INSILI 2 (2026) 100227

Contents lists available at ScienceDirect

IN SILICO

RESEARCH IN
BIOMEDICINE

In Silico Research in Biomedicine

journal homepage: www.sciencedirect.com/journal/in-silico-research-in-biomedicine

ELSEVIER

Molecular docking and dynamics reveal potential galactagogue mechanism
of Breynia patens via D2R, OXTR, and TRy modulation

Tushar R. Gaikwad®, Nachiket M. Atale, Rajendra Choure, Ulhas K. Patil -

Microbiology Department, The Institute of Science, Dr. Homi Bhabha State University, Mumbai, 400032, India

ARTICLE INFO ABSTRACT

Keywords: Objective: This study investigates the in-silico interactions of 17 active components from Breynia patens extract

Breynia patens with lactation-related proteins.

Iéacltanon Methods: The compounds were first screened via rigid docking using AutoDock Vina against three target re-
alactagogue

ceptors: dopamine receptor D2R, oxytocin receptor OXTR, and thyroid hormone receptor TRp. Furthermore,
flexible docking (AGFR) used to refine the results. The interaction between Stigmasterol and D2R further ana-
lysed by employing molecular dynamics (MD) simulations of 300 ns using Dopamine as a control. The lactation-
related role of receptors was analysed by KEGG enrichment using the DAVID database.

Results: Rigid docking identified promising candidates, and flexible docking revealed that 11 of the 17 compo-
nents strongly interacted with D2R. Stigmasterol (-9.6 kcal/mol), epifriedenalol (-9.0 kcal/mol), and p-sitosterol
(-8.2 kcal/mol) exhibited the highest binding affinities. Three compounds; glochidonol, lupeol, and friedelanol
interacted with the allosteric site of OXTR (-8.0, -7.2, and -7.8 kcal/mol), while quercetin (-6.8 kcal/mol) and
kaempferol (-6.2 kcal/mol) interacted with TRg. MD simulations showed Stigmasterol maintained interaction
with the D2R active site for 300 ns, though with lower stability compared to dopamine, suggesting possible
antagonism. KEGG enrichment confirmed all three receptors as part of hormone signaling pathways linked to
lactation.

Conclusion: This in-silico analysis suggests Breynia patens may promote lactation via multi-receptor modulation,
including D2R antagonism, OXTR allosteric modulation, and TRy partial agonism. These findings align with its
traditional galactagogue use, but experimental validation is required to confirm therapeutic relevance.

Dopamine receptor
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Molecular dynamics

1. Introduction

Breynia patens, (Syn. Breynia retusa), is a plant of considerable
traditional medical significance, widely used in Ayurveda and indige-
nous system of medicine. Various parts of the plant - leaves, stems, roots
and fruits have been reported to exhibit therapeutic purposes like
treating inflammation, diabetes, anti-oxidant activity, supporting
lactation, etc. [1-3]. In Sanskrit, it is called Bahupraja and Bahupushpa
(denoting its abundant seedlings and numerous flowers), while in local
contexts, it is referred as Kamboji, indicating its integration into tradi-
tional practices [4].

Phytochemical investigations have identified the presence of flavo-
noids, tannins, alkaloids, and saponins in Breynia patens [5] classes of
compounds known for antioxidant and endocrine-modulating proper-
ties. Clinical evidence further supports its role as a galactagogue. In a
controlled trial, Leptaden an ayurvedic formulation containing equal

parts of Leptadenia reticulata and B. patens was administered to lactating
mothers, resulting in significant improvements in infant weight gain and
milk secretion, without adverse effects [6]. Similarly, Vaishnav and
Buch tested the Leptaden in low milk-yielding Gir cows, where some
individual animals showed improved milk secretion, though the results
were not statistically significant as overall increase was not observed in
milk production. These findings indicate the need for controlled studies
to confirm its lactogenic efficacy [7], suggesting that the bioactive
constituents of B. patens might play a role as a galactagogue by modu-
lating hormone pathways.

