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ABSTRACT

Objective: This study aims to explore the binding affinities and interaction mechanisms of the phytocompounds geissospermine and harmine with
the Dopamine D1 receptor (D1R), providing insight into their potential as therapeutic agents for neurological disorders.

Methods: The three-dimensional structure of the Dopamine D1 receptor was obtained from the Protein Data Bank (PDB), while the structures of
geissospermine and harmine were retrieved from the PubChem database. Preliminary screenings, including secondary structure validation and
pharmacokinetic profiling, were conducted to assess the suitability of these compounds for docking studies. Molecular docking was performed using
AutoDock Vina to predict the binding affinities and interaction profiles of geissospermine and harmine with D1R. To further validate these
interactions, Molecular Dynamics (MD) simulations were conducted using GROMACS v2019.4 to assess the stability and behavior of the
geissospermine-D1R complex over time. Parameters such as Root mean Square Deviation (RMSD) were analyzed to evaluate the dynamic stability
of the protein-ligand interactions.

Results: Molecular docking revealed that geissospermine exhibited a higher binding affinity towards D1R with a binding energy of-8.6 kcal /mol,
interacting with key residues including ILE 1009, ARG 1008, ASN 311, VAL 22, GLU 85, THR 26, ALA 57, LEU 25, and PHE 29. Harmine, while also
demonstrating significant interactions, showed a slightly lower binding affinity of-7.2 kcal/mol and formed interactions with residues such as SER
310, LYS 81, ASP 314, ALA 84, TRP 90, CYS 186, TRP 99, and PHE 92. MD simulations confirmed the stable binding of geissospermine to D1R, as
reflected by consistent RMSD values over the simulation period.

Conclusion: Geissospermine’s superior binding affinity and stable interaction with D1R highlight its potential as a therapeutic candidate for
neurological disorders, particularly Huntington’s disease, where modulation of dopamine signaling could yield significant clinical benefits. These

findings warrant further investigation into the neuroprotective potential of geissospermine in dopaminergic dysfunction.
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INTRODUCTION

The Dopamine D1 receptor (D1R) plays a pivotal role in the Central
Nervous System (CNS), particularly in modulating neuronal
signaling pathways that are critical for various physiological
functions, including motor control, cognition, mood regulation, and
the reward system [1, 2]. As a G protein-coupled receptor (GPCR),
D1R primarily activates the Cyclic Adenosine Monophosphate
(cAMP) signaling pathway through the stimulation of adenylyl
cyclase, influencing intracellular signaling cascades that modulate
neuronal excitability and synaptic plasticity. Given its widespread
expression in the striatum, prefrontal cortex, and limbic system, D1R
is integral to both normal neurological function and the
pathogenesis of several neurodegenerative and psychiatric
disorders [3].

Dysregulation of D1R signaling has been implicated in a range of
neurological diseases, including Huntington's disease [4],
Parkinson's disease [5], schizophrenia [6], and substance abuse
disorders [7]. In Huntington's disease, the progressive degeneration
of medium spiny neurons in the striatum leads to altered
dopaminergic signaling, including impaired D1R function,
contributing to motor dysfunction and cognitive decline [4].
Similarly, in Parkinson's disease, the degeneration of dopaminergic
neurons in the substantia nigra diminishes dopamine availability,
severely disrupting D1R-mediated signaling pathways and resulting
in the characteristic motor symptoms of the disease [5]. Beyond
neurodegenerative disorders, D1R has been implicated in the
etiology of schizophrenia, where an imbalance in dopamine receptor
activity, including both D1R and D2R, contributes to cognitive
dysfunction and altered reward processing [6]. In the context of
substance abuse, D1R is heavily involved in the dopaminergic
reward system, influencing addictive behaviours by modulating the
brain's response to rewarding stimuli such as drugs of abuse [7].

Given its critical role in these processes, D1R represents a potential
therapeutic target for mitigating symptoms or slowing disease
progression in a variety of CNS disorders.

The search for effective therapeutic agents that can target D1R while
also providing neuroprotective effects is an ongoing challenge in
neuropharmacology. While numerous synthetic compounds have
been developed to modulate D1R activity, there is a growing interest
in exploring naturally derived compounds for their potential
neuroprotective properties [8, 9]. Phytocompounds, in particular,
have gained attention due to their ability to interact with multiple
biological targets, their generally lower toxicity, and their long-
standing use in traditional medicine. In this context, the alkaloid
compounds geissospermine and harmine have emerged as
promising candidates for modulating dopaminergic signaling and
offering neuroprotection [10].

