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ABSTRACT

Cleome viscosa L., a member of the family Cleomaceae, is a poten-
tial medicinal plant, known for several bioactive properties such
as: anticancer, antidiabetic, antioxidant, anti-inflammatory, antimi-
crobial, wound healing, etc. Our study aimed to isolate a bioactive
compound and assess its antibacterial activity. The crystal com-
pound imperatorin was isolated and reported for the first time
from the aerial parts of C. viscosa. The isolation was made using
silica gel (100-200 mesh) column chromatography. The structure
of imperatorin was investigated through single-crystal XRD, unit
cell molecules, FTIR, and ESI-MS spectral analysis. The results val-
idated imperatorin’s triclinic crystal structure and P2i/c distance
group. The electronic structure was also calculated (4.28/6.21 D)
along with the frontier molecular orbital, dipole moment, atomic
charges, and electrostatic map of particles in gaseous stage and
active site. Imperatorin showed highest activity at 40 ug/mL con-
centration against Gram+ve bacteria: Staphylococcus aureus
(3+£0.2mm), Bacillus subtilis (3+0.6 mm), and Gram -ve bacteria:
Klebsiella pneumoniae (3+0.2mm), Escherichia coli (5+0.2mm). The
study highlights that the compound can be isolated in larger
quantities as the plant is easily available across the tropics.
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1. Introduction

Diseases are generating major health difficulties worldwide. Globally, natural products
are in major demand to treat diseases in developed and developing countries, and
their treatment is a struggle with some successful cases (Ekor 2014). Herbs are natural
products free from side effects, easily available, low-cost, and eco-friendly. Many
diseases may be potentially cured with natural remedies where an important role is
played by flavonoids, phenolic compounds, etc Plants do contain several secondary
metabolites such as alkaloids, steroids, phenols, fatty acids, essential oils, flavonoids,
anthocyanins, and terpenes also significant in various biological studies (Singh et al.
2017). The human population has increased more than 80% worldwide, and based
on the human population the requirement and consumption increased for medicine,
agricultural, pharma industry and food, etc. (Ekor 2014).

Cleome viscosa L. belongs to one of the largest genera under the family Cleomaceae
(formerly Capparidaceae). C. viscosa generally known as “duckweed or wild dog mus-
tard’, is a pantropical yearly medicinal plant gummy herb (found in India all over the
plains) (Phan et al. 2016). It is a significant conventional plant for Indian-Ayurvedic
and the Chinese remedy system, used in different aspects such as blood diseases,
and uterine complaints, hypertension, rheumatic arthritis, snake bite, neurasthenia,
malaria, and wound healing and for its anti-inflammatory, analgesic-antipyretic, anthel-
mintic, hypoglycemic, hepatoprotective, and antidiarrhoeal activities (Yadav et al.
2010). It is used in traditional medicine as nutritional supplement due to the most
abundant resource of bioactive constituents (Ahmed et al. 2011). Previously, several
bioactive compounds have been isolated from C. viscosa such as visconoside A, B, fla-
vonol glycosides, kaempferitrin, vincetoxicoside A, B, kaempferol 3-O-b-D-glucopyranoside
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7-0-a-L-rhamnopyranoside, kaempferide 3-O-b-D-glucopyranoside 7-O-a-L-
rhamnopyranoside, and isorhamnetin 3-O-b-D-glucopyranoside, regioisomer cleomis-
cosin D, a inconsequential coumarino-lignan, glucocleomin and glucocapparin, lupeol,
camphene, a, B-pinene, p-cymene, myrcene, Cleomiscosin A, B, C, D, E-ocimene, lim-
onene, allo-ocimene, a-terpeniol, a-amorphene, cedrene, citronellic acid, Nevirapine,
ethyl palmitate, dehydrolinaloollinoleic acid and palmitic, linolinic oleic, stearic acids
(Songsak and Lockwood 2002; Ahmed et al. 2011; Chatterjee et al. 2013; Upadhyay
2015, Mali 2010; Phan et al. 2016).

