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Abstract: Medicinal plants have historically been a source of drugs in multiple applications, including
the treatment of malaria infections. The Cabo Verde archipelago harbors a rich diversity of native
plants, most of which are used for medicinal purposes. The present study investigated the in vitro
antiplasmodial activities of four native plants from Cabo Verde (i.e., Artemisia gorgonum, Lavandula
rotundifolia, Sideroxylon marginatum, and Tamarix senegalensis). Traditional preparations of these
medicinal plants, namely aqueous extracts (infusions) and ethanolic extracts, were tested against
both chloroquine-sensitive (3D7) and chloroquine-resistant (Dd2) Plasmodium falciparum strains using
the SYBR Green detection method. The in vitro cytotoxicity was evaluated in Caco-2 and PLP2 cells
using a sulforhodamine B colorimetric assay. An ethanolic extract of A. gorgonum and infusions
of T. senegalensis exhibited high antiplasmodial activities (EC50 < 5 µg/mL) without cytotoxicity
(GI50 > 400 µg/mL). Extracts of L. rotundifolia and S. marginatum exhibited moderate activities,
with EC50 values ranging from 10–30 µg/mL. The A. gorgonum ethanolic extract showed activity
toward early ring stages, and parasites treated with the T. senegalensis infusions progressed to the
early trophozoite stage, although did not develop further to the late trophozoite or schizont stages.
Antimalarial activities and the lack of cytotoxicity of the extracts are reported in the present study
and support previous claims by traditional practitioners for the use of these plants against malaria
while suggesting their ethnopharmacological usefulness as future antimalarials.

Keywords: tropical plants; traditional medicine; malaria; ethnopharmacology; West Africa

1. Introduction

Malaria infections are one of the major causes of death in the African continent [1].
Plasmodium falciparum is the most prevalent and lethal species that infects humans in the
World Health Organization (WHO)–African Region, which possesses 29 countries where
malaria is endemic, while it was responsible for 96% of the global malaria cases and deaths
in 2020 [2].

Plants 2023, 12, 963. https://doi.org/10.3390/plants12040963 https://www.mdpi.com/journal/plants

https://doi.org/10.3390/plants12040963
https://doi.org/10.3390/plants12040963
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/plants
https://www.mdpi.com
https://orcid.org/0000-0002-6494-2326
https://orcid.org/0000-0002-9050-5189
https://orcid.org/0000-0002-5364-9087
https://orcid.org/0000-0001-5555-2388
https://orcid.org/0000-0002-9373-6302
https://doi.org/10.3390/plants12040963
https://www.mdpi.com/journal/plants
https://www.mdpi.com/article/10.3390/plants12040963?type=check_update&version=1


Plants 2023, 12, 963 2 of 12

The emergence of parasites resistant to currently used antimalarials [3], increasing
resistance of vectors to insecticides, and the difficulty in developing efficient vaccines and
therapies, underpin the urgent need for new means of malaria control. The current situation
is especially alarming due to a convergence of threats, ranging from the COVID-19 and
Ebola outbreaks to floods and other humanitarian emergencies, which have led to disrup-
tions in national health service structures and impacted the treatment of several illnesses,
including malaria [4]. Due to the fragility of health systems in several African countries
and the limited access to physicians, the search for solutions in traditional medicine has
increased considerably for diseases such as malaria [5].

Many plants have been used throughout the history of humankind as medicinal
resources, as they constitute a rich reservoir of bioactive secondary metabolites that are
still underexplored [6]. Nowadays, according to WHO reports, treatments with herbal
medicine are still practiced by approximately 80% of the world’s population [7]. Although
products derived from natural sources may not necessarily represent active ingredients
in their final form, most commercialized drugs originated in nature [8,9]. For instance,
the first treatment-based malaria control approaches came from traditional herbal medicine.
Quinine, a component of the bark of the cinchona (quinaquina) tree, and its synthetic
derivatives (chloroquine, hydroxychloroquine, amodiaquine, primaquine, and mefloquine)
are some examples of the herbal medicines being used. Furthermore, artemisinin from
the Chinese medicinal plant Artemisia annua, which is the predecessor of compounds
such as artemether, arteether, sodium artesunate, and atovaquone, which is a synthetic
analog compound (2-alkyl-3-hydroxynaphthoquinone) of lapachol from the Tabebuia species
(Bignoniaceae) was also used [6].

Cabo Verde is a volcanic archipelago located in the Atlantic Ocean, with 10 islands
located about 600 km off the West African coast (16◦0′9′ ′ N 24◦0′50′ ′ W). Cabo Verde was
uninhabited until the 15th century and the geographical position of this archipelago, in the
Atlantic Ocean, transformed these islands into an important port of call for the supply and
repair of European vessels [10]. In the main port city of Santiago Island, Ribeira Grande,
sailors from Portugal, traders on their way to Central America or Brazil, and travelers
returning from the East, exchanged experiences and knowledge alongside some of the
plants they had brought from distant locations, which served to prevent and cure most
illnesses [10,11]. Several medicinal plants were introduced in Cabo Verde, mainly by
immigrants of different ethnic groups from the West African regions [11]. The use of these
plants to treat various diseases still constitutes an important health resource with significant
potential for research and development of new medicines [12].

In Cabo Verde, malaria has been officially reported since the sixteenth century when the
islands were settled [13]. As of January 2021, the country completed three consecutive years
without local malaria transmission, becoming eligible to apply for the WHO certification of
malaria elimination for the third time [2]. However, surveillance and prevention should
remain in place because in Santiago Island, the most populated island, there is a constant
flux of migrants from malaria hyperendemic regions, namely Senegal, São Tomé and
Príncipe, Angola, and Guinea-Bissau [14].

Similar to other countries in Africa, traditional medicine has also played a role in
fighting malaria in Cabo Verde, although to a lesser extent. According to De Pina et al. [14],
only 3% of the population of the country has resorted to traditional remedies as a first-line
treatment upon the appearance of the first malaria symptoms, although there is no reference
to the number of people that carried on using traditional remedies while on conventional
therapies, reflecting the strength of the public health system regarding malaria treatment.

