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INTRODUCTION

Cataract is a major cause of visual disability and blindness throughout the world
(24). !t is responsible for as much as 40 percent of all blindness in India (34). Develop-
ment of cataracts leading to complete blindness is also a wellknown complication of
diabetes rnellitus. Such a correlation was first observed by O'Brien and Malsberry (16)
who found that 16% of 126 young diabetics had cataracts. The average blood sugar
level of the patients having cataracts was significantly higher than that of the patients
who did not have cataracts. A similar relationship between diabetes and incidence of
cataracts has been observed in adult diabetics also (2.8).

In experimentally induced diabetes in rats, insulin retarded the development of
cataracts (19. 20). However, there has been no parallel report in diabetic patients treated
with insulin or oral hypoglycaemic agents.

Though effective surgical techniques for cataracts removal are available. the
medical costs associated with cataract surgery are very high. Thus, cataract has per-
sonal as we!! as financial impact that is substantial and far reaching (23). It would.
therefore. be most desirable to develop alternative methods of treating, preventing or retarding
the development of cataracts without resorting to surgery.

The present review outlines progress made in understanding the genesis of
the diabetic and galactosemic cataracts particularly. the implications of lens aldose

-The authors were awarded the C.L. Malhotra Research Prize in Pharmacology (1980) of the Association of
Physiologisrsand Pharmacologists of India for their work quoted in this review.
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reductase CAR) and describes how the AR inhibitors may prevent/delay cataract forma-
tion. The methodology of investigations is also briefly reviewed.
been excellently reviewed by Varma (27) in a recent text.

Lens aldose reductase:

Lens AR has been implicated in the etiology of cataracts in diabetic and galactose-
mic animals and in human diabetics (12, 25, 32). It lacks specificity and a large number
of sugars can act as subs trates for this enzyme (7). The Km of AR for glucose is very
high, being 7 x 10-2 M. However, in lens this enzyme appears to assume high significance
only in diabetes and galactosemia (14). It catalyses the reduction of glucose and qalac-
tose to their respective polvols. sorbitol and galactitol (dulcitol) by the reaction:

Aldose + NADPH --~ Polvol + NADP

The formation of diabetic and galactosemic cataracts has been suggested to be
initiated by the lenticular accumulation of polvols. In diabetes and galactosernia, these
polvols. as they are not further metabolized effectively and are not able to readily penetrate
the lens membranes, attain a strikingly high level in the lens. The hypertonicity thus
created is immediately corrected by an influx of water, producing a dramatic change in
hydration (12).

Role of polyols In lens hydration

The mechanism in the lens which maintains an optimal stage of hydration is vitally
important for its normal function. The lens volume is a balance of two opposing forces
viz" the normal permeability characteristic of the lens membrane and the efficient cation
pump that continually extrudes Na+ and concentrates K+ The intraocular fluids bathing
the lens contain a high le"el of Na+ and a low K+, while the cations in the lens have the
opposite distribution, viz .. composition of high K+ and low Na+. Thus. if allowed to come
to equilibrium, Na+ would enter and K+ would leave the lens. Because the lens membranes
are impermeable to proteins, the situation which allows free exchange of cations
would eventually lead to Donnan type of swelling (22). In the lens, however, the cation
pump mechanisms linked to active metabolism normally prevents this from happening.

In the development of sugar cataract osmotic swelling can be described as
occurring in three stages (11). The first stage corresponding to the initial vacuolar stage
is one in which the swelling is due almost exclusively to the accumulation of sugar alcohol.
The second stage is due to sugar alcohol and electrolyte increases. In galactose cataracts,
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this is the period between the initial vacuolar stage and the appearance of the nuclear
opacity. The third stage is when the dense nuclear opacity is observed. At this stage.
there is a breakdown in the permeability barrier. so that electrolytes and sugar alcohol
becomefreeiy permeable and only the larger proteins are retained. This stage is character-
ized by a large influx of Na+ and CI- with marked increase in hydration and a low K+ level.
Thisis a Classical example of Donnan swelling and ultimately occurs when the cation pump
fails or when the lens becomes so leaky that cation pump mechanism cannot keep pace
with the rapid influx of Na+, At this stage. quantities. of sugar alcoho!. amino acids. pro-
teins. ATP and glutathione found in the cataractous lens are insignificant (11). These
changes associated with dulcitol accumulation in the tissue observed during the dev elop-
ment of galactose cataracts are qualitatively and quantitatively similar to the changes that
occur in the lenses of experimentally diabetic animals (21) and in lenses incubated in
medium containing high concentrations of glucose (4).

