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Abstract

The physical-chemical characteristics of medicinal plants are well-known as is their abundance in 
natural medications from several molecular classes, including phenolic compounds, tannins, 
coumarins, and flavonoids, which provide efficient defense against a wide range of diseases. 
Oleanderum is widely used in medicine.  It has a wide range of biological properties, such as the 
ability to treat eye and skin ailments and to be cardiotonic, anti-inflammatory, antibacterial, 
anticancer, cytotoxic and antiplatelet aggregation diuretic. The goal of the current investigation was 
to assess the antiradical scavenging and phytochemical screening properties of several N. oleander 
leaves extracts. Numerous bioactive compounds, including saponins, phenolics, cardiac glycosides, 
alkaloids, tannins, flavonoids, terpenoids, protein and carbohydrates were found in all of the 
oleanderum extracts according to phytochemical analyses, while quinones are absent in all the 
extracts and mucilage/gums are also absent in all extract except n-hexane. According to the results 
of antiradical scavenging activity its extract has antioxidant properties in the DPPH assay ranging 
from (% inhibition 4.7±1.2-85±5.4) which is higher than standard antioxidant BHT (% inhibition 
20-54 and reducing power activity (absorbance 0.15-1.8),) that was higher than BHT (absorbance 
0.12-1.020) at concentrations of 10-50 µg/ml. According to the research, oleanderum leaves exhibit 
a variety of phyto-pharmacological properties. By applying cutting-edge extraction technology and 
novel biotechnology approaches, these leaves may be used to treat a range of illnesses.
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Introduction

People have been using different plants from their 
surroundings to treat and cure a wide range of illnesses since 
ancient times. Natural product resources are abundant in a 
large number of emerging countries worldwide. Native 
Americans have long utilized this esteemed legacy, which 
includes medicinal plants, to make remedies for illnesses, 
personal hygiene items, fragrances, sweeteners, and insect 
repellents. Ayouaz et al. (2023) estimated that half of 
pharmaceutical medications used today originate from 
natural sources, either directly or indirectly. The sole species 
in the genus Nerium, oleanderum or Nerium oleander, is a 
shrub that is a member of the Apocynaceae family (El-Taher 
et al. 2020). The specific name "oleander" originates from 
the Italian "oleandro," which is derived from the Latin "olea," 
which denotes the olive tree and alludes to the similarity of 
the olive tree's foliage. Because of its abundant, long-lasting, 

white or pink flowers and moderate hardiness, it is widely 
utilized as an ornamental plant in landscapes, parks and 
among roadside vegetation. It can be cultivated indoors or on 
a patio in northern climates. The most common plant is the 
oleander, which is particularly dangerous for unintentional 
eating because to its enticing blossoms and long, slender, 
green leaves that is typical of this species (Farooqui and 
Tyagi, 2018). Despite its known toxicity, it is nevertheless 
used in traditional medicine to treat a wide range of illnesses 
and is included in a number of regional pharmacopoeias 

(Ayouaz et al. 2021). Alkaloids, flavonoids, sugars, tannins, 
phenolics, saponins, cardenolides, cardiac glycosides, 
pregnanes, triterpenoids, triterpenes, and steroids were found 
in the plant, according to the preliminary phytochemical 
screening (Hameed et al. 2015; Balkan et al. 2018).

Many related cardiac glycosides with activities comparable 
to those of digitalis are present in the plant. According to 
Aruna et al. (2020) the primary glycosides are oleandrin, 
neriine, cardenolides, gentiobiosyl and odoroside. Moreover, 
a wide range of additional pharmacologically active 
substances, such as shikimic acid, quercitin, quenonic acid, 
rutin, rosagenin, chlorogenic acid, folinerin and epicatechin. 
Additionally, roughly thirty cardenolides, mostly oleandrin 
and odorosides were identified or separated which are used in 
folk medicine to treat a variety of ailments, such as 
congestive heart failure, abscesses, asthma, dysmenorrhea, 
sores, eczema, epilepsy, herpes, leprosy, malaria, ringworm, 
scabies, indigestion, strokes, and neurodegenerative diseases 
(Kanwal et al. 2020).

According to recent research, oleandrin has also been shown to 
have beneficial anti-viral and anti-tumor effects (Botelho et al. 
2020; Roth et al. 2020), including those against "enveloped" 
viruses. Oleandrin also effectively prevents infections caused by 
the severe acute respiratory syndrome corona virus 2 
(SARS-CoV-2) (Plante et al. 2021). Phase I and Phase II clinical 
trials for malignant disorders were being conducted on the 
oleander extract drug PBI-05204 and Anvirzel, which have 
oleandrin as the active constituent (Terzioglu-Usak et al. 2020). 
According to Calderón-Montaño et al. (2013) and Cao et al. 
(2018), oleandrin also has a CNS depressing impact, 
antibacterial, cytotoxic, and antioxidant (Mouhcine et al. 2019), 
antifungal (Jabli et al. 2018), antihyperglycemic, larvicidal action 

(Sinha et al. 2016), activities that reduce inflammation (Atay et 
al. 2018), immunomodulating action and antiviral activities (Dey 
and Chaudhuri, 2014), the ability to inhibit proliferation (Ayouaz 
et al. 2020) and blood sugar regulation (Sikarwar et al. 2009). As 
a result, oleanderum has drawn a lot of interest from academics 
and is currently the pharmaceutical industry's main focus.

All aerobic creatures, including humans, have many damage 
removal and repair enzymes to remove or repair damaged 
molecules, as well as antioxidant defenses that guard against 
oxidative damages. These organic antioxidant systems, 
nonetheless, are not always effective. While butylated 
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) 
are synthetic antioxidants that are frequently found in 
processed foods, some negative effects have been observed 

(Saeed et al. 2023). Consequently, the recent quest for 
naturally derived antioxidant has been decreased.

However, all techniques for evaluating the antioxidant 
capacity of these samples are heavily impacted by solvent 
extraction due to the varying antioxidant potential of 
chemicals with different polarity in complex samples. In 
order to ascertain the total phenolic content and antioxidant 
activity of the water, methanol, water: methanol and acetone 

extracts of the oleander leaves, this study used a variety of 
in-vitro techniques, such reducing power, and 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
activity.

Materials and methods

Plant material

Oleanderum leaves were harvested in January 2023. After 
being transferred to the laboratory, the samples were 
allowed to cure at room temperature and out of direct 
sunlight. They were also carefully cleaned of any 
undesired material using distilled and tap water. After a 
week of air drying at room temperature, these were 
machine-ground into a fine powder.

Physico-chemical examination

A pH-Meter was used to determine the pH of the mixture that 
was created by combining 10 grammas of oleanderum 
powder with 100 milliliters of distilled water and shaking it 
with a magnetic stirrer for ten minutes. After two grammas of 
oleanderum powder were heated to 60°C in an electric oven 
for a full day, the percentage of moisture was calculated. To 
determine the weight loss, the heated material was cooled 
and then weighed. By burning 2 grammas of oleanderum 
powder at 550 degrees Celsius, the amount of ash that was 
left over was measured. A flame photometer was used to 
measure the minerals Na, Ca and K according to standard 
methods of AOAC, (2023).

Plant extract preparations

A mixture of 500 mL each of solvents i.e. hexane, 
chloroform, methanol, ethanol and water was added to 50g of 
powdered Oleanderum leaves separately. At 25°C, the two 
solid-liquid combinations were continuously agitated for 48 
hours. The two filtrates were concentrated using a rotary 
evaporator at 40°C under reduced pressure following 
filtration through Wattman number 1 filter paper. After 
gathering the two dry extracts in each amber glass container 
and estimating the percentage of recovery, the extracts were 
kept at 4°C until needed. 

Preliminary screening for phytochemicals 

Using color tests and standard methods as described by 
Harborne (1998) with slightly modified by  Saeed et al. (2023), 
preliminary screening of the extracts and identification of 
major phytochemicals such as alkaloids, triterpenoids, tannins, 
flavonoids, cardiac glycosides, quinones, carbohydrates, 
saponins and proteins were carried out.

Activity of DPPH free radical scavenging 

The DPPH technique (Sgherri et al. 2012) was used to detect 
anti-radical compounds in the extracts. Each extract 100 μL 
was put into a test tube with 290 μL of DPPH solution 
(0.004% in methanol). The tubes are shaken and then left for 
half an hour at room temperature in the dark. At 517 nm, the 
absorbance was measured. Using the following formula, the 
percentage inhibition of free radical DPPH (I%) was 
determined:

I% = (A blank-A sample/A blank) ×100

Reducing power assay 

Various extracts of oleanderum leaves were tested for their 
lowering power activity using Oyaizu's 1986 method. To 
create reaction mixtures, 2.5 ml of potassium ferricyanide 
(1%) and phosphate buffer (0.2 M, pH 6.6) were added, along 
with various extract concentrations (10-50μg/ml). The 
reaction mixtures were then allowed to cool to room 
temperature (28°C) after 30 minutes of incubation at 50°C in 
a water bath. 2.5 ml of 10% TCA (trichloro acetic acid) was 
then added to each reaction mixture, and the mixtures were 
centrifuged for 10 minutes at 2500 rpm. After separating the 
2.5 ml of supernatant, the test tube was filled with 2.5 ml of 
distilled water, 0.5 ml of 1.0% FeCl3 and after allowing it to 
react for ten minutes at room temperature, the absorbance at 
700 nm was determined. 

Analytical statistics 

The findings were analyzed statistically and the results were 
calculated which reported as ± SD of determination. The 
statistical significance was confirmed using the t-test 
(p<0.05) in SPSS.

Results and discussion

Extraction yields

Based on the oleanderum plant material, the yields of the 
different leaf extracts were computed. In Fig. 1, the yield 
percentages obtained for the same quantity and extraction 
time are displayed. The percentage yields of this study were 
quite lower than described by Zaid et al. (2022) who 
estimated the % yield 49% for the pure methanol extract and 
36% for the methanol: water extract. This variation may be 
due to that the recovery yields depends on several factors, 
including solvents types, solvents polarity, extraction 
techniques, duration and temperature (Saeed et al. 2022).

pH, Moisture, Ash and Mineral determination

The oleanderum leaves had a pH of 6.0 which was 
measured by pH meter. The moisture, ash and minerals 
were measured using the standard AOAC methods. The 
results showed that the moisture was 4.1, the ash was 8.2 
and the minerals contained 70 ppm of potassium, 90 ppm 
of calcium and 105 ppm of sodium (Table I). All three 
minerals are essential for the body's metabolic and 
functional processes (Margitai et al. 2016). Except for 
moisture, our results were identical to those reported by 
Al-Obaidi, (2014). This study's moisture content was 
higher i.e. 4.1. Siham et al. 2014 reported similar results in 
his one study. The percentage of moisture is dependent on 
a number of variables, such as the types of solvents, their 
polarity, time, duration, temperature and the various 
seasons of the year. 

Phytochemical composition

Standardized chemical assays were used in the 
phytochemical screening process to determine whether 
the extract of oleanderum leaves contained any active 
ingredients. To obtain a general understanding of the 
major families present in plant material, we have 
conducted a phytochemical screening. This one is either 
predicated on the development of colored or insoluble 
compounds (Khalil et al. 2020). Phytochemical analysis 
showed that quinones and mucilage/gums were absent 
from all extracts with the exception of n-hexane in which 
gums were present. Common phytoconstituents such as 
saponins, phenolics, cardiac glycosides, alkaloids, 
tannins, flavonoids, terpenoids, protein and 
carbohydrates are present in all extracts. (Table II). Our 
findings align with the findings of Ghule et al. (2022). 
Triterpenes extracted with MeOH solvent by Begum et 
al. (1997), alkaloids, cardiac glycosides, steroid 
derivatives, fatty acids and phenolic compounds, 
(tannins, flavonoids) and saponins, have been identified 
in previous phytochemical studies on N. oleander 

(Çilesizoğlu et al. 2022). These molecules have 
analgesic, anti-inflammatory, anti-edematous, and 
antioxidant properties (Assia et al. 2022). This variety of 
substances may support their usage in conventional 
medical therapies.

Antioxidant activity 

Activity of DPPH radical scavenging 

The assay's findings are presented as a percentage of the 
DPPH free radical's scavenging activity. The standard 
antioxidant BHT and oleanderum various extracts were 
tested using the DPPH method and results were depicted in 
Fig. 2. The concentration of extracts (10-50 µg/ml) was 
shown to significantly improve the percentage inhibition of 
DPPH (4.7±0.2-85.15±5.4) in the results. With percentage 
inhibitions of 85.15±5.4 and 70.4±4.2, the ethanol and 
methanol extracts of N. oleander in this investigation exhibit 
potent anti-radical action. When measured at 50µg/ml, its 
activity was greater than that of BHT (63.10±3.7%), the 
standard synthetic antioxidant, water (56.3±2.8%), 
chloroform (48.5±2.4%), and n-hexane extract 
(23.01±1.7%). The % inhibition in the DPPH assay was 
higher in this study than given by Redha's (2020) works. He 
described the water extract of N. oleander leaves had a 
percentage scavenging activity (DPPH) of 28.15±0.81, 
whereas the methanol extract had 31.64±2.36% I. 
Nonetheless, these findings are consistent with the literature 
that has been provided (Mouhcine et al. 2019; Acharya et al. 
2021; Ayouaz et al. 2023). 

Scavenging the stable DPPH radical model is a commonly 
employed that facilitates the rapid assessment of antioxidant 
activity in comparison to alternative techniques. It was 

previously believed that antioxidants' capacity to donate 
hydrogen was the reason behind their impact on DPPH 
radical scavenging. Since DPPH is a stable free radical, it can 
receive an electron or hydrogen radical to change into a 
stable diamagnetic molecule which inhibits the propagation 
phase of lipid peroxide (Ahda et al. 2019; Byun et al. 2021). 
The absorbance of DPPH radicals at 517 nm decreased when 
antioxidants were present, indicating the radicals' capacity 
for reduction. Antioxidants promote a decrease in the 
absorbance of the DPPH radical by advancing the reaction 
between antioxidant molecules and the radical, which 
scavenges the radical by hydrogen donation. It manifests as a 
discoloration that change from purple to yellow. Therefore, 
to assess the antioxidative activity of antioxidants, DPPH is 
typically utilized as a substrate (Shariff et al. 2020; Saeed et 
al. 2023). By using the DPPH method to evaluate the ethanol 
extract from Nerium oleander leaves and BHT at different 
doses for radical scavenging, the results showed that the 
ethanol extract had higher DPPH scavenging activity than the 
other oleanderum extracts and standard antioxidant BHT.

Reducing power ability of oleanderum leaves extracts 

Using the absorbance of a blue complex, found in this assay 
in which the reaction mixture's higher absorbance indicated a 
stronger reductive potential and the reduction from Fe3+ to 
Fe2+ was occured (Kukreti et al. 2023). It was discovered that 
the oleanderum's reducing power varied greatly and 
absorbance increased as the concentration progressively 
increased (concentration-dependent). According to the graph 
(Fig. 3), the extracts' reducing power capacity rose together 
with their absorbance, indicating the existence of electron 

donors in the extract that serve as intermediates in reactions 
scavenging radicals (Saranya et al. 2017). Higher 
absorbance/reducing power were found in the following 
manners: ethanol extract ˃ methanol extract ˃ BHT extract ˃ 
water extract ˃ chloroform extract ˃ n-hexane extract. The 
reducing power of oleanderum leaf extracts is dose 
dependant. This is most likely because phenolic substances 
have hydroxyl groups that can serve as electron donors 

(Saeed et al. 2022). As a result, oleanderum antioxidants are 
thought to lessen and neutralize oxidants.

Conclusion

The findings demonstrated that oleanderum leaves possess a 
range of phyto-pharmacological compounds with potent 
antioxidant activity and with the application of innovative 
biotechnology techniques and state-of-the-art extraction 
technologies, these compounds may be utilized to treat a 
wide range of illnesses. These results will be helpful in future 
investigations to pinpoint separate and describe the precise 
compound which are natural antioxidants.
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Many related cardiac glycosides with activities comparable 
to those of digitalis are present in the plant. According to 
Aruna et al. (2020) the primary glycosides are oleandrin, 
neriine, cardenolides, gentiobiosyl and odoroside. Moreover, 
a wide range of additional pharmacologically active 
substances, such as shikimic acid, quercitin, quenonic acid, 
rutin, rosagenin, chlorogenic acid, folinerin and epicatechin. 
Additionally, roughly thirty cardenolides, mostly oleandrin 
and odorosides were identified or separated which are used in 
folk medicine to treat a variety of ailments, such as 
congestive heart failure, abscesses, asthma, dysmenorrhea, 
sores, eczema, epilepsy, herpes, leprosy, malaria, ringworm, 
scabies, indigestion, strokes, and neurodegenerative diseases 
(Kanwal et al. 2020).