Geissospermine, an indole alkaloid derived from plants such as
Geissospermumvellosii, has been traditionally used in South
American medicine for its analgesic, anti-inflammatory, and
antispasmodic properties. Preliminary studies have suggested that
geissospermine may possess neuroprotective qualities, potentially
through its ability to modulate ion channels and inhibit
neuroinflammation—mechanisms that are crucial in preventing or
slowing neurodegenerative processes [11, 12]. Harmine, a beta-
carboline alkaloid found in Banisteriopsiscaapi and other plants, has
been widely studied for its Monoamine Oxidase-A (MAO-A)
inhibitory activity, which increases the levels of serotonin,
dopamine, and norepinephrine in the brain. Harmine’s ability to
enhance neurogenesis, protect neurons from oxidative damage, and
inhibit the aggregation of beta-amyloid plaques has led to its
consideration as a  potential therapeutic agent for
neurodegenerative diseases such as Alzheimer’s and Parkinson’s
diseases [13, 14].
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Given the potential neuroprotective properties of geissospermine
and harmine, this study aims to evaluate their interactions with D1R
using in silico methods, including molecular docking and dynamic
simulations. By assessing their binding affinities and stability in
complex with D1R, the study seeks to determine whether these
phytocompounds can modulate D1R activity in a manner that may offer
therapeutic benefits for neurodegenerative disorders. Additionally, the
pharmacokinetic and ADMET (Absorption, Distribution, Metabolism,
Excretion, and Toxicity) profiles of these compounds are examined to
assess their suitability as drug candidates. Through this investigation, the
study aims to contribute to the growing body of research exploring the
neuroprotective potential of natural compounds, offering novel insights
into the therapeutic applications of geissospermine and harmine in
targeting D1R-mediated pathologies.

MATERIALS AND METHODS
Retrieval of ligands

Canonical Simplified Molecular Input Line Entry System (SMILES)
representations of this geissospermine and harmine were retrieved
from the PubChem database (https://pubchem.ncbinlm.nih.gov/)
for subsequent pharmacological evaluation [15]. Additionally, 2D
Structure Data Files (SDF) were acquired for docking studies. The
SDF file was imported into PyRx, where it underwent energy
minimization using the Universal Force Field (UFF) and conversion
to Protein Data Bank (PDB) format, facilitating ligand structure
visualization. Ligand preparation for docking was conducted
utilizing the PyRx software (https://pyrx.sourceforge.io/) [15].

Retrieval of proteins

The proteins implicated in the pathophysiology of Huntington's
disease are identified as potential targets for geissospermine and
harminephyto compounds. Consequently, crystal structures of
Dopamine D1R (PDB ID: 7JOZ), were retrieved from the RCSB
Protein Data Bank (https://www.rcsb.org/). These structures were
resolved via X-ray diffraction. Preparation of the protein structures
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for docking entailed the removal of non-structural elements,
including water molecules and chains or heteroatoms, while missing
atoms were added. Additionally, polar hydrogen atoms were
introduced, and Kollman charges were applied to ensure uniform
charge distribution on the protein surface [16].

Structure validation

To verify the structural integrity of the preparations, secondary structural
validation was conducted using PDBsum generate
(http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/Generate.html).

Furthermore, a hydrophilicity plot was generated using DS Biovia
Discovery Studio [17] visualizer to assess the hydrophobic or
hydrophilic nature of amino acids within the protein.

Molecular docking and visualization

PyRx, a virtual screening software utilized in computer-based drug
discovery, enables the screening of compound libraries against
potential drug targets. In this study, multiple ligand-protein
dockings were performed using AutoDockVina 2.0, integrated into
the PyRx software (https://pyrx.sourceforge.io/). The primary
objective of molecular docking was to evaluate the inhibitory
potential of geissospermine and harminephytocompounds against
Dopamine D1R, which are implicated in the pathophysiology of
Huntington's  disease. The purified proteins served as
macromolecules, while the ligands were considered flexible entities
for docking. Subsequently, a grid box was generated for all proteins
(refer to table 1). Docking results were quantified based on binding
affinity, reflecting the energy associated with ligand binding.
Throughout the docking process, ligands maintained a total of nine
degrees of flexibility, with the binding pose exhibiting zero Root
mean Square Deviation (RMSD) deemed most optimal due to
maximal binding efficacy. The molecule demonstrating the lowest
binding affinity, coupled with favourable ADMET characteristics,
was identified as the most promising candidate for anti-pancreatitis
therapy. Visualization of docking interactions with the lowest
binding energy was facilitated using DS Biovia Discovery Studio [18].

