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ABSTRACT 

This study aims to investigate the phytochemical content and antioxidant activity of the leaf, stem, latex, and 
bark of Euphorbia neriifolia (EN) Linn. using the solvent extraction method with petroleum ether, benzene, 
chloroform, ethyl acetate, methanol, and aqueous extracts. Total tannin content, total saponin content, total 
flavonoid content, total phenol content, and total flavonol content were investigated using spectrophotometric 
equivalents of the standards, tannic acid, quillaja, quercetin, gallic acid, and rutin, respectively. The EN extracts 
of various parts were screened for potential antioxidant activities by hydrogen peroxide scavenging assay 
(H2O2), ferric ion reducing antioxidant power assay (FRAP), 2,2-diphenylpicrylhydrazyl assay (DPPH), metal 
chelation assay, nitric oxide (NO), and superoxide (SO) scavenging methods. The quantitative analysis of 
phytochemicals from EN revealed the presence of tannins, saponins, flavonoids, phenols, and flavonols in 
considerable amounts. The in vitro antioxidant assay of EN determined that the leaf, stem, latex, and bark have 
prominent antioxidant potential. The results showed that all the plant parts possessed antioxidant properties 
which were strongly correlated with the phytoconstituents. From the present study, it can be concluded that the 
mean content of phytochemicals in the case of EN leaf is greater than the stem, latex, and bark of the plant and 
this may have contributed to its great antioxidant properties. This may also justify the frequent use of the leaf 
more than the stem, latex, and bark in the traditional medicinal systems for the cure of bronchial infections, 
abdominal swellings, inflammation, pain, and tumor. 

1. INTRODUCTION
Living cells may produce reactive oxygen species (ROS) 
including hydrogen peroxide, hydroxyl radicals, and superoxide 
anion (O2

-) as a side product in the biochemical and physiological 
processes [1,2]. However, when the excess concentration of ROS 
is not eliminated, it may cause damage to cellular components and 
impair their functioning [3]. They also play a critical role in aging 
and other age-related disorders such as Parkinson’s, Alzheimer’s, 
atherogenesis, hypertension, and cancer diseases [4]. 

The most effective way to fight against these degenerative diseases 
is to use antioxidants. Antioxidants are those substances that can 
obstruct and control the oxidation of an oxidizable substrate [5]. 

Endogenous antioxidants are produced inside the living organisms 
and repair the damage caused by radicals internally with the help 
of the cell regeneration system, while exogenous antioxidants 
are taken from sources present outside the living body such as 
diet which stimulate cell repair machinery externally [6]. The 
increasing need to complement the function of endogenous 
antioxidants has led to the supplementation by exogenous sources 
[7]. Nowadays, exogenous sources are the widespread research 
topics, perhaps due to their fewer side effects, cheap cost, and 
readily availability than the synthetic ones [8]. 

Considering the complementary strategies and available 
alternatives, medicinal plants hold a better place in providing 
easily accessible, affordable, and safer therapies for ROS-
related diseases [9]. The antioxidant potential of medicinal 
plants has been observed to play an important role in lowering 
the risk of various diseases [10]. There is a broad diversity of *Corresponding Author
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phytocompounds, mainly secondary metabolites, usually present 
and isolated from medicinal plants and studies have revealed that 
these metabolites have antiviral, antitumor, anti-inflammatory, 
analgesic, antibacterial, anticancer, and various other activities 
from a lesser to a greater extent [11–13]. Well-known examples of 
these phytocompounds include terpenoids, nitrogen compounds, 
tannins, cyanogen glycosides, saponins, phenolic glycosides, 
phenols, and flavonoids [14]. Phenolic compounds consist of 
tannins, flavonoids, and phenols which appear to be the major and 
most effective antioxidants as they can scavenge free radicals, 
prevent lipid peroxidation, and chelate metal ions. Apart from this, 
non-phenolic compounds also represent an abundant and important 
class of free radical scavengers  inside the host organism [2]. 

EN Linn. (Euphorbiaceae), is a xerophytic succulent plant that 
is utilized as a folk medicine for various disorders according to 
the indigenous resources of Japan, China, Philippines, Malaysia, 
Thailand, Burma, and India [15]. It is an erect, and fleshy plant with 
oval-shaped leaves and unarticulated stems and branches [16]. It is 
majorly distributed in the subtropical and tropical regions of Asia 
and is popularly known by the name of “Thohar” and “Sindhu” in 
the Hindu scripture [17,18]. Different parts (such as leaves, stem, 
latex, bark, roots, and fruits) of this medicinal plant contain a wide 
range of secondary metabolites (steroid, polyphenol, saponin, 
tannin, triterpenoid, alkaloid, and flavonoid) which are useful 
to cure various human ailments such as bleeding piles, fever, 
anemia, inflammation, leukoderma, tumors, bronchitis, abdominal 
troubles, and enlargement of the spleen [19–22]. EN is a good 
choice to be used as a source of efficient therapeutics since the 
availability and the propagation of this plant is easy and cheap.

Although extensive work on secondary compounds and their 
total content in EN leaf has been carried out, the data on other 
parts of this plant are still incomplete and insufficient. Hence, 
this study aimed to evaluate the fluctuations in total tannin 
(TT), total saponin (TS), total flavonoid (TF), total phenol (TP), 
and total flavonol (TFL) content in extracts of EN leaf, stem, 
latex, and bark. Antioxidant activity was evaluated by hydrogen 
peroxide (H2O2), ferric ion-reducing antioxidant power assay 
(FRAP), 2,2-diphenylpicrylhydrazyl (DPPH), metal chelating, 
NO, and SO methods. The relationships between antioxidant 
activities and contents of TT, TS, TF, TP, and TFL, measured in 
the plant samples, were discussed to provide a scientific basis for 
optimal usage of EN leaf, stem, latex, and bark.

2. MATERIALS AND METHODS

2.1. Reagents and Standards
Trichloroacetic acid, thiobarbituric acid, phenazine methosulfate 
(PMS), linoleic acid, nitro blue tetrazolium (NBT), DPPH, 
linoleic acid, rutin, Gallic acid, ferrozine, Folin–Ciocalteu’s 
reagent, potassium persulfate, quercetin, (+)-catechin, ferric 
chloride (FeCl3), aluminum chloride, ascorbic acid, Gallic acid, 
sodium carbonate (Na2CO3), sodium acetate, sodium hydroxide 
(NaOH), sodium nitrite (NaNO2), tannic acid (TA), sodium 
tungstate, phosphomolybdic acid, phosphoric acid, vanillin, 
sulfuric acid, ethylenediaminetetraacetic acid (EDTA), butylated 
hydroxytoluene (BHT), hydrochloric acid, 2,4,6-tri (2-pyridyl)-

S-triazine (TPTZ), H2O2, sodium nitroprusside, ‘Griess’ reagent, 
disodium hydrogen phosphate (Na2HPO4), and sodium dihydrogen 
phosphate (NaH2PO4); other solvents were of analytical grade and 
were procured from Sigma Aldrich (Germany).

2.2 Preparation of Extracts from Powdered Plant Material
Preparation of the extracts was carried out by hot extraction 
method using the Soxhlet apparatus. Finely ground powder of the 
plant material was packed inside the porous filter paper and placed 
inside the extraction chamber. The selected solvents were added 
into the round bottom flask, evaporated, and allowed to reach the 
condenser where it condenses and drips down into the extraction 
chamber and extracts the plant components by coming in contact 
with the powder. The whole process continued sequentially until 
all the extracts were prepared. After extraction, the extracts were 
stored at 4°C in an airtight container for further evaluation [23].

