregation and disturbance in 

lens ionic homeostasis, amongst others (Williams, 2006, Spector, 1995; Hains & 

Truscott, 2007; Hains & Truscott, 2008; Rathbun & Murray, 1991; Michael & Bron, 

2011; (Benedek, 1997; Moreau and King, 2012).  

Evaluation of loss of optical clarity in the lens culture has become an 

acceptable and reliable method of assessment of cataractogenesis and a 

screening tool for anti-cataract compounds, ex vivo (Zigler et al., 2003). However, 

this experimental approach is often complicated and requires specialized 

equipment such as laser scanning technique (Banh et al., 2003; Banh A and Sivak 

JG, 2004), microscope fitted with a photoconductive cell (Zhang JJ et al.,1994) and 

spectrophotometer equipped with an integrating sphere (Artigas et al., 2012). This 

project utilized a simple spectrophotometric experimental model that was 

standardized and validated by Heruye et al., (2019) to assess the decline in light 

transmittance during the development of cataracts in cultured bovine lenses, ex 

vivo (Heruye et al., 2019). Furthermore, the effect of NSAID-H2S hybrid 
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compounds were examined and biochemical antioxidant assays conducted to 

assess changes in antioxidant and protein contents in response to NSAID-H2S 

compounds during cataractogenesis.  

There is evidence that both the gasotransmitter, H2S (Sastre et al., 2005; 

Heruye et al., 2019) and NSAIDs (Harding and Robert 1992) can independently 

slow down progression of cataract formation in experimental models and human 

subject, respectively. Indeed, using the same experimental model as used in this 

study, L-cysteine, the substrate for endogenous production for up to H2S, protected 

lenses from time-dependent cataract formation up to 120 hours in cultured bovine 

lenses (Heruye et al.,2019).  In other studies, long-term ingestion of NSAIDs was 

associated with reduced risk of cataract formation in human subjects (Heyningen 

and Harding, 1986), implying a protective role for NSAIDs from cataractogenesis. 

It is therefore conceivable that a hybrid compound consisting of an NSAID and H2S 

donating moiety could elicit a potent anticataract effect. Thus, the first series of 

experiments were designed to determine to the prophylactic effect of NSAID-H2S 

hybrid compounds in cultured bovine lenses, ex vivo. With exception of ATB 343 

(10-7 M) which prevented cataract formation up to 24 hours, all other concentrations 

of ATB 343 tested (10-8 M & 10-6M) accelerated cataract formation up to 72 hours. 

Moreover, the endogenous antioxidant, ascorbic acid (10 mM) (used as a positive 

control) conferred a modest protection of lenses from time-dependent degradation 

up to 24 hours as well.  

On the contrary, ATB 337 exhibited no prophylactic effect on time-dependent 

cataract formation on cultured bovine lenses. Since the H2S-donating moiety is the 
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same for the ATB 343 and ATB 337 (Figs 7 & 8), it is possible that the NSAID 

component of the hybrid compounds (diclofenac in ATB 337 but indomethacin in 

ATB 343) contributes to the inconsistent prophylactic action between the two 

hybrid compounds. 

To further delineate the role of individual NSAIDs on cataract formation in this 

study, experiments were conducted using indomethacin, the NSAID component of 

ATB 343 and diclofenac, the NSAID component of ATB 337 on cultured bovine 

lenses, ex vivo. Interestingly, all concentrations of indomethacin tested (10-8 M to 

10-3 M) accelerated lens opacification, implying that this NSAID did not contribute 

to the anti-cataract activity ATB 343 which was observed at the 10-7 M 

concentration. Similarly, all concentrations of diclofenac tested (10-8 M to 10-4 M) 

accelerated cataract formation. Taken together, these results indicate that, under 

our experimental conditions, both indomethacin and diclofenac did not play a 

beneficial role to H2S-NSAID hybrid compounds as anticipated. It is possible to 

speculate that, contrary to the hypothesis that NSAIDs would enhance the anti-

cataract effect of H2S donors, these NSAIDs contributed to the detrimental actions 

of ATB 343 and ATB 337 on time-dependent cataract formation in cultured bovine 

lenses, ex vivo.  

