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Abstract This study investigated the bioactive compounds, anti-inflammatory, anti-nociceptive,
and antioxidant properties of the ethanolic leaf fraction of Sida linifolia (ELFSL). The in vitro
anti-inflammatory study employed membrane stabilization, phospholipase A2, platelet aggregation,
albumin denaturation, and protease inhibition assays. Intraperitoneal injection of freshly prepared
carrageenan solution (0.1 mL of 0.01 g/mL), undiluted egg albumin (0.1 mL), acetic acid (0.6 % (v/
v) (10 mL/kg bw), and formalin solution (0.02 mL of 1 % v/v) into mice hind paw, were used to
evaluate the anti-inflammatory and anti-nociceptive mechanisms, respectively. /n vitro antioxidant
potentials were determined using 1,1-Diphenyl-2-picryl-hydrazyl (DPPH), nitric oxide (NO), ferric
reducing power (FRAP), and total antioxidant capacity (TAC) assays. Varying quantities of flavo-
noids, phenols, tannins, saponins, terpenoids, steroids, and alkaloids, were detected in the fraction.
GC-FID phytochemical profiling of ELFSL revealed a high level of epicatechin, moderate levels of
catechin, kaempferol, flavone, naringenin, rutin flavanones, tannins, sapogenins, proanthocyanidin,
and steroids, and small amounts of sparteine, resveratrol, and lunamarine. The ELFSL exerted
excellent dose-dependent in vitro anti-inflammatory activities comparable with standard drugs
(aspirin/prednisolone). The LDs, test showed safety up to 5000 mg/kg body weight (per oral)
ELFSL. Interestingly, mice pre-administered various doses (200, 400, 600 mg/kg bw, po) of ELFSL
showed significant (P < 0.05) reduction in edema, writhing, and time spent licking paw in all phases
compared with control and were at par with 100 mg/kg bw (po) aspirin. The result also registered
good concentration-dependent antioxidant potentials for ELFSL and was comparable to standards
(gallic acid, butylated hydroxytoluene, and ascorbic acid). These imply that ELFSL possesses excel-
lent antioxidant, anti-inflammatory, and anti-nociceptive potentials mediated by peripheral and
central mechanisms.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Consistent exposure of the human system to noxious or non-injurious
immunogens of both exogenous and endogenous origins could trigger
immune responses and result in deleterious inflammatory events
(Ammendolia et al., 2021). The symptoms of inflammation, such as
pain, heat, fever, redness, swelling of the infected tissue, fluid exuda-
tion from the tissue, and loss of tissue function, are the leading cause
of high mortality associated with inflammatory diseases (Chen et al.,
2017). Diverse vasoactive compounds, including histamine, serotonin,
prostanoids, lymphokines, cytokines, chemokines, and transcription
factors commonly synthesized in the tissues, have been implicated in
the inflammatory process (Abdulkhaleq et al., 2018). Inflammatory
response acts as a physical barrier to prevent the spread of infection
or injury and prime tissue repair. Chemical substances, including pros-
taglandins, released during inflammation bind to receptors and noci-
ceptors, sensitize pain, and prime a suitable environment for tissue
repair and healing (Eming et al., 2014). However, a prolonged and
excessive inflammatory response could cause adverse effects on healthy
tissues and result in disease conditions (Chen et al., 2017). Several syn-
thetic steroidal and non-steroidal anti-inflammatory agents, capable of
assuaging acute and chronic inflammatory disorders fill the market-
place. However, their adverse side effects have prompted the recent
shift in research efforts to screening medicinal plants for alternative
anti-inflammatory drug candidates (Marcum and Hanlon, 2010). The
use of natural products in the development of therapeutic agents has
seen massive considerations. Plants have always been a good source
of food, drugs, and templates for designing and developing pharmaco-
logic agents and modern-day pharmaceutics dating from a time memo-
rial (Dias et al., 2012; Sofowora et al., 2013). Fortunately, due to the
tremendous stresses stemming from UV radiation, salinity, microbial
infestation, drought, and chemical toxicants in the environment, plants
have acquired genetic traits to drive biosynthetic pathways needed for
producing bioactive compounds essential for their survival

(Tungmunnithum et al., 2018). Consequently, this makes them an
excellent source of compounds with therapeutic potential. Some phyto-
chemicals are well-known for their anti-inflammatory and antioxidant
potentials (Amarlal et al., 2009; Fiirst and Ziindorf, 2014).

Sida linifolia L., a member of the Sida genus and Malvaceae family,
is an underexploited plant with medicinal applications in West African
folklore medicines (Akubue et al., 1983; Kokwaro, 1993; Burkill, 1997;
Neuwinger, 2000; Dinda et al., 2015; Saensouka et al., 2016). The Afri-
can ethnomedicinal importance of S. linifolia leaves, such as its use in
managing cutaneous and subcutaneous infections, whitlow, and malar-
ia, gave the rationale for the study. The present study investigated the
bioactive composition, antioxidant properties, and possible anti-
inflammatory and anti-nociceptive mechanisms of the ethanolic leaf
fraction of S. /inifolia.

2. Materials and methods

2.1. Plant collection and identification

Fresh leaves of S. /inifolia were collected from Nsukka metro-
polis, Nsukka LGA of Enugu State, Nigeria (6.8429° N,
7.3733° E) in May 2021. The plant identification was per-
formed at the Bio-resources Development and Conservation
Program Research Centre, Nsukka, Enugu-Nigeria. A sample
of the plant leaves was deposited in the herbarium (voucher
no: BDCP20210724).

2.2. Extraction and fractionation procedures

The extraction and fractionation were carried out according to
Hwang et al. (2009) and Parvin et al. (2015) methods. Briefly,
fresh leaves of S. /inifolia plant were carefully washed free from
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debris with clean water and allowed to dry in an open space
away from sun reach until a constant mass was attained.
The resultant dried leaves were pulverized using an electric
blender (High-Speed Grinder, China). A known weight
(2500 g) of powdered leaves of S. linifolia was macerated in
8.0 L of absolute ethanol (98 %) in a flat-bottomed sterile ves-
sel. The vessel, sealed with cotton was kept for 24 h in a rotat-
ing incubator (Kottermann, Germany) at 200 x g. Filtration
and concentration of the resultant solution were performed
with Whatman No. 1 filter paper and a rotary evaporator set
at 45 °C and reduced pressure, respectively. The ethanolic
extract thus obtained was partitioned (3 times each) in a frac-
tionating column using different solvents (n-hexane, ethyl acet-
ate, and ethanol) in order of their polarity. The combined leaf
fraction in each instance was concentrated using a rotary evap-
orator (at a similar condition). The concentrated leaf fractions
were stored in sterile and well-labeled screw-capped vessels at
3-5 °C until needed for the study. The ethanolic leaf fraction
was used in the study.

2.3. Animals

The study deployed Swiss albino mice of either sex weighing
28-32 g. The study animals were gotten from the Department
of Zoology and Environmental Biology animal holding unit,
University of Nigeria, Nsukka. They were all kept in a highly
hygienic environmental condition (relative humidity of
55 & 5 %, temperature of 24 & 1 °C, and a 12 /12 h light/dark
period) in standard cages and fed with good quality rat chow
(Vital feed) and left to acclimatize with the environment for
14 days, before the commencement of the study.

2.4. Ethical approval and informed consent

An ethical clearance the meticulous and safe conduction of
experiment that adhered to conventional ethical rules was
obtained from the ethics committee of the Department of the
Biochemistry University of Nigeria, Nsukka in May 2021 (ap-
proval number: UNN/BCH/9014). The experiment complied
with international ethics and protocols in research as enshrined
in the revised National Institute of Health (NIH, 85-23; 1985)
guide on the use of experimental animals. The informed con-
sent and permission from all human blood donor volunteers
were solicited and obtained appropriately before their
participation.

2.5. Acute toxicity (LDsg) study

The lethality dose study (LDsg) of the leaf fraction was per-
formed using Lorke (1983) method. Mice were randomly
assigned into six groups (three mice per group) and were
deprived of food and drink for 12 h before the commencement
of the study. Animals in each group were administered oral
doses of the leaf fraction in varying concentrations (10, 100,
1000, 1600, 2900, and 5000 mg/kg body weight) by gavage.
Thereafter, they were observed for any distortion in behavior
(nervousness, in-coordination, and dullness) or mortality for
24 h duration. The animals were further monitored for 7 days
for any late symptom of toxicity.

