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ABSTRACT

Malaria, caused by Plasmodium parasites, remains a global health concern, with
drug resistance complicating control efforts. Plant-derived compounds have
emerged as potential antimalarial agents. This study explores the effectiveness of
methanol extract of Ficus trigonata stem bark against Plasmodium berghei in a
murine model. Thirty (30) adult mice used in this study were divided into 5 groups
of 6 mice per group. Group A was inoculated with P. berghei and not treated which
served as negative control. Group B was inoculated and treated with 10mg/Kg body
weight of chloroquine (standard control). Groups C, D and E were inoculated with
Plasmodium berghei and treated with the extract in doses of 100, 200 and 300 mg/kg
body weight respectively. Parameters such as Packed cell volume (PCV) was
measured by hematocrit technique, Parasitemia levels were monitored by
microscopy, and Chemo-suppression activity was calculated to assess antiplasmodial
potential. The in vivo murine model that was used enables efficient preliminary
screening with good predictive validity. Ficus trigonata stem bark extract showed
dose-dependent antiplasmodial activity in Plasmodium berghei-infected mice. All
doses (100-300mg/kg) significantly (p<0.05) increased the level of packed cell
volume on days 1-3 post-treatment. Parasitemia levels reduced significantly
(p<0.05), with 300 mg/kg approaching chloroquine efficacy. Impressive
dose-dependent chemo-suppression reached 85.68% with the highest F. trigonata
stem bark extract dose by day 4, nearing the 94.16% standard drug activity. These
findings highlight the extract’s potential as an antimalarial agent and contribute to
the search for alternative treatments.

Keywords Ficus trigonata, Malaria, Packed Cell Volume, Parasitemia and Plasmodium
berghei, Chemo-suppression

INTRODUCTION
The etiological agent responsible for malaria is the Plasmodium parasite, an organism

transmitted through the bites of mosquitoes. This mosquito-borne parasitic illness contin-
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ues to pose a substantial threat to global health, particularly in regions where the infection is
endemic. Malaria continues to be a major global source of morbidity and mortality despite
continuous attempts to battle this debilitating illness, with pregnant women and children
being the most vulnerable groups.1 The development of Plasmodium strains that are resis-
tant to drugs has made it more difficult to manage and eradicate the illness.2

Research throughout the years has looked at a number of ways to find novel antimalarial
drugs, including naturally occurring plant-based compounds, which have been crucial in
the development of effective medicinal agents.3 These organic compounds frequently act as
inspiration, presenting fresh approaches combating malaria.4

Ficus trigonata, possessing an extensive historical legacy of traditional application across
diverse geographical regions, emerges as a noteworthy natural product currently undergo-
ing rigorous scientific scrutiny.5 Ficus species have garnered significant interest in their
prospective medicinal use, mainly because of their varied phytochemical composition and
proven antiparasitic properties.6 Extracts from Ficus carica showed effectiveness against
Leishmania major in both in vitro and in vivo models, reducing lesion size and parasite
burden.7 A study also found that a mixture of Ficus and olive leaf extracts reduced oocyst
shedding and improved intestinal histopathological changes in immunocompromisedmice
infected with Cryptosporidium parvum.8

Within this framework, our study aims to investigate the effectiveness of Ficus trigo-
nata’s methanol stem bark extract against Plasmodium berghei, a rodent parasite that is
frequently used as a model for in vivo malaria research. In particular, we investigate the
effect of the extract on important malaria infection indicators such as PCV (packed cell
volume), parasitemia, and chemo-suppressive action.

Chemo-suppression refers to the capability of an agent to inhibit malaria parasite
growth and multiplication within host red blood cells, thereby reducing overall par-
asitemia.9 Assessing chemo-suppressive potential provides crucial information about
efficacy in controlling parasite proliferation and preventing severe manifestations. Many
standard antimalarials like chloroquine exert effects via chemo-suppression of erythrocytic
stage Plasmodium.10 Given rising resistance, identifying agents with chemo-suppressive
effects even on resistant parasites is especially valuable.

These parameters provide information on both the disease’s severity and the efficacy of
possible treatments. The decision to examine these factors stems from the paramount clini-
cal significance in the context of malaria. A decrease in PCV, which is a symptom ofmalaria
caused by the parasite’s destruction of red blood cells, is a crucial sign in the treatment of
the illness.11 PCV represents the percentage of red blood cells in the circulation. In a sim-
ilar vein, parasitemia levels and Plasmodium infection severity are closely correlated, with
lower levels linked to improved health outcomes.12

In this work, we evaluate the extract’s capability to prevent Plasmodium from proliferat-
ing in infected mice as well as its capacity to alleviate these malaria-related symptoms. Our
research adds to the expanding body of information about malaria natural remedies and
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might pave the way for the creation of novel approaches to treatment in the battle against
this formidable illness. By investigating the possibility of plant-based treatments in the
fight against malaria, this study also seeks to close the knowledge gap between traditional
medicine and contemporary science.

