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ABSTRACT
Background: Extracts from Azadirachta indica  (A. indica) tend to 
provide numerous health benefits including antioxidant activity. 
The main objectives for this research were to use standard 
procedures to determine total phenols, total alkaloids, total flavonoid, 
1,1‑diphenyl‑2‑picrylhydrazine (DPPH)‑scavenging activity, ferric reducing 
power, and total antioxidant capacity and analyze active components 
of the extracts using high‑performance liquid chromatography  (HPLC). 
Materials and Methods: In vitro antioxidant potential of the A. 
indica extract was evaluated using DPPH and total antioxidant ability 
assays. Ferric reducing power ability of the extract was also examined 
using tannic acid and ascorbic acid as standard. Concentrations of 
plant extracts ranging from 0.02 to 0.10  mg/ml were prepared and 
mixed with appropriate volumes of reagents. Results: Methanol 
extract of A. indica exhibited higher content of phytochemical 
compounds  (alkaloid  =  1.9  mg QE/g; flavonoids  =  3.5  mg QE/g; and 
phenols  =  4.9  mg QE/g) at concentration 0.1  mg/ml compared to the 
acetone/water extract (alkaloid = 1.7 mg QE/g; flavonoids = 1.4 mg QE/g; 
and phenols = 2.6 mg QE/g). An overall trend found in the present study 
highlights the fact that the methanol extracts have better antioxidant 
capacities (DPPH, total antioxidant ability, and ferric reducing antioxidant 
property) than the acetone/water extract. HPLC analysis conducted also 
reveals seven peaks for methanol extract and six for acetone–water 
extract with different heights. Conclusion: HPLC analysis of A. indica 
extracts exhibited the presence of azadirachtin compound. The study 
showed that the extracts can competently protect the body against 
oxidative stress and therefore can be used as a source of potent natural 
antioxidant compounds.
Key words: Antioxidant activity, Azadirachta indica, high‑performance 
liquid chromatography analysis, leaf extracts, phytochemicals

SUMMARY
•  This research reports the use of standard procedures to determine total phy‑

tochemicals and antioxidant capacity and analyze active components of the 
extracts using high‑performance liquid chromatography

•  The present study highlights the fact that the methanol extracts have better 
antioxidant capacities than the acetone/water extract

•  The study revealed that the extracts can expertly shield the body against 

oxidative stress and thus can be used as a source of potent natural antioxi‑
dant compounds.

Abbreviations Used: HPLC: High‑performance liquid chromatography, 
GAEs: Gallic acid equivalents, TCA: Trichloroacetic acid, 
DPPH: 1,1‑Diphenyl‑2‑picrylhydrazine, FRAP assay: Ferric reducing 
antioxidant property.
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INTRODUCTION
Plants contain non‑nutritive chemicals that have defensive or disease 
preventive possessions. A particular healing potential of plants is their 
antioxidant activity against free radicals. In the human body, oxidative 
damage of biological molecules by free radicals, namely reactive oxygen 
species  (ROS) and reactive nitrogen species  (RNS), is involved in 
obesity, aging, lipid metabolism disorders, diabetes mellitus, coronary 
heart disorders, and cancer.[1] The ROS and RNS include diverse reactive 
entities, namely superoxide  (O2−), hydroxyl  (OH−), peroxyl  (ROO−), 
peroxynitrite (ONOO−), and nitric oxide (NO−) radicals as well as nonfree 
radical species such as hydrogen peroxide (H2O2), nitrous acid (HNO2), 
and hydrochlorous acid (HOCl).[2] The possible reasons for the existence 

of free radicals triggering oxidative stress are the occasional leakages 
from continuous exposure to chemicals, contaminants, and other 
exogenous factors.[3,4] Phytochemical compounds, such as phenols, have 
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been described to have antioxidant, hypolipidemia, antimutagenic, and 
anticarcinogenic activities and hence have received much attention.[5,6]

Natural antioxidants are found in foods and also characterized by 
aerobic organisms by both enzymatic and nonenzymatic defense 
mechanisms.[7,8] Synthetic antioxidants mostly used have been 
pronounced to cause greater risks of side effects, such as toxicity 
cell damage and inflammation. This has, therefore, caused a greater 
interest in finding antioxidant therapeutic solutions from natural 
sources.[9]

