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This study aims to characterize chemical groups of metabolites in extracts of Acanthospermum
hispidum and Croton zambesicus, and to evaluate their anti-inflammatory activities and their
immunomodulatory effect on two pro-inflammatory cytokines (TNFa and IL6). The phytochemical
screening was done on the powders of both plants by staining and precipitation reactions. Anti-
inflammatory activity was performed in vivo on rat paw edema induced by 2% formalin and
immunomodulatory activity was performed in vitro on rat Peripheral Blood Mononuclear Cells (PBMC)
stimulated by Lipopolysaccharide (LPS). The leaves of the plants contained important chemical groups
such as: cachectic tannins, flavonoids, terpenes, saponosides and quinones. The ethanolic extracts of
the two plants studied showed good anti-inflammatory activity by reducing the volume of the rat paw
edema induced by 2% formalin and by inhibiting the production of TNFa, IL6 by PBMC of rats
stimulated by LPS.

Key words: Acanthospermum hispidum, Croton zambesicus, extracts, phytochemical screening, biological
activities.
INTRODUCTION
The healing properties of certain medicinal plants have and perpetual human interest in medicinal plants has led
been researched, noted, and passed down from to the modern and sophisticated treatment of several
generation to generation (Yapi, 2015). The continuous human diseases (Petrovska, 2012). The World Health

*Corresponding author. E-mail: kpodpaulin@yahoo.fr, kpodjip@yahoo.fr; +22967041200.

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Aftribution
License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

Organization (WHO) has estimated that 80% of the
world's population uses herbal formulations as traditional
therapies (WHO, 2002). Faced with the therapeutic
limitations of modern chemically formulated drugs, the
development of herbal research has shifted to the
formulation of phytomedicines or traditionally improved
the development of herbal research has shifted to the
formulation of phytomedicines or traditionally improved
drugs to better treat human pathologies (Guedje et al.,
2012).

Thus, herbal medicine is a good alternative to
conventional drugs as it has been used for centuries to
treat human diseases (Ambe et al., 2015). It is mainly
based on the idea that plants are a natural means of
treatment devoid of any risks. The consumers often
believe that natural is synonymous with harmless.
However, a plant can be both useful and toxic. Some
compounds in the secondary metabolism of plants are
serious poisons, such as cyanogen derivatives
(Agbankpe et al., 2015). Several studies have highlighted
the pharmacological effects of many plants. However, it is
also important to evaluate the toxicity of herbal
preparations to determine the safety of these remedies
(Ouahchia et al., 2017). An ethnobotanical study of plants
used in the treatment of inflammation among herbalists in
the market in southern Benin has identified a number of
medicinal plants with anti-inflammatory properties (Kpodiji
et al.,, 2019). In this study, Acanthospermum hispidum
and Croton zambesicus were among the plants with a
high citation frequency that were selected.

A. hispidum belongs to the Asteraceae family and the
study of the literature reveals those various parts of A.
hispidium have been used as a folklore medicine to treat
various diseases (Roy et al., 2010; Chakraborty et al.,
2012).

C. zambesicus belongs to the genus Euphorbiaceae,
which includes about 1,300 species. It is widespread in
tropical regions, both in the old and new world. Several
species have been used for a long time as medicinal
plants in Africa, Asia and South America. Popular uses
include the treatment of several diseases such as cancer,
digestive problems, and inflammation (Salatino et al.,
2007). In Benin, the decoction of the leaves of C.
zambesicus is used as an antihypertensive and in
treatment of malaria-related fever (Block et al., 2004).

Most research on medicinal plants focuses on the
characterization of secondary metabolites that have
shown significant biological activities. Secondary
metabolites represent a large group of biologically active
compounds that are synthesised as a defense
mechanism of plants against various microorganisms,
insects, herbivores and different environmental extremes,
as well as for protection against UV light (Xie and Lou,
2009; Klavina, 2018). Secondary metabolites such as
phenolics, flavonoids and terpenoids, have been shown
to have antioxidant, anti-inflammatory, antitumour and
antibacterial effects (Klavina et al., 2015; Lunic et al.,
2020; Mandic et al., 2021).
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The aim of this study was to investigate the potential
bioactive effects of ethanolic extracts of A. hispidum and
C. zambesicus, under in vitro conditions. By knowing
these processes, we obtain new knowledge that can be
applied to treat certain pathological conditions. Thus, this
study proposes to perform preliminary phytochemistry
tests to detect secondary metabolisms (unpurified
compounds) present in ethanolic extracts of A.hispidum
and C. zambesicus and to evaluate their anti-inflammatory
properties and their immunomodulatory effect on pro-
inflammatory cytokines TNFa and IL6.

MATERIALS AND METHODS
Plant material

The plant material was the leafy stems of A. hispidum and C.
zambesicus. The plants were harvested in Lokossa (Latitude:
6.63333, Longitude: 1.71667 6° 37' 60" N, 1° 43' 0" E) in the
Department of Mono in south-western Benin in January 2019. The
two species of plants selected were identified with the national
herbarium of the University of Abomey-Calavi following the
numbers YH516/HBN for A. hispidium and YH517/HBN for C.
zambesicus. The leafy stems were dried in the laboratory at room
temperature in a covered space. After drying, the plants were
ground and powdered at the mill. The powders were stored in
sealed glass jars for further analysis.