Prolactin is a principal hormone regulating milk synthesis. It is
secreted by lactotroph cells in anterior pituitary gland. Numerous hor-
mone signals that are mediated through particular receptors tightly
control the activity of lactotrophs [8]. The release of prolactin is tightly
controlled by hypothalamic dopamine, which binds to dopamine D2
receptor (D2R) on lactotrophs to inhibit prolactin secretion [9].
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Oxytocin receptor (OXTR), although absent in lactotrophs, is expressed
on mammary myoepithelial cells, wherein oxytocin binding triggers
milk ejection during nursing [10]. Thyroid hormone receptor beta (TRp),
expressed in both pituitary and mammary tissue, indirectly influence
lactotroph function by regulating gene transcription associated with
prolactin synthesis, mammary development and cellular metabolism
[11]. Therefore, the regulation of milk synthesis and secretion is a co-
ordinated action of D2R, OXTR, and TRy across central and peripheral
sites.

Based on these facts, this study employs in-silico approaches like
molecular docking and molecular dynamics simulations to investigate
the interactions of the active components of Breynia patens. Ever
evolving approaches in computational biology like molecular docking
and molecular dynamics simulations, offer powerful, mechanistic in-
sights into phytochemical-protein interactions. The study is useful to
predict mechanism of lactation enhancement by exploring insights into
the multi-receptor-based mechanisms of herbal products formulated
using Breynia patens. This in-silico documentation could be useful to
guide further in-vivo analysis using precise pharmacological methods.

2. Materials and methods
2.1. Selection of active components from Breyniapatens

The active components of Breynia patens were selected from Kirtikar
and Basu, 1918 [4]. The 3D structures of all the components were
retrieved from PubChem (PubChem) and saved in .sdf format. The 17
components selected for this study were: Stigmasterol, Beta-sitosterol,
hydroxyfriedelin, p-coumaric acid, ellagic acid, kaempferol, pyrogal-
lol, epifriedelanol, lupenol acetate, quercetin, friedelanol, lupeol, gallic
acid, methylbrevifolin carboxylate, scopoletin, glochidonol, methy
gallol.

2.2. Target selection

The target proteins were selected by studying their role in the
physiological process of lactation. Dopamine receptor D2R (PDB ID:
6CM4) was selected as dopamine is a prolactin inhibitory factor (PIF)
and inhibits the secretion of prolactin. The oxytocin receptor OXTR
(PDB ID: 6TPK) was selected as oxytocin plays a direct role in milk
ejection. Finally, thyroid hormone receptor TR (PDB ID: 3GWS) was
selected as thyroid hormones regulate metabolism and energy balance
and are prolactin releasing factors (PRLs) thus increasing the secretion
of prolactin.

2.3. Ligand and receptor preparation for docking

The 3D structures of active components were prepared using UCSF
Chimera version 1.19 All the active components along with native li-
gands of the targets were saved in .pdb format after preparation. Since
oxytocin is a peptide hormone and the 3D structure was not available on
PubChem, we used pyPept [12] to predict the 3D structure and saved it
in .pdb format. The 3D structures of proteins were retrieved from Protein
Data Bank (https://www.rcsb.org/). Target preparation in Chimera
involved removing all non-standard atoms (water molecules and ions)
followed by energy minimization [13]. The prepared targets were then
saved in pdb format for subsequent docking studies.

2.4. Screening of activecomponentsby moleculardocking

All 17 active components from Breynia patens were docked against
the proteins (D2R, OXTR, TRg) using Dockit (https://github.com/areta
sg/dockit) with the AutoDock Vina engine [14]. Blind docking was
performed for all the target D2R, OXTR, and TRg. For D2R, grid box
dimensions (X, Y, Z centres) were set to 23.51, —0.89, —11.69 A
respectively and the size (X, Y, Z) was 76.30, 57.69, 81.86 A
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respectively. Similarly, for OXTR, the grid box dimensions were 6.09,
—3.48, 100.03 A respectively and with dimensions 68.37, 62.02, 98.52
A respectively. For TRy, the dimensions were 4.32, 23.63, 17.42 A
respectively, and the size was 41.43, 53.95, 62.33 A respectively. The
exhaustiveness parameter was set to 16. To validate the docking pro-
tocol, each receptor was first docked with its native ligand (Dopamine
for D2R, Oxytocin and Cholesterol for OXTR, T3 for TRp).

