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Abstract 
Fluoride in limit is necessary and beneficial development of teeth and bones. But extensive intake of fluoride through various 

sources triggers the overproduction of Free radicals in the eye which alter the antioxidant enzyme system of eye lens resulting in 
opacification of eye lens referred to as a cataract. The opacification of crystalline fibres protein of eye lens is induced by protein 
oxidation. Antioxidant enzymes such as SOD, CAT and GSH plays a significant role by neutralizing free radicals. In the present 
study, we have investigated the anti-cataract potential of methanolic fruit extract of Piper longum Linn. Cultured goat lenses were 
divided into five groups (N= 6). From the experimental, Group I maintained its natural transparency, while Group II exhibited dense 
opacification of the lens showing cataract formation. All the lenses treated with Methanolic fruit extract of Piper longum Linn (Group 
IV & Group V) were protected from opacification and showed better anticataract efficacy. Thus, methanolic fruit extract of Piper 
longum Linn has been confirmed and demonstrated to contain highest anti-cataract potential. 
 
Keywords: Cataract, Piper Longum Linn (Pippali), Goat Eye Lens, Anti-Cataract, Opacification, Antioxidant Enzyme, Free Radical, 
Oxidative Stress, Fluoride-Induced Cataract Model. 
 
Introduction 

Fluoride (F) ingestion through drinking water in endemic areas is a major problem for crippling, skeletal, dental disease and 
cataract (Majumdar & Sundarraj, 2013). F rapidly transported in the bloodstream; across the blood-brain barrier; devote to 
degenerative eye diseases such as cataracts, age-related macular degeneration (Pain, 2017) and glaucoma by triggering or impeding 
enolase, τ-crystallin, Hsp40, Na⁺, K⁺-ATPase, Nrf2, γ -GCS, HO-1 Bcl-2, FoxO1, SOD, PON-1 and glutathione activity (Waugh, 
2019). F can accumulate to gigantic concentrations in the eye contributing to retinal toxicity (Shukla & Pandey, 1991) and cause 
cataract in human (Tomar, 2012) and animal (Mishra et al., 2014). F exposure is major sources of free radical generation and 
enhanced oxidative stress in eyes (Truscott, 2003) which impaired antioxidant activity in the lens; cause opacification of crystalline 
fibres of the eye lens impedes the passage of light and causes cataract (Gonzalez-Salinas et al., 2016. Oxidative stress is responsible 
for the stimulation and development of cataracts (Babizhayev& Yegorov, 2016). Although the eye lenses have endogenous antioxidant 
such as reduced GSH (glutathione), antioxidant enzymes like SOD (superoxide dismutase), CAT (catalase), GST (glutathione S-
transferase) and GR/Gpx (glutathione reductase/peroxidase) to keep the level of free radicals underneath toxic levels (Mishra et al., 
2014) and defend against the toxic damage that is induced by reactive oxygen species (ROS) or free radicals (Babizhayev& Yegorov, 
2016). Antioxidant enzymes like SOD, CAT and GSH does play a significant role by neutralizing free radicals 
(Ighodaroab&Akinloyeb, 2018). But increased F exposure altered antioxidant defence system; lead to reduced antioxidant enzymes in 
the eye (Yusifov et al., 2000). 

 
The aim of the study was to assess the protective potential of Piper longum Linn against fluoride-induced cataract in 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. 

 
Materials and Methods 
Drugs and chemicals: The drugs and chemicals used for the enzyme assays were received from Sigma Chemical Co., (USA).  
Collection of Plant material: The fruits of Piper longum Linn (Pippali) were collected from Jaipur(Rajasthan), India. The plant 
specimen were identified andverified by the State Forest Research Institute (SFRI), Jabalpur, India. 
Extract preparation of plant material: Theshed driedfruits of Piper longum Linn (Pippali) were crushedmechanically to thin powder 
which was used to prepare Methanolic extracts for the further study (Gupta et al., 2012). 
 
