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-
The present study was aimed to phytochemical and GC-MS analysis for chloroform extract of Tinospora cardifolia. The structure of the |
compounds was further confirmed by UV-spectroscopy and FTIR study. The in silico study like molecular, physico-chemical and drug |
likeliness property was carried out by computational approaches for the identified molecules. Further toxicity potential and pharmacokinetic
profile were also determined. The study was carried out using OSIRIS data warrior and Swiss ADME tools. The docking analysis was |
carried out for the antidiabetic and anti-inflammatory profiles. The compounds were targeted for o-glucosidase, peroxisome proliferator- |
activated receptor, glucose transporter-1, cyclo-oxygenase-1 & 2 inhibitions. There were around 12 compounds identified by GC-MS |
analysis. All the compounds exhibited moderate to good drug likeliness and pharmacokinetic potentials. The molecules showed a good |
bioactivity score against enzyme receptors. The ADMET prediction showed PGP and CYP-inhibitory effects with the least toxic profile. |
The docking analysis showed strong binding affinity of [1S-(1o,3ac,40,6a0)]-1H,3 H-furo[3,4-c]furan tetrahydrophenyl (molecule-7) on
targeted proteins under investigation. I
|

Keywords: Tinospora cardifolia, Chloroform extract, Drug likeliness, Docking analysis, Anti-diabetic, Anti-inflammatory activity.

INTRODUCTION

Phytomedicines are herbal formulations made up of herbal
extracts individually or in combinations used as medicines or
cosmetics due to a wide range of therapeutic effects [1]. Herbal
medicines are lost their popularity due to the increased use of
allopathic medicines and their first effects [2]. But traditional
medicines are using for more than 2000 years when the allo-
pathic system was not started [3]. Attention is being focused
on the investigation of the efficacy of plant-based drugs used
in traditional medicine because they are economic, have few
side effects and according to WHO, about 80% of the world
population rely mainly on herbal remedies [4].

Guduchi or Amritha scientifically called Tinospora cardifolia
(Willd.) Miers ex Hook. f. & Thoms. It is widely distributed
in different parts of India and China [5]. Around 1000 tonnes
plants consume throughout the year in the form of medicines

[6]. T. cardifolia is used in the form of tonics to treat different
types of critical illnesses like jaundice, arthritis, diabetes and
different types of skin diseases [7-9]. The major active consti-
tuent found in T cardifolia are alkaloids, furano diterpenoids,
clerodane norditerpenoids, sesquiterpenoids, phenolics, lig-
nans, sterols, aliphatic compounds, polysaccharides, essential
oil and fatty acids [10,11]. The whole plant possesses hepato-
protective, antiulcer and antioxidant properties, whereas the
stems showed hepatoprotective, antipyretic, cytotoxic, anti-
diabetic and immunomodulatory activities [12-17]. Dried fruits
are used for jaundice and rheumatism, whereas the leaves are
used to treat diabetes [ 18], and the roots are employed for their
powerful emetic, antistress, antioxidant, antiulcer and hypogly-
cemic properties as well as for the treatment of visceral obstruc-
tions [19-23].

In GC-MS analysis, 40 compounds (15 compounds from
chloroform extract, 14 compounds from methanol extract and
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11 compounds from petroleum ether extract) were detected in
the T. cardifolia [24], while 45 numbers of phytochemicals
were identified in ethyl acetate extract [25]. In rational drug
design, major step is the identification and characterization of
the bioactive molecules using advanced spectroscopic techni-
ques like X-ray crystallography and nuclear magnetic resonance
(NMR). The spectroscopy provides stereochemical information
of molecules with the initiation of the structure-based drug
design (SBDD) process. The application of insilico drug design
is commonly based on background experimental information
and computational methodologies [26].

Structure-based drug design describes the specificity and
affinity of ligands with specifically targeted proteins [27]. The
compound having high binding affinity and specificity is consi-
dered a biologically active molecule in respect to specific disease
[28]. The foremost widely approaches used are molecular
docking, molecular dynamics (MD), fragment based drug design
(FBDD) and pharmacophore modeling are referred to because
of the commonest computational SBDD methods [27]. In silico
approaches utilized in ligand-based drug design. It predicts
molecular property, physico-chemical property, drug likeliness
and ADMET prediction. The foremost widely used approach
in ligand-based drug design (LBDD) is ligand chemical simil-
arity, binding affinity and physico-chemical property with
standard molecules. The other is pharmacophore mapping and
quantitative structure-activity relationship (QSAR) [29].

The simulation of a biomolecular interaction is often
achieved by molecular docking. It provides information regar-
ding the affinity of every ligand [30]. The compounds with
high relative molecular mass exhibit unsatisfied pharmaco-
kinetic properties, because of poor solubility. A fragment-based
drug design (FBDD) approach will be applied to overcome this
problem. It is predicated on the identification of the molecules
based on Lipinski rule five [31,32]. Present study was aimed
to perform web and software-based SBDD, FBDD and LBDD
design of the compounds present in the chloroform extract of
Tinospora cardifolia. The presence of the compounds was
determined by spectral and GC-MS analysis. Based on the
literature present study, it was also aimed to target specific
binding proteins for the compounds of Tinospora cardifolia
responsible for antidiabetic and anti-inflammatory activities.

