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UV-B-Induced Damage to the Lens In Vitro:
Prevention by Caffeine
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Abstract

Ultraviolet (UV) irradiation is one of the significant risk factors in the genesis of cataracts. Pathogenetically, the
process can be triggered by the intraocular generation of various reactive species of oxygen that are well known
to be initiated by the penetration of light, especially of the UV frequencies. The contribution of UV exposure
in the etiology of this disease is likely to increase further due to ozone depletion in the upper atmosphere. The
present studies were undertaken to examine if the UV effects can be attenuated with the xanthine-based alka-
loids primarily present in tea and coffee. We have examined this possibility by in vitro lens culture studies with
caffeine. As expected, mice lenses incubated in Tyrode solution exposed to UV at 302 nm are physiologically
damaged, as evidenced by the inhibition of the active transport of 86Rb�, an ion acting as a surrogate of the
K�. There was a simultaneous decrease in the levels of adenosine triphosphate and glutathione. The addition
of caffeine to the medium prevented such deleterious effects. That caffeine and perhaps other xanthinoids have
a protective effect against cataract formation induced by UV has hence been demonstrated for the first time.
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Introduction

IT IS WELL KNOWN THAT THE PATHOGENESIS OF CATARACTS is
multifactorial in nature. Among the well-known metabolic

and nonmetabolic confounding factors, including aging, are
diabetes, galactosemia, nutritional deficiencies, and constant
penetration of light into the eye, especially during the pho-
topic vision. The eventual damage-inflicting event in most
cases, apart from the initial metabolic effects, consists of ox-
idative stress due to the intraocular generation of reactive
oxygen species (ROS) in the aqueous and the lens. In the case
of metabolic disturbances caused by various diseases, in-
cluding that with aging, the inherent inhibition of normal
oxygen utilization leads to the diversion of molecular oxy-
gen to abnormal autooxidative reactions that progress with
the simultaneous generation of the ROS, namely superoxide,
hydrogen peroxide, singlet oxygen, and hydroxyl radicals,
and so on. These species are also produced by the leakage
of the monovalently reduced oxygen during electron trans-
port in the cytochrome pathway of the reduction of the
respired oxygen to water. However, in the case of the eye,
the generation of these species is greatly amplified by the
continued intraocular penetration of light during the pho-
topic vision and consequent initiation of cyclically continued
pseudocatalytic photochemical reactions.1 This phenomenon
helps to explain the higher incidence of cataracts in areas of
the world with a relatively higher dose of solar radiation

reaching the earth.2–4 Such a photocatalytic generation of re-
active oxygen can be initiated by exposure to visible, as well
as the ultraviolet (UV) frequencies, of the solar radiation. The
quantum yield of such species is expected to be much higher
on irradiation with UV frequencies of relatively lower wave-
lengths because of their higher photon energy, which is con-
sidered adequate to elevate the molecular oxygen from its
ground triplet state to the singlet state by direct energy trans-
fer.5 While this species is itself a potent oxidant,6 in the pres-
ence of reducing equivalents, it can give rise to hydroxyl rad-
icals through the formation of oxene ions (O�) followed by
its protonation.7 Indeed, of the 20 million people affected
with cataracts, its genesis in �20% of this population has
been attributable to UV exposure.9 In addition, UV irradia-
tion at the earth surface is likely to increase further by de-
pletion of ozone (O3) in the stratosphere. This is caused by
fluorohydrocarbon-induced free-radical reactions and the
consequent degradation of this allotrope to its molecular and
atomic forms. Since the ozone layer in the stratosphere serves
to filter out the ultraviolet frequency of light from reaching
the earth, its depletion therein is likely to further enhance
UV penetration and the incidence of cataracts. This would
also be the case with the induction of skin cancer and the
formation of ocular melanomas. It is estimated that each 1%
decrease in the atmospheric ozone would increase the inci-
dence of cataracts by 0.5%.* In addition to the flourohydro-
carbons, the ozone depletion can also be caused by free-rad-
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ical reactions induced by nitrogen oxides emitted by the in-
ternal combustion engines burning fossil fuels.

