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Pulmaklin is a flavonoid-rich supplement derived from traditional medicinal plants.
This study evaluated the anti-inflammatory efficacy of the biologically active supplement
“Pulmaklin” under experimental conditions. The effects of the preparation in syrup form at
doses of 50 and 100 mg/kg were investigated, and the highest anti-exudative activity (AEA) was
observed at 50 mg/kg, with a 54.3% reduction in edema development. Based on the results,
the optimal dose of Pulmaklin was scientifically substantiated. Molecular-level analysis
demonstrated that flavonoids, particularly the glycoside form rutin, exhibit the highest affinity
toward the COX-2 enzyme due to their ability to form multiple interaction points. In addition,
flavonoids such as rutin and quercetin showed effective modulation of IL-6 cytokine activity
and MAPK signaling pathways, contributing to their anti-inflammatory effects. The findings
confirm that flavonoids and their derivatives are promising natural bioactive compounds with

significant anti-inflammatory potential.
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Inflammation represents one of the most
prevalent and clinically significant pathological
responses underlying the majority of human
diseases. At its core, the inflammatory reaction
constitutes a localized defense mechanism of the
body directed against tissue damage or infection.
Within the inflammatory focus, migratory immune
cells—notably leukocytes and macrophages—
fulfill a central regulatory role in orchestrating

the host response. The inflammatory cascade
encompasses a series of interconnected processes,
including neuroendocrine stress signaling via the
hypothalamic-pituitary-adrenal axis, adaptive
immune activation, and acute-phase protein
responses. '

The initiation of the inflammatory process
is fundamentally governed by the recognition of
damaged or infected tissue by the innate immune
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system. Upon activation, resident macrophages
and dendritic cells release a spectrum of pro-
inflammatory cytokines—including interleukin-1
(IL-1), interleukin-6 (IL-6), and tumor necrosis
factor-alpha (TNF-o)—alongside lipid-derived
mediators such as prostaglandins, leukotrienes,
and histamine. These soluble factors disseminate
from the local inflammatory site into the systemic
circulation, where they augment vascular
permeability, promote endothelial activation,
and stimulate leukocyte extravasation, thereby
amplifying and propagating the inflammatory
response to a systemic level.%** Pulmaklin,
obtained from medicinal plants (including
Glycyrrhiza glabra and Thymus vulgaris) used
in Uzbek folk medicine, was selected for this
study due to its high flavonoid content (rutin,
quercetin) and traditional use against inflammatory
disorders. ? This is the first study combining in
vivo anti exudative evaluation of Pulmaklin with
molecular docking of its key flavonoids against
five inflammatory targets (COX 2, IL 6, MAPK,
NF kB, TNF o).
Aim of the Study

The present investigation aimed to evaluate
the anti-inflammatory efficacy of the biologically
active compound (BAC) “Pulmaklin” administered
at two distinct doses—50 mg/kg and 100 mg/kg—
using a standard experimental inflammation model,
and to identify the dose associated with the most
pronounced pharmacological effect relative to the
untreated control group.
Research Objectives
1. To assess the anti-exudative properties of the
Pulmaklin BAC against carrageenan-induced acute
inflammation in laboratory animals.
2. To compare the anti-inflammatory efficacy of
the Pulmaklin BAC with that of the untreated
control group.
3. To investigate the molecular interactions of
active constituents (apigenin, gallic acid, quercetin,
rutin, and salicylic acid) present in the Pulmaklin
BAC with key inflammatory target proteins
through in silico molecular docking simulation.
4. To predict the mechanistic basis of biological
activity by analyzing binding energies, hydrogen
bonding patterns, and hydrophobic interaction
profiles derived from ligand-protein complexes.
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MATERIALS AND METHODS

The anti-inflammatory potential of the
compound under investigation was preliminarily
assessed using the classical carrageenan-induced
acute paw edema model, which is widely recognized
as a reliable and reproducible experimental
paradigm for evaluating anti-exudative activity.
The study was conducted on 15 male albino
rats with a uniform body weight of 190 + 20
g. Animals were randomly allocated into three
experimental groups—one negative control group
and two treatment groups—each comprising five
individuals.’ A positive control (e.g., indomethacin)
was not included because this was a preliminary
dose-finding study to identify the optimal anti-
exudative dose of Pulmaklin before comparative
efficacy testing.

