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RESEARCH ARTICLE

Landolphia owariensis leaf extracts reduce parasitemia in Plasmodium
berghei-infected mice

Adaobi Chioma Ezike, Chinelo Henrietta Okonkwo, Peter Achunike Akah, Theophine Chinwuba Okoye,
Chukwuemeka Sylvester Nworu, Florence Nwakaego Mbaoji, Ifeoma Amarachukwu Nwabunike and Collins
Azubuike Onyeto

Department of Pharmacology & Toxicology, Faculty of Pharmaceutical Sciences, University of Nigeria, Nsukka, Enugu State, Nigeria

ABSTRACT
Context Landolphia owariensis P. Beauv. (Apocyanaceae) leaf is used in southeast Nigeria to treat
malaria.
Objective This study evaluated the antiplasmodial activity of L. owariensis leaf extract and fractions,
also the phytoconstituents were standardized and analyzed.
Methods The effects of daily, oral administrations of 200, 400 and 800 mg/kg of L. owariensis leaf
extract (LOE), its hexane (LOHF), ethyl acetate (LOEF) and methanol (LOMF) fractions on early,
established and residual infections in Plasmodium berghei-infected albino mice were evaluated
in vivo. The extract and fractions were subjected to phytochemical analysis and HPLC
fingerprinting, and the acute toxicity of LOE was evaluated.
Results The extract and fractions elicited 29–86, 18–95 and 75–96% significant (p50.001)
suppression of parasitemia in early, established and residual infections, respectively. The ED50

values for suppressive activity of LOE, LOHF, LOEF and LOMF were 266.56, 514.93, 392.95 and
165.70 mg/kg, respectively. The post-day 30-survival index was 16.7–50, 16.7, 16.7–66.7 and
50–83.3% for LOE, LOHF, LOEF, and LOMF, respectively. Extract-treated mice significantly (p50.001)
gained weight and had reduced mortality compared with negative control (untreated) mice. An
oral LD50 value 45000 mg/kg in mice was established for LOE. The LOMF showed the greatest
antiplasmodial activity in all the models, suggesting that the antimalarial activity of the plant may
be attributed to alkaloids, flavonoids, saponins and tannins present in the fraction.
Conclusion Results demonstrate the antiplasmodial activity of L. owariensis leaf, and provide a
pharmacological rationale for its ethnomedicinal use as an antimalarial agent.
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Introduction

Malaria continues to be a threat in Africa and other
regions of the world; in 2013, there were estimated 198
million cases of malaria and 584 000 deaths globally
(WHO 2014). The burden is heaviest in Africa, where an
estimated 90% of malaria results in death and in children
below 5 years who account for 78% of malaria deaths
(WHO 2014).

The search for new antimalarial drugs has become
inevitable, largely due to the parasite’s resistance to
current drugs including artemisinin-based combination
therapy (ACT) (WHO 2012; Held et al. 2013; WHO
2014) and development of resistance to insecticides by
the disease vector (WHO 2014). Researchers are cur-
rently focusing on other alternatives, including investi-
gation of herbal remedies used to manage malaria.
Antimalarial drugs such as quinine and artemisinin were

derived from medicinal plants; hence exploration of
medicinal plants as source of novel antimalarial drugs
and lead compounds is a promising approach.

About 75% of Nigerians rely on herbal medicines to
treat malaria, and one of such remedies is Landolphia
owariensis P. Beauv. (Apocyanaceae) leaf. L. owariensis,
commonly known as white rubber vine or vine rubber, is
widely used for the treatment of many ailments. The leaf
decoction is used to treat malaria and as a purgative
(Burkill 1985). Other parts of the plants are variously
used to treat fever, pains, gonorrhoea and as vermifuge
(Lewis & Elvin-Lewis 1977; Gill 1992). Landolphia
owariensis is also used to make native beer and beverages
(Dalziel 1937), and serves as a natural preservative
(Anthony 1995).

The antimicrobial (Ebi & Ofoefule 1997; Nwaogu et al.
2007), anti-inflammatory and analgesic (Owoyele et al.
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2001), hepatoprotective (Okonkwo & Osadebe 2010),
antioxidant (Oke & Hamburger 2002; Okonkwo &
Osadebe 2013), antiulcer and gastric antisecretory
(Olaleye et al. 2008) activities of L. owariensis have
been reported.