In this study, four native species, Artemisia gorgonum Webb, Lavandula rotundifolia
Benth., Sideroxylon marginatum (Decne. ex Webb) Cout., and Tamarix senegalensis DC.,
traditionally used as infusions for the treatment of malaria and malaria-like symptoms
(e.g., fevers, shaking chills, and flu-like illness) in Cabo Verde, were investigated for their
antiplasmodial activities, as well as for their cytotoxicity. Crude ethanolic and aqueous
extracts (infusions) from these plants (i.e., leaves and stem) were tested in vitro against
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both chloroquine-sensitive (3D7) and chloroquine-resistant (Dd2) Plasmodium falciparum
strains. Additionally, the in vitro cytotoxicity of these plants was evaluated in Caco-2 and
PLP2 cells, using a sulforhodamine B colorimetric assay.

2. Results

The native medicinal plants chosen for this study were obtained from traditional
healers and vendors of local markets of Santiago Island. The referred plants belong to
different families and are used in treating different conditions such as fever, malaria,
stomach aches, and infections.

2.1. Percentage Yield of Crude Plant Material

Table 1 summarizes the concentration and yield of eight extracts from the four medici-
nal plants tested in the present study. Each data represents an average of three replicates.
A. gorgonum (20% for the H2O extract and 7.3% for the EtOH extract), had the highest
extraction yield, both for infusions and ethanolic extracts, followed by S. marginatum (18%
for the H2O extract and 5.7% the EtOH extract), and L. rotundifolia (18% for the H2O extract
and 4.9% for the EtOH extract).

Table 1. Percentage yield and concentration of infusions from the prepared ethanolic plant extracts.

Scientific Name (Plant
Part Used)

Extraction Yield (%)
H2O

Concentration (µg/mL)
H2O

Extraction Yield (%)
EtOH

Concentration (µg/mL)
EtOH

Artemisia gorgonum
(leaves and stem) 20 100.3 7.3 36.5

Lavandula rotundifolia
(leaves) 18 90.1 4.9 24.5

Sideroxylon marginatum
(leaves) 18 90.3 5.7 28.5

Tamarix senegalensis
(leaves) 8 40.4 2.8 14.0

2.2. Antiplasmodial Activity

The antiplasmodial activity of the four medicinal plants commonly used in Cabo Verde
was evaluated in vitro against two P. falciparum strains: the drug-sensitive 3D7 and the
multidrug-resistant Dd2 (which are resistant to several antimalarials, including chloroquine,
mefloquine, quinine, pyrimethamine, and sulfadoxine) and the results are shown in Table 2.
Half maximal effective concentration (EC50) values ranged from 1.7 to ≥ 100 µg/mL.

Table 2. EC50 values of studied plant extracts against P. falciparum.

Scientific Name
3D7 Dd2

EC50 (µg/mL) H2O EC50 (µg/mL) EtOH EC50 (µg/mL) H2O EC50 (µg/mL) EtOH

Artemisia gorgonum 49.1 ± 12.3 * 1.7 ± 0.5 52.1 ± 11.3 * 3.3 ± 0.6
Lavandula rotundifolia 95.4 ± 13.2 * 26.3 ± 3.2 83.7 ± 19.6 * 32.0 ± 7.8
Sideroxylon marginatum 48.6 ± 5.6 * 25.6 ± 2.2 46.0 ± 8.7 * 32.0 ± 5.8
Tamarix senegalensis 4.7 ± 0.6 * 11.4 ± 2.1 5.4 ± 1.2 * 13.8 ± 3.3

* Statistical differences between aqueous and ethanolic extracts (p < 0.05, Student’s t-test).

Two of the plants exhibited high antiplasmodial activity (EC50 ≤ 5µg/mL), namely
the A. gorgonum ethanolic extract and the infusions of T. senegalensis. Ethanolic extracts of T.
senegalensis, L. rotundifolia, and S. marginatum showed moderate antiplasmodial activities
(EC50 > 5 to ≤30 µg/mL) against the 3D7 strain. Overall, ethanolic extracts were more
potent than infusions, except for T. senegalensis. Interestingly, there were no significant
differences in activity between the sensitive (3D7) and multidrug-resistant (Dd2) strains
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(p-value > 0.05), suggesting no cross-resistance between the extracts and antimalarials, such
as chloroquine, pyrimethamine, and cycloguanil.

2.3. In Vitro Effect of A. gorgonum and T. senegalensis on P. falciparum Morphology

To characterize the morphological changes in response to the two most active extracts
(A. gorgonum ethanolic extract and infusions of T. senegalensis), synchronized P. falciparum
3D7 parasites were exposed to a concentration 5-fold greater than the respective extract
EC50 value. Morphological changes could be observed 10 h after treatment indicating
that the A. gorgonum ethanolic extract showed activity toward the early rings. No viable
parasites were observed at the subsequent time points. Parasites treated at the ring stages
with infusions of T. senegalensis progressed to the early trophozoite stage (20–30 h) but did
not progress further to the late trophozoite or schizont stages (Figure 1).
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Figure 1. Treatment with infusions of T. senegalensis prevents trophozoite development. As can
be seen, the parasite develops in the same way as the untreated control up to the 30 h time point.
Treatment with A. gorgonum acts against early rings. In all time points, pyknotic nuclei were observed.
Smears of synchronized 3D7 parasites treated with 5-fold EC50 concentration were stained with
Giemsa. Untreated control is represented in the first row, where parasites developed according to the
expected timeline.

2.4. In Vitro Hemolysis Assay and Cytotoxicity

To confirm that the antiplasmodial activity of the extracts was not due to erythrocyte
lysis, we performed a hemolysis assay. All plant extracts were non-hemolytic at the
50 µg/mL concentration (Figure 2). Furthermore, we evaluated the cytotoxicity of the two
most potent plants against the parasite (A. gorgonum and T. senegalensis) using two cell
lineages. Only the ethanolic extract of A. gorgonum showed moderate cytotoxicity against
Caco-2 cells (GI50 = 17.3 µg/mL), while no toxicity toward the non-tumor PLP2 cells was
observed (GI50 > 400 µg/mL) (Table 3).