Acute localized inflammation was
induced by subplantar injection of 0.1 mL of a 1%
carrageenan solution into the right hind paw of
each animal. The Pulmaklin BAC was administered
orally in syrup form at doses of 50 mg/kg and
100 mg/kg, sixty minutes prior to the carrageenan
challenge. The Pulmaklin syrup was prepared
according to the manufacturer’s protocol: briefly,
the dried plant material was extracted with water,
filtered, concentrated, and formulated into a syrup
containing 10% extract (w/v).

The progression of the inflammatory
response was monitored by measuring changes
in paw volume at 1, 2, 3, and 4 hours following
carrageenan administration. The anti-exudative
activity (AEA) index was determined primarily
based on measurements recorded at the 3-hour
time point, consistent with established preclinical
pharmacological protocols.**

For in silico analysis, molecular docking
was employed to examine the interaction profiles
of the pharmacologically active constituents of the
Pulmaklin BAC with principal inflammatory target
proteins. Three-dimensional protein structures were
retrieved from the Protein Data Bank, while ligand
geometries were obtained from the PubChem
compound database. All docking simulations were
performed using AutoDock Vina version 1.1.2.
Visualization of ligand-protein complexes was
accomplished using PyMOL molecular graphics
software. 10
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Statistical analysis: Results are expressed
as mean + standard error of the mean (SEM).
Comparisons between groups were performed
using one way ANOVA followed by Tukey’s
post hoc test. A p value < 0.05 was considered
statistically significant.

RESULTS

In the negative control group (untreated
animals), maximal paw swelling was recorded at
the 3-hour time point, where edema reached 83.6
+ 8.2% relative to the baseline measurement. Even
at 4 hours post-injection, the edema remained
substantially elevated at 47.9 + 4.6%, indicating
sustained inflammation without resolution. In the
treatment groups, peak edema also occurred at
the 3-hour interval; however, the edema subsided
more rapidly, showing a 36% reduction at 4 hours
compared to the control group (from 47.9%
in controls to 30.7% in the 50 mg/kg group),
approaching near-baseline levels in animals
receiving the Pulmaklin BAC. Detailed time-course
data expressed as percentage change from baseline
are presented in Table 1."

According to the compiled data, the anti-
exudative effect of the Pulmaklin BAC ranged from
22.7% to 54.3% across the two dosage regimens
evaluated using the carrageenan induction model.
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The anti-exudative activity index was
calculated for each experimental group using the
following formula:

AEA = (AVc - AVt)/ AVe x 100%

where AEA denotes the anti-exudative
activity expressed as a percentage; AVc represents
the mean paw volume increment in the control
group; AVt represents the mean paw volume
increment in the treatment group.

The anti-exudative activity at the 3-hour
post-induction time point for each treatment group
is summarized in Table 2.

In Silico Molecular Docking Analysis

Inflammatory processes represent a
fundamental protective response of the organism
to harmful stimuli, driven by a complex network
of signaling proteins, enzymatic mediators, and
cytokines. Persistent, unresolved inflammation
has been recognized as a principal pathogenic
contributor to cardiovascular diseases, oncological
conditions, autoimmune syndromes, and metabolic
disturbances. At the molecular level, several
key regulatory proteins govern these processes,
including cyclooxygenase-2 (COX-2), mitogen-
activated protein kinases (MAPK), nuclear factor
kappa-B (NF-xB), tumor necrosis factor-alpha
(TNF-o), and interleukin-6 (IL-6). COX-2 is an

Table 1. Effect of Pulmaklin BAC at varying doses on carrageenan-induced hind paw edema,
expressed as percentage change from baseline (M+m; n=>5)