This study was designed to evaluate the antiplasmo-
dial activity of L. owariensis leaf using rodent models of
malaria.

Materials and methods

Chemicals, reagents and drugs

All the solvents used for extraction, fractionation and
high-performance liquid chromatography (HPLC) ana-
lysis were purchased from Sigma Aldrich, Darmstadt,
Germany. Chloroquine sulphate was sourced from May
& Baker Nigeria PLC, Ikeja, Nigeria.

Animals

Conventional grade UN-FERH:NS outbred strain of
albino mice (19–29 g) of either gender bred in the
Laboratory Animal Facility of the Department of
Pharmacology and Toxicology, University of Nigeria,
Nsukka, were used for the study. The animals were
maintained ad libitum on standard pellets and water. All
animal experiments were in compliance with National
Institute of Health Guide for Care and Use of Laboratory
Animals (Pub no. 85-23, revised 1985) and with prior
permission from the National Health Research Ethics
Committee (NHREC) of the University of Nigeria, with
protocol ethical clearance number NHREC/05/01/2012A.

Preparation of extract

Fresh leaves of Landolphia owariensis were collected
from Nsukka, Nigeria, in March. The plant was
identified and authenticated by Mr. Alfred Ozioko, a
taxonomist at the International Centre for
Ethnomedicine and Drug Development (InterCEDD),
Nsukka, where a voucher specimen was deposited
(specimen no. InterCEDD/067). The leaves were cleaned,
dried under shade for 7 d and pulverized to coarse
powder using a milling machine. The powdered plant
material (6 kg) was extracted by maceration in methanol
at room temperature (28 ± 1 �C) for 48 h, and the
mixture was filtered. The plant material was repeatedly
washed with fresh solvent until the filtrate became clear.
The filtrate was concentrated using a rotary vacuum
evaporator under reduced pressure at 40 �C to obtain
220 g of the methanol extract (LOE; 3.67% w/w).

Solvent-guided fractionation of LOE

The LOE (215 g) was subjected to solvent-guided
fractionation in a silica gel (70–230 mesh size) column
successively eluted with n-hexane, ethyl acetate and
methanol in order of increasing polarity, the eluents were
concentrated using a rotary evaporator under reduced
pressure at 40 �C to yield hexane (LOHF; 69.47 g; 32.31%
w/w), ethyl acetate (LOEF; 45.79 g; 21.30% w/w) and
methanol (LOMF; 41.09 g; 19.11% w/w) fractions,
respectively. The extract and fractions were subjected
to phytochemical analysis using standard procedures
(Harborne 1973; Iwu 1978; Trease & Evans 1983).

HPLC fingerprinting

The HPLC fingerprinting of LOE, and the two most
active fractions LOEF and LOMF were performed on a
Shimadzu HPLC system (Shimadzu Corporation, Kyoto,
Japan) consisting of Ultra-Fast LC-20AB prominence
equipped with a SIL-20AC auto sampler, DGU-20A3
degasser, SPD-M20AB UV diode array detector, column
oven CTO-20AC, system controller CBM-20Alite
(Shimadzu Corporation, Kyoto, Japan). The column
used was VP-ODS 5 mm (Shimadzu Corporation, Kyoto,
Japan), with a dimension of 150� 4.6 mm. The chro-
matographic conditions included mobile phase: solvent
A: 0.2% v/v formic acid solution; solvent B: acetonitrile.
The separation was achieved with solvent A: 80% and
solvent B: 20%, the column oven temperature was
maintained at 40 �C, and the total run time was 35 min.
The mode was isocratic with a flow rate of 0.6 mL/min;
an injection volume 2 mL of 100mg/mL solution of
extract and 5 mL of 100 mg/mL solution of fraction in the
mobile phase. Detection was done at UV 254 nm. Data
were collected and analyzed using a Windows LC
solution software (Shimadzu Corporation, Kyoto, Japan).

