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Abstract

Background: The present study aims to probe the impact of polarity dependent extraction efficiency variation on
pharmacological spectrum of Datura innoxia Mill. in order to reconnoiter its underexplored therapeutic potential.

Methods: A range of solvent extracts was subjected to phytochemical and biological assays to find the most
proficient solvent system and plant part for each type of bioactivity. Total phenolic and flavonoid contents were
determined colorimetrically and specific polyphenols were quantified by HPLC-DAD analysis. The samples were
biologically evaluated by employing multimode antioxidant, cytotoxic, protein kinase inhibition and antimicrobial
assays.

Results: Among all the solvents used, maximum percent extract recovery (33.28 %) was obtained in aqueous leaf
extract. The highest amount of gallic acid equivalent phenolic and quercetin equivalent flavonoid content was
obtained in the distilled water and ethyl acetate-ethanol extracts of leaf ie, 2991 +0.12 and 15.68 + 0.18 mg/g dry
weight (DW) respectively. Reverse phase HPLC-DAD based quantification revealed the presence of significant amounts of
catechin, caffiec acid, apigenin and rutin ranging from 0.16 to 541 mg/g DW. Highest DPPH radical scavenging activity
(ICso = 16.14 ug/ml) was displayed by the ethyl acetate-acetone stem extract. Maximum total antioxidant capacity and
reducing power potential were recorded in the aqueous leaf and ethyl acetate stem extracts i.e.,, 46.98 + 0.24 and
1535+ 0.61 mg ascorbic acid equivalent/g DW respectively. Cytotoxicity against brine shrimps categorized 25 %
of the leaf, 16 % of the stem and 8.3 % of the fruit extracts as highly potent (LCso < 100 pg/ml). Significant cytotoxicity
against human leukemia (THP-1) cell line was exhibited by the chloroform and n-hexane fruit extracts with ICs 4.52 and
349 ug/ml respectively. Ethyl acetate and methanol-chloroform extracts of leaf and stem exhibited conspicuous protein
kinase inhibitory activity against Streptomyces 85E strain with 22 mm bald phenotype. A noteworthy antimicrobial activity
was exhibited by leaf extracts against Micrococcus luteus and n-hexane fruit extract against Aspergillus niger (MIC 3.70 and
12.5 ug/ml respectively).

Conclusion: Multiple solvent system is a crucial variable to retrieve pharmacological potential of medicinal plants and
D. innoxia can be envisaged as a novel source of natural antioxidants, antimicrobials and anticancer compounds.
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Background

Natural products from medicinal plants, either as pure
compounds or standardized extracts provide indefinite
prospects for new drug leads because of the unmatched
availability of chemical diversity. Modernization of eth-
nomedicinal plant remedies through standardization and
quality control is a key factor that will govern their wide-
spread acceptance by the international community. The
chemo-diversity and cure all potential of these herbal
cock-tails accentuate the role of analysis using ethno-
pharmacological approach as fundamental [1]. Although
the bulk of current knowledge of ethnomedicinal plants
has led to countless improvements in health care but
unfortunately with the prompt industrialization and loss
of ethnic cultures some of this information will no doubt
disappear. The validation of ethno botanical data from
the under explored folk plant remedies undoubtedly rep-
resent an inexhaustible reservoir of novel molecules and
may lead to innovative strategies for new drug discovery.
One such ethno medicinally important plant is Datura
innoxia Mill. (Solanaceae), the native range of which ap-
pears to be China, Mexico, United States, Caribbean
Islands and Asia. It is acknowledged with a common
name of Thorn-Apple, Downy Thorn-Apple and Indian-
Apple. It is a low growing, spreading perennial with
hairy 2-5 in. leaves, white flowers and a spiny fruit.
From ancient times continuing to the present, its seeds
are used in shamanistic rituals as a path to enlighten-
ment [2]. The plant conquers a very special place in
Ayurveda since all plant parts namely flowers, leaves,
root, stem, fruit and seeds have been meritoriously
employed for a range of treatments such as insanity, ra-
bies, leprosy, etc. However, the indiscriminate use of its
extract may cause acute poisoning, delirium and can
even lead to death. The active principles in D. innoxia
include atropine, scopolamine hyoscyamine, withano-
lides (lactones) and other tropanes. A comparative ana-
lysis of the different seed extracts of various Datura
species for their free radical scavenging capacity towards
the stable DPPH radical revealed that D. innoxia has the
strongest antioxidant potential [3]. Recently a new with-
anolide, dinoxin B, isolated from the methanol extract of
D. innoxia leaves demonstrated a sub-micromolar ICs,
values against multiple human cancer cell lines [4].

An exhaustive review of literature led us to the conclu-
sion that the scientific data about the complete pharma-
cological spectrum of D. innoxia is limited. There is no
organized study yet conducted involving a battery of bio-
assays on individual plant parts that could demonstrate
a varied pharmacological potential of this ethnomedicin-
ally important plant. The present study has employed a
wide range of extraction solvent polarity as a variable to
demonstrate and correlate its effects on extraction effi-
ciency and bioactivity. To the best of our knowledge this
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is the first report highlighting plant’s potential for the in-
hibition of various protein kinases and its cytotoxic ac-
tivity against human monocytic leukemia THP-1 cell
lines. Since biological activity is the leading thread of
ethnopharmacological approach and chemo-profiling the
distinctive fingerprints for individual plant parts could
be very beneficial for the development of uniform
standardization tools. The present work is premeditated
to evaluate the antioxidant, antifungal, antibacterial and
cytotoxic potential of leaf, stem and fruit of D. innoxia
in a scientific manner by utilizing multipolarity extrac-
tion system.

Methods

Plant material collection and identification

The plant material was collected in September 2013
from Quaid-i-Azam University Islamabad. Identification
of the field collected plant was authenticated as D.
innoxia by Prof. Dr. Rizwana Aleem Qureshi, Depart-
ment of Plant Sciences, Faculty of Biological Sciences,
Quaid-i-Azam University Islamabad, Pakistan. Dried
voucher specimen was archived in the Herbarium of
medicinal plants, Quaid-i-Azam University Islamabad
under herbarium number PHM-487.

Solvents and reagents

All reagents and solvents used in the present study were
of analytical grade. Solvents for the extraction: ethanol,
methanol, ethyl acetate, chloroform, acetone, n-hexane
and dimethylsulfoxide (DMSO) were purchased from
Merck (Darmstadt, Germany). Folin—Ciocalteu reagent,
2, 2-diphenyl, 1-picrylhydrazine (DPPH) was acquired
from Sigma-Aldrich (Steinheim, Germany). All other
chemicals (analytical grade) and reagents i.e., sodium hy-
droxide, ferrous chloride, aluminum chloride, potassium
dihydrogen phosphate, dipotassium hydrogen phosphate,
quercetin, gallic acid, ascorbic acid, caffeic acid, rutin,
kaempferol, (+)-catechin and myricetin used in this
study were purchased from Merck (Darmstadt, Germany),
unless stated otherwise.

Preparation of crude extract

The plant was washed thoroughly under running water
to remove contamination and was shade dried with ac-
tive ventilation at ambient temperature for three weeks.
The dried stem, fruit and leaves were ground separately
to fine powder using electric knife mill and stored in air-
tight containers. The powdered plant parts were sub-
jected to extraction by sonication aided maceration
using analytical grade solvents i.e., n-hexane (Nh),
chloroform (C), acetone (A), ethyl acetate +acetone
(EthA), ethyl acetate (Eth), ethanol + chloroform (EC),
methanol + chloroform (MC), ethyl acetate + ethanol
(EthE), methanol + ethyl acetate (MEth), methanol (M),
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ethanol (E) and distilled water (D). A ratio of 1:1 was
used for preparing extraction solvent having various
solvent combinations as described above. Accurately
weighed (40 g) plant material was macerated with 400 ml
solvent in 1000 ml Erlenmeyer flask and was subjected to
maceration for 24 h at room temperature followed by son-
ication (ultrasonic bath, room temperature, 30 min). The
marc was extracted twice using same procedure and the
extracts were combined which were then filtered through
muslin cloth followed by filtration through Whatmann
No. 1 filter paper. The extracts were then concentrated
with vacuum evaporation in rotary evaporator (Buchi,
Switzerland) and dried in vacuum oven (Yamato, Japan) at
45 °C to obtain final crude extract and the experiment was
run in triplicate.

