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ABSTRACT

Allantoin, a crystalline compound was isolated from the methanolic extract of Cleome viscosa
and it was reported for first time from this plant. The structure of Allantoin was elucidated
by single crystal XRD and it was further confirmed through FTIR and ESI-MS spectroscopy
techniques. It was crystallized in monoclinic crystal system with the space group P2i/c.
Electronic structure characterization of the isolated Allantoin was done through density
functional theory calculation. The atomic charges, dipole moment, frontier molecular orbital
and the electrostatic potential map of the molecule in the gaseous phase and in the active
site have also been analyzed. The optimized geometry was used for molecular docking to
identify the possible binding mode. Furthermore, the in vitro antibacterial activity of the
isolated Allantoin against Gram-positive and Gram-negative bacteria was evaluated. Maximum
Inhibitory Concentrations (MIC) of isolated Allantoin results showed 4 ug/mL for B. subtilis and
8 ug/mL for S. aureus, E. coliand K. pneumoniae.

Key words: Cleome viscosa, Allantoin, XRD, Antibacterial activity, Molecular docking.

Highlights

1. Isolation of Allantoin was reported for the first time from the methanolic extract of Cleome

viscosa.

2. This is the first time in India to use methanol as the solvent for the isolation of Allantoin

from this plant.

3. Allantoin exhibited significant antibacterial activity against pathogenic bacteria.

5

Molecular docking also supported the antibacterial activity of Allantoin.

5. Crystal structure determination of the compound Allantoin showed a supramolecular graph-

set ring motif.

INTRODUCTION

Natural products of plant origin were in high
demand for curing many diseases of human beings;
besides, they are biodegradable, accessible and
there was no side effects on human beings.* Cleome
viscosa L. (Cleomaceae formerly Capparidaceae)
commonly known as “wild or dog mustard,” is one
such herb found all over the plains of India and
throughout the tropics of the World.** It is an annual
waste land weed with yellow flowers with sticky in
nature and strong penetrating odour. In Indian
traditional medicine, found throughout the greater
part of roadsides, refuse heaps, waste grounds and
agricultural land and waste places® the seeds are
small, dark brown or black and granular, possessing
rubefacient, vesicant and anthelminthic properties.
The seeds are occasionally used as a condiment in
curries.”®

Previous phytochemical investigations of C. viscosa
have yielded a flavonol’, dipyridodiazepinone
derivative'®, quercetin 3-O-P-d-glucopyranoside
7-0O-a-1- rthamnopyranoside'>'?, quercetin 7-O-a-
l-rhamnopyranoside’, astragalin', isorhamnetin

3-0O-b-D-glucopyranoside®, and lactam derivative'®
which possessed anticancer properties.

In this study, the crystal compound of Allantoin
(imidazolidine-type) ~was isolated from the
methanolic extract of C. viscosa for first time
was reported. Allantoin has been found to have
several pharmacological activities viz: antipsoriasis
and immunostimulant, it is widely employed in
dermatology, stimulation of cell mitosis, analgesic
and as an anti-inflammatory agent.”” Allantoin also
found in Garcinia nervosa'® comfrey plant'® green
tea” and abundant in Dioscorea spp.** Moreover, the
U.S Food and Drug Administration (FDA) disclosed
as Allantoin is very safe for the development of skin
care pharmaceutical products.”

An attempt has been made to understand the
reason for antibacterial property of C. viscosa from
both experimental and computational studies. The
imidazolidine type Allantoin, a bioactive compound
was isolated as a crystalline compound. To the best
of our knowledge, this is the first time the Allantoin
is isolated from C. viscosa. In addition to this, the
isolated Allantoin was crystallized and characterized
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by single crystal XRD, FTIR and ESI-MS spectroscopy techniques. The
antibacterial activity of Allantoin was evaluated against Gram-positive
and Gram-negative bacteria such as Bacillus subtilis (B. subtilis),
Staphylococcus aureus (S. aureus), Escherichia coli (E. coli) and Klebsiella
pneumoniae (K. pneumoniae). DFT calculations were performed to
understand the structure of Allantoin while molecular docking analysis
was done to understand how Allantoin binds into the protein. This
shed light on the nature of interactions exist between the Allantoin
and proteins. Overall, this study provides useful information about
Allantoin and its antibacterial properties. Besides, interactions of this
compound with bacterial proteins were analyzed by in silico studies.

