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ABSTRACT

Background: Several studies are going on worldwide directed towards finding natural antioxidants from plant origin
which possess strong antioxidant activity. Objective: The aim of the present study was to study in vitro antioxidant and
free radical scavenging activity of Pithecellobium dulce (Roxb.) Benth. Method: Methanol and 70% acetone extracts of
wood bark and leaves of Pithecellobium dulce were evaluated for their total phenolic & flavonoid content, antioxidant
and radical scavenging activity. Results: Total antioxidant activity (IC,  values) in DPPH assay by methanol extract of
bark (MB), acetone extract of bark (AB), methanol extract of leaf (ML) and acetone extract of leaf (AL) shown 150.23 +
2.8,16.83 £0.38,250.32 = 4.8 and 18.30 = 0.43 ng/ml respectively. The IC, values for scavenging of free radicals like
for hydroxyl, superoxide, nitric oxide, hydrogen peroxide, singlet oxygen and hypochlorous acid by MB, AB, ML and
AL were studied. The extract was found to be a good iron chelator. The reducing power was increased with increasing
amounts of extract. The MB, AB, ML & AL extracts (5 mg/ml) yielded 0.129+0.11,0.190+0.14,0.084 +0.24 and 0.115 +
0.25 pg/ml gallic acid-equivalent phenolic content and 0.43 + 0.01, 0.23 + 0.01, 0.90 = 0.01 and 0.25 + 0.01 pg/ml
quercetin-equivalent flavonoid content respectively. Conclusion: Thus, our findings provide evidence that the methanolic
and 70% acetone extracts of P. dulce wood bark and leaves are potential source of natural antioxidants and some extent
validated its medicinal potential.
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INTRODUCTION

Pithecellobinm dulee (Roxb.) Benth is an evergreen tree
widely distributed in the greater part of India and is
also found in Southeast Asia. P. dulee is now commonly
grown as a hedge plant throughout India and is locally
called ‘Jungal jalebi’.l"! The plant is reported to be used
as astringent in dysentery, febrifuge and also used as
abortificient, antidiabetic, anticonvulsant, antiulcer and
larvicide. It is also useful in dermatitis and eye inflam-
mation, indigestion, intestinal disorder, ear ache, leprosy
and tooth ache. The leaves can be applied as plasters for
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pain and veneral sores.” Fruits of plant are consumed as
food in many part of India, because of sweet taste and
medicinal properties.

Phytochemical investigation of bark and leaves had
revealed the presence of g-sitosterol, saponin glycosides,
oleanolic and echinocystic acids as sapogenins, echino-
cystic acid, bisdesmoside, dulcin, triterpenoids, acylated
triterpenoid saponin, flavanoids, saccharrides, long chain
aliphatic hydrocarbons, and tannins.”"'" Oxidative stress
is an important contributor to the pathophysiology of a
variety of pathological conditions such as cardiovascular
dysfunctions, atherosclerosis, inflammation, carcinogen-
esis, drug toxicity, reperfusion injury and neurodegenera-
tive diseases."” Human body has multiple mechanisms
especially enzymatic and non-enzymatic antioxidant sys-
tems which protect the cellular molecules against reactive
oxygen species (ROS) induced damage.” However the
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innate defense may not be enough for severe or continued
oxidative stress. Hence, certain amounts of exogenous
antioxidants are constantly required to maintain an ade-
quate level of antioxidants in order to balance the ROS
in human body. The objective of present work was to
verify the antioxidant activity and free radical scavenging
potential of wood bark and leaves of P. dulce by employ-
ing various 7z vitro test models.

MATERIALS AND METHODS
Plant material

The wood bark and leaves of P. dulce were collected from
Mumbai, India. Plant material was authenticated from
Dr. G. Iyer, Ramnarain Ruia College, Mumbai. Authentic
sample specimen (ICT/2010/3) was deposited in Insti-
tute of Chemical technology.

Chemicals

Acetyl acetone, acetone, ammonium acetate, ammo-
nium thiocyanate, ascorbic acid, butylated hydroxyl tol-
uene (BHT), catalase, N, N-dimethy l-4-nitrosoaniline
(RNO), 2, 2-dipheny 1-1-picryl-hydrazyl (DPPH), potas-
sium persulfate (IS O,), ethylenediamine tetraacetic acid
(EDTA), ascorbic acid, 2-deoxy-2-tibose, trichloroace-
tic acid (TCA), mannitol, nitro blue tetrazolium (NBT),
reduced nicotinamide adenine dinucleotide (NADH),
phenazine methosulfate (PMS), sulfanilamide, naph-
thylethylenediamine dihydrochloride (NED), L-histidine,
sodium pyruvate and ferrozine were obtained from
Sisco Research Laboratories Pvt. L.td, Mumbai, India.
Hydrogen peroxide, potassium hexacyanoferrate, Folin-
Ciocalteu reagent, sodium carbonate (Na,CO,), butylated
hydroxytoluene (BHT), sodium hypochlorite (NaOCI),
aluminium chloride (AICL), ammonium iron (II) sulfate
hexahydrate ((NH,),Fe(SO,), H,O), potassium nitrite
(KNO,), N, N dimethyl-4-nitrosoaniline and xylenol
orange were obtained from Merck, Mumbai, India. Gallic
acid, quercetin, lipoic acid and curcumin were obtained
from Natural Remedies, Bangaluru, India. Ferrous sulfate
and catalase were obtained from Hi Media Laboratories
Pvt. Ltd, Mumbai, India. All other reagents used were of
analytical grade.

Solvent extraction

Collected plant materials were dried in tray dryer at 55 °C
for 24 hours, finely powdered and defatted by petroleum
ether. After defatting, dried plant powder was extracted by
Soxhlet apparatus successively with methanol followed by
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70% acetone for 3 hour each. Each time before extracting
with the next solvent, the plant material was dried in hot
air oven at 40 °C for appropriate time. The extracts were
concentrated till dryness by rotary vacuum evaporator.
The dry methanol extract of bark (MB) & leaves (ML)
and 70% acetone extract of bark (AB) & leaves (AL) were
weighed and the percentage yield was expressed in terms
of air dried weight of plant materials. The extracts thus
obtained were used directly for the estimation of total
phenolic & flavonoid content, antioxidant and free radical
scavenging activity through vatrious iz vitro methods. For
all assays extracts were dissolved by sonication or stirring
at room temperature.

