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Background. Malaria remains a major worldwide public health problem leading to death of millions of people. Spread and emergence of
antimalarial drug resistance are the major challenge in malaria control. Medicinal plants are the key source of new effective antimalarial
agents. Cordia africana (Lam.) is widely used for traditional management of malaria by local people in different parts of Ethiopia. +e
present study aimed to evaluate in vivo antimalarial effects of leaf extracts and solvent fractions ofCordia africana on Plasmodium berghei-
infected mice. Methods. +e leaf extracts were prepared and tested for oral acute toxicity according to the OECD guideline. In vivo
antimalarial effects of various doses ofC. africana extracts and solvent fractions were determined using the four-day suppression test (both
crude and fractions), as well as curative and chemoprophylactic tests (crude extracts). Results. +e acute toxicity test of the plant extract
revealed that the medium lethal dose is higher than 2000mg/kg. +e crude extract of the plant exhibited significant parasitemia
suppression in the four-day suppression (51.19%), curative (57.14%), and prophylactic (46.48%) tests at 600mg/kg.+e n-butanol fraction
exhibited the highest chemosuppression (55.62%) at 400mg/kg, followed by the chloroform fraction (45.04%) at the same dose.
Conclusion. Our findings indicated that both the crude leaf extracts and fractions ofC. africana possess antimalarial effects, supporting the
traditional claim of the plant.

1. Introduction

Malaria is a life threatening infectious disease caused by
unicellular eukaryotic protozoan parasites belonging to the
genus Plasmodium, which is a member of the phylum
Apicomplexa [1, 2]. +e disease remains a major cause of
morbidity and mortality with more than 3.2 billion people
affected worldwide [3]. Besides, it takes the lives of people in
the tropical and subtropical part of the world each year,
especially in the Sub-Saharan Africa, and most of the victims
are children below five years of age and pregnant women [4].
+e main cause of the worsening malaria situation in recent

years has been the spread of drug-resistant parasites. +is
has led to escalating malaria-associated death [5].

Popular knowledge of medicinal plants used by humans is
based on thousands of years of experience. Developing coun-
tries possess a wide range of potentially useful medicinal plants,
which are more extensive indeed than available in many other
parts of the world [6]. Nowadays, the World Health Organi-
zation (WHO) estimates that eight percent of the population of
Asian and African countries uses herbal medicine for various
aspects, primarily for health care [7]. In Ethiopia, about eight
percent of the population is still dependent on traditional
medicine, which predominantly encompasses the use of plants.
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+e analysis of those medicines employed for the management
of malaria represents a potential for investigation of lead
molecules and development of antimalarial drugs [8].

Cordia is a pantropical genus of flowering plants that
belongs to Boraginaceae family. +e plant family comprises
about 100 genera and more than 2000 species [9], from
which Cordia africana (Lam.) is one of the common forest
tree species in the family. It is commonly named as East
African Cordia or large-leafed Cordia or Sudan teak in
English, which is one of the main sources of traditional
medicines serving to treat different diseases of human beings
[9, 10]. Its fruits have a sweet and edible pulp with higher
nutritional value [11, 12], and it was found to be a very good
source of total phenol antioxidants [13].

+e ethnomedicinal use of C. africana in treatment of
various diseases has been validated in several experimental
studies. Ethanol extracts of the plant exhibited in vivo anti-
inflammatory [14] and antioxidant [10, 14, 15] and anti-
nociceptive activities [16]. Another study on the leaf and
stem bark extracts of C. Africana also showed that the plant
possesses anti-inflammatory, antibacterial, and antioxidant
activities [17].

Ethnopharmacological surveys conducted in different
areas of Ethiopia showed the extensive use of C. africana
against malaria [18–20]. In Jimma Zone, dried powder of the
leaf is used to treat malaria and its related symptoms by
traditional healers [21]. +e extracts of C. africana have been
reported to exhibit in vitro antiplasmodial activity against
strains of P. falciparum [22].

Several studies reported that phytochemical analysis of
the extracts of C. africana is a rich source of essential sec-
ondary metabolites [15, 23]. +e present study was un-
dertaken to investigate in vivo antimalarial activity of crude
extracts and solvent fractions of C. africana leaves in
chloroquine-sensitive Plasmodium berghei-infected mice.

2. Methods

2.1. Chemicals, Reagents, and Drugs. +e following chem-
icals, reagents, and drugs were used in the present study: n-
butanol (Fresenius Kabi®, India), absolute methanol (Loba
chemie®, India), chloroform (Carlo Erba®, France), distilledwater (Ethiopian pharmaceutical manufacturing (EPHARM),
Ethiopia), normal saline (Addis Pharmaceutical Factory
(APF), Ethiopia), Geimsa stain (BDH laboratory supplies
Poole Gurr®, England), microscope immersion oil (Neolab
Life Science Co., India), trisodium citrate (BDH Chemicals
Ltd, England), and active chloroquine phosphate (APF,
Ethiopia). All chemicals were of analytical grade and procured
from certified suppliers.

2.2. Collection and Preparation of Plant Material. Fresh
leaves of C. africana were collected from Chalacot, Tabia,
Enderta, andWoreda which is located 17 kilometers South of
Mekelle city and about 800 kilometers away from Addis
Ababa on November 26, 2017. +e plant was identified and
authenticated by a taxonomist, and voucher specimens of the
plant material were deposited at the National Herbarium,

Department of Biology, Addis Ababa University, Ethiopia,
for future reference with the voucher number designated as
DZ001/2017.

+e collected leaves were washed thoroughly with
running tap water and air-dried at room temperature under
shade. +en, the dried leaves of the plant material were
chopped to smaller pieces and were ground into coarse
powder using an electrical grindingmill.+en, the powdered
leaves were kept in a tightly closed container until extraction.

2.3. Preparation of Crude Extract and Solvent Fractions.
A total of 1200 gm of dried leaves was extracted by mac-
eration (400 gm of coarsely powdered leaves was soaked in
2400ml of 80% methanol). After 72 hours, the extract was
first filtered using muslin cloth from the marc and then
further filtered by theWhatman filter paper (no.1).+en, the
filtrates from each extraction were combined together and
then dried on a drying oven at a temperature of 40°C.
Eventually, the dried extract was stored in amber glass in a
refrigerator at 4°C for future use [24, 25].

A portion of the extract of C. africana (60 gm) was
further fractionated with liquid-liquid extraction. Sequential
solvent partitioning of the 80% methanol extract was con-
ducted using a separatory funnel with equal volumes of
chloroform and n-butanol, and the remaining solution was
considered as an aqueous fraction. +e three fractions were
collected, dried, and kept in the same condition as the crude
extract until use [26, 27].

2.4. Acute Toxicity Study. +e acute oral toxicity test was
conducted based on the Organization for Economic Co-
operation and Development (OECD) guideline number 425
[28]. Accordingly, healthy, nulliparous, and nonpregnant
five female Swiss albino mice aged 6–8weeks were used. All
mice were fasted for three hours before and an hour after the
administration of the limited dose of the plant extract. A
single female mouse was given 2000mg/kg of the extract as a
single dose by oral gavage. Since no death was observed in
the first 24 hours, another 4 female mice were given the same
dose. Following administration of the dose, the animals were
closely observed, for any indication of gross physical and
behavioral changes, in the first 4 hours and occasionally in a
day for a total of 14 days.

2.5. Preparations of Experimental Animals and Rodent
Parasites. Healthy adult male Swiss albino mice (weighing
25–35 gm and aged 6–8weeks) were bred in animal house
and maintained at the laboratory of the Department of
Pharmacology and Toxicology, School of Pharmacy, Mekelle
University. All animals were housed in an air-conditioned
room of a 12-hour light/12-dark cycle. +e mice were fed
with standard pellet diet and water ad libitum throughout
the experimental period.

+e mice were acclimatized for a week to the laboratory
environment prior to use. All the experiments were con-
ducted in accordance with the internationally accepted lab-
oratory animal use, care, and guideline [29]. +e experiment
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was approved by the Health Research Ethics Review Com-
mittee (HRERC), College of Health Sciences, Mekelle Uni-
versity, with the protocol number ERC 1214/2018. Animals
were humanely killed under anesthesia after completion of
the follow-up period of each experiment.

+e chloroquine-sensitive strain Plasmodium berghei
(ANKA) was obtained from the Ethiopian Public Health
Institute (EPHI), Addis Ababa University, and was main-
tained by a continuous serial intraperitoneal transfer of
blood from infected to noninfected mice on a weekly basis.

