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Abstract: Oxidative stress is a condition that is characterized by the
generation of reactive oxygen species more than the amount endogenous
antioxidants can absorb. Several diseases are associated with oxidative stress,
notably during disease progression. Thus, the present study aimed to
determine the phytoconstituents and antioxidant potential of the ethyl acetate
leaf extract of Corchorus olitorius (ELEC). The phytochemicals were
qualitatively and quantitatively determined, followed by characterization using
Fourier-transform infrared (FTIR) spectroscopy. The antioxidant potential was
determined in vitro. Alkaloids, saponins, and flavonoids were detected in
concentrations of 8.50 £2.65, 11.83 £0.73, and 19.17% =0.73, respectively.
The FTIR spectrum revealed 9 peaks including six at the group frequency region
corresponding to alcohols, carboxylic acid, amine salts, alkenes, alkyne, esters,
and oxime functional groups. The ELEC exhibited lower total reducing power
(11.06 £1.34 AAE pg/ml) compared to its total antioxidant capacity (49.26
+2.44 AAE pg/ml) with a higher (60.47% +2.44) percentage inhibition of
peroxidation than AA (37.98% +1.88). Furthermore, the ELEC exhibited a lower
(0.20 £0.01 nmol/ml) MDA concentration than AA (0.42 +0.02 nmol/ml).
Conclusively, C. olitorius might be applied for the management of oxidative

stress-linked ailments and a source of novel therapeutics for these ailments.

Introduction

Oxidative stress is a state of imbalance where reactive
oxygen species (ROS) are generated in excess
amounts in the body compared to the available
endogenous antioxidants. Diseases such as
neurodegenerative diseases, diabetes mellitus, cancer,
cardiovascular, and other several conditions are
associated with oxidative stress (1-4), particularly
during the progression stage of the diseases. Thus,
creating a disturbance in the balance between the ROS
generation and the number of endogenous
antioxidants present. Oxidative stress has been coined
as an important contributor to carcinogenesis (5). In
cancer cells, ROS are generated at a higher rate to
allow for the proliferation of the cancer cells. However,
these cells generate high amounts of antioxidants to

counter the ROS, thereby preventing the initiation of
apoptosis or senescence (6). In neurodegenerative
diseases, ROS species don't trigger these diseases.
However, they are crucial in aggravating its
progression through damaging mitochondrial
integration. This leads to mitochondrial dysfunction (7),
such conditions include Alzheimer's disease,
Parkinson’s disease, and Huntington's disease.

Cardiovascular diseases are also associated with
oxidative stress leading to the depletion of the
available nitric oxide, vasoconstriction, and
hypertension. The continued generation of excess ROS
leads to disturbance in myocardial calcium handling,
arrhythmia, increased cardiac remodeling, and
formation of atherosclerotic plaque (8). In diabetes, an
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increased metabolic rate generates ROS leading to
decreased insulin sensitivity by B-cell and
mitochondrial impairment, decreased activity of
GLUT-4, inflammatory responses, and disturbance in
the insulin signaling pathway (9). Oxidative stress is
associated with the progression of many diseases,
thus, a vital target for the management of such
diseases. Many antioxidant supplements are applied as
a remedy for oxidative stress. However, the use of
medicinal plants has been in practice for a very long
time. Many plants are associated with bioactive
compounds and phytochemicals with antioxidant
potentials against ROS. These phytoconstituents exert
their pharmacological activities against oxidative
stress-linked diseases via different mechanisms
(10-12). Previous studies reported the in vitro
antioxidant activities of different plants demonstrating
their radical scavenging activities of the plants (12-17).
Thus, exhibiting their therapeutic potential against
oxidative stress.