Biological material

To assess larval toxicity Artemia salina shrimp larvae were used. A.
salina’ eggs (ARTEMIO JBL D-67141 Gmbh Neuhofem), acquired
from the Applied Hydrobiology’s Laboratory of Agricultural
Sciences’ Faculty at University of Abomey-Calavi (UAC, Benin).
Rats' PBMCs were used to assess immunomodulatory activity.
Male Wistar rats aged at least three months with a body weight
between 163 g and 209 g were used. These animals were acquired
at the Animal Farm of the Institute of Applied Biomedical Sciences
of the University of Abomey-Calavi of Benin. They were housed in
cages covered with wood chips and acclimatized for 2 weeks
before experiment at the animal farm of the Research Unit in
Applied Microbiology and Pharmacology of Natural Substances
(URMAPhHa). The rats had free access to water and food. Animal
Research Review Panel and Animal Welfare Unit regulations of
temperature and lighting systems were maintained with a room
temperature of 20—26°C and regular light cycles of 12 h light/dark.
All methods and protocols used in this study were observed
following established public health guidelines “Guide for Care and
Use of Laboratory Animals”.

Ethical approval

This study is part of a thesis. The Committee of the Doctoral School
of Life and Earth Sciences (ED-SVT) of the University of Abomey-
Calavi (UAC-Benin) under the number 10185509 has authorized
this study on October 10, 2018 for a period of 3 years.

Ethanolic extraction of two plants

The two plant species were extracted with ethanol, a method that is
an adaptation of the protocol used by Okokon et al. (2010). It has
the advantage of putting the powder properly in contact with the
solvent through continuous agitation. A 50 g mass of leafy stems
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powder was macerated in 500 mL of ethanol 96% under continuous
agitation for 72 h. The mixture was filtered three times on
hydrophilic cotton and once on Whatman N°1 filter paper. The
filtrate was evaporated at a temperature of 40°C in an oven until a
dry mass of the ethanol extract was obtained. The yield of the raw
extract is defined as the ratio between the mass of the dry extract
and the mass of plant powder treated (Deguenon et al., 2017). This
return (R) was calculated by the formula:

Mass of the extract after evaporation of the solvent

R= 100
Mass of the powder of the plant species used for extraction

The extracts were stored at 4°C in closed glass jars until used.

Phytochemical screening

Coloring and precipitation reactions were used to characterize the
chemical groups present in the extract. The methods cited by
Bruneton (1999) were used as described by Houngbeme et al.
(2014) and Okokon and Nwafor (2010).

Larval cytotoxicity test

The cytotoxic effect of the ethanolic extracts was evaluated on brine
shrimp larvae according to the method described by Dougnon et al.
(2013). A. salina larvae were obtained by hatching 10 mg of A.
salina eggs under continuous agitation in 1 L of seawater for 48 h.
A 20 mg/mL concentrated stock solution was prepared for each
plant extract. A series of dilutions of each stock solution was carried
out to obtain a decreasing concentration. 1 mL of each diluted
solutions was added to 1 mL of sea water containing 16 live larvae.
A control solution without the extract was prepared under the same
conditions. All solutions were incubated under agitation for 24 h at
ambient temperature. Dead larvae were counted using an optical
microscope to get a representative curve of the number of surviving
larvae versus the concentration of the extract. The data
(concentration-response) were log transformed, and the mean
lethal concentration (LCso) was determined. To assess the larval
toxicity of the extract, the correlation grid associating the degree of
toxicity with LCso proposed by Mousseux (1995) was used (Table
1).

In vivo anti-inflammatory activity test

Anti-inflammatory activity by reduction in the volume of edema was
carried out by the adapted method of Winter et al. (1962).
Inflammation is induced by injection of carragenan at the plantar
arch of the rat's right leg. In this protocol, the phlogogenic agent
used is formalin at 2%. The edema caused by this phlogogenic
agent is translated into volume and measured by the "digitally
displayed sliding foot"; which allows us to follow the evolution of the
inflammatory process. Five lots of six rats were used: - Lot 1
(negative control): Rats in this lot received no treatment. The values
measured here are natural physiological values; - Lot 2 (positive
control): rats in this lot received only 2% formalin (100 pl; 2%) in the
arch of the rat's right leg; - Lot 3 (Reference Lot): Rats in this lot
were treated orally with diclofenac at a rate of 50 mg/kg, 1 h before
formalin injection; - Lot 4: Rats in this lot received the ethanol
extract of C. zambesicus orally, at a rate of 200 mg/kg, 1 h before
the injection of formalin; - Lot 5: Rats in this lot received the ethanol
extract of A. hispidum orally, at a rate of 200 mg/kg, 1 h before the
injection of formalin. The evolution of edema was tracked by
measuring the legs. Leg volume was measured at TO (before
formalin injection), T1 (1 h), T2 (2 h), T3 (3 h), T4 (4 h)and T5 (5 h)

after the formalin injection. The change in leg volume was
calculated by making the difference between the value measured at
Tx (measurement time) and TO.

