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ABSTRACT 

Andrographis megamalyana belonging to the family Acanthaceae is an endemic medicinal plant species of 

southern Western Ghats have been reported recently with a wide range of therapeutic potential. The aim 

of the present study was to investigate and examine the qualitative, quantitative phytochemical screening 

and in vitro antioxidant efficacy of various solvent extracts of A. megamalyana plant parts using various 

standard models such as DPPH, ABTS.+, superoxide, metal chelating ferrous ion and reducing power 

assay. In qualitative preliminary screening, the results pertaining to the present study revealed the 

presence of various bioactive principles viz., alkaloids, flavonoids, phenols, tannins, terpenoids, quinone 

and coumarin. The quantitative phytochemical analysis also displayed a remarkable content of alkaloid, 

phenols, tannins, saponins, vitamin C and condensed tannins. Among the samples analysed, the ethanolic 

leaf extract thrived to be an effective free radical quencher towards all the assessed in vitro antioxidant 

assays. Further meticulous studies are required to explore the therapeutic credence of A. megamalyana 

for the treatment of ailments triggered by free radicals. 
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INTRODUCTION 

Oxidative stress replicates an imbalance between the systemic manifestation of reactive 

oxygen species and a biological system's ability to instantly detoxify the reactive 

intermediates or to repair the resulting damage. Consequently, our body is under constant 

oxidative attack from reactive oxygen species (ROS). A complex system of antioxidant 

defences has evolved that generally evoked this attack in balance (Graham et al., 2011). On 

occasions, however this balance can be perturbed leading to oxidative stress. The term 

‘reactive oxygen species’ is applied to both free radicals and their non-radical intermediates. 
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Free radicals implies pathogenesis of various degenerative diseases viz., cancer, 

cardiovascular diseases, immunomodulation, neurological disorder, diabetes etc. (Indra et al., 

2012). Medicinal plants have been extensively utilized as a vital source for curing diverse 

infections and diseases for decades. The plants comprise phytochemicals rich in antioxidants. 

Research on antioxidants and medicinal plants has emerged as a potent source to prevent free 

radicals generated damage in living cells. Medicinal plants offer a holistic components of 

therapeutic value (Anita et al., 2016). They serve as a vital source of therapeutic and 

currently about 25% of pharmaceutical prescriptions in world contain at least one plant based 

drug. Using natural antioxidant has expanded more consideration because they are 

deliberated safer than synthetic antioxidants (Mbaebie, 2012). Various plant parts viz., leaves, 

stem and root etc., are known to compromise substantial quantities of phytoconstituents such 

as phenolics, flavonoids, alkaloids, saponins and tannins having the ability to inhibit free 

radicals (Samatha, 2012). These phytoconstituents exhibits various biological activities 

including anticarcinogenic, antiviral, antivenom, antidiabetic, anti-inflammatory, antitumor 

and antibacterial activities (Aiyegoro, 2010). However, majority of the plants have not yet 

been scientifically explored for their potential biological activities. 

 Andrographis megamalayana, an endemic medicinal plant species belonging to the 

family Acanthaceae of southern Western Ghats have been reported recently with a wide 

range of therapeutic applications (Gnanasek et al., 2016). It is an herb that grow up to 60cm 

high. As it belongs to the genus Andrographis, a productive clump of species  reveals a wide 

spectrum of biological activities viz., antivenom, antimalarial, antimicrobial, 

antihypertensives and anticancer etc., (Arpita et al., 2018). However, so far there is no 

scientific report for the validation and ethnomedicinal usage of this plant. Therefore, in this 

context the present study was addressed to provide the first hand information on the 

qualitative and quantitative compositions of its phytochemical constituent and antioxidant 

activities of various plant parts and solvent extracts of A. megamalayana in order to provide 

convention towards therapeutic and its scientific validation. 

 

MATERIALS AND METHODS 

Procurement of plant materials 

Fresh plant parts of the study species, A. megamalyana was collected during the 

month of May, 2017 from Megamalai hills, the Western Ghats, Theni district, Tamil Nadu, 

India. The authenticity of the study plant materials were duly acknowledged and confirmed 

[Vide no: BSI/SRC/5/23/2017/Tech/2900] by comparison with the reference specimen 
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preserved at Botanical Survey of India, Southern Circle, Coimbatore. They were cleaned, 

shade dried and coarsely powdered in a Willy Mill to 60 mesh size for extraction.  

