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Medicinal plants are a rich source of antioxidants such as flavonoids, phenols, tannins, and alkaloids among others and are
currently used as alternative and complementary drugs in the management of stress-related disorders. Strychnos henningsii and
Ficus sycomorus have been traditionally used by the people of Mbeere, Embu county, Kenya, as medicine for the treatment of
various oxidative stress-related disorders such as diabetes and rheumatism; however, no empirical data are available to au-
thenticate the said claim. The aim of this study was to evaluate preliminary phytochemical screening and in vitro antioxidant
activity of dichloromethane (DCM) leaf extract of S. henningsii and stem bark extract of F. sycomorus using DPPH, hydrogen
peroxide, and ferric reducing power assays; total flavonoids and phenolic compounds were also determined by colorimetric assay
and Folin-Ciocalteu reaction, respectively. Phytochemical screening showed that both extracts possessed saponins, flavonoids,
phenols, steroids, alkaloids, and cardiac glycosides; however, terpenoids were found to be absent in S. henningsii. The total
phenolic and flavonoid content of the DCM stem bark extract of F. sycomorus was lower than that of the leaf extract of
S. henningsii. These extracts significantly exhibited strong antioxidant activities at different concentrations tested. The ICs, values
of S. henningsii and F. sycomorus were 0.325 mg/ml and 0.330 mg/ml for hydrogen peroxide and 0.068 mg/ml and 0.062 mg/ml for
DPPH, respectively. Both DCM leaf and stem bark extracts of S. henningsii and F. sycomorus were found to have strong ferric
reducing power. Therefore, both extracts showed significant nonenzyme-based antioxidant activities. The two plants possess
phytochemicals that have significant antioxidant properties.

1. Introduction

Oxidative stress is the disparity between the production of
free radicals and antioxidant defenses in the body [1-5]. Free
radicals are defined as compounds with unpaired electrons,
making them highly reactive molecules that can attack any
stable molecules such as proteins, carbohydrates, and lipids
[6, 7]. Reactive oxygen species (ROS) are the most common
and widely known free radicals. They include superoxide
(037), hydroxyl (HO™), hydrogen peroxide (H,O,), and
nitric oxide (NO™). Most biochemical reactions in the body
are known to generate ROS [8], which are potent in dam-
aging important biomolecules such as proteins, nucleic

acids, and lipids if they are not scavenged by antioxidants
[9]. Free radicals are well known to be involved in aging and
pathogenesis of stress-related disorders such as diabetes,
nephrotoxicity, hepatotoxicity, malignancy, cardiovascular
disorders, inflammation, and neurological disorders
[10-12].

Human cells are well protected by antioxidant defense
systems against ROS attack; however, at low concentrations
of antioxidant enzymes, some cells have been shown to be
sensitive to ROS [13-16]. The cellular antioxidant level is
used to determine the susceptibility of tissues to oxidative
damage. This level normally changes during oxidative
stress [17-19]. A wide variety of antioxidants are naturally
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obtained from plants that constitute our daily diet.
Commonly known dietary antioxidants are vitamins C and
E, carotenoids, and green tea [20, 21]. The consumption of
food and fruits rich in antioxidants plays a significant role
in augmenting the body’s natural resistance to oxidative
stress [22, 23]. Plants also have many other nonnutrient
antioxidants such as phenols, flavonoids, and alkaloids.
These polyphenol compounds have been extensively
studied and documented as quenchers of free radicals
[24, 25].

Since antioxidants hold a key in preventing oxidative
stress-related disorders, many plant extracts and their sec-
ondary metabolites are being explored for their antioxidant
effects [26, 27]. The use of plant-based antioxidants plays an
important role in preventing the activation of the oxidation-
induced signaling pathways in our bodies [28]. Therefore,
the identification of the antioxidant activities of the DCM
leaf extract of S. henningsii and stem bark of F. sycomorus is
an important step in increasing our understanding about
their usage in the treatment of various stress-related
disorders.

Commercially available antioxidant drugs include bu-
tyrate hydroxyanisole, butylated hydroxytolune, propyl
gallate, and fluconazole [29-31]. However, studies have
shown that these synthetic antioxidants have toxic effects
and show negative health influence [32, 33] and have led to
some restrictions being imposed on their use [34]. Re-
searchers now have focused their attention on plant-derived
antioxidants among others [35].

Globally, several plants have been traditionally used for
their antioxidant activities [36, 37]. Ethno-pharmacological
surveys indicate that medicinal plants play a vital role in the
management of oxidative stress-related disorders [38, 39].
Plant extracts naturally possess phytochemicals such as
flavonoids, tannins, phenols, and alkaloids [40], which are
well-known antioxidants and are currently pursued as
alternative and complementary remedies against oxidative
stress-related disorders [41]. Several efficacy studies con-
ducted on herbal plants have shown that plant-based an-
tioxidants are relatively safe, cost efficient, and effective in
disease management [42].

The genus Ficus is widely known to have strong anti-
oxidant properties due to its richness in phenols and fla-
vonoids [43-45]. Traditionally, Ficus sycomorus fruits, stem
barks, and roots have been used as herbal remedies for
several ailments such as diarrhea, liver disease, skin in-
fections, stomach disorders, helminthiasis, lactation disor-
ders, epilepsy, tuberculosis, sterility, and diabetes mellitus
[46-48]. S. henningsii is a widely distributed evergreen herb
in East Africa [47] and is used in the management of
rheumatism, snake bite, abdominal pain, gastrointestinal
pain, gynecological complaints, malaria, and diabetes mel-
litus [49]. The crude extracts of Strychnos henningsii have
been documented to possess significant therapeutic effects
against stress-related disorders [50]. Based on traditional
pharmacology, it has been actively and successfully
employed by the Mbeere community in Embu county,
Kenya, in the management of diabetes, which is an oxidative
stress-related disorder.
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In view of this background, the present study seeks to
investigate the in vitro antioxidant activities of dichlor-
omethanolic (DCM) leaf extract of S. henningsii and stem
bark extract of F. sycomorus. The study aims to explore and
provide preliminary information on the in vitro antioxidant
activities of S. henningsii and F. sycomorus as possible
bioresources for the generation of herbal formulations used
in the treatment and management of oxidative stress-related
disorders. The study also aims to reveal relevant research
gaps that need to be explored further.

2. Materials and Methods

2.1. Collection of Plant Materials. The authors sought au-
thorization from The National Commission for Science,
Technology and Innovation (NACOSTI/P89/6765/9816).
Plant materials of S. henningsii leaves and stem barks of
F. sycomorus were collected from their natural habitats from
Makunguru village, Mbeere north subcounty, Embu county,
Kenya, in October, 2015. The GPS locations for S. henningsii
and F. sycomorus specimens were 0°34'11"S, 37°37'31"E and
0°35'28"S, 36°36'22"E, respectively. The collection of these
samples was done based on ethnobotanical information
availed by local herbalists in the area. The plant identification
was done by an acknowledged authority from Kenyatta
University —authenticating their botanical identities.
S. henningsii and F. sycomorus were assigned voucher
specimen numbers (S. henningsii. (Wkw001/10/21015) and
F. sycomorus (Wkw 002/10/2015), respectively). They were
deposited in the Kenyatta University Herbarium for future
reference. Sample materials were carefully sorted, packed in
sealed bags, and transported to the Department of Bio-
chemistry and Biotechnology, Kenyatta University, where
further processing and subsequent study was undertaken.

2.2. Extract Preparations. The fresh plant materials were air
dried at room temperature under a shade for a week. The
dried leaves were milled into fine powder by use of an
electric mill. The powdered plant materials were sieved using
a mesh pore of 0.5 mm and packed in closed, dry sealed bags
and stored awaiting extraction. Two hundred and fifty grams
(250 g) of each powdered plant material was soaked in 1 litre
of dichloromethane (DCM) and macerated for 24 hours. The
resultant extract was poured into a clean dry conical flask
and then filtered using Whatman’s No. 1 filter papers. The
filtrate was extracted using Soxhlet apparatus for 5-6h and
then concentrated under reduced pressure and vacuum
using a rotary evaporator at a temperature of 40°C. The
concentrates were placed in airtight containers weighed and
stored at —4°C awaiting use in bioassays.

