
    

 IJPT  |  July 2007  |  vol. 6  |  no. 2  | 191-196 

RREESSEEAARRCCHH  AARRTTIICCLLEE  

In Vitro Antioxidant and Free Radical Scavenging 
Activity of Alstonia scholaris Linn. R.Br. 

S. ARULMOZHI, PAPIYA MITRA MAZUMDER, PURNIMA ASHOK, L. SATHIYA NARAYANAN 

For author affiliations, see end of text. 

Received May 20, 2007; Revised February 20, 2008; Accepted April 9, 2008 

This paper is available online at http://ijpt.iums.ac.ir 

ABSTRACT 
The present work is carried out to study the antioxidant potential of ethanolic extract of Alstonia scholaris 
Linn. (Apocynaceae) using various in vitro tests including 1, 1-diphenyl-2-picryl-hydrazil (DPPH.) free 
radical scavenging, metal ion chelating, hydrogen peroxide scavenging, superoxide anion radical 
scavenging, and ferric thiocyanate reducing ability. Ethanolic extract of Alstonia scholaris had significant 
(p<0.01) (DPPH.) free radical scavenging (63%), metal ion chelating (74.88%), hydrogen peroxide 
scavenging (72.28%), superoxide anion radical scavenging (67.66%) and significant (p<0.05) ferric 
thiocyanate reducing activities. These various antioxidant activities were compared to standard 
antioxidants such as butylated hydroxyanisole (BHA), butylated hydroxy toluene (BHT), l- ascorbic acid 
and α-tocopherol. The results indicated that ethanolic extract of Alstonia scholaris Linn. possess 
antioxidant property. The results observed were comparable to antioxidant properties of BHA, BHT, l- 
ascorbic acid and α-tocopherol. 
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Alstonia scholaris Linn. is an antimalarial [ 1] drug 
used in the marketed Ayurveda preparation Ayush-64, 
NRDC, India. The plant Alstonia scholaris Linn. R.Br., 
belongs to the family Apocynaceae and is native to In-
dia. It grows throughout India, in deciduous and ever-
green forests and also in plains [ 2]. 

The bark is bitter, astringent, acrid, thermogenic, di-
gestive, laxative, anthelmintic, febrifuge, antipyretic, 
depurative, galactogogue, stomachic, cardiotonic and 
tonic [ 2]. It is useful in fevers, malarial fevers, abdomi-
nal disorders, dyspepsia, leprosy, skin diseases, pruritus, 
tumours, chronic and foul ulcers, asthma, bronchitis, 
cardiopathy, helminthiasis, agalactia and debility [ 2, 3]. 
In folk medicine, milky juice is applied on wounds, ul-
cers and rheumatic pains; mixed with oil and dropped 
into ear, it relieves ear ache. Juice of the leaves and tinc-
ture of the bark acts in certain cases as a powerful galac-
togogue. The drug is also used in cases of snake-bite 
[ 2].  

The methanolic extract of this plant was found to 
exhibit pronounced antiplasmodial activity [ 4]. The 
plant is reported to have anti-mutagenic effect [ 5]. The 
bark extract of Alstonia scholaris has immunostimulat-
ing effect. The aqueous extract at low dose induced the 
cellular immune response while at high dose inhibited 
the delayed type of hypersensitivity reaction [ 6]. Echi-

tamine chloride, an indole alkaloid, extracted from the 
bark of Alstonia scholaris has promising anticancer 
[ 7, 8] effect against sarcoma. The plant has hepatopro-
tective activity on liver injury induced by CCl4, β-D-
galactosamine, acetaminophen and ethanol [ 9]. Recently 
we reported the wound healing and anti-inflammatory 
activities of Alstonia scholaris Linn [ 10]. The plant Als-
tonia scholaris Linn. is reported to possess in vitro nitric 
oxide scavenging activity in preliminary studies [ 11]. 
The nitric oxide scavenging property of a compound is 
evidence for free radical and ROS scavenging properties 
[ 12]. Several studies have demonstrated that plants pro-
duce potent antioxidants and represent important 
sources of natural antioxidants [ 13- 15]. As there is pau-
city for the in vitro antioxidant activity of Alstonia 
scholaris Linn, the present study was taken to explore 
the in vitro antioxidant status of ethanolic extract of 
Alstonia scholaris Linn using various in vitro antioxi-
dant tests.  

