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ABSTRACT

Malaria remains among the most common illnesses caused by parasites of the Plasmodium spp. It still poses a
serious risk to millions of people living in both tropical and subtropical regions, causing thousands of deaths.
The antimalarial activity of decoction from Mangifera indica, Carica, and Psidium guajava leaves in
Plasmodium berghei inoculated mice was evaluated. Forty-nine mice averaging 22 g were grouped into 7
groups (7 per group). Group 1 served as naive control, Groups 2-6 received intraperitoneal injections
containing 1.0 x 107 red blood infected with Plasmodium berghei. Administration of 100, 150, and 300 mg/kg
body weight of the decoction to groups 4, 5, and 6 respectively was done daily after infection with the parasite
was confirmed. Group 2 received no treatment, while Group 3 received four days of treatment with 20 mg/kg
body weight of chloroquine. Group seven was decoction control (300 mg/kg body weight). The mice were
sacrificed after the treatment and blood and liver tissue were collected for analysis. Phytochemical constituents
of the decoction and its LDso were also determined. The decoction was found to contain appreciable amounts
of phenolics, tannins, and alkaloids along with other phytochemicals and the calculated LDso was 5720 mg/kg
body weight. Treatment with the decoction caused substantial decrease (p < 0.05) in parasite count within
groups that received treatment compared to untreated ones and significantly (p < 0.05) improved biochemical
parameters altered by malaria. The findings of this study revealed that the decoction is effective in management

of malaria.
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INTRODUCTION

Muillions of people in tropical and subtropical nations continue
to be at risk from malaria, one of the most common parasitic
infections caused by the Plasmodium species. Ranging from
229 million cases and 409,000 deaths in 2019, it affected 247
million people worldwide and resulted in 619,000 deaths in
2021 (WHO, 2020; 2022). The COVID-19 pandemic-related
shift in priorities and disruption of medical facilities were held
accountable for this resurgence. Malaria is disproportionately
concentrated in the African region which has about 94% of
the disease burden. This is due to the abundance of the vector,
Anopheles gambiae which fuels transmission. The majority of
the people affected are children under the age of five and
account for approximately 80% of all malaria deaths (WHO,
2022). Malaria has a huge socio-economic impact, and its
elimination is a top priority worldwide. The pathogen or the
vector are typically the targets of the fight against malaria,
necessitating the development of novel and creative strategies
to quicken the disease's elimination process. However, this
has been very slow in Africa where the disease is prevalent.
Moreover, global eradication strategies have been hampered
by the emergence of insecticide-resistant vectors (Suh et al.,
2023), multidrug-resistant parasite strains (Hamilton et al.,
2019), and frequently changing global climatic conditions
which affect vector population and transmission dynamics
(Rocklov and Dubrow, 2020; Sinka et al., 2020).

In Nigeria, resistance to chloroquine and other anti-malarial
drugs have been reported and over $1 billion is spent annually
in treating the infection (Oche et al., 2016). Access to
genuine, conventional antimalarial drugs in Nigeria is limited
due to cost, lack of awareness, and cultural practices.
Additionally, the Plasmodium parasite has become resistant
to some orthodox medications, which has made the search for
new and more potent agents—particularly those derived from
natural resources—necessary. For millennia, traditional and
folkloric medicine has employed medicinal plants and their

derivatives to treat a wide range of ailments, including
malaria. It has been reported that around 80% of the global
population still receives primary medical care from plants and
up to 85% of people in Africa still use traditional herbal
medication because of their affordability and accessibility and
for their perceived safety (Uzo et al., 2020; Singh et al.,
2020).

Carica papaya (pawpaw) is a fruit widely grown in tropical,
sub-tropical, and other regions, including Hawaii, Malaysia,
Nigeria, Australia, Brazil, China, and India (Eziuche et al.,
2023). It has been reported to contain several phytochemicals
and has ferric-reducing antioxidant properties (FRAP),
(Ghaffarilaleh et al., 2019). Three essential vitamins with
antioxidant potentials have been found in the pulp along with
several minerals (Amin et al., 2019). Pawpaw also contains
the important enzymes papain, (Amin et al., 2019) and
chymopapain (Santana et al., 2019).