Imperatorin ([9-(3-methylbut-2-enyloxy)-7H-furo [3, 2-g] chromen-7-one]) is a major
active ingredient of Apiaceae and Rutaceae families. Based on the literature survey,
imperatorin has been also isolated from Foeniculum vulgare Angelica dahurica roots
(Gyawali and Kang 2018) Angelica sinensis and fruits of Anemone sylvestris, Peucedanum
praeruptorum, Angelica arcangelica (Cao et al. 2013; Lin et al. 2016), Casimiroa edulis
leaf (Awaad et al. 2012), Cnidium monnieri, Aralia cordata, Angelica dahurica (Zhao et al.
2022), Althea officinalis, Citrus fruits (Citrus limonum), Radix glehniae and Heracleum
rapula (Lu et al. 2012). It has been reported to possess a wide range of biological
activities such as anti-inflammatory, anticancer, analgesic, anticoagulant, antidiabetic,
hepatoprotective, and immunomodulatory activities (Koziot and Skalicka-Wozniak
2016, Mali 2010).

The present study deals with the first report of the compound imperatorin isolated
from C. viscosa. The crystal compound (imperatorin) was isolated from the aerial parts
of C. viscosa, characterized through single-crystal XRD, FTIR, and ESI-MS, and further
evaluated for antibacterial properties against both Gram +ve and Gram -ve organisms.

2. Results and discussion

Dried powdered aerial parts of C. viscosa were subjected to silica gel column chro-
matography by using gradually increasing polarity solvents through the proportion of
H:C, C:EA, EA:M and M. In total 120 fractions were collected, and each fraction was
evaporated to aridness beneath room temperature and pooled with similar fractions.
Fraction VI showed an obvious spot with an R; value of 0.584 (imperatorin) in the
analysis of TLC which indicates the presence of a pure compound. The imperatorin
isolated was carefully crystallized from fraction VI through a mixture of solvents at a
ratio of H:EA:M (1.5:0.3:0.2). The UV absorption spectrum showed various absorption
peaks with characteristic maxima of imperatorin at 230nm. The solubility of the
isolated and purified bioactive compound was verified and tested using ethanol,
chloroform, toluene, methanol, DMSO, and hot water, and it was completely dis-
solved. Fig. S1 depicts the single pure crystal-XRD of isolated bioactive compound
imperatorin. Based on the previous literature, methanolic extracts of Citrus trifoliata
seeds and fruits were analyzed by using silica gel column chromatography (Kerekes
et al. 2022). Likewise, Bertin et al. (2014) reported the isolation of yellow amorphous
powder from methanolic extracts of Casimiroa genus (Bertin et al. 2014). On the other
hand, intensification of imperatorin extraction from Aegle marmelos by ultrasound
assisted three phase partitioning was reported by Sonar et al. two years ago (Sonar
et al. 2021). The crystallized compound in triclinic Pi space collection through four
molecules in the component cell (a=11.0659(7) A, b=11.8277(8) A, c=11.9252(9) A,
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a=64.924(4)°, 3=83.661(4)°, y=89.247(4)° and Z=4) was elucidated by X-ray crystal-
lography. From this chromatographic step, not all the secondary metabolites could
be identified since several mixtures of different compounds were present (Deposition
number CCDC NO: 1883930).

