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Abstract

Aging is a complex biological process impacted by genetic, environmental, and lifestyle variables. Natural bioactive
chemicals are becoming recognized as possible anti-aging agents, and Ageratum conyzoides is a medicinal herb rich
in flavonoids, terpenoids, and sterols. In this study, bioactive compounds from Ageratum conyzoides that target GPCRs
associated with aging mechanisms were investigated using computational methods. Using molecular docking, forty
phytochemicals were evaluated against the beta-2 adrenergic, angiotensin AT1 receptor, and adenosine A2 A receptors.
Strong binding affinities were shown by several substances, including quercetin-3,7-diglucoside (-10.0 kcal/mol),
friedelin (-9.0 kcal/mol), and stigmasterol (-10.3 kcal/mol). These results imply that prospective ligands for GPCR

regulation in aging-related pathways are present in Ageratum conyzoides. To verify biological significance, additional

validation using molecular dynamics and experimental testing is needed.
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Introduction

Recent advances demonstrate how the incorporation of
novel approaches and cutting-edge technologies is in-
creasingly influencing modern medicinal chemistry. The
field now accepts computational tools, receptor-based
drug design, and natural product exploration as comple-
mentary pathways rather than depending exclusively on
conventional experimental methods. This change offers
new prospects for the discovery of therapeutic agents with
anti-aging potential and reflects a larger trend toward ef-
ficiency and precision in identifying bioactive com-
pounds [1].

Virtual Screening has developed into an im-
portant method, a crucial approach in modern drug dis-
covery, offering a cost-effective and time-efficient substi-
tute to standard high-throughput techniques. By compu-
tationally filtering vast molecular libraries, VS enables
researchers to identify compounds with the greatest like-
lihood of interacting with therapeutic targets, while sim-
ultaneously eliminating those with unfavorable proper-
ties. This strategy not only expedites the initial phases of
drug development but also lessens dependence on exten-
sive laboratory facilities, establishing it as a valuable in-
strument for driving pharmaceutical progress [2].

Scientists highlight that human aging is not an

easy process but rather an intricate combination of genetic
tendencies, environmental factors, and lifestyle selected,
all of which steadily reduce physical abilities, weaken the
body, and make the body more prone to sickness. A few
biological factors play a key role in this decline, cell that
cease dividing but cause inflammation, the destructive
imbalance between free radicals and the antioxidant de-
fenses in the body's, the gradual shortening of telomeres
that reduces cell regeneration, and decreased ability of
mitochondria to make energy. Notably, these processes
are not independent, their connections linked to hormone
activity, genetic makeup, and immune system activity are
seen as vital for explaining how aging develops [3].
Oxidative stress is generally accepted as a cen-
tral factor in aging. It occurs when production of reactive
oxygen and nitrogen molecules exceeds the body's anti-
oxidant defenses, causing gradual damage to proteins, li-
pids, and other cellular components [4], this imbalance
accelerates the aging of cells and contributes to the age-
related conditions, such as cardiovascular disease condi-
tions, neurodegenerative disease, and tumors. Other stud-
ies emphasize that aging is defined by reduction in in-
ternal antioxidant defences and mitochondrial function,
which increases risk to oxidative injury. Collectively,
these insights show that aging is not only a timeline-based
process but a biological progression influenced by oxida-
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tive stress. The gathering of oxidative injury weakens tis-
sue strength, immune defences, and metabolic stability,
eventually lowering resilience and making older adults
raising vulnerability to chronic illness [5].

Antioxidants have an important role in neutral-
izing free radicals and sustaining redox equilibrium,
thereby decreasing cell injury that speeds up functional
decline. Several studies, such as Qarani et al. [6] and
Meulmeester et al. [7] emphasize that increased antioxi-
dant function is typically related to stronger resistance to
degenerative changes and might contribute to delaying
aging. Even though clinical trials have not regularly
proven clear benefits, the wider finding indicate that an-
tioxidants play role in lowering oxidative stress and may
prove to be useful elements in anti-aging efforts.