Free radical scavenging activity on DPPH

The antioxidant activity of the methanol and 70% ace-
tone extract was determined in terms of hydrogen donat-
ing or radical scavenging ability, using the stable radical
DPPH."I A methanol and 70% acetone extract of sam-
ples at vatious concentrations (0-250 ng/ml) were added
to 5 ml of a 0.1 mM methanolic solution of DPPH and
allowed to stand for 20 min at 27 °C. The absorbance
of the sample was measured at 517 nm. All experiments
were repeated three times. Radical scavenging activity was
expressed as the inhibition percentage of free radical by
the sample and was calculated using the formula

% DPPH radical scavenging activity = {(control OD —
sample OD)/control OD} x 100

Antioxidant activity in linoleic acid emulsion system

Peroxyl radicals are formed by a direct reaction of oxy-
gen with alkyl radicals. Decomposition of alkyl peroxides
also results in peroxyl radicals. Peroxyl radicals are good
oxidising agents having more than 1000 mV of standard
reduction potential.'”) They can abstract hydrogen from
other molecules with lower standard reduction potential.
This reaction is frequently observed in the propagation
stage of lipid peroxidation. Cell membranes are phos-
pholipid bilayers with extrinsic proteins and are the direct
target of lipid oxidation." The antioxidant activity of
methanol and 70% acetone extract was determined using
the earlier described thiocyanide method."" Each sample
(500 pg) in 0.5 ml of absolute ethanol was mixed with
0.5 ml of 2.51% linoleic acid in absolute ethanol, 1 ml
of 0.05 M phosphate buffer (pH 7.0), and 0.5 ml of dis-
tilled water and placed in a screw capped tube. The reac-
tion mixture was incubated in an oven 40 °C. Aliquots of
0.1 ml were taken at every 12 h during incubation and the
degree of oxidation was measured by sequentially adding
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ethanol (9.7 ml, 75%), ammonium thiocyanate (0.1 ml,
30%) and ferrous chloride (0.1 ml, 0.02 M in 3.5% HCI).
After the mixture was rested for 3 min, the peroxide value
was determined by monitoring absorbance at 500 nm until
the absorbance of the control reached the maximum. All
experiments were repeated three times. The antioxidant
activity was calculated as percentage of inhibition relative
to the control.

AA =100 — (sample absorbance at 48 h — sample absor-
bance at 0 h/control absorbance at 48 h — control absor-
bance at 0 h) X 100

Hydroxyl radical scavenging

This was assayed as described by Elizabeth and Rao.!"!
The assay is based on quantification of the degradation
product of 2-deoxyribose by condensation with TBA.
Hydroxyl radical was generated by the Fe’*ascorbate-
EDTA-H,O, system (the Fenton reaction). The reac-
tion mixture contained, in a final volume of 1 ml,
2-deoxy-2-ribose (2.8 mM); KH,PO,-KOH buffer
(20 mM, pH 7.4); FeCL, (100 pM); EDTA (100 uM);
H,O, (1.0 mM); ascorbic acid (100 pM) and various
concentrations (0.0-200.0 pg/ml) of the test sample or
reference compound. After incubation for 1 h at 37°C,
0.5 ml of the reaction mixture was added to 1 ml 2.8%
TCA, then 1 ml 1% aqueous TBA was added and the
mixture was incubated at 90°C for 15 min to develop
the color. After cooling, the absorbance was measured
at 532 nm against an appropriate blank solution. All
tests were performed six times. Mannitol, a classical
OH: scavenger, was used as a positive control. Percent-
age inhibition was evaluated by comparing the test and
blank solutions.

Superoxide radical scavenging

This activity was measured by the reduction of NBT
according to a previously reported method by Fontana.!"”
The nonenzymatic phenazine methosulfate-nicotinamide
adenine dinucleotide (PMS/NADH) system generates
superoxide radicals, which reduce nitro blue tetrazolium
(NBT) to a purple formazan. The 1 ml reaction mixture
contained phosphate buffer (20 mM, pH 7.4), NADH
(73 pM), NBT (50 M), PMS (15 pM) and various con-
centrations (0.0-100.0 pg/ml) of sample solution. After
incubation for 5 min at ambient temperature, the absor-
bance at 562 nm was measured against an appropriate
blank to determine the quantity of formazan generated.
All tests were performed three times. Quercetin was used
as positive control.

Free Radicals and Antioxidants Vol.2 / Issue 3 / Jul-Sep, 2012

Nitric oxide scavenging

The nitric oxide-scavenging activity of the methanol and
70% acetone extract was determined according to the
carlier described method.”™?!I In this experiment, 1 ml
of sodium nitroprusside (10 mM) in phosphate-buffered
saline was mixed with P. dulee extract (2 mg/ml) dissolved
in water and incubated at room temperature for 150 min.
The same reaction mixture, without the extract but with
an equivalent volume of water, served as control. Follow-
ing the incubation period, 0.5 ml of Griess reagent (1%
sulfanilamide, 2% H.PO, and 0.1% N-(1-naphthyl) ethyl-
enediamine dihydrochloride) was added. The absorbance
of the chromophore formed was read spectrophoto-
metrically at 546 nm. All experiments were repeated three
times. Curcumin was used as positive control.

Hydrogen peroxide scavenging

The hydrogen peroxide scavenging activity of the metha-
nol and 70% acetone extracts was determined according
to the earlier described method.”"! The hydrogen perox-
ide scavenging of the extract may be attributed to its phe-
nolic contents as well as other active components such as
anthocyanins, tannins and flavonoids which can donate
electrons to hydrogen peroxide, thus neutralizing it to
watet.”?l 1.4 ml of each extract at vatious concentrations
(0.0-50.0 pug/ml) in distilled water was added to 0.6 ml
of the hydrogen peroxide solution (40 mM in phosphate
buffer pH 7.4). The absorbance of mixture was noted at
230 nm after 10 min against a blank solution containing
phosphate buffer without hydrogen peroxide solution.
The results were compared with ascorbic acid (control)
as ug/g dry weight. All experiments were repeated three
times. Percentage of hydrogen peroxide scavenging by the
extracts and standard was calculated by following formula

% scavenged of hydrogen peroxide = (A, — A))/
A x 100

Where A0 is the absorbance of the control and A1 the
absorbance of the mixture containing either the extract
or standard.

