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ABSTRACT

Background: Newbouldia laevis and Crateva adansonii are popular plants used traditionally
in the management of patients with malaria infection in Nigeria. In this study, the acute toxicity
and anti-plasmodial effects of the leaf extracts of Newbouldia laevis and Crateva adansonii
were investigated in mice.

Methods: The Anti-plasmodial activities of both extracts were investigated individually and
combined in mice infected with the chloroquine sensitive ANKA-65 Plasmodium berghei
Strain. Five groups of four mice each were used in our experiments. The LD, was determined,
using the line equation of the mortality against dose levels plot.

Results: The extracts of N. laevis and C. adansonii had a safety level of 200 mg/kg (LD, =
471.43 mg/kg) and 600 mg/kg (LD,;=3,500 mg/kg), respectively. Each experimental group
was infected with P. berghei strain. The percent inhibition of parasitemia induced by the extracts
of N. laevis and C. adansonii were 30.14+2.88% and 61.35+1.41%, respectively, compared to
the 78.89% achieved for the standard drug (chloroquine). Mice treated with the combined
extracts had a parasite inhibition of 24.23+0.86%. Upon the analysis of the extracts, there
were tannins, steroids, flavonoids, saponins and alkaloids in both. The quantitative analyses
revealed that tannins were the most abundant (261.85+4.76 mg/100 g & 92.71+6.58 mg/100
g) while saponins were the least abundant (15.09+1.13 mg/100 g & 14.08+1.28 mg/100 g)
phytochemicals in both extracts.

Conclusion: The findings support the notion that the traditional use of either plant in the
management of malaria in Nigeria appears to be logical.

Keywords: Toxicity; Plasmodium berghei infection; Crateva adansonii; Newbouldia laevis;
Leaf extracts

Introduction

he application of natural products from

as tranquilizers (reserpine), antimalarials (quinine, arte-
misinin) cardiac stimulants (digitoxin), antiretrovirals,
and calanolides A and B [1].

plant sources in the management of sev-

eral ailments is not a contemporary prac-
tice in modern healthcare. However, such
products have been used for many years

Malaria is one of the major threats to global healthcare.
Every year, approximately 300-500 million acute infec-
tions and three million deaths arise from this disease in
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over 90 countries globally where malaria is prevalent
[2]. It’s a recurring disease, with pregnant women and
children below the age of 5 being the most vulnerable
people [3]. In certain epidemiological occasions, malaria
has high morbidity and mortality potentials, and it can be
devastating with an urgent need to combat it.

One of the issues in combating malaria is the rapidly
evolving and proliferation of the parasite resistance to
otherwise effective drugs that are currently used [4].
Plasmodium species have greatly relegated a number
of well-known anti-malarial agents today because of
the ability to offer resistance to these drugs. Consider-
ing that there is no prospect for a potent vaccine, it is
important to explore potential compounds, mostly of
plant origins, to combat malarial infection [5]. This ex-
plains the wide-spread and increasing worldwide use of
natural plant products, especially in the third world and
developing nations.

A variety of compounds from plant origins has made
them major candidates for developing bioactive thera-
peutic agents [6]. For example, quinine, extracted from
Cinchona ledgeriana (Rubiaceae) has become a ma-
laria treatment agent for more than a century. In the
same way, sesquiterpene lactone (artemisinin) has been
isolated from Artemisia annua (an antipyretic herb in
China) and is recently gaining popularity for its anti-
malarial property [7].

The hope for new and effective generation of anti-
malarial drugs is hinged upon the screening of herbal
drugs known for treating this disease traditionally.
Usman et al. [8] states that more than 80% of human
population use plants as basic treatments at some point
in their lives [8, 9].

The most common drugs for treating pain and inflam-
matory conditions are opioids and non-steroidal anti-in-
flammatory drugs (NSAIDs) [10]. However, these drugs
have adverse effects [11]. Therefore, the investigation
for safer analgesics as new therapies is imperative. In
traditional medicine, one of the common problems for
using crude plant extracts is lack of proper evaluation of
their toxicological profiles. In this context, the potential
side effects of using crude extracts can lead to organ and
tissue damages [12].

