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Background: Since drug resistance makes controlling malaria parasites a major challenge, 
these pioneering researchers explore and discover new novel drugs from a variety of sources. 
As a result, this study aimed to assess the anti-plasmodial activity of hydroalcoholic crude 
extract and solvent fractions of Zehneria scabra roots in mice infected with Plasmodium 
berghei.
Methods: The antimalarial activity and safety profile of Zehneria scabra extracts were 
tested in a mouse model using four-day suppressive, prophylactic, and rane’s tests against 
chloroquine-sensitive Plasmodium berghei. Mice were divided into five groups at random: 
group I received distilled water (10 mL/kg), group II, III, and IV received 200, 400, and 
600 mg/kg of the extract, respectively, and group V received chloroquine (25 mg/kg). The 
antimalarial activity of the extract was determined using parasitemia levels, survival time, 
rectal temperature, and weight variation.
Results: At all dose levels, the crude extract and solvent fractions of Zehneria scabra 
showed significant (p<0.05 to p<0.001) chemosuppression, with the crude extract and 
butanol fraction showing the highest chemosuppression (73.09% and 74.09%, respectively). 
Apart from suppressing parasitemia, the extract also increased survival time and secured 
packed cell volume reduction substantially (p<0.05 to p<0.001), while the crude extract had 
no significant impact on body weight or rectal temperature reduction in four-day suppressive 
and prophylactic models.
Conclusion: The result designated that Zehneria scabra is endowed with significant anti-
malarial activity. These results thus support the traditional use of Zehneria scabra, for the 
treatment of malaria.
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Introduction
Malaria is a life-threatening disease caused by Plasmodium parasites transmitted by 
female Anopheles mosquito bites. It affects over two hundred million people and 
kills over seven hundred thousand people per year. Plasmodium falciparum, 
Plasmodium vivax, Plasmodium ovale, Plasmodium malariae, and Plasmodium 
knowlesi are the five Plasmodium species known to cause malaria in humans. 
P. falciparum and P. vivax, among Plasmodium species, are the most virulent agents 
of human malaria, causing substantial global morbidity and mortality.1
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Owing to the rising number of cases of resistance to the 
majority of currently available medications, controlling 
malaria parasites is becoming increasingly difficult. 
Despite decades of intensive research and development 
efforts, there is currently no commercially available 
malaria vaccine.2 As a result, chemotherapeutic agents 
are still in high demand for the complete treatment of 
malaria, and the rising rate of resistance means that finding 
new antimalarial drugs is a top priority.1

Aside from clinically approved medications, various 
plants have long been used to prevent, treat, and/or 
relieve the symptoms of malaria. Medicinal plants were 
used by more than 80% of Africans, including 
Ethiopians, to meet their basic healthcare needs. The 
majority of Ethiopian land is infected with malaria, and 
68% of the population lives in such areas. Ethiopia is 
a malaria-endemic and impoverished region. Medicinal 
plants are the key sources of the drug for different health 
ailments in Ethiopian traditional medical practices, 
including malaria, due to cultural acceptability, low 
cost, and availability. In Ethiopia, more than 200 medic-
inal plants are used to treat malaria. However, little is 
known about the purity, consistency, and efficacy of 
these medicinal plants.3 Zehneria Scabra L.F. Sond is 
an essential medicinal plant that belongs to the 
Cucurbitaceae family and is well known for its medicinal 
value in herbal folklore. It is known in Amharic as Areg- 
resa, in Ge’ez as Etse-sabieq, in Afaan Oromo as 
Daaymii, in Tigrigna as Hafaflo, and in Gedeo as 
Kiete.4–7

The antimicrobial activity of the ethanol and ethyl 
acetate root extracts of Z. scabra against the most common 
bacterial pathogens, Staphylococcus aureus and 
Escherichia coli, has been confirmed by a recent report.8 

The antifungal properties of the ethanolic tuber extract 
were also demonstrated against five forms of fungi, includ-
ing Aspergillus fumigatus, Aspergillus niger, Aspergillus 
flavus, Mucor indicus, and Candida albicans.9 

Furthermore, the antidiarrheal, antisecretory,10 

antimalarial,8 anti-nociceptive, and anti-inflammatory 
properties of the 80% methanolic leaves extract have 
been demonstrated.11 Furthermore, the plant is extremely 
valuable ethnobotanically. It is used to treat fever and 
stomach pain in the Tamil people of southern India and 
Sri Lanka, for example, using root and leaf extracts.12 The 
leaves are crushed and treated for common colds by the 
Marakwet Community in Kenya, and the whole plant is 
boiled with other herbs to treat cancer.13

In Ethiopia, Z. scabra is one of the traditional medic-
inal plants commonly used for the treatment of a number 
of illnesses. By Amhara ethinic group of Bahir Dar zuria 
district for example, the leave juice is used to treat fever 
and headache.14 Peoples of Kilte Awulaelo district of 
Tigray use the leaves for treatment of paralysis, michi, 
and external wounds, while the root is used for abdominal 
pain and ascariasis5. Its flowers have been combined with 
other herbals for topical treatment of alopecia, wounds, 
and eczema.15 People in the Guangua Sub district of the 
Agew-Awi zone of the Amhara Regional State use the root 
to treat anemia.16 Traditional healers in Southwestern 
Ethiopia said that the root part of the plant had antimalarial 
properties, but this has not been proved scientifically.15

Nevertheless, the effectiveness, consistency, and efficacy 
of Z. scabra for malaria treatment have not been scientifi-
cally proven. To promote its traditional use in the treatment 
of malaria, scientific evaluation of its anti-malarial operation 
in a rodent malarial model is justified. The aim of this study 
was to determine the anti-malarial activity of Z. scabra root 
hydroalcoholic crude extract and solvent fractions against 
Plasmodium berghei infection in mice.