Singlet oxygen scavenging

The production of singlet oxygen ('O,) was determined
by monitoring N, N-dimethyl-4-nitrosoaniline (RNO)
bleaching, using a previously reported spectrophotomet-
ric method.??* Singlet oxygen was generated by a reac-
tion between NaOCI and H,O,, and the bleaching of
RNO was monitored at 440 nm. The reaction mixture
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contained 45 mM phosphate buffer (pH 7.1), 50 mM
NaOCl, 50 mM H,O,, 50 mM histidine, 10 puM RNO and
various concentrations (0.0-200.0 pg/ml) of sample in a
final volume of 2 ml. It was incubated at 30 °C for 40 min
and the decrease in RNO absorbance was measured at
440 nm. The scavenging activity of sample was compared
with that of lipoic acid, used as a reference compound.
All tests were performed three times.

Hypochlorous acid scavenging

Hypochlorous acid (HOCI) was prepared immediately
before the experiment by adjusting the pH of a 10%
(v/v) solution of NaOCI to 6.2 with 0.6 M H,SO,, and
the concentration of HOCI was determined by measur-
ing the absorbance at 235 nm using the molar extinction
coefficient of 100 M~ cm™. The assay was carried out as
described by Aruoma and Halliwellwith minor changes.*!
The scavenging activity was cvaluated by measuring the
decrease in absorbance of catalase at 404 nm. The reaction
mixture contained, in a final volume of 1 ml, 50 mM phos-
phate buffer (pH 06.8), catalase (7.2 uM), HOCI (8.4 mM)
and increasing concentrations (0.0-250.0 pg/ml) of
plant extract. The assay mixtute was incubated at 25 °C
for 20 min and the absorbance was measured against an
appropriate blank. All tests were performed three times.
Ascorbic acid, a potent HOCI scavenger, was used as a

reference.

Fe?* chelation

The ferrous ion chelating activity was evaluated by a stan-
dard method with minor changes.”" The reaction was
carried out in HEPES buffer (20 mM, pH 7.2). Briefly,
various concentrations (0.0-80.0 pg/ml) of plant extract
were added to 12.5 pM ferrous sulfate solution and
the reaction was initiated by the addition of ferrozine
(75 pM). The mixture was shaken vigorously and incu-
bated for 20 min at room temperature and then the absor-
bance was measured at 562 nm. All tests were performed
three times. EDTA was used as a positive control.

Reducing power

The reducing power of the methanol and 70% acetone
extract was determined by the method reported by Sid-
dhuraju, Mohan, and Becker.*" 0.0-40.0 pg/ml of extracts
in 1 ml of phosphate buffer with 5 ml of 0.2 M phosphate
buffer (pH 6.6) and 5 ml of 1% potassium ferric cyanide
solution were incubated at 50 °C for 20 min. After the
incubation, 5 ml of 10% TCA was added. The content was
then centrifuged at 1000 rpm for 10 min. The upper layer
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of the supernatant (5 ml) was mixed with 5 ml of distilled
water and 0.5 ml of 0.1% ferric chloride was added. Then
the absorbance of reaction mixture was noted spectro-
scopically at 700 nm. All tests were performed three times.

Determination of total phenolic content

The total phenolic content was determined by spectro-
photometrically (Jasco, spectrophotometer model 1575)
under UV 760 nm.”® 20 ul (5 mg/ml) of extract solution
was mixed with 1.6 ml distilled water and 100 pl of Folin-
Ciocalteu reagent, followed by addition of 300 ul of Na,CO,
solution (20%) after 1 minute. Subsequently, the mixture
was incubated at 40 °C for 30 min. Gallic acid was used as
a standard for calibration curve. The total phenolic content
was expressed as gallic acid equivalents using the linear equa-
tion method. All tests were performed three times.

Determination of total flavonoid content

Total flavonoid was estimated as according to the ear-
lier described method.® Briefly, 0.5 ml solution of the
extract in methanol (5 mg/ml) was separately mixed with
1.5 ml of methanol, 0.1 ml of 10% aluminum chloride,
0.1 ml of 1M potassium acetate and 2.8 ml of distilled
water, and then left at room temperature for 30 min. The
absorbanceof thereaction mixture was measuredat415nm
in a double beam spectrophotometer (Jasco V-530). Total
flavonoid content was calculated as quercetin from a cali-
bration curve. All tests were performed three times.

Statistical analysis

Results were evaluated by Prism software. Statistical anal-
yses were carried out by one way ANOVA (Graph Pad
Prism 5.01 Software). The results were expressed (where
appropriate) as mean T standard deviation of three anal-
ysis. The 1C_ | values were compared by student t tests.
P < 0.05 was considered significant.

RESULTS
DPPH radical scavenging

The results of free radical scavenging activity of the
methanol and 70% acetone extract of bark and leaves of
P. dulee are shown in Figure 1. The decrease in absorbance
of the DPPH radical was due to the scavenging of the
radical by hydrogen donation. It is visually noticeable as a
color change from purple to yellow. A lower value of 1C_|
indicates a higher antioxidant activity DPPH radical scav-
enging activity of each extracts is directly proportional
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Figure 1. Free radical scavenging activity on DPPH.

Free radical scavenging activity on DPPH of the P. dulce plant extracts.
The data represents the percentage inhibition of DPPH radical. The
results are mean = S.D. of three parallel measurements. ***p < 0.001
vs 0 pg/ml. IC_ of MB, AB, ML.and AL = 150.23 + 2.8,16.83 + (.38,
250.32 + 4.8 and 18.30 * 0.43 pg/ml respectively.

to the concentration of total phenolics including tannins
of respective extracts. Percentage DPPH radical scav-
enging activities of methanol extracts of bark and leaves
are dose dependent. IC, values for MB, AB, MI. and AL
were 150.23 = 2.8,16.83 £ 0.38,250.32 + 4.8 and 18.30 £
0.43 pg/ml respectively. At 100 ug/ml radical scavenging
for MB, AB, ML. and AL were 41.5, 89.3, 28.9 and 83.2%
respectively. This radical scavenging activity of extracts
could be related to the nature of phenolics.

