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COMBINATION THERAPY OF METHANOLIC LEAF EXTRACTS OF Anogeissus
leiocarpus AND Terminalia avicennioides ON MALARIA PARASITE COUNT AND ITS
EFFECT OF BIOCHEMICAL PARAMETERS IN MICE INFECTED WITH Plasmodium
berghei

ABSTRACT

Background: The introduction of Artemisinin Combination Therapy by WHO was done to
prevent drug resistance to malaria. Unfortunately, these drugs are unaffordable to most of the
people living in malaria endemic areas; therefore the use of medicinal plants is common
among the people living in malaria endemic areas. Among the medicinal plants used for the
treatment of malaria are Anogeissus leiocarpus and Terminalia avicennioides.

Aim: This work studied the combination therapy of methanolic leaf extracts of Anogeissus
leiocarpus and Terminalia avicennioides on parasitemia count and its effects on the liver
function, body weight and lipid profiles in mice infected with Plasmodium berghei.

METHODOLOGY: Mice used for this study were divided into six groups. The first group
was neither infected with Plasmodium berghei nor treated with any drugs (normal control).
The second group was infected with Plasmodium berghei but not treated (negative control),
the third group was infected and treated with combisunate at 5mg/kg body weight (positive
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control). The fourth, fifth and sixth groups were infected and treated with 100, 200 and
400mg/kg body weight of combined methanolic leaf extracts of A. leiocarpus and T.
avicennioides respectively. The parasitemia was monitored for four days and parasite was
counted using microscope. All biochemical parameters were determined

RESULTS: There was significant increase (P<0.05) in the parasite density in negative group
when compared with other groups. Parasitaemia counts were significantly reduced (P<0.05)
in the mice treated with 400mg/kgbdwt when compared with other infected groups. HDL and
body weight of experimental animal used, were significantly higher (P<0.05) in the group
treated with 100mg/kgbdwt when compared with the group treated with 400mg/kgbdwt,
while liver enzymes activities were significantly higher (P<0.05) in the group treated with
400mg/kgbdwt.

CONCLUSION: Although the antiplasmodial activity of combined methanolic leaf extracts
of A. leiocarpus and T. avicennioides was higher at 400mg/kg body weight but its effect on
liver function, body weight and lipid profile was best at 100mg/kgbdwt.

Keywords: Malaria, combination therapy, medicinal plant, Anogeissus leiocarpus and
Terminalia avicennioides, liverfunction, lipid profile
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1. INTRODUCTION

Malaria infection has been one of the major infectious diseases that painstakingly affect
people, especially in the tropical and sub-tropical regions of the world [1]. The historical
background of malaria springs from its ancient origin as a zoonotic disease in the primates of
Africa through to the 21 century [2]. It is estimated that malaria responsible for nearly
367,000 deaths each year, mostly of African children aged below 5 years [3]. The remedy
against malaria infection has been sought for over a decade and through concerted efforts its
effect on human has been drastically reduced [4]. The most important aspect in the reduction
of malaria infection is the quick diagnosis of it. Although diagnosis with polymerase chain
reaction is the most sensitive and effective method, but this is common in the research
laboratories and cannot be found in the rural areas where malaria is endemic.

The discovery of chloroquine as the main drug to treat malaria infection in the sixties brought
hope to the world before the report of drug resistance to malaria was announced [5]. The
resistance then called for more search of drugs that are potent against malaria parasite. The
introduction of Artemisinin Combination Therapy (ACTs) by WHO was done to prevent drug
resistance by the malaria parasite against Artemisinin and its derivative [6,7]. Unfortunately,
ACT treatment failures have been reported especially in some malaria endemic countries, and
this is not unconnected with drug abuse which is very common in the malaria endemic
countries [3]. In addition, these drugs are expensive, limiting their use in a population with
average annual income around $100 [7]. Therefore the use of traditional and less expensive
preparations is common among people living in malaria endemic regions [8].

Historically, many drugs that are effective against parasitic diseases stem from traditional
medicine, such as quinine and artemisinin [9]. Today, 30% of drugs on the pharmaceutical
market or companies came from nature, and medicinal plants constitute a popular source of
potential antimalarial agents [10]. It has been estimated that 25% of the modern medicines
are made from plants, first used traditionally [11]. WHO has supported the use of the
medicinal herbs for the treatment of malaria provided they are potent [8].

