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Wild Egyptian medicinal plants show 
in vitro and in vivo cytotoxicity and antimalarial 
activities
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Abstract 

Background: Medicinal plants have been successfully used as an alternative source of drugs for the treatment of 
microbial diseases. Finding a novel treatment for malaria is still challenging, and various extracts from different wild 
desert plants have been reported to have multiple medicinal uses for human public health, this study evaluated the 
antimalarial efficacy of several Egyptian plant extracts.

Methods: We assessed the cytotoxic potential of 13 plant extracts and their abilities to inhibit the in vitro growth 
of Plasmodium falciparum (3D7), and to treat infection with non‑lethal Plasmodium yoelii 17XNL in an in vivo malaria 
model in BALB/c mice.

Results: In vitro screening identified four promising candidates, Trichodesma africanum, Artemisia judaica, Cleome 
droserifolia, and Vachellia tortilis, with weak‑to‑moderate activity against P. falciparum erythrocytic blood stages with 
mean half‑maximal inhibitory concentration 50  (IC50) of 11.7 μg/ml, 20.0 μg/ml, 32.1 μg/ml, and 40.0 μg/ml, respec‑
tively. Their selectivity index values were 35.2, 15.8, 11.5, and 13.8, respectively. Among these four candidates, T. africa-
num crude extract exhibited the highest parasite suppression in a murine malaria model against P. yoelii.

Conclusion: Our study identified novel natural antimalarial agents of plant origin that have potential for develop‑
ment into therapeutics for treating malaria.
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Background
Malaria is caused by parasites belonging to the phylum 
Apicomplexa, genus Plasmodium. In 2019, approxi-
mately 229 million cases of malaria and 409,000 asso-
ciated deaths were reported across 87 malaria-endemic 
countries [1]. Human malaria cases are caused by four 
different Plasmodium species—Plasmodium ovale, 

Plasmodium vivax, Plasmodium malariae, Plasmo-
dium falciparum—of which P. falciparum is considered 
to be the most lethal [2, 3]. Plasmodium parasites are 
typically transmitted by the bite of an infected female 
Anopheles mosquito, although malaria can also be 
transmitted through exposure to blood products from 
an infected individual (transfusion malaria) or congeni-
tally [4]. Multidrug-resistant Plasmodium parasites are 
the biggest challenge to health care in most malaria-
endemic areas. Thus, research to develop new antima-
larial drugs is critical [5].

The two main malaria species that are responsible 
for most human malaria cases, P. falciparum and P. 
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vivax, have developed resistance against chloroquine. 
This drug resistance first emerged in the late 1950s in 
both Colombia and at the Cambodia–Thailand border 
and may stem from the great success of chloroquine 
and its multiple large-scale usages over the decades 
[6]. Great efforts have been made to develop the novel 
active agent, artemisinin, as an alternative drug to chlo-
roquine. However, presently, there is no single drug 
effective for treating multi-drug resistant malaria, and 
effective combination treatment includes artemisinin 
derivatives, such as artesunate, or mixtures with previ-
ously developed drugs, such as an atovaquone-progua-
nil combination [7].

From ancient times, medical plants have been used for 
various pharmacological purposes because they contain 
many useful biological compounds [8]. More than 1277 
plant species have been traditionally used for the treat-
ment of malaria [9, 10]. Natural products still have an 
effective role in disease treatment. Finding anti-parasitic 
compounds produced by natural products, especially 
traditional medicinal plants from Asia, Africa, or the 
Americas, which have been reported as being success-
fully used to treat many diseases, could be an initial step 
toward controlling an array of diseases [11]. Currently, 
the WHO recommends widespread use of the RTS,S/
AS01 (RTS,S) malaria vaccine among children at risk in 
sub-Saharan Africa [12]. Egypt has multiple aromatic 
and medicinal plants owing to its favorable geographical 
position, climate, and soil condition; thus, it is a useful 
site for exploring herbal and medicinal plants [13]. Pre-
vious studies illustrated the use of plant extracts in inhi-
bition of P. falciparum in vitro [14–17] and in vivo using 
various doses of Ficus platyphylla plant extract ranging 
from 100 to 300 mg/kg/day against Plasmodium berghei 
infection [18]. In addition, other studies evaluated the 
effect of plant extracts by oral treatment in a murine 
model by chemotherapeutic test against different 
murine Plasmodium species in BALB/c mice [19–21]. 
Furthermore, the combination of the plant extracts with 
the reference drug artemisinin in treatment of Plas-
modium yoelii was also reported [22]. Other reported 
study evaluated febrifugine and isofebrifugine mixture 
prepared from the dried leaves of H. macrophylla var. 
Otaksa against three rodent Plasmodia species; P. yoe-
lii 17XL, P. berghei NK65, and P. chabaudi AS in Insti-
tute of Cancer Research (ICR) mice [23]. The previous 
reported experimental models support the use of our 
in  vitro assay and in  vivo model in treatment of P. fal-
ciparum in  vitro and P. yoelii-infected mice in murine 
malaria model. Therefore, the present study aimed to 
evaluate the effectiveness of extracts from Egyptian 
medicinal plants randomly selected from the desert 

roads against human malaria, first via an in vitro assay 
and then with a murine malaria model.

