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Abstract
Objective: The present study aimed to investigate the neuroprotective and anti-inflammatory potential of the natural
polyphenols delphinidin, cyanidin, and catechin as inhibitors of the cyclooxygenase-II (COX-II) enzyme. The work
focused on evaluating their ability to stabilize structural proteins and cellular membranes, thereby assessing their
suitability as safer phytotherapeutic alternatives to conventional non-steroidal anti-inflammatory drugs (NSAIDs) in
the management of peripheral neuropathy and inflammatory disorders.
Methods: An integrated in silico and in vitro approach was adopted. Molecular docking studies were performed
using the Glide algorithm (SP mode) on the human COX-II crystal structure (PDB ID: 3LN1) to determine binding
affinities and analyze active-site interactions. Experimental validation was carried out using protein denaturation
inhibition (egg albumin model, pH 6.3) and human red blood cell (HRBC) membrane stabilization assays. All
compounds were evaluated across a concentration range of 10-100 uM, and their activities were compared with
diclofenac sodium as the reference standard.
Results: Docking analysis revealed a clear potency hierarchy, with delphinidin demonstrating the strongest binding
affinity (GlideScore —9.50 kcal/mol), forming key hydrogen bond interactions with Tyr385 and Ser530 residues.
Cyanidin showed moderate affinity, while catechin exhibited comparatively lower binding strength. In vitro assays
confirmed these trends, where delphinidin achieved maximum inhibition of 84.8% at 100 uM and displayed an ICso
value of 38.90 pM in membrane stabilization studies, closely comparable to diclofenac sodium (32.15 uM).
Conclusion: The findings demonstrate strong agreement between computational predictions and experimental
outcomes, highlighting delphinidin and cyanidin as promising COX-II inhibitors capable of maintaining protein
integrity and cellular stability, supporting their potential as bioorganic leads for future anti-inflammatory and
neuroprotective drug development.
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Introduction

The landscape of modern pharmacology is increasingly
focused on the management of chronic inflammatory
states and peripheral neuropathies, which represent a
significant global public health challenge due to their
complex etiology and the resulting socioeconomic
burden'. Pain, particularly when it stems from actual or
potential tissue damage, involves intricate interactions
between physiological and psychological factors, often

necessitating multimodal integration of therapeutic
strategies’. Among the critical pathways identified in
chronic pain management, the cyclooxygenase-II
(COX-II) signaling cascade remains a primary analgesic
target. While synthetic non-steroidal anti-inflammatory
drugs (NSAIDs) like Diclofenac are effectively used to
block the activity of cyclooxygenase enzymes and
inhibit  the
prostaglandins,

formation  of  pro-inflammatory
their long-term clinical utility is
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frequently limited by systemic toxicities, including
gastrointestinal impairment and cardiovascular risks.
Consequently, there is an urgent need for the
identification of safer, plant-derived alternatives that can
achieve precise analgesia through multimodal
mechanisms?.

The current study focuses on the therapeutic potential of
secondary metabolites, specifically the anthocyanins
Delphinidin, Cyanidin, and the flavan-3-ol Catechin,
as neuroprotective and anti-inflammatory agents. These
plant polyphenols have emerged as promising
candidates due to their ability to modulate key signaling
pathways and provide structural protection against
oxidative and inflammatory damage®. Recent advances
in neurobiological research highlight that phytonutrients
shield neurons from free radical damage and persistent
neuroinflammation, which are hallmark features of
neurodegenerative conditions’. The specific
anthocyanidins investigated—Delphinidin and
Cyanidin—are widely distributed in nature and have
been shown to positively influence cellular functions
and prevent structural degradation associated with
neurological disorders.