C. olitorius is utilized in traditional medicinal
practice in the treatment of malaria, fever, typhoid,
and sexual weakness (18). Moreover, the plant is
applied in the treatment of dysentery, pain
management, and degenerative disorders and is
regarded as a potential source of herbal therapeutics
to promote health in rural communities in Africa (19).
C. olitorius also serves as a source of food,
phytoconstituents, and pharmaceutics with good
potential for the treatment of diseases and as
functional food (20). C. olitorius was also reported to
exert antibacterial activities, supporting its traditional
use against bacterial infections (21). The plant exerts
antidiabetic activities with good potential in preventing
the postprandial rise in glucose and safety profile (22).
An anticancer study revealed that C. olitorius exerts its
anticancer effects by inducing apoptosis and is
effective against colon cancer. Thus, implying its
potential in phytotherapy for the management of
cancer as opposed to chemotherapy (23). In alcohol
liver damage, C. olitorius ameliorates liver damage,
insinuating its application for the management of
alcohol-induced liver damage (24). Thus, in the present
study, the phytoconstituents and antioxidant potential
of C. olitorius were investigated to ascertain its
potential in the management of oxidative stress-linked
diseases.

Experimental Section

Materials

C. olitorius leaves were obtained from the Yola market
of Yola South Local Government, Adamawa State,
Nigeria. The plant was identified by a Forest
Technologist from the Forestry Technology Department
of Adamawa State Polytechnic, Yola where a voucher
specimen (ASP/FT/128) was deposited.

The chemicals and reagents used were of analytical
grade; Ethyl acetate (LOBA CHEMIE, Loba Chemie PVT.
Ltd, India), Potassium ferrocyanide (Amichem Research
Lab LLP, India), Trichloroacetic acid (Shree Vissnu
Scientific Company, India), Ferric Chloride (Alpha
Chemika, India), L-Ascorbic acid (Oxford Lab Fine Chem
LLP, India), Sodium phosphate (Research Products
International, USA), Ammonium molybdate (Scientific
Syndicate, India), Linolenic acid (Shandong Zhi Shang
Chemical Co., Ltd., China), Ethanol (Guangdong
Guanghua Sci-Tech Co., Ltd., China), Ammonium
thiocyanate (Naisha Enterprises, India), Thiobarbituric
acid (lsolab Laborgerate GmbH, Germany), Ferrous
chloride (LOBA CHEMIE, Loba Chemie PVT. Ltd, India).

Methods

Sample Extraction

The leaves were dried under shade and ground to
powder using a blender. The sample was extracted by
the maceration of 200 g of the powder in 1 L of 80%
(v/v) ethyl acetate with daily gentle agitation for 7 days
at room temperature, followed by filtration and
concentration to dryness with a rotary evaporator
(Buchi Rotavapor R-200) at 150 rpm under reduced
pressure at 40 oC (25).

Phytochemical Analysis

Phytochemicals present in ethyl acetate leaf extract of
C. olitorius (ELEC) were identified using the method
reported previously to detect alkaloids, saponins,
steroids, glycosides, terpenoids, and flavonoids (25).

The quantification of phytochemicals was carried
out by methods previously reported as follows:

Alkaloids Content

Alkaloids were quantified by the gravimetric method
(21). Briefly, 0.5 g of the extract was dispensed into a
conical flask containing 10 mL of 10 % ammonium
hydroxide to convert alkaloidal salts into the free base;
the mixture was stirred and left for 4 h before filtering.
The filtrate was evaporated to one-quarter of its
original volume on a water bath and concentrated
ammonium hydroxide solution was added dropwise to
the mixture to precipitate the alkaloids. The precipitate
was filtered using a weighed filter paper and washed
with 10% ammonium hydroxide solution. The
precipitate was dried with the filter paper in an oven at
60°C for 30 minutes and reweighed. The percentage
alkaloid content was calculated according to Equation
1.

Saponins

Quantification of saponins was done by the method
previously described (26). Briefly, 0.5 g extract was
introduced into a conical flask and 10 ml of 20%
aqueous ethanol was added. The sample was heated
over a water bath for 1 h with continuous stirring at
about 55°C. The concentrate was transferred into a
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250 ml separator funnel and 5 mL of diethyl ether was
added and shaken vigorously. The aqueous layer was
recovered and the ether layer was discarded. About 10
ml of n-butanol was then added followed by the
addition of 2 ml of 5% aqueous NaCl. The remaining
solution was heated over a water bath. After
evaporation, the sample was dried in the oven to a
constant weight. The percentage saponin content was
calculated according to Equation 1.