The physiologic significance of the oxygen free radicals in
lens damage with implications in the genesis of actual cata-
racts has now been proven by several studies showing the
induction of cataracts by UV irradiation, as well as its pre-
vention by nutritional and metabolically produced scav-
engers.8,9 Soderberg’s laboratory has directly demonstrated
that the UV induction of cataract is preventable by vitamin
E.9 Hence, further studies on possible strategies to prevent
lens damage by UV are considered important therapeuti-
cally. In a previous in vitro study, lens damage caused by UV
irradiation has been shown to be preventable by pyruvate,
a compound that acts as a potent scavenger of ROS, in ad-
dition to its effect of directly supporting the tissue metabol-
ically.8 In view of the possibility that pyruvate’s effect may
become limited at lower wavelengths of UV because of its
photodecarboxylation, further studies are in progress with
alkaloids present in tea and coffee. The present studies have
been conducted with caffeine, an alkaloid, which is present
at relatively high concentrations in many beverages. These
alkaloids, in addition to their property of possibly provid-
ing metabolic support to the tissue by maintaining adequate
levels of cyclic AMP through the inhibition of phosphodi-
esterase, are also effective scavengers of reactive oxygen, par-
ticularly the hydroxyl radicals.10 The background of this
study is provided also by a previous report showing the in-
hibition of selenite-induced cataract formation by green tea,
which is known to be richer in caffeine.11

Material and Methods

CD-1 mice (weighing �25 g) were obtained from Charles
River Laboratories (Wilmington, MA) and were used to ob-
tain fresh lenses. The nonradioactive chemicals were ob-
tained from Sigma Chemical Company (St. Louis, MO), and
86rubidium chloride (RbCl) was obtained from Perkin Elmer
(Boston, MA).

The effect of caffeine against UV (302 nm) damage was
studied by culturing mice lenses in 1 mL of Tyrode solution

mixed with trace amounts of 86RbCl, with the gamma dis-
integration rate adjusted to about 1000 cpm/100 �L of the
medium. The weight of the lenses was 7 � 1 mg. Incubations
were done in contralateral pairs, without or with caffeine (5
mM). The irradiation intensity was adjusted to 0.6 milli-
watts/sq.cm (UVLMS38, EL series 3 UV lamp; UVP, Cam-
bridge, UK). The period of incubation was 5 h. Incubations
were done in glass tubes, with light entering the medium
through the open end. Subsequent to incubations, the lenses
were removed from the medium and briefly rinsed with
physiologic saline to get rid of the adherent radioactivity.
The radioactivity in the lens was then determined by gamma
counting. The results were expressed as the distribution ra-
tio (CL/CM) of the counts between the lens water (CL) and
the equivalent volume of the medium (CM). The lens water
was taken to be 60% of the tissue weight. The number of
lenses in each group was 8.

Subsequent to the determination of the distribution ratio,
an aqueous extract of the tissue was prepared by homoge-
nizing it with 0.5 mL of distilled water and centrifugation for
adenosine triphosphate (ATP) determination (n � 8 in each
group). An aliquot of the supernatant (�50 �L) was then re-
acted with 100 �L of a firefly lantern extract containing a lu-
ciferin-luciferase mixture housed in a luminometer.12 The lu-
minescence generated was compared with ATP standards. An
aliquot of 100% trichloroacetic acid (TCA) was then added to
the residual volume of homogenate to a final concentration of
5% and centrifugation repeated to get a protein-free, acid-sol-
uble extract. Glutathione (GSH) was determined by adding
100 �L of this extract to a cuvette containing 0.5 mL of 0.6 M
Na2HPO4. Addition of the TCA extract brings the pH down
to �7.0. Then 100 �L of a DTNB [5,5�-dithiobis(2-nitrobenzoic
acid)] reagent, prepared by dissolving 4 mg of DTNB in 1%
trisodium citrate, was added.13 The yellow color representing
GSH was then read spectrophotometrically at 412 nm, along
with standards prepared by dissolving pure GSH in 5% TCA.
Thiol leakage in the medium was determined by directly re-
acting it with the DTNB reagent. Six (6) lenses in each group
were used for this assay.
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FIG. 1. Distribution ratios of Rubidium ions between the lens water (CL) and the medium of incubation (CM). Incubation
period was 5 hours. The distribution ratio (CL/CM) was determined by dividing the radioactivity present in the lens wa-
ter at the end of incubation by the counts present in equivalent volume of the medium of incubation. The values are ex-
pressed as mean � S.D. n � 8 in each group. P values between UV and UV � caffeine group is at least �0.001. The values
between the dark controls and the UV � caffeine are similar, indicating that inclusion of caffeine in the medium abolished
the effect of UV.