Methods
Ethical statement
This study was performed in strict accordance with the 
recommendations of the Guide for the Care and Use of 
Laboratory Animals of the Ministry of Education, Cul-
ture, Sports, Science and Technology, Japan. The protocol 
was approved by the Committee on the Ethics of Animal 
Experiments at Obihiro University of Agriculture and Vet-
erinary Medicine, Obihiro, Japan (permit numbers 19–185, 
20–157, 21–32). Mouse work, such as injection with para-
sites or extracts, and euthanasia was implemented under 
general inhalation anesthesia induced with isoflurane (2%) 
to minimize animal suffering. Mice were euthanized by 
cervical dislocation at 30 days after parasite infection.

P. Falciparum culture and maintenance
Plasmodium falciparum parasites were transferred to 
previously washed human  O+ red blood cells (RBCs) 
obtained from Hokkaido Red Cross Blood Center main-
tained in fresh complete RPMI-1640 medium (Sigma, St 
Louis, MO, USA), which was supplemented with a mix-
ture of 6 g of HEPES (Sigma), 2 g of  NaHCO3, 25 mg of 
hypoxanthine, 5 g of albumax II (Gibco, Carlsbad, CA, 
USA), and 250 μl of gentamicin (stock concentration, 
50 mg/ml) in dissolved in MilliQ water. The final prepared 
complete medium was filtered with a 0.20-μm membrane 
filter (IWAKI, Saitama, Japan). The parasite cultures were 
maintained at 37 °C in a 5%  CO2 atmosphere.

Plant material collection and extraction
The plants used in this study were obtained from a field 
survey conducted in two locations in Qena governorate 
(Latitude: 26° 09′ 51.05“ N, Longitude: 32° 43’ 36.16” E), 
which is in the southern region of Egypt: Qena-Sohag 
and Qena-Safaga (after Km 85) desert roads, East-
ern desert, Egypt. A map marking the collection sites 
is shown in Fig. S1. Plants collection sites coordinates 
were shown in Table S1. Material was collected from 
13 different plant species in May 2019 (plant flower-
ing season). Samples were collected between 4:00 AM 
and 12:00 PM. The plant samples were collected under 
the approval of South Valley University, Qena, Egypt 
and were microscopically identified by Dr. Mohamed 
Owis Badry, in the herbarium of South Valley Uni-
versity at Faculty of Science, South Valley University, 
Egypt and voucher specimens were deposited in the 
same herbarium. Identification was performed accord-
ing to the available literature [24–27], and an official 
identification letter was obtained. Images of the herbar-
ium sheets of the identified plant species from which 



Page 3 of 13Abdou et al. BMC Complementary Medicine and Therapies          (2022) 22:130  

samples were collected are shown in Fig. S2. Plant tax-
onomy and species were further updated in accordance 
with information from Plants of the World Online [28].

For plant collection from the study areas, although 
that there are no specific licenses were required for the 
field studies, permission for collection of plants was 
obtained from Faculty of Veterinary Medicine, South 
Valley University, Qena, Egypt. Collection was per-
formed under the guidelines and rules of South Val-
ley University, Qena. The surveyed locations were not 
protected or privately-owned in any way and the field 
studies did not include any protected or endangered 
Egyptian plant species. The Latin binomial names of 
all plant extracts studied in this study were shown in 
Table 1.

Plant samples were dried in the shade for 3–10 days, 
then a fine powder was obtained from the dried leaves, 
flowers, fruit, or seed parts by using a kitchen blender. 
The powdered plant material from each plant was dis-
solved at a 1:10 ratio in 80% methanol, 70% ethanol, or 
distilled water (100 g of plant powder/1 L of solvent) for 
a minimum of 1–3 days. The plant supernatant was fur-
ther collected and filtrated by glass filtration apparatus 
and was collected in wide conical flask, and then it was 
dissolved in a wide petri dish at room temperature for 
1–3 days. The final crude extract was collected in cen-
trifuge tubes and stored in − 30 °C until use. To test the 
antimalarial potential of the various plant extracts, they 
were solubilized individually in the solvent dimethyl sul-
foxide (DMSO) to prepare stock solutions (100 mg/ml).

Determination of cytotoxicity of plant extracts
To determine the cytotoxic potential of the plant 
extracts, their cytotoxicity against human foreskin 
fibroblast (HFF) cells was evaluated. Cell suspensions 
(1 ×  105 cells/ml) in Dulbecco’s Modified Eagle medium 
(DMEM, Sigma-Aldrich, St. Louis, MO, USA) supple-
mented with 10% fetal bovine serum (FBS) (Nichirei 
Bioscience, Tokyo, Japan) were plated at 100 μl/well 
in 96-well plates and incubated at 37 °C in a 5%  CO2 
atmosphere for 48 h. The plant extracts were added to 
the cells at final concentrations of a two-fold serial dilu-
tion starting from 1000 μg/ml. To evaluate cell viabil-
ity, cell proliferation inhibition (%) was calculated as 
described previously [29, 30].