EXPERIMENTAL

Tinospora cardifolia extract: The hydroalcoholic extract
of Tinospora cardifolia was purchased from Herbal creation,
Nainital, India. Approximately 100 g of hydroalcoholic extract
was suspended in 250 mL of petroleum ether to remove fatty
components. Remove the petroleum ether and air-dried. To
the dried extract, added 250 mL of chloroform and kept for
24 h. The resulting extracts were evaporated in the rotary flash
evaporator to remove excess chloroform. The extract was air
dried in a desiccator and stored in an airtight glass container.
The resulting extract was used for further analysis.

Phytochemical analysis: The alkaloids, glycosides,
steroids, phenolics, aliphatic compounds, polysaccharides,
furono diterpene glucoside, protein, calcium and phosphorus
are major active chemical constituents of 7. cardifolia. The

hydroalcoholic and chloroform extracts were taken for different
phytochemical analysis as per literature procedure [33,34].

GC-MS full scan analysis: The chloroform extract of T.
cordifolia was subjected to GC-MS full scan analysis. Accu-
rately weighed 50 mg of chloroform extract was dissolved in
100 mL of HPLC grade methanol. The resulting solution was
further diluted to 10 mL to get the desired concentration of 30
png/mL and used for analysis.

The separated compounds were identified by comparing
their mass spectra with the mass spectral data of the compounds
present in the NIST library data base.

Determination of wavelength: Accurately weighed 100
mg of chloroform extract and transferred into a 100 mL
volumetric flask, dilute to 100 mL with phosphate buffer (pH
6.8). From the above solution taken 10 mL of the solution into
al00 mL volumetric flask dilute it to volume with diluents
and mixed well (concentration: about 100 pg/mL). From the
above stock solutions taken 3 mL of the solution to 10 mL of
volumetric flask and further diluted to 10 mL to get desired
concentration of 30 pg/mL and used for analysis. The solution
was scanned from 200-400 nm, the instrument was scanned
in spectrum mode and determine the absorbance. The study
was carried out in triplicate.

FTIR analysis: The FTIR analysis was carried out by Bruker
(3000 Hyperion Microscope with Vertex 80 FTIR System),
Germany associated with Micro ATR, Grazing angle. Approxi-
mately 1 mg of extract was placed on the sampling plate and
was scanned at 4000-450 cm™, with a spectral resolution of
FTIR 0.2 cm™.

Preparation of structure: The structure of the titled
compound was prepared by Chemdraw ultra 12.0.2. SMILES
notations of the title compounds were obtained by using ACD
labs Chemsketch version 12.0. The structures were converted
to mol2 by using Chem 3D pro 12.

Molecular, physico-chemical property and toxicity
potential of compounds: The smile notation of compounds
was entered in Osiris data warrior software and calculated
molecular properties like shape index, molecular flexibility,
molecular complexity of the scanned compounds found in GC-
MS analysis. Similarly, physico-chemical properties such as
molecular weight, partition coefficient (cLog P), water solubility
in moles/ liter (cLogS), hydrogen bond acceptors and donors,
total surface area, relative polar surface area, topological polar
surface area (TPSA) and violations of Lipinski’s rule of five
were calculated to evaluate the drug likeliness of the compounds.

The toxicity profile like mutagenic, tumorigenic, repro-
ductive effective, irritant property was also calculated. Fraction
Csp3 and molar refractive index was calculated using the Swiss
ADME online tool http://www.swissadme.ch/index.php. The
molecular, physico-chemical property and toxicity potential
of the compounds were compared with the standard drugs.
The absorption percentage (% Abs) was also determined by
using the following formula:

Absorbance (%) = 109 — (0.345 x TPSA)

Drug likeliness and bioactivity score: SMILES notations
of the molecules were placed in the online tool Swiss ADME
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(http://www.swissadme.ch/index.php) to predict drug like-
liness properties like Lipinski, Ghose, Veber, Egan, Muegge,
Bioavailability Score. Molinspiration software version 2011.06
(www.molinspiration.com) was used to calculate the score for
drug targets including enzymes and nuclear receptors, kinase
inhibitors, GPCR ligands and ion channel modulators. The
bioactivity rader of molecules and standards was prepared
using the Swiss ADME tool.

Pharmacokinetic potential: The pharmacokinetic potential
of the compounds was determined by the online tool to Swiss
ADME (http://www.swissadme.ch/index.php). The pharmaco-
kinetic properties like GI absorption, BBB permeant, PGP
substrate, CYP1A2 inhibitor, CYP2C19 inhibitor, CYP2C9
inhibitor, CYP2D6 inhibitor, CYP3 A4 inhibitor, Log Kp (skin
permeation) was also calculated. Based on the values deter-
mined boiled egg diagram was prepared using the Swiss ADME
tool.

