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Introduction 

Free radicals have one or more unpaired electrons in the 

outer shell which makes them highly reactive. Reactive oxygen 

species (ROS) like superoxide anion (O2
•-
), peroxyl (ROO

•
), 

hydroxyl (HO
•
), alkoxyl (RO

•
) and nitric oxide are oxygen-

centered free radicals. These free radicals are short lived but are 

able to initiate a chain reaction wherein more free radical are 

formed by destabilizing other molecules. Human body is 

equipped with molecules that can combat adverse effects of free 

radicals but excessive generation of free radicals leads 

to/aggravates pathological events in living organisms such as 

cellular aging, carcinogenesis, mutagenesis, coronary heart 

disease, diabetes and neural disorders.  

Plants possess myriads of bioactive compounds (Bhatia et 

al., 2008; Vats and Alam, 2013; Vats and Kamal, 2013) having 

potential antioxidant and free radical scavenging activity 

(Sharma et al., 2009; Vats, 2012). There is an ongoing search to 

explore new sources of natural antioxidants of therapeutic use 

viewing side effects associated with synthetic drugs. 

Bryophytes (mosses, liverworts and hornworts) are 

archegoniate, atracheate cryptogams. About 15000 species are 

present globally making them the third largest group of land 

plants (Pejin and Bogdanović-Pristov, 2012). They are not as 

well explored as fruits and other angiosperms in terms of 

antioxidant potential. There are few reports which details about 

the exclusive bioactive principles and antioxidant activity of 

mosses (Chobot et al., 2008), still much is left to unearth. In the 

present study Barbula javanica collected from Ranthambore 

National Park, Rajasthan, India was evaluated for its total 

phenolic content and in vitro antioxidant activities. 

Materaial and Methods 

Plant material  

The sample of Barbula javanica Doz. et Molk. (Pottiaceae 

Schimp.) was collected from Ranthambhore National Park, 

Rajasthan (India) in September 2011. Voucher specimen has 

been deposited in the Herbarium of Bioscience and 

Biotechnology Department, Banasthali University, India, BVH- 

786024- - 786030/2011.    

Extraction  

Initially soil and other plant material were carefully 

removed from the moss. Air-dried sample of B. javanica (1 g) 

was extracted in ethanol in orbital shaker at 50°C overnight. The 

extract was filtered and kept at 4°C for further use.    

Total Phenolic content (TPC)   

The total phenolics were determined colorimetrically 

according to the Folin- Ciocalteaeu method (Vats, 2012a). 

Briefly, 0.5 mL of water and 0.125 mL of the methanolic extract 

was added to a test tube. Folin-Ciocalteu reagent (0.125 mL), 

1.25 mL of the sodium carbonate solution and 3 mL of water 

was added successively and allowed to stand for 90 minutes. 

The absorbance was measured at 760nm. Total phenol content 

was expressed as gallic acid equivalents (GAE) in (mg GAE/g 

dry weight of sample) dry material. Values are expressed as 

Mean ± S.D. 

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging 

activity   

Plant extract (1ml) were mixed with 1ml of 0.3mM. DPPH 

reagent and allowed to stand at room temperature for 30 minutes 

in dark. The absorbance was taken at 517nm. Radical 

scavenging activity was expressed as IC 50 (Mean ± S.D) value 

(Vats et al., 2012). FRAP (Ferric Reduction Antioxidant 

Potential) 

Acetate buffer, 300mmol/l, 10 mmol/l 2, 4, 6-tripyridyl-s-

triazine (TPTZ) in 40 mmol/l HCl and 20 mmol/l FeCl3x6H2O 

in distilled water was prepared. 25ml of acetate buffer, 2.5ml 

TPTZ solution and 2.5ml FeCl3x6H2O solution was mixed to 

make working solution. 50μl of sample extract was mixed with 

1.5ml of FRAP reagent and monitored up to 5 min at 593nm. 

Absorbance was compared with calibration curve of aqueous 

solution of known Fe (II) concentration (μM/l).  Values are 

expressed as Mean ± S.D (Vats et al., 2012). 