Ageratum conyzoides L commonly known as
Billy goat weed (Babadotan in Indonesia) is a tropical
seasonal plant from the Asteraceae family. It is broadly
spread throughout Asia, Africa, and the Americas, recog-
nized by its straight scented stem, opposite oval saw-
toothed leaves, and bunches of tiny blooms varying from
white to purple [8].

The ethanol extract of Ageratum conyzoides has
been found to contain several bioactive compounds such
as flavonoids, alkaloids, tannins, and polyphenols, which
jointly contribute to its antioxidant and anti-aging effects.
Even though its capacity to counteract free radicals and
block enzymes such as elastase and collagenase was less
effective than pure quercetin, the extract still showed
clear protective effects in protecting against skin aging,
pointing to its potential as a natural source of anti-aging
agents [9], [10].

G protein-coupled receptors (GPCRs) represent
the biggest receptor family in the human genome, with
around 800 unique members. In terms of structure, they
are defined by seven transmembrane helices, allowing
them to act as flexible molecular sensor [11]. These re-
ceptors can detect a wide variety of stimuli such as pho-
tons, lipids, amines, and complex proteins and transform
them into intracellular signals that regulate almost all
physiological processes. After being activated, these re-
ceptors connect to transducer proteins such as heterotri-
meric G-proteins, GPCR kinases, and B-arrestins, thus
starting multiple intracellular signaling pathways [12].
Due to their broad distribution and crucial functions,
GPCRs have become major targets in current pharmacol-
ogy, with therapeutic uses ranging from cardiovascular
disease treatment to approaches targeting aging and cel-
lular decline [13].

Adenosine A2A receptors (A2AARs) act as im-
portant regulators in skin fibroblast function, especially
in directing extracellular matrix restructuring. When acti-
vated, A2AARs boost cyclic AMP signaling, which in
turn triggers downstream kinases like ERK1/2 and p38
MAPK. These signaling pathways specifically boost the
formation of collagen type I and type III, with a stronger

tendency toward type III deposition. This selective regu-
lation plays a vital role in tissue repair and scar develop-
ment, where temporary collagen type III is eventually re-
modeled into mature collagen type I. In the context of ag-
ing, reduced fibroblast performance and decreased colla-
gen formation cause dermal deterioration and wrinkle de-
velopment. By opposing these pathways, A2AARs acti-
vation brings back structural integrity, flexibility, and
skin moisture. Moreover, the receptor's contribution to
connective tissue growth factor expression and (Wingless
Protein) Wnt/B-catenin signal transduction highlights its
complex role in sustaining skin homeostasis. Taken to-
gether, these mechanisms show why topical adenosine
treatments directed at A2AARs can noticeably reduce
wrinkles and enhance skin tone in people of middle age
[14], [15].

Another receptor in the GPCR family is Angio-
tensin AT1. Recent research has shown that inhibition of
the angiotensin type I (AT1) receptor not only exerts ac-
tivity in blood pressure control and organ protection, but
also has the potential to slow the aging process. Deletion
of the angiotensin AT1 receptor in mice can extend
lifespan by up to 28% compared to the control group. This
response is linked to enhanced cardiovascular integrity,
lower generation of reactive oxygen species (ROS), di-
minished mitochondrial degradation, and elevated ex-
pression of pro-survival genes such as Nampt and Sirtuin-
3. In contrast, exposure to angiotensin II in vitro results
in reduced levels of both proteins. These findings indicate
that activation of the angiotensin AT1 receptor contrib-
utes to aging through increased oxidative stress and dam-
age to mitochondria, while AT1 blockers have the poten-
tial to extend lifespan through cellular protective mecha-
nisms [16], [17], [18].