Conventionally, solvents such as methanol, ethanol and acetone have 
been routinely used to extract phenolic/antioxidant compounds from 
fresh plants at different concentrations in the presence of water;[10] plays 
a substantial character in the precise quantification of antioxidants.
Nevertheless, in general, solvents such as methanol, ethanol, and acetone 
have different polarities, vapor pressures, and viscosities; solvents with 
low viscosity have low density and high diffusivity, which can allow them 
to with no trouble diffuse into the pores of the plant materials to leach 
out the active constituents.[11,12]

Although extensive investigation on the antioxidant properties of 
most plants, little is known about the many tropical underutilized 
plants in developing countries, especially Ghana. One such plant is 
Azadirachta indica  (A. indica) which is a versatile perennial slender 
creeping herb. A. indica also known as neem tree and Indian lilac is a 
tree in the mahogany family Meliaceae and one of two species in the 
genus Azadirachta. The plant has shown many health remunerations, 
for instance, exhibiting immunomodulatory antimalarial, antioxidant, 
antifungal, antibacterial, anticarcinogenic, antiulcer, antimutagenic, 
and anti‑inflammatory properties.[13] Therefore, in this study, the 
phytochemical constituents, antioxidant property, and high‑performance 
liquid chromatography analysis of methanol and acetone–water extracts 
of A. indica leaf were investigated to assess the potential protective benefits 
of this plant against degenerative reactions induced by free radicals.

MATERIALS AND METHODS
Plant material
Fresh leaves of A. indica  (neem) were collected from the University of 
Cape Coast Botanical Garden, Ghana, during the autumn season. The 
taxonomic identity of the leaf was determined with voucher number 
UC/SBS/00134, by a plant taxonomist at the Department of Botany, 
University of Cape Coast, Ghana. The sample was washed under running 
tap water to eradicate undesirable dirt and other foreign materials. The 
sample was air‑dried under shade until no moisture left. The dried 
sample was ground into powder using a blender.

Preparation of plant extracts
Methanol and acetone–water extraction
Using the Soxhlet apparatus, the powdered leaves (45 g) were extracted 
distinctly using 250 mL methanol and 400 mL acetone–water solvents. 
The acetone–water solvent was in 1:1 ratio. The extraction process was 
run for 5 h. The solvents used were afterward recovered under pressure 
using the rotatory evaporator, thereby concentrating the extracts.

Phytochemical screening
Qualitative analysis
Phytochemical qualitative test of the methanol and acetone–water 
extracts of A. indica  (neem) was performed in accordance with 
standard protocols[14‑16] to reveal the existence of reducing sugars, 
proteins, phenolic compounds, flavonoids, tannins, saponins, alkaloids, 
terpenoids, and cardiac glycosides.

Quantitative analysis
Determination of total phenolic content
The total phenolic content was determined using the Folin–Ciocalteu 
assay described by Meda et al.[17] Briefly, 0.5 mL of extract  (1 mg/mL) 
and 2.5 mL of 10% Folin–Ciocalteu reagent solution were mixed. After 
incubation for 2  min at room temperature, 2.5  mL of 7.5% sodium 
carbonate solution was added. The mixture was incubated at 45ºC for 
45 min and subsequently photometrically measured at 760 nm. Gallic 
acid  (0–100 μg/mL) was used as standard to produce the calibration 
curve. The average of three readings was used, and the total phenolic 
content was articulated in milligrams of gallic acid equivalents (GAEs) 
per g of the leaf extract.

Determination of total alkaloids
Exactly 1 g of the sample was weighed into a 250 ml beaker, and 40 ml of 
10% acetic acid in ethanol was added and covered and permitted to stand 
for 4 h. This was filtered, and the extract was concentrated on a water 
bath to one‑quarter of the original volume. Concentrated ammonium 
hydroxide was added dropwise to the extract until the precipitation was 
through. The whole solution was allowed to resolve, and the precipitate 
was collected and washed with dilute ammonium hydroxide and then 
filtered. The reaction mixture was incubated in the dark for 30  min 
and the absorbance read at 512 nm. Gallic acid was used as standard to 
produce the calibration curve. The average of three readings was used, 
and the total alkaloid content was articulated in milligrams of GAEs 
per g of the leaf extract. The filtrate is the alkaloid, which was dried and 
evaluated.[14]

Determination of total flavonoids
Exactly 1 g of the plant sample was extracted repetitively with 10 ml of 
80% aqueous methanol at room temperature. The whole solution was 
filtered through Whatman filter paper No.  42  (125  mm). The residue 
was later transported into a container and vaporized into dryness over a 
water bath and weighed to a constant weight.[18]