Table 3. In vitro cytotoxicity activity of the ethanolic and aqueous extracts.

Cell Line Solvent of
Extraction

Tamarix senegalensis
(GI50 (µg/mL)) SI Artemisia gorgonum

(GI50 (µg/mL)) SI

Caco-2
Infusions >400 >85 181 ± 10 * 3.7
Ethanolic 125 ± 4 11 17.3 ± 0.2 10

PLP2
Infusions >400 >85 >400 >8
Ethanolic 178 ± 3 15 >400 >235

Results are expressed as mean ± standard deviation. GI50 values correspond to the concentration of the ex-
tract needed to inhibit 50% cell proliferation. SI: selectivity index. Ellipticine (GI50 values in µg/mL): Caco-2:
1.21 ± 0.02; PLP2: 1.4 ± 0.1. * Statistical differences between aqueous and ethanolic extracts (p < 0.05, Student’s
t-test).
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Figure 2. Hemolysis was measured in the presence of erythrocytes incubated with extracts at
50 µg/mL after 24 h. Triton X-100 was used a positive control. The data are derived from two
independent experiments.

3. Discussion

In the present study, we evaluated the antimalarial potential of medicinal remedies
traditionally used for treating several diseases in Cabo Verde. Out of the four studied
native plants (i.e., Artemisia gorgonum, Lavandula rotundifolia, and Sideroxylon marginatum
Tamarix senegalensis), the extracts obtained from the leaves and stems of A. gorgonum and
the leaves of T. senegalensis exhibited antiplasmodial activity without cytotoxicity, whereas
Lavandula rotundifolia and Sideroxylon marginatum, exhibited only moderate activities.

It is important to stress that the studied species are among the most sold medicinal
plants and are well recognized by the vendors at the local markets of the Santiago Islands for
their therapeutic uses and health properties. The therapeutic administration recommended
by the market vendors revealed that infusion (aqueous extraction) is the most common
method of consuming these traditional remedies. However, there are some traditional
practices that include the infusion of these medicinal herbs in “grogu” or “grog”, a highly
alcoholic beverage of artisanal production [11]. We aimed at verifying the therapeutic
potential of the extracts, comparing two different solvents at the same time of contact with
the plant powder. Regarding the extraction yield, factors such as extraction method, the sol-
vent used, contact time with the extraction solvent, and temperature, largely influence the
extraction yield. Water, being the most polar solvent, was able to carry a higher quantity of
phytochemicals than ethanol. According to several studies, solvent polarity significantly
affected the extract yield, meaning that highly polar solvents produce a high extract yield
when compared to less polar ones [15,16]. Water and ethanol are often recommended
for extract preparation due to their differences in polarity and their lower probability to
interfere with the phytochemical structure and properties [17]. Solvent polarity is also
known to affect the quality of secondary metabolites and biological activities from the
crude extracts, [18], a fact that was confirmed by a previous study using the same plant
species [19].

As shown in our previous study, elevated extraction efficiency was obtained for the
infusions (aqueous extraction), presenting higher recovery of the phenolic compounds for
all the studied species (between 9.5 and 100 mg/g extract) in comparison to the ethanolic
extraction (between 6.90 and 13.3 mg/g extract) [19]. A. gorgonum exhibited a higher
abundance and variety of phenolic compounds (100 mg/g extract), and of the twelve
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identified compounds, ten were phenolic acids and two were flavonoids. The 4,5-di-O-
caffeoylquinic acid presented the highest concentrations in the infusions and melilotoside
was the major molecule present in the ethanolic extract (Figure 3). Regarding S. marginatum,
five phenolic compounds were tentatively identified, quercetin-O-hexosyl-deoxyhexosyl-
pentoside was the most prevalent compound in both studied extracts (1.33 and 4.5 mg/g
extract for ethanolic and infusions, respectively). Ferulic acid sulfate derivative was the
molecule detected in the highest concentrations in infusions of T. senegalensis (10.7 mg/g
extract), while for the ethanolic extract the flavonol, kaempferol-O-hexuronoside (1.59 mg/g
extract), was the most abundant [19].
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Figure 3. Phenolic profile of the infusion (A,B) and ethanolic (C,D) extracts of Artemisia gorgonum were
recorded at 280 nm (A,C) and 370 nm (B,D), respectively. The identified peak number corresponds
to the following compounds: 1. 3-O-caffeoylquinic acid; 2. 4-O-caffeoylquinic acid; 3. Cis 5-O-
caffeoylquinic acid; 4. Trans 5-O-caffeoylquinic acid; 5. Apigenin-6-C-Glc-4”-O-Glc (isosaponarin);
6. Melilotoside; 7. Apigenin-6-C-Ara-8-C-Glc (schftoside); 8. 4-di-O-caffeoylquinic acid; 9. 3,5-di-O-
caffeoylquinic acid; 10. 4,5-di-O-caffeoylquinic acid; 11. Cis 3,4-di-O-caffeoylquinic acid; 12. Trans
3,4-di-O-caffeoylquinic acid [19].

The results of the present study demonstrated that both the infusion and ethanolic
extracts of some plants currently used in traditional Cabo Verde medicine exhibit in vitro an-
tiplasmodial activity, with some of them being classified as highly active (EC50 ≤ 5 µg/mL)
against P. falciparum, according to WHO standards and previous works [20,21]. The plant
displaying the highest activity was A. gorgonum, namely in the leaves and stems. This
species belongs to the list of Cabo Verde’s endemic plants, and although this is the first
study testing its crude ethanolic extracts and infusions against malaria, its volatile oil had
been tested previously, in vitro, for its antimalarial properties, having presented an EC50
of 5.2 µg/mL [22]. Later, 14 compounds were isolated from A. gorgonum leaves and stem
and tested. Ridentin, sesamin, and artemetin were the most active compounds, showing an
EC50 between 3.3 and 3.8 µg/mL against P. falciparum [22,23]. Some metabolites isolated
from this species have also been tested regarding their anti-tumoral ability with promising
results [24], as well as their hepatoprotective potential [25]. The Artemisia genus belongs to
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the Asteraceae family and 500 species have been reported, the majority of which are found
in the temperate areas of Asia, Europe, and North America. Its use in traditional herbal
medicine in several cultures is widespread, with many of its ethnomedical properties
having been validated by conventional science. The Chinese A. annua was the species
from which artemisinin, an endoperoxide sesquiterpene lactone, was first isolated, and at
present, ACT (artemisinin-based combination therapy) is the first-line malaria treatment
in most endemic countries. The identification of artemisinin represented a breakthrough
in 20th-century tropical medicine, contributing to saving millions of lives in South China,
Southeast Asia, Africa, and South America. The promising EC50 of the crude ethanolic
extract of leaves and stems of A. gorgonum reinforces that this species can be a potential
starting point for developing future antimalarial drugs.