Materials and Methods
Distilled water, 2% tween 80, absolute methanol, 80% 
methanol, chloroform, regular isotonic saline, trisodium 
citrate, oil immersion, geimsa stain, and chloroquine 
were among the chemicals used. Many of the reagents 
were of analytical quality. In addition, 1mL insulin syr-
inges with needles, scissor, feeding tube, electronic bal-
ance, gloves, and a light microscope were used in this 
research.

Plant Material
Z. scabra root was collected in its natural habitat near 
Sheko woreda, Bench-Sheko zone, South West Ethiopia, 
about 581 kilometers from Addis Ababa. A taxonomist at 
the National Herbarium, College of Natural and 
Computational Sciences, Addis Ababa University, identi-
fied and authenticated the plant specimens, and a voucher 
specimen was held there for future reference with the 
voucher number TT 001/2019.

Experimental Animals and Rodent 
Parasite
P. berghei (ANKA strain) sensitive to chloroquine was 
obtained from Ethiopian Public Health Institute. Then, 
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until 30–37% of parasitemia level was attained, the para-
sites were maintained by Serial passage of blood from 
infected mice to non-infected ones every week.20

Female Swiss albino mice (23−32g), obtained from the 
Department of Pharmacology and Toxicology Animal 
House, Mizan-Tepi University, Female mice were used 
for the acute oral toxicity and male mice were used to 
antiplasmodial activity testing. All experimental animals 
were housed under standard environmental conditions of 
temperature at 22–24°C under a 12 hour dark–light cycle 
and allowed free access to drinking water and standard 
pellet diet. Animal attendants maintained hygiene by con-
stant cleaning and removal of feces from cages every 4 
days. Before the actual experiment, animals were acclima-
tized for 1 week to the experimental environment. The 
care and handling of the experimental animals was accord-
ing to the national research council guide for the care and 
use of laboratory animals.17

Preparation of Plant Extract
To clear dirt and soil from Z. scabra roots, tap water was 
used and gauze was used to clean them. The sample was 
then air-dried in the shade before being pounded with 
a sterile pestle and mortar into a coarse powder. The 
roots of Z. scabra were then extracted using a cold 
maceration technique in an Erlenmeyer flask for three 
days at room temperature using an 80% methanol solution. 
The extraction process was aided by shaking at 120 revo-
lutions per minute with an orbital shaker (Bibby Scientific 
Limited Stone Staffo Reshire, UK). Gauze was used to 
filter the extract, and then Whatman filters paper No. 1 was 
used to filter it (Maidstone, UK). To improve the yield, the 
residue was re-macerated for the second and third time 
with the same amount of fresh solvent. Under reduced 
pressure, the filtrates were mixed and concentrated using 
a Rotary evaporator (Buchi Rotavapor R 200, Flawil, 
Switzerland). After that, all extracts were dried and con-
centrated in a dry oven (Okhla industrial region, India) at 
a temperature of not more than 40°C. Finally, the extract 
was moved to an amber glass bottle and stored at −20°C 
until the experiment was completed. Fractionation of the 
crude hydroalcoholic extract was performed using solvents 
of varying polarity. The chloroform, n-butanol, and aqu-
eous fractions’ percentage yields were transferred to an 
amber glass bottle and stored at −20°C before usage.

Acute Oral Toxicity Test
The acute oral toxicity test of Z. scabra root was done 
based on the limit test recommendations of Organization 
for Economic Co-operation and Development (OECD) No 
425 Guideline18 Healthy young adult female Swiss albino 
mice (age of 8–12 weeks, weighting 20–30 g) were 
employed for this test. On day one, a Swiss albino 
mouse fasted for 3–4 h was given 2000 mg/kg of the 
extract orally. The mouse was then kept under strict obser-
vation of physical or behavioral changes for 24 h, with 
special attention during the first 4 h. Following the results 
from the first mouse, the other four mice were recruited 
and fasted for 3–4 h and administered a single dose of 
2000 mg/kg and were observed in the same manner. These 
observations continued for further 14 days for any signs of 
overt toxicity.

Grouping and Dosing of Animals
A total of thirty mice were divided into five groups, each 
with six mice. Group I mice were given the vehicle (dis-
tilled water, 10 mL/kg), group II mice were given the 
regular medication (chloroquine (Addis Pharmaceuticals 
Factory, Ethiopia), 25 mg/kg, which acted as a positive 
control), and group III, IV, and V mice were given 200, 
400, and 600 mg/kg crude extract or solvent fractions, 
respectively.

Inoculum Preparation
The parasitaemia levels of donor mice were first deter-
mined by cutting a 0.5 to 1mm segment from the mice’s 
tail with scissor.19 To infect the mice, a donor mouse 
with a parasitaemia of 30–37% was sacrificed by head 
blow, and blood was collected through the jugular vein 
incisions into a test tube containing 3.8% trisodium 
citrate (BDH chemicals, England) added as an 
anticoagulant.20

The blood was diluted in normal saline until each 
0.2 mL suspension contained approximately 1×107 

infected red blood cells (IRBCs).21 The dilution was cal-
culated based on the donor mice’s parasitaemia and the 
standard mice’s RBC count, with 1mL blood containing 
5×107 infected erythrocytes.19,22 As a result, each mouse 
was inoculated  intraperitoneally with 0.2 mL infected 
blood containing around 1×107 parasitized RBCs from 
P. berghei.
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Anti-Malarial Activity Test
Four-Day Suppressive Test
The crude extract and solvent fractions were tested for 
schizonticidal activity on early infection using the method 
defined by Peters 1975.23 On the first day (D0) 2 hours 
after infection, three treatment groups were given different 
concentrations of the extract, one with the vehicle used for 
reconstitution of the extract, and the other with the normal 
medication chloroquine orally.

