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In vitro and In vivo Antioxidant Activity of Aphanamixis polystachya Bark
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Abstract: Problem statement: Free radical stress leads to tissue injury and progression of disease
conditions such as arthritis, hemorrhagic shock, atherosclerosis, diabetes, hepatic injury, aging and
ischemia, reperfusion injury of many tissues, gastritis, tumor promotion, neurodegenerative diseases
and carcinogenesis. Safer antioxidants suitable for long term use are needed to prevent or stop the
progression of free radical mediated disorders. Approach: Many plants possess antioxidant ingredients
that provided efficacy by additive or synergistic activities. A. polystachya bark was a strong astringent,
used for the treatment of liver and spleen diseases, rheumatism and tumors. Antioxidant activity of the
crude extracts of bark of A. polystachya were assessed using NBT, DPPH, ABTS and FRAP assays.
The potent fraction (AP-110/82C) was tested for in vivo efficacy Results: The methanol, aqueous
methanol and water extracts exhibited potent antioxidant activity compared to known antioxidants.
In vivo studies on potent fraction AP-110/82C demonstrated dose dependent reduction in hepatic
malondialdehyde (320.6, 269.3 and 373.69 µM mg−1 protein) with simultaneous improvement in
hepatic glutathione (6.9, 17.1 and 5.8 µg mg−1 protein) and catalase levels (668.9, 777.0 and
511.94 µg mg−1 protein) respectively for 50, 100 mg kg−1 doses and control) compared to control
group. Conclusion: Due to its natural origin and potent free-radical scavenging ability A. polystachya
could be used as a potential preventive intervention for free radical-mediated diseases.
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INTRODUCTION

A potent scavenger of these free radical species
may serve as a possible preventive intervention for free
radical mediated diseases[6]. Recent studies showed that
a number of plant products including polyphenolic
substances (e.g., flavonoids and tannins) and various
plant or herb extracts exert potent antioxidant
actions[7-9]. Aphanamixis polystachya also known as
Amoora rohituka is a valuable medicinal plant of
meliaceae family which is abundantly found in India.
A. polystachya bark is a strong astringent,
antimicrobial, used for the treatment of liver and spleen
diseases, rheumatism and tumors[10-12]. A number of
limionoids, triterpenes, sesquiterpenes alkaloids and
flavonoid
glycosides
were
isolated
from
A. polystachya. Limonoids[13,14] isolated from the seeds
and bark, flavonoid glycosides and a chromone[15]
isolated
from
roots,
triterpenes[16],
guanine
[17]
sesquiterpenes isolated from stem bark and alkaloid
rohitukine[18] isolated from stems and leaves are a key
metabolites in A. polystachya. A. polystachya bark
extacts showed antitumor activity[19] radioprotective
efficacy[20] and augment the frequency of defecation
and propulsion of the GI content[21]. A. polystachya

A common theme which underlies etiology of
several degenerative disorders is free radical stress. The
production of free radicals is inextricably linked to the
inflammatory process. Free radicals prime the immune
response, recruit inflammatory cells and are innately
bactericidal[1,2].
Some of these free radicals play a positive role
in vivo such as energy production, phagocytosis,
regulation of cell growth and intercellular signaling, or
synthesis of biologically important compounds[3].
However, free radicals are very detrimental in attacking
lipids in cell membranes and also DNA, inducing
oxidations that cause membrane damage such as
membrane lipid peroxidation and a decrease in
membrane fluidity and also cause DNA mutation
leading to cancer[4,5]. Free radicals and oxidants activate
nuclear factor-κB, a nuclear transcription factor,
resulting in an upregulation of pro-inflammatory
mediators such as interleukin-1, interleukin-8 and
tumor necrosis factor-α[2]. This in turn stimulates the
immune response, increases oxidant production and can
lead to further tissue damage.
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In vitro Antioxidant activity:
Superoxide
free-radical
scavenging
activity:
Superoxide radical scavenging activity of various
extracts of A. polystachya was determined by Nitro
Blue Tetrazolium (NBT) riboflavin photo reduction
method of McCord and Fridovich[23]. The assay mixture
contained EDTA solution (6.6 mM) containing NaCN
(3 µg), riboflavin (2 µM), NBT (50 µM), test
substances and phosphate buffer (67 mM, pH 7.8) in a
final volume of 3 mL. The absorbance at 560 nm were
measured before and 15 min after illumination. All tests
were run in triplicate and mean values were used to
calculate percentage scavenging ability and IC50 values
were calculated using linear regression analysis.