The antiplasmodial activity of the plant extracts will sometimes depend on the con-
centration of some active antimalarial secondary metabolite(s). Gedunin, a highly active
antiplasmodial metabolite (EC50 of 0.02 µg/mL) isolated from the leaves of Azadirachta
indica A. Juss., is present at low concentrations in the plant, probably accounting for the
moderate activity of its extract [26,27]. Alternatively, the ethanolic plant extract of Artemisia
afra Jacq. ex Willd. displays an EC50 of 2.66 µg/mL [28], which is more potent than its
isolated flavonoids acacetin, genkwanin, and 7-methoxyacacetin whose EC50 values ranged
from 4.3 µg/mL to 12.6 µg/mL [29], suggesting that its secondary metabolites may act
synergistically.

The present study also showed for the first time the antiplasmodial activity of Tamarix
senegalensis infusion with EC50s of approximately 5 µg/mL against both sensitive and
multidrug-resistant P. falciparum strains. Although several pharmacological activities have
been demonstrated for other species of Tamarix, the limited use of this genus in traditional
medicine may be due to the lack of clinical studies on its therapeutic and toxicological
potential [30].

Overall, the antimalarial activities as well as the lack of toxicity of the extracts eval-
uated in the present study encourage further studies for the use of these plants against
malaria and suggest their ethnopharmacological usefulness as future antimalarials. Nev-
ertheless, sustainable management of Cabo Verde medicinal plants is important for their
diversity conservation and to avoid their extinction, particularly in the case of highly used
endemic endangered species (e.g., Artemisia gorgonum, Lavandula rotundifolia and Sideroxylon
marginatum [31,32]) in traditional medicine.

4. Materials and Methods
4.1. Plant Material

All plants (Table 4) were purchased (in March 2021) at the two largest markets (i.e.,
Assomada’s and Praia markets) in Santiago, the largest and most populated island of
the archipelago. These plants were identified and later housed in the LISC Herbarium
(IICT/University of Lisbon) and transported to the Laboratory Ferreira Lapa (Institute of
Agronomy) to prepare the extracts.

4.2. Plant Powder Preparation

To enhance the superficial contact and maximize compound content in the solvent
media prior to the extraction, room-temperature dried plant samples (leaves and stems
of Artemisia gorgonum, and leaves from Lavandula rotundifolia, Sideroxylon marginatum,
and Tamarix senegalensis) were grounded in a lab-scale mixer (Bimby TM31, Vorwerk,
Wuppertal, Germany) and manually sieved in the Analysette 3 Spartan apparatus (Fritsch,
Idar-Oberstein, Germany).

4.3. Crude Ethanolic Extracts

The raw material (0.5 g) from each powdered plant was suspended in 10 mL EtOH
(96%). The suspension was mixed thoroughly for 30 min at room temperature. After
extraction, each solution was filtered under a vacuum using a qualitative paper filter (filter
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paper VWR 2–3 µm). The solvent was removed under reduced pressure using a rotary
evaporator (BUCHI Rotavapor R-114, Lausanne, Switzerland) at 40 ◦C. The dried extracts
were weighed and stored at 4 ◦C until further use.

Table 4. Plant species studied and their respective traditional uses *.

Species (Family) Common Names Native Status Medicinal
Applications Parts Used Preparation and

Administration Sample Voucher

Artemisia
gorgonum Webb

(Asteraceae)
Losna, absinto Endemic

Intestinal &
stomach

problems, cough
and respiratory
diseases, fevers,

malaria, diarrhea,
and others

Leaves **,
stems **

Infusion,
vaporization,

and smoked as a
cigarette

Silva 2 (LISC
Herbarium)

Lavandula
rotundifolia Benth.

(Lamiaceae)

Aipo,
alfazema-brava,

alpo-rotcha
Endemic

Pains, stomach
and kidney

problems, cough
and respiratory
diseases, fever,

malaria, diarrhea,
and others

Leaves *, flowers
Infusion, bath,

and oral
administration

Silva 9
(LISC Herbarium)

Sideroxylon
marginatum

(Decne. ex Webb)
Cout.

(Sapotaceae)

Marmulano Endemic

Pains, fever and
flu-like illness,
rheumatism,

bones

Leaves *, bark

Infusion,
maceration, oral,

and dermal
administration

Silva 8
(LISC Herbarium)

Tamarix
senegalensis DC.
(Tamaricaceae)

Tarrafe,
tamargueira Native

Cough and
respiratory

diseases, fever,
and flu-like

illness

Leaves *, fruits
Infusion, bath,

and oral
administration

Silva 10
(LISC Herbarium)

* Bibliographic sources and online databases on medicinal applications of Cabo Verde’s studied species [12,19,31,33–37].
** Plant parts used in the present study.

4.4. Preparation of the Infusions

An aqueous extract was prepared by infusion, adding 10 mL of sterile distilled water
at 95 ◦C to each powdered plant’s raw material (0.5 g) and left to rest for 30 min, manually
shaking the mixture every 10 min and then cooling to room temperature. Each infusion
was subsequently filtered using a Millipore 0.2 mm filter to remove particulate material.
The resulting infusion was lyophilized in a Heto Dry Winner freeze dryer (Denmark).

4.5. Determination of Percentage Yield (%)

The percentage yield was determined by subtracting the weight of the flask containing
the dry extract (W2) from the weight of the flask with dissolved extracts (W1), and dividing
that value by the weight of the dried plant material (W0) using the following equation:

Yield (%) =
(W2−W1)

W0
100

Extract/fraction was calculated as the average of three replicates.