Since pH may play a role in the release of H2S and indomethacin from its 

parent compound, consequently affecting the anti-cataract response, further 

studies were conducted to delineate the role of pH on both the ATB 343 and 

indomethacin response on cataract formation in cultured bovine lenses, ex vivo. 

Studies were focused on the role of basic pH because indomethacin is intrinsically 
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acidic. Elevation in pH accelerated cataract formation for both indomethacin and 

ATB 343, with the higher basic pH’s (e.g. pH of 12) inducing physical damage to 

lenses within 48 hours. It was also interesting to note that the least detrimental 

effects for both ATB 343 and indomethacin were obtained at physiological pH of 

7.4. Like indomethacin, diclofenac also accelerated cataract formation, with the 

least detrimental effect being much more damaging than that of ATB 337. 

Furthermore, like ATB 343, elevation of pH accelerated cataract formation for both 

diclofenac and ATB 337. Under physiological conditions, the lens is bathed in 

aqueous humor anteriorly and vitreous humor posteriorly and pH is maintained 

within the physiological range. It is therefore not surprising that while experimental 

parameters that mediate from physiological conditions may favor the in situ 

generation of H2S and the NSAIDs, indomethacin and diclofenac from their parent 

compounds, these parameters are detrimental to the physiology of the lens. Thus, 

subsequent experiments were conducted under the physiological pH of 7.4. 

 Although both H2S donors and NSAIDs have been shown to independently 

mitigate progression of cataracts (Sastre et al., 2005; Heruye et al, 2019; Harding 

and Robert 1992), both ATB 343 and ATB 337 did not exhibit a strong prophylactic 

effect. In addition to the detrimental role played by individual NSAIDs, other factors 

could account for the lack of consistency between these results and those 

observed for individual L-cysteine and NSAIDs. Whereas ATB 343, ATB 337 and 

L-cysteine release H2S endogenously, the production of the gasotransmitter by the 

latter is dependent upon the activity of its biosynthetic enzymes, cystathionine-γ-

lyase (CSE), cystathionine-β-synthase (CBS), and 3-mercaptopyruvate 
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sulfurtransferase (3-MST)/cysteine aminotransferase (CAT) (Kimura, 2010) on L-

cysteine while the release from the two hybrid compounds is likely dependent upon 

hydrolytic processes (Wallace et al, 2010). Additionally, accessibility of drugs into 

the interior structures of the lens, as well as rate of release of H2S from the parent 

compounds could collectively contribute to the disparity of anti-cataract activity 

between the hybrid compounds and that of individual constituents. 

 

 Protective effect of H2S-NSAIDs-donor compounds on H2O2-

induced cataract formation 

Oxidative stress has been established as an underlying pathology in the 

pathogenesis of age-related cataracts (Spector & Garner, 1981; Robertson et al., 

1989; Spector, 1995; Truscott et al., 2005; Williams, 2006). Moreover, H2O2-

induced cataract exhibits characteristics features found in some types of human 

cataracts (Spector, 1995). Thus, H2O2 stimuli has become an acceptable model 

for oxidant stress-induced cataract formation in the cultured bovine lens model 

(Hanson et al., 1999; Heruye et al., 2019). In this study, H2O2 (5 mM to 100 mM) 

decreased light transmittance in a time-dependent manner up to 72 hours. It was 

also interesting to note the magnitude of damage induced by lower concentration 

(10 mM) was not significantly different from that induced by the higher 

concentration used (50 mM), suggesting that the 10 mM and 50 mM 

concentrations induced damage within the submaximal response. Thus, H2O2 (10 

mM and 50 mM) concentrations were used for subsequent studies. Other studies 
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have also used a similar range of H2O2 concentration to induce cataract formation 

in cultured lens experimental model (Hanson et al. 1999). 

