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Abstract Stem bark of Oroxylum indicum (L) (SBOI)
is used by ethnic communities of North East India as
health tonic and in treating diseases of humans and
animals. The objective of this research was to carry out a
detailed investigation including total phenolic and
flavonoid content, antioxidant, antimicrobial, cytotoxic
and apoptotic activities of different solvent extracts of
SBOI and to establish correlation between some
parameters. Among petroleum ether (PE), dichloro-
methane and methanol (MeOH) extract of SBOI, MeOH
extract contained the highest amount of total phenolic
(320.7 £ 34.6 mg Gallic acid equivalent/g extract) and
flavonoid (346.6 + 15.2 mg Quercetin equivalent/g
extract) content. In vitro antioxidant activity (ICsq
22.7 pg/ml) was highest in MeOH extract (p > 0.05)
and also a significant inverse correlation was observed
between phenolic (r = 0.886)/flavonoid (r = 0.764)
content and corresponding DPPH ICsy. Only MeOH
extract inhibited both bacteria and fungi. Although,
individual extract showed cytotoxicity on HeLa cells
with characteristic features of apoptosis, PE extract
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caused maximum cytotoxicity (ICsy of 112.3 pg/ml,
p < 0.05) and apoptotic activity (33.2 % sub-G0/G1
population) on HeLa cells. But, there was a significant
non-inverse correlation of the MTT ICsy with total
phenolic (r = 0.812, p < 0.05)/flavonoid (r = 0.998,
p < 0.05) content in the three solvent extracts. TLC
analysis showed three unique compounds in PE extract
which may have a role in apoptosis mediated cytotox-
icity. These results called for futher chemical charac-
terisation of MeOH and PE extract of SBOI for specific
bioactivity.

Keywords Oroxylum indicum - Antioxidant -
Antimicrobial - Cytotoxicity - Apoptosis

Introduction

The plant kingdom has long been and continues to be
one of the sources investigated to develop new
phytochemical drugs. The medicinal properties of
plants are generally ascribed to the presence of
metabolites especially secondary metabolites. Among
the secondary metabolites, phenolic compounds pos-
sess multiple biological activities (Middleton et al.
2000; Nichols et al. 2010; Carvalho et al. 2010).
Oroxylum indicum (L.) Benth. ex Kurz (Bignonia-
ceae), commonly known as Midnight horror, is a
deciduous tree well known among ethnic communities
of South Asia including India for its medicinal
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property. The tree was distributed throughout the
greater part of India but now the existence of
Oroxylum indicum in natural population is highly
threatened and has been categorized as vulnerable
(Gokhale and Bansal 2006). A good stand of this plant
is found to occur in the mountains of North East India.
Different ethnic communities of the region use this
plant for the treatment of various ailments and as food
supplement. For example, Mao (2002) reported that
the bark is taken for curing gastric ulcer and a paste
made of the bark powder is used for treating mouth
cancer, scabies and other diseases. The paste of the
bark powder has also been found to be effective when
applied to wounds to kill maggots, and decoction of
fresh bark fed for de-worming of animals. Scientific
research has progressively accumulated knowledge on
biological potential of extracts of SBOI as antioxidant
(Mishra et al. 2010), antimicrobial (Islam et al. 2010;
Das and Choudhury 2010) and in exhibiting cytotoxic
activity against B-16 (murine melanoma), HCT-8
(human colon carcinoma), CEM and HL-60 (leuke-
mia) tumor cell lines (Costa-Lotufo et al. 2005) and
HeLa cells (Siriwatanametanon et al. 2010). These
previous studies reported separately only one or two of
different biological activities of SBOI, but detailed
reports on the entire spectrum of phytochemical
potential of this plant are not available. Furthermore,
very little is known about the possible mechanisms of
cytotoxicity induced by SBOI. One earlier study
(Costa-Lotufo et al. 2005) showed that the cytotoxic
effect of extract of SBOI on mouse erythrocytes was
not related to lytic activity or membrane instability.
We carried out a detailed investigation on several
aspects of three solvent extracts of SBOI including
total phenolic and flavonoid content, antioxidant,
antimicrobial, cytotoxic and apoptotic activities, and
correlation study.