Groups 1 hour 2 hour 3 hour 4 hour

Control 35,4+3.4 59,0+ 5,8 83,6+82 479+46
Pulmaklin BAC 50 mg/kg 18,6 £ 1,7 258+£25 382+3,6 30,7 +3,0
Pulmaklin BAC 100 mg/kg 41,0 +4,0 52,8+5,1 64,6 + 6,3 52,8+5,1

Table 2. Anti-exudative activity of Pulmaklin BAC at various doses relative to the
control group (M+m; n=>5)

Groups “Paw volume increase “Anti-exudative
3 h after induction (%)” activity (%)”
Control 83,6 +8,2 -
Pulmaklin BAC 50 mg/kg 38,2+3,6 54,3
Pulmaklin BAC 100 mg/kg 64,6 £ 6,3 22,7
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inducible enzyme responsible for catalyzing the
conversion of arachidonic acid into prostaglandins—
primary mediators of the inflammatory response
— and its aberrant overexpression is associated
with a broad spectrum of inflammatory and
proliferative pathologies. MAPK signaling
pathways regulate fundamental cellular processes
including proliferation, differentiation, and stress
adaptation, while simultaneously modulating
cytokine biosynthesis. NF-xB functions as
the principal transcriptional activator of pro-
inflammatory gene networks. TNF-o and IL-6 are
critical cytokines underpinning immune activation,
lymphocyte responsiveness, and escalation of the
inflammatory signaling cascade.'>!?

In recent years, naturally derived
polyphenolic compounds have garnered
substantial scientific attention as candidates for
anti-inflammatory intervention. Phytocompounds
such as apigenin, gallic acid, quercetin, rutin, and
salicylic acid are distinguished by their antioxidant
and anti-inflammatory properties, which are
expressed through multi-target mechanisms
encompassing interactions with both enzymatic
and signaling proteins. The present investigation
employed molecular docking methodology to
characterize the binding interactions of these
natural compounds with COX-2, MAPK, NF-kB,
TNF-o0, and IL-6, with the aim of quantifying
binding energies, mapping key active-site residue
contacts, and delineating the potential molecular
mechanisms underlying their anti-inflammatory
activity.'#1

COX-2. Cyclooxygenase-2 (COX-
2), alternatively designated as prostaglandin-
endoperoxide synthase-2 (PTGS2), is an
enzymatic protein that catalyzes the biosynthesis
of prostaglandins from arachidonic acid. This
enzyme undergoes induction during inflammatory
events and occupies a central role in the generation
of pain mediators, pyrogenic signals, and pro-
inflammatory lipid species. COX-2 expression is
markedly upregulated under numerous pathological
conditions, notably in chronic inflammatory
disorders, malignancies, and cardiovascular system
dysfunction. Structurally, COX-2 is a membrane-
associated homodimeric enzyme, with each
monomer comprising approximately 600 amino
acid residues. Its architecture is organized into three
distinct functional domains: an epidermal growth
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factor-like domain, a membrane-binding domain,
and a catalytic domain.'®!” The epidermal growth
factor-like domain confers structural integrity
to the protein and participates in dimerization.
The membrane-binding domain facilitates
anchoring of the enzyme to the endoplasmic
reticulum and nuclear membranes. The catalytic
domain constitutes the primary active site,
wherein the enzymatic conversion of arachidonic
acid to prostaglandin G2, and subsequently to
prostaglandin H2, is accomplished, thereby
sustaining the biosynthetic supply of inflammatory
mediators. The prostaglandins generated through
this pathway augment vascular permeability,
sensitize nociceptive receptors, and elevate core
body temperature. Accordingly, COX-2 represents
a principal molecular target for pharmacological
modulation of the inflammatory response. Its
expression is potently induced by diverse stimuli
including pro-inflammatory cytokines, growth
factors, bacterial endotoxins, and oxidative stress.
From a pharmacological standpoint, COX-2
constitutes an important target for both selective
synthetic inhibitors and naturally occurring
polyphenolic compounds. Molecular docking
studies have demonstrated that apigenin, quercetin,
rutin, gallic acid, and salicylic acid are each capable
of binding within the COX-2 active pocket and
attenuating its catalytic activity. The computed
binding energies (kcal/mol) for the investigated
ligands with COX-2 were as follows: rutin —10.5,
quercetin —9.4, apigenin —9.1, gallic acid —6.7,
and salicylic acid —6.0. These results indicate that
the most favorable binding affinity for COX-2
was observed with rutin, followed sequentially by
quercetin and apigenin. Phenolic acids (gallic acid
and salicylic acid) demonstrated comparatively
less negative binding energies, reflecting a reduced
degree of active-site occupancy and stabilization.
Detailed interaction analyses (hydrogen bonds,
pi-alkyl, van der Waals) were performed for
each ligand (Figure 1). As a general conclusion,
the COX-2 docking results demonstrate a clear
positive correlation between ligand molecular size,
functional group abundance, and binding affinity.
Flavonoids—particularly apigenin and quercetin—
and especially the glycosylated derivative rutin,
form more stable complexes within the COX-2
active pocket by establishing multi-point hydrogen
bonds and aromatically driven hydrophobic/pi-type