In vitro anti‑plasmodial activity
Plasmodium falciparum (3D7 strain) was maintained 
in  O+ human erythrocytes (1% hematocrit) in complete 
RPMI medium (Sigma-Aldrich). P. falciparum was fur-
ther synchronized to the ring stage with 5% sorbitol 
(>90%, as verified by light microscopy on Giemsa-stained 
blood smears [Giemsa stain for microscopy, Merck, 
Darmstadt, Germany]). Parasite solutions were prepared 
at 0.5% parasitemia and 2% hematocrit in complete RPMI 
medium. A 50-μl sample of the infected erythrocytes was 
added to each well of 96-well plates containing 50 μl of 
plant extract (concentrations ranging from 0.25–100 μg/
ml). Medium only was used as a negative control, while 
chloroquine was used as a positive control. The plates 
were then incubated in an atmosphere of 5%  CO2, 5%  O2 
at 37 °C for 72 h.

Table 1 Latin binomial name of all plant extracts used in this study

Plants used in this study was collected from the wild survey from the desert roads around Qena Governorate and were identified microscopically in South Valley 
University herbarium, Faculty of science, South Valley university, Qena, Egypt. Latin names were provided in the identification letter

Plant Extract Family Latin binomial name

Aerva javanica Amaranthaceae Aerva javanica (Burm.f.) Juss. ex Schult.

Anabasis setifera Amaranthaceae Anabasis setifera Moq.

Artemisia judaica Asteraceae Artemisia judaica L.

Calotropis procera Apocynaceae Calotropis procera (Aiton) W.T.Aiton

Carthamus tinctorius Asteraceae Carthamus tinctorius L.

Citrullus colocynthis Cucurbitaceae Citrullus colocynthis (L.) Schrad.

Cleome droserifolia Cleomaceae Cleome droserifolia (Forssk.) Delile

Forsskaolea tenacissima Urticaceae Forsskaolea tenacissima L.

Ochradenus baccatus Resedaceae Ochradenus baccatus Delile

Ocimum basilicum Lamiaceae Ocimum basilicum L.

Pulicaria undulata Asteraceae Pulicaria undulata (L.) C.A.Mey.

Trichodesma africanum Boraginaceae Trichodesma africanum (L.) Sm.

Vachellia tortilis Fabaceae Vachellia tortilis subsp. raddiana (Savi) 
Kyal. & Boatwr.
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Parasite growth inhibition was determined by adding 
100 μl of 0.02% of Syber Green I stain (SYBR® Green I 
Nucleic acid stain 10,000×, Lonza, Rockland, ME, USA) 
in lysis buffer (25 mM Tris, pH 7.5, containing 10 mM eth-
ylenediamine tetraacetic acid, 0.01% saponin, and 0.1% 
Triton X-100) to each well, mixing gently, and incubat-
ing the plates for 1–2 h in the dark [31, 32]. The relative 
fluorescent inhibition values were determined by using 
a fluorescent plate reader Fluoroskan Ascent (Thermo 
Labsystems, Waltham, MA, USA) with excitation and 
emission wavelengths of 485 nm and 518 nm, respec-
tively [29, 31, 33]. Parasite morphology was observed by 
examining Giemsa-stained blood smears with an all-in-
one microscope BioRevo BZ-9000 (Keyence BioRevo, 
Tokyo, Japan). Parasite growth inhibition percentages 
were calculated as described previously [31, 33]. The 
antiplasmodial activities of the natural plant extracts 
used in this study were classified as follows:  IC50 < 0.1 μg/
ml: very good activity;  IC50 between 0.1–1 μg/ml: good 
activity;  IC50 between 1.1–10 μg/ml: good to moder-
ate activity;  IC50 between 11 and 50 μg/ml weak activity; 
 IC50 > 100 μg/ml: inactive according to the classification 
mentioned in the reported study [34].

In vivo antimalarial efficacy of plant extracts
BALB/c mice, originally purchased from Clea Japan 
(Tokyo, Japan), were bred under specific pathogen-
free conditions in the animal facility of the National 
Research Center for Protozoan Diseases at Obihiro 
University of Agriculture and Veterinary Medicine, 
Obihiro, Japan. The animals were treated in accord-
ance with the guiding principles for the care and use of 
research animals published by the Obihiro University of 
Agriculture and Veterinary Medicine, Obihiro, Japan. 
The animals were kept under standard laboratory condi-
tions on a 12/12-h light/dark cycle at 21 °C under 40% 
relative humidity and fed with commercial food and 
water ad libitum.

The non-lethal strain Plasmodium yoelii 17XNL was 
recovered from a stock of frozen parasitized RBCs 
(pRBC) via passage in donor mice intraperitoneally 
inoculated. Parasitemia was monitored daily. When the 
parasitemia level reached 20–30%, the donor mice were 
anesthetized, and blood was collected by cardiac punc-
ture into a syringe containing 0.1 ml of ethylene diamine-
N, N, N′, N′- tetraacetic acid disodium salt (EDTA) 
(Djindo Kumamoto, Japan).

Two male BALB/c mice aged 8–10 weeks and weigh-
ing 25–30 g, were infected with approximately 1 ×  107P. 
yoelii-infected erythrocytes in total volume of 0.5 ml of 
phosphate-buffered saline (PBS). For each independent 
experiment, the mice were randomly divided into three 
groups of five according to previous published studies. 

