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ABSTRACT
The present study investigates the phytochemical constitution and antioxidant activity of various solvent (aqueous,
butanol and ethyl acetate) extracts of the leaf and bark of Alstonia scholaris. The antioxidant assays performed include
DPPH, ABTS and FRAP. The phytochemical screening revealed the presence of tannins, proteins, phenols and steroids
in aqueous extracts of both leaf and bark of the plant. Butanol extract also showed moderate presence of the
PHYTOCHEMICALSÒINÒTHEÒPRELIMINARYÒSCREENINGÒ4HEÒAQUEOUSÒANDÒBUTANOLÒEXTRACTSÒSHOWEDÒSIGNIµCANTÒANTIOXIDANTÒACTIVITYÒ
with DPPH, ABTS and FRAP assays when compared to the ethyl acetate extract. IC50 value of aqueous extract of bark
and leaf were found to be 1.21 mg/mL and 2.83 mg/mL respectively in the DPPH assay and 210 μg/mL and 523 μg/mL in
the ABTS assay. At 2 mg/mL concentration, the aqueous extract of bark and leaf showed ferric reducing power of 130.70
μmoles/mg and 109.52 μmoles/mg respectively in the FRAP assay. The TLC analysis of the aqueous extract of the bark,
which showed highest antioxidant activity among the other extracts, was also performed.
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INTRODUCTION
Plants have been the basis of traditional medicines from
time immemorial throughout the world and continue to
provide new targets for remedies for many af ictions of
mankind. The past couple of decades have seen considerable
change in opinion regarding ethnopharmacological
therapeutic applications of phytochemicals. A great deal
of effort therefore still focuses on identifying and using
these phytochemicals as source of novel therapeutic
molecules. Antioxidants are radical scavengers which protect
the human body against free radicals that may cause
pathological conditions such as ischaemia, asthma, arthritis,
in ammation, neuro-degeneration, Parkinson s disease,
mongolism, ageing process and perhaps dementia.[1]
Antioxidant based drugs or formulations for the prevention
and treatment of complex diseases like atherosclerosis,
stroke, diabetes, Alzheimer s disease and cancer have
appeared during the last three decades. This has attracted
a great deal of research interest in natural antioxidants. The
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plant kingdom has been described as a reservoir of many
novel biologically active molecules of medicinal value.[2]
Recently there has been a surge of interest in the therapeutic
potential of medicinal plants as antioxidants in reducing
free radical-induced tissue injury. Alstonia scholaris belongs
to the family apocyanaceae which consists of about 250
genera and 2000 species of tropical trees, shrubs and vines.
[3]
Almost all parts of this plant are used in medicine and
the bark has antihelminthic and astringent properties. It
has been used in treating chronic diarrhea, dysentery and
abnormal bowel movements.[4] The objective of the present
study was to screen the phytochemicals and assess the
antioxidant activity of the solvent extracts of bark and leaf
of Alstonia scholaris. Free radical scavenging ability of the
extracts were tested using antioxidant assays, viz., DPPH
assay, ABTS assay and FRAP assay.

MATERIALS AND METHODS
The bark and leaves of Alstonia scholaris were collected from
VIT University campus, Vellore and authenticated by Plant
Biotechnology division, VIT University, Vellore. The samples
were washed thoroughly and dried. The dried samples were
pulverized and 00g of the powered samples were re uxed
with ethyl acetate, butanol and water in the ratio 1:10(w/v).
The extracts were then concentrated using rotary ash
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evaporator (Buchi type). The crude extract was used for
the chromatographic pro ling and different concentrations
from the resultant crude extracts were used for assessing
the antioxidant activity.
Phytochemical analysis

Chemical tests were carried out using standard procedures
to identify constituents, as described by Harborne (1984),
Trease and Evans (1979), and Sofowara (1993).[5-7]
Flavonoids: A few drops of NaOH solution was added
to the extract solution (500 μL) followed by dil. HCl. The
solution turned yellow and then colorless, indicating the
presence of avonoids.
Alkaloids: Presence of alkaloids was tested using 3 reagents
namely, Dragendorff s reagent, agner s reagent and Mayer s
reagent. To the extract solution (500 μL) a few drops of
the reagent was added. A reddish brown precipitate indicated
the presence of alkaloids.
Phenols and tannins: To the test solution (500 μL), a few
drops of FeCl3 were added. Presence of phenols and tannins
was indicated by formation of a blue or blue-green colored
solution (500 μL).
Proteins: A few drops of 4% NaOH were added to the
extract (500 μL) followed by 1% CuSO4. Violet or pink
colored solution indicated the presence of proteins.
Carbohydrates: To the extract solution (500 μL), 1 to 2 mL
of Anthrone reagent was added. Formation of green colored
solution indicated the presence of carbohydrates.
Saponins: Few drops of Na2HCO3 were added to the extract
solution (500 μL) and shaken for 5 minutes. Formation of
froth or lather indicated the presence of saponins.
Glycosides: Few drops of aqueous NaOH were added to
the extracts (500 μL). Yellow colored solution indicated
presence of glycosides.
Steroids: Chloroform was added to the extract solution
(500 μL) followed by conc. H2SO4 added slowly through
the sides of the test tube. The lower sulphuric acid fraction
turned brownish yellow and the upper layer turned reddish
orange which indicated presence of steroids.
Antioxidant assays