Psidium guajava (Guava) is a tropical plant mainly cultivated
for fruit. It belongs to the family Myrtaceae. Guava leaves
contain saponins, flavonoids, terpenes, and oleanolic acid
(Naseer et al., 2018). Antioxidants, polyphenols, antiviral,
antibacterial, and anti-inflammatory compounds are among
the many organic and inorganic secondary metabolites found
in guavas along with antimicrobial and anti-inflammatory
compounds.

A significant fruit from South and Southeast Asia, the mango
(Mangifera indica L.) is a member of the Anacardiaceae
family (Manoj et al., 2021). Mangiferin, benzophenones,
phenolic acids, and other phytochemicals, along with other
antioxidants including ascorbic acid, carotenoids,flavonoids,
and tocopherols, have all been related to the health benefits of
mango leaves (Manoj et al., 2021). The biological actions of
mango leaf extracts, such as lipid-lowering, hepatoprotection,
antibacterial, antiobesity, anticancer, and anti-diarrheal
properties, have been investigated (Manoj et al., 2021).
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Drug combination therapies are deemed vital to the most
effective management of malaria since they have been shown
to improve efficacy mostly through synergistic activities
(Sadeghi et al., 2020). Therefore, medication combination
therapy, which uses polyherbal medicines made of two or
more plant species or their parts that complement each other,
has grown to be the accepted approach to treating illnesses in
several parts of the world (Chaniad et al., 2024). The
antimalarial activity of the individual leaves used in this study
and some of their combinations have been reported, but
information about the efficacy of this specific decoction
which is widely used by the local population in some parts of
Northern Nigeria and in Adamawa State, Nigeria in particular
and which the locals believe to be more effective in the
treatment of malaria than the available conventional
antimalarial drugs have not been reported. Therefore, the
purpose of this research is to determine the impact of the
decoction of the leaves of Carica papaya, Psidium guajava,
and Mangifera indica on mice inoculated with Plasmodium
berghei.

MATERIALS AND METHODS

Materials

Plant Material

Fresh leaf samples of Carica papaya, Psidium guajava, and
Mangifera indica were obtained from a farm in Girei Local
Government of Adamawa State and identified at the
Department of Plant Sciences, Modibbo Adama University,
Yola, Adamawa State.

Laboratory Animals

Mice weighing an average of 22 g gotten from the National
Veterinary Research Institute, Vom, Plateau State were the
laboratory animals used in this work. Before the experiment,
they were acclimated to laboratory conditions (25 °C, 12 hr
light /dark cycle) for 2 weeks during which they were
maintained on commercial rat pellets (UAC Grand Cereal
Ltd., Jos, Nigeria) and water ad libitum.

Malaria Parasite

Plasmodium berghei (NK-65) which is a chloroquine-strain
was used to inoculate mice in this study. The parasite was
collected from the Faculty of Veterinary Medicine, Ahmadu
Bello University (ABU), Zaria.

Methods

Preparation of the decoction

Ethnobotanical information on the preparation of the
decoction which consists of Carica papaya (Pawpaw),
Psidium guajava (Guava), and Mangifera indica (Mango)
leaves was obtained from an herbalist in Yola South L.G.A,
Adamawa State, Nigeria. To make the decoction, one hundred
and fifty (150) grams of Carica papaya, one hundred (100)
grams of Psidium guajava, and fifty (50) grams of Mangifera
indica leaves were collected, washed, and boiled together.
The decoction was allowed to cool down. The concentration
of the leaves in the decoction was recovered by lyophilization
(Cuji¢ et al., 2016). The recovered yield was diluted in sterile
distilled water to make up the doses administered in this
study.

Phytochemical screening

Both qualitative and quantitative phytochemicals were
screened for in the lyophilized decoction using standard
methods of Trease and Evans 1989.
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Test for Median Lethal Dose (LDso)
This was carried out in mice according to the method
Saganuwan, 2005

Parasite inoculation

First, the amount of parasitized red blood cells in a thin blood
film were counted, and a Neubauer hemocytometer (JSB348)
was used to calculate the % parasitaemia of a mouse
previously infected with P. berghei. To inoculate the
experimental mice, infected blood was collected from the
donor mouse and diluted with normal saline. Naive mice were
then inoculated intraperitoneally with 0.2 mL of the infected
blood containing 1.0 x 107 parasitized erythrocytes (day 0).
Treatment was withheld for 72 hours (Days 1-3) to allow for
the development of infection and was started as soon as blood
testing on the mice revealed that they had parasitemia (Ryley
and Peters, 1970).