AMA was aware of the group allocation at the differ-
ent stages of the experiment. Total 17 mice were used 
for one trial. When the level of parasitemia reached 1%, 
oral treatment using 100 mg/kg/day of plant extracts 
was begun and continued for 1 week from day 0 (3 h 
post-challenge) until day 6 post-infection. The negative-
control animals received only PBS. The parasitemia was 
assessed daily until 30 days post-infection by examining 
thin blood films made from mouse tail blood and stained 
with 10% Giemsa solution. The films were examined 
using a microscope to determine the parasite suppres-
sion activity of each extract. To measure the hematocrit 
percentage, 10 μl of blood was collected from the tail vein 
every other day until 30 days post-infection and measured 
by Celltac-α MEK-6550 (Nihon Kohden, Tokyo, Japan). A 
parasitemia suppression test (chemotherapeutic test) was 
performed daily for 1 week from challenge (day 0) until 
6 days post-infection; the percentage of parasite growth 
suppression was calculated by using the following previ-
ously reported eq. [35], which is slightly modified from 
the study that originally reported it [36].

Where A is the mean parasitemia of the untreated 
group and B is parasitemia of each individual mouse in 
the treated groups.

The parasitemia percentage, bodyweight, and survival 
rates were monitored daily, and the hematocrit was mon-
itored every other day. The percentage of parasitemia of 
each mouse was calculated by counting the number of 
parasite-infected erythrocytes per 600–1000 erythro-
cytes visible under a light microscope in 4–5 randomly 
selected fields of methanol-fixed thin blood smears slides 
stained with 10% Giemsa solution.

Order of treatment starts from the control then the 
treated groups. Order of challenge infection starts from 
the control then the treated groups. Measurements of 
body weight, hematocrit, and parasitemia were randomly 
done in group starting from control then the treated 
groups. Cage location was not changed from the start of 
the experiment until the end.

Statistical analysis
Graph Pad Prism 8.4.3 software (Graph Pad Software Inc. 
La Jolla, CA, USA) was used for all statistical tests. For 
the in  vitro data, the  IC50 values for the inhibition per-
centage of parasites and host cells were determined. The 
final mean  IC50 of anti-P. falciparum (3D7) activity was 
calculated based on three independent experiments, and 
mean  IC50 values against HFF cells were calculated based 

(1)
% of parasite growth suppression = (A− B)/A× 100

(2)
% Parasitemia =

(

number of infected RBCs
)

∕
(

total Number of RBCs
)

× 100
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on three independent experiments. For the in  vivo data 
(mean parasitemia %, mouse bodyweight and hematocrit 
changes), statistical analyses were performed using a two-
way analysis of variance (ANOVA). Survival curves were 
generated with the Kaplan–Meier method, and survival 
rates were analyzed by a χ2 test. Statistically significant 
differences (those with a p-value of < 0.05) are marked in 
the figures by asterisks and defined in each figure legend. 
There were no any criteria used for including and exclud-
ing animals.

Results
In vitro antimalarial efficacy of plant extracts
The in vitro activities against P. falciparum 3D7 growth 
of 13 different types of Egyptian plant extracts were 
evaluated. Among the 13 tested plant extracts, four 
(extracts of Trichodesma africanum, Artemisia juda-
ica, Cleome droserifolia, and Vachellia tortilis) showed 
low-to-moderate activity against P. falciparum 3D7; 
their mean  IC50 values were 11.7 μg/ml, 20.0 μg/ml, 
32.1 μg/ml, and 40.0 μg/ml, respectively, and their mean 
selectivity index values were 35.2, 15.8, 11.5, and 13.8, 
respectively, (Table  2). Despite the low-to-moderate 
activities of the previously mentioned plant extracts, 
they possess good selectivity index values (Table  2). 
The ethanolic extract of Pulicaria undulata and both 

the ethanolic and methanolic extracts of Citrullus col-
ocynthis showed weak activity against P. falciparum 
3D7 growth (mean  IC50 values: 18.9 μg/ml, 51.7 μg/ml, 
45.9 μg/ml, respectively) and had mean selectivity index 
values of 2.9, 1.7, and 1.4, respectively (Table 2).

All extracts of Aerva javanica and Anabasis setifera, 
both the aqueous and methanolic extracts of Calotropis 
procera, Carthamus tinctorius, Forsskaolea tenacissima, 
Ochradenus baccatus, and Ocimum basilicum, and the 
methanolic extract of P. undulata showed no efficacy 
against the growth of P. falciparum (3D7) in  vitro, with 
 IC50 values of > 100 μg/ml (Table 2).

In vitro effect of plant extracts on P. falciparum growth 
stages and morphology
To confirm the in vitro antimalarial efficacy of the tested 
plant extracts, we observed thin blood smears from 72-h 
parasite culture (Fig. 1). Treatment with plant extracts for 
72 h caused dose-dependent suppression of the parasite 
growth in the percentage of parasites (Fig.  1A). Among 
the four tested plant extracts, T. africanum crude extract 
showed the highest level of parasite growth inhibition at 
all parasite stages (Fig.  1A). Morphological alterations, 
such as cell shrinkage, and parasite fragmentation were 
observed following treatment with plant extract concen-
tration of 50 μg/ml as well as after treatment with the 

Table 2 Mean  IC50 of Egyptian plant extracts against Plasmodium falciparum (3D7) and HFF cells in vitro

a  The mean  IC50 and standard deviation values against P. falciparum were calculated from the average of three independent experiments after a 72-h culture of 
the parasites with a plant extract. b the mean  IC50 against HFF cells was calculated from three independent experiments after a 72-h culture. Except those that are 
indicated to have an ethanolic or aqueous extract, all the plant extractions are methanolic. IC50 half maximal inhibitory concentration 50, SD standard deviation, SI 
selectivity index, HFF human foreskin fibroblast, M80 80% methanol, E70 70% ethanol, aq. aqueous

