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Abstract
Diabetes, a chronic metabolic disease, has become a serious health problem worldwide. According to
the latest data from the International Diabetes Federation (IDF), there were 451 million DM patients
worldwide in 2017, and would be expected to increase to 693 million by 2045. Therefore, there is a need
to develop new drug-like molecules to combat this problem. Peroxisome proliferators-activated
receptors (PPARs) are ligand-inducible nuclear receptors that control many intracellular metabolic
processes. PPARγ agonists can improve metabolism and reduce the side effects caused by single drugs
and have become a valuable drug target for designing effective drugs for the treatment of type 2
diabetes. In the present investigation, by the application of bioactivity score prediction, molecular
docking, and ADMET prediction approach, the potential and selective phytoconstituents with the highest
binding affinity, and lower toxicity than reference drug rosiglitazone was gained from the curated
datasets of Allamanda cathartica. Further molecular dynamics simulations were carried out to identify
the favourable binding conformations when the top-scored phytoconstituents bind with the PPARγ
receptors compared to the rosiglitazone. Compound AC2 interacts with the PPARγ proteins through the
formation of 7 hydrogen bonds with the amino acid residues Phe282, His449, Tyr327, His323 and
Ser289. The ligand was bound to the protein during the simulation since none of the complexes
conformations were unstable and no unfolding or folding took place. Our results provided an approach
to further design and optimize the natural product-inspired small druglike molecules as potential
antidiabetic agents. The present study highlighted that the phytoconstituents of Allamanda cathartica
has antidiabetic potential as PPARγ agonists that can be further explored for novel antidiabetic drug
development.

1. Introduction
More than 400 million people worldwide have been affected by diabetes mellitus (DM), a serious public
health problem (Jain & Laiteerapong, 2015). This metabolic condition develops chronic, life-threatening
microvascular, macrovascular, and neuropathic consequences over time. Diabetes mellitus (DM) is
brought on by a lack of insulin production, pancreatic cell injury, or insulin resistance brought on by
inadequate insulin use. The trend towards sedentary living may be the main cause of the rising number
of diabetic patients worldwide, which is predicted to reach 366 million in the older population (>65 years)
by 2030 (McIntyre et al., 2019; Kurtzhals et al., 2018). Nephropathy, neuropathy, cardiovascular and renal
issues, retinopathy, food-related diseases, and more are among the many consequences linked to DM.
The two varieties of DM are type 1 and type 2. The management of metabolic syndrome (MS) and type 2
diabetic mellitus (T2DM) puts a significant emphasis on the creation of novel PPAR agonists
(Unnikrishnan, Anjana & Mohan, 2016). Pharmacological drugs that target PPARs fall into at least two
different types. The fibrates are PPAR ligands, which are employed. Thiazolidinediones (TZDs), including
rosiglitazone and pioglitazone, are PPAR full agonists used as insulin sensitizers in the treatment of type
2 diabetes. TZDs are also utilised for the control of hypercholesterolemia. Rosiglitazone was reported to
have significant side effects, including fluid retention, weight gain, and an increased risk of a
cardiovascular event, despite its obvious efficacy in lowering blood sugar levels (Hong et al., 2018; Yun,
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Han, & Park, 2018). These side effects prompted some regulatory organisations across the globe to limit
or halt the use of rosiglitazone (Engwa et al., 2018;). Pioglitazone was found to be a safer drug than
rosiglitazone, presenting two intriguing questions about how the two medications interact (Bermúdez et
al., 2010; Mudaliar & Henry, 2004). Small differences in the binding manner, such as those seen between
rosiglitazone and pioglitazone, can have a significant impact on the pharmacological profile, including
the adverse effects, as mentioned by Bruning and colleagues (Bruning et al., 2007). The activation of
PPAR by fibrates, another class of PPAR agonists, is well recognised to lower triglyceride levels and raise
HDL levels (both of which are significant precursors to the development of T2DM) (Shi, Zhao, & Qi, 2018).
The anti-obesity and anti-inflammatory properties of PPAR (the less studied of the PPARs) have been
linked to conditions like arthritis, eczema, and psoriasis, supporting the receptor's potential benefits in
the treatment of chronic and metabolic disorders (Jia et al., 2018; Liu et al., 2018; Cheng et al.,

2014). It is unknown whether the majority of PPAR dual- and pan-agonists created to date can truly
exhibit in vivo therapeutic effects due to the clinical studies being stopped due to the negative effects
seen in these tests. 