4.6. Plasmodium Culture

Chloroquine-sensitive (3D7) and chloroquine-resistant (Dd2) strains were cultured
in RPMI 1640 medium supplemented with 0.05 mg/mL gentamycin, 38.4 mM HEPES,
0.2% sodium bicarbonate, and 5% Albumax II, as previously described in a standardized
protocol [38]. Then, erythrocytes were added to the culture to obtain a 5% hematocrit
and incubated at 37 ◦C under a 5% CO2 atmosphere, with a daily exchange of medium.
The parasitemia was monitored daily through microscopic observation of the Giemsa-
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stained smears. Synchronic cultures at the ring stage were obtained by two consecutive
treatments at 48 h intervals with a 5% solution of D-sorbitol [39].

4.7. In Vitro Antiplasmodial Assay

Extracts were added in serial dilutions (100–0.05 µg/mL) into clear bottom 96-well
plates (Costar #3904). P. falciparum cultures were added at a 2% hematocrit with 0.5%
parasitemia and incubated for 72 h at 37 ◦C. Plates were frozen at −20 ◦C overnight. Lysis
buffer (20 mM Tris-HCl, 5 mM EDTA, 0.008% saponin, 0.08% Triton X-100, and 0.4 µL/mL
SYBR Green I dye (Invitrogen #S7585) was added to a new black 96-well plate. After the
addition of 100 µL of lysate, the plates were incubated in the dark for 60 min and analyzed
at 490 nm excitation and 540 nm emission wavelengths. EC50 was estimated by nonlinear
regression analysis using Prism GraphPad software by plotting log dosing vs growth
inhibition (expressed as a percentage relative to the drug-free control) and corresponds to
the concentration of the extract responsible for 50% of antiplasmodial inhibition [40].

4.8. Morphological Changes in Parasites by Microscopy

In order to remove any left multinucleated schizonts, highly synchronous 3D7 par-
asites were obtained by Percoll treatment and subsequent sorbitol treatment (after 2 h of
incubation). The remaining rings (0–2 h) were then maintained at 2% haematocrit and
morphological changes of treated parasites were observed at different time points (0, 10, 20,
30, 40, 45, and 60 h).

4.9. In Vitro Cytotoxic Activity

The cytotoxicity of the extracts was assessed, as previously described by [41], using the
sulforhodamine B (Sigma-Aldrich, St. Louis, MO, USA) colorimetric assay against Caco-2
cells (colorectal adenocarcinoma) (Leibniz-Institut DSMZ). A non-tumor primary culture
obtained from pig liver (PLP2) was also tested. Ellipticine was used as a positive control.
The results were expressed as GI50 values (µg/mL), which translates to the concentration
of the extract responsible for 50% cell proliferation inhibition.

4.10. In Vitro Hemolysis Assay

In vitro hemolysis activity was evaluated as described by de Sena Pereira and col-
leagues [42]. Briefly, fresh RBCs were incubated with compounds and after 24 h the
supernatants were collected, and the absorbance was measured at 540 nm. The hemolytic
rate was determined in relation to the positive control (0.1% Triton-100), which caused
100% hemolysis.

4.11. Statistical Analysis

Experiments were performed in triplicate, and the results are expressed as
mean ± standard deviation. These values were determined using Microsoft Excel. All sta-
tistical tests were performed using SPSS Statistics software (IBM SPSS Statistics for Win-
dows, Version 22.0. Armonk, NY, USA: IBM Corp.), being analyzed using a Student’s t-test,
with α = 0.05.

5. Conclusions

As malaria control efforts continue struggling with the evolution of parasites resistant
to existing therapies, there is an urgent need for the search and development of new
antimalarial compounds that may circumvent resistance, or that can be used in combination
with traditional drugs. Out of the panoply of scientific strategic options for antimalarial
drug discovery, plant secondary metabolites have traditionally yielded the most effective
compounds, as exemplified by quinine and artemisinin derivatives. Therefore, there is a
need to explore and advance work on plants that have already been used by local healers in
endemic areas to treat malaria, and which may reveal interesting candidate bioactive agents
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that may ultimately serve as leads for the development of new effective antimalarials,
following chemical optimization.

Traditional medicine plays an important role to treat a wide range of health problems
in many countries in the West African region; nevertheless, little information is still available
for many of them, above all in the case of Cabo Verde Islands. The present study, which
focused on the largely unexplored phytochemical investigation of four native plants (i.e.,
Artemisia gorgonum, Lavandula rotundifolia, Sideroxylon marginatum, and Tamarix senegalensis)
from Cabo Verde, as well as their respective ethnomedical validation, constitutes such
an example strategy for the discovery of potential lead compounds for antimalarial drug
development. Future studies on Artemisia gorgonum and Tamarix senegalensis will determine
whether these plant species will be a promising source of antimalarial metabolites.

Author Contributions: Conceptualization, P.V.L.C. and M.M.R.; methodology, A.P.E., G.C.C., F.M.,
L.B., P.V.L.C. and M.M.R.; Laboratory analyses, A.P.E., G.C.C., F.M., L.B., M.M.M. and P.V.L.C.;
field surveys, A.P.E., I.G. and M.M.R.; investigation, A.P.E., G.C.C., F.M., L.B., M.M., M.M.R.
and P.V.L.C.; supervising, P.V.L.C. and M.M.R.; writing—original draft preparation, A.P.E., G.C.C.,
M.M.R. and P.V.L.C.; writing—review and editing, P.V.L.C., L.B. and M.M.R. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by the Fundação para a Ciência e Tecnologia (Project ref:
PTDC/SAU-PAR/28459/2017) and FCT/AgaKhan Development Network (AKDN) through the
project CVAgrobiodiversity/333111699.

Data Availability Statement: We confirm that all data are original and provided in Tables and Figures
within the article.