Percent extract recovery
The dried extracts were weighed to calculate the percent
recovery of crude extract by the following formula.

% Extract recovery = (A/B) x 100
A = Total weight of dried extract obtained after drying.
B =Total weight of ground plant material taken for
each extraction.

Phytochemical analysis

Determination of total phenolic content

The total phenolic contents were estimated according to
slightly modified procedure as described previously
using Folin—Ciocalteu reagent [5, 6]. An aliquot of 20 pl
from 4 mg/ml DMSO stock solution of each test sample
was transferred in respective well of 96 well plate
followed by addition of 90 pl of Folin—Ciocalteu reagent.
The plate was incubated for 5 min after which 90 pl of
sodium carbonate was added to the reaction mixture.
Gallic acid was used as standard and absorbance of each
reaction mixture was taken after triplicate performance at
630 nm using microplate reader (Biotech USA, microplate
reader Elx 800). A calibration curve (y=0.0136x + 0.0845,
R* = 0.9861) was obtained in parallel under the same oper-
ating conditions using gallic acid (6.25-50 pg/ml) as a
positive control and the correlation was found to be sig-
nificant at 0.05 level. The assay was performed in triplicate
and the results are expressed as mg gallic acid equivalent
per gram dry weight (mg GAE/g DW).

Determination of total flavonoid content

For total flavonoid content determination, aluminum
chloride colorimetric method was employed with slight
modifications according to system suitability [7, 8]. The
crude extracts (20pl of 4.0 mg/ml DMSO) were trans-
ferred to each well of 96 well plate. Subsequently, 10 pl
each of 10 % aluminum chloride and 1.0 M potassium
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acetate was added followed by the addition of 160 pl of
distilled water. The resulting mixture was kept at room
temperature for 30 min. Then absorbance of the plate
was measured at 415 nm using microplate reader. The
calibration curve was drawn by using quercetin as stand-
ard at final concentrations of 0, 2.5, 5, 10, 20, 40 pg/ml,
the assay was performed in triplicate and the resultant
flavonoid content was documented in mg equivalents of
quercetin per gram of plant dry weight (mg QE/g DW).
The equation obtained for the calibration curve of quer-
cetin was y=0.0268x + 0.00764 (R*=0.9986) and the
correlation was found to be significant at 0.05 level.

HPLC-DAD quantitative analysis
High performance liquid chromatography was per-
formed by using Agilent Chem station Rev. B.02-01-SR1
(260) and Agilent 1200 series binary gradient pump
coupled with diode array detector (DAD; Agilent tech-
nologies, Germany). Reverse phase chromatographic
analysis was carried out with a Zorbex-C8 analytical col-
umn (4.6 x 250 mm, 5 pm particle size, Agilent, USA),
injection volume 20 pl and the gradient elution was con-
ducted according to the method previously described
with minor modifications [7]. Mobile phase consisted of
acetonitrile-methanol-water-acetic acid in a ratio of
5:10:85:1 (solvent A) and acetonitrile-methanol-acetic
acid in a ratio of 40:60:1(solvent B). Gradient method
was 0—-20 min for 0-50 % B, 20—25 min for 50-100 % B
and then isocratic 100 % B till 30 min. Flow rate was
maintained at 1 ml/min. Stock solutions of various
phenolic standards i.e., phenolic acid (gallic acid), flavan-
3-ol (catechin), flavonol flavonoids (quercetin, myricetin,
kaempferol), hydroxycinnamate (caffeic acid), flavone
aglycone (apigenin) and flavonol glycoside (rutin) were
prepared in methanol and subsequently diluted to get a
final concentration of 10, 20, 50, 100, 200 pg/ml of
methanol. The data for peak area versus standard con-
centration was used to construct the calibration curve,
the correlations were found to be significant at 0.05
level, results of which are summarized in Table 2. The
respective limit of detection (LOD) and limit of quantifi-
cation (LOQ) as determined by linear regression analysis
of the calibration curve were calculated by using the ex-
pression 3.3 * (o/b) and 10 * (a/b) respectively where;

o = Standard deviation of response

b = Slope of calibration curve

Prior to use, standard solutions, samples and mobile
phases were all degassed and filtered through 0.45 pm
membrane filter (Millipore). The absorption of samples
was recorded at 257nm (rutin), 279 nm (gallic acid,
catechin), 325 nm (caffeic acid, apigenin) and 368 nm
(myricetin, quercetin and kaempferol).

Chromatographic operation was carried out at ambi-
ent temperature and in triplicate. Before starting the
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next analysis column was reconditioned for 10 min and
the results were expressed as mg/g DW. Comparison of
retention time and UV absorption spectra of extracts
with those of standards was done for the identification
of compounds.

Biological evaluation

Radical scavenging activity-DPPH assay

The antioxidant potential of the crude extracts was
gauged by monitoring its capacity to quench the stable
2, 2-diphenyl 1-picrylhydrazyl (DPPH) free radical [5, 9].
Spectrophotometric analysis was used to measure the
percent radical scavenging capacity (%RSA) and to deter-
mine the corresponding 50 % inhibitory (scavenging)
concentration (SCsp). The DPPH quenching ability was
expressed as ICsy, the concentration required to inhibit
radical formation by 50 %. Four different dilutions of
each test extract (20 pl), to obtain final concentrations
of 200, 66.66, 22.22 and 7.406 ug/ml, were mixed with
180 pl of 9.2 mg/100 ml methanol DPPH solution in 96
well plates. The absorbance was measured at 517 nm
using microplate reader after 30 min of reaction at 37 °C.
Scavenging activity in percent (%RSA) was calculated by
using the equation:

%RSA = (1-Aby/Ab,) x 100

Where Abg is the absorbance of DPPH solution with
sample, whereas Ab, is the absorbance of negative con-
trol containing the reagent except the sample. Ascorbic
acid was used as positive control and the assay was per-
formed in triplicate.

Total antioxidant capacity estimation by
phosphomolybdenum based assay

Phosphomolybdenum based total antioxidant capacity of
the extracts was estimated concisely by mixing 0.1 ml of
each test extract (4 mg/ml DMSO) and positive control
(ascorbic acid, 4 mg/ml) with 1 ml of reagent (0.6 M
sulphuric acid, 28 mM sodium phosphate and 4 mM
ammonium molybdate). A typical blank solution con-
sisted of 1 ml of reagent solution and the appropriate
volume of the same solvent used for each sample. All
tubes were incubated in a boiling water bath for 90 min
at 95 °C. After the samples had been cooled to room
temperature, the absorbance of the each sample solution
was measured at 695 nm against the blank using a PDA
spectrophotometer (8354 Agilent Technologies, Germany).
The experiment was performed in triplicate. The antioxi-
dant activity was expressed as the number of mg equiva-
lents of ascorbic acid per gram of dry plant weight i.e., mg
AAE/g DW [7, 10].
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Total reducing power estimation by potassium ferricyanide
colorimetric assay

The reducing power of different solvent extracts was
determined in accordance with the method described
previously [7, 11]. Concisely, 200 ul of each test extract
(4 mg/ml DMSO) was mixed with 400 pl of phosphate
buffer (0.2 mol/l, pH 6.6) and 1 % potassium ferricyanide
[K5Fe (CN)g]. The mixture was then incubated at 50 °C
for 20 min. A portion of trichloroacetic acid (400 ul of
10 %) was added to the mixture, which was then centri-
fuged at 3000 rpm at room temperature for 10 min. The
upper layer of solution (500 pl) was mixed with distilled
water (500 ul) and FeCl3 (100 pl, 0.1 %). The absorbance
was measured at 700 nm and an increased absorbance
of the reaction mixture indicated increased reducing
power. Blank was prepared by adding 200 ul of DMSO
to the aforementioned reaction mixture instead of the
extract. The reducing power of each sample was expressed
as mg ascorbic acid equivalent per gram plant dry weight
(mg AAE/g DW) and the assay was performed as triplicate
analysis.

