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Abstract

Natural medicines are gaining popularity due to the alarming incidence of bacterial
resistance even in regions with improved healthcare systems. Hence, there is a distinct and
constant need for isolating medicinally active compounds from different natural sources.
Taking this into consideration, experiment was done in order to isolate and identify an
antibacterial compound from Datura inoxia through bioassay and Mass spectroscopy
technique. The ethanol, hexane and aqueous leaf extracts of Datura inoxia were screened
for their antibacterial activity against Staphylococcus aureus, Pseudomonas aeruginosa and
Escherichia coli. All extracts showed inhibitory effect against Staphylococcus aureus and
Escherichia coli, while no inhibitory effect was found by aqueous and hexane extracts
against Pseudomonas aeruginosa. Out of the three extracts, ethanolic extract was found
more susceptible against Staphylococcus aureus. The minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC) of the ethanolic extract was also
determined. Crude ethanolic extract was further fractioned through column chromatography.
All the fractions showed antibacterial activity against the tested strains. The most active
fraction was further analysed by LC-ESI-MS and identified six major compounds as
withanolides and their genins. Our findings confer the utility of Datura inoxia in developing a
new class of antibiotics that might be useful for treating as well as controlling infectious
diseases.
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Withanolide.

Introduction

Herbal medicine has been widely used as an integral part of primary
health care in many countries [1]. According to the World Health
Organization (WHO), as much as 80% of the population of
developing countries depends on medicinal plants as their only
affordable source of medication [2]. Although antibiotics provide the
main basis for the treatment of many bacterial infections, but due to
the alarming incidence of bacterial resistance to commercially
available antibiotics, there is an urgent need for development of new
antibiotic therapies [3]. However, despite the need for development
of new antibiotic therapies, the newly approved drugs are
continuously declining [4,5]. Hence, investigations on plants as a
source of human disease management [6,7] and efforts to promote
novel technologies to intensify research in combating drug resistant
microbes are increasing rapidly [8,9]. During the past 40 years,
many biologically active novel compounds have been isolated from
different plants and marine organisms, some of which could be
utilized for potential drug development [10,11].

(o) .

Datura inoxia is one of the medicinal plant known to exhibit potential
antibacterial activity and has been widely used as phytomedicine to
cure various diseases [12-16]. It is a vespertine flowering
plants belonging to the family Solanaceae (Nightshade family).The
species was first described by English botanist Philip Miller in 1768
and commonly called as thorn-apple, moonflower, sacred Datura
etc. All Datura plants were commonly known to contain tropane
alkaloids such as scopolamine, hyoscyamine, and atropine,
primarily in their seeds and flowers [17]. Although there are many
scientists who have studied antibacterial properties of different
species of Datura against different microorganisms [18,19,20,21],
but very few studies has been found on characterization of its
antibacterial compound [22]. Steroidal (5, 7' dimethyl 6'- hydroxyl
3", phenyl 3 a - amine B - ynesitosterol) and B-carboline (1, 7
dihydroxy-1- methyl 6, 8 dimethoxy RB-carboline) alkaloids are the
two antibacterial compounds isolated from Datura metel leaf [23,24].
However, no such attempt has ever been made to identify and
isolate compounds responsible for unleashing the antibacterial
activity of Datura inoxia. Hence, in this study an attempt was made
to isolate and characterize an antibacterial compound from Datura
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inoxia. The study was made possible by collaboration with three
institutions i.e., Amity Institute of Biotechnology, Amity University
Uttar Pradesh, Lucknow; Department of Microbiology, Dr. Ram
Manohar Lohia Institute of Medical Sciences, Lucknow and
Sophisticated Analytical Instrument Facility (SAIF), CSIR-Central
Drug Research Institute, Lucknow.

Material and Method

Sample collection and preparation of plant extracts

Datura inoxia were collected in April, 2014 (hot dry climate in
northern India), from nearby area of Amity University Lucknow
Campus. The plant leaves were washed thoroughly with tap water
followed by distilled water to remove the dust particles and allowed
to air dry at room temperature on laboratory bench. The dried plant
leaves were pulverized with the help of liquid nitrogen and stored at
-20°C till further use. For preparing extract, 10 gm of the pulverized
sample was mixed with 100 ml hexane (Merck, India), ethanol and
distilled water. The mixture was macerated in mortar and pestle and
kept for 48 hrs at room temperature to ensure maximum metabolite
extraction. The extract obtained was filtered and concentrated. The
final concentration was maintained as 100mg/ml by redissolving the
crude extracts in 10% dimethylsulfoxide 12 for bioassay analysis.

