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ABSTRACT

Objectives: The Ayurvedic concept of the constitution is useful in predicting an individual’s susceptibility to age-related diseases like Cataracts 
(Kaphaja Linganasha). The objectives of the study were to assess DNA damage directly in human lens epithelial cells (HLEC) of senile cataracts of Vata 
Predominant, Pitta Predominant, and Kapha Predominant Prakriti individuals.

Methods: After obtaining Institutional Ethics Committee permission, HLEC were taken from 20 Vatta Predominant,20 Pitta Predominant and 20 
Kapha Predominant Prakriti individuals of cataract after cataract surgery and from 4 controls in which quantitative assessment of DNA damage were 
measured using CometScore™ software. The formation of “comets” in the DNA of lens epithelial cells can be visualized through the method of single 
gel electrophoresis and indicates DNA strand breaks, as the damaged DNA migrates at a different rate than non-damaged DNA during electrophoresis.

Results: No such prominent comets were indicating any DNA damage in the HLEC of the four control subjects, but comets were found in cataractous 
HLEC. The maximal damage was found in pitta-predominant Prakriti Individuals. In senile cataract patients, in HLECs DNA was randomly damaged 
and this type of damage was possible by reactive oxygen species. The DNA damage in HLEC was found maximally in pitta Predominant Prakriti 
individuals of senile type of cataract patients. Statistical significance was observed between senile cataracts in pitta predominant Prakriti versus 
senile cataracts in Vata predominant Prakriti individuals and between senile cataracts in Vata predominant Prakriti versus senile cataracts in Kapha 
Prakriti individual. No statistically significant results were obtained for senile cataracts in pitta Prakriti versus senile cataracts in Kapha Prakriti 
individuals.

Conclusion: The pathogenesis of senile cataracts is multifactorial and includes continuous molecular stress brought by photo-oxidative stress, UV 
irradiation, and oxidative reactions.
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INTRODUCTION

Cataract development accounts for 50% of blindness in the world [1]. 
A cataract is a senile change that happens because of aging. As age advances, 
cataract affects vision and if left uncorrected causes partial or complete 
blindness, this trouble seems the main concern of the twenty-first 
century [2]. The human lens epithelial cells (HLEC) perform a primary 
role in metabolic activities in lenses. Oxidative DNA damage to HLEC has 
long been documented as an important mediator in caspase-mediated cell 
death and has a major role in cataract pathogenesis [3,4]. Exposure of eyes 
to ultraviolet radiation causes photo-oxidative stress to generate reactive 
oxygen species such as superoxide radical anion (O2

•–), hydrogen peroxide 
(H2O2), hydroxyl radical (diatomic molecule • OH.), and singlet oxygen 
(1O2) attack cellular components, which is liable for DNA damage [5-8]. 
Various studies confirmed the association between a variety of DNA-
damaging insults to the HLEC and the progress of lens opaqueness. The 
Ayurvedic concept of the constitution is useful in predicting an individual’s 
susceptibility to a particular disease such as VattaPrakriti’s individual 
predisposition for neurological disorders, dementia, movement and speech 
disorders, and arrhythmias, Pitta Prakriti individuals have a predisposition 
for skin diseases and ulcers, while Kapha predominant individuals have a 
predisposition for obesity, heart diseases and Type 2 diabetes mellitus. No 
other previous studies have directly measured in vitro assessment of DNA 
damage in lens epithelial cells of senile cataracts (KaphajaLinganasha) [9] 
of Vata Predominant, Pitta Predominant, and Kapha Predominant Prakriti 
individuals.

Our study was conducted to assess the damage of DNA in senile 
cataracts directly in HLEC based on Prakriti of Individuals.

METHODS

This work has been sanctioned by the “Institutional Ethics Committee” 
vide letter No. DMIMSU/IEC/2008-09/151dt May 30, 2008.

Study population
Sixty individuals from three predominant Prakriti, each consisting of 
20 Vata Pridominant, 20 Pitta Predominant and 20 Kapha Predominant 
Prakriti patients compared among each other between age groups 60 
and 80  years. As it is difficult to get healthy control, who can donate 
lenses. For running control, lenses of 4 dead individuals below age 40 
were collected from our institute’s mortuary who died in a road traffic 
accident. We have removed lenses from an expert but the procedure is 
not the same as cataract surgery.