2.3. Qualitative Phytochemical Screening. Qualitative phy-
tochemical screening of DCM extracts of S. henningsii and
F. sycomorus was performed to determine the presence or
absence of selected plant secondary metabolites using
standard methods described by Harbone [51] and Kotake
[52]. Secondary metabolites screened include flavonoids,
cardiac glycosides, saponins, alkaloids, sterols, phenolics,
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and terpenoids. These phytochemicals are associated with
antioxidant activities.

2.4. Quantitative Phytochemical Determination

24.1. Determination of Total Phenolic Contents.
Folin-Ciocalteu reagent was used to determine the total
phenolic levels of the plant extracts as described by Spanos
et al. [53] and modified by Lister and Wilson [54]. Briefly,
2ml of each plant extract, 2.5ml of 10% dilution of
Folin-Ciocalteu reagent and 2ml of Na,CO; (7.5%, w/v)
were mixed and left to stand for 15minutes at 45°C. The
absorbance of all the treatments was determined at 765 nm
spectrophotometrically. Gallic acid was used as the reference
to derive the calibration curve. The total phenolic content
was determined using the linear equation based on the
calibration curve and contents expressed as milligrams of
gallic equivalent per gram of dry weight (mg GAE/g
dw) [55].

2.4.2. Determination of Total Flavonoid Contents. The col-
orimetric methodology described by Lamaison and Carnet
[56] and Nurcholis et al. [57] was used to determine the total
flavonoid contents of the extracts. Briefly, a volume of 1.5 ml
of the extracts was mixed with an equivalent volume of 2%

AICl;.6H,0 (2 g in 100 ml methanol) solution. The solution
was vigorously shaken to mix and then incubated for
10 minutes, and the absorbance was read at 430 nm using
a spectrophotometer. Rutin was used as the reference to
generate the calibration curve. The total flavonoid content
was expressed as milligrams of rutin equivalent per gram of
dry weight (mg RE/g dw) based on the calibration curve [55].

2.5. Determination of In Vitro Antioxidant Activities

2.5.1. Determination of In Vitro Hydrogen Peroxide Scav-
enging Activity. The in vitro hydrogen peroxide scavenging
potential of DCM extracts of S. henningsii and F. sycomorus
was determined following the protocol described by Ruch
et al. [58]. Briefly, 50 Mm, pH 7.4, phosphate buffer solution
was used to prepare 250 ml solution of hydrogen peroxide
(40 mM). Hydrogen peroxide solution at a volume of 0.6 ml
was added to 1 ml of varying concentrations (0.1-0.5 mg/ml)
of the plant extract and ascorbic acid (standard). The
mixture was left to stand for 10 minutes, after which the
absorbance was determined at 560 nm using a UV spec-
trophotometer. The blank solution containing phosphate
buffer was used as the negative control. This was done in
three replicates. The percentage radical scavenging activity is
as follows:

% Hydrogen scavenging activity =

where Abs. is the absorbance.

2.5.2. Determination of In Vitro Diphenyl-2-picrylhydrazyl
(DPPH) Radical Scavenging Activity. The abilities of the
DCM extracts of S. henningsii and F. sycomorus to scavenge
DPPH radicals in vitro were determined based on the
method documented by Mehrotra et al. [59-61]. Following
this method, 2.66 mg of DPPH was dissolved in 50 ml of
ethanol to form a concentration of 0.135 mM. Various di-
lutions, namely, 0.2, 0.1, 0.05, 0.025, and 0.0125 mg/ml, of
the plant extracts and ascorbic acid (standard) were pre-
pared. One milliliter of the DPPH solution dissolved in

% DPPH scavenging activities =

Abs. of control — Abs. of sample/standard
X

Abs. of control — Abs. of sample/standard
X

100, 1
Abs. of control (1)

methanol was mixed with 1 ml of each diluted plant extract
and ascorbic acid (reference drug). The mixtures were then
agitated thoroughly and left in a dark room for 30 minutes at
room temperature. Three replicates of the assays were
prepared. The absorbance of the mixture was then measured
at 517 nm using a spectrophotometer. The actual decrease in
absorbance was measured against that of the control. The
negative control was a blank solution containing ethanol
without H,0,. The percentage DPPH scavenging abilities of
the plant extracts were then derived using the following
equation:

100, (2)

where Abs. is the absorbance.

2.5.3. Calculation of Half Maximal Inhibitory Concentrations
(ICso) in Hydrogen Peroxide and DPPH Radicals. The half
maximal inhibitory concentration (ICs,) of DCM extracts of
S. henningsii, F. sycomorus, and ascorbic acid (standard)
were analyzed using linear regression analysis in MS Excel.

Abs. of control

The ICsg, which represents the concentration at which 50%
of the radicals were scavenged by test samples, was de-
termined from a graph of percentage scavenging activity
against the concentration of the test sample.

2.5.4. In Vitro Ferric Reducing Power Assay. The in vitro
ferric reducing power of the DCM extracts of S. henningsii



and F. sycomorus alongside ascorbic acid (positive control)
was established according to the protocol described by
Opyaizu [62]. In brief, various concentrations (0.2-1 mg/ml)
of 1 ml of the plant extracts and ascorbic acid were added to
2.5ml of 0.2M phosphate buffer of pH 7. The resulting
solution was then mixed with 2.5ml of potassium ferricy-
anide and incubated at 50°C for 20 minutes. Afterwards,
2.5ml of trichloroacetic acid (10%) was then added to the
mixture and centrifuged for 10 minutes at 3000 rpm. Then,
2.5ml was drawn from the upper layer of the solution and
then added to 2.5ml of distilled water and 0.5ml freshly
prepared ferric chloride (FeCl;) solution (1%) was added.
The assay was done in triplicates. The absorbance of the
extracts and ascorbic acid was determined at 700 nm using
a spectrophotometer.

2.6. Statistical Analysis. The data were subjected to de-
scriptive statistics using Minitab Statistical Software 17.0
(State College, Pennsylvania) and expressed as mean-
+standard error of mean (SEM). One-way analysis of
variance (ANOVA) was performed to determine the sta-
tistically significant difference among treatments. Tukey’s
tests were performed for pairwise comparison of means.
Unpaired student’s t-test was used for the comparison of
mean total phenolic and flavonoid contents of DCM leaf
extract of S. henningsii and stem bark of F. sycomorus. The
values of p<0.05 were considered to be significantly dif-
ferent. The data obtained were presented in a tabular and
graphical form. The phytochemical screening was done
qualitatively, and the result obtained (positive/negative) for
each test was recorded in a table.

3. Results

3.1. Qualitative Phytochemical Screening. The phytochem-
istry of the leaf extract of S. henningsii revealed the presence
of alkaloids, phenols, saponins, cardiac glycosides, flavo-
noids, and steroids while terpenoids were absent. On the
other hand, F. sycomorus contained saponins, flavonoids,
alkaloids, steroids, phenols, cardiac glycosides, and terpe-
noids (Table 1).

3.2. Quantitative Phytochemicals Screening

3.2.1. Total Phenolic Contents. The total phenolic concen-
tration in the leaf extract of S. henningsii and stem bark
extract of F. sycomorus were quantified and expressed as
milligrams of garlic acid equivalent per gram of dry weight
(mg GAE/g dw) (Table 2) using a standard gallic acid cal-
ibration curve (y = 1.52x + 0.234; R*=0.9782). Generally, at
all the concentrations tested (0.2, 0.4, 0.6, 0.8, and 1.0 mg/
ml), the two extracts had significantly different phenolic
contents (p<0.05), with S. henningsii extract having the
highest phenolic content (Table 2).

3.2.2. Total Flavonoid Contents. The total flavonoid contents
of the DCM leaf and stem bark extracts of S. henningsii and
F. sycomorus were calculated from the standard rutin
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TaBLE 1: Phytochemical screening of DCM leaf extracts of
S. henningsii and stem bark of F. sycomorus.

Composition F. sycomorus S. henningsii

Saponins + +
Alkaloids
Terpenoids
Flavonoids
Steroids

Phenolics

Cardiac glycosides

+ 4+ + + + +
+ 4+ + 1+

+, present; —, absence.

calibration curve (y = 2.535x — 0.047; R*=0.9778). The leaf
extract of S. henningsii had significantly higher flavonoid
concentrations than the F. sycomorus stem bark extract
(p <0.05; Table 2). However, the rutin equivalence at the
lowest concentration of 0.1 mg/ml for both extracts was not
significantly different (p > 0.05; Table 3).