Docking analysis: Docking analysis of the molecules was
carried out using Swiss dock (http:/www.swissdock.ch/docking)
and UCSF Chimera 1.5.3 was used for interactive visualization
and analysis of molecular structures and related data, including
density maps, trajectories, and sequence alignments. The targeted
proteins 5zcb (o-glucosidase), Sycp (Human PPARgamma
ligand-binding domain complexed with Rosiglitazone), 4pyp
(crystal structure of the human glucose transporter GLUT1),
leqg (The COX-1 complexed with ibuprofen), 3In1 (structure
of celecoxib bound at the COX-2 active site) was collected from
RSCB protein data bank in pdb format. The molecules were
converted to Mole? file format.

The proteins and molecules was submitted to the Swiss
dock server for flexible docking. Docking analysis was carried
out by UCSF Chimera 1.5.3 to analyze binding score, binging
pose and binding residue. Out of 250 clusters least one is consi-
dered as best binding score.

RESULTS AND DISCUSSION

Though different types of pharmacological activity were
reported for the selected plant. The present study was focused
on the antidiabetic and anti-inflammatory activities of the plant
extract. The structure-based flexible docking analysis was
carried out for compounds found in the extract. The main aim
behind the study was to find out the molecules which one is
selectively responsible for antidiabetic and anti-inflammatory
activities.

Phytochemical analysis: The maximum percentage yield
for chloroform extract of Tinospora cardifolia was found to
be 22.8%. The phytochemical analysis was carried out for the
extract as per the literature procedure. The presence of alkaloids,
flavanoid, steroid, phenolic compound, lignin, terpenoids and
aliphatic compounds in chloroform extract of Tinospora
cardifolia is detected (Table-1).

TABLE-1
PHYTOCHEMICAL ANALYSIS
Phyto constituents Llycisdlcerelic Chloroform extract

extract
Alkaloid Positive Positive
Steroid Positive Positive
Flavanoid Positive Positive
Phenol Positive Positive
Lignan Positive Positive
Tannin Positive Negative
Saponin Positive Negative
Carbohydrates Positive Negative
Vitamins Positive Negative
Terpenoid Positive Positive
Aliphatic compounds Positive Positive

GC-MS analysis: The GC-MS chromatogram is shown
in Fig. 1 and the results are tabulated in Table-2. A total of 12

TABLE-2
GC-MS ANALYSIS FOR CHLOROFORM EXTRACT OF Tinospora cardifolia
I\gg%: ;ﬂ;?g OI;C;ZZEt:rg:a m.w. m.f. Name of compound® Pro?{;}t)):hty
1 18.5037 9.555884938 180 C,H;,04 4-[(1E)-3-hydroxy-1-propenyl]-2-methoxy phenol 73.9
2 21.5213  5.676235595 250 C,H,N,O, 5,10-Diethoxy-2,3,7,8-tetrahydro-1H,6H-dipyrrolo[1,2a,1',2'd]pyrazine 68.9
3 22.194  6.060772313 210 C;H,O, 2,5-Dimethoxy-benzenemethanol acetate 14.2
4 30.001  6.904304091 192 C;;H,0 1H-2-indenone,2,4,5,6,7,7a-hexahydro-3-(1-methylethyl)-7a-methyl 18.4
5 30.9136  9.995264399 250 C,H,0, 3-Cyclopentyl-6-hydroxy-6-methyl5-(1-methylethyl)-3,4-heptadiene-2- 9.22
one
6 31.5265 10.10620459 358  C,H,Oq Columbin 22.4
7 32.2059 16.58073934 446  C,H;,0y [1S-(1o,3a0,40,6a0)]-1H,3H-Furo-[3,4-c]furan tetrahydro phenyl 94.8
8 329719 4.725871145 376  CyH3;,0s [1S(1o,42a0,4bB,8B,8a0, 10aB)]-1-Phenanthrene carboxylic acid 10.7
tetradecahydro-7-[2-methoxy-2-oxothylidene]-1,4a,8-timethyl-9-oxo-
methylester
9 34.3775 7.338484499 349 C,H,,NOs; 2,6-Ditetra butyl-4-methoxy phenylester-1nitro cyclopropane 13.1
carboxylic acid
10 36.5823 5.730121921 220 C;3H,;(O; 3,4-Dihydro-4,4,5,8-tetramethyl-coumarin-6-ol 4.96
11 439829 5.97908391 416  C,sH;0; Acetic acid 17-acetoxy-4,4,10,13-tetramethyl-7-ox0-2,3,4,7,89.0.11.12. 12.2
13.14.15.16.17-tetradecahydro- 1 H-cyclopenta(a)-phenanthren-3yl-ester
12 44.6091 5.535500245 376  CyH;,Os [1S(1o,4a0,4bB,8B,8a0,10aP)]-1-phenanthrene carboxylic acid 10.7

tetradecahydro-7-[2-methoxy-2-oxothylidene]-1,4a,8-timethyl-9-oxo-
methylester

“Name of the compounds and percentage of probability was collected from compound library prepared during GC-MS analysis
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Fig. 1. GC-MS chromatogram for chloroform extract of Tinospora cardifolia

compounds were identified in chloroform extract of Tinospora
cardifolia. The structure of compounds was confirmed by the
NIST search library prepared during analysis. Out of all the
compounds reported molecule 6 (10.10 %) and molecule 7
(16.58 %) were found in higher concentrations at the retention
time of 31.52 and 32.20 min, respectively.

