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Abstract 

Schizophrenia (Scz) is a complex neuropsychiatric disorder with a spectrum of symptoms that are 

broadly classified into two main categories, namely, the positive and negative symptoms. Positive 

symptoms of Scz, such as hallucinations and delusions, are associated with the excessive activation of 

dopamine D2 receptors, leading to dysregulated dopamine neurotransmission. D2 receptor antagonism 

remains one of the central therapeutic strategies for controlling positive symptoms of Scz. In the present 

study, 39 phytoconstituents were identified in Rauwolfia serpentina using Indian Medicinal Plants, 

Phytoconstituents and Therapeutics (IMPPAT). 39 phytoconstituents were then docked against the 3D-

modeled protein structure of the dopamine D2 receptor to assess the binding affinity of the 

phytoconstituents with the protein structure. Molecular docking identified that 11 compounds had 

binding energy less than -9kcal/mol. The assessment of absorption, distribution, metabolism, excretion, 

and toxicity (ADMET) was done for the 11 compounds, and only 4 phytoconstituents passed the 

ADMET filters, namely yohimbine, 1,2-dihydrovomilenine, corynanthine, and Rauwolscine. Due to the 

known toxicity profiles of yohimbine, Rauwolscine, and Corynanthine, only 1,2-dihydrovomilenine is 

chosen for further studies. The docked complex of the D2 receptor and 1,2-dihydrovomilenine is further 

studied for stability using normal mode analysis, which showed that the complex remains stable. These 

findings suggest that 1,2-dihydrovomilenine can be used for further in vitro and in vivo-based studies for 

further investigation and that it possesses all the necessary requirements to act as a potential D2 receptor 

antagonist.  
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1. Introduction 

Overactivity of the D2 dopaminergic receptor is one of the main reasons for positive symptoms in 

Schizophrenia (Scz). About 9.8% of patients in India with mental disorders are suffering from Scz1. 

According to the dopaminergic hypothesis, the positive symptoms of Scz are a result of overactivation of 

dopaminergic D2 receptors; also, brain imaging of Scz patients revealed overexpression of D2 receptors 
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in subcortical pathways and the nucleus accumbens2,3,4. Targeting D2 receptors with antagonists is a 

well-tested pharmacological therapy used for controlling positive symptoms in Scz, and one of the drugs 

that is available now to target D2 receptors is haloperidol5,6,7. Side effects of these drugs are the 

motivation to identify drugs with fewer side effects. Phytoconstituents have been used for treating 

patients with psychosis8.  

 

Rauwolfia serpentina, commonly known as sarpagandha, is a dicotyledonous medicinal plant 

predominantly distributed across the sub-Himalayan regions and recognized for its abundance of indole 

alkaloids. Traditionally, R. serpentina has been employed in the management of hypertension, primarily 

due to the presence of reserpine, a well-established antihypertensive agent⁹. In India, reserpine extracted 

from R. serpentina has historically been utilized for the treatment of psychiatric disorders, fever, and 

snakebites¹⁰. The present study aimed to identify potential dopamine D2 receptor antagonists among the 

phytoconstituents of R. serpentina roots using the Indian Medicinal Plants, Phytochemistry, and 

Therapeutics (IMPPAT) database¹¹. Previous investigations have also suggested that extracts of R. 

serpentina possess antipsychotic properties¹², highlighting their potential relevance in the management of 

neuropsychiatric disorders. 

 

Molecular docking-based virtual screening identified 11 phytoconstituents with promising binding 

affinities toward the dopamine D2 receptor. Subsequent evaluation of their absorption, distribution, 

metabolism, excretion, and toxicity (ADMET) profiles resulted in the selection of four compounds that 

satisfied all the screening criteria: 1,2-dihydrovomilenine (−9.3 kcal/mol), corynanthine (−9.0 kcal/mol), 

rauwolscine (−9.6 kcal/mol), and yohimbine (−9.1 kcal/mol). Although these compounds demonstrated 

favorable computational profiles, previous experimental investigations have reported adverse 

pharmacological effects associated with yohimbine, rauwolscine, and corynanthine¹³,¹⁴. Considering 

these findings, 1,2-dihydrovomilenine emerged as the most promising candidate for further investigation 

as a potential dopamine D2 receptor antagonist. However, additional molecular dynamics simulations, 

receptor-binding studies, and functional in vitro assays are necessary to validate its binding stability, 

antagonistic activity, and pharmacological safety. 

