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Abstract. Plants are the main source of medicine which is used in traditional as well as
modern medicine in recent years for curing many diseases. Carissa edulis Vahl is one of the
traditional plants which have healing property on diarrhea, toothache and chest pain. The
present work aims on phytochemical, antioxidant and in vitro cytotoxicity test of C. edulis
dried fruits. The different solvent extracts obtained from petroleum ether, ethyl acetate,
chloroform, ethanol and water have been evaluated the presence of phytochemicals. Several
assays were carried out like total antioxidant, DPPH, reducing power and thiobarbituric acid to
investigate the free radical scavenging property. In addition, the cytotoxicity study also carried
out on human lung cancer cells (A549). Among different solvent extract, ethanol exhibited
strong antioxidant activity. Additionally, the in vitro cytotoxicity test of C. edulis on human
lung cancer cell (A549) showed ICs, value 405.704 + 2.42 pug/mL. Therefore, C. edulis could
be useful as a potential preventive intervention for free radicals mediated diseases as well as an
antioxidant drug in the pharmaceutical industry.

1. Introduction

The many numbers of medicinal plants are utilized for diabetes, obesity, skin diseases etc., The free
radicals inside the body play important role in cellular damage and development of many diseases
which could be stabilized using antioxidant [1, 2]. The increased level of free radical cause oxidative
stress, protein damage, coronary artery disease, hypertension, diabetes and metabolic syndrome.
Antioxidants are chemical substances has the capacity to inhibit free radicals which occur with
atmospheric oxygen or reactive oxygen species [3]. The antioxidants can classify into endogenous
antioxidants and exogenous antioxidants. The endogenous radical scavengers are enzymes such as
catalase, glutathione peroxidase or non-enzymatic chemicals such as uric acid, albumin and bilirubin.
The exogenous antioxidants arise from natural sources and synthetic compounds like
butylhydroxyanisole. In the recent years, natural sources have gained a potential application towards
free radical inhibition than the synthetic drug which causes side effects [4]. The natural sources are
rich in vitamins, phenolic compounds, flavonoids, alkaloids, lignans, etc., which can act as an
antioxidant in oxidative process [5, 6]. The natural sources such as blackberries, walnuts, strawberries,
grapes, etc., are a few examples which have high antioxidant [7-14].

The Carissa edulis (C. edulis) is one of the traditionally used plants which belong to Apocynanceae
family and used to cure tooth decay, the risk of depression and skin premature. The aerial part of the
C. edulis contains vitamin C, B1, B2, A, calcium, iron, magnesium and potassium. The fresh fruits
were used to make jam, vinegar, soups and root bark used to cure body pain, gastric problem, diuretic
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and malaria [15]. Many reports confirmed the presence of terpenes, flavonoids, phenolic compounds,
glycosides, and lignan. The most used part root contains rutin, pinitol, amyrin, lupeol, carissin,
carissone etc., [16]. The root also used for biological activities including, antimicrobial, antiviral, anti-
inflammatory and anticonvulsant activity. The C. edulis root tea has a high content of phenolic
compounds namely oleuropein and lupeol which is against Herps simplex virus disease. These
phenolic compounds are present in high content in the C. edulis tea than any other herb [17, 18].
Therefore, there is no report on the dried fruit of C. edulis for its phytochemcial analysis and biological
activity. In this study dried fruit of C. edulis has been utilized for its phytochemical, antioxidant, and
cytotoxicity test.

2. Experimental section

2.1. Microwave assisted extraction

The fresh fruit of C. edulis was procured from Vellore local market and authenticated
(PARC/2014/2321). The dried fruits were powdered and subjected for extraction in microwave
extractor at 400 W, at 60 ° C for 30 min. Petroleum ether, ethyl acetate, chloroform, ethanol and water
were used for extraction.

2.2 Phytochemical analysis

The different solvent extracts were utilized for determination of qualitative and quantitative
investigation of phytochemicals. The quantitative and qualitative analysis was carried out as per the
standard protocol with slight modifications.