2.3 Quantification of Phytochemicals

2.3.1. Total tannin content
In order to estimate the content of tannin, a solution (Folin–Denis’ 
reagent) of 50 ml phosphoric acid, 30 g phosphomolybdic acid, 
and 100 mg sodium tungstate in 750 ml of distilled water was 
allowed to reflux for a time period of 2 hours and further diluted to 
250 ml. A calibration curve with TA standard (1 mg/ml) was also 
prepared in 10 ml of methanol. An aliquot of 0.5 ml of different 
extracts and standard was added to the 0.5 ml of methanol in a 
test tube. This was followed by the addition of 0.5 ml of freshly 
prepared Folin–Denis’ reagent. Then to the solution, 2 ml of 20% 
sodium carbonate (Na2CO3) was added, covered, vortexed, and 
incubated for 1 minute in a water bath. The absorbance of the 
reaction mixture was recorded at 700 nm. The quantity of tannin 
was estimated in triplicate and determined as mg TA equivalent 
per gram dry matter (DM) as described by Haile and Kang [24].  

2.3.2. Total saponin content 
The total saponin content was determined using the colorimetric 
method of Le et al. [25] with some moderations. To 0.25 ml of 
the properly diluted leaf, stem, latex, and bark extract samples, 
0.25 ml of 8% vanillin in methanol (w/v) was added, followed 
by the addition of 2.5 ml of 72% sulfuric acid (H2SO4). Then the 
test tubes were covered, vortexed, and incubated for 15 minutes 
at 60°C and allowed to cool down further. In this method, sulfuric 
acid-oxidized saponin was reacted with vanillin to produce 
a characteristic reddish purple color, whose absorbance was 
taken at 560 nm. A standard curve of quillaja (10–1,000 µg/ml) 
was constructed to evaluate the concentration of saponin in the 
samples. The following outcomes were represented as mg quillaja 
(QJ) equivalents per gram dry matter. 

2.3.3. Total flavonoid content
Determination of total flavonoid content was carried out by using 
the aluminum colorimetric method with slight moderations, as 
described by Sankhalkar and Vernekar [26]. An aliquot (0.5 ml) of 
the standard solution of quercetin and different extracts was added 
to the test tube containing 0.5 ml distilled water. To the test tubes, 
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0.3 ml of 5% sodium nitrite (NaNO2) was added and incubated at 
25°C for 5 minutes. This was followed by the immediate addition 
of 0.3 ml of 10% aluminum chloride (AlCl3) and 2 ml of sodium 
hydroxide (NaOH), whose absorbance was recorded at 510 nm. 
The outcomes of total flavonoid content were expressed as mg 
quercetin (QR) equivalents per gram of dry matter.

2.3.4. Total phenol content
The content of phenols was determined by the Folin–Ciocalteu 
method described by Rebaya et al. [27] using Gallic acid as the 
standard. Different extract samples (1 mg/ml) were mixed with 5 
ml of methanol. This was followed by the addition of 1 ml of 20% 
sodium carbonate and 1 ml of the Folin–Ciocalteu reagent. The 
mixture was allowed to stand at 40°C for 30 minutes in a water 
bath. After 30 minutes, the absorbance was recorded at 765 nm 
using a UV-Visible spectrophotometer. All the tests were carried 
out in triplicate and the phenolic content was represented as mg of 
gallic acid (GLA) equivalents per g dry matter.

2.3.5. Total flavonol content
Total flavonol content was estimated since flavonol is considered 
to be the major fraction responsible for the antioxidant activity. To 
2 ml of properly diluted leaf, stem, latex, and bark extract samples 
in methanol, 2 ml of 2% aluminum chloride (AlCl3) in methanol 
and 3 ml of 50 g/l sodium acetate were added. The mixture was 
allowed to incubate for 2.5 hrs at 20°C and their absorbance was 
measured at 440 nm. A standard curve of rutin (RUT) in methanol 
(1 mg/ml) was prepared to determine the content of flavonol in the 
sample and the results were expressed as the mg RUT equivalent 
(q) per g dry matter [28].

2.4. Evaluation of In vitro Antioxidant Activity

2.4.1. Hydrogen peroxide scavenging activity 
The scavenging ability of the EN extracts for hydrogen peroxide 
was evaluated according to the method described by Bhatti et 
al. [29], and the results were expressed as µg/ml. The hydrogen 
peroxide solution was prepared by mixing the 20 mM of H2O2 
into 50 mM of pH 7.4 phosphate buffer. Aliquots of 0.1 ml of 
extract samples (10–1,000 µg/ml) were taken into the test tubes 
and their volume is made up by the addition of 0.4 ml of methanol 
or phosphate buffer (50 mM). This was followed by the addition of 
0.6 ml of hydrogen peroxide solution. The test tubes were shaken 
and the absorbance of samples was recorded after 40 minutes at 230 
nm against the blank. Phosphate buffer without the involvement of 
hydrogen peroxide served as the blank and ascorbic acid was used 
as the positive control. The percentage of the scavenging activity 
of extracts (in triplicate) was calculated by the following formula:

% H2O2 scavenging activity = [(A0−A1)/A0] × 100

where A0 is the absorbance of the control and A1 is the absorbance 
of the sample.

2.4.2. Ferric-reducing antioxidant power assay
The antioxidant ability of the EN extracts was determined by the 
use of ferric-reducing antioxidant power assay. The FRAP reagent 

preparation involves 10 mM of TPTZ in 40 mM of HCl, 20 mM 
of FeCl3, and 300 mM of acetate buffer (pH = 3.6) in the ratio 
of 1:1:10. The different concentrations of the sample solutions 
and 1 ml of FRAP reagent were added to the test tube and their 
absorbance was recorded at 593 nm after the incubation period of 
30 minutes at 37°C in a water bath. A potential candidate carried 
out the reduction of ferric ion (Fe3+) to ferrous ion (Fe2+) and later 
developed a blue color complex of Fe2+/TPTZ, which raised the 
absorption at 593 nm. The results were expressed as µM Fe (II)/g 
and compared with the standard BHT [30]. 

2.4.3. DPPH radical scavenging assay 
The free-radical scavenging potential of leaf, stem, latex, and 
bark extracts was determined by a decrease in the absorbance of 
methanolic solution of DPPH [31]. A stock solution of DPPH was 
prepared by dissolving 33 mg of DPPH in 1 l of methanol and then 
stored under dark condition. To 1 ml of different concentrations of 
extracts (10–1,000 µg/ml) and ascorbic acid standard in methanol, 
5 ml of the DPPH solution was added, shaken, and stored under dark 
for 20 minutes at 27°C. After incubation, absorbance was recorded 
at 517 nm using a UV-Visible spectrophotometer. Scavenging 
potential was expressed as the percentage of inhibition, which was 
calculated by the following formula:

% inhibition = [(A0−A1)/A0) × 100,

where Ao is the control absorbance and A1 is the test sample 
absorbance.