Determination of free radical scavenging activity
Ferric reducing antioxidant property (assay)
Ability of the sample extracts to reduce ferric ions was 
measured according to the modified method defined by Oyaizu, 
1986. A mixture containing 2.5 mL of 0.2 M phosphate buffer (pH 6.6) 
and 2.5 mL of K3Fe  (CN)6  (1% w/v) was added to 1.0 mL of different 
concentrations (0.02–0.10 mg/ml) of extract and standards prepared in 
distilled water. The resulting mixture was incubated for 20 min at 50°C, 
followed by the addition of 2.5  mL of trichloroacetic acid  (10%  w/v), 
which was then centrifuged at 3000 rpm for 10 min. About 2.5 mL of 
the supernatant was mixed with 2.5 mL of distilled water and 0.5 mL of 
FeCl3 (0.1% w/v). The absorbance was then measured at 700 nm against 
a blank sample containing a phosphate buffer. Better absorbance of the 
reaction mixture points out greater reducing power of the plant extract.

Determination of 1,1‑diphenyl‑2‑picrylhydrazine ‑free radical 
scavenging activity
1,1‑diphenyl‑2‑picrylhydrazine  (DPPH) radical scavenging 
activity was measured conferring to the technique of Shimada 
et  al. 1992. The reaction mixture contained 1.0  mL of a number 
of concentrations  (0.02–0.10  mg/mL) of extracts and standard 
(ascorbic acid) and 1.0  mL of DPPH solution  (0.135 mM). The 
mixture was shaken robustly and left in an obscure environment for 
30 min. The absorbance was measured at 517 nm against a reagent 
blank containing only methanol. All experiments were performed in 
triplicates. The inhibition percentage for scavenging DPPH radical 
was calculated according to the equation:
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Where A0 was the blank absorbance and A1 was the mixture containing 
the extract absorbance or the standard absorbance.

Total antioxidant ability assays
The antioxidant activity of the extracts was assessed by the 
phosphomolybdenum method bestowing to the technique of Prior 
et al.[19] A reagent solution prepared contained ammonium molybdate 
(4 mM), sodium phosphate  (28 mM), and sulfuric acid  (0.6 M) and 
mixed in 1:1:1 ratio, respectively. Accurately, 0.3  mL of the various 
concentrations of the extracts  (20–200 μg/mL) was mixed with 3  mL 
of the reagent solution. The tubes containing reaction solution were 
incubated at 95°C for 60–90 min. Then, the absorbance of the solution 
was measured at 695 nm using spectrometer against blank after cooling 
to room temperature. For standard  (ascorbic acid), concentrations of 
20–200 μg/mL were used. Each concentration was prepared in triplicates. 
A mixture containing 0.3 mL methanol and 3 mL reagent solution was 
used as a blank.

High-performance liquid chromatography analysis
Serial dilutions of both solvents extracts (acetone–water and methanol) 
thus, the mobile phase, were prepared. About 1  mL of the various 
concentrations were pipetted into the sample collectors and placed on 
the autosampler. The high‑performance liquid chromatography (HPLC) 
was then allowed to carry out the analysis in an isocratic condition using 
a C8 reverse phase column at 35°C. Each sample was run for 20 min. The 
flow rate for the analytical separation was 1  mL/min. Origin 8.1 data 
analysis tool was then used to analyze the results obtained.

Statistical analysis
All tests were conducted in triplicate. Data are reported as 
mean ± standard error. Results were evaluated statically using Microsoft 
Excel 2010 and Origin 8.1 data analysis tool.

RESULTS AND DISCUSSION
Phytochemical analysis
Phytochemical screening piloted discovered the existence of steroids, 
flavonoids, saponins, tannins, alkaloids, and glycosides in both neem 
leaf extracts. On the other hand, anthraquinones were lacking in both 
solvent extracts and terpenoids only absent in the acetone–water 
extract [Table 1]. The presence of these chemical compounds indicated 
their solubility in the extraction solvents. These results are seen to be in 
agreement with a comparative report of diverse extraction solvents by 
Cowan.[20]

Total phenolic content
Phenol, an important phytochemical constituent, shows an essential role 
in reducing free radicals found in the body. This can be associated with the 
methanol extract having more phenolic compounds than that of acetone–
water extract. The methanolic extract (4.9 mg QE/g) showed relatively 
high amount of total phenol content as compared to acetone–water 
extract (2.6 mg QE/g) of neem leaf, and this can be attributed to their 
solubility levels in the extraction solvents [Table 2 and Figure 1]. Redox 
potentials of the phenolic composites allow them to perform as reducing 
agents, hydrogen donators, and singlet oxygen quenchers and also tend 
to have metal chelation potentials.[21]