Test organisms and bacterial inoculum preparation

The bacteria used in this study included Staphylococcus aureus
ATCC 25923, Pseudomonas aeruginosa ATCC 27853 and
Escherichia coli ATCC 25922. These strains were obtained from
HiMedia Laboratory Pvt. Ltd. and maintained by sub culturing on
blood agar base No. 2 (HiMedia Laboratory Pvt. Ltd.) and
macconkey's agar (HiMedia Laboratory Pvt. Ltd.) plates prior to use.
To prepare bacterial inoculum, pure isolates of bacteria were diluted
in test tubes containing 0.9% normal saline solution followed by
15min incubation in an ambient air incubator (Thermo Scientific,
Thermo electron LED GmbH) so as to meet the 0.5 McFarland
turbidity standard (TULIP DIAGNOSTICS (P) LTD.) which is
equivalent to 1.5 x 108CFU/ml before applying onto the plates. For
MIC testing, standardized inoculum should have a desired
concentration of 5x105CFU/ml which is prepared by delivering 1ml
of the adjusted suspension (1.5 x 108CFU/ml) in 25ml of water 1261,

Antibacterial activity assay of crude extracts

The agar gel diffusion (271 was carried out on Muller Hinton Agar No.
2 (HiMedia Laboratory Pvt. Ltd.) plates to assess antibacterial
activity assay.The media were prepared as per the supplier's
instructions and sterilized by autoclaving at 15 Ibs pressure (121°C)
for 15 min (High-pressure steam sterilizer ES-315, TOMY KOGYO
CO.,LTD). The plates were then inoculated with the diluted bacterial
suspensions using sterile swab sticks dipped in it. Wells of 6 mm
size were dug with the help of a sterile cork borer on these plates.
In each wells, 100 pl of the hexane, ethanol and aqueous extracts
were loaded taking care not to allow spillage of the solutions onto
the surface of the agar. The culture plates were allowed to stand on

the laboratory bench for 1 h to allow proper diffusion of these
extracts before being incubated at 370c for 24 h. After incubation
period, the antibacterial activity was calculated in terms of zone of
inhibition (diameter in mm). Determinations were done in triplicates
and mean of all values was taken. Standard antibiotic (Gentamicin)
was used as positive control, while DMSO (10%) was used as
negative control to compare the antibacterial activity of the extracts.

Minimum inhibitory concentration (MIC)

MIC is defined as the lowest concentration which results in the
reduction of inoculums viability (28 The MIC of the crude extract
(ethanolic) of Datura inoxia was determined by broth macro dilution
method 12629, The growth media, nutrient broth (HiMedia Laboratory
Pvt. Ltd.) were prepared as per the supplier's instructions and
sterilized by autoclaving. The sterilized media was allowed to cool to
50°C and 2ml was added to each labeled test tubes as per
concentrations taken. Serial dilution of the plant extract (100mg/ml)
was done by transferring 2ml from each test tube to obtain two fold
dilutions (100mg/ml, 50mg/ml, 25mg/ml, 12.5mg/ml, 6.25mg/ml,
3.125mg/ml 1.56mg/ml). The mixture of the media and the test crude
extract were thoroughly mixed and 100ul of the test organism
(Staphylococcus aureus) having desired inoculum concentration of
5x10° were added to all the test tubes. The tubes were then
incubated at 370c for 24 h and MIC were expressed as the highest
dilution which inhibited growth, determined by lack of opacity in the
tubes. Two blank nutrient broth tubes, with bacterial inoculation were
used as the growth controls of which one is kept overnight at 4°C in
a refrigerator for determination of complete inhibition, as very faint
turbidity may be given by the inoculums itself. Also a nutrient broth
tube without bacterial inoculation was used as the sterility control.
10% DMSO was used as negative control while broth containing
standard drug (gentamicin) was used as positive control.

Minimum bactericidal concentration (MBC)

The MBC is the lowest concentration of an antibacterial agent
required to kill a particular bacteria 9. It was determined by sub
culturing from each tubes of MIC showing no apparent growth.
Before being subcultured, the tubes were gently mixed by flushing
them with a sterile pipette. Each aliquot was then spread over the
fresh Muller-Hinton Agar plates by lawning technique. The MBC
lawned plates were incubated at 37°C for 24 h. After the incubation
period, the lowest concentrations of the extract that did not produce
any bacterial growth on the solid medium were regarded as MBC
values for this extract B'l. This observation was matched with the
MIC test tube that did not show evidence of growth after 48 h of
incubation.