MATERIALS AND METHOD 

Plant Material and Extraction 

The leaves of Alstonia scholaris (Family: Apocyna-
ceae) were collected in the month of April May 2006 

1735-2657/07/62-191-196 
IRANIAN JOURNAL OF PHARMACOLOGY & THERAPEUTICS 
Copyright © 2006 by Razi Institute for Drug Research (RIDR) 
IJPT 6:191-196, 2007 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

pt
.iu

m
s.

ac
.ir

 o
n 

20
26

-0
6-

08
 ]

 

                               1 / 6

https://ijpt.iums.ac.ir/article-1-131-en.html


192 |  IJPT  |  July 2007  |  vol. 6  |  no. 2  Arulmozhi et al. 
 
from hills of Savanthwadi, Maharashtra, India. The 
plant material was taxonomically identified by the Bo-
tanical Survey of India (BSI), Pune and a voucher speci-
men AS-1 was retained in herbarium of BSI, Pune for 
future reference. The dried powdered leaves (500 g) 
were defatted using petroleum ether and subjected to 
subsequent extraction in a Soxhlet apparatus by using 
chloroform and ethanol. The solvents were removed 
from the respective extracts under reduced pressure to 
obtain a semisolid mass and vacuum dried to yield solid 
residues (5.24 % w/w chloroform extract and 6.22 % 
w/w ethanolic extract). The extracts were subjected to 
preliminary phytochemical investigation using standard 
methods [ 16, 17]. The ethanolic extract of Alstonia 
scholaris was named as EEAS. 

Chemicals and Reagents 

α-tocopherol, nicotinamide adenine dinucleotide 
(NADH), butylated hydroxyanisole (BHA), butylated 
hydroxy toluene (BHT), l- ascorbic acid, nitroblue tetra-
zolium (NBT), phenazine methosulphate (PMS), the 
stable free radical 1,1-diphenyl-2-picryl-hydrazyl 
(DPPH), 3-(2-Pyridyl)-5,6-bis (4-phenyl-sulfonic acid)-
1,2,4-triazine (Ferrozine), polyoxyethylenesorbitan 
monolaurate (Tween – 20) and trichloroacetic acid 
(TCA) were obtained from Sigma Aldrich, US. All 
other chemicals used were analytical grade and were 
obtained from Merck, US. 

DPPH (1,1-Diphenly-2-picryl-hydrazil.) Free Radi-
cal Scavenging Activity: 

The free radical scavenging activity of the ethanolic 
extract of Alstonia scholaris (EEAS) was measured by 
1,1-diphenyl-2-picryl-hydrazil (DPPH.) using the 
method described by Shimada [ 18]. Briefly 0.1 mM 
solution of DPPH in ethanol was prepared; 1ml of the 
solution was added to 3 ml of EEAS in water at differ-
ent concentrations (25-50 μg/ml). The mixture was 
shaken vigorously and allowed to stand at room tem-
perature for 30 min. Then the absorbance was measured 
at 517 nm by using a UV-Visible Spectrophotometer 
(Schimadzu UV-Vis 1700). Lower absorbance of the 
reaction mixture indicated higher free radical scaveng-
ing activity. The percent DPPH scavenging effect was 
calculated using the following equation: 
DPPH. scavenging effect (%) = [(A0-A1)/A0] x 100 
where A0 was the absorbance of the control reaction and 
A1 was the absorbance in the presence of the standard 
sample or EEAS. 

Ferrous Metal Ion Chelating Activity 

The ferrous ions chelating by the EEAS and stan-
dards were estimated by the method of Dinis [ 19]. 
Briefly, the samples (25-50 μg/ml) were added to a so-
lution of 2 mM FeCl2 (0.05 ml). The reaction was initi-
ated by the addition of 0.2 ml of 5 mM ferrozine and the 
mixture was shaken vigorously and left standing at 
room temperature for 10 min. After the mixture had 
reached equilibrium, the absorbance of the solution was 
measured spectrophotometrically at 562 nm by using a 
UV-Visible Spectrophotometer (Schimadzu UV-Vis 
1700). All test and analyses were run in triplicate and 

averaged. The percentage of inhibition of ferrozine.-Fe2+ 
complex formation was found using the formula: % 
inhibition = [(A0-A1)/A0] x 100 
where A0 was the absorbance of the control reaction and 
A1 was the absorbance in the presence of the standard 
sample or EEAS. The control contained FeCl2 and 
ferrozine complex formation molecules.  

