
Research Article Natural Medicinal Materials 17

Evaluation of different solvents for extraction of
phytochemical constituents and antioxidant activities
of the leaves of Acanthus montanus (Nees) T.
Anderson
ALE JOY ENITAN1, LAWAL IBRAHEEM ODUOLA1,*, AND OMOGBENE TEMITOPE OLORUNYOMI1

1Biomedicinal Research Centre, Forestry Research Institute of Nigeria (FRIN), P.M.B 5054, Jericho Hills Ibadan, Nigeria
*Corresponding author: ibroodula@gmail.com

Published: December 25, 2021
Received: February 14, 2021
Accepted: April 12, 2021
Published on-line: October 15, 2021

Bear’s breech or mountain thistle (Acanthus montanus (Nees) T. Anderson) is a shrub belonging
to Acanthaceae family. It is widespread in Africa, Romania, Greece, and Eastern Mediterranean.
African people engage its medicinal use for the management of urethral pain, endometritis, urogenital
infections, urinary disease, aches and pains. Fresh leaves of A. montanus were collected from
Forestry Research Institute of Nigeria (FRIN) herbal garden and identified at the Forestry Herbarium,
Ibadan. About 200 g of the powered sample was macerated in 400 mL each of three organic solvents
such as ethyl acetate, acetone and methanol respectively, for 24 h. Each extracts were screened
for phytochemicals such as flavonoids, saponins, phenols, terpenoids, phlobotannins, alkaloids,
tannins, and cardiac glycosides. Estimation of total flavonol content, and antioxidant assays such as
2,2-diphenyl-1-picrylhydrazyl (DPPH) and nitric oxide radical scavenging activity were also carried
out. The quantitative phytochemical test (flavonol content) revealed that Acanthus montanus methanol
extract was the richest one among the solvent systems while acetone extract gave the best antioxidant
activity. It was observed that the antioxidant activity could be attributed to moderately polar extracts.
The study, therefore, provides evidence that various solvents used in extraction can result in differences
in quantitative phytochemicals and antioxidant activity.
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1. INTRODUCTION

Plants are valuable sources of food and medicine for the preser-
vation of human health and management of nutrition-related
syndrome (Aliyu et al., 2008; Lawal et al., 2020a). Herbal reme-
dies have been a reliable source that salvaged man’s health
from various diseases, both mild and life-threatening, before
the advent of allopathic drugs (Adam and Omogbene, 2020).
In the same vein, plant extracts as well as other alternative
forms of medical treatment have made large contributions to
human health and well-being (Chukwujekwu et al., 2005).
Folk medicine is gaining more attention from researchers
which are looking for better drugs against microbial infec-
tions (Benkeblia, 2004; Pieme et al., 2008). Moreover, plants
use for the management of common and diverse ailments is
popular and still sustained among African people (Lawal et al.,
2020b; Moyo et al., 2015; Sofowora, 1996).

Over the years, secondary plant metabolites, previously with

unknown pharmacological activities, have been thoroughly
investigated as a source of medicinal agents (Krishnaraju et al.,
2006). Hence, it has been proven that medicinal plants compo-
nents characterize certain disease prevention capacity, and also
proved effective in the treatment of complex cases like cancer
as ingredients of medicinal plants all interact synchronously,
such that their uses supplement or destroy one another even
as they counteract their possible side effects (Hassan, 2012).
Although the study of phytomedicines has drawn the atten-
tion of researchers worldwide and alternative medicine has
been found to be free from any effect associated with conven-
tional orthodox medicine. However, it is essential to deter-
mine the composition of the secondary metabolites and the
antioxidants effects to be sure of the level of toxicants and hy-
pothesize the real actions of the bioactive principles resident
in plants parts (Bandaranayake, 2006; Hussein and El-Anssar,
2018; WHO, 2005).
Bear’s breech or mountain thistle (Acanthus montanus (Nees)
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T. Anderson) belonging to Acanthaceae family is a shrub
widespread in Africa, the Balkans, Romania, Greece, and East-
ern Mediterranean. It is widely engaged ethnomedicinally for
the management of bacterial infection. The common names
of Acanthus montanus are alligator plant, bear’s breeches, and
mountain thistle. In Nigeria, the plant is locally called cog-
wudurunwashishi’ (Ibo), ebe-igbe’ (Akoko-Edo) ‘karinkan’
(Yoruba). The various popular names it is called in south-
ern Nigeria are "Elele-nyijuo", "Agamsoso" and "Agameru"
(Igoli et al., 2004). It is used in African traditional medicine
for the treatment of urogenital infections, urethral pain, en-
dometritis, urinary disease, cystitis, leucorrhoea, aches, and
pains. In south-eastern Nigeria, the root is popular and ac-
claimed highly effective in the treatment of furuncles (Okoli
et al., 2008). The roots are used for bathing to relieve aches and
pains (Ibe and Nwufo, 2005). The pharmacological activities
of the plant leaves are documented shown to possess spas-
molytic (Adeyemi et al., 1999) anti-inflammatory, analgesic,
and antipyretic properties (Okoli et al., 2008).
The aim of this study was phytochemical screening, estima-
tion of total flavonols content and evaluation of antioxidant
activities of Acanthus montanus leaf extracts prepared using
different solvents.