There is evidence supporting a protective role for both H2S donors (Heruye et 

al, 2019; Heruye et al., 2020) and NSAIDs (Petersen et al., 2005); from oxidant-

induced damage to lenticular tissues. Therefore, the next series of experiments 

were designed to determine the role of H2S-NSAIDs on peroxide induced 

degradation in culture bovine lenses. Although ATB 343 (10
-8 

M to 10
-6 

M) partially 

protected lenses from H2O2 (10 mM)-induced degradation up to 72 hours, ATB 343 

(10
-7

M & 10
-6

M) partially protected lenses from H2O2 (50 mM)-induced degradation 

up to 48 hours only. It is conceivable that the magnitude of damage induced by the 

higher concentration of the peroxide was more severe and irreversible, compared 

to that induced by the 10 mM concentration. Like ATB 343, ATB 337 (10
-8

M to 10
-

6
M) partially protected lenses from both H2O2 (10 mM) and H2O2 (50 mM)-induced 

degradation up to 72 hours. Consistent with this data, L-cysteine attenuated H2O2-

induced cataract formation in cultured bovine lenses, ex vivo (Heruye et al., 2019), 

thereby affirming the protective role of H2S donors in oxidant-induced cataract 

formation ex vivo.  

 To delineate the role of the NSAIDs in the protective action elicited by ATB 

343 and ATB 337 against the oxidant stimuli, the effect of indomethacin and 

diclofenac was investigated in H2O2-induced cataract formation in cultured bovine 

lenses. Both indomethacin (10
-7 

M) and diclofenac (10-7M) partially protected 

bovine lenses from H2O2 (10 mM)-induced cataract formation up to 72 hours. 
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Interestingly, the NSAIDs had no effect on H2O2 (50 mM) -induced damage. These 

data suggest that both indomethacin and diclofenac partially accounted for the 

protective action elicited by ATB 343 and ATB 337 from the peroxide-induced 

cataract formation. Moreover, the protective effect associated with indomethacin 

and diclofenac occurred within a narrow concentration range, and that the H2S 

component accounted for the majority of the anti-cataract activity of these H2S-

NSAID compounds. Consistent with this observation, ( Petersen et al., 2005; 

Petersen et al., 2008) reported that low doses the of the NSAIDs, indomethacin, 

diclofenac, celecoxib and aspirin mitigated H2O2-induced apoptosis in human lens 

epithelial cells (HLEC), prompting the researchers to conclude that the protective 

action of the NSAIDs was limited to a narrow therapeutic window (Petersen et al., 

2005).  

Whereas ATB 343 (10-8 M and 10-6M) and 337 exhibited no prophylactic effect 

(except for ATB 343 (10-7M), they attenuated the peroxide-induced damage. Since 

cataract is a multifactorial disease, the mechanisms involved in time-dependent 

cataract formation may be distinct from that associated with oxidant stress-induced 

damage. It is possible to speculate that oxidative stress-induced damage may 

involve some inflammatory components, rendering this type of damage 

susceptible to intervention by anti-inflammatory remedies such as NSAIDs. 

Interestingly, both ATB 343 and 337 have been reported to potentiate the anti-

inflammatory efficacy while mitigating toxicity of NSAIDs due to the H2S 

component (Wallace, 2007). In this study, the NSAIDs accounted for a small 

improvement in attenuating oxidant stress-induced cataract formation. Taken 
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together, it is important to delineate the exact mechanism associated with different 

forms of cataract in order to identify relevant and specific treatment strategies to 

mitigate this ocular condition. 

