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Introduction
Antioxidants (AOX) can mitigate oxidative damage to food 
products during processing, storage, and preparation of 
food. AOXs may help in designing more healthy food with 
reduced levels of lipid and protein oxidation products. 
Vegetables and fruits or traditional herbal drugs from 
time immemorial are used as food or for the ailment of 
headache, hemoptysis, asthma, obesity, constipation, 
hemorrhoids, and goat. It is also noticed as an aphrodisiac, 
emmenagogue, and diuretic agent in folk drugs.[1,2] There 
is only limited information is available about the AOX 
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Phenolics are the largest group of phytochemicals ubiquitous in plant species with considerable interest 
economically. Recently, search of novel polyphenols increasingly becomes an area of intensive pharmacological 
research due to their multiple bioactive features, such as, antioxidant (AOX), antimicrobial, anti‑carcinogenic, 
anti‑viral, and anti‑inflammatory potentialities. Anthocyanins are flavonoid groups  of polyphenols, a 
group predominant in flowers, fruits, and vegetables. The flavonoids, perhaps the unique single group of 
phenolics in foods, comprise a group of over 4,200 C15 aromatic molecules with multiple structural patterns. 
The functions of anthocyanins as medicinal have been well‑accepted in folk medicine throughout the world. 
In fact, these molecules are connected to an amazingly broad‑based range of health benefits. At this juncture, 
the aim of this work was to evaluate the AOX activities of purified anthocyanin from wild balsam species. 
Initially, anthocyanin was extracted from floral leaves of wild balsam species and purified by chromatographic 
techniques. Subsequently, it was subjected to nuclear magnetic resonance (NMR) and liquid chromatography 
coupled to mass spectrometry (LC MS) analysis. The major fractions identified were hesperidin, dimethoxy 
antirrhinin, and trimethoxy antirrhinin. Further, the anthocyanin extracts were subjected to in vitro protocols 
like 2,2’‑azino‑bis‑3‑ethylbenzothiazoline‑6‑sulphonic acid (ABTS) radical cation, 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) scavenging assay, ferric reducing AOX power (FRAP), beta carotene bleaching assay, metal chelating, and 
H2O2 scavenging power. Interestingly, ABTS, FRAP analyzes yielded significant results, as compared to others. 
The data were comparable with that of synthetic AOXs like ascorbate and catechin. Meanwhile, beta carotene 
and H2O2 scavenging assay showed moderate results. DPPH and metal chelating protocols displayed the values 
70.98 and 64.66%, respectively, at 25 µg/mL concentration. This study provides model systems for the evaluation 
of natural AOXs, like anthocyanin. Future in vivo clinical studies are warranted to confirm the obtained data. 
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A B S T R A C TA R T I C L E  I N F O

activities of different polarity extracts of plants grown 
widely under different climatic conditions. Synthetic 
AOXs were used enormously in food industries to prevent 
oxidative reactions in living organisms. However, because 
of potential health hazards associated with dietary intake 
of these chemical AOXs, the focus of biologists is to explore 
plant‑based compounds as natural AOXs.

The AOX research an area in the pharmaceutical field 
as well as in the food industry. Herbals, particularly 
medicinal ones, have been largely studied for their AOX 
power for the past several years. AOXs phytochemicals 
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from aromatic, spicy, medicinal, and other herbals were 
screened to isolate natural AOX formulations for food, 
cosmetic, and other applications.[3] It is also documented 
that higher intake of natural AOXs rich food is connected 
with lower risks of degenerative disorders, particularly 
lifestyle disorders. Anthocyanins are accepted as the 
largest group  of water‑soluble pigments in nature with 
diversified colors in petals like blue, purple, red, and 
orange. Anthocyanin refers to anthos mean flowers, and 
kyanos, dark blue.[4] Common sources of anthocyanins 
were blueberries, cherries, raspberries, strawberries, 
black currants, purple grapes, and red wine. Anthocyanin 
belongs to flavonoids, but they are distinguished due to 
their capacity to form flavylium cations. In the present 
study, AOX potentiality of purified anthocyanin from wild 
balsam species is analyzed by different in vitro protocols.

Materials and Methods

Plant Materials 
For the whole study, the fresh, healthy f lowers of 
Impatiens  balsamina (wild) collected from the natural 
habitats of hilly regions of Trivandrum, Kerala.

