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Free radical scavenging property of Annona reticulata leaves
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SUMMARY

Annona reticulata belonging to the family Annonaceae is traditionally used as anthelmintic and it
is reported to have anticancer activity. Free radicals are known to be involved in various types of
diseases like cancer, diabetes, neurological disorders etc. The present study was aimed to evaluate
free radical scavenging property of methanol extract of the leaves of Annona reticulata in some in
vitro models e.g. DPPH, nitric oxide, superoxide and lipid peroxide radical model. The extract
showed good dose-dependent free radical scavenging property in all the models. IC50 values were
found to be 3.22, 170.01, 25.12 and 140.12 µg/ml respectively in DPPH, nitric oxide, superoxide
and lipid peroxidation inhibition assays. Reductive ability of the extract was also tested based on
potassium ferricyanide reduction where dose dependant reducing capability was observed.
Measurement of total phenolic compounds by Folin-Ciocalteu’s phenol reagent indicated that
1mg of the extract contained 146.20 µg equivalent of pyrocatechol. The findings ascertain
promising free radical scavenging property of the extract and the antioxidant property of the
extract may be due to the high content of phenolic compounds.
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INTRODUCTION

Oxygen derived free radicals like superoxide,

hydrogen peroxide, hydroxyl and nitric oxide

radicals are collectively termed as reactive oxygen

species (ROS) and have been implicated in the

pathogenesis of various diseases (Yu, 1994;

Halliwell, 1997; Lata and Ahuja, 2003). When

generation of ROS overtakes the antioxidant

defense of the cells, the free radicals start attacking

the cell proteins, lipids and carbohydrates and this

leads to a number of physiological disorders (Yu,

1992; Campbell and Abdulla, 1995; Cotran et al.,

1999). The oxidative stress has also been implicated

in the pathogenesis of diabetes, liver damage,

nephrotoxicity, inflammation, cancer, cardiovascular

disorders, neurological disorders, as well as in the

process of aging (Marx, 1987). Many plants contain

substantial amounts of antioxidants and can be

utilized to scavenge the excess free radicals from

human body (Pratt, 1992).

Annona reticulata belonging to the family

Annonaceae is a medium size plant found in

countries with tropical climate like India (Hooker,

1985). Its fruit is popular as Custard apple and

bullock’s heart. The unripe fruit is considered to be
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an anthelmintic whereas the bark, a powerful

astringent. The leaves and seeds possess insecticidal

properties (Maeda et al., 1993). The plant contains a

number of acetogenins which are known to bear

anticancer property via Bax-, Bad- and caspase-3

related pathways (Yuan et al., 2003, 2006). The

methanol extract of the leaves showed cytotoxicity

against CaCO2 and Hep G2 cell lines (Mondal et

al., 2007). This extract also showed inhibition of

human recombinant caspases (Mondal et al., 2007).

Different phytochemicals isolated from bark include

reticulatacin, reticulacinone, bullatacin, liriodenine,

kaurane diterpene (Etse et al., 1987; Saad et al., 1991;

Hisham et al., 1994) and that from fruit include

squamocin (Duval et al., 2005) and annonacin (Chang

et al., 1993). However there is no phytochemical

report on leaves.

The present study was directed to evaluate the

antioxidant activity of Annona reticulata leaves by

investigating free radical scavenging property in

different in vitro models.

MATERIALS AND METHODS

Plant material

The leaves of Annona reticulata was collected

during its fruiting season from Bangaon, West

Bengal, India and identified by the Botanical Survey

of India, Howrah, India. A voucher specimen (PG -

212) was retained in our laboratory for further

reference.

Plant extract

The leaves were dried under shade and powdered

in a mechanical grinder. The powdered material

was extracted successively with petroleum ether

(60 - 80 °C), chloroform and methanol using soxhlet

apparatus. The methanol extract was concentrated

in vacuo and kept in a vacuum dessicator for

complete removal of solvent. The yield was 7.5%

w/w with respect to dried powder. The methanol

extract of Annona reticulata (MEAR) was used for

the present study.

Experimental procedure

All the following experiments (i-vi) were performed

thrice and the results averaged. 

i) DPPH radical scavenging activity

1,1-Diphenyl-2-picryl hydrazyl (DPPH) radical

scavenging activity was measured according to

the method of Cotelle et al. (1996) with some

modification as done by Mondal et al. (2006). In

brief, 3 ml of reaction mixture containing 200 µl of

DPPH (100 µM in methanol) and MEAR (at various

concentrations; 1 - 32 µg/ml in methanol) was

incubated at 37 °C for 30 min and absorbance of

the test mixture was read at 517 nm using Beckman

model DU-40 spectrophotometer. The percentage

inhibition of DPPH radical was calculated by

comparing the results of the test with those of the

control (not treated with extract) using the following

formula (Mondal et al., 2006).