MATERIALS AND METHODS

General experimental procedures

TLC plates of about 0.25 mm thick (aluminum pre-coated silica gel),
silica gel column material (100-200 mesh) were obtained from Merck,
India. Muller Hilton Agar (MHA) and Muller Hilton Broth (MHB)
were obtained from Hi-Media, India. Resazurin was procured from
Sisco Research Laboratories Pvt. Ltd. (SRL) - India. Tetracycline
hydrochloride purchased from Sigma-Aldrich, India. Other chemicals
and solvents were used from analytical grade without any further
purification.

Collection of plant material

Apparently disease free healthy aerial parts of C. viscosa were collected
from the botanical garden, University of Madras during the month of
August - October (2014). Taxonomic identification of the plant was
made by Prof. K. Murugesan, University of Madras, Guindy Campus
and Chennai, India. The plant materials were washed twice with tap
water to remove soil and dust particles and finally rinse with distilled
water. The collected plants were shade dried and pulverized in a
mechanical grinder and stored in a closed vessel for further use.

Extraction and isolation

The air dried, powdered aerial parts of C. viscosa (100 g) was extracted
using a Soxhlet apparatus with 1L of methanol at room temperature
for 8 h, the extraction procedure was repeated until the solvent
become colorless. The obtained extract was condensed using a rotary
evaporator (Lark Rotary Evaporator, Model RE 100-Pro). The 10 g
of dark green methanolic residue was subjected to silica gel (100-
200 mesh) column chromatography and was eluted with the ratio of
hexane and chloroform; chloroform and ethyl acetate; ethyl acetate and
methanol (9:1 to 1:9 ratio). Totally, 96 fractions were collected and were
pooled in to 8 major fractions based on the TLC profile such as Fr. I
(0.015 g), Fr. IT (0.024 g), Fr. I1I (0.038 g), Fr. IV (0.026 g), Fr. V (0.025
g), Fr. VI (0.017 g), Fr. VII (0.013 g) and Fr. VIII (0.015 g). The crystal
compound was observed in the fraction III; it was purified further and
characterized by the single crystal XRD, FTIR and ESI-MS.

Single crystal X-ray crystallography

In the present study, diffraction data for the crystals were collected
using Bruker axs Kappa APEXII single crystal diffractometer? available
at the SAIE IIT Madras, Chennai. Bruker axs Kappa APEXII has all
the components needed to collect X-ray diffraction data from a single
crystal. This is equipped with graphite monochromated MoK radiation
source” and CCD detector. The unit cell parameters were determined
from 36 frames (0.5° phi-scan) measured from three different
crystallographic zones and using the method of difference vectors.
Crystal structures were solved by direct methods with SHELXS-2014.*
The hydrogen atoms were located in the calculated positions and
refined with a riding model. Molecular graphics were computed with
PLATON. All non-hydrogen atoms were refined anisotropically and
all hydrogen atoms were placed in geometrically calculated positions
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and refined as riding atoms with the relative isotropic parameters. The
refined fractional atomic coordinates, bond lengths, bond angles and
thermal parameters have been deposited.

Density functional theory (DFT) calculations

Quantum chemical calculation

The Allantoin molecule is optimized at B3LYP / 6-3 G (d) level using
Gaussian) O3 Software.” This B3LYP functional is already reported
for its accurate results for most of the organic molecules and therefore
the same is used here.?® The optimized geometers was subjected to
frequency analysis to ensure that the geometry is corresponding to
global minima. This was confirmed by obtaining all real frequencies.
The atomic charges, dipole moment, HOMO, LUMO and electrostatic
potential map of the molecule in the gaseous phase and in the active site
have been analyzed.”*

FTIR spectral analysis

FTIR spectrum of the purified compound was studied using KBr
pellet and the absorbance was recorded in Perkin-Elmer spectrum one
spectrometer at a scan range of 4000-400 cm™'.

ESI-MS spectral analysis

ESI-MS/MS analysis was performed mass spectrometer operated in
the positive ion mode, and the optimized instrument conditions of
MS were set as follows: spray voltage, 3.0 kV; capillary temperature,
250°C; vaporizer temperature, 350°C; cone voltage, 40.0 V; sheath gas
pressure, 40 psi; Aux gas pressure, 10 psi. Collision energies for the MS/
MS analysis ranged from 30 - 45 eV in accordance with the mass of the
precursor ion. Nitrogen (N2) was served as the cone and desolation gas
and Helium (He) was used as the collision gas. Mass spectrometry data
were acquired full-scan mode for m/z in the range from 200 to 1000. All
data acquisition and analysis was performed in the Thermo X caliber
Chem. Station (Thermo Fisher Scientific, Waltham, MA, USA).

