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ABSTRACT 
 

There is no drug for cataracts, a leading cause of blindness. However, L-cysteine 

reportedly mitigates cataractogenesis, in vitro and in vivo. Here, we sought to standardize 

a new method for screening cataractogenesis and assess the effect of hydrogen sulfide 

(H2S) on cataractogenesis. Bovine lenses were cultured in DMEM with AA (positive 

control) or compounds [L-cysteine, diallyl trisulfide (DATS) and GYY 4137 (GYY)] in 

presence or absence of hydrogen peroxide (H2O2). Lens light transmittance and optical 

clarity were assessed and confirmed with biochemical assays. One-way Analysis of 

variance (ANOVA) and two-Way ANOVA with p<0.05 were considered significant. 

Cultured lenses showed opacity (p<0.0001) after 120 hours and was accelerated by H2O2 

(50mM). Lenticular for total glutathione content (GSH) [46.08%, 82.56%] and total 

superoxide dismutase (SOD) activity [42.02%, 86.59%] decreased (p<0.0001) in untreated 

and H2O2- treated lenses respectively. AA (10 mM) attenuated time-dependent loss of lens 

transparency (p<0.0001) for 24 hours; while AA (3 mM) attenuated H2O2-induced opacity 

(p<0.0001) up to 120 hours. L-cysteine (10-6 M & 10-5 M), DATS (10-7 M & 10-6 M) and GYY 

(10-7 M & 10-6 M) mitigated (p<0.0001) loss of lens transparency up to 120 hours superior 

to AA (10 mM). L-cysteine (10-6 M), DATS (10-6 M) and GYY (10-7 M) reversed (p<0.0001) 

time-dependent decrease in GSH content and SOD activity by [76.58%, 7.42%], [69.9%, 

3.32%] and [80.52%, 19.31%], respectively after 120 hours. Increased (p<0.01) 

cytotoxicity of 17.16% was noted for DATS (10-6 M) after 24 hours of incubation. L-cysteine 

(10-6 M to 10-4 M) & DATS (10-6 M & 10-4 M) reversed H2O2-induced opacity up to 120 hours 

greater than AA (3 mM). L-cysteine (10-4 M), DATS (10-4 M) and GYY (10-7M) reversed 
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(p<0.0001) H2O2-induced decrease in GSH content and SOD activity by [74.67%, 161.1%], 

[121.48%, 109.78%] and [158.51%, 194.89%] respectively, after 120 hours. H2O2-induced 

bovine lens epithelial cells cytotoxicity was mitigated (p<0.0001) by 27.7% (L-cysteine [10-

4 M]), 33.88% (DATS [10-4 M]) and 36.19% (GYY [10-7M]) after 24 hours. Measurement of 

cultured lens transmittance is a viable method for screening cataractogenesis. H2S 

protected lenses from time-dependent and H2O2-induced opacity, possibly due to its 

antioxidant property. 
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A.  GENERAL CONSIDERATIONS 

1. Cataracts 

According to the United States of America (U.S) National Library of Medicine, “cataracts 

are cloudy areas in the eye's lens causing blurred or hazy vision” (National Library of 

Medicine, 2016). If untreated, cataracts impair vision and could lead to blindness. 

Currently cataracts are one of the leading causes of vision impairment worldwide, 

especially among the geriatric population. One study reported that worldwide, cataracts 

account for 35.1 million out of 191 million people with impaired vison. Moreover, 

cataracts are responsible for 10.8 million out of 32.4 million blind individuals (Khairallah 

et al., 2015). According to the most recent assessment in 2010, cataract is responsible for 

blindness of 20 million people (51% of world blindness) in the world (WHO, 2017). In the 

US, the number of people with cataract will double from 24.4 million to 50 million by 2050 

(National Eye Institute, 2015).  

 

1.1. Risk factors  

Epidemiological studies have elucidated common cataract risk factors such as age, 

smoking, UV radiation, female gender, steroid consumption, diabetes mellitus, high body 

mass index etc. (Gupta et al., 2009; WHO, 2017). As life expectancies are improving 

throughout the globe, the incidence of cataract is predicted to increase (WHO, 2017). 
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1.2. Signs and symptoms 

There are shared symptoms across all forms of cataracts. These are clouded or blurred 

vision (as seen in Figure 1), faded colors, glare, a halo around lights, poor night vision, 

double vision in one eye, and frequent prescription changes for corrective lenses 

(National Eye Institute, 2015). 

 

 

Figure 1: Scene viewed by normal vison [left] and person with cataracts [Right] (adopted 
from National Eye Institute, 2015) 

 

1.3. Classification of cataracts 

There are different classifications based on anatomical location where opacity develops 

and etiology of disease (or of cataracts). Common anatomical-based cataract 

classification includes nuclear cataracts, cortical cataracts, and posterior subcapsular 

cataracts (Figure 2). Nuclear cataracts affect nucleus of the lens, with the lens becoming 

yellow or brown after hardening (nuclear sclerosis). Nuclear cataracts are common with 

older age and are associated with myopia. Cortical cataracts on the other hand affect 

outer fibers of lens (around edges of nucleus) and assume a wedge-shape appearance. 
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Cortical cataracts can result in glares but do not alter vison compared to nuclear cataracts. 

Posterior subcapsular cataracts, which affect posterior cortex of lens, are observed in 

younger patients. This form of cataracts is associated with hyperopia. Posterior 

subcapsular cataracts develop faster than nuclear cataracts and cortical cataracts. Like 

cortical cataracts patients, patients with posterior subcapsular cataracts have difficulty 

with glare. Posterior subcapsular cataracts are also associated with diabetes mellitus and 

corticosteroid use (Bollinger & Langston, 2008). 

 

 
Figure 2: Major types of cataract for location of opacity-based classification a) Nuclear 
cataracts b) Cortical cataracts c) Posterior subcapsular cataracts (Eye wiki, 2017) 
 

In addition to the classification based on the anatomical location of opacity, cataracts can 

also be classified based on etiology of disease. Table 1 lists the different types of cataracts 

(adopted from Gupta et al., 2014). Congenital and developmental cataracts occur during 

fetal growth or growth of children. Senile cataracts are associated with old age and are 

attributed to oxidative stress. Traumatic, complicated, and metabolic cataracts are due 

to physical trauma; inflammatory and degenerative eye disease; and metabolic disease, 
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respectively. On the other hand, toxic, radiation and electrical cataracts are due to 

exposure to toxicants, electromagnetic waves, and high electrical currents.  

 
Table 1: Type of cataract and their respective causes and risks for etiology based 
classification 
 

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, malnutrition, congenital 
anomalies, idiopathic 

It may occur since birth or 
from infancy to 
adolescence 

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 

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. 

 
 
1.4. Treatment of cataracts 

To date there is no drugs available for its treatment. Surgery is still the mainstay of 

therapy for cataracts. Among the different types of surgical approaches, 
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phacoemulsification is a technique which uses a probe that emits ultrasound to break up 

the lens. Then this broken lens is aspirated through a thin cannula introduced with a 

smaller incision in the cornea. Extracapsular cataract extraction, involves the removal of 

nucleus and cortical material leaving behind the capsule, is common in developed 

countries. It is used in advanced cataract that cannot be removed with 

phacoemulsification (American Optometric Association, 2017). Intracapsular surgery 

involves the removal of the whole lens including the capsule. It is not a routinely used 

surgery in developed countries. (Powe et al., 1994). Cataracts (opaque lenses) can be 

surgically removed and replaced by artificial intraocular lens. This procedure is very 

successful in restoring sight. However, there are still barriers to access cataracts surgery 

and eye care in many countries. As a result, cataracts remain the leading cause of 

blindness (WHO, 2017). Thus, pharmacological strategies to management of cataracts 

may play a significant role in regions of the world where surgical options are limited. 

 

2. Lens anatomy and physiology 

Since the pathophysiology of cataracts resides in the lens, this section provides a brief 

review of the anatomy and physiology of the lens. Anatomically, the lens is avascular. The 

lens is essential for focusing light onto the retina and can perform this function due to its 

transparent and dioptric properties under typical conditions. 
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2.1. Lens embryology 

The lens is an organized system of specialized cells arising from neural plate border 

(Moreau & King, 2012). It is formed during the 5th week of pregnancy when the 

prospective lens ectoderm adjacent to the optic vesicle thickens and lens placode is 

formed. This formed lens pit invaginates and a lens pit is molded which deepens and 

abolishes connection with prospective cornea and surface ectoderm. This results into the 

formation of the lens vesicle. Lens cells in the posterior part differentiate into lens fiber 

cells while those in the anterior side form the epithelial cells (Gunhaga, 2011). The lens is 

one of the organs that grow throughout life (Augusteyn, 2010). 

 

2.2. Microanatomy and physiology of the lens 

Fiber cells make up greater than 95% of lens and are organized to form compact 

membranes (“concentric shells”) thereby reducing intercellular space as depicted in 

Figure 3 (Michael et al., 2003). Epithelial cells in the lens maintain metabolic activity and 

undergo mitosis to produce daughter cells, which migrate and differentiate into fiber cells 

(Augusteyn, 2010). Deeper within the lens, cells have no nuclei, mitochondria, endoplasm 

reticulum, ribosomes, and other organelles (Bassnett, 2002). 
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Figure 3: Cross-sectional view of mammalian lens (adapted with modifications from Xia et 
al., 2016) 
 

2.3  Crystallin structure 

Within the lens, there is high expression of crystallin protein which makes up almost 90% 

of protein in the mature lens (Moreau & King, 2012). The structural proteins in non-

nucleated cells in the human lens are α-crystallins, β-crystallins and γ-crystallins (Table 2). 

These proteins are thought to be derived from ancestral microbial stress proteins. The α-

crystallin proteins account for one third of total protein in lens and prevent heat induced 

precipitation of β and γ-crystallin (Horwitz, 1992). Purification of high-molecular-weight 

α-crystallin fraction from human lenses yielded two homologous α-crystallins 

polypeptides: αA-crystallins and αB-crystallins (Spector et al., 1985; Aquilina et al., 2004). 

However, three γ-crystallins predominate (γC, γD, γS-crystallin) which are also found with 

five β-crystallin polypeptides (βB1, βB2, βB3, β A1/A3, βA4) (Lampi et al., 1997). 
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Table 2: Crystallins identified in human lens with their size, amino acid residue, Gibbs free 
energy, the gene encoding for them and chromosomal location (Adopted from Moreau & 
King, 2012) 
 

Protein Size (Da) Residues ΔG(kJ/mol) Gene Chromosomal 
location 

αA 19909 173 27 CRYAA 21q22.3 
αB 20159 175 21 CRYAB 11q23.1 
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 

 

2.3.1 Factors affecting crystallin stability 

Several studies have identified factors that affect crystallin protein stability and in turn 

affect transparency of the lens. 

N-terminal acetylation 

Lens crystallins are inherently stable due, in part, to acetylation of N-terminal residues in 

β and γ crystallins to protect them from exopeptidases. Additionally, acetylated N-

terminal residues of α-crystallin subunits are hidden in the interior of high-molecular-

weight α-crystallin aggregate (Jaenicke & Slingsby, 2001) thus, providing an additional 

protective barrier. 
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UV Filters 

The cornea traps light with wavelength less than 300 nm. In addition to this, primates 

have small-molecular-weight UV filters such as tryptophan metabolites (3-

hydroxykynurenine glucoside) that remove UV radiation (300–400 nm). Different 

pathways for the biosynthesis of 3-hydroxykynurenine glucoside have also been identified 

in the lens (Wood & Truscott, 1994; Hains et al., 2006). 

Ocular temperature 

Crystallin stability is enhanced by the temperature difference in the anterior segment 

which is 2 C0 lower than total body temperature due to evaporative cooling from cornea 

and distance from blood supply (Weale, 1981). 

Ionic environment  

In the lens, ionic environment is maintained by ion pumps (Na+/K+ ATPase and 

Ca2+ATPase) in pre-equatorial epithelium. Ion channels are also involved in regulating the 

ionic equilibrium along with a small number of gap junctions (Mathias et al., 2010). Major 

intrinsic polypeptide 26 or Aquaporin 0 which comprise 60% of lens membrane protein 

regulate water transport and volume (Mathias et al., 2010). In addition to their role in ion 

equilibrium, connexin (Cx) 43 (in epithelium), Cx46 and Cx50 (in fibers) are also involved 

in nutrients and small molecules transport (Mathias et al., 2010). 
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Calcium ions 

The concentration of calcium ions (Ca2+) is very important for integrity of the lens. Free 

Ca+2 concentration is maintained low in the µmolar range and total concentration of Ca+2 

in millimolar range (Duncan & Jacob, 1984; Truscott et al., 1990). 

Metabolism 

Superficial fibers, which are nucleated, are metabolically active while deeper fibers which 

make up most of the lens, are organelle-free with minimal metabolic activity. Therefore, 

energy required for growth and transparency is mainly derived from glucose. Thus, 

glucose transporters play an important role in the lens (Mathias et al., 2010). Aerobic 

metabolism generates 50% of epithelial adenosine triphosphate (ATP). However, 70% of 

whole lens ATP is obtained through anaerobic glycolysis (Winkler & Riley, 1991). 

Oxygen content 

Oxygen concentration in nucleus of lens is less than 10 µM. This low oxygen content is 

possible because mitochondria in narrow zone under surface of lens actively utilize 

oxygen, thereby keeping it low (Barbazetto et al., 2004; McNulty et al., 2004). Undeniably, 

studies have shown that exposure of human and animal eyes to hyperbaric oxygen, leads 

to the development of nuclear opacities (Evanger et al., 2004; Simpanya et al., 2005). 
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2.4  Lens transparency 

Transparency of lens depends on, avascularity, paucity of organelles, narrow inter-fiber 

spaces and regular organization of cells and proteins (Bassnett et al., 2011). At cellular 

level, there is a limited light-scattering by organelles in the lens, as organelles are sparse. 

Moreover, organelles are located away from light path, exiled to equator in the fibers 

from central epithelium, thereby reducing light scattering in the lens. 

Transparency is also achieved by the short-range spatial order of proteins (Benedek, 

1971; Delaye &Tardieu, 1983). In fiber cells, crystallins are in a short-range ordered 

packing (250–400 mg/mL) less than wavelength of light, because of small size of protein 

(<10 nm diameter) and close packing at high concentration (Moreau & King, 2012). In the 

soluble crystallin, aggregates dense packing reduces fluctuations of protein density, and 

reduces refractive index below wavelength of light (Michael & Born, 2011). 

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

architecture and narrow intercellular spaces. This compensates for light-scattering due to 

refractive index difference between membranes and cytoplasm. In the nucleus, high 

spatial order is not required due to minimal light scattering and negligible differences in 

refractive index between fiber membranes and cytoplasm (Michael et al., 2003; Costello 

et al., 2008). 