Cytotoxicity assays: Brine shrimp lethality assay

A 24 h lethality test was performed in a 96 well plate
against brine shrimp (Artemia salina) larvae according
to the previously described protocol with minor modifi-
cations [5]. Eggs of test organism Artemia salina (Ocean
90, USA) were kept for 24-48 h hatching period in
simulated sterile sea water (38 g/l supplemented with
6 mg/l dried yeast) with constant oxygen supply in a
specially designed two-compartment plastic tray under il-
lumination, providing direct light and warmth (30-32 °C).
The mature phototropic nauplii were then harvested with
the help of Pasteur pipette and transferred to each well of
96 well plate. Test extracts were initially tested at three
graded concentrations ie., 1000, 500 and 250 pg/ml and
corresponding volume of each extract was then trans-
ferred to the wells containing sea water and shrimp larvae.
Positive and negative control wells included standard
doxorubicin (4 mg/ml) and DMSO respectively instead of
sample. After 24 h incubation period, degree of lethality
exhibited by each solvent extract was determined by
counting the number of survivors and median lethal con-
centration (LCsg) of the test samples with >50 % mor-
tality, was calculated using table curve 2D v5.01
software. The whole experiment was run as triplicate
analysis.

Cytotoxicity against THP-1 human leukemia cell line

The in vitro cytotoxicity evaluation of extracts was carried
out by using human leukemia (THP-1) cell lines (ATCC #
TIB-202) according to the previously documented proto-
col with slight modification according to system suitability
[5]. Briefly, leukemia cells were cultured in complete
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growth medium [RPMI-1640 medium buffered with 2.2 g/l
NaHCOj; and supplemented with 10 % heat inactivated
fetal bovine serum (HIFBS); pH 7.4] in a carbon dioxide
incubator (37 °C, 5 % CO ,). About 190 ul of THP-1 cells
at a seeding density of 5 x 10° cells per ml were transferred
to each well of 96-well microtiter plate. Subsequently, 10 ul
of sample containing 1 % DMSO in PBS was added. Sam-
ples were tested three times at concentrations of 10, 5 and
2.5 pg/ml. The reaction plate was incubated at 37 °C in
humidified CO, (5 %) incubator for 72 h. Florouracil and
vincristine (4 mg/ml DMSO) were used as positive stand-
ard drug in positive control wells whereas 1 % DMSO in
PBS served as negative control. The number of survivors
was counted using improved neubauer chamber (Marien,
Germany) under a light microscope and compared with
percent survival of cells in the presence of positive and
negative controls and the assay was performed in triplicate.
Afterwards LCso was calculated by using table curve 2D
v5.01 software.

Protein kinase inhibition assay

The protein kinase inhibition assay was performed thrice
by observing hyphae formation in purified isolates of
Streptomyces 85E strain [12]. Bacterial lawn was allowed
to develop by spreading spores (mycelia fragments) of
refreshed culture of Streptomyces on sterile plates
containing minimal ISP4 medium. About 5 pl of each
extract (20 mg/ml of DMSO) was loaded onto sterile
6 mm filter paper discs. The impregnated paper discs
with a final concentration of 100 pg/disc were applied
directly on the surface of the plates seeded with Strepto-
myces 85E. Surfactin and DMSO infused discs were in-
cluded as positive and negative control respectively. The
plates were then incubated at 30 °C for 72 h (time re-
quired for hyphae formation in Streptomyces 85E) and the
results were interpreted as bald zone of inhibition around
samples and controls infused discs.

Antimicrobial assays

Antibacterial assay

In vitro antibacterial potential of the given test extracts
was evaluated by agar disc diffusion method as described
previously [13]. A lawn of refreshed bacterial cultures
[(gram positive: Staphylococcus aureus ATCC-6538, Micro-
coccus luteus ATCC-10240) and gram negative (Salmonella
typhimurium ATCC-14028, Klebsiella pneumonia ATCC-
1705)] with pre-adjusted seeding density was made on
nutrient agar plates. Sterile filter paper discs impregnated
with 5 pl (20 mg/ml DMSO) of each test extract were
placed on the seeded plates. Disc infused with Cefixime
(standard antibacterial) served as positive control while
DMSO infused disc was used as negative control. Fol-
lowing incubation at 37 °C for 24 h, the average diam-
eter of the zone of inhibition around the sample as well
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as control treated discs was measured and recorded.
Extracts producing an inhibition zone>10 mm in
diameter were considered active and were further
screened to determine minimum inhibitory concentra-
tions (MICs) by standard three-fold microbroth dilu-
tion methodology [14]. A stock solution of each active
extract was serially diluted in 96-well microtiter plate
with Mueller Hinton broth to obtain a concentration
ranging from 100 pg/ml to 3.70 pg/ml. A standardized
inoculum for each bacterial strain was prepared so as
to give inoculum size of approximately 5 x 10* CFU/ml
in each well. Microtiter plates were then kept at 37 °C
for an overnight incubation. Following incubation, the
MIC was calculated as the lowest concentration of the
extract inhibiting the growth of bacterial strain by
measuring OD at 600 nm and the assay was performed
as triplicate analysis.

Antifungal assay

The antifungal potential of test extracts was evaluated as
triplicate analysis by agar disc diffusion method [13].
The spores of given fungal strains [Aspergillus fumigatus
(FCBP- 66), Mucor species (FCBP-0300), Aspergillus
niger (FCBP-0198) and Aspergillus flavus (FCBP-0064,)]
were harvested in 0.02 % Tween 20 solution and their
turbidity was adjusted according to McFarland 0.5
turbidity standard. Then 100 pL of each harvested fungal
strain was swabbed on plates containing Sabouraud
Dextrose agar. Sterile filter paper discs impregnated with
5 pl (20 mg/ml DMSO) each of test extract were placed
on the seeded plates. DMSO impregnated disc was used
as negative control whereas standard drug clotrimazole
exhibited maximum activity with 30+ 1.54 mm zone.
Following incubation at 28 °C for 24—48 h, the average
diameter (mm) of the zone of growth inhibition around
the samples as well as control treated discs was mea-
sured and recorded. Extracts producing an inhibition
zone > 10 mm in diameter were screened to determine
minimum inhibitory concentrations (MICs) at lower
concentrations ranging from 50 to 3.12 pg/disc by stand-
ard disc diffusion method. MIC was calculated as the
lowest concentration of the extract around which a vis-
ible zone of growth inhibition was formed.

Statistical analysis

The results obtained for cytotoxic, antimicrobial and
phytochemical assays were analyzed statistically by one-
way analysis of variance (ANOVA) followed by Tukey
and Duncan’s test using the statistical package PASW
Statistics 18 and P < 0.05, P<0.01, or P<0.001 was con-
sidered as significant when appropriate. Data were
expressed as mean+ SD. Correlation analysis of the
phytochemical activities and HPLC-DAD analysis was
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carried out using the correlation and regression by
Microsoft Excel program.

