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Abstract  

Cataractogenesis is the process of cataract formation. The aim of the present study was to estimate the 

copper, zinc, malondialdehyde and advanced oxidation protein produces stages of cataract formation.The 

causes for cataract are multifactorial and often related with different specific diseases such as diabetes 

mellitus, chronic renal failure, hereditary syndromes, as well as aging in the general population.The purpose 

of this review is to give an overview of contemporary research in cataractogenesis. Our study aims to 

investigate systemic oxidant and antioxidant markers in cataract patients.Several risk factors for cataract 

formation have been identified, including increasing age, genetic predisposition, oxidative stress and 

exposure to UV light. Recently, numerous authors have suggested that excess generation of highly reactive 

oxygen and nitrogen species is a key component in the development of complications invoked by 

hyperglycemia. This review has shown the large amount of evidence, laboratory based and, demonstrating a 

link between lenticular oxidation processes and cataract and between antioxidant intake and retardation in 

age-related cataractogenesis. We are studied the linkages of plasma status of antioxidant minerals and 

vitamins, oxidative stress, and lens opacity in commonly found in indian cataract patients. Other sources of 

cataractogenesis are the oxidative stress. Which can effect on the lens of eye and direct influence on the 

solubility of lens proteins, leading to an increase in the opacity of lens. 
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1. Introduction: 

Cataractogenesis is the process of cataract formation. Cataract, which can be defined as any opacity of the 

crystalline lens, is the leading cause of avoidable blindness worldwide. Cataract, which leads to lens 

opacity, is one of the most common eye diseases and a leading cause of blindness, accounting for about half 

of the total visual impairments observed in humans (Asbell P, 2005; Foster A, 2005; Sacca S,2009). A 

significant number of cataract patients lose their vision due to inadequate access to eye care. Although 

around 16 million people worldwide have cataracts, congenital cataracts are rare and are generally caused 

by an intrauterine infection and other prenatal insults (Asbell P, 2005; Sacca S,2009, Shiels A 2017). In this 

review to the study of several factor and association of genetic mutations with the development of several 

cataracts (Shiels A 2017). It is estimated that about 25% of congenital cataracts are hereditary (Sacca 

S,2009). The age-related cataract is the most common type (Shiels A 2017). Age-related cataract is 

responsible for nearly half of all blindness worldwide (Beebe D 2010). In addition to increasing age, several 

other risk factors, such as diabetes and exposure to radiation and ultraviolet light, have been identified 

(Shiels A 2017). Although there is little information available about the loci and genes related to the age-

related cataract as compared to the congenital cataract, previous reports have suggested the association of 

single nucleotide polymorphisms in several genes and genetic compositions of the patients with age-related 

cataracts (Shiels A 2017). 

Lens opacification in cataract as a complication of diabetes mellitus is associated with increased oxidative 

and hyperosmolar stress. Oxidative damage to the lens has been linked with development of cataract and 

decrease in antioxidant enzyme activities in the cataractous lens points to the importance of antioxidant 

enzymes in the prevention of oxidative damage to the lens and subsequent development of cataract (Varma 

S, 2004). A wide range of drugs like aldose reductase inhibitors, non-steroidal anti-inflammatory drugs are 

being tried for their anticataract activity (Kyselova Z, 2004 9). 

Zones of the lens are metabolically distinguishable: the epithelium, the cortex, and the lens nucleus or core 

(Blondin J 1987;11). Epithelial cells are found just under the collagenous capsule that surrounds the lens 

(Blondin J 1987 10). These are the most recently formed cells and they are the most metabolically active. 

Some of these cells divide to form lens fibres cells. It is in these cells that the major gene products of the 

lens, the crystalline, are elaborated (Blondin J 1987;Eisenhauer D, 1988; Boscia F 2000).The outer layers of 

such fibres cells comprise the cortex. Buried under the cortical cells are the oldest lens cells, called nuclear 

or core cells. Thus, there is a gradient, with the most recently elaborated proteins in the epithelium and the 

oldest proteins, which were elaborated during embryonic stages, in the nuclear cells (David L,1984). 
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2. Type of cataracts 

1. Congenital cataracts 

Congenital cataract reflects mainly genetically caused developmental alterations in the lens. Congenital 

cataracts, which are present at the birth and are, the less common cataract. Congenital cataract is a term used 

to define lenticular opacities at birth. Infantile cataract encompasses all lens opacities that develop within 

the first year of birth. The terms are used interchangeably due to some of these opacities being missed at 

birth only to be discovered later in life by ophthalmologists. They vary in severity from being non-

progressive and visually insignificant to causing profound visual impairment (Rosenfeld and Blecher 2005). 