2.2.1 Qualitative analysis of Phytoconstituents
The extracts are taken for phytochemical analysis to study the presence of phenolic, flavonoids,
glycosides, saponin, alkaloids and terpenoids [19-22].

2.2.2 Total Phenolic content

The extract of C. edulis was taken for total phenolic compounds by Folin-Ciocalteau (FC) method [23-
26]. Different concentrations of extracts (mg/ml) 100-500 uL/mg were added to 2.5 ml of 1/10 diluted
FC and sodium carbonate (2 mL). The test solution was kept in incubator at 45 °C for 15 min and the
absorbance has been monitored at 765 nm. The obtained results expressed in mg of gallic acid
equivalents per mg of extract.

2.2.3 Determination of total flavonoids

About 100-500 pL of ethanol extract was diluted by adding distilled water and 75 pL of sodium nitrite
(5%). Aluminum chloride (150 uL of 10%) and NaOH (0.5 mL of 1 M) also added and diluted with
distilled water. The absorbances were recorded at 510 nm and quercetin was taken as a standard. The
obtained results expressed in mg of quercetin equivalents per mg of extract [27, 28].

2.2.4. Total alkaloids determination

The crude extracts were further mixed with dil. HCI followed by chloroform extraction. The pH of the
aqueous layer adjust to neutral with NaOH and 5 ml of Bromocresol green and 5 ml of phosphate
buffer were added drop wise. The aqueous layer again extracted with chloroform. The both chloroform
and aqueous layers were taken for the determination of total alkaloids [29-31].

2.3. In vitro antioxidant activity

2.3.1. Total antioxidant capacity (TAC)

The various solvent extracts of C. edulis in absolute ethanol were added to 1 mL of reagent solution
(0.6 M H,SO,, 28 mM Na;PO4 and 4 mM (NH4)¢Mo070,4). The mixture kept at 95 °C for incubation
and placed at room temperature to become cool. The absorbance of the mixture was monitored at 695
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nm using ascorbic acid as a standard. TAC was calculated using standard curve and expressed in terms
of mg of standard [32-35].

2.3.2 DPPH scavenging assay
About 100-500 pL concentration of Petroleum ether, ethyl acetate, chloroform and ethanol extract
were prepared in 99.9 % absolute ethanol (Img/mL) and added to 3 mL of DPPH (0.1 mM) [36-39].
The solutions were set aside in dark condition about to 30 min and the absorbance was measured at
517 nm. Ascorbic acid (1 mg/mL) was taken as standard solution in 100-500 pL concentrations and it
was added with 3 mL of DPPH solution. The test solution was monitored as per spectroscopic method
and the % inhibitions were calculated using equation (1).

% Inhibition = [A~AJA] X 100 oo »(1)

Control absorbance denoted by A.and sample absorbance denoted by As.

2.3.3 Thiobarbituric acid assay

The different solvent extracts were varied from 100-500 puL concentration added to the mixture of 2
mL of 20 % of trichloroacetic acid and 2 mL of 0.67 % of thiobarbituric acid solution. The test
solution was boiled at 60 °C for 10 min [40-42]. The solutions were centrifuged at 3500 rpm for 30
min and the absorbance of test solution and the standard ascorbic acid was monitored at 532 nm by
UV-Visible spectrophotometer. Total inhibition of the extracts was calculated using equation (1).

2.3.4 Hydrogen peroxide assay

The capability of the C. edulis extract to inhibit hydrogen peroxide radical was determined by
following method. About 3.4 mL of hydrogen peroxide in phosphate buffer and 0.6 mL H,0O, (40 mM)
was added with extracts. The scavenging property of hydrogen peroxide was determined using
absorbance at 230 nm [43, 44]. The inhibition was calculated using equation (1).

2.3.5 Reducing power assay

About 100-500 pL of extracts have been added to phosphate buffer (0.5 mL of 0.2 M, pH 6.6) and 0.5
mL of 1% K;[Fe (CN)g] mixture. The solutions placed in incubator at 60 °C for 30 min followed by
centrifugation with 0.5 mL of 10 % trichloro acetic acid. The obtained supernatant added to 1 mL of
distilled water and 0.2 mL of 0.1 % ferric chloride hexahydrate. The color change was monitored after
10 min at 700 nm using ascorbic acid as a standard solution [45-50]. The inhibition was calculated
using equation (1).