Antibacterial activity

The antibacterial activity of the isolated compound allantoin was
tested against Bacillus subtilis, Staphylococcus aureus, Escherichia coli
and Klebsiella pneumoniae determined by well diffusion method. The
bacterial culture (107/mL) was swabbed uniformly on the Muller Hilton
agar plate using a sterile cotton swab. The different concentration of
allantoin (10 - 40 ug/mL) was added into each well and they were
incubated at 37°C for 18 h. After incubation, the appeared zone was
measured. Standard antibiotic tetracycline was used as a positive
control. The experiment was repeated twice.

Determination of minimum inhibitory concentration
(MIC)

Minimum Inhibitory Concentration (MIC) of allantoin was determined
against above mentioned pathogenic bacteria by broth dilution method.
In brief, different concentrations of allantoin (128, 64, 32, 16, 8,4, 2, 1,
0.5, 0.25 ug/mL) was suspended in to 50 uL of the MHB of medium and
taken in to the 96 well plate followed by 20 uL of bacterial suspension
(1x10 CFU/mL) were added to the each well and then it was incubated
for 18 h at 37°C. Tetracycline hydrochloride was taken as a positive
control. After incubation 30 pL of resazurin (0.015%) was added to the
each well and incubation period was extended another 3 h. Based on
the visible color changes the inhibitory concentration was calculated.
The live cells exhibit the purple color and the dead cells exhibit the pink

color.”

Molecular docking

Molecular docking analysis was performed on Centos 6 Linux
workstation using Maestro. GLIDE - 6.0 searches were performed
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for understanding docking interactions between natural compound
(allantoin) with DNA gyrase-II. All molecular modeling was carried
out using OPLSAA (Optimized Potential Liquid Simulation for All-
Atom) force field.* Ligprep 2.3 modules® were employed for natural
compound (allantoin) preparation.”” The three-dimensional crystal
structure of DNA Gyrase-II (PDB: 5L3]) was downloaded from the
PDB (http://www.rcsb.org). Protein preparation wizard of Schrodinger
was used for DNA gyrase preparation. No hydrogen atoms were
minimized until the average root mean square deviation reached a
default value of 0.3 A. Sitemap 2.3 was used to understand binding site
in the ligand-binding domain (LBD) of the DNA gyrase-II).*' Induced
fit docking was performed to compounds binding modes and structural
movements in the LBD region of DNA gyrase-II using Glide and Prime
modules. The prepared proteins were loaded on the workstation and
the grid values were calculated about 20 A to cover the entire active
site amino acids. About 20 conformational images were created and
analyzed for the best conformation pose based on the docking score
and glide energy.

Statistical analysis

Analysis of variance (ANOVA) was carried out using SPSS program
(version. 15). Means and standard deviation of three replicates were
calculated. The results were considered significant at p < 0.05.

RESULTS AND DISCUSSION

Isolation of bioactive compound

The isolated compound allantoin was carefully separated and was
crystallized from fraction III by using solvent mixture at a ratio of
hexane: chloroform: methanol (1.0:0.7:0.3) (SP. Figure 1 and SP. Figure
2). The compound was obtained by the salicylic acid biosynthesis'
proposed the presence of above compound that may be the intention
of biotic and abiotic stress. They had also isolated a crystal compound
nevirapine from the seeds of C. viscosa. The UV spectrum allantoin
showed a strong absorption peak at 265 nm. UV spectrum of allantoin
showed a strong absorption peak at 265 nm and the absorbance was
very close to the previous reports® to determine the absolute structural
configuration by single crystal XRD.

The crystal structure was solved by direct methods and was refined by
full-matrix least-squares techniques (SHELXL-2014/7"). The structure
was refined to the final R-factor 0.0213 (Figure 1 and Tables 1-4). It
was initially refined with isotropic method and finally with anisotropic
later constrained which HFIX command (SP. Tables 1-3). The title
compound consists of dioxoimidazolidine ring attached to urea group,
the imidazolidine is almost planar with maximum deviation of —0.0325
(13) A for the carbon atom C3 (Figure 1). In the urea group is entire

Figure 1: The ORTEP diagram of NFA27 with atom numbering
scheme. Displacement ellipsoids are drawn at 30% probability
level. The hydrogen atoms are present as small spheres of
arbitrary radius.
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Table 1: Crystal data for the compound NFA27.