Table 1: Docking grid parameters of the macromolecules

Macromolecule PDBID Centre dimension Dimension (Angstrom)
X Y Z X Y Z
Dopamine-D1R 7]0Z 23.1720 1.2113 23.6072 46.3979 36.2038 52.6852

Pharmacological studies

In assessing the quality of a drug, it is imperative to ensure its efficacy in
achieving therapeutic outcomes and its compatibility with appropriate
dosage levels, alongside meeting acceptable standards for Absorption,
Distribution, Metabolism, and Excretion (ADME) parameters. To address
these criteria, the phytocompoundsgeissospermine and
harmineunderwent ~ ADME analysis utilizing SwissADME
(http://www.swissadme.ch/), while their toxicity endpoints were
evaluated using ADMETIlab 2.0 (https://admetmesh.scbdd.com/) This
aids in elucidating the crucial pharmacological properties and safety
profiles of chemical compounds, thereby facilitating informed decision-
making throughout the drug development process [19].

Molecular dynamic simulation

Molecular Dynamics Simulation (MDS) conducted using GROMACS
software aimed to evaluate the stability of the
geissospermine_dopamineprotein  complex. Docking analysis
revealed a low binding affinity between the phytocompound-
geissospermine (PubChem CID: 5281401) and Dopamine D1R.
Utilizing the GROMACS package with GROMOS96 54a7 force field,
MDS was executed. The geissospermine structure was prepared
using the ATB Server. Simulation parameters included a cubic box
dimension of X=90, Y=90, and Z=90. Energy minimization and
equilibration via the steepest descent method optimized volume.
Solvation utilized the SPCE water model, maintaining a 0.15M salt
concentration with NA+ and Cl-ions, and the complex's pH was set
at 7. Equilibration consisted of two phases: a 10-ns v-rescale

algorithm heating period gradually increasing temperature to
~300 K in the NVT ensemble, followed by a 5-ns restrained phase
allowing solvent settling. This was succeeded by a 10-ns NPT
equilibration phase with gradually removed restraints.
Equilibrated systems underwent a 200 ns preparation period for
graphing and MMPBSA analysis for the last 50 ns, while
maintaining pressure at 1 bar and temperature at 300 K. MDS
evaluated variations in RMSD, RMSF, Rg, SASA, and hydrogen bond
count of the complex, enabling a comprehensive stability
assessment [20].

RESULTS
Retrieval of ligands

The canonical SMILES and the 2D SDF structures of the
geissospermine and harmine identified from IMPPAT and were
obtained from PubChem. Subsequently, both the phytocompounds
underwent pharmacological profiling and docking analysis. The
structure of the top phytocompound geissospermine (PubChem CID:
5281401) isillustrated in fig. 1.

Structure validation

The structures of Dopamine D1R(PDB ID: 7]J0Z), were
subjected to secondary structure validation (fig. 2). The
purified Dopamine D1R structure (fig. 2a) comprises 454
amino acids, including 1 sheet, 1 beta-hairpin, 1 betabulge, 2
strands, 12 helices, 22 helix-helix interactions, and 14 beta
turns as secondary structural elements (fig. 2b). Notably,
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93.4% (171 amino acids) of the residues were located in the Dopamine DI1R, like other nuclear receptors, exhibits a
most favored region of the Ramachandran Plot (fig. 2d). hydrophobic nature (fig. 2c).