 

 Changes in the activity of antioxidant enzymes/proteins 

during cataract formation 

Oxidative stress plays a critical role in the development of age-related 

cataracts, and endogenous antioxidants play a major protective role against 

oxidative stress in the lens (Fan et al., 2016).  Decreased levels of GSH in the lens 

can lead to free radical accumulation, consequently inducing lipid peroxidation and 

decreased antioxidant enzyme activity (Maddirala, et al., 2017). In this study, 

incubation of lenses in DMEM for 48 hours significantly attenuated lenticular GSH 

content, compared to GSH content at time (t=0 hour), affirming the time-dependent 

lens degradation observed with light transmittance studies in Specific Aim #1 

above. In corroboration, Heruye et al., (2019) reported a significant time-

dependent loss of GSH content of in DMEM-cultured bovine lenses after 120 

hours. Moreover, these observations suggest that lens degradation was 

accompanied by a disruption of the lenticular GSH antioxidant content.  

It was interesting to note that both ATB 343 and 337 did not reverse time-

dependent loss in GSH. This data is corroborated by the results observed in 

specific Aim #1, where both ATB 343 (except for 10-7M) and ATB 337 (10-8M to 10-

4M) exhibited no prophylactic effect against time-dependent degradation of 
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cultured bovine lenses. In contrast, the substrate for endogenous production of 

H2S, L-cysteine partially reversed time-dependent loss of GSH in cultured bovine 

lenses after 120 hours, using the same experimental model, ex vivo (Heruye et al., 

2019). It is possible to speculate that the exposure time of 48 hours was insufficient 

for L-cysteine to mitigate the time-dependent loss in GSH content in this study.  

The ability of oxidative stress to reduce lenticular GSH content has been well 

documented and supports the role of oxidative stress as an underlying pathology 

in cataract formation (Padalkar et al.,2013; Heruye et al., 2019; Heruye et al., 

2020). In agreement with this concept, exposure of bovine lenses to H2O2 (10 mM) 

for 48 hours significantly attenuated total lenticular GSH content by 9.45%. 

Whereas both ATB 343 and ATB 337 partially mitigated the peroxide-induced lens 

opacification (Specific Aim #1), these hybrid H2S-NSAIDs did not mitigate the 

peroxide-induced loss in lenticular GSH. Similarly, L-cysteine and ascorbic acid 

(used as controls) did not mitigate peroxide-induced loss of lenticular GSH. Since 

the pathogenesis of cataract formation is multifactorial, it is conceivable that the 

protective action for H2S-NSAIDs observed in Specific Aim #1 is independent of 

antioxidant process. In other studies, L-cysteine mitigated peroxide-induced loss 

of total lenticular GSH, ex vivo (Heruye et al., 2019). However, peroxidation was 

accomplished using H2O2 (50 mM) for 120 hours (Heruye et al., 2019) whereas 

this study utilized H2O2 (10 mM) for 48 hours. It is possible that both the 

concentration used in this study and the exposure time of 48 hours did not 

sufficiently affect lenticular GSH content to achieve a measurable difference. It is 
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also possible that these hybrid H2S-NSAIDs were not potent enough to mitigate 

peroxide-induced lenticular GSH loss. 

In addition to GSH, the prophylactic and protective action of the H2S-NSAIDs 

on the antioxidant enzyme, SOD was determined. SOD is a ubiquitously expressed 

and highly conserved enzyme that catalyzes the dismutation of superoxide radicals 

to molecular oxygen and H2O2. Thus, it provides cellular defense against reactive 

oxygen species by scavenging superoxide radicals (Kawamata and Manfredi, 

2010). Unlike GSH that exhibited a time-dependent reduction in lenticular 

homogenates after 48 hours, there was no significant time-dependent loss in SOD 

activity within the same time range. This observation is contrary to that reported by 