Visual loss in congenital cataract is predominantly caused by amblyopia, which arises in a number of ways. 

2. Age related cataracts: 

The age-related cataracts are nuclear sclerosis, cortical and posterior subcapsular. Nuclear cataracts form in 

the center of the lens and cause the nucleus to become hard or sclerotic with the deposition of brown 

pigment. Cortical cataracts are due to the opacity lens cortex and posterior subcapsular cataracts attack the 

back of the lens adjacent to the capsule.  

3. Secondary cataracts 

Secondary cataracts are caused by diseases like glaucoma and diabetes or medications such as steroids and 

radiations (Yanoff M and Duker J. 2008). Cataract is associated with the gradual reduction of visual quality 

and is accompanied by a series of pathways that associated with imbalance in oxidant-antioxidant status 

(Adedapo KS, Kareem ST 2012), membrane lipid peroxidation (Kisic B, Miric D 2009), defected cellular 

communication (Gao J, Sun X 2004), ion imbalance (Duncan G, Bushell AR 1975), modification, 

aggregation and accumulation of proteins (Boros S, Wilmarth PA 2008), lenticular cell death, inflammation 

(Klein BE, Klein R). Hence, based on a variety of model systems; including cell/ organ culture, animal and 

human studies, the review focused on exploring the various pathways relating to the pathology of cataract, 

current treatment modalities and therapeutic preventive measures. 

3. Mechanism of Cataractogenesis: 

1. Oxidant-antioxidant imbalance 

The major enzymatic antioxidants in the lens are superoxide dismutase, Catalase, glutathione peroxidase, 

glutathione reductase, glutathione-S-transferase, thioredoxin system and non-enzymatic antioxidants are 

reduced glutathione, ascorbic acid, Vitamin A, E. (Bernstein P and Khachik F 2001). These antioxidants 

protect lens from damage induced by toxic radicals/species and oxidative stress is a metabolic state in which 

excessive levels of highly reactive and unstable compounds overwhelm the ability of antioxidants that 

quenches them. Decline in the activity of all these enzymes and molecules are reported in the formation of 

cataract (Kisic B 2012; Stamenkovic M, 2014). 
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2. Lipid peroxidation  

The integrity of lenticular membrane is one of the important factors that keep lens transparency. Lens 

membrane serves as an impermeable barrier to cations and is equipped with membrane ATPases for the 

homeostasis of water, calcium, sodium and potassium. Lipid oxidation is a major harmful consequence of 

ROS formation as it produces irreversible oxidative changes of membranes. It has been shown to induce 

disorganization of the membrane, modification of membrane proteins, alters the physiological functions of 

cell membranes. Lipid peroxidation has been implicated in the pathogenesis of cataract because the lethal 

peroxidation products induce fragmentation of soluble lens proteins and damage critical membrane 

structures, epithelial cell apoptosis and correlating with an increase in lens opacity and changes in the 

refractive properties of the lens (Babizhayev M.  2016). 

3. Ion imbalance  

Lens membrane is equipped with various pumps for maintaining the optimal ion homeostasis. To maintain 

such steep ionic gradients, the lens must continually expend energy to drive sodium and calcium outward, at 

the same time functioning to accumulate other ions such as potassium. Cellular calcium homeostasis is 

achieved by a balance between the inward leak and out flow by plasma membrane Calcium ATPase and Na+ 

Ca2+ exchanger. Progressive elevation of sodium, marked loss of potassium and several fold increment of 

calcium are documented in the literature in the pathology of lens opacification (Shukla N. 1996). A 

prolonged increase in the calcium concentration would be expected to activate proteases such as calpain and 

could induce the formation of protein aggregates and irreversible breakdown of important structural proteins 

andlead to lens opacification. The decrease of calcium ATPase activity is also reported with cataract due to 

lipid structural changes (Sreelakshmi V. 2015), increase in the oxidation of sulf-hydrul groups (Ahuja R. 

1999) and down regulated ATP utilization (Cooper K. 1986). 

4. Inflammation  

Inflammation is a series complex biological response of body tissues to harmful stimuli; although 

Inflammation is a protective response, it is reported in various diseases. Nitric oxide (NO) is a free radical 

gas, signaling messenger and the role of the NO in inflammation are well established. Nitric oxide is 

normally present at a low concentration in the aqueous humor that bathes the lens (Er H and Gunduz A. 

