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ARTICLE INFO ABSTRACT

Arfic{e history: ) Ethnopharmacological relevance: The decoction of the combined stem barks of Khaya ivorensis A. Chev.
Received 27 April 2011 (Meliaceae) and Alstonia boonei De Wild (Apocynaceae) has a history of use in traditional medicine of
Accepted 23 June 2011 central Cameroon for malaria treatment but also for the prevention of the disease.

Available online 30 June 2011 Aim of the study: The purpose of this investigation was to determine the antiplasmodial activity of

Khaya ivorensis (K) and Alstonia boonei (A) preparations in the murine malaria model Plasmodium
Keywqrds. berghei/Anopheles stephensi, to estimate their prophylactic potential and to assess acute and sub-acute
Malaria . . . It .

toxicity of the formulations prepared according to the traditional recipes.

?ﬁ;ﬁ{?ﬁgmm berghet Materials and methods: Aqueous extracts from the stem-bark of the two plants were prepared and
Khaya ivorensis tested separately and in combination. BALB/c mice were treated for 9 days and challenged on day 3
Alstonia boonei by exposure to mosquitoes infected with Plasmodium berghei. Treatment doses ranged between 200 and
Remedy validation 400 mg/kg/day, corresponding approximately to the dosage applied by traditional healers to cure malaria

patients or prevent the disease. Parasitemia reduction in treated animals was calculated from Giemsa
smear counts, of two replicate experiments. To estimate acute toxicity in terms of median lethal dose
(LD50), geometrically increasing doses were administered to mice. Sub-acute toxicity of the herbal com-
bination (KA) was investigated by administering the same doses as in the antiplasmodial activity test for
a period of 14 days, followed by 14 days of recovery observation. Locomotor activity (Open Field Test),
body weight, liver and kidney morphology were monitored.
Results: The combination KA was found to exhibit antiplasmodial activity in the murine malaria model. In
mice treated with the combination remedy at a dosage of 200 mg/kg/day, parasitemia values of 6.2% + 1.7
and 6.5% + 0.8 were recorded, compared to 10.8% 4 1.3 and 12.0% 4+ 4.0 in controls (p <0.01). Doubling the
dosage of the extracts did not significantly increase parasite suppression. When extracts of Kand A were
administered separately at a dosage of 400 mg/kg, a reduction in parasitemia was still obtained, but it
did not reach statistical significance. Toxicity studies yielded comforting results: the LD50 was estimated
to be greater than 2779.5 mg/kg. Moreover, mice exposed to the fourteen-day repeated-dose toxicity
test (sub-acute toxicity test) did not display weight loss, liver or kidney morphological modifications,
significant alterations in locomotor activity or any other sign of illness.
Conclusion: The antiplasmodial activity and the wide dose interval between the therapeutic dosage and
the toxic dosage exhibited by the KA herbal combination in the murine malaria model argue in favor of
its use as an antimalarial prophylactic remedy. It remains to be demonstrated by human clinical trials
whether the combination remedy, when taken by inhabitants during malaria transmission season, can
reduce parasite density and lead to a reduction of malaria episodes in the community.
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1. Introduction

Human development in Africa today is hampered by a number of
severe infectious and parasitic diseases, among which malaria takes
a sad, leading role. Worldwide, 3.3 billion people are estimated to
be atrisk and yearly nearly 225 million malaria cases occur, leading
to the death of at least 800,000 patients in 2009, mainly children
below the age of 5 (WHO, 2010).

The situation is aggravated by the spread of drug-resistant para-
site strains in many parts of the world where Plasmodium falciparum
(P.f) is endemic (White, 1998, 2004; Dondorp et al., 2009).

In Cameroon, transmission of malaria occurs throughout the
year and is particularly intense in the southern areas of the coun-
try. Almost 2 million cases have been registered during 2008 by the
National Malaria Control Program (WHO, 2009).

To control the disease, insecticide treated bed nets and
artemisinin-based combination therapy (ACT) have been adopted
since 2004 as the main malaria control tools. More than 1 million
insecticide treated nets (ITN) have been distributed up to now, of
which about 820,000 are long lasting insecticide impregnated nets
(LLIN). Clearly, this amount is not sufficient to protect the 19.4 mil-
lion people at risk in the country. According to the 2009 World
Malaria Report (WHO, 2009, data from 2008), about 20% of house-
holds own at least one ITN, but only 13% of children sleep actually
under a net. Moreover, approximately 59% of children with fever
received treatment, but only 2% were given ACT and 6% of women
received 2 or more doses of intermittent preventive treatment (IPT)
during pregnancy (WHO, 2009).

As in almost all sub-Saharan endemic countries, malaria in
Cameroon is particularly affecting people living in rural, remote
areas, where most often affordable modern drugs are not available
and where medical centres cannot assure prompt and appropriate
treatment to healthcare seeking individuals. Thus, a majority of the
population still relies on the use of traditional herbal medicines for
the cure of malaria patients.

Based on ethnobotanical studies conducted in Cameroon, a
compiled list of more than 500 traditional medicinal plants was
established, including 25 antimalarial and 137 antipyretic plants
(CE-FAO, 1999). Most of these plants belong to the families Acan-
thaceae, Myrtaceae, Rubiaceae, Cesalpinaceae, Apocynaceae or
Meliaceae. Traditional preparations include concoctions, decoc-
tions, infusions or macerations using different plant parts from one
or several species (Titanji et al., 2008).

