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Phytochemical Screening, Isolation and Estimation of 
Bioactive lupeol, In-vitro and In-silico Neuroprotective Effect of 
Phytoconstituents from Karnasphota: Cardiospermum halicacabum 
Linn. Roots 
Hiral R Topiya*, Devang J Pandya
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Introduction
AD is linked to brain cholinergic neurotransmission 
impairment and memory and focus decline.[1] Perkinson’s 
disease (PD), a severe neurodegenerative disorder, causes 
the ventral midbrain’s substantia nigra pars compacta to 
lose dopaminergic neurons, causing parkinsonism.[2,3]  

Both of these disorders impact older individuals, 
disrupting their daily activities. These disorders cannot 
be reversed, but we can only halt their further progression 
with the use of existing modern medicines. The herbal 
medicines mentioned in Ayurveda can be scientifically 
evaluated to discover alternative therapies for Alzheimer’s 
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The importance of herbals in neurodegenerative disorders lies in their ability to offer multifaceted 
therapeutic benefits, including neuroprotection, anti-inflammation, antioxidant effects and cognitive 
enhancement. Karnasphota is a memory enhancer as per Ayurveda and is described as Medhya. This claim 
is evaluated scientifically for the scope of treating neurodegenerative disorders. Proximate analysis and 
phytochemical profiling were performed after solvent extraction of the powdered root of Cardiospermum 
halicacabum L. An in-vitro DPPH antioxidant assay, acetylcholinesterase and tyrosinase enzyme inhibition 
effect were carried out to identify the capability of root extract as a neuro-shielding agent. The total content 
of bioactive triterpenoid lupeol was estimated by HPTLC, followed by its isolation. The total lupeol content 
as a bioactive marker found was 6.400 µg. The plant root phytoconstituents are potent antioxidants with 
IC50 89.08 µg, comparable to the positive control. The potency of the phytoconstituents was demonstrated 
by in-vitro inhibition of acetylcholinesterase and tyrosinase enzymes as compared to physostigmine and 
pregabalin, respectively, by HPLC that shows optimum potency compared to standards. An in-silico study 
against AChE evaluated the potential of the identified phytoconstituents. An in-silico study revealed most 
phytoconstituents are promising anti-Alzheimer’s leads compared to donepezil, an acetylcholinesterase 
inhibitor.
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A B S T R A C TA R T I C L E  I N F O

disease (AD), Parkinson’s disease (PD), and related 
neurodegenerative disorders.[4,5]

Karnasphota, Cardiospermum halicacabum L., a Sapindaceae 
plant, is found throughout the tropic and subtropic regions 
of Asia and Africa. India has used it for centuries as 
Ayurvedic traditional medicine.[6,7] This plant is reported 
with numerous pharmacological properties, including 
antimicrobial, antioxidant, analgesic, vaso-depressant, 
and anti-inflammatory properties on the leaves and 
stems of the plant. The leaf extract with methanol from 
C. halicacabum Linn. demonstrated neuroprotective 
properties against scopolamine-induced neurotoxicity in 
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albino mice. It effectively modulated acetylcholinesterase 
activity throughout the brain, reduced amnesia caused by 
scopolamine, and improved learning and memory. The 
prior research on Karnasphota investigated the potential 
inhibitory effects of tyrosinase, acetylcholinesterase, 
and butyrylcholinesterase (AChE), as well as its potent 
antioxidant activities with the phytoconstituents of 
extracts obtained from seeds and aerial parts. The main 
chemical components identified through phytochemical 
analysis of seeds and above-ground parts were apigenin, 
apigenin-7-O-glucoside, and luteolin. Another study also 
demonstrated that the C. halicacabum Linn’s alcoholic root 
extract exhibits potent anticonvulsant effects and minimal 
motor toxicity by enhancing GABAergic activity.[8,9] Prior 
research on Karnasphota indicated that the roots of the 
plant have strong anxiety-reducing properties. It has been 
discovered that cardiospermin, a cyanogenetic glucoside, 
is the specific compound extracted from the plant’s root 
extract that possesses powerful anti-anxiety effects.[10,11] 
Ayurveda describes the roots and seeds of the Karnasphota 
as “Medhya” a memory enhancer, suggesting roots and 
seeds can be investigated in AD-related dementia and 
other neurodegenerative disorders like PD. The current 
study investigated the neuroprotective properties 
of Karnasphota root, as described in Ayurveda and 
investigated the specific bioactive phytoconstituents 
responsible neuroprotective effect.

