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Summary 

As per Ayurveda, Lippia nodiflora Rich. [Phyla nodiflora (Linn.) Greene.] is used in 

various diseases, some of which occur due to generation of free radicals. 

In the present study, antioxidant and free radical scavenging activity of defatted and 

fractionated methanolic extract of  aerial parts of Lippia nodiflora (MELN) was 

evaluated using in vitro methods like 1, 1-diphenyl, 2-picryl hydrazine (DPPH) 

radical scavenging activity, H2O2 scavenging activity, Nitric Oxide (NO) radical 

scavenging activity, Nitro Blue Tetrazolium (NBT) reduction assay, β-carotene-

lineolate bleaching assay and Total reduction ability by Fe
3+

-Fe
2+

 transformation 

(Reducing power assay). Ascorbic acid was used as a reference antioxidant 

compound. In DPPH radical scavenging activity, H2O2 scavenging activity, NO 

scavenging activity and NBT reduction assay the IC 50 values obtained for MELN 

were found to be 799.74 µg/ml, 53.15 µg /ml, 61.51 µg/ml and 45.60 µg/ml 

respectively and for Ascorbic acid the IC 50 values were found to be 511.36 µg/ml, 

33.06 µg/ml, 42.40 µg/ml and 94.82 µg/ml respectively. In the reduction power assay 

increase in absorbance was observed in a dose dependant manner. Total phenolic 

content was measured using Folin-Ciocalteu phenol reagent which showed that 1 mg 

of the extract contained 114.89 µg/ml total phenolics equivalent to gallic acid. The 

results obtained in the present study indicate that the antioxidant activity of MELN 

may be due to the presence of flavonoids. 
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Introduction 

Free radicals are natural by-products produced during metabolic process in 

human/animal body. These are electrically charged molecules that attack our cells, 

tearing through cellular membranes to react and create havoc with nucleic acids, 

proteins, and enzymes present in the body. These attacks by free radicals, collectively 

known as oxidative stress, are capable of causing cells to lose their structure, function 

and can eventually destroy them. They are continuously produced by our body’s own 

use of oxygen such as in respiration and some cell-mediated immune function (1). 
Normally there is a balance between the amount of free radicals generated in the body 

and the antioxidant defense systems that scavenge/ quench these free radicals 

preventing them from causing deleterious effects in the body (2). The antioxidant 

defense systems in the body can only protect the body when the amount of free 

radicals is within the normal physiological level. But when this balance is shifted 

towards more of free radicals, increasing their burden in the body either due to 

environmental conditions or produced within the body, it leads to oxidative stress, 

which may result in tissue injury and subsequent diseases (3). Since free radicals play 

such an important role in the disease scenario of an individual, a thorough 

understanding of the various physiologically significant free radicals is of paramount 

importance before the search of the radical scavengers or the antioxidant principles to 

treat the physiological disorders caused by them (4). Reactive oxygen species (ROS) 

is a collective term, which includes not only the oxygen radicals (O2 ˙¯ and OH˙) but 

also some non-radical derivatives of oxygen. These include hydrogen peroxide 

(H2O2), hypochlorous acid (HOCl) and ozone (O3) (5). The role played by ROS in 

stress induced gastric ulcer and inflammatory bowel diseases have been well 

established, as well as their involvement in the process of ageing (6, 7). Synthetic 

antioxidants like butylated hydroxytoluene (BHT) and butylated hydroxyanisole 

(BHA) commonly used in food have side effects and are carcinogenic (8, 9). This is 

one of the reasons why discovery and synthesis of novel and antioxidants is a major 

active area. 

As per Ayurveda, Lippia nodiflora Rich. is acrid, cooling, aphrodisiac, astringent to 

the bowels, stomachic, vulnerary, anthelmintic, alexiteric; useful in diseases of the 

heart, the blood, the eye; improves taste; good for ulcers, wounds, burning sensation, 

asthma, bronchitis, thirst, loss of consciousness (10). It is found in wet places along 

bunds of irrigation channels, canal edges and river banks almost throughout India 

ascending upto 900m in the hills (11). Lippia nodiflora Rich. growing in India has 

revealed the presence of nodifloretin (12); two 6-hydroxyluteolin glycosides; the 7-

arabinose and the 4’-rhamnoside (13); halleridone and hallerone (14) and 

monoterpenes like 2-phenethyl alcohol, 1-octen-3-ol, linalool, 2,6,- dimethyloctane, 

methyl salicylate, p-cymen-8-ol; sesqueterpenes like calamenene, β-caryophyllene, α-

copaene, α-copaene, α-bergamotene, δ-cadinene, β-bisabolene (15). 
 

