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Abstract

Ultraviolet (UV) radiation is one of the major risk factors of cataractogenesis. UV radiation induced damage to the eye lens is believe
to be mediated through reactive oxygen species. Antioxidant defense systems, enzymatic and non-enzymatic, resist this damage. In
present study, the levels of rat lens endogenous antioxidaasgorbic acide-tocopherol angg-carotene, have been determined by HPLC
uponin vitro UVB irradiation. UVB irradiation for 24 h (300 nm; 10@W/cnv) of three months old rat lens suspended in RPMI medium,
leads to 69—-89% decrease in endogenous levels of these antioxidants. The addition of ascorbic acida2otdpherol (2.5.M) or
B-carotene (1QuM), separately to the medium during irradiation significantly prevented the decrease in their endogenous levels, thereb
suggesting a protective role for these antioxidant micronutrients against photodamage to the eye lens. © 2001 Elsevier Science Inc. .
rights reserved.
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1. Introduction protecting the lens from oxidative insult. The lens defense
system against oxidative damage includes both enzymatic
Cataract, the opacification of eye lens, is the leading (superoxide dismutase, catalase and glutathione redox cycle
cause of blindness all over the world. There is an increasing enzymes) and non-enzymatic factors such as the antioxidant
body of evidence that implicate reactive oxygen species micronutrients i(-ascorbic acida-tocopherol and3-caro-
(ROS) in cataract formation [1—4]. The overall biochemical tene) [1-3,7]. Nevertheless, in many types of cataracts and
and the consequent functional aberrations initiated by ROSaged lenses this defense system is compromised [2,3,7,8].
are commonly referred to as “oxidative damage”. Both, The resultant tissue damage is thus determined by the bal-
intracellular and extracellular oxidative stress affect the lens ance between the generation of free radicals and their elim-
in vivo [3]. Though, intracellular oxidants are generated as ination by the oxidant scavengers. Ascorbate and glutathi-
a result of normal metabolic processes, they can also beone (GSH) are present in the lens at millimolar range and
produced extracellularly by a variety of factors. One such their concentrations are decreased in cataractous lenses
environmental factor implicated in the oxidative damage to [3,9]. Though, the presence of carotenoids in the lens is not
the lens [4,5], exposure to which enhances cataract forma-clear, vitamin E is present in micromolar range [8}o-
tion, is ultraviolet (UV) radiation [4—6]. Since the lens is copherol was found to protect the lens catalase from
exposed to chronic near—UV radiation and enough oxygen near-UV damage [10]. Apart from GSH recycling and main-
and sensitizer molecules are present in the normal lens,tenance of membrane integrity, vitamins C, E ghdaro-
photodamage to the lens could thus involve the production tene, can directly scavenge free radicals [11]. However, the
of free radicals [3-5]. Generation of oxidants during pho- direct effects of UV radiation on lens antioxidant vitamins
tooxidation of lens crystallins has been reported [4,5]. are not known. Therefore, in the present investigation, we
The lens epithelium contains systems that are capable ofhave assessed the endogenous levels of the antioxidants,
L-ascorbic acidp-tocopherol ang-carotene, upoim vitro
* Corresponding author. Tel+91-40-7018909 (ext 252); faxt91- uvB |rrad|§1t|qn, in the absence and presence of externally
40-7019074. added antioxidants to assess the UVB radiation effects on
E-mail addressgeereddy@yahoo.com (G.B. Reddy). lens antioxidant micronutrients.

0955-2863/01/$ — see front matter © 2001 Elsevier Science Inc. All rights reserved.
Pll: S0955-2863(00)00149-2



122 G.B. Reddy et al. / Journal of Nutritional Biochemistry 12 (2001) 121-124

2. Materials and methods Table 1
Relative retention time of standard L-ascorbic acidpcopherol,a-

. tocopherol nicotinate ab@-carotene and their ‘0’ time levels in rat lens
2.1. Chemicals P A

Antioxidant Relative retention ‘0’ time level
L-ascorbic acid,8-carotene, HEPESg-tocopherol and time (min)
a-tocopherol nicotinate were from Sigma. RPMI-1640 was | -Ascorbic Acid 2.50 168.32:.g/g tissue
from Hi-Media (India) and all other reagents were of ana- «-tocopherol 5.29 1058.5 ng/g tissue
lytical grade. a-tocopherol nicotinate 7.89 —
B-carotene 10.0 Undetectable
2.2. Lenses Data represent mean of four valuestocopherol nicotinate was used as

an internal standard. See materials and methods section for other details.