Estimation of Anthocyanin Content 
1‑gram flower was homogenized with acidified methanol 
(1% HCl), and the anthocyanin content was quantified 
by the standard protocol of Sutharut and Sudarat.[5] The 
absorbance of each dilution was read at 510 and 700 nm 
against distilled water as blank.

Purification and Characterization of Anthocyanin 
from Wild Balsam 
Anthocyanin from fresh f lowers of wild balsam was 
extracted by acidified methanol (100% methanol:1% HCl, 
99:1, v/v), i.e., the petals were immersed in acidified 
methanol for overnight in dark at low temperature 
(4°C). Subsequently, the crude solution obtained was 
filtered through cheesecloth and concentrated in rotary 
vacuum evaporator under vacuum at temperature not 
exceeding 40°C. Then, the aqueous extract was partitioned 
with ethyl acetate, and the remaining water extract was 
concentrated in rotary vacuum evaporator, temperature 
not exceeding 40°C. It was further fractionated by using 
Sephadex LH‑20, followed by C18 as separation matrices. 
The aqueous extract was loaded on to a Sephadex LH‑20 
using 100% methanol. Based on the TLC profile, the fractions 
were subjected to purification by C‑18 open‑column 
chromatography using acidified water (1% HCl), and the 
column was eluted with a gradient of acidified methanol 
(1%  HCl) and water (0:100 to 50:50). From reverse 
phased  (RP) C‑18 open‑column chromatography, based 
on the TLC profile, the pure fractions were concentrated 
and kept at low temperature (‑20°C). Purified anthocyanin 
from the wild balsam was subjected to NMR analysis for 
their structural identification.

AOX Activity

Hydrogen Peroxide Scavenging
Hydrogen peroxide scavenging activity was determined 
according to a previously described method of Ruch  
et al.[6]

DPPH Assay
AOX activity was also determined by DPPH assay using 
the standard protocol of Saeed et al.[7]

Metal Chelating Activity
The chelation of ferrous ions was estimated by the method 
of Dinis et  al.[8] The absorbance of the solution was, 
thereafter, measured at 562 nm. 

ABTS Radical Scavenging Activity
ABTS (2,2’‑azino‑bis(3‑ethylbenzothiazoline‑6‑sulphonic) 
acid) assay was performed according to the protocol of 
Delgado‑Andrade et al.[9]

FRAP Assay
The FRAP assay was carried as per the proven protocol 
of Benzie and Strain.[10] The principle of this method was 
based on the reduction of ferric‑tripyridyl triazine complex 
to ferrous colored form in the presence of AOXs.

β‑Carotene Bleaching (BCB) Test
AOX activity of anthocyanin was determined according to a 
slightly modified version of the β‑carotene bleaching (BCB) 
method.[11]

Statistical Analysis
SPSS 18.0 stat ist ical sof t ware was used for data 
analysis. Data from different assay treatments were 
analyzed by one‑way analysis of variance (ANOVA). 
The Student‑Neuman‑Keuls post‑hoc test was used to 
determine significance for individual experimental 
conditions. Differences with p  < 0.01 or p  < 0.05 were 
regarded as significant.

Results

Anthocyanin Content, Purification, and 
Fractionation
The total anthocyanin content in the floral leaves of 
wild balsam was 5.88 mg/g. Purified anthocyanins after 
liquid‑liquid partition protocol, Sephadex LH‑20 gel 
chromatography, and RP C18 open column chromatography 
were subjected to NMR and LC MS analysis (Figs 1 to 3) 
for their structural identification and were identified 
as hesperidin, dimethoxy antirrhinin, and trimethoxy 
antirrhinin (Figs 4A to C).

AOX Activity 
AOX potentialities of the cultivars were evaluated using 
different assays.