Fig. 1: 2-dimensional structures of geissospermine and harmine
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Fig. 2: Structure validation of dopamine D1R (PDB ID: 7J0Z), 3D structure (b) Secondary structure wiring diagram (c)Hydropathy plots
(d) Ramachandran plot

Molecular docking and visualization Of particular interest in this study is the phytocompound

geissospermine (PubChem CID: 5281401), which exhibited notably
The investigation into the molecular docking results of low binding affinity towards the Dopamine D1R protein, with a
geissospermine and harmine (fig. 4) phytocompounds, as outlined in recorded value of-8.6 kcal/mol. This value represents the most
table 2, revealed varying degrees of binding affinity with selected favourable binding affinity among all tested phytocompounds against
target receptors. Among the three receptors analyzed, the the Dopamine DIR protein. Additionally, geissospermine (PubChem
phytocompounds demonstrated the least binding affinity towards CID: 5281401) consistently displayed low binding affinities across all
the Dopamine D1R. three receptors, thus positioning it as a promising candidate.
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Table 2: Molecular docking of geissospermine with target receptors

Ligand Dopamine D1R (Kcal/mol)
Geissospermine -8.6
Harmine -7.2

In the molecular docking of phytocompound geissospermine (PubChem CID: 5281401) with Dopamine D1R (PDB ID: 7JOZ) the amino acids
including ILE 308, LYS 370, VAL 278, ILE 249, LYS 248, TYR 315 and ARG 316 were predominantly interacting with geissospermine (fig. 3).
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Fig. 3: Molecular docking visualization of phytocompound geissospermine (PubChem CID: 5281401) with Dopamine D1R (PDBID: 7J0Z)
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Fig. 4: Molecular docking visualization of phytocompound harmine (PubChem CID: 5281401) with dopamine D1R (PDB ID: 7J0Z)

Pharmacological studies

The compound geissospermine (PubChem CID: 5281401)
underwent an ADMET evaluation following its selection as the most
promising candidate from molecular docking studies. Through in
silico pharmacological profiling, it was observed that geissospermine
possesses favorable physicochemical properties. Notably, the
compound demonstrates solubility, supported by an optimal
number of hydrogen bond donors and acceptors, which are crucial
determinants of drug-target interactions, contributing to binding
affinity and selectivity. Additionally, these hydrogen bonds play a
role in enhancing the compound's solubility in aqueous and polar
solvents (table 3).

Geissospermine meets the criteria outlined by Lipinski, Pfizer Rule,
and the Golden Triangle screening, indicating its suitability for drug-
like properties. Pharmacokinetic analysis indicates that
geissospermine does not serve as a substrate for P-glycoproteins (P-
gp's), suggesting its potential to inhibit P-gp activity and thereby
increase drug bioavailability and tissue distribution, consequently
enhancing its therapeutic efficacy. Similarly, cytochromes, a family
of enzymes crucial for drug metabolism, were found to metabolize
the ligand, facilitating its elimination from the body. Assessments,
including Brenk, PAINS, BMS Rule, and Chelator Rule, did not reveal
any chemical substructures or functional groups in geissospermine
associated with nonspecific or promiscuous interactions with

biological targets. Moreover, the ligand exhibited favourable toxicity
parameters, with a synthetic accessibility score of 4.88, indicating its
ease of synthesis (table 3).

However, it is noteworthy that despite the favourable pharmacological
properties outlined above, geissospermine (PubChem CID: 5281401)
demonstrated lower gastrointestinal (GI) absorption in preliminary
assessments. While optimal GI absorption is typically preferred for
oral drug candidates, it is essential to recognize that the compound's
exceptional physicochemical properties, drug-like characteristics, and
absence of undesirable chemical substructures contribute significantly
to its overall potential as a therapeutic agent (table 3).

Molecular dynamic simulation

The primary protein-ligand complex under study, geissospermine
complex, was subjected to molecular dynamics simulations using
gromacs-2019.4 to explore its internal stability. The ligand topology
was obtained from the ATB server for force field coordinates. Each
equilibrated structure within the NPT ensemble underwent a 100 ns
production run. Trajectory analysis was performed using GROMACS
to evaluate various parameters, including Protein RMSD (Root mean
Square Deviation), RMSF (Root mean Square Fluctuation), RG
(Radius of Gyration), SASA (Solvent Accessible Surface Area), and H-
Bond parameters. The "Average RMSD" and "Average RMSF" metrics
are utilized as indicators of the protein's overall stability and
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flexibility, respectively (table 4). Lower RMSD values suggest greater protein structure. The "Average SASA" measures the extent of the
structural stability, while higher RMSF values indicate increased protein surface exposed to the solvent, where higher values suggest
flexibility within the protein structure. The "Radius of Gyration” more extensive solvent exposure. Energy values obtained from the
quantifies the protein's size, with larger values indicating a larger simulations are documented in table 4, fig. 5-7.