In separate incubation experiments, postincubation lenses
were also examined for their transparency by photograph-
ing them after placing them on a metal grid.

Results

The physiologic effectiveness of caffeine against UV-in-
duced damage to the lens was determined on the basis of its
ability to maintain its active transport activity, as measured
by the uptake of rubidium ions, and to maintain the levels
of ATP and GSH. Data on the status of the active transport
are summarized in Figure 1. As expected, the incubation of
lenses in media exposed to UV led to a substantial decrease
in its ability to transport rubidium, as compared to the dark
controls. In the presence of caffeine, this inhibition was sig-
nificantly minimized. As compared to the dark controls
(CL/CM �29), the ratio decreased to a mean value of 18 in
the lenses incubated with UV. Such a significant decrease
under UV was not noted when the medium was fortified
with caffeine. Indeed, the uptake of rubidium in the latter

case was close to the dark controls. The protective effect of
this xanthinoid against the pump damage was, hence, highly
significant.

In addition to the direct damage to the pump caused by
UV irradiation, the content of ATP, the energy source re-
quired for the pump activity, is also decreased. The suscep-
tibility of the lens to oxidants has previously been attributed
to a deactivation of the Na�-K�-ATPase itself.14 However,
the observed damage could be attributable to a direct dam-
age to the cell membranes exposed to ROS, as well as dam-
age to the intracellular metabolic pathways generating 
ATP. As shown in Figure 2, the ATP content in the lenses
incubated with UV is also significantly decreased (0.95
�moles/g), as compared to the control value of 2.4
�moles/g. The value in the presence of caffeine was very
close to the controls, with no decrease being apparent.

As shown in Figure 3, the incubation of lenses exposed to
UV also results in a decrease of GSH known to be highly
susceptible to oxidation by ROS. In addition to oxidation, its
decrease can also be attributed to the overall inhibition of
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FIG. 2. Levels of ATP. The values are expressed as �moles/g wet weight � S.D as indicated on the ordinate. The values
in presence of UV are significantly depressed as compared to the dark controls, P � 0.001. The depressive effect of UV is
completely prevented in the presence of caffeine, P � 0.001. (n � 8)

FIG. 3. Levels of GSH (�moles/g wet wt). As apparent in the ordinate, the level is significantly lowered on incubation
under UV as compared to the dark controls, P � 0.001. Addition of caffeine abolished this lowering, the level in this case
being closer to the dark controls, (n � 6); P � 0.001 between UV and UV � caffeine groups



tissue metabolism, with an adverse effect on the regenera-
tion of GSH from glutathione disulfide. Additionally, it leaks
out of the lens on incubation with ROS. The presence of caf-
feine in the medium protected the lens against such losses
of GSH. As shown in Figure 3, in the case of lenses incubated
in the dark, the content of this 	SH tripeptide was main-
tained at a level of 3.8 �moles/g tissue wet weight, a value
close to that of the fresh lenses (�4 �moles/g). On incuba-
tion under UV, it decreased to 1.25 �moles/g. However, such
a decrease was substantially prevented in the presence of
caffeine, with the level in the lenses incubated with UV �
caffeine being 3.5 �moles/g. That the decrease in lens GSH
could be attributed also to its leakage was confirmed by mea-
suring the thiol content in the medium of incubation. As ap-
parent in Figure 4, it was significantly higher in the medium
where the lens was incubated and exposed to UV in the ab-
sence of caffeine, as compared to that in the medium wherein
the lens was incubated with caffeine.

Figure 5 depicts the status of transparency of the lens in-
cubated under UV with or without caffeine. As apparent, the
lenses incubated with caffeine retained their transparency to
a significant extent, as compared to the lenses incubated
without caffeine, which appear cloudy and obscure the un-
derlying grid pattern substantially.

Discussion

Exposure to UV is an important risk factor in the gene-
sis of cataracts all over the world—albeit with greater im-
plications in areas of the world with excessive solar irradi-
ation, such as in the tropics.2–4 It is also high in
mountainous regions with excessive UV irradiation as well
as in populations in the temperate regions exposed occu-
pationally to excessive sunlight. Several previous studies
have suggested that an excessive incidence of cataracts in
such areas is due to the photo-oxidation of the tryptophan
residues in the lens proteins. This has been explained on
the basis of a strong UV absorption of tryptophan and its
consequent oxidation.15,16 However, cataract is also associ-
ated with the oxidation of GSH, which is UV transparent.