 In vitro Antioxidant Potentiality of Purified Anthocyanin from Balsam Floral Petals

Int. J. Pharm. Sci. Drug Res. July-August, 2020, Vol 12, Issue 4, 313-319 315

Hydrogen Peroxide (H2O2) Radical Scavenging
The purified anthocyanin activity from wild balsam 
species has been determined by following the rate of H2O2 
consumption in an incubation system (H2O2 + scavenger) 

using the UV method. The result of the H2O2 scavenging test 
of the purified anthocyanin extract in comparison with the 
standard (ascorbic acid and catechin) at 230 nm was shown 
in Table 1. The percentage of inhibition against different 

Fig. 4: Chemical structure of (A) Hesperidin (C28H34O15); (B) Dimethoxy antirrhinin (C29H35ClO15);  
(C) Trimethoxy antirrhinin (C30H37ClO15)

 Fig. 3: (a) LC MS, and (b) NMR spectrum of trimethoxy antirrhinin from the wild balsam

Fig. 2: (a) LC MS, and (b) NMR spectrum of dimethoxy antirrhinin from the wild balsam

 Fig. 1: (a) LC MS, and (b) NMR spectrum of hesperidin from the wild balsam
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concentrations, as well as, synthetic drug was used to 
plot the standard curve which was used to calculate the  
IC50 (µg/mL) of the sample which was determined as 18.5, 
16, and 13.5 µg/mL for anthocyanin extract, catechin, and 
ascorbate, respectively. 

DPPH Radical Scavenging Assay
DPPH has been generally used to analyze the free 
radical scavenging effectiveness of AOX molecules. In 
the DPPH assay, the AOXs were able to reduce the stable 
radical DPPH to the yellow‑colored diphenyl‑picryl 
hydrazine at 517 nm. The results are expressed as the 
IC50 value (the amount of AOX necessary to decrease the 
initial DPPH concentration by 50%). The results of the 
DPPH radical scavenging test of purified anthocyanin 
extract in comparison with the standard (catechin and 
ascorbic acid) were shown in Table 2. The percentage of 
inhibition against different concentrations of extracts of 
the balsam, as well as, ascorbate, catechin were used to 
plot the standard curve which was used to calculate the 
IC50 (µg/mL) of each sample, which was determined as 
16.25 µg/mL in anthocyanin extract, 10 µg/mL in catechin, 
and 12.07 µg/mL in ascorbate, respectively.

ABTS Radical Scavenging Assay
In the ABTS assay, the radical is converted into its radical 
cation by addition of sodium persulfate. This radical cation 
is blue colored and absorbs light at 734 nm. The ABTS 
radical cation is reactive towards the AOXs, including 
phenolics, thiols, and vitamin C. On the onset of the 
reaction, the blue ABTS radical cation is transformed back 
to its colorless neutral form. The reaction may be monitored 
spectrophotometrically. This assay is known as the Trolox 
equivalent AOX capacity (TEAC) assay. The results of the 
ABTS radical scavenging test of the anthocyanin extracts 
in comparison with the standard (Trolox) were shown 
in Table 3. The percentage of inhibition against different 
concentrations of anthocyanin extracts in comparison 
with the standard, as well as, Trolox as standard, was used 
to plot the standard curve. This curve was used to calculate 
the IC50 (µg/mL) of each sample, which was determined 
as 8.05 µg/mL in anthocyanin and 5.89 µg/mL in Trolox, 
respectively. It is also observed that percentage inhibition 
values go on increasing with increases in dosage of plant 
extracts in the assay mixture.

FRAP Assay
In this assay, the yellow color of the test solution changes 
to different green and blue shades depending upon the 
reducing potential of the AOX molecule. The presence 
of radicals (i.e., AOXs) facilitates the conversion of the  
Fe3+/ ferricyanide complex employed in this protocol to the 
ferrous form indicated by the synthesis of pearls Prussian 
blue at 700 nm. The data of the FRAP test of the purified 
anthocyanin extract in comparison with the standard 
(catechin and ascorbate) at 700 nm is shown in Table 4. The 
percentage of inhibition against different concentrations 
of anthocyanin extracts, as well as, catechin and ascorbate 
was used to plot the standard curve which was used to 
calculate the IC50 (µg/mL) of each sample, which was 
determined as 4.04, 4, and 3.29 µg/mL for anthocyanin 
extract, catechin, and ascorbic acid, respectively. It is 
also observed that inhibition percentage values go on 
increasing with an increase in the dosage of anthocyanin 
extracts in the assay mixture.

