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Abstract
Background: Malaria is a life-threatening disease caused by the protozoan parasite, Plasmodium. The emergence
of drug-resistant Plasmodium species to currently available antimalarials has necessitated the search for more
effective drugs. This study evaluated the antimalarial potential of the crude extract and fractions of Psidium guajava
leaf in Plasmodium berghei infected mice. Method: Mice infected with Plasmodium berghei (P. berghei) were
administered orally with the crude extract and fractions at doses ranging from 100-500 and 50-200mg/kg/day
respectively, for five consecutive days. Results: The crude extract significantly (p<0.05) inhibited parasite growth
as well as prevented body weight loss and packed cell volume reduction dose-dependently. Among the fractions,
aqueous fraction was the most active with 54.26% inhibition of parasite growth at 200mg/kg. Remarkable inhibition
of parasite growth by the crude extract and aqueous fraction was evident in the prolongation of mice survival relative
to the control (27.33±1.76, 24.67±0.67, 28.0±1.16 and 8.33±0.67 for crude extract (500mg/kg), aqueous fraction
(200mg/kg), chloroquine and negative control groups respectively). Phytochemical screening of the crude extract
revealed the presence of phenol, alkaloids, flavonoids, and terpenoids. Conclusion: The results indicate that crude
extract and aqueous fraction of P. guajava leaf are potent antimalarial agent that can be employed in the development
of antimalarial drugs.
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1.0 Introduction
Despite the availability of malaria chemotherapy,
malaria remains a life-threatening parasitic infectious
disease in Sub-sahara Africa. It is caused by the
protozoan parasites of Plasmodium species and is
transmitted through bites of infected Anopheles
mosquitoes of female species [1]. In humans, malaria
is caused by five members of the Plasmodium species,
including, falciparum, vivax, malariae, ovale, and
knowlesi. The P. falciparum is, however, the main
causative species of severe malaria and the most
implicated in malaria-associated mortality [1, 2].
Malaria is particularly, prevalent in tropical and subtropical regions of the globe. According to the recent
statistic, there were 212 million and 429, 000 malaria
cases and death respectively in 2015, particularly in
sub-Saharan Africa, where an estimated 90 % of the
deaths occur in children under 5 years and expectant
mothers [3]. Malaria is endemic all over the 36 states
of the country with 97 % of the total population
(approximately 173 million) being at risk of infection.
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In fact, Nigeria tops the list of malaria burdened
countries worldwide. About 10 million cases and
300,000 deaths are annually documented [4, 5].
Besides, malaria accounts for 60 % of outpatient visits
to health facilities, 30% of childhood death and 11 %
maternal mortality [4, 6, 7].
The application of plant-based therapy for the
management of malaria has long been practised with
a high rate of ethnohistorical success [8]. Plant-based
antimalarial has also been successfully applied to
conventional therapy. For instance, the first
antimalarial drug, quinine was isolated from the bark
of medicinal plants known as Cinchona species
(Rubiaceae). Another plant-based conventional
therapy is Artemisinin, a fast-acting antiplasmodial
drug isolated from Artemisia annua (Chinese sweet
wormwood) [3] and also formed an important
component of the Artemisinin-based combination
therapies (ACTs). ACT has so far been explored as the
first-line treatment option and the only available
option for treatments of malaria resistance cases in
countries [3]. However, cases of drug resistance to
https://doi.org/10.53858/arocnpr02012837
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the combination therapy have been widely reported
[3], suggesting the need for alternative fast-acting
and safe therapeutic option. Hence the need to
explore the therapeutic properties of medicinal plants
Psidium guajava, is a medicinal plant commonly
known as guava (family Myrtaceae). All parts part, of
Psidium guajava including the bark, fruit, leaves, and
roots has a long reputation of therapeutic value in the
management of several diseases including wound
healing, diabetes, ulcers, hypertension, stomach
ache, cholera, obesity, diarrhoea, trypanosomiasis
and malaria infection [9, 10], and has been
recognized as an important component of antimalarial
polyherbal formulations by the traditional herbalist [9,
11]. However, scientific validation of its full
antimalarial potency remains inadequate. Therefore,
in this research, we evaluated the antimalarial activity
of the crude extract and fractions of Psidium
guajava leaf in Plasmodium berghei infected mice.
2.0 Materials and Methods
2.1. Collection of experimental parasite, plant,
and animals.