Fractionation of extract through column
chromatography

Crude ethanolic extract of Datura inoxia was further fractioned
through column chromatography using a single solvent throughout
the process. Column was filled with silica gel (60-120 mesh) which
acts as a stationary phase and packed by passing eluant (ethanol)
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acting as a mobile phase. After sample was added (ratio stationary
phase to crude extract 5:1), each fraction was collected by passing
eluant from top of the column until silica gel appears colorless.
Antibacterial activity assay was performed for each fraction through
the same procedure as for crude extract.

Ultra  performance liquid  chromatography
electrospray ionization mass spectrometry

The LC-MS analysis of active fraction of ethanolic extract was
performed on Waters TQD triple quadrupole mass spectrometer
(USA). It was equipped with waters, H-Class Acquity UPLC system
and electrospray ionization source. To achieve separation of
analytes used waters BEH C-18 50 x 2.1 mm, 1.7um and 1 pl of
sample was injected through autosampler into UPLC flow. For the
separation of individual compounds, the mobile phase used (A)
acetonitrile and (B) 5 mM ammonium acetate in 95% water. An
isocratic elution was performed at the flow rate of 0.250 ml min-' as
40:60 for 10 min. Nitrogen was used as the nebulizing and drying
gas at flow rates of 50 and 650 L h-' respectively. The ESI source
potentials were capillary voltage 3.5 kV; cone potential at 30 V for
every experiments. Source and desolvation temperature was at 120
and 350 °C respectively. The mass analyzer was scanned between
150 to 1200 Th in 0.6 sec. Data acquisition and processing was
carried out using MassLynx V4.1 SCN 714 software. The spectra
were accumulated from the top of EIC (Extracted ion chromatogram)
peak.

Results and Discussion

In the present study, antibacterial activity of hexane, ethanol and
aqueous extracts of Datura inoxia leaf were observed using agar
well diffusion method by measuring the diameter of the zone of
inhibition (Table 1). Out of three extracts of the plant, ethanolic
extract showed significant (25mm) antibacterial activity against
Staphylococcus  aureus, while moderate activity against
Pseudomonas aeruginosa (17mm) and Escherichia coli(16mm).
Hexane extract of Datura inoxia showed mild antibacterial activity
against Escherichia coli (10mm) and Staphylococcus aureus
(15mm) but found ineffective against Pseudomonas aeruginosa.
Aqueous extract showed mild antibacterial activity against
Staphylococcus  aureus (14mm), Escherichia coli (12mm)
respectively and no activity against Pseudomonas aeruginosa. All
the isolates were susceptible to standard antibiotic tested with
appreciable zone of inhibition measured as- for Pseudomonas
aeruginosa-28mm and Staphylococcus aureus- 30mm and E.coli-
28mm, but the negative control dimethyl sulfoxide (DMSO) was
found ineffective against all the tested strains. The extracts were
found to be less potent than the standard antibiotic. The differences
between the activities of the extracts and the standard drug may be
due to the mixture of compounds present in the extract compared to
the pure compound contained in the standard antibiotics (321,

Table 1: Zone of inhibition of crude ethanolic, aqueous and hexane extracts of Daturainoxia against Escherichia coli, Pseudomonas
aeruginosa and Staphylococcus aureus.

Zone of Inhibition (mm)
Test organisms Standard antibiotic Extracts (100mg/ml)
Gentamicin (85mg) | Hexane | Ethanol | Aqueous DMSO (10%)
Pseudomonas aeruginosa 28 17 i
Staphylococcus aureus 30 15 25 14 i
Escherichia coli 28 10 16 12 -

Avg. ZOI :< 15mm (mild); <25mm (moderate); >25mm (strong)
Values are average mean of the triplicate samples

Table 2: MIC of the Datura inoxia leaf ethanolic extract against Staphylococcus aureus.
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): Turbidity in the broth, indicating growth

Tested organism

Concentration (mg/ml)

100 | 50

25

12.5

6.25

3.125

1.56

Staphylococcus aureus

+

+

(+): Clear broth, indicating no growth, (-

Table 3: MBC of the Datura inoxia leaf ethanolic extract against Staphylococcus aureus.

Table 4: Zone of inhibition of purified ethanolic extract of Datura inoxia

Test organisms

Concentration (mg/ml)

100 | 50

25

12.5

Staphylococcus aureus

+

+

+

+

(+): No colonies on petriplates observed.