Transparency is also maintained by preventing protein crystallization and precipitation 

through a specialized polydisperse mixture of crystallin protein forms (e.g. α, β, and γ 

forms), which confer superior solubility and native protein conformations in the lens. 
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(Moreau & King, 2012). β-crystallins & γ-crystallins are structurally related and; have high 

solubility and thermodynamic stability to prevent scattering of light by increasing 

refractive index, besides their structural role (Jaenicke & Slingsby, 2001 ; Zhao et al., 

2011). The α –crystallin proteins act as chaperones to bind partially denatured proteins in 

lens cells and form high-molecular-weight aggregates to maintains protein solubility and 

transparency (Horwitz, 2003). 

 

2.5 Antioxidant systems in the lens 

The lenticular antioxidant system is complex, consisting mainly of non-enzymatic and 

enzymatic antioxidants. The major non-enzymatic antioxidants are glutathione (GSH), 

vitamin C, vitamin E, and carotenoids. The major enzymatic antioxidants are superoxide 

dismustase (SOD), glutathione peroxidase (GPx), and catalase (Cat), as shown in Figure 4. 

These antioxidants scavenge oxidative species. However, when this primary defense 

system fails, repair and degradation of damaged molecules via proteolysis kicks in 

(Spector, 1995; Andley et al., 2002; Augusteyn, 1981; Wagner et al., 1986; Jahngen-Hodge 

et al., 1992 Lou et al, 2003). 
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Figure 4: Illustration of redox system in the lens (adopted from Lou et al., 2003) 

 

2.5.1  Non-enzymatic antioxidants 

The lens has the highest concentration of glutathione (GSH) in the body (Giblin, 2000). 

GSH, a tripeptide thiol with a sulfhydryl residue, scavenges hydroperoxides and 

electrophilic compounds (Rahman & MacNee, 1999). The highest GSH concentration is 

found in the cortex, site of synthesis, compared to the nucleus where a barrier to 

relocation of GSH develops with age (Sweeney & Truscott, 1998). GSH synthesis occurs in 

the cortex with amino acids (glycine, cysteine, and glutamate) and γ-glutamylcysteine 

synthease. This enzyme has a feedback inhibition with the amount of GSH produced 

(Rahman & MacNee, 1999; Reddy & Giblin 1984). High concentration of GSH helps protect 

the lens from oxidative damage. Primate lenses have such robust oxidative protective 

mechanisms that they can withstand incubation in 1 mM of hydrogen peroxide (H2O2) due 
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to high level of glutathione reductase (GSR) activity (Rathbun et al., 1986). GSH also has a 

role in lens transparency, as it guards membrane thiol groups vital in cation transport, 

regulating the electrolyte balance (Epstein & Kinoshita, 1970). 

Another non-enzymatic antioxidant in the lens is vitamin C. In normal human lens, vitamin 

C is present at concentrations of 3 mmol/L, which is 20-60-fold of plasma content 

(Jacques, 1997). Similarly, α-tocopherol is also found in normal human lens at 1.6 μg/g of 

lens tissue (Jacques, 1997). The only carotenoids found in the human lens are lutein and 

zeaxanthin. About 74% of these carotenoids are localized in the epithelium and cortex 

(Yeum et al., 1995). 

 

2.5.2  Enzymatic antioxidants 

Among enzymatic antioxidants, SOD removes superoxides through one electron 

dismutation of superoxide into H2O2 or oxygen. The copper ion in the enzyme is involved 

in the dismutation reaction undertaking alternate oxidation and reduction. The zinc ion 

has only stabilizing role with no activity in dismutation reaction (Halliwell & Gutteridge, 

1999). The H2O2 produced because of dismutation reaction is removed through the CAt 

and GPX systems. GPX removes H2O2 by using it to oxidize GSH, whereas CAt removes the 

H2O2 through formation of oxygen and water (Reddy & Giblin, 1984; Giblin, 1982; 

Slaughter et al., 2003). 

Moreover, glutathione disulfide (GSSG) is converted to a reduced form, GSH with GSR and 

co factor, NADPH, from the pentose phosphate pathway (Chaudiere & Ferrari-Iliou, 1999; 
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Reddy & Giblin, 1984). Additionally, there is a GSH-dependent thioltransferase system 

that repairs lens protein oxidation by cleaving protein–thiol groups and to maintain a 

reduced state (Holmgren, 1989; Mieyal et al., 1995; Raghavachari & Lou, 1996). NADPH-

dependent thioredoxin/thioredoxin reductase system maintains lenticular thiol/disulfide 

homeostasis and keeps protein–protein disulfide bond in small amount (Holmgren, 1989; 

Bhuyan et al., 2002; Yegorova et al., 2002; Lou et al, 2003). Thus, these systems prevent 

crystallin protein aggregation and development of cataract (Benedek, 1971; Reddy & 

Giblin 1984; Giblin, 2000). 

 

3. Pathophysiology of cataracts and potential therapeutic interventions 

There are complex molecular changes that occur during cataract formation. This section 

will discuss the accepted models for cataract formation, the associated mechanisms that 

may account for cataract formation. It will also review some potential pharmacological 

interventions based upon the mechanisms identified.  

 

3.1 Models of cataract formation 

There are two well accepted models to explain cataract formation. These are the loss of 

solubility and protein aggregation disease models. 
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3.1.1 Loss of solubility model 

The loss of solubility model hypothesizes that phase separation results cataract 

formation. This model presumes that aberrant interactions of native crystallins leads to 

their loss of solubility, with consequent precipitation into protein-rich and protein-poor 

regions. This disrupts the short-range order and alters the refractive index of the lens 

(Evans et al., 2004; Benedek, 1997). Some studies have proposed that altered solubility 

and crystallization propensity account for hereditary cataract in certain disease states 

(Evans et al., 2004; Kmoch, et al., 2000; Pande et al., 2000; Pande, et al., 2001). 

 

3.1.2 Protein aggregation disease model 

The second model is the protein aggregation disease model which hypothesizes that 

covalent damages to lens crystallins due to insult to systems that maintain redox, ionic, 

and other physiological factors, which induce partial unfold crystallins and cause them to 

lose their native stability. These non-native molecules aggregate and exhibit changes in 

refractive index. Thus, this model is based on loss of crystallin stability and tendency to 

proteins to unfold partially or fully (Benedek, 1997). 

However, studies on materials from cataractous lens have indicated the presence of 

multiple species of lens proteins in higher molecular weight forms due to aggregation and 

polymerization (Figure 5). These high molecular weight aggregates cause light scattering 

in the lens and contribute to opacity. This is contrary to other protein aggregation 

diseases such as Alziemher’s disease, Huntington’s disease, and Parkinson’s disease, 

where pathology of disease is due to the soluble oligomer (Moreau et al., 2012).  
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Figure 5: Diagrammatic illustration of protein aggregation disease model for cataract 
formation (adapted from Acosta-Sampson & King, 2010). N*: Populating aggregation 
prone species. 

 

3.2  Mechanisms for cataract formation 

Covalent modifications such as, oxidation, deamidation, glycation, and truncation of 

crystallins are associated with damage to lens crystallins (Hains &Truscott, 2007; Hains 

&Truscott, 2008; Lampi et al., 1998; Ma et al., 1998; Zhang et al., 2003), which are 

discussed in the following sections.  

 

3.2.1 Oxidation 

Oxidation at several sites were identified on crystallins targeting tryptophan, cysteine and 

methionine residues in cataractous lenses (Hains &Truscott, 2007). Four conserved 

tryptophan buried in core of γ-crystallins were oxidized to less aromatic kynurenine 
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resulting in destabilization of the native state. Cysteine residues on β/γ-crystallins were 

also found to be oxidized in aged cataractous lenses (Hains &Truscott, 2008). In addition, 

in most advanced stage of cataract, close to 50% of methionine residues were found 

oxidized (Truscott, 2005). 

 

3.2.2 Deamidation 

It is the most prevalent damage and usually involves introduction of a negative charge 

altering conformation. For instance, deamination of glutamine and asparagine residues 

in cataractous aggregates resulted in reduced stability of βA3- and βB1-crystallin 

(Wilmarth, et al., 2006; Hains & Truscott, 2010). The decrease in stability enhanced the 

tendency of crystallins to aggregate, compared to wild types (Kim et al., 2002; Lampi, et 

al., 2006; Takata et al., 2008). Deamidation in the domain interface of γD-crystallin led to 

protein unfolding and aggregation giving rise to reduced thermodynamic and kinetic 

stability (Flaugh et al., 2006). 

 

3.2.3 Truncation 

Truncated proteins and peptides of crystallins were found in the water-insoluble fractions 

from cataractous lenses (Hanson et al., 2000). Truncation leads to a pronounced protein 

destabilization as evidenced with increased aggregation of β- and γ-crystallins because of 

an oxidized crystallin (Udupa & Sharma, 2005a; Udupa & Sharma, 2005b). Peptides 

isolated from lenses also indicate that truncated peptides may further negatively impact 
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chaperone function of α-crystallin (Santhoshkumar et al., 2008; Santhoshkumar et al., 

2011). 

 

3.3  Potential pharmacological interventions 

Based on the models of cataract development and proposed mechanism for its formation, 

there is search for drugs. Antioxidants such as herbal preparations, N-acetylcysteine, L-

cysteine, GSH, and vitamin C have been investigated to attenuate the development of 

cataracts (Dubey et al., 2016; Dubeya et al., 2015; Dubeyb et al., 2015; Aydin et al., 2009; 

Jahadi Hosseini et al., 2008; Zhang et al., 2008). Interference with protein aggregation 

pathway and modulation of chaperone activity to promote refolding are also among the 

efforts that have been attempted. Inhibition of glycation-specific mechanisms, phase 

separation inhibitors, modulators of the TGF-β pathway, and matrix metalloproteinase 

inhibition are among few patented approaches (Mucke et al., 2012). However, none of 

these efforts have yielded a commercially, FDA-approved product for management of 

cataracts. 

 

4. Hydrogen sulfide 

Until recently, gaseous intracellular signaling molecules (gasotransmitters) were 

considered byproducts of metabolism. They were not investigated for possible 

physiologic function. The first one to be discovered with physiologic role as a signaling 

molecule was nitric oxide (NO), endogenously produced by nitric oxide synthases (NOS) 
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(Ignarro et al., 1987). Later, gasotransmitters carbon monoxide (CO), produced from 

heme by heme-oxygenases (HO) were reported. This was followed by hydrogen sulfide 

(H2S), produced by cystathionine β-synthase (CBS), cystathionine γ-Lyase (CSE), and 3-

mercaptopyruvate sulfur transferase (3-MST). However, both were met with skepticism 

by the scientific community compared to NO (Wu and Wang, 2005; Abe and Kimura, 

1996). H2S was of concern due to its history of toxicity in the petrochemical industry. 

However, recent studies report that H2S is endogenously produced in the body and has 

wide array of pharmacological functions. Thus, it is currently being investigated at low 

dose driven by the concept of Paracelsus “the dose makes the poison”. 

 

4.1 Biosynthesis, storage, and metabolism 

A characteristic of any signaling molecule (transmitter) is synthesis, storage, and 

metabolism. 

 

4.1.1 Biosynthesis 

H2S is synthesized endogenously through three major pathways. These pathways involve 

the enzymes: CBS, CSE, 3-MST (Figure 6). CBS is a pyridoxal-5’-phosphate dependent 

enzyme. It initiates trans-sulfuration pathway catalyzing β-replacement of serine by 

homocysteine to generate cystathionine and water. Serine replacement by cysteine as a 

substrate results production of cystathionine and H2S. It also catalyzes condensation 
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reactions between two molecules of cysteine and β-replacement of cysteine by water to 

produce H2S (Kabil & Banerjee, 2014). 

 

Figure 6: Schematic presentation of H2S biosynthesis, storage, and metabolism (adapted 
from Chen et al., 2015) 

 

Like CBS, CSE is also a pyridoxal-5’-phosphate dependent enzyme, which mediates 

reaction between thiocysteine and a thiol compound to generate H2S (Kimura, 2011). CSE 

is also a rate-limiting enzyme during the generation of cysteine from methionine in trans-

sulfuration. Availability of cysteine is an essential factor in GSH synthesis. Therefore, CSE 

offers neuroprotection against oxidative stress by maintaining GSH and protein thiol 

homeostasis (Diwakar & Ravindranath, 2007). Unlike CBS and CSE, 3-MST was identified 

in the neurons. 3-MST acts together with cysteine aminotransferase (CAT) to generate 

H2S from cysteine in the presence of α-ketoglutarate at higher pH level (Shibuya et al., 

2009). 3-MST requires endogenous reducing substances such as thioredoxin and 

dihydrolipoic acid to produce H2S (Kimura, 2014). 3-MST along with D-amino acid oxidase 
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produces H2S from D-cysteine through interaction of mitochondria and peroxisomes. 

(Shibuya & Kimura, 2013). 

 

4.1.2 Storage 

Following synthesis, H2S is released immediately or stored. Acid-labile sulfur is contained 

in iron-sulfur center of mitochondrial enzymes and can release H2S at pH of 5.4. Despite 

this, because of instability of iron-sulfur complexes, H2S is released readily in cells without 

the 3MST/CAT pathway (Ishigami et al., 2009). On the contrary, bound sulfane sulfur, 

confined in cytoplasm, consists of divalent sulfur bond (persulfide form). It releases H2S 

under pH 8.4 and reducing conditions in cells with 3MST/CAT pathway (Ishigami et al., 

2009). 

 

4.1.3 Metabolism 

In mammalian cells H2S is catabolized in several pathways, the major mechanism being 

mitochondrial oxidation (Hildebrandt & Grieshaber, 2008). In addition, non-mitochondrial 

heme proteins such as hemoglobin and myoglobin also catabolize H2S through oxidation 

(Stein & Bailey, 2013), as shown in Figure 3. 
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4.2  Pharmacological actions of hydrogen sulfide 

Among the various pharmacological properties of H2S, studies attribute its 

neuroprotective activity to observed anti-inflammatory, anti-oxidant, and anti-apoptotic 

effects. 

 

4.2.1  Anti-inflammatory effects 

Anti-inflammatory properties of H2S were observed in lipopolysaccharide-induced 

neuroinflammation in cultured microglia and immortalized murine BV-2 microglial cells 

(Hu et al. 2007). Inhibition of nuclear factor-kappa B (NF-κB) and MAPK signaling cascades 

are suggested as the main target pathways for ant-inflammatory properties of H2S. H2S 

from S-propargyl-cysteine had inhibitory effects on tumor necrosis factor (TNF)-α and 

TNF-α receptor 1 (Gong et al. 2011). Furthermore, Zhou et al. reported that H2S polarized 

microglia M2 phenotype (anti-inflammatory) through activation of CaMKKβ [calmodulin-

dependent protein kinase kinase β]-dependent AMP-activated protein kinase (Zhou et al., 

2014). 

