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Abstract

Selenite cataract is an easily available experimental model to study cataractogenesis and can be easily
produced within a week by administering sodium selenite in microgram quantities subcutaneously.
The present study was conducted after administering various multiple low dosages and single high
dosages of sodium selenite in 8/10 days old rat pups to analyse dose dependent variations in the
protein profile of the lens. Biochemical estimations of various protein fractions in the lens and total
proteins in the aqueous humour and blood were measured during different stages (nuclear, mature,
hypermature etc.) of selenite cataract. The results showed an increase in the insoluble fractions with
increase in opacity. The day to day analysis revealed that the action of selenite is sudden, since even
after 24 hrs. considerable changes in the protein fractions were observed. The reason for alteration in
the protein fractions was discussed in relation to the possible oxidative action of selenite with lens

proteins.
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Introduction

Both qualitative and quantitative changes occur in lens
proteins, including insolubilization of crystallin proteins in
most of the cataractous lenses in man and animal models
(Avarachan, 1985 and Zigler, 1990). Since the lens should
have proper constituents and structure, in order to maintain its
transparency, an imbalance of protein contents among soluble
and insoluble fractions, particularly an increase in the
insoluble fraction, would reduce the transparency of the lens
(Bettelheim, 1985). In human and selenite induced cataract, a
number of biochemical changes occur (Rawal et al., 1982;
Spector, 1984; Avarachan, 1985). Approximately 90% of the
highly concentrated cellular proteins in the mammalian lenses
consist of two families of water-soluble lens crystallins, called
a-crystalin and b/g-crystalin (Harding, 1991). There is
availability of literature on protein profiles in selenite cataract
model but a paucity exists on dose-dependent studies.The
present study mainly has been taken up to study the dose-
dependent changes occuring in protein profiles in low and
high dose induced selenite cataract.

Material and methods

The induction and various stages of selenite cataract were
produced in both sexes of Wistar rat pups using multiple low
dosages of 14.4, 19.2, 23, and 27.8 ng. sodium selenite/~20 g.
rat pups subcutaneously, and single high dosages of 32, 40, 56
and 64 ny. /~20 g. rat pups subcutaneously.
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For multiple low dosages, five doses were given starting on
day eight post partum and for high dosages, a single dose was
given on 10th day post partum (Table 1).

Table 1. Experimental design

No. of Dosage No. of | Administered Stage of
animal inng. Doses on cataract
sin (postpartum extraction
Group each days) and
group protein
analysis
Multiple | 8 14.4 5 8 Nuclear
low 8 19.2 5 8 stage
dosage 8 23 5 8
group 8 278 5 8
Single 8 32 1 10 Nuclear,
high 8 40 1 10 Mature,
dosage 8 56 1 10 Hypermat
group 8 64 1 10 ure stages
Day to | 40 40 1 10 1to 5 day
Day (8/day) after
group selenite
administr-
ation
Controls: For each group, separate control was used for which an equal
amount of double distilled water was administered subcutaneously in
place of sodium selenite. I n all groups 8 control rat pupswere used asin
experimental cases.

Biochemical analyses were carried out in different
experimental groups, and their controls. Nuclear stage of
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cataract produced by low dosages, nuclear, mature and hyper
mature stages of cataract produced by high dosages, along with
their age-related controls were used for the biochemical study

Table 3. Total protein, insoluble protein, and soluble protein in the lens; total
protein concentration in the aqueous humour and blood samples of
selenite cataract with various high dosages of sodium selenite (n=8)