Among the medicinal plants used traditionally to treat malaria, Anogeissus leiocarpus and
Terminalia avicennioide have been proved to be potent and they have been used for the
treatment of other parasitic diseases in the tropics, especially Africa [12, 13, 14]. The mono-
therapy efficacy of methanolic crude extract of these two plants against malaria infection and
their adverse effects had been extensively studied in our previous studies. These studies have
confirmed that these two plants have antiplasmodial activities when used singly [8,15,16, 17].
It has been reported that malaria infection could responsible for kidney and liver dysfunction
and sometimes it affect lipid metabolism in the body as well [17,18]. Apart from malaria
infection, the dysfunction of some organs in the body could also be affected by the drugs
used during the treatment of malaria infection. It has been reported that the dosage used could
have effect on the function of liver and kidney and in some other ectopic organs in the body
[6,17,19,20]. Renal dysfunction in malaria infection could be determined by the measurement
of plasma creatinine level, while the level of SGOT and SGPT could be used as indication of
liver dysfunction. Though, some studies and our previous studies have shown antiplasmodial
activity of Anogeissus leiocarpus and Terminalia avicennioide as monotherapy [8,12,15], but
there is no report of any study on antiplasmodial activities of the combination therapy of
methanolic leaf extracts of Anogeissus leiocarpus and Terminalia avicennioide. With the
advocacy of WHO for combination therapy, this work therefore studied the antiplasmodial
activity of combination therapy of methanolic leaf extracts of Anogeissus leiocarpus and
Terminalia avicennioide in mice infected with P. berghei and its effect on lipid profile and
liver and kidney dysfunction.
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2. MATERIALS AND METHODS

Adult Swiss albino mice used for this study were obtained from the Animal unit at Institute
for Advanced Medical Research and Training, College of Medicine, University of Ibadan,
Ibadan, Nigeria. The animals were kept in well aerated wired cages, fed with standard mouse
feed and were allowed to drink water freely. The animals were kept for two weeks to be
acclimatized with the new immediate environment before they were infected with the malaria
parasite.

2.1 Parasite acquisition

The parasite used (Plasmodium berghei NK 65) was donated by Professor O. G. Ademowo
from Institute for Advance Medical Research and Training, College of Medicine, University
of Ibadan, Ibadan, Nigeria. The parasites were maintained in the animals by serial passage of
blood collection from a patent donor to naive recipient.

2.2 Plant materials

The leaf of Anogeissus leiocarpus (locally called ayin) and the leaf of T. avicennioides
(locally called udi) were collected in Akungba-Akoko, Ondo State, Nigeria, and were
identified by Dr. A.O. Obembe, from Plant science and Biotechnology department, Adekunle
Ajasin University, Akungba-Akoko, Ondo state, Nigeria. The Herbarium specimen with
voucher number UIH22318 Anogeissus leiocarpus and UIH22319 T. avicennioides were
deposited at the Herbarium unit of the University of Ibadan, Ibadan, Nigeria.

2.3 Plant extracts

Anogeissus leiocarpus leaves and Terminalia avicennioides leaves were plucked and air dried
at room temperature and was later ground into powder. 300g of both leaves powder was
soaked into 1000ml of methanol separately for 72 hours. The extract was filtered and
evaporated to dryness with a rotary evaporator. 1.17g of each plant methanolic leaf extracts
was diluted into 65ml of distilled water to make the solution for treatment. The calculation
was based on the quantity of solution that was needed to treat the entire experimental animals
used.