Table 3: ABTS radical‑scavenging activities in petals of  
wild balsam

Concentration (µg/mL) % inhibition

5 35.08

10 56.03

15 69.43

20 80.13

25 85.9

Trolox (25 µg/mL) 88.4

F ratio
SE
CD

1,845**

0.06712
0.003

** indicates p < 0.01

Table 2: DPPH radical‑scavenging activities from the petals of wild 
balsam

Concentration (µg/mL) % inhibition

5 16.44

10 32.32

15 39.18

20 61.86

25 70.98

Catechin (25 µg/mL) 86

Ascorbate (25 µg/mL) 84

F ratio
SE
CD

34,512**

0.0541
0.0043

** indicates p < 0.01

Table 1: Hydrogen peroxide scavenging activities from the petals of 
wild balsam

Concentration (µg/mL) % inhibition

5 28.578

10 32.87

15 43.11

20 54.23

25 55.11

Catechin (25 µg/mL) 77.9

Ascorbate (25 µg/mL) 77.5

F ratio
SE
CD

20,967**

0.0278
0.00451

** indicates p < 0.01
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Metal Chelating Activity
Free iron generation results in induction and formation of 
reactive oxygen species (ROSs)/ free radicals in biological 
systems. Secondary metabolites of herbal extracts are 
empowered with metal chelating potentiality. In the 
present study, the anthocyanin concentration ranged from 
5 to 25 µg/mL was tested for the same. Interestingly, the 
metal chelating activity also displayed an increase with 
concentrations of anthocyanin content. The percentage 
of inhibition of metal‑chelating ranged from 31.59 to 
64.66%. The % of inhibition of free radicals by various 
doses of anthocyanin content was more or less at par 
with that of the respective standards like catechin and 
ascorbate (Table 5). 

β‑Carotene Linoleic Acid Assay
Synthetic ABTS and DPPH scavenging models are ideal 
protocols to indicate the AOX ability of herbal extracts; 
however, not reliable in food or biologically relevant oxidizable 
substrate protective systems.[12] So, the β‑carotene/ linoleic 
acid (lipid‑water emulsion) assay was used to analyze the 
potentiality of anthocyanin. In this method, linoleic acid 
oxidation produces hydroperoxide‑derived free radicals 
that attack the chromophore of β‑carotene, resulting in 
bleaching of the emulsion product. Compounds capable 

of limiting/ inhibiting the oxidation of β‑carotene may be 
considered as free radical scavenger and primary AOX, as 
shown in the Table 6 that anthocyanin of balsam species 
was capable of inhibiting the bleaching of β‑carotene by 
scavenging linoleate‑derived free radicals. β‑carotene 
linoleic acid activity of wild balsam anthocyanin at 
25 µg/mL concentration was found to be 51.08% (Table 6).

Discussion
Globally, the herbal species are trailed widely as a source 
of phytotherapeutic drugs, especially in the area of AOX 
potentiality.[13] In plants, the polyphenolics form the 
major AOXs due to their aromatic ring that allows the 
stabilization and relocation of the unpaired electrons 
via donating hydrogen and electrons from their hydroxyl 
groups. Generally, the secondary metabolite content shows 
diversity among the plant species. Similarly, the content 
varies in the tissues and developmental part of their life 
cycle. Environmental factors, such as, temperature, water, 
and light regimes also regulate its synthesis.[14]

Tropical plant species are adapted morphologically 
and physiologically to survive in habitats with extreme 
environmental conditions, like high temperatures, water 
scarcity, and light irradiation. One of the adaptations is 
the mitigation of oxidative stress via balancing ROS under 
extreme levels and also, efficient signaling mechanism. 
Molecular crosstalk, epigenetic memories, ROS signaling, 
accumulation of plant hormones, such as, salicylic acid, 
ethylene, jasmonic acid, and abscisic acid, change in 
redox status and inorganic ion fluxes, R‑gene resistance, 
and systemic acquired resistance (SAR) are some of the 
modifications/ mechanisms adopted by plants to adapt and 
defend themselves from the environmental stress.[15] Plant 
phytochemicals, specifically phenolics, can adjust the ROS 
level, thus activating a network of biochemical reactions to 
improve tolerance. Therefore, the AOX activities of plant 
species are important to survive under these extreme 
environmental conditions.