 

Materials and Methods 
Plant Material And Preparation Of Extract. 

The aerial parts were collected from river bank of Mahi River, Anand District of 

Gujarat, India and authenticated by Pharmacognosist of Pharmacognosy department, 

Indukaka Ipcowala College of Pharmacy, New Vallabh Vidyanagar. A voucher 

specimen (IICP/07/02) has been preserved in Pharmacognosy laboratory of Indukaka 

Ipcowala College of Pharmacy. The collected plant material was dried under shade, 

powdered (# 60) with mechanical grinder and stored in air tight container. The dry 
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powdered material was defatted using petroleum ether (60-80
o
) using Soxhlet’s 

extractor. Defatted material was then extracted with chloroform followed by 

methanol. The solvents were completely recovered under reduced pressure. The 

methanolic extract (MELN) obtained as a semisolid mass and was selected for further 

studies after preliminary phytochemical analysis of all extracts (16). 

DPPH Radical Scavenging Activity. 

Free radical scavenging potentials of MELN was tested against a methanolic solution 

of DPPH (17, 18). 0.1 mM solution of DPPH in methanol was prepared and 1.0 ml of 

this solution was added to 3.0 ml of different concentrations (200-1000 µg/ml) of 

MEGA prepared in water. It was incubated at room temperature for 30 minutes and 

the absorbance was measured at 517 nm against the corresponding blank solution. 

Ascorbic acid was taken as reference. Percentage inhibition of DPPH free radical was 

calculated based on the control reading, which contain DPPH and distilled water 

without any extract using the following equation: 

% Scavenging Activity = [(Ac- As) / Ac] × 100 

Where, Ac is the absorbance of the control reaction and As is the absorbance in the 

presence of the sample of the extracts. The antioxidant activity of the extract was 

expressed as IC50. The IC50 value was defined as the concentration (in µg/mL) of 

extracts that inhibits the formation of DPPH radicals by 50%. The IC 50 values were 

calculated from graph by linear regression analysis. 

Scavenging Of Hydrogen Peroxide (19) 

A solution of hydrogen peroxide (40 mM) was prepared in phosphate buffer (pH 7.4). 

The concentration of hydrogen peroxide was determined by recording the absorbance 

at 230 nm. Different concentrations of MELN (20-100 µg/ml) in distilled water added 

to a hydrogen peroxide solution (0.6 ml, 40 mM). The absorbance of hydrogen 

peroxide at 230 nm was determined after ten minutes against a blank solution 

containing phosphate buffer without hydrogen peroxide. The percentage of hydrogen 

peroxide scavenged by the MELN and Ascorbic acid (standard) was calculated using 

following equation: 

 % Scavenging Activity = [(Ac- As) / Ac] × 100 

Nitric Oxide Radical (NO) Scavenging Activity (20, 21) 

Nitric oxide (NO) radicals were generated from sodium nitroprusside solution at 

physiological pH. Sodium nitroprusside (1 ml of 10 mM) was mixed with 1 ml of 

MELN in different concentrations (20-100 µg/mL) in phosphate buffer (pH 7.4). The 

mixture was incubated at 25
o
 C for 150 min. To 1 ml of incubated solution, 1 ml of 

Griess’ reagent (1% sulphanilamide, 2% o-phosphoric acid and 0.1% 

naphthylethylenediamine dihydrochloride) was added. Absorbance was read at 546 

nm and percentage inhibition was calculated using formula: 

% Scavenging Activity = [(Ac- As) / Ac] × 100 

Nitro blue Tetrazolium (NBT) Reduction Assay (22) 

Antiradical activity is measured by the decrease in absorbance at 590 nm after 

illumination for 5 mins. Decrease in the absorbance in the standard and extracted was 

noted.0.2 ml riboflavin (1mg/ml) solution is mixed with 0.4ml EDTA (12mM) + 
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5.2 ml extract or ascorbic acid prepared in phosphate buffer (pH=7.4) (20 µg/ml-100 

µg /ml) + 0.2 ml Nitro blue Tetrazolium. The reaction mixture was illuminated under 

light for 5 mins and absorbance measured at 590 nm. Percentage inhibition was 

calculated using formula: 