Materials and methods
Chemicals

Folin-Ciocalteu (FC) reagent, gallic acid, 2, 2-diphe-
nyl-2-picryl hydrazyl-hydrate (DPPH), nitro blue
tetrazolium (NBT), 3-(4, 5-dimethyl-2-thiazolyl)-2,
5-diphenyl-tetrazolium bromide (MTT), acridine
orange (AQO), propidium iodide (PI) and cell culture
chemicals were purchased from Sigma-Aldrich
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Chemicals Pvt. Ltd. (Mumbai, India). Ascorbic acid,
curcumin, neomycin sulphate and riboflavin were
purchased from HiMedia Laboratories Pvt. Limited
(Mumbai, India). Proteinase-K, RNase and ethidium
bromide (EB) were purchased from Bangalore Genei
(Bangalore, India). Quercetin was purchased from
Ozone International (Mumbai, India). All other chem-
icals and solvents used were of analytical grade.

Plant material

The SBOI was collected from Sorapat Hill, Phayeng,
Manipur, India (N24°50'1.2” E093°47'57.5") at an
elevation of 2,688 feet above sea level. The specimen
was identified by Dr. Biseshori Thongam, Plant
Bioresources Division, Institute of Bioresources and
Sustainable Development (IBSD), Manipur, India and
by Dr. S.K. Verma, National Bureau of Plant Genetics
Resources, Meghalaya, India and voucher specimen
(IBSD/C/101) has been deposited to IBSD herbarium.

Preparation of SBOI extraction

The plant materials were air dried at room temperature
and powdered. The powdered bark was then exhaus-
tively extracted serially by soaking in petroleum ether
(PE), dichloromethane (DCM) and methanol (MeOH)
to prevent the loss of biological activities of some heat
sensitive ingredients. After filtration, the filtrate was
concentrated using a vacuum rotary evaporator
(EYELA, Japan) and finally freeze dried. The dried
extracts were kept at 4 °C until further analysis.

Determination of total phenolic content (TPC)

The TPC was determined using the Folin-Ciocalteu
(FC) reagent, following the procedure devised by
Singleton and Rossi (1965), with some modification.
Briefly, 20 pl extract (500 pg/ml) was mixed with
1.58 ml of distilled water. To the above mixture,
100 pl of FC reagent (1:2 dilutions) was added,
followed by the addition of 300 pl of sodium carbon-
ate (0.2 g/ml) and incubated for 2 h at room temper-
ature in dark condition. The absorbance was then read
at 765 nm using UV-visible spectrophotometer
(UV-1700 Pharmaspec, SHIMZU). The result was
expressed as gallic acid equivalence (GAE).
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Determination of total flavonoid content (TFC)

The TFC of SBCG extracts were determined by the
method described by Zhishen et al. (1999). Briefly,
250 pl of each sample was mixed with 1 ml of
distilled water and subsequently with 75 pl sodium
nitrite  solution (150 g/) nitrite solution. After
6 min, 75 pl aluminium chloride (100 g/1) was
added and allowed to stand for a further 5 min
before 1 ml sodium hydroxide solution (40 g/l) was
added. The mixture was immediately made up to
2.5 ml with distilled water and mixed well. The
absorbance was then measured at 510 nm. Total
flavonoid content was expressed as Quercetin
equivalence (QE).

Scavenging activity of DPPH radical

The free radical scavenging activity of the crude
extracts was evaluated as described earlier by Mensor
et al. (2001). Different concentrations of test samples
were mixed with 1 ml DPPH (0.3 mM) in ethanol
solution. After 30 min incubation at room temperature
in the dark, the absorbance values were measured at
517 nm in a UV-visible spectrophotometer. Ascorbic
acid was used as positive control. The inhibition ratio
(%) was calculated as follows:

% Inhibition = [(Absorbance of control
— Absorbance of test sample)
/ Absorbance of control] x 100.

IC5( value was obtained by extrapolating from linear
regression analysis of experimental data.

Reducing power

The reducing power was carried out as described
by Oyaizu (1986). Various concentrations of test
samples were mixed with 2.5 ml phosphate buffer
(0.2 M; pH = 6.6), 2.5 ml potassium ferricyanide
(1 %). After the mixture was incubated at 50 °C
for 20 min, 2.5 ml of trichloroacetic acid (10 %)
were added and the mixture was centrifuged at
3,000 rpm for 10 min. Supernatant (2.5 ml) was
mixed with distilled water (2.5 ml) and 0.5 ml of
ferric chloride (0.1 %). The absorbance was then
read at 700 nm. Ascorbic acid was used as positive
control.