interactions. Phenolic acids, by contrast, yield
comparatively lower binding energies owing to
fewer contact points and incomplete active-site

occupancy.

IL-6. Interleukin-6 (IL-6) is a pleiotropic
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cytokine that plays a pivotal role in regulating
immune and inflammatory processes. It is
primarily synthesized by macrophages, monocytes,

T-lymphocytes, B-lymphocytes, endothelial cells,
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Fig. 1. (Image placeholder: Binding conformations of apigenin, gallic acid, quercetin, rutin, and salicylic acid at
the active site of COX-2 protein)
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Fig. 2. (Image placeholder: Binding conformations of selected natural compounds at the active site of IL-6

protein)
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mediators in the organism’s response to infection,  promotes the differentiation of B-lymphocytes into
tissue injury, and stress stimuli. One of its principal ~ plasma cells and enhances antibody production,
biological functions is the induction of the acute-  while also playing a significant role in T-lymphocyte
phase response, whereby it upregulates the hepatic ~ proliferation and differentiation. IL-6 signal
synthesis of C-reactive protein, fibrinogen, and  transduction is mediated through the formation
other acute-phase proteins. In addition, IL-6  of a complex with its membrane-bound receptor

apigenin gallicacid quercetin rutine salicyclicacid
-7.8 -6.1 -7.8 -7.9 -6.0

Fig. 3. (Image placeholder: Docking results of apigenin, gallic acid, quercetin, rutin, and salicylic acid with
MAPK protein)
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Fig. 4. (Image placeholder: Molecular docking results with NF-KB protein)
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Fig. 5. (Image placeholder: Docking results with TNF-0l protein)

(IL-6R) and the co-receptor gp130. This receptor
complex subsequently activates intracellular
JAK/STAT, MAPK, and PI3K/Akt signaling
pathways, resulting in enhanced expression
of pro-inflammatory genes, increased cell
proliferation, and augmented survival signaling.
Although IL-6 exerts protective functions under
physiological conditions, its overproduction
is associated with the development of chronic
inflammatory and autoimmune disorders. Elevated
IL-6 levels have been documented in rheumatoid
arthritis, atherosclerosis, diabetes mellitus, certain
malignancies, and cytokine storm syndrome.
Consequently, IL-6 and its signaling pathways
are considered important therapeutic targets in
contemporary pharmacology.'®!"” In molecular
docking and in silico studies, the active site
or receptor-binding interface of IL-6 has been
investigated in conjunction with various natural
compounds to evaluate their potential to attenuate
cytokine signaling. Flavonoids and phenolic
compounds—including apigenin, quercetin, rutin,
and other polyphenols—have attracted considerable
scientific interest owing to their capacity to
modulate IL-6 expression and signal transduction.
Molecular docking results for apigenin, gallic
acid, quercetin, rutin, and salicylic acid with
the IL-6 protein revealed that all ligands were