According to recent research, oleandrin has also been shown to 
have beneficial anti-viral and anti-tumor effects (Botelho et al. 
2020; Roth et al. 2020), including those against "enveloped" 
viruses. Oleandrin also effectively prevents infections caused by 
the severe acute respiratory syndrome corona virus 2 
(SARS-CoV-2) (Plante et al. 2021). Phase I and Phase II clinical 
trials for malignant disorders were being conducted on the 
oleander extract drug PBI-05204 and Anvirzel, which have 
oleandrin as the active constituent (Terzioglu-Usak et al. 2020). 
According to Calderón-Montaño et al. (2013) and Cao et al. 
(2018), oleandrin also has a CNS depressing impact, 
antibacterial, cytotoxic, and antioxidant (Mouhcine et al. 2019), 
antifungal (Jabli et al. 2018), antihyperglycemic, larvicidal action 

(Sinha et al. 2016), activities that reduce inflammation (Atay et 
al. 2018), immunomodulating action and antiviral activities (Dey 
and Chaudhuri, 2014), the ability to inhibit proliferation (Ayouaz 
et al. 2020) and blood sugar regulation (Sikarwar et al. 2009). As 
a result, oleanderum has drawn a lot of interest from academics 
and is currently the pharmaceutical industry's main focus.

All aerobic creatures, including humans, have many damage 
removal and repair enzymes to remove or repair damaged 
molecules, as well as antioxidant defenses that guard against 
oxidative damages. These organic antioxidant systems, 
nonetheless, are not always effective. While butylated 
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) 
are synthetic antioxidants that are frequently found in 
processed foods, some negative effects have been observed 

(Saeed et al. 2023). Consequently, the recent quest for 
naturally derived antioxidant has been decreased.

However, all techniques for evaluating the antioxidant 
capacity of these samples are heavily impacted by solvent 
extraction due to the varying antioxidant potential of 
chemicals with different polarity in complex samples. In 
order to ascertain the total phenolic content and antioxidant 
activity of the water, methanol, water: methanol and acetone 

extracts of the oleander leaves, this study used a variety of 
in-vitro techniques, such reducing power, and 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
activity.

Materials and methods

Plant material

Oleanderum leaves were harvested in January 2023. After 
being transferred to the laboratory, the samples were 
allowed to cure at room temperature and out of direct 
sunlight. They were also carefully cleaned of any 
undesired material using distilled and tap water. After a 
week of air drying at room temperature, these were 
machine-ground into a fine powder.

Physico-chemical examination

A pH-Meter was used to determine the pH of the mixture that 
was created by combining 10 grammas of oleanderum 
powder with 100 milliliters of distilled water and shaking it 
with a magnetic stirrer for ten minutes. After two grammas of 
oleanderum powder were heated to 60°C in an electric oven 
for a full day, the percentage of moisture was calculated. To 
determine the weight loss, the heated material was cooled 
and then weighed. By burning 2 grammas of oleanderum 
powder at 550 degrees Celsius, the amount of ash that was 
left over was measured. A flame photometer was used to 
measure the minerals Na, Ca and K according to standard 
methods of AOAC, (2023).

Plant extract preparations

A mixture of 500 mL each of solvents i.e. hexane, 
chloroform, methanol, ethanol and water was added to 50g of 
powdered Oleanderum leaves separately. At 25°C, the two 
solid-liquid combinations were continuously agitated for 48 
hours. The two filtrates were concentrated using a rotary 
evaporator at 40°C under reduced pressure following 
filtration through Wattman number 1 filter paper. After 
gathering the two dry extracts in each amber glass container 
and estimating the percentage of recovery, the extracts were 
kept at 4°C until needed. 

Preliminary screening for phytochemicals 

Using color tests and standard methods as described by 
Harborne (1998) with slightly modified by  Saeed et al. (2023), 
preliminary screening of the extracts and identification of 
major phytochemicals such as alkaloids, triterpenoids, tannins, 
flavonoids, cardiac glycosides, quinones, carbohydrates, 
saponins and proteins were carried out.

Activity of DPPH free radical scavenging 

The DPPH technique (Sgherri et al. 2012) was used to detect 
anti-radical compounds in the extracts. Each extract 100 μL 
was put into a test tube with 290 μL of DPPH solution 
(0.004% in methanol). The tubes are shaken and then left for 
half an hour at room temperature in the dark. At 517 nm, the 
absorbance was measured. Using the following formula, the 
percentage inhibition of free radical DPPH (I%) was 
determined:

I% = (A blank-A sample/A blank) ×100

Reducing power assay 

Various extracts of oleanderum leaves were tested for their 
lowering power activity using Oyaizu's 1986 method. To 
create reaction mixtures, 2.5 ml of potassium ferricyanide 
(1%) and phosphate buffer (0.2 M, pH 6.6) were added, along 
with various extract concentrations (10-50μg/ml). The 
reaction mixtures were then allowed to cool to room 
temperature (28°C) after 30 minutes of incubation at 50°C in 
a water bath. 2.5 ml of 10% TCA (trichloro acetic acid) was 
then added to each reaction mixture, and the mixtures were 
centrifuged for 10 minutes at 2500 rpm. After separating the 
2.5 ml of supernatant, the test tube was filled with 2.5 ml of 
distilled water, 0.5 ml of 1.0% FeCl3 and after allowing it to 
react for ten minutes at room temperature, the absorbance at 
700 nm was determined. 

Analytical statistics 

The findings were analyzed statistically and the results were 
calculated which reported as ± SD of determination. The 
statistical significance was confirmed using the t-test 
(p<0.05) in SPSS.

Results and discussion

Extraction yields

Based on the oleanderum plant material, the yields of the 
different leaf extracts were computed. In Fig. 1, the yield 
percentages obtained for the same quantity and extraction 
time are displayed. The percentage yields of this study were 
quite lower than described by Zaid et al. (2022) who 
estimated the % yield 49% for the pure methanol extract and 
36% for the methanol: water extract. This variation may be 
due to that the recovery yields depends on several factors, 
including solvents types, solvents polarity, extraction 
techniques, duration and temperature (Saeed et al. 2022).

pH, Moisture, Ash and Mineral determination

The oleanderum leaves had a pH of 6.0 which was 
measured by pH meter. The moisture, ash and minerals 
were measured using the standard AOAC methods. The 
results showed that the moisture was 4.1, the ash was 8.2 
and the minerals contained 70 ppm of potassium, 90 ppm 
of calcium and 105 ppm of sodium (Table I). All three 
minerals are essential for the body's metabolic and 
functional processes (Margitai et al. 2016). Except for 
moisture, our results were identical to those reported by 
Al-Obaidi, (2014). This study's moisture content was 
higher i.e. 4.1. Siham et al. 2014 reported similar results in 
his one study. The percentage of moisture is dependent on 
a number of variables, such as the types of solvents, their 
polarity, time, duration, temperature and the various 
seasons of the year. 

Phytochemical composition

Standardized chemical assays were used in the 
phytochemical screening process to determine whether 
the extract of oleanderum leaves contained any active 
ingredients. To obtain a general understanding of the 
major families present in plant material, we have 
conducted a phytochemical screening. This one is either 
predicated on the development of colored or insoluble 
compounds (Khalil et al. 2020). Phytochemical analysis 
showed that quinones and mucilage/gums were absent 
from all extracts with the exception of n-hexane in which 
gums were present. Common phytoconstituents such as 
saponins, phenolics, cardiac glycosides, alkaloids, 
tannins, flavonoids, terpenoids, protein and 
carbohydrates are present in all extracts. (Table II). Our 
findings align with the findings of Ghule et al. (2022). 
Triterpenes extracted with MeOH solvent by Begum et 
al. (1997), alkaloids, cardiac glycosides, steroid 
derivatives, fatty acids and phenolic compounds, 
(tannins, flavonoids) and saponins, have been identified 
in previous phytochemical studies on N. oleander 

(Çilesizoğlu et al. 2022). These molecules have 
analgesic, anti-inflammatory, anti-edematous, and 
antioxidant properties (Assia et al. 2022). This variety of 
substances may support their usage in conventional 
medical therapies.

Antioxidant activity 

Activity of DPPH radical scavenging 

The assay's findings are presented as a percentage of the 
DPPH free radical's scavenging activity. The standard 
antioxidant BHT and oleanderum various extracts were 
tested using the DPPH method and results were depicted in 
Fig. 2. The concentration of extracts (10-50 µg/ml) was 
shown to significantly improve the percentage inhibition of 
DPPH (4.7±0.2-85.15±5.4) in the results. With percentage 
inhibitions of 85.15±5.4 and 70.4±4.2, the ethanol and 
methanol extracts of N. oleander in this investigation exhibit 
potent anti-radical action. When measured at 50µg/ml, its 
activity was greater than that of BHT (63.10±3.7%), the 
standard synthetic antioxidant, water (56.3±2.8%), 
chloroform (48.5±2.4%), and n-hexane extract 
(23.01±1.7%). The % inhibition in the DPPH assay was 
higher in this study than given by Redha's (2020) works. He 
described the water extract of N. oleander leaves had a 
percentage scavenging activity (DPPH) of 28.15±0.81, 
whereas the methanol extract had 31.64±2.36% I. 
Nonetheless, these findings are consistent with the literature 
that has been provided (Mouhcine et al. 2019; Acharya et al. 
2021; Ayouaz et al. 2023). 

Scavenging the stable DPPH radical model is a commonly 
employed that facilitates the rapid assessment of antioxidant 
activity in comparison to alternative techniques. It was 

previously believed that antioxidants' capacity to donate 
hydrogen was the reason behind their impact on DPPH 
radical scavenging. Since DPPH is a stable free radical, it can 
receive an electron or hydrogen radical to change into a 
stable diamagnetic molecule which inhibits the propagation 
phase of lipid peroxide (Ahda et al. 2019; Byun et al. 2021). 
The absorbance of DPPH radicals at 517 nm decreased when 
antioxidants were present, indicating the radicals' capacity 
for reduction. Antioxidants promote a decrease in the 
absorbance of the DPPH radical by advancing the reaction 
between antioxidant molecules and the radical, which 
scavenges the radical by hydrogen donation. It manifests as a 
discoloration that change from purple to yellow. Therefore, 
to assess the antioxidative activity of antioxidants, DPPH is 
typically utilized as a substrate (Shariff et al. 2020; Saeed et 
al. 2023). By using the DPPH method to evaluate the ethanol 
extract from Nerium oleander leaves and BHT at different 
doses for radical scavenging, the results showed that the 
ethanol extract had higher DPPH scavenging activity than the 
other oleanderum extracts and standard antioxidant BHT.

Reducing power ability of oleanderum leaves extracts 

Using the absorbance of a blue complex, found in this assay 
in which the reaction mixture's higher absorbance indicated a 
stronger reductive potential and the reduction from Fe3+ to 
Fe2+ was occured (Kukreti et al. 2023). It was discovered that 
the oleanderum's reducing power varied greatly and 
absorbance increased as the concentration progressively 
increased (concentration-dependent). According to the graph 
(Fig. 3), the extracts' reducing power capacity rose together 
with their absorbance, indicating the existence of electron 

donors in the extract that serve as intermediates in reactions 
scavenging radicals (Saranya et al. 2017). Higher 
absorbance/reducing power were found in the following 
manners: ethanol extract ˃ methanol extract ˃ BHT extract ˃ 
water extract ˃ chloroform extract ˃ n-hexane extract. The 
reducing power of oleanderum leaf extracts is dose 
dependant. This is most likely because phenolic substances 
have hydroxyl groups that can serve as electron donors 

(Saeed et al. 2022). As a result, oleanderum antioxidants are 
thought to lessen and neutralize oxidants.

Conclusion

The findings demonstrated that oleanderum leaves possess a 
range of phyto-pharmacological compounds with potent 
antioxidant activity and with the application of innovative 
biotechnology techniques and state-of-the-art extraction 
technologies, these compounds may be utilized to treat a 
wide range of illnesses. These results will be helpful in future 
investigations to pinpoint separate and describe the precise 
compound which are natural antioxidants.

Acknowledgement 

Authors are highly thankful to Food and Biotechnology 
Research Centre (FBRC), PCSIR, Labs Complex, Lahore 
Pakistan to provide financial assistant for the research.

References

Acharya R, Sharma B, Saratkar V, Amarghade M, Mehta R 
and Joshi PM (2021), Extraction, Phytochemical 
Screening, TLC and In-Vitro Anti-Oxidant Activity of 

Hydroalcoholic Extract of Nerium Oleander, Asian J 
Pharm Educ Res. 10(3): 21-29. doi.org/10.38164/ 
AJPER/10.3.2021.21-29

Ahda M, Lestari WT and Rahayu RLS (2019), Total phenol 
content and antioxidant activity of various 
concentrations of ethanol extract of Psidium Guajava 
L., Int J Pharm Res. 11(3): 1077–1082. doi. org/ 10. 
31838/ ijpr/ 2019. 11. 03. 078

Al-Obaidi, OHS (2014), Studies on antibacterial and 
anticancer effects of Nerium Oleander extracts, Eur. 
Chem. Bull. 3(3): 259-262.

AOAC (2023), Official methods of analysis, 21st Ed. 
Gaithersburg, Maryland, U.S.A.: Association of 
Official Analytical Chemists.

Aruna P, Mangaiyarkarasi R, Pavithra V, Rathnaswathy S 
and Renisha S (2020), Quantification of biopigments 
from Nerium oleander L. and assessing their 
antioxidant potential, The Pharma Innov J. 9(3): 
331-333. 

Assia B, Abdelkader A, Fatiha C, Taibi A, Guenaia A, 
Kerzabi R and Reda BA (2022), Phytochemical 
Screening and Antioxidant Properties of Nerium 
oleander Growing in Algeria Egypt, Acad J Biol Sci. 
14(2): 523-528. doi: 10.21608/EAJBSC.2022.29563

Atay BI, Gören AC, Kırmızıbekmez H and Yesilada E 
(2018), Evaluation of the in vitro anti-infl ammatory 
activity of Nerium oleander L. flower extracts and 
activity-guided isolation of the active constituents, 
Records Nat Prod. 12(2): 128-141. doi: 10. 25135/ 
rnp.15.17.05.100

Ayouaz S, Oliveira-Alves SC, Serra AT, Lefsih K, Samah M, 
Bento da Silva A, Madani K and Bronze MR (2021), 
LC-DAD-ESI-MS/MS analysis and cytotoxic and 
antiproliferative effects of chlorogenic acid derivative 
rich extract from Nerium oleanderL, pink flowers, 
Food Funct. 12(8): 3624-3634. doi:10. 1039/ 
d0fo02640a

Ayouaz S, Arab R, Mouhoubi K and Madani K (2023), 
Nerium oleander Lin: A Review of Chemical, 
Pharmacological and Traditional uses, J Biomed Res 
Environ Sci. 4(4): 641-650. doi: 10.37871/jbres1720

Ayouaz S, Koss-Mikołajczyk I, Adjeroud-Abdellatif N, 
Bartoszek A, Arab R, Aji Muhammad DR, Nur DL and  
Madani K (2023), Anticarcinogenic and antioxidant 
activities of leaves and flowers hydroalcoholic extracts 
of Nerium oleander L.: PCA analysis and 
phytochemical content by FTIR analysis, The North 
Afr J Food Nut Res. 7(15): 1-8. 