The f2-adrenergic receptor (B2AR) serves an es-
sential function in regulating physiological activities
across multiple organs, which experience alterations dur-
ing the aging process. Decreased responsiveness to cate-
cholamines, including B2AR-mediated vascular relaxa-
tion, has been observed in elderly individuals. This results
in decreased vasodilation and increased vasoconstriction,
contributing to increased total peripheral resistance. Since
B2AR is present on both vascular smooth muscle cells
(VSMCs) and endothelial cells (ECs), the reduction in re-
ceptor activity has a direct effect on vascular responsive-
ness, which progressively diminishes with aging. Further-
more, decreased B2AR activity and the associated cAMP
production are common factors underlying various aging-
related conditions, such as hypertension, atherosclerosis,
vascular insufficiency, and orthostatic hypotension.
cAMP itself is known to inhibit VSMC proliferation, so
BAR-mediated cAMP reduction may accelerate the oc-
currence of restenosis and atherosclerosis in the elderly.
These observations indicate that B2AR is involved not
only in the biological mechanisms of aging but also car-



ries significant clinical relevance for the selection and op-
timization of pharmacological treatments, particularly re-
garding the administration of AR agonists and antago-
nists in older individuals [19], [20], [21].

This study aims to investigate the anti-aging po-
tential of bioactive compounds derived from Ageratum
conyzoides through virtual screening approaches. By us-
ing these computational strategies, the research attempts
to pinpoint to promising molecular candidates that can in-
teract with GPCR receptors, thus providing therapeutic
opportunities for reducing age-related changes.

Materials and methods

System Configuration

The software for performing Molecular Docking used in
this study is PyRx 0.8 from The Scripps Research Insti-
tute which is directly integrated with AutoDock Vina as
a docking simulation tool [22] and Open Babel as a tool
for preparing ligands imported from the SDF (Structure
Data File) ligand file format, minimizing the energy of
chemical compounds, and converting the format to
pdbqt.

Table 1. Classification of Bioactive Compounds

This docking process predicts the binding affinity of the
active compounds contained in Ageratum conyzoides
with the target protein and is visualized using BIOVIA
Discovery Studio 2020 Visualizer software to see the in-
teraction between ligands and receptors structurally [23].
All research processes were carried out using a personal
computer (PC) with an Intel Core i3-10105F Processor
(10th Gen — Comet Lake), NVIDIA GeForce RTX 2060
6GB GDDR6 Graphics Card, and 16GB RAM.

Ligand Preparation

The ligand profiles of Ageratum conyzoides were re-
trieved from the Dr. Duke’s Phytochemical and Ethnobo-
tanical Databases maintained by the U.S. Department of
Agriculture  (https://phytochem.nal.usda.gov/)  [24].
From the 84 bioactive constituents identified in Agera-
tum conyzoides, a total of 40 compounds were selected as
listed in Table S1. The selection was based on the exclu-
sion of non-relevant molecules such as fats, duplicate or
structurally similar compounds, and those lacking com-
plete structural information. These chosen molecules
were subsequently retrieved from PubChem (https://pub-
chem.ncbi.nlm.nih.gov/) in both 3D Conformer and SDF
file formats [25].