ZOI of Purified fractions
Test organisms
1123 |4|5]|6|7
Pseudomonas aeruginosa | 15| 12 | 16 | 19| 13 | 13 | 16
Staphylococcus aureus | 21 | 24 | 27 | 28 | 17 | 11 | 13
Escherichia coli 12 114 |13 | 11|12 18 | 10

Avg. ZOI :< 15mm (mild); <25mm (moderate); >25mm (strong)
Values are average mean of the triplicate samples

Table 5: Mass spectrometry data of identified withanolides and their aglycone

SNo. RT MW. ESI (+) Fragments
[M+H]* [M+NH4* [M+Na]* Aglycone unit Others characteristic ~Glycone unit
ion (m/z) ions (m/z) loss (Da)
1 125 632 633 - - 471 453, 435 162
2 1.79 616 - 634 639 455 437 162
3 261 454 455 - - 455 435 -
4 320 616 617 634 639 455 437 162
5 366 452 453 470 - 453 435, 417 -
6 744 452 453 470 475 452 435, 417 -
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ACQUITY UPLC BEH C18 50 X 2.1 1.7 um DG1[SAIF8261] 15:26:2525-Aug-2014
14EAUG106 3: Diode Array
067 220

Range: 8.928e-2
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Figure 1: HPLC chromatogram of active purified ethanolic fraction

ACQUITY UPLC BEH C18 50 X 2.1 1.7 um DG1[SAIF8261] 15:26:2525-Aug-2014
14EAUG106 Sm (SG, 4x2) 1: Scan ES+
053

TIC
100 l0.66 1.80e8

T T T T T T T T T T T T T T T T T T 1 Time
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

Figure 2: Mass chromatogram of active purified ethanolic fraction
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DG1[SAIF8261] ACQUITY UPLC BEH C18 50 X 2.1 1.7 um 25-Aug-2014 15:26:25
14EAUG106 58 (1.250) Cn (Cen.4, 80.00, Ht); Sm (Mn, 1x0.75); Cm (52:65-(48+69)) 1: Scan ES+
633 22265
100-
e
°\°,
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305
1o 227 259 -
224
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453
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104 390
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Figure 3 (a) LC-MS spectra of component 1 identified from ethanolic extract
DG1[SAIF8261] ACQUITY UPLC BEH C18 50 X 2.1 1.7 um 25-Aug-2014 15:26:25
14EAUG106 83 (1.793) Cn (Cen,4, 80.00, Ht); Sm (Mn, 1x0.75); Cm (77:88-(71+94)) 1: Scan ES+
100- 455 2.34e6
634
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Figure 3 (b) LC-MS spectra of component 2 identified from ethanolic extract
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DG1[SAIF8261] ACQUITY UPLC BEH C18 50 X 2.1 1.7 um 25-Aug-2014 15:26:25
14EAUG106 121 (2.619) Cn (Cen,4, 80.00, Ht); Sm (Mn, 1x0.75); Cm (113:124-(104+129)) 1: Scan ES+
455 2.49e5
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Figure 3 (c) LC-MS spectra of component 3 identified from ethanolic extract

DG1[SAIF8261] ACQUITY UPLC BEH C18 50 X 2.1 1.7 um 25-Aug-2014 15:26:25
14EAUG106 148 (3.205) Cn (Cen,4, 80.00, Ht); Sm (Mn, 1x0.75); Cm (143:157-(136+169)) 1: Scan ES+
100+ 455 7.59e5
358
<
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262 -
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617 | 640
171 263 451|469 529
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Figure 3 (d) LC-MS spectra of component 4 identified from ethanolic extract

PAGE|7| |



Tandon et al. International Journal of Phytomedicine 8 (1) 01-12 | [2016]

DG1[SAIF8261] ACQUITY UPLC BEH C18 50 X 2.1 1.7 um 25-Aug-2014 15:26:25
14EAUG106 169 (3.662) Cn (Cen,4, 80.00, Ht); Sm (Mn, 1x0.75); Cm (160:177-(155+182)) 1: Scan ES+
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Figure 3 (e) LC-MS spectra of component 5 identified from ethanolic extract
DG1[SAIF8261] ACQUITY UPLC BEH C18 50 X 2.1 1.7 um 25-Aug-2014 15:26:25
14EAUG106 343 (7.443) Cn (Cen,4, 80.00, Ht); Sm (Mn, 1x0.75); Cm (331:359-(327+369)) 1: Scan ES+
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Figure 3 (f) LC-MS spectra of component 6 identified from ethanolic extract
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Figure 3 (a-f): LC-MS spectra of different components identified from ethanolic extract
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Figure 4: Cleavage of O-glycoside bonding identified withanolide (Dinoxin B)

Table 2 and 3 shows the MIC and MBC values observed against
Staphylococcus aureus (12.5mg/ml), exerted by the ethanolic leaf
extract of Datura inoxia. A similar type of study was found with leaf
extract of Andrographis paniculata 33, MBC assay result confirms
the data of agar well diffusion assay (Table 1) and the MIC
determination assay (Table 2). These results further confirmed that
Datura inoxia leaf ethanolic extract is the most potent extract among
all the tested extracts in present experiment.