Results and discussion

Effect of extraction solvent on the extract yields
Percentage of the extract recovery determined for differ-
ent plant parts, using sonication followed by maceration
as extraction technique is presented in Table 1. Max-
imum amount of extract was recovered when distilled
water was used as the extraction solvent with an extract
yield of 33.28 + 0.87 %, 18.88 +1.18 % and 16.83 £ 0.99 %
for leaf, stem and fruit respectively. It has been observed
that as the polarity of extraction solvent changed from
highly polar water to non-polar n-hexane, the extract
yields decreased drastically. The differences in the ex-
tract yields in the present analysis might be endorsed to
the different availability of extractable components,
resulting from the varied chemical composition of plant
metabolites. The extraction efficiency and biological ac-
tivities are strongly dependent on the nature of extrac-
tion solvent polarity, due to the presence of diverse
compounds of varied chemical characteristics that may
or may not be soluble in a particular solvent. As extrac-
tion is the first critical step in drug discovery process
from plants, therefore in our present study a wide range
of extraction solvent polarities and sonication followed
by maceration as extraction technique was employed. It
has also been suggested from their extraction yield

Table 1 Percent extract recoveries of leaf, stem and fruit of D.
innoxia using different extraction solvents

Extracts % Extract recovery
Leaf Stem Fruit

Nh 0.75+0.208 390+0872 405+0.113
C 6.23+047° 883 +0.64° 11.28+0.102
A 15.07 +0.945 1308+022° 5.53 + 0495
EthA 1566 +0.76, 11.96 + 0625 249+0330
Eth 1110+ 0745 1362+ 0565 437+ 0485
EC 763+ 1665 6.97 + 044§ 6.30+0.162
MC 801 + 0403 9.18 +2.88 963+071%
EthE 113340852 579 + 0467 7.90 141
MEth 8554073, 1045 + 1,962 938 +0.345
E 882+033§ 6.16+0.72¢ 7.03+1.94¢
M 879 +0.93° 343 +1455 1161+ 1535
D 3328+ 0872 1888+1.18}, 1683+ 0.9%

Values (mean + SD) are average of three samples of each plant part,
analyzed individually in triplicate (n=1 x 3 X 3), (P<0.05); DW dry
weight; Superscript letters within the same column indicate significant

(P < 0.05) differences of means within the extracting solvent; Subscript letters
within the same row indicate significant (P < 0.05) differences of means within
the plant parts. Nh n-hexane, C Chloroform, A Acetone, EthA Ethyl acetate-
Acetone, Eth Ethyl acetate, EC Ethanol-Chloroform, MC Methanol-Chloroform, EthE
Ethyl acetate-Ethanol, MEth Methanol-Ethyl acetate, E Ethanol, M Methanol, D
Distilled water
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optimization studies of herbal material that a sample
preparation method, maceration under sonication proved
to be a superlative choice when considering the time/yield
ratio [15].

Phytochemical analysis

Total phenolic content

The total phenolic content of leaf, stem and fruit of D.
innoxia are presented in Fig. 1. In our study the highest
content of gallic acid equivalent phenols i.e., 29.91 + 0.12
and 21.86 + 0.45 mg/g DW was present in the aqueous
extract of leaf and fruit extracts respectively while in
case of stem, it was highest in the ethyl acetate-acetone
extract (25.06+0.45 mg GAE/g DW). Among leaf ex-
tracts the phenolic content decreased in accordance with
the following order of extraction solvent polarity; D >
EthA > EthE”> Eth>A°>M>E > EC”> MC > MEth > C~
Nh. The stem extracts displayed a pattern of decreasing
phenolic content in the following order: EthA > D * Eth *
MC > MEth > EthE > A > EC > E> C > M ” Nh while it
was D> M > EthE > MC > MEth > C > E > EC ” Eth > EthA
> A > Nh in case of fruit extracts. The total phenols in
different plant parts ranged from 29.91 + 0.12 mg GAE/g
DW for the highly polar aqueous to 2.5 + 0.12 mg GAE/g
DW non-polar n-hexane, which is in agreement with the
results of previous studies that quantification of phenolic
compounds in plant extract is influenced by the chemical
nature of the extraction solvent (Kumaran et al. [16]). The
plant phenolics having antioxidant properties have an im-
portant role in combating oxidative stress, cytotoxicity
and cell death by scavenging free radicals or chelating
trace elements thereby strengthening the antioxidant de-
fenses [17]. In most of the medicinal plants, phenolic and
polyphenolic compounds such as flavonoids, phenolic
acids and tannins are the major contributors to the anti-
oxidant activity.

Total flavonoid content

The total flavonoid content of leaf, stem and fruit in
terms of mg quercetin equivalent per gram dry weight
are presented in Fig. 1. Among all the leaf extracts the
highest flavonoid content of 15.68 + 0.18 mg QE/g DW
was recorded in the ethyl acetate-acetone extract
followed by D> A E”>Eth>M > MC=E>EC”> C~
MEth > Nh while in case of stem extracts, the maximum
flavonoids were quantified in the ethyl acetate extract
yielding about 5.29 +1.22 mg QE/g DW. The aqueous
fruit extract unveiled the highest total flavonoid content
of 1528 +1.132 mg QE/g DW as compared to other
plant parts analyzed. A positive correlation (correlation
coefficient; R*=0.9137 for leaf, 0.8026 for stem and
0.8999 for fruit) was found to be present between the
phenolic and flavonoid contents suggesting that the
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Fig. 1 a Leaf: TPC (Total phenolic content mg GAE/g DW), TFC (Total flavonoid content mg QE/g DW), TAC (Total antioxidant capacity mg AAE/g DW),
TRP (Reducing power mg AAE/g DW) and %RSA (radiical scavenging activity) determination in different solvent extracts of D. innoxia. Values are presented
as mean + Standard error from triplicate investigation. Nh: n-hexane, C: Chloroform, A: Acetone, EthA: Ethyl acetate-Acetone, Eth: Ethyl acetate, EC:
Ethanol-Chloroform, MC: Methanol-Chloroform, EthE: Ethyl acetate-Ethanol, MEth: Methanol-Ethy! acetate, E: Ethanol, M: Methanol, D: Distilled water.

b Stem: TPC (Total phenolic content mg GAE/g DW), TFC (Total flavonoid content mg QE/g DW), TAC (Total antioxidant capacity mg AAE/g DW), TRP
(Reducing power mg AAE/g DW) and %RSA (radical scavenging activity) determination in different solvent extracts of D. innoxia. Values are presented
as mean + Standard error from triplicate investigation. Nh: n-hexane, C: Chloroform, A: Acetone, EthA: Ethyl acetate-Acetone, Eth: Ethyl acetate, EC:
Ethanol-Chloroform, MC: Methanol-Chloroform, EthE: Ethyl acetate-Ethanol, MEth: Methanol-Ethyl acetate, E: Ethanol, M: Methanol, D: Distilled water.

¢ Fruit: TPC (Total phenolic content mg GAE/g DW), TFC (Total flavonoid content mg QE/g DW), TAC (Total antioxidant capacity mg AAE/g DW), TRP
(Reducing power mg AAE/g DW) and %RSA (radical scavenging activity) determination in different solvent extracts of D. innoxia. Values are presented
as mean + Standard error from triplicate investigation. Nh: n-hexane, C: Chloroform, A: Acetone, EthA: Ethyl acetate-Acetone, Eth: Ethyl acetate, EC:
Ethanol-Chloroform, MC: Methanol-Chloroform, EthE: Ethyl acetate-Ethanol, MEth: Methanol-Ethy! acetate, E: Ethanol, M: Methanol, D: Distilled water
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antioxidant potential of phenols might be attributed to
the presence of flavonoids.