UV and FTIR analysis: The UV sstudy of the extract
was carried out using phosphate buffer (pH 6.8) at 30 pg/mL.
The spectrum (Fig. 2) exhibited the absorbance maxima at
215 nm and showed the m-rt transitions. The FTIR analysis
was carried out on the extracts for the compounds found in
GC-MS analysis. The FTIR peaks (Fig. 3) at 3391.14 (-OH,
str:); 2919.80 (-OCHG, str:); 1620.70 (C=0, str:); 1384.61(-C-O-,
str) and 1153.07(-C-N, str.) exhibited the presence of reported
compounds in GC-MS analysis.
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Fig. 2. UV-spectrum for chloroform extract of Tinospora cardifolia
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Fig. 3. IR spectra for chloroform extract of Tinospora cardifolia

Molecular property: The shape index, molecular flexi-
bility and molecular complexity play a vital role in drug action
and binding with the receptor molecules. Generally, linear shape
molecules are considered ideal drug molecules [35]. Whereas
molecules with high flexibility and low molecular complexity
are considered for proper binding affinity toward the receptors
[36,37]. The molecular property of the molecules was deter-
mined by Orasis data warrior software. The results shown that
molecules-1, 2 and 3 are linear in shape whereas molecules-6
to 12 are spherical (Table-3). Except for molecule-9, all the
molecules showed low molecular flexibility. Similarly, all the

TABLE-3
MOLECULAR PROPERTIES ALONG WITH SMILE NOTATION FOR THE COMPOUNDS
IDENTIFIED BY SPECTRAL ANALYSIS FOR CHLOROFORM EXTRACT OF Tinospora cardifolia

Molecules Structure and name of compounds Smile notation Shapc-i Mol_ec_u_lai Molecul_arc
index flexibility”  complexity
Sy s
1 al® X ol Oclcec(cc10CN\C=C\CO 0.69231 0.39309 0.66172
4-[(1E)-3-hydroxy-1-propenyl]-
2-methoxy phenol
[Nj\( o
CCOC2=CICCCNSC 055556 029736 088256

: oY

5,10-Diethoxy-2,3,7,8-tetra hydro-1H,6 H-
dipyrrolo [1,2a,1',2'd]pyrazine

(OCC)=C1CCCN12
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(0)
NSO Oh
o

2,5-Dimethoxy-benzenemethanol acetate

S

1H-2-Indenone,2,4,5,6,7,7a-hexahydro-
3-(1-methylethyl)-7a-methyl

HO O

\(

()

-

O
~

Columbin/(10S)-2-(furan-3-yl) -7-hydroxy-
10b-methyl-4a,5,6,6a,7,10,10a,10b-
octahydro-1H-10,7-(epoxymethano)benzol[f]
isochromene-4,12(2H)-dione

(0]

3-Cyclopentyl-6-hydroxy-6-methyl5-(1-
methylethyl)-3,4-heptadiene-2-one
H3CO

o) OCH3
H3CO
Comomn
OCHg

[1S-(1a,3a0,40,6a00)]-1H,3H-Furo-
[3.4-c]furan tetrahydrophenyl
I

(@) 0)

)

/ (0)
[1S(1o4ac,4bp,8p,8a0,10aB)]-1-
Phenanthrene carboxylic acid tetradecahydro-
7-[2-methoxy-2-oxothylidene]-1,4a,8-
timethyl-9-oxo-methylester

WO
9 (@]
O/

2,6-Di-tert-butyl-4-methoxyphenyl-1-nitro-
cyclopropane-carboxylate

0. _0O

10 HO

3,4-Dihydro-4,4,5,8-
tetramethyl-coumarin-6-ol

COclcec(cc1COC(C)=0)0C

CC(O)C=1C(=0)CC2 (O)CCCCC=12

0=C40C(CC3(C)C4CCC1C3
C2C=CC1(0)C(=0)02)c5ccocs

O=C(O\C(=C=C(/C(O)C)
C(C)(©)o)ciceect

COclce(cc(0C)c10C)C40CC3C4
COC3c2cc(0C)c(0C)c(0C)c2

0=C(0OC)CC1CCC2C(CIC)C(=0)
CC3C(C)(CCcC230)C(=0)0C

0=N(=0)C1(CC1)C(=0)Oc2c
(cc(0C)cc2C(C)(C)C)C(C)(C)C

Cc2¢(0)ce(C)e1 OC(=0)CC(C)(C)el2

0.6

0.5

0.44

0.44444

0.5

0.51852

0.44

0.5

0.44821

0.35408

0.37897

0.44235

0.31125

0.51063

0.55834

0.2281

0.65645

0.77373

0.96293

0.63962

0.88837

0.88017

0.7679

0.83059
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)

N

O

11
)J\O O

4,4,10,13-Tetramethyl-7-oxo-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopenta[a]-
phenanthrene-3,17-diyl diacetate

HO o
O
HO.