Material And Methods

Procurement and Authentication of C. halicacabum L.
The seeds of the plant were obtained from Swathi 
natural herbs, Dindigul, Tamil Nadu. The seeds were 
then cultivated on the farm at the end of February 2022 
and the seedlings were procured in May 2022. The plant 
was identified and verified at the Botany Department at 
Saurashtra University, Rajkot, Gujarat, and a specimen 
of the plant was deposited at Saurashtra University, 
Rajkot, and assessed for Quality parameters as per WHO 
Guidelines.[12,13]

Successive Solvent Extraction of Roots
Air-dried roots of C. halicacabum Linn. were ground into 
a powder and put through a #10 sieve. All dried powders 
were precisely weighed 200 g on a digital scale before 
being put through a series of extractions using the soxhlet 
equipment for 7 hours separately using 500 mL solvents 
with descending polarities in order of petroleum ether, 
toluene, and methanol. The aqueous extract was prepared 
by reflux condensation for 6 hours. All of the extracts were 
concentrated and dried in a water bath. 

Phytochemical Screening of Methanolic Root 
Extract with HPLC
For phytochemical screening, HPLC is used. To check 
extract purit y and for anti-Alzheimer’s and anti-

Parkinson’s activity, 1-mg of extracted sample was 
dissolved in the AR grade methanol and run in HPLC. [14]

Acetylcholinesterase and Tyrosinase Inhibition 
Activity with Root Extract
The study investigated the inhibitory act ivit y of 
acetylcholinesterase and tyrosinase by referring to 
various review literature. In this study, an extract with a 
0.1 mg/mL concentration was combined with the enzymes 
AchE and tyrosinase at 1-mg/mL concentration each. 
Using the sonication technique, the absorbance was taken 
at a particular wavelength of 360 nm while the reaction 
was being carried out. The technique employed a binary 
gradient with mobile phases consisting of Methanol: 
Acetic acid (0.1%)[7:3 v/v] at a wavelength of 360 nm. In 
the control group, no extract was added. Based on the 
difference in the peak height of the enzyme and extract 
in the HPLC chromatogram, the potency of the root 
extract against tyrosinase and acetylcholinesterase was 
determined by comparing it with the same concentration 
of standard physostigmine and pregabalin. [14]

Isolation of Bioactive Lupeol
A tiny quantity of acetone was used to dissolve the air-
dried methanol extract before it was adsorbed with silica 
(60–120 mesh) and dried into a free-flowing powder. 
Then, using silica (60–120 mesh) as the stationary phase, 
it was subjected to column chromatography. Initially, 
100% ethyl acetate was used as the eluting agent for 
the initial elution, and then 5, 10, 15, 20, 25, 50 and 75% 
ethyl acetate in toluene was used to increase the polarity. 
To further increase the polarity, 1, 5, 10, 25 and 50% 
methanol were added to the ethyl acetate. At each stage 
of fractionation, various fractions were gathered up to a 
5 mL amount. [15] The fractions were examined using TLC 
with a mobile phase containing Toluene: Ethyl acetate: 
Formic acid (80: 15: 5). The fractions were detected at 
wavelengths of 254 and 366 nm using ultraviolet light. The 
identification of compounds in the fractions was verified 
by subjecting the developed plates to treatment with 
antimony trichloride and heated at 110°C temperature 
for 10 minutes. Preparative TLC purified the total four 
identified fractions containing marker for final separation 
of the chemical marker Lupeol. [15,16]

Identification of Lupeol
The isolated lupeol was examined using different 
spectroscopic methods, including ultraviolet spectroscopy.

Screening of Isolated Lupeol by TLC and HPTLC

TLC
The determination of thin-layer chromatography (TLC) 
was conducted on the methanolic root extract and isolated 
chemical marker. 
Glass capillaries at the pencil-marked baseline were taken 
to apply the sample to the TLC plate. The chromatography 
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plate was then dried in the fume hood after the sample 
was added again and again until a dark spot appeared. 
The chamber was then filled with a solution of 20 mL of 
the mobile phase with toluene, ethyl acetate, and formic 
acid (10:8:2). The plate was placed in the liner of the upper 
chamber. After the experiment, the areas were marked on 
plates dried in the fume hood.[15,16]