HPLC-DAD quantitative analysis

Reverse phase HPLC-DAD based profiling was used for
quantitative analysis of selected plant phenolics and the
chromatographic finger printing was done by comparing
the retention time and UV spectra of reference com-
pounds with those of the test sample, the results of
which are summarized in Tables 2, 3 and 4. A significant
amount of catechin, myricetin, quercetin, rutin and caf-
feic acid were quantified in some of the analyzed
extracts. Among the leaf extracts a substantial amount
of catechin and apigenin was present in the methanol
(5.41 and 2.11 pg/mg DW respectively) and methanol-
chloroform (1.28 and 1.78 mg/g DW respectively) ex-
tract. Significant amount of catechin and apigenin were
also quantified in ethanolic extract of fruit (2.65 and
246 mg/g DW respectively). The presence of all these
plant metabolites draw a parallel correlation of plants
potential with their known bioactivities e.g., rutin is one
of the phenolic compounds found in the invasive plant
species and contributes to its antibacterial and antioxi-
dant properties, caffeic acid outperformed the other an-
tioxidants in reducing aflatoxin production by more
than 95 % and apigenin induces autophagy in leukemia
cells, which may support a plant’s possible chemopre-
ventive and anticancer role [18]. The chromatograms of
standards as well as compounds detected in various
plant parts are presented in Fig. 2.

Biological evaluation

DPPH radical scavenging activity

The percent free radical scavenging activity (%RSA) of
the crude extracts was assessed by the discoloration of
the methanolic solution of DPPH, the results of which
are summarized in Fig. 1. This method depends on the
reduction of the purple colored DPPH, by accepting
electron or hydrogen radical from donor antioxidant, to a
stable yellow-colored diphenyl picrylhydrazine molecule
(Haq et al. [5]). The best antioxidant activity in DPPH
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assay was demonstrated by the aqueous extract of leaf
(IC50=22.83 upg/ml) while it was lowest for n-hexane
(IC50=383.31 pg/ml). Ethyl acetate-acetone extract of
stem exhibited highest scavenging activity with an ICsq of
16.14 pg/ml followed by ethyl acetate (ICsq = 19.34 pug/ml)
and aqueous (ICsp = 23.22 pg/ml) extracts. Among all the
fruit extracts the most potent radical scavenging po-
tential was exhibited by the aqueous extract with an
IC50 of 19.22 pg/ml.

The relationship between total contents of polyphenols
and the free radical scavenging capacity as studied by
many authors demonstrated that a linear correlation exists
between them [19]. In our present study a significant cor-
relation was also found between the radical scavenging
capability and the total phenolic content (leaf: R* = 0.7094,
stem: R? = 0.7739, fruit: R? = 0.8243). Therefore it can be
inferred that the various polyphenols in D. innoxia ex-
tracts are largely responsible for the radical scavenging
mediated antioxidant activity.

Total antioxidant capacity

The total antioxidant capacity (TAC) of various leaf,
stem and fruit extracts are summarized in Fig. 1. The
method relies on the reduction of Mo (VI) to Mo (V)
by the antioxidant mediators and the consequent for-
mation of a green colored phosphate/Mo (V) complex
with a maximal absorption at 695 nm (Jafri et al. [7]).
Maximum TAC was displayed by the aqueous extract
of the leaf (46.98 + 0.14 mg AAE/g DW), ethyl acetate
extract of the stem (42.90 +1.25 mg AAE/g DW) and
ethanol-chloroform extract of the fruit (43.86+1.18 mg
AAE/g DW). Oxidation is a mandatory natural
phenomenon in biological systems resulting in the
generation of highly reactive hydroxyl and a peroxyl
radical. Antioxidants quench these radicals, the inad-
equate endogenous or exogenous supply of which
may cause damage to DNA, proteins and polyunsatur-
ated fatty acid residues of cell membrane phospho-
lipids and may lead to pathological effects such as
vascular diseases and cancer [20]. The correlation

Table 2 Calibration curve parameters, limit of detection (LOD), limit of quantification (LOQ) for the standards

Standard Retention time (min) Calibration curve equation Correlation coefficient () LOD (ug/ml) LOQ (ug/ml)
Gallic Acid 419 y =24.857x - 45174 0.9979 723 2193
Catechin 7.10 y =7.9854x - 17.565 0.9995 352 10.69
Caffiec Acid 9.66 y =26.097x + 95435 0.9924 13.67 4145
Rutin 3.12 y=83367x+ 22217 0.9966 991 27.85
Myrisitin 1544 y =52278x - 63043 0.9988 540 16.37
Quercitin 18.52 y=1221x - 20.348 0.9978 7.35 22.29
Kaempherol 21328 y =9.9944x + 15.261 0.9998 230 6.99
Apigenin 22.156 y=18.111x+ 25565 0.997 504 15.29
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Table 3 Chemical profiling of different solvent extracts of D. innoxia using HPLC-DAD

Extracts  Polyphenols (ug/mg DW)

Phenolic acid ~ Flavonol glycoside  Hydroxy cinnamate  flavan-3-ol  Flavone aglycone  Flavonol flavonoid
GA Rutin CA Catec Api Myr Quer Kaemp

Leaf
Nh - - - - - - - -

EthA - - - - - - - -
Eth - - - - - - - -
EC - - - - - - - -
MC - - - 1.28+0.01 1.78 £0.02 - - -
EthE - - - - - - - -
MEth - - - - - - - -
E — — — — — — — —
M - - - 541003 2.11£0.01 - 084+002 -
D — — — — — — — —
Stem
Nh - - - - - - - -
C — — — — — — — —
A - - - - - - 1.33+£001 -
EthA - - - - - - - -
Eth - - - - - - - -
EC - - - - - - - -
MC - - - - - - - -
EthE - - - - - - - -
MEth - - - - - - - -
E - - - 0.18+0.01 0.16 £0.03 - - -
M — — — — — — — —
D - 1.58+£0.02 1.69 £ 0.01 0.51+001 - 167+003  067+001 -
Fruit
Nh - - - - - - - -
C _ _ _ _ _ _ _ _
A - - - 175€001 - - - -
EthA - - - - - - - -
Eth - - - - - - - -
EC - - - - - - - -
MC - - - - - - - -
EthE - - - - - - - -
MEth - - - - - - - -
E - - - 265 +0.02 246 £0.02 1.74£0.01 - 0.85£0.01
M — — — — — — — —
D - — — — — — — —

-: not detected, GA gallic acid, CA caffeic acid, Catec catechin, Api apigenin, Myr myrecetin, Quer quercetin, Kaemp kaempferol
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Table 4 Retention time (RT) in minutes and detection wavelength (\) in nanometers of detected compounds in different solvent

extracts of leaf, stem and fruit of D. innoxia

Extracts  Polyphenols (ug/mg DW)
Rutin CA Catec Api Myr Quer Kaemp
RT (min) A (m) RT(min) A(Mm) RT(mMin) A(Mm) RT@min) A (m) RT (min) Anm) RT (min) A (m) RT (min) A (hm)
Leaf
MC - - - - 7.10 279 22.06 325 - - - - - -
M - - - - 7.27 279 22.07 325 - - 1840 368 - -
Stem
A - - - - - - - 1862 368
E 7.21 279 22.21 325 - - - - - -
D 13.28 257 9.76 325 7.12 279 - 15.44 368 - - - -
Fruit
A - - - - - - - - - - 1842 368 - -
E - - - - 7.25 279 22.15 325 15.69 368 - - 2149 368

-: not detected, GA gallic acid, CA caffeic acid, Catec catechin, Api apigenin, Myr myrecetin, Quer quercetin, Kaemp kaempferol

between total phenolic content and antioxidant cap-
acity was determined and it was found to be linear
with an excellent correlation coefficient, R* of 0.7821
(leaf), 0.8544 (stem), 0.8702 (fruit) respectively. These
results are in agreement with the previous studies
which showed that high phenolic content increases
the antioxidant activity [1, 20].

