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ABSTRACT
Objective: The present investigation was undertaken to appraise the antioxidant properties and the total crude alkaloid extract of Glycosmis
pentaphylla leaves.

Methods: Radical attenuating abilities of total crude alkaloid extract were ascertained by six in vitro assays such as 2, 2-diphenyl 1-picryl hydrazyl
(DPPH·) radical scavenging assay, ferric reducing antioxidant power assay (FRAP), 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid (ABTS•+)
radical scavenging assay, nitric oxide (NO) scavenging assay, hydroxyl radical (OH·) scavenging assay, and reducing power capacity assessment.

Results: The total crude alkaloid extract showed a considerable antioxidant potentiality in comparison with the standards as evidenced by the IC50
values obtained in the DPPH· (966.93 µg/ml), FRAP (510.81 µg/ml), ABTS•+(400.47 µg/ml), OH· (1805.28 µg/ml), NO (1426.50 µg/ml). In the
reducing power assay, the total crude alkaloid extract showed a concentration dependent reducing power potential.
Conclusion: These results suggest the potential of Glycosmis pentaphylla as a curative against free-radical-associated oxidative damage diseases.
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INTRODUCTION
Life evolved from an intense free radical-rich primordial ‘soup’, and
it would have never got past the first cell division without the
simultaneous evolution of powerful antioxidants. The appearance of
large quantities of molecular oxygen, which in itself is a free radical
some 2.2 billion years ago, provoked the need to adapt further to the
anaerobic environment with a requirement for specialist protection
against reactive forms of oxygen [1]. Antioxidant adaptation likely
involved subtle changes in emulating structural integrity and
compartmentalization of reactants within cells [2].

Free radicals and related species have attracted a great deal of
attention in recent years, which is mainly derived from oxygen
(reactive oxygen species/ROS) and nitrogen (reactive nitrogen
species/RNS), and are generated in the human body by various
endogenous systems, exposure to different physicochemical
conditions or pathophysiological states. ROS are highly reactive
molecules which include free radicals such as, superoxide ions (-O2), hydroxyl radicals (OH·), nitric oxide radical (NO), singlet molecular
oxygen (O2-), peroxynitrite radicals and hydrogen peroxide (H2O2).
The free radicals react with the cell membranes and other structures
such as DNA, lipids and proteins by stealing electrons from these
molecules, thereby causing damage, and while attacking these
essential molecules, they, in turn, change into free radicals
themselves causing a chain reaction that can lead to the destruction
of a cell. Lipids are highly prone to free-radical damage, in turn,
resulting in lipid peroxidation that can lead to adverse alterations.
Free radical damage to the protein can result in loss of enzyme
activity and such damage caused to DNA can result in mutagenesis
and carcinogenesis [3].
Antioxidants are compounds able to neutralize free radicals by using
their own electrons to the free radicals thereby preventing cellular
damage. After neutralizing a free radical, the antioxidants become
inactive, which means they need to be constantly re-supplied to the
bodies through the right nutrients. The natural antioxidants come
mainly from plants in the form of phenolic compounds (flavonoids,
phenolic acids and alcohols, stilbenes, tocopherols, tocotrienols),

ascorbic acid or carotenoids. Thus, knowledge of plant antioxidants
and tapping their potential is of increasing interest [4].

The group commonly known as alkaloids constitutes tremendous
varieties of nitrogenous compounds which are usually, but not
always of plant origin and heterocyclic. Alkaloids are reported to
have a beneficial effect in various neurodegenerative and
neuropsychiatric disorders whilst also exhibiting their capability in
modulating neurotransmitters and their receptor systems in the
brain [5]. Its protective effect in neuro disorders such as
Alzheimer's, cerebral ischemia, mental depression, schizophrenia,
and anxiety is highlighted in many studies. There have been few
studies of alkaloids as antioxidant compounds, but under some
conditions, some have been reported to be highly active. An un
protonated, basic nitrogen atom might be expected to be a potent
electron donor and, therefore, a potentially good antioxidant. A
possible antioxidant role of alkaloids could be as quenchers of
singlet oxygen [6].
Synthetic antioxidants such as butyl hydroxy anisole (BHA) or butyl
hydroxytoluene (BHT) have been used widely in food industries, but
there have been concerns regarding its side effects on humans.
Recent researches have shown that the antioxidants of plant origin
with free-radical scavenging properties could have great importance
as therapeutic agents in several diseases caused due to oxidative
stress [7]. Plant extracts and phytoconstituents found effective as
radical scavengers and inhibitors of lipid peroxidation [8, 9]. Many
synthetic antioxidant compounds have shown toxic and/or
mutagenic effects, which have stimulated the interest of many
investigators to search natural antioxidant [10].