Detection of the Spot
After every plate was dried, spots were detected using UV 
light with a wavelength of 254 nm. The retention factor 
(Rf) revealed a dynamic chemical flow. [16]

HPTLC analysis
By contrasting it with crude methanolic extract, isolated 
lupeol from the methanol root extract of C. halicacabum 
was screened using HPTLC. [16]

Estimation of Bioactive Lupeol in Root Extract
The methanol extract of C. halicacabum root was used for 
the HPTLC analysis of lupeol. The extract was compared 
to standard lupeol solutions as part of the analysis. To 
make a stock solution of lupeol (0.1 mg/mL), precisely 
weighed 1-mg of standard pure lupeol was dissolved in 
10 mL of ethanol. By further diluting the stock solution 
with solvent methanol, a standard solution of lupeol 
(100 μg/mL) was produced. This was the working 
concentration for the HPTLC method. [17,18]

To obtain concentrations of 250, 500, 750, 1000, 1250, 
1500, and 2000 ng of lupeol per spot, various quantities 
of a standardized solution of lupeol were applied to the 
HPTLC plate. Then, the plates are scanned under UV-visible 
absorbance/reflectance at 530 nm wavelength to obtain 
densitometry measurements using the solvent system 
Toluene: Methanol: Formic acid (7: 2.7: 0.3 v/v/v). [19]

For analysis, a 100 g/mL methanol extract of C. halicacabum 
roots was made. The samples were filtered and then 
it was vacuum-dried at 45°C. The dried extracts were 
individually reconstituted with 1-mL of methanol and 
samples ranging in amount from 1 to 5 μL were spotted 
for analysis.[20]

Detection and Estimation of Lupeol
Toluene: Methanol: Formic acid (7: 2.7: 0.3 v/v/v)) was 
priorly saturated in a 25 mL mobile phase for 30 minutes 
at the temperature of the room (25°C) and 50% relative 
humidity in order to prepare it for lupeol. In a Camag 
using the chamber (20 x 10 cm), the development in a 
linear upward direction was completed using the CAMAG 
TLC Scanner “Scanner_171010” S/N 171010 (2.01.02). 
The chromatogram run might have lasted up to 95 mm. 
The plate was quantitatively measured at 530 nm using 
the following settings: Micro, data resolution of 100 μm/
step, scanning speed of 20 mm/sec, slit width of 4.00 × 
0.30 mm, and absorption-reflection mode.[21] A 366 nm 

visible spectrum was continuously emitted by a tungsten 
lamp, which served as the radiation source. Using pure 
standards, the amount of lupeol contained in methanolic 
extracts of C. halicacabum was ascertained through the 
external standard approach. Every task was finished 
three times.[22]

Calibration Curve and Linearity 
Using a semiautomatic spotter, a standard lupeol (250–
2000 ng) solution for the roots of C. halicacabum was 
placed onto precoated TLC plates. A nitrogen stream 
was employed to aid in the calibration procedure. After 
developing TLC plates, they were dried with hot air and 
then subjected to photometric analysis. Plotting the area 
of the peak against the concentration (measured in ng/
spot) for each spot produced the calibration curves.[21,22]

Estimation of Neuroprotective potential by DPPH 
Antioxidant Assay

Preparation of inoculums
Dissolving 3.940 mg of DPPH in 100 mL of methanol 
produced a solution of DPPH with 100 M concentration. 
To keep light from getting inside, aluminium foil was 
wrapped around the bottle.[23] A stock solution of reference 
standard ascorbic acid containing 10 mg/mL was produced 
by mixing 100 mg of precisely weighed ascorbic acid 
with 10 mL methanol. By diluting the stock solution, 
test solutions with ascorbic acid, 50, 100, 150, 200, and 
250 μg/mL concentrations were created.[23] An approximate 
ratio of 1:1 was used. A 0.75 mL solution of DPPH and 0.75 
mL of methanol made up the control mixture. A blank 
of 1.5 mL methanol was added to a tube. As a reference, 
0.75 mL of DPPH and 0.75 mL of ascorbic acid were 
combined. Plant extract and DPPH sample totaling 
0.75 mL each were combined. All of these mixes were 
immediately stored in the shadows to protect them from 
light. Absorbance was taken at 517 nm wavelength after a 
30-minute incubation period. Additionally, the IC50 value 
was determined. [24]