In tropical and subtropical areas of the world, Allamanda cathartica is a perennial, half-hardy evergreen
woody shrub that resembles a vine, compact or creeping, decorative, or garden flowering plant. It is a
member of the Apocynaceae family and is native to Brazil, as well as India and Sri Lanka (Petricevich &
Abarca-Vargas, 2019). It is referred to as "Malatilata," "Pilaghanti," and "Harkakra" in India. In addition to
being a good purgative, this plant also functions as an antidote for poisoning and treats inflammation,
constipation, ascites, sores, and ulcers (Bonomini et al., 2017). In ascites, the bark functions as a
hydragogue, and in small dosages, the leaves are an effective cathartic. For snake bites, the root is used
as a treatment. The entire plant is used to treat skin burns. It is effective against jaundice, malaria, and
fungal infections, as well as having antithrombotic, immunomodulatory, cardiovascular, anti-ischemic,
antiarrhythmic, antiangiogenic, antimutagenic, and gastroprotective properties (Prabhadevi et al., 2012;
Rodrigues et al., 2020; Dokhe et al., 2023). Long-chain esters, triterpene esters, isoplumericin, plumericin,
and plumeride are found in the roots. In contrast, hydrocarbons, long-chain esters, isoplumericin,
plumericin, and plumeride, as well as ursolic acid, are present in the leaves. There have been seven
identified compounds from this species (Petricevich & Abarca-Vargas, 2019). The existence of
antileukemic iridoids and lactones from Allamanda cathertica has demonstrated the species' anticancer
efficacy. This plant is chosen to isolate bioactive anticancer chemicals because of this.

In this research investigation, we performed bioactivity score analysis to evaluate the therapeutic
potential of the phytoconstituents of Allamanda cathertica. Further molecular docking was performed to
find selective and potential lead compounds targeting PPARγ. The retrieved best phytoconstituents were
applied to ADMET prediction. Subsequently, a compound with the highest docking score, good binding
interactions, lowest toxicity and druggability was subjected to molecular dynamics simulations (MDs) to
identify potential PPARγ agonists. We hope the findings obtained from this investigation will help in the
search for potential and selective phytoconstituents as PPARγ agonists by identifying the structural
features involved in the binding process. 
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2. Materials & methods

2.1 Selection of phytoconstituents
A curated dataset of 39 phytoconstituents of Allamanda cathertica was selected for the studies
(Hameed, Nawaz & Gulzar, 2014). The structures of the following active compounds of A. cathertica
were drawn in the molecule editor and saved in SDF format. The energy of the compounds was
optimized by using the MMFF94 force field. The structures of the selected compounds are given in
Figs. 1 & 2.

2.2 Bioactivity score prediction
The diversity of possible drug targets (of which each requires a different combination of matching
molecular characteristics) is so enormous, that it is possible to find a common denominator for all of
them and to express molecule drug-likeness by a single "magic number". Simple count criteria (like limits
for molecular weight, log P, or number of hydrogen bond donors or acceptors) have also relatively limited
applicability and are useful only to discard obvious non-drugs (Shekhar et al., 2016). The strategy which
leads to success is not a universal drug-likeness score, but a focus on particular drug classes and the
development of specific activity scores for each of these classes. The method we implemented uses
sophisticated Bayesian statistics to compare structures of representative ligands active on the particular
target with structures of inactive molecules and to identify substructure features (which in turn
determine physicochemical properties) typical for active molecules (Sharma et al., 2016). The bioactivity
of all selected phytoconstituents was evaluated against six different protein structures by using the tool
Molinspiration Cheminformatics server (http://www.molinspiration.com).