Total flavonoids
The two different extracts contain different amount of flavonoids in 
methanol extract (3.539 mg QE/g) and acetone–water extract (1.4 mg QE/g) 
[Table 2 and Figure 2]. Total flavonoid content determined was found to 
be higher in the methanol extract than the acetone–water. This result then 
confirms the correlation between antioxidant activity, total phenol, and 
total flavonoids contents. Thus, the antioxidant capacity of the two solvents 
can be anticipated on the basis of its total phenols and total flavonoids 
contents. Difference in quantity of total flavonoids seen can be as a result 
of the poor water solubility attributable to their phenolic nature [Figure 2]. 
Findings by   Ghimeray and group.[22] reported high total polyphenol 
and total flavonoid substances in methanol crude neem leaf extract than 
in water neem leaf extract which supports the drift found in our study. 
The enzyme polyphenol oxidase which reduces polyphenols in aqueous 
media can be credited to the level of polyphenols in aqueous extract.[22,23] 
As a result of the high amount of flavonoids in methanol extract (3.5 mg 
QE/g)  [Table  2 and Figure  2], a number of chronic and degenerative 
ailments, for example, cancer, cardiovascular diseases, arthritis, aging, 
cataract, memory loss, and Alzheimer’s diseases, whose underlying 
condition is as a result of deficiency in the level of antioxidant, can be 
prohibited or hindered. Furthermore, methanol neem leaf extract can be 
used to protect biological molecules (proteins) which are at risk of damage 
by the presence of free radicals.[24‑26]

Table 1: Phytochemicals screening of methanol and acetone-water neem leaf 
extract

Phytochemicals Methanol extract Acetone‑water extract
Phenols +++ ++
Steroids ++ +
Terpenoids + −
Flavonoids +++ ++
Saponins ++ +
Anthraquinones − −
Tannins + + +
Alkaloids ++ +
Glycosides + ++

+: Present; −: Absent

Table 2: Quantitative contents of phytochemicals in methanol and 
acetone-water Azadirachta indica (neem) leaf extract (mg/QE/g)

Samples Flavonoids Phenols Alkaloids
Acetone/water 1.4±0.5 2.3±0.09 1.7±0.01
Methanol 3.5±0.38 49±0.084 1.9±0.034

Values represent the mean of three readings±SD of the mean. SD: Standard 
deviation

Figure 1: Standard curve for total phenol content estimation at 760 nm
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deliberated as reductants, and the inactivation of oxidants by reductants 
is described as a redox reaction.[29] Figure 5 shows the results of the FRAP 
assay of methanol and acetone–water extracts of A. indica (neem tree) 
leaf. The methanol extracts of the A. indica  (neem tree) leaf showed 
significantly higher FRAP values compared to all of the acetone–water 
extracts. An inclusive trend found in the present study climaxes the 
point that the methanol extract has better antioxidant abilities than 
the aqueous extract. A  conceivable intention for this dissimilarity is 
that methanol and acetone–water accumulates different quantities 
of phytochemicals, which in turn can affect the level of antioxidants 
present.

Total antioxidant capacity
Antioxidants substituting as reducing agents scavenge free radicals in 
the body. To work effectively and efficiently, they need to have some 
level of antioxidant capacity. In a concentration‑dependent manner, the 
A. indica (neem tree) leaf extracts were initiated to have lower level of 
total antioxidant capacity than the standard, ascorbic acid. Furthermore, 
between the two solvent extracts, methanol extract was found to contain 
high antioxidant level than the acetone–water  [Figure  6]. Phenol, 
an important phytochemical constituent, shows a significant role in 
reducing free radicals found in the body. This can be associated with 
the methanol extract having more phenolic compounds than that 
of acetone–water extract, thereby reducing more phosphomolybdic 
acid (Mo+6) to the phosphate/Mo+5 complex (green chromogen) than the 
acetone–water extract.[30]

High-performance liquid chromatography analysis
The HPLC analysis revealed several peaks in excess of seven in 
the methanol A. indica  (neem tree) leaf extract and six peaks for 
acetone–water A. indica  (neem tree) leaf extract. The six peaks found 
in the acetone–water A. indica  (neem tree) leaf extract were common 
to both extracts with different heights/area  (similar retention times 