An ethnobotanical study conducted recently in the area of Mbal-
mayo, in the central region of Cameroon, allowed to reveal the
common use of Khaya ivorensis (Meliaceae) and Alstonia boonei
(Apocynaceae) as combination remedy to treat malaria but also to
prevent the disease.

Khaya ivorensis and Alstonia boonei are large trees widely dif-
fused in Central Africa. The bark, roots and leaves of both plants are
traditionally used for the treatment of various types of ailments,
including several infectious diseases (Idu et al., 2010).

A range of biological activities have been evidenced in extracts
from different Khaya species and in some occasions have been
attributed to single molecules isolated from stem-bark, leaves and
roots (Zhang et al., 2009). In particular, limonoids extracted from
the roots and stem bark of Khaya ivorensis have been found to
exhibit antifungal activity against the pathogenic plant fungus
Botrytis cinerea (Abdelgaleil et al., 2005) and to induce anti-
inflammatory effects in the rat paw oedema model (Agbedahunsi
et al., 2004). Seed limonoids showed insect antifeeding properties
against larvae of the lepidopteran Agrotis segetum (Vanucci et al.,
1992) and growth inhibitory effects on the larvae of the cotton leaf
worm Spodoptera littoralis (Abdelgaleil and El-Aswad, 2005).

Biological activity studies conducted with Alstonia boonei
extracts derived from root-bark, stem-bark and leaves have

evidenced antibacterial (Adomi and Umukoro, 2010), anti-
inflammatory, antipyretic and analgesic activities (Olajide et al.,
2000). In Cameroon and neighboring countries, infusions pre-
pared from Alstonia boonei stem-bark are used as an anti-venom
in patients affected by snake bites or hit by poisoned arrows
(Neuwinger, 1996). Alstonia boonei preparations are also known in
the folk medicine as astringent, tonic and as febrifuge for malaria
patients (Olajide et al., 2000; Idu et al., 2010). The major chemi-
cal constituents of Alstonia boonei include alkaloids, triterpenoids
and steroids (Akinmoladun et al., 2007), and Elisabetsky and Costa-
Campos (2006) reported the antimalarial properties of the indole
alkaloid alstonine in mice.

Given the popular use of Khaya ivorensis and Alstonia boonei as
antimalarial combination remedy, information on its efficacy and
safety obtained from studies with animal models is relevant to
inform health providers on whether to encourage or discourage the
traditional use of the plant combination. Using the murine malaria
system Plasmodium berghei/Anopheles stephensi and BALB/c mice,
this study aimed at (1) verifying the antiplasmodial activity of the
plant combination, (2) exploring possible toxicity risks for the rem-
edy users, and (3) assessing the potential for its prophylactic use.

2. Material and methods

2.1. Plants

Khaya ivorensis and Alstonia boonei stem bark material was col-
lected in March 2008 in the central region of Cameroon (Mbalmayo)
and identified by Mr. Victor Nana, a plant taxonomist. Voucher
specimens are deposited under N° 53957 for Khaya ivorensis and N°
43368 for Alstonia boonei at the National Herbarium of Cameroon
(Yaounde).

2.2. Preparation of plant extracts

Fresh pieces from Alstonia boonei and Khaya ivorensis stem bark
were dried at a temperature of 18-25°C. Decoctions were pre-
pared by boiling 50g of coarsely powdered plant material in 1
litre of distilled water for 15 min. Decoctions were then centrifuged
(10,000 rpm for 10min), filtered, freeze-dried and the powders
stored at —20°C. The yield for Khaya ivorensis (red-brown powder)
and Alstonia boonei (fawn powder) were 13% and 6%, respectively;
the yield of the combined plant decoction was about 10%.

2.3. Experimental animals

Female and male BALB/c mice 8-12 weeks old and weighing
20-25g were used for this study. The experiments were carried
out in the animal facility of the University of Camerino (Italy). The
animals were maintained in air-conditioned rooms at a tempera-
ture of 22 °C(+3°)and ata 12 h photoperiod. Animals were fed with
standard rodent pellets (Mucedola s.r.l., Milano, Italy) and provided
with water ad libitum. The experiments were conducted in full com-
pliance with the European Union guidelines for experimentations
on laboratory animals (Council Directive 86/609/EEC of 24/11/86)
and the Italian Directive 116 of 27/10/92 on the “use and protec-
tion of laboratory animals” (licence n° 125/94A, issued by the Italian
Ministry of Health).

2.4. Invivo anti-plasmodial efficacy assessment

2.4.1. Murine malaria model

A chloroquine-sensitive Plasmodium berghei ANKA strain was
used to assess in vivo anti-malarial activity. The parasite strain was
maintained by acyclic passages from infected to healthy BALB/c
mice and cyclic passages using Anopheles stephensi mosquitoes
(Lucantoni et al., 2010).
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Plasmodium berghei infection of the vector was obtained by
feeding 3-5 days old Anopheles females on gametocytaemic mice.
Prevalence and intensity of infection was estimated by counting
developing oocysts on samples of mosquito midguts ten days after
the infectious blood meal.