2.4 In-vivo Antimalarial Assay

Thirty six Swiss albino mice weighing from 18 - 21g were distributed into six groups, each
group comprised six animals. The first group (normal control) was not infected with
Plasmodium berghei, while other groups were infected intraperitoneally with an aliquot of
0.2ml of standard inoculum (1x107 Plasmodium berghei strain NK 65 parasitized
erythrocytes). The second group was not treated (negative control). The third group was
infected with the parasite and treated with 5mg/kg body weight of combisunate (positive
control), the fourth, fifth, and sixth groups were infected and treated with 100, 200, and 400
mg/kg body weight of combined methanolic leaf extracts of Terminalia avicennioides and
Anogeissus leiocarpus respectively. All treatments were administered once daily with the
intubator for four consecutive days. Blood was taken from the tail vein of the mice before
treatment once daily to assess the parasitaemia levels. The protocol was according to the
guidelines of National Institute of Health (NIH) publication 85-23, 1985, for laboratory
animal care and use. The study was approved by local Institution Review committee. On the
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fifth day of treatment, mice were dazed using chloroform. Blood was collected into EDTA
and plain bottles by hearth puncture; part of the blood in the EDTA bottles was used to
determine the final parasitaemia levels. Heart, kidney and liver of the animals were excised
and homogenized in ice cold normal saline (1:4w/v), centrifuged at 5,000 rpm for 5 minutes
and the supernatant was stored in the freezer until analysis was carried out. All the
biochemical parameters were carried out from the serum collected in the plain bottles.

2.5 Parasitological study

On each consecutive days of treatment, blood was collected from the tail vein of the infected
mice and both thick and thin smears were prepared on a microscope slide and were labelled
accordingly. The thick film was fixed with 30% methanol. Staining was done with Giemsa
stain and the slides were viewed under light microscope with X100 magnification, malaria
parasites were counted.

2.6 Determination of weight gain.

The initial weights of mice were taken before the animals were infected with the parasite. The
weight was taken on each day before the treatment and the final weight was taken on the last
day before the animals were sacrificed. Weight gained was calculated by deducting initial
weight from the final weight.

2.7 Biochemical Assay

2.7.1 Determination of Lipid Profile

2.7.2 Total triglycerides assay

Serum total triglycerides concentration was measured by the Tietz [21] method, as described
in the manual of the Randox Total triglycerides kit.

2.7.3 Total cholesterol assay

Serum total cholesterol level was measured by the Trinder [22] method, as described in the
manual of the Randox Total cholesterol kit.

2.7.4 HDL-cholesterol assay

Serum HDL-cholesterol concentration was measured by the NIHCDS [23] method, as
described in the manual of the Randox HDL-cholesterol kit.

2.7.5 LDL-cholesterol assay

Serum LDL-cholesterol level was calculated using Friedewald formula: LDL= (TC — HDL) —
(TG/5.0).

2.7.6 Determination of creatinine, SGPT, SGOT

The creatinine, serum glutamate-pyruvate transaminase (SGPT) and serum glutamate-
oxaloacetate transaminase (SGOT) levels were determined by commercial randox test Kits
specific for the test. All these biochemical parameters were estimated using semiautoanalyzer
(Photometer 50105+, Germany.

2.8. Statistical analysis

The differences among the groups were analysed by the one-way analysis of variance and the
significant test was done using Microsoft excel 2007 and SPSS 17.0 software and descriptive
and inferential statistics for this analysis. The results were expressed as Meanz Standard
Error (SE), where the ANOVA level of significance was considered as P<0.05
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3. RESULTS

Table 1 shows the effect of combined methanolic leaf extracts of A.leiocarpus and T.
avicenniodes on parasitaemia levels in mice infected with P.berghei. The increase and
suppression in parasitaemia levels were compared with the initial parasite density counted in
day 1 before the commencement of the treatment. Among the negative control group, the
mean parasitaemia level was significantly increased from 980.0£32.02 in day 1 to
1568.0+26.0 in day 5. While the mean parasitaemia levels in the positive control was
significantly reduced from 1401.5+34.0 in day 1 to 252.27+21.0 in day 5. The parasitaemia
levels was significantly reduced from 1328.0+23.0 in day 1 to 239.04+20.0 in day 5 in the
group treated with 100mg/kg body weight of combined extracts of A. leiocarpus and T.
avicenniode. There was also a significant reduction in mean parasitaemia levels in the group
treated with 200mg/kg body weight from 1143.0 £ 24.0 in day 1 to 102.87£21.0 in day 5,
while the parasitaemia levels was reduced to 00.00 in day 5 in the group treated with
400mg/kg body weight.