Ethanolic extract of the plant was selected for further fractionation
and purification due to its strong antibacterial activity in present
experiment. From column chromatography seven fractions were
collected. Different purified fractions showed mild to significant
antibacterial activity against the tested strains. Inhibitory effects of
different fractions are shown as zone of inhibition against
Pseudomonas aeruginosa, Staphylococcus aureus and Escherichia
coli (Table 4). It has been observed that fraction 4 was most effective

(broad spectrum) against Staphylococcus aureus & Pseudomonas
aeruginosa. It was also observed that the purified fractions showed
greater antibacterial activity than the crude extracts. This may be due
to compounds become more active in purified state and may be
acting synergistically to produce good antibacterial effects [34].

It has been observed from the study that gram-positive bacteria were
more susceptible in both crude as well as in purified extract (Table 1
and 4). The greater susceptibility of gram-positive bacteria has been
previously reported for South American [35] African [36] and
Australian [37] plant extracts. Susceptibility differences between
Gram-positive and Gram-negative bacteria may be due to cell wall
structural differences between the two and/or in their genetic
contents [38] Gram-positive bacteria have an outer peptidoglycan
layer which is not an effective permeability barrier. The cell walls of
Gram-negative organisms are more complex in lay out than the
Gram-positive ones acting as a diffusion barrier and making them
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R

[1].

2.

(3].

less susceptible to the antimicrobial agents than Gram-positive
bacteria [39-41]. Other studies have also shown Gram-negative
bacteria to be less susceptible to plant extracts than Gram-positive
bacteria [42,43].

Further analysis of most active fraction 4 (Table 4) of ethanolic
extract was carried out by LC-MS (Figure 1, 2 and 3). The fraction
was observed as mixture of six major phytoconstituents [Table 5;
Figure 3(a-f)]. From the literature review [44] and characteristic mass
spectrums, these compounds were identified as withanolide and
their aglycone. The phytoconstitute1 eluted Rt 1.25 min was showed
[M+H- 162] ion m/z 471, indicated the loss of haxose sugar unit and
detected as aglycone unit. It can be predicted from structure Dinoxin
B (previously reported data of withanolide) by cleavage of O-
gycosidic bond (Figure 4). Similarly, the compounds 2 and 4 having
same fragmentation characteristic as 1 indicated same structure
connectivity and expected as isomer of each others. Apart from this,
compounds 3, 5 and 6 were identified as genin units of withanolides.

Withanolides are a group of at least 300 naturally occurring chemical
compounds acting as secondary metabolites. They occur mainly in
genera of the Nightshade family. They constitutes a large family of
plant steroids and steroid glycosides typified by a fused tetracyclic
cholestane core and a side-chain unsaturated d-lactone [45]. Within
the genus Datura, withanolides have been isolated from several
species, reports on this class have appeared for D. fastuosa [46], D.
ferox [47,48], D. inoxia [49,50], D. metel [51,52], D. quercifolia
[51,52] and D. stramonium [51,52]. In all cases, the withanolides
were obtained from leaves but in one case the flowers [44]. Kagale
et al. in 2004 [53] found withanolide as the most abundant compound
from extracts of D. metel leaves which inhibited the growth of plant
pathogens. Whereas, withanolides from D. metel flowers were found
cytotoxic against three human cancer cell lines [52].

Conclusion

eferences

The present research work evidently showed that the ethanolic
extract of Datura inoxia was effective against all the tested strains,
showing its broad spectrum antibacterial activity. This extract was
found to contain Dinoxin B, withanolide as an active compound. This
compound can be considered as a candidate drug (antibacterial) in
appropriate concentrations, recommended for therapeutic purpose.
It may be considered that active compounds obtained from natural
sources have complex structure, thus have lesser cases of bacterial
resistance. Through this research paper, we are the first to report,
withanolide (Dinoxin B) as an antibacterial compound from Datura
inoxia. There is a need of further research on structure-activity
relationship (SAR) of compound to make it more valuable for
pharmaceutical industries.
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