A central mechanism explored in this manuscript is the
inhibition of protein denaturation. Compounds capable
of preventing structural alterations and inhibiting
protein unfolding caused by thermal stress hold
significant therapeutic potential, as protein denaturation
is a process known to trigger downstream inflammatory
cascades in the body®. In addition to protein
stabilization, the protection of cellular integrity is
evaluated through membrane stabilization assays.
Stabilizing the lysosomal membrane is crucial for
preventing the release of pro-inflammatory mediators
that drive the cycle of structural degradation in
neuropathic pain’.

Furthermore, the research integrates computational
modeling with biochemical validation to establish a
"potency hierarchy" among the tested compounds.
Molecular docking analysis targeting the COX-II
receptor (PDB ID: 3LNI) allows for a comparative
evaluation of binding energies and interaction profiles at
critical active-site residues like Ser530 and Tyr385. By
correlating these in silico docking results with in vitro
assay data, the study demonstrates that high binding
affinity for inflammatory enzymes directly translates to
structural and cellular stabilization. Ultimately, this
research aims to provide a systematic evaluation of
these anthocyanins as viable natural alternatives or

adjuncts to traditional standards like Diclofenac Sodium
for the management of peripheral neuropathy and
chronic inflammatory conditions®.

2.Materials & Methods

The study utilizes two primary biochemical assays to
evaluate  anti-inflammatory and  neuroprotective
potential: the Protein Denaturation Inhibition Assay
and the Membrane Stabilization Assay. For the
protein denaturation study, a reaction mixture consisting
of 0.45 mL of egg albumin (5% w/v) and 0.05 mL of
test drug is adjusted to pH 6.3 using 1N HCI, incubated
at 37°C for 20 minutes, and then heated at 57°C for 3
minutes to induce structural changes. In the membrane
stabilization model, a 10% v/v Human Red Blood Cell
(HRBC) suspension—prepared by washing fresh blood
thrice with 0.85% isosaline—is mixed with test drugs,
incubated at 37°C, and subjected to heat-induced
hemolysis at 56°C for 30 minutes. The percentage
inhibition for both assays is calculated based on
spectrophotometric measurements at 660 nm for
turbidity and 560 nm for hemoglobin release,
respectively. All high-purity analytical standards,
including Delphinidin (CAS No. 528-53-0), Cyanidin
(CAS No. 528-58-5), and Catechin (CAS No. 154-23-
4), along with the reference standard Diclofenac
Sodium, were procured from Sigma-Aldrich (Merck
India). These polyphenols are maintained as analytical
grade reagents to ensure precise determination of ICso
values, which define the concentration required to
achieve 50% stabilization of protein and cellular
structures.

2.1 Methods

2.1.1 Protein Denaturation Inhibition Assay

The reagents were prepared by mixing 0.45 mL of egg
albumin (5% w/v aqueous solution) with 0.05 mL of the
test drug (such as catechin, delphinidin, or cyanidin) at
various concentrations to obtain the test solution, while
the standard solution contained the same volume of egg
albumin and diclofenac sodium for comparison; the
negative control consisted of 0.45 mL egg albumin with
0.05 mL distilled water, and the product control
contained 0.45 mL distilled water with 0.05 mL of the
test drug to account for inherent absorbance. All
reaction mixtures were adjusted to pH 6.3 using 1N HCl
and incubated at 37°C for 20 minutes, followed by
heating at 57°C for 3 minutes to induce protein
denaturation; after cooling to room temperature, 2.5 mL
phosphate-buffered saline (pH 6.3) was added to each
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tube, and turbidity measured
spectrophotometrically at 660 nm’.