Immunomodulatory activity of ethanol extracts of A. hispidum
and C. zambesicus

The rats were randomly distributed in three groups of three rats. In
group 1, rats received the same volume of water per oral feeding as
those given to animals treated with extracts. In groups 2 and 3, rats
received either A. hispidum ethanol extract or C. zambesicus at a
dose of 200 mg/kg of body weight. After 4 h, 5 ml of blood was
collected from rats by puncture of the eye vein in tubes containing
ethylene diamine tetra acetic acid (EDTA) as an anticoagulant.

After blood collection, mononucleated cells were separated from
other blood components by centrifugation (Amro et al., 2013).
Briefly, the 5 ml of blood was diluted to 1/2 with Roswell Park
Memorial Institute (RPMI) medium (1640 without L-Glutamine,
Sigma cat: R0883) in 50 ml sterile Falcon tubes. The RPMI was
placed at room temperature (approximately 25°C) 30 min before
use. After adding the RPMI, the tube is closed and the contents
mixed gently by inversion 5 times. Five ml ficoll (Ref: 1066-5745,
Fischer Scientific) were deposited in a new identified tube. The 10
ml of diluted blood was delicately deposited over the Ficoll solution.
After a centrifugation at 800g for 30 min and at 20°C, with low
acceleration and without brakes, the Peripheral Blood
Mononucleated Cells (PBMCs) were recovered and washed with
RPMI. After washing, viability and number of cells are determined
by making a volume dilution for volume of cell suspension with
trypan blue. PBMCs are then stored at a concentration of 2x10°
cells/ml in an ice bath.

Stimulation and culture of rat PBMCs

PBMCs were cultivated in plates of 24 wells at a density of 2.10°
cells/ml in RPMI in a wet-atmosphere oven at 37°C and 5% CO..
PBMCs of rats not fed by extracts were pre-incubated with ethanol
extracts from each plant at a concentration of 50 or 100 pg/ml for
30 min. Subsequently, all PBMCs of rats in the different batches
were stimulated with LPS at a concentration of 10 pg/ml and
cultured supernatant were collected 4 h, 16 h and 24 h after
stimulation. The supernatants were taken, centrifuged to remove
cellular debris and stored at -80°C until the TNF-a and IL-6
cytokines were dosed. Indeed, LPS is a molecular pattern
associated with pathogens (PAMP-Pathogen Associated Molecular
Pattern). Once recognized by the TLR-4/CD14 complex (Park and
Lee, 2013), it induces the secretion of pro-inflammatory cytokines
by monocytes and macrophages (Amoroso et al., 2012). This ability
justified the use of LPS in our study. A limitation of our methodology
is that we did not test the effect of the ethanolic extract of the plants
on TNF-a production by PBMCs without stimulation by LPS.

Quantification of TNF-a and IL-6

The production of TNF- a and IL-6 in the surpernatants of the
cultivation was measured by ELISA with a commercial BioLegend
kit TNF-a with the LEGEND MAX™ Rat TNF-a ELISA Kit
(N0.438207, Biolegend, Amsterdam) and the IL-6 with the LEGEND
MAX™ Rat IL-6 ELISA Kit (N0.437107, Biolegend, Amsterdam).
The dosage sensitivity is 4.2 pg/ml for TNF-a and 5.3 pg/ml for IL-6.

Statistical analysis

The susceptibility tests of bacterial strains were done with three
replicates (n=3) and the results were subjected to two-way
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Table 1. Correspondence between LCsy and toxicity.

LCso (Mg/mL)

Toxicity

LC502 0.1

0.1 >LCso 2 0.050
0.050 > LCsp 2 0.01
LCs0 < 0.01

Non toxic

Low toxicity
Moderate toxicity
High toxicity

Table 2. Phytochemical screening results of the two plants studied.

Metabolites

A. hispidum

Tanins

Cachectic tannins
Gallic tannins
Flavonoids
Anthocyanins
Leuco-anthocyanins
Reducing compound
Mucilages

Alkaloids

Steroids and terpenes
Saponosides
Cyanogenic derivatives
Anthraquinones
Coumarins

Quinones

C. zambesicus
+ +
+ +
+ +
+ +
+ -
+ -
+ +
+ -

The sign (+) signals a positive reaction and the sign (-) refers to a negative

reaction.

ANOVA according to Turkey’s multiple comparison test, p < 0.05
Comparisons of average TNF-a and IL-6 concentrations were made
with the Turkey test. The data presented are representative of three
different experiments. The graphics were made with Graph Pad
Prism 7 software.

RESULTS
Phytochemical screening

Of the 50 g of leafy stem powder of the two plants used,
the ethanolic extraction of the leafy stems of A. hispidum
gave a yield of 7.54% (3.77 g) and that of C. zambesicus
7.84% (3.92 g). The phytochemical analysis of the
components of these two plants studied revealed the
presence of chemical components in the ethanol extracts
of these plants, including cachectic tannins, flavonoids,
reductive compounds and others. A presence of
saponosides, steroids and terpenes were found in the
ethanol extract of A. hispidum. However, there is a total
absence of gallic tanins, anthocyanins, leuco-
anthocyanins, alkaloids, cyanogenic derivatives and
anthraquinones in the ethanolic extracts of the two plants
studied. The data are presented in Table 2.