Parameters NFA27
Empirical Formula CHN,O,
Formula weight (g/mol) 158.13
Temperature (K) 296(2)
Wavelength (A) 0.71073
Crystal system Monoclinic
Space group P2 /c
a = 8.0028(5)
Unit cell dimensions b =5.1439(3)

a,band c (A) c = 14.7608(8)
a, Band y (°) a=y=90
B =93.014(3)
Volume (A%) V = 606.80(6)
Z, calculated density (Mg/m?) 4,1.731
Absorption coefficient (mm™) 0.149
F(000) 328
Crystal size (mm) 0.35 x 0.25 x 0.20
6 range (°) 2.55 - 24.98
-09<h<09
Index ranges -06 <k<06
-17<1<17
Reflections collected /unique 7714 /1069
reflections [R,, =0.0210]
Completeness of 0 100.0 %

Refinement method

Data/ restraints/ parameters

Full-matrix least squares on F?
1069/ 6/ 121

Goodness of Fit on F? 1.114
R =0.0262
Final R indices [I>20(I)]
wR2 =0.0678
R =0.0293
Final R indices (all data)
wR2 =0723.
Largest difference peak
0.211 and -0.147

and hole (e.A-)

Table 2: Bond lengths (A) involving non-hydrogen atoms of NFA27 with

esd’s in parentheses.

Atom Length
C1—-03 1.2405(16)
C1—N4 1.3291(17)
C1—N3 1.3562(17)
C2—N3 1.4226(16)
C2—N1 1.4530(16)
C2—C3 1.5345(17)
C3—02 1.2113(16)
C3—N2 1.3495(17)
C4—01 1.2202(16)
C4—N1 1.3344(17)
C4—N2 1.3895(17)

atoms lie in the same plane except C1 deviates from the rest of the
atoms by —-0.0099 (12) A. The orientation of the urea group (N3/N4/
C1/03) is (+) syn clinal to the allantoin ring (N1/N2/C2/C3/C4) which
is evident from the torsion angle C3—C2—N3—C1 = 46.13(15)°. The
bond lengths and bond angles are agreed well with each other for the
reported crystal structure.’®

In the crystal packing, the molecules are linked via N—H:-O
intermolecular hydrogen bonds and it is stabilized by m-m

Pharmacognosy Journal, Vol 11, Issue 6(Suppl), Nov-Dec, 2019
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Table 3: Bond angles (°) involving non-hydrogen atoms of NFA27 with
esd’s in parentheses.

Atom Angle
03—C1—N4 122.91(12)
03—C1—N3 120.09(11)
N4—C1—N3 116.98(11)
N3—C2—N1 116.29(11)
N3—C2—C3 113.79(10)
N1—-C2—C3 100.64(10)
02—C3—N2 127.01(12)
02—C3—C2 126.26(11)
N2—C3—C2 106.69(10)
0O1—C4—N1 127.96(12)
01—C4—N2 124.41(12)
N1—C4—N2 107.61(11)
C4—N1—C2 112.72(11)
C3—N2—C4 112.01(11)
C1—N3—C2 120.56(11)

Table 4: Torsion angles (°) for the non-hydrogen atoms of NFA27 with
esd’s in parentheses.

Atom Angle
N3—C2—C3—02 51.42(17)
N1—C2—C3—02 176.54(12)
N3—C2—C3—N2 ~130.69(11)
N1—C2—C3—N2 —5.57(13)
01—C4—N1—C2 176.99(13)
N2—C4—N1—C2 -1.71(15)
N3—C2—N1—C4 127.85(12)
C3—C2—N1—C4 4.44(14)
02—C3—N2—C4 -177.01(12)
C2—C3—N2—C4 5.12(14)
01—C4—N2—C3 178.88(13)
N1—C4—N2—C3 —-2.36(15)
03—C1—N3—C2 3.56(18)
N4—Cl1—N3—C2 —-177.90(11)
N1—C2—N3—Cl1 -70.16(15)
C3—C2—N3—C1 46.12(16)