For the next four days, the treatment was repeated 
every day. Blood was extracted from each mouse’s tail 
on the fifth day (D4) using clean, non-greasy slides and 
thin films made as required, which were then allowed to 
air-dry. The films were fixed with a few drops of methanol, 
air-dried for 15 to 20 minutes, and stained for 15 minutes 
with 10% Giemsa at pH 7.2. The stain was removed and 
the slides were allowed to air dry before being examined 
under a light microscope with the oil immersion objective 
for blood parasite suppression and parasitaemia microsco-
pically with the X100 objective for parasitaemia.

Each mouse's percentage parasitaemia was determined 
on day 5 (D4),while body weight, rectal temperature and 
packed cell volume (PCV) were reported just before infec-
tion and at day 5 (D4) of the experiment..

Rane’s (Curative) Test
The crude extract’s curative capacity was assessed using 
the method defined by Ryley and Peters 1970.24 On the 
first day, thirty mice were chosen, grouped, and intraper-
itoneally injected with standard inoculums of 1×107 P. 
berghei infected red cells. The groups were treated with 
their respective doses three days (72 hours) after infection, 
as defined in grouping and dosing of animals. The treat-
ment was continued every day until the seventh day, when 
blood was drawn from each mouse’s tail and thin films 
were made. Each mouse’s weight, temperature, and para-
sitemia level were reported just before the first dose and 
daily until day 8 (D7), while PCV was recorded just before 
the first extract dose and at the end of the experiment.

prophylactic test
The residual infection technique described by Peters was 
used to assess the crude extract’s prophylactic activity 
1965.25 Weighing adult male mice, they were divided into 
five classes of six mice each. For four days, three groups 
were given different concentrations of the extract, one with 
only the vehicle used to reconstitute the extract, and the other 

with the standard drug chloroquine (D0-D3). Both mice were 
infected with Plasmodium on the fifth day (D4) and mon-
itored for 72 hours. Each mouse’s weight, temperature, and 
parasitemia level were measured just before inoculation and 
throughout the experiment until day 8 (D7), while PCV was 
measured just before inoculation and at the end.

Packed Cell Volume Measurement
PCV was used to predict the efficacy of crude extracts and 
solvent fractions in preventing hemolysis caused by para-
sitemia progression in malaria patients. It is a measure-
ment of the proportion of RBCs to plasma in whole blood, 
and it is calculated using the formula below:26

PCV ¼

Volume of erythrocytes in
agiven volume of blood

Total blood volume examined
X100 

Parasitemia and Survival Time 
Measurement
Counting the number of parasitized red blood cells (PRBC) 
out of the total erythrocytes in random fields of the micro-
scope yielded the percentage parasitemia. For each mouse, 
two stained slides were examined.27 For each slide, six fields 
were counted, an average was taken, and percentage para-
sitemia (PP) was calculated using the formula below.28

PP ¼
Number of PRBC

Total number of RBC
X100 

The crude extract and solvent fractions were compared to the 
controls in terms of parasitemia suppression. The formula 
below was used to measure the percent parasitemia 
suppression:28

Average % of
Parasitemia
Suppression

¼

Parasitemia
in negative
control

�

Parasitemia
in treatment
group

Parasitemia in
negative control

X100 

Throughout the follow-up period (28 days), the mice were 
observed daily, and the number of days from the time of 
inoculation to death was reported for each mouse in the treat-
ment and control groups. The mean survival time (MST) for 
each category was calculated using the formula below:29

MST ¼

Sum of survival time
of all mice in a group daysð Þ

Total number of
mice in that group 
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Body Weight and Rectal Temperature 
Measurement
A sensitive digital weighing balance was used to weigh 
each mouse in a group, and a digital rectal thermometer 
was used to measure rectal temperature. After that, the 
percentage differences in their mean values before and 
after treatment were measured.

Phytochemical Screening
Standard protocols were used to test 80% methanolic root 
extract and solvent fractions of Z.scabra for the presence 
or absence of secondary metabolites such as alkaloids, 
steroidal compounds, phenolic compounds, tannins, sapo-
nins, flavonoids, cardiac glycosides, and 
anthraquinones.30,31

Statistical Analysis
For each treatment group, the study’s results were 
expressed as mean ± SEM (standard error of mean). 
Using Windows SPSS version 22, data on parasitaemia 
levels, changes in body weight, PCV, and survival time 
were analyzed. The discrepancies between the control and 
treatment groups were analyzed using a one-way ANOVA 
followed by a Tukey post hoc examination. If P values at 
95% confidence intervals were less than 0.05, the differ-
ence was deemed statistically important.

Results
Phytochemical Characterization
The percentage yield of Z.scabra and the chloroform, 
n-butanol, and aqueous fractions was 48 gram (9.6%), 8.61 
gram (26.91%), 10.89 gram (34.03%), and 12.50 gram 
(39.06%), respectively. The existence of diverse secondary 
metabolites such as tannins, flavonoids, terpenoids, and 
alkaloids was discovered in an 80% methanolic extract of 
Z. scabra’s root (Table 1). Tannins were found in any 

fraction, but flavonoids and steroids were only found in the 
chloroform fraction. Tannins, terpenoids, and alkaloids were 
found in both the n-butanol and aqueous fractions, while 
saponins were only found in the aqueous fraction.

Acute Oral Toxicity Test
There were no signs of toxicity in the 80% methanolic 
extract of Z. scabra root, such as convulsions, hair erec-
tion, diarrhea, or restlessness. Furthermore, no deaths were 
observed in all mice given the full dose of the extract, up 
to 2000 mg/kg, during the 14-day toxicity test. As a result, 
the extract’s median lethal dose (LD50) may be greater 
than 2000 mg/kg.