Superoxide radical scavenging activity

Superoxide radical scavenging was carried out as
described by Duan et al. (2007), with a slight
modification. Various concentrations of test samples
were mixed with 200 pl EDTA (40.2 mg/ml), 100 pl
riboflavin (0.2 mg/ml), 200 pl ethanol and 100 pl of
NBT (1 mg/ml) and were diluted to 3 ml with
phosphate buffer (pH-7.6). The absorbance was then
read at 560 nm after illumination for 15 min. Ascorbic
acid was used as positive control. The inhibition ratio
(%) was calculated as follows:

% Inhibition = [(Absorbance of control
— Absorbance of test sample)/
Absorbance of control] x 100

ICs, value was obtained by extrapolating from linear
regression analysis of experimental data.

Microbial strains

The following bacterial and fungal strains were
employed in the screening: Bacillus subtilis (2,451),
Bacillus cereus (430), Pseudomonas aeruginosa
(2,581), Aspergillus fumigatus (5,175), Aspergillus
flavus (1,973) and Macrofomina phaseolina (472)
were procured from the Microbial type culture
collection (MTCC), Institute of Microbial Technol-
ogy, Chandigarh, India. Escherichia coli, Klebsiella
pneumoniae and Staphylococcus aureus were
obtained from the Dehradun Medical College, Dehra-
dun, India.

Preparation of disc

Whatmann filter paper (no. 1) discs (5 mm diameter)
were impregnated with 20 pl of crude extracts to get a
concentration of 1,000 pg/disc and were kept at 37 °C
for 24 h. The reference antibiotic (neomycin) was
prepared in appropriate concentration (4 pg/disc) as
positive control and solvents PE, DCM and MeOH as
negative control.

Agar disc diffusion method
Modified agar diffusion method was used to determine

antibacterial activities and antifungal activities (Bauer
et al. 1966). The bacterial cells suspension, 1 x 10°
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cfu/ml was mixed with sterile nutrient agar and poured
into petridishes to give a solid plate. Similarly, fungi at
2 x 10* cfu/ml were inoculated to sterile potato
dextrose agar for disc diffusion assay.

The discs were deposited on the surface of inocu-
lated agar plates. The bacterial plates were then
incubated for 24 h at 37 °C and fungi at 30 °C for
48 h. Inhibition zone diameters around each of the
discs (diameter of inhibition zone plus diameter of
the disc) were measured and recorded at the end of the
incubation time. An average zone of inhibition was
calculated for three replicates.

Minimal inhibitory concentrations (MICs)

MICs were determined by taking different concentra-
tions with the highest concentration starting from
500 pg/disc and diluted one fold to obtain various
concentration ranges and agar disc diffusion test was
performed. The MIC is the lowest concentration of the
test sample required to inhibit any visible growth.

Cell culture

The human cervical adenocarcinoma cell line (HeLa)
was obtained from the National Centre for Cell science
(Pune, India). The cells were grown as monolayer
cultures in DMEM supplemented with 10 % (v/v)
heat—inactivated fetal bovine serum (FBS) and 1 %
antibiotic antimycotic solution (10,000 U/ml penicil-
lin, 10 mg/ml streptomycin sulfate, 5 mg/ml genta-
mycin and 25 pg/ml amphotercin-B), and maintained
at 37 °Cin 5 % CO,/95 % air atmosphere with 90 %
relative humidity.

MTT reduction assay on HeLa cells

Cytotoxicty was analysed using the MTT assay
reported by Mosmann (1983). HeLa cells grown in
T-25 culture flasks were harvested by trypsinization,
plated at an approximate density of 1 x 10> cells/well
in 96-well culture plates (Corning®), and were incu-
bated for 24 h to achieve confluent growth. After 24 h
the medium from each well was removed, and the cells
were washed twice with Dulbecco’s Phosphate Buf-
fered Saline (PBS). The cells were then exposed to
increasing concentrations of extract. Each well con-
tained 100 pl of serum free DMEM containing different
concentrations of extracts. The cells were then
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incubated at 37 °C in 5 % CO,/95 % air atmosphere
with 90 % relative humidity for 24 h. After incubation,
the contents were replaced with equal amounts of MTT
dissolved in serum free DMEM (0.5 mg/ml) after
which the plates were further incubated for 3 h. The
contents were then replaced with equal amounts of
DMSO to solubilise the formazan grains formed by
viable cells. Finally, the absorbance was read at 570 nm
using a multi-well plate reader (TEKAN, infinite
M200). The viability percentage was calculated by
using the formula, as described below:

Viability % = Absorbance of test sample
x 100/Absorbance of control

ICs, value was obtained by extrapolating from linear
regression analysis of experimental data.

Fluorescence microscopy

Differential staining of extract treated (140 pg/ml) and
untreated (24 h) HeLa cells was done using DNA-
intercalate fluorescent dyes ethidium bromide (EB) and
acridine orange (AO) and was analyzed under fluores-
cence microscope (Nikon, TS 100-F; Tokyo, Japan).