Preparation of crude plant extracts 

Fifty grams of coarsely powdered plant samples were subjected to sequential extraction with 

successive solvent systems in the order of increasing polarity viz., petroleum ether, ethyl 

acetate and ethanol using soxhlet apparatus. Also, the air dried residues were subjected to 

cold maceration with water. The extracts were filtered and concentrated to dryness under 

reduced pressure using rotary vacuum evaporator to remove traces of water molecules and 

the lyophilized powders were stored at 20°C until used directly for the appraisal of various in 

vitro activities. 

In vitro studies 

Preliminary qualitative phytochemical analysis 

 Preliminary qualitative phytochemical analysis was performed to identify the main 

class of phytocompounds present in various solvent extracts of leaf, stem, root and flower 

parts of A. megamalayana (Trease and Evans, 2002: Harborne, 1984). 

Quantitative phytochemical analysis 

 Major non-enzymic antioxidants for the plant extracts were determined using standard 

quantitative protocols. 

Estimation of alkaloids 

 Alkaloid determination was carried out using standard method adopted by Harborne 

(1973) with slight modifications. One gram of the sample was weighed into 250 ml beaker 

and 200 ml of 10% acetic acid in ethanol was added, and allowed to stand for 4 h. It was 

filtered and concentrated on a water bath to one quarter of the original volume. Concentrated 

NH4OH was added drop wise to the extract until the precipitation was complete. The whole 

solution was allowed to settle and the precipitate was collected and washed with dilute 

NH4OH and then filtered. The residue alkaloid content was then dried and weighed. 

Total phenolics and tannins 

 The total phenolic content of plant extracts was determined using Folin-ciocalteu 

reagent according to the procedure described by Siddhuraju and Becker (2003). In this 

method, 20 μg of the extract (dissolved in the respective solvent) was taken in a test tube and 

made up to the volume of 1.0 mL with distilled water. Then 0.5 mL of freshly prepared Folin-

ciocalteu phenol reagent (1:1 with water) and 2.5 mL of 20% sodium carbonate solution were 

added sequentially in each tube. The mixtures were agitated and left in the dark at laboratory 

temperature for 40 min for the development of colour. The absorbance was recorded at 725 
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nm against the reagent blank using a Shimadzu – UV- 160 spectrophotometer (Japan). A 

calibration curve of gallic acid was constructed, and linearity was obtained in the range of 10-

50 μg/ mL. Using the standard curve, the total phenol content of the extract was calculated 

and expressed as gallic acid equivalent (GAE) mg/ g extract. Using the same extract, tannin 

content was estimated after treatment with polyvinyl polypyrrolidone (PVPP) as described by 

Siddhuraju and Manian (2007). One hundred milligrams of PVPP was weighed in a 100 ×12 

mm test tube and to this, 1.0 mL distilled water and 1.0 mL of tannin containing phenolic 

extract were added. The contents were vortexed and kept at 4ºC for 15 min. Then the sample 

was centrifuged (5000 rpm for 10 min at laboratory temperature) and the supernatant was 

collected. This supernatant has only simple phenolics other than tannins (the tannins would 

have been precipitated along with the PVPP). The phenolic content of the supernatant was 

measured, as monitored above and expressed as the content of free phenolics on a dry matter 

basis. From the above results, the tannin content of the extract was calculated as follows: 

Tannin (mg GAE/ g extract) = Total phenolics (mg GAE/ g extract) – Free phenolics (mg 

GAE/ g extract) 

Total flavonoid content 

 The total flavonoid content was determined spectrophotometrically using the method 

adopted by Zhishen et al. (1999). 0.5 mL of appropriately diluted extract solution was mixed 

with 2.0 mL of distilled water and subsequently with 0.15 mL of 5% sodium nitrite solution 

and maintained for 6 min. Then, 0.15 mL of 10% aluminium chloride solution was added and 

allowed to stand for 6 min, and finally 2.0 mL of 4% sodium hydroxide solution was added. 

Final volume of the contents was made up to 5.0 mL with distilled water and were mixed 

thoroughly. After 15 min of incubation at laboratory temperature, the absorbance was 

determined against blank at 510 nm. The total flavonoid content was determined using a 

standard curve with rutin. The mean of the three values were expressed as milligrams of rutin 

equivalents (mg RE)/ g extract on a dry weight basis. 

Estimation of total saponin content 

Estimation of total saponin content was determined based on vanillin-sulphuric acid 

colorimetric reaction with slight modifications (Makkar et al., 2007). About 50 μL of plant 

extract was added with 250 μL of distilled water. To this, about 250 μL of vanillin reagent 

(800 mg of vanillin in 10 mL of 99.5% ethanol) was added. Then 2.5 mL of 72% sulphuric 

acid was added and was mixed well. This solution was kept in a water bath at 60 °C for 10 

min. After 10 min, it was cooled in ice cold water and the absorbance was read at 544 nm. 
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The values were expressed as diosgenin equivalents (mg DE/g extract) derived from a 

standard curve. 