Table 3: Pharmacological profiling of geissospermine (PubChem CID: 5281401)

Physicochemical properties

Formula MwW Heavy Fraction Rot HA HD MR TPSA nRing
atoms Csp3 bonds

C25H22010 482.44g/mol 25 0.24 4 10 6 121.05 166.14A%2 5

Pharmacokinetics

Lipophilicity Water GIA BBB P-gp CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4

solubility substrate  inhibitor inhibitor inhibitor  inhibitor  inhibitor

1.56 Soluble Low No No No No No No Yes

Drug-likeness

Lipinski Pfizer rule Golden GSK rule BA Brenk PAINS BMSrule Chelator  SA
triangle rule

Yes Accepted Accepted  Rejected 0.55 No No No No 4.88

Toxicity

hERG blockers H-HT DILI AMES ROAT Carcino genecity Eye corrosion RT ATC GCR

Inactive Inactive Active Inactive Moderate  Inactive Inactive Inactive No Alerts

MW: Molecular weight (<500 g/MOL); Csp3:>0.25 and<1; Rot bonds: Rotatable bonds(0-1); HA: Hydrogen bond acceptors (less than 10); HD:
Hydrogen bond donors(less than 5): MR: Molar refractivity (40-130); TPSA: Topological surface area (20-130 A%); nRing: Number of Rings (0-6);
Lipophilicity:>-0.7 and<5.0: GIA: Gastrointestinal absorption; BBB: Blood-brain barrier permeation; Pgp: Permeability glycoproteins: BA:
Bioavailability: PAINS: Pan Assay Interference Compounds; SA: Synthetic Accessibility (1-10); H-HT: Human Hepatotoxicity; DILI: Drug-Induced
Liver Injury; ROAT: Rat Oral Acute Toxicity; RT: Respiratory Toxicity; ATC: Acute Toxicity Rule; GCR: Genotoxic Carcinogenicity Rule

Table 4: Molecular dynamics of geissospermine-dopamine D1R complex

Protein Average RMSD (nm) RMSF (nm) Radius of gyration (nm) Average SASA (nm2)
Geissospermine-dopamine D1R complex 0.21+/-0.01 0.14+/-0.05 1.47+/-0.02 82.46+/-2.17
RMSD RMS fluctuation
Buckbone after 1sq fit to Backbone
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DISCUSSION

The Dopamine D1 receptor (D1R) is a significant member of the
dopamine receptor family, which plays a crucial role in the central
nervous system's functioning. D1R is a G protein-coupled receptor
(GPCR) that is primarily involved in regulating dopaminergic
signaling pathways. Dopaminergic transmission is essential for
controlling various brain functions, including motor control,
cognition, emotion, and reward pathways [21]. The D1R protein is
primarily located in the striatum, frontal cortex, and limbic areas of
the brain, where it mediates the activation of adenylyl cyclase,
leading to the production of Cyclic Adenosine Monophosphate
(cAMP). This signaling cascade is essential for modulating neuronal
activity and synaptic plasticity [1]. The dysregulation of D1R is
implicated in several neurodegenerative and psychiatric disorders,
including Parkinson's disease, Huntington's disease, schizophrenia,
and substance abuse disorders [4-7].

D1R is considered a major biomarker in neurodegenerative diseases
due to its significant involvement in dopaminergic pathways that are
central to these diseases' pathogenesis. In Huntington’s disease, for
instance, the progressive loss of medium spiny neurons in the
striatum results in impaired dopamine signaling through D1R, which
exacerbates motor dysfunction and cognitive decline [2]. In
Parkinson’s disease, the death of dopaminergic neurons in the
substantia nigra leads to a loss of dopamine transmission to D1R-
expressing neurons, resulting in motor impairments such as
bradykinesia, rigidity, and tremor [5]. As such, D1R not only plays a
crucial role in the pathogenesis of these diseases but also serves as a
potential target for therapeutic interventions aimed at modulating
dopamine signaling to mitigate symptoms or slow disease
progression. Given its central role in dopamine-related
neurodegeneration, D1R is a valuable target for neuroprotective
agents that aim to restore or modulate dopamine signaling in
affected neurons [22].

