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INTRODUCTION
The worldwide incidence of diabetes exceeds 285 million 

individuals, and it is predicted to arise to 439 million by 
2030, according to the International Diabetes Federation. 
Among the various complications associated with diabetes, 
there are several eye-related conditions, such as diabetic 
macular edema, cataracts, tear film dysfunction & retinopa-
thy. The incidence of diabetic cataracts has been steadily 
rising with the increasing number of individuals affected 
by type 1 and 2 diabetes [1,2]. 

Cataracts is illustrated by clouding of eye lens, leading 
to a progressive decline in visual acuity, contrast sensitivity, 
and colour perception. This age-related condition is a sig-
nificant everyone’s health worry because it represents the 
primary cause of visual impairment in older adults, with 
the global prevalence expected to rise due to the ageing 
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population. Cataracts can notably influence a person's 
capacity to execute regular activities, ultimately affecting 
their overall quality of life and independence [3,4].

The formation of cataracts is a multifactorial process 
involving various physiological, environmental and genetic 
factors. Key contributors to cataract development include 
oxidative stress, protein aggregation and post-translational 
modifications of lens proteins, which result in the opacifica-
tion of the lens. Accumulation of reactive oxygen species 
in the lens is one of the primary factors leading to oxida-
tive damage, initiating a flow of events that conclude in the 
disruption of lens transparency [5-7].

Cataract treatment options are predominantly surgical, 
with phacoemulsification being the most performed pro-
cedure. Although cataract surgery is highly effective in 
restoring visual function, it is not without risks and poten-
tial complications. Additionally, access to cataract surgery 
can be limited in certain regions, particularly in developing 
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countries, where the burden of cataract-induced blindness 
is the greatest. Consequently, there is a pressing need for 
alternative therapeutic strategies to prevent or delay cataract 
progression [8-10]. Spirulina platensis, a cyanobacterium 
popularly known as a "superfood," has gained attention for 
its rich nutrient report and promised health advantages. This 
microalga is a rich source of proteins, minerals, vitamins and 
bioactive compounds which exhibit various pharmacological 
properties, including antimicrobial, anti-inflammatory and 
antioxidant activities. Such properties make Spirulina pla-
tensis a hopeful candidate for developing novel therapeutic 
agents against various diseases, including cataracts [11-13].

In our previous research, we investigated one complica-
tion of diabetes mellitus, focusing on the nephroprotective 
effects of Spirulina platensis. This study aims to perform 
a comprehensive virtual screening of phytochemicals identi-
fied in our previous research on Spirulina platensis and to 
assess their anticataract potential, a complication of diabetes 
mellitus, through in-vitro evaluations using a goat lens 
model [14]. This research is expected to contribute to the 
existing knowledge on the therapeutic potential of Spirulina 
platensis and pave the way for further investigation into its 
potential applications in cataract prevention and treatment. 
By identifying the bioactive compounds responsible for 
the observed anticataract effects, this research will provide 
valuable understandings into the possible mechanisms  
of action of Spirulina platensis for cataract prevention and 
management [15].

MATERIAL AND METHODS

Collection and authentication
The algae was collected from the PIRENS, located  

in Bhableshwar, Rahata, Ahmednagar 413714. Authentica-
tion of sample was undertaken by BSI, Pune 411001, with  
Ref No-BSI/WRC/100-1/DEN.CER/2018/101, Specimen 
No. 204830, as Spirulina platensis (Nordstedt) Geitler 1925, 
a member of the Phormidiaceae family.

Soxhlet extraction and fractionation

The collected algae, Spirulina platensis, was dried and 
powdered. The algae powdered sample underwent Soxhlet 
extraction by methanol for a day. Whatman filter paper no.42 
was used for the filtration of the methanolic extract. The 
solvent was then evaporated via rotary evaporator. Employ-
ing a gradient elution technique, the crude extract was 
eluted into (n-hexane, dichloromethane, ethyl acetate and 
methanol) fractions by column chromatography according to 
their polarity. The elution was continued until each solvent 
showed no spots on thin-layer chromatography (TLC), 
indicating that the compounds within the extract had been  
successfully separated into their respective fractions [16-18].

Phytochemical investigation

In an earlier study, we reported on a phytochemical inves-
tigation by HR-LCMS to identify the phytochemicals in the 
fractions of Spirulina platensis extract by metabolite screen-
ing from the METLIN Metabolite Database [14,19-21].