Scavenging of Hydrogen Peroxide 

The ability of EEAS to scavenge hydrogen peroxide 
was determined according to the method of Ruch [ 20]. 
A solution of hydrogen peroxide (40 mM) was prepared 
in phosphate buffer (pH 7.4) and concentration was de-
termined spectrophotometrically at 230 nm (Schimadzu 
UV-Vis 1700). EEAS (25-50 μg/ml) in distilled water 
was added to a hydrogen peroxide solution (0.6 ml, 40 
mM) and the absorbance of hydrogen peroxide at 230 
nm was determined after 19 min against a blank solu-
tion in phosphate buffer without hydrogen peroxide. 
The percentage of scavenging of hydrogen peroxide of 
EEAS and standard compounds was calculated using 
the following equation: 

% scavenged [H2O2] = [(A0-A1)/A0] x 100 

where A0 was the absorbance of the control, and A1 was 
the absorbance of EEAS or standards. 

Superoxide Anion Radicals Scavenging Activity 

Measurement of superoxide anion radicals scaveng-
ing activity of EEAS was based on the method de-
scribed by Liu [ 21]. Superoxide radicals are generated 
in PMS – NADH systems by oxidation of NADH and 
assayed by the reduction of NBT. In these experiments, 
the superoxide radicals were generated in 3 ml of Tris-
HCl buffer (16 mM, pH 8.0) containing 1 ml of NBT 
(50 μM), 1 ml NADH (78 μM) and EEAS (25 – 50 μg). 
The reaction was started by adding 1 ml of PMS solu-
tion (10 μM) to the mixture. The reaction mixture was 
incubated at 25° C for 5 min, the absorbance was read at 
560 nm using a spectrophotometer (Schimadzu UV-Vis 
1700) against blank samples using l- ascorbic acid as a 
control. Decreased absorbance of the reaction mixture 
indicated increasing superoxide anion scavenging activ-
ity. The percentage inhibition of superoxide anion gen-
eration was calculated using the following formula: 

% inhibition = [(A0-A1)/A0] x 100 

where A0 was the absorbance of the control (l- ascorbic 
acid), and A1 was the absorbance in the presence of 
EEAS or standards. 

Total Reduction Capability 

Total reduction capability of EEAS was estimated 
by using the method of Oyaizu [ 22]. EEAS (25-50 
μg/ml) in 1 ml of distilled water was mixed with phos-
phate buffer (2.5 ml, 0.2 M, pH 6.6) and potassium fer-
ricyanide [K3Fe-(CN)6] (2.5ml, 1%). The mixture was 
incubated at 50° C for 20 min by adding a 2.5 ml of 10 
% trichloroacetic acid. Then the mixture was centri-
fuged for 10 min at 1000 x g. The  upper layer  of  solu- 
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tion (2.5 ml) was mixed with distilled water (2.5 ml) 
and FeCl3 (0.5 ml, 0.1%), and the absorbance was 
measured at 700 nm by a spectrophotometer (Schima-
dzu UV-Vis 1700). Higher absorbance of the reaction 
mixture indicated greater reducing power. 

Statistical Analysis 

Experimental results were mean ± SEM of three 
parallel measurements. Analysis of variance was per-
formed by ANOVA followed by Newmans-Keul multi-
ple comparison test. P values < 0.05 were regarded as 
significant. 

RESULTS  

Preliminary phytochemical investigation of the ex-
tracts showed the presence of alkaloids, tannins, flavon-
oids, saponins, glycosides and triterpenoids.  

Free Radical Scavenging Activity by DPPH. Me-
thod: 

A significant (p<0.01) decrease in the concentration 
of DPPH radical was observed due to the scavenging 
ability of the EEAS and standards (Fig 1). The standards 
used were BHA, BHT α-tocopherol and l- ascorbic 
acid. The scavenging effect of the EEAS and standards 
on the DPPH radical decreased in the order of BHA > 
l-ascorbic acid > EEAS> BHT >Toc and were 68, 63, 
63, 62 and 61% at the concentration of 50 μg/ml, re-
spectively, which were statistically significant (p<0.01) 
compared to the control. The effects of EEAS at 50 
μg/ml reached a plateau as shown in Fig 1. Free radical 
scavenging activity increased with increasing concentra-
tion. 

Ferrous Metal Ion Chelating Activity 

The formation of Fe2+ -ferrozine complex is not 
completed in the presence of EEAS and standards which 
indicate that EEAS chelate the iron (Fig 2). The absorb-
ance of Fe2+-ferrozine complex was dose dependent and 
linearly decreased (from 25 to 50 μg/ml). The difference 

between EEAS and the control was statistically signifi-
cant (p<0.01). The percentage of metal chelating capac-
ity of 50 μg/ml concentration of EEAS, α-tocopherol, l- 
ascorbic acid, BHA and BHT were found to be 74.88, 
61.92, 76.82, 70.02 and 64.62 %, respectively. The ef-
fects of EEAS reached a plateau in the 50 μg/ml con-
centration. The metal scavenging effect of EEAS and 
standards decreased in the order of l-ascorbic acid > 
EEAS > BHA > BHT > α-tocopherol. 

