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Abstract

Background: Sida rhombifolia (L) is a medicinal plant from tropical regions belonging to the Malvaceae family and the plantea kingdom. It is
known for its multiple pharmacological properties. The aim of this work was to evaluate the anti-amoebic, and anti-inflammatory potential of Sida
rhombifolia aqueous and ethanolic leaf and stem extracts harvested in two localities of Cameroon (Yaoundé and Massangam in the Centre and
West regions, respectively). Methods: The anti-amoebic activity was evaluated on a polyxenic culture of Entamoeba histolytica. A primary
macrophage culture activated by Saccharomyces cereviseae (SC) was used to evaluate anti-inflammatory potential of the plant extracts.
Macrophages were treated with different concentrations (1; 10; 100 and 500 pg/mL) of the extracts for the inhibition of nitric oxide (NO)
production and 5-lipoxygenase activity.

Methods: The anti-amoebic activity was evaluated on a polyxenic culture of Entamoeba histolytica. A primary macrophage culture activated by
Saccharomyces cereviseae (SC) was used to evaluate the anti-inflammatory potential of the plant extracts. Macrophages were treated with
different concentrations (1; 10; 100 and 500 pg/mL) of the extracts for the inhibition of nitric oxide (NO) production and 5-lipoxygenase activity.
Results: No significant difference was found between the anti-amoebic activity of the ethanolic extract of Yaoundé (Centre region, ICsp = 7.71
pg/mL) and that of ethanolic leaf extract from Massagam (West region IC50 = 7.77 pug/mL) after 72 hours. Among the extracts, ethanolic leaf
extracts exhibited the highest anti-amoebic activity after 72 hours of treatment. Metronidazole showed better activity (ICso = 5.96 pg/mL) in the
same periods of time. Phenolic compounds and flavonoid contents were higher in Yaoundé (Centre region) ethanolic leaf extract, proving that
these extracts can prevent certain damages linked to a state of oxidative stress. The ethanolic extracts of the leaves significantly inhibited NO
production and 5-lipoxygenase activity in macrophages (ICso of 3.85 pg/mL; 3.99 pg/mL and 36.64 pg/mL; 73.22 ug/mL respectively).
Conclusion: This preliminary study shows that the ethanolic extract of S. rhombifolia possesses better anti-amoebic properties and can act at
the level of the intestinal mucosa in order to fight against the damage linked to the dysfunction of the inflammatory cells.
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Background

Inflammation is a physiological defense mechanism of the body
against invasion by pathogens. Its essential role is the elimination
of the pathogen and the repair of injured tissue [1]. However,
inflammatory reactions can have adverse effects on the body if not
regulated. Inflammation is accompanied by the production of
various inflammatory mediators such as chemokines, leukotrienes,
prostaglandins, and cytokines including Tumor Necrosis Factor
(TNF-a), interleukin-18  (IL-1B), interferon-y  (INF-y). Pro-
inflammatory cytokines are widely implicated in pathologies,
amplifying the inflammatory response, cell hyper-proliferation, and
tissue degradation [2]. Depending on the organ, several types of
inflammation can be distinguished. Intestinal inflammation is a
defensive response of the immune system at the level of the
intestinal wall due to the stimulation of the organism by microbial
toxins or pathogens [3].

Inflammatory bowel diseases can be acute or chronic. They can be
caused by trauma or immune system dysfunction, or of infectious
origin, one of the most important being intestinal parasitic infection
[4]. Among them, amoebiasis is the third most common cause of
death from parasitic infection after malaria and bilharzia [5].
Transmission of this infection occurs through ingestion of the
histolytica cyst in contaminated food and drink. The symptomatic
amoebic infection manifests itself as acute inflammation of the
intestine, characterized by episodes of diarrhea with the emission
of bloody, mucus-like stools. The acid-resistant E. histolytica cyst in
the stomach during its invasion becomes de-cysted and its nucleus
duplicates to give the vegetative form of the amoeba called the
trophozoite. The trophozoite releases proteolytic and cytotoxic
enzymes that destroy the mucosa and perforate the gut wall [6].
This invasion is in favor of the penetration of the infectious agent
into the organism with the recruitment of inflammatory cells, mainly
neutrophils and macrophages that produce pro-inflammatory
mediators such as Tumor TNF-a, IL-1B, IL-6 thus promoting
intestinal proliferation) [7]. Anti-inflammatory cytokines stimulate
the secretion of pro-inflammatory cytokines by macrophages which
produce the reactive oxygen and nitrogen species (ROS and RNS)
responsible for oxidative stress. These ROS and RNS cause
damage to biomolecules and their properties.

The drug of choice for the treatment of intestinal
amoebiasis is metronidazole. This drug has major side effects such
as a metallic taste, headache, dry lips, and colored urine [8]. In
most cases, herbal medicine related to the use of plants can
impose itself as an alternative, thanks to their richness in
secondary metabolites, their availability, their accessibility to all,
and presenting lesser side effects. Similarly, according to the [9],
more than 80% of the world's population uses medicinal plants to
treat various diseases [9, 10]. Thus, knowledge of the biological
properties of crude plant extracts, their phytochemicals, and their
therapeutic uses for the treatment of certain diseases are of
significant importance [11]. Sida rhombipholia is a plant in the
family Malvaceae, class mangnaliopsida, and kingdom plantae.
This seasonal plant is found in tropical and subtropical regions [12].
The plant is known for its wide medicinal use [13] and has
antibacterial activities against enteric bacteria [14], antipyretic,
cardio-protective [15], and hepato-protective properties [16, 17]. In
Cameroon, S. rhombipholia is used in traditional medicine in the
Noun division (Western region) for the treatment of diarrheic
infections and amoebic dysentery. The phytochemical screening of
the plant shows the presence of secondary metabolites such as
flavonoids, polyphenols, terpenoids, tannins, and phenols [18, 19].
However, the activities of several parts of a plant may differ due to
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the irregular distribution of secondary metabolites and the
variability of extracted compounds, depending on the plant part,
harvesting area, and solvent used. The lack of data on this
medicinal plant with regards to its anti-amoebic and anti-
inflammatory activities prompted us to design this work.