Selection of Target receptor

In studying the anticataract potential of Spirulina pla-
tensis, selecting an appropriate target receptor is crucial 
for understanding the molecular interactions and mecha-
nism of action. hAR has been chosen as the target receptor  
for this research due to its significant role in the develop-
ment of cataracts. hAR, with the Protein Data Bank (PDB) 
ID: 1US0, is an enzyme implicated in the polyol pathway,  
in which sorbitol is obtained from glucose under hypergly-
cemic conditions [22]. Sorbitol accumulation in the eye lens 
leads to osmotic stress and, eventually, cataract formation. 
By investigating the interactions between the phytochemi-
cals present in Spirulina platensis and the hAR enzyme, 
the study aims to unveil the potential of this microalgae  
in preventing or treating cataracts [23,24].

Docking studies

Molecular docking studies were carried out to assess the 
binding relationships between the target protein and the 
identified phytochemical. The target protein was obtained 
from the PDB and ChemDraw and Chem3D (v.16) tools 
were applied to create and optimize the phytochemical struc-
tures. Discovery Studio Visualizer (v.4.5), AutoDock Vina 
(Auto Dock v.1.2.0) and LigPlot++ program (v.2.2) software 
were used for docking studies [25].

In vitro anticataract activity

Collection of eyeballs

Goat eyeballs were brought from the slaughterhouse  
and stored at freezing temperature.

Lens culture

Artificial humour was prepared with composition of 
Magnesium Chloride at 2 mM, Sodium Chloride 140 
mM, Sodium Bicarbonate at 0.5 mM, Calcium Chloride at  
0.4 mM, Potassium Chloride at 5 mM, Sodium Hydrogen 
Phosphate 0.5 mM and Glucose at 5.5 mM. Lenses were 
incubated for 72 hours in artificial aqueous humour at 
ambient temperature and pH 7.8. Streptomycin and Peni-
cillin G were added to stop the growth of microorganisms.

Cataract formation

A 55 mM glucose solution was used to induce cataract 
formation.

Experimental design

A total of 11 groups were designed, with 3 lenses in each 
group. Various solutions were administered to the groups: 
standard drug, negative control, normal control, and varied 
high (500 μg/mL) and low (250 μg/mL) concentration of 
Spirulina platensis extract fractions. Low and high concen-
tration of glucose (5 mM and 55 mM) were also employed 
(Table 1) [26-30].
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Table 1. Experimental design for the in vitro anticataract study
Group No. Treatment

I Normal control aqueous humour + low concentration of Glucose

II Toxic control aqueous humour + high concentration of Glucose

III 100 μg/mL Ascorbic acid) Standard drug-treated aqueous 
humour + 55 mM glucose

IV Methanolic Extract (low concentration) aqueous humour  
+ high concentration of Glucose

V Methanolic Extract (high concentration) aqueous humour  
+ high concentration of Glucose

VI Ethyl Acetate Extract (low concentration) aqueous humour  
+ high concentration of Glucose

VII Ethyl Acetate Extract (high concentration) aqueous humour  
+ high concentration of Glucose

VIII Dichloromethane Extract (low concentration) aqueous humour  
+ high concentration of Glucose

IX Dichloromethane Extract (high concentration) aqueous humour 
+ high concentration of Glucose

X n-Hexane Extract (low concentration) aqueous humour  
+ high concentration of Glucose

XI n-Hexane Extract (high concentration) aqueous humour  
+ high concentration of Glucose

Lens Morphology

Lens opacity was assessed by observing squares visibility 
through the lenses placed on a wire gauze. Morphological 
variations were graded as per Table 2.
Table 2. Lens Morphology Grading Criteria

Grade Description Details

0 Unchanged Apparent squares, lens frame preserved

1 Slight Apparent squares, nominal lens 
expanding, lens frame preserved

2 Medium Slightly apparent squares and lens 
expanding present

3 Moderate to intense Almost blocked square, lens frame about 
to be damaged

4 Intense Invisible square, bizarre lens frame and 
mature cataract about to break

Preparation of lens homogenate
Lenses from each group were separated after incubation 

for 72 hours, and 10% w/v homogenate was made in 50 mM 
phosphate buffer (pH 7.4). A cooling centrifuge was used to 
centrifuge the homogenate for 20 minutes. Following the 
collection of the supernatant, biochemical parameters includ-
ing total protein, superoxide dismutase (SOD), glutathione 
(GSH) and catalase (CAT) were measured.