Experimental Design

The mice were then grouped into seven (7) groups of five (5)
mice each. Animals in Group 1 were neither inoculated nor
treated with the decoction (normal control). Animals in Group
2 were inoculated with P. berghei but not treated (untreated
control). The animals in Group 3 were inoculated and treated
with 20 mg/kg body weight of chloroquine (treated control).
Animals in Groups 4, 5, and 6 were also inoculated and
administered 100, 150, and 300 mg/kg body weight of the
decoction respectively. Those in Group 7 were not inoculated
but received 300 mg/kg body weight of the decoction as well
(control). Daily oral treatments were given for four days
(Days 4-7). After the completion of treatment, blood from the
tail was collected from each mouse in the infected groups on
days 8,9, 10, and 11 post-inoculation; the collected blood was
used to make thin films on microscope slides; the films were
fixed with methanol, stained with Giemsa stain, and examined
under the microscope (Olympus, LMI 406) using the x100 (oil
immersion) objective lens to determine the parasitaemia.
Percentage chemosupression caused by treatment with the
decoction was computed by deducting the average
parasitemia in the treated group from the average parasitaemia
in the untreated group and expressing the result as a
percentage of the untreated group's parasitaemia.

Blood Sample Collection and Preparation

A day after the completion of treatment, the mice were
anaesthetized with diethyl ether, and the blood was collected
by cardiac puncture into clean EDTA bottles for analysis of
haematological parameters and some in sterile plain
containers for liver function tests. The liver tissues were
collected after the dissection of the mice and fixed in a 10%
formalin solution for histological investigations.

Hematological Analysis

Haematological parameters were analyzed using an
automated hematology analyzer (MON1102, MON
Scientific).

Determination of Liver Function Markers and Indices
The activities of Serum Alanine Aminotransferase (ALT),
Serum Alkaline Phosphatase (ALP), and Serum Aspartate
Transaminase (AST) were determined according to the
method of Reitman and Frankel, 1957. Serum albumin was
measured using the method of Doumas et al. (1971), bilirubin
concentration was measured according to the method of Grant
(1987) and serum total protein was measured using the Biuret
method as described by Gornall et al. (1949).
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Histopathological Analysis
Changes in the normal architecture of the liver tissues were
assessed using the method of Strate et al. (2005).

Data analysis

Grouped data were calculated using the Statistical Package for
Social Sciences (Version 27.0 SPSS-PC Inc. Chicago); these
were expressed as mean + standard error of mean (SEM), and
the One-way Analysis of Variance (ANOVA) and Duncan's

Table 1: Some Phytochemicals detected in the Decoction
leaves
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Multiple Range Test (DMRT) for post hoc were used to assess
the statistical significance of the differences; p-values <0.05
were deemed significant.

RESULTS AND DISCUSSION

Results

Table 1 shows some phytochemicals detected in the
decoction; phenolics had the highest concentration.

of Carica Papaya, Psidium Guajava and Mangifera Indica

Phytochemicals

Concentration (%)

Saponins
Tannins
Alkaloids
Flavonoids
Phenolics
Glycosides
Steroids
Terpenoids

2.16 £0.03
9.03+0.01
5.71+0.02
3.94+0.01
12.06 + 0.02
111 £0.02
0.67 £0.01
0.91 +0.03

Values are Mean + SEM of 3 replicates

The results of the acute toxicity test of the decoction on mice are shown in Table 2. The calculated LDso was above 5000

mg/kg body weight.

Table 2: LDso of the Decoction of Psidium Guajava, Carica Papaya and Mangifera Indica leaves in mice

Group Eﬁ:&kﬁ; of (Dn?;j?kg b.wt) B?fszrence @) Deaths Mean Deaths (b)  Product (a*b)
1 5 1000 1000 0 0 0
2 5 2000 1000 0 0 0
3 5 3000 1000 0 0 0
4 5 4000 1000 0 0 0
5 5 5000 1000 2 0.4 400
6 5 6000 1000 5 1 1000
Total 1400
LDso = Least dose that killed all the animals - drugs/extracts or extract products that elicit less than 30%

Sum of product
Number of animals per group

LDso = 6000 — %

LDso = 5720 mg/kg body weight

The effects of the decoction on the parasitaemia of mice
infected with P. berghei on days 8 to 11 post-inoculation are
displayed in Table 3. In vivo antimalarial studies,

chemosupression are often considered ineffective; those that
elicit between 30% and 50% chemosupression are considered
moderately effective, and those that evoke more than 50%
chemosupression are deemed effective. Only the group
treated with 300 mg/kg body weight of the decoction showed
activity on day 5 (above 50% chemosupression) but there was
activity on days 6 and 7 for all the doses.

