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1. Introduction

Biological oxidation reactions and production of
free radicals are an integral part of life and the
body’s metabolism to the extent where they may
be deliberately produced to serve an important

biological function [1]. Free radicals are
electrically charged molecules that have an
unpaired electron. This electron imbalance
renders them highly reactive and capable of
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widespread oxidation of lipids, proteins, DNA,
and carbohydrates. These radicals have an
inherent ability to cause random, irreversible
change in biological system that can have very
adverse serious physiological effects [2]. An
extreme adverse manifestation of free radicals
may cause disruption of cell membranes, leading
to release of cell contents and death [3]. To
combat with these renegade radicals, cells are
also equipped with an impressive repertoire of
endogenous as well as exogenous (mostly
derived from fruits and vegetables) antioxidant
molecules [4]. The imbalance between protective
antioxidants (enzymatic and non enzymatic) and
damaging free radicals results in the generation
of oxidative stress: a cause for various ailments
in humans [5].

It is worth stating that as vitamins go,
antioxidants have ignited the research interest
of academic researchers and medical experts in
recent years. Clinical and epidemiological
evidence supports the ‘antioxidant therapy’ as
an attractive, alternative and safe new
pharmacological approach for the amelioration
of diverse ailments of humans such as cancer
[6], cardiovascular diseases [7], inflammation,
shock ischemia injury [8], diabetes, cataract
[9,10], Alzheimer’s disease [11] in the treatment
of acute central nervous system injury [12]. It
is interesting to note that the several reputed
nonsteroidal anti-inflammatory drugs (NSAIDs)
and phenolic compounds with anti-
inflammatory activity are reported to have free
radical scavenging activity [13].

Medicinal plant is an important element of
indigenous medical systems in India as well as
abroad. Ayurveda: a holistic approach for
management of health and diseases is one of
the great traditional complementary and
alternative medical systems. Ayurveda
contributes Rs. 3500 crores (US $813 million)
annually to the internal market [14]. Ayurveda

has also mentioned the Sanskrit word Vata-
Vriddhi (oxidative stress) as the cause of
majority of human ailments if corrective
measures to ameliorate the disorders in
imbalanced physiological state are not taken up
in time [15]. The realization of oxidative stress
as the cause of several diseases in modern
medical system has, therefore started various
global programmes to harness and harvest
natural antioxidant rich resources [16-19]. In
recent years, the use of traditional medicine
information on plant research has attracted both
academic as well as industrial researchers.

The plants selected in the present study have
been described in Ayurvedic medicines and
traditionally used for management of diverse
ailments of humans. The tubers of Smilax china
Linn. (Smilacaceae), rich in tannins, steroidal
saponins, and other compounds, are used in
venereal diseases, rheumatoid disorders, and
chronic skin infections [20]. Barleria prionitis
Linn. (Acanthaceae), possess antiseptic
properties. The dried bark of this plant is given
in whooping cough. The leaves are given as
antipyretic, and in urinary/stomach disorders.
The fresh leaves are also use for rheumatic pain
and itch [21]. Flowers of Calotropis gigantean
Linn. (Asclepiadaceae), are given as digestive,
stomachic and tonic, also useful in anorexia,
asthma, cold and cough. Leaves are applied to
painful joints or swelling, skin eruptions,
toothache and wounds. Latex is effective in
abortion, when a stick smeared with latex is
applied locally to induce uterine contractions
[22]. Trigonella foenum-graecum Linn.
(Papilionaceae), is one of the major vegetables
used all over India. Seeds are useful as diuretic,
carminative, emenagogue, aphrodisiac and as a
tonic. It is also a useful remedy for diarrhoea,
dropsy, anorexia, rheumatism, anaemia, and
diabetes [23]. Ricinus communis Linn.
(Euphorbiaceae), is a famous plant for well-
known purgative ‘Castor oil’, which is derived
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from the seeds. Leaves are anodyne and
galactogogue, externally applied to boils and
sores in the form of poultice [24]. The rhizomes
of Curcuma amada Linn. Roxb. (Zingiberaceae),
are useful as carminative and stomachic also
used on contusions and sprains. The fruits of
Piper nigrum Linn. (Piperaceae) has been given
as a stimulant following the weakness due to
fever. Externally valued as a rubefacient and as
a local application for relieving sore throat, piles,
and cutaneous troubles. Also recommended as
a remedy for prevention of periodic fever in
malaria [20].