Fresh leaves of Psidium guajava was collected in July,
2015 from Minna, Niger State, Nigeria. The plant was
identified by a taxonomist at the Botany Department
of University of Nigeria Nsukka where a voucher
number of UNH98 was deposited. Female Swiss albino
mice, weighing between 22-28g were procured from
National Veterinary Research Institute (NVRI), Vom,
Plateau State of Nigeria. The experiment was
conducted in strict compliance with the regulation of
the Canadian Council on Animal Care (CCAC)
guidelines on animal use protocol review [12]. The
Plasmodium berghei (NK65) was obtained from the
National Institute of Pharmaceutical Research and
Development (NIPRD), Abuja, Nigeria. It was
maintained in mice by serial blood passage.

each and treated orally with the crude extract of P.
guajava at doses of 100 (A), 300 (B) and 500 (C)
mg/kg/day. The positive control groups (D& E) were
treated with standard drugs, 5 mg/kg/day chloroquine
and 50 mg/kg/day artesunate, respectively and 0.2
ml distilled water was administered to group F
(negative control group). Group G were not infected
but treated with 500 mg/kg body weight of the
extract. All the treatments lasted for 5 days. Geimsa
stained (10%) thin blood film was examined
microscopically. The chloroform, ethyl acetate and
aqueous fractions of Psidium guajava were also
evaluated for antiplasmodial activity at doses of 50,
100 and 200 mg/kg/day. Average percentage
parasitaemia and inhibition of parasite growth were
calculated according to the following formulas [16]:
% parasitemia = No of parasitized erythrocytes
X100
No of erythrocytes
% inhibition = % inhibition = A-B × 100
A
Where:
A = Parasitaemia in negative control
B = Parasitaemia in test group
The body weight and packed cell volume of the mice
were evaluated using a sensitive weighing balance
and microhaematocrite techniques while the mean
survival time of the experimental mice were
determined using the formula:
MST = Sum of survival time of all mice in a group
Total number of mice in that group
2.4 Phytochemical screening.
The crude extract of P. guajava was evaluated for
phytochemical screening using standard procedures
to identify the secondary metabolites as described by
[17, 18].

2.2. Crude extract preparation and fractionation
2.5 Statistical analysis.
The Psidium guajava were clean and pulverised into
fine powder. Fifty (50) grams of the powdered sample
was refluxly extracted in 400ml of 70% methanol for
2 h, as described previously [13]. The extracts were
filtered and then concentrated to dryness under
reduced pressure using a rotary evaporator. The
crude extract was further fractionated into n-hexane,
chloroform and ethyl acetate fraction and were
concentrated under reduced pressure at 35oC using
rotary evaporator
2.3 In vivo anti plasmodial study
Healthy mice were inoculated with P. berghei parasite
as described previously [14]. The curative potential of
plant extracts was evaluated by employing the
method of [15]. Seventy-two hours later (day 3),
following confirmation of parasitaemia, the infected
mice were randomly assigned into 6 groups of 3 mice
AROC in Natural Products Research, 2022, 2(1):28-37

Results of the study were expressed as mean ± SEM.
Data were analysed using Windows SPSS Version
19.0. One-way analysis of variance (ANOVA) coupled
to Duncan (post-hoc test) was used to determine
statistical significance. The result was considered
significant at 95% confidence level and P-value <
0.05.
3.0 Results
3.1. Antiplasmodial activity of crude extract of
leaf of Psidium guajava.
The
results
showed
a
significant
(p<0.05)
antiplasmodial activity in all the extract-treated
groups when compared with the negative control
(infected but not treated) (Fig. 1). The antiplasmodial
activity was in a dose dependent pattern with the
https://doi.org/10.53858/arocnpr02012837
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maximum dose administered demonstrating the
highest activity. The level of parasitaemia at 100, 300,
and 500mg/kg was reduced by 56.19, 63.22 and
69.96% respectively as against 85.19 and 87.88% for
the standard drugs chloroquine and artesunate
respectively on day 8 relative to the negative control
(Table 1). The variations in the levels of percentage
Packed Cell Volume (%PCV) and body weight for the
treated groups (infected but treated) before and after

treatment was not significant (p > 0.05) whereas a
slight increase in body weight and PCV was observed
in not infected but treated (NIT) group (Fig. 2 and 3).
