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(ABSTRACT) 

Calcium is an important factor in many cellular activities 

and in the maintenance of structural integrity of membranes. 

Calcium accumulation in the rat lens above the normal 

physiological range (0.11 µmol/g wet weight) has been 

associated with formation of cataracts. Selenite is known to 

influence the histological characteristics of the lens and 

also alter important biochemical functions. In the selenite-

induced cataract calcium levels increase as much as 5-fold 

above normal, the increase preceding appearance of mature 

opacity by 24 hours. Calcium in the lens rapidly exchanges 

with labelled calcium in the incubation medium and. 

establishes equilibrium within 30 minutes. Selenite, 

accumulated in lens in vivo, causes a 5-6 fold increase in 

lens calcium over controls during a 24 hour incubation in 

modified Hank's medium at 37°c. In vitro lmM selenite in the 



culture medium results in a 15-fold increase in lens 

calcium, a 17-fold increase in sodium/potassium ratio, and a 

60% increase in lens hydration. Efflux of calcium from in 

vivo and in vitro selenite-treated lens is not impaired. The 

lens retains the capability to transport 3-4 fold greater 

calcium over controls from lenses which have accumulated 

excess calcium in the presence of selenite. In vivo selenite 

treatment results in a 2.5-fold increase only of 

extracellular water. In in vitro selenite-treated lenses, 

however, there is a .2.6-fold increase in extracellular water 

and a 1. 8-fold increase of intracellular water. Selenite 

treatment of the lenses in vivo and in vitro causes a 

greater influx of calcium into the lens. Calcium 

accumulation may act in a nonspecific manner altering lens 

biochemical functions, membranes and 

structure, causing development of 

relationships between selenite induced 

lens fiber 

opacities. 

cataract and 

cell 

The 

the 

associated changes in lens calcium content further validates 

this model for studying the biochemical changes which impact 

cataract formation. 
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ABBREVIATIONS 

hrs - hours 

g - gram 

mg - milligram 

LSC - liquid scintillation counting 

wt. - weight 

cpm - counts per minute 

% - percent 
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Chapter I 

INTRODUCTION 

Cataract development is a major contributing factor to loss 

of vision in humans all over the world. Loss of lens 

transparency due to 

cataract development. 

lens opacification 

Opacification causes 

occurs during 

increased light 

scattering rather than transmission. Various factors may be 

involved in loss of lens transparency. For example, altered 

protein conformation, disorder in arrangement of lens fiber 

cells and membranes, imbalance of electrolytes, or a change 

in hydration of lens could lead to physico-chemical changes 

which cause light scattering. Lens transparency is related 

to orderly arrangement of lens fiber cells, membranes, and 

native conformation of proteins, disturbances of which may 

lead to opacities [1]. 

Selenite-induced cataract is an effective model with 

which to study causative factors in cataractogenesis because 

of its ease of induction and reproducibility [ 2] . It is 

therefore necessary to establish the extent to which events 

which lead to cataract in this system are similar to what is 

understood about other types of cataract. Preliminary 

experiments indicated that selenite causes an increase in 

calcium content of the cataractous lenses. Selenite stress 

1 
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may lead to altered membrane permeability which may be a 

phenomenon related to altered calcium levels. It was 

therefore important to evaluate the role calcium plays in 

selenite induced cataractogenesis. 

Calcium accumulation has been associated with formation 

of cataracts in both calf and human lenses. Calcium levels 

as high as 13 times the normal value have been observed in 

human cataractous lenses [3]. Both depressed ans elevated 

levels of calcium are known to cause cataract. Cell adhesion 

and permeability, including that of the lens fiber cells are 

influenced by calcium [4]. Disorders in calcium metabolism 

could lead to altered calcium levels in the lens fiber cells 

causing biochemical and histological changes in lens tissue 

which may lead to appearance of cataract. Study of calcium 

concentration and metabolism in control and cataractous 

tissue is significant to the understanding of the role of 

this ion in normal lens functions. 

Lens calcium levels were quantified by atomic absorption 

spectrophotometry in lenses at various ages of rats and as a 

function of selenite induced cataract. Regulation of 

calcium in the lens in vitro under different experimental 

conditions established using 45 Extracellular was CaC1 2 . 

space of the lens was determined by radioactive tracer 
1.a. technique, using ~C-carboxy inulin. Distribution of calcium 
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and extracellular volume throughout the lens was also 

investigated. 



Chapter II 

LITERATURE REVIEW 

2.1 THE LENS 

The transparent eye lens is an avascular organ with a simple 

structure and chemical composition. The lens functions to 

carry out proper refraction of the incident light beams. The 

lens is situated between the aqueous humor and vitreous body 

of the eye and receives its nourishment from these ocular 

fluids. 

The lens is an entirely epithelial structure, composed of 

this cell type in its various differentiated forms. 

Anatomically, it can be separated into an acellular capsule 

which envelops the metabolically active anterior epithelium 

from which fiber cells differentiate and elongate, the 

cortex and the densely packed cells of the nucleus [5]. As 

fiber cells elongate and mature they lose most of their 

cellular organelles. The differentiated cells are laid down 

in layers at the periphery of the lens and are then 

displaced towards the center. The inner region therefore 

depends on the outer metabolically active tissue to maintain 

structural integrity, homeostatic control and defense 

against toxic metabolites [6]. 

4 
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The lens consists mainly of proteins and water. 

Approximately 35% of the wet weight and nearly all the dry 

weight of the lens is protein, this concentration increasing 

as much as 65-70% in the nuclear region of the rat lens [6]. 

Of the proteins in the lens, 90% are lens-specific, water 

soluble structural proteins- the crystallins. Four major 

classes of these proteins have been identified in mammals-

~, s8, SL' ~ and the relative proportions of each class alter 

with age. 

The portion of lens protein which does not dissolve when 

the lens is homogenized in aqueous buffer is called the 

insoluble protein fraction. This fraction also contains 

membranes of the lens. Analysis of this fraction after 

solubilization indicates that the proteins are similar to 

those in the soluble fraction [7]. 

Visual acuity, depends on accommodative properties of the 

lens. This automatic adjustment is regulated by the protein 

content and relative amounts of water [7]. Water is 

important in maintaining pH, osmotic pressure and viscosity. 

The water present is chiefly intracellular with a small 

fraction being extracellular [8]. 

The nonprotein content of a normal lens is approximately 

2% of total lens weight, which includes organic and 

inorganic constituents. Inorganic constituents include 
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potassium, sodium, calcium, chloride, phosphate and sulfate. 

Organic constituents are glutathione, lipids, ascorbic acid 

and inositol. Although comprising a very minor percent 

quantitatively, these nonprotein constituents are very 

important metabolically [8]. 

2.2 CALCIUM IN A NORMAL LENS 

Calcium is an important factor in many cellular activities 

and in the maintenance of structural integrity of biological 

membranes [ 9] . Calcium is an important factor in 

maintaining lens permeability [13]. In presence of calcium 

chelators like EGTA, sodium permeability of the rabbit lens 

increases considerably [l]. 

The calcium content of a young lens is very low. In the 

normal lens, calcium concentration is much lower than in the 

aqueous humor. Diffusion of calcium into the lens is 

restricted by active and passive permeability properties of 

lens membranes [10). Low intracellular calcium concentration 

is maintained by a "thermodynamically uphill transport" 

driven by metabolic energy [11). Two active transport 

processes for calcium in cells of different tissue are 

heteroexchange and a calcium pump. Heteroexchange is the 

efflux of calcium coupled with an influx of sodium using 

energy generated by the sodium gradient. The + 2+ Na -Ca 



7 

exchange carrier may operate in parallel with a + + Na /H 

antiporter as in mitochondria and other microbial organisms. 

Calcium pumps are dependent on ATP hydrolysis as energy 

supply [ 11]. 

Calcium efflux in rabbit lens is a calcium pump dependent 

activity [12]. In the presence of ca2 + ATPase inhibitors, 

calcium levels increase in cultured rabbit lenses. Calcium 

efflux is significantly reduced at low temperatures [ 12]. 

The calcium pump derives its energy requirements primarily 

from anaerobic glycolysis. In the presence of iodoacetate 

or absence of glucose, rabbit lenses tend to gain calcium, 

but in the presence of the respiratory inhibitor cyanide, no 

effect is seen [13]. Lens epithelium, subcapsular and 

cortical fibers both in anterior and posterior regions 

contribute to calcium extrusion [13]. 

In the amphibian lens, of the total lens calcium 15% is 

present in extracellular spaces, 55% is present in solution 

in cell water (cell calcium) with some being bound to 

intracellular sites, and approximately 30% is bound to 

membranes, functioning to maintain membrane permeability. 

[ 14] . The bound fraction of the lens is tightly bound in 

that there is no significant. drop even after 48 hour 

dialysis in the presence of EGTA [ 15 l . The free 

intracellular calcium is very low representing only 0.3% of 

total lens calcium [16]. 
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Distribution of calcium in the whole lens is not 

homogeneous. Calcium is present in both the cortical and the 

nuclear zones of the lens. The nuclear region of the 

amphibian lens has a calcium content similar to the whole 

lens [14]. In the rabbit lens 60% of the total lens calcium 

is in the "outer 25%" of the lens (17]. Normal distribution 

of calcium and maintenance of physiological concentrations 

are important to maintain proper lens functioning and lens 

transparency (18]. Alterations in calcium content are 

associated with an imbalance of Na+ /K+ ratios, changes in 

protein conformation, and structural changes of lens fibers, 

leading to loss of lens transparency. 