Therefore, the screening of medicinal plants known
for their anti-malarial properties is gaining popularity.
Newbouldia laevis (N. laevis) and Crateva adansonii (C.
adansonii) are few of such plants that are suspected in
Nigeria for their effects against malaria related fever [13,
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14]. This study was planned to investigate the N. laevis
and C. adansonii leaf extracts for their anti-plasmodial
activities. This is an important step to uncover their po-
tentials to become natural resources toward new anti-
malarial drug development.

Materials and Methods

Reagents and chemicals: All of the reagents and
chemicals used in this study were of analytical grades,
and obtained from Sigma Aldrich Chemicals (St. Lou-
ise, MO, USA).

Plant Samples: Fresh green N. laevis and C. adansonii
leaves were collected from Baddegi, Niger State, Nige-
ria. They were identified and authenticated by the Bio-
logical Science Department of the Federal University of
Technology, Minna, Niger State, Nigeria.

Experimental Animals: Healthy 6-week old Swiss al-
bino mice (male and female) weighing 20-30 g, and Wis-
tar rats weighing 180-200 g were used in this study. The
20 mice that were used in this study were divided into
five groups of four mice each. One group was assigned
as the control (with 20 ml/kg normal saline). They were
acquired from National Institute of Pharmaceutical Re-
search and Development in Abuja, Nigeria.

Malaria parasites: Chloroquine-sensitive Plasmo-
dium berghei (NK-65 strain) was acquired from the Na-
tional Institute of Pharmaceutical Research and Devel-
opment in Abuja, Nigeria. It was maintained in healthy
laboratory mice by serial-passage.

Inoculation of animals: EDTA-treated bottles were
used to collect parasitized erythrocytes from a donor-
mouse, which had been infected with the parasite earlier.
Blood samples were collected and subsequently diluted
with normal saline from the jugular vein of the infected
mouse, into an EDTA-treated bottle. A 0.2 ml of the in-
fected blood suspension was used to inoculate each of
the experimental mice intraperitoneally [15].

Preparation of crude extracts: The extraction methods
selected in this study was on the basis of the yield obtained.
Leaf samples (40 g, total) were pre-dried with air, ground
and extracted sequentially in an exhaustive manner for 48
hr with 400 ml of hexane (Sigma-Aldrich, UK) followed
by ethylacetate and methanol. The material obtained sub-
sequently was filtered with muslin cloth. After filtration,
the recovered solvents were lyophilized under vacuum in
a rotary evaporator. The green colored pastes were subse-
quently collected and weighed before further analysis.

ji. Iran J Toxicol. 2020; 14(2):93-104.
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Animal management: A total of 20 mice divided
into five groups of four each were used in this study.
They were placed in a comfortable space furnished
with standard environmental conditions and had free
access to commercially available pellet food and drink-
ing water. The experiments followed the universally
recognized standards for laboratory animal use and
care by the Canadian Council on Animal Care guide-
lines and review protocol [16].

Safe dose and acute toxicity of the extracts: We used
Lorke’s methodology to determine the safe dose and
acute toxicity (LD,,) levels. The rodents were adminis-
tered per group with the extracts of N. laevis at 100,
200, 300, 400 or 500 mg/kg body weight doses intra-
peritoneally. The leaf extract of C. adansonii was also
administered to five groups of four mice intraperitone-
ally at doses of 600, 800, 1600, 3000 or 3200 mg/kg.
The medium for dissolving the extracts was DMSO. The
control group was separately administered with 20 ml/
kg of normal saline. The mice were then observed for
over 72 h, and the clinical signs and mortality were doc-
umented. The LD, of the extracts were determined from
the plot of the intercept of percent mortality (y-axis) and
dosages (x-axis) [17].

Anti-plasmodial screening: Before starting the study,
the mice were screened microscopically, using blood
smears from the tails. This step was done to exclude the
likelihood of animals concealing rodent Plasmodium
species. The preliminary anti-plasmodial effects of dif-
ferent fractions of the extracts of N. laevis and C. adan-
sonii in P. berghei infected mice were also carried out.
This was an essential step to obtain the fraction with the
highest anti-parasite activity.