Lens culture 

The study was conducted with goat eye lens collected from a local slaughterhouse, then transported immediately and stored 
in the laboratory at 0–4 °C. The specimen was isolated by extracapsular extraction technique and preserved in artificial aqueous 
humour (NaCl–140 mM, KCl–5mM, MgCl2–2mM, NaHCO3–0.5 mM, NaH (PO4)2–0.5mM, CaCl2–0.4mM and Glucose–5.5mM) at 
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room temperature (RT) and pH 7.8 for 72 hours. Penicillin (32mg) and streptomycin (250mg) were mixed to the culture media to 
prohibit bacterial contamination (Chandorkar et al., 1981). Damaged lenses, and the lenses which developed artificial opacities were 
discarded. Only transparent lenses were selected for further in–vitro investigations. 

 
Experimental groups 

About 30 goat eye lenses were used in the experimental study. The lenses were then divided into five groups; each group 
contained six lenses. Later the lenses were incubated in artificial aqueous humour with methanolic fruit extract of Piper longum Linn 
for 24 hours. The doses were selected on the basis of stoichiometric experiments conducted with three different concentrations of 
Piper longum Linn (400, 800, and 1200μg/ml). The groups were categorised as follows: Group I: Control (C); Group II: Fluoride 
treated (F); Group III: Fluoride + Piper longum Linn - 400; Group IV: F + Piper longum Linn - 800; Group V: F + Piper longum Linn 
- 1200. Group I lenses was incubated in DMEM (Dulbecco's modified Eagle's medium), while Group II lenses were incubated in 
DMEM supplemented with 100 μM Fluoride. The incubated lenses were observed visually by placing them on a graph sheet for its 
opacity and photo documentation was recorded. Subsequently, all lenses underwent cleaning, weighing and were processed to carry 
over biochemical assays. Prior to the initiation of the experimental, all the protocols were approved by the institutional animal ethical 
committee. 

 
Biochemical assays 

The lenses were processed for biochemical assay later 24 hours of incubation. 10% of homogenate (W/V) were processed by 
using York’s homogenizer (dispersed in 1mM phosphate buffer), fitted with Teflon plunger. The homogenates of lenses were 
centrifuged at 4000 RPM for 10 minutes in a refrigerated centrifuge and the supernatant were used for estimation of various 
biochemical parameters. 
Protein and protein carbonyl content: The total protein (TP) content was estimated (Lowry et al., 1951) by using standard (bovine 
serum albumin: BSA). It was expressed as mg/gm lens. The protein carbonyl content was computed in the samples by calculating the 
DNPH adducts at 375 nm. Carbonyl contents were calculated by using a molar extinction coefficient (e) of 22,000 M-1 cm-1. Data 
were expressed as n moles carbonyl/mg protein. 
Lipid peroxide levels (LPO): The lipid peroxide (LPO) levels were computed by using the standard method (Ohkawaet al., 1979). 
The thiobarbituric acid reacting substances (TBARS) of the samples were recorded using a spectrophotometer (at a wavelength: 532 
nm). The estimated lipid peroxidation was expressed as n mole of MDA/g of tissue. 
 
Measurement of endogenous enzymes 

The lens homogenates were used for antioxidant enzyme assays. SOD (Superoxide dismutase, EC 1: 15.1.1) activity was 
determined from its inhibition ability to the reduction of NBT in presence of PMS (McCord &Fridovich, 1959). The reaction was 
observed using a spectrophotometer at 560 nm. The SOD activity was expressed as unit/mg protein (1 unit is the amount of enzyme 
inhibiting the reduction of NBT into one half above reaction mixture). CAT (Catalase, EC 1.11.1.6) activity was determined using 
hydrogen peroxide (H2O2) as substrate and the decomposition of H2O2 was observed at 240 nm using the spectrophotometer. The CAT 
activity was expressed as unit/mg protein (Aebi, 1974). The reduced GSH (glutathione) was estimated by using Ellman reagent (5, 
5’dithiobis (2-nitro benzoic acid). The appearance of pale colour was measured by optical density (OD) on the spectrophotometer at 
412 nm. An appropriate standard (pure GSH) was run simultaneously. The GSH level was expressed as unit/mg protein (Ellman, 
1959). 

 
Statistical analysis 

Experimental data were summarized as Mean ± SD (n=6). Groups were compared with each other through one way variance 
analysis followed by Student Newman-Keuls post hoc test. 

The acceptance level of significance was p<0.05. InStat (version 3) was used for the analysis of data. 
 