2.3 CALCIUM IN CATARACTOGENESIS 

Toxic cell death is a specific consequence of a 

disturbance in intracellular calcium homeostasis. Elevated 

calcium levels have been identified in the aging lens (15], 

senile cataracts [15], cataracts induced by chemical agents 

[19], and X-irradiation. Hypocalcemic cataracts are also 

reported in literature in rabbits. Low calcium is consistent 

with hypocalcemic state of the animal in grade 1 and 2 

cataracts. Increase in total calcium content occurs as the 

severity of cataract increases from grade 2 to grade 3 [20]. 
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Physiological calcium levels are important in lens 

transparency. Lens cell membranes are disrupted by 

concentrations of calcium below or above the physiological 

range [18J. In in vitro experiments, turbidity of lens 

cortex increases when calcium concentration is outside the 

normal range [ 18] . Loss of cell membrane occurs in the 

presence of excess calcium, accompanied by excess hydration, 

vacuolization and exposure of the filamentous cytoskeleton 

of the cortical cells to the exterior. There is an increase 

in permeability of the lens [18]. 

Calcium influences the subcapsular fibers in vitro. With 

increasing calcium levels lens fibers fuse, forming large 

syncytial bodies. Fiber cells swell starting at the apical 

region. Small spherical bodies enclosed by membranes are 

separated. The extracellular space expands and is filled 

with small numerous membrane enclosed spheres. Reduction of 

density of the intracellular matrix also occurs [21]. 

Significant amounts of calcium are associated with fiber 

cell membranes in the cataractous lens [ 22]. Free calcium 

increases as much as 10-to 100- fold in the opacified 

regions [23]. 

Calcium is involved in stabilizing lens cytoskeleton. 

Lens fiber cells are coupled together at specialized sites 

by gap junctions. When exposed to increased calcium levels, 
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gap junctions are uncoupled and crystallize r 23 J . 

Crystallization is the orderly hexagonal alignment of 

intramembrane particles from the unorderly polygonal 

noncrystallized lattice [24]. The protein vimentin present 

in the lens epithelium and superficial fibers interacts with 

membrane gap junctions. Vimentin can be cleaved by a calcium 

activated lens protease. With increasing calcium 

concentrations, gap junctions are closed and crystallize 

isolating the affected region from the normal region r 21]. 

Deleterious effects of calcium result in the degenerative 

changes of the effected cells. 

Calcium ions produce an aggregation in many systems. 

Isolated alpha-crystallins from bovine lens aggregate in the 

presence of calcium in excess of 4 X 10-4M to form high 

molecular weight proteins [25]. In cataractous lenses ratio 

of soluble to insoluble protein decreases. It is speculated 

that the high molecular weight aggregates form an 

intermediate in the formation of insoluble proteins from 

soluble proteins, the phenomenon triggered by calcium [26]. 

Calcium levels in cataracts increase in both the insoluble 

and soluble fractions of proteins [22]. In both X-ray 

induced cataracts and human cataracts it has been observed 

that cataract development is not accompanied by or dependent 

on a redistribution of lens calcium. The increase occurring 
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in protein bound calcium is not derived from a fixed pool of 

free calcium. As total calcium content increases in lens, a 

corresponding amount becomes fixed to membranes or proteins. 

The proportion of total calci urn which is bound does not 

change [22,27]. A significant amount of calcium becomes 

associated with fiber cell membranes, affecting cell 

membrane integrity and membrane bound enzymes. Calcium also 

activates certain proteases present in the lens. The soluble 

a-crystallins are cleaved by the action of the activated 

proteases into low molecular polypeptides, which form 

components of the high molecular weight aggregates formed 

during cataractogenesis. 

Calcium can play role in cataractogenesis if the agents 

that normally sequester calcium become ineffective and the 

calcium ions become free to induce protein aggregation and 

to alter membrane structure and cytosolic composition 

leading to formation of opacities. 

2.4 EXTRACELLULAR SPACE OF THE LENS 

The eye lens is a multilayered organ of closely packed fiber 

cells. Adjacent fibers are in contact at certain 

specialized sites forming tight junctions [28]. The fibers 

have a small, but definite extracellular space between them. 

These lens fibers are coupled together by gap junctions. The 



extracellular space is 

amount of fiber cell 
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lined by fiber cell membranes. The 

membrane lining the extracellular 

volume accounts for more than 99% of all membranes of the 

lens [28]. 

The extracellular space within the lens is very small, 

narrow and tortuous. In the amphibian lens it accounts for 

4.3% of total lens water [29] and in the rat lens, 6.5% 

[30]. The extracellular space is not uniformly distributed 

throughout the tissue. A large fraction exists at the 

posterior suture. The nucleus has a small fraction- only 18% 

of total extracellular space in the amphibian lens. The 

larger portion is present in the outer layers of the lens 

between the "collageneous interstices" of the capsule, in 

the anterior epithelium and in the pool underneath [29J. 

For its normal functioning, the avascular lens obtains 

its nourishment from the external bathing solution. 

Nutrients, metabolites and ions reach the inner layers by 

direct transfer from one cell to another, via cell to cell 

coupling or through extracellular spaces. The physiological 

properties of the lens are strongly affected by the 

properties of the extracellular space and fiber membranes 

because flux of ions, solutes, and water are significantly 

impeded by the narrow, tortuous extracellular matrix and the 

large proportion of membranes. That membranes play an 
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important role in lens functions is concluded from the fact 

that the specific capacitance of the membranes of the lens 

fibers vary insignificantly when potassium concentrations in 

the bathing solutions is varied from 2. 5 to 30mM, -.also 

suggesting that the response of lens arises from dielectric 

properties of lens fiber membranes and not change in 

potassium concentrations. Series resistance was found to 

double when extracellular conductivity was decreased by a 

factor of 1.9, suggesting this change is produced by 

resistance of solution in the extracellular space of the 

lens [28]. 

Certain cataracts are associated with enlargement of the 

extracellular space. 

solution causes an 

extracellular space 

For the amphibian lens hyposmotic 

increase of nearly 80% of the 

and opacification. Shrinkage of lens 

fibers causes geometric changes resulting in alterations in 

light transmission [29]. 

2.5 SELENITE-INDUCED CATARACT 

High levels of selenite have been described as potent 

promoter of cataract in rats (31]. Rabbits and guinea pigs 

are also susceptible to 

Ostadalova and colleagues 

its toxicity [2]. 

reported that 

Originally, 

subcutaneously 
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injected selenite (20urnole/Kg body weight) induced cataracts 

in rats [32]. Complete cataracts appear 96 hours post 

injection as bilateral dense nuclear opacities. Selenite is 

thought to trigger metabolic damage causing cataracts. 

Selenium has a great affinity for protein sulfhydryl groups. 

Selenite may cause nonenzyrnatic oxidation of protein 

sulfhydryl groups in lens [31]. 

Biochemical and histological changes have been observed 

in the selenite induced cataractous lens and in the lens 

prior to appearance of mature cataract. 

2.5.1 Histological and morphological changes 

In the first 24 hours post injection, well defined posterior 

opacities called post-equatorial sub capsular cataract are 

observed, consisting of swollen fibers containing small 

vacuoles. This change is followed in the next 48 hours by 

disappearance of posterior opacities and the appearance of a 

thin layer of swollen fibers around the nucleus and makes 

the perinuclear region look like a 'washer' . In the next 24 

hours there is appearance of the bilateral central nuclear 

cataract covering 70% of the lens. The fibers in the 

perinuclear region encasing the nuclear opacity are swollen. 

The nuclear opacities become more dense and angular in the 

next few days [2]. 



15 

In the mature cataract, the lens fibers in the nuclear 

region measure approximately 4.9um in width and are enlarged 

compared to cortical fibers which measure 2. Bum. Increased 

levels of sodium selenite cause increased vacuolization in 

epithelium, and areas the equatorial region, anterior 

primarily in the posterior cortex accompanied by cellular 

damage [ 33] . Scanning electron microscopy 

selenite induced cataractous lenses show that 

studies of 

lens fiber 

cells in the nuclear region pull apart leaving a disorderly 

arrangement in contrast to the closely associated and 

ordered cells in a normal lens. The region between the 

peripheral nucleus and the cortex under goes a disruption of 

cell to cell adhesions similar to those seen in the nucleus 

but not as pronounced [34]. 

2.5.2 Biochemical changes 

Selenium concentrations in the lens increase 6-24 hours post 

injection, changing from 0.25 to 0.75ppm, and thereafter 

slowly decline [30]. There is a 60% decrease in lens 

glutathione levels 24 hours post injection, a 14% decrease 

in lens protein sulfhydryl at 6 days post injection [ 31], 

37% inhibition of lens superoxide dismutase and a 25% 

inhibition of lens catalase [35]. Whether 

occur sequentially or simultaneously is 

these 

yet 

changes. 

to be 
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determined. Glutathione levels remain depressed to 30% of 

normal through 12 days post injection. NADPH levels are 

decreased 31% beginning 24 hours post injection, but lens 

NADPH recovers to normal by 72 hours post injection. The 

hexose monophosphate shunt activity is elevated at 12 hour 

post injection, increasing as much as 60% at 24 hour post 

injection [36]. Altered energy metabolism and a shift in 

nucleotide pools is another significant effect of selenite 

injection. ATP is decreased 60% over controls with a 

concomitant increase in AMP. Glycolytic activity increases, 

stimulating lactate accumulation in the lens within 12 hours 

of selenite injection [36]. 

Summarizing, it is important to determine the role of 

calcium related to the altered functions and sequence of 

events which triggers the appearance of opacities in the 

selenite- treated lens. 

the maintenance of 

conformation, transport 

enzymatic reactions. 