The experiment: Fidock et al.’s method for probing
the anti-plasmodial activity of plant extracts was used in
mice infected with P. berghei [15]. DMSO was the medi-
um for dissolving the plant extracts. It served as a trans-
port medium for the extract delivery to the animals. This
method involved treating the animals with the plant ex-
tracts three days after inoculating the mice with the para-
site. One of the infected mice that served as the donor
was then anaesthetized with chloroform. Blood samples
were taken from the donor through cardiac puncture, us-
ing sterile and heparinized syringes and needles.

The blood samples were then diluted using normal sa-
line to the point that 0.2 ml had about 10 million infected
RBCs. The twenty uninfected mice were subsequently
inoculated each with 0.2 ml of the diluted blood sample
intraperitoneally. The mice were administered with the
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extracts intraperitoneally once daily for five consecutive
days (day 3 to day 7).

Group 1 was treated with 200 mg/kg of the metha-
nol extract of N. laevis. Group 2 was administered 600
mg/kg of the ethylacetate extract of C. adansonii while
Group 3 was administered 100 mg/kg (1:1w/w) of the
combined extracts of N. laevis and C. adansonii. Group
4 received a similar trial where they received chloro-
quine (5 mg/kg) as a reference. Group 5 was treated with
20ml/kg of normal saline and was regarded as the nega-
tive control. Thin blood smears were prepared from the
tail vein starting on day 3 and subsequently on alternate
days. The blood smears were then stained, using 4% Gi-
emsa (pH 7.2) for 45 minutes and examined by light mi-
croscopy. Five optic fields were observed on each slide
and the numbers of infected RBCs were recorded. Sub-
sequently, the mean and percent activity or parasitemia
suppression were determined. The mean parasitemia per
microscopic field (y-axis) and the number of days (x-
axis) was plotted against each other.

Parasitemia inhibition: The percentage of parasites
inhibited for every dose was calculated based on the fol-
lowing formula 1:

1 *P in negative control group

9% Parasite —*P in treated group

Inhibition =

x100
*P in negative control group

(*P=Parasitemia)

Mean Survival Period (MSP): The death rate among
the animals was documented every day. We recorded the
days from the onset of parasite inoculation to the time
when the animals died in each group. The survival pe-
riod in each group was calculated by dividing the mean
survival time of the mice after infection by the time
frame of 45 days (D0-D45) as follows (formula 2):

2. Daily sum of survival dura-
MSP= tion of all mice in a group

Total mice in the group

Changes in body weight: A sensitive digital balance
(Scientech; Colorado, USA) was utilized to weigh each
mice from each group before infection (day 0), during
and after the treatments (15 and 30 days post treatment).

Packed Cell Volume: The Packed Cell Volume (PCV)
was determined to monitor changes in the levels of
the RBCs during the study according to an established

ii. Iran J Toxicol. 2020; 14(2):93-104.
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method [18]. The tip of the mice tails was incised to col-
lect the blood samples into heparinized capillary tubes
and sealed with plasticine, a sealing agent. The capillary
tubes were centrifuged at 11,000 rpm for 5 minutes. The
packed cell volume was then determined using a micro
hemotocrit reader.

Statistical Analyses: The statistical data were ana-
lyzed, using SPSS software v. 16. The outcomes were
expressed in Means+SEM (Standard Errors of Means).
Also, the Student’s t-test was utilized in the analysis of
data among the groups. The results had at least a statisti-
cal significance level of P<0.05.