Methods

Plant material
Polyxenic culture of E. histolytica

A biphasic medium of Boeck and Drbohlav [20] that involves a
solid phase (ringer's solution + egg) and liquid phase (lock’s
solution containing nutrients) was used for E. histolytica
poloyxenic cultivation. Before inoculation, complete media were
pre incubated at 37°C for 30 min and 10 pL of polyxenic culture
maintained in the Laboratory of Pharmacology and Toxicology of
the University of Yaoundé 1 containing the clinical isolates of viable
E. histolytica trophozoites were added in each tube. The tubes
were incubated at 37°C and the E. histolytica growth was
verified every 48 and 2 h. Then, the tubes were removed from
the incubator and shacked to detach parasites from the solid
phase and left for 5 min, then the supernatant was decanted
to obtain the subculture. The pellet containing the parasites was
put in a tube containing pre-incubated new medium and
incubated as previously described [21, 22].

Evaluation of amoebic viability

The trypan blue counting method was used. Four plant stock
solutions were prepared in sterile DMSO at concentrations 200, 20,
20, and 0.2 mg/mL respectively. Each mixture was filtered with
sterile syringe filters (@ 22 pm) and aliquots were prepared from
these stock solutions. Parasites grown were harvested at mid-log
phase at the concentration of 1.67x10” cells/mL of culture by
counting using the hemocytometer (Neubauer, Hausser
Scientific) and inoculated in tubes containing new 5 ml media in
which 25 pL of plant materials were added. Metronidazole was
used as a standard drug and tested at 1, 10, 50, and 100
pg/mL. S. rhombifolia extracts were tested at concentrations of
1; 10; 50; 100, and 500 pg/mL. One control tube containing
parasites in 05% DMSO without any drug was used. Each testing
concentration was made in triplicate and the experiment was
repeated three times. All tested tubes were incubated at 37°C
and the viability was evaluated after 24, 48 and 72 h. The
amoebicidal activity was assessed using the method previously
described [23, 24]. Briefly, in 1.5 mL micro centrifuge tube, 25 pL
of parasite suspension and 225 pL of 0.4% trypan blue
solution prepared in 0.9% NaCl was introduced. The mixture
was homogenized and 10pL of this mixture was used for cell
counting. The chamber was covered with a cover slip and
the viable (bright) cells as well as the dead (blue) cells were
counted at 40X on a light microscope. The concentration o f
the cell was calculated using the following formula:

N= (nxd)/v
Where, N= concentration of viable cells/mL; n= number of the

viable cells counted in the chamber, d= dilution factor, and v=
the volume of the chamber (0.1 pL). The percentage of inhibition
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was calculated using the formula below and IC5, was determined
using the software Graphpad Prism 3.0

Percentage inhibition (%) = (NC-NT)/NC
x100

NC= Number of viable amoebae in the control tube and
NT=Number of viable amoebae in the testing tube

Determination of the anti-inflammatory properties of Sida
rhombofolia extracts in vitro

Primary macrophages preparation

Macrophages were isolated and maintained according to the
described method [24]. Mice were elicited by an intra-peritoneal
injection of 0.5 mL of a 2% starch solution (inflammatory agent).
Four days later, animals were sacrificed by cervical dislocation.
Then peritoneal primary macrophages obtained using the
previously described method [25], were suspended in 1 mL
DMEM culture medium and 25yl 2.3x107 cells/mL of the
suspension were used for trypan blue viability assay [24]. Counted
cells were distributed in 96-well microplates at a concentration of
104 cells/mL. In the test and positive control wells, 150 pL of cells
were introduced with 50 pL of Saccharomyces cerevisiae (250
pg/mL). In the blank wells, 150 pL of cells were introduced with 50
puL of DMEM. The micro-plate was incubated for 1h at 37°C (5%
CO,), then 50pL of extract at different concentrations (1, 10, 100,
and 500 pg/mL) were added to the test wells and 50 L of DMEM
were added to the positive control wells and finally 50 pL of
baicalin to the standard. The microplate was again incubated for
3h at 37°C (5% CO,). The supernatants were used for the nitric
oxide assays, while the pellets were used for the 5-lipoxygenase
activity assays and for MTT cytotoxicity.

