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ARTICLE INFO ABSTRACT

Original paper Obesity is a metabolic disorder distinguished by excess fat deposition in fatty tissues. Pancreatic lipase is
one of the promising drug targets for treating obesity due to its critical role in the hydrolysis of triglycerides
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drugs available for treating obesity, there is an urgent need to identify novel therapeutic options. Boerhaavia
diffusa is one of the widely known species of flowering plant commonly known as Punamava. Extracts from
Punamava plants have been widely used in treating countless ailments in traditional medicine. Recently, mul-
tiple reports demonstrated the potential antiobesity activity of B. diffusa plant extracts. In this scenario, we
have evaluated numerous reported B. diffusa against pancreatic lipase drug targets to identify which reported
phytochemicals to have the most promising potential to act as an inhibitor for pancreatic lipase using computa-
tional approaches. All the twenty-four phytochemicals from Boerhaavia diffusa were identified as significantly
strong binders with a range of binding energies between -6.0 to -8.0 Kcal/mol inside the pancreatic lipase
active binding site. On the other hand, we calculated 2D Quantitative Structure-Activity Relationship (QSAR)
molecular descriptor properties adhered to Lipinski's rule of five. Between twenty-four phytochemicals eva-
luated, Boeravinone-C, with a range binding energy of -8.0 Kcal/mol, was discovered as the best lead-like
molecule, compared to marketed Orlistat, which has shown -5.6 Kcal/mol of binding energy. Conclusively,
Boeravinone-C from B. diffusa extract showed promising inhibitory potential against pancreatic lipase worth
further evaluation.
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Introduction Boerhaavia diffusa is a widely available flowering plant

species commonly known as Punamava. Extracts from

Obesity is a metabolic disorder distinguished by excess
fat deposition in the fatty tissues (1). Pancreatic lipase is
one of the promising drug targets for treating obesity due
to its critical role in the hydrolysis of triglycerides into
mono-glycerides and free fatty acids (2—4). Due to unsa-
tisfactory results and severe side effects (5) of the current
drugs available for treating obesity, there is an urgent
need to identify novel therapeutic options. Pancreatic li-
pase is a protein consisting of a single polypeptide chain
of approximately 45 kDa, and it contains a catalytic triad
of serine, aspartate, and histidine residues essential for
its enzymatic activity. The catalytic domain of pancrea-
tic lipase has a characteristic alpha-beta hydrolase fold
and is structurally similar to other lipolytic enzymes (6).

Punamava plants have been widely used in treating count-
less ailments in traditional medicine (7). Extracts from
B. diffusa were demonstrated to be having diuretic (8),
hepatoprotective (9), anti-inflammatory (10), anti-fibrino-
lytic (11), anti-cancer (12—14), anti-diabetic (15), immu-
no-modulatory (16), immunosuppressive (17), pulmonary
tuberculosis (18), anti-lymphoproliferative (19), analgesic
(20), antibacterial (21), anti-fungal (22), adaptogenic (23),
antiamoebic (24), lipotropic (25) and anticonvulsant acti-
vity (26) etc., numerous phytochemicals e.g. flavonoids
(5,7-dihydroxy-3',4’-dimethoxy- 6,8- dimethyl flavone,
C-methyl flavone, 6', 5’-dimethoxy-5, 7, 3-trihydroxyfla-
vone, 3,5,4'-dihydroxy-6,7-dimethoxyflavone, borhavone,
(4',7-dihydroxy-3’-methylflavone), 3,3",5-trihydroxy-
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7-methoxyflavone, alkaloids (punarnavine), 3,4-agly-
cosides  (punarnavoside, 3-O-f-D-galactopyranosyl-
(1°°3")-0O-B-D-glucopyranoside,  eupalitin), 2")-O-B-
D-galactopyranoside, rotenoids (boeravinone A-H),
adimethoxyphenyl-1-O-B-D  apiofuranosyl-(1’steroids,
triterpenoids, lignans, proteins, lipids, carbohydrates and
the herb has been linked to glycoproteins and other com-
pounds (11,27). Multiple reports (28-32) recently de-
monstrated the potential antiobesity activity of B. diffusa
plant extracts. In this scenario, this study aims to evaluate
the phytochemicals mentioned above of B. diffusa against
pancreatic lipase drug target towards identifying which re-
ported phytochemicals have the most promising potential
to act as an inhibitor for pancreatic lipase using computa-
tional approaches.