Results

Extract Yields: The extract yields from the two plant
samples were not the same amount from the three dif-
ferent solvents used for extraction (n-hexane, ethylac-
etate and methanol). The ethylacetate extraction of C.
adansonii gave the highest yield while the highest yield
for N. laevis was obtained from methanol extraction.
The activities of the two extracts were standardized
on the basis of the preliminary results, and the most
effective doses were then selected. From the methanol
extraction, the highest yield for N. laevis was 1.021 g
(2.55%) while the lowest yield for C. adansonii was
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0.88 g (2.20%). The ethylacetate extraction of C. adan-
sonii gave the highest yield of 1.53 g (3.83%) and low-
est yield for N. laevis 0.688 g (1.72%). The n-hexane
extraction of NV. laevis gave 0.983 g (2.46%) and 1.04 g
(2.60%) for C. adansonii.

Safe dose and 1d,, of the extracts: The safe intraper-
itoneal dose of the methanol extract of N. laevis in the
mice was 200 mg/kg (Table 1). The doses between 100-
200 mg/kg were safe and caused no adverse effects. The
LD, dose of the N. laevis extract was 471.43 mg/kg. The
safe intraperitoneal dose of the extract of C. adansonii by
ethylacetate method was 600 mg/kg (Table 2). The doses
between 100-600 mg/kg were safe in the mice and caused
no adverse effect, with the LD, being 3,500 mg/kg.

Effects of the extracts in infected mice: The prelimi-
nary anti-plasmodial screening results of the crude ex-
tracts of V. laevis and C. adansonii leaves are presented
in Tables 3 and 4, respectively. The methanol extract
of N. laevis showed a high suppression of the parasite,
while the ethylacetate extract of C. adansonii had the
best inhibitory effect on the parasite. However, the com-
bination of two extracts was not as effective as the in-
dividual ones. The infected mice that were treated with
normal saline did not survive the parasitemia.

Table 1. Safe dose and acute toxicity (LD,) of the crude leaf extracts of N. laevis in mice.

Dose (mg/kg) Observations Mortality
100 The animals displayed no apparent changes in appearance and activity at this dosage. 0/4
200 The animals were calm and showed no unusual reactions to mild physical stimuli. 0/4
Lacrimation was observed among some of the animals while the others exhibited hyperac-
300 S - 0/4
tivity, restlessness and slight erythema.
400 Sustained agitation, increased heart rates decreased feed intake was observed and one %
died on the third day of observation. ¢
500 The animals had intense erythema, tachycardia and disorientation. Three mortalities were by
recorded. *
Table 2. Safe Dose and acute toxicity (LD,)) of the crude extracts of C. adansonii in mice.
Dose (mg/kg) Observations Mortality
600 The animals had normal activities. No death was recorded at 72 hours. 0/4
The animals showed some slight irritability, poor feed uptake with slight erythema but no
800 . 0/4
mortality was recorded at 72 hours.
1600 Animals demonstrated reduced feed uptake and physical activities with reduced respiration. 0/a
Albeit, none of the rodents died at 72 hours.
The animals’ appearance was similar to the 1600 mg/kg dose with noticeable lacrimation.
3000 1/4
One death at 72 hours.
3200 Animals showed high agitation with intense heart rates. Three died. 3/4
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Table 3. Parasitemia in mice infected with P. berghei and treated with N. laevis leaf extracts obtained by different solvents.

Parasitemia

Treatment Doses (mg/kg)
A B C
Chloroquine Phosphate 5 + - -
N-hexane Extract 200 +++ ++4+ ++
Ethylacetate Extract 200 +++ +++ +++
Methanolic Extract 200 ++ ++ +++
Normal Saline 20ml * +++ *

A, B, C represent distinct mice groups; *=mortality; (-) Parasitemia absent; (+) Parasitemia slightly present; (++) Parasitemia
moderately present; (+++) Parasitemia highly present.

Table 4. Parasitemia in mice infected with P. berghei treated with C.adansonii leaf extracts obtained by different solvents.

Parasitemia
Treatment Doses (mg/kg)

A B C

Chloroquine Phosphate 5 - + +
N-hexane Extract 600 ++ ++ ++

Ethylacetate Extract 600 + ++ +
Methanolic Extract 600 +++ ++ +++

Normal Saline 20ml +++ * *

A, B, C represent distinct mice; * mortality; (-) Parasitemia absent; (+) Parasitemia slightly present; (++) Parasitemia moderately
present; (+++) Parasitemia highly present.