accommodated within the active binding pocket
with varying affinities. The calculated binding
energies were as follows: rutin (-9.3), quercetin
(-7.8), apigenin (-7.2), gallic acid (-5.6), and
salicylic acid (—5.6 kcal/mol). Among the obtained
results, the highest binding affinity was observed
for rutin (Figure 2). Overall analysis demonstrated
that flavonoid-type compounds—particularly rutin
and quercetin—exhibited significantly higher
binding affinities toward IL-6 compared to phenolic
acids. This can be attributed to their abundant
hydrogen bond donor and acceptor groups, as well
as their aromatic ring systems, which collectively
facilitate multi-point interactions within the active
binding site.

MAPK. Mitogen-activated protein kinase
(MAPK) represents a critical component of the
intracellular signal transduction machinery. This
protein belongs to the serine/threonine protein
kinase family and occupies a central regulatory
position in a broad spectrum of cellular processes,
including proliferation, differentiation, apoptosis,
stress response, and inflammatory cascades. MAPK
signaling pathways are activated in response to
diverse extracellular stimuli such as cytokines,
growth factors, oxidative stress, and infectious
agents. The MAPK superfamily encompasses
several major kinase subgroups, most notably ERK
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(extracellular signal-regulated kinase), JNK (c-Jun
N-terminal kinase), and p38 MAPK. Among these,
the ERK2 (MAPK1) isoform has been extensively
investigated in experimental research, given its
prominent involvement in regulating cell growth
and the expression of inflammatory mediators.
Structurally, the MAPK protein is organized into
a bilobal kinase domain comprising an N-terminal
and a C-terminal lobe, between which the ATP-
binding pocket and substrate recognition region are
situated—the catalytic activity of the enzyme being
executed precisely within this interface. Enzymatic
activation is initiated through the phosphorylation
of conserved threonine and tyrosine residues,
which induces a conformational rearrangement
that markedly enhances kinase activity. From a
biological standpoint, the MAPK signaling cascade
governs the production of pro-inflammatory
cytokines, including TNF-o, IL-1, and IL-6, and
is also indirectly involved in the activation of the
transcription factor NF-kB. These characteristics
establish MAPK as a key molecular target in
inflammatory and immune response pathways.?
In the context of pharmacological research,
MAPK has been extensively studied as a potential
target for both synthetic therapeutics and natural
polyphenolic compounds. In particular, molecular
docking investigations have demonstrated that
flavonoids and phenolic substances—such as
apigenin, quercetin, rutin, gallic acid, and salicylic
acid—may inhibit the phosphorylation activity
of MAPK by occupying its ATP-binding pocket.
Molecular docking analysis of the five ligands
against MAPK demonstrated binding energies of
—7.8 for apigenin, —7.8 for quercetin, —7.9 for rutin,
—6.1 for gallic acid, and —6.0 kcal/mol for salicylic
acid (Figure 3). Rutin exhibited the greatest binding
affinity, while apigenin and quercetin displayed
closely comparable results. Taken together,
flavonoid-class compounds—most notably rutin,
apigenin, and quercetin—demonstrated markedly
higher binding affinities toward MAPK relative
to phenolic acids, due to their structurally rich
hydrogen bond donor/acceptor networks and
extended aromatic systems enabling multi-site
interactions.