3.3. In Vitro Hydrogen Peroxide Radical Scavenging Activities
of DCM Extracts of S. henningsii and F. sycomorus. The
in vitro hydrogen peroxide scavenging potential of the DCM
leaf extract of S. henningsii and stem bark extract of
F. sycomorus was analyzed, as shown in Figure 1. Generally,
both extracts of S. henningsii and F. sycomorus showed
remarkable in vitro hydrogen peroxide scavenging activity at
all the concentrations (0.1, 0.2, 0.3, 0.4, and 0.5 mg/ml). The
extracts showed H,O, scavenging activities in a dose-related
manner. The H,0, scavenging activities of both extracts
were significantly lower than that of the standard (ascorbic
acid). However, there was no significant difference in the
hydrogen peroxide scavenging activities of S. henningsii and
F. sycomorus at all the tested concentrations (p>0.05;
Figure 1 and Table 4).

3.4. In Vitro DPPH Radical Scavenging Activities of DCM
Extracts of S. henningsii and F. sycomorus. As shown in
Figure 2 and Table 5, both extracts of S. henningsii and
F. sycomorus as well as the ascorbic acid demonstrated dose-
dependent scavenging of DPPH radicals. At all the tested
doses (0.00125-0.2 mg/ml), the two extracts showed lower
DPPH scavenging activities than the standard (ascorbic
acid). The extract activities were found not to be significantly
different at all the tested concentrations.

3.5.ICso for Hydrogen Peroxide and DPPH. The half maximal
percentage inhibition (ICsy) value is widely used as
a quantitative measure of extracts, antioxidant potential. The
two extracts showed a lower 1Cs,, as shown in Table 6.

3.6. In Vitro Ferric Reducing Power Activities of DCM Extracts
of S. henningsii and F. sycomorus. In this assay, the extracts
were tested for their ability to reduce Fe’* to Fe** via
electron donation. The results showed a dose-related ferric
reduction by the DCM extracts of S. henningsii and
F. sycomorus. The leaf extract of S. henningsii was
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TaBLE 2: Total phenolic contents of DCM extracts of S. henningsii and F. sycomorus.

Mass in mg/g gallic acid equivalent

Groups 0.1 mg/g 0.2mg/g 0.3mg/g 0.4mg/g 0.5mg/g
S. henningsii 4.3+0.01° 10.7 £0.01* 16.7 +0.01* 22.0+0.01% 29.0 +0.01%
E. sycomorus 2.3+0.01° 50+0.01° 9.7+0.01° 16.0 +0.01° 23.0+0.015"

Values are expressed as mean + SEM of the three replicates. Column means followed by the same superscript letters are not significantly different (p > 0.05) by
the unpaired Student’s ¢-test.

TaBLE 3: Total flavonoid content of DCM extracts of S. henningsii and F. sycomorus.

Mass in mg/g rutin equivalent

Groups 0.2mg/g 0.4mg/g 0.6 mg/g 0.8 mg/g 1.0 mg/g
S. henningsii 15.7 +0.00° 22.7+0.00° 37.7+0.00° 44.3+0.00° 53.0+0.00°
F. sycomorus 10.3+0.01° 16.0 +0.01° 23.7+0.01° 34.3+0.00" 38.3+0.00"

Values are expressed as mean + SEM of the three replicates. Column means followed by the same superscript letters are not significantly different (p > 0.05) by
the unpaired Student’s t-test.

100 -
90 -
80 4
70 4
60 4
50 4
40 A
30 4
20 -
10 A

% Inhibition

0.1 0.2 0.3 0.4 0.5
Concentration in mg/ml

m Ascorbic Acid
B Esycomorus
m S. henningsii

F1GURE 1: Percentage hydrogen peroxide inhibition of the DCM leaf extract of S. henningsii, the stem bark extract of F. sycomorus, and the
standard ascorbic acid. Values are expressed as mean + SEM of the three replicates. Column means followed by the same superscript letters
were not significantly different (p >0.05) by one-way ANOVA followed by Tukey’s post hoc test.

TaBLE 4: % in vitro hydrogen peroxide radical scavenging activities of DCM extract of S. henningsii and F. sycomorus.

Concentrations
Groups 0.1 mg/ml 0.2 mg/ml 0.3 mg/ml 0.4 mg/ml 0.5mg/ml ICs, value
Ascorbic acid % 27.72+2.38° 42.25+2.27° 60.38+1.77° 74.24 +2.68" 88.05+2.55° 0.245 mg/ml
E. sycomorus % 15.71+1.47° 31.07 +4.15° 47.24+2.38" 61.41+2.81° 75.85 + 1.66" 0.330 mg/ml
S. henningsii % 14.22 +2.69° 3045 +2.64" 48.27 +2.50° 61.57 +2.92° 75.22+2.12° 0.325 mg/ml

Values are expressed as mean + SEM for three replicates. Column means with the same superscript were not significantly different by ANOVA followed by
Tukey’s post hoc test (p>0.05).

comparable to that of standard ascorbic acid at the lowest 4. Discussion

concentration of 0.2 mg/ml. However, at this concentration,

the stem bark extract of F. sycomorus had significantly lower  4.1. Qualitative and Quantitative Analysis. The search for
ferric reducing power than ascorbic acid. At all the other  natural antioxidants has grown rapidly amongst clinical and
tested concentrations (0.4-1mg/ml), the ferric reducing  medical practitioners due to the interest generated by re-
power activities of the two extracts had no significant dif-  active oxygen species (ROS) and pathogenesis of oxidative
ference (p > 0.05). However, they were significantly different  stress-related disorders [63, 64]. Plant leaves, stems, flowers,
from that of the standard (ascorbic acid) (p <0.05; Figure 3 fruits, and roots have been known for centuries to possess
and Table 7). therapeutic value and, therefore, have been extensively
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Concentration in mg/ml

FIGURE 2: Percentage DPPH scavenging activities of S. henningsii, F. sycomorus, and standard ascorbic acid. Values are expressed as
mean + SEM of the three replicates. Column means followed by the same superscript letters were not significantly different (p > 0.05) by

one-way ANOVA followed by Tukey’s post hoc test.

TABLE 5: % in vitro DPPH radical scavenging activities of DCM extracts of S. henningsii and F. sycomorus.

Concentrations
Groups 0.0125 mg/ml 0.025 mg/ml 0.05 mg/ml 0.1 mg/ml 0.2 mg/ml ICs, value
Ascorbic acid % 42.84+1.05" 50.00 + 1.85° 64.06+1.75° 80.13 +2.06" 91.39 +1.38" 0.025 mg/ml
S. henningsii % 30.38 +1.61° 34,93 +2.42° 46.60 + 1.49" 61.71 £ 1.69" 78.33 +1.65" 0.068 mg/ml
E. sycomorus % 29.73+2.21° 37.94+1.15" 46.45+2.74° 63.81 +2.27° 76.38 +1.92° 0.062 mg/ml

Values are expressed as mean + SEM of the three replicates. Column means followed by the same superscript letters were not significantly different (p > 0.05)

by one-way ANOVA followed by Tukey’s post hoc test.

TaBLE 6: ICsq values of DCM extracts of S. henningsii and
F. sycomorus.

Hydrogen peroxide DPPH
S. henningsii 0.330 mg/ml 0.068 mg/ml
F. sycomorus 0.325 mg/ml 0.062 mg/ml
Ascorbic acid 0.245 mg/ml 0.025 mg/ml

studied to provide alternative answers to the diverse stress-
related disorders. Arguably, plants tend to offer better al-
ternatives for varied sources of medicinal remedy including
antioxidants.

Based on phytochemical studies, the yield and the an-
tioxidant activity of a plant extract depend on the selected
extraction solvent [65-67]. Different solvents are employed
to isolate different antioxidant compounds based on their
disparities in polarities [68]. In this study, dichloromethane
solvents were used as a midpolar solvent for extraction of
polyphenols and other midpolar phytochemicals. Several
assays (DPPH radical scavenging assay, hydroxyl radical
assay, hydrogen peroxide radical scavenging assay, ferric
reducing power, and total determination of flavonoid and
phenolic contents, among others) have been developed for
the determination of in vitro nonenzymatic antioxidant
activities of medicinal plants [69, 70].