1999). Constitutive levels of NO production contribute normal ocular function, but in response to induction 

of inducible nitric oxide synthase (iNOS) by oxidant trauma, the production of NO is elevated. NO 

contribute to oxidation stress by developing more powerful oxidative agents suchas peroxynitrite with 

superoxide (Horton J.2003). 
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4. Risk factors causing cataracts: 

Cataract is a multifactorial disease associated with several risk factors such as aging, diabetes, exposure to 

sunlight, and hypertension; however, free radical induced oxidative stress is postulated to be, perhaps, the 

major factor leading to cataract formation (Spector A  1995). Generation of reactive oxygen species (ROS), 

resulting in degradation, crosslinking, and aggregation of lens proteins, is regarded as an important factor in 

cataractogenesis (Spector A 1984 and Truscott R 2000).It has previously been reported that the age-related 

loss of vimentin, tubulin, and other cytoskeletal proteins in the nucleus of the human lens is not a direct 

initiator of nuclear cataract, since the same changes are evident even in old, clear lenses (Kuwabara T 1968 

and Maisel H. 1984). Cataract can be congenital, age-related or secondary. Secondary cataract can be 

associated with ocular conditions such as retinitis pigmentosa or uveitis, or systemic conditions as in the 

case of diabetes or homocistinuria, or can be also drug-induced, mainly by steroids. Diabetes mellitus has 

been considered to be a major risk factor for cataractogenesis. It is known that in diabetics, the cataracts 

occur at comparatively an earlier age and 25 times more frequently. It is reported that about 20% cataract 

surgeries are performed for diabetics alone (Javadi M 2008). 

5. Problem of cataracts formation: 

Cataracts are a common problem among the old, which means that the aging process is mainly responsible 

for cataracts formation. Besides, if you have injuries in your eyes, cataracts may happen as well. Another 

popular cause for cataracts is the suffering from other serious diseases, such as diabetes or trauma. 

6. Discussion: 

In the present review support previous findings about antioxidant micronutrient deficiencies and their 

important contributory role to trigger the age-related oxidative insult. Further, an attempt has been made to 

highlight the relative role of plasma antioxidant micro-nutrient  biomarkers for lens degeneration among the 

Indian cataract population with different socioecologic backgrounds. When we reviewed the literature for 

these aspects, most of the reports pertained to in vitro cell culture experiments and on limited study 

parameters. The data on ex vivo measurement of oxidative stress in human cataractous lenses, especially for 

Indian conditions, was scanty. 

The lens in normal and cataractous stages contains a number of trace elements are responsible for copper, 

molybdenum, zinc, iron, selenium, chromium, and cobalt(Sethi A andNath K,1987).Copper in the lens may 

be associated with oxido-reduction and transamination reactions (Sethi A, and Nath K,1987). Selenium is 

the chief constituent of glutathione peroxidase, and iron and manganese act as important cofactors for 

catalase. Most of the literature reporting that micronutrient levels of lens in cataract are based on animal 

experiments including dietary habits. Further, there are limited studies on trace metal contents in cataractous 

lens, specifically in Indians. (Sulochana K. 2002 and Srivastava V 1992). 
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According to Sulochana et al., (2002.)was reported that the selenium, zinc, and copper stages in lens found 

whole blood for 53 smoker and non-smoker cataract patients.However, no comparisons for blood 

parameters could be made because their estimations were for whole blood, whereas ours concerned plasma 

and serum. Moreover, trace metal levels in lens are expressed as micrograms per gram of protein.  

Although cataract is one of the major causes of preventable blindness throughout the world, there is no 

universally accepted pharmacological agent at present to either inhibit or regress the opacification in the 

human lens. Surgical removal is the only treatment method for human cataract. Oxidation of lens proteins 

may play an important role in the cataract. Biochemical evidence suggests that each of these compounds can 

delay photo-oxidative damage to lens proteins. 

7. Conclusion: 

This review has shown the large amount of evidence and epidemiological, demonstrating a link between 

lenticular oxidation processes and cataract and between antioxidant intake and retardation in age-related 

cataractogenesis. It is thus somewhat depressing to note the equivocal findings with regard to human 

interventional studies. One hopes that studies in companion animals might, in the future, be able to give 

more positive results. In these review we are concluded that the age related cataract is complex process and 

yet not understood properly. Oxidation may be a very early or initiating event in overall process in the 

sequence of events leading to cataract. 

In the personal opinion cataract may be considered an illness with systemic echo, not only a local disease. 

But, it is still hard to say if the modified oxidative stress parameters are cause or effect on lens resulting on 

formation of cataract. 
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