Cell cytotoxicity assay

The pellets from different incubations were taken up in 100 pL of
MTT (3(4,5-dimethylthiazol-2-yl)-2,3diphenyletrazolium) solution
(0.5 mg/mL in PBS) and the mixture was incubated at 37°C for 1h
30 min. The supernatant was then removed and 100 pL of
acidified isopropanol was added to each tube to dissolve the
formazan crystals formed. Finally, the absorbance of the blue-
violet solution was read at 550 nm against the acidified
isopropanol solution. The percentage of cell viability was
calculated using the following formula:

% of cell viability = (sample OD/ control OD)x100

Evaluation of the effect of Sida rhombifolia extracts on nitric oxide
(NO) production by viable macrophages

The supernatants previously obtained were transferred to new 96-
well microplates. In each well, 100pL of supernatant was mixed
with 100 pL of Griess reagent (1% sulphanylamide, 0.1% naphtyl
ethylene diamine dihydrochloride in 2.5% v/v phosphoric acid). The
mixture was incubated at room temperature for 10 min and the
absorbance was measured at 550 nm. The amount of nitrite was
determined by reference to the standard calibration curve of the
sodium nitrate [26]. The percentage inhibition of NO production
was calculated according to the following formula:
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% inhibition = ((OD of control- OD of assay)/OD of control) x100

Evaluation of the effect of S. rhombofolia extracts on 5-
lipoxygenase activity

The evaluation of the effect of S. rhombofolia extracts was
performed in test tubes as previously described [26]. After isolating
and recovering the mouse macrophages from the culture medium,
950 pL of cells were introduced into each tube (100000 cells per
tube). Then 300 pL of Saccharomyces cerevisiae suspension (250
pg/mL) was added to each of the tubes, except the control in which
culture medium was added followed by one hour of initial
incubation at 37°C (5% CO,). Subsequently, 50 pL of the extract
was introduced in each test tube, 50 pL of ascorbic acid,
acetylsalicylic acid, and baicalin in the standard tubes, and finally
50 pL of the medium in control tubes followed by three hours of
second incubation. Each tube was centrifuged at 2000 rpm for 10
minutes at 4°C and the supernatant was discarded. In pellet-
containing cells, 50 pL of Triton X-100 was added and the tubes
were shaken for 2 minutes then 1000 pL of linoleic acid (125 uM)
was added and the mixture was incubated once more for 30
minutes. Absorbance was read at 234nm. The inhibition
percentage of enzyme activity was calculated according to the
following formula:

% Inhibition = ((OD of control — OD of test)/ OD of control)
x100

Determination of Total phenolic and flavonoid compound
contents of S. rhombifolia extracts

Determination of total phenolic compound contents

In each tube, 2000 pL of distilled water, 100 pL of different extracts
at 100 pg/mL, and 200uL of Folin-ciocalteu (2N) solution were
introduced. The calibration curve of gallic acid was done at a fixed
concentration of 100ug/mL at different volumes (0, 20, 40, 60, 80,
100 pL) and by completing the volumes to 100uL with pure
methanol and then 200pL of Folin-ciocalteu was also added. The
mixture was allowed to stand for 3 min, then we added 1000 pl of
20% sodium carbonate. Then the mixture was incubated for 1 hour
in the dark at room temperature. The absorbance was read at 700
nm. The total phenolic compound contents were expressed as
milligram equivalents of gallic acid per gram of extract (mg GAE/g
extract) using the calibration line [27].

Determination of flavonoid contents

In the blank and test tubes were respectively introduced: 500 pL of
methanol, 500 pL of different extracts, and 500 pL of aluminum
trichloride (AICl;) 2% (m/v). The mixtures obtained were
homogenized using the vortex and the tubes were then incubated
at room temperature for 1 h. The optical densities of the yellow
coloration were read at 430 nm against the blank. The assay was
performed in triplicate and Quercetin was used as a standard.
Flavonoid contents are expressed as milligram equivalents of
Quercetin per gram of extract (mg EQ/g extract). Using the
calibration line [27].
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Statistical analysis

Statistical analyses of the values obtained were carried out using
Graphpad Prism 8.0.1 software and Excel spreadsheet. The results
were expressed as mean + standard deviation and the different
values were compared using the analysis of variance test "one-way
ANOVA" as well as the Turkey multiple comparison test and the
differences were considered significant for a p-value p<0.05.

Results

Anti-amoebic potential of different extracts of S. rhombifolia

The clinical isolates of E. histolytica maintained on the biphasic
medium of Boeck and Drbohlav (Figure 1) were incubated with
different plant extracts. The variation of trophozoite number as a
function of concentration and incubation time observed with the
optical microscope shows a significant decrease in the number of
parasites (Figure 2). From this figure, it can be observed
subsequently that, after 24h, 48, and 72 h post-treatment, there
was a significant reduction of amoebic viability in the tested tubes
as compared to the control tubes. The amoebicidal activity of

S. rhombifolia extracts is represented by the percentage of parasite
viability, at different incubation periods and at different
concentrations of plant extracts and compounds (Figure 3). It was
observed that the amoebicidal activities of the extracts and
metronidazole were concentration-dependent. From these
amoebicidal activities, inhibitory concentrations fifty (ICso) were
determined (Table 1) and it was found that the harvesting area
hadn’t affected the amoebicidal activities of ethanolic leaf extract
after 72 h. However, ethanolic extracts were found to be more
active than aqueous extracts after 72h. Those activities remained
lower compared to metronidazole (the reference drug).

Anti-inflammatory activity of S. rhombifolia aqueous and ethanolic
extracts

Cytotoxicity of extracts on primary macrophage culture

The evaluation of the cytotoxicity of S. rhombifolia extracts on
primary macrophages was carried out using MTT assay at different
extract concentrations, (Figure 4). The results revealed that no
significant decrease was observed in cell viability in the presence
of extracts at 500 ug/mL, between zero and six hours.

Effect of the extracts on the production of nitrite oxide (N.O)

S. rhombifolia extracts effectively inhibit the production of nitrite
oxide and the inhibitory effect was concentration-dependent
(Figure 5a). The determination of IC50’s (Table 2) demonstrated
that no significant difference was observed between the inhibitory
effects of all the ethanolic extracts, all the aqueous leaf extracts,
and baicalin (standard). However, the inhibitory effects of all the
stem extracts were significantly the lowest (p<0.05).