Larval cytotoxicity

The study of A. hispidum cytotoxicity showed a lethal 50
concentration (LCsg) of 0.75 mg/mL (Figure 1a) and C.
zambesicus a LCsy of 0.36 mg/mL (Figure 1b). Therefore,
the two extracts show no cytotoxicity.

Anti-inflammatory activity

Injection of 2% formalin caused acute edema in all rats.
The percentages of increase in edema are shown in
Figure 2. In control rats that were treated with
physiological water, the percentages of increase in
edema remained high from the first hour to the fifth hour
with a maximum of 65.17 + 0.79% at the third hour. In
rats treated with extracts and the reference molecule
(Diclofenac), there is a gradual decrease in percentages
of increase from the first hour to the fifth hour.

This decline was very significant (p < 0.001) in rats
treated with diclofenac and C. zambesicus extract,
respectively from the first and second hour. In rats
treated with A. hispidium extract the decrease was very
significant (p < 0.001) from the second hour to the fourth
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Figure 1. LCso determination curve of a) A. hispidum and b) C. zambesicus.

hour and significant (p < 0.05) at the fifth hour. But it
should be noted that there is an increase from the fourth
hour to the fifth hour. In addition, there is no significant
difference between the percentages of increase in edema
in rats treated with diclofenac and the two types of plant
extracts used from the second hour to the fourth hour. At
the fifth hour, there was a very significant difference
between the percentages of increase in edema in rats
treated with diclofenac and A. hispidium extract.

In Figure 3, the inhibition percentages of edema in rats
treated with the reference molecule (Diclofenac) and the
two types of plant extracts used were shown. It was

noticed that the percentages of edema inhibition
increased over time except in rats treated with A.
hispidium extract (Ah) where the inhibition percentage
decreased at the fifth hour. The inhibition percentages of
edema ranged from 44.30 £ 2.99% to 77.28 + 0.82% for
diclofenac, from 16.01 + 1.94% to 65.21 + 8.15% for the
C. zambesicus extract (Cz) and from 8.88 + 1.53% to
57.25 £ 6.23% for A. hispidium extract between the first
and fifth hour. There is no significant difference (p > 0.05)
between the anti-inflammatory effect of the reference
molecule used and that of the C. zambesicus extract from
the second hour to the fifth hour. Also, the anti-
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Figure 2. Percentage increase in edema of rats' paws. Injection of 2% formalin induced acute edema in all
rats. In rats treated with extracts and Diclofenac, there was a progressive decrease in the percentages of
increase in edema from the first hour to the fifth hour. 1-5: decrease from the first hour to the fifth hour; 2-4:
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Figure 3. Percentage inhibition of edema of rats' paws. It was noted that the percentages of
edema inhibition increased with time except in rats treated with A. hispidium extract where the
percentage inhibition decreased at the fifth hour. There was a highly significant difference
between the anti-inflammatory effect of A. hispidium extract and that of diclofenac at the fifth

hour. (***): p < 0.001.

inflammatory effect of A. hispidium extract is similar to
that of diclofenac from the second hour to the fourth hour
(p > 0.05), but there is a very significant difference (p <
0.001) between the anti-inflammatory effect of this extract
and diclofenac at the fifth hour.

Effect of feeding rats by A. hispidum ethanol extract
on the production of IL-6 by PBMCs

In order to test the in vivo effect of A. hispidum ethanol
extract on IL-6 production, rats were fed with 200 mg/kg
of A. hispidum ethanol extract. A gavage feeding of rats 4

h before blood sampling induced a decrease in IL-6 in
PBMC’s culture supernatant after stimulation with LPS for
4 h. Indeed, in the absence of gavage, the average
concentration of IL-6 in the culture supernatant of
mononucleated blood cells of the peripheral blood of rats
was 185.453 + 34.422 pg/ml. After gavage it was 111.820
+ 31.846 pg/ml (p = 0.014).

Similarly, PBMCs stimulated with LPS for 16 h after the
gavage feeding of rats for 4 h induced a decrease in IL-6
production in PBMCs cultured supernatants. The average
IL-6 concentration was 194.197 + 26.002 pg/ml in the
supernatant of PBMCs cultures of non-fed rats while it
was 107.630 = 26.002 pg/ml in that of PBMCs from fed
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Figure 4. Effect of feeding rats by A. hispidum ethanol extract on the production of IL-6 by PBMCs. To test the in vivo effect of A. hispidum
ethanolic extract on IL-6 production, rats were fed with 200 mg/kg of A. hispidum ethanolic extract. Gavage of rats 4, 16, and 24 h before
blood collection induced a decrease in IL-6 in the culture supernatant of PBMCs after stimulation with LPS for 4 hours. (**) indicate p < 0.05.

rats (p = 0.014).

The same observations were made after 24 h
stimulation of PBMCs of unfed vs. fed rats. In the
supernatant of PBMCs from unfed rats, the average
concentration of IL-6 was 367.500 + 31.846 pg/ml, while
it was 265.875 + 31.846 pg/ml in fed rat PBMCs (Figure
4). This difference was not significant.