Materials and Methods

Software and program

Discovery Studio visualizer software (33) was utilized
to visualize ligand and receptor structures H - bonding
networks, calculate bond lengths, and render images. Pub-
Chem (34) database was chosen to retrieve phytochemi-
cal structures. For the docking studies, the initial docking
program in this project is Autodock 4.0 (35). Auto-Dock
Tools version 1.5.6 was used to prepare the receptors and
ligands in pdbqt files and fix a grid box's size. Use the
Molinspiration, Orisis, property explorer program (36,37)
to investigate the ADMET properties of phytochemicals.
Schrodinger's Maestro ver.9.5 was utilized to visualize the
screened compounds' pharmacophore features and simu-
late molecular dynamics results.

Ligand and protein receptor Preparation

The pancreatic lipase crystal structure [PDB: 1N8S]
was taken from Protein Data Bank (PDB) (38). Auto-
dock's repair commands module added numerous missing
atoms to the crystal structure. Clean a protein's crystal
structure before docking by removing any water mole-
cules. H-atoms were introduced into these protein targets
to ensure that amino acid residues maintained their correct
ionization and tautomeric states. Used the resulting modi-
fied structure to perform the semi-flexible dockings. The
ligand and receptors' energies were minimalized using the
Conjugate Gradient and Steepest Descent methods in Dis-
covery Studio. The methods for minimization were imple-
mented using the CHARMM force field (39).

Semi-flexible docking

The binding pose and associated energy of phytoche-
micals via the drug target pancreatic lipase are predicted
using Autodock Version 4.0. The docking studies followed
the protocol described in Autodock version 4.0 using the
default protocol for predicting IC,, values and binding
posture and related binding energies. Briefly, set the ener-
gy scoring grid box to 120, 120, and 120 Ao (X, y, and z)
centered at X =27.857;Y =22.737, and Z = 97.37 with a
grid point spacing of 0.375 A° assigned using the default
atomic solvation parameters created the grid box such a
way that a centered three-dimensional grid box on it encir-
cled the pancreatic lipase. Choose the docking engine as
the Lamarckian Genetic Algorithm (LGA) (40), with all
docking parameters set to default. The optimal docking
solution for each docked complex is reported by Auto-

dock, following each LGA run based on cluster analysis.
The Gibbs free energy of binding (G) in chemical bonding
comprises six energy variables: repulsion and dispersion,
electrostatic interactions, H- bonding, desolvation effects,
torsional limitations, and internal ligand divergence from
covalent geometry. A total of ten docking modes offered
by LGA cluster analysis were used in this study, with the
lowest energy docking option selected from each docking
simulation. The presence of active rotatable bonds in each
molecule was permitted as this gave the chemical flexibi-
lity.

Phytochemical pharmacological properties

The online server Osiris Property Explorer (www. or-
ganic-chemistry. org/prog/peo/) (41) was used to assess
the pharmaceutical reliability of the drug candidates, to
examine molecular descriptors such as Log P, the number
of H- bond acceptors, the number of H- bond donors, the
molecular weight of phytoconstituents, and compounds'
toxicology profile.

Molecular dynamic simulations

Simulations of molecular dynamics were performed
to comprehend the binding interactions at the molecular
level and analyze those interactions at the atomic level
using the default protocol. In brief, OPLS 2005 force field
(42) TIP3P water models have been simulated using para-
meters at neutral pH conditions (43). The particular size
and shape of the water box buffered at ten distances. The
volume of the water box was determined using periodic
boundary conditions and calculated to be 545000 cubic s of
the simulation box volume, eliminating short-range elec-
trostatic and Van der Waals interactions during the equi-
libration process and long-range electrostatic interactions
figured out using the Particle Mesh Ewald method (44)
and used a RESPA integrator (45) with a time step of 2 fs
to compute long-range electrostatics every six fs. Each si-
mulated condition contained approximately 54415, 54590,
and 54570 atoms for apo in composite with Orlistat and
Boeravinone-C, respectively. The simulated conditions
were equilibrated using Desmond in the NPT ensemble
(46) at 300 K temperature and 1 bar using the Nose-Hoo-
ver chain relaxation thermostat method (47), as well as the
Martyna-Tobias-Klein relaxation barostat method (48).
We ensured all simulations were conducted at the same
temperature, volume, and pressure conditions with an iso-
tropic coupling style throughout the simulated timescale.
For simulation quality analysis, it was established that the
average total energy of the simulated systems remained
approximately -137500 Kcal/mol for apo and in complex
with Orlistat but was -138000 Kcal/mol for complex with
Boeravinone-C.