2.1.2. Pain and Neuropathy Assay

The pain and neuropathy assay was performed using an
egg albumin protein denaturation model in which egg

albumin was mixed with test drugs such as delphinidin,

was

cyanidin, or catechin to prepare the test solution, while
diclofenac sodium was used as the neuropathic
reference standard for evaluating pain-related protein
stabilization; all reaction mixtures were adjusted to pH
6.3 and incubated at 37 °C, followed by exposure to
thermal stress at 57 °C to simulate cellular stress
conditions associated with inflammatory neuropathy,
and the degree of protein stabilization was assessed by
measuring turbidity spectrophotometrically at 660 nm,
where reduced turbidity indicated inhibition of protein
denaturation and potential
analgesic activity!°.
2.1.3 Membrane Stabilization Assay Protocol
Fresh human erythrocyte (HRBC) suspension was
prepared by collecting whole human blood, followed by
centrifugation to obtain packed cells, which were
washed three times with isosaline (0.85%, pH 7.2) and
reconstituted to form a 10% v/v suspension; the test
solution consisted of 1 mL of HRBC suspension mixed
with 1 mL of test drugs such as catechin, delphinidin, or
cyanidin at concentrations of 10, 20, 40, 60, 80, and 100
pg/mL, while diclofenac sodium was prepared in the
same manner as a standard reference drug for
comparative evaluation, and the negative control
contained 1 mL of HRBC suspension with 1 mL of
distilled water to induce complete hemolysis; this
HRBC membrane stabilization model is widely used to
assess anti-inflammatory activity based on the ability of
compounds to prevent erythrocyte membrane lysis
under stress conditions'".
2.2. Molecular Docking Procedure
2.2.1. Protein and Ligand Preparation
e The Protein Data Bank (RCSB) provided the three-
dimensional  crystal  structure of human
Cyclooxygenase-II (COX-II; PDB ID: 3LNIl).
Using the Protein Preparation Wizard in
Schrodinger Maestro (Release 2023-1), the protein
structure was created by optimizing hydrogen-
bond networks at physiological pH (7.4), adding
missing hydrogens, and assigning bond ordering!?.

anti-inflammatory and

After removing water molecules larger than 5 A
from heteroatoms, the OPLS4 force field was used
for restricted minimization. Delphinidine and

cyanidine's three-dimensional structures were
obtained from the PubChem database (CID: 68245
and 128861, respectively). The LigPrep module
(Schrodinger) was used to prepare ligands in order
to minimize geometry using the same OPLS4 force
field, produce low-energy conformers, and assign
proper ionization states'>.
2.2.2 Docking Protocol

e Glide (Schrodinger) was used for docking in
Standard Precision (SP) mode. Based on the co-
crystallized inhibitor binding site in 3LNI1, the
receptor grid was centered around the active site
residues Tyr385, Ser530, and Argl20. The
dimensions of the grid box were 20 x 20 x 20 A3,
GlideScore (kcal/mol) was used to rank the top
docking poses, and binding energy and interaction
patterns were used to choose
conformations!®.
2.2.3. Interaction Analysis

the optimal

e Maestro's Pose Viewer and Discovery Studio
Visualizer (BIOVIA, 2021) were used to view and
analyze ligand-protein complexes in order to find
important hydrogen bonds, m—m stacking, and
hydrophobic interactions'>.

2.2..4 Statistical Analysis

e Each experiment was run in triplicate (n = 3), and
the results were reported as mean + SD. The
Shapiro-Wilk test was used to confirm data
normality, and Levene's test was used to evaluate
homogeneity of variance. Statistical differences
were examined by one-way ANOVA followed by
Tukey’s post-hoc test using GraphPad Prism
version 9.0 (GraphPad Software, USA). The cutoff
points for significance were p < 0.05 (), p < 0.01
0, p <0.001 (), and p < 0.0001".

3.Result
Molecular docking results
e Delphinidine — GlideScore: —9.50; Ligand
efficiency: =~ —0.43

e Cyanidine — GlideScore: —8.89; Ligand
efficiency: =~ —0.42
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Figure 1. Interaction of Delphinidin

with COX-2 enzyme
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Figure 3.Interaction of Catechin with COX-2 enzyme

3.1 Protein denaturation assay

The protein denaturation inhibition assay was performed
to evaluate the anti-inflammatory potential of three test
drugs (Catechin, Delphinidin, and Cyanidin)
compared to a standard drug (Diclofenac Sodium) at
concentrations of 10, 20, 40, 60, 80, and 100 mug/mL

(91.2%) | (84.8%) | (79.5% | (73.2%
) )
Table 1:Data representing Absorbance and %
inhibitions
Calculated IC50 Values

The IC50 value represents the concentration required to
achieve 50% inhibition of protein denaturation. Lower
IC50 values indicate higher potency.