Effect of Crude Extract and Solvent 
Fractions in the 4-Day Suppressive Test
Table 2 shows the results of an 80% methanolic extract of 
Z. scabra root. In comparison to the CON, treatment with 
crude extract and its fractions with all doses of the root 
extract resulted in substantial (p<0.05 to p<0.001) para-
sitemia suppression. At a dosage of 600mg/kg, the n-buta-
nol fraction displayed the greatest suppression (74.33%, 
p< 0.001). Similarly, the crude extract at 600 mg/kg 
demonstrated substantial chemosuppression (73.08%, 
P <0.001). The lowest dose of the aqueous fraction, on 
the other hand, demonstrated the least chemosuppression 
(16.43%, p<0.001). At 600 mg/kg, n-butanol (74.33%, 
p<0.001) > chloroform (68.50%, p<0.001) > aqueous 
(37.72%, p<0.001) were the solvent fractions with the 
greatest percent parasitemia suppression. When the effects 
of the crude extract and its solvent fractions were com-
pared, the parasitemia suppression induced by the lowest 
dose (200 mg/kg) and middle dose (400 mg/kg) were 
significantly (p<0.001) lower than the effect produced by 
the 600 mg/kg dose of the crude extract and its solvent 
fractions.

Table 1 Preliminary Phytochemical Screenings of the Hydroalcoholic Extract and solvent fractions of Zehneria scabra Roots

Phytochemical Constituents Crude Extract Chloroform Fraction Butanol Fraction Aqueous Fraction

Alkaloids + − + +

Anthraquinone − − − −
Flavonoids + ++ − −
Saponins − − − +

Steroids − ++ − −
Tannins + + ++ +
Terpenoids + − + +

Notes: ++ = strong positive, + = fair positive, - = absent.
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The effect of the crude extract on survival time showed 
that as the dose of the extract increased, there was a pattern 
of substantial (p<0.01 to p<0.001) extension in survival day. 
The n-butanol fraction showed substantial extension in MST 
at all doses (p<0.01 to p<0.001), as did the chloroform 
fraction at middle (p<0.01) and high dose (p<0.001), as 
well as the aqueous fraction at higher dose (p<0.001).

Furthermore, when the doses of crude extract were 
compared, it was discovered that ZS400 and ZS600 
significantly increased the survival time of mice 
(p<0.01 and p<0.001) when compared to the ZS200 
treated community. Similarly, mice given 600 mg/kg 
doses lived longer than mice given 200 mg/kg doses 
in all fraction-treated groups (p<0.001). The crude 
extract and chloroform fraction, on the other hand, 
failed to defend against body weight loss and rectal 
temperature loss at all doses as compared to their 
respective CON. In comparison to their respective con-
trol group, mice treated with ZS600 of both n-butanol 

and aqueous fraction significantly (p<0.05 to p<0.001) 
avoid loss of body weight and rectal temperature 
(Table 3). In comparison to the negative control, the 
crude extract at 400 and 600 mg/kg doses significantly 
(p<0.05) prevents the decrease in PCV (Figure 1). 
Similarly, the n-butanol fraction at 600 mg/kg dose 
prevented the decrease in PCV substantially (p<0.05) 
as compared to CON.

Effect of Crude Extract in the Curative 
Test
The parasitemia level was increased on the 4th and 5th 
days with a 200 mg/kg dose of the crude extract, as shown 
in (Table 4), despite the fact that the first dose was given 
on the 3rd day. The parasitemia level started to decline on 
the 6th day for all three doses of the crude extract and 
continued to decrease during the treatment days until the 
third dose was administered on the 5th day. The parasite-
mia in the negative control group, on the other hand, 
increased daily from day 3 to day 7. On the 6th and 7th 
days, all doses of the crude extract had a substantial 
(p<0.001) curative effect as compared to the negative 
control. As compared to the 200 mg/kg doses of crude 
extract (p<0.001), the 600 mg/kg dose of crude extract 
demonstrated substantial chemosuppression. The crude 
extract significantly (p<0.05 to p<0.001) improved survi-
val time as compared to the negative control at all doses, 
according to survival time study. In addition, the crude 
extract at 600 mg/kg dose showed preventive effect in 
weight reduction in infected mice compared to negative 
control. However, as opposed to the negative regulation, 
all doses of crude extract substantially (p<0.05 to p<0.001) 
protect the decrease in rectal temperature (Figure 2). As 
compared to the negative regulation, the crude extract 
doses of 400 and 600 mg/kg significantly protected the 
decrease in PCV (p< 0.05 and p<0.01). Except between 
200 mg/kg and 600 mg/kg of crude extract, there were no 
significant differences in preventing PCV reduction among 
the test groups (Figure 2).

Effect of Crude Extract in the 
Prophylactic Test
Prophylactic testing found that all doses of crude extract 
had dose-dependent chemoprophylactic activity against 
P. berghei-infected mice (Table-5). When compared to 
the negative control, the crude extract significantly 
reduced parasitemia (p<0.001) at all doses (200mg/kg, 

Table 2 Antimalarial Activity Test of the Hydroalcoholic Crude 
Extract and Solvent Fractions of Zehneria Scabra Roots, Against 
P. Berghei in the Four-Day Suppressive Test