Results 
Lens morphology in vitro 

Figure 1 reveals that all the lenses of Group I found to be transparent. The lenses incubated with only Fluoride (group II) 
exhibited dense opacification indicates the formation of cataract while lenses incubated with Fluoride and increasing concentration of 
methanolic fruit extract of Piper longum Linn, such as Group III, Group IV and Group V showed decreeing opacity in the lens. The 
methanolic fruit extract of Piper longum Linn (Group IV & Group V) revealed the presence of a transparent lens showed anticataract 
potential (Figure 1).  
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Biochemical assays: The total protein content was found to be least in Group II among the conducted experiments. Significant 
recovery was documented in all the treated groups. The most significant recovery was observed in Group IV (36%) and Group V 
(33%). The protein carbonylation was found to be significantly higher in Group II with 84% than the experiments thereof. Positive 
trend was record in all the treated groups. The most significant recovery was observed in Group IV (40%) and Group V (38%) as 
compared to experimental control (Group II). The lipid peroxidation was estimated to be 208% in Group II than that of Control 
(Group I). Here significant recovery was evidenced in all the treated groups. The rate of recovery was observed to be higher in Group 
IV (62%), followed by Group V (61%) as compared to experimental control (Group II). 
 

The antioxidants enzymes SOD level was found to be least in Group II (52%) as compared to the control Group I. The most 
significant recovery was observed in Group IV (77%), Group V (67%) as compared to experimental control (Group II). 

 
The CAT level was found to be significantly decreased in group II (54%) as compared to the control group I. The significant 

recovery was observed in all the treated groups. The most significant recovery was observed in Group IV (69%), Group V (59%) as 
compared to experimental control (Group II). The antioxidants enzymes GSH level was found to be significantly decreased in group II 
(48%) as compared to the control group I. The significant recovery was observed in all the treated Groups. The most significant 
recovery was observed in Group IV (34%), Group V (30) as compared to experimental control (Group II). 

 
Discussion 

The opacification was observed in the experimental group while the significant recovery was observed in experimental 
groups when treated with methanolic fruit extract of Piper longum Linn. Several previous records confirmed that oxidative stress and 
radical oxygen species causing opacification of lens and are responsible for cataract (Babizhayevet al., 2016). Free radicals perturb the 
homeostasis of the lens and lead to a loss of transparency. In present the experiment with goat eye lenses was incubated with the 
Fluoride (Group II) may lead the excessive generation of free radical in eye lens are responsible for oxidative damage of lens lipid of 
the lens by means of lipid peroxidation; oxidation of lens protein by means of Protein carbonylation and also alter the antioxidant 
defence mechanism by reducing the levels of antioxidant enzymes (glutathione level (GSH) and superoxide dismutase (SOD) and 
catalase (CAT) were found to be significantly decreased in Fluoride treated, group.   In a study on goat eye lens by Mishra et al., 
(2014) also reported the Fluoride induced oxidative burden cause higher protein carbonylation and lipid peroxidation; lower the 
concentration of antioxidant enzymes (superoxide dismutase, catalase, glutathione) in eye lens results opacification of the lens. But 
when the eye lenses were incubated with Fluoride and increased concentration of methanolic fruit extract of Piper longum Linn 
(Group IV & Group V) neutralised the free radical and significantly lowered the protein carbonylation and lipid peroxidation; 
increased the level of antioxidant enzymes in the eye to inhibit the opacification of the lenses. Thus, the methanolic fruit extract of 
Piper longum Linn showed the potent potential of free radical scavenging activity against Fluoride. 
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Figure 1: Fluoride induced opacification of goat eye lens. Group I: Control (C); Group II: Fluoride treated (F); Group III: Fluoride + 
Piper longum Linn - 400; Group IV: F + Piper longum Linn - 800; Group V: F + Piper longum Linn - 1200. 
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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 goat eye lens of each group. Superscripts relate significant (p< 0.05) 
comparison with Group-1(a), Group-2(b), Group-3(c), Group-4(d), Group-5(e). 
 

 
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 goat eye lens of each group. Superscripts relate significant (p< 
0.05) comparison with Group-1(a), Group-2(b), Group3(c), Group-4(d), Group-5(e). 
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