DNA fragmentation assay

For laddering experiments, cells were treated (140 pg/ml)
as described above and incubated for 48 h in a CO,
incubator. Treated cells were then harvested, washed
with ice cold Phosphate Buffered Saline (pH 7.2), and
centrifuged at 3,000 rpm for 6 min at 4 °C. The
resulting cell pellet was dispersed in 30 pl of lysis
buffer (10 mM EDTA; 50 mM Tris HCI, pH-7.8; 1 %
SDS) by gentle vortexing. About 4 pl of proteinase-K
(10 pg/ul) was then added to the above mixture,
followed by incubation at 45 °C for 1-2 h. Then, 2 pl
of RNase (10 pg/pl) was added to the cell lysates, which
were further incubated for 1 h at room temperature.
After incubation cell lysates were mixed with4 pl of 6X
DNA sample dye and subjected torun at 2 % agarose gel
electrophoresis. The gel was then stained with ethidium
bromide (0.5 pg/ml) and visualized under a gel docu-
mentation system (BioRad, Hercules, CA, USA).

Flow cytometry

Apoptotic cells were detected using PI staining
(Riccardi and Nicoletti, 2006) of HeLa cells followed
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by flow cytometry to detect the sub-G0/G1 cell popu-
lation. Briefly, HeLa cells were treated with or without
SBOI extract (140 pg/ml) for 24 h. After treatment,
floating and adherent cells were harvested and fixed in
ice-cold 70 % ethanol overnight at —20 °C. Fixed cells
were then treated with 0.5 ml of DNA extraction buffer
(192 ml of 0.2 M Na,HPO, with 8 ml of 0.1 % Triton
X-100 (v/v)) for 5 min at room temperature. DNA was
stained with propidium iodide (20 pg/ml) and incubated
for 1 h in the dark. Flow cytometric analysis was then
performed using a flow cytometer (BD FACSCaliber).
Atleast 10,000 cells were analyzed for each sample and
data were analyzed and plotted by CellQuest software.

Thin layer chromatography

SBOI extracts were loaded on activated silica gel TLC
plates. The plates were developed using petroleum
ether:ethyl acetate (9:1). The spots were located by
exposing the plates to UV light (254 nm) and iodine
fumes.

Statistical analysis

The values were presented as mean & SD of triplicate
measurements. All statistical comparisons were made
by unpaired ¢ test and p-values less than 0.05 were
considered statistically significant. Simple correlation
analysis was carried out and significance was tested by
using standard methods (Kwanchai and Arturo 1984).

Results
Total phenolic, flavonoid contents

Total phenolic and flavonoid content of SBOI extracts
are shown in Table 1. The TPC in the three extracts

Table 1 Total phenolic and flavonoid contents of SBOI extracts

were in a range of 134.07-320.7 mg GAE/g dried
extract with highest content found in MeOH extract
followed by DCM and PE extract. The TFC was found
to be 346.6 = 15.2, 160 £ 10 and 66.6 £ 5.7 mg
QE/g dried MeOH, DCM and PE extract (p < 0.05),
respectively.

Antioxidant activity

The antioxidant potency of the three extracts of SBOI
tested on three test systems i.e. the DPPH free radical
scavenging, reducing power and super oxide radical
scavenging is presented in Figs. 1, 2, 3. Irrespective of
the extracts, the DPPH free radical scavenging activity
was found to be concentration dependent (Fig. 1) with
MeOH extract showing highest scavenging activity
whereas PE extract showed least scavenging activity
(p < 0.05). The standard positive control i.e. ascorbic
acid showed as high as 93.4 % of DPPH radical
scavenging at just 20 pg/ml concentrations, whereas
the highest scavenging activity exhibiting MeOH
extract could show comparable scavenging activity
of 93.07 % at 50 pg/ml. The ICsy value for the
ascorbic acid and the three extracts is shown in
Table 2. A lower ICs, indicates greater scavenging
power. The ICs, value of ascorbic acid was the lowest
at4.1 pg/ml and ICsq of the extracts were in the order,
MeOH (22.7 pg/ml) < DCM  (37.8 ng/ml) < PE
(607.5 pg/ml) (p < 0.05). The ICsq value based scav-
enging effect of MeOH extract was found to be 26.7
fold greater than PE extract. The result on reducing
power study of PE extract treatment was not obtained
because of precipitation. In reducing power, higher
absorbance of the reaction mixture indicates increase
in reducing power. Similar to DPPH scavenging
activity, the reducing power activity was also dose
dependent (Fig. 2). The absorbance of MeOH and
DCM extract was 1.09 and 0.7 at 100 pg/ml