0.9 a
0.8
0.7 b
0.6 4 b

051 a b
04 4 ab b
0.3 4 b

0.2
0.1

Absorbance at 700 nm

0.2 0.4 0.6 0.8 1
Concentration (mg/ml)

m Ascorbic acid
m F sycomorus
= S. henningsii

FIGURE 3: Analysis of ferric reducing power of S. hennningsii,
F. sycomorus, and the standard ascorbic acid. Values are expressed
as mean + SEM of the three replicates. Column means followed by
the same superscript letters were not significantly different
(p>0.05) by one-way ANOVA followed by Tukey’s post hoc test.

Flavonoids and phenols naturally exhibit strong scav-
enging abilities for free radicals due to their hydroxyl groups
[71, 72], which are attached to their aromatic ring structures
and help to quench the radicals either by donating their
electrons thus neutralizing them or via the electron
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TaBLE 7: In vitro ferric reducing power activities of the DCM extracts of S. henningsii and F. sycomorus.
Concentrations

Groups 0.2 mg/ml 0.4 mg/ml 0.6 mg/ml 0.8 mg/ml 1.0 mg/ml

Ascorbic acid (nm) 0.427 +£0.02* 0.612 +0.02% 0.705 +0.04* 0.864 +0.02°* 0.915+0.02%
S. henningsii (nm) 0.317 +£0.04%° 0.452 +0.02° 0.524 +0.02° 0.643 +0.02° 0.730 + 0.02°
F. sycomorus (nm) 0.217 +0.04° 0.316 +0.04° 0.486 + 0.02° 0.603 +0.02° 0.703 +0.02°

Values are expressed as mean + SEM of the three replicates. Column means followed by the same superscript letters were not significantly different (p > 0.05)

by one-way ANOVA followed by Tukey’s post hoc test.

delocalization over all three ring systems achieved by ortho-
dihydroxy of the B-ring and 4-oxo group of the ring C of the
flavonoid, which actively reduce radicals such as DPPH and
Fe’* to Fe*" ions [73, 74]. Thus, polyphenols directly aug-
ment the antioxidant potential through the restoration of
redox balance [75].

In most plant extracts, there is a positive correlation
between antioxidant activity and the amount of poly-
phenolic compounds [76, 77]. However, some studies
have reported that there is no positive relationship be-
tween the polyphenolic compounds and their antioxidant
activities [78, 79]. The total phenolic and flavonoid
content of the DCM stem bark extract of F. sycomorus was
lower than that of the leaf extract of S. henningsii at all the
tested concentrations. This partly explains why
S. henningsii had a better result against % DPPH radical
scavenging activities and ferric reducing power assay
(Figures 1 and 2) than F. sycomorus. Nevertheless, the
difference in polyphenolic content between the two ex-
tracts was not statistically significant against hydrogen
peroxide scavenging abilities (Figure 3). In this study, the
antioxidant activity observed against hydrogen peroxide,
DPPH radicals, and FARP were due to the presence of
phenolic and flavonoid components. Therefore, a positive
correlation was noted between the amount of poly-
phenolics and the antioxidant activity.

4.2. Statistical Analysis. Hydrogen peroxide (H,0,) is
a harmless and less reactive molecule, which becomes
harmful, toxic, and reactive to the cell when it is converted to
hydroxyl radical [80, 81]. Hydroxyl compounds are among
the most deleterious ROS produced by mitochondria,
causing oxidative damage, and are clinically linked to causes
of various stress-related disorders [82]. Thus, the removal of
H,0, is a critical step for maintaining a functional anti-
oxidant defense system in cells or food systems [83, 84].
DCM leaf extract of S. henningsii and stem bark extract
of F. sycomorus showed significant antioxidant activity
against hydrogen peroxide in a dose-associated trend.
Sirisha et al. [85] also demonstrated similar in vitro anti-
oxidant activity while working on the methanolic leaf extract
of F. carica. The dose-dependent activities of both extracts
showed that an increase in the concentration of the extract
increased the levels of bioactive antioxidant compounds
[86]. Similarly, studies conducted on different Ficus species
by Ahoua et al. reported the species exhibit strong hydrogen
peroxide antioxidant activity in a dose-dependent manner
[87]. The strong scavenging potential of the extracts is

reflected in their low IC5 value. A lower ICsq is normally
associated with a higher radical scavenging activity [88].

The findings of this study showed that both S. henningsii
and F. sycomorus extracts had low ICsq of 0.330 mg/ml and
0.325 mg/ml, respectively, against the H,O, radicals. Thus,
the low ICsq values obtained from the study indicate that the
two extracts have strong H,O, scavenging activities. The
ICs, value obtained for F. sycomorus was similar to that
obtained by Deo et al. [89] working on some selected herbal
extract inhibitory properties against protein glycation and
angiotensin enzyme linked to type II diabetes. Additionally,
P. amarus and L. pumila var. alata medicinal plants have
been shown to possess potent radical inhibiting properties
with low ICsq values of 3.4 and 5.7 yg/ml, respectively [90].

The potential of plant extracts to inhibit the DPPH
radical is strongly linked to their ability to donate electrons
to the radical [46, 91]. Normally, DPPH radical is stable in
varjous solvents including methanol, ethanol, and water.
Therefore, the radical is usually prepared in a solution of
either ethanol or methanol [70, 92]. The results obtained in
this study showed dose-dependent DPPH scavenging ac-
tivities of the two extracts. It was, however, noted that the
DCM leaf extract of S. henningsii and F. sycomorus stem bark
extract had lower DPPH scavenging abilities than ascorbic
acid [93]. This could be due to the crude nature of extract as
compared to the refined standard drug. This result corre-
sponded to the observations of Igbinosa et al. [94] who
found that Jatropha curcas had lower DPPH activities than
ascorbic acid (standard).

The results of the stem bark extract of F. sycomorus agree
with a study by Kambli et al. [95], who found that the DPPH
scavenging activity of F. racemosa was considerable but not
higher than that of the standard drug. The good antioxidant
property of F. sycomorus stem bark extract against DPPH
corroborates well with the findings of Santiago and Mayor
[96], who noted that F. odorata had a good antioxidant
activity against DPPH radicals. The DCM leaf extract of
S. henningsii also showed a good antioxidant activity against
DPPH. However, studies conducted by Oyedemi et al. [48],
while working on the stem bark extract of S. henningsii,
reported a weaker antioxidant activity against DPPH radi-
cals and attributed it to low levels of flavonoids in the stem
bark extract compared to that of the leaf. The potential
antioxidant activities of the DCM extract of S. henningsii and
F. sycomorus against DPPH radicals in this study can be
positively related to their higher total phenolic (R* =0.9782)
and flavonoid (R*=0.9778) compounds (Tables 2 and 3).
This higher antioxidant activity of the two extracts was
a reflection of the lower IC5, values obtained (0.062 mg/ml



and 0.068 mg/ml, Table 1). In DPPH assay, it has been
strongly suggested that samples with lower ICs, values of
50 ug/ml are very strong antioxidants, while with a range of
50-100 pug/ml are strong antioxidants, and with values above
150 ug/ml are weaker antioxidants [97].

The potential of the two extract samples to reduce Fe’* to
Fe’* via electron donation was determined by the amount of
Fe?* complex generated and measured in terms of the ab-
sorbance of Perl’s Prussian blue colour at 700 nm wavelength
[98]. The change of yellow colour of the test solution to
various shades of green and blue indicated the reducing
power of the extract [99]. The phytochemicals in an extract
either directly bind the metal ions or indirectly suppress
their chelating reactivity by occupying their coordination
sites [100, 101]. The ultimate outcome of the reduction
reaction in the antioxidant defense system is to terminate the
radical chain reactions, which may otherwise be very det-
rimental to tissues.

It was evident that increased extract concentrations
increased the ferric reducing power of the two DCM
extracts. Basically, as a result of more Fe3+ being reduced
to Fe2+ as more electrons were being donated by anti-
oxidant components [102, 103]. High absorbance is an
indicative of the increased ferric reducing ability of the
extracts. Both extracts were, however, found to have
a lower reducing capacity at all the tested concentrations
compared to ascorbic acid, the reference compound. This
observation was starkly different from the one done by
Daniel and Dluya [46] in which they demonstrated that
the methanolic stem bark extract of F. sycomorus had
a higher ferric reducing power than ascorbic acid (ref-
erence drug) which could be the case of different solvents
used. Nevertheless, the findings correlate with one done
by Ahoua et al. [87] on eight different Ficus species and it
was noted that the majority had significantly lower re-
ducing power against the ascorbic acid.