Figure 3: Standard curve for total alkaloid content estimation at 512 nm

Figure 5: Ferric reducing power of methanol and acetone–water extracts 
from Azadirachta indica (neem tree) leaf and standard, ascorbic acid

Total alkaloids
There was a statistically significant difference in the levels of alkaloids 
between the methanol and acetone–water extracts of A. indica (neem tree) 
leaf. Because of the increased quantity of alkaloids in methanol extract 
(3.5 mg QE/g) [Table 2 and Figure 3], a number of chronic and degenerative 
ailments such as cancer, cardiovascular diseases, arthritis, aging, cataract, 
memory loss, and Alzheimer’s diseases, whose underlying condition is as a 
result of deficiency in the level of antioxidant, can be prohibited or delayed.

Antioxidant activity
% Inhibition of 1,1‑diphenyl‑2‑picrylhydrazine assay
The in vitro antioxidant assays performed on this plant reveal significant 
antioxidant potential. DPPH is a stable‑free radical commonly used to 
investigate the scavenging activity of phytochemicals. The outcomes 
of the DPPH‑scavenging activity of the two extracts, alongside with 
ascorbic acid (reference standards), are presented in Figure 4. Although 
both extracts of A. indica  (neem tree) leaf show DPPH‑scavenging 
activity, the activity is lower compared to the standards (tannic acid and 
ascorbic acid). The methanol extract shows higher activity  (48.98%) 
paralleled to the acetone–water extract which shows 32.29% inhibition at 
the highest concentration of 0.1 mg/ml. This result agrees well with the 
result on total phenolic content which is higher in the methanol extract. 
Usually, high total phenol contents lead to an improved DPPH‑scavenging 
activity.[27,28] Furthermore, this result is in line with other findings[28] where 
methanol extract showed higher antioxidant activity over aqueous extract.

Ferric reducing power (ferric reducing antioxidant property)
The ferric reducing antioxidant property (FRAP) assay is mostly labored 
to measure the antioxidant influence of any constituent in the reaction 
medium, as its reducing ability. Naturally, the present antioxidants are 

Figure  4:   1,1-Diphenyl-2-picrylhydrazine scavenging activities of 
methanol and acetone–water extracts from Azadirachta indica  (neem 
tree) leaf and standard, ascorbic acid

Figure 2: Standard curve for total flavonoid content estimation at 512 nm
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between 180 and 360 s) [Figures 7‑9]. This suggests that both extracts 
have similar or same components with different compositions.
Serially diluted samples were introduced into the HPLC using the 
autosampler. The chromatogram from the methanolic extracts 
showed increasing peak height/area for the increasing concentrations. 
Similar trends were observed for acetone–water extracts. There were, 
however, larger peak heights for the methanolic extracts as paralleled 
to the acetone–water one. These observed trends are presented in the 
chromatograms [Figures 7‑9].
HPLC results of neem leaf hexane extracts by Ghimeray and coworkers 
to show azadirachtin and nimbin reported only the presence of nimbin 
content at a retention time around 29  min. However, the retention 
time between 0 and 5  min of the neem leaf hexane extract showed 
similar chromatograms for both the methanol and acetone–water A. 
indica  (neem tree) leaf extracts in this study. This, therefore, shows 
linearity between chromatogram peaks from hexane, methanol, and 

acetone–water A. indica  (neem tree) leaf extracts. This similarity in 
results indicates the extraction of similar active components by different 
solvent systems and their concentrations related to their level of solubility 
in the solvent systems used.

CONCLUSION
The outcome of this research points out that extracts of A. indica 
(neem tree) leaf comprise a variety of phytochemical compounds in 
appreciable quantity that can expertly protect the body against oxidative 
stress caused by free radicals and might, therefore, be used as a source 
of potent natural antioxidant compounds. The antioxidant activity of 
A. indica  (neem tree) leaf may justify further investigation of its other 
beneficial biological properties and determine its safety.
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Figure  6: Total antioxidant activities of methanol and acetone–water 
extracts from Azadirachta indica  (neem tree) leaf and standard, ascorbic 
acid

Figure  8: Chromatogram of varying concentrations of methanol neem 
leaf extract at 254  nm by high-performance liquid chromatography 
analysis

Figure  7: Chromatogram of varying concentrations of acetone–water 
neem leaf extract at 254 nm by high-performance liquid chromatography 
analysis

Figure 9: Chromatogram of both spectra for methanol and acetone–water 
extracts by high-performance liquid chromatography analysis
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