Conversely, there was a significant (p < 0.05)
decrease in body weight and PCV in negative control
group.
The survival time of the extract-treated
groups was significantly (P < 0.05) prolonged when
compared with the negative control group (Table 1).
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Figure 1: Antiplasmodial activity of crude extract of Psidium guajava. Data are mean ± SEM; n = 3, CQ =
chloroquine, ART = artesunate, INT = infected but not treated
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Figure 2: The effect of crude extract of Psidium guajava on body weight of P. berghei infected mice. Data are mean ± SEM; CQ =
chloroquine (5mg/kg), ART = artesunate (50mg/kg), NIT = not infected but treated, INT = infected but not treated, * = significant
difference between the weight before infection and after treatment
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Figure 3: The effect of crude extract of Psidium guajava on PCV of P. berghei infected mice
Data are mean ± SEM; CQ = chloroquine (5mg/kg), ART = artesunate (50mg/kg), NIT = not infected but treated,
INT = infected but not treated, * = significant difference between the %PCV before infection and after treatment
Table 1: Effect of aqueous methanolic extracts of Psidium guajava on the % inhibition of parasite growth and
survival time of P. berghei infected mice
Dose
Parasitaemia
% Inhibition
Mean Survival Time
(mg/kg)
(Day 8)
(Days)
100
11.83±0.46
56.19
19.67±1.21
300
9.93±0.24
63.22
22.33±2.53
500
8.11±0.82
69.96
28.33±0.88
500 (NIT)
30.00±0.00
CQ 5
4.00±0.23
85.19
27.33±1.76
ART 50
3.27±0.24
87.88
27.67±1.45
INT
27.00±0.64
0
10.67±0.88
Values are expressed as mean ± SEM, n = 3, Art = Artesunate, CQ = Chloroquine diphosphate,
INT = Infected but not treated (untreated control), NIT = not infected but treated, - not done

3.2. Antiplasmodial Activities of Fractions of
Psidium guajava extract.
The antiplasmodial activity of the aqueous fraction of
Psidium guajava extract at 200mg/kg body weight
was highest among all the fraction-treated groups
(Fig. 4 - 6) with 54.26% inhibition of parasite growth
(Table 2). Meanwhile, inhibition of parasite growth
was significantly less when compared with the crude
extract (66.60%) and chloroquine (79.95%).
Significant (p < 0.05) weight loss and reduction in PCV
was observed in all the groups except in the groups
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treated with the crude extract, chloroquine and
aqueous fraction (200mg/kg) (Fig. 7 and 8). The
Survival time of fraction (200mg/kg) and crude
extract-treated groups was significantly prolonged
relative to the untreated control group (Table 2).
3.3. Phytochemical Screening.
Phytochemical screening of the crude extract revealed
the presence of alkaloids, flavonoids, tannins,
saponins, steroids, terpenoids and phenols.
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Table 2: Effect of aqueous methanolic extracts of Psidium guajava on the % inhibition of parasite growth and
survival time of P. berghei infected mice
Dose
Parasitaemia Inhibition Survival day
(mg/kg)
(Day 8)
(%)
C50
17.50±0.38
46.02
16.00±1.53
C100
17.25±0.38
46.79
18.67±2.40
C200
17.17±0.30
47.04
18.67±1.20
E50
20.50±0.29
36.77
15.67±1.33
E100
20.75±0.36
36.00
13.67±1.45
E200
18.70±0.00
42.17
15.00±1.16
A50
17.42±0.58
46.27
19.67±0.88
A100
15.83±0.74
51.17
19.67±1.76
A200
14.83±0.33
54.26
24.67±0.67
Cr50
10.83±0.65
66.60
27.33±1.76
CQ 5
6.50±0.63
79.95
28.00±1.16
INT
32.42±0.36
0
8.33±0.67
Values are expressed as mean ± SEM, n = 3, C = Chloroform fraction, E = Ethyl acetate fraction, A = Aqueous
fraction, Art = Artesunate, CQ = Chloroquine diphosphate, INT = infected but not treated
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Figure 4: Antiplasmodial activity of chloroform fraction of Psidium guajava. Data are mean ± SEM; n = 3, C =
chloroform fraction, Cr = crude extract, CQ = chloroquine, INT = infected but not treated (untreated control)
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Figure 5: Antiplasmodial activity of ethyl acetate fraction of Psidium guajava . Data are mean ± SEM; n = 3, E =
ethyl acetate fraction, Cr = crude extract, CQ = chloroquine, INT = infected but not treated (untreated control)
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Figure 6: Antiplasmodial activity of aqueous fraction of Psidium guajava. Data are mean ± SEM; n = 3, A =
aqueous fraction, Cr = crude extract, CQ = chloroquine, INT = infected but not treated
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Figure 7: Effect of fractions of Psidium guajava on body weight of mice infected with Plasmodium berghei. Data
are mean ± SEM; C = chloroform fraction, E = ethyl acetate fraction, A = aqueous fraction, Cr = crude extract,
NINT = not infected not treated, CQ = chloroquine (5 mg/kg), INT = infected but not treated, # = no significant
difference between the weight before infection and after treatment.