Reducing power

Figure 1 shows the reductive power of various solvent ex-
tracts of D. innoxia. In our present study, the maximum
extraction efficiency in terms of highest reducing
power was achieved in the aqueous extract of leaf
(9.46 £ 1.12 mg AAE/g DW), ethyl acetate extract of
stem (15.35 £ 0.61 mg AAE/g DW) and methanol-acetone
extract (13.90 + 0.87 mg AAE/g DW) of fruit. The redu-
cing properties are generally allied with the presence of
reductones which have been linked to the antioxidant ac-
tion through breakage of the free radical chain by donat-
ing a hydrogen atom, therefore a direct correlation have
been observed between the antioxidant capacity and
reducing power of certain plant extracts [20]. In our
present exploration a positive correlation was also
found to exist between the reducing power and anti-
oxidant potential of all the extracts with excellent
correlation coefficients (R®=0.8058, 0.8497, 0.80121
for leaf, stem and fruit respectively) significant at the
P =0.05 level.

Cytotoxicity assays

Brine shrimp lethality assay

Cytotoxicity potential of the plant was tested against brine
shrimp (Artemia salina) larvae to reveal its lethality

profile. Out of a total of 36 organic extracts screened for
cytotoxic activity against brine shrimp larvae, 25 % of the
leaf, 16 % of the stem and 8.3 % of the fruit extracts dem-
onstrated activity at or below 100 pg/ml and were catego-
rized as highly toxic. The remaining 75 % of the leaf, 84 %
of the stem and 91.7 % of the fruit extracts had LCsy,
values < 250 pg/ml and were categorized as toxic. The re-
sults from screening of the organic extracts of different
plant organs against A. salina larvae are shown in Table 5.
The positive control, doxorubicin demonstrated an LCs,
value 5.93 pg/ml. Among all the individual plant part ex-
tracts, methanol-chloroform was found to be the most
toxic exhibiting an LCs of 85.94 pg/ml for leaf and stem
while 54.07 pg/ml for fruit; indicating that a moderately
polar extraction solvent would be the best choice for the
isolation of such compounds rather than a highly polar or
non-polar solvent. The degree of lethality was found to be
directly proportional to the concentration of the extract.
The brine shrimp lethality assay is well-thought-out as a
suitable tool for primary evaluation of toxicity. It has also
been proposed for screening pharmacological activities in
plant extracts and the toxicity results can be correlated
with their documented ethno-pharmacological role. These
tests are usually carried to draw extrapolations on the
safety of the plant extracts and further to illustrate trends
of their biological activities [21]. In bioactivity evaluation
of plant extracts by brine shrimp bioassay, an LCs, value
of less than 1000 pg/ml is considered to be cytotoxic. In
our current study, 100 % of all the screened organic ex-
tracts demonstrated LCs, values < 1000 pg/ml, signifying
the presence of cytotoxic compounds responsible for the
observed toxicological activity. These results recom-
mended further investigation of plant’s cytotoxic potential
using in vitro anticancer cell lines.
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Fig. 2 a Chromatograms of standard phenols. b Chromatograms of compounds detected in (a) MC: Methanol-Chloroform and (b) M: Methanol
extracts of D. innoxia leaf. ¢ Chromatograms of compounds detected in (a) A: Acetone and (b) D: Distilled water extracts of D. innoxia
stem. d Chromatograms of compounds detected in (a) A: Acetone and (b) E: Ethanol extracts of D. innoxia fruit

.




Table 5 Cytotoxicity and Streptomyces hyphae formation inhibition potential of different solvent extracts of leaf, stem and fruit
of D. innoxia. Values are presented as mean + standard deviation of triplicate analysis

Extracts Brine shrimp cytotoxicity (Concentration pg/ml) THP-1 cytotoxicity (Concentration pg/ml) Protein kinase inhibition
% mortality LCso % mortality 1Cs0 Diameter (mm + SD)
1000 10 Clear zone Bald zone
Leaf
Nh 100.0 +0.00° 23544 +1.12 2232+241° 10 - 7+038
C 90.00 + 049° 19991 +£0.98 80.95+1.77¢ 591+0.78 13+0.18° 21+029
A 96.60 + 0.94° 22667 £1.34 1822+ 1.68 10 7+0.15 11+047
EthA 9830+ 047 15048 +1.14 2322+213° >10 7+033 11+039
Eth 7830+ 1.25 13326 £043 31.24+299 10 11+£043 22+047°
EC 90.0 +0.94° 15490+ 0.22 5523+322 89+0.53 14+ 41° 21+052°
MC 81.60 + 1.70° 85.94+0.16 52.38+287 98+0.15 7+0.32 10+£0.21
EthE 86.60 £ 0.94 186.95+0.17 1633 +3.18 10 7+0.62 10£0.15
MEth 8830+ 236 11769+0.18 1832 +4.11 10 12+051 18+041°
E 7830+ 0947 97.08 +1.35 2534+ 145° >10 7+0.13 9+042
M 85.00+1.25 97.06+1.18 1621 245 10 6+022° 9+035
D 67.00+1.70 24727 +0.74 12.85+0.837 10 - -
Stem
Nh 10045 + 0.007 19495+ 034 - - 6+044 -
C 90.50 + 0.00° 12553+0.22 - - 6+0.58 -
A 96.60 + 0.94” 15533+ 098 - - 74042 13+042°
EthA 9835+ 0.58° 15338 +0.54 - - 740227 11+£022°
Eth 7835+ 082° 250.00+0.34 - - 9+0357 18 +0.35¢
EC 9045 + 0.94 15490 £0.16 - - 6+0.28 9+0287
MC 8540+ 1.25° 97.06+0.17 - - 11+021¢ 22+0219
EthE 86.60 +047° 117.69+0.16 - - 6+045° 84045
MEth 8830+ 0.95° 117.69 £ 146 - - 6+027 9+027
E 78.30+047° 13729+ 1.65 - - 8+0.33 13+033°
M 81.60+0.82° 8594+ 076 - - 9+051° 14+051°
D 65.56 + 0.82° 250.00+£0.17 - - 6+047 8+047
Fruit
Nh 7830+ 1.257 359.12+0.18 76.19 +1.92° 349+£0.17 - 10+081°
C 91.60 + 1.25° 14168+ 134 76.66 +2.22° 452+123 - 10+0.54
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Table 5 Cytotoxicity and Streptomyces hyphae formation inhibition potential of different solvent extracts of leaf, stem and fruit
of D. innoxia. Values are presented as mean + standard deviation of triplicate analysis (Continued)

A 9330+ 047° 24091+ 156 1623 £223 >10 11+023° 1840547
EthA 91,60 +1.25° 11440+078 16.88 +2.23 *10 11+047° 17+022°
Eth 9330+ 1.257 201.96+0.17 1032+145 *10 - 10+0.22
EC 9165+ 1.257 23492 +027 183 +2.55° >10 - 10+ 024
MC 85.00 + 2.83° 5407 +0.16 183 + 2,667 *10 - 9+032
EthE 9835+ 0477 21864 +034 6191 +1.22° 888+1.16 8+0.38° 14+038°
MEth 90.00 + 1,637 15261 +1.14 1562 +1.87 *10 - 13+062°
E 90.00 +0.82° 229214156 1823+ 127 *10 11+022° 20+ 067
M 8500+ 141° 16439+ 178 16.57 324 *10 7+043° 10+028°
D 65.00 + 0.82 351714176 1034+128 >10 - 7+056
DMSO - - - - -

