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ABSTRACT

Objectives: To analyze the phytochemicals quantitatively and screening the antioxidant efficacy of methanol extracts of Elytraria acaulis plant extract 
by in vitro.

Methods: The total phenols, flavonoids, and tannin contents analyzed by Folin-Ciocalteu method, aluminum chloride colorimetric and calculated as 
gallic acid equivalents/g (GAE/g) of dry weight. Free radical scavenging activity was screened using 1,1-diphenyl-2-picrylhydrazyl (DPPH), radical 
scavenging activities, and ferric reducing power assay was also analyzed.

Results: The total phenolic content of the aqueous leaf extract was 46.84 µg GAE/g of extract powder. Significantly similar levels of total flavonoid and 
tannin contents of the plant were 41.72 and 39.50 µg GAE/g, respectively. The plant extracts showed appreciable free radical scavenging activities at 
the highest concentration of 400 µg/mL superoxide anion radical with IC50 values (107.7±1.081 µg/mL), and for DPPH and considerably high amount 
of radical scavenging activity was found with very low IC50 values (4.3±0.88 µg/mL) compared with quercetin.

Conclusion: The phenolic and flavonoid compounds provide substantial antioxidant properties which could be effectively used for pharmaceutical, 
nutraceutical as well as anti-inflammatory applications.
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INTRODUCTION

In search of novel sources of antioxidants from the last decades, 
medicinal plants have been extensively studied for their antioxidant 
activity. From ancient times, herbs have been used in many areas, 
including nutrition, medicine, flavoring, beverages, cosmetics, etc. The 
plants are a rich source of large amount of drugs comprising to different 
groups such as antispasmodics, emetics, anti-cancer, and antimicrobials. 
A  large number of the plants are claimed to possess the antibiotic 
properties in the traditional system and are also used extensively by 
the tribal people worldwide. It is now believed that nature has given the 
cure of every disease in one way or another. Plants have been known to 
relieve various diseases in Ayurveda. Therefore, the researchers today 
are emphasizing on evaluation and characterization of various plants 
and plant constituents against a number of diseases based on their 
traditional claims of the plants given in Ayurveda [1].

Extraction is an intimate process to isolate the components from plant 
cells, which may contain a complex mixture of many metabolites, such 
as alkaloids, glycosides, terpenoids, flavonoids, lignan, phenols, and 
saponins most of the researchers prefers hot continuous extraction 
(soxhlet extraction). The advantage of this system is that instead of 
many portions of warm solvent being passed through the sample, just 
one batch of solvent is recycled [2,3].

Oxidation is an essentially biological process for energy production in 
many living organisms. However, excessive reactive oxygen species, 
produced in vivo during some oxidative reactions, are not only 
strongly associated with lipid peroxidation but also involved in the 
development of some chronic diseases, such as cancer, cardiovascular 
disease, atherosclerosis, and diabetes [4]. The aim of the present study 
is to screen the antioxidant and phytochemical properties of Elytraria 
acaulis plant extracts.

METHODS

Collection of plant
The Indigenous plant variety E. acaulis from the Family of Acanthaceae 
was collected from the places in and around Bhuvanagiri, Cuddalore 
district and identified morphologically and taxonomically; the 
specimens were submitted to the Department of Botany, Annamalai 
University.

Preparation of plant extract
The collected plant material was washed cleanly in tap water and 
then air dried under shadow condition at room temperature (25°C) 
for 2-3 weeks until it becomes brittle. After complete drying, the plant 
material was grinded to a fine powder using an electrical blender. 50 g 
of dried powder was packed in the soxhlet apparatus with 300 mL of 
solvents (methanol, acetone, chloroform, and hexane) extracted until 
the extract was clear. The solvents from the extracts were evaporated 
using rotary vacuum evaporator, and the extract was stored in a 
refrigerator for further use [5].

