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SARS COVID-19 virus is serious threats to the mankind changing its virulence. The pandemic emergence resulted in the change of health |
care scenario since its outbreak and suggested the inclusion of molecular modeling and combinatorial chemistry process that hastens the |
drug discovery process resulting in screening of large number of compounds for the therapeutic target proposed. The studies revealed that
the boswellic acid (pentacyclic triterpenoid) obtained from gum resin of Boswellia serrata is found to have potential against the SARS |
covid virus. The present study was conducted to synthesize boswellic acid—-PEG from isolated boswellic acid (gum resin of B. serrata) |
and evaluated the anti-covid potential of boswellic acid by in silico docking studies and toxicity analysis by ADMET Pro. The target |
protein PDB RNA polymerase (1S76), protease (6LU7), ACE2 (6M0J) were downloaded from RCDB database. The boswellic acid was |
active against the selected target proteins active for SARS virus entry into the cells and also prevent the viral multiplication. ADMET
studies have proved slight endo-carcinogenecity, which increases with dose. Thus, this novel molecule can be developed as lead against |
the SARS virus by formulating boswellic acid—PEG nanoparticles with sustained release characteristics. As an attempt to develop the |
drug boswellic acid-PEG nanoparticles with PEG as permeation enhancer for oral drug delivery was performed and characterized using |
DLS, FTIR, XRD and SEM techniques, which has proven the 253 nm size, stable, highly dispersed, spherical shape without any agglomeration. |
The drug release studies proved the sustained release nature of the nanoparticles, which leads to reduce dosage. Further, in vivo—in vitro
correlation proves the clinical validation for drug discovery process. :
|
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INTRODUCTION better handled by the use of in silico docking techniques that

could estimate huge number of leads which were screened

The in silico docking studies offer a great advantage to
analyze structure, physico-chemical properties, solubility and
ADMET profile which enables to focus to modify the lead in
such a way to have enhanced action, thereby reducing the burden
of time and effort [1]. Much of the identified leads were scree-
ned initially for the potential of the compound at the receptor
level using molecular modeling studies. The affinity, binding
capacity, physico-chemical nature and ADMET (absorption,
distribution, metabolism, excretion, toxicity) are the prime
requisites that motivate the research studies for the lead identi-
fication and later transformation [2] into a drug delivery system.
The COVID-19 pandemic was envisaged with strict lockdown
which could hault the research for a while. There were no many
testing methods available to screen the drugs [3], which was

with advanced molecular modeling techniques. The phyto-
chemical leads once identified could be estimated for their
potency based on affinity and solubility with least toxicity.
The phytochemicals derived from Tinospora cardifolia,
Ocimum, Curcuma, Panax, Mentha are promising to combat
the infection. The challenges thrown by the covid-19 pandemic
shook the countries with alarming rates of mortality globally.
Several covid issues [4,5] have been addressed with antibiotics
and antiviral agents along with diet with enriched nutrients
was the only treatment. The antiviral drugs in covid-19 were
used in combination with other antibiotics which on long term
use have shown side effects but could not address the infection
as single point. The COVID-19 virus is more resistant to drugs
because it may enter the body by multiple entrance points, such
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as protease (protein denaturation), ACE-2 (organ inflammation)
and RNA polymerase (conversion and multiplication) [6,7].
These observation lead to multiple drug therapy. The SARS
covid infection still is a point of research interest and much
needed intervention to be handled to save the globe.

Many phytochemicals derived from the plants face the
challenges in the drug derivatization process due to hindrance
of its solubility and bioavailability [8,9]. The recent advances
in the nanotechnology focus the modulation of drug entry
barriers to make phytochemicals modulated with enhanced
solubility and bioavailability [10,11]. Current research is focused
more on deriving phytomolecules with potent anti-SARS viral
activity with improved bioavailability and solubility. Boswellic
acid [12,13] is obtained from the plant resin of Boswellia
serrata, which is used in treating osteoarthritis, crohns disease,
inflammatory bowel disease, efc. Boswellic acid was found to
have huge dose with limited solubility and bioavailability. Thus,
observing the potential of boswellic acid [14-17] as widely
pharmacologically active agent, the present research focused
to repurpose the boswellic acid as anticovid agent and further
overcome its toxicity, dose related side effects and modify the
drug into PEG nanoparticles with improved solubility and bio-
availability.