Molecular Docking Study
Following the GCMS analysis, a total of 18 phytochemicals 
were deemed appropriate for conducting docking studies. 
The PubChem database, accessible at https://pubchem.
ncbi.nlm.nih.gov/, supplied the 3-dimensional structures 
of these ligands in.sdf format. The Open Babel application 
and Auto Dock software (https://autodock.scripps.edu/) 
were used to optimize and convert these compounds to 
pdbqt format.[25] The auto dock was utilized to perform 
molecular docking and predict the binding mechanism of 
all phytoconstituents as inhibitors of AChE and BuChE. 
Auto-Dock tools assigned single bonds to flexible ligands. 
The enzymes BuChE (1P0I) and AChE (4PQE) were 
modeled in three dimensions using the RCSB protein 
data bank. The protein data bank crystal structure was 
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Table 1: %Yield in successive solvent extraction

S. 
No. Menstruum Vibrant Hue Appearance %Dried 

extract (w/w)

1 Solvent ether Tint Brown Non-greasy 0.93 g

2 Toluene Brown Non-greasy 2.20 g

3 Methanol Dark Brown Non-greasy 3.2 g

4 Distilled Water Dark Brown Non-greasy 3.4 g

Table 2: Phytoconstituents identified in root extract

S. 
No.

Retention time 
(min.) Area root extract Height root 

extract

1 1.83 7.32 0.863

2 2.79 42.43 3.027

3 3.20 43.87 1.493

4 10.71 1.58 0.237

Table 3: %Height inhibition of AChE with physostigmine

S. No. Retention time 
(min.)

Area
AChE

Area
AChE+ Physostigmine

Height
AChE

Height
AChE+ Physostigmine

%Height inhibition 
of AChE

1 2.49 0.37 0.21 0.135 0.096 28.889

Table 4: %Height inhibition of AChE with extract

S. No. Retention time 
(min.) Area extract Area AChE + Extract Height extract Height AChE + 

extract
% Height inhibition 
of extract

1 1.83 7.32 6.81 0.863 0.776 10.08

2 2.79 42.43 39.82 3.027 2.755 8.98

3 3.20 43.87 35.17 1.493 1.326 11.18

4 10.71 1.58 1.04 0.237 0.178 24.89
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Fig. 1: %height inhibition of different phytoconstituents of extract 
with AChE

refined by excluding co-factors, heteroatoms, and water 
molecules.[26]

PyMol was used to identify the xyz coordinates after 
downloading the structure in.pdb format from the RCSB 
protein data bank and visualizing it in Biovia Discovery 
Studio. Optimization of pdb structures occurred after 
removing the water molecules, ligands, and ions. The 
compound was saved in pdbqt format and the coordinated 
ligand binding sites were set as previously identified 
from the active chains and bound ligands of the proteins’ 
co-crystallized structures to create a macromolecule. [27]

To replicate docking for all phytoconstituents, an active 
site grid was created. Sorting the output by Glide docking 
score revealed the best-docked compound structure. Both 
PyMOL and Biovia Discovery Studio were used to study and 
visualize these docked complexes. All phytoconstituents 
identified by GC-MS were predicted for ADME properties 
using Swiss ADME, pkCSM, and ADMETlab. [28-30]

Results

%yield in Successive Solvent Extraction
The %yield (w/w) of the root extract with different 
polarity solvents of C. halicacabum was as given in Table 1.
Methanolic root extract was used for further analysis 
because it identified the most active phytoconstituents in 
preliminary phytochemical screening with chemical tests.

Phytochemical Screening of Methanolic Root 
Extract with HPLC
The HPLC screening of methanolic root extract shows four 
fused peaks as displayed in Table 2.

In-vitro Acetylcholinesterase Inhibition Study by 
HPLC
At a retention time of 2.49 minutes, the height of AChE was 
inhibited by 28.88% with physostigmine as displayed in 
Table 3.
No acet ylchol ines tera se pea k wa s obser ved at 
2.49 minutes, indicating complete inhibition of AChE by all 
different phytoconstituents in root extract. From Table 4, 
Fig. 1, all phytoconstituents’ height and area decreased, 
indicating their effectiveness against AChE.
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Table 5: %Height inhibition of tyrosinase with pregabalin