Exclusion criteria
Type  II Diabetes mellitus, high blood pressure, tobacco chewers, 
cigarette smokers and alcoholics, or any other major illness.

Prakriti assessment
Prakriti assessment was carried out by a questionnaire developed by 
(Tripathi and Gehlot 2019) [10]. Confirmation of all the characteristics 
done by an Ayurvedic physician (Fourth author) based on a meeting and 
a complete physical inspection to assess various physical, physiological, 
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and psychological characteristics as described in the questionnaire. The 
individual was classified into Vata predominant, Kapha predominant, 
and pitta predominant.

Detailed examination of senile cataract patients
The participants obtained a detailed ocular history. Pre-operative 
confirmation of cataracts and their type was recorded and confirmed 
by Professors of the Ophthalmology Department of Our Institute.

The procedure followed for removing the lens anterior capsule from 
senile cataract patients. Cataract patients were operated under local 
anesthesia using an injection of 2  mL 2% lignocaine, through a clear 
corneal incision (2.75 mm in length was made using a 2.2-mm double-
blade corneal knife), 5.5 mm continuous curvilinear capsulorhexis was 
done by with the help of capsulorhexis forceps and 25-gauge needle. 
The anterior capsule was extracted in all cases with Visco expression 
through a clear corneal incision and the anterior capsule was collected 
using an experienced surgeon’s forceps. No further handling or 
irrigation was done to avoid any direct harm to the HLEC. Once the 
removal anterior capsule is removed, the sample was instantly kept in an 
Essential Medium (containing 10% fetal bovine serum) and immediately 
transferred to the Research laboratory. A single rhexis for preservation 
was kept in Minimal Essential Medium, containing 10% fetal bovine 
serum, and incubated in an incubator containing 5% carbon dioxide at 
37°C [11]. The maximum time-lapse from the collection of the sample 
to the process was 15–20  min. HLEC viability testing: Before starting 
the comet assay, the Trypan blue exclusion test was used to check if the 
HLEC were viable or not [12]. All collected samples were viable.

Sample preparation
Mechanical shaking technique was used for the preparation of cell 
suspension of the HLEC using the capsule (in 50 µl of Dulbecco’s 
phosphate-buffered saline with pH  7.2), by hand, for a duration of 
up to 15  min at 4°C; HLEC were shaded from the lens capsule. To 
study the degree of DNA damage in HLEC of senile cataract patients, 
cell suspension of the lens epithelial cells was used for Comet assay. 
For conducting the Comet assay, we followed the steps which were 
designed by Singh et al. [13], with some variations: (1) Precoating of 
glass microscopic slides: 75 µL of 1% of high melting point agarose 
at 65°C was dropped onto the slide, covered with 18  mm × 18  mm 
coverslip and was kept at 4°C for 10  min. Then the slide was kept 
outside to attain room temperature and carefully removed coverslip 
so that the gel is not damaged. (2) Embedding of HLEC: Mix 50 µL 
of cellular suspension(quantification of the cell was not done, the 
approximate sample was taken) in 50 µL with 2% low melting point 
agarose (LMPA) at 37°C, then 75 µL of this mixture was dropped onto 
the slide, covered with a coverslip, and kept at 4°C for 10 min. Then, 
the slide was kept outside to attain room temperature, and carefully 
removed coverslip. Then, the last layer of 1% LMPA was applied on 
the slide in the same manner; and (3) lysis of lens epithelial cells was 
done by dipping the slide in the ice lysis solution (NaCl 2.5 M, EDTA, 
Na2 100 mM, Tris 10 mM) at 4°C for 8  h instead of 2  h. Slides were 
kept in a tank containing a denaturing buffer (NaOH 0.3 M, EDTA, 
Na2 1.0 mM) for 30 min. The level of the solution is to be kept 3–4 mm 
above the gel and the process of electrophoresis was carried out for a 
duration of 30 min, by applying an electric current of 25 volts. Slides 
were washed with a neutralizing solution (Tris HCl, o.4M, pH7.5) for 
5 min and were kept at room temperature for drying. It takes 30 min. 
For visualization, drop 100 ml of ethidium bromide solution (10 mg/
ml in water) onto the slide and it is covered by a coverslip. Incubated 
for 30–40  min in the dark and then rinsed with water. It was dried 
(no air drying) and observed under a fluorescent microscope within 
1  hour. No less than fifty cells from each sample were counted and 
the amounts of DNA in the main body and tail were measured by 
fluorescence intensity. Samples are handled separately based according 
to Ayurvedic classification. The amount of damage is represented by an 
increased fragment of DNA in the nucleus similar to the tail of a comet. 
The DNA fragments are generated by the break of DNA double-strand 
and single strand; the length and fragment content of the tail is directly 