Ascorbic acid (vitamin C) 

Ascorbic acid determination was done according to Klein and Perry (1982). About 10 

mg of dried plant powder were re-extracted with 10 mL of 1% metaphosphoric acid. They 

were allowed to stand for 45 min at laboratory temperature and filtered through Whatman 

No. 4 filter paper. About 1 mL of filter was taken and it was mixed with 9 mL of 50 μmol/L 

2,6-dichloroindophenol sodium salt hydrate and the absorbance was measured with 30 min at 

515 nm. Ascorbic acid content was calculated on the basis of the calibration curve of 

authentic L-ascorbic acid and the results were expressed as mg of ascorbic acid equivalent 

(mg AE/g extract). 

Condensed tannins 

 Condensed tannins in the extracts were estimated as described by Porter et al. (1986). 

200 mg of the plant sample was taken in a test tube and to this 10 mL of 70% acetone was 

added. The contents were placed over night in a shaker. Then they were centrifuged at 5000 

rpm for 5 min and the supernatant was collected. 0.5 mL of the supernatant was pipetted out 

into a test tube, 3.0 mL of the butanol-HCl reagent (95:5 v/v) and 0.1 mL of ferric reagent 

(2% ferric ammonium sulfate in 2N HCl) were added sequentially. The contents were 

vortexed and the mouth of each test tube was covered with a glass marble, and then kept in a 

heating block adjusted at 97 to 100º C for 60 min. After cooling the test tubes, the absorbance 

was recorded at 550 nm. Suitable blank was subtracted, which is usually the absorbance of 

unheated mixture. Condensed tannins (% in dry matter) as leucocyanidin equivalent (LE) was 

calculated by the formula:  

Condensed tannins = (Absorbance at 550 nm × 78.26 × Dilution factor) / (% dry matter). 

In vitro antioxidant activities 

DPPH radical scavenging activity 

 The hydrogen donating capacity was assessed using the stable DPPH▪ method Blois, 

(1958). Briefly, a solution of 0.1mM DPPH• was prepared using methanol. The samples 

(50-250 µg/mL) were mixed with 5.0 mL of DPPH• solution. Reaction mixture was shaken, 

incubated at 27°C for 20 min and the absorbance was measured at 517 nm. Results were 

compared with the activity of rutin, quercetin, BHA and BHT. Per cent DPPH▪ discolouration 

of the samples was calculated using the formula: DPPH radical scavenging activity (%) = 

[(Control OD – Sample OD)/Control OD] ×100. Antioxidant activities of the extracts were 

expressed as IC50, these values were calculated from the linear regression of the percentage 

International Journal of Scientific Research and Review

Volume 7, Issue 8, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/313



antioxidant activity versus concentration of the extracts (Ebrehimabadi et al.,2010). A lower 

IC50 value indicates greater antioxidant activity. 

Reducing power assay  

The Fe3+ reducing power of the extract was determined according to the method 

suggested by Oyaizu, (1986). The plant extracts (100-500 µg/mL) were mixed with 5.0 mL of 

0.2 M phosphate buffer of pH 6.6 and 5.0 mL of 1% K3 Fe (CN)6 and the mixtures were 

incubated at 50°C for 20 min. The reaction was terminated by adding 5.0 mL of 10% TCA 

(w/v), and the mixture was centrifuged at 1000 rpm for 10 min. The upper layer of the 

supernatant (5.0 mL) was mixed with 5.0 mL of distilled water and 1.0 mL of 0.1% (w/v) 

FeCl3 and the absorbance was read at 700 nm. Rutin, quercetin, BHA and BHT served as the 

reference material. Increased absorbance indicates increased reductive capability. 

   Chelating ability for ferrous ions 

 The ferrous chelating potential of the extracts were assessed according to the method 

suggested by (Yamaguchi et al. 2000). The reaction was initiated with the sequential addition 

of 250 µg of sample extract, 0.25 mL of 1 mM FeSO4 solution, 1.0 mL of 0.2 M Tris–HCl 

buffer (pH 7.4), 1.0 mL of 2, 2’ bipyridyl solution, 0.4 mL of 10% hydroxylamine 

hydrochloride and 2.0 mL of ethanol. The final volume was made up to 5.0 mL with 

deionised water and the absorbance was determined at 522 nm. EDTA was used to 

benchmark the chelating abilities. Lower absorbance of the reaction mixture indicated higher 

ferrous ion chelating ability. 