Effect of the addition of A. hispidum and C.
zambesicus extracts on the production of TNF-a by
LPS-stimulated PBMCs

To assess the effect of A. hispidum ethanol extract by
dose and time on TNF-a production, peripheral blood
mononucleated cells were pre-processed with A. hispidum

ethanol extract before being stimulated with LPS at a
concentration of 10 pg/ml. No significant inhibitory effects
of A. hispidum extract on TNF-a production by these cells
were observed at any dose and time (Figure 5). PBMCs
were or were not treated with 50 pg/ml or 100 pg/ml of
ethanolic extract from A. hispidum and for 30 min and
stimulated with 10 pg/ml of LPS. The cultivations were
collected after 4 h (A), 16 h (B) and 24 h (C). The rat
TNF-a was dosed in these supernatants with the
commercial TNF-a dosing kit (Figure 5).

Similarly, the ethanol extract of C. zambesicus at the
dosage of 50 pg/ml did not induce an inhibition of TNF-a
production regardless of the time.

On the other hand, this 100 ug/ml extract resulted in a
decrease in the amount of TNF-a secreted at 24 h
compared to the amount of TNF-a produced by cells that
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Figure 5. Effect of the addition of A. hispidum on TNF-a production by mononucleated blood cells in rats stimulated by LPS. PBMC isolated
from the rats were pretreatment with the indicated concentration of the A. hispidum ethanol extract for 30 min. Then, the cells were
stimulated with 10 pg/ml LPS. After indicated incubation periods, the concentraion of TNF-a in the culture supernatants was measured

using ELISA (***) indicate p < 0.001.

were not pre-attacked. The average amount of TNF-a
produced by untreated cells is 446.790 = 41.591 pg/ml.
After pre-treatment with 100 pg/ml of the extract, we
observed a decrease in TNF-a production by PBMCs with
an average concentration of 231.303 + 41.591 pg/ml (p <
0.001) (Figure 6). PBMCs were or were not treated with
50 pg/ml or 100 ug/ml of C. zambesicus ethanol extract
for 30 min and stimulated with 10 pg/ml of LPS. The
cultivations were collected after 4 h (A), 16 h (B) and 24 h
(C). Production levels in TNF-a in the supernatants of the
cultivation were measured with a commercial BioLegend
kit (p < 0.001) (Figure 6).

To assess the effect of ethanol extracts of A. hispidum
and C. zambesicus based on dose and time on IL-6
production, PBMCs were pre-processed with these
extracts for 30 min before being stimulated with LPS at a

10 pg/ml concentration. The ethanol extract of A.
hispidum (Ah) at 50 pg/ml and 100 ug/ml resulted in a
decrease of the quantity of IL-6 secreted at 4 h compared
to the quantity of IL-6 produced by cells that were not
pretreated.

The average quantity of IL-6 produced by untreated
cells is 185.453 + 34.422 pg/ml. After pre-handling with
50 and 100 pg/ml, we observed a decrease in IL-6
production by PBMCs with average concentrations of
73.780 £ 34.422 pg/ml (p = 0.002) and 83.820 + 42.158
pg/ml (p < 0.010) respectively (Figure 7A). At the
sixteenth hour, this decrease in IL-6 production by pre-
treated PBMCs with the ethanol extract of A. hispidum is
no longer observed. Indeed, the average quantity of IL-6
produced by untreated cells is 194.197 = 34.422 pg/ml.
The average quantities produced by pretreated cells with
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Figure 6. Effect of the addition of C. zambesicus on TNF-a by the cultivation of LPS-stimulated rats. PBMC isolated from the rats were
pretreatment with the indicated concentration of the C. zambesicus ethanol extract for 30 min. Then, the cells were stimulated with 10
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indicate p < 0.001.

50 and 100 pg/ml ethanolic extract of Ah are 277.900 +
34.422 pg/ml and 309.520 + 34.422 pg/ml respectively
(Figure 7B). At the 24" hour, the production of IL-6 by
pre-treated cells with the same extract decreased slightly
compared to that produced by untreated cells. Indeed,
the average quantity of IL-6 produced by untreated cells
is 367.500 + 34.422 pg/ml. After a pretreatment with 50
and 100 ug/ml of the extract, we observed a decrease in
IL-6 production by PBMCs with average concentrations of
312915 + 34.422 and 286.973 + 34.422 pg/ml
respectively (Figure 7C). PBMCs were or were not
treated with 50 or 100 pg/ml of ethanolic extract from A.
hispidum and for 30 min were stimulated with 10 pug/ml of
LPS. The cultivations were collected after 4 h (A), 16 h
(B) and 24 h (C). Rats IL-6 was dosed in these
supernatants with the IL-6's BioLegend commercial
dosing kit (p < 0.01).