2.4.4. Metal chelation activity 
The chelation of ferrous ions by the different extracts of leaf, 
stem, latex, and bark of EN and by the EDTA standard was 
determined by the method described by Bariş et al. [32]. Different 
concentrations of test samples and standard (10–1,000 µg/ml) were 
mixed with 3.7 ml of the methanol solution. Then the mixture was 
treated with 0.1 ml of 2 mM FeCl2 and 0.2 ml of 5 mM ferrozine 
and allowed to stand for 10 minutes at room temperature. When 
the reaction reached equilibrium, its absorbance was recorded 
spectrophotometrically at 562 nm. The percentage of ferrous ion 
chelation was calculated as follows:

% Chelating activity = [1-(Absorbance of test sample/
Absorbance of control)] × 100  

2.4.5. Nitric oxide scavenging activity
The nitric oxide radical scavenging potential of different 
fractions was determined by the Griess reaction as reported 
by Corpuz et al. [33]. Sodium nitroprusside (10 mM, 1.5 ml) 
solution was prepared in 20 mM of phosphate buffer (pH 7.4) and 
was added to 0.5 ml of different concentrations of test extracts 
and standard. Furthermore, the reaction mixture was allowed to 
incubate for 150 minutes at 25°C. After incubation, 0.5 ml of the 
aliquot was removed from the reaction mixture and 0.5 ml of the 
Griess reagent was added into it and absorbance was recorded 
spectrophotometrically at 546 nm. Sodium nitroprusside in 
phosphate buffer solution (PBS) was used as the control and 
ascorbic acid was utilized as the reference standard. The 
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scavenging activity of ascorbic acid and fractions was calculated 
according to the following formula:

% Nitric oxide scavenging activity = [(A0−A1)/A0] × 100

where Ao is the control absorbance and A1 is the test sample 
absorbance.

2.4.6. Superoxide scavenging activity 
The ability of the extracts to scavenge superoxide radicals was 
assessed by the NBT reduction method described by Yang et al. 
[34] with little moderations. Aliquots of 1.5 ml of the sample 
solutions with 1 ml of 300 µM NBT, 1 ml of 468 µM NADH, and 
0.1 ml of 60 µM PMS were incubated for 5 minutes at 25°C and 
their absorbance was measured at 560 nm against the blank. In case 
of a blank, the sample was replaced by the PBS. Ascorbic acid was 
used as a positive control and the capability of the test sample for 
superoxide scavenging was determined by the following equation:

% Superoxide radical scavenging activity = [(A0−A1)/A0] × 100 

where Ao is the control absorbance and A1 is the test sample 
absorbance.

2.5 Statistical Analysis
All assays were carried out in triplicate and their outcomes were 
expressed as mean ± standard deviation. The IC50 values (half 
maximal inhibitory concentration) of various extracts for different 
antioxidant assays were subjected to the statistical one-way analysis 
of variance (ANOVA) and the experimental results obtained were 
further analyzed by Tukey’s post-hoc test. Mean values of outcomes 
were considered to be significant when p < 0.05. Pearson’s correlation 
analysis was carried to determine the correlation between the total 
phytochemical content and different antioxidant assays and their 
significance was determined at p < 0.05. All statistical analysis was 
carried out using GraphPad Prism 8.0.2.

3. RESULTS

3.1. Phytochemical Quantification
The profile of total tannin, saponin, flavonoid, phenol, and flavonol 
in EN (Table 1) and their derived fractions were determined 
from standard curve of TA (y = 0.1855x + 0.1007; R2 = 0.979), 
QJ (y = 2.512x + 0.022; R2 = 0.923), QR (y = 1.6041x − 0.0639; 
R2 = 0.990), RUT (y = 2.4862x + 0.3608; R2 = 0.918), and GLA  
(y = 1.1251x + 0.2285; R2 = 0.923), respectively.

3.1.1. Total tannin content
The results of the present assays indicated a wide range of 
significant variations in the content of tannin in the different 
parts of EN (Table 1 and Figure 1), ranged from 0.022-1.07 mg 
TAq/g DM. The order of tannin content in different fractions 
of EN was as follows: leaf methanol (LME) > leaf chloroform 
(LCH) > stem methanol (SME) > stem chloroform (SCH) > stem 
aqueous (SAQ) > latex chloroform (LXCH) > bark methanol 
(BME)> bark aqueous (BAQ)> stem ethyl acetate (SEA) > leaf 
ethyl acetate (LEA) > stem benzene (SBE) > bark ethyl acetate 
(BEA) > leaf petroleum ether (LPE) > latex ethyl acetate (LXEA) 

> latex aqueous (LXAQ) > leaf benzene (LBE) > leaf aqueous 
(LAQ) > stem petroleum ether (SPE) > latex methanol (LXME) 
> bark petroleum ether (BPE) > bark chloroform (BCH) > latex 
benzene (LXBE) > latex petroleum ether (LXPE) > bark benzene 
(BBE). The methanolic extracts of leaf and stem contained 
higher tannin compounds (p < 0.05) than the other parts of EN 
with values of 1.07 ± 0.0859 and 0.992 ± 0.105 mg TAq/g DM, 
respectively. Chloroform fraction in the case of latex (0.781 ± 
0.107 mg TAq/g DM) and the methanolic fraction in bark (0.528 
± 0.327 mg TAq/g DM) showed a high level of tannin than the 
other solvent systems. 

3.1.2. Total saponin content
The total saponin content of EN was determined by measuring 
the purple color generated by the reaction of saponin and acid. 
Generally, the total saponin content was found to be high in all plant 
parts with the stem showing the highest saponin content of 0.375 
± 0.0611 mg QJq/g DM in the methanol fraction, with p < 0.05. In 
the case of leaf, methanol fraction exhibited the highest saponin 
content (0.331 ± 0.211 mg QJq/g DM), followed by benzene, 
petroleum ether, chloroform, ethyl acetate, and aqueous fractions. 
The results of EN latex and bark revealed the highest content in 
aqueous extract (0.216 ± 0.01 mg QJq/g DM) and methanolic 
extract (0.265 ± 0.036 mg QJq/g DM), respectively. The order of 
TSC of different fractions from different parts of EN was as follows: 
SME>SEA>LME>BME>SAQ>LXAQ>SPE>BAQ>SCH> 
LBE>LPE>SBE>LXPE>LXEA>BCH>BEA>LXBE>LCH> 
LEA>LXCH>LXME>BPE>BBE>LAQ (Table 1 and Figure 2).

3.1.3. Total flavonoid content
The result analysis reported a significant variation in the flavonoid 
content (Table 1 and Figure 3). The order of TFC analysis from 
different EN parts was as follows: SME>LME>SAQ>SEA> 
LXEA>LAQ>BME>BAQ>SBE>SCH>LBE>BEA>BCH> 
BBE>SPE>LCH>BPE>LPE>LXPE>LEA>LXCH>LXBE> 
LXAQ>LXME. Among the studied EN parts, the highest flavonoid 
content was found in the methanolic extract of the stem with a 
value of 0.808 ± 0.03 mg QRq/g DM, followed by the methanolic 
fraction of leaf (0.792 ± 0.1 mg QRq/g DM), ethyl acetate fraction 
of latex (0.682 ± 0.0173 mg QRq/g DM), and methanolic fraction 
of bark (0.561 ± 0.0519 mg QRq/g DM). 