Wistar/NIN rats (3 months old; 240—260 g body weight)

were obtained from National Center for Laboratory Animal o
Sciences, National Institute of Nutrition. Lenses were col- €Stimation of a-tocopherol andp-carotene, lenses were

lected from the overnight fasted male rats by posterior "insed thrice with phosphate buffered saline, pH 7.4, con-
approach [12]. Guidelines of Institutes’ Animal Ethics t&ining 1% vitamin C and a 10% homogenate was made in
Committee were strictly followed in handling the animals theosame buffer. An equal volumes of ethanol (containing
and other protocols. Lens dissection was carried out under0-1% vitamin C) was added to the homogenate and thor-

dim light at 4°C. oughly vortexed.a-tocopherol andB-carotene were ex-
tracted with known amounts of hexane and the solvent
2.3 |rradiation phase was evaporated under nitrogen gas. Samples (recon-

stituted in ethanol) were loaded onto a 1804.6 mm Gg

Irradiation at 300 nm (20 nm band width) was carried out RP column (Bondapak, mm) and detected at 292 (for
by using a perspex sheet to place the lenses inside the 1cnft-tocopherol) or 448 nm (fop-carotene) [15]a-Tocoph-
quartz cuvette and facing the anterior side of the lens to- erol nicotinate was used as internal control for the recovery
wards the light source. Experiments were carried out in ©f Potha-tocopherol ang-carotene. Data were analyzed by
RPMI-1640 (without phenol red) containing 10 mM HEPES student ‘t’ test and® < 0.05 was considered as significant.
buffer, at pH 7.2 (1 ml/lens) as described earlier [12,13].
Lenses were pre-incubated in the medium for 2—3 h prior to
irradiation. The osmolarity of the medium was adjusted to 3. Results
295-300 milliosmoles/L with sodium bicarbonate. Lens in-
tegrity was not disturbed under these conditions for 24 h  The HPLC analysis indicated that the relative retention
[12,13]. The source of UV radiation was 150 W xenon high times ofL-ascorbic acidp-tocopherol,a-tocopherol nico-
pressure lamp attached to a double monochromator [12].tinate andB-carotene were 2.50, 5.29, 7.87 and 10.0 min
The intensity of the incident light falling on the lens surface respectively (Table 1). The lenses were processed and an-
was 100uW/cn? and the duration of irradiation was 24 h at  tioxidant micronutrients were estimated immediately after
room temperature [12]. To study the effect of external lens dissection (‘0’ time). While the ‘0’ time values for
antioxidants, freshly prepared solutions of ascorbic acid, L-ascorbic acid and-tocopherol are presented in Table 1,
a-tocopherol andB-carotene were added to the medium basal levels of3-carotene could not be detected under the
separately [13]. All the solutions were sterile filtered HPLC conditions used in the study.

through 0.22um filters (Millipore). Lenses kept in dark UVB irradiation of rat lens for 24 h reduced the endog-
under the similar conditions served as controls. enous levels of ascorbic acid anetocopherol by 69% and
89% respectively, as compared to the control lenses kept in
2.4. Estimation of vitamins C, E argtcarotene the dark for 24 h under similar conditions (Figs. 1 and 2). As
expected, levels g8-carotene could not be detected in both
The levels ofL.-Ascorbic acid,«-tocopherol ang3-caro- 24 h control and irradiated lenses. However, UVB irradia-