2. MATERIALS AND METHODS

2.1. Plant collection and extraction

Fresh leaves of A. montanus were collected from the Forestry
Research Institute of Nigeria (FRIN) herbal garden. The plant
was identified at the Forestry Herbarium, Ibadan (FHI) with
voucher number, 106265. The leaves were washed with cau-
tion and air-dried in the laboratory for six weeks and blended
to a fine powder.
About 200 g of the powdered sample was soaked in 400 mL
each of the organic solvents for 24 h. The organic solvents
used were ethyl acetate, acetone, and methanol respectively.
The resulting mixture was filtered using Whatman qualitative
filter paper (Sigma-Aldrich, Germany). The filtrate was then
freeze-dried. To achieve the required concentration needed
for this study, each extract was re-liquefied in its respective
solvent.

2.2. Phytochemical screening of plant extracts

Phytochemical screening of flavonoids, saponins, phenols, ter-
penoids, phlobatannins, alkaloids, tannins, and cardiac glyco-
sides was performed by using the colorimetric tests according
to standard procedures with some modifications.

2.2.1. Saponins determination

To 5 mL of distilled water in a test tube was added 1 mL each of
the plant extracts and vigorously shaken. A stable persistent
effervescence was observed for a positive test (Evans and
Trease, 1989).

2.2.2. Terpenoids determination

Concentrated H2SO4 solution (1.5 mL) was added to a mixture
of 1 mL of chloroform and 2.5 mL of each of the plant extracts.
A reddish-brown color formation at the interface indicates the
presence of terpenoids (Ghasham et al., 2017).

2.2.3. Phlobatannins determination

To 1 mL each of the plant extracts was added 1 % HCl acid
solution (1 mL). The mixture was boiled and the formation of
a red precipitate was observed for a positive test (Ghasham
et al., 2017).

2.2.4. Alkaloids determination

To 2 mL of the plant extracts was added 0.2 mL of 1 % HCl
acid in a test tube. 1ml of Wagner’s reagent was then added
to the mixture. The presence of alkaloids was indicated by a
yellowish buff precipitate (Ghasham et al., 2017).

2.2.5. Tannins determination

To 1 mL each of the plant extracts was added 2-3 drops of 1 %
lead acetate solution. The appearance of dark blue or greenish-
grey color indicates the presence of tannins (Ghasham et al.,
2017).

2.2.6. Cardiac glycosides determination

In 1 mL of chloroform was dissolved 1 mL each of the plant
extracts, then 2-3 drops of 10 % H2SO4 solution was added
at the side of the test tube to form a layer. The formation of a
brown ring at the interphase indicates the presence of deoxy
sugar characteristics of cardiac glycosides (Ghasham et al.,
2017).

2.2.7. Flavonoids determination

To 1 mL of 10 % lead acetate solution was added 1 mL each
of the plant extracts. The presence of flavonoids indicates a
yellow-colored precipitate (Ghasham et al., 2017).

2.2.8. Phenols determination

Into 0.5 mL of 10 % ethanolic ferric chloride solution was
added 1 mL each of the plant extracts. A positive test was
taken for the formation of blue-green to dark blue coloration
(Ghasham et al., 2017).

2.3. Estimation of total flavonols content
Total flavonols content was determined by adopting the pro-
cedures described by Jimoh et al. (2018) using quercetin (QE)
as standard. The reaction mixture consisting of 2 mL of AlCl3
prepared in ethanol and 3 mL of (50 g/L) sodium acetate solu-
tion added to 2 mL each of the plant extracts was allowed to
incubate for 2.5 h at 20 °C severally. Absorbance at 440 nm was
measured using a spectrophotometer. Total flavonols content
was calculated as QE equivalents in mg per g of extracts and
expressed in mean ± standard deviation from the calibration
curve using the equation:

Y = 0.0255X; R2 = 0.9812,

where X is the absorbance and Y is the mg of the quercetin
equivalent.