Data obtained from the mice infected with P. berghei croscope field [ppmf]) to the 18" day (5.00+1.41 ppmf)
and treated with the extract of N. laevis is illustrated and was totally cleared of it by the 21st day. The parasite
in Figure 1. The amount of parasite in the mice treated count similarly decreased progressively in the mice treat-
with standard chloroquine treatment decreased progres- ed with the methanol extract of N. laevis from the 9" day
sively from the 9" day (142.00+3.56 parasitemia per mi- (138.40+4.83 ppmf) to the 18" day (85.20+5.99 ppmf).

FIGURES
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Figure 1. Anti-plasmodial activity of the methanolic extract of N. laevis in mice

Values are Mean+SEM (n=4)
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Figure 2. Anti-plasmodial activity of the ethylacetate extract of C. adansonii in mice infected with P. berghei

Values are Mean+SEM (n=4).

However, the group treated with normal saline
showed increased parasitemia level from 3rd to the
21% day after which all of the mice died. A significant
change (P<0.05) in the parasitemia levels was observed
by comparing the mice treated with the extract of N.
laevis with those in the positive control groups treated
with chloroquine only (Figure 1).

Figure 2 represents the significant reduction (P<0.05)
in the parasite counts found in the group that received
the ethylacetate extract of C. adansonii although, there
was no total clearance of the parasites compared to that
noted in the standard drug group. The highest and lowest
parasite counts for this extract were 123.334+2.08 ppmf
and 5.33+1.45 ppmf on the 9" and 45" days, respectively.

Figure 3 represents the anti-plasmodial activity of the
mice infected with P. berghei in response to the com-
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N
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N
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=
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o
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Mean Parasitemia
(Parasitemia/microscope field)
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20

bined extracts of N. laevis and C. adansonii. A progres-
sive reduction in parasitemia was observed from the 6%
day (140.88 ppmf) to the 21% day (92.33 ppmf) when all
of the mice died. The normal saline group had the high-
est parasitemia value (160.88 ppmf) and all of them died
on the on 21% day. The $tandard drug (chlo roquine) had
the lowest parasite count (5.00+1.41 ppmf).

Table 5 presents the percentage of parasites inhibited by
the treatments with the individual extract of N. laevis or C.
adansonii or the combination of the two extracts (1:1w/w)
in the infected mice. The mean parasites inhibition achieved
by the standard drug (78.89+1.28%) was significantly dif-
ferent (P<0.05) from that of the extract of N. laevis
(30.14+2.05%). The percent inhibition of extract of C. ad-
ansonii rendered a 61.35+1.41% parasites inhibition and
was significantly different (P<0.05) from that induced by

=== Chloroquine Phosphate
= Normal Saline

CombinedExtract

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
Post-treatment period (Days)

Figure 3. Anti-plasmodial activity of the combined extracts of N. laevis and C. adansonii in P. berghei infected mice

Values are mean+SEM (n=4).
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Table 5. Mean parasite inhibition of the different extracts of N. laevis and C. adansonii in P. Berghei infected mice

Treatment Dose (mg/kg) Parasite Inhibition (%)
N. laevis (methanolic extract) 200 30.1442.05
C. adansonii (ethylacetate extract) 600 61.35+1.41*
Combined Extracts 100 24.2340.86
Chloroquine Phosphate 5 78.89+1.28
Normal Saline 20 ml —

Values are Mean+SEM of four determinations.
* No major (P>0.05) difference compared to the standard chloroquine phosphate group.

Table 6. Mean survival period of P. berghei infected mice administered with the extracts of N. Laevis, C. adansonii, and C.
adansonii

Treatment Dose (mg/kg) Survival Period
N. laevis (methanolic extract) 200 38.71+1.33
C. adansonii (ethylacetate extract) 600 40.24+1.06*
Combined Extracts 100 28.15+0.54
Chloroquine Phosphate 5 48.60+0.87
Normal Saline 20 ml 12.85+0.70

Values are Meanztstandard error of mean (SEM) of four determinations.