Calcium is an important element in 

cell membrane integrity, protein 

functions of the cell and other 



3.1 MATERIALS 

Chapter III 

MATERIALS AND METHODS 

Sprague Dawley strain rats were maintained on Purina Lab 

chow obtained from Flow Laboratories, Inc. (Dublin, 

Virginia) and distilled water provided ad libitum. Rats were 

bred at Virginia Tech. Dams with litters were housed in 

plastic cages in a temperature controlled room (21°C) which 

had a 12 hour day/night cycle. Animal age was determined by 

counting day of birth as day one. 

Calcium standard (lOOOppm) solution, hydrogen chloride, 

30%(w/v) hydrogen peroxide for calcium content analysis and 

ScintiVerse II for use in Scintillation Counter were 

obtained from Fisher Scientific Co. (New Jersey). Double 

distilled nitric acid for ashing samples was obtained from 

G. Frederick Smith Chemical Company. Sodium selenite was 

purchased from Aldrich. Lanthanum Oxide and EGTA were 

purchased from Sigma Chem. Co. (St. Louis, Missouri). Ready 

Solv., was obtained from Beckman. 

4 5 CaCl 2 was 

Inulin- 14 COOH 

purchased from 

was obtained 

New 

from 

Washington) and New England Nuclear. 

England Nuclear. 

Amersham(Seattle, 

Hank's TCl 99 stock 

medium without Na 2co3 , and Phenol Red and with L-Glutamine, 

17 
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and Hank' s TCl 99 2+ stock medium without Ca , 

and Phenol Red but with L-glutamine were purchased from 

K.C.Biological Incorporation. 

3.2 METHODS 

3.2.1 Induction of Cataracts 

Rat pups were injected with l.Sul of 0.02M Na2 seo3/gram body 

weight on day 10 post partum. Lenses were removed from these 

pups at various times after injection. Visible cataracts 

appeared 72 hours post-injection. 

3.2.2 Calcium Analysis 

1. Preparation of Lens Samples- Rat pups were 

decapitated and lenses removed on a Whatman Fi 1 ter 

paper soaked with 0.SmM EGTA, which chelates any 

calcium from vitreous contamination. Each pair of 

lenses was weighed in preweighed metal free glass 

tubes to obtain the wet weight of the lenses. Lenses 

were then dried overnight at 100°C and the dry weight 

obtained. Dried lenses were reduced to ash by 

digesting with lOOp.l of redi stilled nitric acid per 

lens, followed by 50 Ml of 30%(w/v) hydrogen peroxide 

per lens at 100°C. This procedure was repeated thrice 

for complete digestion. Residue obtained per sample 
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was dissolved in 1 ml 10% HCl prepared in 1% 

lanthanum oxide which binds inorganic phosphate 

present in the sample. 

2. Calcium Determination- Calcium content in the samples 

3 . 

3.2.3 

was measured on a Perkin Elmer Model 560 Atomic 

Absorption Spectrophotometer. Samples were analyzed 

at 422. 7 nm according to procedures recommended by 

the manufacturer. Standard solutions were prepared 

from commercial Calcium Standard purchased from 

Fisher Scientific. 

Sodium and Potassium Determination- Sodium and 

potassium content in the samples was measured on a 

Perkin Elmer Model 560 by Flame Emmision 

Spectrophotometry, according to procedures 

recommended by the manufacturer. Samples were 

prepared by ashing lenses. Standard solutions were 

prepared from· commercial standards (1000 ppm). 

?tudy of In Vitro Effect of Selenium on Rat lens 
Calcium 

Each pair of lenses from 10-day old rat pups was incubated 

in the presence of various concentrations of sodium selenite 

in 2 ml Hank's medium containing 5% fetal calf serum at 37°C 

for 4 hours. Control samples in the absence of selenite were 

also maintained. Total lens calcium content was analyzed as 
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described under 'Calcium Analysis'. Medium composition is as 

described in Table 1. This is a modification of the medium 

preparation described by Barber et al.[37]. 
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TABLE 1 

Modified Hank's Medium 

(for 500 mls.) 
128.00 ml Bicarbonate Buffer 
216.00 mg Glucose 
36.00 mg Streptomycin 
3.84 mg Penicillin 

800.00 mg Sodium chloride 
122.75 mg Calcium chloride 
320.00 ml Hank's* 

Preparation of Bicarbonate Buffer (for 1000 mls.) 
7.650 g Sodium bicarbonate 
0.368 g Potassium bicarbonate 
0.743 g Sodium chloride 
0.085 g Potassium chloride 

The medium prepared above was evaluated 
for osmcmolarity. The osmomolarity usually 
ranged between 285 and 295. 

*Hank's medium as specified by K.C.Biological, Lexxena, Kansas. 
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Calcium content in the lens tissue was calculated as 

follows: 

Calcium ppm in sample 

nmole Calcium/Lens = -----------------------
2 X 40.08g/mole 

Calcium ppm in sample 

µmole Calcium/g wet wt =----------------------------
40.08g/mole X Wet wt.of sample 

Calcium ppm in sample 

µmole Calcium/g dry wt 

3.2.4 

40.0Bg/mole X Dry wt.of sample 

Study of Calcium Metabolism of Normal and 
Cataractous Lens 

1. Calcium uptake and efflux- Radiotracer techniques 

were utilized to study the uptake of calcium and its 

efflux in the rat lens. Different aged control and 

selenite treated rat lenses at different time points 

post-injection, were incubated in lml Hank's medium 

containing 5% fetal bovine serum and radioactive 

45 Ca(4µCi/ml) for 3 hours at 37° C. Lenses were 

removed with a glass loop from labelled medium and 

washed twice on the loop with 100 pl of unlabelled 
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medium, blotting the excess liquid onto filter paper 

at each step. Lenses were then transferred to lml of 

tracer free medium for efflux measurement. Aliquots 

of 100 pl were removed at 0,5,10,20 and 30 min. 

intervals. 

Total amount of radioactivity transported at any 

instance was calculated as: 

CPM(TN)=[{cpmtn/lOOpl X vol. in flask at time t} 

+{cpmtn-l/100µ1 +-----+cpmtn-(n-l)/lOOpl} 

- CPMT0 ] 

where CPMT0 = cpmt0 / lOOpl X lOSOpl. 

TN = Total counts transported at any time t 

T0 = Total counts in flask at time zero. 

After 30 min., lenses were removed, washed with lOOpl 

medium and counted for radioactivity in a 

scintillation counter. Total calcium uptake by any 

lens is calculated as 

Total CPM/lens = CPM T30 + CPM (L). 

where CPM T30 =counts transported after 30 min. 

CPM (L) =CPM remaining in lens after 30 min. 

2. Effect of Lanthanum on calcium efflux- Lanthanum is 

an inhibitor of calcium ATPase which functions to 
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efflux calcium from the lens. Each pair of lenses 

from 10-day old rats were incubated for 2 3/4 hours 

in lml Hank's medium containing 5% fetal calf serum 

and radioactive 45 Ca (4µCi/ml), and then for 15 mins 

in the same medium also containing lmM lanthanum 

oxide. Each lens was then transferred after washing 

twice with tracer free medium to unlabelled medium 

containing lmM lanthanum oxide. Aliquots of 100 µl 

were taken at different time intervals over a 30 min 

period. The total amount of radioactivity transported 

at any instance was calculated as described in the 

last section. 

3. Calcium efflux at 4°C-Each pair of lenses was 

incubated for 2 hours and 45 minutes at 37°C and for 

15 minutes at 4°C in the medium containing 

45 Ca(4µCi/ml). They were then transferred 

individually to tracer free medium at 4°C for efflux 

measurements. Total amount of radioactivity 

transported at any instance was calculated as 

described in the last section. 

4. Lens calcium as a function of calcium concentration 

in the medium - Calcium free TC-199 medium was used 

in the preparation of incubation media containing 

different concentrations of calcium ranging from 0.2 
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to 1. 5mM. Medium composition was as described in 

Table 'Hank's Medium' except for varying calcium 

concentrations. Lenses from 10-day old rats were 

incubated at different concentrations of calcium for 

three hours in medium containing 45 Ca(4pCi/ml). 

Lenses were washed twice with 100 ,ul aliquots of 

tracer free medium. Scintillation fluid (3mls) was 

added per sample and radioactivity was determined on 

a Beckman Scintillation Counter. Counting effeciency 

of the instrument was 95-99%. 

Total calcium uptake (pmoles) was calculated as 

CPM/Lens 

CPM/pmole calcium in medium 

In vitro effects of selenite on lens calcium 

1. Kinetics of calcium uptake in control lenses and in 

the presence of selenite- In vitro Tissues were 

incubated to study the effect of selenite on calcium 

metabolism. Time-dependent changes of calcium in lens 

were monitored continuously during defined increments 

of time. Lenses from 10-day old rat pups were removed 

and each pair incubated in Hank's medium containing 

radioactive calcium as described earlier in the 
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presence and absence of selenite. Lenses were then 

removed, washed and the amount of radioactivity 

determined by liquid scintillation counting. 

2. Distribution of radioactive calcium in the lens-

Lenses were incubated as in the above section, both 

in the presence and absence of selenite. Each lens 

was washed twice with unlabelled medium (100µ1) and 

placed on a 2 cm square filter paper. The capsule was 

cut with a scalpel and nucleus separated from the 

cortical capsular region. It was difficult to 

dissect epithelial and capsule layers from the cortex 

of the lens; therefore only two regions were 

considered. The nuclear region is a well defined 

separate entity; the second region was the capsular 

cortical region. The nucleus was removed and placed 

on another paper and the two fractions counted to 

determine radioactivity. 