3.1.4. Total phenol content
There was a significant variation in the total phenolic present in 
different parts of EN ranging from 0.058 to 0.792 mg GLAq/g DM of 
extract. Different fractions of EN possessed phenol in the following 
order: SCH>LME>SME>LAQ>LXCH>LCH>SEA>SAQ>LBE> 
SPE>SBE>LEA>BME>LPE>BAQ>BEA>BPE>LXPE> 
LXBE>BCH>BBE>LXEA>LXME>LXAQ. In case of leaf, the 
highest level of phenols was shown by methanol extract (0.792 ± 
0.0953 mg GLAq/g DM), followed by other extracts. Table 1 and 
Figure 4 summarized that the chloroform extract has shown the 
highest phenolic content in the case of both stem (0.804 ± 0.002 
mg GLAq/g DM) and latex (0.571 ± 0.0624 mg GLAq/g DM), 
and methanolic extract in case of bark (0.205 ± 0.014 mg GLAq/g 
DM).
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3.1.5. Total flavonol content
The TFLC of all the four parts of EN was significant at p < 0.05  
(Table 1 and Figure 5). Flavonol analysis revealed that their 
content ranged from 0.023 to 0.577 mg RUTq/g DM, respectively. 
Methanolic fraction of leaf contained a higher content of flavonol, 
followed by benzene, aqueous, chloroform, ethyl acetate, and 
petroleum ether fraction. However, in case of stem, methanol 
fraction showed the highest content of flavonol (0.41 ± 0.06 
RUTq/g DM), followed by ethyl acetate, aqueous, benzene, 
chloroform, and petroleum ether fraction, respectively. 

EN latex had the highest amount of flavonols in aqueous fraction 
(0.351 ± 0.0326 mg RUTq/g DM), followed by benzene, 

chloroform, ethyl acetate, methanol, and petroleum ether fraction, 
respectively. The results obtained from bark revealed a high level 
of flavonol in the benzene extract (0.258 ± 0.0458 mg RUTq/g 
DM), followed by other fractions, respectively.  

3.2. Antioxidant Activity

3.2.1. Hydrogen peroxide scavenging assay
The ability of various EN fractions to scavenge H2O2 is presented 
in Table 2 and Figure 6 using ascorbic acid as the standard. 
The scavenging activity for hydrogen peroxide of various 
extracts from EN was in the following order: LME>ascorbic 
ac id>BAQ>SBE>SME>LAQ>SEA>SAQ>SCH>SPE> 

Table 1: Total tannin, saponin, flavonoid, phenol, and flavonol content of EN leaf, stem, latex, and bark.
Parts Extracts TTC (mg TAq/g DM) TSC (mg QJq/g 

DM)
TFC (mg QRq/g 

DM)
TPC (mg 

GLAq/g DM)
TFLC (mg RUTq/g DM)

Leaf LPE 0.235 ± 0.0953cd 0.177 ± 0.1bc 0.106 ± 0.01de 0.204 ± 0.0953de 0.0566 ± 0.00519de

LBE 0.208 ± 0.0947d 0.178 ± 0.1ab 0.359 ± 0.0459c 0.485 ± 0.0754c 0.316 ± 0.02b

LCH 1.06 ± 0.0721a 0.159 ± 0.1cd 0.196 ± 0.09cd 0.561 ± 0.0529bc 0.283 ± 0.0785c

LEA 0.306 ± 0.09b 0.158 ± 0.1de 0.0415 ± 0.01ef 0.215 ± 0.01d 0.116 ± 0.01d

LME 1.07 ± 0.0859a 0.331 ± 0.2116a 0.792 ± 0.1a 0.792 ± 0.0953a 0.577 ± 0.0721a

LAQ 0.194 ± 0.004e 0.0212 ± 
0.0382ef

0.612 ± 0.0754b 0.602 ± 0.0049b 0.306 ± 0.01bc

Stem SPE 0.128 ± 0.03005e 0.209 ± 0.0095cd 0.265 ± 0.0519d 0.292 ± 0.002d 0.038 ± 0.02e

SBE 0.3 ± 0.0877cd 0.177 ± 0.0624ef 0.394 ± 0.09c 0.272 ± 0.007d 0.324± 0.02cd

SCH 0.848 ± 0.0998ab 0.192 ± 0.0655de 0.381 ± 0.08cd 0.804 ± 0.002a 0.288 ± 0.0984d

SEA 0.365 ± 0.0921c 0.369 ± 0.0328ab 0.707 ± 0.01b 0.547 ± 0.0556bc 0.377 ± 0.0346ab

SME 0.992 ± 0.1055a 0.375 ± 0.0611a 0.808 ± 0.03a 0.624 ± 0.0888b 0.41 ± 0.06a

SAQ 0.812 ± 0.0091d 0.261 ± 0.1068bc 0.708 ± 0.05ab 0.528 ± 0.02c 0.345 ± 0.03bc

Latex LXPE 0.024 ± 0.02f 0.169 ± 0.0264bc 0.017 ± 0.01e 0.051 ± 0.04f 0.0231 ± 0.0030f

LXBE 0.025 ± 0.0021ef 0.161 ± 0.0655cd 0.0567 ± 0.0088cd 0.165 ± 0.0519b 0.214 ± 0.0081b

LXCH 0.781 ± 0.1070a 0.15± 0.0573de 0.046 ± 0.0079d 0.571 ± 0.0624a 0.181 ± 0.0748bc

LXEA 0.229 ± 0.1bc 0.169 ± 0.06ab 0.682 ± 0.0173a 0.099 ± 0.05de 0.137 ± 0.0244cd

LXME 0.128 ± 0.03de 0.085 ± 0.01ef 0.099 ± 0.01b 0.099 ± 0.07cd 0.0406 ± 0.00021ef

LXAQ 0.211 ± 0.0916cd 0.216 ± 0.01a 0.0803 ± 
0.00057bc

0.058 ± 0.01ef 0.351 ± 0.0326a

Bark BPE 0.057 ± 0.0295de 0.0463 ± 0.0089d 0.169 ± 0.522e 0.186 ± 0.01cd 0.167 ± 0.0519ef

BBE 0.022 ± 0.02f 0.025 ± 0.0072de 0.287 ± 0.01d 0.123 ± 0.02ef 0.258 ± 0.0458a

BCH 0.047 ± 0.0175ef 0.165 ± 0.06bc 0.303 ± 0.01cd 0.126 ± 0.019de 0.172 ± 0.0624de

BEA 0.292 ± 0.1bc 0.164 ± 0.0435c 0.342 ± 0.04c 0.196 ± 0.09bc 0.187 ± 0.0754bc

BME 0.528 ± 0.327a 0.265 ± 0.0360a 0.561 ± 0.0519a 0.205 ± 0.014a 0.198 ± 0.02ab

BAQ 0.408 ± 0.0879ab 0.193 ± 0.0285a 0.459 ± 0.0360b 0.199 ± 0.0095ab 0.178 ± 0.02cd