2.6. Preliminary phytochemical screening

The ethanolic leaf fraction of Sida linifolia (ELFSL) was
screened quantitatively for its phytochemical constituents, fol-
lowing established methods (Trease and Evans, 1985;
Harborne, 1998). The quantity of the various phytocon-
stituents recorded in the leaf fraction was estimated using the
following formulae:

_ Sample Absorbance
" Reference Absorbance

Concentrations (mg/100g )

x Dilution factor

Total volume

Dilution factor = ———————
Weight of extract

2.7. Gas Chromatography-Flame ionization detection (GC-FID)
analysis

2.7.1. Sample preparation

This study employed the methods outlined by Buss and Butle
(2010) and Kelly and Nelson (2014). Graded amounts of etha-
nol (15 mL) and 50 % (m/v) potassium hydroxide (10 mL)
were added into a test tube containing 1 g of the test sample.
The mixture was allowed to stand in a water bath for 60 min
at 60 °C. Thereafter, the resultant mixture was dispensed into
a separatory funnel. The tube was washed successively with
ethanol (20 mL), cold water (10 mL), hot water (10 mL),
and hexane (3 mL) and collectively transferred into the funnel.
After washing thrice with 10 mL of 10 % (v/v) aqueous solu-
tion of ethanol, drying with anhydrous sodium sulfate and sol-
vent evaporation was performed. The resultant sample was
dissolved in 1000 pL of pyridine, and 200 pL of it, was trans-
ferred to the vial for analysis.

2.7.2. GC-FID quantification

Phytochemical analysis of the test sample was performed on a
BUCK M910 Gas chromatography Machine coupled with a
flame ionization detector. The RESTEK 15-meter MXT-1 1
(15 m x 250 pm x 0.15 pm) column was used. Helium 5.0
pas was the carrier gas with a flow rate of 40 mL/min. The
injector temperature was 280 °C with a splitless injection of
2 uL of sample and a linear velocity of 30 cm/s. The oven oper-
ated initially at 200 °C and was heated to 330 °C at a rate of
3 °C min~! which was maintained for 5 min. The detector
was operated at a temperature of 320 °C. Quantification of
the phytochemicals was done by evaluating the ratio of the
area and mass of internal standard and the area of the identi-
fied phytochemicals. The concentration of the different phyto-
chemicals was expressed in pg/g (which is equivalent to pg/mL
and ppm).

2.8. Determination of in vitro anti-inflammatory properties

2.8.1. Membrane stabilization tests

The preparation of red blood cells (RBC) suspension followed
the Gandhisan et al. (1991) method with minor modifications.
Blood samples were drawn from healthy human volunteers
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who had not taken any NSAIDs for at least three weeks before
the collection date. The blood collection was done with tubes
containing sodium oxalate. The whole blood was transferred
into an equal volume of Alsever solution (0.8 % sodium
citrate, 0.42 % NaCl, 2 % dextrose, and 0.5 % citric acid)
and allowed to stand for 24 h at 4 °C. After then, the mixtures
were centrifuged at 3000 x g for 10 min, and the packed cells
volume was reconstituted to a 40 % (v/v) RBC suspension
using phosphate-buffered saline (10 mM, pH 7.4), at room
temperature (30 °C).

2.8.1.1. Hypotonicity-induced hemolysis. The procedure of the
study followed Umapathy et al. (2010) method, with slight
modifications. Measured volume (I mL) of the reaction mix-
ture which contained 37.5 pg/mL of the leaf fraction or aspirin
(ASP) at varying concentrations (0.2, 0.4, 0.6, 0.8, and 1.0 mg/
mL) and 950 pL of phosphate-buffered saline was transferred
into 20 pL of 40 % (v/v) RBC suspension. One hour incuba-
tion at 30 °C followed by centrifugation at 5000 x g for
5 min was performed, after which 200 pL of the resultant
supernatant was transferred into microtitre plates. A micro-
plate reader (Molecular Devices, Inc., US) was used to esti-
mate the free hemoglobin in the mixture at 540 nm
spectrophotometrically. Aspirin (ASP) was employed as the
standard drug. The positive and negative controls (0 % and
100 % hemolysis) were obtained by subjecting the RBC sus-
pension in 0.1 % (w/v) phosphate-buffered saline and distilled
water, respectively. The test was carried out in triplicates at
each concentration, and the percentage of hemolysis inhibition
was estimated using the formula as follows;

Ab2 — Abl

~Ab3_Ab <10

% Hemolysis Inhibition = 1

Abl absorbance of isotonic solution (control I).
ADb2 = absorbance of test or reference drug.
ADb3 = absorbance of hypotonic solution (control II).

2.8.1.2. Heat-induced hemolysis. This study adopted Okoli
et al. (2008) method, with slight modifications. A preliminary
experiment was carried out to derive a suitable incubating time
and temperature for the heat-induced hemolysis assay. Graded
volume (20 pL) of RBC suspension was transferred into a
1.5 mL micro-tube containing a known volume (980 pL) of
pre-incubated buffer and incubated at 55 £+ 0.1 °C in a water
bath (with thermostat regulator) regulated at constant temper-
ature using a calibrated mercury thermometer. At 5 min inter-
vals for 45 min, tubes were withdrawn from the water bath and
spun at 5000 x g for 5 min in a centrifuge. The supernatant
absorbance taken at 540 nm with a microplate reader (Molec-
ular Devices, C.A. U.S.A.) was registered at each interval.
Thus, an appropriate incubation temperature and time
(54 °C for 20 min) for the heat-induced hemolysis assay was
reached from the result of the preliminary study. Briefly,
graded volume (30 pL) of various concentrations (0.2, 0.4,
0.6, 0.8, and 1.0 mg/mL) of the leaf fraction or ASP was mixed
with 20 pL of RBC suspension and distributed (in duplicates)
into a micro-tube (1.5 mL) containing pre-incubated buffer
(950 pL). An equivalent volume (50 pL) of pre-incubated buf-
fer (the vehicle) was transferred into another tube, which

served as the negative control. One tube from each pair was
heated at 54 °C for 20 min in a water bath. Whereas, the other
tube from the pair was allowed to stand in an ice bath at 0—
5 °C. Thereafter, the resultant mixtures were subjected to cen-
trifugation at 5000 x g for 5 min, and the absorbance of the
supernatant was recorded at 540 nm. The hemolysis inhibition
percentage was evaluated with the formula as thus;

Abs2 — Absl

~Abs _Abst <10

% Hemolysis Inhibition = 1

Absl = absorbance of test/reference drug/ control sample
not heated.

Abs2 = absorbance of test/reference drug/vehicle sample
that was heated.

Abs3 = absorbance of heated negative control sample.

2.8.2. Inhibition of platelet aggregation assay

This study adopted the Born and Cross (1963) method with
slight modifications. The principle of the test lies in CaCl,
induction of platelet aggregation which is inversely propor-
tional to the absorbance of the mixture at 520 nm. Essen-
tially, the inhibitory effect of pharmacological agents on
platelet aggregation correlates positively with the absorbance
of the mixture after the addition of CaCl,. Blood samples
drawn from healthy human volunteers into EDTA bottles
were centrifuged for 10 min at 3000 x g and the resultant
supernatant diluted (twice) in normal saline was adopted as
the platelet-rich plasma (PRP). A known volume (0.2 mL)
of PRP was transferred into sets of three test tubes contain-
ing 1 mL of various concentrations (0.2, 0.4, 0.6, 0.8, and
1.0 mg/mL) of the leaf fraction or reference drug (aspirin)
in normal saline. The vehicle (normal saline) was used to
raise the volume of the reaction mixtures to 2.2 mL. A test
tube containing 2 mL normal saline and 0.2 mL PRP served
as the control. Incubation at 30 °C for 5 min was performed
after which CaCl, (0.4 mL of 1.47 %) was added to the reac-
tion mixtures. The blanks contained the leaf fraction or ref-
erence drug void of PRP. All The experiment was done in
triplicates. The change in absorbance of the mixture (at
520 nm) at 2 min intervals for 8§ min was recorded, and
the mean % inhibition was evaluated.

2.8.3. Protease inhibition assay

This study employed the method outlined by Sakat et al.
(2010) with minor modifications. Graded volume (2 mL) of
the reaction mixture consisted of 1 mL of various concentra-
tions (0.2, 0.4, 0.6, 0.8, and 1.0 mg/mL) of the leaf fraction
or reference drug (ASP) and 0.06 mg trypsin dissolved in Tris
HCI buffered solution (20 mM, pH 7.4). Incubation at 37 °C
for 20 min and treatment with 70 % perchloric acid (2 mL)
to halt the reaction was performed, after which the resultant
cloudy suspension was centrifuged at 3000 x g for 10 min.
Thereafter, the absorbance (Abs) of the supernatant was read
at 210 nm (blanking with Tris buffer). The experiment was
done in triplicates, and the inhibitory effect of the leaf fraction
or standard drug at varying concentrations on protease activ-
ity compared with control was estimated with the formula as
thus;
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Abs of Sample