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Figure 8: Effect of fractions of Psidium guajava on Packed Cell Volume (PCV) of mice infected with Plasmodium
berghei :Data are mean ± SEM; C = chloroform fraction, E = ethyl acetate fraction, A = aqueous fraction, Cr =
crude extract, NINT = not infected not treated, CQ = chloroquine (5 mg/kg), INT = infected but not treated, # =
no significant difference between the weight before infection and after treatment.
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4.0 Discussion
Psidium guajava is used in the treatment of various
ailments including malaria and has been reported to
contain bioactive components [10]. In the present
study, we evaluated the antimalarial potential of
aqueous methanolic crude extract of Psidium guajava
leaf and its fractions in P. berghei infection in mice.
The rodent parasite, P. berghei, has been used
extensively in the discovery and development of
several orthodox antimalarial drugs corroborated by
quinine, chloroquine, mefloquine and more recently
artemisinin derivatives [8, 19, 20]. In addition, rodent
parasite produces diseases similar to those of human
plasmodial infection and is used in the prediction of
treatment outcomes [21, 22]. This informed our
choice for this parasite.
Determination of percentage inhibition of parasite
growth is regarded as the most dependable parameter
in antimalarial drug discovery [23]. A mean
parasitemia level ≤ 90% to that of mock-treated
control animals usually indicates that the test
compound is active in standard screening studies [24,
25]. In the 5-day curative test, the aqueous
methanolic crude extract of Psidium guajava leaf
demonstrated a significant (p < 0.05) antiplasmodial
activity in a dose-dependent pattern indicating that
the plant has antimalarial activity. The antimalarial
activity of the aqueous crude leaf extract of the plant
in early infection has also been reported by other
investigators [24, 26].
Anaemia and body weight loss are common features
of P. berghei infected mice [27, 28, 29]. Plants with
antimalarial activity are expected to prevent body
weight loss which is associated with loss of appetite in
infected mice due to rising parasitaemia. Similarly,
rodent malaria causes parasite-induced fall of PCV,
which occurred approximately 48 h post-infection [29,
30]. Plasmodium berghei infected mice suffer from
anaemia because of erythrocyte destruction, either by
parasite multiplication or by spleen reticuloendothelial
cell action as the presence of many abnormal
erythrocytes stimulates the spleen to produce many
phagocytes [8, 30]. All of these mechanisms account
for malaria induced anaemia both in mice and men
[31]. The crude extract of P. guajava significantly
prevented body weight loss and reduction in PCV
associated with increasing parasitemia level. The
protective effect of P. guajava crude extract against
body weight loss and PCV reduction infers its potency
in ameliorating these common pathological features of
malaria.
The mean survival time is important to evaluate the
anti-malarial activity of plant extracts since it is
associated with inhibition of parasite growth (Peters,
1975). The extension of survival period by the test
compound beyond 12 days after killing the untreated
control is an indication of being active [25, 32]. The
mean survival time of mice treated with the extract
was significantly longer than the untreated control
AROC in Natural Products Research, 2022, 2(1):28-37

mice with more than 12 days extension of life for mice
in the 300 and 500mg/kg treated groups. This
suggests that the extract suppressed P. berghei and
reduced the overall pathologic effect of the parasite
on the mice. However, neither the extracts nor the
standard drug cured the infection. This could be due
to the assertion that crude extracts tend to have
better plasmodistatic than plasmodicidal effects as
unpurified bioactive principles may require initial
conversions which time lag allows for parasite
proliferation [33, 34]. Furthermore, the active
constituents might not be present in sufficient
concentrations to effect rapid and complete clearance
of parasites [35]. However, failure of the standard
drug to completely clear the parasite could be due to
recrudescence of P. berghei parasites after apparent
cure. This may require more extensive investigation
to ascertain what exactly is happening.