S. No. Retention time 
(min.) Area tyrosinase Area Tyrosinase+ 

Pregabalin Height tyrosinase Height Tyrosinase+ 
Pregabalin

%Height inhibition 
of tyrosinase

1 2.97 3.55 1.29 0.447 0.227 49.218

Table 6: %Height inhibition of tyrosinase with extract

S. No. Retention time 
(min.)

Area
extract

Area
Tyrosinase + Extract

Height
extract

Height
Tyrosinase+ extract

%Height inhibition 
of extract

1 1.83 7.32 6.11 0.863 0.646 25.14

2 2.79 42.43 35.59 3.027 2.426 19.85

3 3.20 43.87 29.57 1.493 1.155 22.63

4 10.71 1.58 1.02 0.237 0.160 32.48
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Fig. 2: %height inhibition of different phytoconstituents of extract 
with tyrosinase

Table 7: Rf value of crude root extract

Peak. No. RF Value

1 0.48

2 0.51

3 0.57

4 0.67

5 0.69

Table 8: Rf value of isolated marker

Spot. No. RF Value

1 0.69

Fig. 3: (A) TLC of crude root extract and (B) TLC of isolated marker

In-vitro Tyrosinase Inhibition Study by HPLC
At a retention time 2.97 minutes, the height of tyrosinase 
was inhibited by 49.21% with pregabalin, as displayed in 
Table 5.
At retention time 2.97, no tyrosinase peak was observed, 
indicating complete inhibition by all phytoconstituents in 
root extract. From Table 6, Fig. 2, all phytoconstituents’ 
height and area decreased, indicating their effectiveness 
against tyrosinase.

Isolation of Bioactive Marker Lupeol
TLC and HPTLC chromatogram of an isolated fraction 
of column chromatography of methanolic extract and 
isolated marker from C. halicacabum Linn. is shown in 
Tables 7, 8; Figs 3 (A) and (B), 4.

Identification of Lupeol as a Bioactive Marker by 
UV Spectroscopy
The λmax of the isolated lupeol was found 239/280 nm by 
UV spectroscopy.

Estimation of Lupeol in Root Extract

Optimization of HPTLC chromatographic conditions
Lupeol, an antioxidant triterpenoid, was estimated 
from the methanolic extract. The lupeol was precisely 

quantified; Rf was 0.55. Lupeol and methanolic root extract 
chromatograms are shown. As shown in the peak, the 
extract and standard lupeol had similar Rf values of 0.57. 
Lupeol was estimated using HPTLC (Table 9, Figs 4-9).
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Table 9: HPTLC-Lupeol profile of the methanolic extract of C. halicacabum Linn.

Peak Maximum Rf Maximum height Maximum% Peak area Peak area% Allocated substance

1 0.60 174.0 100.00 3499.4 100.00 Lupeol

2 0.58 202.9 80.16 3112.7 91.88 Lupeol

3 0.57 201.4 80.48 2736.6 90.16 Lupeol

4 0.56 209.2 100.00 2835.4 100.00 Lupeol

5 0.56 211.7 82.32 2755.0 90.40 Lupeol

6 0.56 206.0 78.70 2414.7 86.32 Lupeol

7 0.56 513.6 93.07 10829.2 98.23 Extract C.H.

8 0.57 435.0 100.00 10035.9 100.00 Extract C.H.

9 0.58 448.4 100.00 15089.5 100.00 Extract C.H.

HPTLC Spectra of Karnasphota Root Extract and 
Standard Lupeol

Calibration curve and linearity
Table 10 and Fig. 10 presented the correlation curves 
and regression equations for lupeol in the roots of C. 
halicacabum L. The regression via height was represented 
by the equation Y = 184.3 + 0.01528 * X, with a correlation 
coefficient of r = 0.98755 and a standard deviation of 0.70. 
The regression via area was represented by the equation 
Y = 3478 + -0.5405 * X, with a correlation coefficient of r 
= 0.98917 and a standard deviation of 0.71.

DPPH Antioxidant Aassy
The methanolic extract made from C. halicacabum roots has 
potent antioxidant qualities, as shown by the in vitro DPPH 
free radical scavenging experiment. As a positive control, 
ascorbic acid was utilized; its inhibitory concentration 50% 
value was 88.22 µg (Table 11, Fig. 11). As indicated in Table 12,  
Fig. 12, the IC50 values for the capacity to scavenge DPPH 
free radicals in roots were found to be 89.08 µg, which is 
comparable to the efficacy of ascorbic acid. 