Results

Virtual screening of the phytochemicals from B. diffusa
with pancreatic lipase

We have performed the virtual screening for the twen-
ty-four phytochemicals (Figure 1) with the pancreatic li-
pase to know the molecular interactions and binding ener-
gies responsible for this target-specific inhibition. Virtual
screening has been performed targeting its critical site core
residues. Virtual screening results are presented in Table
1. As per the virtual screening experiment, all the twenty-
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Figure 1. 2D structural representation of the phytochemicals from B.
diffusa used in this study provided individual PubChem compound
ID as the title.

four phytochemicals investigated in this work show bin-
ding energies of -6.0 to -8.0 Kcal/mol. In comparison, the
marketed drug Orlistat taken as control has shown binding
energy of -5.6 Kcal/mol.

The molecular interactions between Orlistat and Boe-
ravinone-C compounds with pancreatic lipase were obser-
ved from the docking analysis. (Figure 2).

Prediction of pharmacological properties
Pharmacological properties of the phytochemicals

were predicted using Osiris Property Explorer following

Lipinski's Rule of Five and Bioavailability via Oral Admi-

nistration. Expected pharmacological attributes are pres-
ented in Table 2.

The oral bioavailability of compounds can be consi-
dered by employing Veber's rule (49). Table 3 represents
the toxicology profile predicted for the compounds from

b)

Figure 2. Molecular interactions were observed between a) Orlistat
and b) Boeravinone-C compounds with pancreatic lipase from the
docking analysis. The left panels represent the 2D molecular interac-
tions network, whereas the right panels depict the molecular interac-

tion in 3D representation.

Table 1. Virtual screening results of Phytochemicals targeting pancreatic lipase (PDB ID: 1NS8).

Pubchem Binding Energy
S.No  Phytochemical Name
compound ID  (Kcal/mol)

1. C-methylflavone 689013 -6.9
2. 3,3",5-trihydroxy-7-methoxy flavone 90963381 -7.0
3. 3,4-dimethoxy phenyl-1-O-B-D apiofuranosyl-(1"’3”)-O-f-D-glucopyranoside 132993749 -6.0
4, 3,5,4-dihydroxy-6,7-dimethoxyflavone 471722 -6.9
5. 3-0-B-D-galactopyranosyl-(1°°2"")-O-B-D-galactopyranoside 66679288 -6.4
6. 4',7-dihydroxy-3’-methyl flavone 90761690 -7.9
7. 5,7-dihydroxy-3 4-dimethoxy-6 8-dimethyl flavone 11002377 -7.3
8. 6’, 5’-dimethoxy-5, 7, 3-trihydroxy flavone 5481647 -6.9
9. eupalitin 5748611 -7.5
10. boeravinone A 14018346 -7.5
11. boeravinone B 14018348 -7.6
12. boeravinone C 13940641 -8.0
13. boeravinone D 15081178 -71.5
14. boeravinone E 11537197 -7.6
15. boeravinone F 12004175 -7.9
16. boeravinone G 11537442 -7.3
17. boeravinone H 16745324 -1.4
18. boeravinone 1 16203334 -1.5
19. boeravinone J 16203335 -7.8
20. boeravinone K 71662492 -7.5
21. boeravinone M 102500671 -7.8
22. boeravinone O 71662493 -7.8
23. boeravinone P 102103085 -7.1
24, boeravinone Q 102103083 -7.3
25. Orlistat 3034010 -5.6
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Table 2. ADME properties of the phytochemicals based on Lipinski's rule of five.