Table 2 shows the mean percentages increase and suppression in parasitaemia levels in mice
infected with P.berghei and treated with combined methanolic leaf extracts of A. leiocarpus
and T. avicenniodes. In the negative control, the mean percentage of parasitemia levels
increased from 100 % in day 1 to 116%, 122%, 130% and 160% in day 2, day 3, day 4 and
day 5 respectively. In the positive control, the mean percentage parasitaemia levels was
reduced from 100% in day 1 to 80% on the second day, 65%, 41% and 18% on day 3, day 4
and day 5 respectively. Among the test groups, the mean percentage of parasite density was
reduced to 86% on the second day and drastically reduced to 76%, 59% and 18% by the third,
fourth and fifth day respectively in mice treated with 100mg/kg body weight of combined
methanolic leaf extracts of A. leiocarpus and T. avicennioides,. The mean percentage parasite
density reduced to 78% on the day 2, and to 47%, 20% and 09% on day 3, 4 and 5
respectively in mice treated with 200mg/kg body weight of combined methanolic leaf
extracts of A. leiocarpus and T. avicennioides,. While the mean percentage of parasitaemia
reduced from 100% in day 1 to 70% in the day 2 after the commencement of the treatment
and it was further reduced to 36%, 15% and 0% in day 3, 4, and 5 respectively in mice treated
with 400mg/kg body weight of combined methanolic leaf extracts of A. leiocarpus and T.
avicennioides.

Figure 1 shows the weight gained by the experimental animal. The study showed that the
mean body weight gained by the negative control group was significantly lower than the
mean body weight gained by the normal control group and the group treated with 100mg/kg
body weight of combined methanolic leaf extracts of A. leiocarpus and T. avicenniodes.
Among the treated groups, the mean body weight gained in group treated with 100mg/kgbdwt
of combined methanolic leaf extracts of A. leiocarpus and T. avicenniodes was significantly
higher (P<0.05) than those treated with 200mg/kgbdwt and 400mg/kgbdwt of combined
methanolic leaf extracts of A. leiocarpus and T. avicenniodes.

Table 3 shows the effect of combined methanolic leaf extracts of A. leiocarpus and T.
avicennioides on some lipid profile. The study shows that the HDL levels was significantly
higher (P<0.05) in the normal control group than in all other groups, while it was
significantly reduced in the group treated with 400mg/kgbdwt of combined A.leiocarpus and
T.avicennoides when compared with other groups. Among the groups treated with combined
methanolic leaf extracts of A. leiocarpus and T. avicennoides, the HDL level was
significantly reduced (p<0.05) in group treated with 400mg/kgbdwt when compared with the
groups treated with 100 and 200mg/kgbdwt of A.leiocarpus and T.avicennoides. Though the
HDL level was higher in the group treated with 100mg/kgbdwt than in the group treated with
200mg/kgbdwt but the difference was not statistically different. The level of triglyceride was
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significantly lower in the group treated with 400mg/kgbdwt than in all other groups studied.
There was significant increase in the triglyceride level in the group treated with
200mg/kgbdwt of A.leiocarpus and T.avicennoides when compared with other groups treated
with combined extracts of A.leiocarpus and T.avicennoides. The LDL level was significantly
higher in the negative control than in all other groups, while it was significantly reduced in
the group treated with 400mg/kgbdwt when compared with other groups studied. The total
cholesterol was also significantly reduced in the group treated with 400mg/kgbdwt when
compared with all other groups, while it was highest in the group treated with 200mg/kgbdwt
combined extract of A.leiocarpus and T.avicennoides.

Table 4 shows that creatinine level was significantly higher (P<0.05) in the groups treated
with 100, 200 and 400mg/kgbdwt combined extracts of A.leiocarpus and T. avicennioides
than in the normal control. There was significant increase in the creatinine levels in the
groups treated with 200 and 400mg/kgbdwt when compared with the group treated with
100mg/kgbdwt of A.leiocarpus and T. avicennioides, The level of SGOT and SGPT were
also significantly higher in the group treated with 100, 200 and 400mg/kgbdwt of
A.leiocarpus and T. avicennioides when compared with the normal control, but among the
groups treated with combined extracts of A.leiocarpus and T. avicennioides, the SGOT and
SGPT levels were significantly higher in the group treated with 200 and 400mg/kgbdwt.when
compared with the group treated with 100mg/kgbdwt of combined methalonic leaf extracts of
A.leiocarpus and T. avicennioides.
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Table 1 Effect of treatment with combined methanolic leaf extracts of A.leiocarpus and T.
avicenniodes on parasitaemia levels in mice infected with P.berghei