Polyethylene glycols (PEGs) are used as natural hydro-
philic polymers in several cosmetics and also as excipient in
wide pharmacological products due to its safety [18-21]. The
literature supports no data on the improved activity of boswellic
acid-PEG nanoparticles as anti-covid agent. The novelty of the
present research lies in the synthesis of boswellic acid-PEG
nanoparticles as formulation against the covid-19 infection.
Thus, the research study conducted could prove the novel
boswellic acid-PEG nanoparticles as effective against covid-
19 virus.

EXPERIMENTAL

Boswellic acid, polyethylene glycol (PEG), ethanol were
obtained from Sigma-Aldrich Chemicals, India. Melting points
of boswellic acid were recorded on open capillary Buchi instru-
ment and are uncorrected. The FTIR spectra were recorded on
a Perkin-Elmer FT-IR 240-C spectrometer using KBr pellet
method. The isolated compound was identified by TLC moni-
tored on silica gel percolated plates of Merck and the spots
were visualized with ethyl acetate and hexane as mobile phase
solvent (30:70). The silica gel (100-200 mesh) used for column
chromatography was procured from Merck Ltd., India.

Extraction and isolation: The plant gum resin of Boswellia
serrata was used for the extraction. Approximate 100 g of
resin was loaded into Soxhlet apparatus with hexane and methanol
simultaneously. Based on preliminary qualitative screening,
the methanol extract was found to be high with boswellic acid
[14,16]. Further column was loaded with silica gel (125-250
grade) and extracted. Then eluted with hexane initially to remove
non-polar impurities and further using ethyl acetate and hexane
as mobile phase combinations, which yielded boswellic acid
in 40-50% ethyl acetate fractions. The isolated boswellic acid
was found to be mixture identified using UV, HPLC, FTIR

and TLC studies, which could prove that boswellic acid is
99% pure. Boswellic acid was used for synthesis of facile green
boswellic acid PEG nanoparticles with improved penetration
ability using PEG.

Preparation of PEGlyated boswellic acid nanoparticles:
The PEGlyated boswellic acid nanoparticles were prepared
using desolvation procedure with little modification. Boswellic
acid (100 mg) was dissolved in 20 mL of ethanol (95%) with
constant magnetic stirring for 10 min at room temperature
followed by the addition of 20 mL of purified water. The solution
was concentrated to get nanosuspension on a rotavapour. The
nanosuspension was further added with PEG polymer solution
prepared by dissolving the polymer in water and to yield stable
nanoparticles. The polymer solution was added in three ratio,
which resulted in the synthesis of PEGlyated boswellic acid
nanoparticles [ 19-21]. The obtained nanoparticles were charact-
erized by UV-HPLC, FTIR, SEM, DLS and XRD techniques.

Drug loading capacity: The drug loading capacity was
studied at room temperature at pH 3 in ethanol. Boswellic
acid-PEG nanoparticles (10 mg) were dispersed in 5 mL of
ethanol, agitated for 48 h and then centrifuged. The collected
filtrate and analyzed by UV spectrophotometer (Shimadzu)
to determine drug loading capacity (eqn. 1) and further analyzed
through Minitab free software trial [22-24].
Weight of the drug in nanoparticles

Drug loading capacity (%) = %100

Weight of the nanoparticles

Drug release studies: The calibration curve was plotted
by taking series of concentrations and the curve was plotted at
maximum wavelength obtained. The in vitro drug release [25]
was evaluated using USP dissolution apparatus I basket type
to evaluate the drug release from PEG nanoparticles. The USP
dissolution apparatus I is a rotating basket type apparatus with
cylindrical glass vessel of hemispherical bottom with 1 L capa-
city which was partially immersed in water bath main-tained
at 37 + 2 °C. The cylindrical basket made of 22 mesh size
holds the sample. The sample of weighed quantity was packed
in cotton muslin cloth and kept inside the basket. All metal
parts were made up of SS16 grade and the basket was rotated
at variable speed. The phosphate buffer saline (pH 7.4) was
taken in the dissolution vessel (900 mL) being stirred at 100
rpm maintained in sink conditions. The withdrawn samples
were analyzed by the UV-visible spectrophotometer at 249
nm [26]. The results of drug release were fitted into drug release
kinetic models and respective graphs were obtained using
Design Expert 12.0. The kinetics were evaluated to understand
the nature of drug release.