2.4. Gas chromatography mass spectroscopy (GC-MS) analysis of C. edulis

The GC-MS study was used for identification of the secondary metabolites which are present in the
ethanol extract of C. edulis. The ethanol extract was analyzed by 680 Perkin Elmer gas
chromatography with Elite-5 capillary column consist of 5% Diphenyl 95% dimethyl poly siloxane.

2.5. In vitro cytotoxicity test
The ethanol extract of C. edulis was tested for In vitro cytotoxicity using Lung cancer cells (A549) by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay followed by standard
protocol with slight modificatios [51-53]. The A549 cells and C. edulis extract (50, 100, 200, 400, 600
pg/mL) was poured in 96-well plates containing a final volume of 100 pL/well. Further, it was
incubated and added to 10 pL of MTT per well to achieve the final concentration of 0.45 mg/mL.
After 24 h of incubation at 37 °C, 100 pL solubilization solutions added to each well to dissolve
formazan crystals. The absorbance was recorded at 570 nm and inhibition was calculated using the
following equation,

% cell inhibition = 100-[(A«-Ap)/(Ac-Ap)]*100
Where, A, A, and A, indicate the absorbance of tested sample, blank and control.
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3. Results

3.1 Qualitative and quantitative analysis of phytochemicals of C. edulis

The phytochemical test of various solvent extracts from dried fruits of C. edulis has been evaluated
and shown in Table 1. The preliminary phytochemical analysis showed a positive result for diterpene,
terpenoids, carbohydrates, amino acids and resins in petroleum ether extract. The ethyl acetate extract
contains flavonoids, glycosides, phenolics, phytosterol, diterpene, terpenoids, anthocyanin,
carbohydrates, amino acids and resins. The water and ethanol extracts showed the presence of
alkaloids, flavonoids, coumarin etc. Table 2 shows the amount of phenolic and flavonoids present in
ethyl acetate, chloroform, ethanol and water extracts.

Table 1 Preliminary phytochemical analysis of dried fruits of Carissa edulis

Phytochemicals  Petroleum ether Ethyl acetate Chloroform Ethanol Water

Alkaloid - - - n ¥
Flavonoid - + + + +
Glycoside - + - + R
Saponin - - - - -
Phytosterol - + - - -
Polyphenol - + + ¥ +
Tannin - + - + -
Diterpene + + - + -
Terpenoid + + - + -
Anthocyanin - + - + +
Coumarin - + - + +
Lignin - - - - -
Carbohydrate + + + + +
Protein/amino acid + + + + +
Oil and fat - - - - -
Gum and Mucilage - - - - -
Resin + + + + +

Table 2 Total phenolic, flavonoids and alkaloids of C. edulis
Carissaedulis  Total phenolic content Total flavonoids (mg  Total alkaloids (mg

extracts (mg GAE/mg of extract)  QE/ mg of extract) Atropine/ mg of extract)
Petroleum ether - -
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Ethyl acetate 28.33+0.02 29+0.5 -
Chloroform 37.37+0.03 35+1.2 -