In-silico screening of phytoconstituents against AChE
GCMS analysis of root extract identif ied optimal 
phytoconstituents and predicted their interactions with 

Table 10: Estimation of lupeol in crude root extract

Track Vial Sample ID Rf Amount (ng) Height X Area X

1 Lupeol 0.60 250 173.98 3499.37

2 Lupeol 0.58 500 202.89 3112.66

3 Lupeol 0.57 1000 201.39 2736.55

4 Lupeol 0.56 1250 209.19 2835.39

5 Lupeol 0.56 1500 211.69 2755.03

6 Lupeol 0.56 2000 206.05 2414.69

7 Extract C.H. 0.56 513.6 >2.200 µg 10829.2 >6.400 µg

8 Extract C.H. 0.57 435.0 >2.200 µg 10035.9 >6.400 µg

9 Extract C.H. 0.58 448.4 >2.200 µg 15089.5 >6.400 µg

Table 11: IC50 of ascorbic acid

Ascorbic acid 
(µg/mL)

%Scavenging 
activity
(A0-A1* 100)/A0

SD with respect 
to %Inhibition

IC50

0 (Blank) 0.00 0.421 88.22 µg

50 3.373* 1.191

100 21.187*** 0.646

  150 57.287**** 1.708

200 69.433**** 1.390

250 83.603**** 2.138

Table 12: IC50 of root extract

MeOH extract 
(µg/mL)

%Scavenging 
activity
(A0-A1* 100)/A0

SD with respect 
to %Inhibition

IC50

0 (Blank) 0.00 1.022 89.08 µg

50 21.881*** 0.155

100 33.742**** 0.687

150 48.261**** 0.981

200 62.167**** 1.525

250 76.073**** 1.483
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Fig. 5: The Lupeol standard spectrum of various concentrations 
ranging from a to f

a

b

c

d

e

f

Fig. 4: Comparative HPTLC chromatogram of crude root extract and 
isolated marker

Table 13: Docking energies of compounds with AChE and BuChE

S. 
No. Name of ligand Affinity Score 

(Kcal/ mol) AChE

1 Phthalic acid, di(2-propylpentyl) ester -7.7

2 1,2-Benzenedicarboxylic acid, bis(2-
ethylhexyl) ester

-7.8

3 1,2-Benzenedicarboxylic acid, bis(2-
methylpropyl) ester

-8.1

4 3,7,11,15-Tetramethyl-2-hexadecen-1-ol -7.6

5 Dibutyl phthalate -7.5

6 Hexadecanoic acid, methyl ester -5.9

7 1,2-Benzenedicarboxylic acid, bis(2-
ethylhexyl) ester

-7.8

8 Cholesta-5,22-dien-3-ol, (3.beta.) -10.2

9 Ergosta-5,22-dien-3-ol, (3.beta.,22E) -10.5

10 24-Noroleana-3,12-diene -8.7

11 Olean-12-en-3-ol, acetate, (3.beta.)    -9.6

12 Lup-20(29)-en-3-ol, acetate, (3.beta.) -8.2

13 Lup-20(29)-en-3-one -8.4

14 Urs-12-en-3-ol, acetate, (3.beta.) -8.4

15 Acetic acid, 4,4a,6b,8a,11,11,12b,14a-
octamethyl-3-oxodocosahydropicen-2-yl 
ester

-10.1

16 Gamma sitosterol -9.5

17 Stigmasterol -9.6

18 α-Amyrin -10.2

19 Donepezil -8.4

AChE’s AD targets (PDB ID: 4PQE). Supplemental Table 13  
shows the ligand-receptor binding energy of each 
tentatively identified phytoconstituent. Potential lead 
compounds were chosen from molecules with the highest 
receptor binding affinity to show 2D and 3D interactions 
(Fig. 13).