The ethanolic extract of C. zambesicus at 50 pg/ml or
100 pg/ml resulted in a decrease in the quantity of IL-6
secreted at 4 h compared to the quantity of IL-6 produced
by cells that were not pretreated. The average quantity of
IL-6 produced by untreated cells is 185.453 + 34.422
pag/ml. After pretreatment with 50 and 100 pg/ml, we
observed a decrease in IL-6 production by PBMCs with
average concentrations of 61.993 + 34.422 pg/ml (p =
0.001) and 48560 + 34.422 pg/ml (p = 0.000)
respectively (Figure 8A). This decrease is also observed
at the sixteenth hour. The average quantity of IL-6
produced by untreated cells at the 16™ hour is 194.197 +
34.422 pg/ml. After pretreatment with 50 and 100 ug/ml
of C. zambesicus ethanolic extract, we observed a
decrease in IL-6 production by PBMCs with average
concentrations of 143.630 + 42.158 pg/ml (p = 0.016) and
67.293 + 34.422 pg/ml (p = 0.002) respectively (Figure
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Figure 7. Effect of the addition of A. hispidum on IL-6 production by the cultivation of LPS-stimulated rat PBMCs. PBMC isolated from the
rats were pretreatment with the indicated concentration of the A. hispidum ethanol extract for 30 min. Then, the cells were stimulated with
10 pg/ml LPS. After indicated incubation periods, the concentraion of IL-6 in the culture supernatants was measured using ELISA. (**)

indicate p < 0.01

8B). At the 24" hour, the ethanolic extract of C.
zambesicus at 50 and 100 ug/ml resulted in a decrease
in the quantity of IL-6 secreted by PBMCs compared to
the quantity of IL-6 produced by cells that were not
pretreated. Indeed, the average quantity of IL-6 produced
by untreated cells is 367.500 + 42.158 pg/ml. After
pretreatment with 50 and 100 pg/ml of C. zambesicus
ethanolic extract, we observed a decrease in IL-6
production by PBMCs with average concentrations of
235.687 + 34.422 and 173.265 + 42.158 pg/ml (p =
0.023) respectively (Figure 8C). PBMCs were or were not
treated with 50 or 100 pg/ml of C. zambesicus ethanolic
extract for 30 min and stimulated with 10 pg/ml of LPS.
The cultivations were collected after 4 h (A), 16 h (B) and
24 h (C). Rats IL-6 was dosed in these supernatants with
the BioLegend commercial dosing kit of IL-6 (p <0.01

and p < 0.001).

DISCUSSION
Phytochemical screening

Phytochemical screening of the leaves of A. hispidum
revealed the presence of cathechic tannins, flavonoids,
reductive compounds, mucilages, steroids and terpens,
saponosides, coumarins and quinones. These results are
consistent with those of Abubakar et al. (2015). However,
these authors found the presence of alkaloids, which is
contrary to this study. This could be due to a low
concentration of alkaloids in the leaves of A. hispidum or
to climatic conditions, to the soil quality of the two regions
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Figure 8. Effect of the addition of C. zambesicus on IL-6 production by the cultivation of LPS-stimulated rat PBMCs. PBMC isolated from
the rats were pretreatment with the indicated concentration of the C. zambesicus ethanol extract for 30 min. Then, the cells were
stimulated with 10 pg/ml LPS. After indicated incubation periods, the concentraion of IL-6 in the culture supernatants was measured using
ELISA. (***) indicate p < 0.001; (**) indicate p < 0.01; (*) indicate p < 0.05.

where the work was carried out. The work of N'do et al.
(2018) also revealed the presence of phenolic compounds
and flavonoids in the aqueous and ethanolic extracts of
A. hispidum leaves. However, the results are identical to
those of Pansambal et al. (2017) who found the tannins,
flavonoids, steroids, terpenes, saponosides and
coumarins in the extracts of the same plant. Roy et al.
(2010) found carbohydrates, alkaloids, glycosides,
flavonoids, tannins and saponosides. These results are in
part consistent with the results of this study. The
phytochemical study of C. zambesicus leaves revealed
the presence of cachetic tannins, flavonoids, reductive
compounds (sodium sulfite, sodium dithionite, sodium
thiosulfate, and aldehydes), mucilages and coumarins.
These results are on one hand consistent with the work
of Reuben et al. (2009) who found in the acetate ethyl
extract of C. zambesicus, terpens, steroids, reductive

compounds and flavonoids. However, these authors did
not look for mucilages and coumarins. In contrast the
work of Mohamed et al. (2016) found in addition to the
compounds found in this study, alkaloids, saponins and

anthraquinones in the ethyl acetate extract of C.
zambesicus. In addition, Ajayi and Omomagiowawi
(2018) found glucosides, steroids, anthraquinones,

phenols, saponosides and flavonoids in C. zambesicus
ethanolic extract. These differences may be related to the
nature of the solvent used or the assay method of the
metabolites. Other authors have shown that these plants
have useful purposes in traditional medicine (Yapi, 2015).

Larval cytotoxicity

The study of larval cytotoxicity of ethanolic extracts from



both plants yielded LCsy, greater than 0.1mg/ml
(0.75mg/mL and 0.36mg/mL respectively for A. hispidum
and C. zambesicus. Therefore, it is concluded that the
ethanolic extracts of these two plants are not toxic to the
larvae of Artemia salina. This result is consistent with that
of Hougbeme et al. (2014) who found a LCs, of
0.41mg/mL for A. hispidum. As for C. zambesicus, we
have not found earlier studies of larval toxicity by its
extracts.