Dlvllopmenlt of aldose reduct.s. Inhibitors:

Since AR appears to trigger the events that lead to sugar' cataract formation.
inhibitors of the enzyme were developed to prevent or atleast to delay the cataractous

-r~•.••.......,.~ ~\l\a(~ac;d \.1M.G\ exhibited such an activity in vitr? and preven-

ted sugar alcohol formation and osmotic changes that occur in the lenses incubated in
medium enriched with either galactose. glucose or xylose (4.5.17). It also prevented the
loss of aminoacids. rnvoinositol, changes in electrolyte distribution and the morphological
changes that simulate the events in sugar cataract development (5). This shows that in
the development of sugar cataracts. electrolyte and aminoacid changes are secondary to
polvol accumulation and the osmotic change. TMG. however. was ineffective in vivo
as it did not prevent the cataract formation in galactosemic rats (13).

The first AR inhibitor that was effective in vivo was a,a.a - trifluoro-N-2 - (3-
nitrophenyl)-m-toluidine (AY-20, 263). As this yellowish toluidine derivative has a
low aqueous solubility. it was administered intravitreally ( 10 p/ of 80 mg/ml solution
in dimethyl sulphoxide) twice during the period of 18 days in rats fed with 50% galactose
(5). The development of 1,2-dioxo-1 H-benz-(de)-isoquinoline-2(3H) acetic acid
(AY-22,284. Alrestatin) was of advantage since it has a high aqueous solubility and low
toxicity. Alrestatin was the first orally effective drug which delayed the onset of cataract
formation when administered as 0.7% of diet to rats fed with 30% galactose (5.17). It
is, however, interesting to note that the actual potency of TMG. AY-20. 263 and Alrestatin
is approximately the same when tested in vitro. Since the AR inhibitors could be of
potential clrnical value, considerable interest has been aroused in seeking more potent
Inhibitors.
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Flavonoids as aldose reductase inhibitors:

Both Alrestatin (AY-22,284) and TMG are acids in which a carboxyl group is
attached to a hydrophobic group. The number of compounds that meet these two very
general criteria are too numerous to give any guidance to the basic structural requirement
of AR inhibitors. It was fortuitous, however, that of all such possible derivatives, a natu-
rally occurring compound, chlorogenic acid (26), was initially selected for the determina-
tion of its possible inhibitory activity on AR. That inhibitory activity was 2-5 times greater
than that of AY-22.284 was intriguing because it structurally resembled chalcones.
flavones and anthocvanins. all ubiquitously distributed natural products. Of these com-
pounds the flavones are the most widely occurring. Initial studies were most encouraging
because flavones as a class were one of the most potent inhibitors of the lens AR. known
so far (29, 30).

In their first reports on flavonoids. Varma et al. (29) studied eight different com-
pounds for their AR inhibitory activity in vitro. They found that quercetin, quercetrin
and mvricitrin were significantly more potent than the previously known AR inhibitors.
The inhibitory activity of flavonoids was found to be of non-competitive type from the
Lineweaver-Burke plot for quercitrin (29). Quercitrin was found to significantly reduce
the polyol accumulation in the intact rat lenses incubated in medium containing high
concentration of sugars. In a subsequent publication. Varma and Kinoshita (30) also
reported the AR inhibitory activity of more than forty flavone derivatives. They found
quercitrin and quercitrin-2"-acetate quite potent as they reduced the enzyme activity
by 50% in concentrations of 10-7 and 4 x 10-8 M, respectively. The potency of these two
compounds surpassed that of all previously known inhibitors of AR. Varma et al. (31)
have also shown that administration of quercitrin as 25 mg/g of laboratory chow and
70 mg per day as single dose of aqueous suspension led to a significant decrease in the
accumulation of sorbitol in the lens of streptozotocin diabetic Octo don degus. The
onset of cataract formation was also significantly delayed in these animals.

RecentlY, Parmar and Ghosh (18) have shown that oral administration of another
AR inhibitor flavonoid, qossvpin. in a concentration of 1.5% in the diet significantly delayed
the onset of cataract formation in rats fed with 30% galactose in the diet. It also signifi-
cantly reduced the accumulation of galactitol (dulcitol) in the lens of these animals. These
observations on the formation of cataracts in galactosemic rats involving the use of gossypin.
along with those of Varma et al. (31) on the formation of diabetic cataracts in degus given
quercitrin. indicate that flavonoids lead to a significant decrease in the accumulation of
polvols in the lens of ga~actosemic and diabetic animals and delay the onset of cataracts
in these animals. These observations support that in diabetes and galactosemia AR
plays a key role in initiating the formation of lens opacity.

. ..'
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(a) Experimental production of diabetic and galactosemic cataracts!

Diabetic and galactosemic cataracts i~ doqs : Cataracts in dogs made experi-
mentally diabetic were first observed by Chaikoff and Lachman (3). when 8 out of 10
depancreatized dogs. but not the unoperated littermates developed cataracts within 12-24
months. Subsequently. it was shown that dogs fed with excess galactose also developed
cataracts (15). Unlike galactose. glucose given orally was not cataractogenic. The
use of dogs for these studies is beset with inherent problems· the size of animal and
difficulty in maintaining large colonies. The period required for the development of
cataract is also too long and variable.