Category Compound Name %giﬁilcl“: CID Benefits
Kaempferol Cust100s 5280863 Neutralize free radicals, reduce
Flavonoids Kaempferol-3,7-diglucoside C37H30016 6325460 inflammation. and protf’:ct el
Quercetin Ci5H 1007 5280343 I"OI’IS
Quercetin-3,7-diglucoside Cy7H30017 10121947
Phenols Eugenol C1oH1:0; 3314 Natural antioxidants
Bornyl Acetate C12H200; 93009
Humulene CisH>y4 5281520
Alpha-Cubebene CisH>y4 442359
Alpha-Humulene CisH>y4 24798693
Alpha-Muurolene CisH>y4 12306047
Alpha-Pinene CioHis 6654
Beta-Cubebene CisH>y4 93081
Beta-Elemene CisHoy 6918391 | Anti-inflammatory often linked
Terpenes Beta-Farnesene CisH4 5281517 | to stress reduction and immune
Beta-Myrcene CioHis 31253 balance.
Beta-Pinene CioHis 14896
Camphene CioHis 6616
Terpinolene CioHis 11463
Beta-Cadinene CisHy 10657
Beta-Selinene CisHy 442393
Germacrene-D CisHy 5317570
Cadinol C15H250 6428423
Gamma-Cadinene CisHzy 6432404
Heteroorganics | Demethoxyencecalin Ci13H140; 177040
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Caryophyllene-Oxide CisH»40 1742210 | Modulate enzymes, act as anti-
Coumarin CoHs0; 323 oxidants and support vascular
function
Alpha—Berggmotene CisHa 86608 Provide antioxidant and anti-in-
Olefin Alpha-Terpinene CioHs 7462 flammatory effects
Limonene CioHis 22311
2-Carene Crofig 79044 Immune defense, promote tissue
Terpenoids Borneol CroH150 64685 repair, and act a;s antioxidants
Friedelin C3()H5()0 91472 ’
Farnesol CisH»s0 445070 Stabilize membranes, fight mi-
Alcohols Linalool CioH 150 6549 crobes, and proyide cal.rping ef-
Beta-Sitosterol CaoHs500 222284 fects, supporting resilience
Stigmasterol Co9H 150 5280794 against age-related stress.
Linoleic Acid CisH3:0; 5280450 | Essential for energy, reduce in-
Lipid Oleic Acid C1sH340; 445639 flammation, and maintain skin
Palmitic Acid Ci6H3:0; 985 integrity vital in anti-aging
Propene Phenyl | Ethyl-Eugenol C12H 60> 6429690 Retains antioxidant

The active compounds are categorized into 9 groups and
accompanied by their respective CIDs, as shown in Table
1. These categories include Flavonoids, Phenols, Ter-
penes, Heteroorganics, Olefins, Terpenoids, Alcohols,
Lipids, and Phenyl Propenes.

Each ligand structure's energy was minimized using Open
Babel, integrated directly with PyRx 0.8, with Universal
Force Field (UFF) parameters [26]. This computational
approach estimates the energy of a molecular system by
accounting for multiple types of interactions, including
bond stretching, angle deformation, torsional (dihedral)
rotations, as well as non-covalent forces such as Van der
Waals and electrostatic interactions. The algorithm opti-
mization process was set using Conjunct Gradients, with
a Total Step count of 1,000 [27]. This step is crucial to
ensure that the ligand is in a stable conformation before
docking. The energy minimization process contributes to
the accuracy of subsequent docking simulation results.

Receptors Preparation

Table 2. Grid Box Parameters

The receptors used in this study were three receptors from
the GPCR family that have anti-aging activity. Each re-
ceptor was obtained from the Research Collaboratory for
Structural Bioinformatics (RCSB) Protein Data Bank
(https://www.rcsb.org/). Unnecessary molecules or com-
pounds are removed from each receptor using BIOVIA
Discovery Studio 2020 Visualizer.

Ligands and receptors were loaded into PyRx to perform
molecular docking simulations using the AutoDock Vina
algorithm. To enhance both computational efficiency and
docking accuracy, the grid box parameters (including size
and dimensions) and the exhaustiveness value (set to 8)
were carefully adjusted. The grid box defines the three-
dimensional region surrounding the target protein where
ligand docking is permitted and calculations are executed.
Each GPCR protein utilized in the study was assigned a
distinct grid box configuration, as summarized in Table
2.