2.3 Molecular docking analysis
To explore the antidiabetic potential of the Allamanda cathertica we selected three proteins to know how
the phytoconstituents of Allamanda cathertica exert the antidiabetic effects. The crystal structures of
dipeptidyl peptidase IV in complex with TAK-322 (PDB ID: 3G0B), Structure of the human GLP-1 receptor
complex with NNC0640 (PDB ID: 5VEX) and Human PPARgamma ligand binding domain complexed with
Rosiglitazone (PDB ID: 5YCP) were downloaded from RCSB Protein Data Bank (PDB, www.pdb.org)
(Cronet et al., 2001; Nolte et al., 1998). The LigandScout program advanced version was used to perform
binding affinity prediction of the phytoconstituents for three different proteins. All the retrieved proteins
were pre-processed by including the missing hydrogen atoms and optimizing energy. The co-crystallized
ligands were present, therefore binding pocket was selected as a grid for the docking. Only the binding
sites were covered by this docking grid, not the target's whole surface. The AutoDock 4.2 program was
utilized to dock the ligands, and its default parameters of 20 genetic algorithms run, 2.0 Å RMSD cluster
tolerance, 2500000 energy evaluations, and 27000 max. number of generations were used. Furthermore,
the anticipated binding energy (ΔG, Kcal/mol) is used by Autodock docking algorithms to score and rank
the docked positions. The calculation of the binding energy for the ideal placements and the

http://www.molinspiration.com/
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visualisation of the interaction details were done with the help of the academic Maestro visualizer
programme.

2.4 ADMET calculation
The property of ADMET refers to the absorption, distribution, metabolism, excretion, and toxicity. ADMET
prediction of top-scored compounds was performed by using the pkCSM online tool for reducing waste
of money and time in later drug development process. The pkCSM signatures were successfully used
across five main pharmacokinetic properties classes to develop predictive regression and classification
models (Pires, Blundell & Ascher, 2015).

2.5 Molecular dynamics simulation
Following the ADMET and molecular docking analysis, the top-scoring complexes were subjected to
molecular dynamics simulations to determine their stability and validate the docking outcomes using the
Desmond tool of Schrodinger (Sharma et al., 2023, Rath et al. 2019). Molecular dynamics (MD) is one of
the most common methods in molecular modelling. This method is based on the molecular force field
and can dynamically describe the movement of molecules and then describe the dynamic process of life
(Feng et al., 2020, Dwibedi et al. 2023). PPARγ-AC2 (1-deoxy-d-mannitol) and PPARγ-AC31 (Phytol)
complexes were selected for validation of docking outcomes. Both complexes were built in the simple
point charge (SPC) water model and the system was prepared using a POPC membrane. The
orthorhombic box was selected with the size of 10×10×10 Å. The salt concentration was set at 0.15 M to
keep physiological conditions. The model systems were generated using the OPLS_2005 force field and
neutralized by replacing solvent molecules with Na+ or Cl− ions. Further, model systems were relaxed
before simulations using the hybrid method steepest decent and the limited-memory Broyden–Fletcher–
Goldfarb–Shanno (LBFGS) algorithms for 2000 iterations. The complex system needs to be equilibrated
with normal pressure and temperature (NPT) at a temperature of 300 K and normal pressure (1.01325
bar). A Nose-Hoover chain thermostat operating at 1 bar of pressure for 100 ns at constant temperature
in conjunction with an isobaric isothermal ensemble (NPT equilibrium) was used to complete the
simulation. After the simulation, all results were analyzed and saved for further research. The RMSD
(root mean square deviation) and RMSF (root mean square fluctuation) of protein and protein-ligands
complexes were analyzed and monitored at all times during MD simulations.

3. Results & discussions

3.1 Bioactivity score calculations
The bioactivity of all selected phytoconstituents was evaluated against six different protein structures.
Biological activity is predicted by bioactivity scores that are categorized under three different ranges
(Mishra et al., 2018).

If the bioactivity score is more than 0.00, having considerable biological activity.
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If bioactivity score is 0.5 to 0.00, having moderate activity.

If the bioactivity score is less than − 0.50, having inactivity.