Abs of Control x 100

% Inhibition of Protease =1 —

2.8.4. Inhibition of phospholipase A5 assay

This study adopted the protocol described by Vane (1971) with
slight modifications. The activity of phospholipase A, (PLA,)
is implicated in several inflammatory cascades leading to
inflammation. Activated PLA, rips out membrane phospho-
lipids (including arachidonic acid, the precursor molecule for
the synthesis of several vasoactive molecules) and liberates
hemoglobin (in erythrocyte) into the extracellular milieu. The
ability of pharmacological agents to inhibit phospholipase
A, activity on the cell membrane (for erythrocyte is directly
proportional to the amount of oxidized hemoglobin liberated
into the medium which can be estimated spectrophotometri-
cally at 418 nm) correlates with their anti-inflammatory poten-
tials. Briefly; isolation of the enzyme, PLA, was from a pure
culture of the Aspergillus niger strain, while red cells suspen-
sion obtained from a volume (5 mL) of whole blood drawn
from healthy human volunteers served as the substrate for
PLA,. Two sets of test tubes (labeled Blank and Test) con-
tained equal volumes of RBC suspension (0.2 mL), CaCl,
(0.2 mL), and phosphate-buffered saline (1 mL). A known vol-
ume (1 mL) of boiled and free enzymes was added to Blank
and Test tubes, respectively. Thereafter, 1 mL of various con-
centrations (0.2, 0.4, 0.6, 0.8, and 1.0 mg/mL) of leaf fraction
or prednisolone (in phosphate-buffered saline) were dispensed
separately into test tubes. The control test tube contained red
cell suspension, CaCl,, and free enzyme. Incubation at 30 °C
for 1 h and centrifugation at 3000 x g for 10 min was per-
formed on the mixtures after which, the supernatant absor-
bance of the mixtures was recorded at 418 nm. The peak %
enzyme activity and inhibition were estimated using the formu-
lae as follows;

. .. Absorbance of test
% Maximum enzyme activity =

Absorbance of control
x 100

% inhibition = 100 — % maximum enzyme activity

2.8.5. Albumin denaturation assay

This study employed the method outlined by Mizushima and
Kobayashi (1968) with minor modification. The reaction mix-
ture contained varying concentrations (0.2, 0.4, 0.6, 0.8, and
1.0 mg/mL) of the leaf fraction or reference drug (ASP) and
1 % bovine albumin leaf fraction in distilled water. The mix-
ture pH was adjusted occasionally by adding a few drops of
1 N HCI. Incubation at 30 °C for 20 min followed by heating
in a water bath for 30 min at 57 °C, then cooling to room tem-
perature was performed, after which the turbidity of the reac-
tion mixture was estimated at 660 nm spectrophotometrically.
The test was done in triplicates, and the percentage inhibitory
effect of the leaf fraction or standard drug at varying concen-
trations on albumin denaturation compared with control were
estimated with the formula as thus;

% protein denaturation inhibition

Abs of Sample

=1 Abs of Control x 100

2.9. In vitro antioxidant analysis

2.9.1. Total antioxidant capacity (TAC)

This study adopted the Prieto et al. (1999) phosphomolybde-
num method. The principle of the study lies in the propensity
of antioxidant agents to reduce Mo®* to Mo” " which results
in green phosphate/Mo’ " complex formation in an acid med-
ium. The experiment mixture contains a graded volume
(0.1 mL) of the leaf fraction or gallic acid at various concentra-
tions (0.2, 0.4, 0.6, 0.8, and 1.0 mg/mL) mixed with a known
volume (1 mL) of the reagent solution [prepared by introduc-
ing 0.6 M sulfuric acid into tubes containing 28 mM sodium
phosphate and 4 mM ammonium molybdate]. Incubation of
the resultant mixtures for 90 min at 95 °C, was done, after
which the test tubes were allowed to cool to room temperature,
and the mixture absorbance was read at 695 nm in a spec-
trophotometer. Blanking was done with 0.1 mL methanol
mixed with 1 mL of the reagent solution. The calibration curve
was plotted by adding various concentrations of gallic acid
into tubes containing methanol. The free radical scavenging
activity was expressed as gallic acid-gram equivalent. The per-
centage free radical scavenging activity of the leaf fraction was
evaluated using the formula as thus;

Abs of Sample o
Abs of Control
The ICsq value, the concentration of the sample that scav-

enged 50 % of the initial concentration of the free radical in
the mixtures was also evaluated graphically.

% Scavenging activity =1 — 100

2.9.2. 1,1-Diphenyl-2-picryl-hydrazyl (DPPH) radical-
scavenging assay

This study employed the method outlined by Liyana-Pathirana
and Shahidi (2005). The test principle lies in the ability of
antioxidant agents to donate an electron pair to DPPH radi-
cals (resulting in the reduction of their distinctive purple colour
to colorless). Briefly;, 200 pL of 0.1 mM DPPH
solution (in methanol) was dispensed into sets of test tubes
containing 100 pL of various concentrations (0.2, 0.4, 0.6,
0.8, and 1.0 mg/mL) of the leaf fraction or butylated hydrox-
ytoluene (BHT) (standard). The mixtures thus formed were
allowed to incubate at 37 °C for 15 min. The mixture’s absor-
bance was registered at 517 nm with a spectrophotometer. The
experiment was done in triplicates. The calibration curve was
plotted by adding various concentrations of BHT into tubes
containing methanol. The results of the assay were expressed
as BHT-gram equivalent; the percentage free radical scaveng-
ing activity of the leaf fraction was estimated using the formula
above;

2.9.3. Ferric reducing antioxidant power (FRAP) assay

This test adopted the Sahreen et al (2014) method. The princi-
ple of the test lies in the propensity of antioxidant agents to
reduce Fe*" to Fe? " in an acid medium. Briefly; graded vol-
ume (2.0 mL) of the leaf fraction or standard drug (ascorbic
acid) at various concentrations were dispensed into different
test tubes containing 2.0 mL of 10 mg/L (0.1 % (w/v) potas-
sium ferricyanide and 2.0 mL of 0.2 M, phosphate-buffered
solution of pH 6.6. Incubation for 20 min at 50 °C in a water
bath, followed by the introduction of 2.0 mL of 100 mg/L
(10 % (w/v) trichloroacetic acid solution into the reaction mix-
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tures, was performed. Thereafter, graded volume (2.0 mL) of
the resultant mixture was dispensed into 0.4 mL of 0.1 %
(w/v) ferric chloride (FeCl5.6H,0) solution, containing
2.0 mL of distilled water. After standing for 10 min, the absor-
bance of the mixture was recorded at 700 nm with a spec-
trophotometer. The calibration curve was plotted with
various concentrations of ascorbic acid. The results of the
assay were expressed as ascorbic acid-gram equivalent. The
percentage scavenging activity of the leaf fraction and stan-
dard drug on the free radicals was evaluated using the formula
above.

2.9.4. Nitric oxide free radical scavenging assay

This test adopted the Marcocci et al. (1994) method. Genera-
tion of nitric oxide radicals was done with sodium nitroprus-
side, and the Griess reaction was used to evaluate the degree
of inhibition exerted by the test samples. Briefly; varying con-
centrations (0.2, 0.4, 0.6, 0.8, and 1.0 mg/mL) the leaf fraction
or reference (ascorbic acid) was dispensed into graded volume
(5.0 mL) of phosphate-buffered sodium nitroprusside (5 mM)
solution. Incubation of the resultant mixture for 20 min at
25 °C was performed. An equal volume of the buffer treated
in a like manner void of the test solution served as the control.
Standing for 5 h, a graded volume (0.5 mL) of Griess solution
(2 % Ophosphoric acid, 0.1 % naphthyl ethylenediamine dihy-
drochloride, and 1 % sulfanilamide) was added to the mix-
tures, thereafter, the mixture absorbance was recorded at
546 nm with a spectrophotometer. The calibration curve was
plotted with various concentrations of ascorbic acid. The
results were expressed as the quantity in gram-equivalent of
ascorbic acid. The total antioxidant capacity (in %) of the leaf
fraction compared to the reference drug was estimated with the
formula above.

2.10. In vivo anti-inflammatory and anti-nociceptive tests

The anti-inflammatory and anti-nociceptive properties of
ELFSL were determined using two models each. The dosages
of fraction and standard drug employed in this study were
adopted from that of Konaté et al. (2012). In each model, mice
were randomly grouped into eight groups of four animals each
(n = 4). Distilled water (10 mg/kg bw per oral), various
dosages (200, 400, and 600 mg/kg bw, po) of ELFSL and
100 mg/kg bw, po ASP, respectively, were given to 24 h fasted
mice in the various groups 1 h before the injection of phlogistic
agents. Egg albumin and carrageenan and acetic acid and for-
malin models were employed in the anti-inflammatory and
anti-nociceptive studies, respectively.

2.10.1. Carrageenan-induced rat paw edema test

This test was performed according to the protocol described by
Winter et al. (1962). Thirty minutes post-administration, fresh
carrageenan (0.1 mL, 0.01 g/mL) solution was injected into the
subplantar region of the left hind paw of mice. The volume of
the paw was measured using a digital Plethysmometer device.
In effect, the animal paw is immersed in a particular water cell
containing water; the resistance of which changes as a result of
the animal paw’s immersion. The change in resistance (which
corresponds to the volume displacement) is measured in milli-
liters and displayed on the Plethysmometer’s electronic moni-
tor. The volume displacement change was measured at time

zero of the carrageenan injection into the mice’s hind paw
and every 1 h thereafter for 5 h. The difference in volume dis-
placement following phlogistic agent administration and zero
time volume displacement of the induced paw (At — Ao) was
used to calculate the average edema in each period (Anosike
et al., 2012). Evaluation of the % inhibition of paw edema
was done using the formula as thus;

Percentage (%) inhibition of edema

(At — Ao)control — (At — Ao) treatment
_ x 100
(At — Ao) control

Here; (At — Ao) = instanteneous change in mouse paw
edema volume.