2.6. Grouping and Dosing of Animals. +ree antimalarial
study models (four-day suppression, curative and pro-
phylactic) were employed in the current study. As displayed
in Figures 1 and 2, in each model, five groups of mice were
used. For the solvent-fraction four-day suppression model,
eleven groups of mice were used. +e mice were randomly
divided into five groups (negative control, positive control,
and three test groups) comprising six animals per group. In
all the experimental models, group I mice were administered
with distilled water (dH2O) for crude extracts and 2% di-
methyl sulfoxide (DMSO) for the solvent fractions and
served as a negative control. Group V mice served as a
positive control (treated with active chloroquine phosphate
(CQ), 25mg/kg).+e test groups, groups II–IV, were treated
with 200mg/kg, 400mg/kg, and 600mg/kg for the crude
extracts and 100mg/kg, 200mg/kg, and 400mg/kg doses for
the solvent fractions, respectively. Each dose was dissolved
by dH2O/2% DMSO and administered through oral gavage.

2.7. Inoculation of Parasite. A donor mouse infected by
chloroquine-sensitive P. berghei strain with a rising para-
sitemia 20–30% was used in all the tests. +e mice were
sacrificed and blood was collected in a Petri-dish with an
anticoagulant (0.5% trisodium citrate) by severing the
jugular vein. +e blood was then diluted with normal saline
(0.9%) based on parasitaemia level of the donor mice and the
red blood cell count of normal mice, in such a way that 1mL
blood contains 5×107 infected red blood cells. Each mouse
was then inoculated with 0.2mL of the diluted blood con-
taining about 1× 107 P. berghei-infected erythrocytes via the
intraperitoneal route [24, 30].

2.8. In Vivo Antimalarial Activity Screening

2.8.1. Test on Early Malaria Infection (Four-Day Suppression
Test). +is test has been used to evaluate the schizontocidal
effect of the crude leaf extracts and solvent fractions of
C. africana. Five groups of male Swiss albino mice were
inoculated with the parasite on day 0. +e mice were then
treated according to the grouping and dosing mentioned
above. All the treatments were given through oral route by
using oral gavage. Treatment started 3 hours after infection
on day 0 and then continued daily for four consecutive days
(i.e., from day 0 to day 3). On day 4 of the experiment, blood
was collected from the tail of eachmouse and thin smear was
prepared on two microscope slides to determine parasitemia

level. Body weight of each mouse was measured prior to
parasite infection (day 0) and at the end of treatment (day 4).
Rectal temperature was measured daily starting from day 0
till day 4. Furthermore, the mice were also followed for
30 days in order to record their survival time [31].

2.8.2. Test on Established Malaria Infection (Curative or
Rane’s Test). +e chemotherapeutic activity of the crude
extract ofC. africanawas carried out on established infection
according to the method described by [32]. +irty male mice
were inoculated intraperitoneally with the standard in-
oculum of 1× 107 P. berghei-infected erythrocytes on the
first day (day 0). After 72 hours after infection, the mice were
randomly divided into five groups and treated as described
in the grouping and dosing section. Treatment was con-
tinued once daily for 7 days. +e Giemsa-stained thin blood
film was prepared from the tail of each mouse starting from
day 3 and continued daily throughout the experiment to
monitor parasitaemia level. Body weight was measured three
hours before starting treatment (day 3) and at the end of
treatment (day 7). Rectal temperature was measured daily
starting just before treatment initiation (day 3) up to day 7 to
see the effect of the extracts on body temperature.+ereafter,
the mice were followed for 30 days, and their survival time
was recorded.

2.8.3. Test on Chemoprophylactic Activity (Repository Test).
Prophylactic potential of the crude leaf extract was evaluated
based on residual infection procedure described by [33].
Adult male mice were weighed and randomly assigned into
five groups.Mice were treated daily for four consecutive days
as described under grouping and dosing section. Twenty-
four hours after the last dose of treatment (day 0), the mice
were inoculated intraperitoneally with 0.2milliliters of in-
fected blood containing 1× 107 inocula of P. berghei. After

Crude leaf extracts of C. africana (Lam.)

Test groups
(mg/kg) Control groups

CA 200

CA 400

CA 600

CQ 25mg/kg

dH2O
10ml/kg

Figure 1: Grouping and dosing of crude leaf extracts of C. africana
(Lam.). CQ, chloroquine; CA, cordia africana; dH2O, distilled
water.
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72 hours (day 3), blood smears were made from the tail snip
of each mouse and parasitemia level was determined. Body
weight and rectal temperature were measured before in-
oculating parasite (day 0) and at the end of the experiment
(day 3). Each mouse was then followed for one month to
measure mean survival time.

2.9. Parasitaemia Measurement. Parasitaemia level was
determined for all thin smears of blood films made from the
tail of each mouse in all the three models. Two slides for each
mouse were examined under a light microscope with a little
drop of oil immersion objective of 100x magnification
power, and then the number of parasitized erythrocytes in
random fields of the microscope was counted. Four different
fields were randomly selected on each of the slides and were
used to calculate percent parasitaemia and percent sup-
pression using the following formula, respectively [24, 25]:

% parasitemia �
number of parasitized red blood cells
total number of red blood cell count

× 100,

%suppression �
A –B

A
􏼢 􏼣 × 100,

(1)

where A is the mean percent parasitaemia of the mice taken
as negative controls and B is the mean percent parasitaemia
in treatment groups.

2.10. Monitoring of Mean Survival Time. Mortality was
monitored daily for 30 days (D0–D29), and the number of

days from the time of inoculation of the parasite up to death
was recorded for each mouse in all the models. +e mean
survival time (MST) for each group was calculated as follows
[34]:

MST �
sum of the survival time of mice in a group (days)

total of number of mice in that group
.

(2)

2.11.Determination of BodyWeight andTemperatureChange.
+e percent changes of mean values in body weight and
rectal temperature that occur before and after treatment
were calculated [35].

2.12. Statistical Analysis. +e results of the study were
expressed as the mean± standard error of mean (SEM).
Comparisons were made between the negative control,
positive control, and treatment groups of various doses
using ANOVA followed by Tukey’s post hoc test with SPSS
version 22.0. All data were analyzed at a 95% confidence
interval. A p value less than 0.05 was considered statistically
significant.

2.13. Ethical Approval. Ethical clearance was obtained from
the Health Research Ethics Review Committee (HRERC) of
the College of Health Sciences, Mekelle University, with
protocol number ERC 1214/2018 on January 04, 2018 before
the actual experimental activities commenced.

Solvent fractions of leaf extracts of C. africana (Lam.)

Test groups (mg/kg)

AF BF CF

AF 100 BF 100 CF 100

AF 200 BF 200 CF 200

AF 400 BF 400 CF 400

Control groups

CQ 25mg/kg

2% DMSO
10ml/kg

Figure 2: Grouping and dosing of the solvent fractions of the leaf extracts of C. africana (Lam.). AF, aqueous fraction; BF, n-butanol
fraction; CF, chloroform fraction; CQ, chloroquine; DMSO, dimethyl sulfoxide.
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3. Results

3.1. Extraction Yields of Plant Material. +e percent yield of
the 80% methanol crude extract of the pulverized leaf
(1200 gm) of C. africana was found to be 12.06% (w/w) with
an actual yield of 144.72 gm. +e extract was dark green
colour and hygroscopic solid matter at room temperature.
+e fine powder was formed after drying in an oven, and then
homogenization was done using mortar and pestle. Besides,
the yield of each solvent fraction was also determined for the
60 gm of the crude extract. Accordingly, the highest percent
yield of the solvent fraction was obtained from the chloroform
fraction (40.75%) of the leaf extract of Cordia africana, fol-
lowed by that of the aqueous fraction (37.2%), and the
remaining (10.58%) was the n-butanol fraction.

3.2. Acute Oral Toxicity Test. In the acute toxicity study, the
80%methanol leaf extract of C. africanawas found to be safe
at the tested dose level of 2000mg/kg as there was no death
occurred within the first 24 hour as well as during the two
weeks of follow-up period. Gross physical and behavioral
observations of the experimental mice also revealed no
visible signs of overt toxicity such as diarrhea, convulsions,
lacrimation, hair erection, salivation, weight loss, lethargy,
and paralysis.

3.3. Effect of Crude Extract of the Plant on the 4-Day Sup-
pression Test. Results of the four-day suppression test
showed that the leaf extract of C. africana had a significant
antimalarial activity in P. berghei-infected mice. Analysis of
the test results exhibited that percent suppression was 18.41,
44.16, and 51.19% at 200, 400, and 600mg/kg dose levels of
the extract, respectively. +e highest suppression of the
parasite was observed at 600mg/kg dose of the extract. In
addition, all dose levels of the crude extract indicated that
there is a significant difference (p< 0.001) in chemo-
suppression effect as compared to doses of the extract as well
as with the negative control (Table 1).

