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Abstract The current study was carried out to reveal the chemical profile and biological screening
of Heliotropium dasycarpum Ledeb, as well as the feasibility of its industrial application. Therefore,
the methanolic extract (HAM) of H. dasycarpum was divided into n-hexane (HdH), ethyl acetate
(HdE) and water (HdW) soluble fractions. All the fractions were inactive against acetyl-
cholinesterase (AChE) enzyme, 3T3 and HeLa cell lines, but showed immunomodulatory effect
up to 37 %. HAE fraction further displayed significant anti-urease activity with ICsy value of 74.
072 £+ 0.002, while HdIM was found moderate inhibitor (63 %). Thus HAE was subjected to
HR-LCMS/MS analysis in positive and negative ionization modes, and a qualitative analytical
method with a data mining strategy was utilized. The secondary metabolites were identified by
dereplication strategy using molecular networking as a bioinformatics tool, which disclosed the
presence of 08 known alkaloids of heliotrine-type (1, 3, 5-10), and 05 (12-16) known flavonoids
and flavonoid glycosides along with 03 new (2, 4 and 11) putative pyrrolizidine analogues. DFT
simulations of identified compounds were performed using multiple quantum chemical and geomet-
rical descriptors in order to determine their quantitative structure activity relationship. These sec-
ondary metabolites were docked against the enzyme urease which substantiated the inhibitory
action of pyrrolizidine alkaloids and flavonoid glycosides. Furthermore, ADME analysis provided
the base for the use of these compounds for further studies as drug leads and to unveil industrial
application of H. dasycarpum in formulating products against gastritis, peptic ulcer and gastric can-
cer.

© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Heliotropium dasycarpum of Boraginaceae is a perennial plant found in
Southern Punjab, Blaochistan, Gilgit and Waziristan in Pakistan.
Locally known as Sagdaroo; it shows various biological effects like
cytotoxicity, pesticidal, anti-fungal and enzyme inhibitory activities
(Ghaffari et al., 2013; Ghaffari et al., 2016). Use of fresh extract of
H. dasycarpum to cure eye diseases in animals is common practice in
local community (Tareen et al., 2010). Previous phytochemical studies
on Heliotropium species disclosed the occurrence of pyrrolizidine alka-
loids (PAs), which are commonly found in variety of toxic plants
around the globe and are possibly a source of poisoning in livestock,
wildlife, and also in humans, through herbal folk medicines (Chen
et al., 2019). They are toxic to liver and sometimes considered as car-
cinogenic (Chen et al., 2010). They are potent hepatotoxic, antimitotic
(Seremet et al., 2018; Schramm et al., 2019), teratogenic, mutagenic
and carcinogenic agents (Fayed, 2021). Typically PAs exist as esters
in the plants of the Boraginaceae family (Shimshoni et al., 2015).
Almost 700 pyrrolizidine alkaloids have been isolated from various
plants (Woodley, 2018).

Although, H. dasycarpum is ecologically very important plant,
which is being used in folk medicine system, very little information
about its metabolite’s biological effects is available. In the present
study, the MeOH extract (HdM) of H. dasycarpum was divided into
hexane (HdH), ethyl acetate (HAdE) and water (HdW) soluble fractions,
which were evaluated for various bioactivities, besides, the study dis-
closes the presence of pyrrolizidine alkaloids and flavonoid glycosides
through dereplication technique based on the MS/MS and molecular
networking. HAM, HdH, HdE and HdW fractions were tested for their
bioactive potential. The HdE exhibited significant inhibitory activity
against the enzyme urease. Therefore, selected compounds identified
in the extract were docked against urease for mapping its inhibitory
action along with the ADME studies.

Urease enzyme aids in colonizing of Helicobacter pylori in stomach
by hydrolyzing urea into ammonia, which reacts with chloride ions giv-
ing toxic compounds. Thus H. pylori is responsible for stomach infec-
tions by accelerating the oxidation in human neutrophils and
accumulate free radicals (hydrogen peroxide which oxidize chloride

ions). Therefore, urease inhibition is required to prevent the coloniza-
tion of H. pylori in the stomach. Side effects and induced resistance of
antibiotics urges to explore the urease inhibitors from the safe natural
resources, like plants (Ghaffari et al., 2016; Fox Ramos et al., 2017).

The isolation of bioactive constituents from plants is costly and
time consuming process, even if it is bioactivity guided isolation, the
known compounds are always re-isolated. Dereplication strategy of
medicinal plant is now in trend as it saves from the wastage of
resources and time. Dereplication of mass spectrometric data by
Molecular Networking (MN) is an efficient approach to predict the
new analogues of known natural products in a crude extract prior to
isolation. MN clumps up all the similar molecular ions from MS exper-
iment into a cluster, which helps to annotate the structures of known
compounds by matching their mass spectra with online spectral
libraries and forecasting the new analogues. Such MS-based paradigm
in combination with the bioactivity of interest can revitalize the plants-
based secondary metabolites program to target only the novel ana-
logue(s) prior to the isolation and hence accelerating the process of dis-
covery of new natural chemical components (Nothias et al., 2018). MN
visualizes all the molecular ions generated and detected in an LC-MS/
MS, formed into grouped nodes based on their MS? similarity con-
nected by the edges in the form of a cluster. MN rely on the fact that
structurally-related entities with the same basic structural skeleton tend
to fragment in similar way; hence appear in the same constellation of
ions, while heterogeneous chemicals get classified into a different sub
network, providing base for rapid identification of their molecular
families. The success of structural annotation depends on the data-
bases and connected spectral libraries. In-silico predictor analyze thou-
sands of samples in even less time, paving a targeted way to detect new
secondary metabolites (Aman et al., 2020).

Thus, it was envisioned that H. dasycarpum reinvestigation by HR-
LCMS/MS with aid of mass spectral networking could be a promising
deal in pointing out possibly new compounds. Since the plant extract
showed significant inhibition of urease enzyme, additional, molecular
docking studies provided clear insight of compounds, interaction and
binding with target protein (urease enzyme) in the form of binding
energies. Molecular docking of compounds against protein predicts
the mechanism of action and interaction between ligand and substrate.
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The binding energies show interface of protein binding sites and the
compound of interest (maximum the linkage, smaller the energy value)
as the compound achieve the conformations with suitable orientation
inside the active site of enzyme. Similar docking studies against urease
enzyme are also reported by Moghimi et al., 2018 and Aman et al.,
2020 (Moghimi et al., 2018; Aman et al., 2020).

2. Materials and methods

2.1. General experimental procedures

HR-LCMS/MS, and MS/MS experiments were performed on
a Bruker TOF-MS MaXis Impact ESI-HR-MS. HPLC profil-
ing was carried out using Waters system consisting of Waters
Binary Pump 1525, integrated with a Waters plus auto-
sampler 717, and a Waters photodiode Array Detector 2996,
controlled by Empower 3 software. A Luna Omega Polar
C18 column (3 pm, 250 x 4.6 mm) was employed to profile
all the extracts using a flow rate of 0.7 mL/min.

