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ABSTRACT
Antioxidants are natural or man-made substances that can prevent cell damage. Vitamin C, Vitamin E,
Vitamin K, quercetin, kaempferol, catechin-gallate, catechin, hydroxybenzoic acids, hydroxycinnamic acids, and
carotenoids are some of the crucial antioxidants, which help in preventing diseases. The present study is aimed
to evaluate the antioxidant and membrane protection ability of leaf aqueous extract (LAE) of leaves of Piper
betle L. Initially, LAE was prepared from shade dried leaves by employing maceration process for 5 to 7 days.
Later, antioxidant activity assays were performed to measure the percent-scavenging efficacy of LAE. In this
view, ABTS radical scavenging activity of LAE revealed that at a concentration of 40 µM, LAE possessed maximum ABTS radical scavenging activity with an IC-50 of 12.2 µM. In addition, ferric reducing capacity LAE has
been performed using potassium ferricyanide and different concentrations of LAE, and demonstrated that LAE
is showing potent ferric reducing ability with an IC-50 of 13.9 µM. Similarly, HO scavenging activity and DPPH
radical scavenging activity were performed in the presence and absence of LAE. It has shown that IC-50 of LAE
for HO scavenging activity and DPPH radical scavenging activity are 14.7 µM and 14.3 µM respectively. Furthermore, effect of LAE on lipid peroxidation was assessed using oxidized LDL and concluded that LAE is showing significant inhibition of lipid peroxides when compared to that of control group. Together, all these findings
can conclude that LAE is showing potent antioxidant activity and also showing significant inhibition of lipid
peroxides in vitro.
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INTRODUCTION
Antioxidant activity is defined as the scavenging of free radicals and protecting the human body from
the adverse effects induced by oxidative damage. Free radicals are highly reactive atoms with unpaired electrons that can react with the surrounding biomolecules and cause biomolecular alterations. Commonly known
free radicals are hydroperoxyl radical (HO2), superoxide anion (O2-), nitric oxide (NO.), hydroxyl radical (OH.),
etc. These are also known as reactive oxygen species (ROS).
Inside the human body, during metabolism ROS will be produced within the mitochondria by many
processes like physical exercise, phagocytosis, xanthine oxidase, inflammation, peroxisomes and ischemia.
These unstable molecules react mainly with DNA, proteins, lipids and other neighboring tissues of the body [1].
Internal antioxidant system balances these high ROS levels by neutralization phenomenon. If this reaches beyond the threshold level, internal antioxidant system becomes insufficient and not able to handle the critical
situation, leading to many adverse consequences [2]. Proteins can by oxidatively modified by ROS in three distinct ways, namely modification of specific amino acid, peptide cleavage and protein cross-linkage due to peroxidation products of lipids [3]. Besides, free radicals can damage DNA indirectly by inducing chemical and
structural modifications. One of the important reactions involved with the damage to DNA is Fenton reaction
in which hydroxyl radicals are generated. These radicals will react with all the components of the DNA such as
deoxyribose, purines and pyrimidine bases. In addition, the peroxy radicals also interact and disturb the DNA
molecule causing oxidation [4].
GSH (reduced form of glutathione) plays a major role to control all these consequences as an endogenous tripeptide, by protecting against free radical oxidative damage. It also helps in the regeneration of other
antioxidants in the body like ascorbate [5]. Despite its applications, the endogenous antioxidants are not suffice and so humans basically depend on different antioxidants present in the diet [6]. The important antioxidants are Vitamin C [7], Vitamin E [8], Vitamin K [9], flavonoids like quercetin, kaempferol, catechin-gallate and
catechin [10,11], phenolic acids like hydroxybenzoic and hydroxycinnamic acids [12,13], and carotenoids [14].
Synthetic antioxidants are developed to compare with natural antioxidants as a standard antioxidant
measurement system. They can withstand many conditions and treat many diseases once they added to the
food. Pure synthetic antioxidants also help in increase in the shelf life of food. Butylated hydroxyanisole (BHA)