3.2.6 Determination of Extracellular Space of the Rat Lens 

Inulin- 14 COOH was used to determine the volume of the 

extracellular space of the rat lens. Inulin is a large 

carbohydrate and can penetrate the lens capsule. Once in the 

lens the lens fiber cell membranes are not permeable to this 

large molecule. The substance therefore remains in the 
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extracellular water of the lens and gives a good estimate of 

the extracellular volume. 

Rat lenses from 10-day animals and at different ages and 

different times post-injection were incubated in 1 ml Hank's 

medium for different time periods to determine kinetics of 

uptake of inulin and the equilibrium concentration of 

inulin. The medium contained inulin- 14COOH( 0. SµCi/ml). In 

vitro effects of selenite on the lens extracellular space 

was also determined by incubating the lens in presence of 

lmM selenite. After the required time intervals, lenses were 

removed, washed with unlabelled medium and the amount of 

radioactivity determined in a Beckman Scintillation counter. 

The volume of scintillation fluid used per lens sample was 3 

mls. The counting efficiency was 95-99%. 

Extracellular space was calculated as percent lens water. 

Lens water is taken as 70% of total lens wet weight. 

% Extracellular Space = 

[TOTAL CPM - CPM at time zero}/lens 

------------------------------------ x 100. 

CPM / ml medium X Lens Water Vol. 

The zero time value was subtracted because the number of 

counts adhering to the lens after dipping the lens in 

labelled medium and washing twice with unlabelled medium was 
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a significant fraction (nearly 25%) of the total uptake. 

The value was the same even after 10 minutes of incubation. 

3.3 STATISTICAL ANALYSIS 

Statistical analysis of the data obtained for efflux 

measurements was done by 'Multivariate Analysis-MANOVA Test' 

which compares mean of each time point and the slope between 

two time points for every variable. For the rest of the data 

a simple t-test was done. The level of significance was 

accepted as less than 5% level and statistically significant 

different values are designated with asteristics in table 

columns. 



Chapter IV 

RESULTS 

4.1 LENS CALCIUM ANALYSIS 

Calcium concentrations are determined in lenses from 

different age animals and in selenite-induced cataractogenic 

lens. Total lens calcium progressively increases with age. 

Within 10 to 21 days post-partum lens calcium concentration 

increases 2.1 fold (Table 2). Lens wet weight progressively 

increase with age (Table 3). 

Influence of selenite-induced cataract on lens calcium 

was also determined. Animals were injected with 30 µmoles/Kg 

body weight Sodium Selenite at day-10 post partum and killed 

at different hours post-injection. Lenses were assayed for 

calcium content and compared with control lenses of the same 

litter (Table 2 and Figure l). Calcium levels were elevated 

in lenses from selenite-treated animals on days 2-11 post-

injection (Table 2). At day 2 post-injection calcium 

concentration was 272% of control values, the increase 

reaching a maximum of 522% of controls at day 4 post-

inj ection. Lens calcium concentration was elevated prior to 

visible appearance of nuclear opacity. Calcium concentration 

did not change significantly after 4 days of injection up to 

11 days post-injection. 

29 
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TABLE 2 

Effect of selenite-induced cataract formation on lens 
calcium 

Lenses from both control and injected animals were 
analyzed for their calcium concentration. Samples were 
prepared by ashing. 

Animal Number of Calcium Concentration 
Age Hours Post (µmoles/gram wet weight) 

Injected 
(Days} (Hours} Control Injected 
------ --------- -------------------------------------

11 24 0.10 ± 0.002 ( 8 ) 0.11 ± 0.002 ( 6 ) 
12 48 0.16 ± 0.01 ( 7) 0.43 ± 0.08 (6)* 
13 72 0.21 + 0.02 ( 9 ) 0.71 ± 0.08 (10)* 
14 96 0. 20 ± 0.02 ( 7) 1. 06 ± 0.12 (10)* 
21 0.21 ± 0.03 ( 9 ) 0.88 ± 0.15 (8)* 

Numbers are mean± standard error (n). 
* Statistically different from corresponding control values. 
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TABLE 3 

Wet weight of rat lenses 

Lenses from different age animals were removed 
and weighed to determine their weight. 

Animal Age Control Injected 

(Days) (mg) (mg) ---------- ----------------- -----------------
11 9.2 .± 0.16 ( 8) 9.2 ± 0.14 (6) 
12 10.8 ± 0.20 ( 7 ) 10.4 + 0.30 (6) 
13 11. 5 ± 0. 35 (9) 11.1 ± 0. 30 (10) 
14 14.3 i 0.30 ( 7 ) 12.7 ± 0.34 (10)* 
21 16.2 ± 0.50 (9) 13.0 ± 0.36 (8)* 

Numbers are mean± standard error (n). 
* Statistically different from control values. 
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Selenite also influences growth of rat lens. By 96 hours 

post-injection lens growth has decreased considerably. 

Because the ratio of dry to wet weight does not change as 

compared to controls (Table 4) it is assumed that selenite 

decreases the protein content of the lens and not the water 

associated with the lens. 

4.2 EFFECTS OF SODIUM SELENITE ON LENS CALCIUM 

Calcium uptake by the rat lens under the influence of 

selenite ions was determined as a function of various 

experimental variables during lens incubations in vitro. 

Lens calcium uptake as a function of extralenticular calcium 

concentration in the medium was also established. 

4.2.1 Calcium uptake as a function of calcium in the 
medium 

Lenses were incubated in calcium concentrations ranging from 

0.2mM to 2.SmM. The lens normally has a calcium 

concentration of 0.16mM (calcium content = 1.0 nmoles). 

When lenses are incubated in calcium concentrations ranging 

from l.OmM to 2.SmM, calcium content in the lens exceeds the 

physiological levels. For example, lens calcium in the 

presence of 2. SmM calcium in the medium, was 2. 5 times 

greater than normal. Lenses incubated in lower calcium 

concentrations, below 0. SmM, have a calcium content lower 
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TABLE 4 

Dry / wet weight ratio of rat lenses 

Lenses from rats at different ages were removed 
and wet weight determined. Lenses were then dried 
overnight in an oven and the dry weight obtained. 

Animal Age Control Injected 
(Days) 

------- ------------------ -----------------
11 0.27 + 0.007 ( 8) 0.27 ± 0.01 ( 6) 
12 0.26 ± 0.010 ( 7) 0.26 ± 0.01 (6) 
13 0. 28 ± 0.006 (9) 0.28 ± 0.006 (10) 
14 0.29 ± 0.009 ( 7 ) 0.29 ± 0.009 (10) 
21 0. 34 ± 0.010 (9) 0. 34 ± 0.01 ( 8) 

Numbers are mean :.t standard error ( n) . 



34 

(Table 5) than the physiological content of 1.0 nrnole. 

Lenses incubated at 0.8rnM calcium concentration maintain the 

normal calcium content in the lens even after 24 hours of 

incubation (Figure 3). 

Lenses incubated above or below 0.8mM calcium 

concentration appeared turbid. At 0.8rnM the lenses maintain 

transparency. Since lens calcium content correlates with 

extralenticular calcium, lens transparency appears to depend 

on an external calcium concentration between O.SmM and 

1. OrnM. 
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TABLE 5 

Total calcium content of rat lens as a function of calcium 
in medium 

Rat lenses from 10-day old animals were incubated 
for three hours in presence of labelled calcium. 
Calcium content of the lenses were calculated from 
the specific activity of the calcium in the medium. 
Calcium/lens in nonincubated lenses=0.99 nmoles. 

Calcium Concentration Total Calcium in Lens 
in Medium ( rnM) . ( nmoles) 
--------------------- ------------------------

0.2 0.49 ± 0.103 ( 5 ) * 
0.5 0.62 ± 0.08 ( 6) * 
0.8 1. 02 ± 0.08 ( 6 ) 
1. 0 1. 25 ± 0.10 ( 5) 
1. 5 1. 22 :!:. 0.21 (5) 
2.5 2.44 ± 0.57 (9) * 

Numbers are mean± standard error (n). 
* Stastically different from the value at O.BmM. 
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Influence of increasing selenite concentrations on 
Lens Calcium 

To establish the effects of varying selenite concentrations 

on lens calcium, lenses were incubated in varying 

concentrations, from O.SmM to SmM for four hours in 

incubation medium containing 2.SmM calcium. Incubated 

control lenses had a calcium content 2-fold higher than the 

nonincubated lenses. The incubation medium was a 

modification of Hank's medium as described by Barber et 

al.[37] and was used in the laboratory for all experimental 

purposes involving lens tissue incubations. Since the 

control incubated lenses did not maintain their normal 

physiological calcium content, it was necessary to determine 

the calcium concentration in the medium which would be 

suitable for maintaining normal calcium levels in the lens. 

The concentration was determined to be O.SmM (Table 5). 

Under the influence of selenite, lenses showed an 

increase in the calcium content above the control incubated 

lenses. In presence of 0.5 and 1.0mM sodium selenite, lenses 

showed an elevated 1. 5-fold calcium content over controls 

and at SmM concentration the calcium was elevated 3-fold 

over that of controls {Table 6). 
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TABLE 6 

Lens calcium as a function of selenite concentration 

Lenses from 10-day old animals were incubated for 
four hours in 2.SmM calcium concentration medium 
and calcium content in the lenses determined by 
atomic absorption spectroscopy. 

Calcium/gram wet weight of a nonincubated lens 
is 0.11 ± 0.01 µMoles. 

Treatment Calcium Concentration 
(mM Se) (pmoles/gram wet weight) 

------------- ------------------------
Control 0.235 .± 0.05 (10) 

0.5 0.365 ± 0.06 (10) * 
1. 0 0.353 ± 0.03 (10) * 
5.0 0.600 ± 0.08 (9) * 

Numbers are mean+ standard error (n). 