In recent years the mainstream in pharmaceutical
research is deviating from single molecule or
single target approach to combinations and
multiple target approaches [25]. Moreover the
standardization of herbal formulations has
remained a key issue to be addressed to the
consumers in the growing herbal market. The
present study is an attempt to provide
supplementary scientific information on selected
traditional Ayurvedic botanicals, which may
strengthen the process of standardization and
scientific validation of herbal formulations
containing the plants under study. Moreover it
may also provide insights for future study and
development of Ayurvedic preparations in
modern scientific perspective.

2. Materials and Methods

The leaves of Barleria prionitis, Calotropis
gigantea, and Ricinus communis were collected
in the month of July 2006 from the nearby field
of Nanded city (MS), the collected plants were
identified and authenticated by RNG, Department
of Botany, School of Life Sciences and the
voucher specimens were deposited in the
herbarium of the School of Life Sciences of the
host institute. The collected samples were dried
at room temperature and were made into fine
powder for extraction process. The powder
form of seeds of Trigonella foenum-graecum,

fruits of Piper nigrum and rhizomes of Curcuma
amada were purchased from Yogesh Pharmacy
Ltd., A-6/6 M. I. D. C. Nanded (MS), India.
DPPH and

 
β-glucuronidase (EC 3.2.1.31, 25,000

units, source: E. Coli), were obtained from
Sigma-Aldrich Co. (St. Louis MO, USA), p-
nitrophenyl-β-D-glucopyranosiduric acid was
purchased from CALBIOCHEM (EMD
Biosciences Inc. La Jolla CA), trypsin was
obtained form SISCO Research Lab. Ltd.
Mumbai.  L-DOPA (3,4 dihydroxy phenyl L-
alanine) and glutathione (reduced form) were
purchased from s. d. Fine Chemicals Ltd.
Mumbai. Blood sample (containing 2 mg/ml
EDTA) was collected from the local
slaughterhouse at Nanded City (MS) for the
preparation of RBC membrane solution. Apples
(for extraction of PPO) were purchased from
the local market at Nanded city. All other reagents
and solvents used were obtained from
commercial sources and were of analytical
grade.

2.1 Preparation of 50% ethanol extract of
selected medicinal plants

The 50% ethanol extract of selected plants was
prepared by extracting approximately 10 g of
powdered samples in 50% (v/v) ethanol using
Soxhlets extraction apparatus. The extracts were
air dried and maintained at 4°C for further
studies.

2.2 Determination of DPPH radical scavenging
activity

The DPPH radical scavenging assay was carried
out according to a method described elsewhere
[26]. The reaction mixture contained different
concentrations of individual plant extract (in
absolute ethanol) and DPPH radical (1 mM in
absolute ethanol) solution. The contents of the
reaction mixture were observed spectrophoto-
metrically at 517 nm after 20 min. The O. D. of
the control was considered as a 100 %
unreduced DPPH and IC

50 
values were
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determined as the concentration of the individual
plant extract required to achieve 50% reduction
of the DPPH radicals. Glutathione (1 mM, IC

50

= 0.48 mg/ml) was used as a standard
compound.

2.3 Determination of reducing ability

The principle of the method used for the
determination of reducing ability is based on the
ability of antioxidants to reduce Fe3+ of
K

3
Fe(CN)

6 
to Fe2+, the reducing ability of the

plant samples was determined by the decrease
in absorption of K

3
Fe(CN) at 420 nm [27]. The

reaction mixture contained 500 µl solution of
individual plant extract in 3 ml, 1 mM potassium
ferricynide solution and the absorbance was
recorded at 420 nm after 10 min. The O. D. of
control sample (without plant extract) was
considered as 100% potassium ferricynide, the
IC

50
 values were calculated as the amount of

plant samples required to reduce 50% potassium
ferricynide. Ascorbic acid (1 mM, IC

50
 = 0.051

mg/ml) was used as a reference compound.