seed exacts showed antifeedant, repellant and contact
toxicity to betels[22].
The objective of this study is to find antioxidant
activities of A. polystachya bark extracts and fractions
using various in vitro and in vivo models for example,
measuring free radical scavenging activity by NBT
(Nitro blue tetrazolium), DPPH (2, 2-diphenyl-1picrylhydrazyl), ABTS [2, 2 azino-bis (3ethylbenzothiazoline-6-sulphonic acid) diammonium
salt] and FRAP [Ferric reducing antioxidant power]
assays and estimation of liver Glutathione and
malondialdehyde levels of rats supplemented with AP110/82C.
MATERIALS AND METHODS

DPPH free-radical scavenging activity: DPPH (1, 1diphenyl-2-picrylhydrazyl) radical-scavenging activity
was measured by the method of Szabo et al.[24] The
reaction mixture contained 1.5×10−7 M methanolic
solution of DPPH and various concentrations of the test
substances and were kept in dark for 50 min. Optical
Density (OD) of the samples was measured at 517 nm
against a blank and IC50 values were calculated using
linear regression analysis.

The plant material (bark of Aphanamixis
polystachya) was collected from Maredumilli reserve
forest Rampachodavaram range, (Nort-Eastern Ghats) of
Andhra Pradesh, in September 2006 and identified by
Dr. K. Narasimha Reddy. Voucher specimen (No. LIH6187) was deposited in the raw drug specimen depository
of the Taxonomy Division at Laila Impex R & D Centre,
Vijayawada, India.
Powdered material (700 g) of A. polystachya bark,
was successively extracted with hexane (2 L), ethyl
acetate (1.75 L) and methanol (1.75 L) using a Soxhlet
apparatus and the spent material was then extracted
with aqueous methanol (80%, 1.75L) followed by water
(1.75 L). The extracts were filtered and concentrated
independently and dried under reduced pressure to
obtain, hexane (17.0 g), ethyl acetate (3.9 g), methanol
(72.0 g), aqueous methanol (20.0 g) and water (29.9 g)
extracts. These extracts were used as test substances. A
Potent antioxidant fraction obtained through bioactivity
guided fractionation was used for in vivo efficacy
studies. Blend of methanol and aqueous methanol
extract of A. polystachya bark was further fractionated
in to acetone soluble and the acetone insoluble
fractions. The latter (AP 110/82C) which showed potent
free radical scavenging activity was used for in vivo
evaluation.

ABTS free-radical scavenging activity: The ABTS
assay of Roberta et al.[25] was employed to measure the
antioxidant activity of A. polystachya extracts. ABTS
was dissolved in distilled water to 7 mM concentration
and potassium persulphate added to a concentration of
2.45 mM. The reaction mixture was left to stand at
room temperature overnight (12-16 h) in dark before
usage. The resultant intensely-coloured ABTS+ radical
cation was diluted with ethanol to give an absorbance
value of ~0.70 at 734 nm. Various concentrations of
test substances were incubated with the ABTS•+
solution for 30 min and OD was measured at 734 nm
against a blank and IC50 values were calculated using
linear regression analysis.
FRAP assay: The Ferric Reducing Antioxidant Power
(FRAP) of various extracts of A. polystachya was
performed based on the method of Benzie and Strain[26].
The assay mixture contained 2.5 mL of 300 mM acetate
buffer at pH 3.6, 0.25 mL of 10 mM TPTZ solution in
40 mM HCl, 0.25 mL of 20 mM FeCl3 and test
substances in 0.1 mL water or methanol. The absorbance
was measured after 30 min incubation at 593 nm.
Standard graphs were constructed using known
concentrations of ferrous salt in water/methanol to
replace FeCl3. All tests were run in triplicate and mean
values were used to calculate EC1 values. EC1 is defined
as concentration of an antioxidant having a ferric
reducing ability equivalent to that of 1 mM ferrous salt.