Water 94.97+0.22 50+2.1 19.6+0.001
Ethanol 96+0.5 70+0.7 21.33+0.001

Due to the low polarity of petroleum ether, it doesn’t show the presence of phenolic and flavonoids.
Therefore, the petroleum ether extracts not taken to determine total phenolic and flavonoids. The
quantitative phytochemical analysis showed a significant content of phenolic and flavonoid in all
extracts. Among all the solvent extracts, ethanol extract has a higher content of phenolic, flavonoids
and alkaloids than other extracts. The phenolic and flavonoids are responsible for most of the
biological activities. In conclusion, the phenolic and flavonoids content are in the following order:
Ethanol > Water > Chloroform > Ethyl acetate. The ethanol extract has a higher content of phenolic,
flavonoids and alkaloids when compared with a standard curve (Figurel-4). The ethanol extract has
96+0.5 mg of the gallic acid equivalent of phenolic content. Table 2 shows the quantitative analysis of
phenolic, flavonoids and alkaloids. The phenolic content of, ethyl acetate, chloroform, water and
ethanol extracts were found to be 28.33+0.02, 37.37+0.03, 94.97+0.22 and 96+0.5 respectively. The
alkaloid content was 19.6+0.001 for water extract and 21.33+0.001 for ethanol extract as expressed mg
of atropine equivalent. Accordingly, the phenolic and flavonoids are good responsible agents for the
antioxidant activity by donating an electron.

16
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Figure 1. Standard curve for total phenolic of C. edulis
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3.2 In vitro antioxidant activity

3.2.1 Total antioxidant activity

TAC of extracts was calculated using linear equation y= 0.0011x+0.0316, R*=0.9719. The ethanol
extract has higher antioxidant capacity compared with other extract. Where “y” is an absorbance at
695 nm and “x” is the concentration of ascorbic acid equivalent pg/mL (Figure 5 and 6). The TAC was
determined by reduction of phosphomolybdenum complex. In the typical mechanism, Mo*" to Mo
was reduced and formed a green color Mo>" complex in acidic pH condition [54]. The
phosphomolybdenum assay is a direct method to evaluate the reducing efficiency of antioxidant.
Unlike other methods, it is unique and forms a phosphomolybdinum complex without generation of
free radicals. Therefore, this method is different from the in-vitro antioxidant methods.

100 ~

90
80
70 H petether
60 m ethylacetate
50 m chloform
40 m water
30 ®m ethanol
20 m standard
10

0

100 200 300 400 500
Figure 5. Total antioxidant capacity of C. edulis
O,M\? V)

o
Mo (V1) HO g ‘
—
Z>0H

Figure 6. Mechanism of total antioxidant activity
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3.2.2 Inhibition of DPPH radical

The C. edulis extracts were studied for the antioxidant activity using DPPH. The DPPH radical
inhibition percentage is shown in Table 3. The ethanol extract showed good free radical inhibiting
efficiency when compared to that of petroleum ether, ethyl acetate, chloroform and water extracts. The
ethanol extract has high inhibition around 80.48 % at 500 pg/mL (ICs, value 169.98+0.03). The ICs
values were found to be 488.05+0.03 for petroleum ether, 330.98+0.003 for ethyl acetate, 298.0540.01
for chloroform and 195.4+0.05 for water extract. The less ICsy values used to represent the inhibition
of 50% of free radicals and if it is less, the inhibition will be more. Therefore, the ICs, value of ethanol
extract was very less when compared to other solvent extracts. Hence, C. edulis act as a good free
radical scavenger at low concentration. As the concentration increases, the inhibition of ethanol extract
was found to be almost equal to that of the standard.

Table 3 DPPH scavenging activity of C. edulis

Concentration Petroleum Ethyl Chloroform Ethanol  Water Standard
(ug/mL) ether acetate

100 19.25+0.5 20.98+0.0  30.26+0.3 45.7240.2 41.39+0.1 48.48+0.9
200 23.35+0.01  30.04+0.1  40.56%0.5 56.33+0.1 54.01+0.1 79.49+1.2
300 31.81+0.03  52.8+0.5 43.4+0.7 59.89+0.1 59.62+0.1 80.23+0.8
400 41.39+0.00  53.34+0.2  60.21+0.2 62.43+0.1 61.85+0.3 80.56+0.1
500 52.59+0.01  72.51+0.1  76.73+0.1 80.48+0.1 76.06+0.1 82.57+0.14
IC50 488.017 330.507 298.051 169.980 195429  99.225

3.2.3 Thiobarbiutric acid assay

The C. edulis fruit showed less antioxidant activity at lower concentration and significant effect at
higher concentration. The percentage inhibitions of the activity have been given in Table 4. The
ethanol and water extract shows effective inhibition of radicals than other extracts. The ICs, values
were 284.92+0.1, 230.97, 114 and 106.09 pg/mL for petroleum ether, ethyl acetate, chloroform and
water extracts respectively. The less ICsy was 94.83 pg/mL for ethanol extract of C. edulis. All the
extract taken for the assay has dose-dependent activity towards radicals.