Glycosmis pentaphylla, belonging to the Rutaceae family, is a shrub or
small (1.5–5 m) tree, widely distributed, spanning from India,
Malaysia and Southern China to the Philippine Islands where it
occurs in tropical forests at low altitudes. It has been used as folk
medicine for the treatment of fever, liver complaints, jaundice,
cough, eczema, anemia, diarrhea, and rheumatism [11, 12]. Chemical
studies of Glycosmis pentaphylla revealed the presence of acridone,
quinolones, carbazoles, quinozoline, quinolinone, furoquinoline
alkaloids. Studies have shown the extracts of Glycosmis pentaphylla
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having potent anthelmentic, antipyretic, hepatoprotective,
antibacterial, antioxidant, antidiabetic and antinociceptive
properties [13, 14]. Based on the traditional claims surrounding
Glycosmis pentaphylla of its potential pharmacological properties,
the objective of this study was to evaluate the antioxidant potential
of the total crude alkaloid through free radical scavenging methods.
MATERIALS AND METHODS
Materials
Procurement and authentication of the plant
Fresh leaves of Glycosmis pentaphylla were collected from its natural
habitat from the district of Thiruvananthapuram (Latitude-8.54 °N
and Longitude-76.91ºE), Kerala, India. The titled plant was
botanically identified by Curator, department of Botany, the
University of Kerala and a voucher specimen of the titled plant has
been deposited under the code number KUBH 5858 at the
herbarium of Botany Department, University of Kerala, India.
Healthy, uninfected and undamaged leaves were used for the study.
The leaves were washed under running tap water and dried under
shade at room temperature for two weeks. The dried leaves were
powdered using an electric blender and stored in airtight bottles to
free from moisture and humidity until further experimental usage.
Chemicals

All chemicals and solvents were of the analytical grade obtained
from Sigma Chemical Company, U. S. A, Merck India Pvt. Ltd, and
Himedia, Bombay.
Methods

Preparation of total crude alkaloid extract
The total alkaloids were extracted by the method of Gonzales et al.
with modifications [15]. 20 g of ground leaf powder moistened with
sufficient amount of 95 % ethanol. This was made alkaline with
liquor ammonia and kept undisturbed for overnight. The sample is
placed in a soxhlet apparatus on the next day using 95 % ethanol as
the solvent. The sample was extracted for 5 h. The ethanol extract
filtered and concentrated using a rotary evaporator at 60 °C. The
crude extract was treated with 1.0 N hydrochloric acid. This was
filtered and the filtrate was alkalified with liquor ammonia and
placed in a separatory funnel. Equal quantities of chloroform were
added into the separatory funnel, mixed and shaken 100 times
slowly up and down manner and allowed to separate into two layers.
The lower layer of chloroform contained the alkaloids and the upper
layer was extracted until the last chloroform extract was found
negative to Dragendorff’s reagent. The combined chloroform extract
was concentrated in a rotary evaporator. The residue weighed, and
the percentage yield was calculated using the formula.
% yield ═

weight of the alkaloid residue
weight of ground sample

Investigation of antioxidant potential

x100

The antioxidant potential of the extracted total crude alkaloid of
Glycosmis pentaphylla leaves was determined by following methods.

1-2, 2-diphenyl-2-picrylhydrazyl (DPPH·) radical scavenging
method

The radical scavenging activity of different extracts was determined
by using DPPH· assay according to Chang et al. [16]. The principle of
this assay is that 1, 1-diphenyl-2-picryl hydrazyl is a stable free
radical with red color which turns yellow when scavenged. The
DPPH· assay uses this character to show free radical scavenging
activity. The scavenging reaction between (DPPH·) and an
antioxidant (H-A) can be written as,
DPPH·+[H-A] →DPPH-H+(A)

Antioxidants react with DPPH· and reduce it to DPPH-H and as a
consequence, the absorbance decreases. The degree of discoloration
indicates the scavenging potential of the antioxidant compounds or
extracts in terms of hydrogen donating ability. The decrease in the
absorption of the DPPH· solution after the addition of an antioxidant
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was measured at 517 nm. Ascorbic acid (10 mg/ml DMSO) was used
as a reference. 0.1 mM DPPH· solution was prepared by dissolving
4.0 mg of DPPH· in 100 ml of methanol. Different volumes (1.25-20
μl) of plant extracts were made up to 40 μl with DMSO and 2.96 ml
DPPH· (0.1 mM) solution was added. The reaction mixture incubated
in dark condition at room temperature for 20 min. After 20 min, the
absorbance of the mixture was read at 517 nm. Methanol was taken
as the blank and 3.0 ml of DPPH· as a control. The percentage
scavenging activity at different concentrations was determined and
the IC50 value of the fractions was compared with that of standard
ascorbic acid.
% activity ═