Table 3: Effects of the Decoction of Carica papaya, Psidium guajava, and Mangifera indica Leaves on parasitaemia of

mice infected with Plasmodium berghei (NK-65)

Parasitemia (%) (% Chemo-suppression)

Groups Day 8 Day 9 Day 10 Day 11
Untreated control 31.05 35.11 39.41 43.58
Chloroquine 20mg/kg b.wt ~ 15.22 (50.98) 7.13 (79.69) 4.39 (87.24) 1.05 (97.59)
100 mg/kg b.wt 27.11 (12.68) 24.29 (30.81) 19.55 (43.18) 15.80 (63.74)
150 mg/kg b.wt 23.41 (24.64) 20.53 (41.52) 14.61 (52.31) 10.13 (76.75)
300 mg/kg b.wt 20.57 (33.75) 16.37 (50.37) 12.01 (65.09) 8.39 (80.97)

Values are means of 5 replicates

Effects of the Decoction of Carica papaya, Psidium guajava
and Mangifera indica Leaves on Liver Function Markers

The results of the effects of the decoction on liver enzyme and
non-enzyme markers of mice are presented in Table 4.
Following inoculation with P. berghei, the activities of AST,
ALT, ALP, and the concentrations of total and direct bilirubin
(T.BIL) and D.BIL were significantly elevated (p <0.05),
while total protein (TP) and albumin (ALB) were significantly

decreased (p <0.05). Administration of the decoction however
significantly decreased (p<0.05) the activities of AST, ALT,
ALP, and concentration of T.BIL and D.BIL and increased
the concentrations of TP and ALB with the highest activity
observed at 300 mg/kg body weight of the decoction. The
decoction control group showed no significant (p>0.05)
difference in terms of biochemical indices assayed in contrast
to normal control.
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Table 4: Effects of the Decoction of Carica papaya, Psidium guajava, and Mangifera indica Leaves on Liver Function Markers

Group AST (1U/L) ALT (IU/L) ALP (1U/L) TP (g/L) ALB (g/L) D.BIL (mg/di) T.BIL (mg/di)
Normal control 4057 +0.34° 4115+ 0,215 77.86+ 0.18° 5736033  35.14% 0,03 0.87+ 0.04° 3.7 +0.138
Untreated control 77.19 +0.01° 69.33+ 0.30b 114014003  4034+003°  23.10+0.33 157 +0.245 6.57+ 0,200
Chloroquine 20mg/kg bt 39.71 + 0,132 40.42 +0.112 78.92 +0.13° 5534+0.15°  3431+0.13° 0.84 + 0.03° 3.13 +0.322
100 mg/kg bt 66.17 +1.76° 58.67 + 0.90° 10200 +0.65°  4545+0.67°  28.32+0.21¢ 1.39+ 0.01¢ 5.30+ 0,05
150 mg/kg bt 53.67 + 1.24¢ 50.13 + 0.25¢ 89.07 + 0.53¢ 4823+0180  30.87+0.17°¢ 1.14% 0,01¢ 3.44+ 0.152
300 mg/kg b.wt 42.25 + 0,55 4232 +2.66° 7902+06118  5272+051°  33.67+0.25¢ 0.89+ 0.012 3.28+ 0.09?
300 mg/kg b-wt 39.33+0.972 41.01+2.08% 76.67 + 0,632 5691+ 0118  37.19+0.40° 0.85+0.03¢ 3.18+0.01¢

(Decoction Control)

The data is presented as the Meanz standard error of mean (SEM) based on five replicates. Significant differences (p < 0.05) exist between numbers in the same column with different superscripts.
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Table 5 presents the results of the effects of the decoction on
haematological parameters. Infection with Plasmodium
resulted in a notable decrease (p < 0.05) in RBC, Hb, PCV
and platelets and a substantial decline in the white blood cell
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count (WBC). These changes were improved towards normal
by treatment. The decoction didn’t produce any notable
difference (p > 0.05) in normal mice as shown by the findings
in the decoction-only group.