 

2. Materials and Methods 

2.1.Protein structure modelling and validaton 

The three-dimensional (3D) structure of the dopamine D2 receptor was generated using MODELLER 

(version 10.4), a computational tool that employs comparative homology modeling to predict protein 

structures based on experimentally determined templates¹⁵. The amino acid sequence of the dopamine 

D2 receptor was retrieved in FASTA format from the UniProt database, followed by a Basic Local 

Alignment Search Tool (BLAST) analysis to identify suitable structural templates. Subsequently, three 

experimentally resolved protein structures (PDB IDs: 7JVR, 7DFP, and 6CM4) were obtained from the 

Protein Data Bank (PDB) and utilized as reference templates for constructing the receptor model. 

Among the generated models, the most favorable structure was selected based on the lowest Discrete 

Optimized Protein Energy (DOPE) score, indicating a comparatively favorable predicted structural 

conformation. The stereochemical quality and structural reliability of the selected model were 

subsequently evaluated through Ramachandran plot analysis using PROCHECK, a protein structure 

validation tool¹⁶. This analysis was performed through the Structural Analysis and Verification Server 
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(SAVES, version 6.0), accessible at https://saves.mbi.ucla.edu/, to assess the distribution of backbone 

dihedral angles and identify potential stereochemical inconsistencies in the modeled receptor structure. 

 

2.2. Virtual screening of phytoconstituents 

Phytoconstituents were identified using the Indian Medicinal Plants, Phytoconstituents and Therapeutics 

(IMPPAT) database, and a total of 39 phytoconstituents were identified from R. serpentina11. All 39 

SDF files for the corresponding compounds were then downloaded from the PubChem database 

(accessed on 12.08.2026). The protein and the ligands were then uploaded to PyRx software that uses 

AutoDock Vina as a plug-in17. The protein PDB structure was first converted to PDBQT format, and the 

SDF files of the 39 compounds were also converted to PDBQT format. A blind docking was performed, 

and the grid box (Center X: 23.3397, Y:11.5667, Z: -13.2207 and Dimensions (in Angstrom) of 

X:100.1366, Y:94.1255, Z:119.9587) was chosen in such a way that it encompasses the whole protein 

structure. The docked complex was further studied using BIOVIA Discovery Studio to understand the 

interaction of the ligand with the protein structure.  

 

2.3. ADMET analysis of compounds 

SwissADME web server was used to check the drug-likeness of the compounds that have the least 

binding affinity among the 39 phytoconstituents18. OSIRIS, a desktop-based software, was used to 

determine the toxicity of the compounds19. 

 

2.4. Normal mode analysis of protein structure in a docked complex 

iMODS web server is used for the normal mode analysis of the protein-ligand docked complex20.  

 

3. Results 

In the modeled dopamine D2 receptor structure, 91% of the residues are in the most favoured region in 

the Ramachandran plot, which indicates that our protein structure is a well-modeled structure that can be 

used for further studies (Fig 1).  
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Figure 1: Ramachandran plot for modelled D2 receptor protein. Glycine residues are represented by 

triangles, and proline is represented as ‘p’. 

 

 
 

39 phytoconstituents identified from the IMPPAT database were docked with our modeled D2 receptor. 

A blind docking approach was taken for this study, and after docking, only 11 phytoconstituents had a 

binding affinity greater than or equal to -9 kcal/mol. The control drug that we used for molecular 

docking is chlorpromazine (-5.8 kcal/mol) (Table 1) 

 

Table 1: Binding affinity of 11 compounds that passed the ADME filters together with  

the control drug chlorpromazine 

Name of the Compound PubChem Id Binding affinity 

score (kcal/mol) 

Chlorpromazine (Control) 2726 -5.8 

Corynanthine 92766 -9.0 

Raunescine 251566 -9.0 

Rescinnamine 5280954 -9.1 

Reserpine 5770 -9.1 

Yohimbine 8969 -9.1 

Swertiaside 101285202 -9.2 

1,2-dihydrovomilenine 11953964 -9.3 
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[(1R,9R,10S,12R,13S,14R,16S,17S,18R)-