A0−A1
A0

× 100

Where A0 is the absorbance of control and A1 is the absorbance of
the sample
Ferric reducing power assay (FRAP)

The experiment was processed according to Benzie and Strain
method [17]. FRAP assay is based on the ability of an antioxidant to
reduce Fe3+ to Fe2+ in the presence of TPTZ (2, 4, 6-tripyridyl-striazine), forming an intense blue Fe2+-TPTZ complex with an
absorption maximum at 593 nm. The absorbance decrease is
proportional to the antioxidant content. Various concentrations of
the extract were added to 270 µl of FRAP reagent (10 mM TPTZ in
40 mM HCL, 20 mM FeCl3.6H20 in water solution). The mixture was
incubated in the dark for 30 min at room temperature. The
absorbance was determined at 593 nm against the blank, which was
water. The reducing ability of the crude alkaloid extract was
evaluated in terms of percentage by relating the absorbance value of
the sample extract and the standard. Ascorbic acid was used as the
standard. The percentage ferric reducing antioxidant activity was
calculated using an equation below
% reduction ability ═

A0−A1
A0

× 100

Where A0 is the absorbance of control and A1 is the absorbance of
the sample

2,
2´-azino-bis
(3-ethylbenzthiazoline-6-sulfonic
scavenging assay (ABTS•+)

acid)

The total antioxidant activity of the samples was measured by [2, 2’azino-bis (3-ethylbenzthiazoline-6-sulphonic acid)] ABTS•+radical
cation decolourization assay according to the method of Re et al.
[18]. The principle of ABTS•+assay is the formation of a ferryl
myoglobin radical from metmyoglobin and hydrogen peroxide,
which oxidizes the ABTS (2, 2´-azino-bis (3-ethylbenzthiazoline-6sulfonic acid) to produce a radical cation, ABTS•+, a soluble
chromogen that is green in colour and can be determined
spectrophotometrically at 734 nm. Antioxidants suppress the
production of the radical cation in a concentration-dependent
manner, and the color intensity decreases proportionally. 2.0 mM
ABTS•+(0.0548 g in 50 ml) was prepared in distilled water.
Potassium persulphate 70 mM (0.0189 g in 1.0 ml) was prepared in
distilled water. 200 μl of potassium per sulphate and 50 ml of
ABTS•+were mixed and used after 2 h. This solution was used for
the assay. To the 0.5 ml of various concentrations of the extract and
standard ascorbic acid, 0.3 ml of ABTS•+solution and 1.7 ml of
phosphate buffer pH 7.4 was added and the absorbance was measured
at 734 nm. The inhibition was calculated in the following way:
% inhibition═

A0−A1
A0

× 100

Where A0 is the absorbance of control and A1 is the absorbance of
the sample.
Nitric oxide scavenging assay (NO)

Nitric oxide radical scavenging activity was measured
spectrophotometrically according to the method of Garrat described
by the use of Griess Illosvoy reaction [19]. When sodium
nitroprusside was mixed with an aqueous solution at physiological
pH, suddenly it generates nitric oxide, which reacts with oxygen to
produce nitrite ions that can be estimated using Griess reagent. NO
scavengers compete with oxygen leading to reduced production of
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nitrite ions. Sodium nitroprusside (5 mmol/l) in phosphate buffered
saline, pH 7.4, was mixed with a different concentration of the
extract (125-2000 μg/ml) prepared in methanol and incubated at 25
°C for 30 min. A control without the test compound but an
equivalent amount of methanol was taken. After 30 min, 1.5 ml of
the incubated solution was removed and diluted with 1.5 ml of
Griess reagent (1 % sulphanilamide, 2 % phosphoric acid and 0.1 %
N-1-naphthyl ethylene diamine dihydrochloride). The absorbance of
the chromophore formed during diazotization of the nitrate with
sulphanilamide and subsequent coupling with N-1 naphthyl
ethylenediamine dihydrochloride was measured at 546 nm and the
percentage scavenging activity was measured with reference to the
standard gallic acid. The percentage scavenging of nitric oxide of the
sample and standard compound was calculated using the following
formula:
NO scavenged (%) ═