Heruye et al (2019) where there was a time-dependent reduction in lenticular SOD 

activity in bovine lens homogenates. However, in the latter study, time-dependent 

changes were determined after 120 hours. It is possible that exposure time of 48 

hours was inadequate to elicit a significant change in SOD activity. Interestingly, 

the presence of either ATB 343, ATB 337 or L-cysteine (used as control) elicited a 

reduction in SOD activity, implying that these compounds accelerated lens 

degeneration. In support of this observation, ATB 343 (10-8M & 10-6M) and ll 

concentration of ATB 337 (10-8 M and 10-4 M) tested accelerated lens opacification 

in the transmittance study (Specific Aim #1). Taken together, lenses incubated in 

DMEM did not exhibit a reduction in SOD and the H2S-NSAID compounds 

accelerated loss in SOD activity, suggesting that these compounds contributed to 

lens degradation.   
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There is evidence that H2O2 induces a reduction in lenticular SOD activity, in 

vitro and ex vivo (Dubey et al., 2016; Dubey et al., 2019; Heruye et al, 2019). 

Indeed, in this study, H2O2 (10 mM) elicited a significant reduction in lenticular SOD 

activity, ex vivo. Heruye et al., (2019) also reported a similar pattern of reduction 

in SOD activity in cultured bovine lenses (Heruye et al., 2019), thereby affirming 

the role of oxidative stress on cataractogenesis. Both ATB 343 and ATB 337 

mitigated H2O2 (10 mM) loss in SOD activity in a manner that was comparable to 

the control H2S compounds, L-cysteine and ascorbic acid. Moreover, this data 

corroborates the protective action observed for the H2S-NSAIDs observed in the 

transmittance study (Specific Aim #1). Experiments suggest that SOD 

preferentially reacts with dissolved H2S, not the hydrosulfide anion (Olson et al., 

2018). However, in this study, we do not know the exact form under which H2S is 

released by ATB 343 and 337. It is conceivable that this parameter could influence 

SOD activity.  

There is evidence that oxidized glutathione (GSSG) is rapidly reduced to GSH 

by glutathione reductase in the presence of NADPH (please refer to equation 

below). GSH scavenges reactive molecules directly, protecting exposed protein 

thiols from oxidation. GSH can protect lens epithelial targets from oxidation, 

including Na+/K+ ATPase, proteins associated with membrane permeability and 

certain cytoskeletal proteins. 
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The synthesis and recycling of GSH declines with age. The relatively low ratio of 

GSH to protein-SH in the adult nucleus of the lens, combined with low activity of 

the GSH redox cycle, makes the nucleus especially vulnerable to oxidative stress, 

as has been demonstrated under pathophysiology. With increasing levels of 

oxidative stress, proteins become thiolated by GSSG, cysteine and to a lesser 

extent γ-glutamyl cysteine, to form the mixed disulphides. Mixed disulphides and 

protein disulphides of this kind can be partially restored to their native state 

(Michael and Bron, 2011). However, after 48 hours of in vitro treatment with ATBs 

compounds, this reversal effect was not observed, suggesting that ATBs 

compounds do not interact with the GSSG/GSH redox system but do affect SOD 

activity in a way that can protect against H2O2- induced cataract formation. Taken 

together, while the H2S-NSAIDs had no effect on time-dependent antioxidant 

activity, they mitigated the peroxide-induced cataract formation by mechanisms 

that were, at least in part, dependent upon the activity of SOD but not total GSH 

content. 

 



109 

 

 Loss of soluble lens proteins during cataract formation. 

FTIR is a technique that is used to obtain an infrared spectrum of absorption, 

emission, photoconductivity or Raman scattering of a solid, liquid or gas. 

Infrared absorption spectroscopy directly measures the absorption of the 

investigated materials (Humbert, Tadjeddine and Busson, 2011). When sample 

molecules are exposed to infrared radiation, they selectively absorb radiation of 

specific wavelengths which then affects the dipole moment of sample molecules. 