0]

0) OH
1,7-Dihydroxy-8b-(2-hydroxy acetyl)-6a,8a-
dimethyl-10-propyl-6a,6b,7,8, 8a,8b,11a,12,

12a,12b-decahydro- 1 H-naphtho-
[2',1":4,5]indeno[1,2-d][1,3]dioxol-4(2H)-one

CHs

HaC
HoN~ ?
Celicoxib 20mS
(0] N N

Ibuprofen

Metformin N N JJ\

Ve

Rosiglitazone HN |

(0]

CC(=0)0C4CCC3(C)C2
CCC1(C)C(CCC10C(C)=0) 0.5
C2C(=0)C=C3C4(C)C

0.38054 0.94515

OCC(=0)C530C(0C5CC2
12 C1C(0)CC4=CC(=0)C=CC4
(O)C1C(0)CC23C)CCC

0.46875 0.35148 1.0499

- 0.67 0.62 0.56

0.47398 0.82757

= 0.66667 0.79706 0.54931

= 0.68 0.53192 0.70181

“Molecular shape index (spherical < 0.5 < linear); "Molecular flexibility (low < 0.5 < high); “Molecular complexity (low < 0.5 < high).

molecules shown higher molecular complexity compared to
standards.

Physico-chemical property: The physico-chemical prop-
erties like molecular weight, partition coefficient, solubility,
H-acceptors, H-donors [38], total surface area, relative polar
surface area, TPSA (f‘f) [39], percentage of absorption, Fraction
Csp3, molar refractive index [40] have great significance on
biological activity and drug likeliness property of the mole-
cules. The physico-chemical properties were calculated using
Osiris data warrior and Csp3, while the molar refractivity was
calculate using the Swiss ADME tool. All the molecules
exhibited good drug likeliness characteristics with respect to
the standard (Table-4). Based on the molecular and physico-
chemical properties, the bioactivity reader is shown in Fig. 4.

Drug likeliness: The total drug likeliness characteristics
like Drug likeness score, Lipinski, Ghose, Veber, Egan and
Muegge rule. The bioavailability score of all the molecules
was also calculated by using the Swiss ADME tool. All the
molecules followed drug likeliness as per Lipinski, Ghose,
Veber, Egan’s rule (Table-5). Except for molecules 1,4 and 9,
all molecules followed Muegge rules. The bioavailability score
was found to be 0.55 in respect of all the compounds. Out of
12 molecules found in GC-MS analysis, molecules 2, 5 and
12 exhibited positive drug likeliness values 0.54, 0.73 and 2.74,
respectively. The results showed the good drug likeliness
characteristics in comparison to standards.

Bioactivity score: The bioactivity score was determined
on GPCR ligand (G-Protein coupled receptor), ion channel



348 Kumar ef al.

Asian J. Chem.

e, SIZE FLEX _ -~
2-)5 S\\\"
|
i
i
!
|
| L~
: P
-~ POLAR INSATU "~
INSOLU INSOLU
Molecule-1 Molecule-2
LIPO
) -\\ -
FLEX ..~ T SIZE FLEX o -~
i i - i -
; - B
s
’ ey i
P 7 {,<f
INSATU '™ =7 > POLAR INSATU . ™
_,/
INSOLU INSOLU
Molecule-4 Molecule-5
Lipo
. ) ) ] "~.\\N>“\7»
- SIZE FLEX = R S T, SIZE
' | < ~ >
i i
[ | i |
|| *
i i
~L | Lk ~
.~ POLAR INSATU ~ " 7 POLAR
INSOLU INSOLU
Molecule-7 Molecule-8
LIPO ITIRO
- e ... p > . .
" FLEX = o AR~ s SIZE
e / \\ e
i o > i
= |
! =] :
N
P R
INSATU 7 S ~J " 7 poLar
b, W ."/ ’_/'
- "/’..
INSOLU
Molecule-11
LIPO

Ibuprofen

INSOLU
Celicoxib

“.SIZE FLEX < .

FLEX

[ ——

INSATU “_ ™

T sizE FLEX. -

INSOLU
Molecule-3

INSOLU

Molecule-6

POLAR

~.
Sl N

INSOLU

Molecule-12
LIPO

S

< 7POLAR _V° ~~ " POLAR «
\\{J‘ » il \\~\5P =T
INSOLU INSOLU
Metformin Rosiglitazone

