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Summary

The herb Phyllanthus reticulatus is commonly known as potato bush, which is widely used in
the indigenous system of medicine for the treatment of diarrhoea, diabetes, obesity and burns.
The methanolic extract of the plant was studied for its in vitro free radical scavenging activity
in different methods viz DPPH radical scavenging assay, ABTS radical scavenging assay, O-
phenanthroline assay, lipid peroxidation assay, nitric oxide scavenging assay, superoxide
scavenging assay, total antioxidant and non-enzymatic haemoglobin glycosylation assay. The
results were analyzed statistically by regression method. Its antioxidant activity was
estimated by 1Cso value and the values were 14.31 pgm/ml (DPPH radical scavenging), 10.51
ugm/ml (ABTS radical scavenging), 22.91ugm/ml (O-phenanthroline assay), 32.16 ugm/ml
(lipid peroxidation), 90.51pugm/ml (nitric oxide scavenging) and 4.18ugm/ml (superoxide
scavenging). In total antioxidant capacity assay, 1 mg of extract is equivalent to 41.31ug of
ascorbic acid. It showed 83.69% inhibition of haemoglobin glycosylation.
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Introduction

Reactive oxygen species (ROS) can contribute to the etiology of many disorders such as
cancer, liver diseases, atherosclerosis, respiratory diseases and inflammatory response
syndrome. In recent years there is great deal of interest in developing agents to control
damage induced by ROS in biological systems. As plants produce a lot of antioxidants to
control the oxidative stress cause by sunbeams and oxygen, they can represent a source of

new compounds with antioxidant activity™.

In Indian system of medicine Phyllanthus reticulatus Poir (Euphrobiaceae) is an important
medicinal plant and popularly known as ‘potato-bush’. It is distributed through out India, in
hedges or waste places near villages and along streams and canals. Literature survey reveals
that the whole plant is astringent, sweet, cooling, diuretic, alternant, stomachic, constipating
and attenuant. It is reported to be useful in vitiated condition of pitta, burning sensation,
strangury, gastropathy, ulemorrhagia, ophthalmodynia, sores, burns, suppuration, diarrhea,
skin eruption and obesity>™. It contains polyphenols, flavonoid glycosides®, tannic acid,
friedelin, epifriedelinol, betulin, taraxerone, beta- sitosterol, glochidonol, octacosanol,
taraxeryl acetate and 21-alpha-hydroxyfriedelan-3-one®. Phyllanthus reticulatus has also been
reported to possess antidiabetic activity’. Though widely used in the indigenous system of
medicine, there is however no available data with relation to its antioxidant activity in vitro
models. The antioxidant property of aqueous extract of the same plant has been already
reported. Hence the current paper deals with the antioxidant activity of the methanolic extract

of P. reticulatus using in vitro methods.

Materials and Methods

1, 1-diphenyl, 2-picryl hydrazyl (DPPH) was obtained from Sigma Chemicals, USA. TBA
(Thiobarbituric acid), TCA (Trichloro acetic acid) and BHT (Butylated hydroxytoluene)
obtained from Himedia, Mumbai. The other chemicals used were 2,2- azinobis- (3-
ethylbenzothiazoline- 6- sulphonate) (ABTS), O-Phenanthroline, ferric chloride, ascorbic
acid, sodium nitropruside, dimethyl sulphoxide, NBT(Nitro blue tetrazolium chloride), Folin
Ciocalteu’s reagent, Gallic acid, sodium carbonate, sodium hydroxide and potassium
chloride. All other chemicals and solvents used in the experiment were of analytical grade.
The instruments used were UV spectrophotometer (Shimadzu 1650), homogenizer (Remi,
India), centrifuge (Remi, India) and pH meter (Elico Ltd., India).
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Plant material

The whole plant of Phyllanthus reticulatus was collected in the month of August from the
surroundings of Manipal. The plant was authenticated by Dr. Gopalakrishna Bhat, Botanist,
Poorna Prajna College, Udupi. A voucher specimen (No0.561) has been deposited for future
reference in the museum of Department of Pharmacognosy, Manipal College of

Pharmaceutical Sciences, Manipal.

Preparation of methanolic extract

About 50 g of the entire plant powder was taken in a soxhlet extractor and extracted with
methanol for 72 hours. The extract was filtered and the filterate was distilled off. The residue

obtained was stored in the dessicator until its use.