A0−A1
A0

× 100

Where A0 is the absorbance of control and A1 is the absorbance of
the sample

Hydroxyl radical scavenging assay (Fenton reaction based
radical (FRBR) assay)
Hydroxyl radicals (OH·) were generated by a Fenton reaction (Fe3+ascorbate-EDTA-H2O2 system), and the scavenging capacity towards
the hydroxyl radicals was measured by using deoxyribose method
[20]. The reaction mixture in a final volume of 1.0 ml contained 100
µl of 2-deoxy 2-ribose (28 mM in 20 mM KH2PO4 buffer, pH 7.4), 100
μM FeCl3 (1:1 v/v), 1.04 mM EDTA (100 μl), 100 μl H2O2 (1.0 mM),
1.0 mM ascorbic acid (100 μl) and various concentrations (125-2000
μg/ml) of the test sample. Test samples were kept at 37 °C for 1
hour. The free radical damage imposed on the substrate deoxyribose
was measured using the thiobarbituric acid test. About 1.0 ml of 1 %
thiobarbituric acid (TBA) and 1.0 ml 2.8 % trichloroacetic acid (TCA)
were added to the test tubes and were incubated at 100 °C for 20
min. After cooling, the absorbance was measured at 532 nm against
a blank containing deoxyribose and buffer. Ascorbic acid was used as
positive control. The hydroxyl radical scavenging activity of the
extracts is reported as % inhibition of deoxyribose degradation and
is calculated as,
OH scavenged (%) ═

A0−A1
A0

× 100

Where A0 is the absorbance of control and A1 is the absorbance of
the sample
Ferric (Fe3+) reducing power capacity assessment
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The concentration of the fractions that was required to scavenge 50
% of the radicals was calculated by using the percentage scavenging
activities versus the concentration of extract using nonlinear
regression analysis (curve fit) at five different concentrations of the
extract and standard, as well.
Statistical analysis

All the aforementioned experiments were evaluated statistically
with the use of SPSS version 12.0 (SPSS Inc., Chicago, IL, USA). Three
independent measurements of each experiment were pooled and
subjected to statistical analysis. The results were represented in
mean±SEM (standard error of mean). One way analysis of variance
(ANOVA) followed by Duncan’s Multiple Range Test (DMRT) to find
out any significant differences in antioxidant activities resulting
from the analytical experiments were carried out. P value less than
0.05 were adopted as statistically different.
RESULTS AND DISCUSSION

In pharmacology studies, it has been reported that the alkaloids
were found to have antifungal, analgesic, cardiotonic,
thermoregulation, vascular regulation and anti-tumor activities. As
many naturally occurring molecules, such as flavonoids, phenols,
and quinones, alkaloids also have antioxidant properties, including
the inhibitory effect of free radicals and other damaging oxygen
activated products such as hydroxyl radical, superoxide, hydrogen
peroxide and lipid peroxides. However, there is a little study of the
antioxidant property of total crude alkaloid from Glycosmis
pentaphylla leaves, so far known.

Extraction efficiency

Extraction is a very decisive step for the isolation of bioactive
constituents from plants in the preparation of dietary supplements
or nutraceuticals, food ingredients, pharmaceutical, and cosmetic
products. The solvents, nature, the age of the plant materials and the
conditions used for extraction greatly influence the yield and
bioactivities. The extractability of alkaloids tends to pose a serious
challenge due to their high polarity. Hence, a significant affinity to
the acid-base extraction method is the mainstay of alkaloid
separation and in almost all cases is the simplest way to achieve
purity and good yield [22, 23]. However, according to Phillipson,
quaternary alkaloids cannot be extracted easily by these methods
because; in general they remain in the alkaline aqueous phase when
partitioned with immiscible organic solvent [24]. If the alkaline
aqueous phase is acidified with mineral acids, then quaternary
alkaloids can be precipitated. In the present study extraction of total
crude alkaloid extract involved soxhlet extraction of leaf powder
using 95 % ethanol followed by acidification and basification and
finally extraction of the crude alkaloid from the basified extract with
the chloroform. The extraction was based on previously developed
method modified accordingly in the present study [25].

The reducing power was determined according to the method of
Oyaizu [21]. Substances, which have reduction potential, react with
potassium ferricyanide (Fe3+) to form potassium ferrocyanide (Fe2+),
which then reacts with ferric chloride to form a ferrous ferric
complex that has an absorption maximum at 700 nm. An aliquot of
extracts (1.0 ml) at various concentrations was mixed with
phosphate buffer (0.2 M, pH 6.6, 2.5 ml) and 2.5 ml of 1% potassium
ferricyanide. The mixture was incubated at 50 °C for 20 min. After
adding 25 ml of 10 % trichloroacetic acid, the mixture was
centrifuged at 6500 rpm for 10 min. The supernatant (2.5 ml) was
mixed with distilled water (2.5 ml) and 0.1% iron (III) chloride (0.5
ml) and the absorbance was measured at 700 nm using phosphate
buffer as blank. Ascorbic acid at various concentrations was used as a
standard. The increased absorbance of the reaction mixture indicates
an increase in reducing power.
Calculations of 50% inhibitory concentrations (IC50)