intermolecular interactions. The geometric details are given in Table
5. The aromatic nitrogen atom N1 acts as a donor via H1A atom to
the oxygen atom O3 (2—x, —1/2+y, 1/2—z) of the urea group acts as
acceptor and forms a one dimensional chain running parallel to [010]
direction (Figure 2). In the crystal packing, the molecules are linked
by N2A—H2A--O1 (2—-x, 1=y, 1-z) and N3—H3A--03 (x, 14y, 2)
intermolecular hydrogen bonding, together forming R’ (8) and R? (26)
graph-set ring motifs molecular sheet running parallel to bc plane
(Figure 3). In addition to that, NAA—H4A--O2 (1-x, 1/2+y, 1/2-2)
and N4—H4B--02 (I-x, —1/2+y, 1/2-z) intermolecular hydrogen
bonding, together forming R’,(4) and R’/(8) graph-set ring motifs
molecular sheet running parallel to bc plane (Figure 4), the crystal
structure is characterized by Cgl--Cgl intermolecular interaction
between the imidazolidine ring and a symmetry-related imidazolidine
ring of at (2—x, —y, 1-2), with an interplanar spacing of 3.9612(8) A;
ring-centroid separation is 3.262(1) A, with the slippage 2.247(1) A
where Cgl is centroid of the imidazolidine ring (N1/N2/C2/C3/C4).
(Deposition number CCDC NO: 1540913; CRM: 0001000970775)
(Figure 5). The Halothamnus auriculus is a halophilc plant that contains
allantoin was isolated and reported.* Based on this study, it was
concluded that the presence of crystalline compound might be due to
the saline environment.

Pharmacognosy Journal, Vol 11, Issue 6(Suppl), Nov-Dec, 2019

Molecular modeling

The optimized geometry is given in figure and its important geometrical
parameters are collected and compared with X-ray crystal structure
(Table 7). Results revealed that there is an excellent agreement with the
DFT optimized geometry and the crystal structure. This validates the
choice of the DFT method used for the present investigation. In order
to identify the electrostatic nature of Allantoin molecular, electrostatic
potential map was illustrated (SP. Figure 3).

To explore the electrostatic properties of the molecule, the Mulliken
population analysis (MPA)* was calculated and presented (Figure 6).
The large differences are observed in nitrogen and oxygen atoms in the
gaseous phase molecule and the molecule present in the active site of
the protein. The dipole moment of the molecule is 6.86 D in gas phase
which is decreased when the molecule enters into the active site of the
protein (4.84 D) due to the effect of intermolecular interaction (Figure
7).

The high electronegative region that was found around the oxygen
atoms of the molecule in the gaseous phase acted as a nucleophilic
one. These atoms are the more reactive regions of the molecule which
clearly confirmed from the active site molecule (Figure 8). The several
global chemical reactivity descriptors are available such as electro
negativity (x), electrophilicity (), and chemical hardness (n)* (Table
6). The calculated value of ionization potential, electronegativity and

| 7 ;,} >>'$

b 0

Figure 2: The crystal packing of the compound NFA27 viewed down
c-axis. The dashed lines indicate N—H---O intermolecular interactions,
which are results in C (6) chains running parallel to [010] direction.
The hydrogen atoms not involved in the hydrogen bonding and
nitrophenyl ring have been excluded for clarity. The Symmetry code:
(i) 2—x, —1/2+y, 1/2—-z.

Figure 3: The crystal packing of the compound NFA27 viewed down
b-axis. The dashed lines indicate N—H--O intermolecular interactions,
which are results in R?, (8) and R*, (26) alternate graph-set ring motifs. The
hydrogen atoms not involved in the hydrogen bonding and nitrophenyl
ring have been excluded for clarity. The Symmetry codes: (i) 2—x, 7-y,
1-z (i) x, =1+, z.
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Figure 4: The crystal packing of the compound NFA27 viewed down
c-axis. The dashed lines indicate N—H--O intermolecular interactions,
which are results in R?, (4) and R, (8) alternate graph-set ring motifs.
The hydrogen atoms not involved in the hydrogen bonding and
nitrophenyl ring have been excluded for clarity. The Symmetry codes:

(iv) 1=x, 1724y, 1/2—z; (V) 1=x, =1/2+y, 1/2—z.

Figure 5: Part of crystal packing of compound NFA27 viewed down
the b-axis. The dashed lines indicates Cg1--Cg1Y interactions, where
Cg1 is centroid of the rings (N1/N2/C2/C3/C4). For the sake of clarity,
H atoms bonded to C atoms not involved in the motif shown have

~
A 9

been omitted. The symmetry code: (v) 2—x, -y, 1-z.