MATERIALS AND METHODS
Collection of Plant Material

Fresh Ficus trigonata stem bark was obtained from Song Local Government Area,
Adamawa State. The stem bark was identified by a taxonomist at the Department of Plant
Sciences, Modibbo Adama University, Yola, Adamawa State, Nigeria.

Experimental Animals

Thirty (30) adult mice, 4 weeks old, weighing 20g to 24g were procured from the Uni-
versity of Jos’ animal breeding center located in Plateau State. The animals were then placed
in well-ventilated plastic cages, and acclimatized for 7 days before the commencement of
the study.

Parasite

Plasmodium berghei strain susceptible to chloroquine was gotten from National Insti-
tute of Medical Research (NIMR), Yaba, Lagos state, Nigeria.

Extraction Procedure

Maceration method of extraction as outlined by Das et al.,13 was adopted. Fifty grams
(=50g) of fresh Ficus trigonata stem bark were cleaned with water, left overnight at room
temperature to dry, and then pulverized with a pestle and mortar until a powder was
achieved. Exactly 500mL of methanol was used to dissolve the powdered stem bark. For
five (5) days, the solution was left in place. The extracts were then filtered using aWhatman
filter paper and concentrated using a rotary evaporator, the water bath was set at 40◦C.

Parasite Inoculation

Through cardiac plexus puncture, parasitized erythrocytes were isolated from donor
mice and mixed with trisodium citrate. Mice were intraperitoneally inoculated with 0.2mL
of suspension of blood containing 106- 107 parasitized erythrocytes on day 0.14
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Animals Grouping and Treatment

Thirty (30) mice, separated into 5 groups of 6 mice per group. Groups A was inocu-
lated and not treated which served as negative control. Group B was inoculated and given
10mg/kg body weight of chloroquine (standard control). Groups C, D and E were inocu-
lated with Plasmodium berghei and treated with the extract in doses of 100, 200 and 300
mg/kg body weight respectively.15 For each dose level the total amount of extract needed
was determined using the formula:

Total amount of extract = Desired dose
Concentration ×Body weight of mouse….Eq. 1

Determination of Packed Cell Volume (PVC

Estimation of PCV was conducted manually. Blood samples were collected from the
tail of the mice using heparinized capillary tubes in the morning as follows: before inocula-
tion, 72 hours after inoculation, and after the first, second, and third day of treatment. Each
mouse was identified with a corresponding label on both the tail and the capillary tube to
ensure sample integrity. These tubes were sealed with a candle flame and organized with
the sealed ends facing away from the blood to avoid contamination. A Haematocrit cen-
trifuge was employed, and it was securely sealed before being set in motion using a timer
button for a duration of 6 minutes. During this process, the blood samples separated into
two distinct layers, comprising the Erythrocytes and plasma. Following centrifugation, the
capillary tube containing the blood sample was carefully removed and placed onto aHemat-
ocrit reader. Readingswere then taken and recordedwith precision to determine the Packed
Cell Volume. PCV was determined using the formula:

PCV (%) = (Length of red cell column)/(Total length of blood column) ×
100

…….Eq. 2

Determination of Parasitemia Level and Chemo-suppression activity

Parasitemia Level was assessed on four different days following the start of the treatment.
To determine this, a small sample of blood from each animal’s tail was placed on glass slides
and allowed to air-dry. The slides were then fixed with methanol, stained using Giemsa,
and examined using a 100× objective lens under a microscope. The count of red blood
cells infected with parasites observed on each slide was recorded. Parasitemia level was
determined using the formula below.

% Parasitemia = (Total number of PRBC)/(Total number of RBC) ×100

….Eq. 3

Where; RBC: Red Blood Cells and PRBC: Parasitized Red Blood Cells
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The % parasitemia suppression of the extracts, in comparison to the untreated control,
was determined12. Degree of suppression in parasitemia achieved by the extracts was deter-
mined using the formula:

% Chemosuppression = MPUC –MPTG
MPUC × 100…….Eq. 4

Where; MPUC: Mean Parasitemia of Untreated Control, and

MPTG: Mean Parastemia of Treated Group

Data Analysis

The data collected were evaluated using SPSS version 27 software using one-way Anal-
ysis of Variance (ANOVA) followed by Tukey’s post hoc test to separate the means that are
statistically different. Where P<0.05 was considered as statistical significance.