2.5. Re-docking activecomponentswith targetreceptors

Following the initial screening, flexible docking was performed using
AutoDockFR [15]. Based on the results of initial screening, the top three
poses of each active components were analyzed and selected for flexible
docking along with the target residues within a distance of 0.3 A.
Oxytocin, was redocked using Autodock CrankPep (ADCP) [16]. The
maximum evaluation (maxEval) was set to 20,000. Docking was per-
formed and the results were further analyzed using PyMOL [17] and
Biovia Discovery Studio [18].

2.6. Molecular dynamicssimulations

Molecular dynamic simulation of D2R with dopamine and Stigmas-
terol were performed using GROMACS 2025.1 with AMBER force field
[19,20]. The system was solvated using TIP3P water molecules [21], pH
was adjusted to 7.0 and neutralized with Cl—- ions. Energy minimization
was carried using steepest descent algorithm followed by a 300 ns run.
Post simulation, the system was centered and analyzed.

2.7. KEGG enrichmentanalysis

KEGG Pathway Enrichment analysis was performed using the DAVID
database (https: //david.ncifcrf.gov/tools.jsp). All the target receptors
as input were selected from Homo sapiens as reference species. Mat-
plotlib, Pandas, and numpy was used to visualize the KEGG pathway
enrichment.

3. Results
3.1. Screening of activecomponentsby interactionwith D2R, OXTR, TRy

Rigid docking was performed using Dockit to screen 17 active com
ponents of Breynia patens. The binding affinities (kcal/mol) of all the
components with the target receptors are in Fig. 1. The receptors D2R,
OXTR, TRy were validated by studying their interactions with native
ligands Dopamine (for D2R), Oxytocin and Cholesterol (for OXTR) and
T3 (for TRp). For D2R, dopamine showed moderate binding affinity of
—6.5 kcal/mol. Among 17 active components, 11 showed strong affinity
with D2R near the active site of the receptor. Further, on analyzing the
3D structures using PyMOL (Figure S1), 5 components (Stigmasterol,
epifriedelanol, p-sitosterol, quercetin, scopoletin) showed strongest in-
teractions overlapping with dopamine binding site.

In oxytocin receptor, two sites were examined. First was the ligand-
binding domain (active site) and the second was the allosteric site of the
receptor. After analyzing the affinities (kcal/mol) of the active compo-
nents, it was observed that among 17 components, only three compo-
nents (lupeol acetate, hydroxyfriedelin and epifriedelanol) showed a
strong interaction with the active site of OXTR (Figure S2). Whereas,
seven components (Stigmasterol, p-sitosterol, methylbrevifolin, lupeol,
glochidonol, friedelanol, and scopoletin) showed interactions with the
allosteric site.

For TRy, eight components (quercetin, scopoletin, pyrogallol, p-
coumaric acid, methyl gallate, kaempferol, gallic acid, and ellagic acid)
showed interactions near the active site of the receptor (Figure S3).

Next, 2-D interaction maps of all the native ligands (Dopamine,
oxytocin, cholesterol, and T3) were studied to determine the residues of
active site to be used for flexible docking. On analyzing the interaction of
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Fig. 1. Screening of all active components against target receptors (D2R, OXTR, and TRp). All the native ligands of the targets are given in Red.

dopamine with D2R, it was observed that dopamine interacted with
ASP:80, VAL:81, THR:85, SER:163 (Fig. 2A). The 2-D interaction map of
oxytocin with OXTR revealed interactions with key residues of ligand
binding domain such as LYS:116, MET:123 and hydrogen bonds with
Cys:187, SER:298 (Fig. 2B); Whereas, cholesterol interacted strongly
with PRO:170, TYR:200, ILE:192 and formed a hydrogen bond with
VAL:190 (Fig. 2C). Similarly, the interaction map of TRy revealed in-
teractions with key residues of the active site such as HIS:435, ARG:282,
and LEU:330 (Fig. 2D). These results validate rigid docking allowing
meaningful comparisons of active components with native ligands.