Ao = time zero mouse paw edema volume.

At = various time intervals mouse paw edema volume.

2.10.2. Egg albumin-induced rat paw edema test

This test was performed according to the method described by
Okokon and Nwafor (2010). The egg albumin edema model is
a useful inflammation model for screening anti-inflammatory
agents. Increased vascular permeability and swelling of the
paw are signs of induced edema. The amplitude and extent
of the inflammation cascades are reduced when the attendant
edema is inhibited, indicating anti-inflammatory activities.
One hour after various treatments, 0.1 mL of undiluted fresh
egg albumin was injected (i.p.) into the peritoneal cavity of
the right hind paw of mice. Changes in the mice right hind
paw volume was recorded starting at time zero of the experi-
ment and every-one hour after the injection with egg albumin,
for 5 h (Anosike et al., 2012). In each interval, the average
edema and % paw edema inhibition were assessed.

2.10.3. Acetic acid-induced writhing test

This test was performed according to the method outlined by
Mbagwu et al. (2007), with minor modifications. The acetic
acid writhing model has been used to evaluate analgesic and
anti-inflammatory drugs. Acetic acid is injected into the peri-
toneal cavity of animals to induce writhing, indicative of pain.
A stretch, extension of the hind limbs, abdominal contraction
so that the animal trunk touches the floor, or twisting of the
trunk are all signs of pain (Koster et al., 1959). The analgesic
activity of the test compounds is determined by their propen-
sity to decrease writhing frequency. Sixty minutes post-
treatment, the animals were injected (i.p.) 0.6 % (v/v)
(10 mL/kg bw) acetic acid. Thirty minutes, post-acetic acid
injection, the number of writhes (characterized by abdominal
constrictions) was recorded for 30 min at 5 min intervals,
and the average responses of mice pretreated with varying
dosages of the leaf fraction were compared with the control
and standard group. The % inhibition of writhing represents
the anti-nociceptive activity of the vehicle/reference drug/frac-
tion. The % inhibition of writhing was calculated using the
expression as follows;

MWN (control) — MWN (Test)

% inhibition of writhing = MWN (control)

x 100

where MWN = Mean number of writhing.
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2.10.4. Formalin-induced arthritis test

This test was performed following the procedure described by
Adeyemi and Akindele (2007), with minor modifications.
Thirty minutes post-oral administration of the various treat-
ment regimes, formalin (0.02 mL of 1 % v/v) solution was
injected (i.p.) into the subplantar region of the right hind
paw of mice. The amount of time (in sec.) spent by the mice
licking and biting the injected paw, indicative of pain, was
recorded for each animal. The formalin test is said to be bipha-
sic. The first phase is characterized by a nociceptive response,
which usually peaks 5 min after injection, while the second
phase, indicated by a neurogenic and anti-inflammatory
response peaks 15-30 min post-formalin injection. The mice
responses of the first (0-5 min) and second phases
(15-30 min) were recorded after formalin injection.

2.11. Statistical analysis

The data obtained in the study were analyzed using Statistical
Package for Social Sciences (SPSS) version 23.0, and the
results were expressed as mean =+ standard error of the mean
(SEM). Significant differences observed across various groups
were determined using one-way and two-way ANOVA
(Descriptive and Duncan post hoc). The established level of
significance for the entire results was fixed at P < 0.05.

3. Results

3.1. Percentage yield

Extraction of a known amount (2500 g) of pulverized S. linifo-
lia leaves yielded 70.65 g of crude ethanol extract, accounting
for 2.83 % of the starting material. Further fractionation of
the extract (70.65 g) yielded 15.82 g (22.39 %) n-Hexane frac-
tion, 21.30 g (30.14 %) ethyl acetate leaf fraction 28.90 g
(4091 %) ethanolic fraction, and the residual mass was
4.63 g (6.55 %). The extraction yield may be influenced by sev-
eral factors, including the time of harvest, drying temperature,
storage condition, the texture of the test material, type and
concentration of the solvent and extraction duration (Amah
et al., 2022). Due to the affinity of most phenolics to polar
fractions and the cumulative evidence of their potent pharma-
cological profile, the study further evaluated the bioactivities
of the ethanolic leaf fraction (ELFSL). The choice of the frac-
tion used in this study corresponds with Debalke et al. (2018).

3.2. Preliminary phytochemical screening of ELFSL

The result of the phytochemical screening of ELFSL is pre-
sented in Table 1. The result revealed high amounts of phenols,
flavonoids, and tannins and moderate levels of steroids, alka-
loids, glycosides, terpenoids, saponin, and cyanogenic com-
pounds in the ELFSL. The rich composition of the plant leaf
fraction in phenolic compounds, steroids, terpenoids, alka-
loids, and saponins suggests a potent pharmacological profile.
Studies have proposed a correlation between the phytochemi-
cal composition of plant materials and their pharmacological
activities (Barbosa-Filho et al., 2006; Farooq et al., 2022). Ster-
oids are well known to modulate inflammatory responses via
their interactions with specific intracellular receptors which

Table 1 Shows the results of the quantitative phytochemical
composition of ELFSL.

Phytochemical Composition Concentration (mg/100 g)

ELFSL
Flavonoids 118.0 + 1.0¢
Phenols 124.2 + 0.6¢
Tannin 742 £ 0.1°
Cyanogenic compounds 374 + 43°
Glycoside 444 + 1.0°
Terpenoid 439 + 0.7°
Saponin 43.6 + 0.8°
Steroids 542 + 0.6°
Alkaloids 46.7 + 0.3°

Results (analyzed using one-way ANOVA and Duncan post hoc)
are expressed as Mean + SEM (n = 3). Figures in a column having
different alphabets as superscripts are significantly (P < 0.05)
different.

translates into either trans-repression (negative) or trans-
activation  (positive) of  inflammation-related  genes
(Vandevyver et al., 2013; Timmermans et al., 2019). Flavo-
noids elicit anti-inflammatory and analgesic potentials by
reducing intracellular Ca®", thereby repressing and preventing
the activation of phospholipase A2, whose activity produces
the precursor molecules for the synthesis of a variety of inflam-
matory mediators (Mozaffarian and Wu, 2018; Yang et al.,
2020; Yang et al., 2022; Waghole et al., 2022). Tannins are
potent cyclooxygenase (COX) inhibitors with a notable
propensity to suppress edemogenesis induced by phlogistic
agents (Wagner, 1989; Attiq et al., 2018). The rich phenolic
composition of the leaf fraction also implies excellent bioactiv-
ities, as phenolics are known to exhibit COX-I1-sparing
activities (Tungmunnithum et al., 2018). A recent study
demonstrated the potential of some phenolics obtained from
Canadian medicinal plants to selectively suppress COX-2
expression, sparing COX-1 (Ma et al., 2017). Prostaglandin
E2 synthesized by COX-2 mediates nociception contrarily to
COX-1, which plays the housekeeping functions and helps
maintain the mucosal membrane integrity against aggressive
activities of enterobacteria (Helicobacter pylori) and gastric
contents (Attiq et al., 2018). These underpin the toxicity of
NSAIDs, such as gastric ulcers and renal dysfunction caused
by their indiscriminate inhibition of COX-1 and COX-2. Con-
trarily, agents that selectively suppress COX-2, sparing COX-
1, are considered better anti-inflammatory drug options
(Tungmunnithum et al., 2018).

3.3. GC-FID profile of ELFSL

Further study to elucidate the different types of phytochemi-
cals in the leaf fraction employed GC-FID analysis. The
GC-FID chromatogram showing the phytochemical profile
of ELFSL is shown in Fig. 1. The result revealed a higher level
of epicatechin, moderate levels of sapogenins, tannins, proan-
thocyanidins, cardiac glycosides, cyanogenic glycosides, narin-
genin, rutin, kaempferol, flavan-3-ols, catechins, flavone,
flavanones, steroids, lunamarine, sapogenin, oxalate and phy-
tate, and small amounts of spartein and resveratrol in the leaf
fraction (Table 2).
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Fig. 1 GC-FID chromatogram of ELFSL.

Table 2 GC-FID phytochemical profile of ELFSL.

Compounds Retention time (min) Peak area Peak height Concentration (ppm)
Catechin 44.346 15059.251 279.336 10.8069
Proanthocyanin 44.170 10559.9278 191.980 5.0795
Resveratrol 42.276 3495.6477 63.894 1.9882
Oxalate 39.200 10092.8634 185.203 8.5897
Epicatechin 34.600 5872.8319 109.164 32.8801
Rutin 32.996 14308.4383 260.056 10.6547
Phytate 29.860 5353.2078 98.885 5.8161
Cyanogenic glycosides 27.536 11372.0654 208.605 10.6995
Kaempferol 25.650 10006.5650 182.904 9.0087
Steroids 22.730 9444.2704 173.278 12.8502
Flavonones 20.313 12481.4190 228.894 8.2466
Naringenin 17.966 11123.6380 204.891 8.2466
Spartein 15.460 4822.1464 89.919 2.0607
Cardiac glycosides 12.970 6155.5198 113.128 8.7167
Flavone 10.366 19532.1202 355.819 14.5446
Tannins 6.016 18223.8885 330.214 11.1121
Flavo-3-ol 4.120 6303.2894 116.993 4.6501
Sapogernin 2.390 12079.7082 223.098 10.5154
Lunamarin 0.279 4275.0512 368.972 8.2778

*1ppm = | pg/mL = 1 pg/g.