* No major difference compared to standard chloroquine phosphate group (p>0.05).

chloroquine. Treatment with the combined extracts caused
a lower percentage of the parasite inhibition (24.23+0.86%)
compared to that by either extract alone.

Mean Survival Period (MSP): The average endur-
ance period of the infected mice that were treated with
N. laevis or C. adansonii extract are shown in Table 6.
The groups treated with the extracts of N. laevis or C.
adansonii showed the highest MSP of 38.71days and

35 4

Mean weight (g)
[ [y N N w
o wv o wv o
r

(@]
L

0 T

40.24 days, respectively. The MSP of the mice that re-
ceived the equal combination of the extracts was 28.15
days. The mice in the positive control group had a MSP
0f48.60 days, and those administered with normal saline
showed the least MSP of 12.85 days.

Changes in Body Weight: Variations in the average
body weight of the infected mice, treated with one of
the three different extracts are shown in Figures 4 and 5.

1

~e— Chloroquine
~m—N. laevis Extract
C. adansonii Extract
Normal saline

Before inoculation 3

15 30

Post-treatment period (Days)

Figure 4. Mean weight changes in infected mice, treated with the combined extracts of N. lnevis and C. adansonii

Values are meantSEM (n=4).
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Figure 5. Mean weight variation of infected mice treated with the combined extracts of both N. laevis and C. adansonii

Values are Mean+SEM (n=4).
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Figure 6. Mean PCV (%) of the infected mice treated with the individual extract of N. laevis or C. adansonii

Values are Mean+SEM (n=4).

Weight reductions were observed in all groups after in-
oculation with the parasite. No major differences in the
mean weight changes were observed in the mice treated
with extract of either NV. laevis or C. adansonii compared

70 -
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e

40

Mean PCV (%)

30 4
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with that for the standard chloroquine group. The groups
administered the combined extracts and the standard
drug group progressively showed increases in weight
beginning on the 3rd day to the 30" day after treatment.
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Figure 7. Mean PCV (%) of the infected mice treated with the combined extracts of both N. laevis and C. adansonii

Values are Mean+SEM (n=4).
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The group treated with normal saline showed a weight
loss beginning on the inoculation day and progressed un-
til the 15" day post treatment (Figure 4).

Changes in Packed Cell Volume (PCV): Figure 6
represents the mean PCV data documented for the in-
fected mice, treated with the plant extracts. Figure 7
represents the mean PCV for the infected mice, treated
with the combined extracts. After infecting the animals,
a decline in the PCV was noted from the 3rd day of
inoculation onward. Conversely, there was a progres-
sive increase in the PCV in all treatment groups. On the
30" day post treatment, no major differences (P<0.05)
in PCV of the mice treated with either extracts were
noted although the two groups had clearly lower PCV’s
than the standard drug group.

Discussion

Application of medicinal plants is popular in Africa
and developing countries. In this context, researchers
believe that medicinal plants are useful resources for the
development of new therapeutic agents [19-21].

The safe dosage and LD, results from the acute test
of the N. laevis extract (Table 1) suggest the high toler-
ance of rats treated with it. The reduced toxicity of the
N. laevis extract is likely due to the digestive processes
occurring in the gastrointestinal tracts, where the extract
is metabolized to less toxic compounds. However, the
crude extract of N. laevis administered intraperitoneally
at doses higher than 200 mg/kg tends to be unsafe. This
concept also applies to other plant extracts with thera-
peutic potentials that are mostly safe, but some tend to
be harmful especially at high doses [22].

Table 2 presents the safe dose and LD, of C. adanso-
nii extract in the mice. It showed no acute toxicity and
this justifies its wide application in traditional medicine.
The high toxicity of certain medicinal plants limits their
clinical use even though they are powerful pharmaco-
logically. An example is simaroubaceae extract with an
LD,, of 1.8 mg/kg [12]. Akanji et al., have shown that
the aqueous extract of C. adansonii leaves at doses be-
tween 325 and 1300 mg/kg resulted in mild and revers-
ible hematological and biochemical changes in the small
intestine, liver and kidneys of experimental animals [23].
The high safety margin of this extract makes it a candi-
date for future drug development and research.