Statistical analysis

The data is expressed in mean±SD and one-way ANOVA. 
The Dunnet multiple comparison test was applied for 
analysis.

RESULT AND DISCUSSION

Phytochemical analysis and molecular docking studies
The existence of diverse phytochemical components 

within the different solvent fractions was shown by 
HR-LCMS analysis. The number of compounds found in 
the n-hexane fraction were 19, the dichloromethane fraction 
had 32, the ethyl acetate fraction had 51, and the methanol 
fraction had 79 as we had reported in a previous study [14]. 
After HR-LCMS analysis was employed to identify these 
compounds, molecular docking studies were conducted uti-
lizing the target protein (PDB ID: 1US0) that is associated 
with the formation of cataracts. In the current study, we 
show only the phytochemical compounds having docking 
score more than -10 kcal/mol (Figures 1-4) (Tables 3-7). 
3D (A) and 2D (B) binding effects are seen in Figs. 5-14. 

Results of In Vitro Anti-Cataract Activity are shown in Table 
8 and Figure 15. Effects of Spirulina platensis on lens bio-
chemical parameters are revealed in Table 9. 

 
 Figure 1. The phytochemical compounds found in the methanolic 
fraction of Spirulina platensis as demonstrated by the HR-LCMS 
Analysis

Table 3. List of phytochemical compounds showing highest 
docking score in methanolic fraction with retention time

Sr. No. Name Retention time  
(in minutes)

Docking Score  
(kcal/mol)

1 Dubamine 19.782 -11

2 Ascorbigen 19.874 -10

3 Corchoroside B 21.735 -10.4

4 dolichyl D-xylosyl 
phosphates 22.487 -10.3

5 Leu-leu-tyr 41.76 -10.4

 
 Figure 2. The phytochemical compounds found in the ethyl 
acetate fraction of Spirulina platensis as demonstrated by the 
HR-LCMS Analysis

Serial No Name Retention Time (in 
minutes)

Docking Score 
(kcal/mol)

1 Lansiumamide A 17.308 -10.6

2 (E,E)-Lansamide I 18.68 -10.5

Table 4. List of phytochemical compounds showing highest 
docking score in ethyl acetate fraction with retention time

 
 Figure 3. The phytochemical compounds found in the 
dichloromethane fraction of Spirulina platensis as demonstrated 
by the HR-LCMS Analysis

Table 5. List of phytochemical compounds showing highest 
docking score in dichloromethane fraction with retention time

Sr.no Name of compound Retention Time  
(in minutes)

Docking Score 
(kcal/mol)

1 4-Nerolidylcatechol 20.512 -10

2 Withaperuvin H 25.127 -10.1

 
 Figure 4. The phytochemical compounds found in the n-Hexane 
fraction of Spirulina platensis as demonstrated by the HR-LCMS 
Analysis
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Table 6. List of phytochemical compounds showing highest 
docking score in n-hexane fraction with retention time

Sr. No. Name of compound Retention Time  
(in minutes)

Docking Score 
(kcal/mol)

1 Maculosin 8.963 -10.1

Molecular docking results

Table 7. An overview of the molecular docking interactions of 
certain compounds that have the highest binding affinity

Phytochemical Interactive Amino acids Bond Interaction Docking 
Score

Ascorbigen TRP111, HIS110, CYS303, 
LEU300, CYS80

Hydrogen Bond, 
Hydrophobic, 

Other
-10.0

Corchoroside B GLN183, TYR209, VAL47, 
TRP20, PHE122

Hydrogen Bond, 
Hydrophobic -10.4

Dolichyl D-xylosyl

SER210, UNL1, TYR209, 
PHE122, TRP111, VAL47, 
LEU300, CYS298, CYS303, 
PRO310, CYS80, TRP20, 
TYR48, TRP79, HIS110, 
PHE115, TRP219, TYR309