13-ethyl-14-hydroxy-8-methyl-8,15-

diazahexacyclo[14.2.1.01,9.02,7.010,15.01

2,17]nonadeca-2,4,6-trien-18-yl] 3,4,5-

trimethoxybenzoate 

13188743 -9.6 

Rauwolscine 643606 -9.6 

7-dehydrositosterol 5283634 -10.4 

Beta-sitosterol 222284 -10.8 

 

The 11 phytoconstituents undergo ADMET analysis; ADME analysis was performed using the 

SwissADME web server, and the toxicity profiles of these phytoconstituents were tested using OSIRIS 

desktop-based software. Four compounds, namely 1,2-Dihydrovomilenine (-9.3 kcal/mol), Corynanthine 

(-9.0 kcal/mol), Rauwolscine (-9.6 kcal/mol), and Yohimbine (-9.1 kcal/mol) passed the ADMET filters 

such as Lipinski’s rule of five filter, polarity, and total polar surface area. 1,2-dihydrovomilenine passed 

all the toxicity filters (Fig. 2), other three phytoconstituents, namely corynanthine, Rauwolscine, and 

yohimbine, have documented evidence of toxicity. Rauwolscine is the diastereomer of yohimbine and 

thus, though not well documented, was not considered for further study. 1,2-dihydrovomilenine is the 

only phytoconstituent that is tested for its interaction with the modelled D2 receptor. 

 

Figure 2: Bioavailability radar together with toxicity profile of 1,2-dihydrovomilenine. The pink-shaded 

region of the radar is the estimated physicochemical space for oral bioavailability. The exclamation 

marks represent carbon with unknown chirality. The safe toxicity profiles of the compound are shown as 

green tabs in OSIRIS software. 
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The docked complex of 1,2-Dihydrovomilenine with the D2 receptor showed that the compound 

interacted with residues VAL91, LEU94, TRP100, and PHE110, which were involved in alkyl and π-

alkyl interactions, whereas TYR408 contributed to π–π stacking interactions. Additionally, a hydrogen 

bond was observed with the SER409 residue of the protein (Fig. 3). 

 

Figure 3: Interaction of 1,2-Dihydrovomilinine with D2 receptor. The left side represents he pocket of 

the D2 receptor where the 1,2-Dihydrovomilenine is bound; the right image represents the 2D interac-

tion map of the same. 

 

 
 

Normal Mode Analysis (NMA) was performed to investigate the flexibility and dynamic behavior of the 

docked protein–ligand complex. The deformability plot showed relatively low fluctuations across most 

regions, suggesting limited structural flexibility. However, a few prominent peaks indicated localized 

regions with greater mobility. Similarly, the B-factor analysis revealed generally low predicted atomic 

fluctuations, with occasional peaks representing more flexible regions of the protein. The NMA-derived 

B-factors were comparatively lower than the PDB-derived values across most regions. Overall, these 

findings suggest that the docked complex exhibits relatively restricted motions in several regions, 

alongside localized flexibility that may contribute to conformational changes (Fig. 4). 
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Fig 4:  Deformability and beta factor of the docked complex. 

 
 

4.Discussion 

In this study, we tried to explore the potential of R. serpentina phytoconstituents as a dopamine D2 

receptor antagonist for alleviating positive symptoms of Scz. Dysregulation of dopamine receptors is 

strongly associated with psychotic episodes, making D2 receptors one of the main targets in patients 

associated with positive symptoms in Scz21. Here we investigated 39 phytoconstituents from R. 

serpentina and screened these compounds using in silico molecular docking methods. 11 compounds 

with favourable binding affinity scores (≤ −9 kcal/mol) were screened using ADMET filters, which 

resulted in the identification of 4 compounds, namely 1,2-dihydrovomilenine, corynanthine, 

rauwolscine, and yohimbine. In a study it was stated that yohimbine ingestion by bodybuilders caused 

severe neurotoxicity among athletes who took them22. Rauwolscine which is also known as α yohimbine 

and Corynanthine are diastereomers of yohimbine, so their toxicity profile has to be checked before they 

are considered for any study both in mice and human models23. Thus, among these 4 compounds, 1,2-

dihydrovomilenine emerged as one of the most favourable lead compounds exhibiting favourable 

receptor binding interactions and pharmacokinetic properties. The findings presented here in this article 

strongly suggest the importance of naturally occurring alkaloids in identifying new D2 receptor 

inhibitors. Further investigation is required to validate the inhibitory potential and the actual binding 

stability of 1,2-dihydrovomilenine with the dopamine D2 receptor.  
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