Day Negative Control  Positive Control ~ MP+100mg/kg  MP+200mg/kg ~ MP+400mg/kg

(MP Without (MP+5mg/kgbdwt body weight of  body weight of  body weight of
Treatment ) of combisunate) A.leiocarpus and A.leiocarpus and A.leiocarpus and
T. avicenniode T. avicenniode  T. avicenniode
1 980.0+ 32.0 1401.5+34.0 1328.0+23.0 1143.0+24 1332.66+32.0
2 1136.8+44.0 1121.2+20.0 1142.02+21.0 891.54+25.0 933.1+£14.0
3 1097.6+23.5 910.98+23.0 1029.28+20.0 537.21+24.0 479.88+24.0
4 1274.0+22.0 574.62+22.0 783.52+21.0 228.60+21.0 199.95+32.0
5 1568.0+26.0 252.27+21.0 239.04+20.0 102.87+21.0 00

**Treatment started in day 1, therefore the parasitaemia levels recorded on day 2 to day 5
were compared with dayl



UNDER PEER REVI EW

Table 2: Effect of treatment of mice infected with P.berghei with combined methanolic leaf
extracts of A.leiocarpus and T. avicenniodes on parasitaemia levels

Day Negative Control  Positive Control ~ MP+100mg/kg  MP+200mg/kg ~ MP+400mg/kg

(MP Without (MP+5mg/kgbdwt body weight of  body weight of  body weight of
Treatment ) of combisunate)  A.leiocarpus and A.leiocarpus and A.leiocarpus and
T. avicenniode T. avicenniode T. avicenniode
(%) (%) (%) (%) (%)
1 100 100 100 100 100
2 116 80 86 78 70
3 122 65 76 47 36
4 130 41 59 20 15
5 160 18 18 09 00

**Mean percentage for day 1 were considered as 100%, while mean percentages of other
days were compared with the mean percentage of day 1.
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Figure 1: EFFECT OF COMBINED METHANOLIC LEAF EXTRACTS OF A.leiocarpus
AND T. avicennioides ON THE BODY WEIGHT GAINED BY MICE INFECTED WITH
Plasmodium berghei
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Table 3: Effect of treatment of combined methanolic leaf extract of A.leiocarpus AND T.
avicennioides on lipid profile in mice infected with P. berghei

Treatment Lipid profile

HDL Triglycerides LDL Total Cholesterol
Normal control 1.34+0.11 1.47+0.07 0.95+0.05 2.97+0.38
Positive control 0.79+0.10 1.50+0.19 1.11+0.01 2.58+0.00
Negative control 0.53+0.13  1.23+0.17 1.90+0.02 2.61+0.13
100mg/kgbdwt 0.95+0.10 1.30+0.04 1.22+0.26 2.64+0.10
200mg/kgbdwt 0.92+0.12 1.49+0.02 1.12+0.17 3.01+0.47
400mg/kgbdwt 0.34+0.12 0.68+0.24 0.57+0.62 1.22+1.34

*Normal control group was not treated and infected with P.berghei

*Positive control was infected with P.berghei and treated with 5mg/kgbdwt (kilogram/body
weight) of combisunat

*Test groups were infected with P.berghei and treated with combined methanolic leaf extract
of A.leiocarpus and T. avicennioides.
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Table 4: Effect of treatment of combined methanolic leaf extract of A.leiocarpus and T.

avicennioides on Kidney and liver function in mice infected with P. berghei

Treatment

Creatine (umol/L)  SGOT (uL) SGPT (pL)
Normal control 44.9+0.03 102.9+0.03 43.9+0.18
100mg/kgbdwt 44.1+0.04 119.5+0.21 77.9+0.11
200mg/kgbdwt 44.0+£0.14 498.6+0.17 97.3+0.27
400mg/kgbdwt 49.0+£0.24 560.6+0.62 124.3+1.3

*Normal control group was not treated and infected with P.berghei

*Test groups were infected with P.berghei and treated with combined methanolic leaf extract
of A.leiocarpus and T. avicennioides
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4. DISCUSSION