2.4 OH radical scavenging activity

As per the method described by Christos &
Dimitra [28], the Fe3+/ascorbic acid system was
utilized for generation of hydroxyl radicals. The
formaldehyde produced from the oxidation of
dimethyl sulfoxide (DMSO) was measured for
the detection of OH radicals generated in the
Fe3+/ascorbic acid system. The reaction mixture
contained 0.1 mM EDTA, 167 µM Fe3+, 33 mM
DMSO in phosphate buffer of 50 mM pH 7.4.
0.1 ml different concentrations of individual plant
extract and 150 µl of ascorbic acid (10 mM in
phosphate buffer) were added finally to start
the reaction. Trichloroacetic acid (17%, w/v)
was used to terminate the reaction after 30 min.
The formaldehyde produced was detected
spectrophotomertically at 412 nm. The IC

50

values were determined as the concentration of
the individual plant sample required to achieve
50% of formaldehyde production as compared
to control (without sample). Coumarin (1 mM,
IC

50 
= 0.98 mg/ml) was used as a reference drug

for comparative study.

Table 1. Effect of ethanol extract of selected medicinal plants on scavenging of DPPH
and OH  radicals, reducing ability (RA) and inhibition of dien conjugates (OOH).

Sr. No. Name of the plant DPPH RA OH OOH

       IC
50

 (mg/ml)

1 Smilax china 0.85* 2.2 0.87* 0.654

2. Barleria prionitis 1.1 2.2 0.91* 0.089*

3. Calotropis gigantea 1.7 1.9 1.1 0.530

4. Trigonella foenum- 0.98* 1.7* 0.79* 0.378*
graecum

5. Ricinus communis 0.95* 1.6* NR 0.734

6. Curcuma amada 1.025 1.7* 0.88* 0.279*

7. Piper nigrum 0.978* 1.8 NR 0.756

8. Glutathion 0.48* ND ND ND

9. Ascorbic acid ND 0.051* ND ND

10. Coumarin ND ND 0.98* 0.035

The results presented are the mean values of duplicate measurements. * Indicates significant
difference when the value is compared to the control (P < 0.05). NR- no reaction, ND-not
determined.
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Table 2. Profile of  Vit. C and total phenolic contents of ethanol extract of
selected plants.

Sr. No. Name of the plant Vit. C (mg/100 g) Phenolics (mg/g)

1 Smilax china 17.37 180.0

2. Barleria prionitis 30.40 48.35

3. Calotropis gigantea 26.06 122.5

4. Trigonella foenum-graecum 18.47 31.8

5. Ricinus communis 35.16 34.87

6. Curcuma amada 21.72 17.4

7. Piper nigrum 13.03 18.0

The results summarized are the mean values of n=2.

Table 3. Inhibitory effect of ethanol extract of selected plants on the activity
of PPO, β-glucuronidase and trypsin induced hydrolysis of BSA.

Sr. No. Name of the plant b-glucuronidase Trypsin PPO

                     IC
50

 (mg/ml)

1. Smilax china 0.084* 0.275* 1.6

2. Barleria prionitis 0.038* 0.650 1.8

3. Calotropis gigantea NR 0.600 1.4*

4. Trigonella foenum-graecum 0.051* 0.310 1.38*

5. Ricinus communis 0.043* 0.150 1.2*

6. Curcuma amada 0.049* 0.058* 1.58

7. Piper nigrum NR 0.090* 1.5

8. Salicylic acid 0.058* 0.056* ND

9. L-cysteine ND ND 0.95*

The results summarized are the mean values of duplicate measurements. * Indicates
significant difference when the value is compared to the control (P < 0.05). NR- no
reaction, ND-not determined.