The results of bioactivity score prediction are given in Table 1. Bioactivity score prediction results
revealed that the majority of phytoconstituents are biologically active and have physiological effects.
AC1, AC12, AC17, AC20, AC21 etc have activity scores against GPCR ligand and nuclear receptor ligand
which indicates they could bind more effectively with GPCR and nuclear receptors. The bioactivity score
provides information about the a binding cascade of the compounds that are used for the development
of a new functional drug with increased binding selectivity profile and less undesirable effects (Sharma
et al., 2016).
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Table 1
Bioactivity score analysis of phytoconstituents of Allamanda cathertica

S.
No.

Compounds GPCR
ligand

Ion channel
modulator

Kinase
inhibitor

Nuclear
receptor
ligand

Protease
inhibitor

Enzyme
inhibitor

1. AC1 0.13 0.10 -0.31 0.89 0.05 0.78

2. AC2 -0.90 -0.35 -1.08 -1.11 -0.99 -0.07

3. AC3 -0.45 -0.08 -0.36 -0.23 -0.70 -0.11

4. AC4 0.11 0.16 -0.32 0.35 0.00 0.31

5. AC5 -0.63 -0.15 -0.85 -0.66 -0.35 0.20

6. AC6 -0.58 -0.47 -0.19 -1.62 -0.83 -0.21

7. AC7 0.33 0.23 -0.19 0.35 0.13 0.42

8. AC8 0.29 0.17 -0.16 0.31 0.12 0.38

9. AC9 -0.34 -0.24 -0.81 -0.48 -0.43 0.07

10. AC10 0.20 0.03 -0.43 0.11 -0.01 0.21

11. AC11 -0.24 -0.16 -0.77 0.15 -0.33 0.21

12. AC12 0.04 -0.03 -0.45 0.19 -0.06 0.61

13. AC13 -2.21 -1.57 -2.49 -2.05 -2.31 -1.60

14. AC14 0.22 -0.05 -0.31 0.67 0.11 0.56

15. AC15 -0.59 -0.18 -1.13 -1.69 -0.74 0.20

16. AC16 0.07 -0.02 -0.30 0.29 0.13 0.20

17. AC17 0.17 0.46 -0.34 0.05 0..07 0.45

18. AC18 -0.30 0.00 -0.64 -0.95 -0.44 0.36

19. AC19 -0.27 -0.04 -0.75 -0.24 -0.36 0.04

20. AC20 0.19 -0.07 0.08 0.83 0.09 0.50

21. AC21 0.02 0.06 -0.33 0.08 -0.04 0.18

22. AC22 0.14 0.07 -0.45 0.16 -0.22 0.26

23. AC23 -0.10 -0.21 0.21 0.32 -0.27 0.26

24. AC24 0.27 0.11 -0.42 0.85 0.15 0.52

25. AC25 0.03 -0.20 -0.26 0.42 -0.12 0.21

26. AC26 0.14 0.05 -0.16 0.21 0.10 0.19
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S.
No.

Compounds GPCR
ligand

Ion channel
modulator

Kinase
inhibitor

Nuclear
receptor
ligand

Protease
inhibitor

Enzyme
inhibitor

27. AC27 0.11 0.05 -0.20 0.17 0.06 0.20

28. AC28 -0.68 -0.29 -1.38 -0.69 -0.79 -0.21

29. AC29 0.17 0.07 -0.22 0.23 0.07 0.27

30. AC30 -0.04 0.05 -0.42 0.01 -0.11 0.16

31. AC31 0.11 0.16 -0.32 0.35 0.00 0.31

32. AC32 0.14 0.07 -0.45 0.16 -0.22 0.26

33. AC33 -0.08 -0.54 -0.48 -0.10 -0.00 0.02

34. AC34 -0.02 -0.07 0.26 0.39 -0.22 0.28

35. AC35 0.04 0.01 -0.10 0.19 -0.03 0.16

36. AC36 -0.11 0.03 -0.51 -0.06 -0.19 0.13

37. AC37 -2.60 -2.34 -2.81 -3.05 -3.15 -1.62

38. AC38 0.28 -0.03 -0.50 0.89 0.23 0.69

39. AC39 0.25 0.14 -0.21 0.41 0.28 0.24

3.2 Molecular docking analysis
To better understand the binding mechanism of the phytoconstituents with different 3 proteins
molecular docking analysis was performed. The names and docking scores of these phytoconstituents
are listed in Table 2. Docking results revealed that the majority of phytoconstituents show excellent
binding for PPAR- γ protein. Compounds AC6 (6,7-dimethylthieno (2,3-b) quinolin-3-ylamine), AC14 (beta
amyrin), AC23 (kaempferol), and AC33 (plumeride coumerate) exhibit the highest binding affinity for
DPP-4 target protein while compound AC16 (beta-sitosterol), AC28 (octanoic acid) and AC38 (ursolic
acid) show better binding affinity for GLP-1 target protein.
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Table 2
Docking scores of the phytoconstituents of Allamanda cathertica for PPAR- γ, GLP-1 and DPP-4 proteins