The bond lengths and torsion angles of compound principles are presented in Tables
S1-S3. As can be appreciated in Fig. S1, the asymmetric component consists of two
autonomous molecules (Z'=2). In the two independent molecules, there is no change
in the main moiety unlike the side chain moiety. The furochromene ring systems are
in planar conformation. The methyl butan side chain moiety is attached to the phenyl
ring of chromene moiety. The methyl butan moiety is an extended conformation with
the chromene ring system in molecule I, torsion angle C21—08—C28—C29=176.2(2)°.
In molecule |, the C13 atomic position was changed from molecule Il as can be appre-
ciated from the torsion angle of C6—04—C12—C13=62.3(1)°. In the crystal packing,
the structure of molecular is stabilized through C—H--O, C—H-- m and 171 interactions
(Table S4). The molecules | and Il appearance the supramolecular perpetuity layer
beside the [100] plane in the complete structure of crystal as shown in Fig. S2. The
C3—H3:-06 and C3—H3--07 intermolecular electrostatic hydrogen bond interactions
are supramolecular layer forms along with [0 1 0] plane as shown in Fig. S3. In these
two interactions, atom C3 acts as the bifurcated donor atom and generates an R12(4)
graph-set circle pattern in the arrangement. The C2—H2--O8 and C18—H18--04 inter-
action connect A—B—A—B—A—B through C (6) chain running along the “b” axis.
The C2—H2-+-08 and C3—H3--06 electrostatic H bond connections create an R22(8)
graph-set circle pattern in the arrangement along with [0 1 0] plane The molecules
flanking are simultaneous through C11—H11--01 in molecule | and C17—H17--07 in
molecule Il intermolecular H bonds forms C (9) perpetuity chains successively beside
“a” axis is showed. The C3—H3--07 and C17—H17--07 intermolecular hydrogen bonds
comprise a couple of bifurcated acceptor bonds and the C2—H2--08 and C11—H11--01
interactions generating an R44(19) graph-set circle motif equivalent to [0 1 O] plane.
The electronegative atom O1 acting as the bifurcated acceptor hydrogen bonds (C11—
H11--01 & C25—H25--01) and the C18—H18--04 intermolecular interaction generating
an R33(14) ring design in the arrangement. The C17—H17--07, C18—H18--04 and
C26—H26--04 intermolecular interactions together form an R33(9) graph-set circle motif
in the arrangement. The molecules are linked by pairs of C25—H25.-01 and C26—
H26--04 intermolecular H bonds, forms an R22(10) ring motif. The 2 molecules are as
well supposed jointly through C—H-- m connections which supply to the aggregation
of supramolecular. The C15—H15- Cg9 communication with the division remoteness
between the acceptor and donor being 3.715(6) A. The molecules in the crystal stacked
in layers supposed collectively by m-m interaction, with the detachment of Cg2--Cg3,
Cg7-Cg8, and Cg7--Cg9 are 3.6921(19) A, 3.6061(19) A and 3.613(2) A, respectively as

"_n

shown in Fig. S4 viewed down “c” axis.

Hirshfeld surface analysis

From the Crystallographic Information File (CIF), a complete structural description
helps to quantify and visualize the creature category of intermolecular connections
and their collision on crystal stuffing in the surroundings of crystal with the help of
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Hirshfeld Surface Analysis by using Crystal Explorer (17.5 software). The plot d,,,
indicates the remoteness from exterior nuclei surface (de) and within the exterior
(di); on the three-dimensional (3D) Hirshfeld surfaces, the white exterior describes
the sum of the vdw radii, blue exterior represents short connect distances com-
pared to the vdw radii, and the red surface represents close contact interactions
(H bond contacts). The numerous types of intermolecular connections of molecule
in crystal can be identified through the fingerprint plots shapes. The fingerprint
plots (2D) facilitate in characterizing contact distances to HSA, which have revealed
the range from 0.6 to 2.8 A including reciprocal contacts. The fingerprint plot and
percentage graph shown in the picture serve to measure the influence of various
solid-state interactions. If the fingerprint map is compared to molecules 1 and 2,
they are almost identical. Because the H--H, O--H, and C--H types of interactions
are prominent in both molecules, it is further evidence that the Vander Walls and
C—H--m interactions are crucial to the crystal environment. Both molecules’ H--H
and O--H contributions are 50.4/44.8 and 27.5/30.5%, respectively. The H--H plot
extends beyond occupied fingerprint plots that would typically split from one
another, the O—-H plot resembles sharp spikes, and the C—-H fingerprint plots exhibit
comparable symmetrical wing shapes. Compound 1 has significantly lower C--H and
O--H contributions than compound 2, and slightly larger H--H contributions. This
fingerprint plot thus verifies that the compound’s stability in the crystal phase is
caused by the presence of weaker hydrogen bonds.