Table 5: Effects of the Decoction of Carica papaya, Psidium guajava, and Mangifera indica leaves on Haematological
parameters of mice inoculated with Plasmodium berghei (NK-65)

Group RBC (x10%%/L)  HB (g/dl) WBC (x10%L) PCV (%) PLT (x10%L)
Normal control 7.34 £0.032 19.22 £0.18* 1248 +0.11° 41.82+0.16° 971.02 £0.16°
Untreated control 4,01 +£0.10° 9.92+0.21° 29.46 +0.18° 27.36+0.22° 764.60 + 0.25°
Chloroquine 20mg/kg b.wt)  7.40 £0.172 18.76 £ 0.07*  13.60 £ 0.15% 39.06+0.122 968.20 £0.192
100 mg/kg b.wt 4.38 +0.05° 11.02 £0.15° 25.80+0.13¢ 30.36+0.25°¢ 790.40 £0.07¢
150 mg/kg b.wt 4.65 £ 0.05° 13.18+0.10°  19.02 +£0.23¢ 33.14+0.1° 801.08 +0.18¢
300 mg/kg b.wt 7.46 £0.042 18.28 £0.19° 13.34+0.08? 39.14+0.19? 954.20+ 0.092
300mg/kg (Decoction  7.30+0.28° 19.44£0.332 1216 +£0.34? 41.18+0.142 969.80+ 0.102
Control)

The data is presented as the Mean + standard error of mean (SEM) based on five replicates. Significant differences (p < 0.05)
exist between values in the same column with different superscripts.

Effects of the Decoction of Carica papaya, Psidium guajava
and Mangifera indica Leaves on liver Histopathology of
Mice

Microscopic examination of the tissue sections of liver of
showed distorted architecture with

mice noticeable

Plate 1: Photomicrographs of the liver tissue of mice infected with P. berghei and administered various doses of the decoction

differences in the histological and cellular structures of the of
the hepatocytes, central vein and portal artery of the untreated
control group compared to the normal control. Treatment with
leaf decoction however restored tissue architecture towards
normal in a dose dependent manner (Plates 1 and 2).

W
37 L 8

of C. papaya, P. guajava, and M. indica leaves for 4 days. Groups 1, 2, 3, 4, 5, and 6: Normal control, untreated control,
chloroquine 20 mg/kg body weight, 100, 200 and 300 mg/kg body weight of the decoction respectively (H and E x 400).
Hp/Nhp =normal hepatocytes, Ahp=abnormal hepatocytes, FD= fatty degeneration, PA= portal artery, CV=central vein
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Plate 2: Photomicrographs of the liver tissue of mice administered various doses of the decoction of C. papaya, P. guajavé
and M. indica leaves for 4 days. Groupsl and 7: Normal control (1) and Decoction control (7) (H and E x 400)

Discussion

Plants have been a major source of new compounds with
medicinal properties and are thus, widely used in the
management of several ailments worldwide. This is especially
true for the traditional management of malaria in sub-Saharan
Africa where it is endemic and continues to be a significant
health burden with severe consequences. The impact of novel
therapeutic compounds from plants is illustrated by two of the
most significant antimalarial medications used in the
treatment of malaria, quinine and artemisinin. These were
originally obtained from the plants Cinchona officinalis and
Artemisia annua, respectively (Mohammadi et al., 2020).
The therapeutic efficacy of plants is because of certain
phytochemical compounds they contain most of which are
secondary metabolites. Plants normally use these secondary
metabolites to ward off amoebae, bacteria, fungi, insects,
large animals, and potential predators and also compete with
other plants (Dixon et al., 2024). However, when properly
harnessed, these secondary metabolites can be exploited for
their therapeutic value. In this study, the decoction of Carica
papaya, Psidium guajava, and Mangifera indica leaves was
found to contain saponins, tannins, alkaloids, flavonoids,
phenolics, glycosides, steroids, and terpenoids in various
amounts (Table 1). Some of these compounds have been
shown to be effective against malaria either singly on their
own or have a synergistic effect in combination with other
phytoconstituents (Igbokwe et al., 2021; Ounjaijean and
Sosak, 2023). These phytochemicals have also been reported
to be the major constituents of plants with antimalarial
activities (Anamul et al., 2022; Pandey et al., 2023). The
decoction of Carica papaya, Psidium guajava, and Mangifera
indica leaves exhibited antimalarial efficacy in a dose-
dependent manner similar to that of the orthodox drug,
chloroquine (Table 3). The antimalarial activity observed
could be attributed to the synergistic effects of the
phytoconstituents found in the decoction (Kaur et al., 2023;
Saufi et al., 2023). Some of the phytochemicals identified in
this study have been reported to kill parasites both in vivo and
in vitro using one or more mechanisms. Phenolic compounds
are a significant class of secondary metabolites that function
as principal antioxidants or scavengers of free radicals (Pal,
2023). It has also been reported that the mechanism of their
antimalarial efficacy is by inhibiting the parasite’s protein
synthesis, elevating the red blood cell oxidation and
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counteracting the oxidative damage caused by the malaria
parasite while some inhibit the polymerization of haem to the
malarial pigment haemozoin by inhibiting [-haematin
formation (Builders et al., 2010; Bassey et al., 2022).
Terpenes act by inhibiting parasite growth and nutrient intake
by inhibiting the permeation pathway while flavonoids exert
their activity by inhibiting the uptake of essential amino acids
into infected red blood cells. Alkaloids on the other hand
disrupt parasite protein metabolism as well as inhibit some
enzymes (Kaur and Awurora, 2015; Tajuddeen and Van
Heerden, 2019).