2.2. Chemicals and materials

Acetonitrile HPLC grade was supplied by J. T. Baker (Ger-
many) and Acetonitrile of MS grade was provided by Roth
(Germany). Other chemicals were purchased from Fisher
Chemical and Sigma Aldrich.

2.3. Collection of the plant material and extract preparation

H. dasycarpum Ledeb. was collected in July 2018 from
Baluchistan University Campus Quetta, and was identified
by Prof. Dr. Rasool Bakhsh Tareen, Department of Botany,
University of Baluchistan, Quetta, Pakistan, where a voucher
specimen number HD-RBT-05 has been deposited in the
herbarium. The shade-dried plant material (3 kg) was
extracted with distilled MeOH twice (5 L, room temp) and sol-
vent was evaporated under reduced pressure to get 75 g of dark
gummy mass. The methanolic extract (HAM 75 g) was sus-
pended in distilled water (500 mL) and was extracted succes-
sively with hexane and ethyl acetate, to get hexane fraction
(HdH, 35 g), ethyl acetate fraction (HdE, 22 g), while residual
water fraction (HdW) was obtained as 16 g. Since HdE frac-
tion exhibited significant anti-urease activity (section 3.1;

Table 1), it was analyzed by HR-LC-MS/MS to unveil its sec-
ondary metabolic picture.

2.4. Protocols for biological assays

All the fractions (HdM, HdH, HdE and HdW) were analyzed
for their anti-cancer (3T3 cell line and NIH HeLa cell line),
immunomodulatory, anti-urease, and anti-cholinesterases
activities.

2.4.1. Immunomodulatory bioassay

Luminol-enhanced chemiluminescence assay was done, as pre-
viously reported method (Helfand et al., 1982). Test was per-
formed in half area 96 well plates, in which 25 pL of diluted
whole blood HBSS + + (Hanks Balanced Salt Solution, con-
taining calcium chloride and magnesium chloride) (Sigma,
St. Louis, MO, USA) was added and incubated with 25 pL
of three different concentrations of test sample (1, 10 and
100 pg/mL), each in triplicate. Control wells contained only
HBSS+ + and cells. Plate was incubated at 37 °C for
15 min in the thermostat chamber of luminometer. Drug
ibuprofen was used as positive control. After incubation,
25 pL of serum opsonized zymosan (SOZ) (Fluka, Buchs,
Switzerland) and 25 pL of intracellular reactive oxygen species
detecting probe, luminol (Research Organics, Cleveland, OH,
USA), were added into each well, except blank wells (contain-
ing only HBSS + +). The level of ROS was recorded by a lumi-
nometer and expressed as relative light units (RLU) (Rahman
et al., 2016).

2.4.2. Cytotoxic (3T3 cell line and HeLa cell line) assays

Test was performed in 96-well flat-bottomed micro plates
using standard MTT (3-[4, 5-dimethylthiazole-2-yl]-2,5-diphe
nyl-tetrazolium bromide) colorimetric assay (Ahmad et al.,
2016). Under necessary conditions, 3T3 cells and HeLa cell
lines (fibroblast NIH and cervical cancer cells) were cultured,
harvested and counted with haemocytometer. It was diluted
with required medium. Cell culture was prepared having con-
centration of 5x10* cells/ml and shifted to (100 pL/cell) 96-
well plates. After overnight incubation, medium was wasted
and 200 pL of fresh medium was added with defined concen-
trations of plant samples. After 48 h, 200 pnL MTT (0.5 mg/
ml) was added to each well and incubated additionally for

Table 1 Biological Activities of the extracts of H. dasycarpum.
Test Samples Immunomodulatory Hela cell line 3T3 cell line Urease AChE

% Inhibition* % Inhibition* % Inhibition* 1Csp pg/mL % Inhibition
HdM 32.18 £ 0.18 2 2 - 37.62 £ 0.15
HdH 22.92 + 0.16 1 1 = 19.42 + 0.13
HdE 37.10 2 2 74.072 + 0.02 5.8 £ 0.12
HdW 19.66 + 0.19 1 1 = 16.45 + 0.12
Iboprofen** 73.2 1.2 £ 0.8 = = =
Doxorubicin** - 71 - - -
Cyclohexamide** - - 71 - -
Thiourea** - - - 21.31 £+ 0.14 =
Eserine** = = = = 91.27 £ 1.17

*Concentration of all the extracts were 30 pg/mL.
**Reference/Standard drug used in respective assay.

All experiments were performed in triplicates and final values calculated as means of the three readings in each case.
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4 h. Afterwards, 100 pL of DMSO was added to each well
Micro plate reader (Spectra Max plus, Molecular Devices,
CA, USA) used to measure reduction of MTT by calculating
absorbance at 540 nm. 50% growth inhibition (ICsp) and %
inhibition was recorded using Soft- Max Pro software (Molec-
ular Device, USA).

2.4.3. Enzyme inhibition assays

For enzyme inhibition potential of the extract, different in vitro
assays were performed against urease and cholinesterase
(AChE) enzymes wusing previously reported methods
(Tahseen et al., 2010; Lazarova et al., 2015). Antiurease assay
was performed through Berthelot method: the phosphate buf-
fer (6 mL) solution was added into 20 mL of urease enzyme in
wells of 96-well-plate. After incubation at 25 °C for 10 min the
test sample was added in it. Further incubation at room tem-
perature, 15 mL of 20 mM urea was added, and was further
incubated at 25 °C for 10 min; followed by the addition of
100 mL RGT 2 (rainbow trout gonad cell line-2). Whole reac-
tion mixture was again incubated at room temperature for
25 min and absorbance was measured on ELISA reader by
using Gen 5 software at 630 nm. The percentage inhibition
was calculated by using the following formulae and 1Cs, values
of samples were calculated using EZ-Fit Enzyme Kinetics Soft-
ware (Perrella Scientific Inc., Amherst, MA, USA).

Inhibition(%) = Control — Test x 100/Control

2.5. LC-MS/MS data acquisition

HR-LCMS/MS data was acquired in both positive and nega-
tive ionization modes. HPLC-method was applied as follows:
with 0.1% formic acid in H,O as solvent A and acetonitrile
as solvent B, with gradient of 10 to 100% B for 45 min, using
a flow rate of 0.5 mL/min; 3 pL injection volume and UV
detector at 190-800 nm. A capillary voltage of 4500 V, nebu-
lizer gas pressure (nitrogen) of 2 bar, ion source temperature
of 200 °C, dry gas flow of 8 L/min source temperature, and
spectral rates of 1 Hz for MS! and 1 Hz for MS? were used.
For acquiring MS/MS fragmentation, the 10 most intense ions
per MS! were selected for subsequent CID with stepped CID
energy applied. Sodium formate was used as an internal cali-
brant. Data processing was performed using Bruker Daltonics
Data Analysis 4.2.