The intensity of absorption peaks is proportional to the change of dipole moment 

and the possibility of the transition of energy levels. Although typically a qualitative 

tool for material identification, FTIR analysis can also be used as a quantitative 

tool to quantify specific functional groups, when the chemistry is understood, and 

standard reference materials are available.  The intensity of the absorbance will 

match the quantity of functionality present in the sample. The wavelengths that are 

absorbed by the sample are characteristic of its molecular structure. Quantitative 

concentration of a compound can be determined from the area under the curve in 

characteristic regions of the IR spectrum.  

To identify the material being analyzed qualitatively, the unknown IR 

absorption spectrum is compared with standard spectra in computer databases or 

with a spectrum obtained from a known material spectrum matches identify the 

polymer or other constituent(s) in the sample. Absorption bands in the range of 

4000 - 1500 wavenumbers are typically due to functional groups (e.g., -OH, C=O, 

N-H, CH3, etc.). The region from 1500 - 400 wavenumbers is referred to as the 

fingerprint region. Absorption bands in this region are generally due to 
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intramolecular phenomena and are highly specific to each material (Naumann, 

2001).  

Absorption was measured using the area under the curve (AUC) within the 

wavelength range of interest 1500-1700 cm-1which are representative of amide 

bonds found in proteins. In this study, the results of 14 untreated (control) lenses 

with six readings per lens were highly variable and inconsistent. Therefore, it was 

difficult to attribute observed changes in the soluble proteins to tested treatment 

groups. Inconsistent protein content per lens suspension raised new concern 

about the level of purity of the samples, given the high sensitivity of the FTIR 

machine. These uncontrolled parameters mitigated the results of this study and 

prevented any conclusive results for untreated lenses and restrained our analysis 

of untreated and H2O2-induced cataract lenses.  

A previous study that used FTIR spectroscopy to investigate changes in α-

crystallins reported that their samples were prepared by dissolving the freeze-dried 

protein in 100 mM Tris buffer (pH 7.0) at 75 mg/mL and heavy water (2H2O) was 

used for all measurements to avoid the interference of the strong water band at 

1640 cm−1 with the analyzed amide band (BÖDE et al., 2003). During our 

experiment we failed to take into considerations such extra measures, this could 

be one of the reasons why the area under the curve was very irregular for non-

treated lenses which prevented any standardization. The failure to standardize 

FTIR results could also be partially due to the inability to determine the proteins 

content in each analyzed sample. This could be a major factor for the variation 

observed in area under the curve results of FTIR. So, it was necessary to first 
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standardize soluble proteins content within samples. This led to the study to 

determine protein content using the BCA technique. 

 

The Thermo Scientific Pierce bicinchoninic acid (BCA) Protein Assay is a 

detergent-compatible formulation based on BCA for the colorimetric detection and 

quantitation of total protein. The principle of the BCA assay is similar to the Lowry 

procedure, in that both rely on the formation of a Cu2+-protein complex under 

alkaline conditions, followed by reduction of the Cu2+ to Cu1+ The purple-colored 

reaction product of this assay is formed by the chelation of two molecules of BCA 

with one cuprous ion. This water-soluble complex exhibits a strong absorbance at 

562 nm that is nearly linear with increasing protein concentrations over a broad 

working range (20-2,000 µg/mL). The BCA method is not a true end-point method. 

The BCA assay has many advantages over other protein determination 

techniques: The color complex is stable, there is less susceptibility to detergents, 

it is applicable over a broad range of protein concentrations. A further advantage 

of the BCA assay is that it is generally more tolerant to the presence of compounds 

that interfere with the Lowry assay. It is not affected by a range of detergents and 

denaturing agents such as urea and guanidinium chloride, although it is more 

sensitive to the presence of reducing sugars. 

 BCA test conducted on lyophilized lenses with albumin as positive control 

showed that proteins were present in a regular ratio in replicated samples. 