and butylated hydroxytoluene (BHT) are the main extensively used chemical antioxidants. According to the
European food safety authority (EFSA), 0.25 mg/kg body weight per day of BHT and 1.0 mg/kg body weight per
day of BHA are the acceptable daily intakes [15,16].
The present study is aimed to evaluate the potentiality of leaf aqueous extract (LAE) of Piper betle L.
in protecting from free radicals. Initially, we prepared the crude extract using water as solvent system and
maceration as an extraction procedure. Further, free radical scavenging efficacy against the ABTS, DPPH, HO
radicals has measured in terms of free radical scavenging assays, and metal reducing power in terms of ferric
reducing method respectively. In addition, inhibition efficacy of oxidized LDL-induced lipid peroxides by LAE
was also measured.
MATERIALS AND METHODS
Chemicals
1,1-Diphenyl-2-picrylhydrazyl (DPPH), Ascorbic acid, ABTS, potassium ferricyanide, Folin– Ciocalteu’s
reagent, Thiobarbituric acid and trichloroacetic acid were purchased from Himedia (Mumbai, India). All other
minor chemicals were procured from the local manufacturers with an analytical grade.
Preparation of LAE
The leaves of Piper betle L. were collected from local market of Tirupati and confirmed by a botanist
of Department of Botany, Sri Venkateswara University, Tirupati. Shade dried leaves of Piper betle L. were subjected to maceration using water as solvent system for 5-7 days. The solution thus obtained at the end of 7th
day is subjected to rotatory evaporator (Make: Shimadzu) to remove solvent traces, if any. The LAE thus prepared is stored in a refrigerator (4 oC) until further analysis.
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Antioxidant assays
ABTS radical scavenging activity
Using ABTS (2,2'-azino-bis-3-ethyl benzthiazoline-6-sulphonic acid) radical assay, the antioxidant effect of the LAE was measured according to the method [17]. Initially, ABTS radical cations (ABTS.+ ) were generated in dark by reacting 7 mM of ABTS solution with 2.45 mM of potassium persulphate for 12 to 16 hrs.
Before performing experiment, radical solution was diluted for an initial absorbance of about 0.700 (±0.02)
with 1 X PBS by taking absorbance at 734 nm. Later, different concentrations of LAE (10μl) were made up to
1ml with ABTS solution and incubated for 6 minutes at room temperature. The absorbance was taken at 734
nm using a spectrophotometer.
% ABTS scavenging activity = [(Abs of control) – (Abs of standard) / (Abs of control)] × 100
Reducing power assay
According to the method of Oyaizu 1986 with slight modifications, the reducing power of LAE was
determined [18]. In brief, various concentrations of LAE (1 ml) (0–40 µM) was taken and mixed with 2.5 ml of
phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of potassium ferricyanide [K3Fe(CN)6 (1%) respectively. This mixture was then incubated at for 20 min at 50 °C. After incubation, to this mixture, 2.5 ml of 10% Trichloroacetic
acid was added and centrifuged at 3,000 rpm for 10 min. The supernatant was collected in a separate tube and
mixed with 2.5 ml of distilled water and 0.5 ml of FeCl3 (0.1%) and the absorbance was taken at 700 nm. For
comparison, the antioxidant capacity of Vitamin C was used as the standard.
H2O2 scavenging activity
Hydrogen peroxide radical scavenging activity was assessed as described by Ruch, Cheng and Klaunig
1989 [19]. Briefly, reaction mixture (0.6 ml) contains a solution of hydrogen peroxide (2 mmol/l) in phosphate
buffer (pH 7.4) and different concentrations of LAE (0–40 µM). After incubation for 10 min, absorbance of
hydrogen peroxide at 230 nm was taken against a blank solution of phosphate buffer without hydrogen peroxide. For comparison, the antioxidant capacity of Vitamin C was used as the standard. The percent scavenging
activity of LAE was calculated using the following formula,
% H2O2 scavenging activity = [(Abs of control) – (Abs of standard) / (Abs of control)] × 100
DPPH radical scavenging activity
DPPH radical scavenging activity was performed in triplicate following the procedure described earlier
[20]. Reaction mixture comprises of 1 ml of various concentrations of LAE (0–40 µM) and 1 ml of DPPH solution
(0.1 mM). An equal amount of DPPH and ethanol was used as control. For comparison, the antioxidant capacity of Vitamin C was used as the standard. The reaction mixture was allowed to incubate for 20 minutes in dark