Effect of the extracts on 5-lipoxygenase activity in activated
macrophages

The inhibitory activity of the extracts on the 5-lipoxygenase of
activated mouse macrophages was evaluated by hydroperoxide
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assay. It was observed that there was a concentration-dependent
decrease in the activity of this enzyme in the presence of the plant
extract (Figure 5b). ICso obtained (Table 2) revealed that only leaf
ethanolic extracts (LEEF and LEEM) exhibited potent inhibitory
activity even though less active than the reference compound.
(Respectively 36.64 + 9.61 pug/mL for LEEY, 73.22 + 37.43 pg/mL
for LEEM, and 11.93 + 3.93 pg/mL for Baicalin). However lowest
and neglected activities were observed with other extracts.

Total phenolic compounds and flavonoids of aqueous and
ethanolic extracts of S. rhombifolia

As phenolic compounds are compounds with a wide range of
biological activities, their levels were evaluated in the different plant
extracts (Table 2). SEEY was the extract presenting the highest
level of total phenolic compounds and flavonoids (respectively
64.27 + 1.88 mgEGA/g of extract for total phenolic compound and
6.57 + 0.01 mgEQ/g of extract for flavonoid content).

Discussion

Entamoeba histolytica is an intestinal parasite that has a high
mortality and morbidity rate in developing countries [5]. Many
studies have been conducted to improve the assistance given to
infected patients in the hospital. Some others are still to be done;
and some of them are using a polyxenic culture of the parasite to
mimic their living environment in the intestine [21, 22]. To the best
of our knowledge, this study is the first report on the antiamoebic
properties of crude extracts from S. rhombifolia. In the present
work, the amoebicidal activity of extracts of different parts of S.
rhombifolia was evaluated on clinical isolates of E. histolytica in
polyxenic culture. From the results obtained, it appears that the
ethanolic extract of S. rhombifolia leaves, independently of their
harvesting area, is more active on E. histolytica trophozoites in
polyxenic culture after 72h of incubation. This observation could be
explained by the fact that the activities of several parts of a plant
may differ due to the variability of extracted compounds, depending
on the solvent used. Based on previous work an extract with a Clsg
< 10pg/ml is active [28]. This activity was significantly not different
from that of metronidazole. These results were obtained with the
aqueous leaf extract of C. variegatum with the inhibitory
concentration 50-fold less than 15 pg/mL against clinical isolates in
polygenic culture [21]. The results are also close to those obtained
with the same extract against the HM1: IMSS strain in axenic
culture [8]. However, the activities observed with the ethanolic
crude extract of S. rhombifolia are higher as compared to those
obtained with the aqueous and methanolic extract of E. hirta
against clinical isolates of E. histolytica on polyxenic culture [22]
and crude methanol extract of A. mexicana against the same strain
[29]. During E. histolytica infection interaction of the pathogen with
intestinal epithelial cells throughout the lectine Gal/NAc- TLR2/4
binding triggers the stimulation of immune cells system within the
host cell characterized by an increased level of pro-inflammatory
mediators [30]. A shift in the balance between the pro and anti-
inflammatory mediators may lead to inflammation.

Macrophages have a central and essential role in the
inflammatory process through their surface membrane receptors
(TLRs) [31]. They produce numerous pro- and anti-inflammatory
mediators among which NO responsible for the dilatation of blood
vessels, leukotrienes B4 (LTB4) that acts as a chemoattractant
molecule synthesized by 5-lipoxygenase. However, an imbalance
between the pro-inflammatory and anti-inflammatory systems in
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favor of the pro-inflammatory system would be the cause of
pathologies such as inflammatory diseases. The determination of
the anti-inflammatory activity of S. rhombifolia extracts was carried
out by inhibiting those pro-inflammatory actors. Before carrying out
those activities the cytotoxicity of S. rhombifolia extracts was
determine by the MTT assay which focusses on the activity of
succinate deshydrogenase of those cells. The results obtained
from the MTT test in the presence of different extracts show no
significant decrease in cell viability at the concentrations tested.
These results indicate the cellular activity of the extracts on cell
viability and are in agreement with those obtained in previous
findings [32] through the study of aqueous and ethanolic extracts of
Globularia alypun and Hertia cherifolia on macrophages isolated
from mice and activated by LPS which did not show cytotoxic
effects on these cells in culture. Similarly, the results are better
than those obtained by Léa et al., [33], who showed that Sealapex
spress extracts had cytotoxic effects on activated macrophages at
a concentration of 10pg/mL. Nitric oxide is a pro-inflammatory
mediator produced by specialized cells of the immune system [34].
Nitric oxide stimulates vasodilation, increased membrane
permeability, and recruitment of other inflammatory cells. However,
at high levels of NO, it has adverse effects on the body's cells
ranging from cytotoxicity to cell damage leading to mutagenesis.
The inhibition of its synthesis is therefore a sign of anti-
inflammatory activity. The results obtained showed that, ethanolic
extracts of the leaves independently of their harvesting areas
exhibited a significant inhibitory effect on the production of NO by
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Saccharomyces cereviseae activated macrophages as compared
to that of baicalin (reference compound). In contrast to the
ethanolic extracts, the aqueous extracts have a very low anti-
inflammatory activity with a significantly lower inhibitory effect than
baicalin. The values found for the aqueous extracts are lower
compared to those previously found [35] with the aqueous extracts
of lentinan. 5-lipoxygenase is an enzyme derived from arachidonic
acid metabolism and is responsible for the synthesis of the pro-
inflammatory mediator leukotrienes (LTB4) [36]. 5-lipoxygenase
also plays a central role in regulating the interaction between
innate and adaptive immunity. Investigation of the effect of the
extracts on 5-lipoxygenase activity showed that ethanolic leaf
extracts independently of their harvesting locations significantly
inhibited the activity of this enzyme (Clsp = 36.64+9.61 pg/mL;
73.22437.43 pg/mL respectively), although lower than that of
baicalin (reference compound) (Clsp = 11.93+3.93 pg/mL). These
results demonstrated that the extracts might inhibit immune cell
mobility at the inflammation site and might also antagonize
metabolic interactions. These results are like those obtained by
[27] who were able to show a significant decrease in 5-
lipoxygenase activity in the presence of Saba senegalensis
extracts. However, the phytochemical analysis test suggests that
the ethanolic extract presented high phenolic compound content
than aqueous extracts. Previously published results [36, 25]
showed the presence of similar secondary metabolites in the
ethanolic extract of Codiaeum variegatum flowers and stem.