 

4.2.2  Anti-oxidant effects 

Primary neurons were protected by H2S from glutamate-induced oxidative toxicity 

through elevated GSH levels, upregulation of gamma-glutamylcysteine synthetase, and 

cystine transport. The facilitated redistribution of GSH into mitochondria protected the 

cells against oxidative stress (Kimura, 2014). A further study by Kimura in immortalized 
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mouse hippocampal cells showed protection of cells from glutamate toxicity through 

activation of ATP-dependent K+ (KATP) and Cl- channels (Kimura et al., 2006). In astrocytes 

antioxidant activity occurred via enhanced glutamate uptake (glutamate transporter-1) 

and elevated GSH production, thereby preventing excessive accumulation of glutamate 

in synaptic clefts (Lu et al. 2008). In a study by Whitemann et al., using human 

neuroblastoma SH-SY5Y cells, H2S downregulated peroxynitrite-mediated tyrosine 

nitration and inactivated alpha1-antiproteinase. Thereby halting peroxynitrite-induced 

cytotoxicity as well as intracellular protein nitration, and oxidation (Whiteman et al., 

2004). 

 

4.2.3  Anti-apoptotic effects 

Anti-apoptotic effects were observed in rats, where H2S attenuated neuronal injury 

induced by vascular dementia to inhibit apoptosis (Zhang et al., 2009). This further 

supported the previous cytoprotective claim of H2S to PC12 cells against amyloid β 

induced apoptosis (Tang et al., 2008). H2S also inhibited apoptosis induced by rotenone 

(toxin used to establish Parkinson’s disease model) through mitochondrial functions 

preservation in human neuroblastoma SH-SY5Y cell line (Whiteman et al., 2004). Recent 

studies implicate H2S in regulating mitoKATP channel and impeding apoptosis cascade 

(prevention of mitochondrial membrane potential dissipation, cytochrome- C release, 

and caspase-9/3 activation) (Hu et al., 2009). 



26 
 

B. SPECIFIC CONSIDERATIONS 

1.  Hypothesis and specific aims 

1.1  Hypothesis 

H2S can regulate cataractogenesis in cultured bovine lens cataract model. 

1.2 Specific Aims 

I. To standardize experimental parameters used in the study 

• To determine time- dependent loss of lens transparency 

• To determine concentration of H2O2 to induce cataract 

• To determine effective concentration of ascorbic acid against cataract 

formation 

II. To investigate preventive effect of H2S producing compounds on time- dependent loss 

of lens transparency  

III. To investigate protective effect of H2S producing compounds on H2O2-induced cataract 

IV.To confirm preventive and protective effect of H2S with biochemical assays 
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2.  Literature review of specific aims 

2.1 AIM 1: To standardize experimental parameters used in the study 

2.1.1  To determine time-dependent loss of lens transparency 

Lens culture is a simple in vitro method that can be used to assess cataractogenic and 

anti-cataractogenic activity of test compounds. In addition to visual inspection, a variety 

of assays are utilized to evaluate optical clarity, biochemical, electrophysiological, and 

molecular changes associated with cataractogenesis (Aleo et al., 2000). Since the lens has 

no blood vessels and nerves, it is viable organ culture for the induction of opacification; 

and this opacity can be counteracted using various test compounds (Zigler et al., 2003). 

A study by Artigas et al on total transmission of human lens indicated that spectral 

transmission has less variation in the age range of 40 and 59 years. However, the variation 

was substantial with increasing age (60 years and older), implying that light transmitted 

through the lens decreases with age. Moreover, a comparison among the adult and the 

elderly group revealed a significant decline in transmittance of visible spectrum. There 

were 40%, 29%, 26%, 24% and 18% decline in visible transmittance at 420, 460, 500, 540 

and 580 nm respectively in the elderly group relative to the adult group (Artigas et al., 

2012). Thus, in our study transmittance of visual spectrum through cultured lenses were 

measured at 420, 460, 500, 540 and 580 nm and the wavelengths with significant drop 

assessed. The wavelength that consistently exhibited a significant reduction in 

transmittance was selected for further studies. 
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Within the lens, there are intrinsic antioxidant/pro-oxidant mechanisms that contribute 

to opacification as the antioxidant mechanisms become depleted over time. Indeed, 

oxidative stress has been implicated in the pathogenesis of cataract development in the 

mammalian eye (Robertson et al., 1989; Spector, 1995; Truscott et al, 2005; Williams, 

2006). Pro-oxidants include reactive species, free radicals with unpaired electrons capable 

of donating these electrons or receiving other electrons such as superoxides (O2
.-), 

hydroxyl (OH.), perhydroxyl (HO2
.-), nitric oxide (NO.), peroxynitrite (ONOO-), and tyil 

(CH2S-); as well as non-radical molecules such as H2O2, singlet oxygen (1O2), and ozone 

(O3) with the ability to oxidize cellular components (Ferrari & Torres, 2003). Oxidative 

stress due to these pro-oxidants provokes an adaptive antioxidant response which 

bestows cells resistance to physiological stress due to various molecular level reactions 

(Davies, 1995). 

Several sites such as tryptophan, cysteine, and methionine residues on crystallins can be 

oxidized resulting in destabilized states (Hains & Truscott, 2007; Hains & Truscott, 2008). 

This destabilized state along with depletion of UV-filters, α-crystallin, GSH levels and other 

anti-oxidant systems, disruption of ionic environment, and continued growth of the lens, 

will lead to a time-dependent loss of transparency and development of cataract (Michael 

& Bron, 2011). Accordingly, in our study lenses were cultured without any treatment to 

observe the time-dependent loss of lens transparency. 
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2.1.2 To determine concentration of hydrogen peroxide to induce cataract 

In lens culture studies, cataract can be induced with different compounds. The most 

common ones being H2O2 (Giblin et al., 1987; Lou et al., 1990; Zigler et al., 2003; Li et al., 

2013; Padalkar et al., 2013; Rathore & Gupta, 2010; Dubeya et al, 2015; Dubeyb et al, 

2015), diamide, a chemical reagent oxidizing sulfhydryl groups to disulfide form (Azuma 

& Shearer, 1992), ionomycin and 4-bromo-calcium ionophore A23187, chemicals 

increasing intercellular calcium (Sanderson et al., 1996; Fukiage et al., 1998), xylose (Zigler 

et al., 2003), glucose (Langade et al., 2006; Shetty et al., 2010; Kumar et al, 2011), selenite 

(Geraldine et al., 2006; Yang et al., 2013; Qi et al., 2012; Sundararajan et al., 2016), and 

dexamethasone (Tobwala et al., 2014), etc.  

However, H2O2-induced cataract was reported to mimick the pattern of damage 

associated with some forms of human cataracts (Spector, 1995). Compared to normal 

subjects, H2O2 content was found to be significantly elevated in aqueous humor and 

lenses of cataract patients (Spector & Garner, 1981). Hence, in this study, we will also use 

H2O2 to induce the formation of cataracts in cultured bovine lenses. A study by Ohguro et 

al indicated concentration dependent effect of H2O2 (1 mM to 1 µM.) on a rabbit lens 

epithelial cell proliferation (TOTL-86). Higher concentration of H2O2 (1mM) was lethal to 

the epithelial cell lines while sub-lethal concentrations (100µM) repressed epithelial cell 

proliferation (Ohguro et al., 1999). For this reason, in our study different concentrations 

of H2O2 were evaluated to determine the concentration which produced cataract in a 

manner like the pathophysiological process of cataracts. 
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2.1.3 To determine effective concentration of ascorbic acid against cataract formation 

Peighmbarzadeh & Tavana showed evidence that vitamin C (ascorbic acid) could 

attenuate selenite induced cataractogenesis by 40% in white New Zealand rabbits, in vivo. 

In these studies, ascorbic acid (AA) was administered on 10th and 12th day post-partum 

subcutaneously (Peighmbarzadeh & Tavana, 2014). Moreover, pretreatment of rabbit 

lens epithelial cells with AA (25-50 µM) was able to reestablish the resistance of 

buthionine sulfoximine-treated GSH-depleted cells to H2O2 induced cell death. AA 

decreased oxidized GSH by 70% and restored the GSH to GSSG ratio comparable to cells 

not treated with buthionine sulfoximine. Nevertheless, AA at concentrations greater than 

400 µM escalated the toxic effect of H2O2 on rabbit lens epithelial cells (Shang et al., 

2003). 

Lenticular AA is crucial as an antioxidant and as an ultraviolet-filter (David, 2006). 

Deficiency in dietary intake of vitamin C reduced lenticular levels of AA (Ohta et al., 2001). 

Moreover, a study indicated that dietary intake increases ascorbic acid levels in rats 

(Mody et al., 2005). AA was also able to inhibit galactose induced cataract in guinea pigs 

(Yokoyama et al., 1994). Jahadi Hosseini et al indicated that AA reversed selenite-induced 

cataract in rats. Biochemical assays indicated a higher concentration of total protein and 

soluble protein in AA treated compared to selenite group without treatment. 

Electrophoretic patterns of AA treated lenses were comparable to untreated controls 

without selenite (Jahadi Hosseini et al., 2008). Therefore, in this study, different 

concentrations of AA were evaluated to determine the concentration of AA to be used as 

a positive control for cultured bovine lenses.  
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2.2 AIM 2: To investigate preventive effect of hydrogen sulfide producing compounds 

on time- dependent loss of lens transparency 

H2S is a gaseous signaling molecule with neuroprotective effects due to its antioxidant, 

anti-inflammatory, and anti-apoptotic properties in the CNS disorder models. H2S is 

endogenously biosynthesized in three major pathways which involve the enzymes CBS, 

CSE, and 3-MST utilizing L-cysteine as a substrate (Abe & Kimura, 1996; Shibuya et al., 

2009; Chen et al., 2015). Deficiency of CBS due to CBS gene mutation has been linked to 

with ocular disorders such as ectopia lentis, myopia, and cataracts (Mudd et al., 2001). 

Inhibition, proteolytic degradation, and downregulation of CSE resulted lenticular 

glutathione depletion and increased risk of cataract formation, suggesting a significant 

role for H2S corroborating the physiological role of H2S in the eye (Sastre et al., 2005). 

In addition to this endogenous production of H2S with L-cysteine, the polysulfides have 

also been shown to produce H2S in in vivo systems (Benavides et al., 2007). Among the 

polysulfides in garlic, diallyl disulfide (DADS), diallyl trisulfide (DATS), and S-allylcysteine 

(SAC) are capable of H2S production in biological systems. Moreover, among the 

polysulfides, DATS and DADS exhibit superior ability to produce H2S (Zheng et al., 2018). 

In addition to DATS, GYY4137, morpholin-4-ium-4-methoxyphenyl (morpholino) 

phosphinodithioate, is an inorganic, water soluble prodrug for the in situ production of 

H2S. The prodrug GYY4137 (GYY) could release H2S at a constant rate and maintain steady 

concentrations, compared to the sulfide salt, sodium hydrosulfide (NaHS) (Zheng et al., 

2018). Therefore, in this study, we compared the effects of these H2S producing 

compounds (L-cysteine, DATS and GYY) on time-dependent loss of lens transparency. 
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2.3 AIM 3: To investigate protective effect of hydrogen sulfide producing compounds 

on hydrogen peroxide-induced cataract 

There is evidence that L-cysteine, the substrates for the endogenous production of H2S 

can regulate stimuli-induced cataractogenesis. In in vivo studies, L-cysteine reversed 

selenite-induced cataractogenesis in rats (Jahadi Hosseini et al., 2008). Moreover, 

biochemical assays indicated a higher concentration of total protein and soluble protein 

in L-cysteine treated animals, compared to untreated- selenite group (Jahadi Hosseini et 

al., 2008). Electrophoretic patterns of L-cysteine treated were similar to lenses without 

selenite insult and vitamin C treated (Jahadi Hosseini et al., 2008). 

In in vitro studies, L-cysteine protected goat lenses cultured in Dulbecco’s phosphate 

buffer saline from H2O2 (1 mM)-induced cataract formation over a 24-hours period 

(Rathore & Gupta, 2010). In addition to L-cysteine, other compounds have been reported 

to inhibit H2O2-induced cataract formation. Alpha-Lipoic acid, a recently discovered 

antioxidant also protected Minimum Essential Medium cultured Sprague-Dawley rat’s 

lenses against H2O2-induced cataract, as was evidenced with optical clarity. Moreover, 

different plant extracts protected goat lenses against H2O2-induced cataract (Dubey et al., 

2016; Dubeyb et al., 2015; Dubeya et al., 2015). Consequently, we compared the 

protective effect of H2S producing compounds (L-cysteine, DATS and GYY) on H2O2-

induced cataract formation. 
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2.4 AIM 4: To confirm preventive and protective effect of hydrogen sulfide with 

biochemical assay 

Oxidative stress is an underlying pathology in cataract formation, and oxidative stress is 

characterized by a perturbation of endogenous antioxidant systems. SOD activity in 

nucleus and equator of human lens decreased with age and activity was much lower with 

mature cataracts (Ohrloff & Hockwin, 1984). Therefore, we sought to determine the 

endogenous antioxidant/cell viability status accompanying cataractogenesis, and the 

ability of H2S-producing compounds to mitigate these changes. 

Endogenous substrate of H2S, N-acetylcysteine inhibited formation of different types of 

cataracts in rats, where lenticular GSH content, GPx activity and thiol level was increased 

compared to untreated controls (Aydin et al., 2009; Tuzcu et al., 2014; Zhang et al., 2008). 

The antioxidants lutein, zeaxanthin and α-tocopherol increased GSH and GSH to GSSG 

ratio in human lens epithelial cells treated with H2O2. In in vitro biochemical assays α-

lipoic acid and endogenous antioxidants (GSH and pyruvate) counteracted the decrease 

in SOD activity due to H2O2 (Li et al., 2013; Padalkar et al., 2013). 

Lactate dehydrogenase (LDH) is important in anaerobic glycolysis. There is evidence for a 

gradual decline in total LDH activity of the lens and which was not due to leakage, as there 

was no subsequent increase in aqueous humor LDH (Nagpal et al, 1991). Thus, it is 

postulated that this lenticular LDH activity decline (due to maturation of cataracts) leads 

to increase in lactic acid, decreased pH, protein precipitation and loss of limpidity (Nagpal 

et al, 1991). Heart-type LDH-B was identified as a lens crystallin (ϵ-crystallin) in avian and 

crocodiles (Stapel et al. 1985; Wistow et al., 1987); while the muscle-type LDH-A was 
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identified as a structural protein (υ-crystallin) in the eye lens of platypus, an egg laying 

mammal endemic to Australia (van Rheede et al., 2003). Additionally, LDH is used to 

indicate cellular integrity of cells which has been reported to decline due to leakage into 

culture medium in experimental cataract models (Peluso et al., 2001; Li et al., 2013). 

Hence, we assessed total GSH content and SOD activity for lens homogenates and LDH 

cytotoxicity for bovine lens epithelial cells, to shed a light on the possible mechanisms for 

the hypothesized anti-cataract activity of the H2S producing compounds. 
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A. General Methods 

1. Preparation of buffers 

Kreb’s buffer solution was necessary for storage of bovine lenses after extraction. It is an 

isotonic buffer solution containing 1.8 g/L dextrose (fisher Scientific), with pH adjusted to 

7.45. 

1.1  Composition of Kreb’s buffer solution 

Buffer solution was composed of a combination of stock solutions A, B, and C. The stock 

solutions were prepared as follows:  

1.1.1  SOLUTION A  

Stock solution A was prepared by dissolving the salts indicated below (Table 3) in 1 L of 

distilled water. 