Scavenging of Hydrogen Peroxide 

25 μg/ml EEAS had strong H2O2 scavenging activity 
in comparison with the same doses of BHA, BHT, l- 
ascorbic acid and α-tocopherol. The percentage of H2O2 
scavenging activity by same concentration (25 μg/ml) of 
EEAS, BHA, BHT, l-ascorbic acid and α-tocopherol 
were found to be 72.28, 83.65, 91.36, 72.56 and 90.1%, 
respectively, which were statistically significantly dif-
ferent (p<0.01) compared to the control (Fig 3). These 
results showed that EEAS had effective H2O2 scaveng-
ing activity and it was in the following order: BHT > α-
tocopherol > BHA > l- ascorbic acid > EEAS. 

Superoxide anion radical scavenging activity 

Percentage inhibition of superoxide radical genera-
tion at 25 μg/ml concentration of EEAS was determined 
and compared with same doses of BHA, BHT, α-
tocopherol and l- ascorbic acid. EEAS had strong su-
peroxide radical scavenging activity comparable to that 
of BHA but lesser than BHT, α-tocopherol and l- ascor-
bic acid (Fig 4). The percentage inhibition of superoxide 
generation by 25 μg/ml concentration of EEAS was 
found to be 67.66 % whereas of BHT, α-tocopherol, l- 
ascorbic acid, BHA were found to be 81.56, 73.14, 
70.21 and 68.83 %, respectively, which were statisti-
cally significant (p<0.01) from the control. Superoxide 
radical scavenging activity of these samples followed 
the order: BHT > α-tocopherol > l- ascorbic acid > 
BHA > EEAS. 

 

 

 
Fig 1. Free radical scavenging activity of different concen-
trations of standards and EEAS on DPPH radical. 
ANOVA followed by Newmans-Keul multiple comparison 
test. 
n =3, **p<0.01 compared to control 

 Fig 2. Ferrous Ions Chelating effect of Different Concen-
trations of EE ANOVA followed by Newmans-Keul 
multiple comparison test. 
n =3, **p<0.01 compared to control 
AS and standards. 
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Total Reductive Capability by Potassium Ferricya-
nide Reduction Method 

The reducing power of EEAS increased with in-
creasing concentration (Fig 5). All the concentration of 
EEAS showed higher activities than BHT, α-tocopherol 
and l-ascorbic acid and these differences were statisti-
cally significant (p<0.05). EEAS and BHA had statisti-
cally similar reducing power (p>0.05). Reducing power 
of EEAS and standard compounds followed the order: 
BHA > EEAS > α-tocopherol > l-ascorbic acid > BHT 
respectively. 

DISCUSSION 

In our previous studies, the ethanolic extract of 
Alstonia scholaris was found to decrease the malondial-
dehyde level and prevented lipid peroxidation [ 10]. Re-
ports suggested presence of nitric oxide scavenging ac-
tivity in Alstonia scholaris [ 11]. But the in vitro antioxi-
dant activity remained unexplored. Prompted by these 
findings it was decided to evaluate the antioxidant abil-
ity of ethanolic extract of Alstonia scholaris (EEAS) by 
in vitro antioxidant assays. 

There are numerous antioxidant methods for evalua-
tion of antioxidant activity. For in vitro antioxidant 
screening, (DPPH.) free radical scavenging, metal ion 
chelating, hydrogen peroxide scavenging, superoxide 
anion radical scavenging and Ferric thiocyanate reduc-
ing activities are most commonly used. However, the 
total antioxidant activity of an antioxidant cannot be 
evaluated by using one single method, due to oxidative 
processes. Therefore, at least two methods should be 
employed in order to evaluate the total antioxidant ac-
tivity [ 23].  

The model of scavenging the stable DPPH radical is 
a widely used method to evaluate antioxidant activities 
in a relatively short time compared with other methods. 
The effect of antioxidants on DPPH radical scavenging 
was thought to be due to their hydrogen donating abil-
ity. DPPH is a stable free radical and accepts an electron 
on hydrogen radical to become a stable diamagnetic 
molecule [ 24]. The decrease in absorbance of DPPH 
radical caused by antioxidants, because of the reaction 
between antioxidant molecule and radical progresses, 
results in the scavenging of the radical by hydrogen 
donation. It is visually noticeable as a discoloration 
from purple to yellow. Fig 1. indicates noticeable effect 
of EEAS on scavenging of free radicals. These results 
revealed that the EEAS is free radical inhibitor or scav-
enger acting possibly as primary antioxidants, which 
can be correlated with previous studies reported by 
Jeng-Leun Mau [ 25].  