Calcium/ 
Lens(nmoles) 

------------
2.44 
3.77 
3.65 
6.23 

* Statistically different from the control value. 
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4.2.3 Kinetics of calcium exchange and uptake 

Radioactive tracer techniques as described under 'Methods' 

were utilized to study calcium uptake in lenses incubated in 

the presence and absence of selenite. Rat lenses from 10-day 

old animals were incubated for different periods in medium 

containing 45 Ca . Lenses were washed with unlabelled medium 

6 times (Figure 1). In the first wash most of the counts 

which were transferred with the loop along with the lens 

were removed. In the second wash the counts were less than 

10% of the first wash and the magnitude of the calcium 

removal with additional washes was similar to the amount of 

calcium transported from the lens within the small time 

interval. 

Washing the lenses 6 times took approximately 3 min. 

Calcium uptake and efflux is a very rapidly occuring 

phenomenon, within the first 10 min nearly 80% of the counts 

being exchanged (Figure 2). Therefore only two washes were 

made to remove any radioactivity transferred from the 

incubation medium. 
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Figure 1 : Isotope Washes from incubated lenses 

Lenses from 10-day old animals were incubated in 2. SmM 

calcium medium for 3 hours. They were then removed and 

washed 6 times with unlabelled medium of 100 µl aliquots on 

fi 1 ter papers. The papers were counted to determine the 

radioactivity washed out. Lenses were also counted in order 

to determine calcium uptake. 



L: 
Q._ 

u 

40 

ISOTOPE WRSHES OF RAT LENSFc 

0 
0 
0 
(Y) 
(\J 

0 
CD 
:::r 
CD ...... 

0 
tO 
en 
(Y) 
...... 

0 
:::r 
::r 
m 

0 
(\J 
en 
::t' 

0 
0 
:::r -k------~----.-----r·---~----,--

0 2 3 4 5 

N U M B E R 0 F vl R '.3 H E S 

- - EJ 
I 

6 



41 

Calcium uptake by the rat lens as obtained by LSC was 

compared to the calcium content of the lens as measured with 

atomic absorption spectrophotometry. Kinetics of calcium 

exchange in the first 30 min is described in Figure 2. This 

experiment was performed in medium containing 2.SmM calcium. 

At this calcium concentration in the medium lenses tend to 

take up more calcium than the normal physiological 

concentration (Table 4). Within 10 min the uptake is 2 fold 

that of the nonincubated lens, and remains constant at this 

level for 30 min (Figure 2), and even after that up to 3 

hours. In medium containing 0.8mM calcium within 10 minutes 

the immature lens exchanges 80% of the calcium (Figure 3). 

By 30 mins the exchange is essentially 100% (Figure 3). An 

equilibrium is reached at this time which stays unchanged 

even after 24 hours of incubation (Figure 3). 

In the presence of selenite (lmM), calcium exchange 

follows the same kinetics up to 3 hours. Beyond that time 

there is a progressive increase in the calcium uptake of the 

selenite-treated lens. By 24 hours the lens has accumulated 

as much as 15-fold calcium higher than the controls (Figure 

3). The increased calcium (15-fold of control calcium 

content) in lenses treated with selenite in vitro is as much 

as the maximum accumulation of calcium observed in the 

lenses from animals injected with selenite (Table 2). 



42 

Figure £ : Kinetics of calcium uptake Qy: rat lens in £.SmM 

calcium concentration medium. 

Lenses from 10-day old animals were incubated in 2.SrnM 

calcium medium for different time periods. They were removed 

and washed twice with unlabelled medium of 100 ).l.l aliquots 

on filter papers. Each lens was counted to determine the 

radioactivity uptake. Calcium uptake in nmoles is 

calculated from the specific activity ( 3.88 x 106 

cpm/µmole) of the labelled calcium in the medium. 
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Figure ~ : Kinetics of calcium uptake £y rat lens in Q.8rnM 

calcium concentration medium. 

Lenses from 10-day old animals were incubated both in the 

absence and presence of lrnM selenite in labelled medium 

(0.8rnM calcium), and the amount of radioactivity associated 

with each lens determined. The calcium content of the lens 

was calculated from the specific activity of 45 Ca in the 
6 medium which is = 10.09 X 10 cpm/).lmole Ca. 

Key : x----x = Controls in the absence of Selenite. 

* -- *=In presence of Selenite(lrnM). 
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Increase in wet weight of lens incubated with 

Lenses from day-10 old animals were incubated both in the 

absence and presence of lmM selenite. The progressive 

increase in weight was established by weighing the lenses 

after the required time of incubation. 

Key x----x = Controls 

*----* =In presence of selenite (lmM). 
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In the presence of selenite, calcium accumulation beyond 

3 hours 

hydration. 

over the 

was accompanied by progressively increasing 

The lens gains approximately 60% extra weight 

controls, which maintain the weight at 9. 8 mg 

(Figure 4) The calcium concentration in the lens at 24 hours 

of incubation is 0. 97mM ( 15. 6 nmoles/lens) vs the medium 

concentration of 0.8mM. Exchange of lens calcium with 

labelled calcium in the medium was observed by incubating 

the lenses. The lenses isolated from animals 48 hours and 96 

hours post-injection with selenite have elevated calcium. 

Exchange of the calcium in lenses from 48 hour post-injected 

animals was complete within three hours of incubation. 

After 24 hours of incubation the lens had taken up even more 

calcium (Table 7) than it had prior to incubation (Table 2). 

The calcium content was as much as the maximum amount 

observed in the cataractous lens from selenite-treated 

animals at 96 hours post-injection (Table 2). The lenses 

from 96 hour post-injected animals exchanged only one/third 

the total calcium in the lens within three hours. After 24 

hours the lens had acquired nearly as much calcium (Table 7) 

as the maximum amount observed with atomic absorption in a 

lens from 96 hour post-injected animal (Table 2). 
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TABLE 7 

Calcium exchange in lenses from injected animals 

Animals were injected on day-10 post-partum with 
selenite and used 48 hours and 96 hours post-
injection. Controls were not injected. Lenses 
were preloaded for 3 and 24 hours with a tracer 
dose of labelled calcium in a medium of 0.8 mM 
calcium concentration. The calcium content exchanged 
was determined by calculating calcium from its 
specific activity in the medium. 

Treatment Calcium 3 hours Calcium 24 hours 
(nmoles) (nmoles) 

---------- ---------------- ------------------
Cont(48hrs) 2.8 + 0.20 (24)* 2.32 + 0.08 (6) 
Inj.(48hrs) 3.72 + 0.25 (19) 13.04 + 0.6 (6)* 

Cont(96hrs) 3.07 + 0.30 (20) 3.91 + 0.20 (6) 
Inj. ( 96Hrs) 4. 34 + 0.80 ( 12) 12.68 + 0.65 (6}* 

Numbers are mean+ standard error (n). 
* Statistically different from values at 3 hour. 
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Calcium uptake in older lenses in presence of 
selenite. 

Selenite does not cause cataracts in older animals, beyond 

age 18 days[31]. The in vitro effects of selenite were 

therefore determined in lenses from 21-day old animals. 

Lenses from these animals were incubated in the presence of 

selenite to evaluate the effect on the calcium content of 

the lenses (Table 8). Lenses incubated for 24 hours in the 

presence of selenite showed an increase in the calcium 

content 10 times that of the controls. Increase in calcium 

was accompanied with a 40% increase in weight due to 

hydration. The calcium content in control lenses after 24 

hours of incubation (Table 8) was similar to calcium content 

in nonincubated lenses (Table 2). 
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TABLE 8 

Calcium uptake in lens from 21-day old animal 

Lenses from 21-day old animals were incubated 
for 24 hours in 0.8mM calcium concentration 
medium also containing labelled calcium. The 
calcium uptake in nmoles was calculated from 
the specific activity of calcium in the medium. 

Treatment 

Control 
Control+ 
(lmM Se) 

Calcium uptake 
(nmoles)/Lens 

2.56 ;!:: 0.12 (5) 
22.91 ± 3.6 (6)* 

Lens wet 
weight(mg) 

16.2 ± 0.5 
21.4 ± 0.3 * 

Number are mean± standard error (n). 
* Statistically different from the control value. 
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Distribution of calcium in the cortical capsular 
region and the nucleus. 

The distribution of calcium was observed in rat lenses after 

loading the lens with labelled calcium, both in the presence 

and absence of selenite. The cortical capsular region was 

separated from the nuclear region. The nucleus contained 

only 10% of the radioactivity at 3 hours of incubation, 

which increased to 15% with longer incubations up to 24 

hours. In lenses incubated in the presence of selenite, 

after 24 hours nuclear calcium content was 3 times higher 

than the controls, at the same time the cortical capsular 

calcium was 15 times higher, due to the increased uptake of 

calcium in the selenite-treated lenses (Figure 5 6 and 

Table 9}. In lenses from animals injected with selenite 

more than 90% of the counts were located in the cortical 

capsular region. Only 6 to 7% of the counts were associated 

in the nuclear region (Table 10). 
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TABLE 9 

Effect of selenite in vitro on the distribution of calcium 
within the rat lens 

Lenses from the age 10-day animals were incubated 
for different time periods both in absence and 
presence of selenite in 0.8 mm calcium medium 
also containing labelled calcium. The two regions 
were separated - nuclear and cortical capsular, to 
determine associated radioactivity. % Radioactivity 
associated was calculated from total uptake in the 
two regions. Standard error of the mean values of 
the nuclear region was same as that of the cortical 
capsular mean values. 