Drug resistance by malaria parasites has made the eradication of malaria infection more
difficult in the regions where it is endemic. Several methods had been adopted by WHO such
as vaccination, using of treated mosquito net, introduction of presumptive treatment among
the most susceptible groups etc. All these were done purposely to minimize the infection to
nothing, though there is a reduction in the prevalence of malaria infection [5], but malaria is
still posing a serious threat in some regions where they are endemic [6]. WHO at a time
encouraged the use of local medicinal plant for the treatment of malaria infection and this
was a laudable idea which really helps to combat malaria infection locally at a very cheap or
no cost. While this is adopted there is a need to monitor the efficacy of those medicinal plants
used locally and also to know its toxicological effect on people. My group had conducted a
research on antiplasmodial activities of two plants (A. leiocarpus and T. avicenniodes) which
are traditionally used to treat malaria infection. In our study it was confirmed that these plants
have antiplasmodial activity and its efficacy was encouraging at higher dosage but the level
of toxicity was also very high at the higher dosage [8,12,15,17].

Traditionally, extract of leaves of different medicinal plants are usually combined together
for the treatment of malaria infection. This act is also in line with the recommendation of
WHO which supports combination therapy of antimalarial drugs in order to prevent
insurgence of drugs resistance by the malaria parasites. Therefore, this work studied the
efficacy of combined methanolic leaf extracts of A.leiocarpus and T.avicennoides in mice
infected with P. berghei to prove their potency against mono-therapy of different medicinal
plants.

The result showed that there was drastically suppression of the parasitaemia levels in day 5 in
all the groups treated with combined methanolic leaf extracts of A.leiocarpus and
T.avicennoides when compared with the level of parasitaemia in day 1 (Table land 2). The
level of suppression in this study was not different from the previous studies where efficacy
of each of the plants was considered separately [8,12,15]. This shows that the two plants may
possibly consist of the same phytochemical such as tannin, alkaloid, saponins, flavonoid and
anthraquinones. The rate of inhibition was higher in the group treated with 400mg/kgbdwt of
combined methanolic leaf extracts of A.leiocarpus and T.avicennoides (Table 2). The study
also revealed that the rate of parasite growth inhibition is dosage dependent. This agrees with
previous study [9,25,26], The increase in parasite inhibition rate in the group treated with
200mg/kg bd wt and 400mg/kgbdwt of combined methanolic leaf extracts of A.leiocarpus
and T.avicennoides when compared to the positive control group may be that the groups
treated with 200mg/kgbdwt and 400mg/kgbdwt of combined methanolic leaf extracts of
A.leiocarpus and T.avicennoides contained higher secondary metabolites at that higher
concentration which could be responsible for the destruction of malaria parasites.

The effect of treatment at different dosage on the body weight of mice used was also studied.
Though the results showed that the parasite chemo-suppression was lower in the group
treated with 100mg/kgbdwt of combined methanolic leaf extracts of A.leiocarpus when
compared with those treated with 200 and 400mg/kg/bdwt of combined methanolic leaf
extracts of A.leiocarpus and T.avicennoides, but the body weight gained was significantly
higher in the infected mice treated with 100mg/kgbdwt than in all other groups (Fig.1). The
increase in the weight gain in this group could be because of the reduction of oxidative
damage which has been reported to be dose related [8]. The weight gained was least in the
group treated with 400mg/kgbdwt of combined methanolic leaf extracts of A.leiocarpus and
T.avicennoides.
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The role of malaria infection and effect of drugs used on the changes in lipid metabolism
cannot be overemphasized. It has been reported that malaria parasite induces changes in the
serum lipid profile [27]. Our study showed a significant reduction in the HDL level in the
negative control when compared with other groups except in the group treated with
400mg/kgbdwt of combined methanolic leaf extracts of A.leiocarpus and T. avicennioides.
This shows that the level of malaria parasite could affect the HDL level in the body [28].
Though the parasitaemia was significantly reduced in the group treated with 400mg/kgbdwt
in this study, but there was a significant reduction in HDL level also in this group than in
other groups treated with combined methanolic leaf extract of A.leiocarpus and T.
avicennioides. The high parasitaemia and increase in HDL levels in the group treated with
100mg/kgbdwt of combined methanolic leaf extract of A.leiocarpus and T. avicennioides
shows that the reduction in HDL level may not be determined by the level of parasitaemia
alone but other factors such as dosage of drugs taken for the treatment may also be
responsible for it. This result was in agreement with other studies which show that high
dosage of drugs could cause damage to lipid metabolism in the body [27,29]. The significant
reduction in triglyceride, LDL and total cholesterol levels in the group treated 400mg/kgbdwt
in this study shows that taken the combined methanolic leaf extracts of A.leiocarpus and T.
avicennioides at the high dosage could have serious effect on the lipid metabolism in the
body.