tene were estimated at ‘0’ time and after 24 h, by HPLC tion at an incident intensity of 100W/cn¥ for 24 h, did not
(LC-6A pump, SCL-6B system controller & SPD-6AV UV/ induce any lens opacification as examined by slit-lamp
Vis detector; Shimadzu Co.). For ascorbic acid estimation, biomicroscope (not shown). Irradiation experiments were
control and irradiated lenses were rinsed thrice with distilled then carried out in the presence of externally added antiox-
water and a 10% (w/v) homogenate was made in 0.35 M idant micronutrients. Separate addition of ascorbic acid (2
perchloric acid. The 10,000 g supernatant was filtered mM) anda-tocopherol (2.5.M) to the medium raised their
through 0.45um filters (Millipore) and loaded onto a 259 respective endogenous levels significantly and the overall
4.6 mm Cg reversed phase (RP) column (Bondapak, 10 decrease in their levels on irradiation was only 20—-35%, as
um) according to the method described by Finely and Du- estimated at the end of 24 h (Figs. 1 and 2). Interestingly,
ang [14]. The detection wavelength was 254 nm. For the the endogenous levels @-carotene (27.35 ng/g tissue)
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300 4. Discussion
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Oxidative stress to the lens is a major damaging factor in
cataract development [1-5,7,8]. Since the lens is exposed to
200 - l chronic near-UV radiation and enough oxygen and sensi-

tizer molecules are present in normal lens, the effects of

near-UV radiation on lens could involve a variety of free
radical reactions [4,5,9,13]. Increased lipid peroxidation un-

ugl/g tissue
g
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der identical experimental conditions was observed earlier
and indicate that UVB radiation causes oxidative damage to
lens [13]. In addition, UVB irradiation induced alterations
in activities and kinetic properties of key enzymes of major
metabolic pathways of lens [12,16] and protein cross-links
Without Vitamin C With 2 mM Vitamin C [17]. Moreso, UVB induced damage to lens macromole-
Fig. 1. Rat lens L-ascorbic acid levels on UVB irradiation, in the absence cules could be pr(_aven_ted Wh_en antioxidant micronutrients
and presence of 2 mM ascorbic acid. Data represent me&tE. of four were present during irradiation [13], and strengthen the
separate observations obtained for four different sets of irradiation. *De- theory of oxidative damage to lens by UVB radiation. In this
notes significantly different from the respective dark control. context it is essential to investigate the direct effects of UV
radiation on major endogenous antioxidants of lens.

The results of the present study clearly reveal that the
levels of the antioxidant micronutrients decreased signifi-
cantly upon UVB irradiationn vitro. There was a small but
definite decrease in the basal levels of these antioxidants
from ‘0’ time to 24 h. This may be due to the stability of
these antioxidants at the ambient temperature and/or in-
volvement of the antioxidants in various reactions in the
lens. It is highly probable that UVB radiation, though, over

longer period of cumulative exposure, could lead to de-
Ereased antioxidant& vivo. In fact, Babu et al., have
recently reported that even a short term (1-2 weeksjvo
UVB exposure could result in oxidative stress on rat lens as
shown by an increase in lipid peroxidation anddd pro-
duction, and a decrease in glutathione levels in the absence
of any lens opacification [18]. These studies together indi-
cate that a compromise in lens antioxidant defense system
“could be at the bottom in the process that leads to lens
opacification. Interestingly, endogenous levels of vitamin C,
E andB-carotene were increased many fold above the basal
values when the lenses were incubated with external anti-
oxidants. Further, the decrease upon UVB irradiation was
only 25-35%, suggesting that by enriching the endogenous
antioxidant micronutrient levels we could minimize the UV
induced alterations.

Though, antioxidants in the medium can absorb UV
light, particularlya-tocopherol (with an absorption maxima
at 292 nm), the present experiment is not just a photochem-
ical degradation mechanism of these antioxidants. Hence,

. the antioxidants detected in the lens is the sum of the
ﬂ residual antioxidants originally contained in the lens and

3
o
I

could be detected when lenses were incubated witpXIO
B-carotene added to the medium externally and upon irra-
diation for 24 h, however, its levels were reduced by 36%
(17.41 ng/g tissue). Exogenously added antioxidants
seemed to penetrate into lens becafgsearotene was de-
tected when it was added to the medium, otherwise it was
undetectable. Therefore, the concentration of these antioxi-
dants remained either same, or higher, to that of control
lenses when the lenses were irradiated in the presence o
respective external antioxidant than the lenses that were
irradiated in the absence of added antioxidants (Figs. 1 and
2). The concentrations of externally added antioxidants used
in this study were found to be optimal in protecting the lens
macromolecules against vitro UV irradiation [13]. There-
fore, no attempts were made with varying concentrations.
Moreover, these concentrations are very much in the phys
iological range [3,10].
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antioxidants penetrated into the lens from medium during
24 h experimental period, even if one considers the above
degradation process. Moreover, we have observed similar
_ o results, in a separate study, wherein the lens was first incu-
Fig. 2. Rat lensx-tocopherol levels on UVB irradiation, in the absence and bated for 24 h i tioxidant taini di di
presence of 2.5uM a-tocopherol. Data represent mean S.E. of four fae or in an IO)FI ants Con_ a'”'”g me Ium_ an_ Irra-
separate observations obtained for four different sets of irradiation. *De- diated further for 24 h in the medium without antioxidants
notes significantly different from the respective dark control. considering the time dependent loss in both the groups. It