The rich composition of phenolic hydroxyl, electron- antioxidant potentials (Ztotek et al., 2016). Stilbenoids, includ-
donating and electron-withdrawing groups in the ring struc- ing resveratrol, are non-nitrogenous polyphenols with acidic
ture of phenolic compounds endows them with excellent and amphiphilic properties, well-known to possess anti-
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inflammatory potentials. Resveratrol (3,5,4'-trihydroxy trans-
stilbene), a polyphenol stilbenoid containing two adjacently
placed phenols that are linked by an ethylene bridge, has been
shown to exhibit anti-inflammatory, neuroprotective and
vasorelaxant potentials (Salehi et al., 2018). They act by
inhibiting cyclooxygenases and 5-lipoxygenase (5-LOX) activ-
ity (Dvorakova and Landa, 2017; Kong et al., 2017). Studies
have demonstrated the ability of resveratrol to inhibit the
expression and release of inflammatory factors such as NF-
kB, tumor necrosis factor-o. and interleukin-6, macrophage
inflammatory protein-2, and cyclooxygenase-2 activity, reac-
tive oxygen species generation and caspase-3/9 in rabbit mod-
els (Zhou et al., 2018). Resveratrol was also reported to inhibit
carrageenan-induced ear edema in mice (Wang et al., 2017), as
well as attenuate neuropathic pain by balancing the release of
pro-inflammatory and anti-inflammatory cytokines in mice
models (Tao et al., 2016). Therefore, the presence of resvera-
trol in the leaf fraction suggests its anti-inflammatory and
antioxidant potentials.

The presence of catechin, epicatechin, kaempferol, narin-
genin, and rutin in ELFSL suggests its anti-inflammatory
and antioxidant properties. Scientists have recognized flavo-
noids as a class of compounds with diverse therapeutic poten-
tials. Classification of flavonoids on the premise of their
molecular structure include flavones, flavanones (naringenin),
flavonols (kaempferol), and flavononols (Kumar and Pandey,
2013; Panche et al., 2016; Ginwala et al., 2019). Flavan-3-ols,
also known as flavanols, are a complex subclass of flavonoids,
which include catechin and epicatechin (simple monomers).
Flavan-3-ols is known to exhibit antioxidant and anti-
inflammatory properties among other pharmacological pro-
files (Aron and Kennedy, 2008; Mena et al., 2014). Epicate-
chin, a natural phenolic compound widely found in plants,
possesses several pharmacological potentials, including antiox-
idant, anticancer, and anti-inflammatory activities (Zhong
et al., 2012; Zhou et al., 2012; Wang and Cao, 2014). Catechin,
a polyphenolic compound found in food and medicinal plants,
has been very effective in scavenging free radicals and may
function indirectly as antioxidants through their interactions
with transcription factors and enzymes in humans (Higdon
and Frei, 2003; Fan et al., 2017). Plant-derived catechin also
exerts an anti-inflammatory effect via its excellent antioxidant
activities (Kim and Heo, 2022). Furthermore, catechin has
been shown to exert its anti-inflammatory effects possibly by
activating or deactivating cell signaling pathways associated
with oxidative stress and inflammation, including nuclear
factor-kappa B (NF-xB), mitogen-activated protein kinases
(MAPKSs), transcription factor nuclear factor (erythroid-
derived 2)-like 2 (Nrf2), signal transducer and the activators
of transcription 1/3 (STATI1/3) pathways (Fan et al., 2017).
Kaempferol can reduce the risk of contracting chronic dis-
eases, such as cancer, supplement the human antioxidant
mechanisms, and modulate inflammation, apoptosis, angio-
genesis, and metastasis (Chen and Chen, 2013). Naringenin,
a type of flavanone, has several reported biological activities
in humans, including the ability to inhibit lipid peroxidation
and protein carbonylation, enhance carbohydrate metabolism,
modulate immune response and inflammation, fortify the
antioxidant mechanisms and scavenge free radicals (Salehi
et al., 2019). Rutin is associated with several pharmacological
activities, such as antioxidant, vasoprotective, cytoprotective,

neuroprotective, cardioprotective, and anticarcinogenic activi-
ties (Ganeshpurkar and Saluja, 2017).

Lunamarine, a quinolone alkaloid with excellent
immunomodulatory potentials, was also detected in the leaf
fraction (Manu and Kuttan, 2009a; Manu and Kuttan,
2009b). Sparteine is a quinolizidine alkaloid with an excellent
pharmacological profile, such as its ability to exert moderate
analgesic and sedative effects in human and animal models
(Pothier et al., 1998). The anticonvulsant and anticancer prop-
erties of sparteine have also been documented (Villalpando-
Vargas et al., 2016; Liang and Liu, 2019). The chromatogram
also detected the presence of sapogenins, which are known to
modulate Ca ™2 ions (Sun et al., 2016).

Tannins and Proanthocyanidin were also present in the
ELFSL at moderate levels. Tannins are water-soluble polyphe-
nols found in many plants. Generally, tannins possess anti-
irritant and antiphlogistic potentials (Westendarp, 2006), while
proanthocyanidins are condensed tannins in plants with vari-
ous pharmacological properties, including free radicals scav-
enging, anti-inflammatory and anticancer effects (Ouedraogo
et al., 2011; Dai et al., 2014; Rauf et al., 2019).

A moderate level of cardiac glycosides was also present in
the leaf fraction. Cardiac glycosides are steroids capable of
exerting specific effects on the cardiac muscle. A small amount
of the compound can exert benefits in cardiac resuscitation.
They manipulate the renin-angiotensin axis to improve cardiac
output. Consequently, the myocardium becomes a more effi-
cient pump and can meet the demands of the circulatory sys-
tem (Haynes, 1906; Kelly, 1990; Farnsworth, 1966; Patel,
2016). Cyanogenic glycosides, oxalate, and phytate were also
present in the ELFSL. A recent study has reported a dose-
dependent anti-inflammatory and antiphlogistic effect of a
cyanogenic glycoside (amygdalin) (Figurova et al., 2021). In
addition, studies have suggested that a moderate amount of
phytate may be beneficial as an antioxidant and anticancer
agent (Goufo and Trindade, 2014; Gibson et al., 2018) and
inhibit the formation of calcium oxalate kidney stones
(Grases et al., 2000; Akter et al., 2020).

3.4. Anti-inflammatory activities of ELFSL

3.4.1. Membrane stabilizing effect of ELFSL

The membrane-stabilizing effect of ELFSL is shown in Table 3.
From the result, ELFSL demonstrated excellent erythrocyte
membrane stabilizing activity against hypotonicity- and heat-
induced hemolysis in a concentration-dependent manner. The
maximum membrane-stabilizing activities (63.19 + 0.07 and
60.20 £ 0.71 %), exhibited by ELFSL against hypotonicity-
and heat-induced hemolysis, respectively, were produced with
the lowest dose (1.0 mg/mL) of the fraction; however, ASP
showed more stabilizing potential (76.35 + 0.48 and 76.69 +
0.20 %), respectively, at a similar concentration (1.0 mg/mL).
Our result agrees with Kumar et al. (2014), who reported effec-
tive membrane-stabilizing activity of extract from Sida cor-
data. The susceptibility of the lysosomal membrane to
damage by injurious agents is critical in the modulation of
inflammatory response. Injury on the lysosome may result in
excessive release of proteolytic enzymes, which further exacer-
bates the inflammatory events (Chaitanya et al., 2011; Bukhari
et al., 2013). Since, the erythrocyte membrane is an excellent
model of the lysosomal membrane (Yoganandam et al.,
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Table 3  In vitro anti-inflammatory activities of ELFSL.