2.5 Conjugated dien hydroperoxides assay

The blood sample was collected with addition
of EDTA (2 mg/ml) as an anticoagulant. RBC
Membrane solution was prepared as per the
method described elsewhere [29] with slight
modification in buffer [30]. Membrane solution
(1.0 ml) was mixed with 5 ml of chloroform:
methanol (2:1) followed by centrifugation at
1000 g for 15 min for separation of the two
phases. The chloroform layer was taken in a
test tube and dried at 45°C in water bath. The

left over lipid reside was dissolved in 1.5 ml of
cyclohexane and the hydroperoxides generated
were detected at 233 nm against a cyclohexane
blank. Coumarin (1 mM, IC

50 
= 0.035 mg/ml)

was used as a standard drug.

2.6 Estimation of Vit. C content

Oxalic acid (4%, w/v) was used for extracting
the plant samples. The method described by
Sadasivam & Manickam [31], was followed for
estimation of Vit. C (L-ascorbic acid) content
in the selected plant samples. In this method L-
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ascorbic acid reduces the 2,6-dichlorophenol
indophenol (a blue colored dye) to a colorless
leuco-base. The ascorbic acid gets oxidized to
dehydroascorbic acid. The dye is pink colored
in acid medium. Oxalic acid was used as the
titrating medium. The Vit.C content of selected
plant extracts was expressed as mg/100 g of
individual plant sample.

2.7 Estimation of total polyhenols

A method described by Bray & Thorpe [32],
was used for estimation of total polyphenols
from the ethanol extracts of the selected
medicinal plants. The method is based on the
principle that, phenols react with an oxidizing
agent phosphomolybdate an ingredient of Folin-
Ciocalteau reagent, resulting in the formation
of a blue colored complex having λ

max
 at 660

nm. The standard curve was constructed using
serial dilutions of catechol (500 µg/ml). The total
amount of polyphenol was expressed as mg/g
of samples.

2.8 Polyphenol oxidase (PPO) inhibition assay

A crude preparation of PPO from apple was
used to understand the effect of individual plant
extract on PPO activity. An experimental
protocol described by Gacche et al. [33] was
used for the extraction and preparation of
semipure PPO solution. The reaction mixture
contained L-DOPA (1 ml, 2 mM), 0.5 ml
enzyme, 1 ml individual concentration of plant
extract and citrate buffer (0.5 ml, pH 4.8, 0.1
M). After 5 min the contents of the reaction
mixture were observed spectrophotomertically
at 470 nm [34]. The O. D. of the control was
considered as 100% activity of PPO and the
concentration of plant samples required to
achieve 50% PPO activity were calculated as
IC

50
 values. L-cysteine (1 mM, IC

50 
= 0.95 mg/

ml) was used as a standard PPO inhibitor.

2.9 Studies on inhibition of β-glucuronidase

A method described by Demetrios, et al. [35],
was carried out to study the effect of individual

plant extract on activity of β-glucuronidase.
Different concentrations of plant extract (0.1
ml) in 0.1 M acetate buffer pH 7.4 for 5 min at
37°C were preincubated with 0.8 ml of 2.5 mM
p-nitrophenyl-β-D-glucopyranosiduronic acid.
After this 0.1 ml of β-glucuronidase was added.
The mixture was incubated for 30 min and later
the reaction was terminated by addition of 2 ml
of 0.5 N NaOH. The contents were observed
spectrophotomertically at 410 nm. The reaction
rate of β-glucuronidase in the absence of
inhibitor was considered as 100% activity and
the amount of plant samples required to show
50% activity was then calculated as IC

50
 values.

For comparative studies salicylic acid (1 mM,
IC

50 
= 0.058 mg/ml) was used as a standard

compound.

