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Abstract

In the present study, we attempted to find out the biochemical changes in goat eye lens due to Fluoride. Twenty
four goat eye lenses were divided into four groups (N=6). Three experimental groups were incubated with three
different concentration of Fluoride (50, 100 and 200 ppm) for 24 hours at room temperature. After incubation, lens
were homogenised to estimate Lipid peroxide level (LPO), Protein carbonyl content (PC), total protein (TP), GSH and
antioxidant enzymes such as SOD and CAT. We observed that gradually, LPO and PC were significantly (p<0.001)
increased with the fluoride concentration while reduced glutathione level (GSH) and antioxidant enzymes, superoxide
dismutase (SOD) and catalase (CAT) were significantly decreased with the increased concentration of fluoride. On
the basis of the results, It may conclude that uptake of excess consumption of Fluoride may be linked with increased
oxidative burden which may lead to lens opacification, progression and sometimes leads to development of cataract.
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Introduction

Endemic fluoride is a major problem for crippling, skeletal and
dental disease caused by the ingestion of large amount of fluoride from
drinking water of endemic areas. Although systemic causes of fluorosis
have extensive variety of disorders of fluorosis have a wide variety of
manifestations. The wide spread distribution of fluoride in nature is a
direct source of adverse health effects in human populations. Fluoride
exposure exhibits rapid increased transport in blood stream and likely
across the blood-brain barrier. In addition of the knowledge, very little
attention has been known to the spectrum of lenticular findings. High
concentration of fluoride in the drinking water is one of the major
sources of generation of free radicals in lens. Free radicals are highly
reactive, unstable molecules that react rapidly with adjacent molecules
via a variety of reactions including: hydrogen abstraction (capturing),
electron donation and electron sharing [1]. The process of capturing
an electron involves reacting with a donor molecule, which loses an
electron and is said to have been oxidized [2]. Endogenous antioxidant
like reduced glutathione is present in high concentration in lens; Super-
oxide dismutase and catalase keep the level of free radicals below toxic
levels [3].

The aim of the study was to assess the effect of fluoride on the goat
eye lens by estimation of the status of total antioxidant (TA) level, and
activities of the enzymes reduced glutathione (GSH) and superoxide
dismutase (SOD), as a marker of oxidative stress.

Methods
Group and treatment

A total of 24 lenses were used for the study. Goat lenses were divided
into four groups and each group contain six lenses. The lenses were
incubated in artificial aqueous humour with different concentration of
sodium fluoride (50, 100 and 200 ppm) for 24 hours. The groups are
defined as Group I: Control; Group II: Fluoride 50 ppm; Group III:
Fluoride 100 ppm and Group IV: Fluoride 200 ppm. The doses were
selected on the based on our previous experiments. Minimum effective

dose were The Institutional Animal Ethics Committee approved the
study prior to the initiation of the experiment and also approved all
experimental protocols.

Lens culture

The study was carried out on goat eye lens obtained from local
slaughter house and immediately transported to the laboratory at -4°C.
The lenses were removed by extra capsular extraction and incubated
in artificial aqueous humour (NaCl 140 mM, KCI 5mM, MgCl2 2 mM,
NaHCO, 0.5 mM, NaH (PO4)2 0.5 mM, CaCl2 0.4 mM and glucose 5.5
mM) at room temperature and pH 7.8 for 72 hrs. Penicillin (32 mg)
and streptomycin (250 mg) were added to the culture media to prevent
bacterial contamination [4].

Biochemical analysis

Tissue homogenate preparation: After 24 hours of the incubation
period, lenses were processed for biochemical analysis. Ten
percent (w/v) homogenate of the lenses were prepared by of York’s
homogenizer fitted with Teflon plunger in 0.1 M phosphate buffer (pH
7.1). The whole homogenate was centrifuged at 4000 x g for 10 minutes
in a refrigerated centrifuge. The resultant supernatant was used for
biochemical parameters.

Protein and protein carbonyl content: The protein content was
measured [5] using bovine serum albumin (BSA) as standard. It was
represented as mg/g protein. Protein carbonyl content was determined
in the samples by measuring the DNPH adducts at 375 nm. Carbonyl
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contents were calculated by using a molar extinction coefficient (e) of
22,000 M'' cm™. Data were expressed as nmoles carbonyl/mg.

Lipid peroxide levels (LPO): The lipid peroxide (LPx) levels were
measured by the method of Okhawa et al. [6]. The thiobarbituric
acid reacting substances (TBARS) of the sample were estimated
spectrophotometrically at 532 nm. The rate of lipid peroxidation was
expressed as n mole of MDA/g tissue.