Acknowledgments: The authors are grateful to the Foundation for Science and Technology (FCT, Portu-
gal) for financial support through national funds FCT/MCTES (PIDDAC) to CIMO (UIDB/00690/2020
and UIDP/00690/2020) and SusTEC (LA/P/0007/2021); National funding by FCT, P.I., through
the individual scientific employment program-contract for L. Barros and F. Mandim PhD grant
(SFRH/BD/146614/2019). Also to the research units: UIDB/04129/2020 to Linking Landscape,
Environment, Agriculture and Food (LEAF), and UIDB/00329/2020 to Center for Ecology, Evolution
and Environmental Changes (cE3c). We would like to thank Margarida Moldão (ISA/University of
Lisbon) and Paula Duarte (FCT/University NOVA of Lisbon) for their help in the preparation of
infusions and ethanolic extracts. This work was developed under a collaboration protocol between
Cabo Verdean (INIDA) and Portuguese institutions (e.g., ISA; IHMG; IPB; UAz) under the project
“Climatic changes and plant genetic resources: the overlooked potential of Cape Verde’s endemic
flora” CVAgrobiodiversity/333111699, funded by the “Aga Khan Development Network” (AKDN)
and the “Fundação para a Ciência e Tecnologia” (FCT). The team includes senior researchers and
post-graduate students from Cabo Verde (A.E., I.G.) and is strict of a scientific nature, not including
any development component, and the necessary licenses were obtained under the collaboration
protocol above mentioned.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Badmos, A.O.; Alaran, A.J.; Adebisi, Y.A.; Bouaddi, O.; Onibon, Z.; Dada, A.; Lin, X.; Lucero-Prisno, D.E. What sub-Saharan

African countries can learn from malaria elimination in China. Trop. Med. Health 2021, 49, 86. [CrossRef] [PubMed]
2. World Health Organization. The Potential Impact of Health Service Disruptions on the Burden of Malaria: A Modelling Analysis for

Countries in Sub-Saharan Africa; WHO: Geneva, Switzerland, 2020. Available online: https://apps.who.int/iris/bitstream/handle/
10665/331845/9789240004641-eng.pdf (accessed on 1 July 2022).

3. Blasco, B.; Leroy, D.; Fidock, D.A. Antimalarial drug resistance: Linking Plasmodium falciparum parasite biology to the clinic. Nat.
Med. 2017, 23, 917–928. [CrossRef] [PubMed]

4. Zoh, M.G.; Bonneville, J.M.; Tutagata, J.; Laporte, F.; Fodjo, B.K.; Mouhamadou, C.S.; Sadia, C.G.; McBeath, J.; Schmitt, F.;
Horstmann, S.; et al. Experimental evolution supports the potential of neonicotinoid-pyrethroid combination for managing
insecticide resistance in malaria vectors. Sci. Rep. 2021, 11, 19501. [CrossRef] [PubMed]

5. Gebremeskel, A.T.; Out, A.; Abimbola, S.; Yaya, S. Building resilient health systems in Africa beyond the COVID-19 pandemic
response. BMJ Glob. Health 2021, 6, e006108. [CrossRef]

6. Catarino, L.; Havik, P.J.; Romeiras, M.M. Medicinal plants of Guinea-Bissau: Therapeutic applications, ethnic diversity and
knowledge transfer. J. Ethnopharmacol. 2016, 183, 71–94. [CrossRef]

http://doi.org/10.1186/s41182-021-00379-z
http://www.ncbi.nlm.nih.gov/pubmed/34689839
https://apps.who.int/iris/bitstream/handle/10665/331845/9789240004641-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/331845/9789240004641-eng.pdf
http://doi.org/10.1038/nm.4381
http://www.ncbi.nlm.nih.gov/pubmed/28777791
http://doi.org/10.1038/s41598-021-99061-x
http://www.ncbi.nlm.nih.gov/pubmed/34593941
http://doi.org/10.1136/bmjgh-2021-006108
http://doi.org/10.1016/j.jep.2016.02.032


Plants 2023, 12, 963 11 of 12

7. Soares-Bezerra, R.J.; Calheiros, A.S.; da Silva Ferreira, N.C.; da Silva Frutuoso, V.; Alves, L.A. Natural products as a source for
new anti-inflammatory and analgesic compounds through the inhibition of purinergic P2X receptors. Pharmaceuticals 2013, 6,
650–658. [CrossRef]

8. Jalali, H.; Nejad, A.M.; Ebadi, A.G.; Laey, G. Ethnobotany and folk pharmaceutical properties of major trees or shrubs in northeast
of Iran. Asian J. Chem. 2009, 21, 5632.

9. Bahmani, M.; Rafieian-Kopaei, M.; Naghdi, N.; Nejad, A.S.M.; Afsordeh, O. Physalis alkekengi: A review of its therapeutic effects.
J. Chem. Pharm. Sci. 2016, 9, 1472–1485.

10. Romeiras, M.M.; Catarino, L.; Torrão, M.M.; Duarte, M.C. Diversity and origin of medicinal exotic flora in Cape Verde Islands.
Plant Ecol. Evol. 2011, 144, 214–225. [CrossRef]

11. Romeiras, M.M.; Duarte, M.C.; Santos-Guerra, A.; Carine, M.; Francisco-Ortega, J. Botanical exploration of the Cape Verde Islands:
From the pre-Linnaean records and collections to late 18th century floristic accounts and expeditions. Taxon 2014, 63, 625–640.
[CrossRef]

12. Duarte, M.C.; Gomes, I.; Catarino, S.; Brilhante, M.; Gomes, S.; Rendall, A.; Moreno, Â.; Fortes, A.R.; Ferreira, V.S.; Baptista, I.;
et al. Diversity of Useful Plants in Cabo Verde Islands: A Biogeographic and Conservation Perspective. Plants 2022, 11, 1313.
[CrossRef] [PubMed]

13. DePina, A.J.; Stresman, G.; Barros, H.S.B.; Moreira, A.L.; Dia, A.K.; Furtado, U.D.; Faye, O.; Seck, I.; Niang, E.H.A. Updates on
malaria epidemiology and profile in Cabo Verde from 2010 to 2019, the goal of elimination. Malar. J. 2020, 19, 380. [CrossRef]
[PubMed]