Trolox equivalent antioxidant capacity assay 

Antioxidant activity was performed using an improved ABTS▪+ method proposed by 

Siddhuraju and Manian (2007). The ABTS radical cation(ABTS▪+) was generated by a 

reaction of 7 mM ABTS▪+ and 2.45 mM potassium persulphate and the mixture was 

incubated for 12-16 h at room temperature in dark. Prior to assay, the solution was diluted in 

ethanol (about 1:89 v/v) and equilibrated to obtain an absorbance of 0.700 ± 0.02 at 734 nm. 

10 µL/mL of sample was added to 1.0 mL of diluted ABTS•+ solution. After 30 min of 

incubation, absorbance was read at 734 nm. Trolox was used as a reference material. 

Superoxide radical scavenging activity  

Superoxide radicals were generated by the modified method of Beauchamp and 

Fridovich (1971). The assay was based on the capacity of the sample to inhibit formation by 

scavenging superoxide radicals generated by riboflavin-light-NBT in the system. Each 3 ml 

reaction mixture contained 50 mM sodium phosphate buffer (pH 7.6), 20 mg riboflavin, 12 

mM EDTA, 0.1 mg NBT and various concentrations (200 - 1000μg) of sample extracts. 
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Reaction was started by illuminating the reaction mixture with sample extract for 90 seconds. 

Immediately after illumination the absorbance was measured at 590 nm. The entire reaction 

assembly was enclosed in a box lined with aluminium foil. Identical tubes with reaction 

mixture kept in dark served as blank. The percentage inhibition of superoxide anion 

generation was calculated as:  

Superoxide radical scavenging activity (%) = (control OD-sample OD / control OD) × 

100  

The analysis was performed in triplicate. The sample concentration providing 50% 

inhibition (IC50) under the assay condition was calculated from the graph of inhibition 

percentage against sample concentration. 

Statistical analysis 

All the values were expressed as mean ± standard deviation(SD) of three determinations and 

were subjected to one way analysis of variance (ANOVA) followed by post hoc Duncan’s 

multiple range test using SPSS (version 9, SPSS Inc.,Chicago, USA). P < 0.05 was chosen as 

the criterion for statistical significance. 

RESULTS 

Extractive yield 

 The extractive yield is a measure of the solvent efficacy to extract specific bioactive 

components from the plant extracts. In the present context, the results indicate that percentage 

yield of A. megamalayana plant parts ranged between 0.9 % and 13.2%. Among which the 

crude ethanolic extract of leaf (13.2%) was profound to be the highest among other solvents 

and plant parts employed (Table 1).  

Table 1.Extractive yield percentage for various solvent systems of A. megamalayana 

plant parts. 

 
Plant 
Parts 

Extractive yield percentage (%) 

PE EA ET AQ 

Leaf 4.6d 5.7c 13.2a 10.15b 

Stem 2.7f 3.3e 3.8e 4.2d 

Root 1.2g 1.3g 2.2f 2.4f 

Flower 0.97h 1g 1.5g 3e 

*Note:  PE-Petroleum ether; EA-Ethyl acetate; ET-Ethanol; AQ-Aqueous 

 

 Phytochemical screening  

Qualitative analysis 
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Qualitative phytochemical screening for various solvent systems and plant parts of A. 

megamalayana were depicted and presented in Table 2. The results of qualitative 

phytochemical screening revealed the massive occurrence of phytochemicals and a relative 

distribution of all the secondary metabolites such as alkaloids, flavonoids, phenols, tannins, 

terpenoids, quinone and coumarin in all the solvent extracts, however steroids, glycosides, 

triterpenoids and protein were present only in trace amount. 

 Quantitative analysis 

The quantitative phytochemical analysis of different plant parts using various solvent systems 

of A. megamalayana were presented in Fig 1 - 5. Among the four plant part extracts studied it 

was observed that A. megamalayana leaf exhibited significant content of alkaloids (61.9 mg 

AE/g d.w basis), whereas the flower extract possessed low alkaloid contents (15.62 mg AE/g 

d.w basis). Similarly in Vitamin C, the highest content was registered for the leaf extract 

(33.2 mg ASA/g d. w basis) followed by stem (27.3 mg ASA/g d. w basis), root (21.6 mg 

ASA/g d. w basis) and the lowest content was noted for the flower extract (9.11 mg ASA/g d. 

w basis). On the other hand, content of condensed tannins was observed to be high in stem 

(5.4 mg LE/g d. w basis) while the lowest content was detected for the flower extract (2.1 mg 

LE/g d. w basis). 