Predicted drug likeliness profile
The drug-likeness profile for all phytoconstituents of 
C. halicacabum L. in Table 14 assesses the likelihood 
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Table 14: Drug likeliness profile

Name of compound Molecular 
Weight (gm/mol)

H Bond 
Donor

H Bond 
Accepter MLogP Bioavailability 

Score
Synthetic 
Accessibility

Lipinski 
Likeliness

Lipinski 
Violation

Phthalic acid, di(2-propylpentyl) 
ester

390.56 0 4 5.24 0.55 3.39 Yes 1

1,2-Benzenedicarboxylic acid, bis(2-
ethylhexyl) ester

390.56 0 4 5.24 0.55 4.12 Yes 1

1,2-Benzenedicarboxylic acid, bis(2-
methylpropyl) ester

250.29 0 4 2.68 0.55 2.15 Yes 0

2-Hexadecen-1-ol, 
3,7,11,15-tetramethyl-, acetate, 
[R-[R*,R*-(E)]]

354.61 0 2 7.57 0.55 4.73 Yes 1

Dibutyl phthalate 278.34 0 4 3.43 0.55 2.41 Yes 0
Hexadecanoic acid, methyl ester 270.45 0 2 4.44 0.55 2.53 Yes 1
1,2-Benzenedicarboxylic acid, bis(2-
ethylhexyl) ester

390.56 0 4 5.24 0.55 4.12 Yes 1

Cholesta-5,22-dien-3-ol, (3.beta.) 384.64 1 1 6.23 0.55 5.90 Yes 1
Ergosta-5,22-dien-3-ol, (3.beta.,22E) 398.66 1 1 6.43 0.55 6.09 Yes 1
24-Noroleana-3,12-diene 410.72 0 0 7.89 0.55 6.22 Yes 1
Olean-12-en-3-ol, acetate, (3.beta.)    468.75 0 2 7.08 0.55 5.98 Yes 1
Lup-20(29)-en-3-ol, acetate, (3.beta.) 468.75 0 2 7.08 0.55 5.66 Yes 1
Lup-20(29)-en-3-one 424.70 0 1 6.82 0.55 5.38 Yes 1
Urs-12-en-3-ol, acetate, (3.beta.) 468.75 0 2 7.08 0.55 6.11 Yes 1
Acetic acid, 4,4a,6b,8a,11,11,12b,14a-
octamethyl-3-oxodocosahydropicen-
2-yl ester

484.75 0 3 6.20 0.55 5.68 Yes 1

Gamma Sitosterol 446.79 1 1 7.12 0.55 6.71 Yes 1
Stigmasterol 412 1 1 6.62 0.55 6.21 Yes 1
α-Amyrin 442.76 1 1 7.12 0.55 6.37 Yes 1

Fig. 7: Standard lupeol profile by HPTLC chromatogram

Fig. 8: HPTLC chromatogram of lupeol in C. halicacabum L. 
methanolic root extract

Fig. 6: Spectra of methanolic root extract of C. halicacabum Linn. 
ranging from G to I

that a compound will have the pharmacological and 
physicochemical properties needed to develop a safe and 
effective drug.
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Fig. 12: Graphical presentation of IC50 of root extract

Table 15: ADMET profile

Name of Compound

Water 
solubility 
(log 
mol/L)

Caco2 
permeability 
(log Papp in 
10-6 cm/s)

Intestinal 
absorption 
(human) (% 
Absorbed)

VDss 
(human) 
(log L/kg)

BBB 
permeability 
(log BB)

CYP3A4 
substrate

Total 
Clearance 
(log ml/
min/kg)

Max. tolerated 
dose (human) 
(log mg/kg/
day)

Phthalic acid, di(2-propylpentyl) 
ester

-6.433 1.41 91.988 0.326 -0.228 Yes 1.88 1.383

1,2-Benzenedicarboxylic acid, bis(2-
ethylhexyl) ester

-6.722 1.404 91.552 0.405 -0.161 Yes 1.833 1.371

1,2-Benzenedicarboxylic acid, bis(2-
methylpropyl) ester

-5.27 1.521 94.093 -0.02 -0.017 Yes 0.776 1.442

2-Hexadecen-1-ol, 
3,7,11,15-tetramethyl-, acetate, 
[R-[R*,R*-(E)]]

-7.923 -7.923 92.376 0.389 0.75 Yes 1.562 0.16

Dibutyl phthalate -4.169 1.622 95.044 -0.007 -0.054 Yes 0.93 1.536

Hexadecanoic acid, methyl ester -6.927 1.6 92.335 0.334 0.749 Yes 1.861 0.178

1,2-Benzenedicarboxylic acid, bis(2-
ethylhexyl) ester

-6.47 1.408 92.45 0.36 -0.175 Yes 1.898 1.393

Cholesta-5,22-dien-3-ol, (3.beta.) -6.998 1.243 95.609 0.316 0.765 Yes 0.581 -0.352