Number Control With Selenite 
of Hrs. ---------------------- -------------------
Incub. Cortical Nucleus Cortical 

Capsule Capsule 
(Hours} % % % 
------- ------------ -------- -----------

3(6) 89.40 ± 0.3 10.50 91. 34 ± 1.9 
8(6) 90.23 :t 0.6 9.77 95.85 ± 1. 7 

18(6) 87.90 ± 0.7 12.10 95.39 ± 0.9 
24(6) 83.24 ± 0.6 16.76 95.59 ± 1. 8 

Numbers are mean± standard error (n). 
* Statistically different from corresponding 
control nucleus value. 

Nucleus 

% -------
8.66 
4.15 
4.61 
4.40 

* 
* 
* 
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TABLE 10 

Effect of selenite in vivo on the distribution of calcium 
within the rat lens 

Lenses from animals injected at day-10 post-partum 
were used after 48 hours and 96 hours. Lenses were 
incubated for 24 hours in labelled medium containing 
0.8 mM calcium. Distribution was determined by 
separating the lens into nuclear and cortical 
capsular regions. % Distribution was determined from 
total uptake in the two regions. Standard error of 
the mean values of the nuclear region was same 
as that of the cortical capsular mean values. 

Number Control Injected 
of Hrs. ---------------------- -------------------
Post Cortical Nucleus Cortical Nucleus 
Inject. Capsule Capsule 
(Hours} % % % % ------- ------------ -------- ----------- -------

48(6} 87.50 + 2.7 12.50 93.50 ± 1. 5 6.50 
96(6) 85.80 + 0.4 14.20 92.70 ± 0.5 7.30 

Numbers are mean± standard error (n). 

* 
* 

* Statistically different from control nucleus value. 
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Figure ~ : Kinetics of calcium uptake in the nuclear region 

Lenses from 10-day old animals were incubated both in the 

presence and absence of selenite in labelled medium 

containing 0. 8mM Calcium. After required time, lenses were 

washed and the nuclear region separated from the cortical 

capsule by separating with a razor blade on a filter paper. 

The radioactivity associated in the region was established 

in a scintillation counter and calcium content calculated 

from the specific activity. 

Key o---o = Nuclear uptake in controls. 

*---* = Nuclear uptake in presence of lmM selenite 
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KINETICS OF CALCIUM UPTRKE 
IN THE NUCLEAR REGIONS 
OF THE LENS 
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Figure § : Kinetics of calcium uptake in the cortical region 

Lenses were incubated in 0.8mM calcium concentration 

labelled medium for different time periods both in the 

presence and absence of selenite. The cortical capsular 

region was separated from the nuclear region with a scalpel 

and radioactivity associated counted. The calcium content 

was calculated from the specific activity (10.09 X 106 

cpm/~rnole calcium) of the labelled calcium. 

Key : 0---o = Cortical uptake in controls. 

*---* = Cortical uptake in the presence 

of lmM selenite. 
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4.2.6 Calcium efflux from the lens 

Calcium efflux from the lens was measured in lenses that had 

been preloaded with labelled calcium for three hours. Since 

exchange appears to have equilibrated by 3 hours in the 

control lens (Figure 3) it was assumed that the labelled 

calcium in the lens exchanges with the calcium in the 

external medium. In both control lenses and lenses from 

injected animals, calcium efflux is similar. In the first 5 

minutes 20% of the counts are transported, and in 10 minutes 

30%. In the next 20 minutes the lens transports another 25% 

of the counts (Figure 7). 

Calcium efflux was measured in the presence of Lanthanum, 

an inhibitor of calcium ATPase. In its presence there was no 

significant difference in the efflux rate for the first 20 

minutes. In the next 10 minutes the efflux was slower than 

the controls, although not significantly slower. The calcium 

efflux from the lens in many species has been reported to be 

an energy dependent process. Therefore the efflux rate was 

also determined in the lens at 4°C. At the lower temperature 

the metabolic functions should be significantly impaired. 

The calcium efflux at this temperature is slower than the 

controls. The lens transports only 18% of the calcium at 

this temperature within 30 minutes. (Figure 8,9-Calcium 

efflux at lower temperature was measured both in 10-day old 

animals and in 13-day old animals). 
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Figure 2 :Calcium efflux in lenses from 48 hours post-

injected animals 

Lenses from 12 day old animals and animals injected on 

day-10 post partum at 48 hours post-injection were preloaded 

with labelled calcium for 3 hours. Efflux of radioactivity 

was measured and the calcium transported calculated from the 

specific activity in the medium. 

Key : x----x = Control 

*----* = Injected 
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Figure 8 :Calcium efflux in the presence of lanthanum and on 

ice. 

Lenses from 10-day old animals were preloaded with 

labelled calcium in medium containing 2.SmM calcium for 3 

hours and efflux measured over a 30 min period. Amount of 

calcium transported was determined from the specific 

activity of calcium in the medium. 

Key : x---x = Control 

*---* = Lanthanum (lmM) 

o---o = Ice 
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Figure ~ : Calcium efflux at ~ degrees Celsius 

Lenses from 13-day old animals were ·incubated with 

labelled calcium in medium containing 2. SrnM calcium for 3 

hours and efflux of the radioactivity measured ever 30 

minutes. Amount of calcium was calculated from specific 

activity of calcium in the medium. 

Key : x----x = Control 

a----o = on Ice 
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Lenses from 96 hours post-injected animals were incubated 

with labelled calcium for 3 hours and 24 hours and the 

efflux of calcium from these lenses measured (Figure 10) . 

After 3 hours efflux was similar to controls, but after 24 

hours lenses from injected animals show a slower efflux rate 

than the controls, extruding only 20% of the counts within 

30 minutes as compared to the controls which efflux as much 

as 50% of the counts. Efflux from lenses was measured after 

3 hours of incubation in medium containing 2. SmM calcium. 

For efflux measurements after 24 hours of incubation 0.8rnM 

calcium medium was used. The efflux rate should be the same 

after 3 hours from lenses incubated in 0.8rnM calcium medium 

concentration. The difference in the rate of efflux at 3 

and 24 hours is because within 3 hours the calcium in the 

injected lens is not completely exchanged. The exchange is 

only one/third at 3 hours of incubation and is complete at 

24 hours (Table 7). Calcium exchanged at 3 hours of 

incubation may be the calcium which is loosely bound to the 

membranes or present in the extracellular spaces. 

In vitro effects of selenite on calcium efflux from the 

lenses was also observed after preloading the lens for 3 

hours and 24 hours. After 3 hours of loading the kinetics of 

efflux was similar to the controls. But lenses loaded for 24 

hours showed a similar slow rate as the lenses from animals 
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injected with selenite, extruding only 20% of the counts in 

30 min (Figure 10). It is to be stressed here that lenses 

from injected animals and lenses incubated in presence of 

selenite in vitro, extrude a greater amount of calcium than 

the controls, although the rate of efflux is slower. (Table 

11) 
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TABLE 11 

Calcium efflux from rat lenses treated with selenite in 
vivo and in vitro 

Lenses from injected animals and day- 10 animals 
in presence of lrnM Selenite were incubated for 
for 24 hours in labelled medium containing O.SmM 
calcium. Efflux from each lens was measured over 
30 minutes. The lenses were then counted for counts 
remaining. The calcium efflux and content was 
determined from its specific activity in medium. 

Treatment Calcium Efflux Calcium remaining 
(nmoles) in the Lens(nmoles) 

------------ ---------------- --------------------
Cont(96 hrs) 0.84 ± 0.04 ( 7 ) 1. 4 ± 0.06 (7) 
Inj. ( 96 hrs) 2.49 ± 0.30 (7)* 10.19 + 0.60 (7)* 

Cont(O hrs) 0.72 + 0.04 { 6 ) 0.62 ± 0.03 ( 6 ) 
Cont(+lmMSe) 2.73 .:!:. 0.35 (6)* 11.07 ± 1. 59 (6)* 

Numbers are mean~ standard error (n). 
* Statistically different from corresponding control values. 
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Figure 10 Calcium efflux in lenses from 96 hrs post-injected 

animals. 

Lenses were incubated with labelled calcium for 3 hours 

and 24 hours in labelled medium containing 2. SmM calcium 

when efflux measured after three hours and in medium 

containing 0.8rnM calcium when efflux measured after 24 

hours. Efflux from these lenses was measured over a 30 

minutes period and calculated for the calcium amount from 

the specific activity. 

Key : x---x = Control 

*---* = Injected, incubated for 3 hours 

o---n = Injected, incubated for 24 hours 
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Figure l.1 Calcium efflux under selenite stress 

Lenses from 10-day old animals were preloaded with 

labelled calcium in 0.8mM calcium concentration medium both 

in presence and absence of selenite for 3 and 24 hours. 

Efflux from these lenses was measured as the radioactivity 

and amount of calcium calculated from the specific activity. 

Key x---x = Control 

*---* = Incubated for 3 hours in presence 

of lmM Selenite 

0---0 = Incubated for 24 hours with Selenite. 
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Changes in sodium/potassium ratio in lenses treated 
with selenite in vitro 

Rats treated with selenite in vivo do not show any hydration 

or an alteration of the sodium/potassium ratios of the 

lenses. In vitro treatment of lenses with selenite resulted 

in an increase of wet weight of the lenses by 60%. Therefore 

the sodium/potassium ratio of these lenses was determined 

(Table 12).The sodium/potassium ratio increases 17- fold in 

the selenite-treated lenses and the wet to dry weight ratio 

is almost doubled. 
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TABLE 12 

Sodium/potassium ratio in lenses treated with selenite 

Lenses from 10-day old animals were incubated 
for 24 hours in 0.8mM calcium concentration 
medium. Lenses were then dried overnight and 
ashed to prepare samples for determining the 
sodium and potassium contents by Flame Emission 
Spectrophotometry. 