Hydrogen Bond, 
Electrostatic, 
Hydrophobic

-10.3

Dubamine TRP20, CYS303, LEU300, 
CYS80, TRP111, VAL47

Hydrogen Bond, 
Hydrophobic, 

Other
-11.0

Leu-leu-try

TRP111, CYS298, GLN183, 
UNL1, CYS303, CYS80, 
VAL47, TRP20, TYR48, 
TYR209, LEU300

Hydrogen Bond, 
Hydrophobic, 

Other
-10.4

(E, E)-lansamide I
CYS303, CYS80, CYS298, 
TRP111, TRP20, TYR209, 
LEU300

Hydrogen Bond, 
Hydrophobic, 

Other
-10.5

Lansiumamide A
CYS303, TRP20, CYS80, 
CYS298, TRP111, TYR209, 
LEU300

Hydrogen Bond, 
Hydrophobic, 

Other
-10.6

4-Nerolidylcatechol
CYS80, LEU300, TRP20, 
CYS298, TRP111, TYR48, 
TYR209, TRP219, CYS303

Hydrogen Bond, 
Hydrophobic, 

Other
-10.0

Withaperuvin H

TRP20, LYS21, TRP111, 
PRO218, VAL47, LEU300, 
CYS303, TRP79, PHE122, 
TRP219

Hydrogen Bond, 
Hydrophobic -10.1

Maculocine
TRP111, THR113, CYS80, 
VAL47, TRP20, TYR48, 
LEU300, CYS303

Hydrogen Bond, 
Hydrophobic, 

Other
-10.1

	
 

Figure 5. The 3D (A) and 2D (B) binding of Ascorbigen  
with Human Aldose Reductase protein

 
 

Figure 6. The 3D (A) and 2D (B) binding of Corchoroside B  
with Human Aldose Reductase protein

 
 Figure 7. The 3D (A) and 2D (B) binding of Dolichyl D-xylosyl 

with Human Aldose Reductase protein

 

 Figure 8. The 3D (A) and 2D (B) binding of Dubamine  
with Human Aldose Reductase protein

 

 Figure 9. The 3D (A) and 2D (B) binding of Leu-leu-try  
with Human Aldose Reductase protein

 

 Figure 10. The 3D (A) and 2D (B) binding of (E, E)-lansamide 
I with Human Aldose Reductase (PDB ID: 1US0) protein
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 Figure 11. The 3D (A) and 2D (B) binding of compound 
Lansiumamide A with Human Aldose Reductase protein

 

 Figure 12. The 3D (A) and 2D (B) binding of compound 
4-Nerolidylcatechol with Human Aldose Reductase protein

 

 Figure 13. The 3D (A) and 2D (B) binding of Withaperuvin H 
with Human Aldose Reductase protein

 

 Figure 14. The 3D (A) and 2D (B) binding of Maculocine  
with Human Aldose Reductase protein

Results of In Vitro anti-cataract activity

Lens Morphology

Table 8. Lens morphology grading for In-Vitro anti-cataract 
activity

Groups Treatment Grades

I Normal Control 0

II Toxic Control 4

III Standard 1

IV Methanol Fraction 250 μg/ml 2

V Methanol Fraction 500 μg/ml 1

VI Ethyl Acetate Fraction 250 μg/ml 3

VII Ethyl Acetate Fraction 500 μg/ml 2

VIII Dichloromethane Fraction 250 μg/ml 3

IX Dichloromethane Fraction 500 μg/ml 3

X n-Hexane Fraction 250 μg/ml 4

XI n-Hexane Fraction 500 μg/ml 4

 

 
The figure represents the lens morphology for each experimental group 
(Group I to Group XI) in the in vitro anti-cataract activity study

Figure 15. Lens morphology for In Vitro anti-cataract activity

Lens Homogenate analysis

Table 9. Effect of Spirulina platensis on lens biochemical parameter 

Treatment Group
SOD activity  

(μ/mg  
of tissue)

CAT  
(U/mg  

of tissue)

GSH  
(nmoles/ 
100 mg)

Proteins  
(mg/dl)

Group I - Normal Control 2.35 
±0.10

7.5 
±0.25

24.365 
±0.81

249 
±4.2

Group II - Toxic Control 0.255 
±0.03###

0.4605 
±0.05 ###

3.62 
±0.53 ###

106.5 
±3.8 ###

Group III - Standard 1.45 
±0.15***

6.887 
±0.30***

19.01 
±0.76***

277 
±5.1***

Group IV- Methanol Fraction 
(250 μg/ml)

1.14 
±0.07**

4.510 
±0.20***

14.94 
±0.71***

223.5 
±3.9***

Group V - Methanol Fraction 
(500 μg/ml)

1.565 
±0.10***

6.59 
±0.25***

21.19 
±0.83***

255.5 
±4.7***

Group VI - Ethyl Acetate 
Fraction (250 μg/ml)