5. Conclusions and Recommendations

The findings of this study demonstrate that the DCM ex-
tracts of S. henningsii and F. sycomorus possess alkaloids,
phenols, saponins, cardiac glycosides, flavonoids, and ste-
roids while F. sycomorus contains saponins, flavonoids, al-
kaloids, steroids, phenols, cardiac glycosides, and
terpenoids. The total phenolic and flavonoid content of the
DCM stem bark extract of F. sycomorus was lower than that
of the leaf extract of S. henningsii. The said phytochemicals
possess antioxidant activity. The DCM extracts of
S. henningsii and F. sycomorus significantly exhibited strong
radical scavenging activities against hydrogen peroxide and
DPPH solution at different concentrations used. The ICs,
values of S. henningsii and F. sycomorus were 0.325 mg/ml
and 0.330 mg/ml for hydrogen peroxide and 0.068 mg/ml
and 0.062 mg/ml for DPPH, respectively. Both the DCM leaf
extract and stem bark extract of S. henningsii and
F. sycomorus were found to have strong ferric reducing
power at all the tested concentrations. Therefore, both ex-
tracts exhibited significant nonenzyme-based antioxidant
activities.

The Scientific World Journal

Therefore, the DCM leaf extract of S. henningsii and stem
bark extract of F. sycomorus studied plants can be potential
antioxidant compound sources and alternatives for the
management of oxidative stress. In addition, studies aimed
at investigating the in vivo antioxidant efficacy of the studied
plant extracts are encouraged.

Abbreviations

ANOVA: Analysis of variance

DCM: Dichloromethane

DPPH:  2,2-Diphenyl-1-picrylhydrazyl
ROS: Reactive oxidative species
SEM: Standard error of the mean
GAE: Gallic acid equivalent

RE: Rutin equivalent.

Data Availability

The data used to support the findings of this study are
provided in this article. However, any additional in-
formation can be provided by the corresponding author
upon request.

Ethical Approval

All the reagents used in this study were prepared, used, and
disposed of according to the set laboratory guidelines and
the material safety and data sheets (MSDS).

Disclosure

This article is part of the Kenedy Wanjala Wafula Thesis
(Wanjala) [104], and no preprint version had been deposited
in a journal in any form.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Kenedy Wanjala Wafula, Joseph Kiambi Mworia, and
Mathew Piero Ngugi designed the project, collected the
specimen, performed the experiments, analyzed and inter-
preted data, and read and approved the manuscript for
publication.

Acknowledgments

The authors sincerely thank the members of Biochemistry,
Microbiology, and Biotechnology, Kenyatta University,
Nairobi, Kenya, for their unswerving support and contri-
bution in this research project. The authors also thank Mr.
Daniel Gitonga of Kenyatta University (Department of
Biochemistry, Microbiology, and Biotechnology) for their
technical support during the entire period of carrying out
this research.



The Scientific World Journal

References

(1]

=

(10]

(11]

(12]

(13]

(14]

H. Ushijima and R. Monzaki, “An in vitro evaluation of the
antioxidant activities of necroptosis and apoptosis inhibitors:
the potential of necrostatin-1 and necrostatin-1i to have
radical scavenging activities,” Pharmacological Reports:
PROtech, pp. 1-8, 2023.

C. Moens, C. J. F. Muller, and L. Bouwens, “In vitro com-
parison of various antioxidants and flavonoids from Rooibos
as beta cell protectants against lipotoxicity and oxidative
stress-induced cell death,” PLoS One, vol. 17, no. 5, Article ID
€0268551, 2022.

L. N. Khanal, K. R. Sharma, Y. R. Pokharel, and S. K. Kalauni,
“Phytochemical analysis and in vitro antioxidant and anti-
bacterial activity of different solvent extracts of Beilsch-
miedia roxburghiana nees stem barks,” The Scientific World
Journal, vol. 2022, Article ID 6717012, 7 pages, 2022.

X. Chen, M. Bj, J. Yang et al., “Cadmium exposure triggers
oxidative stress, necroptosis, Th1/Th2 imbalance and pro-
motes inflammation through the TNF-a/NF-xB pathway in
swine small intestine,” Journal of Hazardous Materials,
vol. 421, Article ID 126704, 2022.

N. U. Rehman, M. Shah, S. Ullah et al., “Enzymes inhibition
and antioxidant potential of medicinal plants growing in
Oman,” BioMed Research International, vol. 2022, Article ID
7880387, 9 pages, 2022.

K. Tejchman, K. Kotfis, and J. Siefiko, “Biomarkers and
mechanisms of oxidative stress-last 20 years of research with
an emphasis on kidney damage and renal transplantation,”
International Journal of Molecular Sciences, vol. 22, no. 15,
p. 8010, 2021.

V. Kumar and A. Salam, “A review on reactive oxygen and
nitrogen species,” Era’s Journal of Medical Research, vol. 5,
no. 1, pp. 59-66, 2018.

K. Luangpraditkun, M. Tissot, A. Joompang et al., “Pre-
vention by the natural artocarpin of morphological and
biochemical alterations on UVB-induced HaCaT cells,”
Oxidative Medicine and Cellular Longevity, vol. 2021, Article
ID 5067957, 13 pages, 2021.

N. Seyed Mohammad, A. A. Dehpour, M. A. Ebrahimzadeh,
and N. Seyed Fazel, “Antioxidant activity of the methanol
extract of <i>Ferula assafoetida</i> and its essential oil
composition,” Grasas y Aceites, vol. 60, no. 4, pp. 405-412,
2009.

L. A. Pham-Huy, H. He, and C. Pham-Huy, “Free radicals,
antioxidants in disease and health,” International journal of
biomedical science: IJBS, vol. 4, no. 2, pp. 89-96, 2008.

R. Singh, S. Devi, and R. Gollen, “Role of free radical in
atherosclerosis, diabetes and dyslipidaemia: larger-than-life,”
Diabetes/metabolism research and reviews, vol. 31, no. 2,
pp. 113-126, 2015.

M. C. Polidori and P. Mecocci, “Modeling the dynamics of
energy imbalance: the free radical theory of aging and frailty
revisited,” Free Radical Biology and Medicine, vol. 181,
pp. 235-240, 2022.

A. T. Dharmaraja, “Role of reactive oxygen species (ROS) in
therapeutics and drug resistance in cancer and bacteria,”
Journal of Medicinal Chemistry, vol. 60, no. 8, pp. 3221-3240,
2017.

T. Zhao, W. Wu, L. Sui et al., “Reactive oxygen species-based
nanomaterials for the treatment of myocardial ischemia
reperfusion injuries,” Bioactive Materials, vol. 7, pp. 47-72,
2022.

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

A. Singh, R. Kukreti, L. Saso, and S. Kukreti, “Oxidative
stress: a key modulator in neurodegenerative diseases,”
Molecules, vol. 24, no. 8, p. 1583, 2019.

P. Thiviya, A. Gamage, D. Piumali, O. Merah, and
T. Madhujith, “Apiaceae as an important source of anti-
oxidants and their applications,” Cosmetics, vol. 8, no. 4,
p. 111, 2021 Dec.

K. Ko$mider, M. Kamieniak, S. J. Czuczwar, and B. Miziak,
“Second generation of antiepileptic drugs and oxidative
stress,” International Journal of Molecular Sciences, vol. 24,
no. 4, p. 3873, 2023.

M. Kumar, G. Gupta, N. P. Muhammed et al., “Toxicity
ameliorative effect of vitamin E against super-paramagnetic
iron oxide nanoparticles on haemato-immunological re-
sponses, antioxidant capacity, oxidative stress, and metabolic
enzymes activity during exposure and recovery in Labeo
rohita fingerlings,” Aquaculture International, vol. 30, no. 4,
pp. 17111739, 2022.