. Molecular Molecular No. of
S.No Phytochemical Name . H-Donor H-acceptor  rotatable TPSA  LogP
Formula Weight bonds
1. C-methylflavone C,H,0, 236.269 0 2 1 26.3 3.717
2. 3,3',5-trihydroxy-7- CHO 300265 3 6 2 9622 2112
methoxy flavone 167712776
3,4-dimethoxy phenyl-
1-O-B-D apiofuranosyl-
3. (173")-0-B-D- CHO, , 73483 1 16 20 158.68  0.043
glucopyranoside
3,5,4-dihydroxy-6,7-
4. dimethoxyflavone C.H O 298.293 1 5 3 64.99 2.887
3-0-B-D-
S. galactopyranosyl-(1°°2”)-  C,H, O, 760.777 12 20 17 316.6 -3.830
0O-B-D-galactopyranoside
4' 7-dihydroxy-3’-methyl 1104
6. fa 268.267 2 4 1 66.76 3.025
avone
5,7-dihydroxy-3 4-
7. dimethoxy-6_8-dimethyl ~ C H O, 342.346 2 6 3 85.22 3.229
flavone
6’, 5’-dimethoxy-5, 7,
8. ) C.H O, 298.293 1 5 3 64.99 2.887
3-trihydroxy flavone
9. eupalitin CH,,0, 326.303 2 6 1 85.22 2.564
10. boeravinone A C . H,0O, 312.276 3 6 0 96.22 2.136
I1. boeravinone B CH,O0, 344318 3 7 1 10545 1817
12. boeravinone C CH,O, 342.302 3 7 1 10545 2218
13. boeravinone D C,H,0, 328.275 4 7 0 116.45  1.790
14. boeravinone E C,H,0, 326.259 3 7 0 113.29  1.575
15. boeravinone F CH,,O, 342.302 2 7 2 94.45 2.150
16. boeravinone G C,H,O, 356.329 2 7 2 94.45 2.494
17. boeravinone H CH,,O, 342.302 3 7 1 105.45  2.066
18. boeravinone I C,H,0, 298.249 3 6 0 100.13  3.476
19. boeravinone J CH,O, 344318 2 7 2 94.45 1.748
20. boeravinone K CH, 0O, 358.301 3 8 2 114.68  2.455
21. boeravinone M C,H,0, 328.275 3 7 1 10545  1.722
22. boeravinone O CH,,O, 342.302 2 7 2 94.45 2.150
23. boeravinone P C,H,0, 506458 7 12 6 195.6 -0.345
24, boeravinone Q C H,0O, 300.265 3 6 2 96.22 2.112
25. Orlistat C,,H, NO, 495.742 1 6 23 81.7 7.618
B. diffusa. C in complex pancreatic lipase, we have performed 100

Drug likeliness and docking studies for screening of
best lead compound

Boeravinone-C was discovered to be a potential lead-
like compound against pancreatic lipase because of its
comparative highest negative AG binding energy and
ADMET descriptor parameters. Established on the pre-
dicted pharmacological properties, all the investigated
twenty-four phytochemicals showed promising pharma-
cological attributes. These phytochemicals were primarily
consistent with Lipinski's rule, toxicology profile parame-
ters, oral bioavailability, and Veber's rule. We have map-
ped their pharmacophore features to further understand
the screened best compound, Boeravinone-C, compared to
Orlistat (Figure 3).

MD simulations events analysis of Pancreatic lipase in
its apostate; in complex with Orlistat and complex with
Boeravinone-C compound

To further understand and validate the molecular level
interactions, binding ability, and influence of Boeravinone-

nanoseconds of molecular dynamic simulations. We have
also completed two other simulations: one with pancreatic
lipase in its apo form and the second with pancreatic li-
pase in complex with Orlistat. Root mean square deviation
(RMSD) of the protein backbone and root mean initially
analyzed square fluctuations (RMSF) of individual resi-
dues to understand the impact of compound binding on the
protein conformation changes (Figures 4 & 5).