Standards Tannic acid 0.239± 0.00058f,g - - - -

Quillaja - 0.019 ± 0.001f,e - - -

Quercetin - - 0.0062 ± 0.0011f,e - -

Gallic acid - - - 0.106 ± 0.003f,e,g -

Rutin - - - - 0.0512 ± 0.0011f,g

The values represent the means of three measurements ± standard deviation. Values in the same column with the different superscript letters are significantly different at p < 0.05. 
TA: tannic acid, QJ: quillaja, QR: quercetin, GLA: gallic acid, RUT: rutin, DM: dry matter, LPE: leaf petroleum ether, LBE: leaf benzene, LCH: leaf chloroform, LEA: leaf ethyl 
acetate, LME: leaf methanol, LAQ: leaf aqueous, SPE: stem petroleum ether, SBE: stem benzene, SCH: stem chloroform, SEA: stem ethyl acetate, SME: stem methanol, SAQ: 
stem aqueous, LXPE: latex petroleum ether, LXBE: latex benzene, LXCH: latex chloroform, LXEA: latex ethyl acetate, LXME: latex methanol, LXAQ: latex aqueous, BPE: bark 
petroleum ether, BBE: bark benzene, BCH: bark chloroform, BEA: bark ethyl acetate, BME: bark methanol, BAQ: bark aqueous.
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LEA>BEA>LPE>BBE>BME>LXME>LXAQ>BCH>LXEA> 
LCH>LXCH>BPE>LXBE>LXPE>LBE. The methanol extracts 
of the leaf (2.06 ± 0.034 μg/ml) and stem (2.9 ± 0.0635 μg/ml) 
showed better H2O2 scavenging activity than the other solvent 
systems. Similarly, the aqueous extract of bark (2.2 ± 0.0401 
μg/ml) and the methanolic extract of latex (6.8 ± 0.0692 μg/
ml) had more pronounced scavenging activity. Furthermore, the 
antioxidant activity of methanol extract of leaf and aqueous extract 
of bark was higher or equal than that of ascorbic acid, which was 
determined by their low value of IC50.

3.2.2. FRAP assay
The FRAP was determined by the ferric-reducing ability of the 
standard and the plant extracts as summarized in Table 2. It 
was recorded that an increase in absorbance of the test samples 
is an indication of a rise in reducing power. In this work, the 
reducing power of EN and the standard was correlated with their 
concentrations and it was in the following order: BHT>LME> 
BCH>BPE>BBE>LXBE>LXAQ>LXCH>SAQ>LCH>LPE> 
L A Q > L X E A > B M E > B A Q > B E A > L E A > S M E > S P E > 
SBE>LXPE>LBE>SEA>SCH>LXME. The methanolic extract of 
leaf (153 ± 79.67 μM Fe (II)/g) and aqueous extract of the stem 
(288.2 ± 5.77 μM Fe(II)/g) showed better antioxidant activity than 
the other solvent systems. The FRAP activity of the plant extracts 
was less than the standard but was significant (p < 0.05). As shown 

in Figure 7, the benzene extract of leaf, ethyl acetate extract of 
the stem, and methanol extract of latex exhibited poor ferric ion-
reducing power.  

3.2.3. DPPH scavenging activity
The antioxidant activity of all extracts of EN was assessed by 
the free radical DPPH reduction method along with the known 
synthetic standard, viz. ascorbic acid. The results obtained are 

Figure 1: Total tannin content of different parts of E. neriifolia. PE: Petroleum 
ether, BE: Benzene, CH: Chloroform, EA: Ethyl acetate, ME: Methanol, AQ: 

Aqueous.

Figure 2: Total saponin content of different parts of E. neriifolia. PE: 
Petroleum ether, BE: Benzene, CH: Chloroform, EA: Ethyl acetate, ME: 

Methanol, AQ: Aqueous.

Figure 3: Total flavonoid content of different parts of E. neriifolia. PE: 
Petroleum ether, BE: Benzene, CH: Chloroform, EA: Ethyl acetate, ME: 

Methanol, AQ: Aqueous.

Figure 4: Total phenol content of different parts of E. neriifolia. PE: Petroleum 
ether, BE: Benzene, CH: Chloroform, EA: Ethyl acetate, ME: Methanol, AQ: 

Aqueous .

Figure 5: Total flavonol content of different parts of E. neriifolia. PE: 
Petroleum ether, BE: Benzene, CH: Chloroform, EA: Ethyl acetate, ME: 

Methanol, AQ: Aqueous.
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presented in Table 2 and Figure 8. The IC50 values of DPPH radical 
of the test samples were in the following order: LXBE>SAQ> 
LXME>LXAQ>LXPE> ascorbic acid>LME>LXCH>BME> 
BAQ>LXEA>SPE>SCH>LEA>LBE>BEA>LPE>BBE> 
BCH>SME>BPE>SBE>LAQ>LCH>SEA. A lower IC50 value 
denoted a higher antioxidant activity. Among all extracts, the benzene 
extract of latex (0.83 ± 0.0288 µg/ml) represented the lowest IC50 
value. Similarly, the methanolic and aqueous extract of leaf, stem, 
and bark also exhibited better scavenging activity. Furthermore, the 
IC50 values of latex benzene, stem aqueous, latex methanol, latex 
aqueous, and latex petroleum ether extracts were lower than that 
of ascorbic acid, which suggested the higher antioxidant activity of 
these extracts than that of ascorbic acid. 

3.2.4. Metal chelation assay
Here, we screened the iron-chelating ability of different parts 
of EN. All extracts showed an ability to chelate metals ions 
as listed in Table 2 and shown in Figure 9. The IC50 of the 

EN extracts for chelating iron was in the following order: 
EDTA>LXPE>BPE>SEA>SAQ>LME>SBE>BEA>LXEA> 

Figure 6: IC50 values of different parts of E. neriifolia for hydrogen peroxide 
scavenging. PE: Petroleum ether, BE: Benzene, CH: Chloroform, EA: Ethyl 

acetate, ME: Methanol, AQ: Aqueous.

Table 2: IC50 of different extracts of E. neriifolia leaf, stem, latex, and bark for various antioxidant systems.
Parts Extracts H2O2 (µg/ml) FRAP (µM Fe(II)/g) DPPH (µg/ml) Metal chelation (µg/ml) NO (µg/ml) SO (µg/ml)

Leaf

LPE 6.66 ± 0.0346c 293.3 ± 0.577cd 3.7 ± 0.525b 11.7 ± 0.0173a 5.5 ± 0.0288b 1.6 ± 0.0230d

LBE 17.2 ± 0.0577a 400.9 ± 0.577a 3.6 ± 0.0230bc 6.65 ± 0.0577c 8.5 ± 0.0288a 5.16 ± 0.0173b

LCH 7.9 ± 0.0577b 289.2 ± 5.773d 4.5 ± 0.0288a 9.4 ± 0.0346b 2.8 ± 0.011d 6.24 ± 0.0230a

LEA 5.69 ± 0.115d 337.2 ± 5.773ab 3.5 ± 0.107c 5.3 ± 0.0404d 2.7 ± 0.017e 5.2 ± 0.0461b

LME 2.06 ± 0.0346f 153.4 ± 79.67f 2.6 ± 0.0230d 3.8 ± 0.0115e 0.49 ± 0.0577f 0.8 ± 0.0115e

LAQ 3.3 ± 0.173e 300.1 ± 1.154bc 4.4 ± 0.115a 5.3 ± 0.0404d 4.1 ± 0.0635c 3.04 ± 0.0577c

Stem

SPE 4.4 ± 0.0577a 358.6 ± 0.577b 3.1 ± 0.0577e 6.03 ± 0.0577b 2.6 ± 0.0230d 4.89 ± 0.0577b

SBE 2.28 ± 0.0461e 364.4 ± 1.154b 4.13 ± 0.011b 4 ± 0.0173d 3.07 ± 0.0577c 4.37 ± 0.0577d