Y. Longobucco, A. Masini, S. Marini et al., “Exercise and
oxidative stress biomarkers among adult with cancer:
a systematic review,” Oxidative Medicine and Cellular
Longevity, vol. 2022, Article ID 2097318, 16 pages, 2022.
A. Roy, S. Das, I. Chatterjee, S. Roy, and R. Chakraborty,
“Anti-inflammatory effects of different dietary antioxidants,”
in Plant Antioxidants and Health, pp. 1-25, Springer In-
ternational Publishing, Cham, 2022.

M. Grzesik, G. Bartosz, I. Stefaniuk, M. Pichla, J. Namies$nik,
and I. Sadowska-Bartosz, “Dietary antioxidants as a source of
hydrogen peroxide,” Food Chemistry, vol. 278, pp. 692-699,
2019.

F. Shahidi, “Antioxidants in food and food antioxidants,”
Nahrung-Food, vol. 44, no. 3, pp. 158-163, 2000.

B. L. Tan, M. E. Norhaizan, W. P. P. Liew, and H. Sulaiman
Rahman, “Antioxidant and oxidative stress: a mutual in-
terplay in age-related diseases,” Frontiers in Pharmacology,
vol. 9, p. 1162, 2018.

C. Rice-Evans, B. Halliwell, G. G. Lunt, and C. Rice-Evans,
“Plant polyphenols: free radical scavengers or chain-breaking
antioxidants?” in Biochemical Society Symposia, vol. 61,
pp- 103-116, Portland Press, 1995, November.

E. Parthiban, C. Arokiyaraj, S. Janarthanan, and
R. Ramanibai, “Antioxidant and GC-MS analysis of Annona
reticulata leaves extract against unsecure free radicals,” SN
Applied Sciences, vol. 1, no. 4, pp. 349-9, 2019.

Y. J. Hsueh, Y. N. Chen, Y. T. Tsao, C. M. Cheng, W. C. Wu,
and H. C. Chen, “The pathomechanism, antioxidant bio-
markers, and treatment of oxidative stress-related eye dis-
eases,” International Journal of Molecular Sciences, vol. 23,
no. 3, p. 1255, 2022.

H. S. El-Beltagi, H. I. Mohamed, M. 1. Aldaej et al., “Pro-
duction and antioxidant activity of secondary metabolites in
Hassawi rice (Oryza sativa L.) cell suspension under salicylic
acid, yeast extract, and pectin elicitation,” In Vitro Cellular
and Developmental Biology - Plant, vol. 58, no. 4, pp. 615-
629, 2022.

B. Akbari, N. Baghaei Yazdi, M. Bahmaie, and F. Mahdavi
Abhari, “The role of plant derived natural antioxidants in
reduction of oxidative stress,” BioFactors, vol. 48, no. 3,
pp. 611-633, 2022.

H. Peng and F. Shahidi, “The effects of acyl chain length on
antioxidant efficacy of mono-andmulti-acylated resveratrol:
a comparative assessment,” Molecules, vol. 27, no. 3, p. 1001,
2022.



10

(30]

(31]

(39]

(41]

(42]

(43]

D. L. Egodavitharana, B. V. A. S. Manori Bambaranda, and
D. C. Mudannayake, “Phytochemical composition of two
green seaweeds (Ulva lactuca and Ulva fasciata) and their
utilization as a functional ingredient in crackers,” Journal of
Aquatic Food Product Technology, vol. 32, no. 2, pp. 158-174,
2023.

M. A. Anagnostopoulou, P. Kefalas, V. P. Papageorgiou,
A. N. Assimopoulou, and D. Boskou, “Radical scavenging
activity of various extracts and fractions of sweet orange peel
(Citrus sinensis),” Food Chemistry, vol. 94, no. 1, pp. 19-25,
2006.

I. Khalil, W. A. Yehye, A. E. Etxeberria et al,, “Nano An-
tioxidants: recent trends in antioxidant delivery applica-
tions,” Antioxidants, vol. 9, no. 1, p. 24, 2019.

H. Hosseinzadeh-Bandbatha, D. Kumar, B. Singh et al,
“Biodiesel antioxidants and their impact on the behavior of
diesel engines: a comprehensive review,” Fuel Processing
Technology, vol. 232, Article ID 107264, 2022.

S. Rathod, S. Arya, S. Kanike, S. A. Shah, P. Bahadur, and
S. Tiwari, “Advances on nanoformulation approaches for
delivering plant-derived antioxidants: a case of quercetin,”
International Journal of Pharmaceutics, vol. 625, Article ID
122093, 2022.

E. Salmerén-Manzano, J. A. Garrido-Cardenas, and
F. Manzano-Agugliaro, “Worldwide research trends on
medicinal plants,” International Journal of Environmental
Research and Public Health, vol. 17, no. 10, p. 3376, 2020.
K. M. A. A. Nagbi, K. Karthishwaran, S. S. Kurup, M. Abdul
Muhsen Alyafei, and A. Jaleel, “Phytochemicals, proximate
composition, mineral analysis and in vitro antioxidant ac-
tivity of Calligonum crinitum (boiss),” Horticulturae, vol. 8,
no. 2, p. 156, 2022.

L. K. Keter and P. C. Mutiso, “Ethnobotanical studies of
medicinal plants used by traditional health practitioners in
the management of diabetes in lower eastern province,
Kenya,” Journal of Ethnopharmacology, vol. 139, no. 1,
pp. 74-80, 2012.

M. Sharifi-Rad, N. V. Anil Kumar, P. Zucca et al., “Lifestyle,
oxidative stress, and antioxidants: back and forth in the
pathophysiology of chronic diseases,” Frontiers in Physiology,
vol. 11, p. 694, 2020.

J. Kiambi Mworia, C. Mwiti Kibiti, J. Jn Ngeranwa, and
M. Piero Ngugi, “Anti-inflammatory potential of dichloro-
methane leaf extracts of Eucalyptus globulus (Labill) and
Senna didymobotrya (Fresenius) in mice,” African Health
Sciences, vol. 21, no. 1, pp. 397-409, 2021.

B. M. Guchu, A. K. O. Machocho, S. K. Mwihia, and
M. P. Ngugi, “In vitro antioxidant activities of methanolic
extracts of Caesalpinia volkensii (Harms)., Vernonia lasiopus
O. Hoftm., and Acacia hockii De Wild,” Evidence-based
Complementary and Alternative Medicine,
vol. 202010 pages, Article ID 3586268, 2020.

N. T. T. Nguyen, L. M. Nguyen, T. T. T. Nguyen,
T. T. Nguyen, D. T. C. Nguyen, and T. V. Tran, “Formation,
antimicrobial activity, and biomedical performance of plant-
based nanoparticles: a review,” Environmental Chemistry
Letters, vol. 20, no. 4, pp. 2531-2571, 2022.

E. S. S. Abdel-Hameed, “Total phenolic contents and free
radical scavenging activity of certain Egyptian Ficus species
leaf samples,” Food Chemistry, vol. 114, no. 4, pp. 1271-1277,
2009.

A. Walia, N. Kumar, R. Singh et al., “Bioactive compounds in
Ficus fruits, their bioactivities, and associated health benefits:

(44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

[56]

(57]

(58]

The Scientific World Journal

a review,” Journal of Food Quality, vol. 2022, Article ID
6597092, 19 pages, 2022.

O. Olaoluwa, O. Taiwo, L. Nahar, and S. D. Sarker, “Eth-
nopharmacology, phytochemistry and biological activities of
the African species of the genus Ficus L,” Trends in Phyto-
chemical Research, vol. 6, no. 1, pp. 46-69, 2022.

N. A. Igbokwe, I. O. Igbokwe, and U. K. Sandabe, “Effect of
prolonged oral administration of aqueous Ficus sycomorus-
stem-bark extract on testicular size of growing albino rat,”
International Journal of Morphology, vol. 28, no. 4,
pp. 1315-1322, 2010.

D. Daniel and T. Dluya, “In vitro biochemical assessments of
methanol stem bark extracts of Ficus sycomorus plant,”
Jordan Journal of Biological Sciences, vol. 9, no. 1, pp. 63-68,
2016.

M. H. S. Al-Shabibj, S. S. J. Al-Touby, and M. A. Hossain,
“Isolation, characterization and prediction of biologically
active glycoside compounds quercetin-3-rutinoside from the
fruits of Ficus sycomorus,” Carbohydrate Research, vol. 511,
Article ID 108483, 2022.