Center Dimensions (Angstrom)
Receptors Name PDB ID X % 7 X % 7z
Adenosine A2A 5G53 -28.41 1.94 16.53 138.98 124.28 78.37
B2-Adrenergic 6KRS8 -4.36 2.26 -291 54.22 49.65 75.53
Angiotensin ATI TF6G 124.40 104.83 152.08 91.38 88.80 115.34
Table 3 shows the docking results of 10 active com-
Results pounds from Ageratum conyzoides that exhibit the mod-
erated binding affinity values (-7.0 kcal/mol and above)
Docking Analysis with GPCR receptors. A binding affinity of -7.0 kcal/mol

or more negative is thought to be in the level of strong
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precision [28].The complete docking output files are pro-
vided in Supplementary S1. Binding energy measured in
kcal/mol, show how thermodynamically favorable a mo-

lecular interaction is. In molecular docking such as com-
putational experiments using PyRx - Virtual Screening
Tool, binding affinity is commonly applied to describe
these interactions.

Table 3. Top 10 Docking Result (Binding Affinity kcal/mol) of Ageratum conyzoides bioactive with GPCRs Target

Rank Adenosine A2A p2-Adrenergic Reseptor Angiotensin AT1
(5G53) (6KRS) (7F6G)

1 Stigmasterol Friedelin Quercetin-3,7-diglucoside
(-10.3) (-9.0) (-10.0)

) Quercetin Stigmasterol Kaempferol-3,7-diglucoside
(-9.2) (-8.6) (-9.7)

3 Friedelin Quercetin Stigmasterol
(-8.8) (-8.2) (-9.5)

4 Quercetin-3,7-diglucoside Kaempferol Quercetin
(-8.6) (-8.1) (-9.2)

5 Gamma-cadinene Beta-sitosterol Kaempferol
(-8.5) (-8.1) (-9.0)

6 Kaempferol-3,7-diglucoside Cadinol Beta-sitosterol
(-8.4) (-8.0) (-8.7)

7 Beta-sitosterol Quercetin-3,7-diglucoside Friedelin
(-7.7) (-7.8) (-8.0)

3 Beta-cadinene Demethoxyencecalin Germacrene-D
(-7.6) (-7.6) (-7.8)

9 Limonene Beta-cadinene Beta-cubebene
(-7.0) (-7.5) (-7.7)

10 Germacrene-D Beta-farnesene Alpha-cubebene
(-7.0) (-7.4) (-7.7)

Binding affinity is crucial in determining which
bioactive compound binds effectively to GPCR target
proteins. It shows the strength of the interaction (bond)
between the ligand and protein. The docking result indi-
cated varying of binding affinities among three receptor,
Adenosine A2A (5G53), B2-adrenergic Receptor (6KRS),
and Angiotensin AT1 receptor (7F6G) which may sug-
gest their potential involvement in aging-related signal-
ling pathways [29].

From the evaluated compounds, stigmasterol
demonstrated the strongest binding affinity for Adenosine
A2A receptor (-10.3 kcal/mol), friedelin showed binding
strength with B2AR (-9.0 kcal/mol), and quercetin-3,7-di-
glucoside showed binding strength with Angiotensin AT1
(-10.0 kcal/mol). These strong binding interactions indi-
cate that each compound may deliver selective influence
based on the receptor target. Interestingly, stigmasterol
and quercetin showed consistent presence in all three re-
ceptors with relatively high binding scores, highlighting
their potential as multi-target ligands with the ability to
modulate various GPCR-linked pathways [30].

GPCRs play a central role in modulating inflam-
matory activity, oxidative stress, vascular tone, and cell
equilibrium all of which are related to aging mechanisms
[31], [32]. The potential of these bioactive compounds to

bind with such receptors indicates a promising path make
for regulating age-related dysfunctions [32], [33], [34],
[35]. As an illustration, flavonoids such as quercetin and
kaempferol-3,7-diglucoside are noted for their antioxi-
dant and anti-inflammatory agents [36], [37], which could
support their receptor-binding mechanisms and improve
their pharmacological relevance in anti-aging ap-
proaches.

The differences in binding affinities also indi-
cate the unique molecular characteristics of each com-
pound, determined by factors such as polarity, molecular
dimensions, and the potential to create hydrogen bonding
or hydrophobic effects. These structural properties are es-
sential for defining how well a compound can bind to re-
ceptor sites and induce downstream biological processes
[301, [38].