2.10 Inhibition of trypsin induced hydrolysis of
bovine serum albumin

A method described by Tandon et al. [36] was
utilized to understand the anti-proteolytic activity
of ethanol extract of selected medicinal plants.
The method is based on the measurement of
inhibition of trypsin induced hydrolysis of BSA.
Trypsin (0.075 mg/ml) was initially incubated
with individual concentrations of plant extract
of 0.1 ml for 20 min.  The substrate, BSA (6 g/
100 ml, in 0.1 M phosphate buffer, pH 7.6) was
added after completion of 20 min. The reaction
mixture was incubated for 25 min at 37°C. The
reaction was terminated by the addition 3 ml of
CCl

3
COOH (5 %, w/v). The acid soluble

fractions were obtained by centrifuging the
contents at 5000 RPM for 15 min. The obtained
samples were treated so as to observe them
spectrophotometrically at 660 nm [37]. The
trypsinization activity in the absence of inhibitor
was considered as 100%, and accordingly the
concentration of each test sample giving 50%
inhibition (IC

50
) was then calculated. Salicylic

acid (IC
50 

= 0.056 mg/ml) was used as a
reference drug.
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3. Results and discussions

Results summarized in Table 1 indicate that the
extract of the plant samples under study were
reactive towards the scavenging of DPPH
radicals. Amongst the tested plants the extract
of Smilax china (IC

50 
= 0.85 mg/ml) was found

to be the most effective DPPH reducing agent.
Other samples showed the activity in an IC

50

range of 0.95-1.7 mg/ml. Considerable
reduction of Fe3+ of K

3
Fe(CN)

6 
by selected plant

samples was observed, the  extract of Ricinus
communis (IC

50 
= 1.6 mg/ml) can be graded as

most potential reducing agent as compared to
all other samples. The DPPH and Fe3+ of
K

3
Fe(CN)

6  
reduction assays were performed to

understand the reducing ability of the test plant
samples. There exist a positive correlation
between the reducing ability and antioxidant/anti-
inflammatory activity, moreover in general,
highly reducing compounds can be considered
for designing possible inhibitors of
cyclooxygenase: a major enzyme implicated in
recruiting the process of inflammation [35].

The results summarized in Table 1 indicate that,
except the extract of Ricinus communis and
Piper nigrum, all other plants showed significant
OH radical scavenging activity. Trigonella
foenum-graecum (IC

50 
= 0.79 mg/ml) followed

by Smilax china (IC
50 

= 0.87 mg/ml) and
Curcuma amada (IC

50 
= 0.88 mg/ml) were found

to be effective towards interaction with OH
radicals. Hydroxyl radicals have been reported
to interact with various biomolecules found in
the living cells and may alter the normal
physiological functions of the cells [38]. More
over the OH radicals are also implicated in the
membrane damage of the cells in the inflamed
region [39]. The DPPH, OH radical scavenging
activity and the reducing ability can be attributed
with the presence of redox active substances
such as ascorbic acid, glutathione, flavonoids,
tocopherols, carotenoids, hydroxycinnamic

acids, coumarins etc. reported to occur in plant
kingdom [40].

The results of the inhibition of dien conjugates
(hydroperoxides) summarized in Table 1, shows
that all the plant samples under study were found
to be active towards inhibition of formation of
hydroperoxides. The extract of Barleria
prionitis (IC

50 
= 0.089 mg/ml) was found to be

the most effective candidate for inhibition of
hydroperoxides formation. All other plants
showed the inhibitory potential in an IC

50
 range

of 0.279-0.756 mg/ml. Generation of
hydroperoxides or conjugated diens is an
intermediate   step in the process of lipid
peroxidation. The process of lipid peroxidation
is thought to play a central role in many
inflammatory disorders. This process is proved
to be initiated by reactive oxygen species which
ultimately results in the loss of membrane
integrity and consequently damages the cell [41].
The inhibition of hydroperoxide formation may
be due to the presence of a wide range of
antioxidant phytochemicals such as flavones,
coumarins, chalcones, cinnamic acids, etc.
which may exert their effect by reducing
hydroperoxides [17].