2.5.1. Data processing and generating molecular networking
All the MS/MS data were imported into MetaboScape 3.0 and
the mgf files were uploaded in different jobs to the GNPS web
server (https://gnps.ucsd.edu). The molecular network was
generated as follows: parent mass tolerance 0.05 Da, ion toler-
ance 0.05 Da, min pairs Cos 0.7, min matched fragment ions 6,
minimum cluster size 2, and maximum connected component
size 100. Advanced library search options were set to a library
search min matched peaks 6, score threshold 0.7, search ana-
logs set to Don’t Search. All other settings were left default.

2.5.2. Visualizing and annotation of the molecular networks

Molecular network was visualized using Cytoscape 6.02, com-
prised of nodes of neutral masses. Color mapping allowed
marking the fractions in different colors showing the percent-
age of that specific ion in a specific fraction and size of the

nodes was adjusted according to the intensity of ion. Many
clusters were chosen randomly to be annotated from each
MN. First, the retention time and the mass of each node were
checked in the raw data to validate the ion identity. After that,
the MS/MS spectra were imported into Sirius + CSI:FingerID
that was implemented with databases named as Derep, Marin-
lit and Pubchem to predict the possible molecular formula
using the suggested fragmentation trees. Finally, the putative
molecular formula hit was checked in the literature to see if
this compound is coming from plant sources, and the name
of the origin sample was compared with the name in the
literature.

2.6. Data processing for molecular docking

The study of binding interactions of known compound and
new analogs were done by using AutoDock 4.2 package
(Morris et al., 2009). The Lamarckian genetic algorithm was
applied for 25 x 10° energy evaluations for 10 runs. The
PDB structure 3LA4 downloaded from RCSB PDB
(Sussman et al., 1998) for Jack bean urease enzyme was used
as target protein. Chem3D Ultra was used to sketch the three
new analogs and known compounds i.e. 5’ deoxylasiocarpine,
and Neochilenin and saved in pdb format. All other com-
pounds were downloaded as sdf files from PubChem (Lasio-
carpine PubChem CID 5281735, Thiourea PubChem CID
2723790, Punctanecine PubChem CID 134715006, Heliotrine
PubChem CID 906426, Acetyleuropine PubChem CID.
101915798 Quercetin-3-O-glucoside PubChem CID 5280804).
All the compounds along with new analogs were then energy
minimized using Frog2 online server (Miteva et al., 2010).
The grid box consisted of 108 x 80 x 86 with grid spacing
0.375A° and covered nickel and active residues of enzyme.
The docked conformations were evaluated on root mean
square deviation value (RMSD) also known as docking score
or binding energy. The conformation having lowest docking
score was further evaluated for 2D interaction via PoseView,
and for 3D interactions through chimera and ezCADD (Tao
et al., 2018).

2.7. ADME]|Tox analysis of the compounds

The ADME/Tox analysis (Absorption, Distribution Metabo-
lism, Excretion and Toxicity) using FAF Drugs4 at Moby-
le@rpbs server was performed for thiourea, the known
inhibitor and all the compound. The 3D sdf format of inhibi-
tor and compounds retrieved from PubChem while new ana-
logs were converted into format through Open Babel. The
inhibitor and compounds were submitted at the server.

2.8. DFT studies in scope of quantitative structure activity
relationship (QSAR)

Density functional theory (DFT) calculations have been per-
formed utilizing software Gaussian09 supported by the Gauss
view 6.0. For all the calculations, the B3LYP functional and
the 6-311G(d,p) basis set have been utilized (Rahman et al.,
2020). In result of DFT calculations, HOMO-LUMO geome-
tries, energy gap, dipole moment, net charge and other compu-
tational parameters were obtained (Ozdemir et al., 2015).
Geometrical and quantum based computational descriptors
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obtained via DFT calculations having B3LYP/6311-G basis
set to assist SAR studies of under studied molecules is revealed
in Table 6.

3. Results and discussion

Literature survey revealed that Heliotropium plants produce
various classes of secondary metabolites belonging to pyrroli-
zidine group of alkaloids (Shimshoni et al., 2015), flavonoids
(Singh et al., 2017), phthalates (Demiray et al., 2013), and ster-
oids (Sarkar et al., 2021), most of which are bioactive com-
pounds, especially the pyrrolizidine alkaloids and flavonoids.
Chemical tests showed that the methanolic extract (HdM) of
H. dasycarpum is rich in alkaloids and phenolics; therefore, it
was divided into solvent-polarity based different fractions,
which were screened for anticancer, immunomodulatory and
enzyme inhibition activities.

3.1. Biological screening of the extracts

Literature reports further disclosed that the pyrrolizidine alka-
loids or the plant extracts rich in these alkaloids showed cyto-
toxic activities against different cell lines (Singh et al., 2002;
Nibret et al., 2009; Gao et al., 2020), however, in the present
study, the fractions HdM, HdH, HdAE, and HdW of H. dasy-
carpum were inactive against 3T3 and HeLa cell lines up to
concentration of 30 pg/mL (Table 1). Generally our results
were contrary to the literature reports, however, one published
report revealed that Achakzai et al also evaluated cytotoxic
activities of different extracts of Heliotropium europaeum
against MCF-7, 3T3 and HeLa cell lines and found inactive;
also in brine shrimp lethality assay, all the extracts were
observed inactive (Achakzai et al., 2020). This report supports
our study and substantiates a non-toxic nature of H. dasy-
carpum, however, it may show anticancer activities against
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Fig. 1
occur together giving a tentative idea about class of compounds.

Molecular network depicting the intensity of the molecular ion in clusters, clusters are identified as same type of fragments tend to
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other cell lines. HAM, HdH, HdE, and HdW were also tested
against acetylcholinesterase enzyme (AChE), where only HAM
exhibited 37.62 % inhibition, while other fractions were
inactive. In immunomodulatory assay, all the fractions showed
weak effects (Table 1). Against urease enzyme, only HAE was
noticed as significant inhibitor with ICsy value of 74.072 + 0.
02 pg/mL (Table 1), which is comparable with the inhibitory
activity of thiourea with ICsy value of 21.31 + 0.14 ug/mL
(standard inhibitor). In the same assay, HdM was found as
weak inhibitor, whereas, other extracts were inactive. Ghaffari
et al studied anti-urease activity of methanolic and DCM
extracts of H. dasycarpum, which has been reported to be very
weak (Ghaffari et al., 2016), but in our studies, methanolic
extract (HdM) moderately inhibited urease activity, while
ethyl acetate fraction (HdE) was found significant inhibitor.
The weak inhibitory potential of HAM could be compensated
due to suppression of amount of active components
pyrrolizidine alkaloids and flavonoids, which is higher in
HdE. Since in referred work (Ghaffari et al., 2016), DCM
extract was studied, where pyrrolizidine alkaloids and
flavonoid glycosides might not have been extracted with
DCM, and thus reported as inactive, therefore, the anti-
urease activity, in our studies, could be attributed to the
presence of higher concentration of pyrrolizidine alkaloids
and partly to the flavonoid glycosides in ethyl acetate fraction
HdE (Table 1).