% Scavenging Activity = [(Ac- As) / Ac] × 100 

β -Carotene Linoleate Bleaching Assay 

The antioxidant activity of the extract was assayed, based on the β-carotene bleaching 

method (23).Ascorbic acid was used as the standard. β-carotene (0.2mg in 1ml 

chloroform), linoleic acid (0.02ml) and tween-20(0.2ml) were transferred into a round 

bottom flask. The mixture was then added to 0.2 ml of different concentrations (200-

1000 mcg/ml) of extract or standard or methanol (as control). Chloroform was 

removed at room temperature under vacuum at reduced pressure using a rotary 

evaporator. Following evaporation, 50ml of distilled water was added to the mixture, 

and then shaken vigorously to form an emulsion. 2 ml aliquots of the emulsion were 

pipetted into test tubes and immediately placed in a water bath at 50
o
 C. The 

absorbance was read at 30 min intervals for 2h at 470 nm. The antioxidant activity 

was based upon different parameters, namely antioxidant activity (AA), degradation 

rates (RD) and oxidation rate ratio (ROR). 

Antioxidant activity (AA) was expressed as percent inhibition relative to control, 

using formula: (24) 

AA= [R control - R sample of standard/ R control] X 100, 

Where Rcontrol and Rsample represent the bleaching rates of β -carotene without and with 

the addition of antioxidant, respectively. 

Degradation rates (RD) were calculated according to first order kinetics:                     

RD=ln (At/Ax) X 1/tx 

Where ln is natural log, At is the absorbance at 470 nm at t=0                                   

and Ax is the absorbance at 470 nm at t= 30, 60, 90, 120 min. 

 

Reducing Power Assay (25, 26) 

The different concentration of MELN (20-100 µg/ml) in 1 ml of deionized water were 

mixed with phosphate buffer (2.5 ml, 0.2M, pH 6.6) and 1% potassium ferricyanide 

[K3Fe(CN)6] (2.5 ml). The mixture was incubated at 50
 o

C for 20 minutes. The 

reaction was stopped by adding trichloroacetic acid (2.5 ml, 10%) to the 

mixture,2.5ml of this mixture was mixed with distilled water (2.5ml) and ferric 

chloride (0.5 ml, 0.1%), and the absorbance was measured at 700 nm. Ascorbic acid 

was taken as reference. 

Total phenolic content  

The total phenolic contents of the extract were determined using the Folin-Ciocalteu 

reagent (27). The reaction mixture contained 1 ml of MELN, 0.5 ml of the Folin-

Ciocalteu reagent, 3 ml of 20% sodium carbonate and 10ml of distilled water. After 2 

h of reaction at the ambient temperature the absorbance at 765 nm was measured and 

used to calculate the phenolic contents using Gallic acid as a standard. The total 

phenolic content was then expressed as Gallic Acid Equivalent (GAE), in mg/g dry 

sample. 
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Results 

The results obtained in this study indicated dose dependant inhibition of   DPPH, 

H2O2, NO and Reduction of NBT by MELN (Fig 1-a, b, c, d). The IC 50 values for 

MELN in DPPH, H2O2, NO radical scavenging activity and NBT reduction assay 

were found to be 799.4 µg/ml, 53.15µg/ml, 61.15 µg/ml and 45.60 µg/ml respectively 

and for Ascorbic acid the IC50 values were 511.36 µg/ml, 33.06 µg/ml, 42.40 µg/ml 

and 94.82 µg/ml respectively. In the reducing power assay there was an increase in 

the absorbance with increase in concentration of the extract, which indicates that the 

extract possesses reducing ability. The results of MELN showed 50% inhibition at 

high concentration in DPPH, H2O2, NO radical scavenging activity and at low 

concentration in NBT reduction assay as compared to ascorbic acid.  
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Fig.1Effect of MELN and Ascorbic acid on a) DDPH radical scavenging activity       

b) H2O2 scavenging activity c) Nitric oxide scavenging activity d) NBT reduction 

assay. 

The reducing power of MELN was observed to be dose dependant as shown in Table 

1. 

 

 

 

 

 

 

Table 1. Absorbance of MELN and Ascorbic acid at different concentration showing 

Total reductive ability. 