Cataracts in rats and rabbits: Cataracts in rats made diabetic by pancreactomy
were first reported by Foglia and Cramer (6). The method, however. needs surgical
skill and it is difficult to maintain the operated animals alive for long periods till the cata-
racts appear. A simpler process of inducing diabetes became available after discovery
of alloxan (9). Bailey et al. (1) observed that rabbits and rats made diabetic by alloxan
developed cataracts analogus to those in depancreatized rats and dogs. However, the
rats develop a nuclear opacity after a long period (3 to 4 months) and the onset of cataract
varies considerably from animal to animal.

Though it is difficult to produce and study the development of diabetic cataracts
in rats, the induction of galactosemia and production of galactosemic cataracts in rats
is a much simpler process and has been regularly used in these studies since its introduction
by Dvornik et al. (5). -

Cataracts in Octodon degus: Considering the difficulties encountered in the
production of diabetic cataracts in rats. a simpler model for the studies on diabetic cataracts
was much desired. Varma et al. (31) discovered that degu (Octodon degus). a rodent
native to the Andes of South America. developed nuclear opacity in 10-12 days after
induction of diabetes with streptozotocin, (10 mg/100 g. intraperitoneally). The rapid
development of cataract in degus appeared to be related to a high AR activity in the lens
of this animal. Dequs thus appeared to provide a more suitable model for testing the
role of AR in the formation of diabetic cataracts.

(b) Biochemical investigations:

Aldose reductase: The preparation of AR and determination of its activity has
been described by Hayman and Kinoshita (7). The substrate used is dl-glyceraldehyde
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and the activity is expressed as the rate of 0.0. measured at 340 nM due to utilization
of NAOPH in the reaction :

198 Parmar and Ghosh

Aldose
Glyceraldehyde + NAOPH ) glycerol + NAOP

reductase
The test compounds can be added to the reaction mixture in adequate amounts' for

determining their inhibitory activity.

Po/yo/ estimation: The polyols formed in the lens in response to diabetes and
galactosemia, and also when the lens is incubated in vitro in an enriched sugar rneduirn.
can be estimated, after extracting them in trichloracetic acid solution, by the colorimetric
method for determination of triacyl glycerol as described by Kaplan and Lee (10). The
respective polyol can be used as reference standards.

In vitro studies: The effectiveness of Lens AR inhibitors under conditions that
lead to cataract formation can be studied in the culture medium containing 30 mM xylose
for a period of 4 hours at 3rC (23). The cataracts formed can be observed biornicros-
cooicallv and the polvols can be estimated as described above or also by the gas liquid
chromatographic method (28).

Rubidium uptake studies: To determine the undesirable effect of AR inhibitors
if any, on the lens, their action on the overall metabolic parameters can be examined by
the rubidium uptake experiments. Rubidium uptake is measured by incubating lenses
in a culture medium containing 86Rb for a period of 16 hours as described by Varma
et al. (33). This measures the ion pump activity of the lens tissue.

Estimations of blood glucose and galactose levels and the lens lactate. ATP,
arninoacids and glutathione levels done by spectrophotometric methods (13, 14, 18)
considerably help the studies.

Aldose reductase in human cataractogenesis :

The concept that cataract formation in diabetes is inhibited by AR catalysed
sorbitol synthesis and its consequent accumulation in the lens has been amply proved in
experimental animals. However, it has so far not been possible to assess the role of AR
in the development of cataracts in human diabetics as completely as has been done in
experimental animals. Recently, Varma et al. (32) have shown that AR may play a
substantial role in the development of lens opacity in diabetic individuals. The levels of
sugars and polyols in the cataracts extracted from diabetic patients were definitely higher.
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a correlation between the patients' fasting blood sugar and the level of lens
polyolwas observed to exist. The polyol levels (sorbitol and fructose) in human cataracts
observedin this series appear high enough to induce significant osmotic hydration and
cataractouschanges analogous to those observed in animal models.

Evidence that the changes in the sorbitol and fructose contents of the human
lenscan be attributed to the action of AR on lenticular glucose was derived by in vitro
incubation of the intact tissue in high-glucose medium with or without AR inhibitors.
Thelevels of the metabolites of the polyol pathway attained in lenses incubated in high
glucosemedium containing 10-4M quercitrin. an AR inhibitor (32) were significantly
lower than those in contralateral controls incubated in high glucose medium not con-
tainingquercitrin. The post-incubation level of sorbitol in lenses incubated in the presence
of quercitrin was about 40% of that attained in contralateral lenses without quercitrin.
Therewas a commensurate decrease in fructose level. These preliminary studies suggest
that the osmotic theory of cataractogenesis derived from animal studies may also be
applicable to human diabetics. If this is true. such cataractous changes obviously can
beattenuated by AR inhibitors (27,32).

CONCLUSION

The cataract formation in diabetes and galactosemia may atleast be delayed,
if not prevented, by the use of AR inhibitors in vivo. It is possible that more potent inhibi-
torsof cataract formation may be discovered from amongst the bioflavonoids and ultimately
someof them may be found therapeutically useful in the prophylaxis of diabetic cataracts.
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