Anti-inflammatory activity

The results of anti-inflammatory activity showed that
ethanolic extracts from the C. zambesicus and A.
hispidium leaves were divergent to an increase in the
volume of rat leg edema induced by formalin at 2%.
These extracts therefore have an anti-inflammatory
effect. This would justify their traditional use as medicinal
plants in the treatment of inflammation. The anti-
inflammatory effect of ethanolic extract (200 mg/kg) of
both plants is observed already from the first hour and is
maximum at the fourth hour of the five hours after
injection. The anti-inflammatory effect of ethanolic extract
from C. zambesicus roots was demonstrated in a study
by Okokon and Nwafor (2010) through the reduction in
volume of carrageenan-induced edema in the rat's paw.
Compared to A. hispidum no studies in the literature have
treated the anti-inflammatory activity of its extracts.
However, several studies have shown antibacterial,
antifungal and antiparasitic activity in extracts from both
plants (Abubakar et al., 2015; Edewor and Olajire, 2011,
Manal et al., 2015; Pansambal et al., 2017; Reuben et al.,
2009). In addition, phytochemical screening of ethanolic
extracts from both plants revealed the presence of
phenolic compounds such as tannins and flavonoids that
are thought to have anti-inflammatory activity (Chika et
al., 2012; Duru et al., 2013; Enechi and Nwodo, 2014).

The anti-inflammatory activity of extracts from C.
zambesicus and A. hispidum leaves may be due to
flavonoids and tannins. Flavonoids, natural antioxidants,
have been reported to play a very important role in the
treatment of inflammation, tumours and bacterial
diseases (Duru et al., 2013; Ezeja et al., 2011). Tannins
are also endowed with antioxidant properties which leads
to the activation of the immune defense and reduce the
risk of cancer and degenerative diseases (Houmenou et
al., 2018; Mpondo et al, 2012).

Immunomodulatory activity

In relation to immunomodulatory activity, the objective is
to determine the action of ethanolic extracts of A.
hispidum and C. zambesicus on the production of two
pro-inflammatory cytokines (TNF-a and IL-6) by PBMCs
of LPS-stimulated rats. The results showed that both
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extracts inhibit the production of IL-6 and only the
ethanolic extract from the C. zambesicus leaves inhibited
the production of TNF-a. Several studies showed the
involvement of cytokines in inflammatory processes
(Lotrich, 2012; Wojdasiewicz et al., 2014; Zhang and An,
2009). Anti-inflammatory drugs modulate the synthesis of
inflammation mediators such as pro-inflammatory
cytokines (Muster, 2005; Noack and Kolopp-Sarda,
2018). With most of these anti-inflammatory drugs with
side effects (Guilpain and Le Jeunne, 2012), research is
focused on the discovery of new plant-based products
with fewer side effects (Garcia-Lafuente et al., 2009;
Vikrant and Arya, 2011; Yatoo et al., 2018). These
products, to be effective, must be able to act on
mediators of inflammation including cytokines (Amro et
al., 2013). This study of the anti-inflammatory activity of
ethanol extracts of A. hispidum and C. zambesicus
showed the ability to reduce the volume of edema
induced by formalin at 2%. If these extracts have induced
a decrease in edema, they could therefore act on the
mediators of inflammation. This work evaluated the action
of these extracts on the production of TNF-a and IL-6 by
mononucleated peripheral blood cells (PBMCs) of rats,
following stimulation by LPS.

The effect of the extracts on the production of IL-6 by
PBMCs was sought in vivo by feeding rats by these
extracts. To do this, the rats were fed 200 mg/kg of the
ethanolic extract of A. hispidum and 5 ml of blood was
collected from rats 4 h after feeding. Stimulation of their
PBMCs by LPS showed an inhibition of IL-6 production.
Oral feeding would have resulted in the extract being
disseminated through the digestive tract and then through
the bloodstream. This would reflect a systemic effect of
the extract. Other authors have also shown that plant
extracts act in vivo on inflammation mediators (Mukherjee
et al., 2014; Noosud et al., 2017).

The results of our study showed that the ethanol extract
of A. hispidum, at the doses used, had no significant
effect on the production of TNF-a by PBMCs of rats
stimulated by LPS. This could be related to the
mechanisms of action of this extract or to the doses used
(Diallo, 2019). Since this extract showed its action on
edema (according to the results of our study on anti-
inflammatory activity) without acting on the production of
TNF-a, it could likely have local and non-peripheral
actions.

On the other hand, the ethanol extract of C. zambesicus
(100 pg/ml) led to a decrease in TNF-a production in
LPS-stimulated PBMCs cultured supernatants (10 pg/ml).
The extract may inhibit the activation of mononucleated
cells of peripheral blood, producing TNF-a (Bradley,
2008). Indeed, during an inflammatory response, an
increase in the biosynthesis of Toll Like Receptor (TLR)
is observed (Cen et al., 2018). Studies have shown that
LPS induces an increase in the level of expression of
LRT-4 (Huet et al., 2004; Shukla et al., 2018). C.
zambesicus ethanolic extract may inhibit the expression
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of these receptors by PBMCs or attach to these receptors
to prevent the induction of TNF-a production (Bufalo et
al., 2014; Davicino et al., 2007; Zhao et al., 2020). It
could also act on the signaling pathways leading to the
production of TNF-a. The NF-kB (Nuclear-Factor-kappa
B) track is one of the routes whose activation results in
the production of TNF-a (Schottelius and Baldwin, 1999).
The extract used could act on this path. Moreover, the
TNF-a having a pleiotropic action (Noack and Miossec,
2017), its inhibition would have acted on other mediators
of inflammation. The TNF-a's action also depends on its
connection to its two receivers (TNFR1 and TNFR2)
(Aggarwal, 2003; Bradley, 2008). TNF-a's binding to its
TNFR1 receptor is conducive to the development of
inflammation and tissue damage, while its binding to the
TNFR2 receptor maintains local homeostasis and
activates tissue regeneration (Kalliolias and Ivashkiv,
2016). In this context, the activity of the C. zambesicus
ethanolic extract would promote the binding of TNF-a to
TNFR2 receptors. In addition, TNF-a is synthesized as a
precursor associated with the plasma membrane (Pro-
TNF-a) and is released in soluble form by proteolytic
cleavage under the action of a TACE enzyme (TNF-a-
Converting Enzyme) (Canault et al., 2006). The extract
could also block the action of this enzyme (Letavic et al.,
2002; Schaal et al., 2018; Trifilieff et al., 2002).