2.4. Antioxidant Assays
2.4.1. Scavenging activity of DPPH radical

For DPPH radical assay, Liyana-Pathirana and Shahidi (2005)
and Jimoh et al. (2018) procedures were followed. The effect
of each extract on DPPH radical was evaluated. About 0.1
mL of DPPH-methanol solution (0.135 mM) was mixed with
1.0 mL of different concentrations (0.025–0.5 mg/mL) of the
various extracts of A. montanus leaf. The reaction mixture was
vortexed thoroughly and left in the dark at room temperature
for 30 min. The absorbance of the mixture was measured spec-
trophotometrically at 517 nm. Rutin and ascorbic acid were
used as standard drugs. The percentage of free radical scav-
enging was calculated according to the following equation:

Scavenging activity [%] =
Abscontrol − Abssample

Abscontrol
× 100,

where Abscontrol is the absorbance of DPPH + methanol;
Abssample is the absorbance of DPPH radical + sample ex-
tract/standard.
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2.4.2. Nitric oxide radical (NO·) scavenging activity

Ebrahimzadeh et al. (2010) procedure was followed for the
scavenging of nitric oxide radical (NO·) assay. A volume of
2 mL of 10 mM sodium nitroprusside dissolved in 0.5 mL
phosphate buffer saline (pH 7.4) was mixed with 0.5 mL of
each plant extract, and ascorbic acid at various concentrations
(0.025-0.5 mg/mL). The mixture was incubated at 25 °C for 150
min. An aliquot of 0.5 mL of the solution was withdrawn and
mixed with 0.5 mL of Griess reagents (1.0 mL sulfanilic acid
reagent (0.33 % in 20 % glacial acetic acid at room temperature
for 5 min with 1 mL of naphthyl ethylenediamine dichloride
(0.1 % w/v). The reaction mixture was incubated at room
temperature for 30 min, after which absorbance was measured
at 540 nm. The amount of nitric oxide radical was calculated
using the equation:

Inhibition o f NO· [%] =
A0 − A1

A0
× 100,

where A0 is the absorbance before reaction and A1 is the ab-
sorbance after the reaction has taken place.

2.5. Data analysis
IC50 – the concentration of a drug, extract, or antibiotic re-
quired to cause 50 % inhibition in vitro – was calculated for the
two antioxidant activities engaged in this study (DPPH and
nitric oxide) by using ED50V10 add-in on Excel.

Table 1. Phytochemical screening results for Acanthus montanus leaf
extracts

Extract type

Phytochemicals Ethyl acetate a Acetone Methanol

Flavonoids + + +
Saponins - - -
Phenols + + +
Terpenoids + + +
Phlobotannins - - -
Alkaloids - - -
Tannins - - -
Cardiac glycosides - + +

a Signs plus (+) and minus (-) denote presence or absence of phytochemicals,
respectively.

3. RESULTS AND DISCUSSION

3.1. Phytochemical screening of Acanthus montanus leaf
extracts

This study considered using three extraction solvents accord-
ing to their polarity (methanol, ethyl acetate, and acetone)
to comparatively extract chemical compounds present in the
leaves of Acanthus montanus. The phytochemical screening
revealed the presence of flavonoids, phenols, and terpenoids
in all investigated extracts. On the other hand, cardiac gly-
coside was only present in the acetonic and methanolic leaf
extracts. However, saponins, phlobatannins, alkaloids, and
tannins were absent in all organic extracts of the leaf (Table 1).
Flavonoids are a diverse class of secondary metabolites with
possibly useful health properties mostly distributed in plants
(Zayachkivska et al., 2005) having the ability to scavenge free
radicals (Okwu, 2004). This is an indication that A. montanus
may be useful for the treatment of the oxidative stress-related

disorder. Terpenes are added to creams and ointments to
relieve pain and itching. Phenols and phenolic compounds
have been extensively used in disinfection and remain the
standards with which other bactericides are compared as a
result of their immense antimicrobial properties (Okwu, 2001;
Saxena et al., 2014). This may justify the ethnomedicinal uses
of A. montanus for the treatment of endometritis, urinary dis-
eases, and cystitis caused by bacteria. Terpenes also possess
antimicrobial properties thus, helps to fight microorganisms
resistant to antibiotics such as yeast and other fungi (Paduch
et al., 2007; Santos et al., 2013). This shows that the leaves, as
likewise noted by the roots by (Ibe and Nwufo, 2005), can also
be used to relieve body aches and pains.

Cardiac glycosides were identified in methanol and acetone
extract, and their absence in ethyl acetate extract may be as
a result of weak solubility in ethyl acetate. This indicates the
inefficiency of ethyl acetate as a phytochemical extraction sol-
vent for Acanthus montanus leaves. Cardiac glycosides are a
class of organic compounds that increase the output force of
the heart and decrease its rate of contractions by acting on
the cellular sodium-potassium ATPase pump with beneficial
medicinal uses such as treatments for congestive heart fail-
ure and cardiac arrhythmia (Patel, 2016). This suggests the
potential of A. montanus for the management of heart-related
problems. However, this may not be true of the ethyl acetate
extract as the cardiac glycosides were not identified in ethyl
acetate extract in this study.