3.2. Re-docking of activecomponentswith D2R, OXTR, TRy

Re-docking of active components was performed using AGFR. During
this, specific residues (< 0.3 A) of the target receptors were kept flexible
along with the ligand. Analysis data of all the flexible residues of the
targets for each active component is given in supplementary data
(Table S1, S2, and S3). The binding interactions of all the components
against respective target receptors is illustrated in Fig. 3. For D2R, the
binding affinities of top 3 poses ranged from —9.5 to —8.0 kcal/mol.
Similarly, the top three poses of Stigmasterol, epifriedelanol, and
B—sitosterol showed strong binding affinity near the active site as re-
flected by re-docking.

The binding affinity of oxytocin for OXTR was estimated to be very
high, exceeding-14.0 kcal/mol. As oxytocin is a peptide hormone, the re-
docking was performed using ADCP instead of AGFR. Among all the
components interacting with the active site, lupeol acetate showed less
binding affinity (—5.9 kcal/mol), while, epifriedelanol and hydroxy-
friedelin showed moderate binding affinity; (—7.0 and —6.4 kcal/mol
respectively), near the active site of the receptor. Cholesterol showed
moderate binding affinity (—7.0 kcal/mol) at the allosteric site after re-
docking. Glochidonol, lupeol and friedelanol showed similar in-
teractions with the allosteric site of OXTR (—8.0, —7.2, and —7.8 kcal/

mol) whereas other components showed less binding affinity compared
to initial docking analysis.

Out of eight components screened out during initial docking, only
two components; quercetin and kaempferol showed moderate binding
affinity (—6.7, —6.1 kcal/mol, respectively) near the active site of the
target.

For TRy, the results were analyzed and compared using 2D in-
teractions maps. The potential role of native ligands in inhibition/acti-
vation of the receptors. The 2D interaction map of dopamine with D2R
revealed interaction of key residues within the active site ASP:80 and
SER:169 with a salt bridge formation with ASP:80. Also, it was observed
that Stigmasterol interacted with the active site pocket of the D2R
(TRP:373, VAL:81, CYS:84) but did not interact with any of the key
residues (Fig. 4). Similarly, epifriedelanol and p-sitosterol showed in-
teractions with the D2R (Figure S4). The outcomes supports that these
three compounds might act as antagonists of the D2R, probably blocking
dopamine from binding with the active site.

For OXTR, the active site and the allosteric modulation was
analyzed. Epifriedelanol interacted moderately with the active site of
OXTR (—7.0 Kcal/mol) (Fig. 5B). Glochidonol showed strong interaction
with the allosteric site with several interacting residues common with
CLR-OXTR interaction; TRP:203, ILE:192, TYR:200 (Fig. 5C, 5D). Frie-
delanol and lupeol also showed similar interactions with the allosteric
site (Figure S6). Thus, glochidonol, friedelanol, and lupeol might act as
Positive Allosteric Modulators (PAMs) of OXTR and are predicted to
enhance the binding of oxytocin to the receptor.

Re-docking the components with TRy revealed that only two (quer-
cetin and kaempferol) of the eight screened compounds interacted
moderately with the active site of the receptor. The 2D interaction
analysis of T3 (Fig. 6A) reflected several key interactions with the active
site of the receptor like ARG:282, MET:313, HIS:435, ASN:331. Quer-
cetin (Fig. 6B) also interacted with the same active site pocket of TRy and
interaction with many common residues like the conventional hydrogen
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Fig. 2. Interaction of dopamine with D2R (A), Oxytocin and cholesterol with OXTR (B, C), and T3 with TR (D).

bond with HIS:435 and ASN:331, interactions with MET:313, LEU:346,
LEU:341 were observed. This suggests that quercetin might act as a
partial agonist of the receptor.