Table 3: Composition of Kreb’s 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 

 

1.1.2 SOLUTION B 

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

distilled water (Table 4). 
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Table 4: Composition of Kreb’s buffer solution, solution B. 

 

Salt  Gram (%) mM Grams (g/L) 
NaHCO3 2.1 25 21 

 

1.1.3 SOLUTION C 

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

water (Table 5). 

Table 5: Composition of Kreb’s buffer solution, solution C. 

 

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

CaCl2 0.19 1.3 1.9 

 

1.2  Reconstitution of Kreb’s solution 

Kreb’s buffer solution was reconstituted by mixing together 100 mL solution A, 100mL 

solution B, 100 mL solution C, and 1.8 g dextrose after which volume was made up 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. 

 

2. Extraction of bovine lens 

Bovine eyeballs were obtained from J. F. O’Neal Packing Co., 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 in an ice bath. Lenses were isolated 
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by making an incision at the limbus and that incision was further cut around the junction 

with a pair of scissors. After removing the cornea, iris, and ciliary body, forceps were used 

to cut suspending ligaments and to carefully extract the lens. Following extraction, all the 

lenses were transferred into Kreb’s buffer and remained refrigerated for further studies. 

 

3. Lens culture 

Dulbecco's Modified Eagle's medium (DMEM) was used as the culturing medium for this 

in vitro experiment using 12-well plates (Thermo Fisher Scientific). 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) to prevent microbial growth. Each well on the 12 

well-plate was filled with 3 mL of either DMEM with or without H2O2 (for negative 

control), AA (positive control), or DMEM plus test compounds (L-cysteine, DATS and GYY 

4137) in presence or absence of H2O2. Intact lenses which were then transferred from 

cold Kreb’s buffer solution into each well using a spatula. Each well was filled up to 

capacity with its 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. Each lens 

culture within the well plate was replenished with respective treatment medium every 24 

hours.  
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4. Assessment of Opacity 

4.1.  Quantitative studies 

Quantitative evaluation of cataract formation was assessed using a plate reader (Synergy 

H1 hybrid reader; Bio Tek Instruments, Inc). Transmittance was measured from 230 nm - 

710 nm at 10 nm intervals. A decrease in transmittance indicated opacity and 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 120 hours. 

 

4.2  Qualitative studies 

On the other hand, qualitative evaluation of cataract formation was assessed visually and 

by taking picture against a black grid. This is the classical methods that has been used to 

assess cataract formation in the past decades (Cicchetti et al., 1982). Pictures of lenses 

against black grid was taken at the same interval as that of the quantitative assessment. 

 

5. Biochemical studies 

Biochemical assays were used in this study to assess total glutathione content and SOD 

activity of homogenized lenses. LDH cytotoxicity assay was also performed on primary 

bovine epithelial cells to assess effect of our compounds on membrane integrity. 
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5.1  Total Glutathione content assay 

Lenses were rinsed with phosphate buffered saline solution (reconstituted from 

phosphate buffered saline tablet from Sigma-Aldrich), pH 7.4 to remove red blood cells 

(RBC) and clots. Half a lens weighing 1 g 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 4000 x g for 5 minutes at 4 0C. The supernatant was 

collected, stored on ice, and deprotonated. Five g 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. The mixture stood at room temperature for 5 minutes and was 

centrifuged at 4000 x g for 2 minutes. The supernatant which contains GSH and GSSG was 

collected without disturbing the precipitate. This Supernatant was stored at -20 0C before 

assay. Before assay 4M 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. Then sample 

was ready for assay of total GSH (both reduced and oxidized) and necessary dilutions were 

done with GSH mycothiol (MES) buffer. The glutathione assay was conducted as per the 

protocol for GSH assay kit (Cayman Chemical, Item no. 703002). 

 

5.2  Total superoxide dismutase activity assay 

Lenses were rinsed with phosphate buffered saline solution, pH 7.4 to remove any RBC 

and clots. Half a lens weighing 1 g was homogenized in cold 20 mM HEPES buffer (Sigma-
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Aldrich), pH 7.2 containing 1 mM of EGTA (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. This supernatant was assessed for total SOD activity which contains both cytosolic 

and mitochondrial. The SOD assay was conducted as per the protocol for SOD assay kit 

(Cayman Chemical, Item no. 706002). 

 

5.3  Lactate dehydrogenase cytotoxicity assay 

Lenses were removed from the bovine eyeballs after disinfecting the eyeball with 70% 

alcohol. A method used by Hu & Xu, 2008 was used with modifications to culture primary 

bovine epithelial cells. Continuous curvilinear capsulorrhexis was used to remove the 

anterior capsule of bovine lenses with a scalpel which was transferred to centrifuge vial 

containing 10 mL of phosphate buffered saline solution. The collected tissue from the 

anterior capsule was further broken down and digested with 0.25% trypsin solution. After 

10 minutes incubation in a CO2 incubator (37 °C, 5% CO2), trypsinization was stopped by 

20% fetal bovine serum (FBS) supplemented DMEM; and slurry was passed through a 100 

µm cell strainer (Falcon). The filtrate was then centrifuged (Sorvall Legend RT) at 1000 x g 

for 5 minutes at 4 0C. After which the supernatant was removed, and bovine lens epithelial 

cells were re-suspended with 20% FBS supplemented DMEM and grown on 50 mL culture 

flasks (Falcon) in a CO2 incubator (37 0C, 5% CO2). 
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When 90% area of the flasks were covered by cells, the adherent cells were freed by 

trypsinization and passage. Bovine lens epithelial cells from third passage (cells grown on 

tissue culture flask in 10% FBS DMEM) were used for the experiment. Suspension cells 

were harvested by centrifugation at 1000 x g for 5 minutes and re-suspended with DMEM 

supplemented with 10% FBS. Assay was conducted to determine optimal cell density for 

the cytotoxicity assay and effect of growth medium serum concentration on cell viability. 

The LDH cytotoxicity assay was conducted as per the protocol for LDH cytotoxicity assay 

kit (Cayman Chemical, Item no. 601170). 

 

6. Data Analysis 

Results are presented as arithmetic mean ± standard error of the mean (SEM). 

Significance of differences between control and treated groups was evaluated using two- 

way analysis of variance (ANOVA) and one-way ANOVA followed by dunnett’s multiple 

comparisons test (Graph Pad Prism 6). Differences with p values< 0.05 were considered 

statistically significant. 

 

7. Sources of drugs and chemicals 

In this study, the activity of three H2S producing compounds (GYY 4137, Diallyl trisulfide, 

and L-cysteine) was evaluated in cataract formation. GYY 4137 [morpholin-4-ium-4-

methoxyphenyl (morpholino) phosphinodithioate] is a prodrug which is water soluble and 

releases H2S in slow and steady manner. Studies indicated that GYY 4137 releases H2S 
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which is maintained at low concentration for 7 days (Li et al., 2008). DATS is one of the 

polysulfides present in garlic which produces a high quantity of H2S (Benavides et al., 

2007). L-cysteine is an amino acid which is a substrate for endogenous production of H2S 

(Kiruma, 2011). GYY and DATS were purchased from Cayman Chemical Co., Ann Arbor, 

MI; while L-cysteine and AA were purchased from Sigma Chemical Co., St.Louis, MO. Stock 

solutions of GYY and DATS were prepared in dimethyl sulfoxide while stock solutions of 

L-cysteine and AA were prepared in water according to the product specifications. 

 

B. Specific Methods 

1. AIM 1: To standardize experimental parameters used in the study 

1.1 To determine time-dependent loss of lens transparency 

The time-dependent loss of transparency was determined by culturing lenses in 12- well 

plates containing DMEM, without any treatment up to 120 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 120 hours. 

 

1.2  To determine concentration of hydrogen peroxide to induce cataract 

To determine the submaximal concentration of H2O2 to be used to induce formation of 

cataracts, lenses were exposed to the peroxide up to 120 hours. H2O2 (5 mM, 10 mM, 50 

mM and 100 mM) was prepared from a stock solution of H2O2 (30%; Sigma-Aldrich) by 

pipetting aliquots of the stock solution into respective 15 mL vials containing DMEM as 
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indicated in Table 6.  Both quantitative and qualitative measurements were conducted at 

time zero, three, and six hours on the first day, then every 24 hours up to 120 hours. 

Table 6: 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 µL 

 

1.3  To determine effective concentration of ascorbic acid against cataract formation 

In another series of experiments, we sought to determine the concentration of the 

endogenous antioxidant, ascorbic acid (AA) that would confer protection against time-

dependent cataract formation and H2O2-induced cataract formation. Therefore, lenses 

were exposed to AA (3 mM and 10 mM; Fisher Scientific) in the presence or absence of 

H2O2 (50 mM). Both quantitative and qualitative measurements were conducted at time 

zero, three, and six hours on the first day, then every 24 hours up to 120 hours. 

 

2. AIM 2: To investigate preventive effect of hydrogen sulfide producing 

compounds on time- dependent loss of lens transparency 

In the next series of experiments, we sought to assess the preventive effect of H2S 

producing compounds (L-cysteine, DATS, GYY) on time-dependent loss of lens 
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transparency. Therefore, lenses were cultured in DMEM containing L-cysteine (10-6 M - 

10-3M), DATS (10-7M - 10-4M), and GYY (10-7M - 10-3M) and were evaluated both 

quantitatively and qualitatively as already described. 

 

3. AIM 3: To investigate protective effect of hydrogen sulfide producing 

compounds on hydrogen peroxide induced cataract 

We further investigated the ability of H2S donors (L-cysteine, DATS & GYY) to protect 

lenses from the peroxide-induced cataract formation in cultured bovine lenses.  

Therefore, lenses were cultured in DMEM containing L-cysteine (10-6 M - 10-3 M), DATS 

(10-7 M - 10-4 M), and GYY (10-7 M - 10-3 M) in the presence of H2O2 (50 mM). Lenses were 

then quantitatively and qualitatively evaluated to assess the protective effect of H2S 

producing compounds on H2O2-induced opacity. 

 

4. AIM 4: To confirm preventive and protective effect of hydrogen sulfide with 

biochemical assay 

The endogenous antioxidant systems have been reported to play a pivotal role in 

maintaining lens transparency (David, 2006). Therefore, to determine if the antioxidant 

defense systems are involved in regulation of cataract formation by H2S donors, we 

sought to determine the integrity of the antioxidant defense systems in cataractous 

lenses by measuring total GSH content and total SOD activity in lenticular homogenates 

(Cayman Chemical assay kits). We further assessed the level of cytotoxicity in response to 
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H2S-treatments by evaluating LDH activity in lens primary epithelial cells using the LDH 

cytotoxicity assay kit (Cayman Chemicals).  

 

4.1 Total glutathione content assay 

Standards of GSH (equivalent total GSH concentration ranging from 0-16 µM) were 

prepared with aliquoted GSSG standard and MES buffer. The sample tested for GSH 

concentration were grouped as shown below. Each group had a sample (n=5) and test 

was carried out in duplicate. 

i.Untreated lens homogenate at 0 hour 

ii.Untreated lens homogenate at 120 hours 

iii.H2O2 (50 mM) treated lens homogenate at 120 hours 

iv.L-cysteine (10-6 M) treated lens homogenate at 120 hours 

v.DATS (10-6 M) treated lens homogenate at 120 hours 

vi.GYY (10-7 M) treated lens homogenate at 120 hours 

vii.L-cysteine (10-4 M) + H2O2 (50mM) treated lens homogenate at 120 hours 

viii.DATS (10-4 M) + H2O2 (50mM) treated lens homogenate at 120 hours 

ix.GYY (10-7 M) +H2O2 (50mM) treated lens homogenate at 120 hours 

 

150 µL of assay cocktail prepared as per protocol (containing MES buffer, reconstituted 

cofactor mixture, reconstituted enzyme mixture, water and reconstituted DTNB) was 

added to each well containing standards and samples within 10 minutes of preparation. 
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After this the plate was covered with plate cover and aluminum foil (to simulate a dark 

environment) and 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 the standards. GSH 

concentration (µM) was calculated using the slop and y intercept of the standard curve 

using the formula below. 

 

𝑇𝑜𝑡𝑎𝑙 𝐺𝑆𝐻 (µ𝑀)  =
(𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑎𝑡 405𝑛𝑚 − 𝑦 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡)

𝑠𝑙𝑜𝑝𝑒
∗ 2 x  𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 

 

4.2  Total superoxide dismutase activity assay 

Standards of SOD (final SOD activity ranging from 0-0.050 U/mL) were prepared with 

aliquoted SOD standard and diluted sample buffer. The sample tested for SOD activity 

were grouped as shown below. Each group had a sample (n=5) and test was carried out 

in duplicate. 

i.Untreated lens homogenate at 0 hour 

ii.Untreated lens homogenate at 120 hours 

iii.H2O2 (50 mM) treated lens homogenate at 120 hours 

iv.L-cysteine (10-6 M) treated lens homogenate at 120 hours 

v.DATS (10-6 M) treated lens homogenate at 120 hours 

vi.GYY (10-7 M) treated lens homogenate at 120 hours 
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vii.L-cysteine (10-4 M) + H2O2 (50 mM) treated lens homogenate at 120 hours 

viii.DATS (10-4 M) + H2O2 (50 mM) treated lens homogenate at 120 hours 

ix.GYY (10-7 M) +H2O2 (50 mM) treated lens homogenate at 120 hours 

 

200 µL of diluted radical detector and 10 µL of standards or samples was 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 determined by measuring absorbance at 

440 nm. 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. 

 

𝑆𝑂𝐷 (
𝑈

𝑚𝐿
) =

(𝑆𝑎𝑚𝑝𝑙𝑒 𝐿𝑅 − 𝑦 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡)

𝑠𝑙𝑜𝑝𝑒
 x (

0.23𝑚𝐿

0.01
) x 𝑆𝑎𝑚𝑝𝑙𝑒 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 

 

4.3  Lactate dehydrogenase cytotoxicity assay 

Based on the preliminary assay, DMEM with serum concentration of 2% FBS and a cell 

density of 12, 500 cells per well were used for the LDH cytotoxicity assay. 200 μL of cells 

at a density of 12, 500 cells per well were seeded in 96-well culture plates, for the wells 
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which required cells for the assay and the plate was cultured for 24 hours in the CO2 

incubator (37°C, 5% CO2) to recover from handling. After reagents for the assay (assay 

buffer, LDH diaphorase, LDH reaction solution and LDH positive control) were prepared 

as per the protocol by Cayman, the H2S producing compounds were tested for LDH 

cytotoxicity grouped as shown below. Each group was tested (n=4). 

i.Maximum release (bovine lens epithelial cells treated with 20 µL of 10% Triton X-100 

solution) 

ii.Spontaneous release (bovine lens epithelial cells treated with 20 µL assay buffer) 

iii.20 µL of H2O2 (50 mM) treated bovine lens epithelial cells 

iv.20 µL of L-cysteine (10-4 M) + H2O2 50mM treated bovine lens epithelial cells 

v.20 µL of DATS (10-4 M) + H2O2 (50mM) treated bovine lens epithelial cells 

vi.20 µL of GYY (10-7 M) + H2O2 (50mM) treated bovine lens epithelial cells 

vii.20 µL of L-cysteine (10-6 M) treated bovine lens epithelial cells 

viii.20 µL of DATS (10-6 M) treated bovine lens epithelial cells 

ix.20 µL of GYY (10-7 M) treated bovine lens epithelial cells 

x.Untreated bovine lens epithelial cells 

xi.LDH positive control (medium only, without cells) with 20 µL LDH positive control 

xii.Background (medium only, without cells) 

After incubating the plate for 2 hours (1st half of the plate) and 24 hours (2nd half of the 

plate) respectively, the 96- well plate was centrifuged at 400 x g for 5 minutes. 100 µL of 

supernatant was transferred to a new plate where 100 µL LDH reaction solution was 

added to each well. Following this the plate was incubated at 37 0C with gentle shaking 
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on orbital shaker for 30 minutes, at the end of which, absorbance was measured at 490 

nm with plate reader. 490 nm transmittance of background (wells without cells) was 

subtracted from 490 nm absorbance of all wells and cytotoxicity (as percentage of 10% 

Triton X-100 solution lysed cells) was calculated using the formula below. 