Alkaloids, flavonoids, phenols and terpenoids are
known to possess antimalarial activity [36-39].
Alkaloids have been known to display antiplasmodial
activities by blocking protein synthesis in Plasmodium
falciparium [38, 40]. Flavonoids have been reported
to chelate with nucleic acid base pairing of the
parasite. Flavonoids are also reported to be involved
in modulation of host immunity to tackle disease and
inhibition of plasmodial enoyl-ACP reductase (FAB I
enzyme), a key regulator of type II fatty synthases
(FAS-II) in P. falciparum [41, 42]. Phenols and
flavonoids are known for their anti-oxidant properties
[37, 43]. It has been reported that antioxidant activity
can inhibit heme polymerization as heme has to be
oxidized
before
polymerization,
and
the
unpolymerized heme is very toxic for malaria parasite
[44-46]. Flavonoids may also bind parasite’s
serine/threonine kinase with high affinity and affect
its development [47]. Terpenoids have been
implicated for their antiprotozoal and antimalarial
activities in many pharmacological studies which are
attributed to the endoperoxidation property of the
phytochemical [39, 48]. The observed antimalarial
activity in this study may be related to the presence
of active compounds such as alkaloids, flavonoids,
terpenoids and phenols in the extract.
The reduction in body weight gain and PCV is a simple
and sensitive tool in toxicological study after exposure
to toxic substance [29]. The crude extract
administered to non-infected normal mice at
500mg/kg body weight per day for five days did not
cause decrease in body weight and PCV of
experimental mice. Rather body weight gain and
increase in PCV were observed. All the experimental
mice survived the 30 days observation period.
Therefore, it can be inferred that the crude extract is
safe for oral administration at the dose tested.
Among the fractions, the aqueous fraction was found
to have significantly higher blood schizontocidal
activity than the other fractions suggesting the
possible localization of the active ingredients in this
fraction. The aqueous fraction at the highest dose
https://doi.org/10.53858/arocnpr02012837
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administered showed protective effect on body weight
loss and PCV reduction. Furthermore, the aqueous
fraction significantly (P < 0.05) prolonged the mean
survival time of infected mice relative to other
fractions and untreated control. The longest survival
time of mice as a result of the administration of the
highest dose of aqueous fraction suggests the
presence of active secondary metabolites in sufficient
concentration in that dose. Nevertheless, the crude
extract demonstrated a significantly higher parasite
inhibition than the aqueous fraction which indicates
that there may be partial loss of activity upon
fractionation of the crude extract. Similar observation
was reported by other researchers [12, 33, 49]. This
suggests that the active components of the crude
extract may have synergistic effect when they coexist
in the crude extract to exert a higher antimalarial
activity. It is also possible that there are other
components in the crude extract that exert a positive
modulating effect on the bioactivity of the extract
which may also have been lost on purification.
However, in vivo antiplasmodial activity of plant
extracts are classified as moderate, good and very
good if an extract displays parasite inhibition ≥ 50%
at respective doses of 500, 250 and 100mg/kg body
weight per day [46, 50]. The aqueous fraction can be
considered as having good antiplasmodial activity
since it demonstrated > 50% growth inhibition when
administered at a dose of 200mg/kg body weight per
day for five days. Therefore, there is still the prospect
of a better antilplasmodial activity upon further
purification
and
isolation
of
the
bioactive
compound(s).
5.0 Conclusion
The results obtained from the present study have
shown that the leaf extract of Psidium guajava as well
as the fractions are endowed with antimalarial
potentials. The crude extract can serve as a new
source for the development of new and affordable
antimalarial agent. Also, further purification of the
most potent fraction can lead to isolation of novel
antimalarial compounds.
Abbreviations: ANOVA; One-way analysis of
variance, ART = artesunate, CCAC: Canadian Council
on Animal Care, CQ = chloroquine, DMRT: Duncan’s
Multiple Range Test, INT = infected but not treated,
NIPRD; National Institute of Pharmaceutical Research
and Development, NVRI: National Veterinary
Research Institute, P. berghei=Plasmodium berghei,
PCV: Packed Cell Volume, SEM: Standard error of
mean, SPSS= Statistical package for social sciences
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