Treatment 

Control (6) 
+ lmM Se(6) 

Sodium/Potassium 
Ratio 

0. 65 ± 0 . 13 ( 8) 
11.02 ± 1.59 (8)* 

Numbers are mean± standard error (n). 

Wet/Dry Weight 
Ratio 

5.15 ± 0.39 (8) 
9. 18 ± 0. 31 ( 8) * 

* Statistically different from control values. 
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4.3 DETERMINATION OF EXTRACELLULAR SPACE OF THE LENS 
~ ~ ~- -~-

Extracellular space can be expressed both as a percent of 

total weight of the lens or as a percent of total water 

present in the lens [30]. Extracellular space measurements 

are calculated as a percent of total lens water. Lens water 

is taken as 70% of rat lens weight (Table 3). 

The extracellular space observed in vitro in the rat lens 

as a function of animal age is presented in Table 13. The 

extracellular space remains constant throughout the growth 

of the lens from day-10 to day 21 at 6 to 7% (Table 13). 

Kinetics of inulin uptake by the lens as a function of time 

was determined (Figure 12). The inulin space of the control 

lens remains unchanged between 3 hours and 24 hours of 

incubation. The value of 6 to 7% at 3 hours of incubation is 

the equilibrium value in that further incubation produces no 

significant increase in the size of the space (Figure 12). 
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TABLE 13 

Extracellular space of the rat lens 

Lenses from different age animals were 
incubated in medium containing 0.8mM calcium 
and 14c-inulin. The amount of uptake determined 
the extracellular space. Lenses were dissected 
to separate the cortical capsular region and 
the nuclear region, and the amount of 
radioactivity associated with each region 
established. 

Animal Age Extracellular Distribution 
Space I Lens Cortex Nucleus 

Capsule 
(Days) (% lens wate.r) ( % ) (%) 

---------- --------------- ------- -------
10 7.01 ± 0.8 ( 6) 86.60 13.40 
12 7.28 ± 0.1 (6) 86.30 13.70 
13 6.24 ± 0.1 ( 6 ) 87.70 12.30 
14 7.11 ± 0.9 (6) 90.80 9.20 
21 6.66 ± 1. 6 ( 8) 77.30 22.70 

Numbers are mean ± standard error ( n) . 
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Figure 12 Kinetics of inulin uptake 

Lenses from day-10 animals were incubated in 0.8mM 

calcium concentration medium containing inulin- 14 COOH and 

uptake determined at various time points. percent 

extracellular space was calculated from the specific 

activity of inulin (1.1 X 106 cpm/ml) and the% lens water. 
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Sensitivity of the extracellular space to selenite stress 

both in vitro and in vivo was also evaluated. Lenses from 

animals at 48, 72 and 96 hours post injection were used to 

evaluate the selenite effect. Within 3 hours of incubation 

when equilibrium was established in the control lenses, 

there was no significant difference between controls and 

lenses from injected animals. Incubation of the lens to 24 

hours indicated that the extracellular space in lenses from 

48 hour post-injected animals was increased to 17 % from the 

control value of 7%. In lenses from 96 hour post-injected 

animals the extracellular space had also increased to 19% 

(Table 14). The extracellular space increases both in the 

cortical capsular region and in the nuclear region (Table 

14). 

In vitro experiments performed in the presence of lmM 

selenite also show the similar effect of an increase in the 

extracellular volume. There is a 2-fold increase in the 

extracellular volume after 24 hours of incubation in the 

presence of selenite (Table 15). The water content of the 

lens is 89% vs 70~~ in the control nonincubated lens. At 

this time the increase of calcium is 15 times (Figure 3). 

Both in vivo and in vitro experiments indicate that 

selenite stress rnanif ests itself in the increase of 

extracellular space and lens calcium along with other 
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physiological changes indicated in 

Distribution of extracellular space in the control lens 

between the cortical capsular and nuclear region is 85 and 

15% respectively. Both the nuclear and the cortical capsular 

space increase in the lens from injected animals (Table 14b) 

and in lenses treated with selenite in vitro (Table lSb). 
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TABLE 14 

Extracellular space in lenses from injected animals 

Lenses from animals injected on day-10 post-partum 
were removed 48 and 96 hours after injection 
and incubated with labelled inulin in medium 
containing 0.8mM Calcium for 24 hours. 
Extracellular space was calculated from the amount 
of radioactivity associated with each lens. 

A) 
Treatment Extracellular Distribution 
Post Inj. Space I Lens Cortex Nucleus 

Capsule 
(Hours) (% lens water) (%) (%) ---------- --------------- ------- -------

Control(48) 7.76 ± 0.8 (6) 76.42 23.58 
Inj. (48) 16.87 ± 0.8 (6)* 77.50 22.50 
Control(96) 6.20 i 0.5 (6) 73.20 26.80 
Inj. (96) 15.53 ± 2.4 (6)* 83.10 16.90 

Numbers are mean~ standard error (n) . 

. B) 
Treatment Extracellular Space (distribution) 
Post-Inj. % Lens Water 

Hours Cortical Capsule Nucleus ---------- ----------------- -------------
Control(48) 5.93 ± 0.80 1.83 ± 0.44 
Inj. (48) 13.06 ± 0.60 * 3.80 .± 0.60 * 
Control(96) 4.50 ± 0.50 1. 65 ± 0.20 
Inj. (96) 13.45 ± 2.15 * 2.73 ± 0.50 * 
* Statistically different from corresponding control values. 
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TABLE 15 

Extracellular space in lenses treated with selenite in vitro 

Lenses from day-10 animals were incubated 
for 24 hours with labelled inulin in medium 
containing 0.8mM calcium. The inulin space 
was determined from the amount of 
radioactivity associated with each lens. 
The extracellular space is reported as the 
increase over the control values in the 
presence of selenite. 

A) 
Age Increase in Distribution 

Extracellular Cortex Nucleus 
Space I Lens Capsule 

(Days) (% lens water) (%) (%) ---------- --------------- ------- -------
10 260 % ( 6) 78.80 21. 20 
21 240 % ( 8) 87.50 12.50 

* Number in parenthesis indicates sample size. 

B) 
Age 

Days 

lO(cont) 
10(+ Se) 
2l(cont) 
21(+ Se) 

Extracellular Space(distribution) 
% Lens Water 

Cortical Capsule Nucleus ----------------- -----------
6.31 ± 0.80 1. 27 ± 0.30 

15.67 ± 1. 36 * 4.20 ± 1. 00 * 
5.10 + 1. 60 1. 50 ± 0.20 

13.15 ± 3.10 * 1. 88 ;!:. 0.40 

* Statistically different from corresponding control values. 



Chapter V 

DISCUSSION 

The results of this research established at least two 

important facts: a) the cataract induced by selenite is 

accompanied by increases in lenticular calcium and further 

substantiates this cataractogenic model as relevant to 

events which occur in other types of cataract including the 

senile cataract, b) The in vitro examination of lens in 

culture medium provides a valid means for determining a 

sequence of related events which follows the insult of the 

tissue with sodium selenite. 

Elevated calcium content in lens has been associated with 

different cataracts. The pathogenesis of calcium in 

selenite-induced cataract was considered in response to the 

study by Bellomo et al. with hepatocytes [38]. They 

determined that the depletion of glutathione in hepatocytes 

was followed by a decline in the ability of the endoplasmic 

reticulum to accumulate calcium. Disruption in calcium 

homeostasis was postu_lated to be responsible for loss of 

cytoskeletal structure resulting in membrane blebbing. 

Selenite causes a 60% loss of lens glutathione within 24 

hours post-injection [31]. In the selenite-induced cataract 

lens, calcium levels increased more than two-fold before the 

83 
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appearance of visible opacity, and five-fold in the mature 

opacity (Table 2) . An inhibitor of glutathione synthesis, 

buthionine sulfoximine, caused a depletion of glutathione 

within 24 hours post-injection, but no increase in lens 

calcium or appearance of cataract was observed [36]. 

Al though glutathione levels in the selenite-treated lens 

decreased increase in calcium was not an obligatory 

response to the loss of glutathione in the lens. Therefore 

other factors must function in the accumulation of calcium 

by the selenite-treated lens. 

Al though nuclear cataract persists, recovery from the 

biochemical changes following selenite injection occur with 

lens development. However, growth retardation, which can be 

seen in the lens on day 4 post-injection, persists and is 

even more pronounced at day 11 post-injection [Table 3]. 

The presence of the mature opacity, or the impact of 

selenite on lens metabolism apparently affects growth of the 

lens. Increased hydration of the lens is not observed, 

sodium/ potassium ratios are not changed [31], and the dry 

weight to wet weight ratio is also constant at day 1 post-

injection to day 11 post-injection [Table 4]. 

Increase in internal calcium levels of the lens occur 

with increased extralenticular calcium levels. Apparently, 

tissue permeability increases with increase in extracellular 
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concentration of calcium [39]. The rat lens from a 10-day 

old animal maintains its physiological calcium level of 1.0 

nmole when incubated in 0.8mM calcium concentration in the 

medium for 24 hours. But rat lenses of the same age when 

incubated in medium with lower calcium, 0.2mM and O.SrnM have 

a decreased calcium content than the physiological value of 

1. 0 nmole (Table 5). Lenses incubated in higher calcium 

concentrations, above 0. 8mM show elevated calcium content 

than the normal value. Calcium ion levels in the lens can be 

altered by increased or decreased levels of the normal range 

extralenticularly. Calcium homeostasis in the lens can be 

easily perturbed and this causes loss of transparency or 

alterations in protein conformations. 