It can be gleaned from table 1 that 10 g ground leaf powder yielded
with an average weight of a crude extract of 2.56±0.12 w/w gram
and after acid-base extraction of the same yielded 1.27±0.03 w/w
percentage of total crude alkaloid. In a similar study done by
Shahrear Ahmad et al. dried leaf powder yielded 1.43 % (w/w) total
crude alkaloid [26]. By the conventional acid-base protocol the
percentage yield of crude alkaloid was 4 % w/w in Litsea polyantha
bark [27]. But by altering the pH and the temperature the
percentage yield was increased from 4 % to 17.3 % w/w, inferring
that pH and temperature affect the yield value of the crude extract.

The half maximal inhibitory concentration (IC50) is a measure of the
effectiveness of a compound in inhibiting biological or biochemical
function. This quantitative measure indicates how much of a
particular drug or other substance is needed to inhibit a given
biological process by half. In other words, it is the half maximal (50
%) inhibitory concentration (IC) of a substance (50 % IC, or IC50).
Sometimes, it is also converted to the pIC50 scale (-log IC50), in which
higher values indicate exponentially greater potency. According to
the Food and Drug Administration (FDA), IC50 represents the
concentration of a drug that is required for 50 % inhibition in vitro.

The principle of antioxidant activity is based on the availability of
electrons to neutralize free radicals. Performing a single assay to
evaluate the antioxidant properties would not give the correct result
because the antioxidant activity of plant extract is influenced by
many factors, for example, the test system and composition of the
extract. Therefore, it is important to carry out more than one type of
antioxidant capacity measurement to cover the various mechanisms
of antioxidant action [28]. In this study, the antioxidant activity of
the total crude alkaloid extract of Glycosmis pentaphylla leaves was
evaluated by various in vitro methods.

In vitro evaluation of antioxidant efficiency
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Table 1: The percentage yield of total alkaloid extract using acid-base extraction technique
Weight of leaf powder
10 g

Solvent
95 % ethanol

Volume of solvent
200 ml

Data are expressed mean±standard error done in triplicate.

Weight of extract (g)
2.56±0.12

DPPH· radical scavenging method

The DPPH are often used to evaluate the ability of antioxidants to
scavenge free radicals, which are known to be a major factor in
biological damages caused by oxidative stress [29]. In this assay,
radicals are reduced to their stable or less reactive derivatives by the
antioxidant compounds. In the present investigation, the total crude
alkaloid extract exhibited scavenging activity against DPPH· radical in
a significant dose-dependent fashion (P<0.05). The present findings
are in harmony with reports describing the dose-dependent
antioxidant activity of alkaloids [30]. Maximum scavenging activities,
expressed as percentage inhibition, was found at the concentrations of
2000 µg/ml (table 2) with an IC50 value 966.93 µg/ml, where standard
ascorbic acid showed free radical scavenging with an IC50 value of
152.33 µg/ml. Crude methanolic extract of Glycosmis pentaphylla
leaves showed higher antioxidant activity with an IC50 value of 37.62
µg/ml than the result of the present study [31]. The effect of higher
antioxidant activity in the methanolic extract than the total crude
alkaloid extract could be due to the high percentage of major
secondary metabolites as well as other minor components in small
quantities or the synergistically actions between the both. From the
results, it seems that alkaloids are capable of scavenging the free
radical DPPH·. Several reports confirm these data [32-34]. The DPPH·
assay involves a reduction mechanism; therefore, it is possible that the
total crude alkaloid extract probably had lesser DPPH· reductions
compared to that of the standard ascorbic acid. This might explain the
marked differences in DPPH· IC50 values between the sample and control.
Apart from this, the variation in the antioxidant mechanism of active
compounds in the extracts could also lead to these differences [35].
FRAP

The FRAP assay evaluates total antioxidant power and is chosen to
assess the presumable effects of medicinal plants [36]. FRAP assay
depends upon the ferric tripyridyl triazine (Fe (III)–TPTZ) complex
to form ferrous tripyridyl triazine (Fe (II)–TPTZ) by a reductant at
low pH. Fe (II)–TPTZ has an intensive blue color and can be
monitored at 593 nm [37]. In the present investigation of FRAP
assay, the reducing power was observed over the concentration
range 100–500 μg/ml. The results (table 3) for FRAP were
calculated from calibration graph which was linear over the
calibration range with R2 value of 0.993 for total alkaloid extract and
0.975 for standard ascorbic acid (fig. 2). In the present study, the
trend for ferric ion reducing activities of total crude alkaloid extracts
of G. pentaphylla leaf showed a decrease in absorbance (absorbance
values not shown), due to the formation of the Fe2+-TPTZ complex
with increasing concentration. Decrease in absorbance value is
inversely proportional to increase in reducing the capacity of the
extract/sample. The total crude alkaloid extract showed a significant
dose-dependent activity, and it reached up to 48.95±2.10 % free