Measurement of endogenous enzymes

The lens homogenates were used for the assay of enzymatic
antioxidants. The superoxide dismutase (SOD EC 1: 15.1.1) activity was
determined from its ability to inhibit the reduction of NBT in presence
of PMS [7]. The reaction was monitored spectrophotometrically at
560 nm. The SOD activity was expressed as U/mg protein (1 unit is
the amount of enzyme that inhibit the reduction of NBT by one half
in above reaction mixture). Catalase (CAT, EC 1.11.1.6) activity was
assayed using hydrogen peroxide as substrate; the decomposition of
H,0, was followed at 240 nm on spectrophotometer. The CAT activity
was expressed as U/mg protein [8]. The reduced glutathione (GSH)
was estimation by the use of Ellman reagent (5,5 dithiobis (2-nitro
benzoic acid). The optical density of the pale colour was measured
on the spectrophotometer on 412 nm. An appropriate standard (pure
GSH) was run simultaneously. The level of GSH was expressed as ug/g
tissue [9].

Statistical analysis

Experimental data were summarized as Mean + SD (n=6). Groups
were compared together by one way analysis of variance followed
by Student Newman-Keuls post hoc test. The acceptance level of
significance was p<0.05. InStat (version 3) was used for analysis of data.

Results and Discussion

In the present study we observed significant opacification in
the goat eye lenses after 24 hrs incubation with sodium fluoride
(Figure 1). The maximum opacification was observed gradually with
the increasing amount of the fluoride. Several studies reveal that
oxidative stress and radical oxygen species are responsible for lens
opacification and cataract development [10]. Free radicals are capable
of perturbing the homeostasis of lens leading to loss of transparency.
The concentration of protein was found to be reduced in fluoride
treated rats when compared with the untreated controls (Figure 2).
This finding has supported by the increased protein carbonization
(PC) in treated rats. These changes were gradually increased with the
concentration of fluoride. The lenses are composed of transparent
crystalline protein. The oxidation of lens proteins by free radicals and
reactive oxygen species play an important role in the process leading
to lens opacification [11]. Free radical-induced lipid peroxidation in
the goat eyes is a very destructive progression of cataract and it may be
due to fluoride induced free radical generation. Previously it has been
reported that the accumulated peroxidation products damage vital
membrane structures [12]. In the present study, such a disturbance
was noted in membrane lipids as a result of increased production of
MDA. As evident in our study increased rate of lipid peroxidation
was observed in fluoride treated goat eyes when compared with the
untreated lenses. The antioxidant profiles i.e, SOD, CAT and GSH were
also evaluated in the goat eye lenses (Figure 3). The activity of SOD
and CAT were found to be significantly in fluoride treated goat eyes.
The maximum reduction was observed in the group-4 and minimum
in group-2. While the GSH content was also reduced in similar pattern.
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Figure 1: Fluoride induced opecification of goat eye lens (A) control, (B)

50ppm fluoride treated, (C) 100ppm fluoride treated and (C) 200ppm fluoride
treated lens.
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Figure 2: Levels of Total Protein (TP), protein carbonyl content (PC) and
lipid peroxide levels (LPO) in control and fluoride treated groups. The results
are expressed as Mean + SD in six rat of each group. Superscripts relate
significant (p< 0.05) comparison with Group-1(a), Group-2(b), Group-3(c),
Group-4(d).

The mode of action of fluoride induced cataractogenesis has not been
completely defined, but this study reported that the main biochemical
actions is oxidative burden by increased rate of reactive oxygen species
in the aqueous humor in combination with a decrease in the activity
of antioxidant enzymes such as SOD, CAT and GSH. Our results are
concomitant with previous study [13]. Catalase is an important part of
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Figure 3: Activity of Superoxide dismutase (SOD), Catalase (CAT) and
reduced, reduced content (GSH) in control and fluoride treated groups. The
results are expressed as Mean + SD in six rat of each group. Superscripts
relate significant (p< 0.05) comparison with Group-1(a), Group-2(b), Group-
3(c), Group-4(d).

the innate enzymatic defense system of the lens which is responsible for
the detoxification of H,0,. Decrease in the activities of these enzymes in
tissues has been linked with the build-up of highly reactive free radicals
leading to injurious effects such as loss of integrity and function of cell
membranes [14]. In this study, the level of catalase was found to be less
in toxic control lens as compared to normal control group. The amount
of reduced glutathione in the lens decreases in almost in any type of
cataract [15]. The role of reduced glutathione in the preservation oflens
clarity is of substantial interest; it serves as the major antioxidant in
the lens and prevents protein oxidation [16]. It is suggested that under
stressful circumstance, causing protein aggregation, precipitation
leading to lens opalescence due to protein denaturation of the lens [17].

Conclusion

On the basis of results it may conclude that fluoride is a potential
cataractogenic agent. Thus, high endemic area may be at a risk for
cataract. We put forward that ophthalmologic examinations must be

conducted in fluoride sensitive areas of the country.
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