The coloured zone is suitable physico-chemical space for oral bioavailability. LIPO (liphophilicity): 0.7 < XLOGP3 < +5.0;
SIZE: 150 g/mol < MV; POLAR (polarity): 20 A> < TPSA < 130 A% INSOLU (insolubility): 0 < LOGS (ESOL) < 5.0;
INSATU (insaturation): 0.25 < Fraction Csp® < 1; FLEX (Flexibility): 0 < Number of rotatable bond < 9
Fig. 4. Bioactivity radar of the molecules identified in GC-MS analysis in comparison to standards
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TABLE-4
PHYSICO-CHEMICAL PROPERTY OF THE MOLECULES IDENTIFIED IN GC-MS ANALYSIS
Total . .
cLog cLog - H- H- Relative ~ TPSAY . Fraction £
Molecules m.w. pa 0 Solubility Acceptors  Donors suar;f::e PSAC (A2) % abs Csp3 MR
1 180.202  1.4078  -1.739 Soluble 3 2 148.48 0.2438 49.69 91.857 0.12 41.92
2 250.341  3.2204 -4.85 Soluble 4 0 194.04  0.13966 24.94 100.396 0.2 51.02
3 210.228  1.4069 -1.946 Soluble 4 0 171.55 0.25089  44.76 93.5578 0.67 70.14
4 192.301  3.2709  -2.945 Soluble 1 0 155.66  0.08377 17.07 103.111 0.5 77.84
5 344362 0.6348  -3.103 Soluble 6 1 234.16  0.31299 85.97 79.3404 0.25 69.9
6 250.38 3.736 -2.932 Soluble 2 1 211.29  0.12372 37.3 96.1315 0.58 85.55
7 446.494 25818  -3.074 Soluble 8 0 337.1 0.23732 73.84 83.5252 0.29 68.86
8 378.507 3.4309 -4.004 Moderately 5 0 287.19  0.20586 69.67 84.9639 0.89 121.79
soluble
9 349425  3.6297  -4.747 Poorly 6 0 265.75 0.2388 81.35 80.9343 0.73 71.11
soluble
10 220.267 2.4543  -3.284 Soluble 3 1 167.07 0.21632  46.53 92.9472 0.5 116.82
11 416.556 4.2141 -4.819 Moderately 5 307.31  0.19238 69.67 84.9639 0.71 96.01
soluble
12 446.538 1.2467 -3.423 Soluble 7 3 309.83  0.27557 113.29 69.915 0.7 108.59
Ibuprofen 206.284 3 -2.89  Moderately 2 1 172.9 0.15119 37.3 94.63 0.12 89.96
soluble
Celicoxib 381.377 2.5888  -4.174  Moderately 5 1 259.56  0.23767 86.36 79.2058 0.12 89.96
soluble
Metformin 129.166  -1.7137  0.827 Very 5 4 108.92  0.56445 88.99  78.29845 0.5 36.93
soluble
Rosiglitazone 357.433  2.1619  -3.666 Moderately 6 1 269.07  0.29565 96.83  75.59365 0.28 101.63
soluble

3P=[n-Octanol]/[Water]; (cLog P); S = Water solubility in mol/L at pH = 7.5 (25 °C) (cLog S); “Relative polar surface area (Relative PSA); “Toplogical
polar surface area (TPSA); “Percentage of absorption (%Abs); ‘Molar refractive index.

TABLE-5
DRUG LIKENESS OF THE MOLECULES IDENTIFIED IN GC-MS ANALYSIS
Molecules l.Drug Lipinski Ghose Veber Egan Muegge el s
ikeness score
1 -1.5442  Yes; 0 violation Yes Yes Yes No; 1 violation: MW < 200 0.55
2 0.5405 Yes; 0 violation Yes Yes Yes Yes 0.55
3 -1.5116  Yes; 0 violation Yes Yes Yes Yes 0.55
4 -4.7835  Yes; 0 violation Yes Yes Yes No; 2 violations: MW < 0.55
200, Heteroatoms < 2
5 0.7353 Yes; 0 violation Yes Yes Yes Yes 0.55
6 -3.4063  Yes; 0 violation Yes Yes Yes Yes 0.55
7 -0.886 Yes; 0 violation Yes Yes Yes Yes 0.55
8 -8.685 Yes; 0 violation Yes Yes Yes Yes 0.55
9 -7.9208  Yes; 0 violation Yes Yes Yes No; 1 violation: 0.55
XLOGP3 > 5
10 -3.3599  Yes; 0 violation Yes Yes Yes Yes 0.55
11 -0.3236  Yes; 0 violation Yes Yes Yes Yes 0.55
12 2.7463 Yes; 0 violation Yes Yes Yes Yes 0.55
Ibuprofen 0.085 Yes; 0 violation No; 1 violation: Yes Yes Yes 0.55
WLOGP > 5.6
Celicoxib -8.1085  Yes; 0 violation No; 1 violation: Yes Yes Yes 0.55
WLOGP > 5.6
Metformin 3.5915 Yes; 0 violation No; 3 violations: MW Yes Yes No; 2 violations: MW < 0.55
< 160, WLOGP < -0.4, 200, #C <5
MR < 40
Rosiglitazone  7.5038  Yes; 0 violation Yes Yes Yes Yes 0.55

modulator, a kinase inhibitor, nuclear receptor ligand, pro-
tease inhibitor and enzyme inhibitor. A bioactivity score of
more than 0 is considered as a good, -0.50 to O consider as
moderate and less than 0.5 is considered as inactive compounds
[41]. Based on the results (Table-6), the bioactivity order for
the molecules in respect to target receptors are Enzyme
inhibitor > Nuclear receptor > GCPR ligand > Protase inhibitor
> Ton channel modulator > Kinase inhibitor. Out of 12

molecules isolated molecules 4, 5, 6, 7, 8, 9, 10, 11 and 12
shown bioactivity score more than O in respect of different
receptors.