Reagents and chemicals: Nitro blue tetrazolium,
Riboflavin, Metaphosphoric acid and all the solvents
used in the study were of analytical grade and were
procured from S D Fine Chemicals Limited, Mumbai,
India. 1, 1-diphenyl-2-picrylhydrazyl, 2, 2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), Vitamin C,
thiobarbituric acid, malondialdehyde and other
chemicals were obtained from Sigma Chemical
Company (St. Lousis, MO).
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method of Johansson and Borg[29]. The reaction was
initiated by adding 50 µL of homogenized liver sample
to the reaction mixture containing 250 mM PBS with
12 M methanol and 44 mM H2O2 and incubated at room
temperature for 20 min. The reaction was terminated
with addition of Purpald (22.8 mM) and again
incubated at room temperature for 20 min. After adding
potassium periodate (65.2 mM), the absorbance of the
sample was measured at 550 nm. Catalse concentration
was estimated by a standard graph plotted using known
concentrations of formaldehyde and results expressed
IU mg−1 protein.

In vivo Antioxidant activity:
Animal procedure: Male and Female SD rats obtained
from NIN, Hyderabad, after quarantine and
acclimatization were randomly divided into four
groups, each containing 6 animals. Selected rats were
housed individually in polypropylene cages with
stainless steel grill floors and fed with Nutrilab standard
rodent diet. This study protocol (LI 061006A) was
approved by Institutional Animal Ethics Committee
(IAEC) of Laila Impex R and D Centre. The animal
room was maintained at a controlled temperature (2024°C), humidity (45-70%) and light (12 h light 12 h−1
dark). The treatment group of rats were supplemented
with 50 or 100 mg kg−1 of AP-110/82C or 10 mg kg−1
prednisolone (positive control) for 4 weeks. The control
group animals received same volume of 1% CMC. At
the 14th day, oxidative stress was induced in the
animals by administering Freund’s Complete Adjuvant.
The animals were sacrificed on 28th day. The liver
tissue samples were collected and analyzed for
antioxidant status by measuring tissue malondialdehye
and glutathione concentrations.

Statistical analyses: Statistical analyses were carried
out using GraphPad Instat. Differences among the
tested antioxidants were analyzed by using one-way
ANOVA. Values are expressed as the mean±SEM and
differences between groups were considered to be
significant if p<0.05.
RESULTS
In Vitro Antioxidant activity:
Superoxide free radical scavenging activity: The
Superoxide radical scavenging
activity
of
A. polystachya bark extracts was studied in compared
with vitamin C. The methanol, aqueous and aqueous
methanol extracts showed potent superoxide radical
scavenging activity, as indicated by their IC50 values 7,
7 and 8.3 µg mL−1 respectively compared to Vitamin C
which showed an IC50 125 µg mL−1. From a
comparison of IC50 values A. polystachya extracts were
found to be about 16 times more potent than that of
vitamin C. The results were shown in Fig. 1.

Assay
of
malondialdehyde
(MDA):
Lipid
peroxidation
was
estimated
in
terms
of
Thiobarbituric[27] Acid Reactive Species (TBARS),
using Malondialdehyde (MDA) as standard. The
homogenized liver tissue (400 µl) was mixed with 10%
TCA and incubated for 15 min at 4°C and then
centrifuged at 2, 200 g for 15 min at 4°C. To 1 mL of
protein-free supernatant, 1 mL of fresh TBA reagent
was added, mixed thoroughly and incubated at 60°C for
1 h in water bath. Then optical density was measured at
532 nm for the assay of MDA. Lipid peroxide is
expressed in terms of nM of MDA mg−1 of liver tissue.

DPPH free radical scavenging activity: The results of
the DPPH scavenging activity of A. polystachya bark
extracts are shown in Fig. 2. The scavenging ability of
methanol, aqueous methanol and water extracts was
comparable to Vitamin C, however ethyl acetate and
hexane extracts did not exhibited significant DPPH
scavenging efficacy.