However, the variation in proteins content was significantly different amongst 

untreated, compared to treated samples. Once samples were denatured by heat 
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and laemulli+BME, there was a change in protein configuration that led to more 

protein being exposed. According to the BCA results of this study, the protein 

content of the non-denatured samples were four- five times less than that of the 

denatured samples. These results correlated with existing reports whereby 

destabilization of lens proteins may drive partial protein unfolding, leading to the 

formation of intermediate conformations that expose previously buried 

hydrophobic residues. Moreover, unlike other protein aggregation diseases, like 

Alzheimer’s or Huntington’s where the pathology may be due to soluble oligomers 

that precede higher molecular weight aggregates and plaque formation, in cataract 

the higher order aggregated state can account for the pathology (Moreau and King, 

2012). Although members of the α- and βγ-crystallin families are the major soluble 

proteins of the lens (Moreau and King, 2012), we could not distinguish if the over-

expressed proteins were mainly from unfolded soluble proteins or not. The 

consistent difference in protein concentration between non-denatured in 

comparison to denatured lenses also corresponded to that of non-denatured in 

comparison to denatured albumin. 

Gel electrophoresis is a technique used in laboratories to separate charged 

molecules like DNA and other macromolecules according to their size. The gel 

consists of a permeable matrix, similar to a sieve, through which molecules can 

travel when an electric current is passed across it. Smaller molecules migrate 

through the gel more quickly and therefore travel further than larger fragments that 

migrate more slowly and therefore will travel a shorter distance. As a result, the 

molecules are separated by size. The gel is then placed into an electrophoresis 
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tank and electrophoresis buffer is poured into the tank until the surface of the gel 

is covered. The buffer conducts the electric current. The type of buffer used 

depends on the approximate size of the protein’s fragments in the sample.  

The mechanism and structural requirements of chaperone activity of a-

crystallin are still not well understood. The usual way to study this problem is to 

apply structural perturbations on the protein and to detect the effect on the activity. 

In this study, the change in soluble proteins could not be confirmed. The molecular 

weight of alpha, beta and gamma crystallins subunits intertwined preventing the 

isolation of specific crystallins. Besides, from untreated lenses to H2O2-treated and 

denatured lenses, there was no significant difference amongst the observed bands 

of lens crystallins, thus making it hard to also quantify any change in crystallins. 

Specific crystallins’ subunits had to be isolated for the methods to be standardized 

when investigating the effects of H2S-NSAIDs- donor compounds on lens soluble 

proteins.  

Some previous study showed that SDS- PAGE results did not show 

apparent changes in the crystallin protein profile between control and H2O2-treated 

lenses (1, 2, and 4 mM) in three different fractions: epithelium, cortex and nucleus 

(Citeseerx.ist.psu.edu, 2019). The results of their experiment correlated with 

results of this study and confirms the suggestion that for the changes in soluble 

lens proteins to be observed using gel electrophoresis, there should be isolation 

and analysis of specific crystallins.  
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A method that could be used to solve this problem of lens crystallins 

isolation is lens fractionation.  Starting with lens homogenate, a sequence of lens 

centrifugation in presence of the right reagents and appropriate temperature could 

resolve the limitation faced with the gel electrophoresis method. However, time 

was insufficient to complete this study. 

Taken together, cataract formation has a multifactorial etiology and the 

challenge is identifying the appropriate treatments for the appropriate types of 

cataract. In other words, finding the treatment that tackles the specific 

malfunctioning that leads to cataract development. In oxidative stress induced 

cataract model, there are many possible antioxidant treatments aimed at 

counteracting the oxidative stress effect. To this list, we now added ATB 343 and 

ATB 337 (Fig 36). 