Docking studies: Boswellic acid was screened for the
anti-covid viral activity using the molecular docking analysis
with Autodock 4.0 software [27-31]. The proteins with PDB
IDs i.e. RNA polymerase (PDB_ID: 1S76), COVID-19 main
protease (PDB_ID: 6LU7) were downloaded from the RCDB
database. The boswellic acid structure was downloaded from
the PubChem Database. The docking study involved three main
steps, which include the preparation of ligand, protein and
finally docked. Molecular docking study of boswellic acid was
carried out using Autodock software. Docking of the compound
was carried out on RNA polymerase (PDB_ID: 1576), COVID-
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19 main protease (PDB_ID: 6LU7) and SARS-CoV-2 spike
receptor-binding domain bound with ACE2 (PDB_ID: 6M0J)
proteins. These proteins were retrieved from protein data bank.
During the docking, we have used grid box parameters for
RNA polymerase as grid centre: x =-44.43,y = 11.601, z =
42.411 and grid box size: x =58, y = 50, z = 50. The grid box
parameters for COVID-19 main protease were used as grid
centre: x = 9.937, y = 14.655, z = 67.125 and grid box size: x
=50, y = 62, z = 40. Further, for ACE2 grid box parameters
were used as grid centre: x =25965,y =7.317, z=33.049 and
grid box size: x = 50, y =48, z = 46. For all proteins, the grid
spacing was used as 0375 A and for each docking, we generated
10 conformations. Input preparation carried out using MGL
tools-1.5.6 and the results were analyzed using Autodock Tools
and Pymol software.

In silico bioavailability and drug likeness screening:
The chemical descriptors for the pharmacokinetics properties
were calculated to check the compliance of studied compound
with the standard range. For this the aqueous solubility, blood
brain barrier penetration, cytochrome P450 2D6 binding, hepato-
toxicity, intestinal absorption and plasma protein binding were
calculated [32]. The calculation of these chemical properties
was intended as the first step toward analyzing the novel chemical
entities, in order to check the failure of lead candidates which
may cause toxicity or metabolized by the body in to an inactive
form or one unable to cross the intestinal membranes. The
pharmacokinetic profiles of all the compounds under investi-
gation were predicted by means of six pre-calculated ADMET
models. The aqueous solubility prediction (defined in water
at 25 °C) indicated that all the compounds are soluble in water.
The compounds are found to be non-inhibitors of cytochrome
P450 2D6 (CYP2D6). The CYP2D6 enzyme is one of the
important enzymes involved in drug metabolism.

ADMET prediction: The ADMET studies which predict
the toxicity [31] were estimated by the software ADMET pro
(Version 6.0). To understand the toxicity risk in different areas
i.e. skin irritancy, ocular irritancy, aerobic biodegradability,
mutagenecity, endocarcinogenecity and developmental poten-
tial for toxicity should be checked the safety of the compounds,
which is crucial for a successful drug. All the compounds were
found to be non-mutagenic and either mild or no irritancy
(ocular & skin) when compared to doxorubicin which is muta-
genic and acarbose, which shows severe ocular irritancy. The
dose dependent toxicity such as carcinogenic potency TDs,
rat inhalational LCs, rat oral LDsy, daphnia ECsy (mg/L), rat
maximum tolerated dose feed, rat chronic LOAEL in lieu with
the effective concentration extent are studied.

RESULTS AND DISCUSSION

Boswellic acid was formulated into nanoparticles using
desolvation procedure using PEG 35000 as co-solvent. Further,
the boswellic acid nanoparticles were characterized for stability,
particles size, agglomeration and crystalline nature using DLS,
FTIR and XRD spectrometric studies. The melting point of
boswellic acid was found to be 123.6 °C, whereas boswellic
acid-PEG nanoparticles was found to be 148.9 °C.

Docking analysis: The binding affinity of boswellic acid
with RNA polymerase, main protease and ACE2 with its surro-
unded amino acid residues were analyzed using molecular
docking studies. Boswellic acid showed strong interaction with
three COVID-19 targets with good docking score (Table-1).