Ergosta-5,22-dien-3-ol, (3.beta.,22E) -7.156 1.252 96.423 0.368 0.775 Yes 0.57 -0.195

24-Noroleana-3,12-diene -7.631 1.302 96.984 0.746 0.853 Yes 0.057 0.247

Olean-12-en-3-ol, acetate, (3.beta.)    -7.038 1.285 98.202 0.272 0.655 Yes -0.134 0.378

Lup-20(29)-en-3-ol, acetate, (3.beta.) -6.412 1.277 100 -0.122 0.711 Yes 0.064 0.342

Lup-20(29)-en-3-one -6.346 1.374 100 0.006 0.774 Yes 0.102 0.346

Urs-12-en-3-ol, acetate, (3.beta.) -7.046 1.27 100 0.362 0.618 Yes 0.025 0.007

Acetic acid, 4,4a,6b,8a,11,11,12b,14a-
octamethyl-3-oxodocosahydropicen-
2-yl ester

-6.238 1.314 100 -0.222 -0.618 Yes -0.147 0.346

Beta Sitosterol -7.233 1.259 94.086 0.133 0.78 Yes 0.737 -0.271

Stigmasterol -7.137 1.243 96.154 0.259 0.786 Yes 0.618 -0.264

α-Amyrin -6.687 1.359 96.306 0.67 Yes 0.105 -0.078

Fig. 9 :3D HPTLC chromatogram of lupeol standard and extract

Fig. 10: Calibration curve and linearity profile by height and area
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Fig. 13: Binding Interaction of 4PQE with phytoconstituents from 
C. halicacabum L. (A) 2D interaction of Cholesta-5,22-dien-3-ol, 
(3.beta.), (A’) 3D interaction of Cholesta-5,22-dien-3-ol, (3.beta.), 
. (B) 2D interaction of Ergosta-5,22-dien-3-ol, (3.beta.,22E), (B’) 
3D interaction of Ergosta-5,22-dien-3-ol, (3.beta.,22E), (C) 2D 
interaction of 24-Noroleana-3,12-diene, (3.beta.), (C’) 3D interaction 
of 24-Noroleana-3,12-diene, (D) 2D interaction of Olean-12-en-3-ol, 
acetate, (3.beta.), (D’) 3D interaction of Olean-12-en-3-ol, acetate, 
(3.beta.), (E) 2D interaction of Lup-20(29)-en-3-ol, acetate, (3.beta.), 
(E’) 3D interaction of Lup-20(29)-en-3-ol, acetate, (3.beta.), (F) 2D 
interaction of Lup-20(29)-en-3-one, (F’) 3D interaction of Lup-20(29)-
en-3-one, (G) 2D interaction of Urs-12-en-3-ol, acetate, (3.beta.), (G’) 

3D interaction of Urs-12-en-3-ol, acetate, (3.beta.)

Predicted ADMET Properties
A docking study was used to predict ADMET for the 
extract’s optimal ligands. Computing tools and algorithms 
used in docking studies predict ADMET properties 
based on candidate compounds’ molecular structures. 
Integrating ADMET predictions with docking results 
prioritizes compounds with good pharmacokinetic and 
safety profiles for experimental validation, speeding up 
drug discovery. Table 15 shows intestinal absorption, 
BBB penetration, carcinogenicity, and acute oral toxicity.

Conclusion
The methanolic root extract of C. halicacabum L. contains 
many biologically active phytoconstituents that inhibit 
acetylcholinesterase and tyrosinase enzymes, suggesting 
therapeutic benefits. C. halicacabum L. roots exhibit strong 
neuroprotective effects, with the IC50 value of 89.08 µg/mL 
in the DPPH antioxidant assay. This value matches ascorbic 
acid, demonstrating the extract’s antioxidant properties. 
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HPLC analysis showed that the extract’s phytoconstituents 
are quite potent compared to standards. The extract contains 
triterpene lupeol, a bioactive marker that is identified anti-
inflammatory, antioxidant, and neuroprotective agent, 
contributing to the extract’s neuroprotective potential. The 
docking analysis of phytoconstituents identified by GC-MS 
analysis from karnasphota root extract demonstrates 
favorable interactions with the culprit enzyme protein 
4PQE (Crystal structure of human acetylcholinesterase) as 
described here. These findings suggest the plant’s potential 
use in pharmaceutical and nutraceutical applications 
aimed at treating conditions involving oxidative stress and 
neurodegeneration. 
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