SCH 3.8 ± 0.0692b 416.5 ± 0.577a 3.4 ± 0.0057d 5.09 ± 0.0519c 4.2 ± 0.0115a 6.69 ± 0.0577a

SEA 3.6 ± 0.0230c 423.1 ± 1.732a 9.13 ± 0.0173a 2.2 ± 0.0461f 1.04 ± 0.0577f 4.55 ± 0.0577c

SME 2.9 ± 0.0635d 339.7 ± 5.773c 3.9 ± 0.0057c 9.97 ± 0.0577a 3.4 ± 0.0808b 2.39 ± 0.0677e

SAQ 3.6 ± 0.0808c 288.2 ± 5.773d 1.75 ±  0.0173f 3.1 ± 0.00577e 1.44 ± 0.0577e 1.5 ± 0.0288f

Latex

LXPE 12.1 ± 0.0346a 365.4 ± 0.577b 2.1 ± 0.0115c 0.75 ± 0.0230e 4.07 ± 0.0577b 3.3 ± 0.0404d

LXBE 11.3 ± 0.0230b 255.6 ± 0.577f 0.83 ± 0.0288e 7.5 ± 0.02886b 3.5 ± 0.0288c 4 ± 0.0288c

LXCH 8.4 ± 0.0346c 273.5.13 ± 0.577d 2.6 ± 0.0230ab 7.23 ± 0.0577b 3.3 ± 0.0404d 5.51 ± 0.0577a

LXEA 7.4 ± 0.0346d 311 ± 1.154c 2.72 ± 0.0577a 4.6 ± 0.0230d 4.1 ± 0.00577b 5.12 ± 0.0115b

LXME 6.8 ± 0.0692e 640.6 ± 0.577a 1.89 ± 0.0577d 5.8 ± 0.3002c 8 ± 0.132a 1.93 ± 0.0577e

LXAQ 7.25 ± 0.0288d 262.1 ± 1.154e 2 ± 0.0635d 14.4 ± 0.1501a 3.52 ± 0.0577c 1.75 ± 0.0288f

Bark

BPE 9.19 ± 0.0519a 249.6 ± 0.577e 4.1 ± 0.115a 1.97 ± 0.0577e 3.8 ± 0.0115a 1.83 ± 0.0173e

BBE 6.7 ± 0.0750c 254.5 ± 2.309d 3.84 ± 0.0577b 4.6 ± 0.0808c 3.72 ± 0.0577b 4.8 ± 0.0115c

BCH 7.3 ± 0.0404b 241.8 ± 1.154f 3.9 ± 0.0057ab 11.4 ± 0.0230a 2.4 ± 0.023c 5.96 ± 0.0577b

BEA 5.7 ± 0.0173d 330.5 ± 0.577a 3.6 ± 0.0230c 4.17 ± 0.0404d 1.7 ± 0.0173e 1.11 ± 0.0577f

BME 6.8 ± 0.0692c 312.5 ± 1.154c 2.7 ± 0.0750d 11.3 ± 0.404a 2.1 ± 0.0635d 3.09 ± 0.0577d

BAQ 2.2 ± 0.0461e 321.2 ± 0.577b 2.7 ± 0.0173de 6.07 ± 0.0577b 0.6 ± 0.0404f 7.98 ± 0.0577a

Standards

Ascorbic acid 2.2 ± 0.115f,e - 2.6 ± 0.0435f,g - 0.12 ± 
0.0115g,e

0.54 ± 
0.0577f,g

BHT - 122.3 ± 0.577f,e,g - - - -

EDTA - - - 0.31 ± 0.0115f,g - -

The values represent the means of three measurements ± standard deviation. Values in the same column with the different superscript letters are significantly different at p < 0.05.
LPE: leaf petroleum ether, LBE: leaf benzene, LCH: leaf chloroform, LEA: leaf ethyl acetate, LME: leaf methanol, LAQ: leaf aqueous, SPE: stem petroleum ether, SBE: stem benzene, 
SCH: stem chloroform, SEA: stem ethyl acetate, SME: stem methanol, SAQ: stem aqueous, LXPE: latex petroleum ether, LXBE: latex benzene, LXCH: latex chloroform, LXEA: latex 
ethyl acetate, LXME: latex methanol, LXAQ: latex aqueous, BPE: bark petroleum ether, BBE: bark benzene, BCH: bark chloroform, BEA: bark ethyl acetate, BME: bark methanol, BAQ: 
bark aqueous. 
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BBE>SCH>LEA>LAQ>LXME>SPE>BAQ>LBE>LXCH> 
LXBE>LCH>SME>BME>BCH>LPE>LXAQ. The results of the 
chelating iron indicated that the petroleum ether fraction of latex 
(0.75 ± 0.0230 µg/ml), followed by ethyl acetate fraction of stem 
(2.2 ± 0.0461 µg/ml), a methanolic fraction of leaf (3.8 ± 0.0115 
µg/ml), and ethyl acetate fraction of bark (4.17 ± 0.0404 µg/ml), 
had the largest and significant ability (p < 0.05) to chelate iron, 
while the aqueous extract of latex showed the lowest ability with 
an IC50 value of 14.4 ± 0.01501 µg/ml. 

3.2.5 Nitric oxide radical scavenging assay
NO scavenging ability of the EN samples was in the following 
order: Ascorbic acid>LME>BAQ>SEA>SAQ>BEA>BME> 
BCH>SPE>LEA>LCH>SBE>LXCH>SME>LXBE>LXAQ> 
BBE>BPE>LXPE>LXEA>LAQ>SCH>LPE>LXME>LBE. The 
methanolic extract of the leaf had the lowest IC50 value (0.49 ± 
0.0577 µg/ml), followed by other extracts, which is an indication 
of strong NO scavenging activity with minimum concentration to 
achieve 50% radical scavenging. However, the IC50 value of EN 
samples was higher than that of ascorbic acid (0.12 ± 0.0115 µg/
ml), which indicates the lower scavenging activity of extracts in 
comparison to the standard as summarized in Table 2 and Figure 10.

3.2.6. Superoxide radical scavenging assay
Figure 11 shows the abilities of leaf, stem, latex, and bark 
extracts and the reference compound (ascorbic acid) to 
quench the superoxide radicals in the PMS–NADH reaction 
mixture. The IC50 of the extracts was in the order: ascorbic 
acid>LME>BEA>SAQ>LPE>LXAQ>BPE>LXME>SME> 
LAQ>BME>LXPE>LXBE>SBE>SEA>BBE>SPE>LXEA> 
LBE>LEA>LXCH>BCH>LCH>SCH>BAQ. The antioxidant 
activity of methanolic extract of the leaf (0.8 ± 0.0115 μg/ml) 
was highest when compared to extracts of the stem, latex, and 
bark parts of EN. Superoxide scavenging activity of extracts was 
lower than the standard but was found to be significant (p < 0.05).

The activity difference obtained from leaf, stem, latex, and 
bark samples might be due to the phytochemical constituents, 
extraction procedures, and samples processing. The methanolic 
extract of the leaf showed better activity in comparison to others. 

4. CORRELATION WITH PHYTOCHEMICAL 
CONTENTS AND ANTIOXIDANT ACTIVITY
The antioxidant activity of plants might be due to the presence 
of phytochemicals. Hence, we assessed the coefficients of 
determination (R2) between the antioxidant potential and the 

Figure 7: IC50 value of different parts of E. neriifolia for reducing ferric ions. 
PE: Petroleum ether, BE: Benzene, CH: Chloroform, EA: Ethyl acetate, ME: 

Methanol, AQ: Aqueous.