Assay of total tissue sulfhydryl group (reduced
glutathione level): The soluble sulphydryl content of
liver was determined according to the method of
Grunert and Phillips[28]. The metaphosphoric acid
extract of liver or fractions, was saturated with NaCl
and allowed to stand for 15-30 min and centrifuged at
3000 rpm for 10 min at 4°C. Take 1 mL of the aliquot
of the supernatant and add to 3 mL saturated NaCl
solution, allow it to stand for 10 min at 25°C. The nonspecific absorption in the sample was eliminated by
reading the sample against a blank containing 2%
metaphosphoric acid and Sodium nitroprusside. The
colored complex developed is measured immediately at
520 nm on a colorimeter using blank tube.

ABTS free radical scavenging activity: It is palpable
from Fig. 3 that the A. polystachya bark extracts
exhibited potent ABTS free radical scavenging activity
compared to that vitamin C. The IC50 value indicated
that the ABTS free radical scavenging activity of A.
polystachya extracs was nearly 2 fold higher than
vitamin C. The IC50 values were found to be 5.3, 6.2,
6.8 and 12 µg mL−1 respectively for methanol, aqueous
methanol and water extracts of A. polystachya and
Vitamin C.

Catalase assay: Catalase (CAT) activity was measured
by monitoring decomposition of H2O2 according to the
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Reducing Antioxidant Potential (FRAP). The bars
represent, A. polystachya bark methanol, aqueous methanol
and water extracts and a positive control Vitamin C. Each
bar represents concentration of antioxidant required to
reduce 1 µM of Ferric ions (EC1 in µg mL−1)
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Bar diagrammatic representations of in vitro DPPH radical
scavenging activity. The bars represent, A. polystachya bark
hexane, ethylacetate, methanol, aqueous methanol and water
extracts and a positive control Vitamin C. Each bar
represents 50% inhibitory concentration (IC50 in µg mL−1)

In Vivo Antioxidant activity:
Effect of AP 110/82C on hepatic lipid peroxidation:
Oral supplementation of AP 110/82C at a daily dose of
50 and 100 mg kg−1 body weight for 28 days exhibited
significant reduction in hepatic MDA levels compared
to that of disease control group. Figure 5 shows that
both doses (50 and 100 mg kg−1) of AP 110/82C
exhibited statistically significant inhibition of hepatic
lipid
peroxidation
to
(320.64±20.9
and
269.28±48.26 nM mg−1 protein) compared to the
control group at 373.69±3.87 nM mg−1 protein).

FRAP assay: A. polystachya bark extracts exhibited
superior ferric reducing antioxidant power as depicted
in Fig. 4, compared to that of vitamin C. The EC1
values indicated that the ferric reducing antioxidant
potential of methanol extract was about 2 fold higher
compared to vitamin C. The FRAP EC1 values were
found to be 12.8, 18.6, 20.4 and >25 µg mL−1
respectively, for methanol, aqueous methanol and water
extracts of A. polystachya and Vitamin C.
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DISCUSSION
A. polystachya extracts exhibited potent in vitro
antioxidant activity in superoxide free radical
scavenging assay (NBT method), DPPH-radical
scavenging assay; ABTS free radical scavenging
activity and FRAP assay, in comparison to the known
antioxidants, such as vitamin C.
Superoxide anion is an oxygen-centered radical
with selective reactivity. This species is produced by a
number of enzyme systems in auto-oxidation reactions
and by nonenzymatic electron transfers that univalently
reduce molecular oxygen. It can also reduce certain iron
complexes such as cytochrome[30]. The present study
showed potent superoxide radical scavenging activity
for A. polystachya bark extracts (Fig. 1). Methanol and
aqueous methanol extracts showed potent Superoxide
radical scavenging activity with IC50 values 7 and
7 µg mL−1 respectively, compared to other
A. polystachya bark extracts and Vitamin C
(125 µg mL−1).
The DPPH test provided information on the
reactivity of test compounds with a stable free radical.
Because of its odd electron, 2, 2-Diphenyl-Picryl
Hydrazyl radical (DPPH) gives a strong absorption band
at 517 nm in visible spectroscopy (deep violet color).
The efficacies of anti-oxidants are often associated with
their ability to scavenge stable free radicals[31]. In the
present study, (Fig. 2), methanol and aqueous methanol
extracts exhibited comparable DPPH radical scavenging
activity with IC50 values 5.25 and 5.33 respectively
compared to vitamin C (IC50 4.5 µg mL−1).
The decolorization of ABTS•+ cation radical is an
unambiguous way to measure the antioxidant activity of
phenolic compounds. Recently, Awika et al.[32] found
positive correlations between phenolic content and
antioxidant activity tested using the Oxygen Radical
Absorbance Capacity (ORAC), ABTS and the 1,1Diphenyl-2-Picrylhydrazyl (DPPH) assays. Thus the
ability of a compound to scavenge ABTS•+ radical can
demonstrate oxygen radical absorbance capacity.
Results of the present study revealed that methanol and
aqueous methanol extracts possesses superior
antioxidant activities (Fig. 3). Methanol and aqueous
methanol extracts of A. polystachya showed very potent
ABTS radical scavenging activity (IC50 5.3 and
6.2 µg mL−1) compared to Vitamin C (12.0 µg mL−1).
FRAP assay measures the reducing ability of
antioxidants against oxidative effects of reactive
oxygen species. Electron donating anti-oxidants can be
described as reductants and inactivation of oxidants by
reductants can be described as redox reactions. Total
antioxidant power may be referred analogously to total