Our findings on the inhibitory activity of N. laevis
extract on the parasite (Figure 1) are consistent with
those reported by previous studies that used the extracts
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of Asparagus africanus, Withania somnifera [24], and
Clerodendrum myricoides [25]. However, the parasit-
emia inhibition by the N. laevis extract was less than
half of that induced by chloroquine, the standard drug
(30.14% vs. 78.89%)).

The marked suppression of P. berghei in the mice treated
with the C. adansonii extract (Figure 2) implies its significant
anti-plasmodial activity, which could be due to its bioactive
components. Carvalho et al. have considered any compound
that inhibits parasitemia greater than 30% as active [26]. The
parasitemia inhibition achieved by the C. adansonii extract in
our study was consistent with an earlier study on the extract
of Azadirachta indica (52.32%) [27].

The high percentage of the parasite inhibition achieved
by chloroquine may arise from the interruption of heme
polymerization. It has been suggested that the crude
plant extracts have better plasmodistatic than plasmo-
dicidal properties since the crude bioactive components
may need to be converted initially, and this time lag al-
lows for continued parasitic proliferation [28]. The sig-
nificant reduction (P<0.05) in the percentage of parasite
inhibition (24.23%) observed for the group treated with
the combined extracts compared to that for the standard
drug group and the individual plant extracts (Table 5)
may be explained by the interplay between the bioactive
ingredients of the individual plant extract leading to the
formation of an inactive complex. According to Fidock
et al., the availability of the active components in suffi-
cient concentrations to cause a quick elimination of the
target organisms might be unlikely [15].

The results shown in Table 6 presents the significantly
prolonged MSP (P>0.05) of the infected mice, treated
with the N. laevis and C. adansonii extracts compared
to the group treated with normal saline. The combined
extracts showed an MSP which was much lower than
that for the positive control.

The P. berghei parasite could have developed resis-
tance to chloroquine after its clear therapeutic effect
and allowed the parasitemia to continue to be detect-
able in the blood of the mice treated with the standard
drug [29]. The two plants we studied have been shown
to possess anti-oxidants, anti-microbial and hepatopro-
tective properties [30]. These could be the reasons for
the increased MSP of the mice despite their elevated
parasitemia profiles.

A major pathologic characteristic of the mice infected

with P. berghei is the loss of body weight [31]. In this con-
text, our results as shown in Figures 4 and 5 are consistent
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with those found by Dikasso et al. [16], who reported re-
duced body weight in rodents infected with P. berghei and
subsequently treated with the extract of Asparagus africa-
nus. The loss of body weight might be dependent upon the
availability of anti-nutritive factors in the crude extracts
of both plants and the inhibitory effects of the combined
extracts on food ingestion or the appetite [32].

Malaria infection is known to result in RBC destruc-
tion either by the parasite proliferation or by the action
of spleen. The spleen is stimulated to produce many
phagocytes upon the accumulation of abnormal RBCs in
the blood [33]. In this study, the C. adansonii extract re-
sulted in a lower PCV reduction than that caused by the
N. laevis extract (Figures 6 and 7). It can be suggested
that the C. adansonii contained trace minerals which are
of immense benefit to the biosynthesis of the RBCs [3].

Limitation of the Study: The study was limited to the
evaluation of the crude extracts of the leaves from the two
plants. The fractionation, isolation and characterization of
the bioactive agents from the plants were not performed.
Future studies benefit from such characterizations.

Conclusions

The methanolic extract of N. laevis (200 mg/kg)
showed a high inhibition of the parasite, while the ethyl-
acetate extract of C. adansonii (600 mg/kg) produced the
best inhibitory effect compared to that of the chlorquine
treatment. However, the combination of the two extracts
was not as effective as the individual ones. The results of
this study validate the efficacy of the extracts of V. laevis
and C. adansonii that are traditionally used in Nigeria
for the treatment of the fever from malaria infection in
human subjects.
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