Acute toxicity and lethality (LD50) test

The acute toxicity and lethality (LD50) of LOE was
estimated in mice as described earlier (Lorke 1983). The
test was divided into two stages. In stage one, mice were
randomly grouped (n¼ 3) to receive oral administra-
tions of 10, 100 or 1000 mg/kg of LOE dissolved in
distilled water, and the animals were monitored for 24 h
for signs of toxicity and death. No death was recorded
after 24 h. Since no death occurred in stage one,
three higher doses, 1600, 2900 and 5000 mg/kg
were administered to a fresh batch of animals at one
dose per animal (n¼ 1) in stage two of the test, and
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the animals were observed for 24 h for signs of toxicity
and death.

Pharmacological tests

Studies on antiplasmodial activity

Parasite

Chloroquine-sensitive rodent Plasmodium berghei NK65
(Plasmodiidae) obtained from National Institute for
Medical Research, Lagos, Nigeria, was maintained alive
by continuous intraperitoneal passage in healthy mice
(Calvalho et al. 1991) every 5 d. The re-infected mice
were kept at the Laboratory Animal Facility of the
Department of Pharmacology and Toxicology,
University of Nigeria, Nsukka.

Parasite inoculation

Prior to inoculation, parasitemia in the donor mouse was
established by microscopic examination of Giemsa-
stained thin blood smear. Subsequently, blood was
collected from the tail vein of the donor mouse infected
with parasites and diluted with normal saline to give a
concentration of 108 parasitized erythrocytes per mL.
Healthy animals were inoculated with 2� 107 parasitized
erythrocytes (i.e., 0.2 mL of 108 Plasmodium berghei
parasitized erythrocytes/mL) through the intraperitoneal
route (Calvalho et al. 1991; Basir et al. 2012).

Test on early infection (4-d suppressive test)

This was done as described earlier (Peters 1965; Knight
& Peters 1980). Each healthy mouse was inoculated
intraperitoneally as described above. They were ran-
domly grouped (n¼ 6) to receive daily oral administra-
tions of 200, 400 or 800 mg/kg of LOE, LOHF, LOEF and
LOMF, respectively, for 4 d. The negative control group
received the vehicle (3% Tween 80; 5 mL/kg), while the
positive control group received chloroquine 5 mg/kg. On
day 5 post-innoculation, thin blood film was prepared
from the tail blood of each mouse. The thin films were
fixed with methanol, stained with 10% Giemsa solution
at pH 7.2 for 10 min (Cheesbrough 2004) and examined
under a microscope. Parasitemia (%) was determined by
counting the number of parasitized erythrocytes per 100
erythrocytes in a field under a light microscope at�100
magnification, and the average count from four random
fields was taken. Suppression of parasitemia (%) was
determined using the relation:

Suppression of parasitemia (%)¼ 100[1� (PT/PC)];
where PT is the parasitemia of the treated group, PC is
the parasitemia of the control group.

Test on established infection (curative or Rane

test)

This was done using the method described by Ryley and
Peters (1970). On day 1, each healthy mouse was
inoculated as described above. On day 4 (72 h after
inoculation), the mice were weighed and randomly
grouped (n¼ 6) to receive daily administrations of 200,
400 or 800 mg/kg of LOE, LOHF, LOEF and LOMF,
respectively, after collection of blood sample for the
determination of parasitemia. The negative control
group received the vehicle (5 mL/kg), while the positive
control group received chloroquine 5 mg/kg. All the mice
were treated orally for 4 d (days 4–7). On each day,
parasitemia in each mouse was determined by thin blood
smear, as earlier described. Parasitemia (%) was
determined as described above. Inhibition of parasitemia
(%) was calculated using the relation:

Inhibition of parasitemia (%)¼ 100[1� (PT/PC)];
where PT is the parasitemia of the treated group, PC is
the parasitemia of the control group.

Animals were monitored and time of death (days)
recorded was used to calculate the survival time (ST) and
the post-day 30 survival (%).

The ST of each group was calculated by finding the
average survival time (days) post-inoculation using the
relation:

Survival time ðSTÞ ¼Total survival time of animals in the group

Number of animals in the group

The post-day 30 survival (%) was calculated using the
relation: 100[a/b]; where a is the number of surviving
animals after day 30, b is the number of animals in
the group.