NF-kB. Nuclear factor kappa-B (NF-xB) is
a pivotal transcription factor within the intracellular
signal transduction network, exerting central
regulatory control over inflammatory responses,
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immune activation, cellular proliferation, and
apoptosis. The NF-kB family comprises several
distinct protein subunits, namely RelA (p65),
RelB, c-Rel, p5S0 (NFKB1), and p52 (NFKB2),
among which the p65/p50 heterodimeric complex
is most frequently investigated as the biologically
active form in experimental research. Under
physiological conditions, NF-kB is retained
in a transcriptionally inactive state within the
cytoplasm through its non-covalent association
with the inhibitory protein IkB. Upon exposure
to diverse stimulatory signals—including pro-
inflammatory cytokines such as TNF-o and IL-1[3,
bacterial lipopolysaccharides, reactive oxygen
species, and mechanical tissue injury—the IxB
kinase complex becomes activated. This leads to
the phosphorylation and subsequent proteasomal
degradation of IxB, thereby liberating NF-xB
and enabling its translocation to the nucleus.
Once translocated, NF-xB binds to specific kB
recognition sequences within the DNA and initiates
transcription of a wide array of inflammatory
target genes, including TNF-o., IL-6, IL-1, COX-
2, iNOS, and various cell adhesion molecules.
For this reason, NF-xB is widely regarded as the
“master regulator” of the inflammatory cascade.?
Structurally, all NF-kB subunits share a highly
conserved region designated the Rel homology
domain (RHD), which is responsible for DNA
binding, dimerization, and interaction with
inhibitory proteins. Aberrant or sustained activation
of the NF-xB signaling pathway has been closely
linked to the pathogenesis of chronic inflammatory
conditions, autoimmune disorders, atherosclerosis,
and neoplastic disease, establishing NF-xB as a
significant therapeutic target. Molecular docking
analysis of the five ligands against NF-xB yielded
binding energies of —11.7 for rutin, -9.4 for
quercetin, —8.8 for apigenin, —6.6 for gallic acid,
and —6.0 kcal/mol for salicylic acid (Figure 4).
Flavonoid-class compounds—most prominently
rutin—exhibited the highest binding affinities.
Quercetin and apigenin likewise formed highly
stable complexes, whereas the phenolic acids
yielded comparatively lower values. These findings
suggest that the selected flavonoid compounds
possess considerable potential for modulating the
NF-«B signaling pathway.

TNF-a. Tumor necrosis factor-alpha
(TNF-a) is one of the principal regulatory
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cytokines governing inflammatory and immune
response processes. It is predominantly synthesized
by macrophages, monocytes, T-lymphocytes, and
other immune cells, serving as a critical mediator
in the organism’s defensive response to infection,
tissue injury, and stress-related stimuli. Among
its core biological functions, TNF-a initiates
and amplifies the inflammatory cascade through
multiple coordinated mechanisms. It upregulates
the expression of adhesion molecules on endothelial
cells, promotes the directed migration of leukocytes
toward sites of inflammation, and stimulates
the production of additional pro-inflammatory
cytokines, including IL-1, IL-6, and interferons.
In parallel, TNF-a potentiates fever, hyperalgesia,
and tissue edema responses. From a structural
standpoint, TNF-a. is a trimeric cytokine composed
of 157 amino acid residues per subunit, with
its biologically active form consisting of three
identical subunits. Signal transduction is mediated
through its binding to two distinct membrane-bound
TNF receptors—TNFR1 and TNFR2—which
upon ligand engagement activate downstream
intracellular signaling cascades, including the
NF-xB, MAPK, and caspase pathways, ultimately
culminating in the induction of inflammatory
gene expression or the initiation of apoptosis.
Although TNF-a performs protective functions
under physiological conditions, its excessive or
dysregulated production is closely associated with
the onset and progression of chronic inflammatory
disorders. Elevated TNF-a levels have been
documented in rheumatoid arthritis, psoriasis,
atherosclerosis, inflammatory bowel disease, and
certain malignancies. Molecular docking analysis
against TNF-a gave binding energies of —10.0 for
apigenin, —9.7 for quercetin, —8.6 for rutin, —6.9
for gallic acid, and —6.8 kcal/mol for salicylic acid
(Figure 5). Flavonoid-class compounds—most
notably apigenin and quercetin—demonstrated
superior binding affinities, whereas phenolic
acids yielded lower values. These findings suggest
considerable potential for modulating the TNF-o.
signaling pathway.