Besides, all the three doses of the extract showed sta-
tistically significant (p< 0.001) reduction of parasitemia
compared to the negative control. However, the effect ob-
served was much lesser than that of the positive control
group. +e standard drug, active chloroquine, cleared the
parasite to undetectable level on day 4. +e doses of the
extract showed a significant difference (p< 0.001) in para-
sitemia reduction when compared to each other (Table 1).

With regard to mean survival time, the middle (400mg/
kg) and higher (600mg/kg) dose of the plant extract were
capable of significantly (p< 0.001) prolonging survival time
of infected mice when compared to the negative control.
While compared among the extract-treated groups, the
higher dose (p< 0.001) showed a significant increase in
survival time relative to the lower dose (200mg/kg). +e
chloroquine-treated group showed a longer (p< 0.001)
mean survival time when compared to vehicle- and extract-
treated groups (Table 1).

+e effect of the extract on body weight of P. berghei-
infected mice is presented in Table 2. Analysis of percent

change in body weight before and after the treatment
revealed that the crude extract significantly reduced body
weight loss at 400mg/kg and 600mg/kg (p< 0.001) as
compared to the negative control group. In addition,
comparison among the extract-treated groups indicated that
mice treated with the intermediate and higher doses of the
extract showed significant (p< 0.001) reduction in body
weight relative to the lower dose on early malaria infection
(Table 2).

As depicted in Figure 3, all dose levels of the crude
extract and chloroquine did not protect the reduction in
body temperature following their respective treatment. +e
higher dose of the extract was the only dose-displaying
statistically comparable effect (p< 0.001) in averting body
temperature reduction as compared to the positive group
and it also showed significant (p< 0.01) effect as compared
to the lower dose group. However, the extract had not
significantly prevented the reduction in body temperature in
the lower (200mg/kg) and medium (400mg/kg) doses of the
extract as compared to the negative control.

3.4. Effect of the Plant Crude Extract on Curative Test.
+e findings of the curative test regarding to percent parasite
suppression were 32.56, 45.86, and 57.14% at dose levels of
200, 400, and 600mg/kg, respectively (Table 3). Analysis of
the percent suppression showed that the extract-treated
groups had a significant suppression effect (p< 0.001) when
compared to the negative control group. However, the
positive control group was more effective (p< 0.001) than all
the test doses of the extract. In addition, comparison be-
tween the three doses of the extract revealed a significant
(p< 0.001) difference in percent parasite suppression.

+e plant extract demonstrated antimalarial activity at
all test doses, and the level of parasitaemia decreased with
dose. Despite there was a progressive increment of mean
parasitemia level during the course of treatment in all doses
of the extract and the negative control group, the parasitemia
level of the negative control group was relatively greater than
that of the extract-treated group. On the contrary, after
second dose administration, there was a gradual decrement
of mean parasitemia level across days of treatment in the
positive control group. On day 6, chloroquine completely
eradicated the parasite to untraceable level (Table 3).

In addition, analysis of mean parasitemia level on day 7
indicated that the higher dose (600mg/kg) of the extract-
treated group showed significant (p< 0.001) difference as
compared to the lower dose (200mg/kg) of the extract-
treated group, whereas the medium dose (400mg/kg) of the
crude extract had not shown statistically significant differ-
ence in parasitemia level as shown in Table 3.

+e result of mean survival time indicated that the
medium (400mg/kg) and higher (600mg/kg) doses of the
extract prolonged their survival time of the respective
groups significantly (p< 0.001) as compared to the negative
control group. In addition, statistically significant
(p< 0.001) prolonged survival time was also observed for
the higher dose relative to the lower dose of the plant
extract. Besides, the chloroquine-treated group exhibited a

Evidence-Based Complementary and Alternative Medicine 5



highly significant (p< 0.001) prolongation of survival time
compared to all doses of the extract and vehicle-treated
groups (Table 3).

With regard to body weight parameter, a reduction in
body weight was exhibited at all the three dose levels of the
plant crude extract as indicated in Table 4. Analysis of
percent change in body weight, between pretreatment and
posttreatment days, showed that all doses of the extract had a
significant (p< 0.001) prevention of the reduction in body
weight when compared to the negative control group. +e
higher (600mg/kg) dose of the extract was the only dose that
showed comparable effect in attenuating the reduction in
body weight compared to the positive control, and it also
revealed significant (p< 0.05) effect as compared to the
lower (200mg/kg) dose-treated group.

As it is shown in Figure 4, none of the doses of the extract
of C. africana significantly protected the reduction in body
temperature as compared to the positive control. Analysis of
percent change in body temperature, between days 3 and 7,
indicated that the higher (p< 0.001) and middle (p< 0.01)
doses of the extract caused a significant attenuation of de-
cline in body temperature relative to the negative control
group. Among the doses of the extract, only the higher dose
of the extract revealed a significant (p< 0.05) prevention of
decline in body temperature relative to the lower dose.

3.5. Effect of the Plant Crude Extract on Chemoprophylactic
Test. +e chemoprophylactic test result revealed that the
crude leaf extract of C. africana had a considerable anti-
malarial activity in P. berghei-infected Swiss albino mice
(Table 5). All evaluated dose levels showed statistically
significant (p< 0.001) difference in percent parasite sup-
pression as compared to the negative control group after
prophylactic test. +e parasite load suppression of the ex-
tract was found to be 23.22%, 41.02%, and 46.48% in mice
pretreated with 200mg/kg, 400mg/kg, and 600mg/kg, re-
spectively. +e highest percent suppression (98.03%
(p< 0.001)) of parasitemia was noted by the standard drug
relative to all the three extract doses despite complete
eradication of the parasite was not achieved.

In addition, analysis of mean parasitemia level on day 3
showed that all dose levels of the extract had significant
(p< 0.001) difference from that of the negative control.
Among doses of the extract, both the higher (600mg/kg) and
middle (400mg/kg) doses had significant (p< 0.001) dif-
ference in parasitemia level when compared to the lower
dose of the extract (Table 5).

Furthermore, those mice pretreated with the higher and
middle doses of the extract showed statistically significant
(p< 0.001) difference in prolonging the survival time from

Table 1: Effect of crude extracts on parasitemia level, suppression, and mean survival time in the four-day suppression test.

Group Doses (mg/kg) % parasitaemia (mean± SEM) % suppression Mean survival time (days)
dH2O 10ml/kg 45.97± 0.56 0.00 6.33± 0.33
CQ 25 0± 0.00a3 100a3 30.00± 0.00a3
CA 200 37.51± 0.39a3,b3,d3,e3 18.41a3,b3,d3,e3 7.17± 0.31b3,e3
CA 400 25.67± 0.48a3,b3,c3 44.16a3,b3,c3,e3 8.50± 0.22a3,b3
CA 600 22.44± 1.16a3,b3,c3 51.19a3,b3,c3,d3 9.67± 0.42a3,b3,c3

Data are expressed as mean± SEM; n� 6; a, compared to 10ml/kg dH2O (negative control); b, compared to CQ 25mg/kg; c, compared to 200mg/kg of the
extract; d, compared to 400mg/kg of the extract; e, compared to 600mg/kg of the extract; 1p< 0.05; 2p< 0.01; 3p< 0.001; CQ, chloroquine; CA, 80%methanol
crude leaf extract of Cordia africana; dH2O, distilled water. Numbers refer to dose in mg/kg/day.

Table 2: Effect of crude extracts on body weight in the four-day
suppression test.

Group Doses (mg/kg)
Body weight (gram)

% change
D0 D4

dH2O 10ml/kg 34.17± 0.85 32.45± 1.00 − 5.03
CQ 25 33.96± 1.13 34.34± 1.14 1.12a3

CA 200 34.17± 0.69 32.50± 0.73 − 4.89b3,d3,e3

CA 400 33.55± 0.59 32.78± 0.55 − 2.31a3,b3,c3

CA 600 34.08± 0.52 33.60± 0.51 − 1.39a3,b2,c3

Data are expressed as mean± SEM; n� 6; a, compared to 10ml/kg dH2O
(negative control); b, compared to CQ 25mg/kg (positive control); c,
compared to 200mg/kg of the extract; d, compared to 400mg/kg of the
extract; e, compared to 600mg/kg of the extract; 1p< 0.05; 2p< 0.01;
3p< 0.001; CQ, chloroquine; CA, 80% methanolic crude leaf extract of
Cordia africana; D0, pretreatment value on day 0; D4, posttreatment value
on day 4; dH2O, distilled water. Numbers refer to dose in mg/kg/day.