 

𝐶𝑦𝑡𝑜𝑡𝑜𝑥𝑖𝑐𝑖𝑡𝑦 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒(%) = 

[
(𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑔𝑟𝑜𝑢𝑝 − 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 𝑟𝑒𝑙𝑒𝑎𝑠𝑒)

 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑟𝑒𝑙𝑒𝑎𝑠𝑒 −  𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 𝑟𝑒𝑙𝑒𝑎𝑠𝑒
]  x 100 
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1. Aim 1: Standardizing experimental parameters 

1.1 Time- dependent loss of lens transparency 

1.1.1 Light transmittance (230-710 nm) of DMEM-cultured lenses at time zero 

To develop the experimental parameters, initial studies were conducted to determine 

light transmittance elicited by DMEM-cultured bovine lenses at the 0 hour. As depicted in 

Figure 7, light transmittance elicited by DMEM-cultured lenses at time 0 hours was 

significantly different from that of DMEM medium only, confirming that the lenses were 

responsible for the change light transmittance. Incidentally, the optical clarity displayed 

by DMEM only (Figure 8) was clearer than that of the DMEM-cultured lens (time =0 

hours), presumably due to the refractive nature of the lens.  
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Figure 7: Transmittance (230-710 nm) of blank DMEM (without lens) and DMEM-cultured 
bovine lenses at 0 hour. Two-way ANOVA ****p<0.0001 (λ ≥ 290 nm), n=12. 
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Figure 8: Optical clarity of blank DMEM (without lens; right panel) and DMEM-cultured 
bovine lenses (left panel) at 0 hour. 

 

1.1.2 Light transmittance (230-710 nm) of DMEM-cultured lenses after 120 hours 

To determine the time-dependent cataractogenesis, we further compared the light 

transmittance elicited by DMEM-cultured bovine lenses at the 0 hour to that elicited by 

lenses after 120 hours of incubation. As shown in Figure 9, there was a significant 

(p<0.0001; n=12) time-dependent decrease in light transmittance after 120 hours and a 

corresponding loss in optical clarity (Figure 10). 
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Figure 9: Transmittance (230-710 nm) of untreated lenses at 0 hour and 120 hours. Two-

way ANOVA ****p<0.0001 (λ ≥ 340 nm), n=12. 

 

Figure 10: Optical clarity of untreated, DMEM-cultured lenses at 0 hours (left panel) and 
120 hours (right panel). 
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1.1.3  Comparison of time-dependent reduction in transmittance at specific 

wavelengths after 120 hours 

We further evaluated the magnitude of transmittance at specific wavelengths (420, 460, 

500, 540 & 580 nm) elicited by lenses after 120 hours of incubation. Although absolute 

transmittance increased with increase in wavelength (Figure 11) for both 0 hours and 120 

hours, the highest reduction in transmittance between the two time points was observed 

at 420 nm, at 38.56% (p<0.0001; n=12). Thus, in subsequent studies, transmittance was 

reported at 420 nm only. 
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Figure 11: Change in transmittance (420-580 nm) after 120 hours (time- dependent loss 
of lens transparency). Result expressed as mean ± SEM. Two-way ANOVA ****p<0.0001 
compared to lenses cultured in DMEM at 0 hour. 
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1.1.4 Time-dependent decrease in transmittance at 420 nm 

As illustrated in Figure 12, there was a significant (p<0.0001; n=12), time-dependent 

decrease in transmittance at 420 nm over the course of 120 hours. This decrease in 

transmittance, was corroborated by the optical clarity of the cultured lenses which too 

exhibited a time-dependent loss of opacity (Figure 10). 
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Figure 12: Change in transmittance (420 nm) during cataractogenesis up to 120 hours. 
Two-way ANOVA ****p<0.0001 compared to lenses cultured in DMEM at 0 hour, n=12. 
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1.2 Determination of concentration of hydrogen peroxide to be used to induce 

cataract formation 

To define the parameters for induction of cataractogenesis using H2O2, lenses were 

cultured in various concentrations of the peroxide up to 120 hours. The presence of H2O2 

accelerated cataract formation in a concentration-dependent manner (Figures 13-15), 

with the H2O2 (100 mM) achieving a decline of 79.89% in transmittance after 120 hours. 

Like the effect on light transmittance, the peroxide accelerated lens opacification, with 

the grids being almost invisible after 120 hours of incubation (Figure 15). 
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Figure 13: Change in 420 nm transmittance after 120 hours (different H2O2 concentration-
induced cataractogenesis). Result expressed as mean ± SEM. One-way ANOVA #### 
p<0.0001 compared to untreated lens at 120 hours. 
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Figure 14: Change in 420 nm transmittance during H2O2-induced cataractogenesis 
(different concentration) up to 120 hours. Two-way ANOVA ****p<0.0001 compared to 
lenses cultured in DMEM. 

 

Although all concentrations of H2O2 induced opacity, the 50 mM concentration induced 

gradual opacification. After 120 hours, the H2O2 (50 mM) significantly (p<0.0001; n=12) 

decreased transmittance (420 nm) by 57.41% compared to the transmittance of the 

untreated lens at 0 hour. Compared to the untreated lenses transmittance at 120 hours, 

there was a 30.68% decrease, reflecting the effect of H2O2 (50 mM) on accelerating time-

dependent loss of clarity of untreated lenses after 120 hours. This gradual induction of 

cataracts was corroborated by gradual loss in optical quality of the lenses (Figure 15). 

Therefore, in subsequent studies, cataract was induced in cultured bovine lenses using 

H2O2 (50 mM). 
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Figure 15: Optical clarity of different H2O2 concentrations (5 mM, 10 mM, 50 mM & 100 
mM) treated lenses after 120 hours in comparison to lenses treated with DMEM at 0 hour. 

 

1.3 Determination of the concentration of the endogenous antioxidant, ascorbic acid to 

be used as a positive control 

1.3.1 Prevention of time-dependent loss of lens transparency by ascorbic acid 

The role of AA as an endogenous lens antioxidant has been well described in vitro and in 

vivo (Jahadi Hosseini et al., 2008; Peighmbarzadeh & Tavana, 2014; Shang et al., 2003). 

Therefore, in another series of experiments, we sought to determine the optimal 

concentration of AA that could be used as a positive control in the prevention of cataract 

formation under our experimental conditions. Whereas AA (3 mM) had no effect, AA (10 

mM) significantly (p<0.0001; n=6) reversed the time-dependent decrease in 

transmittance (420 nm) by 1.7% up to 24 hours only, compared to the respective 

untreated lenses (Figures 16-18). Thus, AA (10 mM) was used as the positive control for 

the prevention of cataract formation in cultured bovine lenses. 
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Figure 16: 420 nm transmittance of ascorbic acid (AA) treated lenses (prevention of time- 
dependent loss of lens transparency). Result expressed as mean ± SEM. One-way ANOVA 
compared to untreated lens at 0 hour (**** p<0.0001), 24 hours (####p<0.0001) 
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Figure 17: Change in 420 nm transmittance of lenses treated with different concentration 
of AA (prevention of time- dependent loss of lens transparency) up to 120 hours. Two-way 
ANOVA #### p<0.0001 compared to lenses cultured in DMEM. 
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Figure 18: Optical clarity of lenses treated with different concentrations of AA (prevention 
of time- dependent loss of lens transparency) after 24 and 120 hours. DMEM 0 hour, AA 
[3 mM] (24 and 120 hours) and AA [10 mM] (24 and 120 hours). 

 

1.3.2 Protection against hydrogen peroxide-induced cataract by ascorbic acid 

We further examined the optimal concentration of AA that could serve as a positive 

control in the prevention of H2O2-induced cataract formation. Interestingly, AA (3 mM) 

but not AA (10 mM) protected lenses from H2O2-induced cataract formation up to 120 

hours (Figures 19 & 20), achieving a significant protection of 9.22% (p<0.0001; n=6) at the 

120-hours time point (Figures 19-21). The protection induced by AA (3 mM) was 

corroborated by the optical clarity of the treated lenses (Figure 21). Therefore, in 

subsequent studies, AA (3 mM) was used as a positive control for the prevention of H2O2-

induced cataract formation. 
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Figure 19: 420nm transmittance of AA treated lenses (protection against hydrogen 

peroxide-induced cataract). Result expressed as mean ± SEM. One-way ANOVA 

^^^^p<0.0001 compared to untreated lens at 0 hour, compared to H2O2- treated lens (++++ 

p<0.0001) and compared to untreated lens (****p<0.0001) at 120 hours. 
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Figure 20: Change in 420 nm transmittance of lenses treated with different concentration 
of AA (protection against hydrogen peroxide-induced cataract). Two-way ANOVA 
++++p<0.0001 compared to H2O2 treated lenses.  
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Figure 21: Optical clarity of lenses treated with different concentrations of AA (protection 
against hydrogen peroxide-induced cataract) after 24 and 120 hours. H2O2 24 hours, AA 
(3 mM & 10 mM) + H2O2 24 hours, H2O2 120 hours and AA (3 mM & 10 mM). + H2O2 120 
hours. 

 

2. Aim 2: Prevention of time- dependent loss of lens transparency 

2.1. Prevention of time-dependent loss of lens transparency by L-cysteine 

There is evidence that the endogenous substrate for production of H2S, L-cysteine can 

protect lenses from degradation, in vivo (Jahadi Hosseini et al., 2008). Therefore, in the 

next series of experiments, we examined the protective effect of different concentrations 

of the amino acid in protecting lenses from time-dependent loss of lens transparency. L-

cysteine (10-6 M & 10-5 M) attenuated time-dependent decrease in transmittance up to 

120 hours. Interestingly, the higher concentrations (10-4 M & 10-3 M) failed to reverse the 

time-dependent decrease in transmittance. Moreover, L-cysteine (10-6 M & 10-5 M) 

significantly (p<0.0001; n=6) increased transmittance by 31.63% and 27.99% respectively 

after 120 hours (Figures 22 &23). 
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Figure 22: Effect of L-cysteine on 420 nm transmittance at 120 hours (prevention of time- 
dependent loss of lens transparency). Result expressed as mean ± SEM. One-way ANOVA 
#### p<0.0001 compared to lenses cultured in DMEM. 
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Figure 23: Effect of L-cysteine on change in 420 nm transmittance during cataractogenesis 
up to 120 hours (prevention of time- dependent loss of lens transparency). Two-way 
ANOVA #### p<0.0001 compared to lenses cultured in DMEM. 
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Interestingly, the preventive effect of L-cysteine (10-6 M & 10-5 M) was superior to AA (10 

mM), which was only effective up to 24 hours (Figures 22 & 23). Analogous to the 

preventive effect elicited by L-cysteine (10-6 M & 10-5 M) against time-dependent 

cataractogenesis, the lenses also had a relatively higher optical clarity at 120 hours 

compared to untreated lenses and AA (10 mM) treated lenses (Figure 24). 

 

Figure 24: Optical clarity of lenses treated with different concentrations of L-cysteine after 
120 hours (prevention of time- dependent loss of lens transparency). Top panel: controls, 
bottom panel: L-cysteine (10-6 M to 10-3M). 

 

2.2 Prevention of time-dependent loss of lens transparency by diallyl trisulfide 

The polysulfides have been shown to produce H2S in both in vivo and in vitro systems 

(Zhao et al., 2001; Benavides et al., 2007; Zheng et al., 2018). One member of the 

polysulfides, DATS exhibited superior ability to produce H2S (Zheng et al., 2018). 

Therefore, in this study, we examined the protective effect of different concentrations of 

the polysulfide in protecting lenses from time-dependent loss of lens transparency. 
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Similar to L-cysteine, the lower concentrations of DATS (10-7 M & 10-6 M) attenuated time- 

dependent decrease in transmittance up to 120 hours. However, the higher 

concentrations (10-5 M & 10-4 M) failed to counteract time- dependent decrease in 

transmittance. DATS (10-7 M & 10-6 M) significantly (p<0.0001; n=6) increased 

transmittance by 16.91% and 28.53% respectively at 120 hours (Figures 25 & 26). 
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Figure 25: Effect of DATS on 420 nm transmittance at 120 hours (prevention of time- 
dependent loss of lens transparency). Result expressed as mean ± SEM. One-way ANOVA 
#### p<0.0001 compared to lenses cultured in DMEM. 
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Figure 26: Effect of DATS on change in 420 nm transmittance during cataractogenesis up 
to 120 hours (prevention of time- dependent loss of lens transparency). Two-way ANOVA 
#### p<0.0001 compared to lenses cultured in DMEM. E*: DATS 10-7M transmittance was 
not significant at 0 hour. 

 

Similar to L-cysteine, the protective effect of DATS (10-7 M & 10-6 M) was superior to AA 

(10 mM), which was effective up to 24 hours only (Figures 25 & 26). These observations 

were corroborated by the corresponding, optical clarity of lenses treated with DATS (10-7 

M & 10-6 M) up to120 hours (Figure 27). 
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Figure 27: Optical clarity of lenses treated with different concentrations of DATS after 120 
hours (prevention of time- dependent loss of lens transparency). Top panel: controls, 
bottom panel: DATS (10-7 M to 10-4 M). 