The interactions of boswellic acid in the active site of
RNA polymerase protein are depicted in Fig. 1a. Boswellic acid
is stabilized by hydrogen bonds with Asp-812, Lys-631 and
Cys-540 residues in the active site. The molecule also showed
hydrophobic interactions with Asp-537, Ser-539 and His-463

TABLE-1
PROTEIN LIGAND BINDING INTERACTION ENERGIES (kcal/mol) CALCULATED BY USING AUTODOCK
(Details of LibDock score, hydrogen bonds, Pi interactions and active site pocket residues by molecular docking studies)

Compound gSngIe]; D?Icél::l;l]/gnfggre Active site amino acids bgl d Affinity with amino acids
B i 1S76 -7.8 Asp-812, Lys-631, Cys-540, Asp-537, Ser-539, His-463 3 Asp-812, Lys-631, Cys-540,
S 6LuT 6.8 Asn-142, His164, His-41, Thr-25, Thr-26, Met-49, Cys-145 2 Asn-142, His164
6MO0J -8.0 Asn-149, Trp-271, Asp-269, Phe-274, Tyr127 1 Asn-149
@) ) sn. (b) (c) —\ Thr445
:s;n A‘jss v e — Met49 Thrlh/ Phe274’\
His463 Glu1so
4 SerSﬂl p Arg273
\ Tyrs7t ‘ez . ( e Thr276
/ ‘\ Ser539 = Phe504 —
/‘\3‘91 Alas3s . :
Cys540 e - Y X Asn277
< : L~ > Hisle! L
M;tgs S;rsj‘u \Aspsll Ser613 Lys441 Glul66 ;\\ Tyr127 Ala153

C %
His163 (

“Ser144

% thoé l
Leul41

Glu145

Fig. 1. Molecule boswellic acid docked in the active site of the (a) RNA polymerase (PDB_ID: 1576); (b) main protease (PDB_ID: 6LU7)
and (c) active site of the ACE2 (PDB_ID: 6MO0J). Inhibitor molecule shown in stick style and the active site amino acid side residues

are shown in line style
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residues in the active site. Fig. 1b depicts the interactions of
boswellic acid in the active site of main protease. The ligand
molecule is stabilized by hydrogen bonds with Asn-142 and
His164 residues in the active site. The ligand also showed hydro-
phobic interactions with His-41, Thr-25, Thr-26, Met-49 and
Cys-145 residues in the active site. Fig. 1c¢ shows the interactions
of boswellic acid in the active site of ACE2 and the lead mole-
cule is stabilized by hydrogen bond with Asn-149 and also
showed hydrophobic interactions with Trp-271, Asp-269, Phe-
274 and Tyr127 residues in the active site.

The docking studies could prove the potential of boswellic
acid has strong affinity towards the COVID proteins binding
site and has effectively inhibited the SARS covid proteins.
The repurposing of boswellic acid was proven beneficial effect-
ively, which ultimately resulted in determining the potency of
boswellic acid as effective anticovid agent.

ADMET profile: During ADMET screening, the predi-
ctive carcinogenicity was observed. The candidate compound
has high bounding with plasma proteins and also CYP inhibition
(Tables 2 and 3).

TABLE-2
PREDICTIVE MOLECULAR
PROPERTIES OF BOSWELLIC ACID

Property Value
Molecular weight 456.71
AlogP 7.09
H-Bond acceptor 2
H-Bond donor 2
Rotatable bonds 1
Molecular refractivity 136.91
Topological polar surface area 57.53
Water solubility -3.787
Plasma protein binding 0.844
Acute oral toxicity 1.186 kg/mol
Tetrahymena pyriformis 0.064 pIGC,, (ug/L)

TABLE-3
ADMET PREDICTED PROFILE OF BOSWELLIC
ACID ALONG WITH THE TOXICITY PROFILE

Human intestinal absorption 0.9853
Blood brain barrier 0.5353
CYP2C9 substrate 0.8404
CYP2D6 substrate 0.8509
CYP3A4 inhibition 0.8579
CYP2C9 inhibition 0.8298
CYP2C19 inhibition 0.8660
CYP2D6 inhibition 0.9520
CYP1A2 inhibition 0.8659
CYP inhibitory promiscuity 0.9221
Carcinogenicity 0.9900
Eye irritation 0.9351
Eye corrosion 0.9900
Hepatotoxicity 0.7000
Reproductive toxicity 0.9222
Biodegradation 0.8500
Fish aquatic toxicity 0.9900
Immunotoxicity 0.9300

Values exceeds 0.7 are considered as the property can applicable for
the molecule; The values calculate from ADMETSAR and Protox II
tools.