0.8615 
±0.05*

4.594 
±0.20***

10.765 
±0.66***

188 
±4.3***

Group VII - Ethyl Acetate 
Fraction (500 μg/ml)

1.0465 
±0.08**

5.653 
±0.22***

15.8 
±0.72***

212.5 
±5.0***

Group VIII - Dichloromethane 
Fraction (250 μg/ml)

0.693 
±0.04ns

2.590 
±0.18**

7.735 
±0.47***

164 
±5.2***

Group IX - Dichloromethane 
Fraction (500 μg/ml)

0.905 
±0.07*

3.737 
±0.10***

11.79 
±0.63***

197 
±4.6***

Group X - n-Hexane Fraction 
(250 μg/ml)

0.435 
±0.04ns

0.535 
±0.05ns

4.72 
±0.38ns

108.5 
±3.9ns

Group XI - n-Hexane Fraction 
(500 μg/ml)

0.545 
±0.04ns

1.367 
±0.07ns

5.935 
±0.55*

127 
±4.8**

Data is presented as Mean±SD (n = 3). Analysis was performed using one-
way ANOVA followed by Dunnett’s test. Significance levels: ###p < 0.001, ##p 
< 0.01, #p < 0.05 vs. normal control; ***p < 0.001, **p < 0.01, *p < 0.05 vs. 
toxic control; nsp > 0.05 non-significant vs. toxic control
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DISCUSSION

In this study, we explored the phytochemical profiling and 
anticataract potential of Spirulina platensis using in-vitro 
assessments and molecular docking analysis. Our outcomes 
provide beneficial insights into the therapeutic impending  
of Spirulina platensis against cataract formation and its 
underlying molecular mechanisms.

In our previous study, the phytochemical composition 
of different fractions of Spirulina platensis was analyzed 
by HR-LCMS. The methanol fraction displayed 79 phy-
tochemical compounds (Figure 1), ethyl acetate fraction 
displayed 51 phytochemical compounds (Figure 2), Dichlo-
romethane fraction displayed 32 phytochemical compounds 
(Figure 3) and n-Hexane fraction displayed 19 phytochemi-
cal compounds (Figure 4) [14]. All identified phytochemical 
compounds were subjected to molecular docking studies 
to predict the potential interactions of these phytochemi-
cal compounds with human aldose reductase target protein. 
Only high docking score (more than -10 kcal/mol) phyto-
chemical compounds are shown in Tables 3 to 6.

The methanol fraction dubamine exhibited the highest 
docking score (-11 kcal/mol), suggesting its potential for 
strong binding affinity towards the selected human aldose 
reductase target protein. Other notable compounds with high 
docking scores include furegrelate, maculosin, ascorbigen 
and nigericin, which may have promising pharmacological 
activities (Table 3). The ethyl acetate fraction Lansiumamide 
A demonstrated the highest docking score (-10.6 kcal/mol), 
indicating its potential for significant interaction with the 
human aldose reductase target protein (Table 4). Other 
compounds, such as sinalexin, 4-tert-butylphenyl salicy-
late, linalyl phenylacetate and 4-nerolidylcatechol, displayed 
high docking scores, suggesting their possible pharmaco-
logical relevance. In the dichloromethane fraction (Table 5), 
Withaperuvin H revealed the highest docking score (-10.1 
kcal/mol), and, finally, in the n-Hexane fraction (Table 6), 
Maculocine demonstrated the highest binding affinity (-10.1 
kcal/mol).

The molecular docking study is summarized in Table 8. 
As indicated, the compounds exhibited diverse interactions 
with the active amino acids of the target protein, as well 
as varying docking scores. Among the tested compounds, 
Dubamine had the maximum binding affinity, with a docking 
score of (-11.0 kcal/mol), followed by Lansiumamide 
A (-10.6 kcal/mol) and (E, E)-lansamide I (-10.5 kcal/mol). 
Figures 8, 11 and 10 show that these compounds formed 
stable complexes with human Aldose Reductase through 
hydrogen bonding, hydrophobic and other interactions.