Ayouaz S, Oliveira-Alves SC, Lefsih K, Serra AT, Bento da 
Silva A, Samah M, Karczewski J, Madani K and 
Bronze MR (2020), Phenolic compounds from Nerium 
oleander leaves: microwave assisted extraction, 
characterization, antiproliferative and cytotoxic 
activities, Food Funct. 11(7): 6319-6331. doi: 
10.1039/d0fo01180k

Balkan IA, Doğan H, Zengin G, Colak N, Ayaz FA, Gören A, 
Kırmızıbekmez H and Yeşilada E (2018), Enzyme 
inhibitory and antioxidant activities of Nerium 
oleander L. flower extracts and activity guided 
isolation of the active components, Ind Crops Prod. 
112: 24-31. doi: 10.1016/j.indcrop.2017.10.058

Begum S, Siddiqui BS and Sultana R (1997), Triterpenoids 
from the leaves of Nerium oleander, Phytochem. 44(2): 
329-332. doi: 10.1016/S0031-9422(96)00515-8

Botelho AFM, Miranda ALS, Freitas TG, Milani PF, Barreto 
T and Cruz JS (2020), Comparative Cardiotoxicity of 
Low Doses of Digoxin, Ouabain, and Oleandrin, 
Cardiovasc, Toxicol. 20(6): 539-547. doi:10.1007/ 
s12012-020-09579-1

Byun NY, Heo MR and Yim SH (2021), Correlation of 
anti-wrinkling and free radical antioxidant activities of 
Areca nut with phenolic and flavonoid contents, Food 
Sci. Technol. 41(4): 1041-1049. doi:10. 1590/ fst. 
35520

Calderón-Montaño JM, Burgos-Morón E, Orta ML, Mateos 
S and López-Lázaro M (2013), A hydroalcoholic 
extract from the leaves of Nerium oleander inhibits 
glycolysis and induces selective killing of lung cancer 
cells, Planta Med. 79(12): 1017-23. doi: 10.1055/s- 
0032-1328715

Cao X, Nie X, Xiong S, Cao L, Wu Z, Moore PK and Bian JS 
(2018), Renal protective effect of polysulfide in 
cisplatin-induced nephrotoxicity, Redox Biol. 15: 
513-521. doi: 10.1016/j. redox.2018.01.012

Çilesizoğlu NB, Yalçin E, Çavuşoğlu K and Kuloğlu SS 
(2020), Qualitative and quantitative phytochemical 
screening of Nerium oleander L. extracts associated 
with toxicity profile, Sci Rep. 12: 214-21. 
doi.org/10.1038/s41598-022-26087-0

Dey P and Chaudhuri TK (2014), Pharmacological aspects of 
Nerium indicum Mill: A comprehensive review, 
Pharmacogn Rev. 8(16): 156-62. doi: 10.4103/ 
0973-7847.134250 

El-Taher AM, El Gendy AEG, Alkahtani J, Elshamy AI and  
Abd-ElGawad AM (2020), Taxonomic implication of 
integrated chemical, morphological, and anatomical 
attributes of leaves of eight Apocynaceae taxa,  
Diversity 12(9): 334. doi: 10.3390/d12090334

Farooqui S and Tyagi T (2018), Nerium oleander: It’s 
application in basic and applied science: A Review, Int 
J Pharm Pharm Sci. 10(3): 1-4. doi: 10.22159/ 
ijpps.2018v10i3.22505

Ghule YL, Jadhav RS and Vikhe DN (2022), Waghchaure 
AG. Department of Pharmacognosy. 
Pharmacognostical study and Biological potential of 
Nerium oleander Linn, Int J Advanced Res Sci, Comm 
Technol 2(1): 245-352. doi: 10.48175/IJARSCT-2543

Hameed HI, Jasim H, Kareem MA and Hussein OA (2015), 
Alkaloid constitution of Nerium oleander using Gas 
Chromatography- Mass Spectroscopy (GC-MS), J 
Med Plants Res. 9(9): 326-334. doi:10. 
5897/JMPR2015.5746

Harborne JB (1998), Textbook of phytochemical methods. A 
guide to modern techniques of plant analysis. 5th 
Edition, Chapman and Hall Ltd, London, pp 21–72.

Jabli M, Tka N, Ramzi K and Saleh TA (2018), 
Physicochemical characteristics and dyeing properties 
of lignin-cellulosic fibers derived from nerium 
oleander, J Mol Liq. 249: 1138-1144. doi.org/ 
10.1016/j.molliq.2017.11.126

Kanwal N, Rasul A, Hussain G, Anwar H, Shah MA and 
Sarfraz I (2020), Oleandrin: A Bioactive 
Phytochemical and Potential Cancer Killer via 
Multiple Cellular Signaling Pathways, Food Chem. 
Toxicol. 143: 111570. doi: 10.1016/j.fct.2020.111570

Khalil M and Alqahtany FZ (2020), Comparative Studies of 
the Synthesis and Physical Characterization of ZnO 

Nanoparticles Using Nerium oleander Flower Extract 
and Chemical Methods, J Inorg Organomett Polymr 
Mat. 30(9): 3750-3760. https://doi.org/10.1007 
/s10904-020-01494-w

Kukreti N, Chitme HR, Varshney VK, Abdel-Wahab BA,  
Khateeb MM and Habeeb MS (2023), Antioxidant 
Properties Mediate Nephroprotective and 
Hepatoprotective Activity of Essential Oil and 
Hydro-Alcoholic Extract of the High-Altitude Plant 
Skimmia anquetilia, Antioxidants. 12: 1167. https:// 
doi.org/10.3390/antiox12061167

Margitai Z, Simon E, Fábián I and Braun M (2016), 
Inorganic chemical composition of dust deposited on 
oleander (Nerium oleander L.) leaves, Air Qual Atmos 
Health. 10: 339-347. doi: 10.1007/s11869-016-0416-1

Mouhcine M, Amin L, Saaid A, Khalil H, Laila B and 
Mohammed E (2019), Cytotoxic, antioxidant and 
antimicrobial activities of Nerium oleander collected 
in Morocco, Asian Pac J Trop Med. 12: 32-37. 
doi:10.4103/1995-7645.250342

Oyaizu M (1986), Studies on products of browning reactions: 
antioxidative activities of products of browning 
reaction prepared from glucosamine, Japan J Nut. 44: 
307–315. https:// doi.org/10.5264/ eiyogakuzashi. 
44.307

Plante KS, Dwivedi V, Plante JA, Fernandez D, Mirchandani 
D and Bopp N (2021), Antiviral Activity of Oleandrin 
and a Defined Extract of Nerium Oleander against 
SARS-CoV-2, Biomed. Pharmacother. 138: 111457. 
doi:10.1016/j.biopha.2021.111457 

Redha AA (2020), Phytochemical Investigations of Nerium 
Oleander L. Leaves and Flowers, Int J Sci Res Chem 
Sci. 7(4): 01-04. 

Roth MT, Cardin DB, Borazanci EH, Steinbach M, Picozzi 
VJ and Rosemury A (2020), A Phase II, Single-Arm, 
Open-Label, Bayesian Adaptive Efficacy and Safety 
Study of PBI-05204 in Patients with Stage IV 
Metastatic Pancreatic Adenocarcinoma, Oncol. 
25(10): e1446–e1450. doi:10.1634/theoncologist. 
2020-0440

Saeed MK, Zahra N, Abidi SHI and Syed Q (2022), 
Phytochemical Screening and DPPH Free Radical 

Scavenging Activity of Aloe vera (Aloe barbadensis 
Miller) Powder, Int J Food Sci Agri. 6(3): 301-308. 
doi: 10.26855/ijfsa.2022.09.010  

Saeed MK, Zahra N, Saeed A, Shahzad K, Nawaz S, Abidi 
SHI and Syed Q (2023), Antimicrobial and antioxidant 
properties of water and methanolic extract of G. glabra 
native to Pakistan, Chem Int. 9(2): 61-67. 
doi.org/10.5281/zenodo.8117614

Saeed MK, Zahra N, Saeed A, Abdi SHI and Syed Q (2022), 
Syzygium Cumini L. Seed A Potent Source of Fiber, 
Protein and Natural Antioxidants, LGU. J. Life Sci. 
6(3): 252-266. doi.org/10.54692/ lgujls.2022. 0603227

Saeed MK, Zahra, N, Saeed A and Syed Q (2023), 
Physicochemical Characteristics, Total Phenolic 
Content and Free Radical Scavenging Activity of 
Apple (Malus domestica) Peel Powder, Paki Bio 
Med J. 6(2): 7-11.  https://doi.org/10.5 4393/ 
pbmj.v6i02.847

Saeed MK., Zahra N, Saeed A, Hussain A, Abidi SHI and 
Syed Q (2023), Potential of Moringa oleifera for 
Nutritional security, Phytochemicals and Antioxidants 
grown in Kasur, Pakistan,  Acta Pharm. Sci. 61(4): 
429-448. doi: 10.23893/1307-2080.APS6128

Saranya S, Archana D and Santhy KS (2017), Antimicrobial 
and Antioxidant Effects of Nerium oleander Flower 
Extracts, Int. J. Curr. Microbiol. App. Sci. 6(5): 
1630-1637. doi.org/10.20546/ijcmas.2017.605.178

Sgherri C, Pinzino C and Quartacci MF (2012), Antioxidant 
potential in lipophilic and hydrophilic extracts from 
medicinal herbs (Salvia officinalis and Echinacea 
angustifolia). A comparison between assays based on 
electron paramagnetic resonance and 
spectrophotometry. Am. J. Agric. Biol. Sci. 7: 417-424.                                                  
doi: 10.3844/ajabssp.2012.417.424

Shariff NFS, Singgampalam M, Ng T and Kue CS (2020), 
Antioxidant activity and zebrafish teratogenicity of 
hydroalcoholic Moringa oleifera L. leaf extracts, Br 
Food J. 122(10): 312-3137. https:// doi. org/ 10. 1108/ 
bfj- 02- 2020- 0113

Siham L, Saida O, Moha T, Nadia S and Hakima A (2014), 
Chemical analysis and antioxidant activity of “Nerium 

oleander” leaves, Onnine J Biol Sci. 14(1): 1-7. 
doi:10.3844/ojbssp.2014.1.7

Sikarwar MS, Patil MB, Kokate CK, Sharma S and Bhat V 
(2009), Antidiabetic activity of Nerium indicum leaf 
extract in alloxan-induced diabetic rats, J Young 
Pharm. 1(4):330. doi:10.4103/0975-1483.59323

Sinha D, Sarkar N, Biswas J and Bishayee A (2016), 
Resveratrol for breast cancer prevention and therapy: 
Preclinical evidence and molecular mechanisms, 
Semin Cancer Biol. 40-41: 209-232. doi: 
10.1016/j.semcancer.2015.11.001

Terzioglu-Usak S, Nalli A, Elibol B, Ozek E and Hatiboglu 
MA (2020), AnvirzelTMregulates Cell Death through 
Inhibiting GSK-3 Activity in Human U87 Glioma 
Cells, Neurol. Res.  42(1): 68-75. doi:10.1080/ 
01616412.2019.1709744

Zaid R, Canela-Garayoa R, Ortega-Chacón NM and 
Mouhouche F (2022), Phytochemical analyses and 
toxicity of Nerium oleander (Apocynaceae) leaf 
extracts against Chaitophorus leucomelas Koch, 1854 
(Homoptera: Aphididae), J Saudi Soc Agri Sci. 21: 
310-317. doi.org/10.1016/j.jssas.2021.10.011



Saeed, Zahra, Saeed, Syed and Abidi 109

Many related cardiac glycosides with activities comparable 
to those of digitalis are present in the plant. According to 
Aruna et al. (2020) the primary glycosides are oleandrin, 
neriine, cardenolides, gentiobiosyl and odoroside. Moreover, 
a wide range of additional pharmacologically active 
substances, such as shikimic acid, quercitin, quenonic acid, 
rutin, rosagenin, chlorogenic acid, folinerin and epicatechin. 
Additionally, roughly thirty cardenolides, mostly oleandrin 
and odorosides were identified or separated which are used in 
folk medicine to treat a variety of ailments, such as 
congestive heart failure, abscesses, asthma, dysmenorrhea, 
sores, eczema, epilepsy, herpes, leprosy, malaria, ringworm, 
scabies, indigestion, strokes, and neurodegenerative diseases 
(Kanwal et al. 2020).

According to recent research, oleandrin has also been shown to 
have beneficial anti-viral and anti-tumor effects (Botelho et al. 
2020; Roth et al. 2020), including those against "enveloped" 
viruses. Oleandrin also effectively prevents infections caused by 
the severe acute respiratory syndrome corona virus 2 
(SARS-CoV-2) (Plante et al. 2021). Phase I and Phase II clinical 
trials for malignant disorders were being conducted on the 
oleander extract drug PBI-05204 and Anvirzel, which have 
oleandrin as the active constituent (Terzioglu-Usak et al. 2020). 
According to Calderón-Montaño et al. (2013) and Cao et al. 
(2018), oleandrin also has a CNS depressing impact, 
antibacterial, cytotoxic, and antioxidant (Mouhcine et al. 2019), 
antifungal (Jabli et al. 2018), antihyperglycemic, larvicidal action 

(Sinha et al. 2016), activities that reduce inflammation (Atay et 
al. 2018), immunomodulating action and antiviral activities (Dey 
and Chaudhuri, 2014), the ability to inhibit proliferation (Ayouaz 
et al. 2020) and blood sugar regulation (Sikarwar et al. 2009). As 
a result, oleanderum has drawn a lot of interest from academics 
and is currently the pharmaceutical industry's main focus.

All aerobic creatures, including humans, have many damage 
removal and repair enzymes to remove or repair damaged 
molecules, as well as antioxidant defenses that guard against 
oxidative damages. These organic antioxidant systems, 
nonetheless, are not always effective. While butylated 
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) 
are synthetic antioxidants that are frequently found in 
processed foods, some negative effects have been observed 

(Saeed et al. 2023). Consequently, the recent quest for 
naturally derived antioxidant has been decreased.

However, all techniques for evaluating the antioxidant 
capacity of these samples are heavily impacted by solvent 
extraction due to the varying antioxidant potential of 
chemicals with different polarity in complex samples. In 
order to ascertain the total phenolic content and antioxidant 
activity of the water, methanol, water: methanol and acetone 

extracts of the oleander leaves, this study used a variety of 
in-vitro techniques, such reducing power, and 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
activity.

Materials and methods

Plant material

Oleanderum leaves were harvested in January 2023. After 
being transferred to the laboratory, the samples were 
allowed to cure at room temperature and out of direct 
sunlight. They were also carefully cleaned of any 
undesired material using distilled and tap water. After a 
week of air drying at room temperature, these were 
machine-ground into a fine powder.

Physico-chemical examination

A pH-Meter was used to determine the pH of the mixture that 
was created by combining 10 grammas of oleanderum 
powder with 100 milliliters of distilled water and shaking it 
with a magnetic stirrer for ten minutes. After two grammas of 
oleanderum powder were heated to 60°C in an electric oven 
for a full day, the percentage of moisture was calculated. To 
determine the weight loss, the heated material was cooled 
and then weighed. By burning 2 grammas of oleanderum 
powder at 550 degrees Celsius, the amount of ash that was 
left over was measured. A flame photometer was used to 
measure the minerals Na, Ca and K according to standard 
methods of AOAC, (2023).

Plant extract preparations

A mixture of 500 mL each of solvents i.e. hexane, 
chloroform, methanol, ethanol and water was added to 50g of 
powdered Oleanderum leaves separately. At 25°C, the two 
solid-liquid combinations were continuously agitated for 48 
hours. The two filtrates were concentrated using a rotary 
evaporator at 40°C under reduced pressure following 
filtration through Wattman number 1 filter paper. After 
gathering the two dry extracts in each amber glass container 
and estimating the percentage of recovery, the extracts were 
kept at 4°C until needed. 

Preliminary screening for phytochemicals 

Using color tests and standard methods as described by 
Harborne (1998) with slightly modified by  Saeed et al. (2023), 
preliminary screening of the extracts and identification of 
major phytochemicals such as alkaloids, triterpenoids, tannins, 
flavonoids, cardiac glycosides, quinones, carbohydrates, 
saponins and proteins were carried out.

Activity of DPPH free radical scavenging 

The DPPH technique (Sgherri et al. 2012) was used to detect 
anti-radical compounds in the extracts. Each extract 100 μL 
was put into a test tube with 290 μL of DPPH solution 
(0.004% in methanol). The tubes are shaken and then left for 
half an hour at room temperature in the dark. At 517 nm, the 
absorbance was measured. Using the following formula, the 
percentage inhibition of free radical DPPH (I%) was 
determined:

I% = (A blank-A sample/A blank) ×100

Reducing power assay 

Various extracts of oleanderum leaves were tested for their 
lowering power activity using Oyaizu's 1986 method. To 
create reaction mixtures, 2.5 ml of potassium ferricyanide 
(1%) and phosphate buffer (0.2 M, pH 6.6) were added, along 
with various extract concentrations (10-50μg/ml). The 
reaction mixtures were then allowed to cool to room 
temperature (28°C) after 30 minutes of incubation at 50°C in 
a water bath. 2.5 ml of 10% TCA (trichloro acetic acid) was 
then added to each reaction mixture, and the mixtures were 
centrifuged for 10 minutes at 2500 rpm. After separating the 
2.5 ml of supernatant, the test tube was filled with 2.5 ml of 
distilled water, 0.5 ml of 1.0% FeCl3 and after allowing it to 
react for ten minutes at room temperature, the absorbance at 
700 nm was determined. 

Analytical statistics 

The findings were analyzed statistically and the results were 
calculated which reported as ± SD of determination. The 
statistical significance was confirmed using the t-test 
(p<0.05) in SPSS.

Results and discussion

Extraction yields

Based on the oleanderum plant material, the yields of the 
different leaf extracts were computed. In Fig. 1, the yield 
percentages obtained for the same quantity and extraction 
time are displayed. The percentage yields of this study were 
quite lower than described by Zaid et al. (2022) who 
estimated the % yield 49% for the pure methanol extract and 
36% for the methanol: water extract. This variation may be 
due to that the recovery yields depends on several factors, 
including solvents types, solvents polarity, extraction 
techniques, duration and temperature (Saeed et al. 2022).

pH, Moisture, Ash and Mineral determination

The oleanderum leaves had a pH of 6.0 which was 
measured by pH meter. The moisture, ash and minerals 
were measured using the standard AOAC methods. The 
results showed that the moisture was 4.1, the ash was 8.2 
and the minerals contained 70 ppm of potassium, 90 ppm 
of calcium and 105 ppm of sodium (Table I). All three 
minerals are essential for the body's metabolic and 
functional processes (Margitai et al. 2016). Except for 
moisture, our results were identical to those reported by 
Al-Obaidi, (2014). This study's moisture content was 
higher i.e. 4.1. Siham et al. 2014 reported similar results in 
his one study. The percentage of moisture is dependent on 
a number of variables, such as the types of solvents, their 
polarity, time, duration, temperature and the various 
seasons of the year. 