33.00
33.50
34.00
34.50
35.00
35.50
36.00
36.50
37.00
37.50
38.00
38.50
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a∗∗∗

dH2O 10ml/kg
CA 200mg/kg
CA 400mg/kg

CA 600mg/kg
CQ 25mg/kg

a∗∗∗c∗∗∗

b∗∗∗

b∗∗∗e∗∗∗

Figure 3: Effect of the 80% methanol crude leaf extract of C. af-
ricana on rectal temperature of P. berghei-infected mice on four-
day suppression test. Data are expressed as mean± SEM; n� 6; a,
compared to 10ml/kg dH2O; b, compared to CQ 25mg/kg
(positive control); c, compared to 200mg/kg of the extract; d,
compared to 400mg/kg of the extract; e, compared to 600mg/kg of
the extract; ∗p< 0.05, ∗∗p< 0.01, ∗∗∗p< 0.001; CQ, chloroquine;
CA, 80% methanol crude leaf extract of Cordia africana; dH2O,
distilled water.
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that of the negative control. At the three dose levels eval-
uated, those mice pretreated with the higher (600mg/kg,
p< 0.001) and middle (400mg/kg, p< 0.05) doses of the
extract showed a significant prolongation of survival time
when compared to the lower (200mg/kg) dose of the extract
(Table 5).

As indicated in Table 6, all the test extract-treated groups
as well as both the vehicle- and chloroquine-treated groups
showed decline in body temperature following their re-
spective treatment. Analysis of percent body temperature
change, between day 0 and 3, indicated that both the
standard drug and the higher dose (600mg/kg) of the extract
significantly (p< 0.001) prevented rectal temperature re-
duction compared to the negative control group.

With respect to body weight, themiddle (400mg/kg) and
higher (600mg/kg) doses of the crude extract averted body
weight loss significantly (p< 0.001) in comparison with the
negative control group. In addition, the chloroquine treated
group had a significant effect as compared to the lower dose
(p< 0.001) extract and vehicle (p< 0.001) treated groups.
Like in the four-day suppression test, statistical significant
difference was not found among doses of the extract. Only
the higher dose of the extract had a comparable effect of the
chloroquine on attenuating body weight reduction with no
statistical significant difference (Table 6).

3.6. Effect of Solvent Fractions on the 4-Day Suppression Test.
All doses of chloroform, n-butanol, and aqueous fractions
significantly suppressed the parasitemia level (p< 0.001)
compared to the negative control group after evaluated in
the four-day suppression test.+e parasite suppression effect
of the fractions was increased in a dose-dependent manner
as shown in Table 7. +e higher percent chemosuppression
observed with the n-butanol fraction (55.62%), followed by
the chloroform fraction (45.04%) and aqueous fraction
(28.56%). However, the effect was still significantly lower
(p< 0.001) relative to the chloroquine.+emice treated with
chloroquine were completely free from the parasite on day 4.

Table 3: % of parasitemia, suppression, and survival time of crude extracts in Rane’s test.

Group Doses
(mg/kg) D3 D4 D5 D6 D7 %

suppression
Mean survival time

(day)
dH2O 10ml/kg 10.39± 0.95 23.06± 2.58 27.93± 2.59 35.13± 0.46 44.37± 1.75 0.00 6.67± 0.21
CQ 25 11.67± 0.65 7.09± 0.49 1.82± 0.29 0.00± 0.00 0.00± 0.00a3 100.00 30.00± 0.00a3
CA 200 9.42± 0.63 20.93± 1.62 22.58± 1.31 24.69± 0.78 29.93± 1.38a3,b3,e3 32.56 8.33± 0.33b3,e3
CA 400 12.08± 0.57 21.34± 0.88 20.42± 0.90 21.73± 0.50 24.02± 1.99a3,b3 45.86 9.83± 0.40a3,b3
CA 600 13.78± 0.78 18.29± 1.06 19.24± 1.94 18.72± 1.11 19.02± 0.48a3,b3,c3 57.14 10.50± 0.43a3,b3,c3

Data are expressed as mean± SEM; n� 6; a, compared to 10ml/kg dH2O (negative control); b, compared to CQ 25mg/kg (positive control); c, compared to
200mg/kg of the extract; d, compared to 400mg/kg of the extract; e, compared to 600mg/kg of the extract; 1p< 0.05; 2p< 0.01; 3p< 0.001; CQ, chloroquine;
CA, 80% methanol crude leaf extract of Cordia africana; dH2O, distilled water. Numbers refer to dose in mg/kg/day.

Table 4: Body weight of mice treated with crude extracts in Rane’s test.

Group Doses (mg/kg)
Body weight (gram)

% change
D3 D7

dH2O 10ml/kg 28.28± 1.16 25.51± 0.93 − 9.77
CQ 25 28.18± 0.77 28.54± 0.76 1.25a3

CA 200 33.13± 0.88 31.36± 0.93 − 5.37a3,b3,e1

CA 400 33.16± 0.45 32.54± 0.43 − 1.86a3,b2

CA 600 31.28± 1.21 30.94± 1.27 − 1.09a3,c1

Data are expressed as mean± SEM; n� 6; a, compared to 10ml/kg dH2O (negative control); b, compared to CQ 25mg/kg (positive control); c, compared to
200mg/kg of the extract; d, compared to 400mg/kg of the extract; e, compared to 600mg/kg of the extract; 1p< 0.05; 2p< 0.01; 3p< 0.001; D3, pretreatment
value on day 3 after infection; D7, posttreatment value on day 7; CQ, chloroquine; CA, 80% methanol crude leaf extract of Cordia africana; dH2O, distilled
water. Numbers refer to dose in mg/kg/day.
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Figure 4: Effect of the 80% methanol crude leaf extract of C. af-
ricana on rectal temperature of P. berghei-infected mice in Rane’s
test. Data are expressed as mean± SEM; n� 6; a, compared to
10ml/kg dH2O; b, compared to CQ 25mg/kg (positive control); c,
compared to 200mg/kg of the extract; d, compared to 400mg/kg of
the extract; e, compared to 600mg/kg of the extract; ∗p< 0.05;
∗∗p< 0.01; ∗∗∗p< 0.001; CQ, chloroquine; CA, 80% methanol
crude leaf extract of Cordia africana; dH2O� distilled water.
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+e mean survival time of the n-butanol fraction
revealed significant effect (p< 0.001) when compared to the
negative control group, but the effect was higher (p< 0.001)
at 400mg/kg dose of the fraction. However, only the middle
(200mg/kg) and lower (100mg/kg) doses of the n-butanol
fraction showed statistically significant (p< 0.001) difference
in prolonging survival time of the treated mice as compared
to the negative control group. In addition, the higher
(400mg/kg, p< 0.01) and middle (200mg/kg, p< 0.05)
doses of the aqueous fraction showed a significant effect
compared to those of the vehicle-treated group. Unlike the
standard drug-treated group, none of the mice treated with
the fractions were cured from the infection (Table 7).

With regard to body weight parameter, none of the doses
of the fractions of Cordia africana significantly prevented
body weight reduction of the parasite-infected mice as
compared to the chloroquine-treated group. +e body

weight loss increased with increasing the doses of the
fractions in early malaria infection model as indicated in
Table 8. Analysis of percent body weight change revealed
that all dose levels of the n-butanol fraction had a significant
(p< 0.001) attenuation of reduction in body weight com-
pared to that of the vehicle-treated group. Both the middle
(200mg/kg) and higher (400mg/kg) test doses of the
chloroform fraction displayed significant effect in com-
parison (p< 0.001) with the negative control group, whilst
no apparent difference was observed between the test doses
of the aqueous fraction and the vehicle-treated mice.
However, chloroquine had improved body weight signifi-
cantly (p< 0.001) when compared to all doses of the three
fractions (Table 8).

All the three fractions did not significantly protect the
drop in body temperature as compared to the positive
control group as depicted in Figures 5–7. Analysis of percent

Table 6: Effect of crude extracts on rectal temperature and body weight of mice before and after inoculation in prophylactic test.

Group Doses (mg/kg)
Weight (gram)

% change
Temperature (°C)

% change
D0 D3 D0 D3

dH2O 10ml/kg 31.98± 1.09 29.37± 0.94 − 8.16 36.62± 0.10 33.82± 0.34 − 7.65
CQ 25 32.04± 1.14 31.75± 1.10 − 0.60a3 37.12± 0.20 36.70± 0.07 − 1.12a3

CA 200 31.57± 0.96 30.07± 0.96 − 4.77b2 36.89± 0.13 35.25± 0.28 − 4.45
CA 400 29.73± 0.99 28.87± 0.97 − 3.43a3 37.23± 0.15 35.77± 0.16 − 3.93
CA 600 30.79± 0.97 30.22± 1.00 − 1.84a3 37.60± 0.18 36.85± 0.15 − 1.99a3

Data are expressed as mean± SEM; n� 6; a, compared to 10ml/kg dH2O (negative control); b, compared to CQ 25mg/kg (positive control); c, compared to
200mg/kg of the extract; d, compared to 400mg/kg of the extract; e, compared to 600mg/kg of the extract; 1p< 0.05; 2p< 0.01; 3p< 0.001; CQ, chloroquine;
CA, 80%methanol crude leaf extract of Cordia africana; D0, pretreatment value on day 0; D3, posttreatment value on day 3. Numbers refer to dose in mg/kg/.