Increased calcium uptake can be observed in vitro in the 

presence of selenite. An increase of as much as 15 times is 

obtained above the normal calcium concentrations in a day-10 

lens treated with selenite in vitro. Calcium increases 

progressively 

hydration. The 

(Figure 

increase 

3), 

in 

accompanied by increased 

calcium is accompanied with a 

60% increase in lens hyd:::-ation within 24 hours (Figure 4). 

The calcium concentration in the lens after treatment with 

selenite in vitro for 24 hours is 0.97mM. The in vitro 

incubation medium has a calcium concentration of 0. 8mM, 

which indicates that calcium may be retained against the 
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chemical gradient. A major portion of the calcium in treated 

lenses in vitro with selenite and in lenses from injected 

animals, is present in the cortical region rather than the 

nuclear region [Tables 9 &. 10]. Calcium in the nuclear 

region increases 3-fold but the increase in the cortical-

capsular re.gion is 15-fold. Selenite levels in the lens 

reach a maximum accumulation within 12 to 24 hours post-

inj ection and decrease thereafter [31). This increase 

precedes the increase in calcium at 48 hours post-injection. 

Shearer et al. have shown that very little selenite is 

associated with the nucleus where the opacity develops [40]. 

Excess selenite is associated with the cortical region 

whereas the opacity develops in the nuclear region [ 40]. 

This difference indicates that the selenite causes some sort 

of metabolic damage in the peripheral layers. The metabolic 

damage inflicted acts to perturb the inner layers of the 

nucleus where defense against toxic influence is 

insignificant and cataract develops. The calcium associated 

with the mature opacity is apparently not easily accessible 

to external calcium, since we observe that lenses from 48 

hours post-injected animals exchange calcium with 45 Ca 

within 3 hours at the concentration observed in vivo, but 

lenses from 96 hours post-injected animals require 24 hours 

to acquire the expected level of calcium [Table 7]. In vivo 
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selenite influence persists even after the point of its 

maximum accumulation by lenses. Lenses from animals 48 or 96 

hours after injection,when incubated for 24 hours accumulate 

calcium (Table 7) as observed in lenses incubated in the 

presence of selenite (Figure 3). 

In presence of the calcium ATPase inhibitor, lanthanum, 

no inhibition of calcium efflux is seen (Figure 8). At 4°C 

the efflux of calcium from the lens is inhibited indicating 

that calcium efflux is an energy dependent function in the 

lens [Figure 9&10]. The presence of selenite in vivo and in 

vitro decreased the calcium efflux considerably; the lens 

extruding only 20% of the calcium within 30 minutes as 

compared to the controls which transport as much as 50% of 

the calcium. The point to be stressed here is that, the 

magnitude of calcium being extruded within 30 minutes in a 

lens under selenite influence is greater than the amount 

transported by a control lens [Table 11]. At the same time 

the lens under selenite influence retains more calcium than 

the normal levels and is unable to extrude all the excess 

coming in. From these observations it can be concluded that 

under the influence of selenite, changes in membrane 

permeability may occur and the lens is more permeable to 

calcium. Some calcium is retained in the lens, although the 

efflux system is not impaired, which transports 3-4 fold 
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more calcium over controls (Table 11). There could be 

excess of calcium binding sites opening under the influence 

of selenium which bind the excess calcium entering the lens; 

for example, alterations in protein conformation which opens 

up acidic sites that bind calcium. 

The extracellular space of the lens increases in the 

presence of selenite. There is a 2.6-fold increase of 

extracellular volume in the presence of selenite in vitro. A 

2-fold increase of the extracellular space is observed in 

the lens from 48-hour post-injected animal and an increase 

of similar magnitude in the lens from a 96-hour post-

injected animal (Table 14). In vitro increase of the 

extracellular space in selenite treated lens does not 

account for the 60% increase in weight due to hydration . It 

accounts for only a 14% increase in the water content of the 

lens. The 60% incease in water content of a selenite 

treated lens in vitro is distributed both intracellularly 

and extracellularly, shown in Table 16. The extracellular 

water increases 2. 6-fold changing from 0. 54 pl to 1. 4 pl. 

The intracellular water increases 1.8-fold changing from 

6.46 pl to 11.6 pl. In lenses from selenite injected animals 

the extracellular water increases but no increase 

intracellularly is observed. 



89 

Table 16 

Distribution of cellular water in rat lens 

Treatment Lens wet 

weight(rng) 

Cont(lO-day) 9.8 

+ Se(lO-day) 15.5 

Cont(96 hrs) 14.5 

Inj (96 hrs) 12. 7 

Extracellular 

water (pl) 

0.54 

1. 40 

0.74 

1. 40 

Intracellular 

water (µl) 

6.46 

11. 60 

9.06 

6.90 

* Data from Table 2 and distribution from Table 14 & 15. 

Total lens water is based on an estimate of 70% of fresh 

tissue weight. 

By 96 hours after injection lens growth is decreased 

considerably. The low intracellular water in the lenses from 

injected animals compared to controls causes the lower 

weight of these lenses and not a loss of intracellular 

water. Extracellular water in these lenses must be 

increasing at the expense of intracellular water. The 
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extracellular increase is a very small percent of the total 

intracellular water. Increase in the lens hydration could 

be a direct consequence of the high selenite concentration 

in vitro, which is not available in vivo. It has been 

reported that an increase of selenite dosage to the animal 

results in increased hydration, swelling, and membrane 

disruption [33]. In vivo the rise in calcium and the 

doubling of the extracellular space is observed. Since water 

of hydration increases in the in vitro lens both 

extracellularly and cytosolical ly, it may be interpreted 

that the calcium increase. occurs in both the areas. The in 

vivo lenses may also be increasing in the calcium content in 

both the areas. 

Both in vitro and in vivo studies of selenite influence 

on rat lens show a similar effect of increased calcium 

associated with cataract development. The in vitro studies 

were helpful in reducing the time frame of insult and 

calcium accumulation from 96 hours to 24 hours. The in vitro 

study also provided a technique to manipulate the 

experimental conditions and study effect of these changes on 

lens function. In vivo the lens accumulates a very smal 1 

percent of the selenite injected in the animal 

subcutaneously. In vitro the equilibrium concentration of 

selenite in the lens is considerably higher than the amount 
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associated with the lens in vivo. The higher selenite 

concentration causes an aggrevation of the damage due to 

loss of membrane permeability causing a loss of calcium 

homeostasis, altered sodium/potassium ratio, and increased 

water in the lens, both intracellular and extracellular. 

Selenite does not induce cataract development in older 

rats beyond 18 day of age. Selenite treatment of 21 day old 

rat lenses in vitro causes lens damage by increasing 

hydration, calcium accumulation (Table 8) and increase of 

extracellular space only in the cortical capsular region of 

the lens (Table 15). Regulation of the flow of the ocular 

fluids in the older animals causes a decreased association 

of selenite with the lens. In vitro, the equilibrium 

concentration of selenite in the lens is high inducing the 

lens damage. 

The results discussed earlier indicate that membrane 

permeability to calcium may increase in the presence of 

selenite. The excess calcium entry results in net 

accumulation when it exceeds the capability of the calcium 

extruding pump. The excess calcium could travel through the 

gap junctions into the nuclear cells. If however the gap 

junctions close under the influence of elevated calcium, 

then entry via the extracellular space and leaks in cell 

membranes may account for the elevated calcium. The excess 
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calcium in the lens nuclear cells may cause a change in 

protein conformation, formation of high molecular weight 

aggregates,and the activation of certain proteases and 

lipases causing the development of cataract. Se~enite has a 

high affinity for protein sulfhydryl groups, and forms 

selenosulfides with the proteins [ 31]. The part of the 

selenite in the lens which is not sequestered by the 

structural proteins is free to 

pathways to cause inhibition 

act upon other metabolic 

or a retardation of the 

functioning. The selenite stress on the nucleus may be 

irreversible. The nucleus may not have the capacity to 

overcome this stress. Regression of the cortical damage may 

occur as the lens grows. If the cataractogenic agent which 

produce·s opacity is withdrawn, the lens epithelium may 

recover and start to produce healthy lens fiber cells. As 

the lens grows with age the fiber cells on the periphery are 

pushed towards the nucleus. The fiber cells damaged by the 

excess selenite form nuclear fiber cells as the lens grows. 

The cortical cells therefore recover and function normally. 
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Calcium accumulation thus plays a definitive role in the 

selenite induced opacification. The calcium increase may be 

a phenomenon related to a secondary. effect of selenite by 

one or two possible processes such as 

1. altered membrane permeability caused by a severe 

imbalance of calcium. 

2. 

3. 

disturbed 

inhibition 

energy 

of the 

extrusion pump. 

metabolism 

metabolically 

altered protein structures, 

insoluble which function to 

binding sites for calcium. 

which causes an 

dependent calcium 

both soluble and 

provide additional 



Chapter VI 

SUMMARY 

Selenite influences in the lens manifest to alter both the 

morphology of the lens and its biochemistry. Selenite 

brings about these changes by altering the normal membrane 

permeability of the cells. The increase in the 

extracellular space of the whole lens may disturb the normal 

geometric arrangements of the fiber cells. Disturbances in 

membrane permeability may cause a net influx of calcium. 

Calcium acts in a nonspecific manner to further aggravate 

the membrane damage caused by selenite, which is seen as 

altered sodium and potassium flow into and out of the lens 

in vitro and also the changes in degree of hydration. 

Calcium increase is associated with the development of the 

mature opacity. The calcium increase occurs before the 

appearance of mature opacity. Calcium increase in the 

selenite treated lens is a secondary effect brought by the 

primary effect of selenite on the membrane permeability. 

Protein conformation in the lens fiber cells may change, 

opening acidic sites which bind excess calcium corning into 

the lens cells. 
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