3.2. Interpretation of molecular network

Keeping in view the significant antiurease activity of HAE, it
was subjected to LC-HRMS/MS (in positive and negative ion
modes) analysis to unveil chemical picture of this fraction. In
negative mode, a poor fragmentation was obtained therefore,
based on the fragmentation patterns of standards investigated
in positive tandem mass spectrometry (MS/MS), molecular net-

@gr\i
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Dehydrom
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m/z 220.1339 " m/z 222.1498
~[CsH70,]" ‘ ~[CsHgO,]
+
7 A\ CgHiyoN"
N m/z 120.0809

Fragmentation pattern and Biosynthetic linkage of Pyrrolizidine alkaloids of Cluster 4 and 18.
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An/z 153.0188\/

Scheme 2

m/z 287.0553

HO
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B n/z 133.0280

OH OH

14

m/z 449.1084

OoH |H*

o
13

m/z 317.0663

m/z 302.0431
m/z 285.0404

m/z 163.0623 ,-*

OH OH

15

m/z 465.1038

OH O m/z317.0662
16
479.1187

m/z

m/z 163.0623

Fragmentation pattern of flavonoid and flavonoid glycosides of Cluster 19.

Table 2 Structural annotation of compounds identified in Molecular Network Generated Form Fractions of Heliotropium

dasycarpum.

Comp. RT Molecular Observed molecular Fragments observed Mol. Formula Proposed structure/identified compound
No mass ion in MS [M+H] in MS/MS (error)

Cluster 4

1 11.5  411.2257  412.2342 336.1816, 220.1339, 120.0809 C,;H33NO7 (-1.2) Lasiocarpine

2 12.2  413.2413  414.2492 338.1975, 222.1498, 120.0811 C,;H3sNO; (-1.7) New analogue of lasiocarpine

3 15.1  395.2338  396.2394 220.1341, 120.0810 C,H33NOg (-1.2)  5'-deoxylasiocarpine

4 15.7 397.2067  398.2548 222.1495, 120.0809 C,H35NOg (-0.7) New analogue of 5'-deoxylasiocarpine
5 17.2  409.2482  410.2542 220.1339, 120.0809 C,H;5,NO, Dehydrolasiocarpine

6 12.6  381.2155  382.2236 220.1710, 120.0808 Cy0H;3NOg (-3.0) Symviridine or Symphytine,

7 13.7  383.2992  384.2387 220.1367, 120.0810 C0H33NOg¢ Punctanecine

Cluster 18

8 7.1  313.1895  314.1970 156.1021, 138.0914 CsH27NOs (-1.6) Heliotrine

9 4.6 329.1841  330.1919 254.1394, 156.1024, 138.0916 C;6H,7;NOg (-2.7) Europine

10 7.4 371.1950  372.2233 312.1816, 154.0865, 136.0760 C,sHy9NO7 (-2.0) 7-acetyleuropine

11 9.0 385.2101 386.2179 312.1812, 136.0759 C9H3NO7 (-1.8) New Analogue of 7-acetyleuropine
Cluster 19

12 11.5 286.0553  287.0553 153.0188 Cy5H 906 (0.7) Kaempferol

13 1.18 316.0583  317.0663 302.0431, 285.0404 Ci6H1207 (0.6) Methoxy kaempferol

14 11.6  448.1006  449.1084 287.0577, 163.0623 C51H5004; (-1.6)  Kaempferol-3-O-glucoside

15 10.4  464.0955  465.1038 303.0508, 163.0623 C51H015 (-2.2)  Quercetin-3-O-glucoside

16 11.8  478.1111  479.1187 317.0662, 285.1241 CH»,04, (0.4) Neochilenin
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©)
©) ©)
HO o HO  CH, cH.
N N N
CgH1oNO* CgH1oN"
CgH14NO,* 8 12
e 138.09134 120.08078
156.10191
Fig. 2 Characteristic fragmentation of necine base unit.

m/z 120.08099 (100%) and m/z 220.13313 (20%), through
mechanism of fragmentation involving a McLafferty-type
rearrangement and i-cleavage (Wang et al., 2022). Therefore
whole fragmentation pattern (Scheme 1) is characteristic of
lasiocarpine (1), a common compound previously isolated
from H. europaeum (Shimshoni et al., 2021). Literature review
revealed that lasiocarpine (1), possess cytotoxicity against
HepaRG cells, human (caucasian) hepatocytes and corrected
human (Chinese) hepatocytes (Al-Snafi, 2018).

The third node (Fig. 3) appeared at m/z 395.2338, attested
for molecular formula C,;H33NOg, while fragment ions at m/z
220.1339 [C3H sNO,] " and at m/z 120.0809 [CgH,(N] " pro-
duced by the loss of ester linkage [M " -CsH;0, ], with the loss
of 100 Da.

4112820
araen

23000 (1 It
New analogue of 5’ deoxylasiocarpine ’ v \
! \

With difference of 2D

Chemical Formula: C21H35N06 AR
Exact Mass: 397.2338 sron A
error: -0.7 YN

0

o /:% 9 R \\\..1!_& A
oH S NIRRRE
~o O | N a5 "\\r\.\-""“‘v
) a\\%‘,.
/

3 <« msmo WY \‘
§' deoxylasiocarpine

Chemical Formula: C,H;3NO;
Exact Mass: 395.2310

error: -1.2 /

0 O
o o ¢©
oH] >\)\\ o {):%\\ 05
oY W | N \:g\\o
OH OH

[0}
HO
Chemical Formula: C,0H3,NOg MeO (0] =
Exact Mass: 381.2155 =

error; -3.0 OH

Dehydrlasiocarpine

AN BITE g o0-

— 4825 OH

M/}' |

Similar behavior was observed for a node (Fig. 3) at m/z
413.2413 with molecular formula C,;H35sNO-. A similar frag-
mentation pattern was also observed with characteristic frag-
ments at mjz 338.1975 [C;gH,sNOs] © and 222.1498
[C13H20NO,] ", These fragments differ by 2 Da from fragment
ions of compound 1, suggesting 2 as a derivative of 1 with a
double bond either in ring system or in the chain ester linkages.
The fragment ions pattern as shown in scheme 1 indicated that
the double bond was present at C-7 part of ester linkage as the
loss of m/z 101.05 [CsHoO,] * fragment ion confirmed the
presence of double bond at C-7. As the in silico predictor
was unable to find the structural hit for this node, compound
2 was assumed to be a new analogue of lasiocarpine (1). The
proposed biosynthetic link of the known and new compound
is given in Scheme 1. The third node (Fig. 3) appeared at m/
z 395.2338, attested for molecular formula C,;H33NOg, while
fragment ions at m/z 220.1339 [C;3H;sNO,] © and at m/z
120.0809 [CgH oN] © produced by the loss of ester linkage
[M*-CsH;0,], with the loss of 100 Da. This fragmentation
pattern is also similar to that of compound 1 but with 16 Da
difference in molecular mass, showing it as a derivative of 1
with an OH group less in compound 3. This compound was
identified as 5-deoxylasiocarpine (3), previously isolated from
other Heliotropium species (Ning et al., 2019). Since compound
3 is also a derivative of 1 (Scheme 1), therefore, both of them