Preliminary phytochemical screening

Preliminary phytochemical screening® revealed the presence of phytosterols, polyphenols,

flavonoids and carbohydrates.
Preparation of stock solution of methanolic extract

The stock solution was prepared in the concentration of 1000 pg/ml in methanol. From this
stock solution, different aliquot concentrations viz 2, 4, 8, 16, 32, 64, 128, 256 and 512 pg/mi
were prepared in methanol and used for antioxidant studies.

DPPH radical scavenging assay”'

To the methanolic solution of DPPH (1 mM) an equal volume of the test compound dissolved
in water was added at various concentrations from 2 to 1000 pg/ml in a final volume of 1 ml.
An equal amount of water was added to the control. After 20 min, absorbance was recorded

at 517 nm. Experiment was performed in triplicate.

ABTS radical scavenging assay®*

To the reaction mixture containing 0.3 ml of ABTS radical , 1.7 ml phosphate buffer and 0.5
ml drug was added at various concentrations from 2 to 500 pg/ml. Blank was carried out

without drug. Absorbance was recorded at 734 nm. Experiment was performed in triplicate.

O-phenanthroline assay ¢*%

The reaction mixture containing 1ml O-Phenanthroline, 2ml Ferric chloride, and 2ml drug at

various concentrations ranging from 2 to 1000 pg/ml in a final volume of 5 ml was incubated
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for 10 minutes at ambient temperature. The absorbance at 510 nm was recorded. Ascorbic
acid was added instead of test compound and Absorbance obtained taken as equivalent to
100% reduction of all ferric ions. Blank was carried out without drug. Experiment was

performed in triplicate.

Lipid peroxidation assay*?

Egg phosphotidylcholine (20mg) in chloroform (2ml) was dried under vacuum in a rotary
evaporator to give a thin homogenous film and further dispersed in normal saline (5ml) with
a vortex mixture. The mixture was sonicated to get a homogeneous suspension of liposome.
Lipid peroxidation was initiated byadding 0.05 mM ascorbic acid to a mixture containing
liposome (0.1ml). 150 mM potassium chloride, 0.2 mM ferric chloride, drug solution (2-64
pg/ml) were added separately in a total volume of 1ml. The reaction mixture was incubated
for 40 min at 37°C. After incubation, the reaction was terminated by adding 1ml of ice cold
0.25M sodium hydroxide containing 20% w/v TCA, 0.4% w/v TBA and 0.05% w/v BHT.
After keeping in boiling water bath for 20 min, the samples were cooled. The pink
chromogen was extracted with constant volume of n-butanol and absorbance of the upper

organic layer was measured at 532nm. The experiment was performed in triplicate.

Nitric oxide radical scavenging®®

Sodium nitroprusside 5mM was prepared in phosphate buffer pH 7.4. To 1 ml of various
concentrations of test compound, sodium nitroprusside 0.3 ml was added. The test tubes were
incubated at 25 °C for 5 hr after which, 0.5 ml of Griess reagent was added. The absorbance
of the chromophore formed during diazotization of nitrite with sulphanilamide and its
subsequent coupling with napthyl ethylene diamine was read at 546 nm. The experiment was

performed in triplicate.

Superoxide scavenging™

Alkaline DMSO was used as a super oxide generating system. To 0.5 ml of different
concentrations of the test compound, 1 ml of alkaline DMSO and 0.2 ml of NBT 20 mM in

phosphate buffer pH 7.4 was added. The experiment was performed in triplicate.

Total Antioxidant Capacity®

Total antioxidant capacity was measured by spectrophometric method. 0.1 ml of the extract

(10 mg/ml) dissolved in water was combined in eppendorf tube with 1 ml of reagent solution
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(0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The
tubes were capped and incubated in a thermal block at 95°C for 90 min. After cooling to
room temperature, the absorbance of the aqueous solution of each was measured at 695 nm
against blank. Ascorbic acid was used as the standard and the total antioxidant capacity is

expressed as equivalents of ascorbic acid. The experiment was performed in triplicate.

Non-enzymatic haemoglobin glycosylation assay™>*°

The antioxidant activities of different extracts were investigated by estimating degree of non-
enzymatic haemoglobin glycosylation, measured colorimetrically. Haemoglobin, 60 mg/100
ml in 0.01 M phosphate buffer (pH 7.4) was incubated in presence of 2 g/100 ml
concentration of glucose for 72 h, in order to find out the best condition for haemoglobin
glycosylation. The assay was performed by adding 1 ml of glucose solution, 1 ml of
haemoglobin solution, and 1 ml of gentamycin (20 mg/ 100 ml), in 0.01 M phosphate buffer
(pH 7.4). The mixture was incubated in dark at room temperature for 72 h. The degree of
glycosylation of hemoglobin in the presence of different concentration of extracts and their
absence, were measured colorimetrically at 520 nm. The experiment was performed in

triplicate.