Plant Extract Plant family Plant part Mean  IC50 (μg/ml) Mean 
Selectivity 
index (SI)P. falciparum 

(3D7) a (±SD)
HFF cells b (±SD)

Aerva javanica (Burm.f.) Juss. ex Schult. Amaranthaceae leaves > 100 (43.4) 378.1 (134.0) > 3.7

Anabasis setifera Moq. Amaranthaceae leaves > 100 1263.6 (194.9) > 12.6

Artemisia judaica L. Asteraceae leaves 20.0 (3.5) 316.8 (88.8) 15.8

Calotropis procera (Aiton) Dryand. aq. Apocynaceae flowers > 100 41.5 (22.6) > 0.4

M80% flowers > 100 2.9 (1.5) > 0.02

Carthamus tinctorius L. Asteraceae flowers > 100 444.7 (169.5) > 4.4

Citrullus colocynthis (L.) Schrad. E70% Cucurbitaceae seeds 51.7 (10.8) 88.0 (14.3) 1.7

M80% seeds 45.9 (23.3) 65.6 (7.2) 1.4

Cleome droserifolia (Forssk.) Delile Cleomaceae leaves 32.1 (3.8) 370.9 (95.3) 11.5

Forsskaolea tenacissima L. Urticaceae leaves > 100 519.0 (141.9) > 5.1

Ochradenus baccatus Delile Resedaceae fruit > 100 1179. 0 (245.4) > 11.7

Ocimum basilicum L. (E70%) Lamiaceae leaves > 100 252.6 (13.9) > 2.5

Pulicaria undulata (L.) C.A.Mey. (E70%) Asteraceae flowers 18.9 (2.8) 55.5 (10.7) 2.9

(M80%) flowers > 100 (38.2) 197.5 (61.3) > 1.9

Trichodesma africanum (L.) Sm. Boraginaceae leaves 11.7 (4.7) 413.0 (96.9) 35.2

Vachellia tortilis subsp. raddiana (Savi) Kyal. & Boatwr. Fabaceae seeds 40.0 (2.8) 554.5 (110.5) 13.8

Chloroquine 0.009
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Fig. 1 Effect of plant extracts on stage‑specific P. falciparum (3D7) morphology in vitro. A Percentage of parasites at each stage (i.e., ring, 
trophozoite, or schizont) after treatment with 10, 25, 50, or 100 μg/ml of extracts of Artemisia judaica, Trichodesma africanum, Cleome droserifolia, or 
Vachellia toritilis plants, chloroquine, or medium alone. The number of parasites at each stage was determined from a total of 600–900 erythrocytes. 
Data are representative of two independent experiments with similar results. B P. falciparum parasites were treated with 50 μg/ml of an extract 
of A. judaica, T. africanum, C. droserifolia, or V. tortilis. Chloroquine (0.025 μg/ml) was used as a positive control, and medium alone was used as a 
negative control. Three wells were used for each plant or drug concentration. After 72 h, the parasite morphology was observed via microscopy 
(× 100 magnification) on Giemsa‑stained thin blood smears. Line arrow indicate the fragmented parasites, while arrow head indicate the shrinkage 
parasites. Data shown here are representative of two independent experiments that produced similar results
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positive control drug, chloroquine, in comparison with 
untreated parasites (Fig. 1B).

Cytotoxicity of plant extracts
The cytotoxic potential of all included plant extracts at 
concentrations ranging from 1000 to 7.8 μg/ml (two-
fold serial dilutions) were determined, and the mean 
 IC50 values against HFF cells were calculated (Table  2). 
The methanolic and aqueous extracts from C. procera, 
the ethanolic extract from P. undulata, both the metha-
nolic and ethanolic extracts from C. colocynthis, the 
methanolic extract from P. undulata, and the ethanolic 
extract from O. basilicum showed the highest cytotoxic-
ity against HFF cells with mean  IC50s of 2.9, 41.5, 55.5, 
65.6, 88.0, 197.5, and 252.6 μg/ml, respectively. Extracts 
from plants A. judaica, C. droserifolia, A. javanica, T. 
africanum, F. tenacissima, and V. tortilis showed moder-
ate-to-weak toxicity against HFF cells with mean  IC50s of 
316.8, 370.9, 378.1, 413.0, 519.0, and 554.5 μg/ml, respec-
tively. Lastly, Extracts from A. setifera and O. baccatus 
were nontoxic or safe for HFF cells as cytotoxicity was 
not observed and their mean  IC50s were > 1000 μg/ml of 
1263.6 μg/ml, and 1179.0 μg/ml, respectively (Table 2).

In vivo antimalarial activity of plant extracts
Their in-vitro results suggested that plant extracts from 
T. africanum, C. droserifolia, A. judaica, and V. torti-
lis have low or no cytotoxicity and might have activity 
against Plasmodium parasites. Therefore, we decided to 
evaluate their efficacy against P. yoelii in a murine malaria 
model. A chemotherapeutic test of each plant extract 
was performed beginning at the treatment start time 
of each extract (3 h post-challenge; day 0) and continu-
ing through 6 days post-infection (the end of the course 
of the treatment). The four tested extracts each showed 
a time-dependent suppression of parasitemia through 
7 days post-infection (Fig.  2). The mean level of para-
site growth suppression observed after treatment with 
extracts of A. judaica, C. droserifolia, T. africanum, or V. 
tortilis ranged from 13.5–60.6%, 17.1–61.9, 35.2–65.5%, 
and 36.3–72.5%, respectively (Fig. 2, Table S2).