Hlo
Hlo
HI15
Hl14
H13
012
Ol1
010
N9
N8
N7
N6
C5
c4
H3
c2
Cl1

Atoms

I DFT

I DFT (SP)

T —
-0.4 -0.2 0.0 02 04

MPA Charges (e)

Figure 6: The MPA charge for gas phase and active site phase.
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Figure 7: The orientation of dipole moment vectors of the molecule
in gas phase and active site phase (the origin is center of mass of the
molecule).

Figure 8: Electrostatic potential map of the molecule
in gas phase and in the active site phase (Blue: positive
potential; red: negative potential). The surface values
are +0.5 and -0.05 eA™".

Table 5: Hydrogen bond geometry for NFA27 [A and °].

Distance (A) Angle (°)
D—H--A D—H H--A D--A D—H--A
Hﬁtzw 0.831 2.115(15) 2.9181(15) 162
= 0.852 1.988(15) 2.8257(15) 167
H2A-..O1%
N3— 0.845 2.210(15) 2.9116(14) 140
H3A...O3i
Nd— 0.838 2.217(16) 3.0014(17) 155
H4A.-.-O2"
Na— 0.835 2.201(16) 3.0188(17) 166
H4B..-02"

Cgl is the centroid of the ring (N1/N2/C2/C3/C4).
Symmetry codes: (i) 2—x, —1/2+y, 1/2-z, (ii) 2—-x, 1-y, 1-z, (iii) x, =1+, z, (iv)
1-x, 1/2+y, 1/2—z, (v) 1-x, —1/2+y, 1/2—2

Pharmacognosy Journal, Vol 11, Issue 6(Suppl), Nov-Dec, 2019
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Table 6: The calculated global reactivity properties of both molecules.

Global Reactivity DFT-I
Descriptors Energy (eV)
Band Gap -6.61
HOMO Energy -7.18
LUMO Energy -0.57
Tonization Iiotentlal 6.61
= -Ejomo
Electron Affinity 0.57
A= -Ej o
Global Hardness
31
n= (I-A)/2 33
Electronegativity
X= (I+A)/2 388
Electrophlhilty 227
W=p’/2n, p= -x

Table 7: Comparison of selected bond parameters obtained from DFT
optimization and X-ray crystallography (Bond Lengths are in A and bond
angles& dihedral angles are in °).

Bond

S.No. Parameter Crystal Structure 6-31g(d)
A Bond Length
1 N,-C, 1.32909 1.38672
2 CN, 1.35632 1.38499
3 C-0, 1.24039 1.22207
4 N,-C, 1.42262 1.43988
5 C,-N, 1.45290 1.45671
6 N,-C, 1.33449 1.38187
7 C-0, 1.22009 1.20990
B Bond Angle
1 N,-C-N, 116.97 114.30617
2 0,-C-N, 120.09 122.12949
3 C-N,C, 120.55 121.24885
4 N,-C,-C, 113.79 112.85280
5 N,-C,-N, 116.29 116.53846
C Dihedral Angle
1 11\1198%2 177.91 178.76
2 CCIZI;SE 70.18 66.15367

electron affinity of the molecule is 6.61, 3.88 and 0.57 eV respectively.
Electrophilicity index gives the information about the reactivity and
toxicity of the molecule. The calculated electrophilic index is found to
be low (2.27 eV) and reflects low toxicity. Figure 9 shows the HOMO
and LUMO of both forms of the molecule. The localization and
delocalization of the atoms in the molecule were confirmed due to
redistribution of charge in the active site.

Characterization of allantoin

The FTIR spectrum showed a strong and sharp vibration band peak
at 3432, 3336, 3187, 3051, 1777, 1650, 1426, 1391, 1280 cm™ which
might be due to the presence of - NH, -OH, =C-H, -CH,-C=0, C=C,
-CH (bending),-CN (stretch),-C-O (stretch) groups. The IR spectrum
of the titled compound showed strong absorption peak at 3432 and
1650 cm™ for OH and C=O respectively (Figure 10), the same was
also corroborated by the findings.*> The mass spectrum of allantoin
displayed a molecular weight at 158.13 which corresponds to the
molecular formula C, H N, O, (Figure 11).