Extract

Total phenolic content (mg/g)*

Total flavonoid content (mg/g)®

134.07 + 18.5z
287.4 + 25.8y
320.7 + 34.6x

Petroleum ether
Dichloromethane
Methanol

66.6 + 5.7z
160 + 10y
346.6 + 15.2x

* Data expressed as Gallic acid equivalents, Mean + SD. Means marked with different letters, within each column, are significantly

different (p < 0.05)

® Data expressed as Quercetin equivalents, Mean + SD. Means marked with different letters, within each column, are significantly

different (p < 0.05)
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Fig. 1 Antioxidant activity of different solvent (PE, DCM and
MeOH) extracts of SBOI and ascorbic acid (positive control)
assessed by DPPH radical scavenging method. Each value
represents the mean £ SD of three determinations
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Fig. 2 Antioxidant activity of different solvent (DCM and
MeOH) extracts of SBOI and ascorbic acid (positive control)
assessed by reducing power method. Each value represents the
mean £ SD of three determinations

concentration, respectively. Super oxide radical scav-
enging activity of MeOH extract was 64.04 % at
100 pg/ml and positive control, ascorbic acid was
64.04 % at 40.1 pg/ml. No result was obtained for PE
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Fig. 3 Antioxidant activity of MeOH extract of SBOI and
ascorbic acid (positive control) assessed by superoxide oxide
radical scavenging method. Each value represents the
mean + SD of three determinations

and DCM extract due to precipitation. The 1Cs, of
MeOH extract and ascorbic acid for super oxide radical
scavenging activity was found to be 63.3 + 4.6 pg/ml
and 20.6 £+ 1.2 pg/ml, respectively (p < 0.05).

Antibacterial and Antifungal Activity

Inhibition zone diameter of six bacterial and three
fungal pathogens due to the application of the three
extracts at equivalent concentrations of 1,000 pg/disc
and the reference antibiotic neomycin at 4 pg/disc are
presented in Table 3. DCM and MeOH extracts

Table 2 ICs, values of different antioxidant assays of SBOI
extracts

DPPH radical
scavenging (pg/

Extract Superoxide radical

scavenging (pg/ml)

ml)
Petroleum ether  607.5 + 32.7z ND
Dichloromethane 37.8 £ 3.6y ND
Methanol 22.7 £ 2.09x 63.3 £ 4.6z
Ascorbic acid 4.1 £ 14w 20.6 £+ 1.2y

ND not determined. Data expressed as mean £+ SD. Means
marked with different letters, within each column, are
significantly different (p < 0.05)
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Table 3 Antimicrobial

activity of three solvent Microorganisms Inhibition zone diameter (mm)
SBOI extracts PE DCM MeOH Neomycin
(1,000 pg/disc) (1,000 pg/disc) (1,000 pg/disc) (4 pg/disc)
Bacteria
Klebsiella pneumoniae 0 7.8 £0.2 7.8 £0.2 145+ 0.2
Pseudomonas aeruginosa 0 15+1 14.1 £ 0.2 14.1 £ 0.2
Escherichia coli 7.8 £02 11.5+£ 0.5 145 £ 05 14.1 £ 0.5
Bacillus subtilis 0 83 £ 0.5 8§+ 0.5 9+0.5
Bacillus cereus 0 113+ 05 9.5+ 05 7405
Staphylococcus aureus 7.8 +£0.2 123 £ 0.5 14.1 £ 0.2 0
Fungi
Aspergillus flavus 0 0 0 ND
' Aspergillus fumigatus 0 0 6.5+£0.5 ND
fa\;DprZZste(cileZeer?:r?.:l:Dgg Macrofomina phaeolina 0 0 6.5 £ 0.5 ND
;Ir‘l?l?é?t:ryrl;l;erlégilr;lrzlilomn of Microorganisms Minimum inhibitory concentration (pg/disc)
different positive solvent PE DCM MeOH
extracts of SBOI
Bacteria
Klebsiella pneumoniae ND 250 £ 0.0 125 £ 0.0
Pseudomonas aeruginosa ND 62.5 £ 0.0 62.5 + 0.0
Escherichia coli 1,000 £ 0.0 125 +£ 0.0 125 £ 0.0
Bacillus subtilis ND 125 £ 0.0 250 £+ 0.0
Bacillus cereus ND 250 £ 0.0 250 £ 0.0
Staphylococcus aureus 1,000 £ 0.0 62.5 £ 0.0 62.5 £ 0.0
Fungi
Aspergillus flavus ND ND ND
Aspergillus fumigatus ND ND 250 £ 0.0
ND not determined. Data Macrofomina phaeolina ND ND 250 + 0.0

expressed as mean £+ SD

inhibited all tested bacteria and MeOH extract inhib-
ited only two out of the three fungi tested. PE extract
inhibited only two bacterial stains. MIC values for
DCM and MeOH extract ranged from 62.5 to 250
pg/disc (Table 4).