 As in Fig 1, the content of total phenolics ranged between 4 and 37.93 mg GAE/g. In 

which highest content was obtained for aqueous leaf extract (37.93 mg GAE/g) and the least 

content was registered for root petroleum ether extract (4 mg GAE/g). When the tannin 

contents were considered only the ethanolic and aqueous leaf extract manifested greater value 

of 0.58 and 0.56 mg GAE/g, respectively. Whereas the lowest content was determined for the 

petroleum ether and ethyl acetate extracts of stem which were 0.13 and 0.14 mg GAE/g, 

respectively. In the determination of total flavonoid content, the ethanolic leaf extract 

revealed the maximum flavonoid content of 21.5 mg RE/g. Despite, the minimum contents 

were registered for the ethylacetate fractions of flower (1.8 mg RE/g). Finally, in the 

determination of saponin content, the highest value was recorded for the petroleum ether 

extract of flower (6.6 mg DE/g) and ethanolic leaf extract (6.3 mg DE/g) while significantly 

lowest content was reported for the petroleum ether extract of root (1.3 mg DE/g). 
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Table 2. Qualitative phytochemical analysis of various solvent extracts of A. megamalyana plant parts 

 

Tests 

 

 

PE EA ET AQ 

Leaf Stem Root Flower Leaf Stem Root Flower Leaf Stem Root Flower Leaf Stem Root Flower 

Alkaloids +++ ++ ++ +++ ++ ++ + + +++ +++ +++ +++ +++ ++ ++ + 

Flavonoids +++ ++ + +++ ++ +++ ++ + +++ +++ + ++ +++ +++ ++ + 

Steroids + - + - + - - - + - - - + - - - 

Saponins +++ +++ +++ +++ +++ ++ + + +++ ++ ++ + + - + - 

Phenols +++ ++ +++ ++ +++ ++ + + +++ +++ +++ +++ +++ ++ + + 

Quinones +++ ++ ++ + +++ +++ + - +++ ++ ++ ++ ++ ++ ++ + 

Coumarins +++ +++ ++ +++ ++ ++ ++ + +++ +++ +++ +++ +++ ++ ++ +++ 

Terpinoids +++ + + ++ ++ + ++ + +++ +++ ++ + +++ ++ +++ ++ 

Carbohydrates ++ - - + + - - - ++ + - + ++ - ++ + 

Glycosides ++ - + - + + - - ++ + + - ++ + + - 

Proteins ++ + ++ + + ++ + - + ++ + - + - ++ - 

Oils and fats - - - - + + - + - - - +     

Gums 

andmucilages 

+++ ++ ++ +++ ++ ++ - + ++ + - + - - ++ - 

Triterpinoids - ++ + - + - - - - + - - - - - - 

Tannins ++ ++ ++ + ++ + ++ + +++ +++ +++ ++ +++ ++ ++ + 

+++ (adequate), ++ (moderate), + (trace), - (absent) 

*Note:  Refer Table.1 for abbreviations 
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Fig 1-4.Total phenolic, tannin, total flavonoid and saponin contents for various solvent 
extracts of A. megamalayana plant parts. 
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Fig 5. Total alkaloid, vitamin C and condensed tannin contents of A. megamalyana plant 
parts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In vitro antioxidant assay 

DPPH radical scavenging activity 

DPPH (2, 2-diphenyl-1-picrylhydrazyl) is a cell permeable, stable free radical that is 

commonly used to evaluate the ability of the compounds to act as free radical scavengers or 

hydrogen donors and to ascertain the potential antioxidant activity of the extracts. The DPPH 

react with reducing compound produce hydrazine, followed by decolouration from purple to 

yellow. To evaluate the free radical scavenging potential of the test drug different 

concentrations of leaf, stem, root and flower parts of A. megamalayana with various solvent 

systems viz., petroleum ether, ethylacetate, ethanol and aqueous were used. Their IC50 values 
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for DPPH free radical scavenging effect was compared with the reference standard drug viz., 

rutin, quercertin and BHA, BHT as summarized in Table 3. The IC50 values for the plant 

extracts ranged between 12.09 and 86.5 µg / ml, and it revealed that the ethanolic leaf extract 

(12.09 µg / ml) has good antioxidant capacity, while ethyl acetate root extract possessed 

markedly very low scavenging effect with IC50 value of 86.5 µg / ml. 