DPPH (2, 2-diphenyl-1-picrylhydrazyl) assay: The
modi ed method of Blois (1984) was adopted for carrying
out DPPH assay.[8,9] Ethyl acetate, butanol and aqueous
extracts were tested for its DPPH radical scavenging activity.
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Different concentrations of the extracts (1, 2, 5, 10, 20,
30 and 50 mg/mL) were used for the assay. 1 mL of each
extract was added to 1 mL of DPPH solution (1mM) and
mixed thoroughly. The mixture was then incubated in the
dark for 20 minutes at room temperature. After incubation
the absorbance was measured at 517 nm.Control was a
mixture of reagents alone without the extract. The decrease
in absorbance was then converted to percentage antioxidant
activity using the formula:
100

[(AbsSample

AbsBlank ) × 100] / AbsControl}

ABTS (2, 2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic
acid)) assay: To determine ABTS radical scavenging assay,
a modi ed method of Re et al. (1999) was adopted.[10] The
ABTS ((2, 2 -Azino-bis (3-ethylbenthiazoline- -Sulphonic
acid) reagent was prepared by mixing 2.28mg of Ammonium
persulphate in 5 mL of water and 10mg of ABTS in 5 mL
of water. After mixing the two solutions, the volume was
made up to 50 mL with water and this solution was incubated
for hrs in dark at room temperature. Different concentrations
of the extracts were prepared (0.1, 0.250, 0.5, 1, 2.5, 5 and
10 mg/mL). 500 μL of each of the extract solution was
mixed with 1 mLof ABTS reagent. After mixing, the volume
was made up to 1.1 mL with methanol. Absorbance was
measured after 7 minutes at 734 nm. Blank used contained
500 μLof sample and the volume made up to 1.1 mL with
methanol. Control used contained 1 mL ABTS reagent and
the volume made up to 1.1 mL using methanol.
Percentage antioxidant activity was calculated using the
formula:
100

[(AbsSample

AbsSample) × 100] / AbsControl}

FRAP (Ferric Reducing Ability of Plasma) assay: The
determination of antioxidant activity using FRAP was
performed using the modi ed method of Benzie and Strain
(199 ).[11] The stock solutions included 300 mM acetate
buffer (pH 3. ), 10 mM TPT (2, 4, -tripyridyl-s-triazine)
solution in 40 mM HCl, and 20 mM FeCl3 H2O solution.
The fresh working solution was prepared by mixing 25 ml
acetate buffer, 2.5 ml TPT , and 2.5 ml FeCl3 H2O. The
temperature of the solution was raised to 37 °C before
use. The ethyl acetate, butanol and aqueous extracts taken
for the assay were of 2mg/mL concentration. Each of the
extracts (150 L), were allowed to react with 2850 L of
the FRAP solution for 30 min in the dark. Absorbance of
the colored products (ferrous tripyridyltriazine complex)
was measured at 593 nm. The results were expressed
as μmoles/mg.
TLC: Thin layer chromatography was performed to
generate a chromatographic pro le of the aqueous
Pharmacognosy Journal | October 2011 | Vol 3 | Issue 26
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extract. 20 μL of the aqueous extract of bark was applied
on the plate and developed to a distance of 8cm. The
solvent systems, Toluene:Ethyl acetate:Formic acid (5:4:1)
and n-Hexane:Chloroform ( :4) were selected after
standardization.[5] After development, the plate was allowed
to dry in air and sprayed with Anisaldehyde-Sulphuric acid
reagent.[5]

RESULTS AND DISCUSSION
Phytochemical analysis

Phytochemical screening results (Table 1 and Table 2) of
the bark and leaf extracts in ethyl acetate, butanol and
water showed the presence of all major phytochemical
constituents excluding thiols. Tannins, proteins, phenols
and steroids were found in higher proportions in the aqueous
extracts of both bark and leaf when compared to other
phytochemicals. The butanol extract showed presence of