and the absorbance was taken at 517 nm.
% DPPH scavenging activity = [(Abs of control) – (Abs of standard) / (Abs of control)] × 100
Protection of lipid membrane
TBARS assay
Isolation of LDL was done as described earlier [21] and the protein content was estimated following
the method [22]. Oxidation of isolated native LDL (500 mg protein/ml) in vitro was done by incubating in PBS in
the presence of CuCl2 (2.5 mmol/l) at 37°C for 48 h [31]. This induces elevation of lipid peroxides. Lipid peroxidation levels were determined as TBARS in Oxidized LDL in the presence of LAE according to method of Ohkawa et al. (1979) with some modifications [23]. The thiobarbituric acid reactive substances (TBARS) calculates
the levels of lipid hydroperoxide. This method was based on the reaction of lipid hydroperoxide with thiobarbituric acid leading to the formation of pink colour adduct that was measured at 532 nm. The results were expressed as nmol MDA/mg LDL-protein.
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RESULTS AND DISCUSSION
LAE scavenged free radicals significantly
The percent ABTS scavenging activity of different concentrations of LAE (0, 5, 10, 20, 40 µM) was
measured. From Figure 1, it is inferred that control group (0 µM), devoid of LAE, is showing zero percent ABTS
scavenging ability which was increased to maximum at 40 µM in a dose dependent manner. Values of percent
ABTS scavenging activity of LAE and Vitamin C were represented as Mean ± SD in the Table 1. This study is in
line with the findings of Jyothi et al. [24].
Similarly, percentage of ferric reducing power of LAE (0, 5, 10, 20, 40 µM) was calculated and the %
values of reducing power of LAE and Vitamin C were represented as Mean ± SD in Table 2. Figure 2 depicts an
idea about the percent ferric reducing power of LAE. It has shown that on increasing the concentration of LAE,
the percent ferric reducing ability was increased in a concentration dependent manner when compared to that
in control group (0 µM). Similar findings were done by Jamuna et al. [25] and Hemalatha et al. [26].
In addition, the percent H2O2 scavenging activity of LAE (0, 5, 10, 20, 40 µM) was measured and the
percent values of LAE and Vitamin C were represented as Mean ± SD in Table 3. Figure 3 has demonstrated
that the control group (0 µM) is showing zero reducing power. However, on treatment with LAE (0, 5, 10, 20,
40 µM), H2O2 scavenging ability is increased and observed maximum percent activity at 40 µM. It was also observed that the increase in the scavenging ability is in a dose dependent manner. Similar report was given by a
study by Patil et al. [27] and Baburao et al. [28] respectively.
Percentage of DPPH scavenging ability of LAE (0, 5, 10, 20, 40 µM) was determined by using DPPH
radical solution. The % scavenging values of LAE and Vitamin C were represented as Mean ± SD in Table 4 and
the Figure 4 demonstrated that LAE increased the scavenging of DPPH in directly proportional to its concentration, compared with the control group (0 µM). A study by Sathaye and Redkar demonstrated that essential oil
of Ocimum sanctum L. significantly inhibited DPPH radicals [29].
LAE inhibited lipid peroxides significantly
Furthermore, lipid peroxidation levels were measured in terms of nmol MDA/mg LDL-protein in the
presence of LAE (0, 20, 40 µM) and oxidized LDL. In control group (0 µM), lipid peroxidation is less which was
elevated in the oxidized LDL group alone. However, on treatment with LAE, lipid peroxides of oxidized LDL
were inhibited when compared to the oxidized LDL alone group in a dose dependent manner as represented in
Figure 5. Our finding in this study is in congruence with the report submitted by Arefeh et al. [30].
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Figure 1: ABTS scavenging activity of LAE with Vitamin C as standard.
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Figure 2: Ferric reducing power of LAE with Vitamin C as standard.
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Figure 3: H2O2 scavenging activity of LAE with Vitamin C as standard.
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Figure 4: DPPH scavenging activity of LAE with Vitamin C as standard.
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Figure 5: Inhibition of lipid peroxides of oxidized LDL by LAE
Table 1: Percent ABTS radical scavenging activity by LAE and Vitamin C
Concentration
(µM)