Figure 1. E. histolytica trophozoites in polyxenic culture observed under the light microscope at 40X objective before treatment with plant

extracts.
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Figure 2. Microscopic observation (40X objective) showing the variation in the number of E. histolytica trophozoites after treatment with plant
extracts and compound as a function of time.

g g =
2 < b- LAEY
- SAEM
%‘5" a-LAEM £ %15«: ©
E = Tug/ml E B3 1pgiml > = Tugiml
100 = 10pg/m 8 100 = 10ugiml 100 = 10pg/m
= 50pg/mi E = s0pg/ml = 50ug/mi
5 50 = 100ug/ml % = 100pgiml 5 = 100pgimi
e = 500ug/ml 'f = 500ugimi s =3 500pg/ml
£ g 5
o 0.
i controle 24 a8H 720 E controle  24H  48H  T2H controle  24H a8H 72H
Incubation time Incubation time o Incubation time
= £ £
2 d- SAEY 2 e- LEEM >
35 150 3 150 % 150 f- LEEY
> =3 1pg/mi = =3 Tug/ml > = gl
% 100 =3 10pg/ml g 100 =3 10ug/mi 100 = 10ug/mi
=3 50ug/mi =3 50ug/mi =1 50ug/mi
E =3 100pg/mi E =3 100ug/mi = 100pg/mi
S s0 & 50 S 5o
S = 500ug/ml S = 500pg/ml ° = 500pg/ml
S S h
s o o 0
5 controle  24H asH 72M § controle  24H asH 721 controle  24H a8H 72H
i Incubation time E Incubation time 4 Incubation time
S I [
= SEEM £ h- SEEY 3
z % z z i- Metronidazole
Z 150 3 150 3 150
2 L 2
= = 1ug/ml E = 1pgml E = gl
3 100 =3 10pg/mi 8 100 = 10pg/mi 3 100 = 10pg/ml
3 = 50pg/ml 3 = 50pg/mi 3 = 50ugimi
- - = 100pgm £ - = 100ugm £ - = 100ug/mi
‘s =3 500ugiml 'S = 500pgml S
) ) &
© © o
E B e 0
o controle 24H 48H 72H s controle 24H 48H 72H 3 controle  24H 48H T2H
e 2 e
& Incubatlon time & Incubation time K Incubation time

Figure 3. Amoebicidal activity of S. rhombifolia extracts and Metronidazole against clinical isolates of Entamoeba histolytica on polyxenic culture.

LAEM: leave aqueous extract from Massangam, LAEY: leave aqueous extract from Yaoundé; SAEM: stem aqueous extract from Massangam; SAEY : stem
aqueous extract from Yaoundé; LEEM: leave ethanolic extract from Massangam ; LEEY: leave ethanolic extract from Yaoundé; SEEM: stem ethanolic extract from
Massangam; SEEY: stem ethanolic extract from Yaoundé;
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Figure 4. Effect of S. rhombifolia extracts and compound on the growth of primary isolated mouse macrophage.
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Figure 5. Anti-inflammatory activity of Sida rhombifolia extracts.
5a. Inhibitory effect of S. rhombifolia extracts and compound on NO production; 5b. Inhibitory effect of S. rhombifolia extracts and compound on
5-Lipoxigenase activity.

SEEY: stem ethanolic extract from Yaoundé; LEEY: leave ethanolic extract from Yaoundé; SAEY: stem aqueous extract from Yaoundé; LAEY: leave aqueous
extract from Yaoundé ; SEEM: stem ethanolic extract from Massangam; LEEM: leave ethanolic extract from Massangam ; SAEM: stem aqueous extract from
Massangam; LAEM: leave aqueous extract from Massangam , MTZ: metronidazole.
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Table 1. Inhibitory concentration 50 of S. rhombifolia extracts and metronidazole on Entamoeba histolytica viability within time

Samples Incubation time and ICso (ug/mL)
24 h 48 h 72h

SSEY 52.35+4.77 38.59 + 9.55 12.82 + 0.85
SEEM 59.78 + 2.59 40.71 £ 4.53 15.08 + 0.77
LEEY 46.21 £ 8.54 17.47 £ 4.47 7.71 + 0.54*
LEEM 47.62£1.16 18.04 +£1.22 7.77 £0.58*
SAEY 89.76 + 8.02 46.85 +4.77 24,78 + 0.58
SAEM 96.12 + 2.62 47.94 + 4.68 34.77 £ 1.77
LAEY 67.61 +5.82 60.17 +5.85 18.64 + 3.04
LAEM 74.74 + 4.003 34.83+13.94 21.12 +1.96
Metronidazole 15.04 +1.22 9.77 +1.02 5.96 + 0.58