Phytochemical composition

Standardized chemical assays were used in the 
phytochemical screening process to determine whether 
the extract of oleanderum leaves contained any active 
ingredients. To obtain a general understanding of the 
major families present in plant material, we have 
conducted a phytochemical screening. This one is either 
predicated on the development of colored or insoluble 
compounds (Khalil et al. 2020). Phytochemical analysis 
showed that quinones and mucilage/gums were absent 
from all extracts with the exception of n-hexane in which 
gums were present. Common phytoconstituents such as 
saponins, phenolics, cardiac glycosides, alkaloids, 
tannins, flavonoids, terpenoids, protein and 
carbohydrates are present in all extracts. (Table II). Our 
findings align with the findings of Ghule et al. (2022). 
Triterpenes extracted with MeOH solvent by Begum et 
al. (1997), alkaloids, cardiac glycosides, steroid 
derivatives, fatty acids and phenolic compounds, 
(tannins, flavonoids) and saponins, have been identified 
in previous phytochemical studies on N. oleander 

(Çilesizoğlu et al. 2022). These molecules have 
analgesic, anti-inflammatory, anti-edematous, and 
antioxidant properties (Assia et al. 2022). This variety of 
substances may support their usage in conventional 
medical therapies.

Antioxidant activity 

Activity of DPPH radical scavenging 

The assay's findings are presented as a percentage of the 
DPPH free radical's scavenging activity. The standard 
antioxidant BHT and oleanderum various extracts were 
tested using the DPPH method and results were depicted in 
Fig. 2. The concentration of extracts (10-50 µg/ml) was 
shown to significantly improve the percentage inhibition of 
DPPH (4.7±0.2-85.15±5.4) in the results. With percentage 
inhibitions of 85.15±5.4 and 70.4±4.2, the ethanol and 
methanol extracts of N. oleander in this investigation exhibit 
potent anti-radical action. When measured at 50µg/ml, its 
activity was greater than that of BHT (63.10±3.7%), the 
standard synthetic antioxidant, water (56.3±2.8%), 
chloroform (48.5±2.4%), and n-hexane extract 
(23.01±1.7%). The % inhibition in the DPPH assay was 
higher in this study than given by Redha's (2020) works. He 
described the water extract of N. oleander leaves had a 
percentage scavenging activity (DPPH) of 28.15±0.81, 
whereas the methanol extract had 31.64±2.36% I. 
Nonetheless, these findings are consistent with the literature 
that has been provided (Mouhcine et al. 2019; Acharya et al. 
2021; Ayouaz et al. 2023). 

Scavenging the stable DPPH radical model is a commonly 
employed that facilitates the rapid assessment of antioxidant 
activity in comparison to alternative techniques. It was 

previously believed that antioxidants' capacity to donate 
hydrogen was the reason behind their impact on DPPH 
radical scavenging. Since DPPH is a stable free radical, it can 
receive an electron or hydrogen radical to change into a 
stable diamagnetic molecule which inhibits the propagation 
phase of lipid peroxide (Ahda et al. 2019; Byun et al. 2021). 
The absorbance of DPPH radicals at 517 nm decreased when 
antioxidants were present, indicating the radicals' capacity 
for reduction. Antioxidants promote a decrease in the 
absorbance of the DPPH radical by advancing the reaction 
between antioxidant molecules and the radical, which 
scavenges the radical by hydrogen donation. It manifests as a 
discoloration that change from purple to yellow. Therefore, 
to assess the antioxidative activity of antioxidants, DPPH is 
typically utilized as a substrate (Shariff et al. 2020; Saeed et 
al. 2023). By using the DPPH method to evaluate the ethanol 
extract from Nerium oleander leaves and BHT at different 
doses for radical scavenging, the results showed that the 
ethanol extract had higher DPPH scavenging activity than the 
other oleanderum extracts and standard antioxidant BHT.

Reducing power ability of oleanderum leaves extracts 

Using the absorbance of a blue complex, found in this assay 
in which the reaction mixture's higher absorbance indicated a 
stronger reductive potential and the reduction from Fe3+ to 
Fe2+ was occured (Kukreti et al. 2023). It was discovered that 
the oleanderum's reducing power varied greatly and 
absorbance increased as the concentration progressively 
increased (concentration-dependent). According to the graph 
(Fig. 3), the extracts' reducing power capacity rose together 
with their absorbance, indicating the existence of electron 

donors in the extract that serve as intermediates in reactions 
scavenging radicals (Saranya et al. 2017). Higher 
absorbance/reducing power were found in the following 
manners: ethanol extract ˃ methanol extract ˃ BHT extract ˃ 
water extract ˃ chloroform extract ˃ n-hexane extract. The 
reducing power of oleanderum leaf extracts is dose 
dependant. This is most likely because phenolic substances 
have hydroxyl groups that can serve as electron donors 

(Saeed et al. 2022). As a result, oleanderum antioxidants are 
thought to lessen and neutralize oxidants.

Conclusion

The findings demonstrated that oleanderum leaves possess a 
range of phyto-pharmacological compounds with potent 
antioxidant activity and with the application of innovative 
biotechnology techniques and state-of-the-art extraction 
technologies, these compounds may be utilized to treat a 
wide range of illnesses. These results will be helpful in future 
investigations to pinpoint separate and describe the precise 
compound which are natural antioxidants.
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Fig. 1. Percentage recovery yield of oleanderum leaves 
extracts

Table I. Physicochemical parameters of oleanderum leaves

Data are represented ± standard deviation

Parameters Values

pH 6.1±0.02

Moisture (%) 4.1±0.32

Ash (%) 8.2±0.81

Fat (%) 0.2±0.01

Fiber (%) 13.2±1.50

Sodium (ppm) 105±6.80

Calcium (ppm) 90±5.20

Potassium (ppm) 70±4.80
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Many related cardiac glycosides with activities comparable 
to those of digitalis are present in the plant. According to 
Aruna et al. (2020) the primary glycosides are oleandrin, 
neriine, cardenolides, gentiobiosyl and odoroside. Moreover, 
a wide range of additional pharmacologically active 
substances, such as shikimic acid, quercitin, quenonic acid, 
rutin, rosagenin, chlorogenic acid, folinerin and epicatechin. 
Additionally, roughly thirty cardenolides, mostly oleandrin 
and odorosides were identified or separated which are used in 
folk medicine to treat a variety of ailments, such as 
congestive heart failure, abscesses, asthma, dysmenorrhea, 
sores, eczema, epilepsy, herpes, leprosy, malaria, ringworm, 
scabies, indigestion, strokes, and neurodegenerative diseases 
(Kanwal et al. 2020).

According to recent research, oleandrin has also been shown to 
have beneficial anti-viral and anti-tumor effects (Botelho et al. 
2020; Roth et al. 2020), including those against "enveloped" 
viruses. Oleandrin also effectively prevents infections caused by 
the severe acute respiratory syndrome corona virus 2 
(SARS-CoV-2) (Plante et al. 2021). Phase I and Phase II clinical 
trials for malignant disorders were being conducted on the 
oleander extract drug PBI-05204 and Anvirzel, which have 
oleandrin as the active constituent (Terzioglu-Usak et al. 2020). 
According to Calderón-Montaño et al. (2013) and Cao et al. 
(2018), oleandrin also has a CNS depressing impact, 
antibacterial, cytotoxic, and antioxidant (Mouhcine et al. 2019), 
antifungal (Jabli et al. 2018), antihyperglycemic, larvicidal action 

(Sinha et al. 2016), activities that reduce inflammation (Atay et 
al. 2018), immunomodulating action and antiviral activities (Dey 
and Chaudhuri, 2014), the ability to inhibit proliferation (Ayouaz 
et al. 2020) and blood sugar regulation (Sikarwar et al. 2009). As 
a result, oleanderum has drawn a lot of interest from academics 
and is currently the pharmaceutical industry's main focus.

All aerobic creatures, including humans, have many damage 
removal and repair enzymes to remove or repair damaged 
molecules, as well as antioxidant defenses that guard against 
oxidative damages. These organic antioxidant systems, 
nonetheless, are not always effective. While butylated 
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) 
are synthetic antioxidants that are frequently found in 
processed foods, some negative effects have been observed 

(Saeed et al. 2023). Consequently, the recent quest for 
naturally derived antioxidant has been decreased.

However, all techniques for evaluating the antioxidant 
capacity of these samples are heavily impacted by solvent 
extraction due to the varying antioxidant potential of 
chemicals with different polarity in complex samples. In 
order to ascertain the total phenolic content and antioxidant 
activity of the water, methanol, water: methanol and acetone 

extracts of the oleander leaves, this study used a variety of 
in-vitro techniques, such reducing power, and 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
activity.

Materials and methods

Plant material

Oleanderum leaves were harvested in January 2023. After 
being transferred to the laboratory, the samples were 
allowed to cure at room temperature and out of direct 
sunlight. They were also carefully cleaned of any 
undesired material using distilled and tap water. After a 
week of air drying at room temperature, these were 
machine-ground into a fine powder.

Physico-chemical examination

A pH-Meter was used to determine the pH of the mixture that 
was created by combining 10 grammas of oleanderum 
powder with 100 milliliters of distilled water and shaking it 
with a magnetic stirrer for ten minutes. After two grammas of 
oleanderum powder were heated to 60°C in an electric oven 
for a full day, the percentage of moisture was calculated. To 
determine the weight loss, the heated material was cooled 
and then weighed. By burning 2 grammas of oleanderum 
powder at 550 degrees Celsius, the amount of ash that was 
left over was measured. A flame photometer was used to 
measure the minerals Na, Ca and K according to standard 
methods of AOAC, (2023).

Plant extract preparations

A mixture of 500 mL each of solvents i.e. hexane, 
chloroform, methanol, ethanol and water was added to 50g of 
powdered Oleanderum leaves separately. At 25°C, the two 
solid-liquid combinations were continuously agitated for 48 
hours. The two filtrates were concentrated using a rotary 
evaporator at 40°C under reduced pressure following 
filtration through Wattman number 1 filter paper. After 
gathering the two dry extracts in each amber glass container 
and estimating the percentage of recovery, the extracts were 
kept at 4°C until needed. 

Preliminary screening for phytochemicals 

Using color tests and standard methods as described by 
Harborne (1998) with slightly modified by  Saeed et al. (2023), 
preliminary screening of the extracts and identification of 
major phytochemicals such as alkaloids, triterpenoids, tannins, 
flavonoids, cardiac glycosides, quinones, carbohydrates, 
saponins and proteins were carried out.

Activity of DPPH free radical scavenging 

The DPPH technique (Sgherri et al. 2012) was used to detect 
anti-radical compounds in the extracts. Each extract 100 μL 
was put into a test tube with 290 μL of DPPH solution 
(0.004% in methanol). The tubes are shaken and then left for 
half an hour at room temperature in the dark. At 517 nm, the 
absorbance was measured. Using the following formula, the 
percentage inhibition of free radical DPPH (I%) was 
determined:

I% = (A blank-A sample/A blank) ×100

Reducing power assay 

Various extracts of oleanderum leaves were tested for their 
lowering power activity using Oyaizu's 1986 method. To 
create reaction mixtures, 2.5 ml of potassium ferricyanide 
(1%) and phosphate buffer (0.2 M, pH 6.6) were added, along 
with various extract concentrations (10-50μg/ml). The 
reaction mixtures were then allowed to cool to room 
temperature (28°C) after 30 minutes of incubation at 50°C in 
a water bath. 2.5 ml of 10% TCA (trichloro acetic acid) was 
then added to each reaction mixture, and the mixtures were 
centrifuged for 10 minutes at 2500 rpm. After separating the 
2.5 ml of supernatant, the test tube was filled with 2.5 ml of 
distilled water, 0.5 ml of 1.0% FeCl3 and after allowing it to 
react for ten minutes at room temperature, the absorbance at 
700 nm was determined. 

Analytical statistics 

The findings were analyzed statistically and the results were 
calculated which reported as ± SD of determination. The 
statistical significance was confirmed using the t-test 
(p<0.05) in SPSS.

Results and discussion

Extraction yields

Based on the oleanderum plant material, the yields of the 
different leaf extracts were computed. In Fig. 1, the yield 
percentages obtained for the same quantity and extraction 
time are displayed. The percentage yields of this study were 
quite lower than described by Zaid et al. (2022) who 
estimated the % yield 49% for the pure methanol extract and 
36% for the methanol: water extract. This variation may be 
due to that the recovery yields depends on several factors, 
including solvents types, solvents polarity, extraction 
techniques, duration and temperature (Saeed et al. 2022).

pH, Moisture, Ash and Mineral determination

The oleanderum leaves had a pH of 6.0 which was 
measured by pH meter. The moisture, ash and minerals 
were measured using the standard AOAC methods. The 
results showed that the moisture was 4.1, the ash was 8.2 
and the minerals contained 70 ppm of potassium, 90 ppm 
of calcium and 105 ppm of sodium (Table I). All three 
minerals are essential for the body's metabolic and 
functional processes (Margitai et al. 2016). Except for 
moisture, our results were identical to those reported by 
Al-Obaidi, (2014). This study's moisture content was 
higher i.e. 4.1. Siham et al. 2014 reported similar results in 
his one study. The percentage of moisture is dependent on 
a number of variables, such as the types of solvents, their 
polarity, time, duration, temperature and the various 
seasons of the year. 

Phytochemical composition

Standardized chemical assays were used in the 
phytochemical screening process to determine whether 
the extract of oleanderum leaves contained any active 
ingredients. To obtain a general understanding of the 
major families present in plant material, we have 
conducted a phytochemical screening. This one is either 
predicated on the development of colored or insoluble 
compounds (Khalil et al. 2020). Phytochemical analysis 
showed that quinones and mucilage/gums were absent 
from all extracts with the exception of n-hexane in which 
gums were present. Common phytoconstituents such as 
saponins, phenolics, cardiac glycosides, alkaloids, 
tannins, flavonoids, terpenoids, protein and 
carbohydrates are present in all extracts. (Table II). Our 
findings align with the findings of Ghule et al. (2022). 
Triterpenes extracted with MeOH solvent by Begum et 
al. (1997), alkaloids, cardiac glycosides, steroid 
derivatives, fatty acids and phenolic compounds, 
(tannins, flavonoids) and saponins, have been identified 
in previous phytochemical studies on N. oleander 

(Çilesizoğlu et al. 2022). These molecules have 
analgesic, anti-inflammatory, anti-edematous, and 
antioxidant properties (Assia et al. 2022). This variety of 
substances may support their usage in conventional 
medical therapies.

Antioxidant activity 

Activity of DPPH radical scavenging 

The assay's findings are presented as a percentage of the 
DPPH free radical's scavenging activity. The standard 
antioxidant BHT and oleanderum various extracts were 
tested using the DPPH method and results were depicted in 
Fig. 2. The concentration of extracts (10-50 µg/ml) was 
shown to significantly improve the percentage inhibition of 
DPPH (4.7±0.2-85.15±5.4) in the results. With percentage 
inhibitions of 85.15±5.4 and 70.4±4.2, the ethanol and 
methanol extracts of N. oleander in this investigation exhibit 
potent anti-radical action. When measured at 50µg/ml, its 
activity was greater than that of BHT (63.10±3.7%), the 
standard synthetic antioxidant, water (56.3±2.8%), 
chloroform (48.5±2.4%), and n-hexane extract 
(23.01±1.7%). The % inhibition in the DPPH assay was 
higher in this study than given by Redha's (2020) works. He 
described the water extract of N. oleander leaves had a 
percentage scavenging activity (DPPH) of 28.15±0.81, 
whereas the methanol extract had 31.64±2.36% I. 
Nonetheless, these findings are consistent with the literature 
that has been provided (Mouhcine et al. 2019; Acharya et al. 
2021; Ayouaz et al. 2023). 

Scavenging the stable DPPH radical model is a commonly 
employed that facilitates the rapid assessment of antioxidant 
activity in comparison to alternative techniques. It was 

previously believed that antioxidants' capacity to donate 
hydrogen was the reason behind their impact on DPPH 
radical scavenging. Since DPPH is a stable free radical, it can 
receive an electron or hydrogen radical to change into a 
stable diamagnetic molecule which inhibits the propagation 
phase of lipid peroxide (Ahda et al. 2019; Byun et al. 2021). 
The absorbance of DPPH radicals at 517 nm decreased when 
antioxidants were present, indicating the radicals' capacity 
for reduction. Antioxidants promote a decrease in the 
absorbance of the DPPH radical by advancing the reaction 
between antioxidant molecules and the radical, which 
scavenges the radical by hydrogen donation. It manifests as a 
discoloration that change from purple to yellow. Therefore, 
to assess the antioxidative activity of antioxidants, DPPH is 
typically utilized as a substrate (Shariff et al. 2020; Saeed et 
al. 2023). By using the DPPH method to evaluate the ethanol 
extract from Nerium oleander leaves and BHT at different 
doses for radical scavenging, the results showed that the 
ethanol extract had higher DPPH scavenging activity than the 
other oleanderum extracts and standard antioxidant BHT.