Statistical analysis

All results are expressed as mean £ S.E.M. Linear regression analysis (Origin 6.0 version)

was used to calculate the 1Csg values.

Results

Several concentrations ranging from 2-1000 pg/ml of the aqueous extract of Phyllanthus
reticulatus Poir were tested for their antioxidant activity in different in vitro models. It was
observed that free radicals were scavenged by the test compounds in a concentration
dependent manner upto the given concentration in all the models. The percentage scavenging
and 1Csp values were calculated for all models. The maximum inhibitory concentration (1Cso)
of extract and standard in all models viz. DPPH, ABTS, iron chelating, lipid peroxidation,
nitric oxide scavenging and superoxide scavenging has been given in Table 1.

444



Pharmacologyonline 2: 440-451 (2008) Ram et al.

Table: 1 Antioxidant 1Csy values in different in vitro models.

SI. Assay Methanolic _ Ascorbic
No. extract acid/Tocopherol

1 DDPH scavenging assay 14.31 9.9982

2 ABTS scavenging assay 10.51 35.21

3 Iron chelating assay 22.908 2.017

4 Lipid peroxidation assay 32.16 30.67

5 Nitric onjS(esgsavenging 90.51 38.68

6 Superoxide scavenging assay 4.18 15.79

In total antioxidant capacity assay, it was found that 1 mg of extract is equivalent to 41.31 g
of ascorbic acid. It showed 83.69 % inhibition of haemoglobin glycosylation with a
concentration of 1.0 mg/ml  in non-enzymatic haemoglobin glycosylation assay. On a
comparative basis the extract showed better activity in quenching superoxide oxide with an
ICso value of 4.31ug/ml. The activity was moderate in remaining antioxidant models. The
antioxidant activity of the extract is close and identical in magnitude, and comparable to that

of standard antioxidant compounds used.

Discussion

There is extensive evidence to implicate free radicals in the development of degenerative
diseases'’. Free radicals have been implicated in the causation of ailments such as diabetes,
liver cirrhosis, nephrotoxicity, cancer etc'®. Together with other derivatives of oxygen they
are inevitable byproducts of biological redox reactions™. Reactive oxygen species such as
super oxide anions, hydroxyl radical and nitric oxide inactivate enzymes and damage
important cellular components causing tissue injury through covalent binding and lipid

peroxidation®.

DPPH is a stable free radical at room temperature and accept an electron or hydrogen radical
to become stable diamagnetic molecule. The reduction capability of DPPH radicals was

determined by the decrease in its absorbance at 517 nm?'. DPPH radicals react with suitable
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reducing agents, the electrons become paired off and the solution loses colour
stoichiometrically depending on the number of electrons taken up (Fig. 1).

DPPH radical scavenging assay
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Fig. 1 Antioxidant activity of different concentrations of methanolic extract and
ascorbic acid in DPPH radical scavenging assay. Each value represents mean = SEM.

ABTS is a decolorisation assay, which involves the direct generation of ABTS radical mono
cation, which has a long wavelength absorption spectrum without the involvement of any
intermediary radical. The antioxidant activity of the extract by this assay implies that action
may be by either inhibiting or scavenging the ABTS radicals since both inhibition and
scavenging properties of antioxidants towards this radical have been reported in earlier
studies (Fig. 2).

ABTS radical scavenging assay
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Fig. 2 Antioxidant activity of different concentrations of methanolic extract and
ascorbic acid in ABTS radical scavenging assay. Each value represents mean = SEM.
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Ortho- substituted phenolic compounds may exert pro-oxidant effects by interacting with

iron. O-phenanthroline quantitatively forms complexes with Fe*? %

, Which get disrupted in
the presence of chelating agents. The aqueous extract interfered with the formation of
ferrous-o-phenanthroline complex, thereby suggesting that the extract has metal chelating

activity (Fig. 3).

O-phenanthroline assay
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Fig. 3 Antioxidant activity of different concentrations of methanolic extract and
ascorbic acid in O-phenanthroline assay. Each value represents mean + SEM.