SEEY: stem ethanolic extract from Yaoundé; LEEY: leave ethanolic extract from Yaoundé; SAEY : stem aqueous extract from Yaoundé; LAEY: leave aqueous
extract from Yaoundé ; SEEM: stem ethanolic extract from Massangam; LEEM: leave ethanolic extract from Massangam ; SAEM: stem aqueous extract from
Massangam

Table 2. Inhibitory concentration 50 of plant extracts and compound for anti-inflammatory assays and total phenolic compounds and flavonoids
contents

Parameters Samples

SSEY SEEM LEEY LEEM SAEY SAEM LAEY LAEM Baicalin
ICso of NO 443 + 5.10+ 585+ 3.99+ 1945 + 121.4 + 9.89 + 14.98 + 497 +
inhibition (ug/mL) 0.57* 0.81* 0.88 12.45 12.45 11.41 1.52 4.39 1.96
ICso Of 5-Lox >500 >500 36.64 73.22 ND ND >500 >500 11.93 +
inhibition (ug/mL) 3.61 7.43 3.93
Total phenolic 24.88 + 21.85+ 64.27 £ 41.08 £ 34.49 + 30.36 £ 27.15+ 15.79 +
compounds 0.88 0.17 1.88 0.17 0.96 1.88 0.10 0.2
contents (m
EGA/g)
Total flavonoids 432 4.38 = 6.57 £ 4.38 = 1.32+ 1.40 £ 3.09 3.30 %
contents (m EQ/g) 0.01 0.10 0.01 0.00 0.01 0.00 0.00 0.00

SEEY: stem ethanolic extract from Yaoundé; LEEY: leave ethanolic extract from Yaoundé; SAEY: stem aqueous extract from Yaoundé; LAEY: leave aqueous
extract from Yaoundé ; SEEM: stem ethanolic extract from Massangam; LEEM: leave ethanolic extract from Massangam ; SAEM: stem aqueous extract from
Massangam LAEM: leave aqueous extract from Massangam .

Conclusion LTB4: Leucothrien B4
NO: Nitric Oxide

At the end of this work, it can be concluded that the ethanolic leaf

extracts of S. rhombifolia, regardless of the harvesting area, Authors’ Contribution

exhibited the best anti-amoebic potentials on a polyxenic cultures

of E. histolytica and the best anti-inflammatory potentials on SPN, RNN, BEE and EMN carried out all experiments reported in
primary culture of peritoneal macrophages. the manuscript. SPN, FNN and PFM designed the study. All

authors read and approved the final manuscript.

Abbreviations Acknowledgments

DMEM: Dulbecco's Modified Eagle Medium
ICso: Inhibitory concentration 50

LPS: Lipopolysaccharide

LAEM: leave aqueous extract from Massangam Conflict of interest
LAEY: leave aqueous extract from Yaoundé
SAEM: stem aqueous extract from Massangam
SAEY: stem aqueous extract from Yaoundé

None

The authors declare no conflict of interest

Article history:

LEEM: leave ethanolic extract from Massangam Received: 04 January 2023

LEEY: leave ethanolic extract from Yaoundé Received in revised form: 13 January 2023
SEEM: stem ethanolic extract from Massangam Accepted: 14 January 2023

SEEY: stem ethanolic extract from Yaoundé Available online: 13 January 2023

MTT: 3(4,5-dimethylthiazol-2-yl)-2,3diphenyletrazolium



Pechangou Nsangou et al. Investigational Medicinal Chemistry and Pharmacology 2023 6(1):70

References

10.

11

12.

13.

14.

15.

16.

17.

18.

Ashley NT, Weil ZM, Nelson RJ. 2012. Inflammation: mechanisms, costs a natural
variation. Annu Rev Ecol Evol Syst. 43:385-406.

Noack M, Kolopp-Sarda MN. 2018. Cytokines and inflammation : physiology,
pathophysiology and therapeutic use. Revue Francophone des Laboratoires. 489
(3): 28- 37.

Stromberg ZR, Van Goor A, Redweik GAJ, Wymore Brand MJ, Wannemuehler MJ,
Mellata M. 2018. Pathogenic and non-pathogenic Escherichia coli colonization and
host inflammatory response in a defined microbiota mouse model. Dis Model
Mech. 11 (11): dmm035063.

INSERM. 2012. Disease. Retrieved online on 23 May 2021 at 19:50. from:
https://www.inserm.fr

World Health Organization 2013. Wolrd Health Statistics (Online).
http://www.int/medicines/areas/traditional/en/index.html.

Moonah S, Abhyankar M, Haque R, Petri W. 2014. The macrophage migration
inhibitory factor homolog of Entamoeba histolytica binds to and immunomodulates
host macrophages. Infec. Immun J. 82:3523-30.

Moonah S, Jiang N, Petri W. 2013. Host immune response to intestinal amebiasis.
PLoS Pathog. 9(8):€1003489 .

Mfotie Njoya E, Weber C, Hernandez-Cuevas NA, Hon CC, Janin Y, Kamini MF,
Moundipa PF, Guillén N. 2014. Bioassay-guided fractionation of extracts from
Codiaeum variegatum against Entamoeba histolytica discovers compounds that
modify expression of ceramide biosynthesis related genes. PLoS Negl Trop Dis.
8(1):e2607.