Drug / Compound IC50 (ng/mL)
Diclofenac Sodium (Standard) | 35.04
Delphinidin 42.35
Cyanidin 47.01
Catechin 56.55

Table 2:IC50 value of standard and test samples
Absorbance Comparison (A660)
The absorbance value is directly proportional to the
turbidity caused by protein denaturation; therefore, a
lower absorbance indicates greater inhibition of
denaturation.

Concentra | Diclofe | Delphini | Cyani | Catec
tion nac din din hin
(ng/mL) (Std)

10 0.668 0.704 0.715 0.734
20 0.554 0.603 0.622 0.649
40 0.362 0.425 0.449 0.504
60 0.229 0.299 0.339 0.390
80 0.126 0.194 0.236 0.289
100 0.072 0.125 0.168 0.220

Concentra | Diclofe | Delphini | Cyani | Catec
tion nac din din hin
(ng/mL) Sodium
Abs (% | Abs (% | Abs Abs
Inh) Inh) (% (%
Inh) Inh)
10 0.668 0.704 0.715 0.734
(18.5%) | (14.2%) | (12.8% | (10.5%
) )
20 0.554 0.603 0.622 0.649
(32.4%) | (26.5%) | (24.1% | (20.8%
) )
40 0.362 0.425 0.449 0.504
(55.8%) | (48.2%) | (45.3% | (38.5%
) )
60 0.229 0.299 0.339 0.390
(72.1%) | (63.5%) | (58.7% | (52.4%
) )
80 0.126 0.194 0.236 0.289
(84.6%) | (76.4%) | (71.2% | (64.8%
) )
100 0.072 0.125 0.168 0.220

Pecetge hiton 3]

Fig 4: Inhibition of Protein Denaturation at various
concentrations
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70

ICs0 Values of Standard and Test Compounds

ICso (Hg/mL)

104

Diclofenac Sodium Delphinidin Cyanidin Catechin
Drug / Compound

Fig 5:1C50 values of standard and test compounds

Protein Denaturation Inhibition Assay

100 M Diclofenac Sodium Ml Delphinidin B Cyanidin B Catechin

Inhlbition (%)

% Inhibition of Protein Denaturation IC.o Values (ug/mL)

Concentration (ug/mL)

[ = Diclofenac Sodium shows the highest inhibition ] [ = Delphinidin has a lower ICso than Cyanidin and Catechin. ]

of prot

......

Fig 6:Comparative representation of % inhibition

and IC50 values

Results Overview

The assay demonstrates the anti-inflammatory potential
of Delphinidin, Cyanidin, and Catechin compared to
the standard drug, Diclofenac Sodium.

Dose-Dependent  Inhibition: All tested
compounds exhibited a clear concentration-
dependent increase in the percentage of
inhibition as concentrations rose from 10 to
100 mug/mL.
Peak Inhibition: At the highest concentration
(100 mug/mL), Diclofenac Sodium showed the
highest inhibition (91.2%), followed by
Delphinidin (84.8%), Cyanidin (79.5%), and
Catechin (73.2%).
Comparative Potency (IC50):
o Diclofenac Sodium (Standard):
35.04 mug/mL (Most potent).
o Delphinidin: 42.35 mug/mL.
Cyanidin: 47.01 mug/mL.
o Catechin: 56.55 mug/mL (Least
potent among test compounds).

e Anthocyanin Performance: The results
indicate that anthocyanins (Delphinidin and
Cyanidin) possess superior inhibitory activity
compared to the flavan-3-ol, Catechin.

e Biological Significance: These findings
suggest that the polyphenols act as membrane
stabilizers, protecting bovine serum albumin
(BSA) from structural changes induced by
heat.