Dubamine (Figure 8) created hydrogen bonds with TRP20, 
CYS303 and LEU300 and hydrophobic interactions with 
CYS80, TRP111 and VAL47. Similarly, Lansiumamide A  
(Figure 11) formed hydrogen bonds with CYS303, TRP20, 
CYS80 and CYS298 and hydrophobic interactions with 
TRP111, TYR209 and LEU300. (E, E)-lansamide I (Figure 
10) also established hydrogen bonds with CYS303, CYS80, 
CYS298, TRP111, TRP20 and TYR209, and hydrophobic 
interactions with LEU300. Moreover, other compounds, 
such as Ascorbigen (Figure 5), Corchoroside B (Figure 6),  
Dolichyl D-xylosyl (Figure 7), Leu-leu-try (Figure 9), 

4-Nerolidylcatechol (Figure 12), Withaperuvin H (Figure 13)  
and Maculocine (Figure 14), showed significant binding 
affinity to human Aldose Reductase. These compounds 
formed hydrogen bonds, hydrophobic and other interactions 
with the target protein's active amino acids, demonstrating 
their potential repressive effects on human Aldose Reduc-
tase. However, further experimental validation isolation of 
phytochemical from fraction and performance of animal 
studies is necessary to confirm these compounds' inhibitory 
potential and therapeutic efficacy.

In conclusion, the molecular docking study identi-
fied several promising candidates as potential inhibitors 
of human aldose reductase. Of these, Dubamine, Lansi-
umamide A and (E, E)-lansamide I exhibited the highest 
binding affinity. The potential of these compounds highlights 
their use as lead molecules for developing novel therapeutic 
agents against human Aldose Reductase-associated diseases.

The in vitro anti-cataract activity of Spirulina platen-
sis extract fractions was evaluated based on lens morphol-
ogy and graded as per the observations in Table 9. The 
normal control group (Group I) exhibited clear lenses with 
no cataract formation. In contrast, the toxic control group 
(Group II) showed significant cataract formation, indicating 
the successful induction of cataracts in the in vitro model. 
Among the treated groups (Group III to Group XI), varying 
degrees of cataract formation and prevention were observed, 
with the standard group (Group III) and the methanol frac-
tion-treated groups (Group IV and V) showing the best 
results in terms of cataract prevention (Figure 15).

The results from Table 10 reveal the effects of Spirulina 
platensis extract fractions on lens biochemical parameters, 
including SOD, CAT, GSH levels and protein concentra-
tions. The data indicate that various Spirulina platensis 
extract fractions impact these parameters differently than 
did the normal control and toxic control groups. Compared 
with the toxic control group, the standard treatment group 
(Group III) exhibited a significant increase in SOD, CAT, 
GSH levels and protein concentrations. This suggests that 
the standard treatment effectively prevents oxidative stress-
induced damage to the lens and preserves its function.

The methanol fractions at 250 and 500 μg/ml (Group IV 
and V) demonstrated a dose-dependent improvement in all 
four parameters, with the 500 μg/ml concentration showing 
the most significant improvement. This indicates that the 
methanol fraction may contain bioactive components that 
effectively counteract oxidative stress and protect lens tissue. 
Similarly, the ethyl acetate fractions at 250 and 500 μg/ml 
(Group VI and VII) exhibited dose-dependent increases in 
the parameters related to the toxic control group, signify-
ing that this fraction also contains active compounds with 
protective effects on the lens. The dichloromethane fractions 
(Group VIII and IX) revealed some improvement in lens 
parameters, but were not as effective as the methanol or ethyl 
acetate fractions. This suggests that the dichloromethane 
fraction may have less potent bioactive compounds, or their 
concentration may not be as high. The n-hexane fractions 
(Group X and XI) demonstrated minimal to no significant 
improvement in lens biochemical parameters. Hence, this 
fraction does not contain active compounds that protect the 
lens against oxidative stress-induced damage. In conclusion, 
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the results of this study suggest that the methanol and ethyl 
acetate fractions of Spirulina platensis have the most potent 
anti-cataract activity, effectively protecting the lens against 
oxidative stress by modulating SOD activity, CAT levels, 
GSH concentrations and protein content. Further studies are 
necessary to isolate the phytochemicals from the fractions to 
explore their potential therapeutic applications in preventing 
and treating cataracts.

CONCLUSION

In conclusion, this comprehensive investigation into the 
phytochemical profiling and anti-cataract potential of Spirul-
ina platensis has provided valuable insights into its therapeu-
tic properties against cataract formation. HR-LCMS further 
profiled the phytochemical composition of different fractions 
of Spirulina platensis. Molecular docking analysis identified 
promising candidates as potential inhibitors of human aldose 
reductase, a key factor in cataract development.