Table 4 Thiobarbeutric acid assay (%6Inhibition)

Concentration Petroleum Ethyl Chloroform Ethanol Water Standard
(Hg/mL) ether acetate

100 30.01+1.5 36+1.0 35.12+0.12  48+0.5 47.9+0.3 50.1+0.01
200 45.01+0.51 48+0.2 48.31+0.31 58+0.9 56.3+0.15 60+0.05
300 57.08+0.23 60+0.05 94.56+0.6 69+0.0 65.9+0.34 69+0.5
400 60.98+0.13 67+0.05 95.83+0.3 7240.0 71.4+0.11 74+0.2
500 65.90+0.61 71+0.15 96.88+0.1 78+0.2  75.4+0.0 86+0.1
1C50 284.921 230.974 185.992 106.190 114532  94.839
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3.2.4 Hydrogen peroxide assay

Table 5 shows H,0, scavenging activity of the various extracts of C. edulis. All the extracts showed a
dose-dependent fashion on free radical scavenging ability. The ethanol extract exhibited stronger
scavenging capacity similar to the previous assay. The investigation on the different solvent extraction,
the peroxide inhibition was as in the following order, Petroleum extract <ethyl acetate < chloroform <
water < ethanol. Among all the ICs, values of extracts, ethanol has less ICs, value as 94 pg/mL which
inhibits the 50% of inhibition at low concentration. The ICs, values were 284.92 pug/mL for petroleum
ether extract and 230.97 pg/mL for ethyl acetate extract. The highly polar solvent such as chloroform
and water has 114 and 106 pg/mL of ICs, values.

Table 5 Hydrogen peroxide scavenging activity of C. edulis

Concentration Petroleum Ethyl Chloroform Ethanol Water Standard
(ng/mL) ether acetate

100 21.75%+1.5 27+1.0 42.92+0.12  45+0.52 44.0+0.12 46.25+0.01
200 32.5+0.51 33.7510.2 49.62+0.31 57+0.0 52.1+0.13 57.5+0.15
300 36.26+0.23 43.75+0.05 52.5+0.6 68+0.0 60.0+0.04 68.75+1.5
400 41.25+0.13 60.5+0.05 60+0.3 70+0.0 66.0+0.13 77.5+1.2
500 50.1+0.61 68.75+0.15 71.25+0.1 72+0.2  71+0.0 82.5+1.1
1C50 503.196 328.87 224.9769 138.113 174.828 125.196

3.2.5 Reducing power assay

The ethanol and water extracts have shown good reducing power than other extracts of C. edulis. The
assay was determined for the different concentration of extracts like 100, 200, 300, 400 and 500
pg/mL. The reducing power of petroleum ether extract at low concentration (100 pg/mL) was
negligible. The ethyl acetate and petroleum ether extract showed a less reducing capacity against iron
(IIT). The color of the solution of reducing power assay turns yellow to shaded blue and green due to
the presence of various phytochemicals in extracts. The IC50 values were found as 239, 224, 128, 109
and 101.41 pg for petroleum ether, ethyl acetate, chloroform, water and ethanol extracts respectively
(Table 6). The reducing power assay has been calculated by the ability of C. edulis extract in the
reduction of the iron (III) into iron (II) complex.