Figure 9: IC50 values of different parts of for chelating metal ions. PE: 
Petroleum ether, BE: Benzene, CH: Chloroform, EA: Ethyl acetate, ME: 

Methanol, AQ: Aqueous.

Figure 8: IC50 value of different parts of E. neriifolia for scavenging DPPH. 
PE: Petroleum ether, BE: Benzene, CH: Chloroform, EA: Ethyl acetate, ME: 

Methanol, AQ: Aqueous.

Figure 10: IC50 values of different extract of E. neriifolia for nitric oxide 
scavenging. PE: Petroleum ether, BE: Benzene, CH: Chloroform, EA: Ethyl 

acetate, ME: Methanol, AQ: Aqueous.
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phytochemical content of different parts of EN, as shown in Table 
3. It should be noted that the correlations between tannin, saponin, 
flavonoid, phenol, and flavonols and antioxidant activity assayed 
by H2O2, FRAP, DPPH, metal chelating, NO, and SO varied with 
different parts of EN analyzed. 

The results determined that correlation between TFC and H2O2 
was strong and significant for leaf (R2 = 0.892*) (p < 0.05), while 
weak for TTC and FRAP (R2 = 0.120), TTC and NO (R2 = 0.210), 
TFC and DPPH (R2 = 0.180), and TFLC and DPPH (R2 = 0.111). 

The content of tannin, saponin, flavonoid, and flavonol showed a 
moderate correlation with FRAP, DPPH, metal and NO, while a 
weak correlation with SO in the case of stem.

A strong and significant correlation was found between TSC and 
SO for latex (R2 = 0.711) (p < 0.05), while moderate for TFC and 
SO (R2 = 0.659*) (p < 0.05) and TFLC and SO (R2 = 0.528), and 
weak for TTC and DPPH (R2 = 0.307), TTC and SO (R2 = 0.220), 
and TPC and SO (R2 = 0.301). 

There was a significant and strong correlation between the 
antioxidant activity determined by DPPH (R2 = 0.718*) (p < 0.05), 
H2O2 (R

2 = 0.701*) (p < 0.05), and total flavonol content in case of 
bark. A non-significant moderate correlation was reported between 
TTC and metal chelation, TTC and SO, TSC and DPPH, TFC and 
H2O2, TFC and NO, and a significant moderate correlation was 
reported between TFLC and SO (R2 = 0.665*) (p < 0.05). TSC and 
metal chelation, TSC and NO, TFC and FRAP, TFC and DPPH, TFC 
and Metal chelation, TPC and DPPH, TPC and Metal chelation, and 
TPC and NO showed the weak correlation in the case of bark. 

5. DISCUSSION
Medicinal plants are the major sources of phytochemicals which 
play an important role in various biological activities [35]. The 
functional properties of a plant are based upon the types of 
secondary metabolites it possesses such as phenolics, terpenoids, 

Figure 11: IC50 value of different extract E. neriifolia for super oxide 
scavenging. PE: Petroleum ether, BE: Benzene, CH: Chloroform, EA: Ethyl 

acetate, ME: Methanol, AQ: Aqueous.

Table 3: Pearson’s correlation (R2 values) between the IC50 values of antioxidant activities and phytochemical content of 
leaf, stem, latex, and bark of E. neriifolia.

Parts Samples TTC TSC TFC TPC TFLC
Leaf H2O2 0.043 0.020 0.892* 0.037 0.020

FRAP 0.120 0.0001 0.051 0.009 0.026
DPPH 0.001 0.098 0.180 0.035 0.111

Metal chelation 0.007 0.070 0.004 0.0001 0.036
NO 0.210 0.0002 0.009 0.011 0.025
SO 0.009 0.024 0.036 0.029 0.0004

Stem H2O2 0.027 0.051 0.004 0.016 0.021
FRAP 0.117 0.488 0.440 0.384 0.398
DPPH 0.005 0.540 0.466 0.180 0.589*

Metal chelation 0.443 0.335 0.373 0.184 0.104
NO 0.432 0.155 0.191 0.376 0.123
SO 0.063 0.209 0.139 0.311 0.157

Latex H2O2 0.049 0.615* 0.036 0.002 0.094
FRAP 0.038 0.007 0.009 0.033 0.069
DPPH 0.307 0.013 0.054 0.042 0.095

Metal chelation 0.002 0.038 0.089 0.068 0.053
NO 0.037 0.0001 0.0004 0.015 0.011
SO 0.220 0.711* 0.659* 0.301 0.528

Bark H2O2 0.099 0.389 0.540 0.044 0.701*
FRAP 0.057 0.084 0.139 0.031 0.066
DPPH 0.070 0.407 0.240 0.372 0.718*

Metal chelation 0.428 0.131 0.145 0.218 0.003
NO 0.0024 0.207 0.472 0.228 0.665*
SO 0.614 0.0066 0.008 0.0036 0.003

*Correlation is significant at the 0.05 level (2-tailed).
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saponin, alkaloids, etc. These metabolites in plants greatly 
determine the antioxidant, antimicrobial, anti-inflammatory, and 
many other properties [36]. These properties are primarily due 
to their redox activities, which are important in adsorbing and 
scavenging the free radicals. It is, therefore, justifiable to evaluate 
the phytochemical content in the plants [37].

Among the phytochemicals, tannin was recorded in higher amounts 
in the methanolic extract of EN leaf. The most effective bioactive 
compounds, flavonoid, and phenol were found in polar methanolic 
and chloroform extracts of EN stem. Saponin and flavonols were 
also recorded in appreciable levels in the methanolic extract of the 
EN stem and leaves. Tannins are phenolic compounds that possess 
antibacterial and antioxidant properties and also have the ability 
to generate complexes with metal ions and macromolecules [38]. 
In the present study, the content of tannin was higher than that 
reported by Pracheta et al. [39] for EN, i.e., 0.98 ± 0.06 mg/g. 
Quantitative analysis revealed 5.14% of tannin content in case of 
Jatropha gossypifolia L. [40], whereas 18.5% of tannin content was 
reported from Euphorbia dracunculoides L. by Khattak et al. [41]. 
In a study of 53 species, the tannin content of 0.7 mg/ml Gallic 
acid equivalent was reported from the acetone extract of leaf in the 
family Euphorbiaceae [42]. Labu et al. [43] reported the 241.41 
mg/g of the TA equivalent of total tannin content in ethanolic extract 
of Codiaeum variegatum. Saponin is the high molecular weight 
compound in which sugar molecules get combined with steroid 
glycone and triterpene. Therapeutically, saponins are very potent 
as they have shown anti-cancer and hypolipidemic activity. They 
can also react with cholesterol-rich plasma membranes of different 
cancerous cells and limit their proliferation [44]. Saponin isolated 
from EN leaf contains euphol as the main constituent. The saponin 
possesses great in vitro antioxidant and hemolytic activity, but it 
lacks antibacterial activity up to 10 mg/ml of concentration [17]. 
However, Sagbo et al. [45] reported that the content of saponin 
was higher when compared to the present report in Brachylaena 
ilicifolia (13.3 ± 0.58 mg/g) and Brachylaena elliptica (34.3 ± 
0.57 mg/g). Similarly, El-Amier et al. [46] reported a high level 
of saponin content (29.14 mg/g) in the case of Euphorbia retusa 
(Forssk.). Plant phenolics are the broadest group of secondary 
metabolites in the plant kingdom. These phytocompounds have 
received a lot of attention as a potent natural antioxidant due to 
their ability to act as both metal chelator and radical scavengers. 
Therefore, it is advantageous to evaluate the number of phenolics 
in the plant samples chosen for the work [39]. However, Vega-
Kuiz et al. [47] reported that the amount of total phenolic content 
in Jatropha cinerea (82.65 ± 1.65 mg GAE/g in leaves and 62.02 
± 2.80 mg GAE/g in stem) was slightly higher when compared 
to the present report. Similarly, de Araújo et al. [48] mentioned a 
high level of phenolic content which ranged from 7.73 to 30.54 mg 
GAE/g in Euphorbia tirucalli L. The content of phenol showed little 
variations in the case of Euphorbia antiquorum (1.68 mg GAE/g 
dried material), Euphorbia trigona (1.63 mg GAE/ g dried material), 
and Euphorbia milii (3.61 mg GAE/g dried material), respectively 
[49]. Several studies have reported the potent biological activities of 
flavonoid groups such as anti-allergic, anticancer, anti-angiogenic, 
and antimicrobial, respectively [50]. It has been determined that 
flavonoids possess antioxidant activity due to their ability to chelate 
metal ions, such as iron and copper, to scavenge free radicals and to 
restrict the function of enzymes involved in a free radical generation 