2.4.2. Assessment of in vivo antiplasmodial prophylactic activity

The dosages chosen for the assessment of antiplasmodial activ-
ity in the mouse model corresponded approximately to the amount
of bark extract taken up by malaria patients according to the
traditional medicine prescription. The following plant extracts,
combination extracts and dosages have been tested on groups of
6 mice each:

(1) (1:1) combined extraction of the 2 plants (KA)
200 mg/kg/day; (2) KA 400mg/kg/day; (3) (1:1) mixture of
separate plant extracts (K+A) 200 mg/kg/day (100 mg/kg of each
plant); (4) extract of Khaya ivorensis (K) 400 mg/kg/day; (5) extract
of Alstonia boonei (A) 400 mg/kg/day.

The freeze-dried extracts were dissolved and diluted in distilled
water. Test solutions were administered by gavage twice a day
(every 12 h using half of the daily dosage) in volumes of 200 p.L
for a period of 9 days. On the third day of treatment, experimental
mice were individually challenged through the exposure to 10-20
bites of infective mosquitoes, 1h after the first treatment of that
day. Giemsa-stained thin blood smears were prepared from treated
and control animals (mice treated orally with equal volumes of dis-
tilled water) 7 days after the infection of the mice. Parasitemia was
determined by counting the number of parasitized erythrocytes per
3000 red blood cells. The average percent reduction of parasitemia
was calculated as
%reduction = 100 x [%}
where Cis the average percent parasitemia in the control group and
T the average percent parasitemia in the treated group.

Each experiment was performed in duplicate.

2.5. Toxicity tests

In accordance with the traditional way of use, K, A and KA
extracts were administered to experimental animals per os. BALB/c
mice were used as experimental animals in the acute and sub-acute
toxicity tests.

2.5.1. Acute oral toxicity in mice

The acute toxicity test was performed according to the method
of Thompson and Weil (1952). Four geometrically increasing doses
(factor 1.5) were chosen: 823.5 mg/kg, 1235.25 mg/kg, 1853 mg/kg
and 2779.5 mg/kg. Groups of five, 8-10 weeks old, male BALB/c
mice, were administered a single oral treatment of K, A and KA
extracts at each dosage. The animals were observed for 48 h for
any signs of toxicity and for behavioural changes. Body weight data
were also recorded on day 0 (before extract administration), on day
7 and day 14 post-treatment.

2.5.2. Sub-acute oral toxicity in mice

The sub-acute toxicity was assessed by administering the com-
bined aqueous extracts of Khaya ivorensis and Alstonia boonei (KA)
at 200 mg/kg/day and 400 mg/kg/day, as in the prophylactic test.
Treatments were continued for a period of 14 days, modifying
slightly the OECD guidelines for toxicity studies in rodents (OECD
407, 1995). Five BALB/c male mice were used per treatment group.
Experimental mice were observed daily during the 14 days of treat-
ment course and weighed every week until day 28. Signs of toxicity
were recorded. Mice that died during the test period were submit-
ted to necropsy for anatomo-pathological inspection.

At the end of the 14 days treatment course and after the 2 weeks
observation follow-up, 5 mice per group were reweighed, starved
for 24 h and sacrificed under diethyl ether anaesthesia. The animals
were dissected and their organs inspected for possible damages.
Heart, lungs, spleen, liver and kidneys were removed, blotted free
of blood and weighed.

2.5.2.1. Analysis of hematological and biochemical parameters.
Blood was collected from diethyl ether anesthetized mice by car-
diac puncture using heparinized syringes. The following blood
parameters were measured using an electronic blood cell counter
(Cell-Dyn 3500-Abbott): total leucocytes (WBC), neutrophils, lym-
phocytes, monocytes, eosinophils, basophils, red blood cells (RBC),
hemoglobin, hematocrit and platelets. As biochemical parameters
aspartate aminotransferase (AST), alanine aminotransferase (ALT),
gamma glutamyltranspeptidase (GGT), blood urea nitrogen (BUN)
and creatinine (CREA) were determined on serum samples, using an
automatic biochemical analyzer (BT 3000 plus - Biotecnica instru-
ments SPA).

2.5.2.2. Histopathological examinations. Portions of the liver and
kidney from control and test animals sacrificed on day 14 and
day 28 were fixed with 10% formalin in phosphate-buffered saline
(PBS) for 12-24 h, then dehydrated in ethanol series (70-95%) and
embedded in paraffin. Thin sections (4-5 jm) were cut, stained
with haematoxylin and eosin (H&E) and mounted on neutral
mounting medium for microscopical observation (Gabe, 1968).

2.5.2.3. Locomotor activity test (Open Field Test). An automated
locomotor activity box (MedAssociates, VT 05478) was used to
assess and quantify space related behavioural alterations possibly
induced by the study plants (Prut and Belzung, 2003).