Treatments Conc. Inhibition of Inhibition of heat- Inhibition of Inhibition of Inhibition of Inhibition of
(mg/ hypotonicity-induced  Induced hemolysis platelet Protease (%) phospholipase protein
mL) hemolysis (%) (%) aggregation (%) As (%) denaturation (%)

ELESL 0.2 39.52 + 0.17* 40.25 + 0.63* 38.37 + 0.13% 38.96 £ 0.12*  40.25 + 0.63* 32.90 + 0.50*
0.4 43.98 + 0.14° 44.44 + 0.41° 40.17 + 0.30°  45.09 + 0.31° 4444 + 041°  36.94 + 0.38°
0.6 4843 + 0.16° 47.39 + 0.69° 46.79 £+ 0.10° 49.28 + 0.40° 47.39 + 0.69° 43.00 + 0.52°
0.8 6225 + 0.16° 50.45 + 1.76% 55.90 + 0.17¢ 54.55 + 0379 5045 + 1.769  46.18 + 0.52¢
1.0 63.19 + 0.07¢ 60.20 £+ 0.71°¢ 60.60 + 0.19° 64.33 £ 0.17°  60.20 + 0.71° 56.57 + 1.01°

Aspirin 0.8 83.53 + 0.62° 67.57 = 0.20 61.79 + 0.58" 62.92 + 0.17° ™58.84 + 0.59° 57.30 + 0.09°
1.0 76.35 + 0.48¢ 76.69 £+ 0.20 & 69.00 + 0.62 ¢ 66.44 + 0.138 T67.11 + 1.18" 69.73 + 0.47°

Results (analyzed using one-way ANOVA and Duncan post hoc) are expressed as Mean £ SEM (n = 3). Figures in a column having different

alphabets as superscripts are significantly (P < 0.05) different. ™: indicates that prednisolone was the standard drug.

2010), the ability of fraction to stabilize red cells membrane
implies its lysosomal membrane-stabilizing potential
(Anosike et al., 2012; Labu et al., 2015).

3.4.2. Effect of ELFSL on platelet aggregation

The inhibitory effect of ELFSL on platelet aggregation is
shown in Table 3. The ELFSL displayed excellent inhibitory
potential on CaCl,-induced platelet aggregation in a
concentration-dependent manner and was at par with the ref-
erence drug (aspirin). The peak inhibitory effect (60.60 + 0.1
9 %) of the fraction was produced at the highest concentration
(1.0 mg/mL). However, ASP demonstrated more potent
(P < 0.05) anti-platelet aggregatory effect (76.35 + 0.48 %)
at similar concentration (1.0 mg/mL). The inhibitory effect
of the leaf fraction on platelet aggregation may have followed
the suppression of phospholipase A2 and cyclooxygenase
activities, essential for the biosynthesis of thromboxane A2
(TXA2), a powerful platelet aggregator. When synthesized,
TXA2 mediates platelet aggregation by increasing intracellular
Ca2 + concentrations, facilitating the exocytosis of platelet
granules and subsequent release of adenosine diphosphate
(ADP) critical in platelet aggregation (Wang et al., 2021).
The aggregation of platelets (thrombocytes) in the sight of
injury initiates blood clotting and arrests bleeding; however,
this facilitates the adhesion and diapedesis of leukocytes into
the infected tissues and enhances endothelial responses to a
variety of inflammatory stimuli (Hosseinzadegan and Tafti,
2017). Perhaps, the anti-platelet aggregatory action of ELFSL
could also be related to a subsequent decrease in P-selectin and
histamine activities, which, with platelet degranulation and
aggregation, mediates an increase in vascular permeability
and leucocyte extravasations (Zarbock et al., 2006). Platelet
aggregation is associated with the pathophysiology of several
diseases, including myocardial infarction, stroke, embolism,
and other vascular thromboses (Fabre and Gurney, 2010).
Therefore, the ability of the plant fraction to inhibit platelet
aggregation  suggests its  antithrombotic and anti-
inflammatory potentials. Our result correlates with Bahar
et al. (2013) and Khan et al. (2014), which reported significant
thrombolytic activity of Sida acuta and Sida rhombifolia,
respectively.

3.4.3. Effect of ELFSL on protease activity

The inhibitory effect of ELFSL on protease activity is shown
in Table 3. The ELFSL exhibited a significant (P < 0.05)

degree of inhibition on protease activity that correlates
positively with concentration. The maximum inhibition (64.3
3 £+ 0.17 %) exerted by ELFSL occurred at the highest con-
centration (1.0 mg/mL). However, ASP showed significantly
(P < 0.05) greater degree of protease inhibition (66.44 =+
0.13 %) at similar concentration (1.0 mg/mL). The observed
inhibitory effect of the leaf fraction on protease activity may
be attributable to its rich composition in phytochemicals
known to inhibit protease activity, such as catechin, kaemp-
ferol, and other flavonoids. Studies have proposed the involve-
ment of disproportionate release of proteases by immune cells
or in lysosomal leakage in several inflammatory disorders
(Bermudez-Humaran et al., 2015; Enechi et al., 2019). Neu-
trophils being the first line of defense during an infection or tis-
sue injury, upon activation and degranulation, secrete serine
proteases such as proteinase 3, cathepsin G, and elastase into
the extracellular environment, which degrade extracellular
matrix proteins such as collagen, fibronectin, and elastin, facil-
itating leucocytes adhesion and diapedesis into the infected tis-
sues (Pham, 2006; Korkmaz et al., 2008; Jakimiuk et al., 2021).
Inhibition of proteases as a pharmacological target in treating
various human diseases has proven to be a successful strategy
in recent drug discoveries (Copeland et al., 2007). Elastase
inhibitors are used to treat cancers, rheumatoid arthritis, and
pulmonary disorders, among other ailments (Reboud-
Ravaux, 2001; Tundis et al., 2015). Plants synthesize several
protease inhibitors to protect them from insects, pest infesta-
tion, and herbivores (Srikanth and Chen, 2016). Flavonoids
(flavan-3-ols, flavones, and flavanones) and other phenolics
with two adjacent phenol groups are said to have inhibitory
effects on trypsin-like serine proteases at the micromolar
potency (Xue et al., 2017). As a result, the ability of ELFSL
to efficiently block these hydrolytic enzymes could be due to
its rich flavonoid composition.

3.4.4. Effect of ELFSL on phospholipase A5 activity

The result of the inhibitory effect of ELFSL on phospholipase
A, activity is shown in Table 3. The ELFSL also inhibited
phospholipase A, in a concentration-dependent manner. The
maximum inhibition (60.20 £ 0.71 %) occurred at the highest
concentration (1.0 mg/mL). However, the reference drug
(prednisolone) exhibited significantly (P < 0.05) greater phos-
pholipase A, inhibition (67.11 % 1.18 %) at similar concentra-
tion (1.0 mg/mL). These depict a close resemblance in the
mechanism of action between the leaf fraction and the
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reference drug (prednisolone), a typical steroidal anti-
inflammatory drug. The leaf fraction may have acted by
inhibiting the enzyme activity and preventing the release of
arachidonic acid from the cell membrane lipid bilayers, which
is essential for the biosynthesis of eicosanoids (Coutinho and
Chapman, 2011). Steroidal anti-inflammatory drugs, such as
corticosteroids and other glucocorticoids, have a similar mech-
anism of action; the ability to inhibit phospholipase A, (Patel
and Savjani, 2015). Moreover, an appreciable amount of ster-
oids was detected in the leaf fraction, which may be attributa-
ble to the observed bioactivities. Our result correlates with that
of Eze and Nwodo (2016).

3.4.5. Effect of ELFSL on protein denaturation

The result of the inhibitory effect of ELFSL on protein denat-
uration is shown in Table 3. The protein denaturation inhibi-
tion assay is a useful tool for determining the propensity of
pharmacologic agents to reduce inflammation (Meredith,
2005; Enechi et al., 2019). The result showed that ELFSL
exhibited an effective inhibitory effect on albumin denatura-
tion in a concentration-dependent manner. The maximum
inhibitory effect (56.57 £ 1.01 %) occurred at the highest con-
centration (1.0 mg/mL) of ELFSL. However, at similar con-
centration (1.0 mg/mL), ASP showed significantly
(P < 0.05) higher inhibition (69.73 £ 0.47 %). The result sug-
gests the ability of ELFSL to inhibit inflammation akin to the
reference drug. Proteins lose their native structure and biolog-
ical functions when they are denatured. This event usually
results in increased recruitment of leukocytes into the infected
tissues intending to eliminate the damaged proteins. However,
this defensive response sometimes results in the indiscriminate
destruction of healthy tissues by the immune cells (Ogbu et al.,
2019). The ability of the fraction to inhibit protein denatura-
tion suggests its anti-inflammatory properties. Our result cor-
relates with that of (Shankar et al. 2021), who reported
similar activities with Sida acuta ethanolic leaf extract.

3.5. Acute toxicity

Table 4 shows the result of the acute toxicity study. From the
result, the administration of ELFSL revealed no toxicity up to
5000 mg/kg bw (po) over the period of observation. Studies
have proposed a safe oral administration of pharmacologic
substances with LDsy up to 5000 mg/kg bw (Anosike et al.,
2012). Three submaximal doses (200, 400 and 600) which were
found to be safe in mice (Konaté et al., 2012) were employed
for further biochemical investigations.

Table 4 Acute toxicity study.

No. of death
recorded

Treatments (mg/kg bw, po, No. of animals
ELFSL) used

10
100
1000
1600
2900
5000

W W W W W W
SO oo oo

n = 3; po = per oral treatment; bw = body weight.