Effect of different extracts on the proliferation
of HeLa cells

The percentage of viable HeLa cells due to treatment
with the three extracts of SBOI are shown in Fig. 4.
The relative number of surviving cells progressively
decreased in a dose dependent manner. The number of
surviving cells in PE extract treatment was lowest and
in MeOH extract highest. PE extract at 50-500 pg/ml
decreased the proliferation of HeLa cells by 53-13 %.

On the other hand, 5-80 pg/ml of either the DCM or
MeOH extract decreased the viable cells from 59 to
24 9% and 65 to 37 %, respectively. Correspondingly,
ICsq value of the PE extract (112.3 £ 4.4 pg/ml) was
found to be lowest compared with the DCM (ICs5p—
171.7 & 7.4 ng/ml) and MeOH extract (IC5p—
315.7 £ 6.5 pg/ml) (p < 0.05).

Apoptosis induced by different extracts on HeLa
cells

The density of HeLa cells emitting green fluorescence
after treatment with PE extract was much lower
compared to those in treatment with DCM and MeOH
extract treated cells and considerably lower than
extract untreated cell. Cytoplasmic membrane
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Fig. 4 Cytotoxic effect of different solvent (PE, DCM and
MeOH) extracts of SBOI against HeLa cells. Cell survival was
determined as the percentage of the control from three
independent experiments. Each value represents the mean + SD
of three determinations

blebbing, nuclear fragmentation and apoptotic bodies
which are the characteristic features of apoptotic cells
were visible 24 h after treatment with the extract.
These features are more prominent in PE extract
treated cells (Fig. 5). The result of DNA fragmenta-
tion assay on HeLa cells is presented in Fig. 6. The
DNA ladder of PE and DCM treated HeLa cells was
comparable with that of the curcumin (positive
control) treated cells. Due to technical reason,
100 bp ladder marker was used although a 1 kb ladder
would have been ideal. The result of flow cytometry
analysis is presented in Fig. 7. The sub-G0/G1 pop-
ulation (of HeLa cells) as a biochemical marker of
apoptosis was considerably higher in all extracts
compared to the untreated control with the highest
population of 33.2 % in PE extract followed by DCM
(24.73 %) and MeOH extract (15.2 %). The popula-
tions in other phases (G1, S and G2) of the cell cycle
were lower irrespective of the extract.

Correlation analysis
As shown in Table 5, the correlation between DPPH
ICso and total phenolic and flavonoid content is

positive and that between MTT ICs, and total phenolic
and flavonoid content is negative.
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TLC Analysis

The TLC profile of SBOI sequential extracts is shown
in Fig. 8. The pattern of chromatogram of PE extract
was distinctly different from that of the other two
extracts. Three spots (two orange and one blue) found
in case of PE extract were settled clearly at the Rf
value 0.35, 0.8 and 0.98 and such spots were not
visible in case of DCM and MeOH extract.

Discussion

The result of this study has generated detailed
information on content of polyphenols and flavonoids
in successive extracts of stem bark of O. indicum (L.)
Benth. ex Kurz. and their antioxidant, antimicrobial,
cytotoxic and apoptotic activities. Various studies
have revealed that high polyphenols and flavonoids
present in plants have multiple biological effects
(Middleton et al. 2000; Nichols et al. 2010; Carvalho
etal. 2010). As a result, in our study, the TPC and TFC
were determined. The total content of phenols was
highest in MeOH followed by in DCM and PE extract.
It was reported that solubility of the phenolic
compounds increases with polarity of extracts
(Siddhuraju and Becker 2003; Sultana et al. 2007)
and polarity of MeOH is the highest among the three
solvents used in this study. MeOH is a highly preferred
solvent for the extraction of phenols (Yen et al. 1996).
Similarly, total flavonoid content was also found to be
highest in MeOH extract (p < 0.05) and an earlier
report (Mohamed et al. 2010) showed increase in yield
of flavonoid from Mirabilis jalapa tubers due to
extraction using solvents of increasing polarity.