proportional to the extent of DNA damage measured by fluorescence 
intensity. Photographs were taken for analysis as shown in Fig. 1. The 
ratio of DNA content in the head and tail (normal DNA versus damaged 
DNA) was estimated by CometScore™ software called Cometscore.

Statistical analysis
Mean values and standard deviation had been used to define data in 20 
Vata Predominant, 20 Pitta Predominant, and 20 Kapha Predominant 
Prakriti groups. Student unpaired “t” test was used to test the 
significance between the above three groups. SPSS ver. 15.0 was used 
for all statistical analyses.

RESULTS

No projecting comets were observed in the HLEC of the control samples, 
but prominent comets were found in senile cataract participants of 
HELCs. The percentage of DNA damage in HLEC of Cadavers (otherwise 
healthy and died by road traffic accidents) the highest percentage of 
DNA damage in the tail was 20.89 % and the lowest was 7.89% (Table 1).

Patients with Vata predominant Prakriti with the highest DNA in the 
tail were found to be 51.88% and the lowest was 24.09% as shown in 
(Table 2).

The highest percentage of DNA damage in HLEC of senile cataracts in 
patients of Pitta predominant Prakriti was found to be 37.89% and the 
lowest was 21.44% as shown in (Table 3).

The highest percentage of DNA damage in HLEC of senile cataracts in 
patients of Kapha Predominant Prakriti was found to be 52.01% and 
the lowest was 21.55% as shown in (Table 4).

Statistical significance was observed between senile cataract in 
VataPrakriti versus senile Cataract in PittaPrakriti individual and 
Senile Cataract in PittaPrakriti versus Senile cataract in KaphaPrakriti 
individual. No statistically significant results were obtained from senile 
cataracts in VataPrakriti versus the Senile cataract in Kapha Prakriti 
individual as shown in (Table 5).

DISCUSSION

The lens epithelial cells are the major site of all cellular metabolic 
activities, the detoxification process of major free radicals, and the 

Table 1: Percentage of DNA damage in lens epithelial cells of 
cadavers (otherwise healthy, died by road traffic accidents)

Sample number (n=4) Head (% DNA) Tail (% DNA)
1 87.11 12.89
2 89.13 10.87
3 92.11 7.89
4 79.11 20.89
Mean 86.865 13.135
Standard deviation 5.563 5.563
Maximum DNA in the tail was found to be 20.89% and the minimum was 7.89%.

Fig. 1: Percentage of DNA damage in human lens epithelial cell
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In our study, we observed DNA damage in HLEC of Senile cataract 
individuals of different prakriti’s. Therefore, in senile cataract patients, 
a maximum percentage of DNA damage was observed in individuals 
of pitta-predominant Prakriti individual. Both Vata and Pitta are 
responsible for degenerative changes due to their specific properties. 
Aging is the procedure of degeneration and thus intensified by the 
predominant Pitta supported by Vata [21]. HLEC DNA was haphazardly 
damaged, such harm is possible by free radicals generated by photo-
oxidative reactions during cellular metabolism. The limitation of our 
study is as our sample size is small and also difficult to get healthy 
human lenses.