3.3. Molecular dynamicssimulations

Molecular dynamics (MD) simulations were carried out for 300 ns to
evaluate binding of Stigmasterol with D2R. Dopamine served as the
native ligand. The RMSD analysis of ligands fitted to protein (Fig. 7A)
revealed that Stigmasterol (yellow) underwent conformational adjust-
ment within the first 50 ns and then remained relatively stable over the
range of 0.8-1.2 nm for the rest of the duration. Dopamine, being the
native ligand of the receptor showed stable RMSD in the range of 0.1-0.3
nm for the entire duration. This indicates that Stigmasterol rapidly
changed its poses within first 50 ns and then achieved stability, whereas
the initial pose of dopamine did not change and remained bound to the

active site.

The RMSF analysis (Fig. 7B) revealed that the receptor conformation
remained stable with both the ligand bound complexes, while it showed
fluctuations in the flexible residues. The protein-ligand minimum dis-
tance (Fig. 7C) revealed that the minimum distance between protein-
ligand for both the complexes was 0.14-0.22 nm which indicates that
both ligands interacted with the receptor for 300 ns. The radius of gy-
ration of both the complexes (Fig. 7D) was similar and stable for the
entire duration. These results emphasize that Stigmasterol is interacting
with the active site of D2R, however, the interaction is weaker as
compared to dopamine.

3.4. KEGG enrichmentanalysis

KEGG enrichment analysis was performed using the target proteins
as input in DAVID database. Out of 15 chart records obtained, 3 records



T.R. Gaikwad et al.

In Silico Research in Biomedicine 2 (2026) 100227

D2R OXTR TR-B
Oxytocin q
CLR
Hydroxyfriedelan —H= T
Methylbrevifolincarboxylate |
Methyl Gallate ]
p-Coumaric Acid D
GallicAcid -
-10 -8 -6 -4 - 0 2 -14 -10 -8 -6 -4 -2 -10 -8 -6 -4 -2
Affinity (kcal/mol) Affinity (kcal/mol) Affinity (kcal/mol)
Fig. 3. Interactions of active components against target receptors (D2R, OXTR, and TRg) by flexible docking using AGFR.
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Fig. 4. 2D Interaction map of flexible docking of Dopamine (A) and Stigmasterol (B) with D2R.

were linked to KEGG Pathways. All the three targets were involved in
hormone signaling pathway as well as neuroactive ligand-receptor
interaction with the p-value < 0.05 (Fig. 8). The Fig. 8 is an analysis
of the chart records and depicts the p-value, and number or targets
(according to the bubble size) which are a part of a particular pathway.
These results confirm the role of target receptors in the hormone
signaling pathway which can ultimately be linked to lactation.

4. Discussion

The present silico analyses suggest the potential of Breynia patens
phytoconstituents to enhance lactation through a multi-receptor mech-
anism that integrates dopaminergic, oxytocinergic, and thyroid
signaling. This cross-receptor pharmacology is consistent with the

neuroendocrine complexity of lactation and highlights how plant me-
tabolites can modulate multiple hormonal pathways simultaneously.
Similar results have been reported in earlier studies showing that
prolactin secretion is inhibited by hypothalamic dopamine acting
through pituitary D2R. Dopamine binding involves a salt-bridge inter-
action with ASP:80, initiating a cascade that suppresses prolactin release
[22,9]. Consistent with this, blocking D2R has been shown to disinhibit
lactotrophs, increase prolactin secretion, and enhance milk synthesis, an
effect underlying the clinical use of galactagogues such as domperidone
and metoclopramide [23,24]. In contrast, our docking studies revealed
that Stigmasterol, B-sitosterol, and epifriedelanol bind strongly near the
D2R active site but do not engage key activating residues, suggesting
potential antagonistic rather than agonistic activity. Importantly,
similar receptor interactions have been observed in the central
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amygdala, where D2R and OXTR form functional heteroreceptor com-
plexes with allosteric facilitation enhancing anxiolytic responses [25].