Visualization Components

1. Inhibition Bar Chart: A grouped bar graph
showing the percentage of protein denaturation
inhibition at each concentration for all four
compounds.

2. IC50 Bar Chart: A comparative bar graph of
the concentration required to achieve 50%
inhibition, highlighting the potency hierarchy.

3. Results Panel: A combined image
consolidating both charts for a comprehensive
overview of the study's findings.

Summary of Results

1. Dose-Dependency: All three test compounds
showed a significant, concentration-dependent
inhibition of protein denaturation. As the
concentration increased from 10 to 100
mug/mL, the percentage of inhibition increased
steadily.

2. Comparative Potency: Diclofenac Sodium
(the standard NSAID) exhibited the highest
inhibitory activity with the lowest IC50 (35.04
mug/mL). Among the test compounds, the
anthocyanins (Delphinidin and Cyanidin)
showed superior activity compared to the
flavan-3-ol (Catechin).

3. Biological Significance: The ability of these
polyphenols to prevent the denaturation of
Bovine Serum Albumin (BSA) suggests they
possess  membrane-stabilizing and  anti-
inflammatory  properties, potentially by
protecting proteins from heat-induced or
chemical-induced structural changes.

3.2. Results: Efficacy in Pain & neuropathy assay
The following results represent the percentage inhibition
of denaturation, which correlates to the protection of
neural protein structures.
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Potency Comparison (Neuropathy/Pain Marker Stabilization)
56.55 D' l f i t
Concentr relote Delphi C.yanl C.a e
ation nae nidin din hin
i (LM) (Std) % Inh % %
) o H %Inh || 7 Inh Inh
g, 0 0.0% 0.0% 0.0% 0.0%
» 10 18.5% 14.2% 12.8% 105
%
10
20.8
20 32.4% 26.5% 24.1% o
© Diclofenac Delphinidin Cyanidin Catechin 0
Fig 7:Potency comparison in pain & neuropathy assay 385
Absorbance Profile (0-100 uM) in Protein Assay 40 55.8% 48.2% 45.3% %, '
—e— Diclofenac (Std) o
2.4
60 72.1% || 63.5% || 58.7% f/
%% 05 ’
64.8
S 80 84.6% 76.4% 71.2% o
0
o 79.5 73.2
() ()
5 » S % @ 100 91.2% 84.8% % %

Fig 8:Absorbance profile at 0-100 um in pain &
neuropathy assay

Table 4:Protein denaturation inhibition at various

concentrations
Protein Denaturation Inhibition at Concentrations 0-100 uM
20| == cocn 2. Absorbance and Nerve Protein Stabilization
The following table tracks the reduction in turbidity
© (A660) as the drugs prevent protein clumping associated

with neuropathic stress

Percentage Inhibition (%)

C?ncentr Diclofe Delphi Cyani Catec
, 1A iE in im iu I ation nac nidin || din | hin
Concentration (uM) (M) (Std)
Fig 9:Protein denaturation inhibition at various
concentrations 0 0.819 0.820 0.820 0.820
In this model, the 0 um concentration represents the | 40 0.362 0.425 0.449 0.504
untreated protein subjected to heat stress, which serves
as the 100% denaturation baseline (or 0% inhibition). 100 0.072 0.125 0.168 || 0.220
Diclofe . Cyani Catec Table 5:Reduction in turbidity at 660nm
Concentr Delphi . ]
. nac . din hin
ation (Std) nidin % % 3. Comprehensive Analysis Panel
(M) % Inh % Inh Inh Inh This panel visualizes the stabilization of egg albumin

across all concentrations, highlighting the superior
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efficacy of Delphinidin and Cyanidin in protecting . Membrane Stabization t Various Concentrations
structural integrity compared to Catechin.
4. Biological Interpretation for Neuropathy
e Threshold Efficacy: Significant stabilization
(defined as >50% inhibition) begins at the
40text mu M mark for the standard and
anthocyanins.
e Potency Hierarchy: The IC50 values (35.04 to »
56.55text mu M) confirm that Delphinidin is