Test on residual infection (repository test)

The prophylactic activity of the extract was evaluated
using the residual infection method described by Peters
(1965). Thirty healthy mice were randomly grouped
(n¼ 6) to receive daily oral administrations of 200, 400
or 800 mg/kg of LOE, LOHF, LOEF and LOMF,
respectively, for 4 d (days 1–4). The negative control
group received the vehicle (5 mL/kg), while the positive
control group received chloroquine (5 mg/kg). On day 5,
all the mice were inoculated with parasite. After 72 h,
parasitemia in each mouse was determined microscop-
ically as earlier described. Inhibition of parasitemia (%)
was calculated using the relation: inhibition of parasit-
emia (%)¼ 100[1� (PT/PC)]; where PT is the parasit-
emia of the treated group, PC is the parasitemia of the
control group.
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Also each mouse was weighed on day 8 and the
difference between the pre- (day 1) and post-treatment
(day 8) body weights was calculated.

Statistical analysis

Data obtained were analyzed using one-way ANOVA in
GraphPad Prism 5 (GraphPad Software Inc., San Diego,
CA) and subjected to Dunnett’s multiple comparison
test. Results were presented as mean ± SEM, and differ-
ences between means of treated and control groups
accepted significant at p50.001, p50.01 or p50.05.

Results

Phytochemical constituents

Preliminary phytochemical analysis showed that LOE
tested positive to all the typical phytoconstituents
assayed (Table 1). The LOHF gave positive reactions
for resins, steroids and terpenoids, LOEF tested positive
to flavonoids, resins, saponins, steroids, tannins and

terpenoids, while LOMF gave positive reactions for
alkaloids, flavonoids, saponins and tannins (Table 1).

HPLC fingerprint

Several peaks were observed in all the chromatograms
which suggest the presence of many phytomolecules in
the extracts.

The HPLC fingerprint of LOE showed nine different
components with retention time of 4.05, 4.95, 5.82, 6.93,
7.63, 10.14, 11.91, 13.47 and 18.98 min (Figure 1). The
major peak was at about 15 milliabsorbance unit (mAU)
with a retention time of 11.91 min and the least peak at
the highest retention time of 18.98 min, although less
than the highest retention time of the two fractions
(Figure 1).

The HPLC fingerprint of LOEF showed a total of 10
components with retention time of 4.02, 5.12, 5.60, 6.09,
7.55, 8.18, 10.82, 12.57, 19.51 and 23.50 min (Figure 2).
This fraction gave components with the longest retention
time with some components in trace amounts. The
maximum peak was observed at 5.12 min (Figure 2).

The HPLC fingerprint of LOMF revealed a total of 11
components which was the highest of the analytes with
the maximum peak at 3.61 min (Figure 3). This was also
seen as the fastest component retained among the three
samples analyzed. The other peaks were seen at 3.95,
4.36, 5.06, 5.98, 6.78, 7.26, 8.04, 9.24, 10.68 and
19.35 min (Figure 3).

Acute toxicity and lethality (LD50)

Administration of LOE (10–5000 mg/kg) orally did not
elicit signs of acute toxicity, and none of the animals
died. The oral LD50 value of LOE in mice was thus
established to be greater than 5000 mg/kg.

Figure 1. High-performance liquid chromatogram of L. owariensis leaf methanol extract.

Table 1. Phytochemical constituents of L. owariensis leaf.

Phytoconstituent LOE LOHF LOEF LOMF

Alkaloids ++ – – +++
Flavonoids ++ – ++++ +++
Resins + ++++ +++ –
Saponins ++ – + +++
Steroids + ++++ ++ –
Tannins ++++ – + +++
Terpenoids + +++ + –
Acidity +++ – + +++
Carbohydrates ++++ – – ++++
Fats and oil + +++ + +
Glycosides +++ – ++ ++++
Proteins +++ – – +++
Reducing sugars +++ – – +++

LOE: methanol extract; LOHF: hexane fraction; LOEF: ethyl acetate fraction;
LOMF: methanol fraction; –: absent; +: mildly present; ++: moderately
present; +++: highly present; ++++: abundantly present.
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Effect of extract and fractions on early infection

Administration of LOE and fractions elicited dose-
related and significant (p50.001) suppressive activity in
P. berghei-infected mice (Figure 4). The degrees of
suppression of parasitemia were 40–74, 29–59, 34–71
and 52–86% for LOE, LOHF, LOEF and LOMF,
respectively. The ED50 values for suppressive activity
were 266.56, 514.93, 392.95 and 165.70 mg/kg, for LOE,
LOHF, LOEF and LOMF, respectively (Figure 5). The
magnitude of suppressive activity was of the order
LOMF4LOE4LOEF4LOHF. The chemosuppression
elicited by LOMF (800 mg/kg) (86.44%) was greater than
that of chloroquine (77.06%).