In the murine malaria model, a significantly reduced 
level of parasitemia was observed from 6 to 15 days post-
infection after oral treatment with T. africanum extract 
(Fig. 3C), whereas there was no significant difference in 
the hematocrit, bodyweight change, or survival rate of T. 
africanum extract-treated mice as compared with mice 
in the untreated group (Figs. S3C, S4C, and S5C). Para-
site growth suppression by C. droserifolia extract was 
not observed, except at day 14 post-infection (Fig.  3B). 
The hematocrit, bodyweight change, and survival rate 
of C. droserifolia extract-treated mice did not show any 

significant difference compared with untreated animals 
(Figs. S3B, S4B, and S5B). Although some parasite sup-
pression efficacy was observed for A. judaica extract fol-
lowing treatment initiation through 6 days post-infection 
(Table S2; Fig.  2A), the level of parasite suppression at 
the peak of parasitemia was not significant, and A. juda-
ica extract-treated mice took a similar length of time to 
recover as compared with the untreated mice (Fig.  3A); 
furthermore, the hematocrit, bodyweight percentage, 
and survival rate of these mice were not different from 
those of the untreated animals (Figs. S3A, S4A, and S5A). 
The in  vivo parasite suppression induced by V. tortilis 
extract was only partial, but it was significant during the 
peak of parasitemia at days 10, 11, and 12 post-infection 
(Table S2, Fig. 3D); however, the hematocrit, bodyweight 
change, and survival rate of V. tortilis extract-treated 
mice were not significantly different from those of the 
untreated mice (Figs. S3D, S4D, and S5D).

Discussion
Trichodesma africanum has been reported to have mul-
tiple medicinal uses (Table S1). The antibacterial efficacy 
of an oil extract of T. africanum was evaluated against 
the growth of three bacterial strains obtained from the 
American type culture collection (ATCC) (Staphylo-
coccus aureus [ATCC 25923], Escherichia coli [ATCC 
25922], and Pseudomonas aeruginosa [ATCC 27853]) 
as well as against the growth of methicillin-resistant S. 
aureus (MRSA) isolates, and its antifungal activity was 
tested against Candida albicans [37]. The chemical con-
stituents of T. africanum include essential oils, steroids, 
coumarins, flavonoids, phenolics, alkaloids, and glyco-
sides [38]. Its chemical constituents might be involved in 
its biological activity, as flavonoids had been reported to 
have antiprotozoal activity, specifically anti-leishmanial 
and anti-trypanosomal activities [39].

Trichodesma africanum collected from Saudi Ara-
bia was reported to have weak antimalarial efficacy 
in vitro against a chloroquine-sensitive strain of P. fal-
ciparum with an  IC50 value of 32.0 μg/ml (SI of 2) [40]. 
Here, T. africanum from an Egyptian desert was found 
to possess a moderate-to-weak activity in vitro against 
P. falciparum with a mean  IC50 value of 11.7 μg/ml (SI 
of 35.2; Table  2). These results suggest that the effi-
cacy of plant extracts can vary owing to differences in 
the area, time of day, and season of plant collection, 
extraction procedures used in collection, and cell lines 
used for the determination of its cytotoxic potential. 
Although the antimalarial activity of T. africanum was 
previously examined in  vitro, our study is the first to 
illustrate the antimalarial efficacy of a T. africanum 
extract in a mouse model of malaria.
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Cleome droserifolia, which is facing extinction, is found 
in tropical and subtropical areas, such as North Africa 
and India [24, 41, 42]. C. droserifolia is an important 
plant species owing to its historical use in traditional 
medicine in Egypt [43–45]. Regarding its medicinal 
uses, it has an immediate effect on abdominal and rheu-
matic pain, is anti-inflammatory, and is also effective for 
improving wound healing and treating snake bites and 
scorpion stings [43–46]. These effects are attributed to 
the rubefacient, antimicrobial, analgesic, antipyretic, 
antioxidant, and anti-inflammatory activities of its com-
ponents [45–49], which include flavonoids, glycosides, 
carbohydrates, buchariol, teucladiol, daucosterol, card-
enolides, saponins, sterols, tannins, catechins, triterpenes 

and sesquiterpenes as well as a newly described alkaloid 
found in its aerial parts [50–53]. C. droserifolia was pre-
viously reported to have an antibacterial effect [54], but 
little is known about its antiprotozoal efficacy. Although 
there is no literature on the effect of C. droserifolia 
extract on malaria, another species in the Cleome genus 
(e.g., Cleome rutidosperma) was reported to have mod-
erate anti-plasmodial activity against P. falciparum CQS 
D10 strain in  vitro  (IC50 value: 34.4 μg/ml) [55]. In the 
present study, C. droserifolia was evaluated with both 
in  vitro and in  vivo assays. It had a moderate-to-weak 
inhibitory effect, with an  IC50 value of 32.1 μg/ml and 
an SI of 12.9 in vitro against P. falciparum, and partially 