*
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Without a-tocopherol With 2.5 pM a-tocopherol
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could also be possible that any of the components in the [6] Taylor, H.R., West, S., Munoz, B., Rosenthal, F.S. and Bressler, N.M,

medium complicate UV induced effects. Therefore, lenses H‘g 'ggg ltgzm(f;fgzc)ts of visible light on the eye, Arch Ophthalmol,
were also irradiated in phosphate buffered saline and mod- 7] Can']pisi A Dil Giocomo. C.. Russo. A. Sorrenti. V. Vanella. G.

ified medium 199 and similar results were obtained [13]. Acquaviva, R., Li Volti, G. and Vanella, A, Antioxidant systems in

Vitamins C, E ang3-carotene have shown protective role rat 'eT‘SEaS 3 fU”C“g” of :g_ei effC;)gOf :;r&fggg?dmi”is”aﬁon of
. . i vitamin and ascorbate, ging, y - .

aga!nSt uv damage to lens CytOSkeleton PrOtemS [19]' \_/I [8] Taylor, A, Cataract: relationship between nutrition and oxidation,

tamin E was also shown to prevent cortical cataracts in- J Am College Nutr, 12, 138-146 (1993).

duced by sugar [20]. Photoprotective effect of vitamin E and [9] Milton, K.P. and Trevithick, J.R. (1994) Chromatography-electro-

carotenoids have been well documented [11]. Epidemiolog- chemical detection of antioxidants in vertebrate lens: glutathione,

. . . ) . .. tocopherol and ascorbate. Methods EnzymdL. Packer, ed.), 233,

ical stu_dles a}lso suggest thgt dietary and metabolic antioxi- ;523 539, Academic Press, London.

dants, including ascorbic acid;tocopherol angs-carotene, [10] Zigman, S, Structural and functional changes in catalase induced by

play an important role in delaying the cataract formation near-UV radiation, Photochem Photobiol, 63, 818824 (1996).

. . _ [11] Machlin, L.J. and Bendich, A, Free radical tissue damage: protective
[1’8]' Lowered serum levels of vitamins C and E and caro role of antioxidant nutrients, FASEB J, 1, 441-445 (1987).

tenoids as well as reduced intake of these nutrients were[12] Reddy, G.B. and Bhat, K.S, UVB irradiation alters the activities and
associated with higher risk of cataract [21,22]. Hence, the kinetic properties of the enzymes of energy metabolism in rat lens
prophylactic and therapeutic role of antioxidant micronutri- during aging, J Photochem Photobiol B Biol, 42, 4046 (1998).

. f . . . . 12 [13] Reddy, G.B. and Bhat, K.S, Protection against UVB inactivation (in
ents against cataract formation is gaining importance [1,2, vitro) of rat lens enzymes by nutritional antioxidants, Mol Cell Bio-

8,21]. In this context the results of the present study, which chem, 194, 41-45 (1999).
demonstrate that enhancing endogenous antioxidant micro4{14] Finley, J.w. and Duang, E, Resolution of ascorbic, dehydroascorbic

. Lo IR and ketoglutaric acid by paired ion resolved phase seperation chro-
nutrient levels could minimize the UVB radiation induced matography, J Chromatogr, 207, 449—453 (1981).

photodamage to the lens, merit attention. [15] Thurnhan, D.I., Smith, E. and Singh, P, Concurrent liquid chroma-
tography assay of retinok-tocopherol,3-carotene a-carotene, ly-
copene ang3-cryptoxanthine in plasma with tocopheryl acetate as

internal standard, Clin Chem, 34, 377-381 (1988).
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