Effect of extract and fractions on established

infection

There was an increase in parasitemia level in all the mice
in the negative control group; however, administration of
LOE and fractions elicited dose-related and significant

(p50.001) reduction in parasitemia (Table 2). The
magnitude of inhibition of parasitemia, hence curative
activity was of the order LOMF4LOE4LOEF4LOHF.
The effect of LOMF was comparable with that of
chloroquine.

Furthermore, administration of LOE and fractions
significantly (p50.001–0.05) increased the survival time
of the mice compared with control (Table 3). Some of
the extracts-treated mice survived beyond 30 d, as shown
by the post-day 30 survival (%) index (Table 3).

Effect of extract and fractions on residual

infection

The LOE and fractions also elicited dose-related
and significant (p50.001) prophylactic activity in
P. berghei-infected mice (Table 4). Inhibition of parasit-
emia was 86–92, 75–85, 77–84 and 90–96% for LOE,
LOHF, LOEF and LOMF, respectively. The magnitude
of prophylactic activity as indicated by inhibition of para-
sitemia was of the order LOMF4LOE4LOEF4LOHF.

Figure 2. High-performance liquid chromatogram of L. owariensis leaf ethyl acetate fraction.

Figure 3. High-performance liquid chromatogram of L. owariensis leaf methanol fraction.
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The effect of LOMF was comparable with that of
chloroquine.

In addition, there was significant (p50.001) and dose-
related increase in the weight of Plasmodium-infected

mice treated with the extract and fractions, compared
with negative control mice that lost weight (Table 4). The
increase in weight produced by the extract was of the
order LOMF4LOE4LOEF4LOHF. The LOMF
(800 mg/kg)-treated mice gained more weight than
chloroquine-treated mice.

Discussion

Assessment of the antiplasmodial activity of L. owar-
iensis leaf showed that the methanol extract and its
fractions significantly reduced levels of parasitemia in P.
berghei-infected mice, thereby demonstrating prophylac-
tic, suppressive and curative effects.

Plasmodium berghei is one of the many species of
malaria parasites that infect mammals other than
humans, and one of the four species that have been
described in West African rodents. Rodent malaria
parasites are practical models for the experimental study
of mammalian malaria, and have been demonstrated to
produce malaria disease analogous to that of man and
other primates in most essential aspects of structure,
physiology and life cycle (Carter & Diggs 1977). Studies
using rodent malaria parasites have contributed to man’s

(a) LOE; ED50 (b)gk/gm65.662= LOHF; ED50 = 514.93 mg/kg 

(c) LOEF; ED50 (d)gk/gm59.293= LOMF; ED50 = 165.70 mg/kg 
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Figure 5. Suppressive activity (%) versus log dose of L. owariensis leaf extract and fractions.
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Figure 4. Suppressive activity of L. owariensis leaf extract and
fractions in P. berghei infected mice.
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knowledge of the developmental biology of malaria
parasites in general. Although rodent models do not
produce exactly the same signs and symptoms observed
in the human plasmodial infection, they have been
demonstrated to produce disease features similar to
those of human plasmodial infection, when infected with
P. berghei (Thomas et al. 1998; Pierrot et al. 2003;
Pedroni et al. 2006; Basir et al. 2012).

Antimalarials are categorized, according to the stage
of the Plasmodium parasite they affect, into tissue
schizontocides (act on the exoerythrocytic hepatic
stage) used for casual prophylaxis or to prevent relapse,
blood schizontocides (act on erythrocytic forms) used for
suppressive and clinical cure, gametocytocides and
sporontocides (Tracy & Webster 2001).

The LOE and fractions elicited dose-related and
remarkably significant chemosuppression of parasitemia
in early P. berghei infection, suggesting potential to elicit
suppressive cure. Suppressive treatment with small doses
of drugs, effective against erythrocytic stages, attempts to
destroy parasites as they enter the blood stream and
invade erythrocytes. It is intended to prevent parasitemia
and clinical symptoms through early destruction of
parasites in red blood cells. Suppressive cure is the
complete elimination of malarial parasites from the body
by continued treatment; the treatment course is usually
longer than that used to achieve clinical cure.
Suppressive treatment eliminates parasites when they
leave the liver cells to invade the blood, hence any agent
that provides suppressive cure will ultimately prevent the
development of clinical malarial attack as the erythro-
cytic parasites are the ones that cause disease.