Initially, the samples were evaluated at single highest concentration and the samples which showed more than 50 % inhibition/significant activity were tested at lower concentrations to find their LCso. Negative
control: DMSO. LCs, of Doxorubicin (positive control employed in the brine shrimp lethality assay) was 5.93 pg/ml. ICso of 5-Florouracil (5FU) and Vincristine (positive controls employed in anticancer assay) was 5 and
8.1 pg/ml respectively. Growth inhibition zone exhibited by surfactin (positive control in Protein kinase inhibition assay) was 20 + 1.02 mm (bald zone)

Values (mean + SD) are average of three samples of each plant extract, analyzed individually in triplicate (n=1 x 3). * Means difference is highly significant, slightly significant, significant at p < 0.05
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Cytotoxicity against THP-1 human leukemia cell line

The incidence of several cancers has increased expo-
nentially with age from the fourth to eighth decade of
life. Over 6 million people decease due to cancer
worldwide each year, being the largest single cause of
death in both men and women [17]. Keeping in view the
prodigious cytotoxic potential as discovered through brine
shrimp lethality assay; the plant extracts were further
screened for an in-vitro cytotoxic activity using human
leukemia (THP-1 ATCC# TIB-202) cell line (Table 5).
Among all the leaf extracts, the chloroform extract was
most potent as it considerably inhibited the cell line
proliferation exhibiting 80.95 + 1.77 % cell mortality at
10 pg/ml concentration and an LCso 5.91 pg/ml. In our
present study the stem extracts did not display any
anticancer potential while in case of fruit, the most
prominent lethality was shown by the chloroform and
n-hexane extracts with an LCsy 4.52 and 3.49 pg/ml
respectively which is comparable to the standard drugs 5-
florouracil and vincristine with 50 % lethality at 5 pg/ml
and 8.1 pg/ml respectively. Recently a new withanolide,
dinoxin B was isolated from a methanol extract of D.
innoxia leaves exhibited sub-micromolar LCg, values
against multiple human cancer cell lines [4]. This is by far
the first report (to the best of our knowledge) highlighting
the anticancer proficiency of D. innoxia fruit phytochemi-
cals, which according to all the previous studies have been
reported in its leaves only.

Protein kinase inhibition assay

The results of protein kinase inhibition zones recorded for
the test samples are presented in Table 5. Among all the
extracts, a noteworthy inhibition zone of 22 mm clear, 11
mm bald phenotype was formed around the ethyl acetate
extract of both leaf and stem, while the most prominent
hyphae formation inhibition in case of fruit was presented
by the ethanol extract (20 mm clear, 11 mm bald) lagged
by acetone (18 mm clear, 11 mm bald) and acetone-ethyl
acetate extract (17 mm clear, 11 mm bald). The non-toxic
effect of DMSO (negative control) was confirmed by the
absence of growth inhibition zone whereas surfactin, the
positive control established a 16 mm bald growth inhib-
ition zone. The results of the present study suggest that a
moderately polar extraction solvent would be suitable for
the extraction of phytoconstituents of D. innoxia that may
>serve as a promising kinase inhibitory target while the ex-
tremes of extraction solvent polarities exhibited little or no
activity. In the recent years, there has been a significant
surge for the development of inhibitors of protein kinases
from natural products especially plants. Protein phosphor-
ylation at serine/threonine and tyrosine residues by protein
kinases is one of the major regulatory mechanisms in
biological processes including apoptosis, cell prolifera-
tion, cell differentiation, and metabolism. Deregulated
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phosphorylation at serine/threonine and tyrosine residues
by protein kinases produced as a result of genetic alter-
ations acquired early in tumorigenesis are often the cause
of cancer. In this respect, inhibition of protein kinases has
emerged as a promising target for cancer treatment (Yao
et al. [12]). Protein kinase activity is critical for the aerial hy-
phae formation of Streptomyces and this prerequisite has
been exploited in the present study to bioprospect the ex-
tracts for their kinase inhibitory activity so that their
anticancer potential could be assessed. Using Streptomyces
85E as an assay strain for kinase inhibitors appears to iden-
tify a wide range of eukaryotic kinase modulators, presum-
ably because the Streptomycete enzymes are evolutionary
forerunners of their highly specific eukaryotic counterparts.
An advantage of the whole cell Streptomycete assay is that
it readily identifies cytotoxic activity of the compounds be-
ing tested. This simple assay permits the identification of
signal transduction inhibitors for a variety of applications
including anti-infective, antitumor agents and several of the
inhibitors of mycobacteria [22].

Antimicrobial assays

Antibacterial assay

Predictions of antibacterial activity in herbal compounds
extracted from plant parts depend largely on plant part,
solvent used for extraction and the organism tested [14].
Table 6 shows the antibacterial activity in terms of zone
of inhibition (mm diameter) of various solvent extracts
from different parts (leaves, stem and fruit) of D.
innoxia. In our study the extracts producing a growth
inhibitory zone > 10 mm in agar disc diffusion assay were
considered active and were further evaluated for MIC de-
termination through broth micro dilution method. All the
extracts showed better antibacterial activity against Gram-
positive bacteria as compared to Gram-negatives. Among
all the extracts 39 % of leaf, 16 % of stem and 29 % of fruit
extracts were found to be active (zone = 10 mm). Among
all the bacterial strains tested, Mirocococcus luteus was
found most susceptible with maximum inhibition by the
n-hexane fruit extract producing zone of inhibition of 24
mm (MIC = 3.70 pg/ml). Data indicated that extracts pre-
pared from leaves possess better antibacterial activity than
those prepared from stem and fruit. Among all the leaf ex-
tracts a maximum zone of growth inhibition was displayed
by the ethyl acetate, ethanol and acetone extracts against
K. pneumonae, S. typhi, M. luteus and S. aureus respect-
ively. Among all the stem extracts the maximum growth
inhibition zone of 20 mm was produced by the ethanolic
extract having MIC of 3.70 pg/ml. The n-hexane fruit ex-
tract presented antibacterial activity with an inhibition
zone ranging between 7 and 24 mm. The absence of
growth inhibition zones confirmed the non-toxic effect of
DMSO (negative control) while cefixime served as positive
control. Hydroxylated phenolic compounds such as caffeic
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Table 6 Antibacterial activity of leaf, stem and fruit extracts of D. innoxia
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Extracts *Diameter of growth inhibition zone (mm =+ SD)
K. pneumoniae MIC (ug/ml) S. typhimurium MIC (ug/ml) M. luteus MIC (ug/ml) S. aureus MIC (ug/ml)
Leaf
Nh 85+076° - 10+285° 3333 7+ 1.84° - 94189 -
C 10+096° 3333 65+132° - 9+ 145° - 94231 -
A 10+076° 3333 75+133° - 145+11° 370 10+£163° 100
EthA 10 +098° 100 741547 - 124£1.17° 3333 94178 -
Eth 124022 100 8+124° - 18+134° 370 8+149% -
EC 10 +0.48° 100 75+134° - 12+122° 3333 85+187% -
MC 7 +045° - 6+2219 - 16+ 145° 370 6+£189 -
EthE 12+0.18° 3333 75+ 176 - 14+ 145° 3333 742219 -
Meth 95+034° - 7+132¢ - 104134 100.00 8.5+138% -
E 8+067° - 17 41459 1111 134145 .11 95+122° -
M 7+034° - 8+124° - 16+ 167° 370 71234 -
D 74056 - 7+1.23° - 14+113¢ 1.1 6+143¢ -
Stem
Nh - - 10+167° 3333 84234 - 10+183° 100
C - - 14+088° 1111 8+ 145 - 94121 -
A - - 7+1219 - 8+22° - - -
EthA - - 10+ 267° 100 7+1.22¢ - - -
Eth - - 742347 - - - - -
EC - - 741237 - 13+£13° 100 - -
MC 9+187° - 9+ 156 - - - 7+2219 -
EthE 84214 - - 7 +145° - - -
Meth - - - 74077 - - -
E - - 10+£2.13€ 100 20+ 182° 370 - -
M 9+232° - 6+ 143 - 741.23° - 8+121° -
D - - 10+ 1.56° 100 0 - - -
Fruit
Nh - - 12+121° 100 244132° 370 - -
C 84123 - 8+ 2459 - 9+1.22° - 9+132¢ -
A 84145 - 7+113¢ - 8+ 145 - - -
EthA - - 13+221° 3333 10+£3.12° 100 104121 100
EC - - 8+ 1.56 - - - - -
MC - - 10+ 1.56° 100 9+182° - - -
EthE - - 114165 100 8+121¢ - - -
Meth 94176 - 10+167° 100 8+213¢ - - -
E 10+£1.12° 100 12+£221° 100 8+1.23¢ - 12+128° 3333
M 7+123¢ - 12+154° 3333 9+151° - - -
D - - - - 10£121° 100 - -
DMSO - - - - - - - -
Cefixime 28+ 0,07 333 264021 333 18+ 044 111 164122 IR