 

2.3. Prevention of time-dependent loss of lens transparency by GYY 

GYY is an inorganic, water soluble prodrug for the in situ production of H2S (Zheng et al., 

2018). Thus, we next examined the ability of GYY to protect lenses from time-dependent 

change in transmittance (420 nm). GYY (10-7 M & 10-6 M) attenuated time-dependent 

decrease in transmittance up to 120 hours. Similar to L-cysteine and DATS, GYY (10-4 M & 

10-3 M) failed to reverse the time-dependent decrease in transmittance. To the contrary, 

GYY (10-3 M) significantly decreased transmittance, thereby accelerating lens 

degradation. Moreover, GYY (10-7 M & 10-6 M) significantly (p<0.0001; n=6) increased 

transmittance by 22.06% and 2.45% respectively after 120 hours (Figures 28 & 29). 
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Figure 28: Effect of GYY on 420 nm transmittance at 120 hours (prevention of time- 
dependent loss of lens transparency). Result expressed as mean ± SEM. One-way ANOVA 
#### p<0.0001 compared to lenses cultured in DMEM. 
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Figure 29: Effect of GYY on change in 420 nm transmittance during cataractogenesis up 
to 120 hours (prevention of time- dependent loss of lens transparency). Two-way ANOVA 
#### p<0.0001 compared to lenses cultured in DMEM. 
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Like other H2S donors, the protective effect elicited by GYY (10-7 M & 10-6 M) was superior 

to that of AA (10 mM), which was only protective up to 24 hours (Figures 28 & 29). Parallel 

to the reversal of time-dependent decrease in transmittance by GYY (10-7 M & 10-6 M), 

the lenses also had a relatively higher optical clarity at 120 hours compared to untreated 

lenses and AA (10 mM) treated lenses (Figure 30). 

 

Figure 30: Optical clarity of lenses treated with different concentrations of GYY after 120 
hours (prevention of time- dependent loss of lens transparency). Top panel: controls, 
bottom panel: GYY (10-7 M to 10-3 M). 
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2.4. Comparison among hydrogen sulfide producing compounds in their ability to 

protect against time- dependent loss of lens transparency  

A comparison of the ability of H2S donors to attenuate time-dependent decline in 

transmittance reveals that the lower concentrations of these H2S producing compounds 

(L-cysteine, DATS & GYY) were more effective than the higher concentrations and the 

endogenous antioxidant, AA (Figures 31 & 32). After 120 hours, the rank order of activity 

for these compounds was as follows: L-cysteine (10-6 M) > DATS (10-6 M) > L-cysteine (10-

5 M) > GYY (10-7 M) > DATS (10-7 M) > GYY (10-6 M) > AA (10 mM), as seen in Figure 31.  
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Figure 31: Effect of H2S producing compounds on change in 420 nm transmittance during 
cataractogenesis up to 120 hours (comparison on prevention of time- dependent loss of 
lens transparency). Two-way ANOVA #### p<0.0001 compared to lenses cultured in DMEM. 

E*: DATS 10-7M transmittance was not significant at 0 hour. 
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Figure 32: Optical clarity of lenses treated with different H2S producing compounds 
(comparison on prevention of time- dependent loss of lens transparency). Top panel: 
controls, bottom panel: L-cysteine (10-6 M &10-5 M), DATS (10-7 M &10-6 M) and, GYY (10-

7 M&10-6 M). 
 

3. Aim 3: Protection against hydrogen peroxide-induced cataract 

3.1 Protection against hydrogen peroxide-induced cataract by L-cysteine 

We further examined L-cysteine against H2O2-induced cataract formation. Interestingly, 

all concentrations of L-cysteine (10-6 M to 10-3 M) protected lenses from H2O2-induced 

cataract formation up to 120 hours (Figures 33-35), achieving a significant protection from 

H2O2-induced decrease in transmittance by 12.45%, 13%, 14.47% and 8.56% respectively 

(p<0.0001; n=6) at the 120 hours- time point (Figures 33 & 34). 
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Figure 33: Effect of L-cysteine on 420 nm transmittance at 120 hours (protection against 
hydrogen peroxide–induced cataract). Result expressed as mean ± SEM. One-way ANOVA 
++++ p<0.0001 compared to H2O2 (50 mM) treated lens. 
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Figure 34: Effect of L-cysteine on change in 420 nm transmittance during cataractogenesis 
up to 120 hours (protection against hydrogen peroxide–induced cataract). Two-way 
ANOVA ++++ p<0.0001 compared to lenses cultured in H2O2 (50 mM). 
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Moreover, the effect elicited by L-cysteine (10-6 M, 10-5 M & 10-4 M) was superior to that 

of AA (3 mM) at reversing H2O2-induced decrease in transmittance (Figures 33 & 34). 

However, L-cysteine (10-3 M) was not able to elicit a greater effect than AA (3 mM) at 

mitigating H2O2-induced cataract (Figures 33-35). The protection against H2O2-induced 

cataract by L-cysteine was also corroborated by the optical clarity of the L-cysteine- 

treated lenses compared to H2O2 (50 mM)- treated lenses at 120 hours (Figure 35). 

 

 

Figure 35: Optical clarity of lenses treated with different concentrations of L-cysteine after 
120 hours (protection against hydrogen peroxide–induced cataract). Top panel: controls, 
bottom panel: L-cysteine (10-6 M to 10-3 M) with H2O2 (50 mM). 
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3.2 Protection against hydrogen peroxide-induced cataract by diallyl trisulfide  

We further examined the ability of DATS to protect lenses from H2O2-induced cataract 

formation. Similar to L-cysteine, all concentrations of DATS (10-7 M to 10-4 M) tested 

attenuated H2O2-induced decline in transmittance (Figures 36-38). For instance, after 120 

hours, DATS (10-7 M, 10-6 M, 10-5 M & 10-4 M) significantly (p<0.0001; n=6) inhibited H2O2-

induced decrease in transmittance by 8.83%, 11.95%, 5.99% and 56.89%, respectively 

(Figures 36 & 37). 
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Figure 36: Effect of DATS on 420 nm transmittance at 120 hours (protection against 
hydrogen peroxide–induced cataract). Result expressed as mean ± SEM. One-way ANOVA 
++++ p<0.0001 compared to H2O2 (50 mM) treated lens. 
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Figure 37: Effect of DATS on change in 420 nm transmittance during cataractogenesis up 
to 120 hours (protection against hydrogen peroxide–induced cataract). Two-way ANOVA 
++++ p<0.0001 compared to lenses cultured in H2O2 (50 mM). E*: exceptions where 
transmittance was lower than H2O2 treated lenses. 

 

Furthermore, the protective effect elicited by DATS (10-4 M & 10-6 M) against H2O2-

induced decrease in transmittance (Figures 36 & 37) was more potent than that of AA (3 

mM). It was also interesting to note that, the highest concentration of DATS (10-4 M) was 

most protective against H2O2-induced cataract formation (Figures 36-38), achieving a 

significant (p<0.0001; n=6) reversal of 56.89%. The protection against H2O2-induced 

cataract by DATS was also supported by the optical clarity of the DATS - treated lenses 

compared to H2O2 (50 mM)- treated lenses at 120 hours (Figure 38). 
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Figure 38: Optical clarity of lenses treated with different concentrations of DATS after 
120 hours (protection against hydrogen peroxide–induced cataract). Top panel: controls, 
bottom panel: DATS (10-6 M to 10-3 M) with H2O2 (50 mM). 

 

3.3 Protection against hydrogen peroxide-induced cataract by GYY  

In addition to L-cysteine and DATS, we further examined the effect of GYY against H2O2-

induced cataract formation. Except for GYY (10-6 M & 10-3 M) which enhanced loss in 

transmittance, GYY (10-7 M, 10-5 M & 10-4 M) significantly (p<0.0001; n=6) reversed H2O2-

induced loss in transmittance by 8.4%, 6.03%, and 5.56% respectively at the 120 hours- 

time point (Figures 39-41). 
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Figure 39: Effect of GYY on 420 nm transmittance at 120 hours (protection against 
hydrogen peroxide-induced cataract). Result expressed as mean ± SEM. One-way ANOVA 
++++ p<0.0001 compared to H2O2 (50 mM) treated lens. 
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Figure 40: Effect of GYY on change in 420 nm transmittance during cataractogenesis up 
to 120 hours (protection against hydrogen peroxide-induced cataract). Two-way ANOVA 
++++ p<0.0001 compared to lenses cultured in H2O2 (50 mM). E* exception where 
transmittance decreased below H2O2 treated lenses. 
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Moreover, GYY was less effective than AA (3 mM) at reversing H2O2-induced decrease in 

transmittance (Figures 39 & 40). The protective action of GYY (10-7 M, 10-5 M & 10-4 M) 

against H2O2-induced cataract formation was also confirmed by the optical clarity of the 

GYY- treated lenses compared to H2O2 (50 mM)- treated lenses at 120 hours (Figure 41). 

 

 

Figure 41: Optical clarity of lenses treated with different concentrations of GYY after 120 
hours (protection against hydrogen peroxide-induced cataract). Top panel: controls, 
bottom panel: GYY (10-7 M to 10-3 M) with H2O2 (50 mM). 
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3.4 Comparison among hydrogen sulfide producing compounds in their ability to 

protect against hydrogen peroxide-induced cataract 

In summary, unlike GYY that was not able to mitigate H2O2-induced cataract formation 

better than AA (3 mM), H2S producing compounds tested (L-cysteine [10-4 M & 10-5 M] & 

DATS [10-4 M &10-6 M]) attenuated H2O2-induced cataract formation up to 120 hours 

(Figure 42 & 43). After 120 hours, the rank order of activity for these compounds was as 

follows: DATS (10-4 M) > L-cysteine (10-4 M) > L-cysteine (10-5 M) > DATS (10-6 M) > AA (3 

mM) as seen in Figure 42. 
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Figure 42: Effect of H2S producing compounds on change in 420 nm transmittance during 
cataractogenesis up to 120 hours (comparison on protection against hydrogen peroxide-
induced cataract). Two-way ANOVA ++++ p<0.0001 compared to H2O2 (50 mM)- treated 
lenses. E*: exception where there was a decrease in transmittance  
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Figure 43: Optical clarity of lenses treated with different H2S producing compounds 
(comparison on protection against hydrogen peroxide-induced cataract). Top panel: 
controls, bottom panel: L-cysteine (10-5 M & 10-4 M), DATS (10-5 M & 10-4 M) and, GYY (10-

7 M & 10-5 M) with H2O2 (50 mM). 

 

4. Aim 4: Biochemical changes due to treatment with hydrogen sulfide producing 

compounds 

4.1 Total glutathione content 

Compared to untreated lenses (0 hour), there was a significant (p<0.0001; n=5), time 

dependent decrease in lenticular total GSH content of 46.08% after 120 hours. This 

decrease in total GSH content was reversed significantly (p<0.0001) reversed by all the 

H2S producing compounds (L-cysteine [10-6 M], DATS [10-6 M] & GYY [10-7 M]) tested. GYY 

(10-7 M) exhibited the highest increase in total GSH content (80.52%), followed by L-

cysteine (10-6 M; 76.58%) and DATS (10-6 M; 69.69%) (Figure 44 & Table 7), compared to 

untreated lens at 120 hours. 
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Figure 44: Effect of hydrogen sulfide producing compounds on total GSH content in 
cultured bovine lens homogenates (prevention of time-dependent loss of lens 
transparency). Result expressed as mean ± SEM. One-way ANOVA ****p<0.0001 compared 
to untreated lenses at 0 hour, #### p<0.0001 compared to untreated lenses at 120 hours. 

 

Treatment of lenses with H2O2 (50 mM) elicited a reduction in total GSH content by 

82.56% (p<0.0001) after 120 hours, compared to untreated lenses (0 hour). However, this 

decrease resulting from the H2O2 treatment was restored in statistically significant 

manner (p<0.0001) by the addition of the H2S producing compounds (L-cysteine [10-4 M], 

DATS [10-4 M] and GYY [10-7 M]). A superlative increase in lenticular total GSH content was 

obtained with GYY (10-7 M; 158.51%) followed by DATS (10-4 M; 121.48%) and L-cysteine 

(10-4 M; 74.67%) compared to H2O2 treated lenses after 120 hours (Figure 45 & Table 7).  
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Figure 45: Effect of hydrogen sulfide producing compounds on total GSH content in 
cultured bovine lens homogenates (protection against hydrogen peroxide-induced 
cataract). Result expressed as mean ± SEM. One-way ANOVA ****P<0.0001 compared to 
untreated lenses at 0 hour, ++++ p<0.0001 compared to H2O2 treated at 120 hours. 

 

Table 7: Summary for effect of hydrogen sulfide producing compounds on total GSH 
content in cultured bovine lens homogenates. Result expressed as mean ± SEM, n=5. One-
way ANOVA ****p<0.0001 compared to untreated lenses at 0 hour, #### p<0.0001 compared 
to untreated lenses at 120 hours, ++++ p<0.0001 compared to H2O2 treated lenses 120 hours 

 

Groups Total GSH concentration (µM) 

Controls 

DMEM (0 hour) 103.5245± 0.0088 

DMEM (120 hours) 55.8213 ±0.0624**** 

H2O2 (120 hours) 18.0565± 0.0818**** 

Prevention of time-dependent loss of lens transparency 

L-cysteine (10-6 M; 120 hours) 98.5678 ± 0.0587#### 

DATS (10-6 M; 120 hours) 94.7204 ± 0.0630#### 

GYY (10-7 M; 120 hours) 100.7663 ± 0.0199#### 

Protection against H2O2-induced cataract 

L-cysteine [10-4 M] + H2O2 (120 hours) 31.5400 ± 0.1914++++ 

DATS [10-4 M] + H2O2 (120 hours) 39.9918 ± 0.1445++++ 

GYY [10-7 M] +H2O2 (120 hours) 46.6774 ± 0.1142++++ 
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4.2 Total superoxide dismutase activity 

Lenticular total SOD activity was significantly (p<0.0001; n=5) decreased by 42.02% over 

120 hours in comparison to untreated lens at 0 hour. This decline in SOD activity was 

significantly (p<0.0001) reversed by all the H2S producing compounds (L-cysteine [10-6 M], 

DATS [10-6 M] and GYY [10-7 M]). As shown in Figure 46 & Table 8, GYY [10-7 M] was most 

potent, exhibiting an increase in total SOD activity by 19.31% followed by L-cysteine (10-6 

M; 7.42%) and DATS (10-6 M; 3.22%), comparison to untreated lens at 120 hours. 
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Figure 46: Effect of hydrogen sulfide producing compounds on total SOD activity in 
cultured bovine lens homogenates (prevention of time-dependent loss of lens 
transparency. Result as mean ± SEM. One-way ANOVA ****P<0.0001 compared to 
untreated lenses at 0 hour, #### p<0.0001 compared to untreated lenses at 120 hours. 

 

The presence of H2O2 (50 mM) attenuated total SOD activity in lens homogenate by 

86.59% (p<0.0001; n=5) compared to untreated lens at 0 hour. Nevertheless, this H2O2- 
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induced reduction in total SOD activity was significantly (p<0.0001; n=5) reversed by the 

H2S producing compounds (L-cysteine [10-4 M], DATS [10-4 M] and GYY [10-7 M]). Similar 

to the effect of total GSH content, GYY (10-7 M) displayed the highest increase of 194.89%, 

while L-cysteine (10-4 M) and DATS (10-4 M) elevated total SOD activity by 161.10% and 

109.78% respectively compared to H2O2 treated lenses after 120 hours (Figure 47 & Table 

8). 
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Figure 47: Effect of hydrogen sulfide producing compounds on total SOD activity in 
cultured bovine lens homogenates (protection against hydrogen peroxide-induced 
cataract). Result as mean ± SEM. One- way ANOVA ****p<0.0001 compared to untreated 
lenses at 0 hour, ++++ p<0.0001 compared to H2O2 treated at 120 hours. 
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Table 8: Summary for effect of hydrogen sulfide producing compounds on total SOD 
activity in cultured bovine lens homogenates. Result expressed as mean ± SEM; one way 
ANOVA ****p<0.0001 compared to untreated lenses at 0 hour, ####

 p<0.0001 compared to 
untreated lenses at 120 hours, ++++ p<0.0001 compared to H2O2 treated lenses at 120 
hours.  