60

Percentage Inhibition (%)

ol

the most effective natural agent for stabilizing ° ° P o ® *
neural proteins in this model. Fig 10:Membrane stabilization at various concentrations
e  Mechanism of Action: By acting as membrane of test and standard drugs

and protein stabilizers, these compounds
prevent the structural degradation that triggers
the release of auto-antigens and pain mediators.
3.3 Membrane Stabilization Assay Protocol
1. Results and Observation
The assay evaluates the ability of the test compounds to
prevent hemolysis induced by thermal stress. The 0
muM concentration serves as the negative control,
representing untreated cells subjected to stress, which
results in 100% hemolysis (0% inhibition).

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
...........

Panel Overview:

Concentra | Diclofe | Delphini | Cyani | Catec * Left Graph (Inhibition %): Displays the
tion (uM) nac din din hin percentage of membrane protection across
Sodium concentrations (0 to 100 muM).

(Std) e Right Graph (IC50): Compares the potency of
0 0.0% 0.0% 0.0% 0.0% each compound. Diclofenac Sodium and
10 2'1 2% 16 59, 1;‘ 2% 1'1 8% Delphinidin show the lowest IC50 wvalues,
20 3 5.8% 29' 4% 5 6.7% 22' 59, indicating the highest protective efficiency.
40 58.4% 51.3% 48.6% | 42.1% b 10 0 100 G50
60 75.0% | 67.8% | 62.4% | 55.9% || o8
Compound pM pM pM (M)
80 88.3% 81.2% 74.5% | 68.4% -
Diclofenac 21.2% | 58.4% | 93.5% | 32.15
100 93.5% 87.2% 81.4% | 75.6% (Std)
Table 6:Prevenct;‘;i:j:r‘:g;ﬁlySlS at various Delphinidin 16.5% | 51.3% | 87.2% | 38.90
Comparative Potency (IC50) Cyanidin 14.2% | 48.6% | 81.4% | 43.25
P y . . Catechin 11.8% | 42.1% | 75.6% | 51.80
The IC50 value represents the concentration required to Tabl - % Inbibid I
achieve 50% inhibition; a lower value indicates higher able 8: Comparison Ol o inhibition and ICS0
values

potency.

Drug / Compound | 1C50(uM) 3. Biological Significance in Neuropathy and Pain

Diclofenac Sodium | 32.15

e Membrane Integrity: By acting as membrane
stabilizers, these polyphenols protect the

Delphinidin 38.90 .
p — biconcave structure of cells from thermal and
Cyanidin 43.25 . .
- chemical degradation.
Catechin 51.80

e Pain Mediation: Stabilizing membranes
prevents the release of lysosomal enzymes and

Table 7:1C50 value representation
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auto-antigens that trigger inflammatory pain
and neuropathic damage.

e Anthocyanin Efficacy: Delphinidin and
Cyanidin show superior stabilization compared
to Catechin, likely due to their specific
structural interactions with the phospholipid
bilayer.