Flavonoids
Quantification of flavonoids was done by the method
described previously (27). Briefly, 0.5g of the extract
was mixed with 10 mL of 80% aqueous methanol. The
solution was filtered through the Whatman filter paper.
The filtrate was transferred to a pre-weighed crucible
evaporated into dryness over a water bath and
weighed. The percentage flavonoid content was
determined according to Equation 1.

Weight,esidue

Total Flavonoid (%) =

= 100%
L/{/eig htsample x /C

Equation 1

Fourier-transform Infrared Spectroscopy (FTIR)
Characterization

FTIR was carried out to determine the functional
groups present in ELEC using the Perkin-ElImer FTIR
(series 100). Exactly, 0.5 g of the sample was placed
directly on the light path to collect the spectra of the
reflectance. The readings were recorded with 4000 to
400 cm™ wavelengths at 4 cm™ resolution from 4 scans
at 0.2 cm™ s-1. Furthermore, the functional groups
were determined from the interpretation of the
spectrum using the IR spectrum Table (28).

Antioxidant Potential

Total Antioxidant Capacity (TAC)

The TAC was determined by the method described
previously (24). Briefly, 0.5 ml of sample (300 ug/ml)
was mixed with 2 ml of phospho-molybdate reagent
(0.6 M H2504, 0.028 M sodium phosphate, and 1%
ammonium molybdate) and capped. The mixture was
incubated at 95 °C for 10 minutes, followed by reading
the absorbance at 695 nm against a blank after cooling
to room temperature. The blank was made up of the
reaction mixtures without the sample. Additionally,
different concentrations (20, 40, 60, 80, and 100
pug/ml) of AA were used to obtain the standard
calibration curve of concentration versus absorbance.
The TAC was expressed as AAE in pg/ml. All values
were determined in triplicates.

Total Reducing Power (TRP)

The TRP was determined as previously described (29).
Briefly, 0.25 ml of the sample (200 y/ml) was mixed
with 0.625 ml of 1% (w/v) potassium ferrocyanide and
0.625 ml of 0.2 M phosphate buffer (pH 6.6). The
mixture was incubated at 50°C for 20 minutes and
0.625 ml of 10% (w/v) trichloroacetic acid (TCA) was

added, followed by 10 minutes of centrifugation at
3000 rpm and collection of 1.8 ml of the upper layer.
Exactly, 1.8 ml of distilled water and 0.36 ml of 0.1%
FeCl3 were added and the absorbance was read at 700
nm against a blank solution of distilled water and the
reagents without samples. Additionally, different
concentrations (20, 40, 60, 80, and 100 ug/ml) of
ascorbic acid (AA) treated similarly to the sample were
used to obtain the standard calibration curve and
determine the ascorbic acid equivalent (AAE) of the
samples in ug/ml. The TRP was expressed as AAE in
pg/ml. All values were determined in triplicates.

Ferric Thiocyanate Method (FTC)

The procedure previously described (30) was used to
determine the lipid peroxidation inhibitory potential of
the extracts. Briefly, 4.1 and 4 ml of 2.52% (v/v)
linolenic acid and 1 mg/ml of sample, respectively
dissolved in absolute ethanol were mixed with 0.05 M
phosphate buffer (pH 7) and 3.9 ml of distilled water.
The mixture was capped and incubated for 10 minutes
in a dark oven at 40 °C. Exactly 0.1 ml of the solution
was mixed with 9.7 ml of 75% (v/v) ethanol, 0.1 ml of
30% (w/v) ammonium thiocyanate, and 0.1 ml 0.02 M
ferrous chloride in 3.5% (v/v) HCI. The absorbance was
initially read 532 nm after adding ferrous chloride.
Furthermore, AA was used as standard while the
reaction mixture without the sample was used as
control. The absorbance was read every 24 hours until
the absorbance of the control reached maximum. The
percentage inhibition was determined according to
Equation 2. All values were determined in triplicates.

A
YeInhibition = 100 — (7~ x 100%)
C

Equation 2
Where At = Absorbance of sample while Ac =
Absorbance of control.