Comparable mechanisms have also been described for the oxytocin
receptor (OXTR). Oxytocin binding to OXTR on mammary myoepithelial
cells is essential for milk letdown, and cholesterol has been identified as
a positive allosteric modulator (PAM) that enhances OXTR signaling
[26]. In accordance to this, present docking studies demonstrated that B.
patens sterols such as friedelanol, lupeol, and glochidonol interact with
the OXTR allosteric site, like cholesterol, suggesting their potential role
as PAMs. Furthermore, recent genomic analyses have identified
cis-regulatory enhancer elements controlling OXTR transcription,
including OCE7, which was validated by luciferase assays [27]. These
findings collectively emphasize that OXTR function can be regulated
both allosterically and transcriptionally. In contrast to the
cholesterol-centric model, our results highlight the potential of plant
sterols to serve as natural modulators of oxytocin signaling, offering an
alternative mechanism through which herbal compounds may influence
lactation.

Similar evidence exists for the role of thyroid hormones in lactation.
Thyroid hormones are known to support mammary gland development
and metabolic adaptation, and synthetic as well as environmental li-
gands have been reported to act as weak agonists or antagonists of
thyroid hormone receptor-p (TRp) through conformational modulation
of helix 12, influencing coactivator recruitment [28]. In agreement with
these findings, our docking studies suggest that quercetin and kaemp-
ferol from B. patens exhibit partial TRy agonist-like activity. In contrast
to strong agonists such as triiodothyronine (T3), these flavonoids appear
to exert more subtle conformational effects, suggesting their role in
fine-tuning transcriptional programs relevant to prolactin synthesis and
mammary gland function. The pharmacological strategies used in con-
ventional galactagogue therapy, include individualistic approach based
on (i) D2R antagonism may enhance prolactin release, (ii) OXTR allo-
steric modulation may facilitate oxytocin-mediated milk ejection, and
(iii) TRy partial agonism may optimize mammary gland readiness [29].
Based on computational investigation carried in this study,
phyto-constituents of B. patens could be efficient galactagogue by
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modulating multiple receptors.
The integrative mechanism of lactogenic potential of B. patens is
consistent with ethnopharmacological and ayurvedic observations

where Breynia patens in combination with Leptadenia reticulata (Lep-
taden formulations) has been traditionally employed to improve lacta-
tion in both women and cattle [6,7]. Recent reviews similarly indicate
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that herbal galactagogues often act through combined modulation of
dopaminergic, oxytocinergic, and thyroid pathways [30], supporting
the broader relevance of our findings. Further experimental in-vitro and
in-vivo validation of this scientifically predicted pharmacological po-
tential of Breynia patens is underway and subsequent part of this study.

5. Conclusions

The present in-silico investigation highlights the potential of Breynia
patens phytoconstituents to modulate lactation through a multi-receptor
mechanism involving dopaminergic, oxytocinergic, and thyroid path-
ways. Sterols such as Stigmasterol, p-sitosterol, and epifriedelanol dis-
played binding profiles consistent with D2R antagonism, suggesting a
role in relieving prolactin inhibition. Other sterols, including friedela-
nol, lupeol, and glochidonol, showed cholesterol-like interactions with
OXTR, indicating possible positive allosteric modulation of oxytocin
signaling. In addition, flavonoids such as quercetin and kaempferol
exhibited partial agonist-like activity at TRy, implying a fine-tuning ef-
fect on transcriptional programs relevant to mammary gland function.

Overall, these findings propose that B. patens may enhance lactation
through synergistic actions across multiple receptor systems rather than
a single-target mechanism. This integrative pharmacological profile not
only supports its traditional ethnomedicinal and ayurvedic use but also
provides a mechanistic basis for exploring B. patens as a source of novel
lactogenic agents. Future experimental validation, including in-vitro
and in-vivo studies, will be essential to confirm these interactions and
assess their therapeutic potential in clinical and veterinary context.
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