In our study, MeOH extract of SBOI exhibited
highest level of antioxidant activity tested by the three
models, suggesting that the MeOH extract of SBOl is a
potential natural antioxidant. Further, this led us to
hypothesize that polar antioxidants are stronger anti-
oxidants than non polar antioxidants. Kalaivani and
Mathew (2009) observed high antioxidant potential of
ethanol extract of SBOI in f-carotene bleaching assay
and chloroform extract in reducing power assay. They
attributed variation among antioxidant potential to the
phytochemical diversity in the extracts. Again, several
authors have reported association of high total pheno-
lic content and high antioxidant activity in numerous
plants (Anesini et al. 2008; El Babili et al. 2010;
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Fig. 5 HelLa cells stained
with AO (green)/EB
(orange or red) and viewed
under fluorescence
microscope (x400).

a Untreated control cells;
Cells after treatment with
PE b DCM ¢ and MeOH

d SBOI (140 pg/ml)
showing initiation of
membrane blebbing (black
and white striped ar row),
nuclear fragmentation
(black arrow) and apoptotic
body (white arrow), a
characteristic feature of
apoptosis

AO stain

EB stain
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PC NC MeCH DCM PE

.uli

Fig. 6 The gel electrophoresis image obtained after DNA
fragmentation assay for apoptosis detection. From left lanes are:
positive control/Curcumin treated (PC), negative control/no
treatment (NC), MeOH, DCM and PE extracts of SBOI treated
cells and marker/100 bp DNA ladder (M)

Carvalho et al. 2010). In agreement with those reports,
in our study a significant inverse correlation was
obtained between phenolic content and DPPH ICs
(r = 0.886, p < 0.05) value and also between flavo-
noid content and DPPH ICs, (r = 0.764, p < 0.05)
suggesting that the high antioxidant activity is due to
the high polyphenol and flavonoid content in the
SBOI. Antioxidant activity of plant extracts contain-
ing polyphenol components is due to their capacity to
be donors of hydrogen atoms or electrons and to
capture free radicals (Shon et al. 2003). Sankara and
Nair (1972a, b) reported that stem bark and leaves of
O. indicum contain flavonoids such as baicalein,
chrysin and scutellarin, and baicalein is shown to
possess antioxidant activity (Ng et al. 2000). More-
over, baicalein and chrysin of different plant extracts
including that of O. indicum are also shown to possess
antimicrobial properties (Kujumgier et al. 1999;
Tahara et al. 1987). Das and Choudhury (2010)
reported inhibitory effects of ethanol and methanol
extracts of SBOI on Bacillus subtilis, Escherichia coli
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and Pseudomonas aeruginosa. Similarly, Islam et al.
(2010) demonstrated antimicrobial activities from
different fractions of methanol extract of SBOI of
Chittagong, Bangladesh against gram positive and
gram negative bacteria and fungi. By 'H NMR
spectrometric analysis they confirmed that n-hexane
fraction of methanolic crude extract contained flavo-
noid type compounds. We found that MeOH and DCM
extract displayed a broad antibacterial spectrum
against three gram negative (Pseudomonas aerugin-
osa, Escherichia coli, Klebsiella pneumoniae) and
gram positive (Bacillus subtilis, Bacillus cereus and
Staphylococcus aureus) bacteria while PE extract
showed antibacterial activity only against Escherichia
coli and Staphylococcus aureus. MeOH extract inhib-
ited two pathogenic fungi (Aspergillus fumigatus and
Macrofomina phaeolina). It has been reported that
plant extracts are not as effective against fungi as
against bacteria (Heisey and Gorham 1992). Fungi are
more resistant to plant extracts. Therefore, the result of
MeOH extract of SBOI obtained in this study is of
great importance as it has shown a wide spectrum of
antimicrobial activity and contains higher amounts
of polyphenols and flavonoids to which the observed
broad spectrum antimicrobial effect can be attributed.
Thus, this potential extract might find therapeutic use
in place of antibiotics against which pathogens have
developed resistance.