We observed an important inhibition of IL-6 produced
by the PBMCs of Wistars rats stimulated by LPS after
pre-treatment of cells with ethanolic extracts of A.
hispidum and C. zambesicus. The percentages of
reduction range from 60.21 to 73.81%. Several
mechanisms could be responsible for this process.

IL-6 is one of the key cytokines of inflammation (Noack
and Miossec, 2017). The inhibition action of the extracts
on this cytokine would confirm their anti-inflammatory
properties. IL-6 is secreted by a large number of cells
including T and B Ilymphocytes and monocytes
(Cantagrel et al.,, 2017). The extracts could block the
stimulation of these cells by LPS. In this case, the TLR-4
receptors expressed by these cells may have been
blocked (Bufalo et al., 2014; Davicino et al., 2007; Zhao
et al., 2020).

Like other pleiotropic cytokines (Thu et al., 2014),
inhibition of IL-6 production may influence the synthesis
of other inflammation mediators. Indeed, IL-6 induces the
synthesis of proteins of the acute phase of inflammation
such as C-reactive protein (CRP), amyloid serum protein
A, fibrinogen and hepcidine by hepatocytes (Tanaka et
al., 2014). Extracts that inhibited the synthesis of IL-6
may also inhibit the synthesis of CRP, and other proteins
in the acute phase of inflammation (Hollebeeck et al.,
2012; Kometani et al., 2008; Makni et al., 2011; Parhiz et
al., 2015).

Moreover, cell signaling leading to the inflammatory
response is a complex phenomenon that involves several
signaling pathways that interact with each other;
cytokines operate in networks (Cavaillon, 1995) with

autocrine, paracrine, synergistic, pleiotropic, cascading
and antagonistic actions (Zhang and An, 2009). This
means that the effect of the extracts on the signaling
pathway of a cytokine, could lead to actions on other
mediators. In this context, a molecule with an anti-
inflammatory effect by acting on one or more mediators
would mitigate the overall inflammatory response. This
study showed that the extracts inhibited the production of
two pro-inflammatory cytokines. If these extracts have
anti-inflammatory effects, they could stimulate the
production of other anti-inflammatory cytokines such as
IL10, TGF-B, IL4 and IL13 (Cavaillon, 1995).

The different anti-inflammatory actions of the extracts
of these plants could be related to the secondary
metabolites they contain. In fact, phytochemical
screening of the leaves of these two plants has shown
the presence of flavonoids that may have an inhibitory
effect on the production of pro-inflammatory cytokines
(Kim et al., 2004; Kumar and Pandey, 2013; Middleton et
al., 2000; Parhiz et al., 2015). Several other studies have
also highlighted the anti-inflammatory effects of other
polyphenols through their inhibitory actions on the
production of inflammation mediators. In addition, these
polyphenols also act on signaling pathways such as the
NF-kB track and the MAPK track (Jang et al., 2012; Park
etal., 2011).

The reducing edema and inhibition capabilities of the
production of pro-inflammatory cytokines of these
extracts show the anti-inflammatory potentials of these
plants (Okokon et al., 2013; Okokon and Nwafor, 2010).
These observations could justify the use of these plants
by market herbalists in the treatment of inflammatory
diseases. It is therefore imperative to further research in
the direction of isolating the active compounds in order to
think about the development of new anti-inflammatory
drugs.

Conclusion

Traditionally, many medicinal plants are used for the
treatment of different ailments. Pharmaco-toxicological
tests are necessary to justify therapeutic uses and also to
suggest a more effective means to enhance the use of
medicinal plants. The presence of polyphenolic
compounds in the extracts of A. hispidium and C.
zambesicus, justifies the biological properties (antioxidant,
anti-inflammatory, anti-infectious...) attributed to these
non-cytotoxic plants by the herbalists of Benin. In
addition, in vitro anti-inflammatory tests have shown that
the ethanolic extracts of these two plants have the
capacity to reduce oedemas. Thus, these two plants can
be used to relieve patients suffering from an infection by
reducing edema in the inflamed tissues due to the
infection. Moreover, the ethanolic extracts of A. hispidium
and C. zambesicus are able to inhibit the production of
inflammation mediators such as the cytokines TNF-a



and IL-6. Therefore, these two plants are then potential
candidates for bio-guided studies to discover new
molecules or to develop new anti-inflammatory drugs.
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