Initiation of the lipid peroxidation by ferrous sulphate takes place either through ferryl-
perferryl complex or through .OH radical by Fenton’s reaction. Fig. 4 shows that the extract
inhibited lipid peroxidation in egg phophatidylcholine as a dose dependent manner. The
inhibition could be caused by absence of ferrylperferryl complex or by scavenging the ‘OH
radical or the superoxide radicals or by changing the Fe3+/Fe2+ or by reducing the rate of
conversion of ferrous to ferric or by chelating the iron itself. Iron catalyses the generation of
hydroxyl radicals from hydrogen peroxide and superoxide radicals. The hydroxyl radical is
highly reactive and can damage biological molecules, when it reacts with polyunsaturated
fatty acid moieties of cell membrane phospholipids, lipid hydro-peroxides is produced. Lipid
hydro-peroxide can be decomposed to produce alkoxy and peroxy radical which eventually
yield numerous carbonyl products such as malondialdehyde (MDA). The carbonyl products
are responsible for DNA damage, generation of cancer and aging related diseases®. Thus the
decrease in the MDA level in egg phosphatidylcholine with the increase in the concentration

of the extract indicates the role of the extract as an antioxidant (Fig. 4).
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Lipid peroxidation assay
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Fig. 4 Antioxidant activity of different concentrations of methanolic extract and
ascorbic acid in lipid peroxidation assay. Each value represents mean + SEM.

Nitric oxide (NO) is a potent pleiotropic mediator of physiological processes such as smooth
muscle relaxation, neuronal signaling, inhibition of platelet aggregation and regulation of cell
mediated toxicity. It is a diffusible free radical which plays many roles as an effector
molecule in diverse biological systems including neuronal messenger, vasodilation and
antimicrobial and antitumor activities®. P reticulatus inhibit nitric oxide in dose dependant
manner (Fig. 5). This may be due to antioxidant principles in the extract, which compete with

oxygen to react with nitric oxide®®.

Nitric oxide scavenging assay
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Fig. 5 Antioxidant activity of different concentrations of methanolic extract and

ascorbic acid in nitric oxide scavenging method. Each value represents mean + SEM.
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Superoxide is a highly reactive molecule that can react with many substances, produced in
various metabolic processes, including phagocytosis. It can cause oxidation or reduction of
solutes depending on their reduction potential. Both aerobic and anaerobic organisms possess
super oxide dismutase enzymes, which catalyses the breakdown of superoxide radical®. In
our study, alkaline DMSO used for superoxide generation indicates that P. reticulatus is a
potent superoxide scavenger (Fig. 6).

Superoxide scavenging assay
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Fig. 6 Antioxidant activity of different concentrations of methanolic extract and
ascorbic acid in super oxide scavenging method. Each value represents mean + SEM.

The total antioxidant capacity of the extract was calculated based on the formation of
phosphomolybdenum complex which was measured spectrophotometrically at 695 nm. Non-
enzymatic glycosylation of haemoglobin is an oxidation reaction in which, an antioxidant is
expected to inhibit the reaction. The degree of haemoglycosylation in vitro, in the presence of

different concentration of extract, can be measured colorimetrically™°.

P. reticulatus extract exhibits its antioxidant action in several ways; removal of oxygen,
scavenging of reactive oxygen species and nitrogen species or their precursors, inhibiting
reactive oxygen species and reactive nitrogen species, binding metal ions needed for catalysis
of reactive oxygen generation and up regulation of endogenous antioxidant defences.
Antioxidant potential of P. reticulatus observed in the study may be due to the presence of
methanol extractable phenolic compounds and other constituents responsible for the potent

antioxidant activity.

449



Pharmacologyonline 2: 440-451 (2008) Ram et al.

Acknowledgement

The authors sincerely thank Manipal University, Manipal for providing the necessary
facilities to carry out this research work.

10.

11.

12.

13.

References

Mruthunjaja K and Hukkeri VI. Antioxidant and free radical scavenging potential of
Justicia gendarussa Burm. Leaves in vitro. Natural Product Sciences. 2007; 13(3):
199-206.

ICMR, Medicinal Plants of India, Indian council of medicinal research, New Delhi,
1987; 2: 407.

Nadkarni KM, Nadkarni AK. Indian Materia Medica, Popular Prakashan Pvt. Ltd.,
Bombay, India, 1976; 1: 948-949.

Orient Longman, Indian medicinal plants, a compendium of 500 species, 2003; 4:
264.

Sio-Hong Lam, Chen-Yu Wang, Chien-Kuang Chen, Shoei-Sheng Lee.
Phytochemical investigation of Phyllanthus reticulatus by HPLC-SPE-NMR and
conventional methods. Phytochemical Analysis 2007; 18:251 — 255.