S. O. Oyedemi, G. Bradley, and A. J. Afolayan, “In-vitro and-
vivo antioxidant activities of aqueous extract of Strychnos
henningsii (Gilg),” Afr ] Pharm Pharmacol, vol. 4, no. 2,
pp. 7078, 2010.

N. Ndlovu and S. F. Van Vuuren, “The use of South African
botanical species for the control of blood sugar,” Journal of
Ethnopharmacology, vol. 264, Article ID 113234, 2021.

N. M. Piero, M. N Joan, K. M. Cromwell, N. J. Joseph, and
N. M. Wilson, “Hypoglycemic activity of some Kenyan
plants traditionally used to manage diabetes mellitus in
eastern province,” Journal of Diabetes & Metabolism, vol. 2,
no. 8, p. 2, 2011.

A. J. Harborne, Phytochemical Methods a Guide to Modern
Techniques of Plant Analysis, Springer science & business
media, Berlin, Germany, 1998.

K. Kotake, Practical Pharmacognosy, Vallabh prakashan,
New Delhi, India, 2000.

G. A. Spanos, R. E. Wrolstad, and D. A. Heatherbell, “In-
fluence of processing and storage on the phenolic compo-
sition of apple juice,” Journal of Agricultural and Food
Chemistry, vol. 38, no. 7, pp. 1572-1579, 1990.

E. Lister and P. Wilson, Measurement of Total Phenolics and
ABTS Assay for Antioxidant Activity (Personal Communi-
cation), Crop Research Institute, Lincoln, New Zealand,
2001.

F. Medini, H. Fellah, R. Ksouri, and C. Abdelly, “Total
phenolic, flavonoid and tannin contents and antioxidant and
antimicrobial activities of organic extracts of shoots of the
plant Limonium delicatulum,” Journal of Taibah University
for Science, vol. 8, no. 3, pp. 216-224, 2014.

J. L. Lamaison and A. Carnat, “Levels of principal flavonoids
in flowers and leaves of crataegus-monogyna (jacq) and
Crataegus laevigata (poiret) dc (rosaceae),” Pharmaceutica
Acta Helvetiae, vol. 65, no. 11, pp. 315-320, 1990.

W. Nurcholis, D. N. Sya’bani Putri, H. Husnawati,
S.I. Aisyah, and B. P. Priosoeryanto, “Total flavonoid content
and antioxidant activity of ethanol and ethyl acetate extracts
from accessions of Amomum compactum fruits,” Annals of
Agricultural Science, vol. 66, no. 1, pp. 58-62, 2021.

R. J. Ruch, S. J. Cheng, and J. E. Klaunig, “Prevention of
cytotoxicity and inhibition of intercellular communication
by antioxidant catechins isolated from Chinese green tea,”
Carcinogenesis, vol. 10, no. 6, pp. 1003-1008, 1989.



The Scientific World Journal

(59]

[60]

(61]

[62]

(64]

[65]

(66]

[69

—

(71]

S. Mehrotra, V. Kirar, P. Vats, S. P. Nandi, P. S. Negi, and
K. Misra, “Phytochemical and antimicrobial activities of
himalayan cordyceps sinensis (berk) sacc,” Indian Journal of
Experimental Biology, vol. 53, no. 1, 2015.

W. Dong, D. Chen, Z. Chen, H. Sun, and Z. Xu, “Antioxidant
capacity differences between the major flavonoids in cherry
(Prunus pseudocerasus) in vitro and in vivo models,” Leb-
ensmittel-Wissenschaft & Technologie, vol. 141, Article ID
110938, 2021.

N. G. Hristova-Avakumova, E. P.  Valcheva,
N. O. Anastassova et al., “In vitro and in silico studies of
radical scavenging activity of salicylaldehyde benzoylhy-
drazones,” Journal of Molecular Structure, vol. 1245, Article
1D 131021, 2021.

M. Oyaizu, “Studies on products of browning reaction
antioxidative activities of products of browning reaction
prepared from glucosamine,” The Japanese journal of nu-
trition and dietetics, vol. 44, no. 6, pp. 307-315, 1986.

D. M. Teleanu, A. G. Niculescu, I. I. Lungu et al, “An
overview of oxidative stress, neuroinflammation, and neu-
rodegenerative diseases,” International Journal of Molecular
Sciences, vol. 23, no. 11, p. 5938, 2022.

D. J. Cherubim, C. V. Martins, L. Farifia, and R. A. Lucca,
“Polyphenols as natural antioxidants in cosmetics applica-
tions,” Journal of Cosmetic Dermatology, vol. 19, no. 1,
pp. 33-37, 2020.

Q.D. Do, A. E. Angkawijaya, P. L. Tran-Nguyen et al., “Effect
of extraction solvent on total phenol content, total flavonoid
content, and antioxidant activity of Limnophila aromatica,”
Journal of Food and Drug Analysis, vol. 22, no. 3, pp. 296—
302, 2014.

Y. Gong, X. Liu, W. H. He, H. G. Xu, F. Yuan, and Y. X. Gao,
“Investigation into the antioxidant activity and chemical
composition of alcoholic extracts from defatted marigold
(Tagetes erecta L.) residue,” Fitoterapia, vol. 83, no. 3,
pp. 481-489, 2012.

A. C. Akinmoladun, O. E. Falaiye, O. B. Ojo, A. Adeoti,
Z. A. Amoo, and M. T. Olaleye, “Effect of extraction tech-
nique, solvent polarity, and plant matrix on the antioxidant
properties of Chrysophyllum albidum G. Don (African Star
Apple),” Bulletin of the National Research Centre, vol. 46,
no. 1, pp. 40-49, 2022.

W. C. Chen, S. W. Wang, C. W. Li et al., “Comparison of
various solvent extracts and major bioactive components
from Portulaca oleracea for antioxidant, anti-tyrosinase, and
anti-a-glucosidase activities,” Antioxidants, vol. 11, no. 2,
p. 398, 2022.

I. Alfarrayeh, K. Tarawneh, D. Almajali, and W. Al-Awaida,
“Evaluation of the Antibacterial and Antioxidant properties
of the Methanolic extracts of four Medicinal plants selected
from Wadi Al-Karak, Jordan related to their Phenolic
contents,” Research Journal of Pharmacy and Technology,
vol. 15, no. 5, pp. 2110-2116, 2022.

K. Shimada, K. Fujikawa, K. Yahara, and T. Nakamura,
“Antioxidative properties of xanthan on the autoxidation of
soybean oil in cyclodextrin emulsion,” Journal of Agricul-
tural and Food Chemistry, vol. 40, no. 6, pp. 945-948, 1992.
Z. Haida and M. Hakiman, “A comprehensive review on the
determination of enzymatic assay and nonenzymatic anti-
oxidant activities,” Food science & nutrition, vol. 7, no. 5,
pp. 1555-1563, 2019.

A. A. Mohamed, A. A. Khalil, and H. E. S. El-Beltagi,
“Antioxidant and antimicrobial properties of kaff maryam

(73]

(74]

(75]

(76]

(771

(78]

(79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

11

(Anastatica hierochuntica) and doum palm (Hyphaene the-
baica),” Grasas y Aceites, vol. 61, no. 1, pp. 67-75, 2010.
M. A. Al-Mamary and Z. Moussa, “Antioxidant activity: the
presence and impact of hydroxyl groups in small molecules
of natural and synthetic origin,” Antioxidants—Benefits,
sources, mechanisms of action, pp. 318-377, 2021.

M. M. Namadina, H. Haruna, and U. Sanusi, “Pharma-
cognostic, antioxidant and acute toxicity study of Ficus
sycomorus (linn)(moraceae) root and stem bark,” Fudma
journal of sciences, vol. 4, no. 2, pp. 605-614, 2020.

J. B. Johnson, D. A. Broszczak, J. S. Mani, J. Anesi, and
M. Naiker, “A cut above the rest: oxidative stress in chronic
wounds and the potential role of polyphenols as therapeu-
tics,” Journal of Pharmacy and Pharmacology, vol. 74, no. 4,
pp. 485-502, 2022.

N. Huda-Faujan, A. Noriham, A. S. Norrakiah, and
A. S. Babji, “Antioxidant activity of plants methanolic ex-
tracts containing phenolic compounds,” African Journal of
Biotechnology, vol. 8, no. 3, 2009.