Boswellic acid-PEG silver nanoparticles: The PEGly-
ated-boswellic acid nanoparticles were characterized by
UV, DLS, FTIR, SEM and XRD techniques. The UV-HPLC
spectrum was obtained at 249 nm. The PEG was used to mask
the hydrophobic character of the boswellic acid PEG nano-
particles, resulting in an improved hydrophilicity that was
observed in the FTIR spectrum. The particle size was deter-
mined to be approximately 253 nm in the DLS experiments,
which is an appropriate size for moderate bioavailability [33].
The zeta potential was found to be < 30 mm, which is consi-
dered to be ideal for stability. The SEM studies have shown
the spherical shape of the nanoparticles and the XRD studies
have proven the crystalline nature of the PEGylated-boswellic
acid nanoparticles (Fig. 2). The several broad Bragg peaks
corresponds to 111, 200, 311, 331 orientations corresponding
to 20 values of 21.80°, 36.10°, 37.90° and 79.40°, respectively
and these peaks precisely are indexed well in the Joint
Committee on Powder Diffraction Standards (JCPDS card no.
61-1894).

FTIR analysis: The FTIR spectrum (Fig. 3) reported
sharp peaks at range of 2945-2890 cm™', which indicates that
there is a strong OH stretching [34]. The peak of 2949 cm™ of
C=C group and the peak of 1703 cm™ of the carboxyl group.
The bands at 1701 cm™ indicates the strong C=0 stretching
and the aromatic groups can be detected in the region of 1200-
1000 cm™. The methylene groups can be identified in the range
0f 900-800 cm™. The shift in vibrations due to the hypdrohilic
interactions of PEG were clearly reported in the FTIR, which
proves the encapsulation and polymer binding of PEG with
boswellic acid (Fig. 3b).

Drug release nature and loading capacity: The UV-vis
studies were conducted [35] for the pure drug for Ay and R
was found to be 0.983 at 249 nm. The standard calibration curve
(Fig. 4) was plotted for concentration ranges of 20-100 mg/
mL after serial dilution of stock (1 mg/mL). The purity of was
found to be 98%. The studies on drug loading capacity have
shown drug loading as Q (mg' g"') as 93.21%, which is
considered to be ideal for enhanced bioavailability. Further
the drug release kinetics have proven the sustained release
nature of boswellic acid nanoparticles owed to the slow release
nature and complexation between the pharmacophore boswe-
llic acid and the PEG. The drug release was found to be 99.3%
in 10 h and 97.2% in 24 h for PEGlyated boswellic acid
nanoparticles (Fig. 5, Table-4). The drug release kinetic models
(Table-5) were established using Design Expert version 12.0
demonstrated that boswellic acid exhibits zero order kinetics
with a R value < 0.89 in the Higuchi model with Fick’s diffu-
sion. The PEGylated boswellic acid nanoparticles follow first
order kinetics with R value > 0.89 in Higuchi model which
proves non-fickian diffusion and supercase II transport. Thus,
the PEGlyated boswellic acid nanoparticles can be suitably
handled for the dose related endotoxicity of boswellic acid.
The dissolution data was fitted in various kinetic models [36-
42] such as zero-order, first order, Higuchi and Peppas models.
Figs. 6 and 7 describe the release mechanism of PEGlyated
boswellic acid nanoparticles.
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Concentration (ug/mL) 6 89.5 74.9
Fig. 4. Standard calibration curve for boswellic acid 8 99.3 86.3
10 93.7
. 12 95.3
Conclusion 24 97.2

Boswellic acid was isolated from the gum resin of plant
Boswellia serrata by column chromatography in 40% ethyl
acetate in hexane fraction, characterized TLC using 30% ethyl

acetate in hexane as mobile phase solvent and UV-HPLC at
249 nm. The in silico docking with Covid-19 protein targets
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TABLE-5
DRUG RELEASE KINETICS OF BOSWELLIC ACID AND
PEGLYATED BOSWELLIC ACID NANOPARTICLES

ation is essential to determine the lead component as an lead
drug for the treatment of SARS-CoV-2 therapy.

Zero order 0.5990 0.8551 ACKNOWLEDGEMENTS

First order 0.8900 0.9774
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and the ADMET toxicity studies revealed high binding affinities
and the drug is mild endocarcinogen with other toxicity within
the limits as required in the drug discovery procedure. Further
the dose related toxicity could be reduced by formulation of
Boswellic acid-PEG nanoparticles which are novel and proven
to be highly stable, dispersed and crystalline in nature. The
hydrophobic nature of boswellic acid was masked and trans-
formed to stable boswellic acid-PEG nanoparticles with average
size of 253 nm, spherical, crystalline and enhanced bioavail-
ability with sustained release nature. The in vivo—in vitro correl-
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