Punctanecine
Chemical Formula: CyH33NOg
Exact Mass: 383.2992
error; -2.1

OH  New analogue of lasiocarpine
2 With difference of 2D
Chemical Formula: C21H35NO7
Exact Mass: 413.2413
error: -1.7

Lasiocarpine
Chemical Formula: C,;H33NO,
Exact Mass: 411.2257

|
|\ N
| U\ AN2TY 8206
[~ [\ .
| prepa o ws error; -1.7
I // 50038841
4122290

Chemical Formula: C,;H;;NO,

Exact Mass: 409.2482

error; -2.4

Fig. 3  Cluster 4 indicating the Pyrrolizidine alkaloids with their molecular formula, exact mass and error in ppm.
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HO HO

MeO 6] N

Heliotrine
8  Chemical Formula: C;gH,,NOs

Exact Mass: 313.1895
/ error: -1.6
Meo— oHo 0 313.18951

0 \
HO
%\é 313.18932
N 11

2 N

New analogue of 7- Acetyleuropine
With difference of 14D 369.21589 // \
Chemical Formula: C19H31INO7 385.2107 S
Exact Mass: 385.2107
error: -1.8 /1 385.21072 313'21?,;2 8 HO HO
9.1884 (0]
387.10342 | \ \
MeO (0] N
|/ / 383.23129 329.18413
|/ i N g OH
385.21078 |/ Europine
]'7& Chemical Formula: C,gH,7NOg
N\ 38521085 Exact Mass: 329.1838
MeO—(" oHp 0 371.19506 error: -2.7
71.19512

7-acetyleuropine
Chemical Formula: C;gH,)NO;
Exact Mass: 371.1950
error: -2.0

Fig. 4 Cluster 18 indicating the Pyrrolizidine alkaloids with their molecular formula, exact mass and error in ppm.

OH
OH
OH
OH O Neochilenin
16 Chemical Formula:: C,,H,,0,,
Exact Mass:478.1112
error 0.4
OH OH 44810105 = OMe
Quercetin-3-O-glucoside JA 448.10035 317.17436 HO
Chemical Formula: C;;H,,0y, ~ - OH
Exact Mass: 464.0964 29510597 | A\ /
—
error -2.2 f
\ | / 47811121 —— 31605845 —=13 .y o
457.19563 / /&/ /r \ Methoxy kaempferol
\L\ |///%/ Chemical Formula:: C;¢H;,0,
\ | 584.11208 204.09051 Exact Mass: 316.0584
205.14256 / & error: 0.6
44810138 Ll

o \

286.04742 OH O
Kaempferol

OH OH / \ Chemical Formula: C;sH,,0,

Kaempferol-3-O-glucoside Exact Mass: 286.0474
. = 286.04794 e
Chemical Formula:: C,H,,0y, 2860483 error 0.7

Exact Mass: 448.1013
error -1.6

Fig. 5 Cluster 19 indicating the flavonoid glycosides with their molecular formula, exact mass and error in ppm in negative mode.
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Table 3 Binding energies of docked confirmations of known
and new compounds identified form Heliotropium dasycarpum.

Sr. No. Compound name Docking scores

Kcal/mol

1 Lasiocarpine (1) —4.46
2 New analogue of lasiocarpine (2) —4.24
3 5'-deoxylasiocarpine (3) —5.18
4 New analogue of 5'- —4.34

deoxylasiocarpine (4)
5 Punctanecine (7) —5.38
6 Heliotrine (8) —4.41
7 7- Acetyleuropine (10) —4.26
8 New analogue of 7- —4.94

Acetyleuropine (11)
9 Quercetin-3-O-glucoside (15) —5.44
10 Neochilenin (16) —4.30
Standard Thiourea -3.19

tend to occur in the same cluster providing the evidence of suc-
cess of MN based dereplication.

The next node (Fig. 3) at m/z 397.2067, corresponding to
the molecular formula as C,;H35NOg, found fit for compound
4, since it showed similar fragmentation pattern to that in spec-
tra of compound 3 with a 2 Da difference. As other fragment
ions at m/z 220.1339 and 120.0809 were similar to those in
spectrum of compound 3, it suggested reduction of C-7 ester
linkage double bond in compound 4. Absence of any hit in Sir-
ius+ CSI:FingerID database prompted to conclude com-
pound 4 as a new analogue of 5-deoxylasicarpine (3).
Scheme 1 describes the biosynthetic pathway of the new com-
pound formation from the known 5-deoxylasicarpine which in
turn is derivative of lasiocarpine (1).

Analysis of another node at m/z 409.2482 led to the identi-
fication of compound 5, with molecular formula C,;H3;NO;.
Since its fragmentation data was also similar to that of com-
pound 1 (Table 2) with difference of 2 Da, showing one addi-
tional double bond in compound 5. Based on the fragment
ions, the additional double bond could be placed in the ring
system (Scheme 1). Comparing mass fragments with the pub-
lished literature, this node was identified as dehydrolasio-
carpine (5), which is reported to induce hepatotoxicity and
genotoxicity and tumor by binding to cellular protein and
DNA (Shafiei et al., 2002).

The node at m/z 381.2155 (Fig. 3) afforded molecular for-
mula CyyH3;NOg with fragment ions similar to necine unit
and due to breakage of ester linkage (m/z 120.0808 and
220.1710 respectively) resulted in the identification of for com-

pound 6. Whole fragmentation pattern was almost similar to
that of compound 3 with 14 Da difference in molecular mass.
Thus compound 6 could be characterized as a derivative of 3
with a less methyl group in 6. Since the identification of struc-
ture by in silico predictor is not always complete with only MS,
two potential structures (symviridine or symphytine) for com-
pound 6 were assigned to this precursor ion, however, none of
these two compounds were identified previously from any
Heliotropium species (Zhao et al., 2011). Literature review
showed that structural analogues symviridine and symphytine
of compound 6, being toxic compounds cause veno-occlusive
liver disease (Roeder et al., 1992).

Next node at m/z 383.2992 was attested with formula
C,y0H33NOg¢ for compound 7. The fragment ions were found
same (m/z 220.1367 and 120.0810) as were seen for compound
6 but with difference of 2 Da, indicating mass of compound 7
ascends due to reduction of a double bond in the ring. Litera-
ture search revealed it as known compound punctanecine (7)
(Mandic et al., 2015). This compound has also been reported
for the first time from H. dasycarpum. In general, cluster 4
(Fig. 3) was predicted to contain diesters of pyrrolizidine
alkaloids.