Table 6 Reducing power of C. edulis

IOP Publishing

Concentration Petroleum Ethyl Chloroform  Ethanol Water  Standard
(ug/mL) ether acetate

100 36.1+1.0 36.0£1.2 35.12+0.1  48.0+0.14 47.9+0.15 49.0+0.53
200 45.0+0.0 50.0+0.4 48.31+0.5  58.1+0.0 54.0+0.05 60+0.12
300 59+0.05 60+0.25 94.56+0.0 68.0+0.04 65.9+0.12 70.3+0.45
400 63+0.06 67.0+£0.10 05.88+0.5 72.0+0.10 69.0+0.65 74.6+0.33
500 68+1.5 72+0.56 97.89+0.0 80+0.0 76.0+0.45 86.2+0.12
1C50 239.68 224.393 185.992 109.020  128.503  101.419
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3.3 Gas chromatography mass spectroscopy analysis (GC-MS) of C. edulis

The crude ethanol extract showed fourteen peaks in the GC-MS chromatogram (Fig.ure 7) which are
identified according to their retention time on fused silica capillary column. The identified compounds
include hydrocarbon, fatty acids, flavonoids and ketones (Table 7). The a-D-glucose, Lupeol and
Diethyl phthalate was identified as a major chemical constituent (36.535 %, 18.109 % and 13.615 %)).

Table 7 GC-MS analysis of C. edulis

S.No RT Area% Chemical name

7.245 0.562 Butanoic acid
14.393 13.615 Diethyl phthalate
15.053 12.311 2-Undecene

1

2

3

5 16.854 36.535 a-D-glucose

6 20.290 0.454 Propanoic acid
7 23512 0.649  14-heptadecenal
8 25197 2322 Pentadecenal

11  31.380 18.109 Lupeol
FME(155-1045) Scan EIF
1007 2 TIC
< 9.87¢8
% ©
3
©
o™
g o8 s
8c «¢@ 8 - @ |
2] o ) - —
g °°8 /8e5 28 D opH8TEasur g |
' T Jgflere o8 § 3)salsssaglll
R e e L B e T — T T lime
5.00 10.00 15.00 20.00 25.00 30.00

Figure 7. GC-MS chromatogram of ethanol extract of C. edulis

3.4. In vitro cytotoxicity test

The determination of cytotoxicity by ethanol extract of C. edulis was performed using MTT assay. The
results showed that increase of extract concentration increases the number of dead cells. The ethanol
extract treatment of A549 cells were found to be significantly decreased the cell viability in a dose
depended manner at 28 h incubation (Figure 8). The IC50 values were found to be 405.704 + 2.42
pg/mL. The morphological observation for MTT reduction to purple color formazan was shown in
Fig.ure 9.
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Figure 8. Percentage cell viability of A549 cells using C. edulis

200 pg/mL

4. Discussion

400 pg/mL 600 pg/mL

Figure 9. Lung cancer cells treated with C. edulis

The presence of phytochemicals in C. edulis has played an important role in antioxidant activity. The
quantitative and qualitative analysis showed the phytochemicals content in the extract. These
phytochemicals have the capacity to inhibit the free radical significantly. The 1, 1-diphenyl-2-
picrylhyrazyl (a,a-diphenyl-p-picrylhydrazyl; DPPH) one of the stable radical delocalized of a spare
electron on the molecule and it cannot dimerize further and it acts as free radical forms a deep violet
color [55]. From the extracts, it takes a hydrogen atom and forms non-radical which induces the violet
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color (Figure 10). The phenolic and flavonoids of C. edulis can donate hydrogen to the synthetic stable
free radical DPPH to change it as hon-reactive species. The previous reports on C. edulis root state that
62.7 % of inhibition against DPPH radical [56] whereas fruit has 80.48 + 0.1% of inhibition by ethanol
extract. The variations among the natural plants lead to the difference in the antioxidant activity.
Therefore, higher the phenolic and flavonoids content in the extract can lead to the high inhibition of
free radicals [57].

_ ~ NO,
NO,

L opN NO, O,N NO,

OH O OMOH

N NH
o N N
o @ @
Quercetin-7-beta-D- L

glucoside

DPPH radical DPPH radical
Purple color Colorless

Figure 10. DPPH scavenging mechanism

The thiobarbituric acid assay that was proposed as the formation of adducts among the
Thiobarbituric acid (TBA) and Malondialdehyde (MDA) (Figure 11). This method is not very specific
and effective on reaction conditions on color development [50]. The naturally available reductants in
the extract are involved in the inhibition process. The reducing capacities of phytochemicals of C.
edulis have served a significant efficacy in the thiobarbituric acid assay. Hence, the free radicals which
are occurred in human metabolism can inhibit by phytochemicals [58].