While advocating for the use of medicinal plants to treat malaria infection, it is also necessary
to consider the toxic effect of such medicinal plants at different dosage. Therefore this study
also considered the effect of combined methanolic leaf extract of A.leiocarpus and T.
avicennioides on liver and kidney functions. Hepatic dysfunction is one of the complications
characterized by malaria infection. The sudden increase in liver enzyme activities such as
SGOT and SGPT in the serum could be used to diagnose hepatic dysfunction. Our study
revealed that there was significant increase in the serum SGOT and SGPT levels when
compared with the normal control. This shows that combined methanolic leaf extract of
A.leiocarpus and T. avicennioides has a negative effect on the liver of the experimental
animal and this can lead to liver dysfunction. The significant increase in the SGOT and SGPT
in the groups treated with 200 and 400mg/kgbdwt in this study when compared with the
group treated with 100mg shows that effect of combined methanolic leaf extract of
A.leiocarpus and T. avicennioides on liver dysfunction is dose related. The increase in the
creatinine level among the treated group when compared with normal control is also an
indication that the combined methanolic leaf extract of A.leiocarpus and T. avicennioides is
also capable of causing kidney dysfunction.

5. CONCLUSION;

Though combined methanolic leaf extracts of A.leiocarpus and T. avicennioides
antiplasmodial activity was higher at very high dosage but its effect at that dosage could lead
to liver and kidney dysfunction.



UNDER PEER REVI EW

References

1.

N

Il

10.

11.

12.

13.

14.

15.

16.

Caraballo H. Emergency department management of mosquito-borne illness: Malaria,
dengue, and west nile virus". Emergency Medicine Practice. 2014;16: 5.

Snow RW, Guerra CA, Noor AM, Myint HY, Hay SI. The global distribution of
clinical episodes of Plasmodium falciparum malaria. Nature. 2005; 434: 214-217.
World Health Organisation. Malaria Fact Sheet, Geneva. 2014.

World Health Organisation. World Malaria Report, Geneva. 2014.

World Health Organization. World Malaria Reportmish, Geneva. 2012.

Mishra K, Dash AP, Swain BJ, Dey N. Anti-malarial activities of Andrographis
paniculata and Hedyotis corymbosa extracts and their combination with curcumin.
Malaria Journal. 2009; 8: 26 d0i10.1186/1475-2875-8-26.

World Health Organisation. World Malaria Report, Geneva. 2008

Akanbi OM, Omonkhua AA, Cyril-Olutayo CA, Fasimoye RY. The antiplasmodial
activity of Anogeissus leiocarpus and its effect on oxidative stress and lipid profile in
mice infected with Plasmodium berghei. Parasitology Research. 2012; 110; 219-226.
Bankole AE, Adekunle AA, Sowemimo AA, Umebese CE, Abiodun O, Gbhotoso OO.
Phytochrmical screening and in vivo antimalarial activity of extracts from three
medicinal plants used in malaria treatment in Nigeria. Parasitol Res. 2016; 115:299-
305.

Chiyaka C. Garira W. Dube S. Effects of treatment and drug resistance on the
transmission dynamics of malaria in endemic areas. Theor. Popul. Biol. 2009; 75:14—
29.

Tiwari P, Bimlesh O, Kaur G. Physiochemical screening and extraction: A review.
Int. Pharma Sci. 2011; 1: 98-106.