(Mathew et al., 1996-97). Besides this, a first to fifth day Nuclear stage Dosage in my/~20 mg rat pup
biochemical analysis of the lens with their controls, (on each Samples/ Control 32 40 56 64
day) after the administration of 40 ny. sodium selenite/rat pup, parameters
was aso carried out. At the required time, the rats were Lens-Total 0361 | 0.340** | 0333** | 0.324** | 0.323*
sacrificed and the complete eye lenses were dissected out protein +0.003 | #0003 | #0005 | +0.004 | +0.004
immediately by the posterior approach. The weight of the lens Mmg/mg wet wt.
Imm ybythep ap ! 9 Lens-Soluable | 0282 | 0.180°* | 0.179°* | 0.178 | 0175
samples were teken on a balance sensitive to 0.01 mg. The protein +0005 | +0002 | +0.008 | +0.008 | +0.004
blood was collected wherever necessary, from the jugular vein mg/mg wet wt.
into a tube containing anticoagulant EDTA, within two minutes Lens— 0070 | 0137%* | 0.138* | 0.140°* 0.143"*
after sacrificing the rats. The aqueous humour samples were Insoluable +0.002 | +0.001 +0.001 +0.001 +0.002
collected wherever necessary by the method of Kinsey et al. protein
(1963) using a micro syringe. Total, soluble and insoluble lens mg/mg wet wt.
proteins, agueous humour and blood proteins were estimated Aqueous 4281 | 4238" | 4199" | 4136™ | 4047
by the method of Lowry et al. (1951). humqur—TotaI +1.07 +0.95 +0.56 +0.73 +0.65
protein mg/ml
. . Blood-Total 85.19 83.69** 82.35%* 82.14** 82.08**
Results and discussion protein +018 | 044 | 033 | 013 +0.07
mg/ml
This study dlicited a reduction in the protein content in the
water-soluble fraction and an increase in the insoluble fraction Mature stage Dosage in ny/~20 mg rat pup
in al the experimental groups studied (Tables 2, 3 and 4). Samples/param | Control 32 40 56 64
However, the magnitude of this decrease or increase varied eters
depending upon the dosage and the advancement of the Lens-Total 0370 | 0331 [ 0329** [ 0325** | 0.324**
cataractous stages. The total protein showed a significant pmrg;gg et wt $0.002 | #0006 | 0008 | +0.008 +0.003
decrease in the low dosage group. In the high dosage group, a -
highly significant dropﬁ% t%e tgtal proteingconce??rat?on \?vas Lens-Soluable 0.287 | 0.150™ 1 0.149"% | 0144 0.142"
. o . . protein +0.002 +0.005 +0.003 +0.004 +0.003
pbserved in th.e hyper mature st?ge. A significant rise in mg/mg wet wt.
insoluble protein was seen even in the nuclear stage of the Lens— 0.078 0.162%* 0.163** 0.165** 0.167**
cataract, produced by both the low and high dosage groups; and Insoluable +0.002 | +0.002 | +0.001 | #0.001 | =0.002
this increased more in the mature and hyper mature stages with protein
high dosages, with subsequent decrease in the soluble protein mg/mg wet wt.
concentration. Adqueous 44.90 38.12** 37.69** 37.82%* 36.78**
humour—Total +0.57 +0.20 +0.50 +0.53 +0.33
Table 2.Protein profile () in the lens, aqueous humour and blood protein mg/ml
samp_lesof selenite catar act with multiple low dosage of sodium Blood—Total 37.75 80.31%* 31.85°* 8L27%* 80.24%*
selenite (n=8) protein +045 | +0.39 +020 | 014 +0.12
Nuclear stage (25-30 day post partum) mg/ml
Sample/Parameters Dosage in ny/~20 mg rat pup
CO’I‘”O 144 10.2 23 27.8 Hygg mature Dosage in my/~20 mg rat pup
- slage
ﬁ%ﬁg 3\}3 \?vrt(.)tan 0359 | 0330** | 0325* | 0322%* | 0.314%* Samples/param | Control 32 40 56 64
+0.003 | +0.003 | 0002 | +0.004 | 0.004 eters
Lens-Total 0.374 0.244** 0.240** 0.230** 0.225**
Lens-Soluable 0291 | 0198** | 0.198** [ 0192** | 0.184** protein +0.003 | +0.008 +0.006 +0.005 +0.006
protein 40003 | +0.004 | #0002 | #0002 | +0.005 mg/mg wet wt.
mg/mg wet wt. Lens-Soluable 0.291 0.074** 0.074** 0.071** 0.070**
Lens Insolable 0075 | o1se | oasa | 0133+ | 0133 protein +0.003 | #0010 | 0.008 | +0.003 +0.002
protein $0003 | 0004 | +0003 | %0004 | +0.003 mg/mg wet wt.
mg/mg wet wt. Lens- 0.070 0.184** 0.192** 0.194** 0.196**
Insoluable +0.001 +0.001 +0.002 +0.001 +0.001
Aqueous humour— 4161 | 4045 | 4032 | 3956M | 39.25M protein
Total protein +0.79 +0.78 +0.77 +059 +0.63 mg/mg wet wt.
mg/ml Aqueous 4490 | 39.78* | 38.78** | 38.05** | 36.48**
Blood-Total 8177 | 7836** | 7843 | 7933 | 79.74* humour—Total +0.18 +0.62 +0.25 021 +0.19
protein +121 | +0.49 +0.49 +0.39 +0.48 protein mg/ml
mg/ml Blood-Total 88.78 81.49** 80.81** 80.28** 80.05**
Values marked in astericks differ significantly from the corresponding control value protein +0.39 +0.16 +0.18 +0.14 +0.09
(P<001). mg/mi