3.6. In vivo anti-inflammatory activities of ELFSL

3.6.1. Effect of ELFSL on carrageenan-induced edema in mice

The effect of ELFSL on carrageenan-induced edema in mice is
shown in Table 5. Injection of carrageenan into the peritoneal
cavity of the left hind paw of mice in the control group resulted
in edema progression, which peaked (6.30 + 0.20 mL paw vol-
ume increase) at 4 h post-phlogistic agent injection. Mice pre-
treated with various doses of ELFSL showed a significant
(P < 0.05) decrease in paw volume in a timely and dose-
dependent manner compared with the control and was similar
to that produced by the standard drug (100 mg/kg bw, po
ASP). The maximum inhibitory effect (77.53 %) of ELFSL
on carrageenan-induced edema occurred at the highest dose
(600 mg/kg bw po, ELFSL) at the 5th hour. This effect was
not significantly (P > 0.05) lower than that (77.80 %)
recorded for 100 mg/kg bw (po) ASP at the same duration.
The plant fraction at various doses exerted significant inhibi-
tion on all three phases of carrageenan-induced inflammation
and peaked at the third phase (the 5th hour). The edema inhi-
bition was statistically significant (P < 0.05) compared with
the control and did not differ significantly (P > 0.05) from
the reference drug (ASP). The ability of the fraction to inhibit
the early phase of inflammation (1-2 h) in the carrageenan
model suggests that it may have suppressed the release of his-
tamine, serotonin, and bradykinin (Georgewill and Georgewill
2010; Georgewill et al., 2010). The events of the late phase are
mediated by excessive activity of bradykinin protease,
cyclooxygenase (COX) synthesis of prostaglandins, and the
release of proteolytic enzymes from the lysosome (Wallace,
2002; Kang et al., 2008). From the result, it could be that
the fraction inhibited the late phase of inflammation in this
model by suppressing the release and activities of prostanoids
(Ricciotti and FitzGerald, 2011). Aspirin (ASP), a typical
NSAID and an excellent cyclooxygenase inhibitor capable of
suppressing prostaglandin synthesis, also showed a similar
inhibitory effect on the carrageenan model, suggesting a simi-
larity in activities between the NSAID and the fraction. Our
result aligns with Sutradhar et al. (2006), which reported sim-
ilar activity with principles from Sida cordifolia.

3.6.2. Effect of ELFSL on egg albumin-induced mice paw edema

The effect of ELFSL on egg albumin-induced edema in mice is
shown in Table 6. Intraperitoneal injection of egg albumin into
the right hind paw of mice in the control group resulted in
edema progression, which peaked 1 h post-induction (6.90 +
0.10 mL increase in paw volume). However, mice pre-treated
with various dosages of the leaf fraction showed a significant
(P < 0.05) decrease in paw volume in a time-related and
dose-dependent manner compared with the control and was
akin to that of the reference drug (100 mg/kg bw, po ASP).
The maximum inhibition (78.27 %) of egg albumin-induced
edema occurred at the lowest dose (200 mg/kg bw, po) of
ELFSL in the 5th hour. Moreover, this effect was not signifi-
cantly (P > 0.05) lower than that (81.40 %) recorded for
100 mg/kg bw (po) ASP at similar time interval. Intraperi-
toneal injection of egg albumin into animal paws is known
to provoke the release of vasoactive compounds, like his-
tamine, and serotonin, which results in increased vascular per-
meability and edemogenesis. Perhaps, the fraction may have
exerted its inhibitory effect on egg albumin-induced edemoge-
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Table 5 Effect of ELFSL on carrageenan-induced paw edema in rats.

Treatments (mg/kg bw, po) Mean oedema Volume (mL)

(% edema inhibition)

lh 2h 3h 4h 5h

Toxic control 6.06 + 0.10°¢ 6.16 + 0.07*B¢ 6.26 + 0.03%B 6.30 + 0.20°* 6.05 £ 0.06°C

100 Aspirin 5.59 + 0.07°* 5.01 + 0.10°B 4.52 + 0.39°C 3.99 + 0.12°P 3.29 + 0.07°F
(45.73 %) (51.09 %) (56.64 %) (64.78 %) (77.80 %)

200 ELFSL 5.19 + 0.11A 4.53 + 0.14B 3.98 + 0.20C 3.18 + 0.23°P 2.76 + 0.30°F
(40.12 %) (45.64 %) (52.15 %) (64.65 %) (74.99 %)

400 ELFSL 5.36 + 0.14%A 492 + 0.18°8 4.43 + 0.10°¢ 3.66 + 0.06°° 3.10 £ 0.12°F
(43.85 %) (47.77 %) (52.94 %) (63.92 %) (75.50 %)

600 ELFSL 5.27 + 0.06°* 442 + 0.07°8 3.70 = 0.11€ 3.23 + 0.12°P 3.07 + 0.11°PE
(45.34 %) (54.00 %) (64.49 %) (73.83 %) (77.53 %)

Results (Two-way ANOVA performed with Duncan post hoc test) are expressed as Mean = SEM (n = 8). Values in parentheses show the %
inhibition of edema. Subsets of a column with different small lettered alphabets and rows with different capital alphabets as superscript vary
significantly (P < 0.05). Control = 10 mg/kg bw distilled water; bw = body weight; po = per oral administration.

Table 6 Effect of ELFSL on egg albumin-induced paw edema in rats.

Treatments (mg/kg bw, po) Mean oedema Volume (mL)

(% edema inhibition)

1h 2h 3h 4h 5h

Toxic control 6.90 + 0.10%°¢ 6.37 + 0.07°* — 6.51 + 0.05*A 6.63 + 0.04** 6.48 + 0.06°

100 Aspirin 6.43 + 0.17°A 6.12 + 0.24°B 5.55 + 0.09°¢ 3.69 + 0.09°P 3.02 + 0.10°F
(32.90 %) (40.25 %) (44.25 %) (66.68 %) (81.40 %)

200 ELFSL 6.51 + 0.09%A 5.84 + 0.17°® 5.05 + 0.13%¢ 4.50 + 0.06°° 3.29 + 0.14°F
(39.50 %) (44.06 %) (51.06 %) (57.16 %) (78.27 %)

400 ELFSL 6.42 + 0.07* 5.63 + 0.07°8 4.92 + 0.11°¢ 4.10 £ 0.12°P 3.09 + 0.24°F
(37.41 %) (37.41 %) (48.65 %) (58.45 %) (77.80 %)

600 ELFSL 6.38 £ 0.07%A 5.63 + 0.13°B 5.14 + 0.10°¢ 4.40 + 0.91°° 3.36 + 0.15°F
(40.44 %) (45.93 %) (50.26 %) (58.66 %) (74.84 %)

Results (Two-way ANOVA performed with Duncan post hoc test) are expressed as Mean = SEM (n = 8). Values in parentheses show the %
inhibition of edema. Subsets of a column with different small lettered alphabets and rows with different capital alphabets as superscript vary

significantly (P < 0.05). Control = 10 mg/kg bw distilled water; bw = body weight; po = per oral administration.

nesis by inhibiting the release and vasodilatory activities of his-
tamine and serotonin (Akindele et al., 2015). Aspirin, a power-
ful cyclooxygenase inhibitor, also showed a significant
(P < 0.05) inhibitory effect on egg albumin-induced edema
formation akin to the fractions, implying a similarity in anti-
inflammatory potential between ASP and the fraction. John-
Africa et al. (2013) reported similar results with Sida corym-
bosa leaf extract.

3.6.3. Effect of ELFSL on acetic acid-induced mice writhing

The effect of ELFSL on writhing induced in mice with acetic
acid is shown in Fig. 2. Acetic acid injection into the peritoneal
cavity of the control mice resulted in writhing syndrome, with
68.80 £ 1.10 writhes recorded in 30 min. The ELFSL signifi-
cantly (P < 0.05) inhibited writhing syndrome in mice pre-
treated with various doses of the leaf fraction in a dose-
dependent fashion, compared with the control, and were com-
parable with the standard drug. The maximum inhibitory
effect (66.54 %) exhibited by the leaf fraction occurred at the
highest dose (600 mg/kg bw, po ELFSL). This did not differ
significantly (P > 0.05) with the inhibition (62.20 %) demon-

strated by 100 mg/kg bw ASP. Intraperitoneal injection of
acetic acid in experimental animals increases vascular perme-
ability and the levels of PGE2 and PGF2a in the peritoneal
fluid, which results in writhing, indicative of pain (Bentley
et al., 1983). Muscular contraction caused by acetic acid is seen
as a nonselective nociceptive response because acetic acid
interacts with nociceptors, sensitive to a variety of agonists,
including narcotics, NSAIDs, and other CNSactive drugs such
as morphine, by indirectly inducing the release of endogenous
inflammatory mediators such as prostaglandin (Bighetti et al.,
1999). The excellent inhibition of writhing, observed in mice
treated with various dosages of ELFSL, which were at par
with ASP, suggest the participation of a peripheral mechanism
of anti-nociception by the fraction. Perhaps it could be that the
model is associated with peripheral receptors stimulation, par-
ticularly the local peritoneal receptors expressed on the surface
of the cells lining the peritoneal cavity (Zakaria et al., 2008).
The NSAID, aspirin, also showed a significant (P < 0.05)
anti-nociceptive effect in this model, although ELFSL was
more potent at a higher dose (600 mg/kg bw, po). Our results
correlate with those of Azad et al. (2017), which reported
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Fig. 2  Effect of ELFSL on acetic acid induced writhing in mice, * Control = 10 mg/kg bw distilled water, n = 8; Values (analyzed with
One-way ANOVA and Duncan post hoc) are presented as Mean = SEM at P < 0.05.

potent anti-nociceptive activities with S. rhombifolia to extract
on the acetic acid model.