Fig. 2 Suppression percentage of Plasmodium yoelii in mice induced by plant extracts at 1‑week post‑infection. Five mice were used per group. 
Artemisia judaica and Cleome droserifolia plant extracts were tested in one independent experiment that shared the same control, and Trichodesma 
africanum and Vachellia tortilis plant extracts were tested in another independent experiment that shared the same control. All mice were 
challenged by an intraperitoneal injection of approximately 1 ×  107P. yoelii‑infected erythrocytes and then were treated orally with 100 mg/kg/
day of each plant extract for 1 week. The mean and standard deviation of the parasite growth inhibition percentages were calculated against the 
untreated group mice from 24 h after challenge (dpi = 1) until 7 days post‑infection (24 h after end course of treatment) (A–D) Parasite growth 
inhibition percentages in mice treated with A. judaica (A), C. droserifolia (B), T. africanum (C), or V. tortilis (D) plant extract. N.D. not detected
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inhibited murine malaria in a short-term treatment of 
100 mg/kg/day.

Recently, A. tortilis plant name was changed and 
become well known as V. tortilis according to [28], there-
fore, all information about V. tortilis in this discussion 
section is reported under its old name, A. tortilis. This 
plant is one of 1200 species of Acacia. It grows in tropi-
cal and subtropical areas with temperatures in the range 
of 40–45 °C in summer and < 5 °C in winter, such as loca-
tions in African, Australian, and Arabian countries [56]. 
A. tortilis possesses multiple medicinal and pharmaco-
logical properties, e.g., antidiabetic, antifungal, antidiar-
rheal, antitussive, and anti-inflammatory [57], but little 
is known about its antiprotozoal potential. Despite of the 
potent effectiveness of the methanolic extract of A. tor-
tilis collected from Kenya as an anti-parasitic treatment, 
there are conflicting reports regarding its antimalarial 
activity. Some studies found that it had moderate effi-
cacy against P. falciparum [57, 58]. In contrast, although 

the first in a pair of studies initially showed that A. torti-
lis root bark showed antimalarial activity, its follow-up 
study did not consider it to be an antimalarial candidate 
[57, 59]. In the present work, the methanolic extract 
from A. tortilis seeds collected from an Egyptian desert 
showed moderate-to-weak activity in vitro against P. fal-
ciparum (3D7). These results suggest that the efficacy 
of V. tortilis extract against malaria may be correlated 
to its medicinal uses (i.e., as an antimicrobial or other 
treatment) or to its chemical constituents and may vary 
depending on the extracted plant part and area from 
which the plant was collected. In vivo parasite suppres-
sion against P. yoelii in mice was observed until 6 days 
post-infection, and this extract significantly suppressed 
the parasitemia during its peak from days 10–12 post-
infection, suggesting that it has partial efficacy against 
murine malaria.

Artemisia judaica belongs to the family Asteraceae, 
which is one of the largest families of angiosperms and 

Fig. 3 Effect of wild plant extracts on Plasmodium yoelii growth in mice through 30 days post‑infection. Five mice were used in each group. 
Artemisia judaica and Cleome droserifolia plant extracts were tested in one independent experiment that shared the same control, and Trichodesma 
africanum and Vachellia tortilis plant extracts were tested in another independent experiment that shared the same control. Mean parasitemia 
% was monitored daily from day 0 (challenge day) until 30 days post‑infection. All mice were challenged by an intraperitoneal injection of 
approximately 1 ×  107Plasmodium yoelii-infected erythrocytes and then treated orally with 100 mg/kg/day of plant extract for 1 week. The untreated 
group received only PBS. A–D The mean parasitemia % of P. yoelii-infected mice treated with A. judaica (A), C. droserifolia (B), T. africanum (C), or V. 
tortilis (D) extract. Data were analyzed by a two‑way ANOVA followed by a Bonferroni test against the untreated group (*p < 0.05)
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contains 1600 to 1700 genera and about 24,000 species 
distributed worldwide [60]. Known as shih in the Middle-
East, A. judaica is an aromatic shrub found mainly in the 
deserts of the Middle-East, Egypt, and serval North Afri-
can countries and is traditionally used as an anthelmintic 
drug [61]. Although A. judaica has not been previously 
reported to have antimalarial efficacy, numerous other 
Artemisia species have been found to have antimalarial 
activity, including Artemisia nilagirica [62], Artemisia 
maciverae (chloroform extract) [63], Artemisia maritima 
(ethanolic and petroleum extracts), Artemisia nilegarica, 
Artemisia japonica [64], Artemisia ciniformis, Artemisia 
biennis, and Artemisia turanica [65]. Artemisinin, the 
well-known conventional drug discovered by Chinese 
scientists obtained from Artemisia annua [66], has also 
been found in several other species of Artemisia, includ-
ing Artemisia lancea, Artemisia apiacea [67], Artemisia 
vulgaris [68], A. japonica [69], Artemisia sieberi [70], 
Artemisia absinthium [71], Artemisia dubia, and Arte-
misia indica [72]. There is no available information about 
the presence of artemisinin in A. judaica.