Thiobarbituric Acid Method (TBA)

The protocol of Kikuzaki and Nakatani (30) was
adopted to determine the inhibitory effects of the
samples on lipid peroxidation. Exactly 1 ml of the
sample and AA solutions from the FTC method were
separately mixed with 2 ml of 20% (w/v) TCA and 2 ml
of 0.5% (w/v) thiobarbituric acid solution. This was
followed by capping, 10 minutes of incubation at 90 °C
in a water bath, and 20 minutes of centrifugation at
3000 rpm after cooling. The reaction mixture without
the sample or AA was used as a control. The
absorbance of the supernatant was read at 532 nm on
the last day of the FTC method described earlier. The
malonaldehyde (MDA) concentration was determined
by Equation 3 using the extinction coefficient 156
mM-1 cm-1 as previously described (31). All values
were determined in triplicates.

0D
MDA concentration = (——= X Sample volume)

EC Equation 3
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Where OD = Absorbance of the sample while EC =
Extinction coefficient

Statistical analysis

The result obtained was expressed as mean =
standard error of the mean of triplicate determinations
(= SEM) and evaluated by independent-samples T-test
at p < 0.05 level of significance, using Statistical
Package for the Social Sciences (SPSS) version 22
Software.

Result and Discussion

Phytoconstituents of ELEC

The phytochemicals identified in ELEC are presented in
Table 1. Alkaloids, saponins, and flavonoids were
present while steroids glycoside and terpenoids were
absent. Phytochemicals play vital therapeutic roles in
the management of different ailments including
oxidative stress (32-35).

Table 1. Qualitative phytochemical analysis of C.
olitorius leaves.

Phytochemical |Inference
Alkaloids Present
Saponins Present
Steroids Absent
Glycosides Absent
Terpenoids Absent
Flavonoids Present

Alkaloids were reported to influence oxidative stress
by inhibiting NADPH-oxidase activity and activating
nuclear Nrf2 pathway (36). Neurodegenerative
diseases that are linked with oxidative stress were
reported to be alleviated by alkaloids, acting as an
agonist of muscarinic and adenosine receptors, and
also inhibition of anti-amyloid, acetylcholinesterase,
butyrylcholinesterase, and a-synuclein aggregation
(37). The alkaloid boldine was reported to exert
protective effects on the endothelium by preventing
the depletion of nitric oxide caused by ROS, thereby,
inhibiting the oxidative stress pathway, vital in
diabetes and hypertension (38).

Saponins were reported to possess strong
antioxidant properties and are implicated in the
restoration of mitochondrial function and calcium
balance in cells, in addition to inhibiting inflammatory
factor synthesis and apoptosis in heart cells (39, 40).
Saponins were also reported to exert antioxidant
properties by regulating oxidative stress and
preventing neuroinflammation and apoptosis (41). In
other studies, saponins were reported to exert
antioxidants on hypertension by blocking ROS
generation and regulating rheology in red blood cells

(42, 43). Saponins also elevate the concentrations of
endogenous antioxidants, catalase, and glutathione in
serum (44).

Flavonoids exert antioxidative effects by acting on
alpha gamma-aminobutyric acid (a-GABA) in epilepsy,
associated with elevated production of ROS during
seizures, thus showing potential as a therapeutic in
epilepsy (45). The generation of ROS is an important
factor in the progression of neurodegenerative
diseases. Flavonoids act as antioxidants and signaling
molecules in slowing down the progression of the
disease and improving cognitive performance (46).
Quercetin  which is another flavonoid exerts
neuroprotective properties by preventing ROS damage
to DNA through mild intercalation (46). Flavonoids were
reported to exert an anti-inflammatory effect credited
to their antioxidant properties acting by inhibiting
pathways that lead to the generation of ROS (47).

The phytochemicals quantified in the ELEC are
shown in Table 2. Flavonoids had the highest
concentration (19.17% £0.73), followed by saponins
with a concentration of 11.83% *0.73 while alkaloids
were quantified in the lowest concentration (8.50%
+2.65).