Fragmentation behavior of MS/MS data of cluster 18
(Fig. 4) revealed it to be mono- and diesters of pyrrolizidine
alkaloids too with the basic skeleton of necine base (Fig. 2)
with fragment ion of [M+H-156] . Node ate m/z 313.1895
depicted the molecular formula C;cH,;NOs with usual frag-
ments of necine base at m/z 156.1021 and 138.0914 represent-
ing heliotrine (8), a common compound of this genus (Ning
et al., 2019). Fragmentation pattern of another node (Fig. 4)
at m/z 329.1841, with molecular formula C;sH,;NOg for com-
pound 9 was also found similar to that of compound 8, it dis-
played characteristic ions at m/z 254.1394, 156.1024 and
138.0916 (Table 2) as were seen for compound 8. Its mass dif-
ference (16 Da) with compound 8 can be corresponded to addi-
tional OH group in 9. Therefore, based on the observed
fragmentation pattern (Scheme 2) and its comparison with lit-
erature values, it was identified as europine (9) (Roeder et al.,
2015). In literature review, europine (9) displayed antifungal
and insect antifeedant activity (Reina et al., 1995). For the next
node (Fig. 4) at m/z 371.1950, offered molecular formula
Ci3sH>9NO; for compound 10. Its fragments at m/z 312.1816,
obtained by the loss of 59 Da (M -C,H;0,), 154.0865 and
136.0760 were characteristic of a known compound 7-
acetyleuropine (10). Compound 11 (node at m/z 385.2101, with
molecular formula as C;9H3;;NO;) was presumed as analogue
of 7-acetyleuropine (10) due to similarity in fragments with dif-
ference of 14 Da suggesting it a derivative with an additional

Table 4 Binding free energies of best docked compounds identified form Heliotropium dasycarpum, with Urease enzyme.

Sr. Compound Name  Docking scores Hydrophobic interactions Hydrogen Bonds Other

no (Kcal/mol) Interactions

1 5- —5.18 Met588, Asp587, Val591, Gln 635 & Argd39 — -
deoxylasiocarpine
3

2 Punctanecine (7) —5.38 Ser 421, Ser422, Thr715, Lys716, Pro717, Asp730, Lys 716 & Leu839 Ionic bond

Lys745, Met 746, Phe838 & Leu839 Asp730

3 Quercetin-3-O- —5.44 Glu418, Serd21, Ser422, Thr715, Lys 716 & Phe838 Glu418, Serd21, Cation T;

glucoside (15) Thr715 &Leu839 Interaction

Lys 716
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CH, group (propionyloxy group) at C-7 ester linkage as
depicted in scheme 1. Since no structural hits appeared in data-
base for this node, thus compound 11 was identified as a new
metabolite.

Structural annotation of cluster number 19 (Fig. 5) showed
the typical fragmentation pattern for flavonoids and flavonoid-
O-glycosides (negative ionization mode). Node at m/z
286.0553, attested for the molecular formula as C;sH;¢Os,
was identified as a flavonol with characteristic cleavage of fla-
vone moiety giving fragment ion at [M-152]". This fragmenta-
tion pattern, in comparison with literature confirmed it to be
kaempferol (12), an important known phytochemical (March
and Miao, 2004). Similarly, node at m/z 316.0583 with formula
as CigH 1,07 was predicted as methoxy kaempferol derivative
(13), with fragment at m/z 302.0431 [M-CH,]", will be more

6In635A /

Lys716A

Argd39A

A) 5’ deoxylasiocarpine-Urease
Complex

B) Punctanecine-Urease
Complex

probably the loss of methyl group 15 Da-CHj group, and frag-
ment at m/z 285.0404 due to loss of methoxyl moiety. (negative
ionization mode).

The node at m/z 448.1006 was identified as 3-O-glycoside of
kaempferol (14) due to characteristic fragment at m/z 287.0577
of flavone skeleton and another characteristic fragment at m/z
163.0623 for sugar moiety, usually observed in mass spectra of
3-O-glycoside derivative (Figueirinha et al., 2008) in negative
mode. Tracking down the next node (Fig. 5) at mj/z
464.0955, which had 16D higher mass than compound 14
was attested for the molecular formula C,;H»(O;,. Other char-
acteristic fragment ions at m/z 303.0508 (flavonol moiety) and
163.0623 (hexose part) indicated it to be 3-O-glycoside deriva-
tive of quercetin (15). Next node at m/z 478.1111 depicted the
molecular formula as C,,H»,0,,, could be identified as 3-O-

Thr7154
Glud18A

Lys716A

Lys716A

Leu839A \}) PheB3BA i

Lys716A |
!

Leugaoa |
o

R

0// R

€) Quercetin-3-O-glucoside-Urcase
Complex

Fig. 6 2D Interaction diagrams generated through PoseView A) 5’ deoxylasiocarpine showing hydrophobic interaction with Met588 and
GIn635 of Urease and hydrogen bond with Arg439. B) Punctanecine showing hydrophobic interactions with Lys716 and hydrogen
bonding with Lysine716 and Leu839 of Urease. C) Quercetin-3-O-glucoside showing hydrophobic interaction with Lys716 and Phe838,
while hydrogen bonds were mediated with Glu418, Ser421, Thr715, Lys716 and Leu839.

A} 5° deoxylasiocarpine-Urease
Complex

Fig. 7

B) Punctanecine-Urease

€) Quercetin-3-O-glucoside-Urease
Complex

Complex

(A-C) 3D interaction diagrams of (A) 5’ deoxylasiocarpine, (B) Punctanecine and (C)Quercetin-3-O- glucoside generated through

ezCADD. Blue dotted lines indicate hydrogen bonds, grey dotted lines indicates hydrophobic interaction, orange dotted lines indicate

cation pi interaction and yellow dotted lines indicate ionic bonds.



Table 5 Analysis of compounds identified form Heliotropium dasycarpum using FAF Drugs4 for ADME/Tox properties.
ID Parameters Lasiocarpine  New analogue of 5’ deoxy- New analogue of Punctanecine  Heliotrine  Acetyl- New analogue of Quercetin-3- Neochilenin

Standards a) lasiocarpine (2) lasiocarpine  5'deoxy lasiocapine  (7) 8) europine Acetyleuropine O-glucoside (16)

3 ) (10) (1) (15)

MW 100.0-600.0 411.49 413.52 395.49 397.52 383.48 313.39 371.43 385.47 464.38 478.42
logP —3.0-6.0 1.28 1.52 2.27 2.28 2.18 0.91 0.08 0.65 0.36 0.22
tPSA <11 106.73 106.73 86.5 86.5 97.5 80.43 106.73 95.73 210.18 195.6
Rotatable <11 10 11 9 11 9 7 9 10 4 5
bond
Rigid bond <30 12 11 16 11 12 10 11 11 24 24
HBD <7 2 2 1 1 2 2 2 1 8 7
HBA <12 8 8 7 7 7 6 8 8 12 12
Rings <6 1 1 2 1 1 1 1 1 3 3
Max. size ring < 18 8 8 8 8 8 8 8 8 10 10
Num charges <4 1 1 1 1 1 1 1 1 0 0
Total charge —8 1 1 1 1 1 1 1 1 0 0
Carbon atoms 3-35 21 21 21 21 20 16 18 19 21 22
Hetero atoms  1-15 8 8 7 7 7 6 8 8 12 12
ratio H/C 0.1-1.1 0.38 0.38 0.33 0.33 0.35 0.38 0.44 0.42 0.57 0.55
Lipinski 0 0 0 0 0 0 0 0 2 2
violation
Solubility 32529.57 29420.83 17322.19 19352.74 19150.23 47140.5 75046.71  52869.8 25415.67 29795.53
(mg/1)
Solubility Good Good Solubility Good Good Solubility Good Good Good Good Solubility Good Good
Forecast Solubility Solubility Solubility Solubility  Solubility Solubility Solubility
Index
Oral Good Good Good Good Good Good Good Good Good Good
bioavailability
VEBER
Oral Good Good Good Good Good Good Good Good Good Good
Bioavailability
EGAN
Stereo centers 5 7 8 7 6 5 5 6 5 7
Result Accepted Accepted Accepted Accepted Accepted Accepted  Accepted  Accepted Accepted Accepted

4!