Mice were individually placed into the activity box
(43cm x43cm x30cm) and spontaneous locomotor activity
was recorded during 5 min, starting 1 min after having placed the
animal in the test cage. Mouse movements were revealed by an
orthogonal light beam system, classified and analyzed by the activ-
ity box software package (Activity Monitor, MedAssociates). The
tests were performed 5h after the last treatment. The following
behavioural parameters were considered: locomotion (numbers of
ambulatory episodes), rearings (numbers of vertical movements,
standing up on the hind legs), stereotype counts (number of
grooming movements) and number of entries into the central
square of the arena. Few entries into the central area are indicative
for a mouse feeling fear or being anxious (Conto et al., 2005; Levay
etal.,2008). Number of ambulatory, rearing and grooming episodes
in the central zone of the field were expressed as percentage of
total ambulatory, vertical and stereotypic counts, respectively.
Between each test session, the apparatus was cleaned with 10%
ethanol and dried with a cloth to remove any mouse odours.

2.6. Statistical analysis

Quantitative data were expressed as arithmetic mean val-
ues + standard deviation/confidence interval. To compare para-
sitemia levels, the independent samples Student’s t-test was used,
and for the other results, one-way analysis of variance (ANOVA) fol-
lowed by the least-significant difference (LSD) post hoc tests were
applied.

3. Results
3.1. Invivo prophylactic antiplasmodial activity

The experimental combinations of Khaya ivorensis and Alstonia
boonei (KA) were found to exhibit appreciable antiplasmodial activ-
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Fig. 1. Impact of prophylactic, oral administration of Khaya ivorensis and Alstonia
boonei stem bark decoctions on parasitemia in mice. Extracts from the 2 plants
- combined or as single plant extracts - were administered at 200 mg/kg and
400 mg/kg to groups of 6 mice each for 9 days. The infection of the mice with
Plasmodium berghei was effected on day 3 of treatment by exposure to infective
mosquito bites. Giemsa smears for the assessment of parasitemia were prepared
on day 7 post-challenge. Means of % parasitemia were calculated for each group.
Percent reductions of parasitemia found in the treatment groups (compared to con-
trols) are illustrated in the figure. Bars represent CI95%. One way ANOVA followed
by LSD test was performed to assess significance of differences. Different letters over
the bars (a-c) evidence significant differences between the groups.

ity against Plasmodium berghei in the mouse (Fig. 1). Administered
at the dosages of 200 mg/kg/day and 400 mg/day, the KA prepara-
tion reduced parasitemia values by 43.6% and 53.2% respectively.
Percent parasitemia values determined in the treatment groups
ranged between 4.8% and 7.8%, according to dosage and replicate
experiment and amounted to 10.5-16.0% in the control groups
(Table 1). Comparing the efficacy of the KA extract at 200 mg/kg
with that of K+A, i.e. the 1:1 formulation of single plant extrac-

Table 1
Effects of Khaya ivorensis and Alstonia boonei extracts on Plasmodium berghei
parasitemia.

Treatment Dose Experiment? Mean parasitemia
groups? (mg/kg/day) (%)+£S.D.
K+A 200 1 77 +12
2 6.2+ 15"
KA 200 1 6.5+ 08"
400 3 62+ 17"
KA 400 4 48 +12"
5 7.8 £08"
K 6 6.7 + 1.6
A 6 82+ 1.6
Control 400 pL 1 12.0 + 4.0
2 109 +1.3
3 105 + 2.8
4 108 £ 1.3
5 16.0 £ 2.3
6 103 +£ 2.6

Mice (n=6) were challenged by infected mosquito bites on day 3 of treatment and
parasitemia (%) was measured on day 7 post-challenge. The control groups received
400 pL/day of distilled water for 9 days. Data are expressed as means + S.D. Indepen-
dent samples Student’s t-test was used to compare the treated and control groups.

3 K+A, mixture of separate plant extracts (1:1); KA, combined extraction of the
2 plants (1:1); K, aqueous extract of Khaya ivorensis; A, aqueous extract of Alstonia
boonei.

b Each number represents one experiment involving treatment and control
groups of six mice each.

" p<0.05.

" p<0.01.
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Fig. 2. Body weight pattern of mice subjected to the acute toxicity test. Groups of
BALB/c mice (n=5) were monitored for weight increase after oral administration
with a single dose of Khaya ivorensis-Alstonia boonei combination extract or single
plant preparations at the dose of 2779.5 mg/kg. The mice were weighed before the
treatment (day 0), at day 7 and day 14 after treatment. Weights are reported as
arithmetic means, bars are indicating the S.D. The values were slightly shifted to the
right to avoid overlapping of the error bars.

tions at the same dosage, similar reductions of 39.6% (32.8-46.4%)
and 43.6% (36.6-50.5%) were found (Fig. 1).

Doubling the KA dosage to 400 mg/kg/day resulted in a 53.2%
(48.5-57.9%) parasite reduction, not significantly higher than that
observed with KA at 200 mg/kg/day. Administering Khaya ivoren-
sis (K) and Alstonia boonei (A) extracts separately at the dose of
400 mg/kg, resulted in relatively lower parasitemia reductions of
35.5%(22.8-48.1%) and 21.0% (8.6-33.4%), respectively (Fig. 1).