Compounds
code

Compounds name Docking score

PPAR-
γ

GLP-
1

DPP-
4

AC1 1,2,3,4,4a,4b,5,6,7,8,8a,9-dodecahydro-7-hydroxy-
2,4b,8,8-tetramethyl, 2-phenanthrenecarboxaldehyde

-4.33 -2.6 -3.16

AC2 1-deoxy-d-mannitol -7.39 -6.96 -5.09

AC3 2-phenanthrenecarboxaldehyde -7.09 -2.10 -4.20

AC4 3,7,11,15-tetramethyl-2-hexadecen-1-ol -7.03 -0.04 -2.09

AC5 3-O-methyl-dglucose -6.85 -6.09 -5.34

AC6 6,7-dimethylthieno (2,3-b) quinolin-3-ylamine -3.67 -3.87 -5.39

AC7 9,12,15-octadecatrienoic acid,(Z,Z,Z) -5.91 -2.50 -3.22

AC8 9,12-octadecadienoic acid,(linolic acid) -6.89 -1.69 -2.76

AC9 11-oxatetracyclo[4.2.1.1(2,5).1(7,10)]undec-3-ene,9-
methoxy-9-methyl-

-3.16 -1.53 -1.54

AC10 allamandicine -5.48 -2.44 -5.14

AC11 allamandin -3.61 -2.40 -2.62

AC12 allamcin -4.66 -1.76 -3.23

AC13 benzoic acid -5.29 -4.10 -3.39

AC14 beta amyrin -1.84 -1.96 -2.80

AC15 beta-Larabinopyranoside-methyl, 3-O-methyl-d-glucose,
(Methyl beta-L-arabinopyranoside)