Taken Together, the result presents a molecular
justification for recognizing Ageratum conyzoides may as
a source of phytochemicals with anti-aging potential [9],
[39]. Importantly, additional validation through molecu-
lar dynamics simulations, in vitro experiments, and phar-
macokinetic studies is necessary to establish the biologi-
cal function, safety, and therapeutic potential of these
candidates [40], [41], [42].



Analysis Ligand-Protein Interactions

The ligand-protein interaction analysis was executed to
explain how bioactive compounds from Ageratum co-
nyzoides bind to GPCRs that play crucial roles in aging-
related pathways [9], [39], [43]. Docking studies showed
that certain phytochemicals like stigmasterol, quercetin,
friedelin, and kaempferol-3,7-diglucoside showed strong
binding affinities with Adenosine A2A, 2-Adrenergic,
and Angiotensin AT1 receptors [38], [44], [45]. These
molecular interactions are defined not just by binding en-
ergy values but also by the properties of the noncovalent
bonds engaged such as hydrogen bonding, hydrophobic
interactions, van der waals interactions, and n—x stacking
[46], [47].

D van der Waals

- Unfavorable Donor-Donor

In the case of the Adenosine A2A receptor, stig-
masterol and quercetin showed interactions with essential
residues such as MET270, TYR271, and LEU267, which
are necessary for supporting the ligand-receptor complex
[48], [49]. Regarding the P2AR, friedelin and stigmas-
terol created hydrophobic interactions with residues such
as LEU155, VAL317, and TRP158, stabilizing the bind-
ing by means of alkyl and n-alkyl interactions [44], [50].
For the Angiotensin AT1 receptor, quercetin-3,7-digluco-
side and kaempferol-3,7-diglucoside created classical hy-
drogen bonds interacting with residues such as SER147,
THR102, and ARG150, thus improving the stability of
the complex and pointing the potential biological value
[51], [52], [53].
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Figure 1. Adenosine A2A (5G53) Interactions. (A) Quercetin, (B) Stigmasterol.
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Figure 2. 2-Adrenergic Receptor (6KRS) Interactions. (A) Friedelin, (B) Stigmasterol.
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Figure 3. Angiotensin AT1 — 7F6G Interactions. (A) Kaempferol-3,7-diglucoside, (B) Quercetin-
3,7-diglucoside.

The interaction profiles presented in Figures 1-3 provide
preliminary molecular perspectives suggesting that these
phytochemicals may potentially exert anti-aging effects
through GPCR-mediated pathways, although further val-
idation is required.

Stigmasterol and quercetin showed significant hydropho-
bic and n—7 bonding with residues such as TYR271 and
PHE168 [48], [49], which are positioned within the trans-
membrane binding pocket. These interactions are may
important because A2A receptor activation is connected
to collagen formation and dermal fibroblast modulation
[54], [55]. By stabilizing these residues, stigmasterol may
improve receptor signaling, potentially recovering extra-
cellular matrix integrity, and counteracting age-related
skin degeneration. The hydrogen bond of quercetin with
GLU169 additionally points to potential to regulate re-
ceptor responses through oxidative stress responses path-
ways, matching its established antioxidant activity [56].

Friedelin and stigmasterol engaged in significant
hydrophobic interactions with residues such as LEU155,
VAL317, and TRP158. These residues may crucial for
B2AR activity in vascular relaxation and cAMP pathway
regulation [57]. The preservation of hydrophobic pockets
by sterols may reduce the age-relate reduction in B2AR
responsiveness, thus strengthening vascular tone and de-
creasing peripheral resistance in older adults. Further-
more, m-alkyl bonding with aromatic residues such as
PHE166 and TRP313 imply that these ligands may stabi-
lize receptor structures essential for efficient catechola-
mine binding, emphasizing their potential in cardiovascu-
lar aging therapies [58].