Reducing power ability of oleanderum leaves extracts 

Using the absorbance of a blue complex, found in this assay 
in which the reaction mixture's higher absorbance indicated a 
stronger reductive potential and the reduction from Fe3+ to 
Fe2+ was occured (Kukreti et al. 2023). It was discovered that 
the oleanderum's reducing power varied greatly and 
absorbance increased as the concentration progressively 
increased (concentration-dependent). According to the graph 
(Fig. 3), the extracts' reducing power capacity rose together 
with their absorbance, indicating the existence of electron 

donors in the extract that serve as intermediates in reactions 
scavenging radicals (Saranya et al. 2017). Higher 
absorbance/reducing power were found in the following 
manners: ethanol extract ˃ methanol extract ˃ BHT extract ˃ 
water extract ˃ chloroform extract ˃ n-hexane extract. The 
reducing power of oleanderum leaf extracts is dose 
dependant. This is most likely because phenolic substances 
have hydroxyl groups that can serve as electron donors 

(Saeed et al. 2022). As a result, oleanderum antioxidants are 
thought to lessen and neutralize oxidants.

Conclusion

The findings demonstrated that oleanderum leaves possess a 
range of phyto-pharmacological compounds with potent 
antioxidant activity and with the application of innovative 
biotechnology techniques and state-of-the-art extraction 
technologies, these compounds may be utilized to treat a 
wide range of illnesses. These results will be helpful in future 
investigations to pinpoint separate and describe the precise 
compound which are natural antioxidants.
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Table II. Phytochemical analysis of various leaves extracts of oleanderum

absence (-), presence (+), strongly present (++)

Phytochemicals Hexane Chloroform Methanol Ethanol Water
Saponins + + + + +

Phenolics + + ++ ++ ++

Cardiac glycosides + + + + +

Alkaloids - + + + +

Tannins + + ++ ++ ++

Flavonoids      - + ++ ++ ++

Terpenoids + + ++ + +

Quinones - - - - -

Protein + + + + +
Carbohydrates + + + + +
Mucilage and gums + - - - -
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Many related cardiac glycosides with activities comparable 
to those of digitalis are present in the plant. According to 
Aruna et al. (2020) the primary glycosides are oleandrin, 
neriine, cardenolides, gentiobiosyl and odoroside. Moreover, 
a wide range of additional pharmacologically active 
substances, such as shikimic acid, quercitin, quenonic acid, 
rutin, rosagenin, chlorogenic acid, folinerin and epicatechin. 
Additionally, roughly thirty cardenolides, mostly oleandrin 
and odorosides were identified or separated which are used in 
folk medicine to treat a variety of ailments, such as 
congestive heart failure, abscesses, asthma, dysmenorrhea, 
sores, eczema, epilepsy, herpes, leprosy, malaria, ringworm, 
scabies, indigestion, strokes, and neurodegenerative diseases 
(Kanwal et al. 2020).

According to recent research, oleandrin has also been shown to 
have beneficial anti-viral and anti-tumor effects (Botelho et al. 
2020; Roth et al. 2020), including those against "enveloped" 
viruses. Oleandrin also effectively prevents infections caused by 
the severe acute respiratory syndrome corona virus 2 
(SARS-CoV-2) (Plante et al. 2021). Phase I and Phase II clinical 
trials for malignant disorders were being conducted on the 
oleander extract drug PBI-05204 and Anvirzel, which have 
oleandrin as the active constituent (Terzioglu-Usak et al. 2020). 
According to Calderón-Montaño et al. (2013) and Cao et al. 
(2018), oleandrin also has a CNS depressing impact, 
antibacterial, cytotoxic, and antioxidant (Mouhcine et al. 2019), 
antifungal (Jabli et al. 2018), antihyperglycemic, larvicidal action 

(Sinha et al. 2016), activities that reduce inflammation (Atay et 
al. 2018), immunomodulating action and antiviral activities (Dey 
and Chaudhuri, 2014), the ability to inhibit proliferation (Ayouaz 
et al. 2020) and blood sugar regulation (Sikarwar et al. 2009). As 
a result, oleanderum has drawn a lot of interest from academics 
and is currently the pharmaceutical industry's main focus.

All aerobic creatures, including humans, have many damage 
removal and repair enzymes to remove or repair damaged 
molecules, as well as antioxidant defenses that guard against 
oxidative damages. These organic antioxidant systems, 
nonetheless, are not always effective. While butylated 
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) 
are synthetic antioxidants that are frequently found in 
processed foods, some negative effects have been observed 

(Saeed et al. 2023). Consequently, the recent quest for 
naturally derived antioxidant has been decreased.

However, all techniques for evaluating the antioxidant 
capacity of these samples are heavily impacted by solvent 
extraction due to the varying antioxidant potential of 
chemicals with different polarity in complex samples. In 
order to ascertain the total phenolic content and antioxidant 
activity of the water, methanol, water: methanol and acetone 

extracts of the oleander leaves, this study used a variety of 
in-vitro techniques, such reducing power, and 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
activity.

Materials and methods

Plant material

Oleanderum leaves were harvested in January 2023. After 
being transferred to the laboratory, the samples were 
allowed to cure at room temperature and out of direct 
sunlight. They were also carefully cleaned of any 
undesired material using distilled and tap water. After a 
week of air drying at room temperature, these were 
machine-ground into a fine powder.

Physico-chemical examination

A pH-Meter was used to determine the pH of the mixture that 
was created by combining 10 grammas of oleanderum 
powder with 100 milliliters of distilled water and shaking it 
with a magnetic stirrer for ten minutes. After two grammas of 
oleanderum powder were heated to 60°C in an electric oven 
for a full day, the percentage of moisture was calculated. To 
determine the weight loss, the heated material was cooled 
and then weighed. By burning 2 grammas of oleanderum 
powder at 550 degrees Celsius, the amount of ash that was 
left over was measured. A flame photometer was used to 
measure the minerals Na, Ca and K according to standard 
methods of AOAC, (2023).

Plant extract preparations

A mixture of 500 mL each of solvents i.e. hexane, 
chloroform, methanol, ethanol and water was added to 50g of 
powdered Oleanderum leaves separately. At 25°C, the two 
solid-liquid combinations were continuously agitated for 48 
hours. The two filtrates were concentrated using a rotary 
evaporator at 40°C under reduced pressure following 
filtration through Wattman number 1 filter paper. After 
gathering the two dry extracts in each amber glass container 
and estimating the percentage of recovery, the extracts were 
kept at 4°C until needed. 

Preliminary screening for phytochemicals 

Using color tests and standard methods as described by 
Harborne (1998) with slightly modified by  Saeed et al. (2023), 
preliminary screening of the extracts and identification of 
major phytochemicals such as alkaloids, triterpenoids, tannins, 
flavonoids, cardiac glycosides, quinones, carbohydrates, 
saponins and proteins were carried out.

Activity of DPPH free radical scavenging 

The DPPH technique (Sgherri et al. 2012) was used to detect 
anti-radical compounds in the extracts. Each extract 100 μL 
was put into a test tube with 290 μL of DPPH solution 
(0.004% in methanol). The tubes are shaken and then left for 
half an hour at room temperature in the dark. At 517 nm, the 
absorbance was measured. Using the following formula, the 
percentage inhibition of free radical DPPH (I%) was 
determined:

I% = (A blank-A sample/A blank) ×100

Reducing power assay 

Various extracts of oleanderum leaves were tested for their 
lowering power activity using Oyaizu's 1986 method. To 
create reaction mixtures, 2.5 ml of potassium ferricyanide 
(1%) and phosphate buffer (0.2 M, pH 6.6) were added, along 
with various extract concentrations (10-50μg/ml). The 
reaction mixtures were then allowed to cool to room 
temperature (28°C) after 30 minutes of incubation at 50°C in 
a water bath. 2.5 ml of 10% TCA (trichloro acetic acid) was 
then added to each reaction mixture, and the mixtures were 
centrifuged for 10 minutes at 2500 rpm. After separating the 
2.5 ml of supernatant, the test tube was filled with 2.5 ml of 
distilled water, 0.5 ml of 1.0% FeCl3 and after allowing it to 
react for ten minutes at room temperature, the absorbance at 
700 nm was determined. 

Analytical statistics 

The findings were analyzed statistically and the results were 
calculated which reported as ± SD of determination. The 
statistical significance was confirmed using the t-test 
(p<0.05) in SPSS.

Results and discussion

Extraction yields

Based on the oleanderum plant material, the yields of the 
different leaf extracts were computed. In Fig. 1, the yield 
percentages obtained for the same quantity and extraction 
time are displayed. The percentage yields of this study were 
quite lower than described by Zaid et al. (2022) who 
estimated the % yield 49% for the pure methanol extract and 
36% for the methanol: water extract. This variation may be 
due to that the recovery yields depends on several factors, 
including solvents types, solvents polarity, extraction 
techniques, duration and temperature (Saeed et al. 2022).

pH, Moisture, Ash and Mineral determination

The oleanderum leaves had a pH of 6.0 which was 
measured by pH meter. The moisture, ash and minerals 
were measured using the standard AOAC methods. The 
results showed that the moisture was 4.1, the ash was 8.2 
and the minerals contained 70 ppm of potassium, 90 ppm 
of calcium and 105 ppm of sodium (Table I). All three 
minerals are essential for the body's metabolic and 
functional processes (Margitai et al. 2016). Except for 
moisture, our results were identical to those reported by 
Al-Obaidi, (2014). This study's moisture content was 
higher i.e. 4.1. Siham et al. 2014 reported similar results in 
his one study. The percentage of moisture is dependent on 
a number of variables, such as the types of solvents, their 
polarity, time, duration, temperature and the various 
seasons of the year. 

Phytochemical composition

Standardized chemical assays were used in the 
phytochemical screening process to determine whether 
the extract of oleanderum leaves contained any active 
ingredients. To obtain a general understanding of the 
major families present in plant material, we have 
conducted a phytochemical screening. This one is either 
predicated on the development of colored or insoluble 
compounds (Khalil et al. 2020). Phytochemical analysis 
showed that quinones and mucilage/gums were absent 
from all extracts with the exception of n-hexane in which 
gums were present. Common phytoconstituents such as 
saponins, phenolics, cardiac glycosides, alkaloids, 
tannins, flavonoids, terpenoids, protein and 
carbohydrates are present in all extracts. (Table II). Our 
findings align with the findings of Ghule et al. (2022). 
Triterpenes extracted with MeOH solvent by Begum et 
al. (1997), alkaloids, cardiac glycosides, steroid 
derivatives, fatty acids and phenolic compounds, 
(tannins, flavonoids) and saponins, have been identified 
in previous phytochemical studies on N. oleander 

(Çilesizoğlu et al. 2022). These molecules have 
analgesic, anti-inflammatory, anti-edematous, and 
antioxidant properties (Assia et al. 2022). This variety of 
substances may support their usage in conventional 
medical therapies.

Antioxidant activity 

Activity of DPPH radical scavenging 

The assay's findings are presented as a percentage of the 
DPPH free radical's scavenging activity. The standard 
antioxidant BHT and oleanderum various extracts were 
tested using the DPPH method and results were depicted in 
Fig. 2. The concentration of extracts (10-50 µg/ml) was 
shown to significantly improve the percentage inhibition of 
DPPH (4.7±0.2-85.15±5.4) in the results. With percentage 
inhibitions of 85.15±5.4 and 70.4±4.2, the ethanol and 
methanol extracts of N. oleander in this investigation exhibit 
potent anti-radical action. When measured at 50µg/ml, its 
activity was greater than that of BHT (63.10±3.7%), the 
standard synthetic antioxidant, water (56.3±2.8%), 
chloroform (48.5±2.4%), and n-hexane extract 
(23.01±1.7%). The % inhibition in the DPPH assay was 
higher in this study than given by Redha's (2020) works. He 
described the water extract of N. oleander leaves had a 
percentage scavenging activity (DPPH) of 28.15±0.81, 
whereas the methanol extract had 31.64±2.36% I. 
Nonetheless, these findings are consistent with the literature 
that has been provided (Mouhcine et al. 2019; Acharya et al. 
2021; Ayouaz et al. 2023). 

Scavenging the stable DPPH radical model is a commonly 
employed that facilitates the rapid assessment of antioxidant 
activity in comparison to alternative techniques. It was 

previously believed that antioxidants' capacity to donate 
hydrogen was the reason behind their impact on DPPH 
radical scavenging. Since DPPH is a stable free radical, it can 
receive an electron or hydrogen radical to change into a 
stable diamagnetic molecule which inhibits the propagation 
phase of lipid peroxide (Ahda et al. 2019; Byun et al. 2021). 
The absorbance of DPPH radicals at 517 nm decreased when 
antioxidants were present, indicating the radicals' capacity 
for reduction. Antioxidants promote a decrease in the 
absorbance of the DPPH radical by advancing the reaction 
between antioxidant molecules and the radical, which 
scavenges the radical by hydrogen donation. It manifests as a 
discoloration that change from purple to yellow. Therefore, 
to assess the antioxidative activity of antioxidants, DPPH is 
typically utilized as a substrate (Shariff et al. 2020; Saeed et 
al. 2023). By using the DPPH method to evaluate the ethanol 
extract from Nerium oleander leaves and BHT at different 
doses for radical scavenging, the results showed that the 
ethanol extract had higher DPPH scavenging activity than the 
other oleanderum extracts and standard antioxidant BHT.

Reducing power ability of oleanderum leaves extracts 

Using the absorbance of a blue complex, found in this assay 
in which the reaction mixture's higher absorbance indicated a 
stronger reductive potential and the reduction from Fe3+ to 
Fe2+ was occured (Kukreti et al. 2023). It was discovered that 
the oleanderum's reducing power varied greatly and 
absorbance increased as the concentration progressively 
increased (concentration-dependent). According to the graph 
(Fig. 3), the extracts' reducing power capacity rose together 
with their absorbance, indicating the existence of electron 

donors in the extract that serve as intermediates in reactions 
scavenging radicals (Saranya et al. 2017). Higher 
absorbance/reducing power were found in the following 
manners: ethanol extract ˃ methanol extract ˃ BHT extract ˃ 
water extract ˃ chloroform extract ˃ n-hexane extract. The 
reducing power of oleanderum leaf extracts is dose 
dependant. This is most likely because phenolic substances 
have hydroxyl groups that can serve as electron donors 

(Saeed et al. 2022). As a result, oleanderum antioxidants are 
thought to lessen and neutralize oxidants.

Conclusion

The findings demonstrated that oleanderum leaves possess a 
range of phyto-pharmacological compounds with potent 
antioxidant activity and with the application of innovative 
biotechnology techniques and state-of-the-art extraction 
technologies, these compounds may be utilized to treat a 
wide range of illnesses. These results will be helpful in future 
investigations to pinpoint separate and describe the precise 
compound which are natural antioxidants.
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Many related cardiac glycosides with activities comparable 
to those of digitalis are present in the plant. According to 
Aruna et al. (2020) the primary glycosides are oleandrin, 
neriine, cardenolides, gentiobiosyl and odoroside. Moreover, 
a wide range of additional pharmacologically active 
substances, such as shikimic acid, quercitin, quenonic acid, 
rutin, rosagenin, chlorogenic acid, folinerin and epicatechin. 
Additionally, roughly thirty cardenolides, mostly oleandrin 
and odorosides were identified or separated which are used in 
folk medicine to treat a variety of ailments, such as 
congestive heart failure, abscesses, asthma, dysmenorrhea, 
sores, eczema, epilepsy, herpes, leprosy, malaria, ringworm, 
scabies, indigestion, strokes, and neurodegenerative diseases 
(Kanwal et al. 2020).

According to recent research, oleandrin has also been shown to 
have beneficial anti-viral and anti-tumor effects (Botelho et al. 
2020; Roth et al. 2020), including those against "enveloped" 
viruses. Oleandrin also effectively prevents infections caused by 
the severe acute respiratory syndrome corona virus 2 
(SARS-CoV-2) (Plante et al. 2021). Phase I and Phase II clinical 
trials for malignant disorders were being conducted on the 
oleander extract drug PBI-05204 and Anvirzel, which have 
oleandrin as the active constituent (Terzioglu-Usak et al. 2020). 
According to Calderón-Montaño et al. (2013) and Cao et al. 
(2018), oleandrin also has a CNS depressing impact, 
antibacterial, cytotoxic, and antioxidant (Mouhcine et al. 2019), 
antifungal (Jabli et al. 2018), antihyperglycemic, larvicidal action 

(Sinha et al. 2016), activities that reduce inflammation (Atay et 
al. 2018), immunomodulating action and antiviral activities (Dey 
and Chaudhuri, 2014), the ability to inhibit proliferation (Ayouaz 
et al. 2020) and blood sugar regulation (Sikarwar et al. 2009). As 
a result, oleanderum has drawn a lot of interest from academics 
and is currently the pharmaceutical industry's main focus.