-5.88 -4.56 -4.36

AC16 beta-sitosterol -2.02 -2.26 -1.96

AC17 cis, cis, cis-7,10,13-hexadecatrienal -5.95 0.036 -2.59

AC18 D-glucopyranoside -6.51 -4.23 -5.30

AC19 dodecanoic acid,(Lauric acid) -5.14 -1.30 -3.12

AC20 glabiridin -6.24 -1.49 -3.84

AC21 hexanoic acid(palmitic acid) -6.19 -0.11 -2.41

AC22 isoplumericine -4.87 -2.52 -3.57

AC23 kaempferol -5.35 -3.47 -5.63

AC24 lupeol -4.25 -0.43 -1.59



Page 10/25

Compounds
code

Compounds name Docking score

PPAR-
γ

GLP-
1

DPP-
4

AC25 naringenin -1.94 -1.41 -1.68

AC26 nondecanoic acid -6.11 -0.37 -1.91

AC27 octadecanoic acid (stearic acid) -7.12 -2.22 -2.30

AC28 octanoic acid -4.83 -5.06 -1.62

AC29 oleic acid -6.62 -0.72 -2.47

AC30 pentadecanoic acid -5.92 -1.01 -2.90

AC31 phytol -7.13 -0.04 -2.09

AC32 plumericine -4.87 -2.52 -3.57

AC33 plumeride coumerate -1.26 -2.68 -6.93

AC34 quercetin -6.21 -3.69 -4.93

AC35 squalene -7.02 -0.77 -4.10

AC36 tetradecanoic acid (Myristic acid) -5.69 -2.64 -3.08

AC37 thymine -6.18 -3.78 -5.13

AC38 ursolic acid -1.96 -2.09 -1.36

AC39 vitamin E -7.02 -1.75 -2.81

  Alogliptin -5.13 -2.83 -9.02

  Rosiglitazone -7.66 -1.68 -3.98

The 2D diagram displayed interactions between compounds and PPARγ binding sites (Figs. 3 and 4). The
interactions include hydrogen bonds, hydrophobic and electrostatic interaction, which play a significant
role in the stability of receptor-ligand complexes. Among all of the interactions, hydrogen bond
interactions are considered a more important criterion to evaluate the binding affinity and stable
conformations. Compound AC2 (1-deoxy-d-mannitol) and compound AC31 (Phytol) exhibit the highest
binding affinity for PPARγ in terms of docking score of -7.39 kcal/mol and − 7.13 kcal/mol. Compound
AC2 interacts with the PPARγ proteins through the formation of 7 hydrogen bonds with the amino acid
residues Phe282, His449, Tyr327, His323 and Ser289. The residues involved in hydrophobic interactions
are Leu469, Cys285, Phe282, Leu453, Phe363, Leu330, Tyr473, Ile326, Tyr327 and Leu465. Compound
AC31 forms two hydrogen bonds with His323 and Tyr473 amino acid residues. Rosiglitazone was
considered as a reference drug for the comparison of the docked phytoconstituents with the PPARγ
protein. The 2D and 3D protein-ligand contacts of the rosiglitazone are given in the Fig. 5. Reference
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compound rosiglitazone forms two hydrogen bond with Hie323 and Ser289 residues while residues
Ile326, Cys285, Phe282, Ile281, Tyr473, Phe363, Leu330 and Met364 contributes to the formation of
hydrophobic interactions. Therefore, we concluded that the binding pocket occupied by AC31 and AC2
was identical to that of the original co-crystallized ligand rosiglitazone. The H-bond interaction was
observed based on the ketone group of thiazolidinedione ring between the rosiglitazone and the key
residues of the pockets such as Ser289 and Hie323. Above all, the compound AC2 had more interactions
than the reference rosiglitazone, which resulted in a much better binding affinity.

3.3 ADMET calculations
We predicted ADMET properties of 05 molecules which were selected from the docking result for further
analysis. The results of the selected parameters of ADMET are represented in Table 3. It indicated the
compound AC2, AC31 and AC35 shows no violation for toxicity such as hepatotoxicity, skin sensitization
and AMES toxicity. Only compound AC2 exhibit less intestinal absorption among all compounds which
can be increases by forming a formulation. In the addition, the all compounds also fell in the 99% BBB
ellipse, indicating that these compounds can penetrate BBB.

Table 3
ADMET profiles of the selected phytoconstituents with reference compounds

Parameters AC2 AC31 AC3 AC35 AC27 Rosiglitazone

Intestinal absorption
(human)

25.313% 91.162% 97.063% 91.888% 91.317% 95.871%

Skin Permeability -4.362 -2.569 -2.452 -2.773 -2.726 -3.452

BBB permeability -1.475 0.811 0.517 1.008 -0.195 -0.618

CNS permeability -5.8 -1.566 -1.288 -0.972 -1.707 -2.788

Total Clearance 0.892 1.686 0.151 1.791 1.832 0.106

Hepatotoxicity No No No No No Yes

Skin Sensitisation No No Yes No Yes No

AMES toxicity No No Yes No No No

3.4 Molecular dynamics simulation
100 ns MD simulations were performed to evaluate the steady nature and conformations stability of the
receptor-ligands complex (receptors: PPARα/γ; ligands: AC2 and AC31). It simulated a real physiological
environment with temperature, pressure and water molecules. The analyzed results are displayed in
Fig. 6–9. As shown in Fig. 6, the quantitative parameter root-mean-square deviation (RMSD) was used to
assess the structural stability of receptor–ligand complex. For the PPARγ-AC2 complex, the RMSD
tended to the equilibrium after the 25 ns simulations. The RMSD stable range of the PPARγ-AC2 complex
was 0.8–2.8 Å (about 1.75 Å), which was distinctly lower than that of the PPARγ-AC31 complex (2.4 Å) in
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Fig. 6 (B). For PPARγ-AC31 complex the equilibrium of the complex on the RMSD was reached after 40
ns simulation.

The root-mean-square fluctuation (RMSF) diagrams of in the MD trajectories were calculated in Fig. 7.
Additionally, the N- and C-terminals of the protein vary more than any other region, according to the
RMSF plot. Because they are often more rigid than the protein's unstructured portion, parts of secondary
structure like alpha helices and beta strands change less than loop sections. The RMSF of the PPARγ-
AC2 complex was found to be 1.4 Å whereas the PPARγ-AC31 complex shows an RMSF of 1.8 Å. In both
complexes, the fluctuation tendency is consistent. The Protein-ligand interactions have been monitored
all over the simulation in 100 ns in Fig. 8. These interactions were divided into hydrogen bond interaction,
hydrophobic interaction, and ionic and water bridges. Values over 1.0 are possible, because multiple
interactions of the same subtype with the ligand might be made (Yadava, Gupta, et al., 2015).

