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The phenolic antioxidant catavidan, used to treat heterozygous male Cat fraser mice
for 4 months starting from the age of 2 months, inhibited cataract development in
these mice significantly (Z=0.063 using the nonparametric Mann-Whitney test) after 2
months of treatment. However, the differences between the treated and control (un-
treated) mice became less marked toward the end of the third month and disappeared

by the end of the fourth.
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Mice of the strain Cat fraser carry the autosomal
gene Caf”, which determines the presence of con-
genital cataract. The crystalline lens of homozygous
Cat fraser mice, unlike that of BALB mice, has
been shown to contain elevated levels of free-radical
oxidation (FRO) products such as conjugated dienes
and ketodienes, and of terminal fluorescent lipo-
fuscin-like products [4]. This led us to assume that
if the accumulation of FRO products in the lens or
the FRO itself play an important role in cata-
ractogenesis, then this process might be mitigated
through inhibition of FRO by an antioxidant.

To check this possibility experimentally, we
chose mice heterozygous for the Ca#" gene be-
cause the rate of cataract development and the
severity of lens damage in such mice are signifi-
cantly less than in their homozygous counterparts.
A water-soluble antioxidant from the class of steri-
cally hindered phenols was used (synthesized by
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A. A. Volod’kin at the Institute of Chemical Phys-
ics, Moscow).

MATERIALS AND METHODS

Heterozygous male mice (Ca?”/+ phenotype) ob-
tained by crossing Car”/Car® females and BALB
(+/+) males were used. The mice were kept in
the Institute’s vivarium on a conventional diet
supplemented with greens throughout the experi-
mental period. Cataract development was monitored
microscopically. The lens was photographed in two
projections once per month after dilating the pu-
pil with 1% atropine. The severity of cataracts was
graded from the photographs on a five-point scor-
ing scale, assigning scores from 0 (undamaged lens)
through 4 (total cataract) (Fig. 1). Animals were
first allocated to subgroups according to the degree
of lens opacification using a “right-and-left” com-
parison technique [1] and then randomly divided
into a control and a test group, 10 mice in each.
Mice of the test group were instilled with a 1%
solution of catavidan (a water-soluble antioxidant
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Fig. 1. Grades of lens damage in
heterozygous Cat’ mice. la and 1b)}
slight diffuse opacification (score
1); 2a and 2b) diffuse opacity and
small posterior polar cataract, res-
pectively (score 2); 3a and 3b)
posterior polar cataract (score 3);
4a and 4b) total cataract (score 4).
Arrows indicate hot spots from the
light guide of the photoflash.

from the class of sterically hindered phenols) into
both eyes 5 times per week for 4 months, while
the control mice were instilled with distilled wa-
ter. The significance of differences between the two
groups was determined using the two-tailed non-
parametric Mann-Whitney test.

RESULTS

The experiment was started when the mice had
reached the age of 2 months, and the appearances
of cataracts in the control and test groups at that
time are exemplified in Fig. 1. Two types of lens
damage were seen: a diffuse opacity and a small
posterior polar cataract. Cataract development pro-
ceeded through increases in the extent of diffuse
opacification, with large numbers of swollen fibers
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Fig. 2. Cataractous lens damage as a function of time. The

ordinate shows median values for the control and test groups.
1) control mice; 2) test mice (instilled with 1% catavidan
solution into both eyes). Figures represent the significance of
differences, as estimated by the two —tailed nonparametric
Mann — Whitney test, in the degree of lens damage between
control and catavidan=treated heterozygous Cat™ mice.

appearing in the lens and progressively closing the
posterior polar cataract.

After two months of catavidan treatment, the
degree of lens damage in the test group was sig-
nificantly less than in the control group (Fig. 2),
and it could be seen that the process of fiber
swelling was delayed in the treated animals. How-
ever, the differences between the test and control
mice tapered off toward the end of the third
month and disappeared almost completely by the
end of the fourth. Mortality rates in the two
groups were similar (5-8% per month).

Cataract formation involves a complicated
chain of transformations that involves processes
occurring both in the lens epithelium and in fully
developed fiber cells. It has been suggested [2] that
through the action of the Car gene, the activity
of one of the enzymes contained in the nuclear
membranes of lenticular fibers is so altered as to
impair the structure and function of the whole
array enzymes mediating the transport of cytoplas-
mic and nuclear proteins that participate in DNA
replication, in the regulation of synthetic processes,
and in the formation of membranous cell compo-
nents. The destructive processes taking place in the
lens, such as vacuolation and the formation of
defects in the nuclear membrane, most likely re-
sult from changes in the rates at which intracel-
lular structures are assembled (synthesized) and dis-
assembled. After a cataract had formed, for ex-
ample, the relative content of y-crystallins in the
lens was found to be drastically reduced [7], and,
as demonstrated earlier [4], FRO processes were
greatly enhanced in cataractous lenses. Possibly,
the enhanced FRO stimulates the activity of a
high-molecular protease complex which has been
shown to act specifically on oxidized proteins [6].
Also, the compartmentalization of Ca®>* may be
disturbed, and this may activate the neutral pro-
tease calpain. According to David and Shearer,
activation of proteases, including calpain, plays an
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important part in cataractogenesis [5]. It is very
likely that antioxidants can disrupt such an unfa-
vourable course of events. It has recently been
shown that antioxidants are also involved in cell
regulation in other ways, in particular they are ca-
pable of protecting the cell from death as a result
of a sharp fall in high-energy compounds conse-
quent upon activation of poly(ADP-ribose)poly-
merase [8], and to be potentially implicated in
transcription pathways by inhibiting activation of
the nuclear factor NF-xB [9]. It should be noted,
however, that the use of synthetic compounds such
as antioxidants in a complex system like a living
organism cannot be interpreted in a straightforward
manner because synthetic antioxidants usually pos-
sess a number of properties that have nothing to
do wiht their antioxidant properties - for instance,
they are able to upset Ca?" homeostasis in the cell
by impairing cell membrane structure [3].

As the present study shows, the antioxidant
treatment decreased the severity of cataractous lens
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damage only temporarily, and this can probably be
taken as evidence that catavidan only acted upon
and inhibited for a time some stage of catara-
ctogenesis other than the Kkey stage.

REFERENCES

1. L. Sachs, Statistical Estimation [Russian translation from
German], Moscow (1976), pp. 284-290.

2. B. V. Konyukhov and N. A. Kolesova, Ontogenez, 7, Ne
3, 271-277 (1976).

3. K. O. Muranov, N. V. Buldygerova, A. N. Erin, er al.,
Byull, Eksp. Biol. Med., 104, Ne 9, 296-299 (1987).

4. A. A Shvedova, E. S. Platonov, N. B. Polyanskii, et a/.,
Ibid., 103, Ne 3, 301-303 (1987).

5. L. L. David and T. R. Shearer, Lens Eye Tox. Res., 6,
725-747 (1989).

6. K. Murakami, J. H. Jahngen, S. W. Lin, ef al., Free Rad.
Biol. Med., 8, 217-222 (1990).

7. B. J. Tripathi, R. C. Tripathi, N. S. C. Borisuth, ef a/,
Lens Eye Tox. Res., 8, 373-413 (1991).

8. 1. U. Schraufstatter, P. A. Hyslop, D. B. Hinshaw, er a/.,
Proc. Nat. Acad. Sci. USA, 83, 4908-4912 (1986).

9. Y. J. Suzuki and L. Parker, Biochem. Biophys. Res. Com-
mun., 193, 277-283 (1993).