3.2. Toxicity assessment

3.2.1. Acute toxicity

Oral, single dose administration of Khaya ivorensis and Alstonia
boonei extracts, both, of single (K and A) and combined plant prepa-
rations (KA), proved to be not toxic up to a dosage of 2775.9 mg/kg
(highest tested dose). No mortality and visible signs or symptoms
of toxicity were observed in any of the treated animals at this nor
at lower dosages. Body weight measurements in mice treated with
2775.9 mg/kg of the extracts on day O (before treatment), on day
7 and on day 14, showed a weight increase of 1-2 g (Fig. 2), corre-
sponding to that of healthy male BALB/C mice at the age of 8-10
weeks (River, 2010).

3.2.2. Sub-acute toxicity

Animals treated with KA combination at 200mg/kg or
400 mg/kg for 14 days remained in general good condition and no
adverse effects were observed throughout the treatment period and
during the 2 week follow up. Body weights recorded in the cohorts
of mice monitored for the 2 week treatment period (Table 2A) and
for the 4 week treatment plus follow up period (Table 2B) were
similar in treated and control animals. Also, no differences were
observed in weights of organs, i.e. lungs, livers, kidneys, hearts
and spleens between treated and control mice, sacrificed on day
14 (Table 2A) or on day 28 (Table 2B).

3.2.2.1. Effects on hematological and biochemical parameters. The
treatment with KA extract did not show an impact on hemato-
logical parameters at the 2 tested dosages, except on the number
of platelets (Table 3). Mice treated with KA at a concentration
of 400 mg/kg for 14 days and bled on day 28 exhibited a mean
platelet count of 260,800 wL~! + 107,900, whereas untreated ani-
mals and mice treated with KA 200 mg/kg showed mean values
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Table 2
Body and organ weights of mice subjected to KA sub-acute toxicity assessment of the Khaya ivorensis-Alstonia boonei combination.
Groups Body weight (g) £ S.D.
Day 0 Day 7 Day 14
(A) Mice monitored for the 2 weeks treatment and sacrificed at day 14
Control 240+ 1.4 235+ 1.8 243 + 2.1
KA 200 mg/kg 23.8 £ 0.8 233 +0.8 23.6 +£ 1.1
KA 400 mg/kg 249 + 2.1 23.6 £ 2.1 244+ 1.6
Groups Organ weight (g)+S.D. at day 14
Liver Kidneys Heart Spleen Lungs
Control 0.89 £ 0.12 0.34 £ 0.05 0.16 £+ 0.03 0.14 £+ 0.02 0.06 + 0.01
KA 200 mg/kg 0.92 + 0.04 0.36 + 0.02 0.16 + 0.03 0.13 £+ 0.02 0.07 £+ 0.01
KA 400 mg/kg 0.94 £ 0.07 0.36 £+ 0.04 0.15 £ 0.01 0.14 £ 0.02 0.07 £ 0.01
Groups Body weight (g) +S.D.
Day 0 Day 7 Day 14 Day 21 Day 28
(B) Mice monitored for the 2 weeks treatment and 2 weeks follow up, sacrificed at day 28
Control 240 +£13 239+13 246 £ 09 250+ 1.5 259+ 14
KA 200 mg/kg 242 + 0.8 242 + 0.5 245 +£ 0.5 246 +1.3 255+ 1.5
KA 400 mg/kg 247 £ 1.7 239 £ 2.0 235+24 249 £ 1.6 254+ 1.6
Groups Organ weight (g)+ S.D. at day 28
Liver Kidneys Heart Spleen Lungs
Control 1.11 £ 0.10 0.41 £ 0.03 0.14 £ 0.01 0.16 £+ 0.03 0.08 £ 0.02
KA 200 mg/kg 1.11 + 0.09 0.41 £ 0.04 0.15 £ 0.02 0.15 £+ 0.03 0.08 + 0.01
KA 400 mg/kg 113+ 0.15 0.40 + 0.03 0.14 + 0.02 0.16 + 0.02 0.08 + 0.00

Mice (n=5 per group) were treated orally with the aqueous extracts of Khaya ivorensis-Alstonia boonei combination for 14 days then monitored for a further 14 days.
Arithmetic means and +S.D. were calculated from body and organ weight measurements.

Table 3
Hemogram of mice subjected to sub-acute toxicity of the Khaya ivorensis-Alstonia
boonei combination (KA).

Parameters Control KA 200 mg/kg KA 400 mg/kg
RBC (x10'?/L) 103 £ 0.2 104 + 0.4 8.6 +3.2
Hemoglobin (g/dL) 159 £ 0.6 154 £ 0.5 154 £ 0.8
Hematocrit (%) 434 £ 0.5 42.0 £ 15 36.7 £ 13.6
Platelets (x10°/L) 458.3 + 80.4% 526.5 + 99.72 260.8 + 107.9"
WBC (x10°/L) 1.7 £ 0.6% 14 +£05 1.1+ 1.1
Neutrophiles (%) 222 +99 221 +£53 34.6 £+ 20.6
Lymphocytes (%) 71.3 £49.8 739 £ 41.0 57.2 + 100
Monocytes (%) 26+24 1.4+03 3.0+£1.7
Eosinophiles (%) 0.6 £ 0.7 09 £+ 0.5 1.0 £ 0.6
Basophiles (%) 34+38 19+1.1 45 +22

Blood samples were collected from treated and control mice (5 mice per group) on

day 28 of the sub-acute toxicity experiment (14 days after the end of treatments).
A Values are expressed as means + S.D. One way ANOVA and LSD test were used.