Table 7: % of parasitemia, suppression, and survival time solvent fractions in four-day suppression test.

Group Doses (mg/kg) % parasitaemia (mean± SEM) % suppression Mean survival time (days)
2% DMSO 10ml/kg 52.69± 2.13 0.00 6.50± 0.22
CQ 25 0.00± 0.00a3 100 30.00± 0.00a3
AF 100 44.08± 1.72a1,b3 16.34 7.33± 0.33b3
AF 200 40.82± 0.80a3,b3 22.53 8.00± 0.26a1,b3
AF 400 37.64± 1.28a3,b3 28.56 8.17± 0.31a2,b3
BF 100 36.51± 2.04a3,b3,d1,e3 30.71 7.67± 0.21b3,e3
BF 200 27.28± 1.20a3,b3,c1 48.22 9.00± 0.37a3,b3
BF 400 23.39± 1.48a3,b3,c3 55.62 10.33± 0.42a3,b3,c3
CF 100 43.49± 0.85b3,d2,e3 17.45 7.50± 0.22b3,e3
CF 200 31.70± 1.95a3,b3,c2 39.84 8.33± 0.21a3,b3
CF 400 28.96± 2.49a3,b3,c3 45.04 9.67± 0.42a3,b3,c3

Data are expressed as mean± SEM; n� 6; a, compared to 10ml/kg 2%DMSO (negative control); b, compared to CQ 25mg/kg (positive control); c, compared
to 100mg/kg of the fraction; d, compared to 200mg/kg of the fraction; e, compared to 400mg/kg of the fraction; 1p< 0.05; 2p< 0.01; 3p< 0.001; AF, aqueous
fraction; BF, n-butanol fraction; CF, chloroform fraction; CQ, chloroquine; DMSO, dimethyl sulfoxide.

Table 5: Effect of crude extracts on % parasitemia level, suppression, and survival time in prophylactic test.

Group Doses (mg/kg) % parasitaemia (M± SEM) % suppression Mean survival time (days)
dH2O 10ml/kg 43.87± 0.90 0.00 6.50± 0.22
CQ 25 0.86± 0.43a3 98.03 30± 0.00a3
CA 200 33.68± 0.71a3,b3,d3,e3 23.22 7.33± 0.33b3,d1,e3
CA 400 25.87± 0.40a3,b3,c3 41.02 8.83± 0.31a3,b3,c1
CA 600 23.48± 0.62a3,b3,c3 46.48 9.17± 0.31a3,b3,c3

Data are expressed as mean± SEM; n� 6; a, compared to 10ml/kg dH2O (negative control); b, compared to CQ 25mg/kg (positive control); c, compared to
200mg/kg of the extract; d, compared to 400mg/kg of the extract; e, compared to 600mg/kg of the extract; 1p< 0.05; 2p< 0.01; 3p< 0.001; CQ, chloroquine;
CA, 80% methanol crude leaf extract of Cordia africana. Numbers refer to dose in mg/kg/day.
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body temperature change indicated all dose levels of the n-
butanol fraction had statistical significant (p< 0.001) dif-
ference in prevention of decrement in body temperature
compared to the vehicle-treated group. However, both the
chloroform and aqueous fractions were not able to prevent
the reduction in body temperature as compared to the
negative control group.While the positive control group had

a significant (p< 0.001) difference in maintaining the nor-
mal body temperature as compared to the negative control as
well as to all the test doses of the three fractions.
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Figure 5: +e effect of aqueous fraction of C. africana leaf extract
on rectal temperature of P. berghei-infected mice on four-day
suppression test. Data are expressed as mean± SEM; n� 6; a,
compared to 10ml/kg 2% DMSO; b, compared to CQ 25mg/kg
(positive control); c, compared to 100mg/kg of the fraction; d,
compared to 200mg/kg of the fraction; e, compared to 400mg/kg
of the fraction; ∗p< 0.05; ∗∗p< 0.01; ∗∗∗p< 0.001; AF, aqueous
fraction; CQ, chloroquine; 2% DMSO, 2% dimethyl sulfoxide.
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Figure 6: +e effect of chloroform fraction of C. africana leaf
extract on rectal temperature of P. berghei-infected mice on four-
day suppression test. Data are expressed as mean± SEM; n� 6; a,
compared to 10ml/kg 2% DMSO; b, compared to CQ 25mg/kg
(positive control); c, compared to 100mg/kg of the fraction; d,
compared to 200mg/kg of the fraction; e, compared to 400mg/kg
of the fraction; ∗p< 0.05; ∗∗p< 0.01; ∗∗∗p< 0.001; CF, chloroform
fraction; CQ, chloroquine; DMSO, dimethyl sulfoxide.

Table 8: Body weight of P. berghei-infected mice treated with
solvent fractions in four-day suppression test.

Group Doses (mg/kg)
Body weight (gram)

% change
D0 D4

2% DMSO 10ml/kg 32.62± 1.46 29.25± 1.30 − 10.32
CQ 25 26.73± 1.62 27.27± 1.53 2.02a3

AF 100 32.33± 1.02 29.21± 1.10 − 9.67b3

AF 200 32.84± 2.09 30.70± 1.97 − 6.53b3

AF 400 33.32± 1.45 31.62± 1.71 − 5.10b2

BF 100 30.68± 0.89 29.88± 0.86 − 2.62a3,b1

BF 200 26.73± 1.62 26.61± 1.67 − 0.42a3

BF 400 34.20± 0.83 34.47± 0.76 0.79a3

CF 100 28.82± 0.97 26.68± 0.87 − 7.43b3,e1

CF 200 30.04± 1.05 29.02± 1.02 − 3.38a3,b1

CF 400 32.20± 1.00 31.50± 1.05 − 2.16a3,c1

Data are expressed as mean± SEM; n� 6; a, compared to 10ml/kg 2%
DMSO (negative control); b, compared to CQ 25mg/kg (positive control);
c, compared to 100mg/kg of the fraction; d, compared to 200mg/kg of the
fraction; e, compared to 400mg/kg of the fraction; 1p< 0.05; 2p< 0.01;
3p< 0.001; AF, aqueous fraction; BF, n-butanol fraction; CF, chloroform
fraction; CQ, chloroquine; D0, pretreatment value on day 0; D4, post-
treatment value on day 4; DMSO, dimethyl sulfoxide.
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Figure 7: +e effect of n-butanol fraction of C. africana leaf extract
on rectal temperature of P. berghei-infected mice on four-day
suppression test. Data are expressed as mean± SEM; n� 6; a,
compared to 10ml/kg 2% DMSO; b, compared to CQ 25mg/kg
(positive control); c, compared to 100mg/kg of the fraction; d,
compared to 200mg/kg of the fraction; e, compared to 400mg/kg
of the fraction; ∗p< 0.05; ∗∗p< 0.01; ∗∗∗p< 0.001; BF, n-butanol
fraction; DMSO, dimethyl sulfoxide.
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4. Discussion

Medicinal plants, which are practically unlimited sources of
novel pharmacologically active compounds, have incredible
role with many therapeutic applications. As a result, about
half of all drugs in clinical use today are plant based [36].

+e acute toxicity result of the present study indicated
that the lethal dose of the plant extract could be higher than
2000mg/kg in mice as per the OECD guideline number 425
[28]. +is suggests that acute oral administration of the
extract is safe. +e result was also in consistent with the
previous toxicity study [23] done on the root bark of the
plant.

In all the three malaria models, determination of percent
suppression of parasitemia is the most reliable parameter
[24]. An antimalarial test compound is considered as an
active compound (possesses antimalarial activity) when it
shows a parasitaemia suppression of greater than or equal to
30% in standard screening studies [37].

+e four-day suppression test is a standard test com-
monly used for in vivo antimalarial activity screening [38]. It
is the most widely used test, in which the efficacy of a
compound is assessed by comparison of parasitemia load
and mean survival time between untreated and treated mice
[39]. Besides, the test using P. berghei-infected mice provides
a better prediction of antimalarial efficacy of drugs for
human use in many studies of antimalarial drugs [31].

With the four-day suppression test, the crude extract
significantly inhibited the level of parasitemia at 400mg/kg
and 600mg/kg dose levels as compared to the negative
control group. +is finding confirms that the potential
schizontocidal activity of the plant extract in early malaria
infection. +e parasite suppression exhibited by the extract
was comparable with studies done on the 80%methanol seed
extarct of Brassica nigra (L.) Koch. (Brassicaceae) [40] and
the root extract of Indigofera spicata [41]. Similar study on C.
trichotoma, belongs to the same species of C. africana, re-
ported that the extract had significant parasitaemia sup-
pression [42]. Many species of the genus Cordia such as
Ehretia acuminata R.Br, Cynoglossum zeylanicum +unb.
Ex. Lehm, and Cordia myxa also reported to have anti-
malarial activity in different in vitro studies [43, 44].