Akanbi OM. In vivo Study of Antiplasmodial Activity of Terminalia avicennioides
and Its Effect on Lipid Profile and Oxidative Stress in Mice Infected with
Plasmodium berghei. British Microbiology Research Journal. 2013; 3: 501-512.
Kabore A, Tamboura HH, Traore, A, Meda R, Kiendrebeogo M, Belem AMG.
Phytochemical analysis and acute toxicity of two medicinal plants (Anogeissus
leiocarpus and Danielliao liveri) used in traditional veterinary medicine in Burkina
Faso. SAWADOGO. Scholars Research Library Archives of Applied Science
Research. 2010; 2: (6) 47-52

Shuaibu MN, Pandey K, Wuyep PA, Yanagi T. Hirayama K. Castalagin from
Anogeissus leiocarpus mediates the killing of Leishmania in vitro. Parasitolological
Research. 2008; 103: 1333-1338.

Omonkhua AA, Cyril-Olutayo MC, Akanbi OM, Adebayo OA. Antimalarial,
haematological, and antioxidant effects of methanolic extract of Terminalia
avicennioides in Plasmodium Berghei-infected mice. Parasitol Res. 2013; doi
10.1007/00436-013-3530-0.

Sanon S, Gansane A, Ouattara LP, Traore AA, Ouedraogo IN, Tiono A. et al., In vitro
antiplasmodial and cytotoxic properties of some medicinal plants from Western
Burkina Faso. African Journal of Laboratory Medicine. 2013; 81:1-7.



UNDER PEER REVI EW

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Akanbi OM, Omonkhua AA, Cyril-Olutayo CA. Effect of methanolic extract of stem
bark of Anogeissus leiocarpus on liver function of mice infected with Plasmodium
berghei. Journal of Herbs, Spices and Medicinal Plant. 2014; 20: 350-358.

Adetutu A, Olorunnisola OS, lyanda K. Protection of renal function by four selected
plant extracts during PIsmodium berghei infection. Functional Foods in Health and
disease. 2015; 5(10): 339-349.

Onu A, Saidu 1Y, Ladan MJ, Bilbis LS, Aliero AA and Sahabi SM. Effect of Aqueous
Stem Bark Extract of Khaya senegalensis on Some Biochemical, Haematological, and
Histopathological =~ Parameters of Rats. Journal of Toxicology. 2013;
doi.org/10.1155/2013/803835.

Uzuaegbu UE, Emeka CB. Changes in liver function biomarkers among malaria
infected patients in lIkeja, Lagos state, Nigeria. Current Res. J, Biol. Sci. 2011; 3:
172-174.

Tietze NW, Clinical Guide to Laboratory Tests, 2nd Edition W. B. Saunders
Company, Philadelphia, USA. 1990; 554-556.

Trinder P. Determination of Glucose in Blood using Glucose Oxidase with
anAlternative Oxygen Acceptor. Ann Clin Biochem. 1969; 6: 24.

National Institutes of Health Consensus Development Conference Statement
(NIHCDCS). Triglycerides, High Density Lipoprotein and Coronary Heart Disease.
Washington D. C. 1992; 26-28.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the Concentration of Low-
Density Lipoprotein Cholesterol in Plasma, without use of the Preparative
Ultracentrifuge. Clin Chem. 1972; 18: 499-505.

Chandel S, Bagai U. Antiplasmodial activity of Ajuga bracteosa against Plasmodium
berghei infected BALB/c mice. Ind. J. Med. Res. 2010; 131: 440-444.

Kalia S, Bagai, U, Gorki V. Effect of Albizia lebbeck on liver and kidney function of
Plasmodium berghei infected mice. International J. of Pharma Sciences and Research.
2015; 6: 575-581.

Edikpo N, Okonkwo PO, Adikwu E. Effect of artemether treatment on plasma lipid
profile in malaria. Pharmacology and pharmacy. 2014; 5: 646-656.

Chikezie PC, Okpara RT. Serum lipid profile and hepatic dysfunction in moderate
Plasmodium falciparum infection. Journal of Public Health and Epidemiology. 2013;
5: 379-384.

Mohanty S, Mishra SK, Das BS, Satpathy SK, Mohanty D, Patnaik JK, Bose TK:
Altered plasma lipid pattern in falciparum malaria. Ann. Trop. Med. Parasitol, 1992;
86: 601-606.