Determination of total phenol
The total phenolic content of the methanol extract of E. acaulis plant 
was determined by using the Folin-Ciocalteu reagent according to the 
method of Singleton et al. [6]. About 1 mL of plant extract was mixed 
with 5  mL of Folin-Ciocalteu reagent at the ratio of 1:10, followed 
by the addition of 4  mL of Na2CO3  (0.7 M). Subsequently, the mixture 
was shaken for 2 hrs at room temperature and the absorbance was 
measured at 760 nm. All the tests were performed at triplicates. The 
concentration of total phenolic compounds was determined as µg gallic 
acid equivalents using the following equation obtained from a standard 
gallic acid graph:

Absorbance=0.001×pyrocatechol (μg)+0.0033.
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Total flavonoid content
The total flavonoid content of the crude extract was determined by 
the aluminum chloride colorimetric method [7]. In brief, crude extract 
1 mg/mL ethanol were made up to 1 mL with methanol, mixed with 
4 mL of distilled water and then 0.3 mL of 5% NaNO2 solution; 0.3 mL 
of 10% AlCl3 solution was added after 5  minutes of incubation, and 
the mixture was allowed to stand for 6 minutes. Then, 2 mL of 1 mol/L 
NaOH solution were added, and the final volume of the mixture 
was brought to 10 mL with double-distilled water. The mixture was 
allowed to stand for 15  minutes, and absorbance was measured at 
510 nm. The total flavonoid content was calculated from a calibration 
curve, and the result was expressed as mg rutin equivalent per g dry 
weight.

Estimation of total tannins
Tannins content of E. acaulis was estimated following the method of 
Siddhuraj and Manian [8]. 500 µL of the extracts were taken in test 
tubes and treated with 100 mg of polyvinylpolypyrrolidone and 500 µL 
of distilled water. This solution was incubated at 4°C for 4 hrs. Then 
the sample was centrifuged at 5000 rpm for 5 minutes, and 20 µL of 
the supernatant was taken. This supernatant has only simple phenolics 
free of tannins - the tannins would have been precipitated along with 
the polyvinylpolypyrrolidone. The phenolics content of the supernatant 
was measured at 725 nm and expressed as the content of free phenolics 
on a dry matter basis. From the above results, the tannins content of the 
extract was calculated as follows:

GAE GAETannin(mg extract)=Totalphenolics(mg extract)
g g

-freephenolics(mgGAE / gextract)

1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging activity
The free radical scavenging activity of extracts was determined using 
the DPPH method [9]. Different concentrations of extracts and positive 
control in methanol solution (100 μL) were added to 4  mL of DPPH 
methanol solution (0.1 mM). An equal amount of methanol was used 
as a blank. After incubation at room temperature for 30  minutes 
in the dark, the absorbance was measured at 517  nm using a UV 
spectrophotometer. The activity of scavenging (%) was calculated using 
the following formula:

DPPH radical scavenging (%) = [(OD control−OD sample)/OD 
control]×100%

Superoxide scavenging activity
The superoxide anion radical scavenging activity of methanol extracts 
was performed according to NTB reduction method [10]. The reaction 
was initiated by adding 100 μL of phenazine methosulfate solution 
(60 μM, PMS) in phosphate buffer (pH  7.4) to the reaction mixture 
followed by incubation at 25°C for 5  minutes and the absorbance at 
560mm was measured against blank.

Ascorbic acid was used as the standard.

( ) Abs(control) Abs(sample)Superoxide scavenging activity % = ×100
Abs(control)

−

Where, Abs (control): Absorbance of the control and Abs (test): 
Absorbance of the extracts/standard.

Determination of ferric reducing power assay (FRAP)
The reducing power was performed according to the method of 
Oyaizu [11], ferric-tripyridyl-triazine (TPTZ-Fe3+) complex is reduced 
to TPTZ-Fe2+ in the presence of antioxidants. Various concentrations of 
samples (25-200 μg/mL) in 200 μL of methanol were mixed with 0.5 mL 
phosphate buffer (0.2 M, pH  6.6) and 0.5  mL potassium ferricyanide 
(1%  w/v). The mixture was incubated at 50°C for 20  minutes. After 
terminating the reaction by adding trichloroacetic acid (10% w/v), the 
mixture was centrifuged at 1000 ×g for 10 minutes. The supernatant 

of solution 0.5 mL was mixed with 0.5 mL distilled water and 0.1 mL 
FeCl3  (0.1%  w/v). After 5  minutes, the absorbance was measured 
at 700  nm in a microplate reader. Ascorbic acid is used as a positive 
control. FRAP value is expressed as the number of equivalence of gallic 
acid.