HS_ N_ OH
Y | 4 o, 0 Sy, N -OH HO SH
NS —
CH-CH=C
H
OH OH

OH
Thiobarbituric acid MDA Chromophore TBA-MDA

Figure 11. Adduct formation in thiobarbituric acid assay

The hydrogen peroxide decomposed into oxygen and water by producing hydroxyl (OH-) which
causes lipid peroxidation and damage DNA in the human body.The superoxide anion (02.-) produced
in the reaction, protonated at low pH forms hydroperoxyl radical ‘HO2 and both of these radicals
undergoes spontaneous reaction to produce hydrogen peroxide and hydroxyl radical [59] (Fig.urel2).
Hydrogen peroxide is less reactive than superoxide radical, but presence of any transition metals
especially Fe2+ which is present in the biological system, causes the formation of hydroxyl radical by
Fenton reaction [44].

H,0, + Fe¥ —> Fe¢’" + OH+ OH
Fe’" + 0, —> 0,+Fe”
Total reaction: O,+ H,0, ———>0,+ OH + OH"

Hence, the flavonoids or phenolic compounds present in the extracts can terminate the free radical
long chain reaction (Figure 13).
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Figure 12. Superoxide radical scavenging mechanism by quercetin

FeZ*

0] (o)
2+ga O O %H 3+ - .
H0, T \‘ o|-| Fe3* + HO" + HO
o)

Figure 13. Termination of free radical by flavonoid

All results showed antioxidant activity in a dose dependent manner. Reducing power of all the
extracts was correlated with increasing concentration. Hence, the ethanol extract pronounced more
reducing capacity than other solvent extracts of C. edulis. The principle behind the reducing power
capability is the presence of reductants which leads to the breaking of free radical chains by donating
hydrogen atom. These reductants also studied for some precursors to prevent the formation of peroxide
[60, 61]. The inhibition of free radicals in the entire assay, the petroleum extract has a significant
scavenging activity. This may due to the presence of terpenoids or phytosterols instead of phenolic and
flavonoids compounds and these kinds of bioactive compounds may quench with the Fe (111) species
and reduce into Fe (1) [62-64].

Nowadays, research on the antioxidant activity of plant extracts have been achieved a great
application to prevent the free radical formation and ageing problem that are caused by the abnormal
diet and side effect of UV rays [65-67]. The phenolic compounds, flavonoids and alkaloids implied
potential bioactive natural compounds and more studies are required regarding the phytochemical and
its biological applications. Moreover, the possibility of biological effects of extract is considered due
to the multi bioactive effect of phytochemicals present in extract [68]. Hence, the results from our
report states that the promising antioxidant agents can be used in the pharmaceutical and cosmetic field
to prevent the radical formation and it can be incorporated into photoprotective products to provide a
better result in photoprotective effect due to the antioxidant efficacy of C. edulis fruit. The major
compounds indentified by GC-MS such as Lupeol and pentadecenal may be responsible for
antioxidant activity.
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5. Conclusion

The results presented here constitute the first report on antioxidant activity of C. edulis. The various
solvent extracts of C. edulis fruit used for antioxidant activity in a dose dependent manner. The
phytochemicals such as terpenoids, phenolic compounds, flavonoids and alkaloids etc., are played
important role in antioxidant activity. The qualitative and quantitative analysis of ethanol extract had
good free radical scavenging activity than other extracts. Therefore, the C. edulis could be used as
ingredients in other food products or drug to improve antioxidant capacity. The ethanol extract proved
to be an effective solvent for extraction for high quantity of bioactive compounds and greater efficacy
towards inhibition of radicals in all assays which we have carried out. In addition, potential efforts
need to be taken in clinical rats for further biological applications. On the attention of all these results,
this work may guide researcher in future in the field of phytochemistry and pharmaceutical science.
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