As can be seen in Fig. 8, the contacts of PPARγ-AC2 complex and PPARγ-AC31 complex, included
hydrogen bond interaction, hydrophobic interaction and water bridges. The key amino acid residues
including Phe282, Leu330, Phe363, Met364, His323, Ile326, Tyr327, Tyr473 and His449 all formed
hydrogen bond interactions. Leu469, Cys285, Phe282, Leu453, Phe363, Leu330, Tyr473, Ile326, Tyr327
and Leu465 amino acid residues forms hydrophobic interactions. These results are found consistent
with the molecular docking outcomes. From Fig. 9, for the PPARγ-AC2 complex, the values of ligand
RMSD (average = 1.6 Å), RoG (average = 2.55 Å), and PSA (average = 195 Å2) were calculated. And for the
PPARγ-AC31 complex, ligand RMSD, RoG and PSA were found to be 2.0 Å, 5.4 Å and 50 Å2, respectively.
Based on these findings, it may be concluded that the ligand was bound to the protein during the
simulation since none of the complexes conformations were unstable and no unfolding or folding took
place.

4. Conclusion
The results of the present investigation suggest that Allamanda cathertica exerts antidiabetic effects
through the activation of the PPARγ receptor. The bioactive phytochemicals of the Allamanda cathertica
showed excellent bioactivity for GPCR and nuclear receptors. The majority of the phytoconstituents
show considerable biological activity based on bioactivity score prediction. Further, molecular docking
studies proved that most of the phytoconstituents show excellent binding with the PPARγ receptor in
terms of docking score. All the constituents bind with the protein in a similar way as the reference
compound rosiglitazone interacts with PPARγ receptor. Compound AC2 interacts with the PPARγ
proteins through the formation of 7 hydrogen bonds with the residues Phe282, His449, Tyr327, His323
and Ser289 while compound AC31 forms two hydrogen bonds with His323 and Tyr473 amino acid
residues. Hydrophobic contacts were also seen between the receptor and ligand. Docking suggests that
the binding of ligands with PPARγ governed by the hydrogen bond and hydrophobic interactions. The
stability of the docked compounds was evaluated through molecular dynamics simulations. Results
revealed that both ligands cope well with the target protein and docked complexes were stabilized by
majorly hydrogen bond and hydrophobic interactions. Based on these investigations, further studies are
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required to evaluate in-vitro and in-vivo techniques. Conclusively, the findings of this research could help
researchers who are struggling continuously for the development of novel and effective drugs from
natural products. The observed phytochemical diabetic potential of this plant indicated that it might be
valuable for further studies of bioactive compounds.
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Figure 1

Chemical structures of the selected phytoconstituents (AC1 to AC27) of Allamanda cathertica.
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Figure 2

Chemical structures of the selected phytoconstituents (AC28 to AC39) of Allamanda cathertica.
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Figure 3

Two-dimensional (2D) PPARγ protein-ligand contacts of (A) Compound AC2 and (B)AC31.
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Figure 4

Binding conformations of the PPARγ protein-ligand (A) Compound AC2 and (B)AC31.
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Figure 5

Binding mechanism of the Rosiglitazone with PPARγ protein (A) 3D diagram and (B) Protein-ligand
contacts in 2D.
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Figure 6

The RMSD plot for all backbone atoms for the (A) PPARγ-AC2 complex and (B) PPARγ-AC31 complex.
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Figure 7

The RMSF plot of (A) PPARγ-AC2 complex and (B)PPARγ-AC31 complex over the entire simulations
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Figure 8

The bar diagrams of the protein-ligand contacts of (A) PPARγ-AC2 complex and (B) PPARγ-AC31
complex.
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Figure 9

Ligand RMSD, Radius of gyration, PSA plot of (A) PPARγ-AC2 complex and (B)PPARγ-AC31 complex.
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