14. DePina, A.J.; Dia, A.K.; de Ascenção Soares, M.A.; Ferreira, M.C.; Moreira, A.L.; Leal, S.V.; Pires, C.M.; Moreira, J.M.G.; Tavares,
M.F.; Da Moura, A.J.F.; et al. Knowledge, attitudes and practices about malaria in Cabo Verde: A country in the pre-elimination
context. BMC Public Health 2019, 19, 850. [CrossRef]

15. Razak, M.F.B.A.; Yong, P.K.; Shah, Z.M.; Abdullah, L.C.; Yee, S.S.; Yaw, I.T.C.S. The effects of varying solvent polarity on extraction
yield of Orthosiphon stamineus Leaves. J. Appl. Sci. 2012, 12, 1207–1210. [CrossRef]

16. Nawaz, H.; Shad, M.A.; Rehman, N.; Andaleeb, H.; Ullah, N. Effect of solvent polarity on extraction yield and antioxidant
properties of phytochemicals from bean (Phaseolus vulgaris) seeds. Braz. J. Pharm. Sci. 2020, 56. [CrossRef]

17. Abubakar, A.; Haque, M. Preparation of medicinal plants: Basic extraction and fractionation procedures for experimental
purposes. J. Pharm. Bioallied Sci. 2020, 12, 1. [CrossRef]

18. Wakeel, A.; Jan, S.A.; Ullah, I.; Shinwari, Z.K.; Xu, M. Solvent polarity mediates phytochemical yield and antioxidant capacity of
Isatis Tinctoria. PeerJ 2019, 7, e7857. [CrossRef]

19. Essoh, A.P.; Liberal, Â.; Fernandes, Â.; Dias, M.I.; Pereira, C.; Mandim, F.; Moldão-Martins, M.; Cravo, P.; Duarte, M.P.; Moura, M.;
et al. Evaluation of the polyphenolic composition and bioactivities of three native Cabo Verde medicinal plants. Pharmaceuticals
2022, 15, 1162. [CrossRef]

20. Pink, R.; Hudson, A.; Mouriès, M.-A.; Bendig, M. Opportunities and challenges in antiparasitic drug discovery. Nat. Rev. Drug
Discov. 2005, 4, 727–740. [CrossRef]

21. Kumari, P.; Sahal, D.; Jain, S.K.; Chauhan, V.S. Bioactivity guided fractionation of leaves extract of Nyctanthes arbor tristis
(Harshringar) against P. falciparum. PLoS ONE 2012, 7, e51714. [CrossRef]

22. Ortet, R.; Prado, S.; Regalado, E.L.; Valeriote, F.A.; Media, J.; Mendiola, J.; Thomas, O.P. Furfuran lignans and a flavone from
Artemisia gorgonum Webb and their in vitro activity against Plasmodium falciparum. J. Ethnopharmacol. 2011, 138, 637–640. [CrossRef]
[PubMed]

23. Rocha e Silva, L.F.; da Silva Pinto, A.C.; Pohlit, A.M.; Quignard, E.L.J.; Vieira, P.P.R.; Tadei, W.P.; Chaves, F.C.M.; Samonek, J.F.;
Lima, C.A.J.; Costa, M.R.F.; et al. In Vivo and In Vitro Antimalarial Activity of 4-Nerolidylcatechol. Phytother. Res. 2011, 25,
1181–1188. [CrossRef] [PubMed]

24. Martins, A.; Mignon, R.; Bastos, M.; Batista, D.; Neng, N.R.; Nogueira, J.M.F.; Vizetto-Duarte, C.; Custódio, L.; Varela, J.; Rauter,
A.P. In vitro antitumoral activity of compounds isolated from Artemisia gorgonum Webb. Phytother. Res. 2014, 28, 1329–1334.
[CrossRef] [PubMed]

25. Rodrigues, N.; Almeida, A.; Silva, H.; Pinto, D.; Seca, A.; Pereira, M.L. Potential Anti-inflammatory Effects of Artemisia gorgonum
on rat liver injury induced by CCl4. Microsc. Microanal. 2016, 22, 26–27. [CrossRef]

26. MacKinnon, S.; Durst, T.; Arnason, J.T.; Angerhofer, C.; Pezzuto, J.; Sanchez-Vindas, P.E.; Poveda, L.J.; Gbeassor, M. Antimalarial
Activity of Tropical Meliaceae Extracts and Gedunin Derivatives. J. Nat. Prod. 1997, 60, 336–341. [CrossRef]

27. Braga, T.M.; Rocha, L.; Chung, T.Y.; Oliveira, R.F.; Pinho, C.; Oliveira, A.I.; Morgado, J.; Cruz, A. Biological Activities of
Gedunin—A Limonoid from the Meliaceae Family. Molecules 2020, 25, 493. [CrossRef]

28. Kane, N.F.; Kyama, M.C.; Nganga, J.K.; Hassanali, A.; Diallo, M.; Kimani, F. Comparison of phytochemical profiles and
antimalarial activities of Artemisia afra plant collected from five countries in Africa. S. Afr. J. Bot. 2019, 125, 126–133. [CrossRef]

29. Kraft, C.; Jenett-Siems, K.; Siems, K.; Jakupovic, J.; Mavi, S.; Bienzle, U.; Eich, E. In vitro antiplasmodial evaluation of medicinal
plants from Zimbabwe. Phytother. Res. 2003, 17, 123–128. [CrossRef]