Quercetin-3,7-diglucoside and kaempferol-3,7-digluco-
side engaged in multiple hydrogen bonds with amino acid
residues such as SER147, THR102, and ARG150, cou-
pled with n-cation bonding with aromatic residues. These



interactions may highly significant as AT1 receptor acti-
vation is closely linked to oxidative stress and mitochon-
drial dysfunctions [59]. Here, establishing stabilizing hy-
drogen bonds, flavonoids glycosides may behave as com-
petitive inhibitors, reducing angiotensin II signaling and
consequently decreasing ROS production. This observa-
tion matches with experimental findings that AT1 block-
ade enhances lifespan in animal models, indicating that
these natural ligands may emulate pharmacological AT1
antagonists [60], [61], [62].

In summary, the ligand-protein interaction anal-
ysis emphasizes distinct yet synergistic mechanisms by
which Ageratum conyzoides phytochemical may control
GPCR responses. Sterols like stigmasterol and friedelin
mainly stabilize hydrophobic pockets, maintaining recep-
tor configurations connected to cutaneous and vascular
regulation. On the other hand, flavonoids such as querce-
tin and kaempferol derivatives take part in hydrogen
bonding and m-cation interactions, conferring antioxidant
and anti-inflammatory properties while reducing pro-ag-
ing receptor signalling.

This combined mode of action, hydrophobic do-
main stabilization by sterols and hydrogen-bond regula-
tion by flavonoids indicates a cooperative potential for
multi-target anti-aging therapies [63], [64]. The findings
yield a molecular explanation for identifying Ageratum
conyzoides as potential source of GPCR-targeting com-
pounds for anti-aging agents. Upcoming research should
include a molecular dynamics simulations and analyses to
confirm binding stability, together with in vitro and in
vivo studies to validate biological activity and pharmaco-
kinetic applicability.

Discussion

This project was conceived as an experimental investiga-
tion concentrating on the virtual screening and visualiza-
tion of ligand-receptor interactions. We recognize that
the docking approach was not confirmed using redocking
or RMSD analysis, which constitutes a limitation of the
present study, especially for GPCR targets displaying
many conformational states. The absence of such valida-
tion means that the docking scores given here should be
regarded cautiously, since they provide only preliminary
signals of putative binding interactions rather than clear
evidence of biological control or potential anti-aging im-
plications. In addition, ADMET prediction was not per-
formed in this investigation, which further constitutes a
limitation in terms of biological relevance and transla-
tional applicability. Accordingly, the data offered in this
publication are aimed to serve as a starting point for hy-
pothesis formulation, and future research will add dock-
ing validation, ADMET prediction, and experimental as-
says to strengthen the reliability and biological im-
portance of the results.

Conclusion

This study emphasizes the anti-aging potential of bioac-
tive compounds from Ageratum conyzoides using in silico
docking approaches (computational) with key GPCR tar-
gets such as Adenosine A2A, B2-Adrenergic, and Angio-
tensin AT1 receptors. Stigmasterol, friedelin, and querce-
tin-3,7-diglucoside identified as the most active ligands
showing predicted binding affinities, may suggest poten-
tial involvement in pathways and associated with colla-
gen production, vascular relaxation, and oxidative stress
regulation. The sustained effects of flavonoids across var-
ious receptors highlights their possible role as multi-tar-
get agents in managing the complex nature of aging.
These findings provide molecular data supporting Agera-
tum conyzoides as a potential natural source for GPCR-
targeting compounds and emphasize the relevance of vir-
tual screening as a low-cost strategy in early drug discov-
ery. However, because the result is restricted to computa-
tional predictions, additional validation using molecular
dynamics, in vitro and in vivo experiments and pharma-
cokinetic analyses is necessary to confirm biological effi-
cacy, safety, and therapeutic practically. In summary, this
research contributes to the expanding research on natural
agents in anti-aging pharmacology and provides novel
viewpoints for advancing multi-target strategies.
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