% yield of total alkaloid after acid-base processing
1.27±0.03

radical inhibition 500 µg/ml. However, an ascorbic acid which was
used as a positive control showed a better radical scavenging effect,
85±2.35 % at the concentration of 500 µg/ml. The effect of the
extract was significant (p<0.05) comparable with that of standard
ascorbic acid. A similar result has been reported in Glycosmis
mauritiana species [38]. A connected study conducted on the
ripened fruits of Glycosmis pentaphylla has shown antioxidant
characteristics. Present study carried hereunder shows similar
characteristics for the leaf on the same plant. Similar antioxidant
characteristics exhibited by different entities of the same plant
suggest that the antioxidant characteristics for the plant are
inherent. According to Paulido et al., FRAP assay measures ferric toferrous reduction capacity of water-soluble antioxidants in acidic pH
such as pH 3.6 [39]. The disadvantage found in this method is that
the FRAP assay does not react fast with some antioxidants such
glutathione [40]. But according to Schafer and Buettner FRAP assay
still can be used for assessment of antioxidant activity in plant
materials as humans only absorb limited amount of glutathione [41].
ABTS•+scavenging assay

The principle behind the ABTS•+assay technique involves the reaction
between ABTS•+and potassium persulphate to produce the ABTS
radical cation (ABTS•+) a blue, green chromogen. In the presence of an
antioxidant reductant, the colored radical is converted back to
colorless ABTS, the absorbance of which is measured at 734 nm. It is
often used in evaluating the total antioxidant power of single
compounds and complex mixtures of various plants [42]. The
scavenging ability of Glycosmis pentaphylla leaf on ABTS•+free radical
is shown in table 3. In this, ascorbic acid acted as the comparison
standard. It is found that radical scavenging activity increased as the
concentration of total crude alkaloid increased. The results show that
at 500 µg/ml concentration standard ascorbic acid shows maximum
inhibition of ABTS•+with 81.57 %, while at the same concentration,
total crude alkaloid extract showed very low inhibition of ABTS•+with
only 56.33 % (table 3). From the plot of concentration against
percentage inhibition, a linear regression analysis was performed in
Microsoft Excel 2007 to obtain the IC50 value. The total crude alkaloid
extract of Glycosmis pentaphylla leaf showed maximum IC50 value
being 400.47 µg/ml, suggesting a weak free radical scavenging activity
compared to a standard ascorbic acid having IC50 value of 120.38
µg/ml. The presence of specific alkaloid compounds in the extracts of
Glycosmis pentaphylla may inhibit the potassium persulfate activity
and hence reduced the production of ABTS•+. Statistical analysis of
ABTS•+scavenging activity was significantly different from each other
(p<0.05). A similar kind of trend could be observed in a study made in
the same plant by Gupta N et al. where an ethanol extract of Glycosmis
pentaphylla plant showed ABTS•+free radical scavenging activity with
IC50 value of 26.2 µg/ml compared to an ascorbic acid having an IC50
value of 22.8 µg/ml [14].

Table 2: DPPH·, OH·, NO scavenging activity of total alkaloid extract of Glycosmis pentaphylla leaves

Concentration
(µg/ml)

125
250
500
1000
2000
IC50

Percentage Inhibition
DPPH·
Ascorbic acid
(standard)
45.54±0.11e
65.94±0.25d
81.63±1.01c
89.36±3.01b
92.46±2.01a
152.33

Alkaloid
extract
16.14±1.01e
24.81±0.01d
32.46±2.10c
51.25±0.01b
62.73±2.32a
966.93

OH·
Ascorbic acid
(standard)
43.14±1.16e
55.33±0.52d
64.84±1.52c
70.36±0.93b
77.72±0.67a
195.96

Alkaloid
extract
10.76±0.04e
16.47±0.21d
30.13±1.10c
41.15±0.10b
52.14±1.90a
1805.28

NO
Gallic acid
(standard)
47.82±1.20e
56.53±0.52d
60.86±1.92c
65.22±2.50b
78.26±1.55a
156.29

Alkaloid
extract
09.36±0.01e
15.54±0.05d
36.27±1.20c
48.23±2.15b
52.38±1.30a
1426.50