Percentage inhibition = (Absorbance of control -

Absorbance of test) × 100/Absorbance of control

 

ii) Nitric oxide radical scavenging activity 

Nitric oxide (NO) radicals were generated from

sodium nitroprusside solution in buffer saline and

measured by Griess reagent (Marcocci et al., 1994;

Sreejayan and Rao 1997). 1 ml of 10 mM sodium

nitroprusside was mixed with 1 ml of MEAR of

different concentrations in phosphate buffer (pH 7.4).

The mixture was incubated at 25 °C for 150 min. To

1 ml of the incubated solution, 1 ml of Griess’ reagent

(1% sulphanilamide, 2% O-Phosphoric acid and

0.1% Napthyl ethylene diamine dihydrochloride)

was added (Mondal et al., 2006). Absorbance was

read at 546 nm and percentage inhibition was

calculated using the formula shown above.

iii) Superoxide radical scavenging activity 

Superoxide scavenging activity of MEAR was

measured according to the method of Robak and

Gryglewski (1998) with some modification. All the

solutions were prepared in 100 mM phosphate
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buffer (pH 7.4). 1ml of nitroblue tetrazolium (NBT,

156 µM), 1 ml of reduced nicotinamide adenine

dinucleotide (NADH, 468 µM) and 3 ml of MEAR

(to produce final concentrations of 10 - 320 µg/ml)

were mixed. The reaction was started by adding

100 µl of phenazine methosulphate (PMS, 60 µM).

The reaction mixture was incubated at 25 °C for

5 min followed by measurement of absorbance at

560 nm. The percentage inhibition was calculated

from the above formula.

iv) Inhibition of lipid peroxidation

Rat liver served as the source of polyunsaturated

fatty acids for determining the extent of lipid

peroxidation (Prasanth et al., 2000; Mondal et al.,

2006). Wistar albino male rat (130 - 170 g body

weight) was sacrificed under ether anesthesia and

liver was collected immediately. The liver was

homogenized with M/150 phosphate buffer (pH

7.4) and centrifuged at 3,000 rpm for 10 min to get a

clear supernatant. 4 ml of reaction mixture containing

0.5 ml of supernatant, MEAR solution of different

concentrations (10 - 215 µg/ml) and 100 µl of each

of 0.15 M potassium chloride, 15 mM ferrous

sulphate (FeSO4) and 6 mM ascorbic acid was

incubated at 37 °C for 1 h. 1 ml of trichloroacetic

acid (TCA, 10%w/v) was added to the mixture

and the samples were centrifuged at 3,000 rpm for

20 min at 4 °C to remove insoluble proteins. 2 ml of

the supernatant was removed and 1 ml thiobarbituric

acid (TBA, 0.8% w/v) was added to this and

heated on water bath for 20 min. Further 20 min

was allowed for cooling. The coloured TBA-MDA

complex was extracted with 2 ml butanol and

absorbance was measured at 532 nm. Percentage

inhibition was calculated as above. 

v) Reductive ability

Reducing power of MEAR was determined based

on the ability of antioxidants to form colored

complex with potassium ferricyanide, Trichloro

acetic acid (TCA) and ferric chloride (FeCl3), which

is measured at 700 nm (Jayprakash et al., 2001).

10 - 50 µg/ml of MEAR was mixed with 2.5 ml

potassium ferricyanide (1%) and 2.5 ml of phosphate

buffer (pH 6.5). The mixture was incubated at 50 °C

for 20 min. 2.5 ml TCA (10%) was added to it and

centrifuged at 3,000 rpm for 10 min. 2.5 ml of the

supernatant was taken. 2.5 ml of water and 0.5 ml

of FeCl3 (0.1%) were added to it. Absorbance was

measured at 700 nm. 

vi) Determination of total phenolic compounds

The content of total phenolic compounds in MEAR

was determined by using Folin-Ciocalteu’s phenol

reagent and determining absorbance at 760 nm

according to the method of Slinkard and Singleton

(1977). The content was expressed as equivalent of

pyrocatechol (µg) by using the following equation,

which was obtained from a standard pyrocatechol

graph (Mondal et al., 2006).

Absorbance = 0.001 × pyrocatechol (µg) + 0.0033 

vii) Preliminary phytochemical screening 

MEAR was subjected to various preliminary

phytochemical tests (Ravishankara et al., 2002) for

the presence or absence of various classes of

compounds.

Statistical analysis 

Linear regression analysis was used to calculate

IC50 values where ever needed. All the results are

shown as Average ± S.E.M.