Plasmodium often develops drug resistance, and there 
is now evidence of resistance to artemisinin drugs [73]. 
Therefore, there is an urgent need to find novel candi-
dates for the development of drugs to treat Plasmodium; 
other Artemisia plants, such as A. judaica, and other 
plant species may be useful sources. Several Artemisia 
species have been evaluated for their antimalarial activ-
ity in rodent malaria models. A. vulgaris showed potent 
activity without toxicity when administrated orally to 
mice infected with P. yoelii, according to the results of a 
4-day suppressive test performed following treatment 
with high doses (500 mg/kg and 1000 mg/kg) of A. vul-
garis extract [74]. Furthermore, the efficacy of an etha-
nolic extract of A. vulgaris leaves was confirmed against 
Plasmodium berghei ANKA strain in ICR mice. Treat-
ment with doses of 500, 750, and 1000 mg/kg of this 
extract significantly reduced parasitemia by 79.3, 79.6, 
and 87.3%, respectively [75]. A. sieberi from Iran showed 
antimalarial efficacy against P. berghei in NMRI mice, 
reducing some pathophysiological signs of malaria [76]. 
An infusion of A. annua (tea) failed to cause any reduc-
tion to the parasitemia caused by Plasmodium chabaudi 
in OF1 mice [77], whereas the oral administration of 
dried whole A. annua leaves killed these parasites more 
effectively than did a comparable dose of the pure drug 
artemisinin in C57BL/6 mice [78].

Here, a methanolic leaf extract of A. judaica was found 
to possess moderate-to-weak antimalarial activity against 
P. falciparum with no apparent cytotoxicity along with a 
moderate efficacy against murine malaria at a lower dose 
(100 mg/kg/day) than used in previous studies. However, 

it did not cause a significant reduction in the parasitemia 
of P. yoelii during the peak of infection in mice.

Calotropis procera has been reported to have multiple 
biological and medicinal uses [79]. An ethanolic extract 
of this plant was reported to have a schizonticidal effect 
in  vitro [80]. Furthermore, fractions from the leaf extract 
show anti-plasmodial activity [81]. However, in our study, 
neither the methanolic nor the aqueous extract of C. pro-
cera flowers showed any efficacy in vitro against P. falcipa-
rum (3D7) when administered at a dose of 100 μg/ml.

Three rodent-specific Plasmodium species, P. 
berghei, P. yoelii, and P. chabaudi, are commonly used 
in animal models of malaria; these models exhibit dif-
ferent manifestations of the human disease. In  vitro 
cultures of these parasites are not well established; 
thus, they require maintenance in mice [82]. Here, we 
used a P. yoelii mouse model to evaluate the antima-
larial efficacy of four plant extracts. In previous plant 
extract treatment trials of P. yoelii in Swiss albino mice, 
treatment with aqueous or ethanolic extracts of Phyl-
lanthus amarus at doses of 200, 400, 800, and 1600 mg/
kg/day was performed until 6 days post-infection; 
respectively, the aqueous extract induced 56.0, 68.0, 
77.9, and 81.2% parasite suppression, and the etha-
nolic extract induced 51.7, 67.9, 74.2, and 52.3% para-
site suppression [83]. Another study used 1.25 g/kg of 
methanolic extract from Nigella sativa seeds. Parasite 
suppression of 84.6, 89.2, and 94% was observed at 
days 6, 7, and 8 post-infection with P. yoelii nigeriensis, 
respectively [84]. Furthermore, the efficacies of metha-
nolic-chloroform (MC) and methanolic-aqueous (MA) 
extracts from Brucei mollis collected from India were 
evaluated against P. yoelii N-67 (chloroquine-resist-
ant strain [CQR]); they had respective median effec-
tive doses 50  (ED50s) of 30 mg/kg/day and 72 mg/kg/
day at 4 days post-infection and of 66 mg/kg/day and 
79 mg/kg/day at 6 days post-infection [85]. In the pre-
sent study, treatment with 100 mg/kg/day methanolic 
extracts of A. judaica, C. droserifolia, T. africanum, or 
V. tortilis from 0 to 6 days post-infection each caused 
significant parasite suppression, with mean suppres-
sion percentages ranges of 13.5–60.6%, 17.1–61.9, 
35.2–65.5%, and 36.3–72.5%, respectively, despite the 
extract dose being lower compared with previously 
reported studies (Table S2).

Conclusions
This study showed that crude extracts of four wild plants 
collected from Egypt had antimalarial efficacy against 
the human malaria-causing parasite P. falciparum 
in vitro and against the murine malaria-causing parasite 
P. yoelii in a mouse model. Although the administration 
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of these extracts at a dose of 100 mg/kg/day for a 7-day 
course of treatment did not achieve 100% inhibition of 
P. yoelii growth in BALB/c mice, the parasite suppres-
sion data suggests that these extracts may have potent 
antimalarial activity. Their efficacies are likely correlated 
with their multiple medicinal uses and their chemical 
constituents. Among the four tested candidates, the T. 
africanum crude extract possessed the highest parasite 
suppression ability in a short-term treatment course 
in  vivo and had the highest  IC50 in  vitro against the 
human malaria-causing parasite P. falciparum, whereas 
V. tortilis extract showed moderate-to-weak effect 
against P. falciparum in vitro and induced partial inhi-
bition against P. yoelii in  vivo. These data support the 
use of these extracts in the future development of an 
antimalarial therapeutic. Further study will be needed 
to understand the mechanism of action and identify the 
main biological components of these crude extracts.
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