Previous phytochemical investigations revealed that the
study plant possesses compounds such as flavonoids, sa-
ponins, phenols, terpenoids, sterols, cumarins, tannins, and
triterpenes that might be responsible for its antimalarial
activity [10, 45]. Moreover, gas chromatography mass
spectrometery (GC-MS) analysis of ethyl acetate fractions of
the leaves of C. africana showed the presence of different
compounds like methyl ester; 2-hydroxy-4-methyl-
benzaldhyde; neophytadiene; pentadecanoic acid; 1,2-ben-
zene dicarboxilic acid; ester; and octadecanoic acid [46].
+ose compounds may also contribute for the antimalarial
effects of the study plant.

Saponins, flavonoids, cumarins, tannins, and phenols of
the study plant have been shown to be bioactive and possess
desirable pharmacologic activities such as antioxidant,
antinociceptive, and anti-inflammatory activities [14–16,
47]. Antioxidant properties of the plant extract were

analyzed by measuring its total flavonoids and total phenols
[10, 17, 48], which may also contribute to the antimalarial
activity. Antioxidant activity can inhibit heme polymeri-
zation, as heme has to be oxidized before polymerization and
then unpolymerised heme is very toxic for the parasite [49].

According to the findings by Isan et al., C. africana leaf
and stem bark possess radical-scavenging effect due to the
15-lipoxygenase inhibitory activity (inflammation mediator)
and some nonbiological free radicals such as 1,1-diphenyl-2-
picrylhydrazyl radicals and the ferric ion-reducing antiox-
idant power [17, 47]. +e antimalarial activity of C. africana
may be due to inhibition of the release of the inflammatory
mediators associated with malaria such as cytokines [50, 51].
Furthermore, C. africana traditionally used for its “michi”
[52] and fever reduction ability [9]. +ose observations
further strengthen the notion that the study plant has an-
timalarial activity.

In the curative test, the C. africana extract demonstrated
significant reduction in parasitemia level at all test doses as
compared to the vehicle-treatment group. +e extract had
shown a significant percentage of suppression with maxi-
mum of 57.14% at the dose of 600mg/kg, indicating the
curative potential of the extract. Even though the extract
failed to completely eradicate the parasite, it caused a
progressive reduction in parasitaemia level starting from the
third dose (day 5) as compared to the negative control. +e
results are in agreement with the previous study done on the
80% methanol extract of leaves of Balanites rotundifolia
(Van Tiegh.) Blatter (Balanitaceae) [53].

Prophylactic test of the extract had shown antimalarial
activity with a relatively lower percentage of parasitemia
suppression when compared to the four-day suppression
and curative tests. Even though the middle (400mg/kg) and
higher (600mg/kg) doses of the extract demonstrated sig-
nificant (p< 0.001) chemosuppression effect on the level of
parasitemia compared to the negative control, the positive
control group caused (98.03%) parasite suppression when
compared to the negative control. +e parasite chemo-
suppression effect of the extract demonstrated in the present
malaria prophylactic study was in line with previous studies
on the 80% methanol leaf extract of Calpurnia aurea
(Fabaceae) [35], Justicia schimperiana Hochst. Ex Nees
(Acanthaceae) [30], and Syzygium guineense (Myrtaceae)
[54].

Chloroquine completely eradicated the parasite in both
the four-day suppression and Rane’s tests, which is similar to
the effect of the standard drug obtained in other studies
using Croton macrostachyus Hochst. (Euphorbiaceae) [24]
and Ajuga remota (Lamiaceae) [55]. Despite the chemo-
suppression exhibited by the standard drug in this test was
relatively lowest when compared to its activities in early and
established infection. +is low chemosuppression activity of
the standard drug could probably be resulted from rapid
metabolisms that inactivate the active component of the
drug or this could be attributed to the short half-life of
chloroquine in rodents compared to human [56].

+e fractions further showed that varying degrees of
antimalarial activity after the four-day suppression test. +e
n-butanol fraction was found to be the most active fraction
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among the fractions. +e chloroform fraction was found to
have the second highest antimalarial activities from the
fractions. However, the aqueous fraction showed the lowest
percentage of suppression in the test. +is indicates the
difference in the type and concentration of the bioactive
secondary metabolites in the fractions, suggesting the pos-
sible localization of active ingredients in the n-butanol and
chloroform fractions. +is effect might have also been as-
sociated with the existence of saponins, phenols, flavonoids,
and terpenoids in the two fractions [26].

Furthermore, high levels of percent chemosuppression
were produced at high doses of the chloroform and n-bu-
tanol fractions. +is indicates the presence of concentrated
secondary metabolites in higher doses of the two fractions.
In contrary, the aqueous fraction produced the lowest in-
hibition of parasitemia level in the four-day suppression test.
+is could probably emanate from the absence of most of the
secondary metabolites from this fraction that appeared to be
responsible for the observed antimalarial activity.+e results
are similar to the former studies in which the butanol
fraction had high activity than the chloroform and aqueous
fractions [27, 34]. Furthermore, the least and highest par-
asitemia suppression effects of the aqueous and n-butanol
fractions, respectively, are similar to the previous studies on
the solvent fractions of the methanolic root extract of
Dodonaea angustifolia (Sapindaceae) [26].

+e mean survival time is important to evaluate the
antimalarial activity of plant extracts [31]. +e longest mean
survival time of the mice was strongly associated with the
maximum parasitemia inhibition, and this parameter was
used to evaluate the efficacy of the antimalarial plant extract
[57]. In all the three evaluatedmodels, themiddle (400mg/kg)
and higher (600mg/kg) doses of the crude extract showed
statistically significant (p< 0.001) difference in prolonging
survival time as compared to the negative control group.

Moreover, the mean survival time of mice treated with all
the fractions of the plant material was longer compared to
the respective negative controls. However, only the middle
(200mg/kg) and higher (400mg/kg) doses of the n-butanol
and chloroform fractions showed significantly (p< 0.001)
longer survival time than the negative control. Prolonging
the mean survival time of the study mice indicates that the
extracts/fractions suppressed P. berghei and reduced the
overall pathologic effect of the parasite on the study mice
[58]. However, neither the extracts nor the fractions cured
the infection. +is could be due to recrudescence of
P. berghei parasites after apparent cure related to short-lived
actions by the extracts/fractions [34]. +is finding is com-
parable with results of other studies [40, 41].

In addition to the above parameters, there are also other
parameters used when evaluating antimalarial activity of a
given plant extract in the animal model. Ideal plant extracts
with antimalarial activity are expected to prevent the re-
duction of body weight and temperature due to the rise in
parasitemia [39].

Body weight loss is the one feature of rodent malaria
infections. All dose levels of the crude extracts and solvent
fractions did not prevent loss in body weight in P. berghei-
infected mice as compared to the positive control group.

However, comparison analysis of percent body weight
change, between days 0 and 4, indicated that the crude
extract significantly lessened body weight loss at the middle
and higher dose levels of the crude extracts and solvent
fractions as compared to the negative control group. Weight
decrement has been associated with disturbed metabolic
function and hypoglycemia associated with malaria [58].
According to the reported findings in [24], the loss in body
weight indicates that the plant could have appetite sup-
pression effect. +is appetite suppression activity might be
ascribed to saponins, flavonoids, glycosides, and phenolic
compounds found in the crude extracts and solvent frac-
tions, which support the present study. +is result is
comparable with the results of other studies [30, 35].

Body temperature reduction is another parameter used
to assess the feature of rodent malaria infection. In the
present study, all the crude extracts and fractions had been
failed to prevent the reduction of parasite-induced rectal
temperature compared to the reference drug. +is could be
attributed to the effect of the extract as it may have hypo-
thermic effect on the treated mice. However, both the extracts
and fractions at higher dose levels protected the mice from
body temperature reduction which is significantly compared
to the negative control in all the tests models. However, the
extracts and fractions had not significantly prevented the
reduction in body temperature in the lower and the middle
doses of the extract from that of the negative control. +e
effects on rectal temperature in this study are comparable to
those of previously reported findings by [34, 35, 59].

5. Conclusion

+e results of the present study revealed that the 80%
methanol leaf extract of C. africana has a significant anti-
malarial activity in a dose-dependent manner in all the three
evaluated animal models. It further indicated that the solvent
fractions of the crude extracts possessed varying degree of
antimalarial activity after the four-day suppression test. +e
n-butanol fraction was found to be the most active fraction
in the tested model. Acute toxicity test of the plant extract
also exhibited that the lethal dose is above 2 g/kg.