Rx Group % Parasitemia % Suppression Survival Time

CON 41.51±1.73 0.00 7.17±0.11

ZS200 20.61±1.62 50.35a3b3d2e3 9.00±0.47a2b3d2e3

ZS400 16.48±0.49 60.31a3b3e2 10.83±0.36a3b3e2

ZS600 11.18±0.56 73.08a3b3 12.50±0.18a3b3

CQ25 0.00±0.00 100.00a3 28.00±0.00a3

CON 42.29±1.56 0.00 7.17±0.11
CF200 20.38±0.92 51.82a3b3d2e3 8.42±0.30b3e3

CF400 17.61±0.58 58.36 a3b3e3 9.33±0.40a2b3e3

CF600 13.32±0.44 68.50 a3b3 13.00±0.53a3b3

CQ25 0.00±0.00 100.00a3 28.00±0.00a3

CON 44.60±1.99 0.00 6.92±0.30
BF200 22.58±0.61 49.37a3b3d3e3 9.00±0.37a2b3d3e3

BF400 15.64±0.84 64.93a3b3e3 14.42±0.57a3b3

BF600 11.45±0.66 74.33 a3b3 15.83±0.44 a3b3

CQ25 0.00±0.00 100.00a3 28.00±0.00a3

CON 43.74±1.73 0.00 7.25±0.44
WF200 36.56±0.57 16.43a3b3d3e3 7.83±0.25b3e1

WF400 30.44±0.61 30.41a3b3e2 8.42±0.24b3

WF600 27.24±1.09 37.72a3 9.25±0.38a2b3

CQ 25 0.00±0.00 100.00 28.00±0.00a3

Notes: Data are expressed as mean±SEM (n=6); acompared to CON; b,CQ25; 
d400mg/kg; e, 600mg/kg:1p<0.05, 2p<0.01, 3p<0.001; CON, negative control, 
received distilled water 10 mL/kg; ZS = crude extract of Zehneria scabra root, CF 
= chloroform fraction of Zehneria scabra, BF = Butanol fraction of Zehneria scabra, 
WF = water fraction of Zehneria scabra, and CQ = chloroquine; numbers 
(25,200,400,600) refer to dose in mg/kg.
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400mg/kg, and 600mg/kg). When the amount of chemo-
suppression among the extract doses was compared, 
ZS600 had significantly more suppression (p<0.001) than 
ZS200. Furthermore, when compared to all doses of the 
crude extract, thestandard drug  displayed a strong chemo-
suppression (p< 0.001). Moreover, the normal drug 
showed a heavy chemosuppression as compared to all 
doses of the crude extract (p< 0.001). Furthermore, as 
opposed to the negative control, the middle and higher 
doses of the extract significantly (p<0.01 and p<0.001) 
extended survival time, while the lower dose of extract 
had no meaningful difference. The extract, on the other 
hand, was unable to prevent the reduction of all parameters 
(weight, rectal temperature, and PCV) at any dose, with 
the exception of ZS600, which significantly (p<0.5) 
reduced only rectal temperature when compared to the 
negative control. There was no substantial difference 
between the doses in terms of preventing temperature, 
weight, or PCV reductions, according to several compar-
isons (Figure 3).

Discussion
Since malaria is a major public health threat in developing 
countries, it is essential to do extensive researches to be 
directed towards the search for new anti-malarial drugs.32 

Therefore, it is reasonable that such studies should be done 
in screening claimed plants to provide a potential lead for 
novel antimalarial drug development. The use of chloro-
quine in invivo studies is highly recommended, and 
P. berghei is recognized as a well-known parasite for in 
vivo research.19 The four-day suppressive test is standard 
and widely utilized rodent model for screening antimalar-
ial activities.33 Four-day suppressive test using P. berghei 
infected mice provides a pre-clinical indication of poten-
tial bioactivity of the test sample.23 In both rane’s and 
four-day suppressive test, determination of percent inhibi-
tion of parasitemia is the most reliable parameter.27

Methanol is a universal solvent in solvent extraction 
for phytochemical investigation.34 For the purpose of 
extracting components, which are soluble in water such 
as polysaccharides, polypeptides, tannins, mixtures of 

Table 3 Body weight and Rectal Temperature P. Berghei Infected Swiss Albino Mice treated with Hydroalcoholic Crude Extract and 
Solvent Fraction of Zehneria scabra Roots in the 4-day suppressive Test

Rx Group Body Weight Temperature

D0 D4 %Change D0 D4 %Change

CON 29.58±1.32 28.40±1.48 −4.13 35.70±0.37 34.30±0.47 −3.89
ZS200 30.30±1.43 29.27±1.36 −3.35 36.63±0.28 35.29±0.73 −3.60

ZS400 32.60±1.44 31.92±1.48 −2.03 37.27±0.17 37.00±0.18 −0.71

ZS600 30.45±1.37 30.05±1.79 −1.58 35.50±0.27 35.40±0.74 −0.27
CQ25 31.40±1.10 31.06±1.13 −1.14 36.80±0.20 36.79±0.21 −0.01

CON 26.00±1.16 24.60±1.20 −5.46 37.81±0.25 36.70±0.19 −2.89
CF200 26.50±0.32 25.35±0.45 −4.30 37.62±0.13 37.00±0.12 −1.64b1

CF400 27.30±0.39 26.60±0.36 −2.52 37.65±0.21 37.25±0.18 −1.04

CF600 26.45±0.82 26.00±0.86 −1.70 37.70±0.15 37.45±0.20 −0.66
CQ25 28.50±0.51 28.40±0.64 −0.38 37.48±0.34 37.97±0.20 1.31a3

CON 27.00±0.67 26.20±0.73 −2.98 37.40±0.21 35.20±0.28 −5.85
BF200 29.00±0.69 29.05±0.64 0.20a1 37.63±0.27 35.95±0.30 −4.47b2

BF400 27.90±0.70 28.25±0.73 1.25a3 37.85±0.26 36.90±0.40 −2.52a1

BF600 26.89±0.37 27.55±0.36 2.43a3b1 37.73±0.09 37.00±0.20 −1.94a2

CQ25 28.80±0.41 28.70±0.33 −0.32a1 37.77±0.18 37.90±0.17 0.36a3

CON 27.79±0.92 26.65±0.69 −4.00 37.80±0.07 35.33±0.14 −6.52
WF200 28.45±1.08 27.45±0.97 −3.46b3e1 37.20±0.19 35.32±0.33 −5.07b3