The anthocyanin content of balsam species was 
5.88  mg/g. Purified anthocyanins possess hesperidin, 

Table 6: β‑carotene bleaching activities in the petals of wild balsam

Concentration (µg/mL) % inhibition

5 22.32

10 28.54

15 36.09

20 48.21

25 51.08

Catechin (25 µg/mL) 77.9

Ascorbate (25 µg/mL) 77.5

F ratio
SE
CD

23,145.6**

0.0087
0.021

** indicates p < 0.01

Table 5: Metal chelating activities in the petals of wild balsam

Concentration (µg/mL) % inhibition

5 31.59

10 44.97

15 56.49

20 61.84

25 64.66

Catechin (25 µg/mL) 98

Ascorbate (25 µg/mL) 97

F ratio
SE
CD

14,532**

0.0054
0.0017

** indicates p < 0.01

Table 4: FRAP assay activities in the petals of wild balsam

Concentration (µg/mL) % inhibition

5 52.52

10 65.08

15 68.66

20 79.5

25 81.89

Catechin (25 µg/mL) 86.4

Ascorbate (25 µg/mL) 93

F ratio
SE
CD

19,432**

0.0341
0.0091

** indicates p < 0.01
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dimethoxy antirrhinin, and trimethoxy antirrhinin 
molecules. These molecules form major groups of 
primary AOXs or free radical terminators. Studies in rose 
(Rosa  hybrida) varieties reflect that the varieties with 
dark colors were richest in anthocyanin content than 
the light‑colored varieties.[16] A similar trend was also 
observed for AOX activity, i.e., the dark color can serve as 
an indicator of AOX activity. 

The AOX potentiality of purified anthocyanins extracts 
can be quantified by different protocols, and the results 
of the test may be used to establish AOX ranking. In the 
present study, the six methods were used to evaluate the 
AOX activity. Furthermore, all the protocols presented 
significant values statistically. Many studies have 
documented this correlation, and some researchers 
proposed high correlation between the DPPH and FRAP 
methods as marker of AOX power of molecules.[17] Due to 
the presence of multiple radicals, and the changes in the 
nature of AOXs, there is no single and universal method to 
characterize the AOX activities of all molecules.[18] These 
reports conclude that any of the methods used in the 
present study could be used to determine and categorize 
the AOX activity of species. 

Comparison of the six methods in which ascorbate 
and catchin were used as reference molecules, it can be 
noted that the evaluated AOX activity was not the same. 
The values obtained by ABTS and FRAP were more or less 
similar, whereas those obtained by H2O2 and β‑carotene 
were lower; in fact, these differences depended on the 
mode of action of the anthocyanin. Specifically, AOX 
activity of ABTS was highest than FRAP, depending on 
the anthocyanin specificity of activity (Table 3). Studies in 
woody species of semiarid zones of Mexico, exhibited that 
the AOX activity by DPPH was superior than ABTS, i.e., the 
values of both methods differed among the species.[19] In 
fact, in Eucaliptus camaldulensis provided similar values 
with the methods. Likewise, in studies conducted with 
medicinal plants, different values were documented for 
the AOX activity quantified by ABTS and DPPH, although, 
in this case, the optimal values were noticed by ABTS.[20] 
Thus, it is important to note that AOX molecules can 
respond in a different manner to various radical or oxidant 
molecules. Studies also showed that the higher or lower 
activity attributed to a species depended on the protocols 
employed, such as, ABTS, DPPH, and FRAP, although, in 
disagreement with the present results. Interestingly, it 
was reported that Pistacia lentiscus showed the highest 
AOX activity by DPPH and reductive power assay[21] than 
by other protocols. The present study highlights that 
categorization of drugs based on AOX protocols may serve 
as a useful tool for the selection of species with higher or 
lower AOX activities. 

Thus, the present work may be concluded that 
hesperidin, dimethoxy antirrhinin, and trimethoxy 
antirrhinin were the major purified anthocyanin obtained 

from wild balsam species. The AOX results obtained in 
this study via the six methods suggest the potentiality of 
balsam anthocyanin as efficient AOX. The protocols also 
vary in sensitivity when establishing variations in the AOX 
activity of the species. Thus, with some of the protocols, the 
variation is lower than that obtained with other methods. 
Future studies are warranted to confirm the obtained data 
by in vivo animal models.
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