RESULTS
Packed Cell Volume (PCV of treated and untreated Plasmodium
berghei infected mice

PCV declined steadily in negative control group from 39.57±0.48% before inocula-
tion to 19.67±1.45% after 3 days of infection (Figure 1). In contrast, all treatment groups
(receiving 100, 200, or 300mg/kg of Ficus trigonata stem bark extract) showed significantly
(p<0.05) higher PCV levels compared to the negative control on days 1, 2, and 3 post-
treatments. On day 1, PCV was 34.42±1.81%, 33.57±0.97%, and 32.86±0.63% for the
100, 200, and 300mg/kg groups, compared to only 30.67±0.62% in the negative control.
This effect increased on days 2 and 3. By day 3, PCV reached 30.33±1.72%, 30.50±1.31%,
and 29.43±0.37% in the 100, 200 and 300mg/kg groups respectively, compared to just
19.67±1.45% in untreated mice. The positive control group receiving the standard drug
chloroquine phosphate also maintained significantly (p<0.05) higher PCV levels than neg-
ative controls on days 1-3, reaching 31.57±1.04% by day 3. However, on days 2 and 3, the
200 and 300mg/kg Ficus groups matched or exceeded the PCV protection demonstrated by
the standard drug control (Figure 1).

Values were expressed as Mean± SEM: n = 5.
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Figure 1 Packed Cell Volume (PCV) of treated and untreatedPlasmodium berghei infected Mice

SUPERSCRIPT = VALUES WERE SIGNIFICANTLY GREATER THAN
NEGATIVE CONTROL AT P<0 05
Parasitemia level in treated and untreated Plasmodium berghei
infected Mice

In the untreated negative control mice, parasitemia level rose rapidly from 14.50±1.00%
at 72 hours to 33.73±1.14% by day 4 post-infection. In contrast, all F. trigonata stem
bark extract treatment groups showed significantly (p<0.05) lower parasitemia levels com-
pared to negative controls on days 2, 3 and 4 post-treatments. Day 2, parasitemia reached
11.14±1.26%, 9.65±1.28%, and 8.81±0.59% in the 100, 200 and 300mg/kg groups, respec-
tively, compared to 22.46±1.13% in untreated controls. This anti-parasitic effect increased
rapidly by days 3 and 4. By day 4, parasitemia was just 8.44±1.23%, 6.40±1.19% and
4.83±0.59% in the 100, 200 and 300mg/kg groups, compared to 33.73±1.14% in nega-
tive controls. The positive control group receiving chloroquine phosphate showed a similar
rapid suppression of parasitemia from day 2 onwards, reaching 1.97±1.17% on day 4 (Fig-
ure 2).

Values were expressed as Mean± SEM: n = 5.
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Figure 2 Parasitemia level in treated and untreated Plasmodium berghei infected Mice

SUPERSCRIPT = VALUES WERE SIGNIFICANTLY LESS THAN
NEGATIVE CONTROL AT P<0 05

SUPERSCRIPT = VALUES WERE SIGNIFICANTLY GREATER THAN
STANDARD CONTROL AT P<0 05

3.3 Chemo-suppression Effect of Methanol Extract of Ficus trigonata Stem bark in Plas-
modium berghei infected mice.

On all tested days post-infection (days 1-4), the standard control drug chloroquine
phosphate showed powerful chemo-suppressive activity ranging from 43.73% on day 1 to
94.16% on day 4. F. trigonata stem bark extract treatments at doses spanning 100-300mg/kg
demonstrated a clear dose-dependent chemo-suppressive effect across the four-day experi-
ment. On day 1, activity reached 31.54%, 33.31% and 38.58% for the 100, 200 and 300mg/kg
F. trigonata treatment groups. This increased to 64.8%, 71.43%, and 74.94% suppressive
activity by day 3 for the three increasing F. trigonata doses. By late infection on day 4,
even the lowest 100mg/kg F. trigonata extract dose achieved a chemo-suppressive effect
of 74.98%, approaching the 94.16% activity of the standard anti-malarial control. Higher
doses further improved upon this, with 81.03% and 85.68% chemo-suppression attained by
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the 200 and 300mg/kg extracts on day 4 (Figure 3).

Figure 3 Chemo-suppression effect of methanol extract ofFicus trigonata stem bark in Plasmodium
berghei infected mice.