Table 1: Phytochemical analysis of extracts of bark of
Alstonia scholaris.
Analytical
Parameters
Flavonoids
Alkaloids
Dragendroff reagent
Wagner’s reagent
Mayer’s reagent
Tannin
Protein
Saponin
Glycosides
Phenols
Thiols
Steroids
Carbohydrate

Water
Extract

Ethyl acetate
extract

Butanol
extract

+

+

+

+
−
−
+++
+++
+
+
+++
−
+++
++

−
−
−
+
+
+
+
+
−
+
+

−
−
−
++
++
+
+
++
−
++
+

Table 2: Phytochemical analysis of extracts of leaf of
Alstonia scholaris
Analytical
Parameters
Flavonoids
Alkaloids
Dragendroff reagent
Wagner’s reagent
Mayer’s reagent
Tannin
Protein
Saponin
Glycosides
Phenols
Thiols
Steroids
Carbohydrate

Water
extract

Ethyl acetate
extract

Butanol
extract

+

+

+

+
−
−
+++
+++
+
+
+++
−
+++
++

−
−
−
+
+
+
+
+
−
+
+

−
−
−
++
++
+
+
++
−
++
+
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the bioactive phyto chemicals tested in lesser amounts when
compared to the aqueous extract. Ethyl acetate drew out
lower quantity of bioactive compounds from the plant
sample compared to the other solvents. Khyade et al.
reported the presence of alkaloids, saponins and tannins
in the methanolic extract of the leaf of A. scholaris.[12] In
a study by Thankamani et al., it was reported that the solvent
extracts (hexane, benzene, isopropanol, ethyl acetate,
methanol and water) of ower of the plant showed the
presence of alkaloids, which corroborates the fact that the
plant is a rich source of alkaloids and can be used as a
source of the same.[3] Amongst the chemical classes present
in medicinal plant species, alkaloids stand as a class of
major importance in developing new drugs because alkaloids
own a great variety of chemical structures and have been
identi ed as being responsible for the pharmacological
properties of the medicinal plants.[13]
Antioxidant assays

DPPH assay: The results of the free radical scavenging
potential of the different extracts tested by DPPH assay is
given in the Table 3 and 4. Reduction of the DPPH radicals
was observed by a decrease in absorbance where a change
in the color to yellow denotes quenching of the free radicals
by the plant extracts. Aqueous extract of the bark was found
to have the most potent antioxidant property among all
the other extracts with an IC50 value of 1.21 mg/mL

Table 3: DPPH radical scavenging by bark extracts of
Alstonia scholaris.
% of DPPH Scavenged
Sample
Concentration
1 mg
2 mg
5 mg
10 mg
20 mg
30 mg
50 mg

Water
extract

Ethyl acetate
extract

Butanol
extract

49.41
53.55
67.94
85.72
92.39
96.04
>100

−ve
−ve
−ve
12.31
17.90
20.56
50.71

24.95
41.59
44.84
60.20
61.19
71.33
75.36

Table 4: DPPH radical scavenging by leaf extracts of
Alstonia scholaris.
% of DPPH Scavenged
Sample
Concentration
2 mg
5 mg
10 mg
20 mg
30 mg
50 mg

Water
extract

Ethyl acetate
extract

Butanol
extract

45.07
62.74
85.83
89.15
90.85
91.62

6.68
12.05
33.85
78.60
79.64
80.69

44.82
81.39
94.72
97.69
97.38
91.95
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followed by the aqueous extract of leaf with IC50 value
2.83 mg/mL. The high activity of water and butanol extracts
are generally attributed to the presence of alkaloids and
phenols, as the majority of active antioxidant compounds
are observed in these classes of phytochemical compounds.

FRAP assay: The reducing ability of the extracts are
tabulated in Table 7 and 8. At 2mg concentration, the
aqueous extract of the bark showed maximum activity
(130.70 μmoles/mg) followed by the aqueous extract of
the leaf (109.52 μmoles/mg). The butanol extracts of
bark and leaf showed lower activity than the aqueous
extract, 108.28 μmoles/mg and 107. 1 μmoles/mg
respectively. The scavenging of the ABTS radical by the
solvent extracts of Alstonia scholaris was found to be much
higher than that of DPPH radical. Factors like
stereoselectivity 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.[15] Although many methods are available to
determine antioxidant activity, it is important to employ
a consistent and rapid method. hile each method has
its own merits and drawbacks, it has been found that the
most common and reliable methods are the ABTS and
DPPH methods these have been modi ed and improved
in recent years.[1 ] Ravi Shankar et al. (2008) had reported
the antioxidant and free radical scavenging activity of the
ower and fruit extracts of A. scholaris.[17]