Toxicity profiles: The toxicity potential of the molecules
was determined for the mutagenic, tumorigenic, reproductive
effects, irritant properties by Osiris data warrior. Table-7 shows
that molecules 6 and 11 have a high and low reproductive
effect,whereas molecules 5. 9 and 10 are irritant in nature.
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TABLE-6

BIOACTIVITY SCORE OF THE MOLECULES IDENTIFIED IN GC-MS ANALYSIS

Ton channel

Nuclear receptor

Molecules GPCR ligand Kinase inhibitor . Protease inhibitor =~ Enzyme inhibitor
modulator ligand
1 -0.55 -0.05 -0.74 -0.30 -1.00 -0.08
2 -0.23 -0.33 -0.10 -0.21 -0.52 -0.01
3 -0.50 -0.20 -0.81 -0.48 -0.53 -0.19
4 -0.62 -0.14 -1.00 -0.23 -0.54 0
5 0.55 -0.17 -0.32 0.66 -0.13 0.47
6 -0.32 0.10 -0.44 0.12 -0.27 0.09
7 -0.03 -0.25 -0.19 -0.10 -0.16 0.01
8 0.14 0.12 -0.57 0.45 0.12 0.39
9 0.04 0.13 -0.10 0.11 0.05 0.10
10 -0.29 -0.29 -0.69 0.04 -0.78 -0.06
11 0.05 -0.04 -0.62 0.60 0.01 0.63
12 0.20 -0.35 -0.64 1.26 0.25 0.65
Ibuprofen -0.17 -0.01 -0.72 0.05 -0.21 0.12
Celicoxib -0.06 -0.27 0.01 -0.28 -0.06 0.17
Metformin -1.44 -0.82 -2.47 -3.48 -1.11 -1.59
Rosiglitazone 0.15 -0.65 -0.61 0.35 -0.21 -0.07
TABLE-7 drug interactions and also increases the accumulation of drugs

TOXICITY PROFILES OF THE MOLECULES
IDENTIFIED IN GC-MS ANALYSIS

Reproductive

Molecules Mutagenic  Tumorigenic effective Irritant
1 None None None High

2 None None None None

3 None None None None

4 None None None None

5 None None None High

6 None None High None

7 None None None None

8 None None None None

9 None None None High

10 None None None High

11 None None Low None

12 None None None None
Ibuprofen None None None None
Celicoxib None None None None
Metformin High None High None
Rosiglitazone None None None None

Pharmacokinetics profiles: Most of the biomolecules
are absorbed by the active or passive diffusion process. GI-
absorptivity is an important parameter for oral absorption of
bimolecular substances. The small intestine has the largest area
for absorption of drugs in the GI tract than the stomach due to
and the permeability of its membrane [42]. As the intestine is
considered a major site of absorption so prediction of human
intestinal absorption (HIA) of drug compounds is necessary
[43]. The blood-brain barrier controls the entry of drug mole-
cules into the brain. The molecules which have drug likeliness
properties may cross the blood-brain barrier and may cause
some toxic effects. So it is important to predict the BBB penetr-
ability as well as toxicity profile of the molecules [44].

The PGP played a vital role in the drug disposition process
like urinary excretion mechanism, a biliary excretion mech-
anism. It is also an important factor absorption barrier of oral
bioavailability and the blood-brain barrier, which limits the
accumulation of drugs in the brain. The PGP inhibition causes

in the brain [45]. Cytochrome P450 is the class of enzymes
essential for the metabolism of drugs. Inhibition of cytochrome
P450 (CYP) enzymes by a drug may decrease the metabolism
of drugs and other metabolic processes [46]. The skin perme-
ability of the drug substances is an important criterion for tropical
applications. The measurement of the rate at which a molecule
can cross the lipid bilayer membrane of the skin is called skin
permeation coefficient (KP). It is expressed in cm/s and equal
to diffusion coefficient by the width of the membrane [47].
The pharmacokinetic profile like GI absorption, BBB per-
meant, P-GP substrate, CYP inhibitory effect (1A2; 2C19; 2C9;
2D6, 3A4), Log Kp (skin permeation) was determined by the
Swiss ADME tool. Fig. 5 shows that all the molecules have
Gl-absorption capacity, The molecules 1,2, 3,4,6,7,8, 10 &
11 have blood-brain barrier penetrability. Similarly for mole-
cules 5, 9 and 12 human intestinal absorptions (HIA) capacity
is more. The molecules 5, 6 and 12 exhibited the PGP initiator
effect whereas molecules 1.2. 3.4.7.8.9.10 and 11 exhibited
PGP inhibitory effect shown (Table-8). Except for molecules
1,4, 5 and 6, all other molecules have a CYP-inhibitory effect
against different CYP inhibitors. The results also reported skin
permeability of the molecules in the acceptable range.
Docking analysis: Docking is an important tool for the
prediction of the predominant binding mode(s) of a ligand with
a protein of known three-dimensional structure. From ligand-
based approaches, it was found most of the molecules present
in chloroform extract are biologically active with good pharma-
cokinetics and therapeutic profile [48]. Based on the fact pre-
liminary docking analysis was carried out on different targeted
proteins like 5zcb, Sycp, 4pyp for o-glucosidase, PPAR gamma
ligand binding and human glucose transporter GLUT1 inhib-
ition and leqg, 3Inl for COX-1 and COX-2 inhibitory effects
in respect of all the compounds and results were compared with
standards metformin, rosiglitazone, ibuprofen and celecoxib.
The results in Table-9, represent FullFitness (kcal/mol)
and binding energy AG (kcal/mol) of the molecules. Molecules
7 and 12 have good PPAR gamma ligand binding affinity,
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Fig. 5. Boiled egg diagram for the molecules identified in GC-MS analysis in comparison to standard