Different letters (a and b) represent significant differences between groups.

of 458,300 wL~! + 80,400 and 526,500 pL~! + 99,700, respectively
(LSD test, p<0.05).

Biochemical parameters, indicative for tissue damage or inter-
ference with the organ functionality of liver and kidneys, were
found to be increased in treated mice compared to controls at day
14, after 2 weeks of treatment (Table 4). The liver enzyme values
AST, ALP and GGT and the kidney markers BUN and CREA from
KA extract treated mice at 200 mg/kg and at 400 mg/kg were sig-
nificantly higher than the values of controls (p<0.05), with the
exception of the AST value of mice treated at the concentration
of 400 mg/kg. At the end of the 2 weeks follow up period (day 28),
treated and control mice showed similar values of all monitored
biochemical parameters.

3.2.2.2. Histopathological examinations. No tissue damage or mor-
phological alterations were evident at necropsy of the mice which
have been treated with KA for 14 days and examined at the end of
the treatment period or at the end of the follow up period. Also,
microscope examination of liver and kidney sections from treated

Table 4

Biochemical parameters of mice subjected to sub-acute toxicity assessment of the Khaya ivorensis - Alstonia boonei combination (KA).
Parameters Tested at Control KA 200 mg/kg KA 400 mg/kg
AST (u/L) Day 14 78.9 + 26.5A2 198.9 + 93.1° 113.0 + 24.42
ALT (u/L) 21.5 + 5.7 41.2 + 12.0° 36.2 + 8.0°
GGT (u/L) 3.6 +£0.72 7.8 + 1.4° 6.9 + 1.8
BUN (mg/dL) 30.5 + 11.82 57.9 + 27.0° 59.3 + 25.7°
CREA (mg/dL) 0.26 + 0.04 0.55 + 0.10P 0.49 + 0.04>
AST (u/L) Day 28 290.2 + 117.7 222.6 + 69.7 249.0 + 45.1
ALT (u/L) 56.8 + 12.9 56.8 + 14.6 58.0 + 11.8
GGT (u/L) 10.7 £ 12.3 58 £ 6.3 35425
BUN (mg/dL) 652 + 27.4 68.6 + 20.8 98.9 + 585
CREA (mg/dL) 0.59 + 0.15 0.59 + 0.09 0.69 + 0.33

Blood samples were collected from treated and control mice (5 mice per group) on days 14 and 28 of the sub-acute toxicity experiment.
A Values are expressed as means + S.D. One way ANOVA and LSD test were applied to compare treatment and control groups. Different letters (a and b) represent significant

differences between groups.
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Fig. 3. Liver and kidney tissue sections from mice subjected to the acute toxicity test; treated with KA 400 mg/kg. (A) Section from the liver of a treated mouse showing
normal parenchyma morphology; (B) section from the kidney of a treated mouse after 14 days of recovery period; note the absence of any lesions and paraphysiological

tissue characteristics. Tissue sections were stained with H&E, scale Bar =100 pm.
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Fig. 4. Locomotor and fear related activity observed in mice subjected to the acute toxicity test; (A) total ambulatory counts (TAC), total stereotypic counts (TSC) and total
vertical counts (TVC) after 5 min of monitoring; (B) percent ambulatory counts (% AC), % stereotypic counts (% SC) and % vertical counts (% VC) in the centre of the locomotor
box. Mice (n=10 per group), treated for 14 days with the combination of Khaya ivorensis and Alstonia boonei at 200 mg/kg or 400 mg/kg were used. Numbers of ambulatory,
stereotypic and vertical episodes in the 25 cm x 25 cm central zone of the open field (43 cm x 43 cm x 30 cm) are expressed as percentage of total ambulatory counts, total
stereotypic and total vertical counts. Data are expressed as mean +S.D. One way ANOVA and LSD test were applied to compare the data from treated and control animals.

The letters a and b represent significant difference between groups.

and control mice sacrificed on day 14 and day 28, did not reveal
any alterations that could be attributed to the treatments (Fig. 3).

3.2.2.3. Locomotor and fear related activity. Locomotor activity, in
terms of frequency of movements, was not influenced by the treat-
ment with the plant extracts (Fig. 4A). Monitoring the animals
for 5 min, the total ambulatory, total stereotypic and total vertical
counts did not differ between treated and control animals.

Examining the amount of locomotor activity in the centre of
the open field box in respect to total activities revealed that mice
treated with KA (400 mg/kg) showed a lower percentage of ambu-
latory counts in the centre compared with control mice and animals
treated with KA at the 200 mg/kg (LSD test p <0.05; Fig. 4B), indi-
cating uncomfortable, anxious feeling in these animals.

4. Discussion

The medicinal plants Khaya ivorensis and Alstonia boonei, pop-
ularly used in Cameroon to treat malaria patients and prevent
the disease, exhibit antiplasmodial activity in the rodent malaria
model. In mice kept under prophylactic treatment, parasitemia was

found to be reduced by 21-53%, according to dosage and plant
preparation. Both plants have proved to possess antiplasmodial
properties, allowing in the combination preparation additive
effects to occur, that result in a parasite growth inhibition which
amounts to about twice that observed with single plant administra-
tions. Acute toxicity assessments revealed the plant combination
to be safe and also prolonged treatment of mice - simulating a
prophylactic treatment scheme - did not provoke any permanent
alterations.