Abbreviations

ANOVA: Analysis of variance
C.
africana:

Cordia africana

dH2O: Distilled water
DMSO: Dimethyl sulfoxide
OECD: Organization for Economic Cooperation and

Development
MST: Mean survival time
SPSS: Statistical Package for the Social Sciences.

Data Availability

+e datasets generated during and/or analyzed during the
current study are available from the corresponding author
on reasonable request.

Evidence-Based Complementary and Alternative Medicine 11



Conflicts of Interest

+e authors declare that there are no conflicts of interest
regarding the publication of this research paper.

Authors’ Contributions

DZW developed the proposal, conducted the experimental
activities, analyzed the data, and drafted the manuscript. All
authors contributed on topic selection, design of the study,
and data analysis and revised the manuscript for important
intellectual content. All authors were involved in writing up
of the manuscript and approved the final manuscript.

Acknowledgments

+e authors are grateful to Mekelle University for financial
support. +ey also thank Addis Pharmaceutical Factory
(APF) for providing active chloroquine phosphate and the
Ethiopian Public Health Institute (EPHI) for giving the
rodent parasite-infected mice.

References

[1] L. M. Childs, F. Y. Cai, E. G. Kakani et al., “Disrupting
mosquito reproduction and parasite development for malaria
control,” PLoS Pathogens, vol. 12, no. 12, Article ID e100606,
2016.

[2] L. Solomon, H. C. Okere, and V. Daminabo, “Understanding
human malaria: further review on the literature, pathogenesis
and disease control,” Report and Opinion, vol. 6, no. 6,
pp. 55–63, 2014.

[3] WHO, World Malaria Report 2016, World Health Organi-
zation (WHO), Geneva, Switzerland, 2016.

[4] WHO, World Malaria Report, World Health Organization
(WHO), Geneva, Switzerland, 2015.

[5] G. I. Olasehinde, O. Ojurongbe, A. O. Adeyeba et al., “In vitro
studies on the sensitivity pattern of plasmodium falciparum to
anti-malarial drugs and local herbal extracts,” Malaria
Journal, vol. 13, no. 1, p. 63, 2014.

[6] S. Zerabruk and G. Yirga, “Traditional knowledge of me-
dicinal plants in Gindeberet District, Western Ethiopia,”
South African Journal of Botany, vol. 78, pp. 165–169, 2012.

[7] Z. Getnet, S. Chandrodyam, and G. Masresha, “Studies on
traditional medicinal plants in ambagiorgis area of Wogera
District, Amhara Regional State, Ethiopia,” International
Journal of Pure & Applied Bioscience, vol. 4, no. 2, pp. 38–45,
2016.

[8] T. Deressa, Y. Mekonnen, and A. Animut, “In vivo anti-
malarial activities of Clerodendrum myricoides, Dodonea
angustifolia and Aloe debrana against P. berghei,” Ethiopian
Journal of Health Development, vol. 24, no. 1, 2010.

[9] G. Alemayehu, Z. Asfaw, and E. Kelbessa, “Cordia africana
(Boraginaceae) in Ethiopia: a review of its taxonomy, dis-
tribution, ethnobotany and conservation status,” In-
ternational Journal of Botany Studies, vol. 1, pp. 38–46, 2016.

[10] K. Ganesan, N. Letha, K. Nair, and S. Gani, “Evaluation of
phytochemical screening and in vitro antioxidant activity of
Cordia africana (Lam.)(Family: Boraginaceae), a native Af-
rican herb,” International Journal for Pharmaceutical Research
Scholars, vol. 4, no. 3, pp. 188–196, 2015.

[11] D. Raga and D. Denu, “Population density of Cordia africana
(Lam.) across land use gradients in Jimma Highlands,

Southwest Ethiopia,” International Journal of Sciences: Basic
and Applied Research, vol. 3, no. 2, pp. 157–166, 2017.

[12] S. Tewolde-Berhan, S. Remberg, K. Abegaz, J. Narvhus,
F. Abay, and T. Wicklund, “Ferric reducing anti-oxidant
power and phenols in C. africana fruit,” African Journal of
Biochemistry Research, vol. 7, no. 11, pp. 215–224, 2013.

[13] S. Tewolde-Berhan, S. F. Remberg, K. Abegaz, J. Narvhus,
F. Abay, and T. Wicklund, “Impact of drying methods on the
nutrient profile of fruits of Cordia africana Lam. in Tigray,
Northern Ethiopia,” Fruits, vol. 70, no. 2, pp. 77–90, 2015.

[14] R. Tijjani, A. Zezi, R. Shafiu, and M. Umar, “Anti-in-
flammatory and antioxidants properties of the ethanolic stem
bark extract of Cordia africana (Lam.),” Annals of Phyto-
medicine, vol. 4, no. 2, pp. 83–87, 2015.

[15] E. A. Alhadi, H. S. Khalid, M. S. Alhassan et al., “Antioxidant
and cytotoxicity activity of Cordia africana in Sudan,” Ad-
vancement in Medicinal Plant Research, vol. 3, no. 2,
pp. 29–32, 2015.

[16] R. Tijjani, M. Umar, I. Hussaini, R. Shafiu, and A. Zezi, “Anti-
nociceptive activities of the ethanolic stem bark extract of
Cordia africana (Boraginaceae) in rats and mice,” Annals of
Biological Sciences, vol. 4, no. 1, pp. 6–12, 2016.

[17] A. I. Isa, M. I. A. Saleh, A. Abubakar et al., “Evaluation of anti-
inflammatory, antibacterial and cytotoxic activities of Cordia
africana leaf and stem bark extracts,” Bayero Journal of Pure
and Applied Sciences, vol. 9, no. 1, pp. 228–235, 2016.

[18] S. Asnake, T. Teklehaymanot, A. Hymete, B. Erko, and
M. Giday, “Antimalarial medicinal plants used by Gumuz
people of mandura woreda, benishangul-gumuz regional
state, Ethiopia,” Indian Journal of Traditional Knowledge,
vol. 15, no. 4, pp. 546–552, 2016.

[19] M.Meragiaw and Z. Asfaw, “Review of antimalarial, pesticidal
and repellent plants in the Ethiopian traditional herbal
medicine,” Research & Reviews: Journal of Herbal Science,
vol. 3, no. 3, pp. 21–45, 2014.

[20] F. Mesfin, T. Seta, and A. Assefa, “An ethnobotanical study of
medicinal plants in Amaro Woreda, Ethiopia,” Ethnobotany
Research and Applications, vol. 12, pp. 341–354, 2014.

[21] S. Suleman, T. Beyene Tufa, D. Kebebe et al., “Treatment of
malaria and related symptoms using traditional herbal
medicine in Ethiopia,” Journal of Ethnopharmacology,
vol. 213, pp. 262–279, 2018.

[22] C. N. Muthaura, J. M. Keriko, C. Mutai et al., “Antiplasmodial
potential of traditional phytotherapy of some remedies used
in treatment of malaria in Meru-+araka Nithi County of
Kenya,” Journal of Ethnopharmacology, vol. 175, pp. 315–323,
2015.

[23] A. B. Asrie, M. Abdelwuhab, Z. Shewamene, D. A. Gelayee,
G. M. Adinew, and E. M. Birru, “Antidiarrheal activity of
methanolic extract of the root bark of Cordia africana,”
Journal of Experimental Pharmacology, vol. 8, pp. 53–59, 2016.

[24] L. Bantie, S. Assefa, T. Teklehaimanot, and E. Engidawork, “In
vivo antimalarial activity of the crude leaf extract and solvent
fractions of Croton macrostachyus Hocsht. (Euphorbiaceae)
against P. berghei in mice,” BMC Complementary and Al-
ternative Medicine, vol. 14, no. 1, p. 79, 2014.

[25] W. H. Tesfaye and E. A. Alamneh, “In vivo antimalarial ac-
tivity of the crude extract and solvent fractions of the leaves of
Zehenria scabra (Cucurbitaceae) against Plasmodium berghei
in mice,” Journal of Medicinal Plants Research, vol. 8, no. 42,
pp. 1230–1236, 2014.

[26] W. Amelo, P. Nagpal, and E. Makonnen, “Antiplasmodial
activity of solvent fractions of methanolic root extract of
Dodonaea angustifolia in P. berghei infected Mice,” African

12 Evidence-Based Complementary and Alternative Medicine



Journal of Traditional, Complementary and Alternative
Medicines, vol. 14, no. 1, p. 462, 2014.

[27] S. Asnake, T. Teklehaymanot, A. Hymete, B. Erko, and
M. Giday, “Evaluation of the antiplasmodial properties of
selected plants in Southern Ethiopia,” BMC Complementary
and Alternative Medicine, vol. 15, no. 1, p. 448, 2015.