Antioxidant activity in linoleic acid emulsion system

As lipid oxidation of cell membranes increases, the
polarity of lipid phase surface charge and formation of
protein oligomers increase; and molecular mobility of
lipids, number of SH groups, and resistance to thermal
denaturation decreases. Malonaldehyde, one of the lipid
oxidation products, can react with free amino group of
proteins, phospholipid, and nucleic acids leading to struc-
tural modification, which induce dysfunction of immune
systems. The antioxidant effect of each extracts and BHT
on the peroxidation of linoleic acid was investigated and
the results are shown in Figure 2. At a concentration
16 ng/ml in the final reaction mixture of MB, AB, ML and
AL extracts exhibited 70.4, 72.8, 59.3 and 63.7% respec-
tively peroxidation of linoleic acid after incubation for
48 h. However, those values were significantly lower
(P <0.001) than those of the positive controls BHT (97%).

Hydroxyl radical scavenging

This assay shows the abilities of the extract to inhibit
hydroxyl radical-mediated deoxyribose degradation in
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Figure 2. Antioxidant activity in linoleic acid emulsion system.
Antioxidant activity in linoleic acid emulsion system of the P. dulce plant
extracts and the reference compound BHT. The data represent the
petcentage inhibition of peroxyl radicals. The results are mean = S.D. of
three parallel measurements. **p < 0.001 vs BTH pg/ml. At 16 pg/ml
concentration in the final reaction mixture of MB, AB, ML, AL extracts
and BHT standard exhibited 70.4, 72.8, 59.3, 63.7 and 97% respectively.

an Fe’*-EDTA-ascorbic acid and H,O, reaction mix-
ture. The results are shown in Figure 3. The IC, values
(Table 1) of extract of MB, AB, ML, AL and standard
were 175.87 = 11.4, 110.43 = 9.56, 200.12 * 14.97,
135.04 £ 10.61 and 565.05 £ 18.12 pg/ml respectively.
At 100 pg/ml, the petcentage inhibition of MB, AB, ML
and AL were 35.23, 49.03, 29.97 and 43.97% respectively
whereas that of manitol was 20.6%. The ability of the
above mentioned extracts to quench hydroxyl radicals
seems to be directly related to the prevention of propaga-
tion of the process of lipid peroxidation and seems to be
good scavenger of active oxygen species, thus reducing
the rate of chain reaction.
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Figure 3. Hydroxyl radical scavenging assay.

Hydroxyl radical scavenging activities of the P. duke plant extracts and
the reference compound mannitol. The data represent the percentage
inhibition of deoxyribose degradation. The results are mean £ SD. of
three parallel measurements. *#*p < 0.001 vs 0 ug/ml. IC_ of MB, AB, ML
and AL =175.87 £ 11.4,110.43 + 9.56,200.12 & 14.97 and 135.04 £ 10.61
pg/ml respectively. The IC,  value of the standard is 20.01 £ 0.10 pg/ml.
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Table 1 Scavenging of reactive oxygen species and iron chelating activity (IC,, values)

of Pithecellobium dulce and reference compounds

Activity Extract/Standard IC,, (#)
Hydroxyl radical (OH-) scavenging MB 175.87 +11.4
AB 110.43 £ 9.56
ML 200.12 + 14.97
AL 135.04 + 10.61
Mannitol 20.01+£0.10
Superoxide anion (O,-) scavenging MB 50.21 +1.21
AB 61.78 £ 1.50
ML 53.45+1.94
AL 60.09 +2.98
Quercetin 41.71 £ 1.98
Nitric oxide radical (NO) scavenging MB 110.00 £ 2.10
AB 96.70 £ 1.35
ML 118.60 + 1.21
AL 105.00 £ 2.12
Quercetin 91.81+3.70
Hydrogen peroxide (H,0,) scavenging MB 35.09 +0.30
AB 40.08 +0.29
ML 38.07 £ 0.81
AL 45.06 £ 0.47
Ascorbic acid 23.01 £0.01
Singlet oxygen ('0,) scavenging MB 125.89 + 3.98
AB 155.12 £ 4.98
ML 120.02 £ 2.90
AL 200.09 + 4.82
Lipoic acid 46.09 £ 1.07
Hypochlorous acid (HOCI) scavenging MB 150.45 £ 2.97
AB 195.01 £ 3.07
ML 200.91 +1.97
AL 247.34 + 3.76
Ascorbic acid 155.98 + 1.84
Iron Chelating MB 80.29 + 1.92
AB 85.10 £ 1.45
ML 100.08 + 2.04
AL 105.87 £ 1.76
EDTA 2.50+£0.13

# Units of IC, for all activities are ug/ml, except Nitric oxide radical (NO) scavenging, where the units are mg/ml. Data are expressed as mean £ S.D. Data in parenthesis
indicate number of independent assays. EDTA, Ethylenediamine tetraacetic acid.

**% p < 0.001 vs Pithecellobium dulce.

Superoxide radical scavenging

The superoxide radicals generated from dissolved
oxygen by PMS-NADH coupling can be measured by
their ability to reduce NBT. The decrease in absor-
bance at 560 nm with the plant extract and the refer-
ence compound quercetin indicates their abilities to
quench superoxide radicals in the reaction mixture.
As shown in Figure 4, the IC_ values (Table 1) of the
plant extracts and quercetin on superoxide scaveng-
ing activity were 50.21 £ 1.21 to 61.78 + 1.50 pg/ml
and 42.06 + 1.35 pg/ml, respectively. The IC,, value
of the extract was higher than that of the reference
compound. At 20 pg/ml, the percentage inhibition
of MB, AB, MLL and AL were 34.97, 28.97, 31.43
and 28.21% respectively whereas that of quercetin
was 38.6%.
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Figure 4. Superoxide radical scavenging assay.