Ghani A. Medicinal Plants of Bangladesh: Chemical Constituents and Uses. Asiatic
Society of Bangladesh, 2nd edition, 2003: 345.

Kumar S, Kumar D, Deshmukh RR, Lokhande PD, More SN, Rangari VD.
Antidiabetic potential of Phyllanthus reticulatus in alloxan-induced diabetic mice.
Fitoterapia 2008; 79: 21-23.

Kokate CK. Preliminary Phytochemical Screening. In: Practical Pharmacognosy,
Vallabh Prakashan, Delhi, India, 1¥ Ed., 1986, 111-115.

Sreejayan N, Rao MNA. Free radical scavenging activity of curcuminoids. Drug Res
1996; 46: 169.

John A, steven DA. Microsomal lipid peroxidation. Methods in Enzymology 1984;
30: 302-308.

Benzie IFF, Strain JT. The ferric reducing ability of plasma (FRAP) as a measure of
antioxidant power, the FRAP assay. Anal. Biochem 1996; 239: 70.

Sudheerkumar M, Jagadish PC, Sridhar RB, Kiran BS, Unnikrishnan MK. In vitro
evaluation of antioxidant properties of Cocus nucifera Linn. Nahrung/Food 2003; 47:
126-131.

Govindarajan R, Vijaya Kumar M, Rawat AKS, Mehrotra S. Free radical scavenging
potential of Picrrorhiza kurroa Royle ex Benth. Indian J. Exptl. Biol. 2003; 41: 875.

450



Pharmacologyonline 2: 440-451 (2008) Ram et al.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Shirwaikar Annie, Govindrajan R, Rastogi S, Vijaykumar M, Rawat AKS, Mehlotra
S, Pushpangadan P. Studies on the Antioxidant activities of Desmodium gangeticum.
Biol. Pharm. Bull. 2003; 26: 1424.

Pal DK, Dutta S. Evaluation of the Antioxidant activity of the roots and Rhizomes of
Cyperus rotundus L. Indian Journal of Pharmaceutical Sciences 2006; 68: 256-258.
Aswatha Ram H.N., Shreedhara C.S., Falguni Gajera P. and Sachin Zanwar B.
“Antioxidant studies of aqueous extract of Phyllanthus reticulatus Poir”.
Pharmacologyonline. 2008; 1: 351-364.

Cross CE. Oxygen radicals and human disease, Annals of Inernal Med., 1987; 107:
526-529.

Marx JL. Oxygen free radicals linked to many diseases. Science. 1987; 235: 512-529.

Arora A, Sairam RK and Srivastava GC. Oxidative stress and antioxidative system in
plants. Cur. Sci. 2002; 82: 1227-1229.

Annie Shirwaikar, Arun Shirwaikar and Punitha ISR. Antioxidant studies on the
methanol stem extract of Coscinium fenestratum. Natural Product Sciences. 2007;
13(1): 40-45.

Ganapaty S, Chandrashekhar VM, Chitme HR, Lakshmi Narsu M. Free radical
scavenging activity of gossypin and nevadensin : An in vitro relation. Indian journal
of Pharmacology 2007; 39: 281-283.

Rice-Evans C, Miller NJ. Factors affecting the antioxidant activity determined by the
ABTS radical cation assay. Free Radic. Res. 1997; 195: 26-27.

Mahakunakorn P, Tohda M, Murakami Y, Matsumoto K, Watanabe H. Antioxidant
and free radical scavenging activity of Choto-san and its related constituents. Biol.
Pharm. Bull. 2004; 27: 38-46.

Valentao P, Fernandes E, Carvalho F, Andrade PB, Seabra RM, Bastos ML. Studies
on the antioxidant activity of Lippia citriodoru Infusion: scavenging effect on
superoxide radical, hydroxyl radical and hypochlorous acid. Biol. Pharm. Bull. 2002;
25: 1324-1327.

Hagerman AE, Riedl KM, Jones GA, sovik KN, Ritchard NT, Hartzfeld PW et al.
High molecular weight plant polyphenolics (tannins) as biological antioxidants. J.
Agric. And Food Chem 1998; 46: 1887-1892.

Marcocci L., Packer, L., Droy-Lefaiz, M.T., and Sekaki, A., Gardes-Albert, M.,

Antioxidant actions of Ginko biloba extract Egb 761, Method in Enzymol., 1958, 26,
1199-1202.

451