Iron can stimulate lipid peroxidation by the Fenton 
reaction and also accelerates peroxidation by decompos-
ing lipid hydroperoxides into peroxyl and alkoxyl radi-
cals that can themselves abstract hydrogen and perpetu-
ate the chain reaction of lipid peroxidation [ 26]. In the 
presence of chelating agents, the complex formation is 
disrupted with the result that the red colour of the com-
plex is decreased. Measurement of colour reduction 
therefore allows the estimation of the chelating activity 
of the coexisting chelator. In this assay, the EEAS and 
standard antioxidant compounds interfered with the 
formation of ferrous-ferrozine complex, suggesting that 
they had chelating activity and captured ferrous ion be-
fore ferrozine. The absorbance decreased linearly which 
indicated that the formation of Fe2+-ferrozine complex 
was not completed in the presence of EEAS and the 
EEAS chelated the iron [ 27]. Metal chelating capacity 
was significant since it reduced the concentration of the 

 

 

 
Fig 3. Scavenging of Hydrogen Peroxide of EEAS and 
standards 
ANOVA followed by Newmans-Keul multiple 
comparison test. 
n = 3, **p<0.01 compared to control. 

 
Fig 4. Superoxide anion radical scavenging activity of EEAS 
and standards 
ANOVA followed by Newmans-Keul multiple comparison test 
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catalyzing transition metal in lipid peroxidation. It was 
reported that chelating agents, which form σ bonds with 
a metal are effective as secondary antioxidants because 
they reduce the redox potential thereby stabilizing the 
oxidized form of the metal ion. The data obtained from 
Fig 2. reveals that EEAS demonstrated a marked capac-
ity for iron binding, suggesting its action as peroxida-
tion protector may be related to its iron binding capac-
ity. 

H2O2 is highly important because of its ability to 
penetrate biological membranes. H2O2 itself is not very 
reactive, but it can sometimes be toxic to cell because it 
may give rise to hydroxyl radical in the cells. The re-
sults showed that EEAS had an effective H2O2 scaveng-
ing activity.  

Superoxide anion radicals are produced endoge-
nously by flavoenzymes like xanthine oxidase, which 
converts hypoxanthine to xanthine and subsequently to 
uric acid in ischemia-reperfusion. Superoxide is gener-
ated in vivo by several oxidative enzymes, including 
xanthine oxidase. In the PMS-NADH-NBT system, su-
peroxide anion derived from dissolved oxygen by PMS-
NADH coupling reaction reduces NBT [ 23]. The de-
crease of absorbance at 560 nm with EEAS and antioxi-
dants indicates the consumption of superoxide anion in 
the reaction mixture.  

For the measurements of the reductive ability, the 
Fe3+-Fe2+ transformation in the presence of EEAS was 
investigated and found to have significant reducing abil-
ity. The reducing capacity of a compound may serve as 
a significant indicator of its potential antioxidant activ-
ity. The antioxidant activity of an antioxidant compound 
has been attributed to various mechanisms among which 
are prevention of chain initiation, binding of transition 
metal ion catalysts, decomposition of peroxides, preven-
tion of continued hydrogen abstraction, reductive capac-
ity and radical scavenging [ 23]. Generally flavonoids 
are the important class of antioxidants; hence the me-
dicinal plants containing flavonoids and phenolic com-
pounds are repeatedly screened for antioxidant activity. 

In addition to flavonoids and phenolic compounds, 
some of the alkaloids, saponins and triterpenoids are 
reported to possess antioxidant activity. Eg. Nelumbo 
nucifera seeds [ 28]. The presence of flavonoids, alka-
loids and triterpenoids in alcoholic extract of Alstonia 
scholaris has been reported [ 29] and the results of pre-
liminary phytochemical investigation in the present 
study also further substantiates this. Hence, the ob-
served in vitro antioxidant activity may be because of 
these phytoconstituents, which needs further investiga-
tion. 

CONCLUSION 
The results of the study clearly indicate that ethano-

lic extract of Alstonia scholaris (EEAS) possess power-
ful in vitro antioxidant activity. The encouraging results 
of EEAS with the various in vitro antioxidant tests 
proved the plant as a reducing agent, metal chelator, its 
hydrogen donating ability and effectiveness as scaven-
gers of hydrogen peroxide, superoxide, and free radi-
cals. Hence, it is worthwhile to isolate and elucidate the 
bioactive principles that are responsible for the anti-
oxidant activity that is underway.  
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