CONCLUSION

Maximum damage was found in individuals of pitta predominant 
Prakriti individuals. DNA damage is aggravated in pitta-predominant 
individuals. Oxidative stress and reduced activity of free radical 
scavenging enzymes may responsible for enhanced DNA damage in 
pitta-predominant individuals of senile cataract patients. Diet rich in 
Vitamins A, C, E, selenium, and various other antioxidants may delay 
the onset of cataracts.
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Table 4: Percentage of DNA damage in lens epithelial cells 
in senile cataract patients of Kapha predominant 

Prakriti (n=20)

Sample number Head (% DNA) Tail (% DNA)
1 57.18 42.82
2 50.67 49.33
3 59.1 40.9
4 68.88 31.12
5 56.77 43.23
6 68.32 31.68
7 66.62 33.38
8 66.31 33.69
9 65.36 34.64
10 65.23 34.77
11 68.86 31.14
12 61.11 38.89
13 75.33 24.67
14 65.12 34.88
15 47.99 52.01
16 60.98 39.02
17 72.11 27.89
18 54.97 45.03
19 71.92 28.08
20 78.45 21.55
Mean 64.064 35.936
Standard Deviation 7.759895 7.759895
Maximum DNA in the tail was found to be 52.01% and the minimum was 21.55%

Table 2: Percentage of DNA damage in lens epithelial cells 
in senile cataract patients of pitta predominant 

Prakriti (n=20)

Sample number Head (% DNA) Tail (% DNA)
1 75.91 24.09
2 74.21 25.79
3 56.44 43.56
4 52.22 47.78
5 68.2 31.8
6 54 46
7 67.12 32.88
8 64.23 35.77
9 61.45 38.55
10 48.12 51.88
11 63.11 36.89
12 68.11 31.89
13 66.76 33.24
14 71.66 28.34
15 52.55 47.45
16 61.98 38.02
17 64.11 35.89
18 59.89 40.11
19 67.11 32.89
20 58.11 41.89
Mean 62.7645 37.2355
Standard deviation 7.532449 7.532449
Maximum DNA in the tail was found to be 51.88% and the minimum was 24.09%

Table 3: Percentage of DNA damage in lens epithelial cells 
in senile cataract patients of Vata predominant 

Prakriti (n=20)

Sample number Head (% DNA) Tail (% DNA)
1 71.28 28.72
2 68.91 31.09
3 68.88 31.12
4 68.44 31.56
5 68.32 31.68
6 65.11 34.89
7 62.11 37.89
8 65.36 34.64
9 68.12 31.88
10 69.12 30.88
11 78.56 21.44
12 62.56 37.44
13 70.88 29.12
14 65.33 34.67
15 68.99 31.01
16 65.78 34.22
17 76.55 23.45
18 73.55 26.45
19 69.22 30.78
20 69.65 30.35
Mean 68.836 31.164
Standard deviation 4.107224 4.107224
Maximum DNA in the tail was found to be 37.89% and the minimum was 21.44%

Table 5: Statistical Analysis of DNA damage directly 
in lens epithelial cells of senile cataract patients of 

different Prakriti

Study group “t” value p‑value Significance
Senile Catract in 
pitaprakriti versus Senile 
Cataract in vata prakriti

3.165 0.0031 Significant

Senile Cataract in 
vataprakriti versus Senile 
Catract in kaphaprakriti

2.382 0.0223 Significant

Senile Cataract in 
pitaprakriti versus Senile 
Cataract in kapha prakriti

0.5302 0.599 Not Significant

transport of water, glucose, and ions into and out of the lens moreover 
maximum mitochondrial oxygen consumption and generation of 
ATP through oxidative phosphorylation occur in the cells of the 
lens [14-18]. The pathogenesis of cataracts is multifactorial, with 
advancing age, ultraviolet radiation exposure, tobacco consumption, 
elevated sugar levels, and various photo-oxidative reactions [19,20]. 
We here examined HLEC of cataracts by Comet Assay and present the 
first report on the relative magnitude of the severity of DNA damages in 
all three types of cortical, nuclear, and sub capsular forms of cataracts. 
The purpose of our study was to examine the DNA damage in the HLEC 
of senile cataracts in Vata predominant, pitta predominant and Kapha 
predominant Prakriti individuals.
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