30. Bahramsoltani, R.; Kalkhorani, M.; Abbas Zaidi, S.M.; Farzaei, M.H.; Rahimi, R. The genus Tamarix: Traditional uses, phytochem-
istry, and pharmacology. J. Ethnopharmacol. 2020, 246, 112245. [CrossRef]

http://doi.org/10.3390/ph6050650
http://doi.org/10.5091/plecevo.2011.560
http://doi.org/10.12705/633.37
http://doi.org/10.3390/plants11101313
http://www.ncbi.nlm.nih.gov/pubmed/35631738
http://doi.org/10.1186/s12936-020-03455-7
http://www.ncbi.nlm.nih.gov/pubmed/33097051
http://doi.org/10.1186/s12889-019-7130-5
http://doi.org/10.3923/jas.2012.1207.1210
http://doi.org/10.1590/s2175-97902019000417129
http://doi.org/10.4103/jpbs.JPBS_175_19
http://doi.org/10.7717/peerj.7857
http://doi.org/10.3390/ph15091162
http://doi.org/10.1038/nrd1824
http://doi.org/10.1371/journal.pone.0051714
http://doi.org/10.1016/j.jep.2011.09.039
http://www.ncbi.nlm.nih.gov/pubmed/21982788
http://doi.org/10.1002/ptr.3424
http://www.ncbi.nlm.nih.gov/pubmed/21302338
http://doi.org/10.1002/ptr.5133
http://www.ncbi.nlm.nih.gov/pubmed/24633846
http://doi.org/10.1017/S1431927616000325
http://doi.org/10.1021/np9605394
http://doi.org/10.3390/molecules25030493
http://doi.org/10.1016/j.sajb.2019.07.001
http://doi.org/10.1002/ptr.1066
http://doi.org/10.1016/j.jep.2019.112245


Plants 2023, 12, 963 12 of 12

31. Romeiras, M.M.; Catarino, S.; Gomes, I.; Fernandes, C.; Costa, J.C.; Caujapé-Castells, J.; Duarte, M.C. IUCN Red List assessment
of the Cape Verde endemic flora: Towards a global strategy for plant conservation in Macaronesia. Bot. J. Linn. Soc. 2016, 180,
413–425. [CrossRef]

32. Varela, D.; Romeiras, M.M.; Silva, L. Implications of climate change on the distribution and conservation of Cabo Verde endemic
trees. Glob. Ecol. Conserv. 2022, 34, e02025. [CrossRef]

33. Barbosa, L.A.G. Subsídios para um dicionário utilitário e glossário dos nomes vernáculos das plantas de arquipélago de Cabo
Verde. Garcia Orta 1961, 9, 37–91.

34. Gomes, I.; Gomes, S.; Vera-Cruz, M.T.; Kilian, N.; Leyens, T.; Lobin, W. Plantas Endémicas e Árvores Indígenas de Cabo Verde; INIDA:
Praia, Cape Verde; GTZ: Eschborn, Germany, 1995; pp. 1–36.

35. Varela, J.M. Contribuição para a utilização terapêutica de plantas medicinais de Cabo Verde & de plantas medicinais comuns a
Angola, Cabo Verde, Guiné-Bissau e Moçambique. An. AECCOM 2001, 1, 57–74. Available online: http://memoria-africa.ua.pt/
Library/ShowImage.aspx?q=/JoaoVario/AECCOM-Anais-V3N1&p=60 (accessed on 15 July 2022).

36. Brochmann, C.; Rustan, Ø.H.; Lobin, W.; Kilian, N. The endemic vascular plants of the Cape Verde Islands, W Africa. Sommerfeltia
1997, 24, 1–356. [CrossRef]

37. Plants of the World Online. Facilitated by the Royal Botanic Gardens, Kew. Available online: http://www.plantsoftheworldonline.
org/ (accessed on 1 June 2022).

38. Trager, W.; Jensen, J. Human malaria parasites in continuous culture. Science 1976, 193, 673–675. [CrossRef] [PubMed]
39. Lambros, C.; Vanderberg, J.P. Synchronization of Plasmodium falciparum erythrocytic stages in culture. J. Parasitol. 1979, 65,

418–420. [CrossRef] [PubMed]
40. Hartwig, C.L.; Ahmed, A.O.A.; Cooper, R.A.; Stedman, T.T. SYBR Green I®-based parasite growth inhibition assay for measure-

ment of antimalarial drug susceptibility in Plasmodium falciparum. Methods Malar. Res. 2013, 122–129.
41. Spréa, R.M.; Fernandes, Â.; Calhelha, R.C.; Pereira, C.; Pires, T.C.S.P.; Alves, M.J.; Canan, C.; Barros, L.; Amaral, J.S.; Ferreira,

I.C.F.R. Chemical and bioactive characterization of the aromatic plant Levisticum officinale W.D.J. Koch: A comprehensive study.
Food Funct. 2020, 11, 1292–1303. [CrossRef]

42. De Sena Pereira, V.S.; Silva de Oliveira, C.B.; Fumagalli, F.; Emery, F.D.S.; da Silva, N.B.; de Andrade-Neto, V.F. Cytotoxicity,
hemolysis and in vivo acute toxicity of 2-hydroxy-3-anilino-1,4-naphthoquinone derivatives. Toxicol. Rep. 2016, 3, 756–762.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/boj.12370
http://doi.org/10.1016/j.gecco.2022.e02025
http://memoria-africa.ua.pt/Library/ShowImage.aspx?q=/JoaoVario/AECCOM-Anais-V3N1&p=60
http://memoria-africa.ua.pt/Library/ShowImage.aspx?q=/JoaoVario/AECCOM-Anais-V3N1&p=60
http://doi.org/10.2478/som-1997-0001
http://www.plantsoftheworldonline.org/
http://www.plantsoftheworldonline.org/
http://doi.org/10.1126/science.781840
http://www.ncbi.nlm.nih.gov/pubmed/781840
http://doi.org/10.2307/3280287
http://www.ncbi.nlm.nih.gov/pubmed/383936
http://doi.org/10.1039/C9FO02841B
http://doi.org/10.1016/j.toxrep.2016.09.007

	Introduction 
	Results 
	Percentage Yield of Crude Plant Material 
	Antiplasmodial Activity 
	In Vitro Effect of A. gorgonum and T. senegalensis on P. falciparum Morphology 
	In Vitro Hemolysis Assay and Cytotoxicity 

	Discussion 
	Materials and Methods 
	Plant Material 
	Plant Powder Preparation 
	Crude Ethanolic Extracts 
	Preparation of the Infusions 
	Determination of Percentage Yield (%) 
	Plasmodium Culture 
	In Vitro Antiplasmodial Assay 
	Morphological Changes in Parasites by Microscopy 
	In Vitro Cytotoxic Activity 
	In Vitro Hemolysis Assay 
	Statistical Analysis 

	Conclusions 
	References