Previous studies have documented the antimalarial activity of
the individual leaves, and it shows that findings from this
investigation with the combination of the leaves (decoction)
significantly improved the changes caused by infection with
malaria (Amat-ur-Rasool et al., 2020; Jiang et al., 2020; Nafiu
et al., 2021). This may be because decoctions mimic
multidrug strategies in therapeutic applications which can
increase efficacy, improve outcomes, reduce the length of
treatment and lower the chance of recurrence (Nguyen et al.,
2023).

The liver has several physiological roles most notably in
integrating systemic metabolism for glucose and fatty acid
metabolism. During malaria infection, the interaction between
the host and parasite also takes place in the liver (sporozoite
incubation stage) and the activities of the growing parasite in
the liver disrupt its functions which manifests as changes in
the activities of some enzymes in the liver especially ALT and
AST as well as ALP (Zailani et al., 2020; Hu et al., 2023).
Parasite activities in the liver also lead to hepatomegaly,
enhanced elimination of both infected and uninfected red
blood cells by the spleen leading to a reduction in red blood
cell count, hyperbilirubinaemia, and jaundice (Arfijanto and
Wahyudi, 2023). The result of this study agrees with these
reports as evidenced by the notable decline in the RBC count,
haemoglobin, packed cell volume, platelets, total protein,
albumin and a significant rise in the activities of ALP, ALT
and AST, and bilirubin concentration because of infection
with P. berghei (Tables 4 and 5). The host liver is affected in
the early stage of infection with malaria parasites because the
parasite incubates in the liver before the erythrocytic stage.
Sporozoite invasion of the liver causes injury to the
hepatocytes because hepatic blood flow is impeded by
parasitized red blood cells adhering to endothelial cells, which
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blocks the sinusoids and prevents blood from entering the
liver. This leads to the leakage of the liver enzymes into the
bloodstream. This phenomenon may be the cause of

elevated activities of these enzymes in the serum as observed
in this study (Formaglio et al., 2023). There might also be
associated hepatocyte necrosis and bile stasis because
bilirubin transport is compromised, and enhanced immune-
mediated hemolysis of non-parasitized and parasitized red
blood cells which causes jaundice and subsequently affect
function parameters and enzyme activities within the liver
(Enechi et al., 2021). In this experiment, parasite infection
resulted in a significant increase in all the liver function
indices aside from serum total protein and albumin which
notably reduced. Invasion of hepatocyte by malarial parasites
can lead to inflammatory reactions linked to parasite
metabolic  by-products.  This hepatocyte membrane
disturbance leads to the leakage of intracellular cytosolic
enzymes elevating their activities in the serum as seen in this
study (Table 4) (Orabueze et al., 2020). Similarly, the
increased concentrations of serum bilirubin in the untreated
group as opposed to the control could be because of increased
hemoglobin destruction by the malaria parasite since bilirubin
is a byproduct of hemoglobin which is usually broken down
in the liver. The endocytic consumption of haemoglobin by
the parasites within the red blood cells and subsequent
production and local accumulation of haemozoin produced by
the parasite throughout the blood stage of its life cycle leads
to increased haemolysis and the elevation of bilirubin
concentration (Onyamboko et al., 2023). Its accumulation in
serum in this study suggests dysfunction of hepatic cells
because of infection. Treatment with the leaf decoction of
Psidium guajava, Carica papaya, and Mangifera indica
restored the activities of these indices towards normal as the
dose increased with the highest activity seen at 300 mg/kg
body weight of decoction (Table 4). Moreover, the changes in
the normal architecture of the liver tissue caused by infection
were improved by treatment with the decoction (Plate 1). The
improvement of these indices after treatment could be because
of direct parasite clearance by components of the decoction
(Table 3) and the possible ability of the decoction to improve
hepatic status in malaria by improving the affected liver cells
of parasitized mice. Liver injury that resulted from malaria
has also been associated with oxidative stress, indicating that
the hepatocyte modulation by the decoction in this study
could be associated with some of its secondary metabolites
that have antioxidant activities (Table 1).