The results of the total phenolic and ascorbic
acid (Vit. C) contents in the selected plants are
shown in Table 2. The extract of Smilax china
(180 mg/100 g) followed by Calotropis
gigantean (122.5 mg/100 g) were found to
contain highest concentration of total
polyphenol, whereas the extract of Ricinus
communis (35.16 mg/g) was found to contain
highest concentration of ascorbic acid. All other
plants under study were found to possess
significant amount of total polyphenols and
ascorbic acid.

Plethora of clinical and epidemiological studies
supports the therapeutic and antioxidant
reputation of Vit. C. Apart from its major
physiological role, it acts as the first line of
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defense during oxidative stress. It is also
important for maintaining the levels of
antioxidant Vit. E by reducing the Vit E radical
(the oxidized form of Vit. E). Thus apart from
radical scavenging activity of Vit. C, it also acts
synergistically [42]. Moreover Vit. C has been
reported to scavenge different types of free
radicals such as reactive oxygen species like
superoxide anion, singlet oxygen, H

2
O

2
 and acts

as a chain- breaking antioxidant [43].Vast body
of literature has been focused in favor of plant
polyphenols describing the presence of
antioxidant and free radical scavenging activity
which arise due to the their suitable structural
peculiarities, high reactivity as hydrogen donors
and metal chelation abilities   [44-46].

Polyphenol oxidase (EC 1.14.18.1), is a copper
containing metalloenzyme ubiquitously present
in plant kingdom. In present studies PPO has
been studied as a representative of metal
containing model-oxidizing enzyme. The activity
profile of PPO in the presence of different plant
samples has been summarized in Table 3. The
results obtained shows that all the test samples
under study were found to inhibit the activity
of PPO. The overall IC

50
 range of PPO inhibition

was in between 1.2-1.8 mg/ml. whereas the
extract of Ricinus communis (IC

50 
= 1.2 mg/ml)

showed maximum PPO inhibitory activity. PPO
catalyses the oxidation of variety of phenolic
compounds to corresponding quinones which
are highly reactive [47]. It has been reported
that transition metal mediated generation of free
radicals are implicated in the variety of human
diseases such as rheumatoid arthritis, cancer,
iron overload etc. [38]. In general physiological
notion, a system involving transition metal ions
and molecular oxygen may become sensitive for
generation of free radicals and address deviations
in normal physiological functions. Several plant
polyphenolic compounds have been found to
act as metal chelators [48], chelation of copper

(present in the active center of PPO) by specific
polyphenols may be the probable cause for
inactivation of PPO activity.

The results of the β-glucuronidase inhibition
assay are summarized in Table 3. The extract
of Calotropis gigantea and Piper nigrum
showed no activity against β-glucuronidase.
Amongst the tested plants the extract of
Barleria prionitis (IC

50 
= 0.038 mg/ml) was

observed to be the most effective agent for
inhibition of β-glucuronidase. All other plant
samples showed inhibitory activity in an IC

50

range of 0.043-0.084 mg/ml. The enzyme β-
glucuronidase is present in the lysosomes of
the polymorphonuclear neutrophils and has
been described as one of the contributory
factor for inducing the process of inflammation
[49,50].

Trypsinization of bovine serum albumin was
studied as a model proteolytic system for
investigating anti-proteolytic activities of the
plants under study. The results tabulated in Table
3, shows that the extract of Curcuma amada
(IC

50 
= 0.058 mg/ml) was graded as the most

effective anti-proteolytic sample as compared
to all other samples which showed activity in
an IC

50
 range of 0.09-0.65 mg/ml. Proteolytic

enzymes especially serine proteases (SP) have
been described as mediators of inflammation,
moreover serine protease inhibition (trypsin is a
member of SP) has been considered as one of
the target for designing anti-inflammatory agents
[51]. Plant polyphenols especially flavonoids
have been reported to inhibit several enzymes
mediating inflammation. A progressive
inactivation of proteolytic enzymes by
flavonoids has been investigated in neutriphils
[52]. The inhibition of β-glucuronidase and
trypsin might be due to interaction of these
enzymes with specific flavonoids, as this group
of phytochemicals is recognized as anti-
inflammatory in action [53].
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4. Conclusion

In recent years there is renewed interest in
the medicinal plant research all over the
world. Plant based drugs contribute major
share and forms the basis of complementary
alternative and traditional medicine system.
Moreover natural product drug discovery
remains a significant hope in the mainstream
of pharmaceutical research. The results of
the present study may add to the process of

standardization of plant drugs, which happens

to be a key issue to be addressed in the

currently growing herbal market.