To further validate Boeravinone-C compounds' ability
to inhibit pancreatic lipase, we have analyzed its energy
throughout the simulated timescale. The analysis revea-
led that the energy of the Orlistat was maintained at an
average of approximately -30 kcal/mol. At the same time,
it found that the energy of the Boeravinone-C compound
was to be keeping an average of approximately -60 kcal/
mol (Figure 6).

Molecular interactions of Orlistat in complex with
Pancreatic lipase observed during Molecular dynamic
simulations

Schrodinger's Desmond software was used to detail
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Table 3. Predicted toxicology profile of the compounds from B. diffusa.

. Pubchem . Lo Reproductive  Eye

S.No Phytochemical Name ;lo)mpound Mutagenic Tumorigenic effect irritant

3,4-dimethoxy phenyl-1-O--D
I. apiofuranosyl-(1°’37)-0-B-D- 132993749 None None None None

glucopyranoside
2. 3,5,4-dihydroxy-6,7-dimethoxyflavone 471722 None None None None
3. g:g:ggﬂ;%g;‘;ﬁ%ﬁggoSyl'(1 7270 66679288 None None None High
4. 4'7-dihydroxy-3’-methyl flavone 90761690 None High None None
5. 3;;1;1111;?3;321};3*4-d1methoxy-6*8' 11002377 None High None None
6. 67,5"-dimethoxy-5, 7, 3-trihydroxy  gq;447 None None None None

flavone
7. eupalitin 5748611 None None None None
8. boeravinone A 14018346 None None Low Low
9. boeravinone B 14018348 None None Low None
10. boeravinone C 13940641 None None None None
I1. boeravinone D 15081178 None None Low Low
12. boeravinone E 11537197 None None Low None
13. boeravinone F 12004175 None None High None
14. boeravinone G 11537442 High None Low Low
15. boeravinone H 16745324 None None Low Low
16. boeravinone | 16203334 High None Low None
17. boeravinone J 16203335 None None None None
18. boeravinone K 71662492 None None High None
19. boeravinone M 102500671 High None Low Low
20. boeravinone O 71662493 High None Low None
21. boeravinone P 102103085 None None Low Low
22. boeravinone Q 102103083 None None Low None
23. Orlistat 3034010 None None None None
24. C-methylflavone 689013 None None None None
25. 3,3",5-trihydroxy-7-methoxy flavone 90963381 High None None None

Figure 3. Pharmacophore features of a) Orlistat and b) Boeravinone-
C compounds. Red spheres represent hydrogen acceptors; Cyan
spheres represent hydrogen donors; green spheres represent hydro-
phobic regions; and circular donut shapes represent aromatic rings.

interpret molecular interactions of the pancreatic lipase
and Orlistat complex. There found 22 contacts between
Orlistat and Pancreatic lipase, which involved six contacts
in hydrogen bonds. Hydrophobic interactions occurred at
13 contacts, and ten contacts in water bridging interactions
were observed, respectively. Details are shown in Figure
7 of the molecular interaction profile of Orlistat with the
Pancreatic lipase. Hydrogen bonds with Glu83; Ser110;
Arglll; Thr112; Ile251 and Trp252. Hydrophobic inte-
ractions with Phe77; Tyrl14; Leul53; Alal78; Prol80;
[1e209; Phe215; 11e248; 1le251; Trp252, Phe258, Ala260
and Leu264. Water bridging interactions with Ile78;
Asp79; Lys80; Glu83; Lys107; Ser110; Argll1l; Thr112;

o 20000 40000 socoo

Time ps)

80000 100000

Figure 4. RMSD of the Pancreatic lipase backbone in its apostate
(red), complex with Boeravinone-C (green), and complex with Orlis-
tat (blue).

Trp252 and Glu253 were observed (Figure 7). Molecular
interactions observed between Pancreatic lipase in com-
plex with Orlistat during the 100 ns MD simulation times-
cale were studied.