All
The observation on each day after selenite injection showed a
significant rise  (Table 4) in the lens insoluble protein fraction
by 72 hrs. At the same time the lens soluble proteins showed a
significant decrease even after 24 hrs. The total protein and
blood protein also decreased significantly at this stage. The

Values marked in astericks differ significantly from the corresponding control value
(P<0.01).

reduction in the soluble protein fraction and the increase in insoluble
protein fraction is due to the oxidation of proteins by the selenite. In
animals, selenite intereact with proteins in many ways.

27
PDF created with FinePrint pdfFactory trial version http://www.fineprint.com



http://www.fineprint.com

r

Table 4. Protein profile in the lens, agueous humour and blood of a 40my. sodium selenite dosage from 1st to 5th day after
administration (n=8)
Dosage 40 ngy./~20 g. rat pup
Sample/ Control 1st day Control | 2nd day Control 3rdday | Control 4th day Control 5th day
Parameters
Lens-Total protein 0.385 0.383" 0.385 0.373** 0.386 0.359** 0.387 0.352** 0.391 0.353**
mg./mg. wet wt. +0.004 +0.002 +0.003 +0.004 +0.002 +0.003 +0.002 +0.004 +0.003 +0.002
Lens-Soluable protein 0.242 0.236** 0.245 0.234** 0.246 0.203** 0.252 0.182** 0.254 0.174**
mg./mg. wet wt. +0.002 +0.001 +0.002 +0.001 +0.002 +0.003 +0.001 +0.001 +0.002 +0.003
Lens-Insoluable protein 0.141 0.140M® 0.143 0.144N° 0.146 0.161** 0.146 0.171** 0.149 0.183**
mg./mg. wet wt. +0.001 +0.002 +0.002 | +0.004 +0.002 +0.002 +0.002 +0.003 +0.001 +0.002
Aqueous humour—Total protein
mg./ml. 41.26 40.26"° 4130 | 40.16M 41.38 40.13% | 4159 40.08"8 41.90 40.03"8
+0.01 +0.01 +0.01 +0.02 +0.02 +0.01 +0.02 +0.04 +0.02 +0.01
Blood-Total protein 84.14 83.56** 84.84 83.62** 84.90 83.85** 85.05 83.24** 85.28 83.20**
mg./ml. +0.01 +0.01 +0.04 +0.01 +0.08 +0.09 +0.19 +0.05 +0.04 +0.02

All values are Mean + S.D. for groups of eight rats and those marked with asterisks differ significantly from the corresponding control value
(P<0.02).

Selenite react to form selenotrisulfides (R-S-Se-S-R), and oxidise
sulfhydryls of protein (PSH) (Sunde, 1990).

The reactions are important since oxidation of the critica
membrane proteins and enzyme sulfhydryl groups by selenite, alter

and b-crystallins. These partially degraded crystallins expose the
hydrophobic regions, and the thiol groups, which then oxidised by
selenite itself or by other reactive oxygen species to form insoluble
aggregates. The partially degraded b-crystallins become insoluble,
and scatter light (David and Shearer, 1993; Shearer et al., 1995).

the membrane property of the lens epithelium and ion homeostasis.
This eventually leads to liquefaction and opacity. Bunce and Hess
(1981) found a decrease in the NADPH concentration 24 hrs after
selenite administration, because of the reduced co-operative
activity of the important glycolytic enzymes, which are the
suppliers of NADPH, as the source of reducing equivalents to
convert GSSG to GSH.

The studies carried out by Mathew (1998) confirmed that
insolubilization and aggregation of the lens protein crystalins,
contribute to opacification, Matsushima et al. (1997) suggested that
degradation of non-crystallin cyto-skeletal proteins are important
during the early stages of opacification in the selenite cataract.