Y. Li, Z.]. Qian, B. Ryu, S. H. Lee, M. M. Kim, and S. K. Kim,
“Chemical components and its antioxidant properties
in vitro: an edible marine brown alga, Ecklonia cava,” Bio-
organic & Medicinal Chemistry, vol. 17, no. 5, pp. 1963-1973,
2009.

A. Rafat, K. Philip, and S. Muniandy, “Antioxidant potential
and content of phenolic compounds in ethanolic extracts of
selected parts of Andrographis paniculata,” Journal of Me-
dicinal Plants Research, vol. 4, no. 3, pp. 197-202, 2010.

F. Hesam, G. R. Balali, and R. T. Tehrani, “Evaluation of
antioxidant activity of three common potato (Solanum
tuberosum) cultivars in Iran,” Avicenna journal of phyto-
medicine, vol. 2, no. 2, pp. 79-85, 2012.

T. J. Zhou, Y. Xu, L. Xing, Y. Wang, and H. L. Jiang, “A
harmless-harmful switchable and uninterrupted laccase
instructed killer for activatable chemodynamic therapy,”
Advanced Materials, vol. 33, no. 27, Article ID 2100114, 2021.
T.J. Costa, P. R. Barros, C. Arce et al., “The homeostatic role
of hydrogen peroxide, superoxide anion and nitric oxide in
the vasculature,” Free Radical Biology and Medicine, vol. 162,
pp. 615-635, 2021.

R. L. Li, Q. Zhang, J. Liu et al, “Hydroxy-a-sanshool
possesses protective potentials on H,0,-stimulated PCl1,
cells by suppression of oxidative stress-induced apoptosis
through regulation of PI3K/Akt signal pathway,” Oxidative
Medicine and Cellular Longevity, vol. 12, Article ID 3481758,
2020.

C. M. C. Andrés, J. M. Pérez de la Lastra, C. A. Juan,
F. J. Plou, and E. Pérez-Lebefia, “Chemistry of hydrogen
peroxide formation and elimination in mammalian cells, and
its role in various pathologies,” Stresses, vol. 2, no. 3,
pp. 256-274, 2022.

J. C. Lee, H. R. Kim, J. Kim, and Y. S. Jang, “Antioxidant
property of an ethanol extract of the stem of Opuntia ficus-
indica var. saboten,” Journal of Agricultural and Food
Chemistry, vol. 50, no. 22, pp. 6490-6496, 2002.

N. Sirisha, M. Sreenivasulu, K. Sangeeta, and C. M. Chetty,
“Antioxidant properties of Ficus species-a review,” In-
ternational journal of pharmtech research, vol. 2, no. 4,
pp. 2174-2182, 2010.

P. Sharayei, E. Azarpazhooh, S. Zomorodi, and
H. S. Ramaswamy, “Ultrasound assisted extraction of bio-
active compounds from pomegranate (Punica granatum L.)
peel,” Lebensmittel-Wissenschaft ¢ Technologie, vol. 101,
pp. 342-350, 2019.



12

(87]

(88

(89]

(91]

[94]

[100]

A.R. C. Ahoua, M. W. Kone, A. G. Konan, F. H. T. Bi, and
B. Bonfoh, “Antioxidant activity of eight plants consumed by
great apes in Cote d’Ivoire,” African Journal of Biotechnology,
vol. 11, no. 54, pp. 11732-11740, 2012.

. Varzaru, A. E. Untea, and M. Saracila, “In vitro antioxidant
properties of berry leaves and their inhibitory effect on lipid
peroxidation of thigh meat from broiler chickens,” European
Journal of Lipid Science and Technology, vol. 122, no. 4,
Article ID 1900384, 2020.

P. Deo, E. Hewawasam, A. Karakoulakis et al., “In vitro
inhibitory activities of selected Australian medicinal plant
extracts against protein glycation, angiotensin converting
enzyme (ACE) and digestive enzymes linked to type II di-
abetes,” BMC Complementary and Alternative Medicine,
vol. 16, no. 1, pp. 435-511, 2016.

F. C. Saputri and I. Jantan, “Effects of selected medicinal
plants on human low-density lipoprotein oxidation, 2, 2-
diphenyl-1-picrylhydrazyl (DPPH) radicals and human
platelet aggregation,” Journal of Medicinal Plants Research,
vol. 5, no. 26, pp. 6182-6191, 2011.

M. Mahmudzadeh, H. Yari, B. Ramezanzadeh, and
M. Mahdavian, “Highly potent radical scavenging-anti-
oxidant activity of biologically reduced graphene oxide using
Nettle extract as a green bio-genic amines-based reductants
source instead of hazardous hydrazine hydrate,” Journal of
Hazardous Materials, vol. 371, pp. 609-624, 2019.

L. R. Fukumoto and G. Mazza, “Assessing antioxidant and
pro-oxidant activities of phenolic compounds,” Journal of
Agricultural and Food Chemistry, vol. 48, no. 8, pp. 3597-
3604, 2000.

W. Arika, C. M. Kibiti, J. M. Njagi, and M. P. Ngugi, “In vitro
antioxidant properties of dichloromethanolic leaf extract of
Gnidia glauca (Fresen) as a promising anti-obesity drug,”
Journal of Evidence-Based Integrative Medicine, vol. 24,
Article ID 2515690X1988325, 2019.

O. O. Igbinosa, I. H. Igbinosa, V. N. Chigor et al., “Poly-
phenolic contents and antioxidant potential of stem bark
extracts from Jatropha curcas (Linn),” International Journal
of Molecular Sciences, vol. 12, no. 5, pp. 2958-2971, 2011.
J. A. Y. Kambli, A. Patil, and R. Keshava, “Phytochemical
screening and evaluation of antibacterial, antioxidant and
cytotoxic activity of Ficus racemosa Linn,” International
Journal of Pharmacy and Pharmaceutical Sciences, vol. 6,
no. 4, pp. 1-8, 2014.

L. A. Santiago and A. B. R. Mayor, “Prooxidant effect of the
crude ethanolic leaf extract of Ficus odorata Blanco Merr.
in vitro: its medical significance,” International Journal of
Biotechnology and Bioengineering, vol. 8, pp. 53-60, 2014.
M. Saleem, “Natural products as antimicrobial agents—an
update,” Novel Antimicrobial Agents and Strategies, vol. 46,
pp. 219-294, 2014.

B. Jasiewicz, W. Kozanecka-Okupnik, M. Przygodzki et al.,
“Synthesis, antioxidant and cytoprotective activity evalua-
tion of C-3 substituted indole derivatives,” Scientific Reports,
vol. 11, no. 1, 14 pages, Article ID 15425, 2021.

A. N. M. Ramli, N. W. A. Manap, P. Bhuyar, and
N. 1. W. Azelee, “Passion fruit (Passiflora edulis) peel powder
extract and its application towards antibacterial and anti-
oxidant activity on the preserved meat products,” SN Applied
Sciences, vol. 2, no. 10, pp. 1748-1811, 2020.

H. O. Edeoga, D. E. Okwu, and B. O. Mbaebie, “Phyto-
chemical constituents of some Nigerian medicinal plants,”
African Journal of Biotechnology, vol. 4, no. 7, pp. 685-688,
2005.

[101]

[102]

[103]

[104]

The Scientific World Journal

O. V. Njoku and C. Obi, “Phytochemical constituents of
some selected medicinal plants,” African Journal of Pure and
Applied Chemistry, vol. 3, no. 11, pp. 228-233, 2009.

K. Mitra and N. Uddin, “Total phenolics, flavonoids,
proanthrocyanidins, ascorbic acid contents and in-vitro
antioxidant activities of newly developed isolated soya
protein,” Discourse Journal of Agriculture and Food Sciences,
vol. 2, no. 5, pp. 160-168, 2014.

F. A. Alsulaymani, M. F. Elmhdwi, S. Gaber, N. M. El Aali,
M. I. Mohammed, and A. A. Abduulsalam, “In vitro anti-
oxidant and antibacterial activity of olive leave extract,”
Journal of Pharmacy and Appllied Chememistry, vol. 7, no. 2,
pp. 75-80, 2021.

W. K. Wanjala, In-Vitro Antioxidant Activities of
Dichloromethane Doctoral Dissertation, Kenyatta University,
Nairobi, Kenya, 2019.