Molecular interactions of Boeravinone-C in complex
with Pancreatic lipase domain observed during Mole-
cular dynamic simulations

When the Pancreatic lipase in complex with Boeravi-
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2.0

RMSF (Angstrom)

Figure 5. RMSF of the Pancreatic lipase backbone is complex with
Boeravinone-C (green) and complex with Orlistat (blue).

a0

Eneigy Lgand (CalMol

so

eodoo nodoo 100000

& zodoo accoo
™

Figure 6. Calculated energy of the Orlistat (blue) and Boeravinone-C
compounds inside the active binding site of Pancreatic lipase.
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Figure 7. Molecular interactions were observed between the Pancrea-
tic lipase domain in complex with Boeravinone-C during the 100 ns

MD simulation timescale.

none-C compound was analyzed concerning the simula-
ted timescale of 100 ns; there found 29 contacts between
Boeravinone-C and Pancreatic lipase, out of which 14
associates were involved in hydrogen bonds, involved 12
contacts during hydrophobic interactivity, and 24 contacts
in water bridging interactions were observed respectively.
The molecular interaction profile of Orlistat with the Pan-
creatic lipase. Hydrogen bonds with I1e78; As79; Lys80;
Glu82; Glu83; Lys107; Serl10; Arglll; Lys238; Ile251;
Trp252; Glu253; Phe258 and Ala260. Hydrophobic inte-
ractions with Arg37; Phe77; 11e78; Lys80; Lys107; Argl11;
Phe225; Lys238; 1le251; Trp252; Phe258 and Ala250.
Water bridging in-teractions with His75; Gly76; 1le78;
Asp79; Lys80; Glu82; Glu83; Asn84; Aspl05; Trpl106;
Lys107; Ser110; Argl11; Thr112; Lys238; [1e251; Trp252;
Glu253; Gly254; Arg256; Asp257; Phe258; Ala260 and

Cys261 were observed. The molecular interactions obser-
ved between pancreatic lipase domains in complex with
Boeravinone-C during the 100ns MD simulation timescale
were examined.

Discussion

The computer-based software for studying the phy-
tochemical ligand database has significantly reduced the
time necessary for bioactivity assessments. The phytoche-
mical ligand database from B. diffusa was docked against
the pancreatic lipase. Out of the twenty-four phytochemi-
cals, the virtual screening results of the evaluated phyto-
chemicals observed that all of the compounds had shown
better binding energies when compared to the marketed
control drug Orlistat. The binding energies revealed that
Boeravinone-C, with a binding energy of -8.0 Kcal/mol,
was discovered as lead like molecule, compared to mar-
keted Orlistat, which has shown -5.6 Kcal/mol of binding
energy targeting pancreatic lipase. When the best confor-
mations from the docking analysis of Orlistat and Boera-
vinone-C compounds were analyzed, Orlistat was noted
to form a carbon-hydrogen bond with Arglll1, pi-sigma
bond with Trp252, and alkyl bonds with His75, Phe77 &
1le78. Whereas, Boeravinone-C was observed to develop a
couple of pi-alkyl bonds with Argl11 and a solid covalent
bond (Figure 2).

The pharmacokinetics (ADME) properties were
investigated using Osiris Property Explorer following
Lipinski's Rule of Five to predict the pharmacological
properties of the twenty-four chosen ligands. We obser-
ved that phytochemicals, with the exceptions of 3,4-di-
methoxy phenyl-1-O-B-D apiofuranosyl-(1”°3")-O-B-D-
glucopyranoside and 3-O-B-D-galactopyranosyl-(1°°2")-
O-B-D-galactopyranoside. Lipinski's rule parameters fol-

Water
oo Pi-Pi stacking

@ Charged (negative)
@ Charged (positive)

Hydrophobic
Polar

— Salt bridge
Solvent exposure

|
! ) .LI.II.LL

AR RPEDI PO LI ONT ORI P OAND O
S S s e ANARANE f\\?*’?b’/p? w"@{’ ?’e}b
ERTLVIVVP PP CIRPFEEFELRP T LI

H-bonds 1 Hydrophobic Mlonic M Water bridges |

Figure 8. Molecular interactions were observed between pancreatic
lipase domains in complex with Boeravinone-C during the 100 ns MD