DISCUSSION
In this study, it was observed that Methanol stem bark extract of Ficus trigonata had

a significant ameliorative effect on PCV in Plasmodium berghei-infected mice (Figure 1).
This effect was particularly prominent as the treatment duration extended. Notably, the
dose (100mg/kg) displayed the most significant improvement, indicating that the extract’s
efficacy is positively correlated with concentration. This observation is consistent with that
of Dibessa et al.,16 , but on different medicinal plant. The decrease in PCV is a hallmark
of malaria infection, as the parasite destroys red blood cells, leading to anemia and other
health complications.17

When compared to the negative control, the extracts stopped the infected mice’s PCV
from dropping significantly (Figure 1). This demonstrates how the extract help avoid ane-
mia conditions that the severe infection caused in the mice in the negative control group to
appear. This may be because animals treated with extracts revealed a significant reduction
in parasite burden over the course of illness. The number of parasites rose in the untreated
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animals, which led to the destruction ofmore red blood cells and a noticeable drop in hema-
tocrit PCV (Figure 1). This finding underscores the potential utility of methanol stem bark
extract of Ficus trigonata as an adjunct therapy for malaria. The restoration of PCV lev-
els is a crucial aspect of malaria management, as it not only improves the overall health of
infected individuals butmay also contribute to reducingmorbidity andmortality associated
with severe anemia.18

The parasitemia levels are a direct indicator of the severity of Plasmodium infection.19

Lower parasitemia levels are associated with better health outcomes. The findings in the
present study (Figure 2) revealed that, the extract treatment groups demonstrated a signif-
icant decrease in parasitemia levels in a manner that is time-dependent. The standard con-
trol (chloroquine phosphate) group showed the most substantial parasitemia suppression,
while the extract treatment groups displayed a dose-dependent in parasitemia levels reduc-
tion. Remarkably, the highest dose of the extract (300mg/kg) effectively suppressed para-
sitemia, comparable to the standard control. These findings indicated that methanol stem
bark extract of Ficus trigonata possessed anti-malarial activities, which align with previ-
ous studies highlighting the antiplasmodial potential of some Ficus species on multi-drug-
resistant Plasmodium falciparum strain K1.20 The extract’s ability to reduce parasitemia
levels suggests its potential as an alternative or adjunct antimalarial treatment.

Chemo-suppression is a vital aspect of malaria research, as it reflects the capacity of a
treatment to inhibit the development and multiplication of Plasmodium parasites.21 In this
present study (Figure 3), methanol stem bark extract of Ficus trigonata exhibited notable
chemo-suppression activity in Plasmodium berghei-infected mice. The extract treatment
groups exhibited increasing chemo-suppression in a manner that is dose-dependent over
the course of treatment. By day 4, the highest dose of the extract displayed themost substan-
tial chemo-suppression activity of 85.68%, albeit all groups exhibited a significant reduction
in parasitemia levels compared to the standard control. The findings on the anti-plasmodial
activity of Ficus trigonata stem bark extract exasperate in this study are consistent with the
results reported by Okon et al.,3. These findings suggested that methanol stem bark extract
of Ficus trigonata has potential as an antimalarial agent, effectively inhibiting the growth
and proliferation of Plasmodium parasites. The dose-dependent nature of this effect rein-
forces the idea that higher concentrations of the extract may offer enhanced efficacy which
may be attributed to the plant’s phytochemicals. Themechanism likely involves stimulation
of the immune system to better control infection, similar to other Ficus species.22 Disrupt-
ing heme detoxification pathways in the parasite is another possibility.23 Extract compo-
nents like flavonoids and tannins could also directly inhibit plasmodial enzymes necessary
for growth.24 Additionally, antioxidant effects help mitigate redox imbalance in malaria
infection.25 Although mechanistic insights and clinical evaluations in human trials are still
needed, these findings provide a strong foundation for prioritizing F. trigonata stem bark as
a promising lead for affordable antimalarial drug development programs, especially against
emerging drug-resistant strains.
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CONCLUSION
The study demonstrated the antimalarial potential of Ficus trigonata 300 mg/kg of body

weight stem bark extract in malaria-infected mice. Administration of 300 mg/kg of body
weight of extract significantly restored PCV levels and suppressed P. berghei parasitemia in
a dose-dependent manner. The mechanisms that likely contributed are immunomodula-
tion, plasmodial enzyme inhibition, metabolic interference, and antioxidant effects. These
multiple actions underlie the extract’s antiplasmodial properties. The results indicate phyto-
chemical components in the extract exhibit therapeutic efficacy againstmalarial progression
and associated anemia. This investigation highlights F. trigonata stem bark as a promising
candidate for safer, affordable antimalarial agent development.

ABBREVIATIONS

MPUC: Mean Parasitemia of Untreated Control, MPTG: Mean Parasitemia of Treated
Group, NIMR:National Institute ofMedical Research, PCV: Packed Cell Volume, RBC: Red
BloodCells, PRBC: Parasitized RedBloodCells, SPSS: Statistical Package for Social Sciences
SEM: Standard Error of the Mean.
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