ABTS•+ radical scavenging activity 

In total antioxidant activity the relative antioxidant ability to scavenge free radical ABTS.+ 

has been expressed, as Trolox equivalents. In this study all the studied plant extracts were 

able to quench free radicals efficiently and their values varied significantly (p< 0.05) which 

ranged between 52.5±15.1 and 1902.6±51.7 µmol, TEAC/ g extract. However, the ethanolic 

leaf extract manifested significant activity (1902.6±51.7 µmol, TEAC/ g extract) while their 

petroleum ether extract provided very least value (52.5±15.1 µmol, TEAC/ g extract) 

Superoxide radical scavenging activity 

 Superoxide anion radical is one of the strongest reactive oxygen species among the 

free radicals generated. The superoxide anion radical scavenging activity of A. 

meghamalayana leaf, stem, root and flower extracts for various solvent systems were 

assessed (17.93 to 58.6 μg/mL) and arrived at Table 3. All the assessed samples tend to quench 

superoxide radicals more effectively and among them the ethanolic leaf extract exhibited 

(17.93 μg/mL) better radical scavenging effect than the other plant parts and solvent systems 

analyzed. However, the lowest value was recorded for the petroleum ether extract of stem 

(58.6 μg/mL). Evidently, their scavenging capacity determined was greater than those of the 

standard antioxidants determined. 

Chelating ability for ferrous ions 

Free irons have been implicated for the induction and formation of free radicals in any 

biological systems. In the current investigation the metal chelating ability for different plant 

extracts of A. meghamalayana were determined and presented in Table 3. In this study, all the 

sample extracts demonstrated strong metal chelating abilities while the ethanolic leaf extract 

determined pronounced metal chelating ability (88.3±0.5 mg EDTA/g extract) while the  

petroleum ether extract of stem registered minimum ability for metal binding (27.9±0.11 mg 

EDTA/g extract). 

Reducing power assay   

The reducing property of a compound is generally associated with the presence of reductones 

which exerts their antioxidant power which was based on breaking the free radical chain by 

donating a hydrogen atom. In this study the reductive capability of the extracts increased with 
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increasing concentration to certain extent and then levelled off with further increasing 

concentrations. A strong reducing power was noted for the ethanolic leaf extract (1.90±0.05 

μg/ml) than the other sample extracts investigated. However, much lower reducing power 

activity was assisted for petroleum ether extract of flower (0.21±0.1 μg/ml). Evidently, their 

reducing capacity was found to be comparably higher and even exceeded than that of the 

standard antioxidants examined. 

Table 3. DPPH, superoxide, ABTS•+, reductive capabilities and ferrous ion chelating 
ability for various solvent extracts of A. megamalayana plant parts. 

 

 

     Parts 

 

 

Extracts 

DPPH  
(IC50 μg/mL) 

 

 

O2
•- 

(IC50 μg/mL) 

 

Reducing 
power 
activity 

(OD 700nm) 

 

 

ABTS•+ 
scavenging 
activity@ 

 

 

Ferrous 
ion * 

 

Leaf 

PE 19.05±0.12c 24.09±0.3g 0.63±0.13f 52.5±15.1p 37.8±1.3n 

EA 22.2±0.20f 30.1±0.29k 0.89±0.21d 108.2±11.2l 50.1±0.8i 

ET 12.09±0.11a 17.93±0.15a 1.90±0.05a 1902.6±51.7a 88.3±0.5a 

AQ 31.6±0.21i 23.8±0.6f 1.33±0.54b 1175.7±234.6c 79.3±0.7b 

 

Stem 

PE 37.8±0.16l 58.6±0.32r 0.42±0.11h 702.3±76.2f 27.9±0.11p 

EA 39.23±0.11m 36.8±0.30m 0.87±0.04d 148.6±33.03j 40.7±1.2l 

ET 49.3±0.6p 20.61±0.25d 0.92±0.12c 1719.2±63.4b 66.3±0.5e 

AQ 32.16±0.20j 27.6±0.15i 0.74±0.2e 258.08±56.5h 45.3±0.25k 

 

Root 

PE 42.07±0.9o 37.1±0.34n 0.35±0.14i 1071.3±37.1d 38.9±0.29m 

EA 56.5±0.3r 55.2±0.13q 0.54±0.2g 173.6±21.9i 54.7±0.52h 

ET 21.08±0.65e 19.3±0.16c 0.76±0.04e 561.8±41.5g 56.3±0.16f 

AQ 37.6±0.25l 28.3±0.21j 0.52±0.05g 74.3±23.9n 36.3±0.33o 

 