Scavenging effect of P. dulce plant extracts and the standard quercetin
on superoxide radical. The data represent the percentage superoxide
radical inhibition. All data are expressed as mean * SD. (n = 3).
#rxp < 0.001 vs 0 ug/ml. IC, of MB, AB, ML and AL = 50.21 £ 1.21,
61.78 £ 1.50, 53.45 £+ 1.94 and 60.09 + 2.98 pg/ml respectively. The
IC,, value of the standard is 41.71 + 1.98 ug/ml.
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Nitric oxide scavenging

P. dulce extracts also caused a moderate dose-dependent
inhibition of nitric oxide with an IC,  (Figure 5). Curcumin
was used as a reference compound and 91.81 £ 3.70 pg/ml
curcumin was needed for 50% inhibition (Table 1). The
IC, value of the extract was less than that of the standard.
At 60 pg/ml, the percentage inhibition of the MB, AB,
ML and AL extract were 35.91, 45.87, 30.92 and 41.72%
respectively whereas that of curcumin was 44.78%.

Hydrogen peroxide scavenging

The extracts were capable of scavenging hydrogen peroxide
in a concentration dependent manner but showed weaker
activity than control (ascorbic acid). Figure 6 shows that the
plant extract is good scavenger of H O, (IC, values of MB,
AB, ML, AL and ascorbic acid were 38.09 = 0.081, 35.08 =
0.030, 45.07 £ 0.047,40.06 £ 0.029 and 23.01 £ 0.10 ug/ml
respectively. At 50 pg/ml the percent inhibition for MB, AB,
ML and AL were 70.3, 73.4, 61.09 and 78.3% whereas for
ascorbic acid standard was 90.4% (Table 1).

Singlet oxygen scavenging

P. dulee extracts were an effective scavenger of singlet oxy-
gen (Figure 7) and this activity was comparable to that
of lipoic acid. The IC_ value (Table 1) of the test sam-
ples ranging from 120.02 £ 2.90 to 200.09 * 4.82 pg/ml
whereas that of lipoic acid was 46.09 + 1.07 pg/ml. The
IC,  value of the extract was higher than that of the refer-
ence compound. At 200 pg/ml, the percentage scaveng-
ing of MB, AB, MLL and AL were 58.73, 53.01, 57.82 and
50 % respectively whereas that of lipoic acid was 78.30%.
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Sample (ug/ml)
MB AB @O ML AL EE Curcumin

Figure 5. Nitric oxide radical scavenging assay.

The nitric oxide radical scavenging activity of P. dulee plant extracts and
the standard curcumin. The data represent the percentage nitric oxide
inhibition. Each value represents mean + S.D. (n = 3). **p < 0.001 vs
0 ug/ml. IC_ of MB, AB, ML and AL = 110.00 % 2.10, 96.70 £ 1.35,
118.60 £ 1.21 and 105.00 £ 2.12 pg/ml respectively. The IC,, value of
the standard is 91.81 + 3.70 pg/ml.
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Figure 6. H, O, scavenging assay.

Effects of P. dulce plant extracts and the standard sodium ascorbic
acid on the scavenging of H,0,. The data represent the percentage
H,O, scavenging. All data are expressed as mean £ S.D. (n = 3).
#*¥p < 0.001 vs 0 mg/ml. IC_ of MB, AB, M. and AL = 35.09 * 0.30,
40.08 + 0.29, 38.07 + 0.81 and 45.06 + 0.47 pg/ml respectively. The
IC,, value of the standard is 23.01 £ 0.01 pg/ml.
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Figure 7. Singlet oxygen scavenging assay.

Effects of the P. dulee plant extracts and the standard lipoic acid on the
scavenging of singlet oxygen. The results are mean * SD. of three
parallel measurements. **p < 0.001 vs 0 pg/ml. IC, of MB, AB, ML
and AL = 125.89 & 3.98, 155.12 * 4.98,120.02 & 2.90 and 200.09 * 4.82
pg/ml respectively. The IC, value of the standard is 46.09 + 1.07 ug/ml.

Hypochlorous acid scavenging

Figure 8 shows the dose-dependent hypochlorous acid
scavenging activity of P. dulce extract compared to that
of ascorbic acid. The results indicate that the extracts
scavenged hypochlorous acid more efficiently (IC_
ranges from 150.45 + 2.97 to 247.34 + 3.76 pg/ml)
than ascorbic acid (IC,, = 155.98 £ 1.84 pg/ml) up to
150 pg/ml after which standard showed more inhibi-
tion than extracts (Table 1). At 100 pg/ml, the percent-
age scavenging of the MB, AB, ML and AL extract was
45.9, 41.5, 40.2 and 34.8% whereas that of ascorbic
acid was 35.7%.
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Figure 8. HOCI scavenging assay.

Hypochlorous acid scavenging activities of P. dulce plant extracts and
the standard ascorbic acid. All data are expressed as mean £ S.D.
(n = 3). ¥*p < 0.001 vs 0 pg/ml. IC, of MB, AB, ML and AL =
150.45 + 2.97,195.01 + 3.07, 200.91 £ 1.97 and 247.34 + 3.76 pg/ml
respectively. The IC, value of the standard is 155.98 * 1.84 ug/ml.

Fe?* chelation

Ferrozine produces a violet complex with Fe**. In the
presence of a chelating agent, complex formation is inter-
rupted and as a result the violet color of the complex is
decreased. The results [Figure 9(a) and Figure 9(b)] dem-
onstrated that formation of the ferrozine-Fe** complex is
inhibited in the presence of the test and reference com-
pounds. The IC, values (Table 1) of the plant extracts
ranges from 80.29 + 1.92 to 105.87 £ 1.76 pg/ml and
EDTA was 1.27 + 0.05 pg/ml. At 120 pg/ml, the pet-
centage inhibition of the MB, AB, ML. and AL extract
were 64.40, 63.51, 57.98 and 53.80% respectively whereas
at 50 pg/ml that of EDTA was 99.7%.
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Figure 9. Iron chelation assay.