N. B: 1U is amount of SOD needed to result 50% dismutation of superoxide radical. 

Groups Total SOD (U/mL) 

Controls 

DMEM (0 hour) 3.0345 ± 0.1747 

DMEM (120 hours) 1.7595 ± 0.0544**** 

H2O2 (120 hours) 0.4069 ± 0.0223**** 

Prevention of time-dependent loss of lens transparency 

L-cysteine (10-6 M; 120 hours) 1.8900 ± 0.0559#### 

DATS (10-6 M; 120 hours) 1.8163 ± 0.0382#### 

GYY (10-7 M; 120 hours) 2.0993 ± 0.0613#### 

Protection against H2O2-induced cataract 

L-cysteine [10-4 M] + H2O2 (120 hours) 1.0624 ± 0.0227++++ 

DATS [10-4 M] + H2O2 (120 hours) 0.8536 ± 0.0470++++ 

GYY [10-7 M] + H2O2 (120 hours) 1.1999 ± 0.0853++++ 

 

4.3 Lactate dehydrogenase cytotoxicity assay 

Primary bovine lens epithelial cells exhibited an increase in LDH cytotoxicity by 10.78% ± 

7.7 (percentage of Triton 10% lysed cells; n=4) after 2 hours of incubation. The presence 

of H2S producing compounds, L-cysteine (10-6 M), DATS (10-6 M) and GYY (10-7 M) 

exhibited an increasing trend on LDH cytotoxicity of 17.56%, 28.81%, 17.13% respectively, 

after 2 hours of incubation (Figure 48). This apparent increase in cytotoxicity was not 

statistically significant (p>0.05; n=4). However, after 24 hours of incubation, L-cysteine 

(10-6 M), DATS (10-6 M) and GYY (10-7 M) increased cytotoxicity by 7.44% (p>0.05; n=4), 

17.16% (p<0.01; n=4) and 2.69% (p>0.05; n=4) respectively, compared to untreated cells 

(Figure 48). 
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Figure 48: Effect of hydrogen sulfide producing compounds on cytotoxicity in bovine lens 
epithelial cells after 2 hours and 24 hours of incubation. Result expressed as mean ± SEM, 
one-way ANOVA. * 2 hours, + 24 hours, ns- not significant and ++: p<0.01 compared to 
untreated bovine lens epithelial cells 

 

The presence of H2O2 (50 mM) induced cytotoxicity by 115.96% ± 20.03. The H2S 

producing compounds, L-cysteine (10-4 M), DATS (10-4 M) and GYY (10-7 M) attenuated 

(p>0.05; n=4) H2O2-induced cytotoxicity by 9.41%, 20.74% and 24.11 % respectively, 

compared to the cytotoxicity observed in H2O2 (50 mM)-treated cells after 2 hours of 

incubation (Figure 49). Nevertheless, after 24 hours of incubation, there was a significant 

(p<0.0001; n=4) decrease in cytotoxicity by 27.7% (L-cysteine), 33.88% (DATS) and 36.19% 

(GYY) compared to the cytotoxicity observed in H2O2 (50 mM)- treated cells (Figure 49). 
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  Figure 49: Effect of hydrogen sulfide producing compounds on hydrogen peroxide-induced 
cytotoxicity in bovine lens epithelial cells after 2 hours and 24 hours of incubation. Result 
expressed as mean ± SEM. One-way ANOVA; **** (2 hours) & ++++ (24 hours) p<0.0001 
compared to untreated cells. ns= (2 hours) & ^^^^p<0.0001 (24 hours) compared to H2O2-
treated cells. 
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1. Time-dependent loss of lens transparency 

Although cataract is among the leading causes of blindness worldwide (Khairallah et al., 

2015), there is no FDA–approved pharmacological intervention, prompting, intense 

search for pharmacological strategies to manage cataracts. Since the lens is avascular and 

enervated, it is a viable tissue for organ culture experimental model that easily facilitates 

induction of opacification and testing of potential anti-cataract compounds (Zigler et al., 

2003). This in vitro lens culture represents a simple method that can also be used for 

mechanistic investigations assessing cataractogenic and anti- cataractogenic activity of 

test compounds (Aleo et al., 2000). Therefore, the in vitro, cultured bovine lens model 

was chosen for this project due to its versatility and reliability (Zigler et al., 2003; Aleo et 

al., 2000). 

Aging is a well-established, significant risk factor for the development of cataracts (Gupta 

et al., 2009; WHO, 2017). Several changes occur in the aging lens which include, oxidation 

of crystalline residues, disruption of ionic environment, and depletion of UV-filters, α-

crystallin, GSH levels and other anti-oxidant systems with consequent changes in light 

transmittance through the lens, opacity and development of cataract (Hains & Truscott, 

2007; Hains & Truscott, 2008; Michael & Bron, 2011). Artigas et al examined the total 

transmission of human lens in aging subjects and found that that spectral transmission 

through the lens decreased with age (Artigas et al., 2012). Thus, in this project, cataract 

formation was assessed by measuring light transmittance, visual inspection for opacity 

and biochemical assays. 
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In first series of experiments, we examined the effect of treatment time on lens 

transmittance and opacification using the lens culture model. It was interesting to note 

that untreated lenses had a higher transmittance in the visible spectrum in the initial 

stages of the experiment (time = 0 hours) and the lenses displayed a higher optical clarity. 

However, there was a significant (p<0.0001), incremental, time-dependent decrease in 

transmittance as the lenses gradually developed opacity over a course of 120 hours, with 

a corresponding loss of lens limpidity. 

Interestingly, the changes in transmittance were dependent on the wavelength. For 

instance, after 120 hours of incubation, the lenses displayed significant (p<0.0001; n=12) 

reduction in transmittance of 38.56, 33.99, 30.97, 28.8, and 27.21% at the 420, 460, 500, 

540 and 580 nm, respectively. Irrespective of duration of incubation (0, 3, 6, 24 and every 

24 hours up to 120 hours), the maximum decrease in transmittance was consistently 

observed at the 420 nm wavelength. This observation was comparable to that of Artigas 

et al, who reported a reduction of 40, 29, 26, 24, and 18% decline in visible transmittance 

at 420, 460, 500, 540 and 580 nm respectively in the elderly group, relative to the adult 

group (Artigas et al., 2012). Thus, these investigators also observed a maximum reduction 

in transmittance at the 420 nm. Therefore, in subsequent experiments, changes in 

transmittance at the 420 nm was considered as an acceptable indicator for the 

development of opacification in cultured bovine lenses. 

It was interesting to note that untreated, DMEM-cultured bovine lenses exhibited a time-

dependent opacity. Lens clarity is maintained by a balance of lenticular antioxidant/pro-

oxidant level as well as α-crystallin level and proteolytic system, preventing formation of 
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crystallin aggregates or removing them. It is conceivable that lenses in culture undergo a 

gradual loss of anti-oxidant systems, oxidation of amino acid residues on crystallins and 

UV filters and, disruption of ionic environment, that collectively account for the 

development of opacity in untreated, DMEM-cultured lenses (Michael & Bron, 2011). 

 

2. Hydrogen peroxide-induced cataract formation 

Oxidative stress has long been implicated in the pathogenesis of cataract development in 

the mammalian eye (Robertson et al., 1989; Spector, 1995; Truscott et al, 2005; Williams, 

2006). Within the lens crystallins, several functional groups within the amino acids 

residues, including tryptophan, cysteine and methionine residues on crystallins are 

susceptible to oxidation, resulting in destabilized states (Hains & Truscott, 2007; Hains & 

Truscott, 2008), which eventually lead to cataract formation. 

Further strengthening the argument on the role of oxidation in cataract development, 

H2O2 content was found to be significantly elevated in aqueous humor and lenses of 

cataract patients, compared to normal subjects (Spector & Garner, 1981). Into the 

bargain, H2O2 insult mimicked the pattern of damage associated with some forms of 

human cataracts (Spector, 1995). In our study, several concentrations of H2O2 (5 mM; 10 

mM; 50 mM & 100 mM) were evaluated to determine the concentration which induces 

cataract at a reasonable rate. The presence of this peroxide accelerated lens degradation 

in a concentration-dependent manner over period of 120 hours. Although all 

concentrations of H2O2 examined induced cataract formation, it was the H2O2 (50 mM) 
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concentration that produced gradual, submaximal changes in transmittance and 

corresponding qualitative changes in lens clarity/opacification. Thus, H2O2 (50 mM) 

significantly (p<0.0001) decreased transmittance (420 nm) by 57.41% while H2O2 (100 

mM) elicited a change of 79.89%, compared to untreated lens at 0-hour. Therefore, this 

sub-maximal concentration of H2O2 (50 mM) presented a gradual model of opacification 

that could be used to evaluate potential anti-cataract drugs. In subsequent experiments, 

H2O2 (50 mM) was therefore used to induce cataracts in cultured bovine lens. 

 

3. Effect of endogenous antioxidant 

Lenticular AA (vitamin C) is crucial as an endogenous antioxidant and as an ultraviolet-

filter (David, 2006). In mammalian eye, the lens is reported to contain 200 mg/Kg of AA 

(Varma et al., 1984), while the aqueous humor contains 250 mg/L, which is 20-fold higher 

than that present in the plasma (Varma et al., 1984). Compared to nocturnal animals, 

diurnal primates have a high concentration of AA (Varma et al., 1984). In humans the 

aqueous humor content of AA is 1.0 ± 0.2 mM/L while the lens content is 1.25 ± 0.25 

mM/Kg (Varma et al., 1984). Due to its pivotal contribution to lens homeostasis and lens 

clarity, we used AA as a positive control for these studies. It was interesting to note that 

in these studies, AA (10 mM)-treated, but not AA (3 mM)-treated lenses displayed better 

optical clarity and significantly (p<0.0001) reversed time-dependent decrease in 

transmittance by 1.7% after 24 hours compared to untreated lenses. It is also pertinent 

to note that the protective effect of AA was short-lived (up to 24 hours only), implying 

that other antioxidant systems contribute to maintain lens clarity in culture. Therefore, 
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AA (10 mM) was chosen as a positive control for studies involving time-dependent 

cataractogenesis under our experimental parameters. 

We further investigate the ability of AA to protect lenses from H2O2-induced damage. 

Indeed, AA has been reported to attenuate cataractogenesis, in vivo. For example, AA 

attenuated selenite induced cataractogenesis by 40% in white New Zealand rabbits 

(Peighmbarzadeh & Tavana, 2014), reversed selenite-induced cataract in rats (Jahadi 

Hosseini et al., 2008) and inhibited galactose-induced cataract in guinea pigs (Yokoyama 

et al., 1994). In in vitro studies, pretreatment of rabbit lens epithelial cells with AA (25-50 

µM) was able to re-establish the resistance of buthionine sulfoximine-treated GSH-

depleted cells to H2O2 induced cell death (Shang et al., 2003). In our studies, lower 

concentrations of AA (3 mM) conferred protection from H2O2 -induced cataract formation 

up to 120 hours. This was contrary to the finding above, in which AA (10 mM) protected 

lenses from time-dependent decrease in transmittance up to 24 hours only. The lack of 

effect with AA (10 mM) against H2O2-induced cataract could be ascribed to the higher 

concentration of AA. Congruent with this observation, higher concentrations of AA 

(greater than 400 µM) escalated the toxic effect of H2O2 on rabbit lens epithelial cells, in 

vitro (Shang et al., 2003). It is also conceivable that higher concentration of the 

antioxidant could contribute to the pro-oxidant status via several mechanisms such as the 

Fenton reaction. 
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4. Prevention of time-dependent loss of lens transparency by hydrogen sulfide  

Since oxidative stress has been established to play a major role in the pathogenesis of 

age-related cataract, several investigations have been aimed at mitigating cataract 

formation using antioxidants targeting various antioxidant systems (Zigler et al., 2003; 

Dubey et al., 2016; Dubeya et al., 2015; Dubeyb et al., 2015; Nakazawa et al., 2015; 

Nakazawa et al., 2016; Nakazawa et al., 2017). In the past few years, H2S has been 

reported to act as a signaling molecule that regulates cellular redox homeostasis (Xie et 

al., 2016). H2S is synthesized from L-cysteine using three major pathways involving CBS, 

CSE and 3-MST (Abe & Kimura, 1996; Shibuya et al., 2009; Chen et al., 2015). Evidence 

supports a neuroprotective role for H2S effects due to its antioxidant, anti-inflammatory 

and anti-apoptotic properties in the CNS disorder models (Chen et al., 2015). In the 

mammalian eye, CBS and CSE have been identified in ocular tissues and H2S is present in 

bovine ocular tissues (Pong et al., 2007; Kulkarni et al., 2009). Deficiency of CBS due to 

CBS gene mutation has been linked with ocular disorders such as ectopia lentis, myopia, 

and cataracts (Mudd et al., 2001). Inhibition, proteolytic degradation, and 

downregulation of CSE resulted in lenticular glutathione depletion and increased risk of 

cataract formation, endorsing the physiological role of H2S in the eye (Sastre et al., 2005). 

Taken together, these data suggest a significant role for H2S in ocular tissues.  

It was, therefore, not surprising that all the H2S producing compounds, L-cysteine, DATS 

and GYY, preserved lenses from time-dependent degradation. Interestingly, the lower 

concentrations of the H2S donors, L-cysteine (10-6 M & 10-5 M), DATS (10-7 M & 10-6 M) and 

GYY (10-7 M & 10-6 M) preserved lenses from time-dependent degradation up to 120 
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hours, with corresponding preservation of lens clarity. Moreover, these effects were 

more potent than that exhibited by AA (10 mM). After 120 hours, the rank order of activity 

for these compounds was: L-cysteine (10-6 M) > DATS (10-6 M) > L-cysteine (10-5 M) > GYY 

(10-7 M) > DATS (10-7 M) > GYY (10-6 M) > AA (10 mM). Although anti-cataract activity has 

been reported for L-cysteine, to the best of our knowledge, this is the first time that a 

similar finding has been demonstrated for others, DATS and GYY. It is not clear why lower 

concentrations of the H2S donors were more potent at preserving cultured lenses from 

time-dependent degradation. It is conceivable that several factors, such the rate of 

release of H2S from donor, characteristics of the drug (e.g hydrophobicity and /or 

hydrophilicity), presence of transporters could have contributed to the varied effect of 

different H2S donors to cataractogenesis. It is also conceivable that higher concentrations 

of the H2S donors could have disrupted the antioxidant milieu, rendering them less 

effective. 