Antibacterial activity

Increasing concentration of allantoin from 10 - 40 pg/mL, increased
the rate of inhibition of growth of K. pneumoniae (12 + 0.8 mm),
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E. coli (12 + 1.4 mm) (Figure 12 and Table 8) of all the test bacteria
including S. aureus (10 + 1.1 mm) and B. subtilis (14 + 1.5 mm); it was
more pronounced in the former than in the latter, when compared to
that of the standard tetracycline (20 pg/mL). The minimum inhibitory
concentration (MIC) of allantion showed against both Gram positive
and Gram negative bacteria even at the lower concentration; it is 4 pg/
mL for B. subtilis and 8 pg/mL for S. aureus, E. coli and K. pneumoniae
(Table 9). Ozcelik and his co-workers observed that the standard
Allantoin compound from Sigma showed the significant antibacterial
activity in terms of MIC against B. subtilis (8 pg/mL), S. aureus (16
pg/mL), and 8 pg/mL for E. coli and K. pneumonia.” It was indicated
that isolated Allantoin exhibit equal or better than standard in terms of
antibacterial activity.

Molecular docking simulation

The optimized geometry was used for the molecular docking analysis.
The molecular docking results are given in Figures 13,14 and Table 10.
The DNA gyrase II (PDB: 5L3]) was used for the molecular docking
analysis. The active site of AT bound proteins consists of ILE 78, ASN
46, GLU 50, GLY 75, VAL 120, ASP 73, VAL 167, VAL 43, ALA 47, VAL

LUMO

HOMO

DFT

Figure 9: The HOMO and LUMO of the molecule was plotted at the
isosurface value at 0.02 au.
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Figure 10: FT-IR spectrum of Allantoin.
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auratus)

Bacillus subtilis

Staphylococcus aureus

Figure 12: Antibacterial activity of Allantoin A — 10 pg/
mL, B - 20 pg/mL, C - 30 pg/mL, D - 40 pg/mL, T —
Tetracycline (20 pg/mL) values represent the mean + SD
of three replicates.

GLY
75

VAL
120

Figure 13: Natural compound (Allantoin) docked with bacterial drug
target for DNA gyrase Il (PDB ID: 513J) protein-ligand interactions A) 3D
Pymol view B) 2D maestro view.

Figure 14: Cartoon and surface representation of compound
(Allantoin) docked with DNA gyrase Il at the active site pocket.
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Table 8: Antibacterial activity of Allantoin (zone of inhibition in mm).

Allantoin Bacillus  Staphylococcus Escherichia  Klebsiella

(ng/mL) subtilis aureus coli pnemoniae
10 - - 704 -
20 7+0.8 7 £0.6 8+1.2 8+0.6
30 8£1.2 8£0.8 10+1.4 11+£1.6
40 10+ 1.5 10+ 1.1 12+1.4 12+£0.8

Standard

(Tetracycline 18+ 1.4 18+ 1.6 20+ 1.2 18+ 1.2
-20pg/mL)

Table 9: Minimum inhibitory concentration of Allantoin.

Bacillus  Staphylococcus Escherichia Klebsiella

Compound subtilis aureus coli pneumonia
Minimum inhibitory concentration (png/mL)
Allantoin 4 8 8 8
Tetracycline 0.25 0.25 0.5 0.5

Table 10: Docking result for natural compound (Allantoin) against drug
target of DNA gyrase Il.

Docking score Glide energy
Drug target EomReine (Kcal/mole) (Kcal/mole)
DNA Gyrase-II Allantoin -4.78 -25.18

(PDB ID: 5L3])

44, VAL 71, MET 166, and THR 165. It is very interesting to note that
this AT molecule tends to show three hydrogen bonding interactions
with ASP 73, VAL 43 and ASN 46 with a distance of 2.1 A, 2.0 A and 2.0
A respectively. It revealed that this Allantoin has the ability to interact
with DNA gyrase II and tend to show antibacterial activity.

CONCLUSION

Allantoin was isolated from C. viscosa and it was confirmed through
single crystal XRD analysis and it showed hydrogen bond interactions
with a supramolecular graph-set ring motif. DFT results revealed that
there was an excellent agreement with X-ray crystal structure. Other
important electronic properties such as atomic charges, dipole moment,
DFT (HOMO-LUMO), electrostatic potential map of the molecule in
gaseous phase have been explored. To the best of our knowledge, for the
first time Allantoin isolated from C. viscosa have been shown to exhibit
antibacterial activities against Gram-positive and Gram-negative
bacteria. Molecular docking analysis has been done to throw light on
the binding mode of Allantoin with DNA gyrase II. The preferential
binding mode and nature was also studied.
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