Reducing power assay

The results of antioxidant potential of the methanol
and 70% acetone extract of bark and leaves estimated
using potassium ferric cyanide reduction method are
shown in Figure 10. The yellow color of the test solu-
tion changes to various shades of green and blue color
depending upon the reducing power of each extract.
The presence of antioxidants in the herbal extracts
causes the reduction of Fe’*/Ferric cyanide complex to
ferrous form. Therefore the Fe** complex can be mon-
itored by measuring the formation of Perl’s Prussian
blue at 700 nm.?! Methanol and 70% acetone extract
of bark showed the higher reducing power and the
values were comparable to that of tannic acid. Metha-
nol and 70% acetone extract of leaves exhibited lower
reducing power activity as compare to tannic acid. All
extract shown dose dependant effect. Phenolic contents
of all the extracts appears to function as good electron
and hydrogen atom donors and therefore should be
able to terminate radical chain reaction by converting
free radicals and reactive oxygen species to more stable
products. At 10 pg/ml, the absorbances of the MB, AB,
ML & AL extract and TA were 0.4160, 0.4982, 0.0821,
0.0962 and 0.2201 respectively.

Determination of total phenolic content

The total extractive value and total phenolic content of
extracts obtained from bark and leaves using methanol
and 70% acetone solvents are shown in Table 2. The total
extractive values were high for both extract of leaf com-
pared to extracts of bark. The total phenolic content of

100+
80
60

40-

% Inhibition

204

0 2 4 8

Concentration (Hg/ml)

Effects of (a) P. dulce plant extracts and (b) standard EDTA on ferrozine-Fe** complex formation. The data are expressed as petcentage inhibition
of chromogen formation. The results are mean  S.D. of three parallel measurements. ***p < 0.001 vs 0 pg/ml. IC, of MB, AB, ML and AL =
80.29 £ 1.92, 85.10 & 1.45,100.08 £ 2.04 and 105.87 £ 1.76 pg/ml respectively. The IC, value of the standard is 2.50 £ 0.13ug/ml.
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Figure 10. Reducing power assay.

The reductive abilities of P. dulce plant extracts and the standard tannic
acid. The absorbance (A700) was plotted against concentration of sample.
Each value represents mean £ S.D. (n = 3). *** » < 0.001 vs 0 mg/ml.

Table 2 Percentage yield, total phenolic and flavonoid
content of methanol and acetone extract

Sample % yield Gallic acid Quercetin

of extract  equivalent (ug/mg)?  equivalent (ug/mg)?
MB 14.80 0.129 £ 0.11 0.43 £0.01
AB 11.60 0.190 £ 0.14 0.23 £0.01
ML 28.00 0.084 +0.24 0.90 £ 0.01
AL 28.20 0.115+ 0.25 0.25 + 0.01

“Data are expressed as means + SD of three determinations.

MB, AB, M. & AL extracts were found to be 0.129 £
0.11,0.190 £ 0.14, 0.084 £ 0.24, 0.115 * 0.25 respectively
as pg quercetin equivalent/mg extract.

Determination of total flavonoid content

Total flavonoid content of extracts obtained from bark
and leaves using methanol and 70% acetone solvents are
shown in Table 2. The total flavonoid content of MB, AB,
ML & AL were 0.43 £ 0.01, 0.23 £ 0.01, 0.90 £ 0.01 and
0.25 £ 0.01 respectively as pg quetcetin equivalent/mg
extract.

DISCUSSION

In living systems, free radicals are constantly generated
and they can cause extensive damage to tissues and bio-
molecules leading to various disease conditions, espe-
cially degenerative diseases, and extensive lysis.”!! Many
synthetic drugs used to protect against oxidative damage
but they have adverse side effects. An alternative solu-
tion to the problem is to consume natural antioxidants
from food supplements, nutraceuticals and traditional
medicines.’* Recent advancement and wide spread

Free Radicals and Antioxidants Vol.2 / Issue 3 / Jul-Sep, 2012

research has leads to identification and isolation of many
natural antioxidants from different plant materials. The
antioxidant activity has been studied by the inhibition of
ascorbic acid-induced lipid peroxidation and whereas in
the present study, the antioxidant capacity of bark and
leaves extract were measured by DPPH assay and gallic
acid was used as the standard for phenolic content mea-
surement; both studies showed promising results. There-
fore, it is clear that both the leaf and stem bark extracts of
the plant have good antioxidant activities as well as high
polyphenolic contents.

Hydroxyl radicals are the major active oxygen species
causing lipid peroxidation and enormous biological
damage.’ They were produced in this study by incubat-
ing ferric-EDTA with ascorbic acid and H,O, at pH 7.4,
and reacted with 2-deoxy-2-ribose to generate a malondi-
aldehyde (MDA)-like product. This compound forms a
pink chromogen upon heating with TBA at low pH.P!
When P. dulce extract was added to the reaction mixture,
it removed the hydroxyl radicals from the sugar and pre-
vented the reaction. The IC_ value indicates that the plant
extracts are good hydroxyl radical scavenger.

Superoxide anion is also very harmful to cellular com-
ponents.’ Figure 4 shows the superoxide radical scav-
enging activities of the plant extract and the reference
compound are increased with increasing concentrations.
The results suggest that the plant extracts are good scav-
enger of superoxide radical.

It is well known that nitric oxide has an important role in
various inflammatory processes. Sustained levels of pro-
duction of this radical are directly toxic to tissues and con-
tribute to the vascular collapse associated with septic shock,
whereas chronic expression of nitric oxide radical is asso-
ciated with various carcinomas and inflammatory condi-
tions includingjuvenile diabetes, multiple sclerosis, arthritis
and ulcerative colitis.”” The toxicity of NO increases
greatly when it reacts with superoxide radical, form-
ing the highly reactive peroxynitrite anion (ONOO-).P
The nitric oxide generated from sodium nitroprusside
reacts with oxygen to form nitrite. The extract inhibits
nitrite formation by directly competing with oxygen in the
reaction with nitric oxide. The present study shows that
the extract studied has comparable nitric oxide scaveng-
ing activity with the standard curcumin.