RESULTS

Quantitative analysis of phytochemical compounds
The phytochemical analysis of the plant extract showed the presence 
of various biologically active chemical compounds such as alkaloids, 
amino acids, catachols, flavonoids, phenols, saponins, steroids, and 
tannins and the results were presented in Table  1. The amount of 
phytochemical compounds present in the E. acaulis extract was 
quantitatively determined by standard procedures. All the extracts 
of E. acaulis showed different amount of phytochemicals. The total 
phenolic content was high in the methanol extract of E. acaulis.

DPPH scavenging activity
The DPPH radical scavenging activity of methanol extracts of EAM 
at five different concentrations (3.125, 6.25, 12.5, 25, and 50  µg/
mL) was tested, and the results were shown in Fig. 1. All the extracts 
exhibited a dose-dependent increase in activity. The highest DPPH 
scavenging activity was shown E. acaulis Lind extracts (93.06% and 
92.47% for precipitate and liquid fractions respectively) at 50 µg/mL 
concentration. The IC50 value of the E. acaulis extract (4.3 µg/mL) was 
comparable to that of ascorbic acid standard (3.2 µg/mL).

Superoxide scavenging activity
Methanol extract of E. acaulis was found to scavenge the superoxide 
radicals generated by riboflavin photoreduction method. The highest 
superoxide anion scavenging potential as indicated by the lowest IC50 
concentration was IC50 - 107.7 µg/mL. This sample compares well with 
the ascorbic acid standard of IC50 91.2 µg/mL.

FRAP
The reducing power of different methanol extracts of E. acaulis 
which may serve as a significant reflection of the antioxidant activity 
was evaluated using potassium ferricyanide reduction method, and 
the results were noted in Fig.  2. All the studied extracts exhibited 
considerable reducing ability when compared with the standard BHT 
and the results were documented in the Fig. 2.

The absorbance value and concentration of extracts showed linear 
relationship. Therefore, increasing OD values indicate increasing trend 
in reducing power.

Table 1: Qualitative phytochemical screening of E. acaulis

S. No. Phytochemical compounds 
in methanol extract

Quantitative 
analysis µg/mg

1 Total flavonoids 41.72
2 Total phenolic 46.84
3 Tannins 39.50

Fig. 1: 1,1-diphenyl-2-picrylhydrazyl radical scavenging activity of 
methanol extract
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DISCUSSION

The antiradical activity of the methanol extract was measured by the 
ability to scavenge DPPH free radicals with higher scavenging activity 
at various concentrations ranging from 3.125 μg/mL to 50 μg/mL. This 
result proved that the extracts are capable of donating an electron or 
hydrogen which could react with DPPH radical and the IC50 value of 
E. acaulis extract (4.3 µg/mL) was comparable to that of ascorbic acid 
standard (3.2  µg/mL). FRAP absorbance value and concentration of 
extracts showed linear relationship. Therefore, increasing OD values 
indicate increasing trend in reducing power.

The availability of phenolic compounds such as total phenols, tannins, 
and flavonoids in high range consists of medicinal values including 
anticancer [12,13], antioxidant [14,15], antimicrobial [15,16], wound-
healing [17], and anti-inflammatory [18], which in turn helps for 
improvement of novel drugs from our present investigation.

Phenolic compounds consist of redox properties which induce them to 
act as antioxidants; their hydroxyl groups facilitate their free radical 
scavenging ability, and the total phenolic concentration could be used 
as base for rapid screening of antioxidant activity [19].

Superoxide is a reactive oxygen species, damage cells, and DNA, 
leading to various diseases in human [20]. Superoxide scavenging 
activity, determined by the nitroblue tetrazolium assay, was 62.16% 
for 500  g/mL of the root extract and 89.36% for ascorbic acid. In 
methanolic root extract of E. acaulis a high free radical scavenging 
activity of 79.38%, 82.92%, and 83.5% in relation to concentrations of 
200, 300, and 400 μg/mL, respectively [21].

Plants rich in flavonoids and phenolics are good source of natural 
antioxidant and antibacterial activities. Qualitative and quantitative 
analysis of major individual phenolics in these leaves explains the 
relationships between total antioxidant capacity and total phenolic 
contents in these plants [22]. The presence of phenolic content in plants 
strongly reveals the antioxidant activity [23].

CONCLUSION

The antioxidant properties of phenols, flavonoids, and tannin content 
of E. acaulis plant extracts showed maximum free radical scavenging 

activities. This result is, in turn, posing new ways of natural sources 
of antioxidant and phytochemical compounds and explains the 
relationships between the total antioxidant and total phenolics of the 
plants.
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