T° 10 I N
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methyl glycoside derivative of quercetin (16), due to 14 Da dif-
ference with that of compound 15. The base peak at m/z
285.1241 and fragment ion due to hexose moiety substantiated
the deduction of compound 16 to be methyl ether of quercetin
3-O-glycoside (Myagchilov et al., 2020), (Iwashina et al.,
1984).

3.4. Anti-urease docking studies and ADME/|Tox screening of
identified compounds

MN base Dereplication strategy has helped in documentation
of pyrrolizidine alkaloids, flavonoids and flavonoid glycosides.
The pyrrolizidine alkaloids including three new analogues were
docked to validate the urease inhibitory activity of these com-
pounds. The drug-likeliness of these compounds was also
assessed for their potential as future drugs leads. Compounds
14,7, 8, 10, 11, 15 and 16 were docked against urease enzyme
comparing with standard thiourea. The binding energies of
inhibitors and compounds are given in Table 3. All the
compounds have better binding energies as compared to
thiourea  (-3.19  Kcal/mol). The compounds, 5'-
deoxylasiocarpine (3), punctanecine (7) and quercetin-3-O-
glucoside (15) showed better binding energies with values of
—5.18, —5.38 and —5.44 Kcal/mol respectively. Compound 3
made several hydrophobic interactions with the urease, while
7 showed two hydrogen bonds with Lys716 and Leu839 along
with an ionic interaction between nitrogen and Asp730 and

multiple hydrophobic interactions. Quercetin-3-O-glucoside
(15) showed seven hydrogen bonds (Thr715, Ser421, Ser421,
Glu418, Glu418, Glu418, Leu839) along with one cationic &
interaction (Lys716) and multiple hydrophobic interactions
making its binding energy —5.44 kcal/mol. The binding inter-
actions of these compounds along with binding energies are
given in Table 4. The 2D binding interactions of compounds
3, 7 and 15 are shown in Fig. 6 (A-C). Pose View generated
the 2D interactions. The binding energy for thiourea was cal-
culated to be —3.19 kcal/mol which is comparable to binding
energy reported in literature.'® The 3D interaction of thiourea
within active site was visualized using UCSF Chimera (Fig. 8)
(Pettersen et al., 2004). The ezCADD was used for building 3D
binding interaction of these three compounds (Fig. 7).

3.5. ADME]|Tox screening of the compounds (1-4, 7, 8, 10, 11,
15 and 16)

All the compounds follow the standardized parameters of
FAF Drugs4 and follow Lipinski’s rule. The results suggest that
these compounds can act as potential drugs, however, their
toxic properties need to be studied. LogP values indicate
towards oral bioavailability, H-bond acceptors and donors
of the tested compounds. Furthermore, good permeability of
evaluated compounds through plasma membrane is taken into
account through topological polar surface (tPSA). The results
of ADME/Tox analysis are shown in Table 5.

Fig. 8 Binding interaction of Thiourea (brown) within active site of Urease (sky blue). Nickel atoms are shown in green color. Two
hydrogen bonds with bond distance 1.994 A and 2.058 A are shown with dark blue solid lines with residue Ser497(violet red) of protein.
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3.6. Density functional theory study descriptors

The molecular reactivity and structure of organic compounds
can be perfectly described and interpreted with help of DFT
which is a universal computer aided technique in order to dis-
cover their quantitative structure activity affiliation by utiliza-
tion of different quantum chemical and geometrical
descriptors (Horchani et al., 2020). Examination of electronic
characters of molecules as a result of DFT studies plays main
part to uncover the pharmacological features of organic mole-
cules (Parveen et al., 2020).

3.6.1. Frontier molecular orbital (FMO) analysis

In a molecule the most imperative orbitals are HOMO and
LUMO as they play a significant part in exploring the electri-
cal and optical features as well as the quantum chemistry of
compounds (Fleming, 1977). The HOMO (highest occupied
molecular orbital) and LUMO (lowest occupied molecular
orbital) are collectively known as frontier molecular orbitals
(FMO) (Fig. 9) and are associated with ionization potential
and electron affinity of molecule, respectively.

The E yomo (energy of HOMO) typifies the capability of a
molecule to donate electron, whereas E [ymo (energy of
LUMO) governs electron accepting ability. So, higher Eyyomo
values signposts a better propensity towards the electron dona-
tion. Ensuing in good biological potential related with increas-
ing Eyomo value (Bendjeddou et al., 2016). Activity rankings of
under studied molecules according to (Table 6) with increasing
Ehomo Values is as follows:

B>M>MN>@®>2)=@>an > a0 > @16 >
as)

However, the activity ranking of compounds on basis of E
Lumo 1s as follows:

2>dn>@>q00>@® > 1 >3 > (7 >106) >
as)

The energy gap (AE) between Epome and E [ ymo is very
significant as it signposts the chemical reactivity of molecule.
A small value of AE indicates that the molecule is more reac-
tive and softer while large value of AE is an indication that
molecule is more stable, less reactive and hard (de Oliveira
et al., 2020; Rahman et al., 2020). Among the studied com-
pound, (15) is most reactive, softest and least hard molecule
with lowest AE (0.1361 eV) value, lowest chemical hardness

[ELumo (V) =-0.0602]

[ELumo (eV) = -0.0298]

[ELcmo (V) = -0.0277]

AE =0.1835 AE =0.1912
[E somo (eV) = -0.2112] [E tomo (eV) = -0.2134 [E nomo (€V) — -0.2190
X X 24
9
2
= 4
”J 2
9
4
20
:
tliotrine (8) [7- Acetyleuropine (lOSI
} °
o’ »
‘eq
> oo Jd
Q9 9 p.
[ELumo (€V) = -0.0244] Erumo (eV) =-0.0998 Erumo (€V) =-0.0832
AE =0.1914 AE =0.1361 AE =0.1417

[E tiomo (eV) = -0.2159

|E Homo (eV) = -0.2359

[E somo (eV) = -0.2249

2

Zopby

5

H

4
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Fig. 9  Contour diagrams of FMOs comprising the highest occupied molecular orbitals (HOMO) and the lowest unoccupied molecular

orbitals (LUMO) along with energy gap.