@Zone of inhibition including the diameter of disc (5 mm). In each disc, the sample size was 100 ug per disc (5 pl) in disc diffusion assay. Values (mean + SD) are
average of three samples of each plant extract, analyzed individually in triplicate (n=1 x 3). > Means difference is highly significant, slightly significant, and

significant at p < 0.05. —: No activity in disc diffusion assay or not active (zone > 10 mm) for MIC determination
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Table 7 Antifungal activity of leaf, stem and fruit extracts of D. innoxia tested against filamentous fungi

Page 16 of 18

Extracts “Diameter of growth inhibition zone (mm =+ SD)
A. fumigatus MIC pg/ml Mucor sp. MIC pg/ml A. niger MIC pg/ml A. flavus MIC pg/ml
Leaf
Nh 8+3.24° 100 10+285° 100 7+221° 100 - -
C 8+143° 100 - - 941324 100 - -
A 7+ 156 100 84134 100 22+15° 25 - -
EthA 7 42459 100 12:+£345° 50 104178 - - -
Eth - - 7+167° 100 - - - -
EC - - - - - - - -
MC - - - - - - - -
EthE 7+122° 100 10+327° 100 - - - -
Meth - - 94165 100 - - - -
E - - 7 +243° 100 10+ 145° 100 - -
M - - 94256 100 7+ 167 100 - -
D - - 84154 100 - - -
Stem
Nh - - 10+167° 50 8+2.34° 100 10+£18° 100
C - - 14+088° 50 8+ 145 100 9+121° 100
A - - 7+121° 100 20+223° 25 -
EthA - - 10+267° 50 7+122° 100 -
Eth - - 7 +2.34° 100 - -
EC - - 741.23° 100 134£132° 100 -
MC 9+187° 100 9+156° 100 - 7+221¢ 100
EthE 8+2.14 100 - 7 +145° 100 -
MEth - - - 74077 100 -
E - - 10+213° 100 8+182° 100 -
M 9+232° 100 6+ 143° 100 7+1.23° 100 8+121° 100
D - - 10+ 1.56° 100 - -
Fruit
Nh - - 124121 100 244132° 125 - -
C 8+ 1.23¢ 100 8+245° 100 9+1.22° 100 9+132° 100
A 841459 100 7+113¢ 100 8+ 145 100 - -
EthA - - 134221 50 10+3.12° 100 10+1.21° 100
Eth - - - - 16+167° 125 - -
EC - - 8156 100 - - - -
MC - - 104156 50 9+182° 100 - -
EthE - - 114165 100 8+121¢ 100 - -
MEth 94176 100 10+ 167 100 8+213¢ 100 - -
E 104112 100 124221 50 8+1.23¢ 100 12+128° 100
M 7+1.23° 100 124154 50 9+151° 100 - -
D - - - - 10+£121° 100 - -

#Zone of inhibition including the diameter of disc (5 mm). In each disc, the sample size was 100 ug per disc (5 ul) in disc diffusion assay. Values (mean + SD) are
average of three samples of each plant extract, analyzed individually in triplicate (n=1 x 3). > Means difference is highly significant, slightly significant, and

significant at p < 0.05. —: No activity in disc diffusion assay or not active (zone > 10 mm) for MIC determination
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acid and catechol from various plant extracts have shown
to be toxic to microorganisms The mechanisms thought
to be responsible for phenolic toxicity to microorganisms
include enzyme inhibition by the oxidized compounds,
possibly through reaction with sulthydryl groups or
through more nonspecific interactions with the proteins
[23]. In our present study the antimicrobial activity exhib-
ited by various extracts might be due to these hydroxylated
phenols which are also quantified through HPLC.

Antifungal assay

The plant’s antifungal potential was assessed against four
strains of filamentous fungi. The antifungal growth in-
hibitory activities of extracts of various plant parts are
summarized in Table 7. The data indicate that acetone
extract of leaf and stem while n-hexane extract of fruit
showed a prominent growth inhibition zone of 22, 20
and 24 mm against A. niger respectively. Among all the
extracts, lowest minimum inhibitory concentration
(MIC) of 12.5 pg/ml against A. niger was presented by
the n-hexane fruit extract. It has been reported that A.
niger produces potent mycotoxins on foodstuffs and is
the most prevalent fungus affecting corn [24]. A moder-
ate antifungal activity was shown by almost all the ex-
tracts against Mucor sp. with an average diameter of
growth inhibition zone ranging between 7 and 14 mm. It
was observed that mostly the antifungal activity in-
creased as the polarity decreased. Thus the chloroform
and n-hexane extracts showed better antifungal activity
than aqueous or ethanolic extracts. The absence of growth
inhibition zones confirmed the non-toxic effect of DMSO
whereas standard drug Clotrimazole exhibited maximum
activity (30 + 1.54 mm). Well-known plant secondary me-
tabolites exhibiting antifungal activity include flavonoids,
phenols and phenolic glycosides, unsaturated lactones,
sulphur compounds, saponins, cyanogenic glycosides and
glucosinolates [24]. Therefore in our present study the an-
tifungal activity might be due to the phenolic compounds
such as flavonoids.

Conclusions

The antioxidant, antimicrobial and cytotoxic activities of
various plant parts of D. innoxia reported in this study,
may explain some of the traditional medicinal uses of
this plant. The use of a wide-ranging solvent system
polarity resulted in a complete phytochemical and bio-
logical profiling of different plant parts. The current
study proposes that ethyl acetate extract of D. innoxia
may be a potential source of phytochemicals inciting
substantial antioxidant capability, tumorigenic kinase in-
hibitors and antibacterial compounds. Similarly chloro-
form soluble extract of this plant is remarkably effective
against brine shrimps and in the inhibition of THP-1 hu-
man leukemia cell line proliferation which signifies its
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cytotoxic potential. These activities could be important in
relation to finding out its unexplored efficacy and can be a
potential source of chemically interesting and biologically
important anticancer drug candidates. The present study
calls for further research aimed at isolating the bioactive
compounds responsible for the observed activity. These
compounds could serve as novel scaffolds in search for
new drugs. Further investigations involving bioassay
guided isolation of these crude extracts is recommended.
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