Fig. 5: Effect of A. polystachya fraction (AP-110/82C)
on Hepatic MDA level
Note:

Bar diagrammatic representations of hepatic MDA
concentrations in different group of animals. After 14 days
of FCA challenge. The bars represent, control, AP 110/82 C
50 mg kg−1; 100 mg kg−1 and prednisolone 10 mg kg−1. Each
bar represents mean±SEM. N = 6, *: p<0.05

Positive control, prednisolone (328.76±38.87 nM mg−1
of protein) did not exhibit significant reduction in
hepatic MDA compared to control.
Effect of AP 110/82C on total hepatic glutathione: A
dose dependent increase in the level of total hepatic
glutathione was observed in the AP 110/82C (50 and
100 mg kg−1 body weight) supplemented groups when
compared to the disease control group. The increase
in hepatic glutathione level (6.93±1.11 and
17.05±2.93 µg mg−1 protein) treated with 100 mg kg−1
of AP 110/82C was remarkably higher compared to the
control group (5.78±2.30 µg mg−1 protein). The
100 mg kg−1 AP 110/82C treated group and 10 mg kg−1
prednisolone (13.6±2.30 µg mg−1 protein) treated group
exhibited statistically significant improvement of
hepatic glutathione levels compared to control.
Effect of AP 110/82C on total hepatic catalase levels:
A dose dependent increase in the level of total hepatic
catalase was observed in both the AP 110/82C (50 and
100 mg kg−1 body weight) supplemented groups when
compared to the disease control. The increase in hepatic
catalase levels (668.95±75.69 and 777.02±82.15 µg mg−1
protein) in 50 and 100 mg kg−1 AP 110/82C treated
groups were remarkably higher than that in the control
group (510.0±1.092 µg mg−1 protein), however only high
dose treated group exhibited statistically significant
efficacy in improving hepatic catalse levels compared to
those of control and 10 mg kg−1 prednisolone
(510.0±1.092 µg mg−1 protein) treated groups.
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reducing power. In the current study methanol and
aqueous methanol extracts of A. polystachya exhibited
about 2 folds greater antioxidant power with EC1 values
12.8 and 18.6 µg mL−1 respectively when compared to
Vitamin C having EC1 >25 µg mL−1.
MDA is the major oxidation product of peroxidized
poly-unsaturated fatty acids and the increased MDA
content is an important indicator of lipid
peroxidation[33]. Liver is the main detoxifying organ in
the body and as such it possesses a high metabolic rate
and it is subjected to many insults potentially causing
oxidative stress. Hence, a corrective measure to
stabilize the hepatic antioxidant defense system is of
paramount importance for the maintenance of health[34].
The present study was undertaken to assess the effect of
oral administration of AP 110/82C an active fraction
obtained from a mixture of methanol and aqueous
methanol extracts, on the in vivo antioxidant status
through the estimation of MDA concentration in the
liver of rats (Fig. 5).
The hepatic MDA content animals subjected to
FCA-induced oxidative stress was found to be
significantly increased. This enhanced oxidative stress
however was significantly (p<0.05) reduced in both the
treatment groups. AP 110/82C showed dose dependent
(320.6 and 269.3 µM mg−1 protein respectively for 50
and 100 mg kg−1) and statistically significant inhibition
of lipid peroxidation as shown by the reduction in
hepatic MDA level and the efficacy was found to be
better than predinisolone at 10 mg kg−1 dose.
Glutathione, a major non-protein thiol in living
organisms, plays a central role in coordinating the
body’s antioxidant defense processes. Excessive
peroxidation causes increased glutathione consumption.
Reduced thiols have long been reported to be essential
for recycling of antioxidants like vitamin E and vitamin
C[35]. Administration of thiol compounds such as
glutathione, cysteine and methionine have been shown
to protect against oxidative stress in humans and
animals. The liver tissue glutathione levels were
significantly depleted in the placebo treated control
group after inducing the oxidative stress with FCA. The
tissue glutathione levels, however, were significantly
elevated in the groups supplemented with AP 110/82C.
Treatment with AP 110/82C resulted in significant
(p<0.05) increase in hepatic glutathione levels
compared to that of FCA-induced oxidative stress rats.
Therefore, it clearly demonstrates that AP 110/82C
have protective role against oxidative damage in the
liver tissue. Hepatic glutathione status exhibited by AP
110/82C at 100 mg kg−1 body weight was better than
that obtained by prednisolone 10 mg kg−1 treated group,
as shown in Fig. 6.
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Fig. 6: Effect of A. polystachya fraction (AP-110/82C)
on Hepatic glutathione level
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Note:

Bar diagrammatic representations of hepatic glutathione
concentrations in different group of animals. After 14 days
of FCA challenge. The bars represent, control, AP 110/82 C
50 100 mg kg−1 and prednisolone 10 mg kg−1. Each bar
represents mean±SEM. N = 6, *: p<0.05
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Fig. 7: Effect of A. polystachya fraction (AP-110/82C)
on Hepatic catalase level
Note:

Bar diagrammatic representations of hepatic catalase
concentrations in different group of animals. After 14 days
of FCA challenge. The bars represent, control, AP 110/82 C
50; 100 mg kg−1 and prednisolone 10 mg kg−1. Each bar
represents mean±SEM. N = 6, *: p<0.05

Catalase is an enzymatic antioxidant widely
distributed in all animal tissues including RBC and
liver. Catalase decomposes hydrogen peroxide and
helps protect the tissues from highly reactive hydroxyl
radicals[36]. AP 110/82C supplementation resulted in
dose dependent and significant improvement in hepatic
catalase levels. Both doses (50 and 100 mg kg−1) of AP
110/82C exhibited better improvement in hepatic
catalase levels compared to prednisolone 10 mg kg−1
treated group, as shown in Fig. 7.
CONCLUSION
In the
comparative
65

present investigation, we evaluated
antioxidant activity of
various

Am. J. Infect. Dis., 5 (2): 60-67, 2009
9.

A. polystachya extracts in comparison to Vitamin C.
Methanol and aqueous methanol extracts exhibited up
to 3 fold better efficacy in various in vitro antioxidant
assays. These in vitro results are supported by in vivo
data. Rats supplemented with 50 and 100 mg kg−1 of
AP 110/82C resulted in dose dependent and significant
improvement in oxidative status, as indicated by
significant reduction in hepatic lipidperoxidation with
simultaneous elevation in hepatic glutathione and
catalase levels. These antioxidant
studies proved
superior efficacy of A. polystachya extracts and the
potent fraction AP 110/82C. As AP 110/82C is of
natural origin, it is a safe and effective intervention for
free radical mediated diseases.
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