All aerobic creatures, including humans, have many damage 
removal and repair enzymes to remove or repair damaged 
molecules, as well as antioxidant defenses that guard against 
oxidative damages. These organic antioxidant systems, 
nonetheless, are not always effective. While butylated 
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) 
are synthetic antioxidants that are frequently found in 
processed foods, some negative effects have been observed 

(Saeed et al. 2023). Consequently, the recent quest for 
naturally derived antioxidant has been decreased.

However, all techniques for evaluating the antioxidant 
capacity of these samples are heavily impacted by solvent 
extraction due to the varying antioxidant potential of 
chemicals with different polarity in complex samples. In 
order to ascertain the total phenolic content and antioxidant 
activity of the water, methanol, water: methanol and acetone 

extracts of the oleander leaves, this study used a variety of 
in-vitro techniques, such reducing power, and 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
activity.

Materials and methods

Plant material

Oleanderum leaves were harvested in January 2023. After 
being transferred to the laboratory, the samples were 
allowed to cure at room temperature and out of direct 
sunlight. They were also carefully cleaned of any 
undesired material using distilled and tap water. After a 
week of air drying at room temperature, these were 
machine-ground into a fine powder.

Physico-chemical examination

A pH-Meter was used to determine the pH of the mixture that 
was created by combining 10 grammas of oleanderum 
powder with 100 milliliters of distilled water and shaking it 
with a magnetic stirrer for ten minutes. After two grammas of 
oleanderum powder were heated to 60°C in an electric oven 
for a full day, the percentage of moisture was calculated. To 
determine the weight loss, the heated material was cooled 
and then weighed. By burning 2 grammas of oleanderum 
powder at 550 degrees Celsius, the amount of ash that was 
left over was measured. A flame photometer was used to 
measure the minerals Na, Ca and K according to standard 
methods of AOAC, (2023).

Plant extract preparations

A mixture of 500 mL each of solvents i.e. hexane, 
chloroform, methanol, ethanol and water was added to 50g of 
powdered Oleanderum leaves separately. At 25°C, the two 
solid-liquid combinations were continuously agitated for 48 
hours. The two filtrates were concentrated using a rotary 
evaporator at 40°C under reduced pressure following 
filtration through Wattman number 1 filter paper. After 
gathering the two dry extracts in each amber glass container 
and estimating the percentage of recovery, the extracts were 
kept at 4°C until needed. 

Preliminary screening for phytochemicals 

Using color tests and standard methods as described by 
Harborne (1998) with slightly modified by  Saeed et al. (2023), 
preliminary screening of the extracts and identification of 
major phytochemicals such as alkaloids, triterpenoids, tannins, 
flavonoids, cardiac glycosides, quinones, carbohydrates, 
saponins and proteins were carried out.

Activity of DPPH free radical scavenging 

The DPPH technique (Sgherri et al. 2012) was used to detect 
anti-radical compounds in the extracts. Each extract 100 μL 
was put into a test tube with 290 μL of DPPH solution 
(0.004% in methanol). The tubes are shaken and then left for 
half an hour at room temperature in the dark. At 517 nm, the 
absorbance was measured. Using the following formula, the 
percentage inhibition of free radical DPPH (I%) was 
determined:

I% = (A blank-A sample/A blank) ×100

Reducing power assay 

Various extracts of oleanderum leaves were tested for their 
lowering power activity using Oyaizu's 1986 method. To 
create reaction mixtures, 2.5 ml of potassium ferricyanide 
(1%) and phosphate buffer (0.2 M, pH 6.6) were added, along 
with various extract concentrations (10-50μg/ml). The 
reaction mixtures were then allowed to cool to room 
temperature (28°C) after 30 minutes of incubation at 50°C in 
a water bath. 2.5 ml of 10% TCA (trichloro acetic acid) was 
then added to each reaction mixture, and the mixtures were 
centrifuged for 10 minutes at 2500 rpm. After separating the 
2.5 ml of supernatant, the test tube was filled with 2.5 ml of 
distilled water, 0.5 ml of 1.0% FeCl3 and after allowing it to 
react for ten minutes at room temperature, the absorbance at 
700 nm was determined. 

Analytical statistics 

The findings were analyzed statistically and the results were 
calculated which reported as ± SD of determination. The 
statistical significance was confirmed using the t-test 
(p<0.05) in SPSS.

Results and discussion

Extraction yields

Based on the oleanderum plant material, the yields of the 
different leaf extracts were computed. In Fig. 1, the yield 
percentages obtained for the same quantity and extraction 
time are displayed. The percentage yields of this study were 
quite lower than described by Zaid et al. (2022) who 
estimated the % yield 49% for the pure methanol extract and 
36% for the methanol: water extract. This variation may be 
due to that the recovery yields depends on several factors, 
including solvents types, solvents polarity, extraction 
techniques, duration and temperature (Saeed et al. 2022).

pH, Moisture, Ash and Mineral determination

The oleanderum leaves had a pH of 6.0 which was 
measured by pH meter. The moisture, ash and minerals 
were measured using the standard AOAC methods. The 
results showed that the moisture was 4.1, the ash was 8.2 
and the minerals contained 70 ppm of potassium, 90 ppm 
of calcium and 105 ppm of sodium (Table I). All three 
minerals are essential for the body's metabolic and 
functional processes (Margitai et al. 2016). Except for 
moisture, our results were identical to those reported by 
Al-Obaidi, (2014). This study's moisture content was 
higher i.e. 4.1. Siham et al. 2014 reported similar results in 
his one study. The percentage of moisture is dependent on 
a number of variables, such as the types of solvents, their 
polarity, time, duration, temperature and the various 
seasons of the year. 

Phytochemical composition

Standardized chemical assays were used in the 
phytochemical screening process to determine whether 
the extract of oleanderum leaves contained any active 
ingredients. To obtain a general understanding of the 
major families present in plant material, we have 
conducted a phytochemical screening. This one is either 
predicated on the development of colored or insoluble 
compounds (Khalil et al. 2020). Phytochemical analysis 
showed that quinones and mucilage/gums were absent 
from all extracts with the exception of n-hexane in which 
gums were present. Common phytoconstituents such as 
saponins, phenolics, cardiac glycosides, alkaloids, 
tannins, flavonoids, terpenoids, protein and 
carbohydrates are present in all extracts. (Table II). Our 
findings align with the findings of Ghule et al. (2022). 
Triterpenes extracted with MeOH solvent by Begum et 
al. (1997), alkaloids, cardiac glycosides, steroid 
derivatives, fatty acids and phenolic compounds, 
(tannins, flavonoids) and saponins, have been identified 
in previous phytochemical studies on N. oleander 

(Çilesizoğlu et al. 2022). These molecules have 
analgesic, anti-inflammatory, anti-edematous, and 
antioxidant properties (Assia et al. 2022). This variety of 
substances may support their usage in conventional 
medical therapies.

Antioxidant activity 

Activity of DPPH radical scavenging 

The assay's findings are presented as a percentage of the 
DPPH free radical's scavenging activity. The standard 
antioxidant BHT and oleanderum various extracts were 
tested using the DPPH method and results were depicted in 
Fig. 2. The concentration of extracts (10-50 µg/ml) was 
shown to significantly improve the percentage inhibition of 
DPPH (4.7±0.2-85.15±5.4) in the results. With percentage 
inhibitions of 85.15±5.4 and 70.4±4.2, the ethanol and 
methanol extracts of N. oleander in this investigation exhibit 
potent anti-radical action. When measured at 50µg/ml, its 
activity was greater than that of BHT (63.10±3.7%), the 
standard synthetic antioxidant, water (56.3±2.8%), 
chloroform (48.5±2.4%), and n-hexane extract 
(23.01±1.7%). The % inhibition in the DPPH assay was 
higher in this study than given by Redha's (2020) works. He 
described the water extract of N. oleander leaves had a 
percentage scavenging activity (DPPH) of 28.15±0.81, 
whereas the methanol extract had 31.64±2.36% I. 
Nonetheless, these findings are consistent with the literature 
that has been provided (Mouhcine et al. 2019; Acharya et al. 
2021; Ayouaz et al. 2023). 

Scavenging the stable DPPH radical model is a commonly 
employed that facilitates the rapid assessment of antioxidant 
activity in comparison to alternative techniques. It was 

previously believed that antioxidants' capacity to donate 
hydrogen was the reason behind their impact on DPPH 
radical scavenging. Since DPPH is a stable free radical, it can 
receive an electron or hydrogen radical to change into a 
stable diamagnetic molecule which inhibits the propagation 
phase of lipid peroxide (Ahda et al. 2019; Byun et al. 2021). 
The absorbance of DPPH radicals at 517 nm decreased when 
antioxidants were present, indicating the radicals' capacity 
for reduction. Antioxidants promote a decrease in the 
absorbance of the DPPH radical by advancing the reaction 
between antioxidant molecules and the radical, which 
scavenges the radical by hydrogen donation. It manifests as a 
discoloration that change from purple to yellow. Therefore, 
to assess the antioxidative activity of antioxidants, DPPH is 
typically utilized as a substrate (Shariff et al. 2020; Saeed et 
al. 2023). By using the DPPH method to evaluate the ethanol 
extract from Nerium oleander leaves and BHT at different 
doses for radical scavenging, the results showed that the 
ethanol extract had higher DPPH scavenging activity than the 
other oleanderum extracts and standard antioxidant BHT.

Reducing power ability of oleanderum leaves extracts 

Using the absorbance of a blue complex, found in this assay 
in which the reaction mixture's higher absorbance indicated a 
stronger reductive potential and the reduction from Fe3+ to 
Fe2+ was occured (Kukreti et al. 2023). It was discovered that 
the oleanderum's reducing power varied greatly and 
absorbance increased as the concentration progressively 
increased (concentration-dependent). According to the graph 
(Fig. 3), the extracts' reducing power capacity rose together 
with their absorbance, indicating the existence of electron 

donors in the extract that serve as intermediates in reactions 
scavenging radicals (Saranya et al. 2017). Higher 
absorbance/reducing power were found in the following 
manners: ethanol extract ˃ methanol extract ˃ BHT extract ˃ 
water extract ˃ chloroform extract ˃ n-hexane extract. The 
reducing power of oleanderum leaf extracts is dose 
dependant. This is most likely because phenolic substances 
have hydroxyl groups that can serve as electron donors 

(Saeed et al. 2022). As a result, oleanderum antioxidants are 
thought to lessen and neutralize oxidants.

Conclusion

The findings demonstrated that oleanderum leaves possess a 
range of phyto-pharmacological compounds with potent 
antioxidant activity and with the application of innovative 
biotechnology techniques and state-of-the-art extraction 
technologies, these compounds may be utilized to treat a 
wide range of illnesses. These results will be helpful in future 
investigations to pinpoint separate and describe the precise 
compound which are natural antioxidants.
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Many related cardiac glycosides with activities comparable 
to those of digitalis are present in the plant. According to 
Aruna et al. (2020) the primary glycosides are oleandrin, 
neriine, cardenolides, gentiobiosyl and odoroside. Moreover, 
a wide range of additional pharmacologically active 
substances, such as shikimic acid, quercitin, quenonic acid, 
rutin, rosagenin, chlorogenic acid, folinerin and epicatechin. 
Additionally, roughly thirty cardenolides, mostly oleandrin 
and odorosides were identified or separated which are used in 
folk medicine to treat a variety of ailments, such as 
congestive heart failure, abscesses, asthma, dysmenorrhea, 
sores, eczema, epilepsy, herpes, leprosy, malaria, ringworm, 
scabies, indigestion, strokes, and neurodegenerative diseases 
(Kanwal et al. 2020).

According to recent research, oleandrin has also been shown to 
have beneficial anti-viral and anti-tumor effects (Botelho et al. 
2020; Roth et al. 2020), including those against "enveloped" 
viruses. Oleandrin also effectively prevents infections caused by 
the severe acute respiratory syndrome corona virus 2 
(SARS-CoV-2) (Plante et al. 2021). Phase I and Phase II clinical 
trials for malignant disorders were being conducted on the 
oleander extract drug PBI-05204 and Anvirzel, which have 
oleandrin as the active constituent (Terzioglu-Usak et al. 2020). 
According to Calderón-Montaño et al. (2013) and Cao et al. 
(2018), oleandrin also has a CNS depressing impact, 
antibacterial, cytotoxic, and antioxidant (Mouhcine et al. 2019), 
antifungal (Jabli et al. 2018), antihyperglycemic, larvicidal action 

(Sinha et al. 2016), activities that reduce inflammation (Atay et 
al. 2018), immunomodulating action and antiviral activities (Dey 
and Chaudhuri, 2014), the ability to inhibit proliferation (Ayouaz 
et al. 2020) and blood sugar regulation (Sikarwar et al. 2009). As 
a result, oleanderum has drawn a lot of interest from academics 
and is currently the pharmaceutical industry's main focus.

All aerobic creatures, including humans, have many damage 
removal and repair enzymes to remove or repair damaged 
molecules, as well as antioxidant defenses that guard against 
oxidative damages. These organic antioxidant systems, 
nonetheless, are not always effective. While butylated 
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) 
are synthetic antioxidants that are frequently found in 
processed foods, some negative effects have been observed 

(Saeed et al. 2023). Consequently, the recent quest for 
naturally derived antioxidant has been decreased.

However, all techniques for evaluating the antioxidant 
capacity of these samples are heavily impacted by solvent 
extraction due to the varying antioxidant potential of 
chemicals with different polarity in complex samples. In 
order to ascertain the total phenolic content and antioxidant 
activity of the water, methanol, water: methanol and acetone 

extracts of the oleander leaves, this study used a variety of 
in-vitro techniques, such reducing power, and 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
activity.

Materials and methods

Plant material

Oleanderum leaves were harvested in January 2023. After 
being transferred to the laboratory, the samples were 
allowed to cure at room temperature and out of direct 
sunlight. They were also carefully cleaned of any 
undesired material using distilled and tap water. After a 
week of air drying at room temperature, these were 
machine-ground into a fine powder.

Physico-chemical examination

A pH-Meter was used to determine the pH of the mixture that 
was created by combining 10 grammas of oleanderum 
powder with 100 milliliters of distilled water and shaking it 
with a magnetic stirrer for ten minutes. After two grammas of 
oleanderum powder were heated to 60°C in an electric oven 
for a full day, the percentage of moisture was calculated. To 
determine the weight loss, the heated material was cooled 
and then weighed. By burning 2 grammas of oleanderum 
powder at 550 degrees Celsius, the amount of ash that was 
left over was measured. A flame photometer was used to 
measure the minerals Na, Ca and K according to standard 
methods of AOAC, (2023).

Plant extract preparations

A mixture of 500 mL each of solvents i.e. hexane, 
chloroform, methanol, ethanol and water was added to 50g of 
powdered Oleanderum leaves separately. At 25°C, the two 
solid-liquid combinations were continuously agitated for 48 
hours. The two filtrates were concentrated using a rotary 
evaporator at 40°C under reduced pressure following 
filtration through Wattman number 1 filter paper. After 
gathering the two dry extracts in each amber glass container 
and estimating the percentage of recovery, the extracts were 
kept at 4°C until needed. 

Preliminary screening for phytochemicals 

Using color tests and standard methods as described by 
Harborne (1998) with slightly modified by  Saeed et al. (2023), 
preliminary screening of the extracts and identification of 
major phytochemicals such as alkaloids, triterpenoids, tannins, 
flavonoids, cardiac glycosides, quinones, carbohydrates, 
saponins and proteins were carried out.

Activity of DPPH free radical scavenging 

The DPPH technique (Sgherri et al. 2012) was used to detect 
anti-radical compounds in the extracts. Each extract 100 μL 
was put into a test tube with 290 μL of DPPH solution 
(0.004% in methanol). The tubes are shaken and then left for 
half an hour at room temperature in the dark. At 517 nm, the 
absorbance was measured. Using the following formula, the 
percentage inhibition of free radical DPPH (I%) was 
determined:

I% = (A blank-A sample/A blank) ×100

Reducing power assay 

Various extracts of oleanderum leaves were tested for their 
lowering power activity using Oyaizu's 1986 method. To 
create reaction mixtures, 2.5 ml of potassium ferricyanide 
(1%) and phosphate buffer (0.2 M, pH 6.6) were added, along 
with various extract concentrations (10-50μg/ml). The 
reaction mixtures were then allowed to cool to room 
temperature (28°C) after 30 minutes of incubation at 50°C in 
a water bath. 2.5 ml of 10% TCA (trichloro acetic acid) was 
then added to each reaction mixture, and the mixtures were 
centrifuged for 10 minutes at 2500 rpm. After separating the 
2.5 ml of supernatant, the test tube was filled with 2.5 ml of 
distilled water, 0.5 ml of 1.0% FeCl3 and after allowing it to 
react for ten minutes at room temperature, the absorbance at 
700 nm was determined. 

Analytical statistics 

The findings were analyzed statistically and the results were 
calculated which reported as ± SD of determination. The 
statistical significance was confirmed using the t-test 
(p<0.05) in SPSS.