 

Concentration 

in µg/ml 

Absorbance 

MELN 

Absorbance 

Ascorbic acid 

20 0.107 0.232 

40 0.194 0.304 

60 0.254 0.328 

80 0.35 0.433 

100 0.407 0.484 

a b 

c d 
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In β-carotene bleaching assay there was a co-relation between degradation rate and 

the bleaching of β-carotene; the extract with the lowest degradation rate exhibited 

highest antioxidant activity. (Fig.2-a and b) 

Degradation rate-Lippia nodiflora
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Fig. 2 a and b: Degradation rate and oxidation rate ratio of methanolic extract of 

Lippia nodiflora  respectively, by β-carotene-linoleate bleaching assay. 

Determination of Total Phenolic Content: The absorbance of MELN (1mg/ml) 

measured at 765 nm was found to be 0.562.From the standard curve of gallic acid 

(Fig.3) the amount of total phenolics in MELN was calculated by linear regression 

analysis using the equation y=0.0064x-0.0073(R
2
=0.9922). 1 mg of MELN contained 

114.89 µg/ml of total phenolics equivalent to Gallic acid. 

Gallic acid standard curve-Total phenolic 

content
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Fig.3 Gallic acid standard curve for determination of total phenolics. 

 

Discussion 

DPPH scavenging activity has been used by various researchers as a quick and 

reliable parameter to assess the in vitro antioxidant activity of the crude plant extracts 

(28, 29). In the DPPH test the ability of a compound to act as donor for hydrogen 

atoms or electrons was measured spectrophotmetrically. In the present investigation 

MELN demonstrated significant DPPH radical scavenging activity in a dose 

dependant manner indicating its ability to act as radical scavengers. 

a b 
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The scavenging of hydrogen peroxide by MELN and ascorbic acid after incubation 

for 10 minutes increased with increase in concentration. The IC50 value of MELN  

and ascorbic acid were found to be 53.15 µg/ml and 33.06 µg/ml.While hydrogen 

peroxide is not very reactive (30), it can generate highly reactive hydroxyl radical 

(OH) through Fenton reaction  (Equation 1) (31,32). 

 Thus, the scavenging of hydrogen peroxide is an important antioxidant defense 

mechanism (33). 

Fe 
2+

 + H2O2                 Fe
3+

  + OH + OH
- 
  (Equation 1) 

The decomposition of hydrogen peroxide to water involves the transfer of electrons as 

in Equation 2 (34). 

H2O2 + 2H
+
 + 2e

-
                2H2O  (Equation 2) 

The scavenging of hydrogen peroxide by phenolic compounds has been attributed to 

their electron-donating ability (35). 

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, antimicrobial and antitumor activities (36). Excess of NO is 

associated with several diseases (37, 38). Oxygen reacts with excess nitric oxide to 

generate nitrite and peroxynitrite anions, which act as free radicals (39, 40).In the 

present study the extract MELN competed with oxygen and reacted with NO and thus 

inhibited the generation of anions. 

In NBT reduction assay the antiradical activity was measured by the decrease in 

absorbance at 590 nm after illumination of the reaction mixture for 5 min. This was 

caused by the reduction of NBT by riboflavin. In the present study MELN required 

less dose (IC50= 49.6 µg/ml) for 50% reduction as compared to ascorbic acid (IC50= 

94.82 µg/ml) (22). 

In the β-carotene bleaching assay, linoleic acid produces hydroperoxides as free 

radicals during incubation at 50 
o
C. The presence of antioxidants in the extract 

minimizes the oxidation of β-carotene by hydroperoxides. Hydroperoxides formed in 

this system were neutralized by the antioxidants from the drug. In the present study, 

we evaluated antioxidant activity of MELN by β-carotene linoleate bleaching assay 

because β-carotene shows strong biological activity and is physiologically important 

compound (41, 42). 

Phenolic constituents are very important in plants because of their scavenging ability 

due to their hydroxyl groups (43).Phenolic compound are widely distributed in 

plants(44).These have gained much attention due to their antioxidant activity and free 

radical scavenging ability, which potentially have beneficial implications for human 

health ( 45-47). One mg of MELN extract contained 114.89µg/ml of GAE of phenols. 

Phenolic compounds are famous powerful chain breaking antioxidants (48). 

Preliminary phytochemical analysis showed the presence of flavonoids in the 

methanolic extract of aerial parts of Lippia nodiflora. The flavonoids may, therefore 

act as a preventive agent in pathologies where reactive oxygen species have been 

implicated. Thus the antioxidant potential of MELN could be attributed to the 

presence of the flavonoids present in the plant.  
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