In this study, the phytocompounds geissospermine and harmine were
selected for their potential neuroprotective effects on the D1R protein.
Geissospermine, an alkaloid derived from plants such as
Geissospermumvellosii, and harmine, a beta-carboline alkaloid found in
Banisteriopsiscaapi, have both been traditionally used in
ethnomedicine for their neurological benefits. Geissospermine has
been shown in various studies to possess antispasmodic, analgesic,
and sedative properties [11]. Its neuroprotective potential has been
suggested in studies exploring its ability to modulate ion channels and
inhibit neuroinflammation, which are key contributors to
neurodegenerative diseases [12]. Harmine, on the other hand, is well-
known for its Monoamine Oxidase A (MAO-A) inhibitory properties,
which enhance the levels of serotonin, dopamine, and norepinephrine
in the brain [13]. This has led to harmine being explored for its
antidepressant effects, as well as its neuroprotective potential in

Parkinson's and Alzheimer's disease models. Studies have shown that
harmine can promote neurogenesis, protect neurons from oxidative
stress, and inhibit the formation of beta-amyloid plaques, which are
hallmarks of Alzheimer's disease [14]. The neuroprotective properties
of both geissospermine and harmine make them promising candidates
for modulating dopaminergic signaling through D1R, especially in
neurodegenerative conditions such as Huntington’s and Parkinson’s
diseases. Natural compounds like geissospermine and harmine offer
several advantages over synthetic drugs due to their ability to interact
with multiple biological targets, lower toxicity, and better
biocompatibility. These characteristics make phytocompounds
appealing candidates for drug development, especially in the context
of chronic neurodegenerative diseases, where long-term safety is a
primary concern.

The aim of this study was to evaluate the neuroprotective potential of
geissospermine and harmine on the D1R protein using in silico
techniques, including molecular docking, pharmacological profiling,
and molecular dynamic simulations. The study sought to determine
the binding affinity of these compounds to D1R and explore their
pharmacokinetic properties, stability, and interactions with the
receptor. The molecular docking results revealed that geissospermine
exhibited a lower binding affinity (-8.6 kcal/mol) compared to
harmine (-7.2 kcal/mol), suggesting that geissospermine may form
more stable and favorable interactions with D1R. The docking analysis
also highlighted the involvement of key amino acid residues, including
ILE 308, LYS 370, VAL 278, ILE 249, and TYR 315, which interact with
geissospermine within the D1R binding pocket. These interactions,
particularly the hydrogen bonds formed with TYR 315 and ARG 316,
may contribute to the higher binding affinity observed for
geissospermine, indicating its potential as a more effective
neuroprotective agent for targeting D1R.

Molecular docking revealed that geissospermine interacts more
favorably with key residues in the D1R binding pocket, which could
indicate stronger inhibitory potential or better modulation of
receptor activity. This result is significant because it suggests that
geissospermine can effectively target critical residues involved in
dopamine signaling, which 1is essential in the context of
neurodegenerative diseases. In contrast, while harmine also
demonstrated significant binding, its lower affinity suggests it might
not be as robust as geissospermine in modulating D1R activity.
Nonetheless, both compounds exhibited interactions with important
residues, which supports their role as neuroprotective agents.

The pharmacological profiling of geissospermine revealed favorable
physicochemical properties, including solubility, compliance with
Lipinski’s rule, and no significant interactions with P-glycoproteins,
suggesting its suitability as a drug candidate. The ADMET analysis
further showed that geissospermine does not inhibit major
cytochrome enzymes, reducing the likelihood of adverse drug-drug
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interactions. However, the compound demonstrated low
gastrointestinal absorption, which may limit its effectiveness as an
oral drug. Despite this, the synthetic accessibility and lack of toxic
chemical substructures enhance its potential for further drug
development. Harmine, while demonstrating lower binding affinity,
also exhibited favorable ADMET properties, including good
solubility and low toxicity, supporting its continued exploration as a
neuroprotective agent.