Each value is expressed as mean±standard error done in triplicates. Data were analyzed by ANOVA SPSS version 12.0 for windows followed by
Duncan Multiple Range Test (DMRT) for comparison at P= 0.05 level of significance. Mean values followed by different superscript in a column are
significantly different.
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The scavenging of the ABTS•+radical by the extracts was found to be
much higher than that of DPPH· radical. Factors like stereo
selectivity of the radicals or the solubility of the extract in different
testing systems have been reported to affect the capacity of extracts
to react and quench different radicals [43]. Wang et al. found that
some compounds which have ABTS•+scavenging activity did not
show DPPH· scavenging activity [44]. The ABTS•+radical is stable and
soluble in water and organic solvents, enabling the determination of
antioxidant capacity of both hydrophilic and lipophilic compound/
samples. However, as the results obtained for samples are related to an
antioxidant compound that shows different kinetic behavior, the results
provided by this assay are dependent on the time of analysis [45].
Nitric oxide (NO) scavenging assay

Nitric oxide is an essential bioregulatory molecule required for
several physiological processes like neural signal transmission,
immune response, control of vasodilation and control of blood
pressure [46, 47]. However, the elevation of the NO results in several
pathological conditions, including cancer. The plant/plant products
may have the property to counteract the effect of NO formation and
in turn, may be of considerable interest in preventing the ill effects
of excessive NO generation in vivo. Incubation of solutions of sodium
nitroprusside in PBS at 25 °C for 30 min resulted in linear time
dependent nitrite production, which is reduced by the tested total
crude alkaloid extract of Glycosmis pentaphylla leaves. This may be
due to the antioxidant principles in the extract, which compete with
oxygen to react with nitric oxide thereby inhibiting the generation of
nitrite. NO scavenging capacity is determined by the decrease in the
absorbance at 550 nm, induced by antioxidants. In order to evaluate
the antioxidant potency through NO scavenging by the test samples,
the change of optical density of NO was monitored. The percentage
inhibition at various concentration (200-500 μg/ml) of total crude
alkaloid extract as well as standard ascorbic acid (12.5-100 μg/ml)
were calculated using Microsoft Office Excel 2007. The IC50 values are
calculated from the graph using linear regression. The total crude
alkaloid extracts of Glycosmis pentaphylla leaves significantly (p<0.05)
inhibited the generation of NO in a concentration dependent manner
with IC50 being 1426.50 µg/ml as compared with the concurrent
standard ascorbic acid having IC50 value of 156.29 µg/ml (table 2). The
total crude alkaloid extract leaves showed the maximum activity of
52.38 % (moderate activity) at 2000 μg/ml, whereas ascorbic acid at
the same concentration exhibited 78.26 % (high activity) inhibition.
This may be due to the presence of the antioxidant principle present in
the extract which inhibited the binding of oxygen to nitric oxide. The
reports regarding the inhibition of NO by the total alkaloid extract of
Glycosmis pentaphylla are unavailable. However, crude extracts of
Glycosmis pentaphylla have been reported to inhibit NO radicals in
vitro [48]. In that study aqueous extract reported to scavenge NO by
52.07 % at 50 µg/ml concentration. In a similar study made in the
same plant, the ethanolic extract of Glycosmis pentaphylla leaves
exhibited NO radical scavenging activity of 61.06 % at 50 µg/ml
concentration with IC50 value being 31 µg/ml [14].
FRBR assay

Hydroxyl radical is the most deleterious and reactive among the ROS
and it bears the shortest half-life compared with other free radicals
[49]. Hydroxyl radical can cause oxidative damage to DNA, Proteins
and lipids [50]. The hydroxyl radical scavenging ability of the
extracts was found in its ability to contend with deoxyribose for
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hydroxyl radical generated by the Fenton reaction. In this study
Glycosmis pentaphylla crude alkaloid extract was found to compete
with deoxyribose and diminish the formation of chromogen
significantly (P<0.05) and in a dose-dependent manner. A similar
dose-dependent hydroxyl radical scavenging activity was observed
for all the extracts of Glycosmis pentaphylla and in which of all the
extracts put into the account, ethanolic extract showed better
hydroxyl radical scavenging activity compared to standard ascorbic
acid [48]. The hydroxyl radical-scavenging effect of the total crude
alkaloid extract in a concentration of 2000 μg/ml was found to be
52.14±1.90and ascorbic acid was used as a standard since it is
reported to be significantly effective in inhibition of hydroxyl
radicals, showed 77.22±0.67 scavenging effect at the same
concentration (table 2). In the present study, the radical scavenging
activity of the alkaloid extract is moderate when compared to
standard (ascorbic acid). Obviously, the components possessing the
scavenging ability of hydroxyl radicals might not be present in the
total crude alkaloid extract. The IC50 value of alkaloid extract and
ascorbic acid was found in the concentration of 1805.28 μg/ml and
195.96 μg/ml respectively (table 2). Contrary to the present study
ethanolic extract of Bauhinia variegata showed lower IC50 value than
the standard ascorbic acid [48].
Reducing power capacity assessment