Chemical investigations on Khaya ivorensis have led to the
identification of several limonoid molecules, namely procerano-
lide (Vanucci et al., 1992), mexicanolide, khivorin, angolensate,
gedunin (Abdelgaleil et al., 2005), khayanolide, khayalactone, swi-
etenine (Abdelgaleil et al., 2005; Zhang et al., 2009) and their
derivatives. Among those tested in vitro for antimalarial activity,
gedunin revealed to be the most active, showing ICsg values of
0.72 pg/mL (Bray et al., 1990), 1.25 wg/mL (Bickii et al., 2000) and
0.02-0.039 pg/mL (MacKinnon et al., 1997) with various P.f strains.
However, this activity could not be confirmed in vivo. Bray et al.
(1990) and Omar et al. (2003) did not find any parasitemia sup-
pressive effects in mice treated with gedunin, possibly due to poor
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absorption and/or scarce bioavailability of the pure compound in
the plasma (Omar et al., 2003). In our study, using a crude aqueous
plant extract, likely to contain different biologically active com-
ponents, antiplasmodial activity was found to be conserved in the
rodent host. Indeed, parasite growth in mice treated with K prepa-
ration at daily dosages of 400 mg/ml was found to be reduced by
35.5%.

Antiplasmodial activity was evidenced also in the aqueous
extract of Alstonia boonei (A). Administered at 400 mg/kg to mice, a
reduction of parasitemia by 21% was observed. This result is consis-
tent with data fromin vitro and in vivo studies carried out with crude
ethanolic extracts of Alstonia boonei stem bark. At a concentration of
10-20 pg/ml, the ethanolic plant preparation was found to inhibit
P.f parasite growth in vitro by 50% (Bello et al., 2009) and in vivo
experiments, recently reported by Iyiolaetal.(2011), demonstrated
significant, dose dependent reductions of Plasmodium berghei par-
asite development in mice. In particular, oral administration at the
doses of 100, 200 and 400 mg/kg, reduced parasitemia values by
34-82%. A 60.7% reduction was reported in mice subjected to the
prophylactic test (Peters protocol) and treated at a daily dosage of
400 mg/kg (lyiola et al., 2011). The higher activity values recorded
by lyiola et al. (2011) compared with ours may be explained on the
basis of the different prophylactic treatment procedures adopted
and/or by the different solvents — water versus ethanol, respectively
- used for extract preparation.

K and A have been used as combination preparation for cen-
turies in traditional cultural systems in Cameroon. Our results,
showing an increased activity with the combination extract in the
rodent system, are in support of the popular use of KA as a tradi-
tional antimalarial combination remedy. Comparable findings have
emerged from studies on other antimalarial plant associations.
Substantial enhancement of antiplasmodial in vitro activity was
found with a combination of Hedyotis corymbosa and Andrographis
paniculata ethanolic extracts in comparison to that observed with
the single plant preparations (Mishra et al., 2009). Additionally,
mice treated with the combination of the two plants showed
better survival compared to the groups treated with the single
plant extracts (Mishra et al., 2009). Studying interactions between
aqueous extracts of Lannea schweinfurthii and Boscia salicifolia and
between Turraea robusta and Sclerocarya birrea, Gathirwa et al.
(2008) found that the plant combination reduced parasitemia in
BALB/c mice by 54-93% compared to 40-48% in animals treated
with the single plant preparations (Gathirwa et al., 2008). These
study examples support the validity of the combination approach
adopted by traditional medicine systems (Willcox et al., 2004).

Healers resort to multi-plant preparations believing that each
plant fulfills a specific, beneficiary role in the combination. The
rationale underlying plant choice for associations is multifarious
not only aiming to increase anti-disease components in amount,
but also to enhance their absorption, attenuate possible side effects
of partner plants and/or to act against clinical signs of the disease,
such as fever or nausea (Rasoanaivo et al., 2011).

In our studies, the extracts of Khaya ivorensis, Alstonia boonei and
their combination proved to be safe in the acute toxicity assess-
ments, as only reversible alterations were found in the sub-acute
toxicity experiments.

In fact, no mortality was recorded up to a dose of 2779.5 mg/kg
of K, A or KA, allowing to estimate the oral median lethal dose to be
higher than 2000 mg/kg, amount corresponding to the LDsg value
defined as practically non toxic by U.S. EPA (2006). For compari-
son, an LDsq value of 549 mg/kg was reported in a toxicity study
conducted with a methanolic extract of Khaya ivorensis (Nwozo
et al., 2006) and a LDsg of higher than 5000 mg/kg was found for an
ethanolic stem bark extract of Alstonia boonei (lyiola et al., 2011).
Regarding the combination of the two plants, no data could be
retrieved in literature.