Hence, several studies now suggest that cataractogenesis is
actually initiated by the intraocular generation of ROS, such
as superoxide, singlet oxygen, hydrogen peroxide, and hy-
droxyl radical. These species are known to set up aberrant
oxidations. The hypothesis suggesting the involvement of
the oxyradicals in cataractogenesis was initially based on
lens-culture experiments showing that the active transport
of rubidium into the lens is adversely affected by conduct-
ing the culture in medium generating the above species
photochemically.17 Similar results are also obtained in ex-
periments conducted even in the dark but generating var-
ious ROS enzymatically.18 Since then, many scavengers of
these oxygen species have been found to actually inhibit
cataract formation in vivo in animal models.19 Several re-
cent studies in humans also suggest that the use of multi-
vitamin supplements may be beneficial in the prevention
of the onset and progression of cataracts.20–22

In a previous study, we have shown that photochemi-
cal damage induced by ROS generated by UV can also be
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FIG. 4. Leakage of thiol from the lenses incubated as indicated above. Aliquots of the post-incubation medium were di-
rectly reacted with the DTNB reagent and the resulting formation of yellow color measured spectrophotometrically at
412nm. Incubation under UV led to detectable leakage of the thiol from the lens. This was significantly reduced in pres-
ence of caffeine; n � 4.

FIG. 5. State of transparency of the lenses post-incubation.
The lenses were placed on a grid and photographed by trans-
illumination with white light. Transparency is indicated by
the clarity of the holes which were much more obscured in
the lenses incubated under UV (left) as compared to that in
the lenses incubated with UV � caffeine (right).



effectively prevented by pyruvate.8,17 Its preventive effect
is attributed to its action as a potent oxyradical scavenger,
as well as to its action as a metabolic agonist. The latter
effect is attributed to a stimulation of glycolysis as well as
the citrate cycle. However, information on compounds
that might be effective in preventing UV-B-induced dam-
age is very limited, what with pyruvate being relatively
unstable when exposed to such wavelengths. In view of
the increasing interest in alternative medicine, we hy-
pothesized that some of the tea alkaloids might be effec-
tive in preventing UV-induced lens damage and cataract
formation.

The results described in this communication are support-
ive of this possibility. This was apparent initially by the abil-
ity of caffeine to protect the lens against UV-induced mem-
brane damage. Since the lens is avascular, it derives most of
its nutrients by transport processes residing in its cell mem-
brane exposed to the aqueous humor. Its damage is, there-
fore, highly injurious. That caffeine can prevent this from
happening was strongly evident by its protective effect
against damage to the lens-transport activity, an active pro-
cess dependent upon Na�-K�-ATPase. A significant inhibi-
tion of this activity was noticed within 5 h of incubation with
UV with a dose rate of 0.6 mW/sq.cm, known to be quite
cataractogenic. Caffeine at a millimolar concentration was
highly effective. The damage to the pump, as indicated by
the distribution ratio (CL/CM), was nearly fully inhibited by
caffeine at a 5-mM concentration. The pump damage indeed
is also associated with intracellular metabolic damage, as ap-
parent by the loss of ATP. Apparently, the generation of ATP
is inhibited by the ROS-dependent oxidative deactivation of
enzymes involved in tissue metabolism. In the presence of
caffeine, the level of ATP remained well maintained, the level
in this case being similar to the levels in the dark controls.
That the damaging process is oxidative in nature was 
apparent by the loss of GSH. This was also prevented by 
caffeine.

Conclusions

The investigations, therefore, demonstrate unequivo-
cally that caffeine has the potential of protecting the lens
against UV-induced damage. In view of the fact that even
ambient oxidation also contributes to cataract formation
in the long run, it is possible that caffeine might be use-
ful against lens damage caused by ROS generation under
nonphotochemical conditions also. It is also relatively
nontoxic when given in small doses. Hence, the findings
are considered pharmacologically significant, especially
when used as an eye drop. Other possible mechanisms of
caffeine action in preventing cataractogenesis, such as its
ability to maintain cyclic-AMP level through inhibiting
phosphodiesterase, also remains a good possibility. Such
studies are under progress. The finding is also supported
by our earlier observation, showing that the administra-
tion of green tea inhibits the formation of oxidation-in-
duced selenite cataracts.11
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