 

 

 

 

  

 

 

 

Figure 37: Possible antioxidant treatments targeting oxidative stress 
in cataract (adapted from Citeseerx.ist.psu.edu, 2019) 
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 Summary and Conclusion 

This study assessed the ability of various novel H2S releasing compounds to 

prevent and/or protect bovine lenses from cataract formation using transmittance 

and biochemical methods. The complexity of cataract disease involves all aspect 

of the disease starting with its classification. Although the etiology of each type of 

cataract determine the specific changes in oxidation-related substances in 

cataractous lenses, it does not always predict the specific type of cataract that will 

develop. This is illustrated by a study conducted by Obara in 1995 where, while 

focusing on oxidative stress in cataract formation, he did a comparative study 

between senile cataractous lenses and diabetic cataractous. He classified lenses 

from each group into four types, cortical, nuclear, posterior subcapsular, and 

mature cataracts.  This study reported that in cataractous lenses from diabetic 

patients, the levels of glucose, glycated protein, and lipid peroxide were higher 

than in senile cataractous lenses. Among the four types of cataracts, the 

accumulation of peroxides was the greatest in the nuclear type from both diabetic 

and senile cataractous lenses (Obara et al., 1995). He further showed that 

although specific types of cataract predominantly appear in a specific location in 

the lens, there is no exclusion of opacity developing in unexpected location within 

the lens (Obara et al., 1995). Furthermore, because cataract is an aging disease 

that only manifest when the reparative system have been failing for a long time, in 

addition to the complexity of the human system, it is difficult to state if the abnormal 

phenomena observed are the causative agents or if they are the consequences or 

results of other prior disequilibrium.  
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 In conclusion, both ATB 343 and ATB 337 did not prevent lenses from time-

dependent degradation but partially protected lenses from H2O2-induced cataract 

formation. Whereas the NSAID portion of both ATB 343 and ATB 337 did not 

contribute to the prophylactic effect on cataract formation, they partially contributed 

to the protective effect against H2O2-induced lens degradation. SOD but not GSH 

contributes to the protective effects of ATB compounds from H2O2-induced 

cataract formation. The SOD activity correlated with the transmittance results. The 

change in soluble proteins was not conclusive.  
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FUTURE STUDIES 
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This study was aimed at determining the pharmacological mechanisms by which 

the H2S-NSAIDs, ATB 343 and 337, regulate cataract formation. The results from 

this investigation confirmed the partial protective role of H2S-NSAIDs against 

peroxide-induced cataractogenesis. These results suggest that further studies are 

necessary to investigate the biochemical changes associated with 

cataractogenesis. Further studies should be conducted on the role of protein 

solubility and protein expression in the anti-cataract effect of NSAIDs; investigate 

the role of specific lens crystallins - alpha, beta and gamma in the anti-cataract 

action of H2S-NSAIDs. These studies should be conducted in other in vitro and ex 

vivo models of cataractogenesis (e.g. UV light, sodium selenite, streptozotocin 

etc). Moreover, it is important to replicate these studies in animal model of 

cataracts, such as selenite-induced animal models. Ultimately, successful drug 

candidates should be tested in higher primates such as monkeys for further 

research advancement. 
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GLOBAL IMPACT 
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Cataract is still one of the leading causes of blindness (Common Eye Disorders 

and Diseases | CDC, 2018) In spite of intense research, pharmacological 

treatment strategies for cataract have remained elusive and cataract surgery is the 

treatment of choice for this ocular condition. This presents a major problem, 

especially in developing nations where access to cataract surgery is limited. 

Therefore, successful pharmacological treatment strategies are likely to have a 

significant impact of the prognosis of the disease, especially in developing nations.  

Reduced cataract surgical rate implies enhanced socioeconomical cataract 

treatment. Scientifically, this study will contribute to the body of knowledge 

necessary to understand the pathophysiology of cataract, which will further 

increase chances of finding more efficient pharmacological treatments. Moreover, 

this study will provide knowledge on possible mechanism of action of the H2S-

NSAIDs, ATB 343 and ATB 337 on cataract formation and confirm previously 

reported hypothesis whereby H2S moieties have a protective effect against 

cataract formation. 
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