5. Acknowledgements

Authors are thankful to UGC India for financial

assistance and Director, School of Life Sciences,

S. R. T. M. University Nanded (MS) India, for

providing the necessary facilities during this

work.

1. Davis KJ. (1995) Biochem. Soc. Symp. 61: 1-31.

2. Gutteridgde JMC. (1995) Free Radic. Res. Comm.
19: 141-158.

3. Halliwell B, Gutteridge JMC. (1989) Free Radicals
in Biology and Medicine. II Edn. Oxford
University Press: Oxford, UK; 1-15.

4. Yu BP. (1994) Physiol. Rev. 74: 139-162.

5. Esterbaur H, Gebicki J, Puhl H, Jurgens G. (1992)
Free Radical.  Biol. & Med. 13: 341-390.

6. Papageogiou M, Stiakaki L, Dimitriou H,
Malliaraki N, Notas G, and Castanas E,
Kanmanti M.(2005) Leukemia Res. 29: 11-16.

7. Nuttall SL, Kendal MG, Martin U. (1992) Quart.
J.Med. 92: 239-244.

8. Salvatore C, Dennis PR, Achiile PC, Daniela S.
(2001) Pharmacol. Rev. 53: 135-159.

9. Kowluru RA, Tang J, Kern TS. (2001) Diabetes,
50: 1938-1942.

10. Kaneto H, Kagimoto Y, Miyagawa J, Matsuoka
T, Fugitani Y, Umayahara, Y, Hanafusa T,
Matsuzawa Y, Yamasaki Y, Hori M. (1999)
Diabetes.  48: 2398-2406.

11. Jose V, Lloret A, Orti R, Dolores A. (2004) Mol.
Aspects Med.25: 177-123.

References

12. Yossi G, Rosenbaum Z, Melamed E, Offen D.
(2002) Pharmacol. Rev. 54: 271-284.

13. Selvum C, Jachak SM, Thilagavathi R,
Chakraborti AK. (2005) Bioorg. Med. Chem.
Lett. 15: 1793-1797.

14. Joshi K, Chavan P, Warude D, Patwardhan B.
(2004) Curr.  Sci. 87 (2): 159-165.

15. Tiwari AK. (2005) Curr. Sci. 88(7): 1043-1051.

16. Tiwari AK. (2001) Curr.  Sci. 81: 1179-1187.

17. Tiwari AK. (2004) Curr. Sci. 86: 1092-1102.

18. Fenglin H, Ruili L, Bao H, Liang M. (2004)
Fitoterapia. 75: 14-23.

19. McCune LM, Johns T. (2002)
J. Ethnopharmacol. 82: 197-205.

20 Ambasta SP. (1992) The useful plants of India,
Publication and Information Directorate,
CSIR: New Delhi, India; 577-579.

21. Ambasta SP. (1988) The Wealth of India: A
dictionary of Indian raw materials and
industrial products,Vol. 2:B, Revised,
Publication and Information Directorate,
CSIR: New Delhi, India; 46-48.

22. Chatterjee A, Pakrashi SC. (1995) The Treatise
on Indian Medicinal Plants. Vol. 4,
Publication and Information Directorate CSIR:
New Delhi, India; 128-130.

R. N. Gacche et al. / Journal of Natural Remedies, Vol. 10/1 (2010) 64 - 7372



23. Chatterjee A, Pakrashi SC. (1992): The Treatise
on Indian Medicinal Plants Vol. 2,
Publication and Information Directorate,
CSIR: New Delhi, India, 125-127.