Nitric oxide scavenging assay (NOSA) 

2ml of Sodium nitroprusside in 0.5ml phosphate buffer 

saline was mixed with 0.5ml of extract and the mixture was 

incubated at 25ºC for 150 min. From the incubated mixture 

0.5ml was taken out and added into 1.0ml of sulfanilic acid 
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In the present study antioxidant potential of the moss Barbula javanica Doz. et Molk was 

evaluated. The total phenolic content (TPC) was found to be 30mg±0.96 GAE/gdw. The 
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using FRAP (Ferric Reduction Antioxidant Potential) was found to be 1259±1.56 μM/l. The 

results show the potential of B. javanica as novel antioxidant, which has been reported for 

the first time.  
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reagent. Finally 1.0ml of Naphthylethylenediamine 

dihydrochloride was mixed and left at room temperature for 10 

min before measuring the absorbance at 540nm. NOSA was 

determined in triplicate according to the method of Badami et al. 

(2003) and expressed as IC50 (µg/ml). 

Deoxyribose degradation assay (DDA) 

The reaction mixture contained 0.8ml of phosphate buffer 

solution, 0.2ml of sample, 0.25ml of EDTA, 0.2ml of FeCl3 and 

0.2ml of 2-deoxy-ribose. The mixture was kept in water bath at 

37ºC and the reaction was started by adding 0.2ml of ascorbic 

acid and 0.2ml of H2O2. After incubation at 37ºC for 1 h, 2ml of 

cold thiobarbituric acid was added into the reaction mixture 

followed by 2ml of HCl. Mixture were heated at 100ºC for 

15min and then cooled down into water. The absorbance is then 

taken at 532nm. The assay was determined in triplicate 

according to the method of Elizabeth and Rao (1990) and 

expressed as IC50 (µg/ml). 

Results and Discussion 

Phenolics are universally present in plants and compounds 

possess antioxidant potential. They neutralize lipid free radicals 

and also prevent decomposition of hydroperoxides into free 

radicals, contributing to the overall antioxidant activities of 

plants (Li et al., 2009). In the present study a linear calibration 

curve of Gallic acid with coefficient of determination R2 =0.98 

was obtained. The TPC of B. javanica extract was found to be 

30mg±0.96 GAE/gdw (Mean±S.D, n=3). 

DPPH is free radical and its absorbance decreases as a 

result of a colour change from purple to yellow due to radical 

scavenging effect of antioxidants. NO is a signaling molecule 

and act as vasodilator, neuronal messenger and others. 

Overproduction of this free radical adversely affect the 

metabolism and might lead to inflammation, cancer etc. NO can 

lead to generation of hydroxyl radical and nitric dioxide 

(Halliwell, 1997). The 
.
OH radical attacks biomolecules like 

polysaccharides, proteins and nucleic acids, in a diffusion-

limited reaction. Hydroxyl radical is produced during stress and 

aggravates various disorders (Chen and Schopfer, 1999).  

 

Fig 1: Antioxidant potential B. javanica extract. DPPH, 

NOSA and DDA 

The antioxidant activity (Fig. 1) of extract as IC50 value 

against DPPH, NOSA and DDA was found to be 100±1.12, 

80±0.90 and 35±0.50 (μg/ml; Mean±S.D, n=3), respectively. 

Higher the value of IC50 lower is the antioxidant activity. The 

extract was found to be best against hydroxyl radicals. In FRAP 

antioxidants reduce ferric tripyridyltriazine (Fe(III)-TPTZ) 

complex to the ferrous tripyridyltriazine (Fe(II)-TPTZ), which 

imparts blue color in the reaction mixture at low pH. The FRAP 

was evaluated to be 1259±1.56 μM/l (Mean±S.D, n=3).  

The significant antioxidant activities of the plant extract 

might be due presence of good phenolic content. The 

antioxidant activity of extract might be due to good phenolic 

content. Phenolic compounds include flavonoids which have 

diverse therapeutic potential mainly due to their antioxidant 

activity (Pietta, 2000). Moreover phenolic compounds are 

known to inhibit the oxidation activity of free radicals and 

enhance activity of antioxidative enzymes (Bandy et al., 2001; 

Ross and Kasum, 2002).  

This is first ever report, to authors’ best knowledge, 

indicating the potential antioxidant activity of B.  javanica. The 

work is a step ahead in search for novel natural antioxidants, 

which could be of therapeutic and commercial value. 
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