Density functional analysis

DFT is used to determine some basic quantum chemical parameters as well as their
geometrical shape. And, E,qyo and E o are essential parameters used to recognize
the electronic structure of the ligand to comprehend the geometry conformational
of the molecule. Through using Gaussian09 software, the Mullikan infinitesimal
charges (MPA) for the imperatorin molecule in the gas phase and vigorous site
was considered. The MPA charge of H atoms exhibits high negative charges and
carbon atoms carry high positive charges because of which are covalently bonded
with an electronegative atom of oxygen. Each atom'’s charges were varied in the
active site lifted molecules compared with gas-phase molecules due to the effect
of the protein environment. The moment of dipole together forms the imperatorin
molecule has been considered from different quantum chemical methods. The mol-
ecule’s dipole moment in the gas phase was 6.74D, despite the comparable value
in the active site was 4.28/6.21 D. As a result, the lifted molecule’s dipole moment
in the active site is relatively reduced when compared to that of the imperatorin
molecule in the gas phase. This suggests facilitating that after a molecule is nearby
in the surroundings of a vigorous site, its dipole moment drops. The direction of
the dipole instant vectors in the gas phase and the vigorous site of SAH is shown
in the overlaid form of the imperatorin molecule in the gas phase and the dynamic
site (Figs. S5-S7). Excitingly, the combination of nucleophilic (concerned with areas
with positive budding) and electrophilic (involved just before regions with negative
potential) parts of the molecule aids in the electrostatic probable (ESP) map's ability
to forecast the probable automatic sites of complexes. The imperatorin molecule’s
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vital quantum element descriptors, such as the uppermost engaged molecular
detour (HOMO) and smallest untenanted molecular detour (LUMO), which are closely
associated with biological and chemical activities, were computed. Fig. S8 depicts
the molecular surfaces of the two complexes at 0.2au. The LUMO and HOMO live-
liness surfaces were located ended the keto collection and midpoint band regions,
correspondingly. The positive and negative areas are represented by the colors red
and green, respectively. To comprehend the quantum chemical characteristics, the
global reactivity descriptors were derived. It is discovered that the estimated values
for LUMO and HOMO energies are, respectively, —6.09eV and —1.98eV. There is a
—4.11eV bandgap. The molecule’s predicted electronegativity, ionization potential,
and electron affinity are 1.98, 6.09, and 4.03eV, respectively. When compared to
the ionization potential, the affinity of electrons and electronegativity principles
are stumpy, which signals strong reactivity.

Imperatorin characterization

The FT-IR range of the spectrum shows the characteristic a strapping and pointed
quivering band peaks at 3417, 3373, 3289, 2723, 1670, 1614, 1514, 1359, 1316, 1243,
1212, 1165, 1141, 1095, 1011, 1001, 933, 881, 846, 820, 806, 789, 706, 690, 635, 597,
519, 496, 436, 425 and 408 cm~' which strength be owing to the presence of - NH,
=C-H, -OH, C=C, -CH,-C=0, -CH (bending), -C-O (broaden) -CN (stretch), groups. The
different peaks and functional groups and their assignment of isolated compound
(imperatorin) are shown in Fig. S9. Besides, the MS spectrum scan was acquired run
in positive ionization mode (Fig. S10). Based on the spectral data and in accordance
with previous literature data the isolated compound can be inferred as imperatorin
(molecular formula: C,(H,,0,). Similar results were obtained IR spectra showed absorp-
tion bands at 3410 (-OH), 1655 (a,b-unsaturated carbonyl group), 1613 (aromatic C,C),
3290cm™! attributed to hydroxyl (OH) functionalities.

Antibacterial activity

The antibacterial activities were tested for different concentrations of isolated imper-
atorin and were determined by the conventional well diffusion method considering
both by Gram-positive and Gram-negative against human pathogenic bacteria. The
increasing concentrations of imperatorin (10-40 ug/mL), showed increased inhibitions,
as highlighted in Table S5. Imperatorin showed highest activity at 40 pg/mL concen-
tration against Gram +ve bacteria: S. aureus (3+0.2mm), B. subtilis (3£0.6mm), and
Gram -ve bacteria: K. pneumoniae (3+0.2mm), E. coli (5+0.2mm). The screening and
isolation of secondary metabolites against different diseases can unlock an original
entryway to tackle therapeutically demanding ailments. Based on the above results,
Angelica lucida, Magydaris tomentosa have strong antimicrobial activity with both
Gram-bacteria and Gram-negative bacteria (Widelski et al. 2009)

Experimental set-up

Supplied in supplementary materials.
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Conclusions

The current work mainly focused on the isolation of bioactive compounds from C.
viscosa. The proposed method is cheap, non-toxic, reproducible, and eco-friendly.
Imperatorin showed a remarkable inhibitory activity against Gram+ve and Gram -ve
human pathogens. The chemical characterization might further pave the way for
understanding its potential bioactivity and other application like anticancer, antioxi-
dant, anti-inflammatory activities. Our study concludes that the crystal compound is
highly effective with antibacterial properties that would be very useful for potential
medical applications.
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