[28] OECD, Organization for Economic Cooperation and Devel-
opment (OECD) Guidelines for Testing of Chemicals 425: Acute
Oral Toxicity-Up and Down Procedure, First Adoption, Paris,
France, 2008.

[29] Institute of Laboratory Animal Resources (ILAR), Guide for
the Care and Use of Laboratory Animals, National Academy
Press, Washington, DC, USA, 7th edition, 1996.

[30] J. Abdela, E. Engidawork, and W. Shibeshi, “In vivo anti-
malarial activity of solvent fractions of the leaves of Justicia
schimperiana hochst. Ex nees against P. berghei in Mice,”
Ethiopian Pharmaceutical Journal, vol. 30, no. 2, pp. 95–108,
2014.

[31] W. Peters, J. Portus, and B. Robinson, “+e four-day sup-
pression in vivo antimalarial test,”Annals of Tropical Medicine
& Parasitology, vol. 69, no. 155, p. 71, 1975.

[32] J. F. Ryley and W. Peters, “+e antimalarial activity of some
quinolone esters,” Annals of Tropical Medicine & Parasitology,
vol. 64, no. 2, pp. 209–222, 1970.

[33] W. Petres, “Drug resistance in P. Berghei,” Experimental
Parasitology, vol. 17, pp. 80–89, 1965.

[34] B. Mengiste, E. Makonnen, and K. Urga, “In vivo antimalarial
activity of Dodonaea angustifolia seed extracts against Plas-
modium berghei in mice model,” Momona Ethiopian Journal
of Science, vol. 4, no. 1, pp. 47–63, 2012.

[35] M. Eyasu, W. Shibeshi, and M. Giday, “In vivo antimalarial
activity of hydromethanolic leaf extract of Calpurnia aurea
(Fabaceae) in Mice infected with chloroquine sensitive
Plasmodium berghei,” International Journal of Pharmacology,
vol. 2, pp. 131–142, 2013.

[36] H. Cheema, A. Singh, A. Pal, R. Bhakuni, and M. Darokar,
“Antimalarial activity, mechanism of action and drug in-
teraction study of active constituent isolated from the dried
seeds of Psoralea corylifolia,” International Journal of Phar-
maceutical Sciences and Research, vol. 9, no. 3, pp. 364–375,
2017.

[37] A. U. Krettli, J. O. Adebayo, and L. G. Krettli, “Testing of
natural products and synthetic molecules aiming at new
antimalarials,” Current Drug Targets, vol. 10, no. 3,
pp. 261–270, 2009.

[38] I. Peter and V. Anatoli, “+e current global malaria situation.
malaria parasite biology, pathogenesis, and protection,” ASM
Press. WDC, vol. 1, pp. 11–22, 1998.

[39] B. S. Kalra, S. Chawla, P. Gupta, and N. Valecha, “Screening of
antimalarial drugs: an overview,” Indian Journal of Phar-
macology, vol. 38, no. 1, p. 5, 2006.

[40] A. B. Muluye, E. Melese, and G. M. Adinew, “Antimalarial
activity of 80% methanolic extract of Brassica nigra (L.) Koch.
(Brassicaceae) seeds against Plasmodium berghei infection in
mice,” BMC Complementary and Alternative Medicine,
vol. 15, no. 1, p. 367, 2015.

[41] E. M. Birru, M. Geta, and A. E. Gurmu, “Antiplasmodial
activity of Indigofera spicata root extract against Plasmodium
berghei infection in mice,” Malaria Journal, vol. 16, no. 1,
p. 198, 2017.

[42] J. E. Menezes, T. L. Lemos, E. R. Silveira, R. Braz-Filho, and
O. D. Pessoa, “Trichotomol, a new cadinenediol from Cordia
Trichotoma,” Journal of the Brazilian Chemical Society,
vol. 12, no. 6, pp. 787–790, 2001.

[43] B. Joshi, S. Hendrickx, L. B. Magar, N. Parajuli, P. Dorny, and
L. Maes, “In vitro antileishmanial and antimalarial activity of
selected plants of Nepal,” Journal of Intercultural Ethno-
pharmacology, vol. 5, no. 4, p. 383, 2016.

[44] S. Sanon, A. Gansane, L. P. Ouattara et al., “In vitro anti-
plasmodial and cytotoxic properties of some medicinal plants
from western Burkina Faso,” African Journal of Laboratory
Medicine, vol. 2, no. 1, pp. 1–7, 2013.

[45] E. Alhadi, H. Khalid, M. Alhassan, A. Kabbashi, and M. Noor,
“Antimicrobial and phytochemical screening of Cordia afri-
cana in Sudan,” World Journal of Pharmaceutical Research,
vol. 4, no. 3, pp. 257–269, 2015.

[46] E. Alhadi, Z. Aisha, S. Hassan, S. Mubarak, and S. Yaha, “GC-
MS analysis of bioactive on ethylacetate fraction of leaves and
stem of Cordia africana (Boraginaceae),” World Journal of
Biology and Medical Sciences, vol. 3, no. 1, pp. 55–67, 2016.

[47] A. Isa, M. Saleh, A. Abubakar et al., “15-lipooxygenase,
bacterial inhibitory and cytotoxic activities of Cordia africana
leaf and stem bark extracts,” Nigerian Journal of Scientific
Research, vol. 13, no. 2, p. 32, 2014.

[48] B. Lawal, O. Shittu, F. Oibiokpa, E. Berinyuy, and
H. Mohammed, “African natural products with potential
antioxidants and hepatoprotectives properties: a review,”
Clinical Phytoscience, vol. 2, no. 1, pp. 1–66, 2017.

[49] D. Taramelli, D. Monti, N. Basilico, S. Parapini,
F. Omodeo-Sale, and P. Olliaro, “A fine balance between
oxidised and reduced haem controls the survival of intra-
erythrocytic plasmodia,” Parassitologia, vol. 41, no. 1–3,
pp. 205–208, 1999.

[50] L. H. Miller, D. I. Baruch, K. Marsh, and O. K. Doumbo, “+e
pathogenic basis of malaria,” Nature, vol. 415, no. 6872,
pp. 673–679, 2002.

[51] R. Tahar, C. Albergaria, N. Zeghidour, V. F. Ngane,
L. K. Basco, and C. Roussilhon, “Plasma levels of eight dif-
ferent mediators and their potential as biomarkers of various
clinical malaria conditions in African children,” Malaria
Journal, vol. 15, no. 1, p. 337, 2016.

[52] A. Teklay, B. Abera, and M. Giday, “An ethnobotanical study
of medicinal plants used in Kilte Awulaelo District, Tigray
Region of Ethiopia,” Journal of Ethnobiology and Ethno-
medicine, vol. 9, no. 1, p. 65, 2013.

[53] S. Asrade, Y. Mengesha, G. Moges, and D. A. Gelayee, “In vivo
antiplasmodial activity evaluation of the leaves of Balanites
rotundifolia (Van Tiegh.) Blatter (Balanitaceae) against
Plasmodium berghei,” Journal of Experimental Pharmacology,
vol. 9, pp. 59–66, 2017.

[54] S. Tadesse and Z. Wubneh, “Antimalarial activity of Syzygium
guineense during early and established Plasmodium infection
in rodent models,” BMC Complementary and Alternative
Medicine, vol. 17, no. 1, pp. 1–7, 2017.

[55] A. Nardos and E. Makonnen, “In vivo antiplasmodial activity
and toxicological assessment of hydroethanolic crude extract
of Ajuga remota,” Malaria Journal, vol. 16, no. 1, p. 25, 2017.

[56] R. Cooper and T. Magwere, “Chloroquine: novel uses &
manifestations,” Indian Journal of Medical Research, vol. 127,
no. 4, p. 305, 2008.

[57] D. A. Fidock, P. J. Rosenthal, S. L. Croft, R. Brun, and
S. Nwaka, “Antimalarial drug discovery: efficacy models for
compound screening,” Nature Reviews Drug Discovery, vol. 3,
no. 6, pp. 509–520, 2004.

[58] R. Basir, S. F. Rahiman, K. Hasballah et al., “P. berghei ANKA
infection in ICR mice as a model of cerebral malaria,” Iranian
Journal of Parasitology, vol. 7, no. 4, p. 62, 2012.

Evidence-Based Complementary and Alternative Medicine 13



[59] S. Fentahun, E. Makonnen, T. Awas, and M. Giday, “In vivo
antimalarial activity of crude extracts and solvent fractions of
leaves of Strychnos mitis in P. berghei infected mice,” BMC
Complementary and Alternative Medicine, vol. 17, no. 1, p. 13,
2017.

14 Evidence-Based Complementary and Alternative Medicine