RESULTS

The extract showed dose dependant free radical

scavenging activity in all the in vitro models. The

percentage inhibition in various models viz. DPPH,

NO, super oxide radical and lipid peroxidation is

shown in Figs. 1 and 2. IC50 values were found to be

3.22, 170.01, 25.12 and 140.12 µg/ml respectively.

Reductive ability of the extract was also dose

dependent which was indicated from the increase

in absorbance with the increase in concentration of
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MEAR. In this reductive ability experiment MEAR

at 10, 20, 30, 40 and 50µg/ml showed absorbance of

0.237 ± 0.017, 0.447 ± 0.012, 0.511 ± 0.018, 0.598 ±

0.043 and 0.761 ± 0.012 respectively. Determination

of total phenolic compounds showed that 1 mg of

MEAR contains 146.20 ± 3.95 µg equivalent of

pyrocatechol. Preliminary phytochemical analysis

of the methanol extract showed the presence of

alkaloid, flavonoids, tannin, gum, saponins and

triterpenes. 

DISCUSSION

During the process of oxygen utilization in normal

physiological and metabolic processes approximately

5% of oxygen gets reduced to oxygen derived free

radicals which are capable of attacking lipids,

proteins and DNA leading to several diseases (Yu,

1994; Halliwell, 1997). Antioxidants may offer

resistance against oxidative stress by scavenging

the free radicals, inhibiting lipid peroxidation etc.

As DPPH is known to abstract the labile

hydrogen atom from the antioxidants, it is widely

used for screening of antioxidant activity of plant

drugs (Ratty et al., 1988; Vani et al., 1997; Sanchez et

al., 1999, 2002). The assay determines the ability of

MEAR to reduce DPPH radical to the corresponding

hydrazine by converting the unpaired electrons to

paired ones. Antioxidants can act by converting

the unpaired electrons to paired ones. The dose

dependent inhibition of DPPH radical (Fig. 1)

indicates that MEAR causes reduction of DPPH

radical in a stoichometric manner. 

NO, because of its unpaired electron, is classified

as free radical and displays reactivities with proteins

and other free radicals (Khanam et al., 2004).

Generation of excessive NO is associated with

several diseases (Ialenti et al., 1993; Ross, 1993).

Oxygen reacts with the excess NO to generate

nitrite and peroxynitrite anions, which act as free

radicals (Sainani et al., 1997; Cotran et al., 1999). In

the present study the extract competes with oxygen

to react with NO and thus inhibits the generation

of the anions (Fig. 2).

Superoxides are produced from molecular

oxygen due to oxidative enzymes (Sainani et al.,

1997) of our body as well as from non-enzymatic

reaction such as autoxidation by catecholamines

(Hemmani and Parihar, 1998). In the present study

superoxide radical reduces NBT to a blue colored

formazan that is measured at 560 nm (Khanam et

al., 2004). The dose dependent effect of MEAR in

this regard is shown in Fig. 2 which signifies that

probably MEAR renders inhibitory effect towards

generation of super oxide anions in the in vitro

reaction mixture. 

Free radicals induce lipid peroxidation in

polyunsaturated lipid rich areas like brain and

liver (Coyle and Puttfarcken, 1993). In this study in

vitro lipid peroxidation was induced to rat liver by

using FeSO4 and ascorbic acid. MEAR shows dose

dependent prevention towards generation of lipid

peroxides (Fig. 2).

An antioxidant may reduce ROS by donating

Fig. 1. Inhibition of DPPH radical by MEAR. Each
data point is average of three replicates ± S.E.M.

Fig. 2. Inhibition of NO, superoxide and lipid peroxide
radicals by MEAR. Each data point is average of three
replicates ± S.E.M.
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hydrogen atom (Jayprakash et al., 2001; Khanam et

al., 2004). The reducing property of MEAR implies

that it is capable of donating hydrogen atom in a

dose dependent manner. The high content of

phenolic compounds in the extract may also be a

contributing factor towards antioxidant activity

because the phenolic compounds are known to

have direct antioxidant property due to the presence

of hydroxyl groups which can function as hydrogen

donor (Duh et al., 1999; Dreosti, 2000). 

Preliminary phytochemical analysis of MEAR

indicates the presence of flavonoids and tannins.

These types of polyphenols are well known natural

antioxidants due to their electron donating property

which either scavenge the principal propagating

radicals or halt the radical chain (Bors et al., 1990;

Pratt, 1992; Duh et al., 1999; Sugihara et al., 1999;

Dreosti, 2000). Thus the antioxidant potential of

methanol extract of Annona reticulata leaves may be

due to the presence of polyphenolic compounds.
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