WF400 29.75±1.40 29.27±1.54 −1.78b2 37.00±0.27 35.30±0.43 −4.59b2

WF600 28.70±0.54 28.60±0.56 −0.35a2b1 36.93±0.22 35.53±0.26 −3.79a1b1

CQ 25 29.33±0.55 31.03±0.56 2.84a3 37.62±0.34 37.25±0.34 −0.97a3

Notes: Data are expressed as mean±SEM (n=6); acompared to CON; b,cQ25; e600mg/kg:1p<0.05, 2p<0.01, 3p<0.001; CON, negative control, received distilled water 
10 mL/kg; ZS = crude extract of Zehneria scabra roots, CF = chloroform fraction of Zehneria scabra, BF = Butanol fraction of Zehneria scabra, WF = water fraction of Zehneria 
scabra, and CQ = chloroquine; numbers (25,200,400,600) refer to dose in mg/kg.
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solvents are quite common; the most common one being 
alcohol and water. These mixtures of solvents not only 
extract the above mentioned constituents but also most of 
the polar and non-polar components of the plant. 
Therefore, in this work, 80% methanol was chosen to 
serve as solvent mixture. It has been reported that alco-
holic extracts of Z. scabra exhibited antibacterial and 
in vitro antimalarial activities.11 Oral dosing of the extracts 
and fractions was used, to replicate the ethno-medical 
method of administration and the likely route during clin-
ical evaluation.35

The antimalarial ability of hydroalcoholic crude extract 
and solvent fractions of Z. scabra roots against P. berghei 
in Swiss albino mice was investigated in this research. The 
root of Z. scabra was administered at all tested doses of 
crude extract and solvent fractions and resulted in sub-
stantial parasite suppression in the current sample. For 

ZS600, the maximum suppression (73.08%) was reported. 
The results of this analysis agree with those of a study 
performed with crude extract of Aloe sp.36 which found 
73.09% chemosuppression, but are higher than those 
found in crude extracts of Gardenia ternifolia37 and 
A. pirottae,38 which found 59.25 and 46.97% chemosup-
pression, respectively. As a result, it is reasonable to con-
clude that the plant has antiplasmodial properties, and it 
also supports a previous study that found Z. scabra to have 
in vitro antimalarial activity against P. falciparum.11 When 
a compound suppresses parasitemia by 30% or more, it is 
called active,39 which supports the results of this research. 
Furthermore, the crude extract improved the survival time 
of parasite-infected mice in a dose-dependent manner, 
with the greatest effect occurring at the maximum dose 
administered. This is comparable to the activities of Nuxia 
congesta and Melia azedarach in previous studies.40,41

Figure 1 Comparison of packed cell volume of P. Berghei infected Swiss albino mice treated with hydroalcoholic crude extract and solvent fraction of Zehneria scabra roots in 
the 4-day suppressive test. 
Notes: a, compared to CON; b, to CQ25; c, to 200 mg/kg:1p<0.05, 2p<0.01, 3p<0.001; CON, negative control, received distilled water 10 mL/kg; ZS = crude extract of 
Zehneria scabra, and CQ = chloroquine; numbers (25,200,400,600) refer to dosein mg/kg, D0 = day0, D4 = day 4.

Table 4 Antimalarial Activity Test of the Hydroalcoholic Crude Extract of Zehneria Scabra Roots Against P. Berghei in the Curative Test

Rx Group % Parasitemia Survival Time

D3 D4 D5 D6 D7

CON 12.88±0.86 34.07±0.68 39.04±0.48 47.10±0.75 58.46±1.84 7.00±0.26

ZS200 19.68±1.00 35.14±0.67b3d3e3 33.63±0.99b3d3e3 31.64±0.59a3b3d3e3 30.87±0.64a3b3d1e3 8.92±0.24a2b3d2e3

ZS400 13.69±0.55 27.12±0.64a3b3 26.68±0.75a3b3 26.15±0.40a3b3e3 24.61±1.03 a3b3e1 10.50±0.26a3b3
ZS600 14.36±0.64 25.89±0.67a3b3 23.39±0.99a3b3 21.71±0.76a3b3 19.13±1.64 a3b3 11.25±0.48a3b3

CQ25 14.21±0.65 9.09±0.54a3 4.30±0.60a3 1.06±0.33a3 0.00±0.00a3 28.00±0.00a3

Notes: Data are expressed as mean±SEM (n=6); acompared to CON; b,cQ25; d400mg/kg; e600mg/kg:1p<0.05, 3p<0.001; CON, negative control, received distilled water 
10 mL/kg; ZS = crude extract of Zehneria scabra, and CQ = chloroquine; numbers (25,200,400,600) refer to dose in mg/kg. D3 = day 3, D4 = day 4, D5 = day 5, D6 = day 6, 
and D7 = day 7.
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The crude extract was fractionated using three different 
solvents (n-butanol, chloroform, and water), each of which 
had a different polarity index, and the suppressive test on 
early Plasmodium infection was performed. The chemosup-
pressive activity of the chloroform, n-butanol, and water 
fractions of Z.scabra was found to be dose dependent; the 
higher (74.33%) chemosuppressive activity of the n-butanol 
fraction may be the product of a single or synergistic effect 
of secondary metabolites such as flavonoids, alkaloids, and 
tannins found in fraction2 The result of this study is in line 
with other invivo antimalarial studies,41–43 where n-butanol 
fraction of Ajuga integrifolia, Dodonaea angustifolia and 
Asparagus africanus significantly showed chemosuppres-
sion in treated mice compared to negative control. 