The ability of the extracts to afford suppressive cure
will likely contribute to their efficacy in clinical attack,
and is consistent with study results which demonstrated
remarkably significant dose-related curative activity of
extract and fractions. Clinical cure is achieved by
interruption of erythrocytic schizogony and subsequent
termination of acute clinical attacks, using larger doses of
drugs. In P. berghei infection, the duration of the pre-
erythrocytic stage is 48–52 h, while that of asexual
erythrocytic cycle is 22–24 h (Carter & Diggs 1977;
Killick-Kendrick 1978; Landau & Boulard 1978; Landau
& Chabaud 1994), expectedly by 72 h post-inoculation,
all infected mice had parasitemia which reduced on
treatment. The ability of the extracts and fractions to
evoke significant, consistent and progressive inhibition
of parasitemia indicates interruption of erythrocytic
schizogony and termination of clinical attacks, thereby
achieving clinical cure.

Table 2. Curative activity of L. owariensis leaf extract and fractions in P. berghei malarial mice.

Treatment Dose (mg/kg) Parasitemia (%)

Pretreatment Day 5 Day 6 Day 7 Day 8

LOE 200 24.50 ± 1.09 11.83 ± 0.31a (51.71) 8.67 ± 0.42a (64.61) 6.83 ± 0.48a (72.12) 4.67 ± 0.33a (80.94)
400 25.80 ± 0.60 10.80 ± 0.31a (58.14) 7.00 ± 0.45a (72.87) 4.00 ± 0.68a (84.50) 3.00 ± 0.26a (88.37)
800 20.50 ± 1.06 9.17 ± 0.54a (55.27) 4.33 ± 0.33a (78.88) 3.17 ± 0.40a (84.54) 2.33 ± 0.21a (88.63)

LOHF 200 23.33 ± 1.28 16.83 ± 1.49a (27.86) 13.33 ± 0.56a (42.86) 11.17 ± 0.60a (52.12) 8.50 ± 0.43a (63.57)
400 23.17 ± 1.42 18.67 ± 1.28a (19.42) 12.17 ± 0.60a (47.48) 9.33 ± 0.42a (59.73) 5.83 ± 0.48a (74.84)
800 26.40 ± 1.08 19.40 ± 0.49b (26.52) 14.40 ± 0.61a (45.45) 10.60 ± 0.42a (59.85) 5.00 ± 0.37a (81.06)

LOEF 200 23.33 ± 1.12 18.17 ± 0.48a (22.12) 13.83 ± 0.60a (40.72) 10.67 ± 0.49a (54.26) 6.83 ± 0.31a (70.72)
400 22.33 ± 1.02 15.67 ± 1.38a (29.83) 11.67 ± 1.28a (47.74) 7.67 ± 0.88a (65.65) 6.83 ± 0.48a (69.41)
800 21.50 ± 0.99 14.67 ± 0.67a (31.77) 8.67 ± 0.56a (59.67) 3.67 ± 0.56a (82.93) 5.00 ± 0.37a (76.74)

LOMF 200 24.50 ± 1.31 13.17 ± 0.65a (46.24) 7.50 ± 0.62a (69.39) 4.67 ± 0.67a (80.94) 2.83 ± 0.31a (88.45)
400 22.17 ± 1.30 8.33 ± 0.71a (62.43) 3.50 ± 0.34a (84.21) 2.67 ± 0.61a (87.96) 1.83 ± 0.31a (91.75)
800 23.17 ± 1.14 7.50 ± 1.12a (67.63) 3.67 ± 0.92a (84.16) 2.33 ± 0.33a (89.94) 1.33 ± 0.33a (94.26)

Chloroquine 5 23.50 ± 1.48 6.00 ± 0.63a (74.47) 3.33 ± 0.42a (85.83) 1.33 ± 0.33a (94.34) 1.00 ± 0.37a (95.74)
Control – 22.00 ± 1.26 23.83 ± 0.65 26.00 ± 1.59 27.40 ± 1.33 33.60 ± 1.23

n¼ 6. LOE: methanol extract; LOHF: hexane fraction; LOEF: ethyl acetate fraction; LOMF: methanol fraction.
ap50.001.
bp50.01 compared with control (Dunnett’s multiple comparison test); values in parenthesis represent decrease in parasitemia (%) relative to pretreatment

value.