Table 2. Quantitative phytochemical analysis of C.
olitorius leaves.

Phytochemical |Concentration (%)

Alkaloids 8.50 £2.65
Saponins 11.83 £0.73
Flavonoids 19.17 £0.73

Values are in triplicate determinations £ SEM.

In a study reported previously, alkaloids, saponins,
and flavonoids were detected in leaves of C. olitorius
which correlates with the result of the present study
(48). The present study also agrees with previous
studies for the detection of flavonoids, alkaloids, and
saponins in the leaf of C. olitorius (49, 50). In another
study on Jute whole plant, only flavonoids were
detected with the absence of alkaloids and saponins in
the ethyl acetate extract (51). The present study
doesn’t agree with this study as both saponins and
alkaloids were present in ELEC. The present study
partially agrees with this study as glycosides were not
detected, which might be due to the difference in
solvents used for extraction (52). In a similar study,
alkaloids, saponins, and flavonoids were detected in
ethanol extract of C. olitorius in concentrations of 2.40
+0.10, 3.32 £0.02, and 6.30% £0.10, respectively
(53), lower than the values reported in our study (Table
2). The difference in the concentrations might be
attributed to the difference in the polarity of solvents
used in extraction (52).
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Figure 1. FTIR Spectrum of ethyl acetate extract of C. olitorius.
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Figure 2. TAC and TRP of ELEC: a) AA calibration curve for TAC, b) AA calibration curve for TRP, and c) AAE TAC and TRP
of ELEC. Value with a superscript (TAC) is significantly (p < 0.05) higher than the TRP.

Fourier-Transform Infrared (FTIR)
Characterization

Figure 1 shows the FTIR spectrum of the ELEC
depicting the various peaks. A total of 9 peaks were
detected, including six at the group frequency region.
The first absorption peak was at 3937.00 cm-1

corresponding to the O-H stretching frequency of free
alcohol. The second (3364.2 cm-1) and third (2938.00

cm-1) peak at the frequency regions corresponds to
the O-H stretching and N-H stretching frequencies of
carboxylic acid and amine salt, respectively. The
2194.9 and 1997.2 cm-1 peaks correspond to the C=C
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stretching and C=C=C stretching frequencies of
monosubstituted alkyne and allene respectively while
1693.8 cm-1 corresponds to the C=N stretching of
imine/oxime. In the fingerprint region, the peak at
1168.8 (C-O stretching), 861.93 cm-1 (C-H bending),
and 55852 (C-l1 stretching) fingerprint regions
corresponds to the ester, trisubstituted alkane, and
halo compound, respectively.

The FITR spectrum of ELEC presented in Figure 1
shows the presence of different functional groups.
Hydroxyl groups were reported to contribute significant
antioxidant activities for compounds, including
flavonoids and polyphenols, attributed to the electron-
donating effects of the OH groups (54). Additionally,
the presence of the OH group might also be attributed
to the flavonoids detected. The carboxylic acid
functional groups detected in the present study were
reported to contribute to the antioxidant properties of
molecules via transition metal ions chelation (55).
Furthermore, the amine groups reported in our study
were reported to enhance the antioxidant activities of
genistein and its derivatives (56). The presence of
oxime was previously reported to enhance the
antioxidant activity of naringin compared to pure
naringin (57). Additionally, the anti-inflammatory,
antioxidant, and anticancer activities of oximes were
previously reported (58). Thus, the presence of these
functional groups in ELEC might contribute to the
antioxidant activities of the plant reported in our study.

Antioxidant Potential of ELEC

Figure 2 presents the TAC and TRP of ELEC, depicting
the AA standard calibration curves and the AAE TAC
and TRP. The ELEC exhibited a significantly (p < 0.05)
higher TAC (49.26 £2.44 AAE pg/ml) compared to its
TRP (11.06 +1.34 AAE pg/ml).
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The lipid anti-peroxidation potential of ELEC by the
FTC and TBA method is presented in Figure 3 depicting
the percentage inhibition and MDA concentration. The
ELEC exhibited a significantly (p < 0.05) higher
(60.47% £2.44) percentage inhibition than AA (37.98%
+1.88). Furthermore, the ELEC showed a significantly
(p < 0.05) lower (0.20 *0.01 nmol/ml) MDA
concentration than AA (0.42 +0.02 nmol/ml).