However, as opposed to the chloroform and butanol frac-
tions, the water fraction displayed fewer parasitemia sup-
pression, implying that the various types and concentrations 
of secondary metabolites in the fractions.40 The crude 
extract of Z. scabra has significantly increased the survival 
time of the parasite-infected mice in dose-dependent man-
ner and the maximal effect was achieved at the highest dose. 
This is comparable with the activities of the previous 
reports exhibited by Nuxia congesta, melia azedarach and 
Polyalthial ongifolia.40,41,44 On the other hand, the fractions 
also extended survival time in a non-dose dependent man-
ner in treated mice; particularly the higher dose of both 
n-butanol and chloroform fraction and the middle dose of 
butanol fraction but only the higher dose of the water frac-
tion was capable of significantly increasing survival time 
compared to negative control. The more active antimalarial 
secondary metabolites quantitatively and/or qualitatively 
may reside inside semi-polar and non-polar solvents, 
which indicates that relative variance in chemosuppressive 
and prolonging survival time behavior may be due to varia-
tion in phytochemical contents. It has been documented that 
different secondary metabolites found in chloroform and 
n-butanol have been linked to antimalarial activity.41,45 

These negligible variations in parasitemia suppression 
activity may be due to concentration differences of the 
right secondary metabolites responsible for chemosuppres-
sive activity.45

Figure 2 Body weight, rectal temperature and packed cell volume of P. berghei infected Swiss albino mice treated with hydroalcoholic crude extract of Zehneria scabra roots 
in the curative test. 
Notes: a, compared to CON; b, to CQ25; e, 600 mg/kg:1p<0.05, 2p<0.01, 3p<0.001; CON, negative control, received distilled water 10 mL/kg; ZS = crude extract of 
Zehneria scabra, and CQ = chloroquine; numbers (25,200,400,600) refer to dosein mg/kg, D3 = day 3, D7 = day 7.

Table 5 Antimalarial Activity Test of the Hydroalcoholic Crude 
Extract of Zehneria Scabra Roots Against P. Berghei in the 
Prophylactic Test

Rx Group % Parasitemia % Suppression Survival Time

CON 23.04±1.02 0.00 7.50±0.13

ZS200 14.93±0.52 35.21a3b3d3e3 8.42±0.20b3e1

ZS400 10.82±0.49 53.04 a3b3 9.25±0.38a2b3

ZS600 9.59±0.59 58.37 a3b3 9.92±0.27 a3b3

CQ25 0.89±0.15 96.16a3 19.08±0.45a3

Notes: Data are expressed as mean±SEM (n=6); acompared to CON; b,cQ25; 
d400mg/kg; e600mg/kg:1p<0.05, 2p<0.01, 3p<0.001; CON, negative control, 
received distilled water 10 mL/kg; ZS = crude extract of Zehneria scabra, and CQ 
= chloroquine; numbers (25,200,400,600) refer to dose in mg/kg.
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This study has revealed that the crude extract and 
chloroform fraction of Z. scabra did not prevent the drop 
of weight and temperature. The failure could be attributa-
ble to active phytochemical constituent the plant contains 
such as: saponins and tannins that are known to form 
complexion reaction with proteins; saponin-protein or pro-
tein-tannin complexes; these complexes in turn block pro-
tein utilization by inhibiting digestive enzymes; this may 
have reduced nutrient utilization and reduced food intake. 
It could also be associated with the amount of hypothermic 
components present in the crude extracts and chloroform 
fractions of the test plant46,47. Furthermore it could be 
attributed to the inability of the extracts and chloroform 
fractions to completely clear the parasites from the body of 
the mice other than reducing to different levels.29,37 This is 
comparably similar with the findings of other plants such 
as Leonoti socymifolia,47 Calpurnia aurea48 and 
D. angustifolia extracts,40 where these plants were unable 
to prevent the drop of weight and temperature, although 
they showed significant parasitemia suppression. Indeed, it 
has been reported that the animals those infected with 
plasmodium showed a decline in food consumption and 
body weight during the course of the experiment.37 

Among the fractions, all doses of n-butanol significantly 
prevent loss in body weight and rectal temperature, but 
only highest dose of aqueous fractions showed 
a significant increment in body weight and prevention of 
loss in rectal temperature associated with parasitemia in 

parasite-infected animals. This activity might have been 
resulted from the overall improvement in PCV and parasite 
clearance among treated mice.49

In this study it was noted that the crude extract of 
Z. scabra at dose of 400 and 600 mg/kg showed significant 
protection in PCV in four-day suppressive test. Among the 
solvent fractions only butanol fractions at dose of 600 mg/ 
kg significantly prevent reduction in PCV as compared to 
negative control. This finding is in line with other findings 
in which the higher doses better protected PCV as com-
pared to the lower dose.50 This protection effect might 
have been resulted from significant parasite suppression 
and RBC protective effect induced by active constituent(s) 
in the administered doses of the extract since the increase 
in blood parameters corresponded to the decreased para-
sites load.51

The effect of the crude extract on existing parasite 
infection was further evaluated using Rane’s (Curative) 
test. The parasitemia level started to decrease after the 
third dose was administered on the fifth day. Despite the 
lack of cure, all doses of the crude extract showed 
a substantial (p<0.001) dose-dependent chemosupression 
on the 6th and 7th days as compared to the negative 
control. While this may mean that the plant had a fast 
onset of action,50 the overall lower curative than suppres-
sive effect may be due to the plant’s limited period of 
action, which would be insufficient to control the para-
sites’ exponential growth in an existing infection.21 It is 