Hydrogen peroxide is a weak oxidizing agent that inac-
tivates a few enzymes directly, usually by oxidation of
essential thiol (-SH) groups. It can cross cell membranes
rapidly; once inside the cell, it can probably react with
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Fe** and possibly Cu*" ions to form hydroxyl radicals
and this may be the origin of many of its toxic effects.”
From the results, it appeared that the H,O, scavenging
activity of the plant extract less compared to that of the
standard ascorbic acid.

Singlet oxygen is generated in the skin by ultraviolet radia-
tion. It is a high energy form of oxygen and is known
as one of the ROS. Singlet oxygen induces hyperoxida-
tion and oxygen cytotoxicity and decreases antioxidative
activity.* The present study indicates that the P dulce
extract has good scavenging activity for singlet oxygen
but is not as efficient as the standard lipoic acid. At sites
of inflammation, the oxidation of Cl ions by the neutro-
phil enzyme myeloperoxidase results in the production of
another harmful ROS, hypochlorous acid.l'”

HOCI has the ability to inactivate the antioxidant enzyme
catalase through breakdown of the heme prosthetic
group. Catalase inactivation is inhibited in the presence of
the extract, signifying its HOCI scavenging activity. The
results suggest that P. dulee is an efficient scavenger.

Iron can stimulate lipid peroxidation by the Fenton
reaction (H,O, + Fe** = Fe’* + OH™ + OH) and can
also accelerate lipid peroxidation by decomposing lipid
hydroperoxides into peroxyl and alkoxyl radicals that
can perpetuate the chain reaction.'! Metal chelating
capacity is significant since it reduces the concentration
of the transition metal that catalyzes lipid peroxida-
tion.[” According to the results, the plant extract is less
effective than the standard EDTA; but the decrease in
color formation based on concentration dependent in
the presence of the extracts indicates that it has iron
chelating activity.

The reducing capacity of a compound may serve as a sig-
nificant indicator of its potential antioxidant activity. How-
ever, the activities of antioxidants have been attributed to
various mechanisms such as prevention of chain initiation,
decomposition of peroxides, reducing capacity and radical
scavenging.¥! Figure 10 shows that the reducing power of the
plant extracts was lower compared with the standard BHT.

The results indicate that P. dulee plant extract contains sig-
nificant amounts of flavonoids and phenolic compounds.
Both these classes of compounds have good antioxi-
dant potential and their effects on human nutrition and
health are considerable. Phenolic compounds are also
very important plant constituents because their hydroxyl
groups confer scavenging ability.* The mechanism of
action of flavonoids is through scavenging or chelation.*"
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CONCLUSION

The present investigation suggests that the bark and leaf
extracts of P. dulee contains good amounts of flavonoids
and phenolic compounds, exhibits high antioxidant and
free radical scavenging activities. It also posses iron che-
lating and reducing power. These iz vitro assays indicate
that this plant extract is a significant source of natural
antioxidant, which might be helpful in preventing the
progress of various oxidative stresses. However, the com-
ponents responsible for the antioxidative activity are cur-
rently unclear. Therefore, further investigation is needed
to isolate and identify the antioxidant compounds present
in the plant extract.

ACKNOWLEDGEMENT

The authors would like to express their sincere thanks to
Indian Council of Medical Research, New Delhi, India,
for financial support.

REFERENCES

1. Misra GI, Nigam SK. Pithecolobium dulce a tree of commercial importance.
Quart J Crude Drug Res. 1978; 16:158-62.

2. Sugumaran M, Vetrichelvan T, Quine SD, Free Radical Scavenging Activity
of Folklore: Pithecellobium dulce Benth. Leaves. Ethnobot Leaflets. 2008;
12:446-51.

3. Nigam SK, Misra G, Uddin R, Yoshikawa K, Kawamoto M, Arihara S.
Pithedulosides A-G, Oleanane glycosides from Pithecellobium dulce.
Phytochem. 1997; 44(7):1329-34.

4. Yoshikawa K, Suzaki Y, Tanaka M, Arihara S, Nigam SK. Three acylated
saponins and a related compound from Pithecellobium dulce. J Nat Prod.
1997; 60(12):1269-74.

5. Khatri LM, Nasir MKA. The fatty acid composition of Pithecellobium dulce
seed oil. Pakistan J Sci Indu Res. 1994; 37(5):216.

6. Hosmani K. A minor source of vernolic, malvalic and sterculic acids
in Pithecellobium dulce seed oil. J American Oil Chemists Soc. 1995;
72(4):489-92.

7. Banarjee A. Studies on alkylated resin from Pithecellobium dulce. J Indian
Chem Soc. 2005; 82:186-7.

8. Saxena VK, Singal M. Geinstein 4’-O-alpha-L-rhamnopyranoside from
Pithecellobium dulce. Fitoterapia. 1998; 69(4):305-6.

9. Saxena VK, Singhal M. Novel prenylated flavonoid from stem of
Pithecellobium dulce. Fitoterapia. 1999; 70(1):98—100.

10. Zapesochnaya GG, Yarosh EA, Syanidze NV, Yarosh GI. Flavanoids of
the leaves of Pithecellobium dulce. Khimiya Prirodnykh Soedinenii. 1980;
2:252-3.

11. Nigam SK, Mitra CR. Pithecellobium dulce. IV. Constituents of flowers,
heartwood,and root bark. Planta Medica. 1968; 16(3):335-337.

12. Aruoma OIl. Free radicals, oxidative stress and antioxidants in human
health and disease. J American Oil Chemists Soc. 1998; 75:199-212.

13. Anderson D. Antioxidant defenses against reactive oxygen species causing
genetic and other damage. Mutation Research 1999; 350:103-8.

14. Blios MS: Antioxidant determinations by the use of a stable free radical.
Nature. 1958; 26:1199-1200.

15. Manian R, Nagarajan A, Perumal S, Manian S. The antioxidant activity
and free radical scavenging potential of two different solvent extracts of
Camellia sinensis (L.) O. Kuntz, Ficus bengalensis L. and Ficus racemosa
L. Food Chem. 2008; 107:1000-7.