24. Chatterjee A, Pakrashi SC. (1997) The Treatise
on Indian Medicinal Plants Vol.3,
Publication and Information Directorate
CSIR:L New Delhi, India; 55-57.

25. Wermuth CG. (2004) Drug Discovery Today
9: 826-827.

26. Shimada K, Fujikawa K, Nakamura T. (1992)
J. Agric. Food Chem. 40: 945-948.

27. Sasaki K, Matsumato I, Beppu M. (1991) Affinity
Chromatography, Tokyo Kagaku Dojin:
Tokyo, Japan; 117-130.

28. Christos K, Dimitra HL. (2003) J. Enzyme Inhib.
Med. Chem. 18: 63-69.

29. Dodge JT, Mitchell C, Hanaban DJ. (1963) Arch.
Biochem. Biophys. 100: 119-130.

30. Quist KH (1980) Biochem. Biophys. Res.
Commun. 92: 631-637.

31. Sadasivam S, Manickam A. (1996) Biochemical
Methods (II Edn.), New Age International:
New Delhi, India; 184-186.

32. Bray HG, Thorpe WV. (1954) Meth.  Biochem.
Anal. 1: 27-30.

33. Gacche RN, Zore GB, Ghole VS. (2002) J. Enzyme
Inhib. Med. Chem. 18(1): 1-5.

34. Pathak SU, Karyekar SK, Ghole VS, Hegde MV.
(1992) Phytochem. 31(5): 1481-1483.

35. Demetrios NN, Konstantina CF, Konstantinos
EL, Dimitra HL. (1998) Eur. J. Med. Chem.
33: 715-724.

36. Tandon M, Tandon P, Barthwal JP, Bhalla TN,
Bhargava KP. (1982) Drug Res. 32 (II) 10: 1233-
1235.

37. Lowry OH, Rosebrough NJ, Farr AL, Randall
RJ. (1951) J. Biol. Chem. 193: 265-275.

38. Barry H, John MC. (1984) Biochem. J. 219: 1-14.

39. Darligton LG, Stone TW. (2001) Bri. J. Nutrit.,
85: 251-269.

40. Eastwood MA. (1999) Quart. J. Med. 92:
527-530.

41. Zurier RB. (1993) Prostaglandins, Leukotrienes
and Essential Fatty Acids. 48: 57-62.

42. Freisleben H, Packer L. (1993) Biochem. Soc.
Trans. 21: 325-330.

43. Beyer RE. (1994) Q. J. Bioenergetics and
Biomembranes.  26: 349-358.

44. Marja PK, Anu IH, Heikki JV, Jussi-Pekka R,
Kalevi P, Tytti SK, Marina H. (1999) J. Agri.
Food Chem. 47: 3954-3962.

45. Sugihara N Arakawa T Ohnishi M, Furuno K.
(1999) Free Radical Biol. Med. 27: 1313-1323.

46. Rice-Evans CA, Miller NJ, Paganga G. (1997)
Trends Plant Sci. 2: 152-159.

47. Laurila E, Kervinen R, Ahvenainen R. (1998)
Post Harvest News Inform. 9(4): 53N-66N.

48. Sanchez-Moreno C, Larrauri JA, Saura-
Calixto F. (1999) Food Res. Int. 32: 407-412.

49. Ito K, Kagaya H, Tsukamoto G, Nose T. (1982)
Drug Res. 32(I): 117-122.

50. Savill J, Haslett C. (1995) Semin Cell Biol. 6:
385-393.

51. Bilfinger TV, George BS. (2002) Curr. Pharm.
Design.  8: 125-133.

52. Middleton EJ, Kandaswami C. (1992) Biochem.
Pharmacol. 43: 1167-1179.

53. Robert JN, Els van Nood, Danny EC, Petra GB,
Klaske N, Paul AM. (2001) American J. of
Clinl. Nutrit. 74: 418-425.

R. N. Gacche et al. / Journal of Natural Remedies, Vol. 10/1 (2010) 64 - 73 73