ABTS assay: The aqueous and butanol extracts of the bark
and leaf of Alstonia scholaris were found to be more effective
scavengers of the ABTS radical compared to the ethyl acetate
extract (Table 5 and ). The IC50 values of aqueous extract
of bark and leaf were found to be 210 μg/mL and 523 μg/
mL respectively. The butanol and ethyl acetate extracts of
the bark and leaf showed lower ability in scavenging the
ABTS radical. Proton radical scavenging is an important
attribute of antioxidants. ABTS, a protonated radical, has
characteristic absorbance maxima at 734 nm which decreases
with the scavenging of the proton radicals.[14]
Table 5: ABTS radical scavenging activity of bark
extracts of Alstonia scholaris.
% of ABTS Scavenged
Sample
Concentration
100 μg
250 μg
0.5 mg
1 mg
2.5 mg
5 mg
10 mg

Water
extract

Ethyl acetate
extract

Butanol
extract

27.47
57.76
78.11
86.37
86.74
85.64
>100

10.95
11.13
13.60
32.21
61.16
69.71

29.01
60.19
79.09
75.84
78.73
84.67

TLC: Thin layer chromatography was used to separate the
individual chemical constituents of the aqueous extract of
the bark of the plant. Toluene: Ethyl acetate: Formic acid
(5:4:1) and n-Hexane: Chloroform ( :4) were used as solvent
systems which showed good resolution. 11 bands (4 major
and 7 minor) were visualized TLC was performed using
Toluene: Ethyl acetate: Formic acid as the mobile phase.
The bands became prominently visible after the plate was
heated at105oC for 10 minutes. Pink and light blue colored
bands were observed in both the solvent systems. 10 bands
(2 major and 8 minor) were observed when n-Hexane:
Chloroform ( :4) was used as the solvent system, indicating
the presence of indole group of alkaloid compounds.[5]
This TLC chromatogram can be used as a reference standard
for further separation and isolation of compounds from
the plant (Figures 1, 2 and 3). Analysis of phytochemical
constituents of the species has been reported by many
authors. Alkaloids have been found to be one of the major

Table 6: ABTS radical scavenging activity of leaf
extracts of Alstonia scholaris.
% of ABTS Scavenged
Sample
Concentration
250 μg
0.5mg
1mg
2.5mg
5mg
12.5mg

Water
extract

Ethyl acetate
extract

Butanol
extract

13.36
47.67
79.74
78.87
85.60
88.03

−ve
11.57
53.90
57.98
16.29
9.91

4.98
28.90
45.89
63.95
64.20
67.01

Table 7: FRAP activity of bark extracts of Alstonia scholaris.
(FRAP) mmoles AAE equivalents /mg tissue
Sample Concentration
2 mg

Water extract

Ethyl acetate extract

Butanol extract

130.70 μmoles/mg

93.02 μmoles/mg

108.28 μmoles/mg

Table 8: FRAP activity of leaf extracts of Alstonia scholaris.
(FRAP) mmoles AAE equivalents /mg tissue
Sample Concentration
2 mg

16

Water extract

Ethyl acetate extract

Butanol extract

109.52 μmoles/mg

84.62 μmoles/mg

107.61 μmoles/mg
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Figure 1: TLC of bark extract (T:EA: Formic acid)-11 Bands

Figure 3: TLC of bark extract (n-Hexane: Chlroroform) - 10 bands
indicating the presence of alkaloids

constituents of the species. Phytochemicals have been
reported from different parts of the plant owers, fruits,
bark and leaves. Among the different alkaloids, Echitamine,
Echitamine chloride Rhazine, monoterpenoid indole
alkaloids and many other alkaloid derivatives have been
reported.[18]

CONCLUSION

Figure 2: TLC of bark extract – 11 bands on prolonged heating at 105oC
Pharmacognosy Journal | October 2011 | Vol 3 | Issue 26

Phytochemical screening of three solvent extracts viz.,
Ethyl acetate, Butanol and ater of both bark and leaf
revealed alkaloids, tannins, steroids and proteins as the
major phytochemical constituents in various solvent
extracts of Alstonia scholaris. The crude extracts were used
for testing their antioxidant activity using DPPH, ABTS
and FRAP assays. The aqueous extract was used for
preparing a chromatographic pro le using TLC. Aqueous
extract of the bark was found to exhibit maximum
antioxidant activity among all the extracts and the
chromatographic separation of the extract into individual
bands (mainly indole group alkaloids) showed the possibility
for isolation and characterization of speci c molecules
from the crude extract, which could be puri ed and used
for further studies. The ability of the extracts to scavenge
different free radicals in different systems indicated that
17
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they may be useful therapeutic agents for treating radicalrelated pathological damage.
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