Results and discussion

Extraction yields

Based on the oleanderum plant material, the yields of the 
different leaf extracts were computed. In Fig. 1, the yield 
percentages obtained for the same quantity and extraction 
time are displayed. The percentage yields of this study were 
quite lower than described by Zaid et al. (2022) who 
estimated the % yield 49% for the pure methanol extract and 
36% for the methanol: water extract. This variation may be 
due to that the recovery yields depends on several factors, 
including solvents types, solvents polarity, extraction 
techniques, duration and temperature (Saeed et al. 2022).

pH, Moisture, Ash and Mineral determination

The oleanderum leaves had a pH of 6.0 which was 
measured by pH meter. The moisture, ash and minerals 
were measured using the standard AOAC methods. The 
results showed that the moisture was 4.1, the ash was 8.2 
and the minerals contained 70 ppm of potassium, 90 ppm 
of calcium and 105 ppm of sodium (Table I). All three 
minerals are essential for the body's metabolic and 
functional processes (Margitai et al. 2016). Except for 
moisture, our results were identical to those reported by 
Al-Obaidi, (2014). This study's moisture content was 
higher i.e. 4.1. Siham et al. 2014 reported similar results in 
his one study. The percentage of moisture is dependent on 
a number of variables, such as the types of solvents, their 
polarity, time, duration, temperature and the various 
seasons of the year. 

Phytochemical composition

Standardized chemical assays were used in the 
phytochemical screening process to determine whether 
the extract of oleanderum leaves contained any active 
ingredients. To obtain a general understanding of the 
major families present in plant material, we have 
conducted a phytochemical screening. This one is either 
predicated on the development of colored or insoluble 
compounds (Khalil et al. 2020). Phytochemical analysis 
showed that quinones and mucilage/gums were absent 
from all extracts with the exception of n-hexane in which 
gums were present. Common phytoconstituents such as 
saponins, phenolics, cardiac glycosides, alkaloids, 
tannins, flavonoids, terpenoids, protein and 
carbohydrates are present in all extracts. (Table II). Our 
findings align with the findings of Ghule et al. (2022). 
Triterpenes extracted with MeOH solvent by Begum et 
al. (1997), alkaloids, cardiac glycosides, steroid 
derivatives, fatty acids and phenolic compounds, 
(tannins, flavonoids) and saponins, have been identified 
in previous phytochemical studies on N. oleander 

(Çilesizoğlu et al. 2022). These molecules have 
analgesic, anti-inflammatory, anti-edematous, and 
antioxidant properties (Assia et al. 2022). This variety of 
substances may support their usage in conventional 
medical therapies.

Antioxidant activity 

Activity of DPPH radical scavenging 

The assay's findings are presented as a percentage of the 
DPPH free radical's scavenging activity. The standard 
antioxidant BHT and oleanderum various extracts were 
tested using the DPPH method and results were depicted in 
Fig. 2. The concentration of extracts (10-50 µg/ml) was 
shown to significantly improve the percentage inhibition of 
DPPH (4.7±0.2-85.15±5.4) in the results. With percentage 
inhibitions of 85.15±5.4 and 70.4±4.2, the ethanol and 
methanol extracts of N. oleander in this investigation exhibit 
potent anti-radical action. When measured at 50µg/ml, its 
activity was greater than that of BHT (63.10±3.7%), the 
standard synthetic antioxidant, water (56.3±2.8%), 
chloroform (48.5±2.4%), and n-hexane extract 
(23.01±1.7%). The % inhibition in the DPPH assay was 
higher in this study than given by Redha's (2020) works. He 
described the water extract of N. oleander leaves had a 
percentage scavenging activity (DPPH) of 28.15±0.81, 
whereas the methanol extract had 31.64±2.36% I. 
Nonetheless, these findings are consistent with the literature 
that has been provided (Mouhcine et al. 2019; Acharya et al. 
2021; Ayouaz et al. 2023). 

Scavenging the stable DPPH radical model is a commonly 
employed that facilitates the rapid assessment of antioxidant 
activity in comparison to alternative techniques. It was 

previously believed that antioxidants' capacity to donate 
hydrogen was the reason behind their impact on DPPH 
radical scavenging. Since DPPH is a stable free radical, it can 
receive an electron or hydrogen radical to change into a 
stable diamagnetic molecule which inhibits the propagation 
phase of lipid peroxide (Ahda et al. 2019; Byun et al. 2021). 
The absorbance of DPPH radicals at 517 nm decreased when 
antioxidants were present, indicating the radicals' capacity 
for reduction. Antioxidants promote a decrease in the 
absorbance of the DPPH radical by advancing the reaction 
between antioxidant molecules and the radical, which 
scavenges the radical by hydrogen donation. It manifests as a 
discoloration that change from purple to yellow. Therefore, 
to assess the antioxidative activity of antioxidants, DPPH is 
typically utilized as a substrate (Shariff et al. 2020; Saeed et 
al. 2023). By using the DPPH method to evaluate the ethanol 
extract from Nerium oleander leaves and BHT at different 
doses for radical scavenging, the results showed that the 
ethanol extract had higher DPPH scavenging activity than the 
other oleanderum extracts and standard antioxidant BHT.

Reducing power ability of oleanderum leaves extracts 

Using the absorbance of a blue complex, found in this assay 
in which the reaction mixture's higher absorbance indicated a 
stronger reductive potential and the reduction from Fe3+ to 
Fe2+ was occured (Kukreti et al. 2023). It was discovered that 
the oleanderum's reducing power varied greatly and 
absorbance increased as the concentration progressively 
increased (concentration-dependent). According to the graph 
(Fig. 3), the extracts' reducing power capacity rose together 
with their absorbance, indicating the existence of electron 

donors in the extract that serve as intermediates in reactions 
scavenging radicals (Saranya et al. 2017). Higher 
absorbance/reducing power were found in the following 
manners: ethanol extract ˃ methanol extract ˃ BHT extract ˃ 
water extract ˃ chloroform extract ˃ n-hexane extract. The 
reducing power of oleanderum leaf extracts is dose 
dependant. This is most likely because phenolic substances 
have hydroxyl groups that can serve as electron donors 

(Saeed et al. 2022). As a result, oleanderum antioxidants are 
thought to lessen and neutralize oxidants.

Conclusion

The findings demonstrated that oleanderum leaves possess a 
range of phyto-pharmacological compounds with potent 
antioxidant activity and with the application of innovative 
biotechnology techniques and state-of-the-art extraction 
technologies, these compounds may be utilized to treat a 
wide range of illnesses. These results will be helpful in future 
investigations to pinpoint separate and describe the precise 
compound which are natural antioxidants.
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Many related cardiac glycosides with activities comparable 
to those of digitalis are present in the plant. According to 
Aruna et al. (2020) the primary glycosides are oleandrin, 
neriine, cardenolides, gentiobiosyl and odoroside. Moreover, 
a wide range of additional pharmacologically active 
substances, such as shikimic acid, quercitin, quenonic acid, 
rutin, rosagenin, chlorogenic acid, folinerin and epicatechin. 
Additionally, roughly thirty cardenolides, mostly oleandrin 
and odorosides were identified or separated which are used in 
folk medicine to treat a variety of ailments, such as 
congestive heart failure, abscesses, asthma, dysmenorrhea, 
sores, eczema, epilepsy, herpes, leprosy, malaria, ringworm, 
scabies, indigestion, strokes, and neurodegenerative diseases 
(Kanwal et al. 2020).

According to recent research, oleandrin has also been shown to 
have beneficial anti-viral and anti-tumor effects (Botelho et al. 
2020; Roth et al. 2020), including those against "enveloped" 
viruses. Oleandrin also effectively prevents infections caused by 
the severe acute respiratory syndrome corona virus 2 
(SARS-CoV-2) (Plante et al. 2021). Phase I and Phase II clinical 
trials for malignant disorders were being conducted on the 
oleander extract drug PBI-05204 and Anvirzel, which have 
oleandrin as the active constituent (Terzioglu-Usak et al. 2020). 
According to Calderón-Montaño et al. (2013) and Cao et al. 
(2018), oleandrin also has a CNS depressing impact, 
antibacterial, cytotoxic, and antioxidant (Mouhcine et al. 2019), 
antifungal (Jabli et al. 2018), antihyperglycemic, larvicidal action 

(Sinha et al. 2016), activities that reduce inflammation (Atay et 
al. 2018), immunomodulating action and antiviral activities (Dey 
and Chaudhuri, 2014), the ability to inhibit proliferation (Ayouaz 
et al. 2020) and blood sugar regulation (Sikarwar et al. 2009). As 
a result, oleanderum has drawn a lot of interest from academics 
and is currently the pharmaceutical industry's main focus.

All aerobic creatures, including humans, have many damage 
removal and repair enzymes to remove or repair damaged 
molecules, as well as antioxidant defenses that guard against 
oxidative damages. These organic antioxidant systems, 
nonetheless, are not always effective. While butylated 
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) 
are synthetic antioxidants that are frequently found in 
processed foods, some negative effects have been observed 

(Saeed et al. 2023). Consequently, the recent quest for 
naturally derived antioxidant has been decreased.

However, all techniques for evaluating the antioxidant 
capacity of these samples are heavily impacted by solvent 
extraction due to the varying antioxidant potential of 
chemicals with different polarity in complex samples. In 
order to ascertain the total phenolic content and antioxidant 
activity of the water, methanol, water: methanol and acetone 

extracts of the oleander leaves, this study used a variety of 
in-vitro techniques, such reducing power, and 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
activity.

Materials and methods

Plant material

Oleanderum leaves were harvested in January 2023. After 
being transferred to the laboratory, the samples were 
allowed to cure at room temperature and out of direct 
sunlight. They were also carefully cleaned of any 
undesired material using distilled and tap water. After a 
week of air drying at room temperature, these were 
machine-ground into a fine powder.

Physico-chemical examination

A pH-Meter was used to determine the pH of the mixture that 
was created by combining 10 grammas of oleanderum 
powder with 100 milliliters of distilled water and shaking it 
with a magnetic stirrer for ten minutes. After two grammas of 
oleanderum powder were heated to 60°C in an electric oven 
for a full day, the percentage of moisture was calculated. To 
determine the weight loss, the heated material was cooled 
and then weighed. By burning 2 grammas of oleanderum 
powder at 550 degrees Celsius, the amount of ash that was 
left over was measured. A flame photometer was used to 
measure the minerals Na, Ca and K according to standard 
methods of AOAC, (2023).

Plant extract preparations

A mixture of 500 mL each of solvents i.e. hexane, 
chloroform, methanol, ethanol and water was added to 50g of 
powdered Oleanderum leaves separately. At 25°C, the two 
solid-liquid combinations were continuously agitated for 48 
hours. The two filtrates were concentrated using a rotary 
evaporator at 40°C under reduced pressure following 
filtration through Wattman number 1 filter paper. After 
gathering the two dry extracts in each amber glass container 
and estimating the percentage of recovery, the extracts were 
kept at 4°C until needed. 

Preliminary screening for phytochemicals 

Using color tests and standard methods as described by 
Harborne (1998) with slightly modified by  Saeed et al. (2023), 
preliminary screening of the extracts and identification of 
major phytochemicals such as alkaloids, triterpenoids, tannins, 
flavonoids, cardiac glycosides, quinones, carbohydrates, 
saponins and proteins were carried out.

Activity of DPPH free radical scavenging 

The DPPH technique (Sgherri et al. 2012) was used to detect 
anti-radical compounds in the extracts. Each extract 100 μL 
was put into a test tube with 290 μL of DPPH solution 
(0.004% in methanol). The tubes are shaken and then left for 
half an hour at room temperature in the dark. At 517 nm, the 
absorbance was measured. Using the following formula, the 
percentage inhibition of free radical DPPH (I%) was 
determined:

I% = (A blank-A sample/A blank) ×100

Reducing power assay 

Various extracts of oleanderum leaves were tested for their 
lowering power activity using Oyaizu's 1986 method. To 
create reaction mixtures, 2.5 ml of potassium ferricyanide 
(1%) and phosphate buffer (0.2 M, pH 6.6) were added, along 
with various extract concentrations (10-50μg/ml). The 
reaction mixtures were then allowed to cool to room 
temperature (28°C) after 30 minutes of incubation at 50°C in 
a water bath. 2.5 ml of 10% TCA (trichloro acetic acid) was 
then added to each reaction mixture, and the mixtures were 
centrifuged for 10 minutes at 2500 rpm. After separating the 
2.5 ml of supernatant, the test tube was filled with 2.5 ml of 
distilled water, 0.5 ml of 1.0% FeCl3 and after allowing it to 
react for ten minutes at room temperature, the absorbance at 
700 nm was determined. 

Analytical statistics 

The findings were analyzed statistically and the results were 
calculated which reported as ± SD of determination. The 
statistical significance was confirmed using the t-test 
(p<0.05) in SPSS.

Results and discussion

Extraction yields

Based on the oleanderum plant material, the yields of the 
different leaf extracts were computed. In Fig. 1, the yield 
percentages obtained for the same quantity and extraction 
time are displayed. The percentage yields of this study were 
quite lower than described by Zaid et al. (2022) who 
estimated the % yield 49% for the pure methanol extract and 
36% for the methanol: water extract. This variation may be 
due to that the recovery yields depends on several factors, 
including solvents types, solvents polarity, extraction 
techniques, duration and temperature (Saeed et al. 2022).

pH, Moisture, Ash and Mineral determination

The oleanderum leaves had a pH of 6.0 which was 
measured by pH meter. The moisture, ash and minerals 
were measured using the standard AOAC methods. The 
results showed that the moisture was 4.1, the ash was 8.2 
and the minerals contained 70 ppm of potassium, 90 ppm 
of calcium and 105 ppm of sodium (Table I). All three 
minerals are essential for the body's metabolic and 
functional processes (Margitai et al. 2016). Except for 
moisture, our results were identical to those reported by 
Al-Obaidi, (2014). This study's moisture content was 
higher i.e. 4.1. Siham et al. 2014 reported similar results in 
his one study. The percentage of moisture is dependent on 
a number of variables, such as the types of solvents, their 
polarity, time, duration, temperature and the various 
seasons of the year. 

Phytochemical composition

Standardized chemical assays were used in the 
phytochemical screening process to determine whether 
the extract of oleanderum leaves contained any active 
ingredients. To obtain a general understanding of the 
major families present in plant material, we have 
conducted a phytochemical screening. This one is either 
predicated on the development of colored or insoluble 
compounds (Khalil et al. 2020). Phytochemical analysis 
showed that quinones and mucilage/gums were absent 
from all extracts with the exception of n-hexane in which 
gums were present. Common phytoconstituents such as 
saponins, phenolics, cardiac glycosides, alkaloids, 
tannins, flavonoids, terpenoids, protein and 
carbohydrates are present in all extracts. (Table II). Our 
findings align with the findings of Ghule et al. (2022). 
Triterpenes extracted with MeOH solvent by Begum et 
al. (1997), alkaloids, cardiac glycosides, steroid 
derivatives, fatty acids and phenolic compounds, 
(tannins, flavonoids) and saponins, have been identified 
in previous phytochemical studies on N. oleander 

(Çilesizoğlu et al. 2022). These molecules have 
analgesic, anti-inflammatory, anti-edematous, and 
antioxidant properties (Assia et al. 2022). This variety of 
substances may support their usage in conventional 
medical therapies.

Antioxidant activity 

Activity of DPPH radical scavenging 

The assay's findings are presented as a percentage of the 
DPPH free radical's scavenging activity. The standard 
antioxidant BHT and oleanderum various extracts were 
tested using the DPPH method and results were depicted in 
Fig. 2. The concentration of extracts (10-50 µg/ml) was 
shown to significantly improve the percentage inhibition of 
DPPH (4.7±0.2-85.15±5.4) in the results. With percentage 
inhibitions of 85.15±5.4 and 70.4±4.2, the ethanol and 
methanol extracts of N. oleander in this investigation exhibit 
potent anti-radical action. When measured at 50µg/ml, its 
activity was greater than that of BHT (63.10±3.7%), the 
standard synthetic antioxidant, water (56.3±2.8%), 
chloroform (48.5±2.4%), and n-hexane extract 
(23.01±1.7%). The % inhibition in the DPPH assay was 
higher in this study than given by Redha's (2020) works. He 
described the water extract of N. oleander leaves had a 
percentage scavenging activity (DPPH) of 28.15±0.81, 
whereas the methanol extract had 31.64±2.36% I. 
Nonetheless, these findings are consistent with the literature 
that has been provided (Mouhcine et al. 2019; Acharya et al. 
2021; Ayouaz et al. 2023). 