Free radicals are generated in normal metabolic
pathways, however, the presence of endogenous
antioxidants that absorb the free radicals prevents
oxidative stress due to ROS. Problems arise when the
free radicals are produced in amounts higher than can
be absorbed by the endogenous antioxidant, a
characteristic of many ailments (1-4). A previous study
identified phytochemicals such as alkaloids, saponins,
and flavonoids to be responsible for the antioxidant
properties of plants (59). In another study, these
phytochemicals were reported to exert antioxidant
effects against lipid peroxidation (53). In our study, the
functional groups identified were previously attributed
to different antioxidant activities. AA used in the
present study exhibited higher TAC and TRP than ELEC
which be attributed to its higher antioxidant capacity
and the polar nature of the test medium (60). The
electron-donating ability of a compound is closely
related to its reducing power. In our study, the lower
TRP of ELEC might be due to the presence of
compounds with poor electron-donating abilities (61).
Although AA (polar antioxidant) demonstrated superior
TAC and TRP, ELEC exhibited better anti-lipid
peroxidation as observed in the FTC and TBA methods
where the test medium was non-polar. Moreover, the
slightly polar properties of ethyl acetate might lead to
the extraction of non-polar antioxidants. Thus, lower
peroxidation inhibition and higher MDA concentrations
compared to ELEC were observed.
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Figure 3. Anti-lipid peroxidation potential of ELEC expressed by: a) FTC and b) TBA methods. Values with a and b
superscripts are significantly higher and lower than AA, respectively.
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Flavonoids were previously reported to be
associated with high free radical scavenging exerting
high reducing power and anti-lipid peroxidation (62). In
another study, Zanthoxylum armatum seeds and barks
were reported to exert higher TAC than AA attributed
to their flavonoid contents. Furthermore, a correlation
was observed between the antioxidant activity and
flavonoid content (63). In another study, Saponins
exhibited a concentration-dependent reducing power
and anti-lipid peroxidation comparable to tannic acid
demonstrating its strong antioxidant activity (64). In a
similar study, the antioxidant properties of C. olitorius
using DPPH and ATBS increased with increased
concentration (65). C. olitorius was previously reported
to exert antioxidant properties, attributed to the
flavonoids and saponins detected in the study (66).
Similarly, a study on the methanol extract of C.
olitorius using DPPH revealed a concentration-
dependent increase in the antioxidant activity of the
plant, credited to the phytochemicals reported in the
study (49). A similar study reported the antioxidant and
antidiabetic effects of the plant and was suggested to
be a source of therapeutic for diabetes (67). Ethanol
extract C. olitorius was previously reported to possess
antioxidant properties which were attributed to
hydroxyl groups of phenolic compounds (68). The
present study revealed the antioxidant potential of
ELEC which might be attributed to the phytochemicals
and their functional groups.

Conclusion

The present study revealed the presence of
phytochemicals that were previously reported to
possess different pharmacological properties including
antioxidant effects. The presence of alkaloids (8.50%
+2.65), saponins (11.83 =+0.73), and flavonoids
(19.17% %0.73) in the ELEC might contribute to the
TAC (49.26 =2.44 AAE pg/ml) and TRP (11.06 +1.34
AAE pg/ml) exhibited by the extract. Furthermore,
these phytochemicals might contribute to the higher
anti-lipid peroxidation (60.47% =2.44 percentage
inhibition and 0.20 £0.01 nmol/ml MDA concentration)
than AA (37.98% +1.88 percentage inhibition and 0.42
+0.02 nmol/ml MDA concentration). Oxidative stress is
associated with several diseases, thus, the antioxidant
and anti-lipid peroxidation potential demonstrated by
C. olitorius makes it a good candidate for the
management of oxidative stress in such diseases and
might also be a vital source of novel therapeutics
against oxidative stress-linked diseases. However,
further studies are recommended to identify the
specific compounds and their mechanism of action.
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