[51]. In this respect, Mustafa et al. [52] reported a higher level of 
flavonoid content from the methanolic extract (17.9 ± 0.32 mg 
QEq/g) of Euphorbia helioscopia, whereas 9.26 ± 3.50 mg QE/g 
dry weight of flavonoid content was reported for Euphorbia hirta by 
Ismail et al. [53]. Similarly, Adam et al. [54] revealed 239.53 ± 7.90 
mg QE/g of flavonoid content from methanolic extract of Euphorbia 
aegyptiaca. The results obtained from this study show that the level 
of phytocompounds evaluated in the extracts of the leaf, stem, latex, 
and bark of EN was relatively significant. The present study results 
also favor the results of previous studies including plants of the 
Euphorbiaceae family. 

Antioxidants fight against these free radicals and protect against 
various types of diseases. They exert their action by protecting the 
antioxidant defense mechanism or by scavenging the reactive free 
radicals [55]. The antioxidant activity was determined through 
various assays for the leaf, stem, latex, and bark of EN. 

H2O2 which is present in low concentrations in food, microorganisms, 
the human body, water, and air can easily decompose into water 
and oxygen to generate free hydroxyl radicals. These free radicals 
can cause damage to DNA and lipids [56]. The methanolic extract 
of EN leaf displayed the efficient scavenging activity than the 
other parts of EN. The FRAP assay estimated the reducing ability 
of EN extracts for ferric tripyridyltriazine complex to the colored 
ferrous tripyridyltriazine [57]. The results obtained from the present 
study revealed the significant reducing power in all extracts of EN. 
The DPPH assay measured the antioxidant capacity of the plant 
extracts which reduces the free radicals of DPPH to corresponding 
hydrazine with the change of color and reduction in absorbance at 
517 nm [58]. In the present study, all the parts of EN contained 
a considerable amount of antioxidant activities according to the 
DPPH assay in a concentration-dependent manner. Thus, benzene 
extract of latex, aqueous extract of the stem, and methanolic extract 
of leaf and bark displayed the highest scavenging activity than 
the other solvent systems. Ferrozine is involved in the formation 
of a complex with ferrous ions (Fe2+). In the availability of a 
chelating agent, this formation is inhibited. So, metal chelation 
assay measured the reduction in the formation of a ferrozine–Fe2+ 
complex in the presence of reference and test compound with a 
concomitant decrease in the violet color of the complex [59]. Data 
from the present investigations revealed a significant chelating 
power in all parts of EN. Nitric oxide assay involves the reaction 
of nitrite ions with Griess reagents to form azo dye [60]. Reduction 
in the generation of purple color azo dye determines the scavenging 
activity of EN extracts. All the parts of EN had a noticeable effect 
as a scavenger of nitric oxide radicals. The methanolic extract 
of leaf and aqueous extract of bark was found to be an efficient 
scavenger than the other extracts of stem and latex. Superoxide 
radical scavenging assay measured the ability of EN extracts to 
inhibit the formation of the formazan blue complex by scavenging 
the free radicals of superoxide which were generated in the presence 
of riboflavin–light–NBT (nitroblue tetrazolium). The result of this 
assay demonstrated better scavenging activity in the methanolic 
extract of leaf than the other extracts of different parts of EN [61]. In 
this respect, Pracheta et al. [62] determined the in vitro antioxidant 
activity through DPPH (76.2 ± 0.07 %), H2O2 (69.0 ± 0.01%), and 
superoxide (50.1 ± 0.06 %) assay from the hydroethanolic extract 
of EN leaf. Furthermore, Pracheta et al. [62] examined the ethanolic 
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extract of EN leaf and reported the FRAP value of 149.2 ± 0.05 
µmolFe(II)/g, respectively. The methanolic extract reported the 
highest scavenging activity as reported in the present study toward 
ABTS (689 ± 25.94 μMTEq/g), FRAP (758.9 ± 25.1 μMFe+ 2/g), and 
DPPH (IC50 value = 0.06 ± 0.02 mg/ml) due to the presence of phenol 
and flavonoid in case of Euphorbia helioscopis [50]. Similarly, the 
ethyl acetate fraction of Euphorbia heterophylla was revealed to be 
the rich source of natural antioxidant with an IC50 value of 80.09 
± 0.87% for DPPH, 0.918 ± 0.08% for total antioxidant assay, and 
200.05 ± 0.4 µM/ml for FRAP [63]. The aqueous, methanol, and 
ethyl acetate fraction of Euphorbia platyphyllos exhibited significant 
DPPH scavenging activity as reported in the present study than in 
the petroleum ether and diethyl ether extracts [64]. 

To correlate the present work results, Pearson’s correlation 
analysis was carried out. Accordingly, a significant correlation 
was reported between the saponin, flavonoid, and flavonol 
compounds with antioxidant assays determined by H2O2, DPPH, 
and SO assay. The high correlation suggested that the antioxidant 
capacity of leaf, stem, latex, and bark extracts could be possibly 
due to the presence of saponins, flavonoids, and flavonols. The 
results obtained from the present study were supported by various 
reports that described the important relationships between the 
phytocompounds and antioxidant assays [65–67].

6. CONCLUSION
Based on the responses in terms of scavenging activity, reducing 
power, and chelation of free metal, it was concluded that the 
species, EN, possesses potential antioxidant activity. The strong 
correlation between the contents of total saponin, flavonoid, 
and flavonols and radical scavenging activity indicates that 
these phytochemical constituents are major contributors to the 
antioxidant potential of this species. Therefore, this species can be 
utilized to derive drugs of antioxidant properties. However, further 
studies by in vitro and in vivo models are still required to confirm 
the antioxidant property of crude extract or the isolated compound 
from this medicinal plant against different diseases. Further 
toxicological and anticarcinogenic studies need to be conduct in 
order to manifest its potential as a natural anticarcinogenic drug.
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