 

5. Protecting effect of hydrogen sulfide against hydrogen peroxide-induced cataract 

A plethora of studies have examined the effect of various compounds on H2O2-induced 

opacification in cultured lenses, in vitro. The antioxidants lutein, zeaxanthin and α-

tocopherol mitigated H2O2-induced damage in human lens epithelial cells. (Gao et al., 

2011; Shang et al., 2003). The new antioxidant, α-lipoic acid protected Minimum Essential 

Medium cultured Sprague-Dawley rat lenses against H2O2 induced cataract (Li et al., 

2013). The ketoacids, pyruvate (10 mM), α -ketoglutarate (20 mM), oxaloacetate (20 
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mM), and the endogenous antioxidant (GSH) protected TC-199 cultured goat lenses 

against H2O2 induced cataract (Jain & Bulakh, 2003; Padalkar et al., 2013). Similarly, herbal 

extracts also delayed initiation and progression, and upheld limpidity of lenses against 

H2O2-induced opacification of goat lenses (Dubeya et al., 2015; Dubeyb et al., 2015; Dubey 

et al., 2016). In this study, the H2S donors, L-cysteine (10-6 M to 10-3 M), DATS (10-4 M & 

10-6 M) and GYY (10-7 M, 10-5 M & 10-4 M) reversed H2O2-induced decrease in 

transmittance up to 120 hours with the following order of activity at the 120-hour time 

point: DATS (10-4 M) > L-cysteine (10-4 M) > L-cysteine (10-5 M) > DATS (10-6 M) > AA (3 

mM). The effect of L-cysteine on H2O2-induced cataract formation has been previously 

described. For example, L-cysteine (1 mM) was reported to protect goat lenses cultured 

in Dulbecco’s phosphate buffer saline over 24 hours against H2O2 (1 mM)-induced 

oxidative stress (Rathore & Gupta, 2010). Moreover, in in vivo studies, L-cysteine and its 

prodrug, N-acetylcysteine prevented the development of streptozotocin-induced diabetic 

cataract and selenite-induced cataract in rats by antioxidant mechanisms (Jahadi Hosseini 

et al., 2008; Zhang et al., 2008; Aydin et al., 2009; Wang et al., 2009; Tobwala et al., 2014; 

Tuzcu et al., 2014; Carey et al., 2014; Maddirala et al., 2017). Taken together, these 

studies strongly suggest a protective role for L-cysteine in ocular tissues. However, similar 

observations have not been reported for DATS and GYY. To the best of our knowledge, 

this is the first study to report a protective effect for DATS and GYY on H2O2-induced 

cataract formation. 

Although all the three drugs attenuated H2O2-induced toxicity, there were some unique 

characteristics. A comparison of the three H2S producing compounds reveal that the 
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higher concentrations of L-cysteine (10-4 M) and DATS (10-4 M) were more potent at 

reversing H2O2-induced toxicity; and these effects were superior to that of AA (3 mM). 

Unlike L-cysteine and DATS, GYY was less effective than AA (3 mM) at reversing H2O2-

induced decrease in transmittance and in improving optical clarity of the lenses. 

Moreover, the highest protective effect against H2O2-induced cataract formation was 

achieved by GYY (10-7 M). This is also the same concentration which was most effective in 

protecting DMEM-cultured lenses from time-dependent decrease in transmittance. This 

unique effect exhibited by the lower concentration of GYY could be attributed to the 

nature by which it releases H2S, in a sustained fashion that spans up to 7 days (Zheng et 

al., 2018). In general, it conceivable that these H2S donors release the gas in a distinct 

fashion, contributing to their unique effects. 

6. Determination of mechanism of action 

The lens has a sturdy defense system against oxidation that scavenge oxidative species 

and consists of non-enzymatic antioxidants (GSH, vitamin C, vitamin E and carotenoids) 

and enzymatic antioxidants (SOD, GPx and CAt) (Augusteyn, 1981; Wagner et al., 1986; 

Jahngen-Hodge et al., 1992). Moreover, depletion of the antioxidant defense systems has 

been associated with opacification of the lens (Spector, 1995; Andley et al., 2002; 

Jahngen-Hodge et al., 1992; Wagner et al., 1986; Lou et al, 2003). Therefore, in this study, 

we sought to determine the integrity of the antioxidant defense systems in cataractous 

lenses. Compared to untreated lenses (time 0 hour), lenticular total GSH content and total 

SOD activity was significantly (p<0.0001) reduced by 46.08% and 42.02% respectively, 
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after 120 hours of incubation, suggesting that the time-dependent opacification observed 

above was accompanied by a compromise in the integrity of the antioxidant systems.  

It was interesting to note that the H2S producing compounds, L-cysteine (10-6 M), DATS 

(10-6 M) and GYY (10-7 M) significantly (p<0.0001) reversed time-dependent decline in 

total GSH content and total SOD activity. The highest increase in total GSH content after 

120 hours was obtained with GYY (80.52%) followed by L-cysteine (76.58%) and DATS 

(69.69%). Similarly, the highest total SOD activity was elicited by GYY (19.31%), followed 

by L-cysteine (7.42%) and DATS (3.22%). The ability of L-cysteine and its prodrug (N-

acetylcysteine) to elevate GSH has also been reported in goat lenses against H2O2-induced 

cataract and in rat lenses against selenite-induced cataract correspondingly (Rathore & 

Gupta, 2010; Aydin et al., 2009). Taken together, these observations suggest that the loss 

of total GSH content and reduction in SOD activity may have contributed, at least in part, 

to the time-dependent loss in transmittance and opacification observed in above 

experiments. 

The slow releasing H2S donor, GYY was most prominent in elevating non-enzymatic 

antioxidant (lenticular GSH) and enzymatic antioxidant activity (SOD) followed by L-

cysteine and DATS while it was not as prominent in protecting lenses from time-

dependent lens change in transmittance. Several factors could account for this disparity 

in rank order of activity. For instance, these biochemical assays were conducted in lens 

homogenates, while the previous studies were conducted using whole, cultured lenses. 

Additionally, these H2S producing compounds could be enhancing glutamate transporter-

1 and elevating GSH production as has been observed in astrocytes (Lu et al. 2008). It is 
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also conceivable that multiple and distinctive pathways are involved in the time-

dependent cataract formation and upregulation of total GSH content and total SOD 

activity. 

In the next series of experiments, we sought to determine the effect of H2S producing 

compounds on H2O2-induced reduction in total GSH content and total SOD activity in lens 

homogenates. Interestingly, the total GSH content and total SOD activity of H2O2 treated 

lenses were reduced (p<0.0001) by 82.56% and 86.59%, respectively after 120 hours. 

Nevertheless, the H2S producing compounds, L-cysteine (10-4 M), DATS (10-4 M) and GYY 

(10-7 M) significantly (p<0.0001) reversed these reductions in GSH content and SOD 

activity as shown by increase in total GSH content by 74.67%, 121.48% and 158.51%, 

respectively; while SOD activity was increased by 161.10%, 109.78% and 194.89%, 

respectively. In corroboration, an elevation in these antioxidant defense systems have 

been reported in several studies. In in vivo studies, the prodrug for L-cysteine, N-

acetylcysteine augmented GSH content in selenite injected Sprague Dawley rats (Aydin et 

al., 2009). Similarly, it increased GSH and GPx activity in cataractous Wistar-Albino rats 

that were intravitreally injected with triamcinolone acetonide (Tuzcu et al., 2014). In a 

recent study, the prodrug elicited an increase in GSH level and thioltransferase activity in 

selenite-induced cataract in Wister rats following postpartum intraperitoneal injection 

and application of N-acetylcysteine eye drops (Maddirala et al., 2017). Similar to the 

effect of H2S donors on time-dependent total GSH content and total SOD activity above, 

GYY elicited the highest effect on both GSH content and SOD activity, compared to L-

cysteine and DATS. Although the mechanism responsible for the high potency displayed 
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by GYY may not be apparent and merits further studies, these studies suggest that an 

increase in GSH content and SOD activity may account for the protective effect of H2S 

donors on H2O2-induced cataract formation.  

We further examined the effect of H2S donors on primary lens epithelial cell cytotoxicity 

using the LDH cytotoxicity assay. The presence of H2S producing compounds, L-cysteine 

(10-6 M), DATS (10-6 M) and GYY (10-7 M) exhibited an increasing (p>0.05) trend on LDH 

cytotoxicity after 2 hours of incubation. After 24 hours of incubation, L-cysteine (10-6 M), 

DATS (10-6 M) and GYY (10-7 M) also had an increasing cytotoxic trend which was 

statistically significant (p<0.01) for DATS. This could be due to the ability of DATS to 

produce high levels of H2S (Zheng et al., 2018), induce cell cycle arrest and increase 

programmed cell death in some tissues (Puccinelli & Stan, 2017). The lowest cytotoxicity 

was observed with GYY, probably due to its slow rate of H2S release (Fox et al., 2012). The 

lower cytotoxicity observed after 24 hours incubation compared to 2 hours incubation 

may possibly be due to recovery of the cells or degradation of LDH, which has a half-life 

of 9 hours (Verma, 2014). 

We next examined the effect of H2S producing compounds on the peroxide-induced 

toxicity in primary lens epithelial cells. L-Cysteine, DATS and GYY protected and 

attenuated H2O2 (50 mM)-induced cytotoxicity in primary bovine lens epithelial cells 

following 2 and 24 hours incubation. The compounds exhibited a decreasing trend 

(p>0.05) against H2O2-induced cytotoxicity of primary bovine lens epithelial cells after 2 

hours of incubation. However, after 24 hours of incubation, a significant decrease 
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(p<0.0001) in the peroxide-induced cytotoxicity was observed with L-cysteine, DATS and 

GYY.  

According to the LDH cytotoxicity assay, these compounds were able to maintain cellular 

integrity of bovine lens epithelial cells against H2O2-induced cytotoxicity, as evidenced by 

less LDH leakage into media compared to H2O2 treated cells. Since LDH is responsible for 

conversion of lactate to pyruvate in the presence of NAD+
, the ability of these compounds 

to preserve membrane integrity and prevent LDH leakage could lead to lower level of 

lactate and increased concentration of the endogenous antioxidant pyruvate which might 

contribute to the protective effect against cataract formation. Thus, analogous to 

protective effect against time-dependent loss of lens transparency, L-cysteine, DATS and 

GYY protected lenses against H2O2-induced opacification of lenses, possibly via their 

effect on lenticular antioxidant defense system.  

In summary (Figure 50), SOD (1) activity produces H2O2 as a byproduct of superoxide 

dismutation which are usually removed by CAt (2) and GPX (3). However, when these 

enzymatic and other non-enzymatic systems fail, H2O2 is accumulated. This accrued H2O2 

along with byproducts of the Fenton reaction, oxidize proteins and cause accumulation 

of PSSG which could lead to crystalline aggregation and development of opacity. Hence, 

the H2S producing compounds could have prevented crystalline aggregation and 

development of opacity through their effects on enzymatic (SOD) and non-enzymatic 

(GSH) antioxidants in the lens. Moreover, there is the possibility for involvement of other 

enzymes such as CAt (2), GPX (3), GR (4), and TTase (5), but this demands more 

investigations to confirm, as depicted in Figure 50. 
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Figure 50: Schematic representation of the mechanism of action for the H2S producing compounds 
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CONCLUSION 
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In conclusion, measurement of transmittance is a viable method for assessment of 

cataractogenesis in cultured lens. Lenses cultured in DMEM degraded in time-dependent 

manner and was accelerated by the presence of H2O2. These results were further 

corroborated by the decrease in lenticular GSH content and SOD activity in response to 

time and the peroxide. The endogenous antioxidant AA (10 mM) protected untreated 

lenses from time-dependent degradation, while AA (3mM) protected cultured lenses 

against H2O2-induced cataract formation. 

Of the H2S producing compounds tested, L-cysteine was more potent at preventing 

untreated lenses from degradation up to 120 hours compared to DATS and GYY. All 

concentrations of the different H2S producing compounds tested were more potent than 

AA (10 mM). DATS was more potent at protecting lenses from H2O2 up to 120 hours, 

compared to L-cysteine and GYY. With exception of GYY, L-cysteine and DATS had a 

superior effect than AA (3 mM). 

Of the H2S compounds, GYY was most potent at increasing lenticular GSH concentration 

and SOD activity in both untreated and H2O2-treated cultured lens homogenates after 120 

hours. The H2S producing compounds increased cytotoxicity in LDH cytotoxicity assay 

compared to untreated primary bovine epithelial cells. However, the H2S producing 

compounds protected cells against H2O2-induced cytotoxicity. Overall these investigations 

show a direct evidence for the role of H2S in preventing lens degradation and protecting 

lenses against H2O2-induced cataract formation through its role in antioxidant 

mechanisms.  
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FUTURE DIRECTIONS 
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In order to endorse the results from our preliminary studies that depicted the role of H2S 

in preventing cataract formation through its role in the antioxidant enzyme system, more 

studies should be conducted to pin point the exact mechanism by which H2S confers 

protection to bovine lenses. Fourier transform-infrared spectroscopy (FTIR) studies 

examining the change in the secondary structure of crystallins (α, β and ϒ) could provide 

important information concerning the changes that involve the crystallins. Western blot 

and sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) studies are 

also crucial as cataract is protein aggregation disease, shedding the light on whether H2S 

has a role in preventing the aggregation of β and ϒ crystallins. Moreover, it can also 

indicate if H2S has roles in replenishing the depleted amount of α crystallins which is 

responsible for cataract development. Once these in vitro studies are attempted, moving 

into investigations utilizing in vivo cataract models will be important as it gives a holistic 

picture on the effect of H2S in a system where all the antioxidant defense mechanisms are 

in interplay. 
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Cataracts are leading causes of vision impairment worldwide, particularly in the geriatric 

population (Khairallah et al., 2015). Thus far, surgical means are cornerstone of 

management, and there is no pharmacological intervention available. Pharmacological 

strategies could play a substantial role in regions of the world where access to surgical 

options are limited. For pharmacological discovery to progress, it is necessary to develop 

simple screening methods that can be used to evaluate anti-cataract activity. This study 

presents a new and simple such in vitro method that can be used to test other potential 

anti-cataract compounds. 

Although the substrate for endogenous production of H2S, L-cysteine, has been shown to 

prevent the development of cataracts through antioxidant mechanisms, the role of H2S 

on cataract formation has not been completely elucidated, (Zhang et al., 2008; Aydin et 

al., 2009; Jahadi Hosseini et al., 2008). This study suggests a prominent role for H2S in 

preventing lens degradation and providing protection against cataract formation. 

Moreover, it elucidates, the activity and duration of action of H2S from different H2S 

producing compounds against cataract formation in cultured bovine lenses.  

Defective CBS and CSE enzymes (enzymes for endogenous production of H2S) (Mudd et 

al., 2001; Sastre et al., 2005) have been linked to cataract development in humans. The 

results of this study suggest that H2S could potentially serve as a treatment option for 

cataracts in patients in whom CBS and CSE enzymes are defective.  

Since L-cysteine and the polysulfide from garlic, DATS protected lenses from cataract 

formation; use of amino acid and garlic-based supplements could have a beneficial role 

in the prophylaxis of cataract, especially in nations with limited resources. Of course, the 
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role of these studies would have to be verified in human clinical trials before definitive 

claims are made for such supplements. 
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