3.6.4. Effect of ELFSL on formalin-induced hind mice paw
licking

The effect of ELFSL on formalin-induced edema in mice is
shown in Fig. 3. In the first phase, formalin injection into
the peritoneal cavity of the left hind paw of mice in the control
group produced nociceptive reactions of licking and biting of
inflicted paws for an extended duration of 312.01 + 14.01
sec. However, mice pre-administered various doses of ELFSL
spent significantly (P < 0.05) lesser time range (196.2 + 5.0—
205.2 £ 6.0 sec) in licking and biting the inflicted paw com-
pared with the control and was comparable with that
(181.8 £ 9.0 sec) observed in the group administered
100 mg/kg bw, po ASP. The inhibitory effect of the leaf frac-
tion followed a dose-dependent trend with peak inhibition
(50.08 %) elicited by the 600 mg/kg bw po ELFSL dosage,
which was not significantly (P > 0.05) different from that

350 1

Hoy

300 - %
250 A
200 -

150 -

Time spent in licking paw (sec)

100 - "

50 A

1

0

(54.20 % inhibition) of the reference drug. In the second phase,
the time spent by the untreated animals (control) in biting and
licking the affected paw, indicative of nociception, was 306.1

+ 14.06 sec, while mice pretreated with various doses of
ELFSL spent significantly (P < 0.05) lesser time range (196.
2 4+ 5.0-205.2 + 6.0 sec) in paw licking. This effect was com-
parable to that (181.8 £ 9.0 sec) observed in the group admin-
istered aspirin. The maximum inhibitory effect (78.28 %)
demonstrated by the leaf fraction occurred at the 600 mg/kg
bw (po) ELFSL dose, and this did not differ significantly
(P > 0.05) from that (89.90 % inhibition) obtained with
100 mg/kg bw (po) ASP. The formalin model is proposed to
complement the acetic acid writhing model to distinguish
between central and peripheral mechanisms of anti-
nociception (Chan et al., 1983; Okokon et al., 2012). Intraperi-
toneal injection of formalin induces an increase in spontaneous
activity of C fiber afferents and instigates distinctive and mea-
surable responses, such as animal paw licking, indicative of
pains (Akindele et al., 2015). Paw licking induced by formalin

Control

100 mg/kg bw po Aspirin

200 mg/kg bw po ELFSL
2400 mg/kg bw po ELFSL
m 600 mg/kg bw po ELFSL

il

Early Phase (0-5 min)

Fig. 3  Effect of ELFSL on formalin-induced hind paw licking in mice, *Control = 10 mg/kg bw distilled water, n =

Late Phase (15-30 min)

8; Values (analyzed

with One-way ANOVA and Duncan post hoc) are presented as Mean = SEM at P < 0.05.
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injection into mice’s paw peritoneal cavity produces two dis-
tinctive phases of nociceptive reactions (Hunskaar et al.,
1985). The first phase of paw licking (0—5 min) is caused by
the direct interaction of formalin with certain nociceptors
(Zakaria et al., 2008), while the second phase (15-30 min) is
characterized by inflammatory events (Tjolsen et al., 1992).
Drugs that act via the central nervous system (CNS), such as
morphine, suppress both phases of nociception, while
NSAIDs, such as ASP, that act via the peripheral nervous sys-
tem, inhibit only the later stage (Chan et al., 1983). The forma-
lin test suggests that ELFSL significantly (P < 0.05) inhibited
nociceptive responses in both phases in mice, depicting the par-
ticipation of both peripheral and central mechanisms of anti-
nociception. The result of our study correlates with that of
Bonjardim et al. (2011), which demonstrated similar results
using Sida cordifolia leaf extract.

3.7. In vitro antioxidant activities of ELFSL

Figs. 4-7 show the results of the in vitro antioxidant activities
of ELFSL. The various in vitro antioxidant assays revealed
that ELFSL possesses excellent antioxidant potential, which

70
60
50
40
30
20
104 &

% Antioxidant capcity

increased with concentration and was at par with the stan-
dards. The leaf fraction exhibited considerably high dose-
dependent antioxidant capacities and ferric-reducing power
akin to gallic acid and ascorbic acid, respectively. The fraction
also exhibited remarkably high dose-dependent DPPH and
nitric oxide scavenging activities akin to BHT and ascorbic
acid, respectively. Our results correlate with Mah et al.
(2017), which reported excellent antioxidant actions with leaf
fractions of S. rhombifolia. Previously, Konaté et al. (2010)
also reported effective radical scavenging properties with the
whole plant extract of Sida alba and S. acuta. The screening
of antioxidant agents of natural origin stems from the cumula-
tive evidence of the involvement of oxidative stress in the etiol-
ogy of several chronic diseases, including hemolytic and
inflammatory diseases (Prieto et al., 1999). The observed excel-
lent antioxidant potential of ELFSL could be due to its rich
composition of phenolic compounds, known for their antioxi-
dant potential (Del Rio et al., 2013; Cory et al., 2018). Perhaps
some antioxidant phytochemicals in ELFSL may have exhib-
ited synergistic or additive effects, resulting in the excellent
antioxidant activities observed. This result agrees with the sub-
mission of Yao et al. (2012), which proposed the synergism of
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E
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Fig. 4 The total antioxidant capacity (TAC) of ELFSL compared with gallic acid (expressed in % gallic acid equivalent/gram).
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Fig. 5 Effect of ELFSL on DPPH radicals compared with butylated hydroxytoluene (BHT) (expressed in % BHT equivalent/gram).
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Fig. 6 Ferric reducing antioxidant power (FRAP) of ELFSL compared with ascorbic acid (expressed in ascorbic acid equivalent/gram).
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Fig. 7  Effect of ELFSL on nitric oxide radicals compared with ascorbic acid (expressed in % ascorbic acid equivalent/gram).

antioxidant phytochemicals in plant extracts. Oxidative stress
ensues when free radical production exceeds the levels of avail-
able antioxidants responsible for checkmating their activities
(Boots et al., 2008; Zhang et al., 2019). A disproportionate
activity of immune cells results in the excessive release of free
radicals (a process called respiratory burst) that is critical in
pathogens’ destruction and elimination (Reuter et al. 2010).
These free radicals can disrupt the normal physiology of the
body tissues, distort the primary structure of proteins, attack
unsaturated fatty acids, break DNA strands, and aggravate
immune response (Zhang et al., 2019). Hence, an agent that
can scavenge free radicals and attenuate their destructive activ-
ities could inhibit inflammation. Some anti-inflammatory
agents act via the inhibition of inducible nitric oxide synthase
(iNOS) and suppress its free radical production (Ogbu et al.,
2019). These result in the repression of the signaling pathways
critical for expressing transcription factors such as TNF-o and
NF-xB that mediate inflammation (Lawrence, 2009).
Presented in Table 7 are the 1Cs, values of the antioxidant
activities of ELFSL compared to the standard. The ICs, value

ranges (in mg/mL) for ELFSL (0.80-0.96), imply that ELFSL
possesses less potent antioxidant potential compared with
gallic acid (0.47), ascorbic acid (0.32-0.50), and BHT (0.30).
Although potent synthetic antioxidants agents such as
2,2’- methylenebis (6-tert-butyl-4-methylphenol) (A02246),
tert-butyl hydroquinone (TBHQ), butylated hydroxyanisole
(BHA), and butylated hydroxytoluene (BHT), are available,
they are not void of adverse side effects (Yang et al., 2018).

Table 7 1ICsy values of ELFSL compared with reference
drugs.

Test material TAC DPPH FRAP NO
ELFSL 0.82 0.96 0.80 0.92
Galic acid 0.47 - - -
BHT - 0.30 - -
Ascorbic acid - - 0.50 0.32

1Csp values expressed in mg/mL. BHT = butylated hydroxytoluene
(BHT).
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These have necessitated the search for alternative antioxidant
agents with mild activities and reduced toxicity. The higher
ICso values of the fraction, thus, imply that the fraction may
represent a more suitable antioxidant agent compared to the
standards.

4. Conclusion

The results of this study suggest that the ethanolic leaf fraction of Sida
linifolia possesses antioxidant, anti-inflammatory, and anti-nociceptive
properties, due to its rich phytochemical composition. The anti-
inflammatory activities of the leaf fraction were comparable with the
standard drug (aspirin). The leaf fraction exerted an analgesic effect,
perhaps via the participation of the central and peripheral mechanisms.
The results also shed light on the folkloric use of the plant in managing
inflammatory diseases. Further advanced studies on the characteriza-
tion and structural elucidation of the individual bioactive principles
responsible for the documented anti-nociception and anti-
inflammatory activities of the plant leaf fraction are warranted.
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