Table 6 Quantum and geometrical based computational parameters based on DFT calculations having 321-G basis set for the in order to facilitate SAR studies of compounds, where
Enowmo (€V), ELumo (€V), Energy Gap “AE = Epymo - Enomo (€V)”, Dipole Moment “p(Debye)”, Global Hardness “n (eV)”, Electronegativity “y (eV)”, Chemical Potential “CP”,
Nucleophilicity Index “N”, Electrophilicity Index “(®)”, Ionization Potential “I = - Egomo (€V)”, Electronic Energy “E (Hatree)”, global softness “(S)”, additional electronic charges

(ANmax).
Sr. Compounds Parameters
Ne- Fiomo  Enomo  AE A I 1 n n S N ANpy  dp E

eV) eV) V) (eV) eV) (eV) (eV) (eV) V) V) D Hartree
1 Lasiocarpine (1) 0.0483 0.2085 0.1602 0.0483  0.2085 0.1284  0.1284  0.0801  6.24  0.1029 9.717  1.603 3.7250 1401.325
2 New analogue of lasiocarpine (2) 0.0239 0.2141 0.1902 0.0239  0.2141  0.1190  0.1190  0.0951 525 0.0744 13.43 1.251 5.4921 1402.548
3 5'deoxylasiocarpine (3) 0.0495 0.2057 0.15619  0.0495 0.2057 0.1276  0.1276  0.0781  6.40  0.1043 9.584  1.634 0.76401  1326.102
4 New analogue of 5'deoxylasiocarpine (4)  0.0258 0.2141 0.1883 0.0258  0.2141  0.1199  0.1199 0.0941 531 0.1529 6.540 1.274 3.0864 1327.329
5 Punctanecine (7) 0.0602 0.2112 0.1509 0.0602  0.2112  0.1357 0.1357 0.0754 6.62  0.1237 8.079  1.797 4.8794 1288.027
6 Heliotrine (8) 0.0298 0.2134 0.1835 0.0298  0.2134 0.1216  0.1216  0.0917 5.44  0.0806 12.40 1.325 7.2157 1056.743
7 7- Acetyleuropine (10) 0.0277 0.2190 0.1912 0.0277  0.2190  0.1236  0.1236  0.0956 522 0.0796  12.56 1.290 8.2019 1284.594
8 New analogue of 7- Acetyleuropine (11)  0.0244 0.2159 0.1914 0.0244  0.2159 0.1202  0.1202  0.0957 522  0.0753 13.28 1.255 2.5157 1323916
9 Quercetin-3-O-glucoside (15) 0.0998 0.2359 0.1361 0.0998  0.2359  0.1679 0.1679  0.0680  7.34  0.2071 4.827  2.467 7.1707 1714.863
10 Neochilenin (16) 0.0832 0.2249 0.1417 0.0832 0.2249 0.1541 0.1541 0.0709 7.05 0.1674 5971  2.174 8.9873 1754.158
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(m = 0.0680) and highest softness (S = 7.34). Consistent with
Table 6. increase in reactivity order of molecules is as follow:

@®»>1>M>3)>M>@® > >2>10) >
an

3.6.2. Global reactivity parameters

Chemical potential (p), electronegativity (y), chemical hard-
ness (), softness (S), electronic energy (E), electrophilicity
index (), nucleophilicity Index (N), ionization potential (I),
Electronic Charges (AN,,,,,) and dipole moment are the global
parameters to assess the chemical reactivity of a molecule
(Zarren et al., 2021).

Larger value of electronegativity () and electrophilicity
index (®) indicate the good electron accepting ability of a
molecule. So, compound (15) is considered best electrophile

with highest (y) and (®) values, —0.1679 eV and 0.2071 eV,
respectively (Abbaz et al., 2019). A compound with higher
nucleophilicity index (N) value and lower electrophilicity (®)
value offers good biological potential. has lowest electrophilic-
ity and highest nucleophilicity index. Compound (2) is consid-
ered to have excellent biological potential with highest
nucleophilicity index (N = 13.43) and lowest electrophilicity
(o = 0.0744) values (Table 6).

Charge densities in a compound and its bond properties can
be measured by dipole moment. Fig. 10 displayed the vector of
the dipole moment of all the under studied molecules. Com-
pound (16) has large dipole moment value as compared to
other compounds that revealed that (16) has the finest charge
distribution and well-adjusted bond distance. This symbolizes
that compound (16) exhibited the paramount conductivity

INew analogue of 7- Acetyleuropine (1 lj

[Quercetin-3-O-glucoside (15)

[Neochilenin (16)|

Fig. 10  The vector of the dipole moment of all the under studied molecules.
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upgraded by oxidation (Ajeel et al., 2015; Ahmed et al., 2017;
Sayin and Ungordii 2018). On the basis of highest negative
value of Electronic Energy (E), compound (16) is most sable
compound among all discussed compounds.

3.6.3. Molecular electrostatic potential (MEP)

The MEP visuals allows us to foresee variably charged zones
of a molecule which is valuable to forecast how molecules
may react to each other, nature of chemical bonds and detec-

-

I

tion of location of nucleophilic and electrophilic attack
(Valarmathi et al., 2021). The computed electrostatic potential
as well as predicted sites for electrophilic and nucleophilic
attack through MEP map for all studied compounds are
shown in Fig. 11. The blue to red color of the diagrams sug-
gests the electron-poor to electron-rich areas (Parveen et al.,
2022). The position of attack of nucleophile is indicatable by
blue color that is dispersed mainly around hydrogen atoms,
presenting its competence to react with a nucleophile.

lNew analogue of lasiocarpine (2)|

IS'dcoxylasiocarpine (3) I

New analogue of 5'deoxylasiocarpine (4)|

- - T -

Punctanecine (7)

S . B .

T .

7- Acetyleuropine (IO)I

[New analogue of 7- Acetyleuropine (11) |

|Quercetin-S-O-glucoside 1 5)|

Neochilenin (16)

MEP of the compounds based on SCF energy.

Fig. 11
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However, yellow or red coloration is a suggestion of position
of attack of an electrophile which is noticeably appeared
nearby the oxygen atoms thus all the oxygen atoms have the
competence to react with electrophiles. While the region with
green coloration signifies the area of neutral reactivity.

4. Conclusion

Heliotropium dasycarpum, being important component of folk medici-
nal system, was investigated for its Biomedical potential. Although
methanolic extract (HdM) and its fractions (HdH, HdE and HdW)
were inactive in anticancer assay and were weakly immunomodulators;
but ethyl acetate fraction (HdE) potentially inhibited the activity of
urease enzyme. Chemical profiling through HR-LCMS/MS of HdE
disclosed the presence of 08 known (1, 3, 5-11) and three new (2, 4
and 11) pyrrolizidine alkaloids, along with and five known
flavonoid-derivatives (12-16). Most of these known compounds are
already reported as cytotoxic or potent antioxidant. Docking studies
of compounds 3, 7 and 15 indicated potential inhibitory activity
against urease enzyme as these compounds made special hydrophobic
interactions with the urease enzyme while ADME/Tox analysis also
indicates that the compounds have drug-like properties and hence val-
idated antiurease activity of HdE, which can serve as potential drugs
for future use. These studies suggested the ethyl acetate soluble frac-
tion of crude methanolic extract of Heliotropium dasycarpum may be
considered as important component of herbal drug against infection
stones, pyelonephritis, peptic ulceration and hepatic encephalopathy,
or may serve to provide pure metabolites for such drug development.
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