Flower 

PE 52.15±0.33q 42.5±0.31p 0.21±0.11j 68.2±29.8o 67.4±0.38d 

EA 40.2±0.2n 23.6±0.5f 0.34±0.19i 125.3±36.1k 55.2±0.14g 
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ET 28.6±0.41g 31.6±0.33l 0.59±0.02g 964.75±42.8e 48.3±1.5j 

AQ 30.7±0.18h 22.8±0.12e 0.47±0.15h 105.03±60.2m 72.4±0.46c 

 

Standard 

Rutin 15.8±0.1b 18.8±0.01b 0.23±0.01j  

 

- 

 

 

- 

Quercertin 20.7±0.1d 23.0±0.07f 0.38±0.07i 

BHA 21.4±0.1e 26.4±0.5h 0.24±0.01j 

BHT 34.7±0.3k 39.5±0.63o 0.24±0.05j 

 

Values are mean ± SD of three independent experiments. Values not sharing a common letter in a column are 
significantly different (P<0.05). 
*Values expressed in mg EDTA/g extract; @Values expressed as TEAC (Trolox equivalent antioxidant capacity) 
in μmol/g extract. 
$Note: PE-Petroleum ether; EA-Ethyl Acetate ; ET-Ethanol; AQ-Aqueous;BHA-Butylatedhydroxyanisole; 
BHT- Butylated hydroxytoluene. 

 

DISCUSSION 

Plants are considered as a source of reactive oxygen species inhibitors. The present study has 

also witnessed that A. megamalayana plant part extracts were able to possess antioxidant 

activity as it scavenge off free radicals efficiently in a concentration dependent manner. 

Earlier evidences have also suggested that compounds such as phenols, flavonoids, tannins, 

terpenoids present in the medicinal plant sources are being considered as a potential natural 

antioxidants (Chew et al., 2008). In this study also, the results pertaining to preliminary 

phytochemical screening confirmed the presence of various classes of secondary metabolites 

including alkaloids, flavonoids, phenols, terpenoids, quinone and coumarins in the leaf, stem, 

root and flower part extracts of A. megamalayana (Table1). For instance, alkaloids are 

potentially used as anticancer, antimicrobial and anti-inflammatory agents and are found to 

be pharmacologically potential in medicinal plants (Jean et al., 2013). Flavonoids, a class of 

polyphenols are presented broadly in plants and they possess various bioactive effects 

including anti-viral, anti-inflammatory, cardioprotective, anti-diabetic, etc. (Tian et al., 

2018). Phenolics are another group of natural antioxidants that play an effective role in 

prevention and treatment of various ailments and their therapeutic potential includes 

antioxidant, anticarcinogenic, antimutagenic activities etc. (Haung et al., 2010). Terpenoids 

constitute the largest class of natural products which possess potent pharmaceutical properties 

and are currently being used in clinical practices for antimalarial and anticancer treatment 
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(Bharat et al., 2015). Quinones are secondary metabolites isolated from plants which have 

great potent for activities like neurological, antibacterial, antiplasmodial, antioxidant, 

antitumor and anti-HIV activities (Kenne et al., 2013). Coumarins are a class of polyphenolic 

compounds isolated from plants with its therapeutic applications viz., anticoagulant, 

antitumor, chronic infections, etc. (Rohini et al., 2014). Cao et al. (1997) reported that 

phenolic compounds are the major constituents because of their scavenging potential due to 

the arrangement of hydroxyl groups in their structure. Similarly Wanga et al. (2009) specified 

that flavonoids are a special group of polyphenolic compounds which exerts several 

biological effects such as anti-inflammatory, antiviral and anticancer activity. In this context 

also the various plant parts extracts of A. megamalayana evidenced significantly higher 

content of these bioactive principles such as phenols, tannins, saponins, alkaloid, Vitamin C 

and condensed tannins in the ethanolic extracts [Table 2 and Fig 1-5]. Evidently different 

solvents have been conveyed to have diverse ability to extract phytoconstituents rendering to 

their solubility and polarity (Marjorie, 1999). Thus it is revealed that the presence of such 

phytoconstituents in A. megamalyana thrived to be a potent source of natural antioxidant.  

In vitro free radical scavenging activity 

 DPPH free radical quenching method is the most common accurate and reliable method used 

for screening in vitro antioxidant activity of the plant extracts (Philip et al., 2010). DPPH 

radicals with increasing concentration of the plant extracts may specify an increasing ability 

to donate hydrogen ions resulting in a lighter solution which is comparative to the number of 

electrons gained (Villano et al., 2007). In this study also all the plant extracts were able to 

inhibit the DPPH radical in an efficient manner but in a different manner. This result proved 

that the extracts were capable of donating an electron or hydrogen which could react with 

DPPH radical. Henceforth, it may be postulated that various solvent extracts of A. 

megamalayana plant parts evidenced significant effect in inhibiting DPPH. Among which the 

ethanolic leaf extract of A. megamalayana (IC50 value of 86.5 µg / ml), displays extreme 

ability to donate hydrogen ion. In similar lines, Devi et al. (2008) also demonstrated that the 

crude extracts of seaweeds are a mixture of several scavenging compounds which could act in 

a synergetic manner to enhance its antiradical activity.  