Treatment with the KA extract over a period of 14 days for
the assessment of sub acute toxicity did not affect red and white
blood cell numbers, hematocrit and hemoglobin levels. Values of
treated mice at day 28 did not differ from controls and corre-
sponded to those reported for different laboratory mice strains by
Frith et al. (1980), Festing et al. (2001), Patra et al. (2009) and by
the BALB/c breeding company (Harlan laboratories, 2010). Platelet
counts resulted significantly lower in mice treated with KA at
400 mg/kg with respect to both 200 mg/kg KA-treated and controls,
however the values were not out of the range considered normal
for BALB/c mice (Nemzek et al., 2001).

Monitoring biochemical parameters revealed some mild toxic-
ity at the end of the 14 days gavage with KA. Liver enzymes (AST,
ALT) and kidneys markers (BUN, CREA) values were found to be
increased at day 14 in treated mice, however measurements per-
formed at the end of the 14 days recovery period did not reveal
differences between the two groups, indicating the reversibility of
the toxic effects. Moreover, the AST, ALT, BUN and CREA values
observed in treated mice on day 14 did not exceed the range of nor-
mality reported for untreated mice (6-9 week old) by Patra et al.
(2009) and Harlan laboratories (2010) regarding AST and ALT values
and by Oze et al. (2007) regarding BUN and CREA values. The con-
sistently low values of GGT (3-7 U/1) observed in the treated groups
further support the absence of liver damage (Uthman, 2002).

Weight measurements of livers and kidneys, as well as his-
tological examination of sections from these organs did not
reveal alterations that could be ascribed to the KA treatments.
Studying toxicity of Alstonia boonei, Oze et al. (2007) found evi-
dence of nephrotoxicity in guinea pigs after administration of an
aqueous-ethanolic extract at 200 mg/kg for a period of 4 weeks.
Histopathological analysis of kidney samples from treated guinea
pigs revealed mild oedema, moderate hyalinization, mild to mod-
erate increase in the size of endothelial and mesothelial cells (Oze
et al.,, 2007).

In a study carry out with an ethanolic extract of Khaya ivoren-
sis, accumulation of colloidal material within the liver parenchyma
and the kidney tubules and glomerulus were observed in rats after
administration of the extract at 500 mg/kg/day to the animals for 14
days. However, disappearance of these alterations after one week of
recovery, testified the reversibility of the toxic effect (Agbedahunsi
et al., 2004).

Interestingly, a methanolic stem bark extract of Alstonia boonei
was found to induce anti-inflammatory, analgesic and antipyretic
effects in male wistar rats (Olajide et al., 2000). Such immuno-
modulatory effects might be associated to the anti-malarial,
febrifuge effects reported by the populations practicing the treat-
ment with this traditional remedy.

To assess possible toxic effects of KA that can be revealed by
altered animal behaviour, the open field locomotor test was car-
ried out in this study using mice subjected to the sub-acute toxicity
assessments. Overall activity, measured as number of ambulatory,
stereotype and vertical movements, was not different between
treated and control mice, suggesting that KA treatment did not
interfere with the overall well being of the mice. However, ani-
mals treated with 400 mg/kg of the plant combination showed less
activity in the open, central area of the locomotor box, indicative
for reduced exploratory behaviour possibly related to anxiety sen-
sation (Conto et al., 2005).

In summary, our preclinical studies on the KA combination
provide evidence for its efficacy and safety, lending support for
its traditional use for the management of malaria. Our experi-
mental studies designed to assess the prophylactic potential of
the plant combination yielded positive results. Adopting proto-
cols which simulate real life situations, i.e. conducting prolonged
prophylactic treatments of the experimental animals with dosages
corresponding to those recommended by the traditional healers
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and challenging the treated mice by infective mosquito bites, KA
preparations were able to reduce significantly parasitemia without
eliciting permanent alterations indicative for toxicity. These results
strongly encourage human clinical studies on KA to be undertaken,
in order to verify whether the combination remedy, when taken
by inhabitants during malaria transmission season, reduce par-
asite density and lead to a reduction of malaria episodes in the
community.

5. Conclusion

In several African countries, standardized antimalarial remedies
have been developed. Tea bag or syrup formulations are produced
locally by pharmacists or small pharmaceutical companies and are
used by the population for the treatment of malaria patients, in
particular in situations in which modern drugs are not available.
Prophylactic antimalarial herbal products may represent a further
tool that can contribute to reduce malaria burden in communities
by preventing clinical episodes and deaths. At present, the adopted
strategy for malaria prevention consists in the promotion of insecti-
cide treated nets and on intermittent treatment with modern drugs
for pregnant women and small children. Chemo-prophylaxis with
‘modern’ drugs has shown its shortcomings when applied to entire
communities, mainly related to low compliance, high cost and risk
of precocious development of drug resistant Plasmodium strains.
Prophylactic herbal remedies could be considered as a practica-
ble alternative, as they are deeply rooted in the local culture, their
local production allows to keep costs low and their likely content of
more than one anti-plasmodial ‘principle’ hinders the development
of resistance.

We hope that the outcomes of this study on the antimalarial
activity of the KA combination remedy will motivate the implemen-
tation of clinical studies in Cameroon to validate its prophylactic
efficacy at community level, thus allowing the National health
policy makers to take informed decisions on the opportunity
to integrate prophylactic remedies as a complementary measure
within the National Malaria Control Program.
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