The in vitro anti-cataract activity evaluation demonstrated 
that the methanol and ethyl acetate fractions of Spirulina 
platensis exhibited potent effects in protecting the lens 
against oxidative stress, as evidenced by their modulation of 
SOD activity, CAT levels, GSH concentrations and protein 
content. These discoveries feature the promise of Spirulina 
platensis as a valuable source of phytochemical compounds 
with anti-cataract properties.

Future studies should focus on isolating and identifying 
the particular phytochemical compounds accountable for 
the observed conclusions and further discover their probable 
therapeutic applications in the anticipation and management 
of cataracts. This research sets the stage for drug discovery 
and development efforts aimed at harnessing the therapeutic 
potential of Spirulina platensis in combating cataract for-
mation, ultimately benefiting individuals at risk of vision 
impairment.

ABBREVIATION

SOD – Superoxide Dismutase; CAT – Catalase; GSH – Glutathi-
one; PDB – Protein Data Bank; hAR – Human Aldose Reductase; 
2D – Two-dimensional; 3D – Three-dimensional; μg/ml – micro-
grams per milliliter; U/mg – units per milligram; nmoles/100 mg 
– nanomoles per 100 milligrams; mg/dl – milligrams per deciliter; 
μ/mg – microunits per milligram; hrs – Hours

ORCID iDs

Vikrant Murlidhar Dhamak 
https://orcid.org/0009-0009-5261-5887

Sunil Amrutkar https://orcid.org/0000-0001-7292-5780

REFERENCES

1.	 Mrugacz M, Pony-Uram M, Bryl A, Zorena K. Current approach to 
the pathogenesis of diabetic cataracts. Int J Mol Sci. 2023;24(7):6317. 

2.	 Muchuchuti S, Viriri S. Retinal disease detection using deep learning 
techniques: A comprehensive review. J Imaging. 2023;9(4):84. 

3.	 Zhang Z, Wang Y, Zhang H, Samusak A, Rao H, Xiao C, et al. 
Artificial intelligence-assisted diagnosis of ocular surface diseases. 
Front Cell Develop Biol. 2023;11:165. 

4.	 Shu DY, Chaudhary S, Cho KS, Lennikov A, Miller WP, Thorn DC, 
et al. Role of Oxidative stress in ocular diseases: a balancing act. 
Metabolites. 2023;13(2):187. 

5.	 Rodella U, Honisch C, Gatto C, Ruzza P, D’Amato Tóthová J. 
Antioxidant nutraceutical strategies in the prevention of oxidative 
stress related eye diseases. Nutrients. 2023;15(10):2283. 

6.	 Tao JX, Zhou WC, Zhu XG. Mitochondria as potential targets and 
initiators of the blue light hazard to the retina. Oxid Med Cell Longev. 
2019;2019. 

7.	 Liton PB, Boesze-Battaglia K, Boulton ME, Boya P, Ferguson 
TA, Ganley IG, et al. Autophagy in the eye: from physiology to 
pathophysiology. Autophagy Rep. 2023;2(1):2178996. 

8.	 Ashwin PT, Shah S, Wolffsohn JS. Advances in cataract surgery. Clin 
Exp Optom. 2009;92(4):333-42. 

9.	 Chen X, Xu J, Chen X, Yao K. Cataract: Advances in surgery and 
whether surgery remains the only treatment in future. AOPR. 
2021;1(1):100008. 

10.	 Katiyar R, Banerjee S, Arora A. Recent advances in the integrated 
biorefinery concept for the valorization of algal biomass through 
sustainable routes. Biofpr. 2021;15(3):879-98. 

11.	 AlFadhly NK, Alhelfi N, Altemimi AB, Verma DK, Cacciola F, 
Narayanankutty A. Trends and technological advancements in the 
possible food applications of Spirulina and their health benefits: 
A Review. Molecules. 2022;27(17):5584. 

12.	 Bhagea R, Hossen AM, Ruhee D, Puchooa D, Bhoyroo V, Boodia N.  
Microalgae as sources of green bioactives for health-enhancing 
food supplements and nutraceuticals: A review of literature. Am J 
Biopharm Pharm Sci. 2022;2. 

13.	 Rajauria G, Yuan YV. Algae: A functional food with a rich history 
and future superfood. Recent Advances in Micro and Macroalgal 
Processing: Food and Health Perspectives; 2021:1-3.