Scavenging the stable DPPH radical model is a commonly 
employed that facilitates the rapid assessment of antioxidant 
activity in comparison to alternative techniques. It was 

previously believed that antioxidants' capacity to donate 
hydrogen was the reason behind their impact on DPPH 
radical scavenging. Since DPPH is a stable free radical, it can 
receive an electron or hydrogen radical to change into a 
stable diamagnetic molecule which inhibits the propagation 
phase of lipid peroxide (Ahda et al. 2019; Byun et al. 2021). 
The absorbance of DPPH radicals at 517 nm decreased when 
antioxidants were present, indicating the radicals' capacity 
for reduction. Antioxidants promote a decrease in the 
absorbance of the DPPH radical by advancing the reaction 
between antioxidant molecules and the radical, which 
scavenges the radical by hydrogen donation. It manifests as a 
discoloration that change from purple to yellow. Therefore, 
to assess the antioxidative activity of antioxidants, DPPH is 
typically utilized as a substrate (Shariff et al. 2020; Saeed et 
al. 2023). By using the DPPH method to evaluate the ethanol 
extract from Nerium oleander leaves and BHT at different 
doses for radical scavenging, the results showed that the 
ethanol extract had higher DPPH scavenging activity than the 
other oleanderum extracts and standard antioxidant BHT.

Reducing power ability of oleanderum leaves extracts 

Using the absorbance of a blue complex, found in this assay 
in which the reaction mixture's higher absorbance indicated a 
stronger reductive potential and the reduction from Fe3+ to 
Fe2+ was occured (Kukreti et al. 2023). It was discovered that 
the oleanderum's reducing power varied greatly and 
absorbance increased as the concentration progressively 
increased (concentration-dependent). According to the graph 
(Fig. 3), the extracts' reducing power capacity rose together 
with their absorbance, indicating the existence of electron 

donors in the extract that serve as intermediates in reactions 
scavenging radicals (Saranya et al. 2017). Higher 
absorbance/reducing power were found in the following 
manners: ethanol extract ˃ methanol extract ˃ BHT extract ˃ 
water extract ˃ chloroform extract ˃ n-hexane extract. The 
reducing power of oleanderum leaf extracts is dose 
dependant. This is most likely because phenolic substances 
have hydroxyl groups that can serve as electron donors 

(Saeed et al. 2022). As a result, oleanderum antioxidants are 
thought to lessen and neutralize oxidants.

Conclusion

The findings demonstrated that oleanderum leaves possess a 
range of phyto-pharmacological compounds with potent 
antioxidant activity and with the application of innovative 
biotechnology techniques and state-of-the-art extraction 
technologies, these compounds may be utilized to treat a 
wide range of illnesses. These results will be helpful in future 
investigations to pinpoint separate and describe the precise 
compound which are natural antioxidants.

Acknowledgement 

Authors are highly thankful to Food and Biotechnology 
Research Centre (FBRC), PCSIR, Labs Complex, Lahore 
Pakistan to provide financial assistant for the research.

References

Acharya R, Sharma B, Saratkar V, Amarghade M, Mehta R 
and Joshi PM (2021), Extraction, Phytochemical 
Screening, TLC and In-Vitro Anti-Oxidant Activity of 

Hydroalcoholic Extract of Nerium Oleander, Asian J 
Pharm Educ Res. 10(3): 21-29. doi.org/10.38164/ 
AJPER/10.3.2021.21-29

Ahda M, Lestari WT and Rahayu RLS (2019), Total phenol 
content and antioxidant activity of various 
concentrations of ethanol extract of Psidium Guajava 
L., Int J Pharm Res. 11(3): 1077–1082. doi. org/ 10. 
31838/ ijpr/ 2019. 11. 03. 078

Al-Obaidi, OHS (2014), Studies on antibacterial and 
anticancer effects of Nerium Oleander extracts, Eur. 
Chem. Bull. 3(3): 259-262.

AOAC (2023), Official methods of analysis, 21st Ed. 
Gaithersburg, Maryland, U.S.A.: Association of 
Official Analytical Chemists.

Aruna P, Mangaiyarkarasi R, Pavithra V, Rathnaswathy S 
and Renisha S (2020), Quantification of biopigments 
from Nerium oleander L. and assessing their 
antioxidant potential, The Pharma Innov J. 9(3): 
331-333. 

Assia B, Abdelkader A, Fatiha C, Taibi A, Guenaia A, 
Kerzabi R and Reda BA (2022), Phytochemical 
Screening and Antioxidant Properties of Nerium 
oleander Growing in Algeria Egypt, Acad J Biol Sci. 
14(2): 523-528. doi: 10.21608/EAJBSC.2022.29563

Atay BI, Gören AC, Kırmızıbekmez H and Yesilada E 
(2018), Evaluation of the in vitro anti-infl ammatory 
activity of Nerium oleander L. flower extracts and 
activity-guided isolation of the active constituents, 
Records Nat Prod. 12(2): 128-141. doi: 10. 25135/ 
rnp.15.17.05.100

Ayouaz S, Oliveira-Alves SC, Serra AT, Lefsih K, Samah M, 
Bento da Silva A, Madani K and Bronze MR (2021), 
LC-DAD-ESI-MS/MS analysis and cytotoxic and 
antiproliferative effects of chlorogenic acid derivative 
rich extract from Nerium oleanderL, pink flowers, 
Food Funct. 12(8): 3624-3634. doi:10. 1039/ 
d0fo02640a

Ayouaz S, Arab R, Mouhoubi K and Madani K (2023), 
Nerium oleander Lin: A Review of Chemical, 
Pharmacological and Traditional uses, J Biomed Res 
Environ Sci. 4(4): 641-650. doi: 10.37871/jbres1720

Ayouaz S, Koss-Mikołajczyk I, Adjeroud-Abdellatif N, 
Bartoszek A, Arab R, Aji Muhammad DR, Nur DL and  
Madani K (2023), Anticarcinogenic and antioxidant 
activities of leaves and flowers hydroalcoholic extracts 
of Nerium oleander L.: PCA analysis and 
phytochemical content by FTIR analysis, The North 
Afr J Food Nut Res. 7(15): 1-8. 

Ayouaz S, Oliveira-Alves SC, Lefsih K, Serra AT, Bento da 
Silva A, Samah M, Karczewski J, Madani K and 
Bronze MR (2020), Phenolic compounds from Nerium 
oleander leaves: microwave assisted extraction, 
characterization, antiproliferative and cytotoxic 
activities, Food Funct. 11(7): 6319-6331. doi: 
10.1039/d0fo01180k

Balkan IA, Doğan H, Zengin G, Colak N, Ayaz FA, Gören A, 
Kırmızıbekmez H and Yeşilada E (2018), Enzyme 
inhibitory and antioxidant activities of Nerium 
oleander L. flower extracts and activity guided 
isolation of the active components, Ind Crops Prod. 
112: 24-31. doi: 10.1016/j.indcrop.2017.10.058

Begum S, Siddiqui BS and Sultana R (1997), Triterpenoids 
from the leaves of Nerium oleander, Phytochem. 44(2): 
329-332. doi: 10.1016/S0031-9422(96)00515-8

Botelho AFM, Miranda ALS, Freitas TG, Milani PF, Barreto 
T and Cruz JS (2020), Comparative Cardiotoxicity of 
Low Doses of Digoxin, Ouabain, and Oleandrin, 
Cardiovasc, Toxicol. 20(6): 539-547. doi:10.1007/ 
s12012-020-09579-1

Byun NY, Heo MR and Yim SH (2021), Correlation of 
anti-wrinkling and free radical antioxidant activities of 
Areca nut with phenolic and flavonoid contents, Food 
Sci. Technol. 41(4): 1041-1049. doi:10. 1590/ fst. 
35520

Calderón-Montaño JM, Burgos-Morón E, Orta ML, Mateos 
S and López-Lázaro M (2013), A hydroalcoholic 
extract from the leaves of Nerium oleander inhibits 
glycolysis and induces selective killing of lung cancer 
cells, Planta Med. 79(12): 1017-23. doi: 10.1055/s- 
0032-1328715

Cao X, Nie X, Xiong S, Cao L, Wu Z, Moore PK and Bian JS 
(2018), Renal protective effect of polysulfide in 
cisplatin-induced nephrotoxicity, Redox Biol. 15: 
513-521. doi: 10.1016/j. redox.2018.01.012

Çilesizoğlu NB, Yalçin E, Çavuşoğlu K and Kuloğlu SS 
(2020), Qualitative and quantitative phytochemical 
screening of Nerium oleander L. extracts associated 
with toxicity profile, Sci Rep. 12: 214-21. 
doi.org/10.1038/s41598-022-26087-0

Dey P and Chaudhuri TK (2014), Pharmacological aspects of 
Nerium indicum Mill: A comprehensive review, 
Pharmacogn Rev. 8(16): 156-62. doi: 10.4103/ 
0973-7847.134250 

El-Taher AM, El Gendy AEG, Alkahtani J, Elshamy AI and  
Abd-ElGawad AM (2020), Taxonomic implication of 
integrated chemical, morphological, and anatomical 
attributes of leaves of eight Apocynaceae taxa,  
Diversity 12(9): 334. doi: 10.3390/d12090334

Farooqui S and Tyagi T (2018), Nerium oleander: It’s 
application in basic and applied science: A Review, Int 
J Pharm Pharm Sci. 10(3): 1-4. doi: 10.22159/ 
ijpps.2018v10i3.22505

Ghule YL, Jadhav RS and Vikhe DN (2022), Waghchaure 
AG. Department of Pharmacognosy. 
Pharmacognostical study and Biological potential of 
Nerium oleander Linn, Int J Advanced Res Sci, Comm 
Technol 2(1): 245-352. doi: 10.48175/IJARSCT-2543

Hameed HI, Jasim H, Kareem MA and Hussein OA (2015), 
Alkaloid constitution of Nerium oleander using Gas 
Chromatography- Mass Spectroscopy (GC-MS), J 
Med Plants Res. 9(9): 326-334. doi:10. 
5897/JMPR2015.5746

Harborne JB (1998), Textbook of phytochemical methods. A 
guide to modern techniques of plant analysis. 5th 
Edition, Chapman and Hall Ltd, London, pp 21–72.

Jabli M, Tka N, Ramzi K and Saleh TA (2018), 
Physicochemical characteristics and dyeing properties 
of lignin-cellulosic fibers derived from nerium 
oleander, J Mol Liq. 249: 1138-1144. doi.org/ 
10.1016/j.molliq.2017.11.126

Kanwal N, Rasul A, Hussain G, Anwar H, Shah MA and 
Sarfraz I (2020), Oleandrin: A Bioactive 
Phytochemical and Potential Cancer Killer via 
Multiple Cellular Signaling Pathways, Food Chem. 
Toxicol. 143: 111570. doi: 10.1016/j.fct.2020.111570

Khalil M and Alqahtany FZ (2020), Comparative Studies of 
the Synthesis and Physical Characterization of ZnO 

Nanoparticles Using Nerium oleander Flower Extract 
and Chemical Methods, J Inorg Organomett Polymr 
Mat. 30(9): 3750-3760. https://doi.org/10.1007 
/s10904-020-01494-w

Kukreti N, Chitme HR, Varshney VK, Abdel-Wahab BA,  
Khateeb MM and Habeeb MS (2023), Antioxidant 
Properties Mediate Nephroprotective and 
Hepatoprotective Activity of Essential Oil and 
Hydro-Alcoholic Extract of the High-Altitude Plant 
Skimmia anquetilia, Antioxidants. 12: 1167. https:// 
doi.org/10.3390/antiox12061167

Margitai Z, Simon E, Fábián I and Braun M (2016), 
Inorganic chemical composition of dust deposited on 
oleander (Nerium oleander L.) leaves, Air Qual Atmos 
Health. 10: 339-347. doi: 10.1007/s11869-016-0416-1

Mouhcine M, Amin L, Saaid A, Khalil H, Laila B and 
Mohammed E (2019), Cytotoxic, antioxidant and 
antimicrobial activities of Nerium oleander collected 
in Morocco, Asian Pac J Trop Med. 12: 32-37. 
doi:10.4103/1995-7645.250342

Oyaizu M (1986), Studies on products of browning reactions: 
antioxidative activities of products of browning 
reaction prepared from glucosamine, Japan J Nut. 44: 
307–315. https:// doi.org/10.5264/ eiyogakuzashi. 
44.307

Plante KS, Dwivedi V, Plante JA, Fernandez D, Mirchandani 
D and Bopp N (2021), Antiviral Activity of Oleandrin 
and a Defined Extract of Nerium Oleander against 
SARS-CoV-2, Biomed. Pharmacother. 138: 111457. 
doi:10.1016/j.biopha.2021.111457 

Redha AA (2020), Phytochemical Investigations of Nerium 
Oleander L. Leaves and Flowers, Int J Sci Res Chem 
Sci. 7(4): 01-04. 

Roth MT, Cardin DB, Borazanci EH, Steinbach M, Picozzi 
VJ and Rosemury A (2020), A Phase II, Single-Arm, 
Open-Label, Bayesian Adaptive Efficacy and Safety 
Study of PBI-05204 in Patients with Stage IV 
Metastatic Pancreatic Adenocarcinoma, Oncol. 
25(10): e1446–e1450. doi:10.1634/theoncologist. 
2020-0440

Saeed MK, Zahra N, Abidi SHI and Syed Q (2022), 
Phytochemical Screening and DPPH Free Radical 

Scavenging Activity of Aloe vera (Aloe barbadensis 
Miller) Powder, Int J Food Sci Agri. 6(3): 301-308. 
doi: 10.26855/ijfsa.2022.09.010  

Saeed MK, Zahra N, Saeed A, Shahzad K, Nawaz S, Abidi 
SHI and Syed Q (2023), Antimicrobial and antioxidant 
properties of water and methanolic extract of G. glabra 
native to Pakistan, Chem Int. 9(2): 61-67. 
doi.org/10.5281/zenodo.8117614

Saeed MK, Zahra N, Saeed A, Abdi SHI and Syed Q (2022), 
Syzygium Cumini L. Seed A Potent Source of Fiber, 
Protein and Natural Antioxidants, LGU. J. Life Sci. 
6(3): 252-266. doi.org/10.54692/ lgujls.2022. 0603227

Saeed MK, Zahra, N, Saeed A and Syed Q (2023), 
Physicochemical Characteristics, Total Phenolic 
Content and Free Radical Scavenging Activity of 
Apple (Malus domestica) Peel Powder, Paki Bio 
Med J. 6(2): 7-11.  https://doi.org/10.5 4393/ 
pbmj.v6i02.847

Saeed MK., Zahra N, Saeed A, Hussain A, Abidi SHI and 
Syed Q (2023), Potential of Moringa oleifera for 
Nutritional security, Phytochemicals and Antioxidants 
grown in Kasur, Pakistan,  Acta Pharm. Sci. 61(4): 
429-448. doi: 10.23893/1307-2080.APS6128

Saranya S, Archana D and Santhy KS (2017), Antimicrobial 
and Antioxidant Effects of Nerium oleander Flower 
Extracts, Int. J. Curr. Microbiol. App. Sci. 6(5): 
1630-1637. doi.org/10.20546/ijcmas.2017.605.178

Sgherri C, Pinzino C and Quartacci MF (2012), Antioxidant 
potential in lipophilic and hydrophilic extracts from 
medicinal herbs (Salvia officinalis and Echinacea 
angustifolia). A comparison between assays based on 
electron paramagnetic resonance and 
spectrophotometry. Am. J. Agric. Biol. Sci. 7: 417-424.                                                  
doi: 10.3844/ajabssp.2012.417.424

Shariff NFS, Singgampalam M, Ng T and Kue CS (2020), 
Antioxidant activity and zebrafish teratogenicity of 
hydroalcoholic Moringa oleifera L. leaf extracts, Br 
Food J. 122(10): 312-3137. https:// doi. org/ 10. 1108/ 
bfj- 02- 2020- 0113

Siham L, Saida O, Moha T, Nadia S and Hakima A (2014), 
Chemical analysis and antioxidant activity of “Nerium 

oleander” leaves, Onnine J Biol Sci. 14(1): 1-7. 
doi:10.3844/ojbssp.2014.1.7

Sikarwar MS, Patil MB, Kokate CK, Sharma S and Bhat V 
(2009), Antidiabetic activity of Nerium indicum leaf 
extract in alloxan-induced diabetic rats, J Young 
Pharm. 1(4):330. doi:10.4103/0975-1483.59323

Sinha D, Sarkar N, Biswas J and Bishayee A (2016), 
Resveratrol for breast cancer prevention and therapy: 
Preclinical evidence and molecular mechanisms, 
Semin Cancer Biol. 40-41: 209-232. doi: 
10.1016/j.semcancer.2015.11.001

Terzioglu-Usak S, Nalli A, Elibol B, Ozek E and Hatiboglu 
MA (2020), AnvirzelTMregulates Cell Death through 
Inhibiting GSK-3 Activity in Human U87 Glioma 
Cells, Neurol. Res.  42(1): 68-75. doi:10.1080/ 
01616412.2019.1709744

Zaid R, Canela-Garayoa R, Ortega-Chacón NM and 
Mouhouche F (2022), Phytochemical analyses and 
toxicity of Nerium oleander (Apocynaceae) leaf 
extracts against Chaitophorus leucomelas Koch, 1854 
(Homoptera: Aphididae), J Saudi Soc Agri Sci. 21: 
310-317. doi.org/10.1016/j.jssas.2021.10.011