World  Health  Organization ~ (2008).  Traditional
http://www.int/medicines/areas/traditional/en/index.html.
Pierangeli GV, Windell LR (2009). Antimicrobial activity and cytotoxicity of
Chromolaena odorata (L. f.) King and Robinson and Uncaria perrottetii (A. Rich)
Merr. Extracts. J Med Plants Res. 3(7): 511-518.

Selvamohan T, Ramadas V, Selva SS. 2012. Antimicrobial activity of selected
medicinal plants against some selected human pathogenic bacteria. Adv Appl Sci
Res. 3(5): 3374-3381

Barker RM. 1998. Sida section Sida in Australia: a revised key, a newly intro-
duced species, S. subcordata span., and name changes for S. rohlenae var.
Mutica (Benth.) fryxell and S. magnifica domin. J Adel Bot Gard. 18:33-41

Abat JK., Kumar S, Mohanty A. 2017. Ethnomedicinal, Phytochemical and
Ethnopharmacological Aspects of Four Medicinal Plants of Malvaceae Used in
Indian Traditional Medicines: A Review. Medicine. 4: 75.

Debalke D, Birhan M, Kinubeh A, Yayeh M. 2018. Assessments of Antibacterial
Effects of Aqueous-Ethanolic Extracts of Sida rhombifolia’s Aerial Part 2018;
8429809 https://doi.org/10.1155/2018/8429809.

Sandamali AAN, H m RP, 2 Jayatilaka KAPW, Mudduwa LKB, 2020.
Cardioprotective Potential of Murraya koenigii (L.) Spreng. Leaf Extract against
Doxorubicin-Induced Cardiotoxicity in Rat. Evid Based Complement Alternat Med.
2020:6023737.

Thounaojam MC, Jadeja RN, Ramani UV, Devkar RV, Ramachandran AV. 2011.
Sida rhombifolia Roxb leaf extract down-regulates expression of PPARy2 and
leptin genes in high fat diet fed C57BL/6Jmice and retards in vitro 3T3L1 pre-
adipocyte differentiation. Int J Mol Sci.12(7):4661-77.

Khan UA, Rahman H, Niaz Z, Qasim M, Khan J, RehmanTB, 2013. Antibacterial
activity of some medicinal plants against selected human pathogenic bacteria Eur.
J Microbiol Immunol. 3(4):2724.

Mah SH, The SS, Ee GCL. 2017. Anti-inflammatory, anti-cholinergic and cytotoxic
effects of Sida rhombifolia. Pharm Biol. 55 (1): 920-928.

medicine  (Online).

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Page 9 of 9

Yasunaka K, Abe F, Nagayama A, Okabe H, Lozada-Pérez L, L6pez-Villafranco E,
Mufiiz EE, Aguilar A, Reyes-Chilpa R. 2005. Antibacterial activity of crude extracts
from Mexican medicinal plants and purified coumarins and xanthones. J
Ethnopharmacol. 97(2):293-299.

Parija SC, Rao RS (1995). Stool culture as a diagnostic aid in the detection of
Entamoeba histolytica in the faecal specimens. Indian J Pathol Microbiol. 38: 359-
363.

Moundipa FP, Kamini MFG, Bilong BCF, Bruchhaus I. 2005. In vitro amoebicidal
activity of some medicinal plants of the Bamun region (Cameroon). Afr J Tradit
Complement Altern Med 2(2): 113-121.

Pechangou NS, Moundipa FP, and Shegal R. 2014. In-vitro susceptibilities of the
clinical isolate of Entamoeba histolytica to Euphobia hirta (Euphobiaceae) aqueous
extract and fractions. Afr. J. Microbiol. Res. 8(36) p 3354-3356.

Chitravanshi VC, Singh AP, Ghoshal SBN, Krishna P, Srivastava P, Landon JS,
1992.Therapeutic action of Nyctanthes arbor-tristis against coecal amoebiasis of
Rat. Pharm Biol.30;71-75.

Bansal SK. (1987). Carbohhydrate metabolism in the rat peritonéal macrophages.
J Biosci. 1987;12(1):415-420.

Pechangou SN, Enang BE, Ngohoba VS, Njoya EM, Njayou FN, Moundipa PF,
2022 Crude Extracts of Codiaeum Variegatum Stem Exhibit Potent Antioxidant and
Anti-inflammatory Activities in Vitro. J Explor Res Pharmacol. 00(00):00-00.
http://doi.org/10.14218/JERP.2022.00039.

Titus RG, Gueiros-Filho FJ, de Freitas LA, Beverley SM, 1995. Development of a
safe live Leishmania vaccine line by gene replacement. Proc Natl Acad Sci U S A.
92(22):10267-71.

Suzuki Y, Orellana MA, Schreiber RD, Remington JS, 1988. Interferon-gamma: the
major mediator of resistance against Toxoplasma gondii. Science. 240(4851):516-
518.

Yougbaré-Ziébrou MN, Ouédraogo N, Lompo M, Bationo H, Yaro B, Gnoula C,
Sawadogo WR, Guissou IP. 2016. Anti-inflammatory, analgesic and antioxidant
activities of an aqueous extract of Saba senegalensis Pichon stems with leaves
(Apocynaceae) (Apocynaceae). Phytothérapie. 14: 213-219.

Dhar P, Tayade AB, Bajpai PK, Sharma VK, Das SK, Chaurasia OP, et al. 2012.
Antioxidant capacities and total polyphenol contents of hydro-ethanolic extract of
phytococktail ~ from  trans-Himalaya. J Food Sci ;77(2):C156-C161.
http://doi.org/10.1111/j.1750-3841.2011.02523.X.