A significant reduction in the total protein in the hypermature stages
with high dosages (Table 3) is due to a reduction in the protein
synthesis as a result of the selenite action. Selenite is able to retard
protein synthesis by direct inhibition of elongation factor 2 by
selenodiglutathione (Vernie et al., 1975), and by inactivation of the
initiator met-tRNA  binding factor (Safer et al., 1980).
Selenodiglutathione is the reaction product of GSH and selenite (Kice
et al., 1980). The decrease in the total protein concentration in part is
due to an enhanced protein degradation as a result of oxidation.

Selenite is incorporated into proteins as selenoaminoacids, such as
selenocystine (Shearer et al., 1992). Selenite is first reduced to
selenide (SeH"), followed by incorporation of selenide into P-
serinyl-tRNA, to form selenocysteinyl tRNA for protein synthesis.

Se0;2+4PSH ® PssP + Ps-Se-sP
Ps-Se-sP+0,® SeO; %+Ps sP

Se0;2® SeH”

P_SertRNA+SeH ® Se-Cys-tRNA® selenoprotein. The protein concentration in the aqueous humour was interesting. Its

concentration dlightly decreased in the early (1-5) days, after
injection (Table 4) and with low dosage nuclear cataract (Table 2).
Thisis due to the degradation of protein by oxidative insult or due to
decreased synthesis. However, in the advanced stages of cataract
with high dosages (Table 3), there occurs an increase in the total
protein concentration when compared to the controls. This denotes a
plausible leakage of proteins from the lens due to membrane
degradation. Watanabe and Shearer (1989) and Watanabe et al.
(1990) observed a leakage of a, b and g-crystallins from the lens into
the agueous and vitreous humours during selenite induced nuclear
and cortical cataract. In rats, they have observed a 10-fold increase in
crystallin concentrations in the aqueous, and about a 20-fold increase
in crystallinsin the vitreous, during mature selenite cataract.

This results in the incorporation of much of selenium into the lens.
According to Shearer et al. (1984), the identity of
selenoaminoacids in a- and b-crystallins are unknown, and ¢
crystallin showed very little incorporation into an unusual acidic
amino acid.

The following order of events were postulated by Shearer et al.
(1992) to occur during the cataract formation in the selenite model.
Selenite may oxidises critical sulfhydryl groups, leading to the
inactivation of Ca?*—~ATPase or opening of ion channels in the
epithelial membranes. Calcium influx then causes activation of the
calcium-dependent protease Calpain |1, which partially degrades a
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The total protein concentration in the blood showed a significant
decrease in the hyper mature stage with the high dosages (Table
3).This points towards the fact that higher concentrations of
selenium in the blood have some negative impact upon the protein
profile. Burk (1974) suggested that selenium showed affinity to
certain plasma proteins. A decline in the total serum protein in
humans exposed to selenium factory conditions was also reported
(Mathew, 1998). Read et al. (1990) showed that selenoprotein Pis
the predominant form of bound selenium in serum, and glutathione
peroxidase accounts for most of the remaining bound selenium.
According to Shearer et al. (1992), the function of selenoprotein P
is unknown, but assumed to be antioxidative because of its high
content of thiol and selenol groups. Besides this, Shearer et al.
(1984) reported that other than uptake into crystallins, large
amounts of °Se were taken up into small amounts of unknown
soluble proteins. Thus the loss of total blood protein could be due
to the substitution of large amounts of selenium into these proteins.
These biochemical changes in the blood and agueous humour
worsen the pathological condition of the cataractous lens since the
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In conclusion, it can be stated that a change in protein profiles
starts in the precataractous stages itself and by 72 hrs a significant
increase in lens insoluble protein was noticed. By the progression
of the cataract a highly significant drop in the soluble fraction of
protein is noticed as against an increase in insoluble protein
fraction, which results in complete opacification of the transparent
lens. The above changes are mainly because of lens protein
oxidation by selenite. However there is no dose dependency for
these changes except that a high dose can produce the cataractous
changesin a shorter time (Mathew et al., 1996-97). Thus the study
provided a better understanding about the protein changes in the
precataractous and cataractous stages of selenite cataract model.
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