Table 3. Effect of L. owariensis leaf extract and fractions on
mortality of P. berghei malarial mice.

Treatment Dose
(mg/kg)

Survival
(days)

Post- day 30 survival

Number of
surviving animals Survival (%)

LOE 200 23.33 ± 2.85 1/6 16.67
400 24.60 ± 2.19 1/6 16.67
800 32.17 ± 3.58b 3/6 50

LOHF 200 23.33 ± 2.31 0/6 0
400 23.83 ± 2.36 1/6 16.67
800 26.17 ± 2.07 1/6 16.67

LOEF 200 22.20 ± 1.92 1/6 16.67
400 29.00 ± 1.37 2/6 33.33
800 30.83 ± 1.82c 4/6 66.67

LOMF 200 29.17 ± 1.49 3/6 50
400 28.50 ± 3.46 3/6 50
800 35.33 ± 5.16a 5/6 83.33

Chloroquine 5 32.17 ± 4.85b 4/6 66.67
Control – 17.50 ± 2.05 0/6 0

n¼ 6. LOE: methanol extract; LOHF: hexane fraction; LOEF: ethyl acetate
fraction; LOMF: methanol fraction.

ap50.001.
bp50.01.
cp50.05 compared with control (Dunnett’s multiple comparison test).
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In addition, the survival time after infection was dose
dependently and significantly increased in treated mice
compared with control animals suggesting potential to
ameliorate symptoms of clinical malaria.

The extracts also significantly reduced parasitemia in
the repository test, suggesting prophylactic efficacy.
Prophylactic antimalarials are known to affect the
tissue schizonts (exoerythrocytic stage), hence the
prophylactic activity of the extract indicates inhibition
of tissue schizonts and ability to prevent development of
clinical malaria.

In addition, the treated mice gained weight, compared
with the control mice that lost weight. Loss of body
weight is one of the features of malarial mice (Langhorne
et al. 2002), and earlier studies demonstrated a decrease
in the body weight of malarial mice, compared with
healthy mice (Basir et al. 2012); this may be secondary to
loss of appetite, reduced food intake and disturbed
metabolic functions associated with malaria disease.
Furthermore, the persistence of malaria in the blood,
especially in people who live in subtropical regions and
endemic areas, leads to chronic malaria, with symptoms
such as attacks of acute malaria interspersed with
anaemia, weight loss or other infections (e.g. gastro-
enteritis) (Attwood 2011).

Acute toxicity and lethality (LD50) test on LOE
established an oral LD50 value45000 mg/kg in mice,
indicating a high degree of relative safety.

Preliminary phytochemical studies on the extract and
fractions revealed the presence of typical phytoconsti-
tuents. For quality control and standardization, the LOE
and two most active fractions, LOMF and LOEF, were
separately subjected to HPLC fingerprinting and their
chemical profiles were obtained as chromatograms. The
results of the HPLC correlate with that of the

phytochemical analysis showing the presence of many
phytomolecules in the extracts. Analysis of the phyto-
chemical constituents of LOE and fractions show that
alkaloids, saponins, tannins and flavonoids abundant in
the most active fraction, LOMF, may be largely respon-
sible for the antiplasmodial effects of L. owariensis leaf.
The antiplasmodial activity of various alkaloids (Saxena
et al. 2003; Oliveira et al. 2009; Nasrullah et al. 2013),
saponins (Oketch-Rabah et al. 1997; Traore et al. 2000),
tannins (Asres et al. 2001) and flavonoids (Saxena et al.
2003; Batista et al. 2009; Zakaria et al. 2012) have been
reported. Identification of the antiplasmodial constitu-
ent(s) of L. owariensis leaf is ongoing.

In conclusion, results of this study demonstrate the
antiplasmodial activity of L. owariensis leaf and provide a
pharmacological rationale for its ethnomedicinal use as
antimalarial.
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