simulation timescale.
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low the mol. Wt. It must be not more than 500 Da, Log P
and the number of donor hydrogens must be below five,
the required number of hydrogen acceptors be less than
ten, and the refractivity molar range must be 40—-130. The
toxicity analysis result of compounds from B. diffusa is
shown in Table 3. All the analyzed twenty-five compounds
have mixed levels of toxicity for compounds; however, the
compound Boeravinone-c has been predicted to be none
toxicity for mutagenic, tumorigenic, and eye irritants but
was noted to have high reproductive effect toxicity levels
comparatively. The oral bioavailability of compounds can
be considered by employing Veber's rule. Oral bioavaila-
bility was defined by low molecular weight (less than 500
Da); additionally, the number of rotatable bonds had to be
less than ten, the total number of hydrogen bond acceptors
and donors had to be less than twelve, and the complete
polar surface area had to be less than 140. As shown in
Table 2, all phytochemicals have favourable oral bioavai-
lability.

The structure-based drug discovery is now an essen-
tial study for optimizing cost-efficient drugs. To screen
the best compound for successful structure-based drug
discovery, pharmacophore features of Orlistat (Figure
3a) and Boeravinone-C (Figure 3b) have been observed
successfully. Our MD simulation study revealed that the
RMSD of pancreatic lipase backbone kept an approximate
average of 2 in its apostate, 3 in complex with Orlistat,
and 2.2 As in complex with Boeranone-C correspondingly
(Figure 4). Individual residues fluctuations were analyzed
via RMSF; most residues active in the apostate were much
minimized when complexes with compound, especially
Boeravinone-C, compared to Orlistat. It was noticed that
minimal fluctuations occurred when pancreatic lipase is
complexed, indicating that the residues are pretty stable in
the presence of the compound, with few peaks up to 3.5 A°
here and there, which are speculated to be caused by the
loop movements (Figure 5). These restricted movements
in the RMSD backbone and individual residual levels indi-
cate that Boeravinone-C has much better inhibitory poten-
tial than Orlistat since the activity of the protein/enzyme
mainly relies on its ability to undergo conformational
changes. To further validate Boeravinone-C compounds'
ability to inhibit pancreatic lipase, we have analyzed its
energy throughout the simulated timescale. The analysis
revealed that the energy of the Orlistat was maintained at
an average of approximately -30 kcal/mol. At the same
time, it found that the energy of the Boeravinone-C com-
pound was to be keeping an average of approximately -60
kcal/mol (Figure 6). This much-minimized energy during
the entire simulated timescale of about 100 ns is substan-
tial proof that Boeravinone-C has better potential to sta-
bilize its binding at the active site of the pancreatic lipase
than the marketed drug Orlistat.

The molecular interactions of Orlistat in complex
with Pancreatic lipase were observed during MD simula-
tions. Throughout the simulated timescale, an average of
4 contacts from the interactions mentioned in the result
section 3.5, Ser110, Phe215, and Trp252, were the most
stable. Similarly, the molecular interactions of Boeravi-
none-C in complex with Pancreatic lipase domain obser-
ved during MD simulations showed that the average of 6
contacts from the interactions mentioned in the result sec-
tion 3.6, Phe77; 11e78; Asp79; 1le251; Trp252, and Glu253
were found to be most stable among other interactions

throughout the simulated timescale.

Conclusions

Our in silico studies demonstrated the ability of B. dif-
fusa phytochemicals as valuable small ligand molecules.
All the phytochemicals from B. diffusa have shown a si-
gnificantly high binding affinity for pancreatic lipase for
feasible antiobesity activity. All the phytochemicals under
investigation in this study were noted with significant -ve
binding energy via various molecular interactions. All
or some of the molecular interactions were found with
residues that fall under the active catalytic site, thereby
increasing the thermodynamic stability of their complex.
Molecular level interactions The knowledge gained from
this current study is precious for future work related to
computational screening of target-specific pancreatic li-
pase inhibitors. Instead, the promising ADMET drug-like
profile of the currently investigated phytochemicals, par-
ticularly the Boeravinone-C compound, strongly supports
further investigation into this phytochemical's ability to
control obesity by targeting pancreatic lipase activity. The
currently investigated phytochemical scaffold provides
other changes that could result in more lead-like increased
inhibitory activity and selectivity structures for pancreatic
lipase.
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