3.2. Effect of extraction solvent on total flavonols content of
Acanthus montanus leaf extracts

The total flavonols content of A. montanus methanol extract
32.78 QE mg/g while the ethyl acetate and acetone extracts
gave 12.89 QE mg/g and 10.06 QE mg/g respectively (Ta-
ble 2). The phytochemical estimation of total flavonols con-
tent depicted methanol as the most potent phytochemical
solvent of extraction because the methanol extract was the
richest one in flavonols. This is in agreement with other
studies (Dhawan and Gupta, 2016; Roy et al., 2016; Truong
et al., 2019). Flavonols are a class of flavonoids that per-
form the function of expelling free radicals from the body
through the liver. Quercetin, isorhamnetin, kaempferol, and
myricetin are the most common flavonols found in foods.
These flavonoid compounds exhibit antibacterial, antioxidant
and anti-inflammatory properties in the body and have re-
cently made huge significant progress as a factor related to
decreasing the risk for Alzheimer’s disease, which is gaining
more public attention in countries with increasing aged popu-
lations (Tristantini and Pradana, 2017) (Huntington Lifestyle
Partners, 2021).

Table 2. Total flavonols content of Acanthus montanus leaf extracts

Extract type Flavonols content
[QE mg/g]a

Ethyl acetate 12.89 ± 0.02
Acetone 10.06 ± 0.02
Methanol 32.78 ± 0.00

a Values are presented as mean value ± standard deviation of triplicate measure-
ments.
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3.3. Impact of different solvent on antioxidant activities of A.
montanus leaf extracts

3.3.1. Scavenging activity of DPPH radical

The obtained DPPH result (Table 3) showed the lowest IC50
value observed in A. montanus acetone extract (132.7 ± 0.01
µg/mL) corresponding to the most active extract while the
ethyl acetate and methanol extract (149.3 ± 0.00 µg/mL and
164.6 ± 0.01 µg/mL) gave a considerable IC50 value. The
observed IC50 value of the standard drug, ascorbic acid was
39.9 ± 0.01 µg/mL.

Table 3. DPPH antioxidant activity of Acanthus montanus leaf extracts

Extract type/Standard IC50

[µg/mL]a

Ascorbic acid 39.9 ± 0.01
Ethyl acetate 149.3 ± 0.00
Acetone 132.7 ± 0.01
Methanol 164.6 ± 0.01

a Values are presented as mean value ± standard deviation of triplicate measure-
ments.

Plants rich in antioxidants naturally have the ability to scav-
enge DPPH radicals due to their hydrogen-donating potential.
The quantity of a plant extract essential to reduce the DPPH
concentration by half (IC50) in the DPPH assay is a degree
of its antioxidant action; a lower IC50 value corresponds to
a higher antioxidant power (Xie and Schaich, 2014). In this
study, the acetone plant extract possessed the lowest IC50
value for all cases of antioxidant results. Thus, it suggests the
best radical scavenging activity compared to its methanolic
and ethyl acetate counterparts. This is in tandem with other
studies, which revealed acetone extracts in maximum perfor-
mance on antioxidant activity of certain plants – in comparison
with other solvents of extraction (Dhawan and Gupta, 2016;
Kobus-Cisowska et al., 2020). Apparently, it was observed that
the antioxidant activity of A. montanus could be attributed to
moderately polar extracts.

3.3.2. Nitric oxide radical (NO·) scavenging activity

The obtained NO· scavenging activity results (Table 4) showed
the lowest IC50 value observed in A. montanus acetone extract
(IC50 of 66.5 µg/mL) corresponding to the most active ex-
tract; followed by A. montanus methanol extract (IC50 of 138.5
µg/mL), and Acanthus montanus ethyl acetate extract (IC50 of
142.6 µg/mL). Ascorbic acid, standard drug, gave IC50 12.1
µg/mL.

Table 4. Nitric oxide radical (NO·) scavenging activity of Acanthus
montanus leaf extracts

Extract type/Standard IC50

[µg/mL]a

Ascorbic acid 12.1 ± 0.01
Ethyl acetate 142.6 ± 0.02
Acetone 66.5 ± 0.00
Methanol 138.5 ± 0.00

a Values are presented as mean value ± standard deviation of triplicate measure-
ments.

CONCLUSION

Acanthus montanus methanol extract had the highest total
flavonol content among the solvent systems used in this re-
search while the acetone extract gave the best antioxidant
activity. This study, therefore, provides evidence that various
solvents used in extraction can result in variation in phyto-
chemical constituents, significant differences in quantitative
phytochemicals, and antioxidant activity. However, further
biological and chemical studies are required to further observe
the phytochemical estimation and isolate the bioactive com-
pounds to know the compounds responsible for the observed
antioxidant activity of these medicinal plants.
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