14.	 Dhamak VM, Amrutkar SV. Nephroprotective Effects of Spirulina 
platensis on NRK-52E cell line: LC-HRMS and docking studies 
targeting epidermal growth factor receptor. Trop J Nat Prod Res. 
2023;7(7). 

15.	 Fais G, Manca A, Bolognesi F, Borselli M, Concas A, Busutti M, 
Broggi G, et al. Wide range applications of Spirulina: from earth to 
space missions. Marine Drugs. 2022;20(5):299 

16.	 Pinto LF, Ferreira GF, Beatriz FP, Cabral FA, Maciel Filho R. 
Lipid and phycocyanin extractions from Spirulina and economic 
assessment. J Supercrit Fluids. 2022;184:105567. 

17.	 Agustini NW, Wijayanto Y. Isolation, identification of fatty acids 
from Spirulina platensis as antibacterial. In: IOP Conference Series: 
Earth and Environmental Science. 2020;457(1):012033. 

18.	 Saefurahman G, Rahman AA, Hidayatuloh S, Farobie O, Abidin 
Z. Continuous extraction of Spirulina platensis pigments using 
different extraction sequences. In: IOP Conference Series: Earth and 
Environmental Science. 2021;749(1):012005. 

19.	 Sana TR, Roark JC, Li X, Waddell K, Fischer SM. Molecular formula 
and METLIN Personal Metabolite Database matching applied to 
the identification of compounds generated by LC/TOF-MS. JBT. 
2008;19(4):258. 

20.	 Tautenhahn R, Cho K, Uritboonthai W, Zhu Z, Patti GJ, Siuzdak 
G. An accelerated workflow for untargeted metabolomics using the 
METLIN database. Nature Biotechnol. 2012;30(9):826-8. 

21.	 Guijas C, Montenegro-Burke JR, Domingo-Almenara X, Palermo 
A, Warth B, Hermann G, et al. METLIN: a technology platform for 
identifying knowns and unknowns. Anal Chem. 2018;90(5):3156-64. 

22.	 Kador PF, Wyman M, Oates PJ. Aldose reductase, ocular diabetic 
complications and the development of topical Kinostat®. Prog Retin 
Eye Res. 2016;54:1-29. 

23.	 Petrash J, Huang SP. Elevation of aldose reductase in the diabetic 
eye. IOVS. 2007;48(13):2029.

24.	 Jannapureddy S, Sharma M, Yepuri G, Schmidt AM, Ramasamy R.  
Aldose reductase: an emerging target for development of 
interventions for diabetic cardiovascular complications. Front 
Endocrinol. 2021;12:636267. 

25.	 Maanvizhi S, Narayanaswamy R, Wai LK, Gnanamani A. Molecular 
docking analysis of embelin and its metal complexes as human aldose 
reductase (HAR) inhibitor. Pharm Lett. 2014;6:165-8. 



﻿

80 Current Issues in Pharmacy and Medical Sciences

26.	 Khan MS, Qais FA, Rehman MT, Ismail MH, Alokail MS, Altwaijry N,  
et al. Mechanistic inhibition of non-enzymatic glycation and aldose 
reductase activity by naringenin: Binding, enzyme kinetics and 
molecular docking analysis. Int J Biol Macromol. 2020;159:87-97.

27.	 Haroon HB, Perumalsamy V, Nair G, Anand DK, Kolli R, Monichen J,  
et al. Repression of polyol pathway activity by Hemidesmus indicus 
var. pubescens R. Br. Linn root extract, an aldose reductase inhibitor: 
an in silico and ex vivo study. Nat Prod Bioprospect. 2021;11:315-24. 

28.	 Kumar M, Singh T, Ali J, Tyagi LK. In vitro anticataract activity of 
Zingiber officinale on goat lenses. Int J Pharm Biol Arch. 2011;2: 
1430-3.

29.	 Hajarnavis AM, Bulakh PM. Anticataract effects of S. cumini and  
A. marmelos on goat lenses in an experimental diabetic cataract 
model. J Ayurveda Integr Med. 2020;11(4):421-5. 

30.	 Nimbalkar VV, Pansare PM, Nawale DS, Nishane BB. Investigation 
of carvedilol as an antidenaturing and anticataract agent. Res J 
Pharm Tech. 2015;8(5):511-6. 

Investigating the anti-cataract potential of Spirulina platensis: Metabolite screening and molecular docking studies