The other important aspect of this study is that we
have observed cytotoxicity of three solvent extracts on
HeLa cells and obtained evidence on whether the
extracts induce apoptosis. Results of cytotoxicity test
using MTT assay on HeLa cells showed that PE extract
had the strongest cytotoxic effect with the lowest ICs,
value 112.3 + 4.4 pg/ml (p < 0.05). The other two
extracts were not as effective. Recently, Siriwatana-
metanon et al. (2010) found the highest cytotoxic effect
of ethyl acetate extract from SBOI of Thailand on HeL.a
cell lines (IC5,—55.22 £ 0.58 pg/ml) followed by PE
extract (IC5—96.1 £ 1.3 pg/ml) and MeOH extract
(ICsg—417.9 £ 1.7 pg/ml). In a previous study, Costa-
Lotufo et al. (2005) showed ethanol extract of SBOI
from Bangladesh to possess the highest cytotoxic
activity in MTT assay using tumour cell lines such as
B16 (murine carcinoma), HCT-8 (human colon carci-
noma) and HL-60 (leukemia) and also reported that the
cytotoxic activity was not related to the lytic properties
or membrane instability induced by the extract, but
rather the activity was related to inhibition of DNA or
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protein synthesis. To ascertain whether the cytotoxicity
against HeLa cells was mediated through apoptosis,
several studies including morphological, biochemical,
and sub-GO/G1 population studies were carried out on
treated HeLa cells. In morphological study, most of the
dead cells showed characteristic features of apoptosis
such as cytoplasmic membrane blebbing, nuclear
fragmentation and apoptotic bodies (Fig. 5) on treat-
ment with extracts. These features are very prominent
in PE extract. Biochemically, apoptosis is characterized
by activation of endogenous nucleases and DNA
degradation into fragment multiples of 185 bp (Bortner
et al. 1995) which has also been seen in DNA
fragmentation assay of our study (Fig. 6). Furthermore,
based on flow cytometry analysis of HeLa cells after
treatment with SBOI extracts, it was found that the sub-
GO0/G1 population, a biochemical marker of apoptosis
(Yu et al. 2007) with hypo-diploid DNA increased
considerably in all extracts with highest increase of
33.2 % in PE extract followed by 24.7, 15.2 and 3.2 %

in DCM, MeOH extract and the untreated control,
respectively (Fig. 7). This accumulation directly relates
to the decrease of the cell population in the other phases
of the cell cycle, indicating cell death through interfer-
ence on cell cycle programme. Thus, our study clearly
shows that the cytotoxic activity of SBOI extract, in
particular of PE extract was due to induction of
apoptosis. There are 1,100 publications reporting

Table 5 Simple correlations (r value) between total phenolic,
total flavonoid in the three solvent extracts of SBOI and their
DPPH ICsy and MTT ICs( values

Correlations r (p <0.05)
Total phenolics and DPPH ICs, 0.886i*
Total phenolics and MTT ICs 0.812n*
Total flavonoids and DPPH ICs, 0.764i*
Total flavonoids and MTT ICsq 0.998n*

i inverse, n non-inverse

* Statistically significant at p < 0.05
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Fig. 8 Thin layer chromatographic pattern of different SBOI
extracts (PE, DCM and MeOH) along with Rf values. a TLC
plate exposed to UV 254 nm. b TLC plate exposed to iodine
fumes. PE extract showed unique features of spots as compare
with the DCM and MeOH

anticancer activities of polyphenols in the peer-
reviewed journals (Lamoral-Theys et al. 2010). This
seems to indicate that polyphenols are the main
phytochemicals of higher plants with antiproliferative
properties. But in our study, a non—inversely signif-
icant correlation was observed between MTT ICs,
value and total phenolic (r = —0.812, p < 0.05)/
flavonoid (r = —0.998, p < 0.05) content of the three
extracts suggesting that the cytotoxic activity of these
extracts may be related to some chemical components
other than the phenolic and flavonoid compounds or
may be explained by the fact that polyphenolic
compounds of these extracts were different between
the extracts as far as they were extracted with solvents
having different polarities. To further confirm the
unique phytochemical present in the PE extract
involved in cytotoxicity, TLC analysis was done among
the extracts. As expected, some unique spots (three
spots) were observed in the PE extract (Fig. 8)
suggesting that the presence of these phytochemicals
in this extract was responsible for the observed
cytotoxic effect on HeLa cells. However, these results
do not rule out the possible combined action of all
different compounds present originally in the SBOI
powder as DCM and MeOH extracts also caused HeLa
cell death, although to a lower extent.

Our finding suggests that MeOH and DCM extracts
of SBOI contain high levels of polyphenols and
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flavonoids and that these bioactive compounds may be
predominantly responsible for high level of antioxi-
dant, antibacterial and antifungal activity and a mild
cytotoxic effect. The PE extract contains some unique
classes of phytochemicals responsible for high level of
apoptosis mediated cytotoxicity. Thus, MeOH and PE
extract of SBOI contains specific phytochemicals with
desirable bioactivity which are currently fractionated,
based on bioactivity guided fractionation for isolation
of specific bioactive compounds.
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