Figure 3 Body weight, rectal temperature and packed cell volume of P. berghei infected Swiss albino mice treated with hydroalcoholic crude extract of Zehneria scabra roots 
in the prophylactic test. 
Notes: a, compared to CON; b, to CQ25: 1p<0.05, 2p<0.01, 3p<0.001; CON, negative control, received distilled water 10 mL/kg; ZS = crude extract of Zehneria scabra, and 
CQ = chloroquine; numbers (25,200,400,600) refer to dose in mg/kg. D3 = day 3, D7 = day 7.
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desirable that the plants exhibit both suppressive and cura-
tive effects.52 Only the maximum dose resulted in 
a substantial increase in survival time, which is likely 
due to the higher parasitemia reduction at this dose. This 
finding is consistent with other findings, which showed 
a dose-dependent decrease in percent parasitemia from 
the 5th to 7th day compared to the negative control, as 
well as a significantly improved survival time at the max-
imum dose of the crude extract.53

In spite of higher parasite suppression, leaf crude 
extract of Z. scabra prevent against body weight loss and 
reduction in temperature in curative test than in 4-day test. 
This indicates the involvement of other factors for these 
reductions beyond malaria infection. For example, the 
weight loss might be due to catabolic activity on stored 
lipids or anorexogenic effect that may have led to 
decreased food intake due to the presence of appetite- 
suppressant metabolites in the crude extract.21 This evi-
dence is further supported by the effect of Myrica salici-
folia that the entire doses of the crude extract did not 
prevent body weight loss in the 4-day test, even though 
there was a significant suppression of parasitemia.54

The loss of RBCs due to hemolysis of malaria-infected 
RBCs, degradation of uninfected cells in the spleen, ery-
thropoietic suppression, dyserythropoiesis, and oxidative 
stress, which increases membrane fragility, causes a drop 
in PCV. Therefore, plants with antimalarial activity are 
expected to avoid a drop in PCV by preventing hemolysis 
and RBC destruction.27,28 In this study, the crude extract 
of Z. scabra showed significant protection in PCV reduc-
tion at higher doses in curative test. This could be as 
a result of antagonistic effect on oxidative stress and 
inflammation as well as the destructive anti-plasmodial 
effect of the extract against the parasitized red blood cell 
and the parasite in established infection, thereby sustaining 
the availability of new red blood cells produced and 
released from bone marrow. This finding is in agreement 
with other reported findings where the higher doses better 
protected PCV from decreasing in as compared to lower 
doses.50

The ability of the extract to prevent parasitemia pro-
liferation was investigated in this study using 
a prophylactic test model. The results of this test showed 
that the extract has dose-dependent chemoprophylactic 
activity at all doses. The crude extract significantly 
reduced parasitemia at all doses, but the effect was smaller 
than in the four-day suppressive test and Curative test. 
This may be due to the fact that the extract is given prior 

to the onset of infection and thus has been quickly meta-
bolized and/or excreted.55 It can also be due to the invivo 
model used, which lacks the insect vector, and the manner 
of inoculation and the doses used that result in rapid 
infection of the erythrocytes without the parasite going 
through the liver stages.35 Another possibility was that 
the extract might have acted through metabolic activation 
of the immune system and so parasite clearance could not 
be total.22 Similar results, in which plants had better sup-
pressive and curative effects than prophylactic effects, 
were reported in other studies48,56–58. The result here 
was, however, in contrary with other investigations 
where plants had high residual activity than suppressive 
and curative activity.59 In this analysis, the crude extract 
and fractions significantly improved the mean survival 
time in all tested models as compared to the negative 
control, with the exception of the lower doses. This adds 
to the proof that P. berghei is suppressed, resulting in 
a decreased overall pathologic impact of the parasite in 
the study mice.21 In all models, the mean survival time of 
mice treated with the standard drug was substantially 
longer than the entire doses of the crude extract and 
solvent fraction treated groups; this may be due to the 
quick removal process or the extracts’ lower potency.60 

In residual infection, the highest dose of Z. scabra and 
G. ternifolia also showed preventive effect in temperature 
reduction in line with the largest dose effect by methanolic 
extract of Syzygium guineense stem barks.61 The crude 
extract had no significant impact on body weight reduction 
in prophylactic model than the curative model. This could 
be attributed by low parasitemia suppression in repository 
model than in rane’s model and/or other than parasitemia 
suppression other factors may be involved.

Alkaloids, anthraquinone, flavonoids, saponins, ster-
oids, tannins, and terpenoids were included in the root 
extracts of Z. scabras, according to preliminary phyto-
chemical screening. These bioactive constituents are also 
attributed to medicinal plants’ therapeutic effects through 
a variety of mechanisms, including alkaloids disrupting the 
parasite’s ability to detoxify heme into nontoxic malaria 
pigment, anthraquinones intercalation in DNA, phytoster-
oids and flavonoids’ immunomodulatory effects, tannins’ 
free radical scavenging effects, and phenols including fla-
vonoids’ antioxidant effect.62–64The extracts may have 
sparked its action through some of the mechanisms 
described above, or through some other mechanism that 
has yet to be discovered. As a result, the antimalarial 

Infection and Drug Resistance 2021:14                                                                                             https://doi.org/10.2147/IDR.S314262                                                                                                                                                                                                                       

DovePress                                                                                                                       
2593

Dovepress                                                                                                                                                         Nureye et al

https://www.dovepress.com
https://www.dovepress.com


activity found in this plant may have resulted from the 
action of these metabolites individually or in combination.

Conclusion
In general, the current findings show that Z. scabra root 
extract has antimalarial activity in Plasmodium berghei- 
infected mice. In addition, parasitemia, survival time, 
PCV, weight, and temperature all improved in the plant. 
As compared to the chloroform and aqueous fractions, the 
n-butanol fraction was found to be the most involved. This 
suggests that the n-butanol fraction may contain a possible 
lead molecule for the production of a new malaria drug. 
The findings provide statistical evidence for the use of the 
plant in traditional medicine to treat malaria and its com-
plications. It is suggested that further research be done on 
the n-butanol fraction.
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