Moo-Puc R, Robledo D, Freile-Pelegrin Y. 2009. Evaluation of selected tropical
seaweeds for in-vitro anti-trichomonal activity. J ethnopharmacol. 120:92-97.
Elizondo Luévano JH, Castro RR., Sanchez GE, Hernandez GME, Vargas V., et al.
2018. In Vitro Study of Antiamoebic Activity of Methanol Extracts of Argemone
mexicana on Trophozoites of Entamoeba histolytica HM1-IMSS. Can J Infec.
Dis.Med Microbiol. 2018: 7453787.

Mortimer, L and Chadee, K. 2010. The immunopathogenesis of Entamoeba
histolytica. Exp Parasitol. 126, pp. 366—380.

Amarante-Mendes GP, Adjemian S, Branco LM, Zanetti LC, Ricardo Weinlich R,
Bortoluci KR. 2018. Pattern Recognition Receptors and the Host Cell Death
Molecular Machinery. Front Immunol. 16;9:2379.

Lima J, Martins C, Leandro MJ, Nunes G, SousaMJ, Branco JC, Luis-Miguel
Borrego LM. 2016. Characterization of B cells in healthy pregnant women from late
pregnancy to post-partum: a prospective observational study. BMC, Pregnancy and
Childbirth. 6;16(1):139

Léa A, Berzerra DS, Lidia RDCH, Manoel DSN, Maya FMA, et al. 2021.
Cytotoxicity and inflammatory Mediator Release by Macrophages Exposed to Real
Seal XT and Sealapex Xpress. Braz Den J. 32(1) :48-52.

Choi S, Saxena N, Dhammu T, Khan M, Singh AK, Singh I, Won J. 2018.
Regulation of endothelial barrier integrity by redox-dependent nitric oxide signaling:
Implication in traumatic and inflammatory brain injuries. Nitric Oxide. 1(83): 83-51.



javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://www.inserm.fr/
https://www.inserm.fr/
http://www.int/medicines/areas/traditional/en/index.html
http://www.int/medicines/areas/traditional/en/index.html
https://doi.org/10.1155/2018/8429809
https://pubmed.ncbi.nlm.nih.gov/?term=Khan+UA&cauthor_id=24294497
https://pubmed.ncbi.nlm.nih.gov/?term=Rahman+H&cauthor_id=24294497
https://pubmed.ncbi.nlm.nih.gov/?term=Niaz+Z&cauthor_id=24294497
https://pubmed.ncbi.nlm.nih.gov/?term=Qasim+M&cauthor_id=24294497
https://pubmed.ncbi.nlm.nih.gov/?term=Khan+J&cauthor_id=24294497
https://pubmed.ncbi.nlm.nih.gov/?term=Rehman+B&cauthor_id=24294497
http://doi.org/10.14218/JERP.2022.00039
https://link.springer.com/article/10.1007/s10298-015-0992-5#auth-M__N_-Yougbar__Zi_brou
https://link.springer.com/article/10.1007/s10298-015-0992-5#auth-N_-Ou_draogo
https://link.springer.com/article/10.1007/s10298-015-0992-5#auth-M_-Lompo
https://link.springer.com/article/10.1007/s10298-015-0992-5#auth-H_-Bationo
https://link.springer.com/article/10.1007/s10298-015-0992-5#auth-B_-Yaro
https://link.springer.com/article/10.1007/s10298-015-0992-5#auth-C_-Gnoula
https://link.springer.com/article/10.1007/s10298-015-0992-5#auth-W__R_-Sawadogo
javascript:;
http://doi.org/10.1111/j.1750-3841.2011.02523.x
https://pubmed.ncbi.nlm.nih.gov/?term=Amarante-Mendes+GP&cauthor_id=30459758
https://pubmed.ncbi.nlm.nih.gov/?term=Adjemian+S&cauthor_id=30459758
https://pubmed.ncbi.nlm.nih.gov/?term=Branco+LM&cauthor_id=30459758
https://pubmed.ncbi.nlm.nih.gov/?term=Zanetti+LC&cauthor_id=30459758
https://pubmed.ncbi.nlm.nih.gov/?term=Weinlich+R&cauthor_id=30459758
https://pubmed.ncbi.nlm.nih.gov/30459758/#affiliation-7
https://pubmed.ncbi.nlm.nih.gov/?term=Bortoluci+KR&cauthor_id=30459758
https://pubmed.ncbi.nlm.nih.gov/?term=Bortoluci+KR&cauthor_id=30459758
https://pubmed.ncbi.nlm.nih.gov/?term=Lima+J&cauthor_id=27267973
https://pubmed.ncbi.nlm.nih.gov/?term=Martins+C&cauthor_id=27267973
https://pubmed.ncbi.nlm.nih.gov/?term=Leandro+MJ&cauthor_id=27267973
https://pubmed.ncbi.nlm.nih.gov/?term=Nunes+G&cauthor_id=27267973
https://pubmed.ncbi.nlm.nih.gov/?term=Sousa+MJ&cauthor_id=27267973
https://pubmed.ncbi.nlm.nih.gov/?term=Branco+JC&cauthor_id=27267973
https://pubmed.ncbi.nlm.nih.gov/?term=Borrego+LM&cauthor_id=27267973
https://pubmed.ncbi.nlm.nih.gov/?term=Borrego+LM&cauthor_id=27267973