Summary of docking analysis. The
molecular docking investigations provided a
comprehensive assessment of the interaction
potential of apigenin, gallic acid, quercetin, rutin,
and salicylic acid with five key inflammatory
proteins: COX-2, IL-6, MAPK, NF-kB, and TNF-c.
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The computed binding energies demonstrated
that all ligands were capable of forming stable
complexes within the active sites of the respective
target proteins. Comparative analysis clearly
indicated that flavonoid-class compounds exhibited
markedly higher binding affinities relative to
phenolic acids. In particular, rutin displayed
the lowest binding energies toward NF-xB
(-11.7) and COX-2 (-10.5), establishing it as
the compound with the highest overall affinity.
Quercetin also demonstrated high affinity across
all targets, with particularly stable complexes
with COX-2 (-9.4), NF-xB (-9.4), and TNF-a
(-9.7). Apigenin exhibited the strongest binding
interaction with TNF-o (—10.0). Intermolecular
interaction analysis demonstrated that hydrogen
bonds, hydrophobic contacts, and ©t-type aromatic
interactions constitute the principal stabilizing
forces. These findings provide a molecular-level
mechanistic rationale for the anti-inflammatory
activity of these natural substances.

DISCUSSION

The present study demonstrated that
Pulmaklin at 50 mg/kg exerted a significantly
higher anti-exudative activity (54.3%) compared
to 100 mg/kg (22.7%) in the carrageenan-induced
paw edema model. This finding suggests a dose-
dependent but non-linear effect. The lower efficacy
at the higher dose may be due to saturation of
target binding, activation of compensatory pro-
inflammatory pathways, or off-target effects.
Carrageenan-induced inflammation is biphasic:
early phase (0—2 h) mediated by histamine and
serotonin, and late phase (2—4 h) mediated by
prostaglandins, COX-2, and cytokines such as
IL-6 and TNF-0..%” Maximum edema occurred at
3 h in the control group, confirming a late-phase
predominant model. The marked reduction at 3 h
in the 50 mg/kg group indicates that Pulmaklin
likely acts by inhibiting COX-2 and modulating
pro-inflammatory cytokine production.

Our molecular docking results strongly
support this mechanism. Rutin showed the highest
binding affinity to COX-2 (-10.5 kcal/mol) and
NF-kB (-11.7 kcal/mol), while apigenin bound
best to TNF-o (—10.0 kcal/mol). These values are
comparable to or better than those reported for
standard anti-inflammatory drugs. The ability of
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flavonoids to form multiple hydrogen bonds and
m-type hydrophobic interactions with key active-
site residues explains their superior activity over
phenolic acids.'>!¢ Furthermore, the high binding
affinity to NF-xB and MAPK suggests that
Pulmaklin may also suppress the transcription of
multiple pro-inflammatory genes, offering a broad-
spectrum anti-inflammatory effect.'*!*

A limitation of this study is that docking
results require experimental validation through
in vitro enzyme inhibition assays and in vivo
pharmacokinetic studies. Nevertheless, the
consistency between in vivo anti-exudative
activity and in silico binding data provides a strong
rationale for further investigation of Pulmaklin as
a natural anti-inflammatory agent.

CONCLUSION

The biologically active compound
“Pulmaklin” administered in syrup form at 50
mg/kg demonstrated superior anti-exudative
activity (54.3%) compared to 100 mg/kg in the
carrageenan-induced paw edema model. This dose
significantly attenuated edema development, and
the optimal therapeutic dose of Pulmaklin was
scientifically substantiated. Molecular docking
analysis revealed that flavonoids, particularly rutin
(in its glycosidic form), quercetin, and apigenin,
exhibited the highest binding affinities to COX-2,
IL-6, MAPK, NF-xB, and TNF-a through multi-
point hydrogen bonding, hydrophobic contacts, and
0-type aromatic interactions. Phenolic acids (gallic
acid, salicylic acid) showed comparatively weaker
binding. These findings confirm that Pulmaklin
and its flavonoid constituents possess significant
anti-inflammatory potential and warrant further
investigation as natural therapeutic agents.
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