The reducing power of a compound is related to its electron transfer
ability and may therefore serve as a significant indicator of its
antioxidant activity [51]. A direct correlation between antioxidant
activities and reducing the power of plant extracts has been
reported in many studies [14]. Reducing power is the measure of the
reductive ability of antioxidant and it is evaluated by the
transformation of Fe3+to Fe2+by the reductones (antioxidant) present
in the extracts [52]. In the reducing power assay, the total crude
alkaloid extract of Glycosmis pentaphylla leaves showed a
concentration dependent reducing power potential. Fig. 1 shows the
reducing power of the total crude alkaloid extract and standard
ascorbic acid as a function of their concentration. Increased
absorbance at 700 nm indicates an increase in reducing power. The
present study depicts that the reductive effect of total crude alkaloid
extract increased (in terms of absorbance) with a concentration of
extracts (fig.1). Similar results were obtained in many studies [53,
54]. At a maximum concentration of 500 µg/ml the extract showed
the absorbance of 0.46±0.01. However, its reducing power was
weaker than that of ascorbic acid, which exhibited the strongest
reducing power at the same concentration (0.93±0.01). Gupta N et
al. have reported a good reducing power activity of the ethanolic
extracts of G. mauritiana [14]. Anandhan et al. reported that essential
oil from leaves of G. pentaphylla showed excellent reducing capacity
potential compared to the standard ascorbic acid at the concentration
100 μg/ml [55]. In a study conducted by Panduranga Murthy G et al. on
the tribal medicine found in BR hills in Karnataka, one of the formulated
components in the tribal medicine is Glycosmis pentaphylla, which
reported a moderate to high reducing power activity [56]. In the present
study, the crude alkaloid extract of the leaves showed a moderate level of
reducing power activity. Whilst two observations are in conjunction,
clearly highlights the reducing power characteristics of the plant.
Jayanthi et al. found in her study that the reducing ability of the plant
extract is dependent on time, probable reason being the decrease in
reducers which would have converted the Fe3+/ferricyanide complex to
the ferrous form within a short time [57].

Table 3: FRAP, ABTS•+scavenging activity of total alkaloid extract of Glycosmis pentaphylla leaves
Concentration
(µg/ml)
100
200
300
400
500
IC50

Percentage Inhibition
FRAP
Ascorbic acid (standard)
45.15±0.72e
52.19±1.20d
62.14±1.52c
79.27±0.55b
85.33±2.35a
168.89

Alkaloid extract
11.35±0.01e
23.54±0.58d
31.17±0.32c
39.24±1.50b
48.95±2.10a
510.81

ABTS•+
Ascorbic acid (standard)
48.63±1.52e
55.35±0.55d
59.25±1.66c
72.86±1.24b
81.57±2.55a
120.38

Alkaloid extract
12.04±1.20e
29.55±1.54d
42.76±0.94c
49.97±2.73b
56.33±0.08a
400.47

Each value is expressed as mean±standard error done in triplicates. Data were analysed by ANOVA SPSS version 12.0 for windows followed by
DMRT for comparison at P= 0.05 level of significance. Mean values followed by different superscript in a column are significantly different.
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Calculations of 50% inhibitory concentrations (IC50)
The input data consists of values for the percentage concentration
for each sample and the corresponding percentage inhibition
observed for the same for 5 test samples with varying incremental
concentration being observed to determine the percentage
inhibition characteristics. A plain graph is plotted with the obtained
values to form a smooth curve scatter graph in Microsoft Excel 2007
with the concentration read along the X-axis and the percentage
inhibition read along the Y-axis. The smooth line curve, thus formed
will give the characteristic of the sample which in some cases will for
a linear graph whereas some samples will exhibit a logarithmic
curve. In each case, the corresponding trendline is plotted onto the
graph, thereby obtaining the trendline equation (Linear equation or
Logarithmic equation) for the curve which will yield the unknown
constants for the graph. Thus, solving a new similar equation for its
‘X’ value with the obtained constants from the graph and 50%
inhibition for ‘Y’ value will give the corresponding concentration for
the sample.

development of therapeutic and preventive agents. Overall, present
data on the potentiality of crude alkaloids as antioxidant agents and,
along with other published data on Glycosmis pentaphylla alkaloids
highlight a possible therapeutic potential of neurological diseases
such as Alzheimer’s, Parkinson’s and other oxidative stress-related
diseases. With a number of alkaloids currently under investigation,
more effective therapeutic candidate for the treatment of is much
anticipated in the near future.
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