One of the most frequent consequences of malaria is changes
in haematological indices; having a huge impact on the
pathogenesis of the disease and leading to changes in blood
and blood cell counts. This occurs during the asexual stage of
the parasite’s life cycle in the erythrocytes resulting in
biochemical alterations in both the morphological and
numerical changes of all the blood cell indices. When
erythrocytes become parasitized, the parasites release
chemicals on their surface that cause vascular adhesion as
well as the adherence of red blood cells (parasitized or
otherwise), thus boosting the breakdown of the red blood cells
by splenic clearance; additionally, malaria induces
dyserythropoiesis thus distorting the erythropoietic balance
(Milner et al., 2020). The parasite spends this part of its life
cycle in the erythrocyte digesting and ingesting its
haemoglobin leading to malarial anaemia, thrombocytopenia,
and leucocytosis; although these changes depend on the
parasite species, severity of illness, and the immune status of
the host, they mostly correlate well with the degree of
parasitaemia (Antwi-Baffour et al., 2023). Some of the
changes in haematological parameters because of infection
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were observed in this study because infected mice had
significantly reduced red blood cell count, packed cell volume
and platelets, haemoglobin, and an elevated level of white
blood cells (Table 5). The reduction in the concentration of
these parameters could be attributed to the parasitic
infiltration of the red blood cells, the use of haemoglobin as a
food supply during the blood stage of the life cycle of the
parasite and the physical destruction of red blood cells
infiltrated by the parasite. Administration of the decoction of
Carica papaya, Psidium guajava, and Mangifera indica
however improved these parameters towards normal as the
parasitaemia count decreased.

The most reliable method for assessing pathological
alterations in tissues and organs caused by treatment is
through histopathological examination (OECD, 1995). The
untreated control group showed alterations in the normal liver
tissue architecture which are indicative of injury to the liver
caused by malaria. Treatment with the leaf decoction however
was able to reduce parasitaemia and ameliorate the effects of
P. berghei infection on the liver tissue; this effect increased
positively with increased doses of the decoction (Plate 1).
All the findings related to the decoction control group showed
that treatment with the decoction alone did not substantially
change any of the parameters evaluated (Tables 4 and 5) and
it did not change the typical anatomy of the liver tissue (Plate
2). This, in addition to the calculated oral LDso being above
5000 mg/kg body weight (Table 2) implies that the leaf
decoction of Psidium guajava, Carica papaya, and Mangifera
indica at the doses studied are virtually nontoxic when taken
orally because substances or medications are said to be
minimally toxic if their oral LDso is above 1000 mg/kg body
weight (Elekofehinti et al., 2021). Prior research has revealed
the LDso of each individual components of the decoction;
Timothy et al. (2022) found the LDso of Carica papaya leaf
to be above 5000 mg/kg body weight, Manekeng et al. (2019)
reported that of Psidium guajava to be above 5000 mg/kg
body weight while Reddeman et al. (2019) reported the LDso
of Mangifera indica leaves to be above 5000 mg/kg body
weight.

CONCLUSION

The current findings show that the decoction of Psidium
guajava, Mangifera indica and Carica papaya ameliorated
the effects of infection with P. berghei and this effect
intensified as the dose of decoction increased. This
observation is possibly due to the synergistic effect of the
phytochemical constituents of the decoction.
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