% ABTS scavenging activity of LAE (Mean ±
SD)

0
5
10
20

0 ± 0.002
12.35 ± 0.002
23.12 ± 0.001
45.43 ± 0.012
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% scavenging activity of
Vit C
(Mean ± SD)
0 ± 0.112
25.21 ± 0.102
43.32 ± 0.109
64.93 ± 0.116
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Table 2: Percent Ferric reducing activity by LAE and Vitamin C
Concentration (µM)

0
5
10
20

% ferric reducing power of
LAE
(Mean ± SD)
0 ± 0.112
8.13 ± 0.115
18.21 ±0.111
34.34 ±0.109

% ferric reducing power
of Vit C
(Mean ± SD)
0 ± 0.012
21.21 ± 0.013
41.32 ± 0.021
62.93 ± 0.002

Table 3: Percent H2O2 scavenging activity by LAE and Vitamin C
Concentration (µM)

0
5
10
20

% H2O2 scavenging activity of
LAE
(Mean ± SD)
0 ± 0.001
11.23 ± 0.001
22.32 ± 0.012
43.21 ± 0.021

% H2O2 scavenging activity of Vit C
(Mean ± SD)
0 ± 0.102
19.21 ± 0.112
34.32 ± 0.12
60.93 ± 0.23

Table 4: Percent DPPH radical scavenging activity by LAE and Vitamin C
Concentration (µM)

0
5
10
20

% DPPH scavenging activity
of LAE
(Mean ± SD)
0 ± 0.021
10.25 ± 0.034
19.32 ± 0.022
38.21 ± 0.025

% DPPH scavenging activity of Vit C
(Mean ± SD)
0 ± 0.12
15.21 ±0.14
29.32 ±0.11
62.93 ±0.12

REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]
[18]
[19]

Lü J, Lin PH, Yao Q and Chen C. J Cell Mod Med 2010; 14: 840–860.
Wiernsperger NF. Diabetes Metab 2003; 29: 579–585.
Lobo V, Phatak A and Chandra N. Pharmacogn Rev 2010; 4: 118–126.
Dizdaroglu M, Jaruga P, Birincioglu M and Rodriguez H. Free Radic Biol Med 2002; 32: 1102–1115.
Steenvoorden DPT and Henegouwen GMJB. J Photochem Photobiol 1997; 41: 1–10.
Pietta P. Flavonoids as antioxidants. J Nat Prod 2000; 63: 1035–1042.
Barros AIRNA, Nunes FM, Gonçalves B, Bennett RN and Silva AP. Food Chem 2011; 128: 165–172.
Burton GW and Traber MG. Annu Rev Nutr 1990; 10: 357–382.
Vervoort LMT, Ronden JE and Thijssen HHW. Biochem Pharmacol 1997; 54: 871–876.
Rice-Evans CA, Miller NJ and Paganga G. Free Radic Biol Med 1996; 20: 933– 956.
Procházková D, Boušová I, Wilhelmová N. Fitoterapia 2011; 82: 513–523.
Krimmel B, Swoboda F, Solar S and Reznicek G. Radiat. Phys. Chem. 2010; 79: 1247– 1254.
Terpinc P, Polak T, Šegatin N, Hanzlowsky A, Ulri NP and Abramovicˇ H. Food Chem. 2011; 128: 62–
68.
Paiva SAR and Russell RM. J Am Coll Nutr 1999; 18: 426–433.
EFSA, 2011. Panel on food additives and nutrient sources added to food (ANS); Scientific opinion on
the reevaluation of butylated hydroxyanisole–BHA (E 320) as a food additive. EFSA J. 9(10), 2392.
doi: 10.2903/j.efsa.2011.2392.
EFSA, 2012. Panel on food additives and nutrient sources added to food (ANS); Scientific opinion on
the reevaluation of butylated hydroxytoluene BHT (E 321) as a food additive. EFSA J. 10(3), 2588).
Re N, Pellegrini A, Proteggente A, Pannala M, Yang C, Rice-EVANS. Free Radical Bio 1999; 26, 1231–
1237.
Oyaizu M. Jpn J Nutr 1986; 44:307-315.
Gülçin I, Küfrevioglu OI, Oktay M and Büyükokuroglu ME. J Ethnopharmacol 2004; 90: 205-215.

May – June

2021

RJPBCS

12(3)

Page No. 85

ISSN: 0975-8585
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]

N Sreejayan and M Rao. Drug Res 1996; 46(2): 169-171.
Wieland H and Seidel D.J. Lipid Res.1983; 24(7):904–9
Lowry OH, Rosebrough NJ, Farr AL and Randall RJ. J. Biol. Chem. 1951; 193:265-275.
Okhawa H, Ohishi N and Yagi K. Anal. Biochem. 1979; 95: 351-358.
Jyothi Y, Sangeetha D and Kiran Kumar K. Res J Pharm Biol Chem 2015; 6: 791-797.
Jamuna, S, Paulsamy S and Karthika K. J App Pharm Sci 2012; 2: 149-154.
Hemalatha A, Girija K, Parthiban C, Saranya C and Anantharaman P. Adv App Sci Res 2013; 4: 151157.
Patil SM, Kadam VJ and Ghosh R. Int J PharmTech Res 2009; 1: 1480-1484.
Babu Rao B, Raja sridhar P, Rama Narsimha Reddy A, Narsimha K, Raja Narender B. Int J Res Ayurveda Pharm 2010; 1: 611-615.
Sathaye S and Redkar RG. Res J Pharm Biol Chem 2012; 3: 964-976.
Arefeh A, Beregova TV, Nikitina NS, Stepanova LI, Vovk A, Kondratiuk TO and Spivak M Ya. Res J
Pharm Biol Chem 2018; 9: 859-871.
Esterbauer H, Striegl G, Puhl H and Rotheneder M. Free Radic Res Commun 1989;6: 67.

May – June

2021

RJPBCS

12(3)

Page No. 86