16. Blios MS. Antioxidant determinations by the use of a stable free radical.
Nature. 1958; 26:1199-1200.

Free Radicals and Antioxidants Vol.2 / Issue 3 / Jul-Sep, 2012



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Shankar D. Katekhaye, et al.: Antioxidant activity of P. dulce bark and leaves

. Manian R, Nagarajan A, Perumal S, Manian S. The antioxidant activity

and free radical scavenging potential of two different solvent extracts of
Camellia sinensis (L.) O. Kuntz, Ficus bengalensis L. and Ficus racemosa L.
Food Chem. 2008;107:1000-7.

. Elizabeth K, Rao MNA. Oxygen radical scavenging activity of curcumin. Int

J Pharmaceut. 1990; 58:237—40.

. Fontana M, Mosca L, Rosei MA. Interaction of enkephalines with

oxyradicals. Biochem Pharmacol. 2001; 61:1253-7.

Ebrahimzadeh MA, Nabavi SM, Nabavi SF, Eslami B, Rahmani Z.
Antioxidant and antihaemolytic activities of the leaves of Kefe cumin (Lase
trilobum L) Umbelliferae. Trop J Pharm Res. 2010; 9(5):441-9.
Haro-Vicente JF, Martinez-Gracia C, Ros G. Optimization of in vitro
measurement of available iron from different fortificants in citric fruit juices.
Food Chem. 2006; 98:639—48.

Oyaizu M. Studies on products of browning reactions: antioxidant activities
of products of browning reaction prepared from glucose amine. Jap J Nutr.
1986; 44:307-15.

Chakraborty N, Tripathy BC. Involvement of singlet oxygen in
5-aminolevulinic acid-induced photodynamic damage of cucumber
(Cucumbis sativus L.) chloroplasts. Plant Physiol. 1992; 98:7—11.
Pedraza-Chaverri J, Barrera D, Maldonado PD, Chirino YI, Macias-
Ruvalcaba NA, Medina-Campos ON, Castro L, Salcedo MI, Hernandez-
Pando R. S-allylmercaptocysteine scavenges hydroxyl radical and singlet
oxygen in vitro and attenuates gentamicininduced oxidative and nitrosative
stress and renal damage in vivo. BMC Clin Pharmacol. 2004; 4:5.
Aruoma Ol, Halliwell B. Action of hypochlorous acid on the antioxidant
protective enzymes superoxide dismutase, catalase and glutathione
peroxidase. Biochem J. 1987; 248:973-6.

Pedraza-Chaverri J, Arriaga-Noblecia G, Medina-Campos ON. Hypo-
chlorous acid scavenging capacity of garlic. Phytother Res. 2007; 21:884-8.
Siddhuraju P, Mohan PS, Becker K. Studies on the antioxidant activity of
Indian Laburnum (Cassia fistula L): A preliminary assessment of crude
extracts from stem bark, leaves, flowers and fruit pulp. Food Chem. 2002;
79:61-7.

Siddhuraju P, Becker K. Antioxidant properties of various solvent extracts
of total phenolic constituents from three different agroclimatic origins of
Drumstick tree (Moringa oleifera Lam.) leaves. J Agr Food Chem. 2003;
51:2144-55.

Ebrahimzadeh MA, Pourmorad F, Bekhradnia AR. Iron chelating activity
screening, phenol and flavonoid content of some medicinal plants from
Iran. African J Biotech. 2008; 7(18):3188-92.

Free Radicals and Antioxidants Vol.2 / Issue 3 / Jul-Sep, 2012

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Hazra B, Biswas S, Mandal N. Antioxidant and free radical scavenging
activity of Spondias pinnata. BMC Complemen Alter Med. 2008; 8:63.
Halliwell B, Gutteridge JM. Free radicals in biology and medicine Oxford:
Oxford University Press; 1998.

Yazdanparast R, Ardestani A. In vitro antioxidant and free radical
scavenging activity of Cyperus rotundus. J Med Food. 2007; 10:667-74.
Yazdanparast R, Bahramikias S, Ardestani A. Nasturtium oficinale
reduces oxidative stress and enhances antioxidant capacity in
hypercholesterolaemic rats. Chem Biol Interact. 2008; 172:176-84.
Aurand LW, Boone NH, Giddings GG. Superoxide and singlet oxygen in
milk lipid peroxidation. J Dairy Sci. 1977; 60:363-9.

Halliwell B, Gutteridge JMC, Aruoma Ol. The deoxyribose method: a
simple 'test tube' assay for determination of rate constants for reaction of
hydroxyl radicals. Anal Biochem. 1987; 165:215—-19.

Korycka-Dahl M, Richardson T. Photogeneration of superoxide anion in
serum of bovine milk and in model systems containing riboflavin and amino
acids. J Dairy Sci. 1978; 61:400-7.

Tylor BS, Kion YM, Wang QlI, Sharpio RA, Billiar TR, Geller DA. Nitric
oxide down regulates hepatocyte-inducible nitric oxide synthase gene
expression. Arch Surg. 1997; 132:1177-83.

Huie RE, Padmaja S. The reaction of NO with superoxide. Free Radic Res
Commun. 1993; 18:195-9.

Miller MJ, Sadowska-Krowicka H, Chotinaruemol S, Kakkis JL, Clark DA.
Amelioration of chronic ileitis by nitric oxide synthase inhibition. J Phar-
macol Exp Ther. 1993; 264(1):11-16.

Kochevar EI, Redmond WR. Photosnsitized production of singlet oxygen.
Methods Enzymol. 2000; 319:20-8.

Halliwell B. Reactive oxygen species in living systems: source, biochemistry,
and role in human disease. Am J Med. 1991; 91(3C):14S-22S.

Duh PD, Tu YY, Yen GC. Antioxidant activity of water extract of Harng Jyur
(Chrysenthemum morifolium Ramat). Lebnes wiss Technol. 1999; 32:269-77.
Yildirim A, Mavi A, Oktay M, Kara AA, Algur OF, Bilaloglu V. Comparison of
antioxidant and antimicrobial activities of Tilia (Tilia argentea Desf Ex DC),
Sage (Savia triloba L.), and Black Tea (Camellia sinensis) extracts. J Agric
Food Chem. 2000; 48(10):5030—4.

Cook NC, Samman S. Flavonoids-chemistry, metabolism, cardioprotective
effects, and dietary sources. J Nutr Biochem. 1996; 7:66—76.

57