 The ABTS•+ scavenging assay has been employed as an index that reveals the 

antioxidant efficacy of the test samples (Wu et al., 2006). ABTS•+ is a blue chromophore 

produced by the reaction between ABTS•+ and potassium sulphate (Vandita et al., 2012). In 

this study, the scavenging ability of the ABTS•+ free radical by ethanolic leaf extract 

(1902.6±151.7 TEAC μmol/g extract) was comparatively higher than their corresponding 
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samples tested (Table 3). This shows that A. megamalayana ethanolic leaf extracts presents 

good ability to quench ABTS•+ free radical and the greater antiradical activity recorded may 

be mainly due to the presence of specific orientation of hydroxyl groups in phenolic 

compounds (Shalaby et al., 2013). Thermodynamically, a compound can reduce free radicals 

if it has a redox potential lower than that of free radicals. Hence many phenolic compounds 

have low redox potential and thus can reacts with ABTS•+ to donate hydrogen atom resulting 

in scavenging of free radicals. (Prior et al., 2005). 

 The superoxide anions damage biomolecules directly or indirectly forming H2O2,-OH, 

peroxy nitrite or singlet oxygen during aging and pathological events (Surendra et al., 2012). 

As depicted in Table 3, the superoxide scavenging potential of the ethanolic leaf extract of A. 

megamalayana increases markedly with increase in the concentration of the extract and their 

activity was comparably higher than that of the standards tested. Hence, higher inhibitory 

effect of the ethanolic leaf extract on superoxide anion formation render promising 

antioxidant ability. Various other studies hav 

e also suggested that the plant extracts are more potent scavengers of superoxide radical than 

the standard drugs (Bibhasu et al., 2008,  

Surendra et al., 2012) 

 Ferrous ions can initiate lipid peroxidation by the Fenton reaction as well as 

accelerating peroxidation by decomposing lipid hydroperoxides into peroxyl and alkoxyl 

radicals (Fridovich, 1995). Ferrozine can make complexes with ferrous ions. In the presence 

of chelating agents, complex formation is interjected and as a result red colour of the complex 

is reduced. Thus the chelating effect can be determined by measuring decolourization. Hence 

the formation of ferrozine- Fe2+ complex is interrupted by the ethanolic leaf extract indicating 

its chelating ablities (Table 3). This investigation reveals that the ethanolic leaf extract has 

notable (88.3±0.5 mg EDTA/g) ability for iron binding which may be due to the presence of 

phytocompounds that have great potential for ferrous ion chelating effect (Naithani et al., 

2011).  

 The reducing power of the extract was evaluated by the transformation of Fe3+ to Fe2+ 

through electron transfer ability which serves as a significant indicator of its antioxidant 

activity (Mbaebie et al., 2012). The reducing capacity of a compound may serve as a 

significant indicator of its potent antioxidant activity (Yildirim et al., 2000). The reductive 

ability of the extracts and the standard antioxidants increases with increasing concentration 

which was further confirmed at the increasing absorbance of 700 nm. In the present study,   

Table 3 depicts that the ethanolic leaf extract (1.90±0.05 µg/mL) determined high reducing 
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power activity (Table.3) which may be due to the presence of hydrophilic compounds that 

causes the greater reducing power effect, thus may serve as a significant indicator of its 

potential antioxidant activity(Chandra et al., 2012). 

CONCLUSION 

 Therefore to conclude the present findings thus provide baseline information on the 

antioxidant capacity of various solvent extracts of A. megamalayana plant parts. The high 

antioxidant activity observed by A. megamalayana plant part extracts thus justifies its 

therapeutic usage in its traditional claims. The excellent antioxidant activity imbibed in this 

study by the ethanolic leaf extract of A. megamalayana may be due to the presence of 

bioactive principles present in it. Therefore it is evident that A. megamalayana could be used 

as a potent natural antioxidant source which may prevent the onset of diseases in which free 

radicals are involved viz., cancer, diabetes, inflammation and cardiovascular disorders. 

However, further investigations on in vivo models has yet to be carried out to elucidate its 

exact mechanism of action for the treatment against various ailments. 
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