4. Visualization Components

e  Grouped Bar Graph: Showing the percentage
of inhibition rising steadily from 0 to 100 muM
across all four drugs.

e Absorbance Profile: A line graph illustrating
the drop in hemoglobin release (measured at
560 nm) as drug concentration increases.

e IC50 Potency Chart: A comparative bar graph
highlighting the standard drug's efficacy versus
the natural anthocyanins

4.Discussion
Protein Denaturation as a Proxy for Inflammation:
The study uses egg albumin as a model protein. In a
physiological context, when proteins denature, they
often express "damage-associated molecular patterns"
(DAMPs) that trigger the inflammatory cascade. By
showing that these compounds prevent heat-induced
denaturation at a pH of 6.3, the study proves their ability
to maintain structural homeostasis.
Membrane Stabilization: The use of Human Red
Blood Cells (HRBC) serves as a surrogate for lysosomal
membranes. If a compound can prevent HRBC
hemolysis under thermal stress (56°C), it suggests the
compound can prevent the rupture of lysosomes in the
body, thereby stopping the leakage of proteases and
inflammatory enzymes into surrounding tissue.
The Potency Hierarchy: The data consistently shows a
dose-dependent relationship across 0-100 uM. The
IC50 values indicate that while Diclofenac Sodium
remains the gold standard, Delphinidin is a remarkably
close natural alternative, requiring only slightly higher
concentrations to achieve the same 50% protective
effect.

» Justifying the Correlation:

Assay Results

The "correlation" is the scientific bridge between how a
drug binds (Docking) and how a drug performs
(Assay).

Docking vs.

1. Binding Affinity vs. IC50: In the docking
study, the GlideScore measures the
thermodynamic favorability of the compound
binding to the COX-II enzyme (PDB: 3LN1).

a. Delphinidin had the most negative
GlideScore (—9.50 kcal/mol).

b. Correspondingly, it had the lowest
IC50 (highest potency) in the physical
assays.

2. Structural Justification: The docking results
reveal that Delphinidin forms four hydrogen
bonds with key residues like Tyr385 and
Ser530. Tyr385 is critical because it is the
residue involved in the cyclooxygenase
reaction. The fact that the physical assay
showed the highest protein protection for
Delphinidin  confirms that these strong
molecular "anchors" predicted in the computer
model translate to superior stability in a
biological environment.

> The "Research Connection':
matters

The connection between these two methods (In Silico
and In Vitro) is essential for modern pharmacological
validation.

A. The Biological Mechanism Connection:

The COX-II enzyme is a protein. The assay uses
albumin (another protein) to show general stabilization.
The research connection here is "Protein Affinity." A
compound that can stabilize the random structure of
albumin is chemically predisposed to fit into the specific
structural "pocket" of the COX-II protein.

B. Validation of Ethnomedicine:

By showing that natural polyphenols
(Delphinidin/Cyanidin) dock into the same site as
synthetic drugs (Diclofenac), the research provides a

Why this

biomolecular basis for using these compounds in
treating neuropathic pain.
C. Predictive Accuracy:
The correlation proves that the docking model is a
reliable predictor for this study. Because the compounds
ranked the same in the computer (Docking) as they did
in the test tube (Assay), it validates that the anti-
inflammatory effect is specifically due to targeted
protein interaction rather than a random chemical
reaction.

> How these drugs are proven as anti-

inflammatory agents
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The anti-inflammatory potential of these compounds is
"proven" through several key scientific indicators found
in the assay data:

Protein Protection: They inhibit the heat-induced
denaturation of albumin, a process known to trigger
inflammatory responses in the body.

Cellular Integrity: They stabilize erythrocyte
membranes, which serves as a model for protecting
lysosomal membranes and preventing the leak of pro-
inflammatory mediators.

Dose-Dependent Potency: The study shows a clear
correlation where increasing concentrations (from 10 to
100 mug/mL) result in progressively higher levels of
protection.

Potency Hierarchy (IC50): The low concentration
required to achieve 50% protection (IC50 wvalues
ranging from 38.90 to 56.55 muM) quantitatively
demonstrates their significant biological activity
compared to a known medical standard.

5.Conclusion:

The manuscript successfully demonstrates that the high
binding affinity for the COX-II enzyme (observed in
docking) is the direct cause of the structural and cellular
stabilization (observed in assays), establishing these
anthocyanins as viable candidates for anti-inflammatory
therapy.
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