The molecular dynamic simulations provided valuable insights into
the stability of the geissospermine-D1R complex. The low RMSD
values (0.21+0.01 nm) indicated that the complex remains
structurally stable throughout the simulation, with minimal
deviations from the initial docked position. This stability is crucial
for ensuring that the compound maintains its binding efficacy over
time. The RMSD graph demonstrated that after an initial period of
fluctuations, the complex stabilized, maintaining consistent
structural integrity throughout the 100 ns simulation. This indicates
that geissospermine forms a strong and stable interaction with D1R,
which is promising for its long-term efficacy as a neuroprotective
agent. The RMSF analysis showed that the flexibility of individual
residues within the protein remained relatively low, with some
fluctuations observed in specific regions, suggesting that
geissospermine does not induce significant conformational changes
in the receptor. This is beneficial for drug-target interaction stability,
as lower flexibility often correlates with more stable binding.
Furthermore, the consistent formation of hydrogen bonds further
supports the stability of the ligand-receptor complex, which is
essential for long-term neuroprotection. The hydrogen bond
analysis revealed that geissospermine formed stable bonds with
critical residues throughout the simulation, further strengthening
the case for its neuroprotective potential.

The Radius of gyration (Rg) and Solvent-Accessible Surface Area
(SASA) analyses indicated that the protein maintained a compact
structure with limited solvent exposure, reinforcing the notion that
geissospermine is well-embedded within the D1R binding pocket.
The SASA values showed a decrease over time, indicating that the
ligand became more deeply embedded in the receptor, thereby
shielding critical interactions from the solvent environment. The
decrease in solvent exposure suggests that geissospermine is likely
to remain protected within the binding pocket, reducing the chances
of disruption by external factors. The stability of this interaction, as
evidenced by both Rg and SASA results, further supports the
conclusion that geissospermine is a potent neuroprotective agent
capable of maintaining strong and stable interactions with D1R.

The results of this study are significant as they provide novel
insights into the potential of geissospermine as a neuroprotective
agent targeting D1R. The combination of favorable binding affinity,
pharmacokinetic properties, and molecular stability suggests that
geissospermine could be developed as a therapeutic agent for
neurodegenerative diseases characterized by D1R dysregulation,
such as Huntington’s and Parkinson’s diseases. Harmine, while less
potent in binding to DIR, still offers valuable neuroprotective
properties and may be considered in combination therapies to
enhance its efficacy.

The primary limitation of this study lies in its in-silico nature. While
molecular docking and dynamic simulations provide valuable
insights into the potential interactions between ligands and
proteins, experimental validation is necessary to confirm these
findings. Further in vitro and in vivo studies are required to evaluate
the neuroprotective effects of geissospermine and harmine in animal
models of neurodegenerative diseases. Additionally, the low
gastrointestinal absorption of geissospermine presents a challenge
for oral administration, and future studies should explore
alternative delivery methods, such as intranasal or transdermal
routes, to improve its bioavailability.

This study identifies geissospermine as a promising neuroprotective
agent for targeting the Dopamine D1 receptor in neurodegenerative
diseases. The favorable binding affinity, structural stability, and
pharmacological properties of geissospermine highlight its potential
for further drug development. Harmine also demonstrates
neuroprotective properties, albeit with lower efficacy in targeting
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D1R. Future research should focus on optimizing the
pharmacokinetic properties of geissospermine, exploring its effects
in animal models, and investigating its potential in combination
therapies. The results of this study lay the groundwork for
developing geissospermine as a novel therapeutic agent for
neurodegenerative diseases, with the potential to modulate
dopaminergic signaling and protect neurons from degeneration.

CONCLUSION

This study provides valuable insights into the neuroprotective
potential of geissospermine and harmine through their interactions
with the Dopamine D1 receptor (D1R) as assessed via molecular
docking and molecular dynamics simulations. Geissospermine
demonstrated a notably higher binding affinity towards D1R
compared to harmine, likely due to stronger and more stable
interactions within the receptor's binding pocket. The molecular
dynamics simulations confirmed the stability of this interaction over
time, reinforcing geissospermine’s promise as a potential therapeutic
candidate for treating neurological disorders involving dopaminergic
dysfunction. These findings not only enhance our understanding of
natural compounds like geissospermine as modulators of D1R activity
but also lay the groundwork for future experimental studies and drug
development efforts aimed at harnessing the neuroprotective
properties of these phytocompounds.
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