TABLE-8
PHARMACOKINETICS PROFILES OF THE MOLECULES IDENTIFIED IN GC-MS ANALYSIS
Moleules Gl BBB  Pgp . CYPIAZ  CYPCIY  CYP2C9  CYPADG  CYRIA4 OER
absorption permeant substrate inhibitor inhibitor inhibitor inhibitor inhibitor "

permeation)
1 High Yes No No No No No No -6.13 cm/s
2 High Yes Yes No Yes No Yes No -6.33 cm/s
3 High Yes No Yes No No No No -6.48 cm/s
4 High Yes No No No No No No -5.19 cm/s
5 High No Yes No No No No No -7.15 cm/s
6 High Yes No No No No No No -5.63 cm/s
7 High Yes No No No No Yes No -6.98 cm/s
8 High Yes No No No No Yes No -5.73 cm/s
9 High No No Yes Yes No No Yes -4.65 cm/s
10 High Yes No Yes No No No No -5.59 cm/s
11 High Yes No No No Yes No No -5.77 cm/s
12 High No Yes No No No No No -8.04 cm/s
Ibuprofen High No No Yes No Yes No No -6.21 cm/s
Celicoxib High No No Yes No Yes No No -6.21 cm/s
Metformin High No No No No No No No -7.84 cm/s
Rosiglitazone High No No No Yes Yes Yes Yes -6.27 cm/s

whereas molecules 7 and 11 exhibits antidiabetic activity by
GLUT-1 inhibition. To anti-inflammatory activity molecules,
7 and 9 have COX1 and 7 and 8 have COX2 inhibition. The
binding pose and binding residue of the molecules with good
binding affinity represents in Figs. 6-9. From the detailed
analysis, it was found that among all the studied compounds,
molecule-7 has a good inhibitory action on different targeted
proteins.
Conclusion

The compounds reported in GC-MS analysis showed that
[1S-(1a,3a0,40,6a0)]-1H,3H-furo[3,4-c]furan tetrahydro-
phenyl (molecule 7) was found in the highest concentration in
chloroform extract of plant Tinospora cardifolia. From the
detailed analysis it was found that all the compounds exhibit

good drug likeliness properties along with good toxicity
potential and pharmacokinetic profiles. But due to the PGP
and CYP inhibitory effect, some development at the formu-
lation level is required on a pharmaceutical point of view. In
docking analysis it was found that [1S-(1o,3a0, 40,6a0)]-
1H,3H-furo-[3,4-c]furan tetrahydrophenyl (molecule-7) have
strong binding affinity on targeted proteins under investigation.
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Fig. 8. Binding pose and aminoacid residue for molecule 7 and 9 with leqg
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TABLE-9
BINDING SCORES OF THE MOLECULES IDENTIFIED IN GC-MS ANALYSIS
Sycp 4pyp leqg 3Inl
Molecules Full fitness erfelrrg/mAgG Full fitness erilrlgfmiG Full fitness erfelrlglmAgG Full fitness erilrlgfmiG
Gt || e | SR ety | ) i)
1 -1798.00 -7.00 -1205.83 -6.82 -2137.25 -7.08 -2279.32 -1.24
2 -1781.24 -7.49 -1186.37 -7.41 -2122.96 -6.92 -2254.95 -7.19
3 -1809.76 -1.2 -1213.21 -6.85 -2152.11 -7.38 -2284.82 -7.53
4 -1802.61 -6.98 -1210.61 -6.90 -2146.55 -6.63 -2279.80 -6.44
5 -1735.37 -7.63 -1142.65 7.51 -2073.64 -7.32 -2211.01 -7.20
6 -1735.91 -7.47 -1140.11 -7.80 -2073.12 -6.92 -2209.41 -7.17
7 -1711.87 -8.84 -1132.40 -9.25 -2055.84 -8.24 -2184.25 -8.34
8 -1790.69 -8.22 -1186.07 -8.14 -2124.00 -7.33 -2270.88 -7.89
9 -1551.67 -7.93 -954.12 -8.21 -1886.43 -7.57 -2022.52 -1.37
10 -1790.48 -6.86 -1199.46 -7.04 -2126.07 -7.14 -2266.47 -6.72
11 -1775.32 -7.89 -1189.75 -8.44 -2102.62 -7.38 -2259.13 -7.82
12 -1719.07 -8.51 -1115.59 -7.90 -2047.18 -7.55 -2189.75 -1.57
Metformin - - -1389.93 -6.38 - - - -
Rosiglitazone -1849.54 -8.50 - - - - -
Ibuprofen - - - - -2158.39 -1.74 - -
Celicoxib - — — — — — -2275.95 -10.30

Binding energies -6.0 to -7.0 consider as less binding affinity, -7.0 to -8.00 consider as moderate binding affinity and -8.00 to -10.00 consider as
good binding affinity.

L ASP 463
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Fig. 9. Binding pose and amino acid residue for molecule 7 and 8 with 3Inl
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