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Abstract

In every country in the globe, malaria is still regarded as a health risk. In terms of therapeutic medicines against parasites,
medicinal plants are a promising source, although the types and concentrations of their active compounds can vary depending
on the environment. In this study, the effect of Eucalyptus camaldulensis leaf extracts (ECE) collected from two different habitats
(sandy and muddy) on the antioxidant and antimalarial activity was examined. Phytochemical analysis of ECE from muddy
(ECEM) and sandy (ECES) habitats were compared. ECEM contained 13 expected compounds while ECES contained only 10
compounds. This was evidenced through infrared spectroscopy. Also, ECEM contained more phenolics and flavonoids than
ECES as well as processes higher antioxidant activity that reached 55%. Plasmodium chabaudi-infected mice were treated with
ECEM and ECES and the parasitemia was compared. ECEM could significantly suppress the parasitemia by approximately
84% and also was able to decrease the spleen index better than EXCS. Moreover, ECEM was better than ECES in ameliorating
the induced decrease in erythrocyte number and hemoglobin content in mice infected with P. chabaudi. It is possible to use E.
camaldulensis, which grows in muddy environments, as an antimalarial drug with the largest efficacy gradients.

Keywords: Eucalyptus camaldulensis; malaria; muddy; sandy; habitat.

Practical Application: Effect of harvesting locations of Eucalyptus camaldulensis on malaria outcome.

1 Introduction

Natural products’ structural diversity, as well as their ability
to interact with therapeutic targets, warrant their investigation
in the search for new drugs. The majority of the available drugs
are of naturally derived (Newman & Cragg 2016). Since ancient
times, medicinal plants have been used to treat malaria, and
they are promising sources for identifying candidates for novel
anti-malarial agents (Dkhil et al., 2021; Aljawdah et al., 2022).
According to the World Health Organization, malaria is still a
dangerous disease that affects 229 million people each year and
causes a high rate of mortality (World Health Organization, 2020).

E. camaldulensis belongs to family Myrtaceae and considered
a source of biologically active compound s for the treatment of
many diseases (Ghalem & Mohamed, 2014; Anigboro et al., 2020).
Recently, Anigboro et al. (2020) reported that E. camaldulensis
could protect against malarial-induced aberrations in liver
and renal function in mice infected with Plasmodium berghei.
In addition, our group reported the antioxidant and immune
modulator role of E. camaldulensis in mice infected with P
chabaudi (Aljawdah et al., 2022)

Although the plant kingdom is a promising source of new
active substances, the variability of chemical composition among
different species of the same species can affect its quality and
bioactivity (Tian et al., 2016). Few studies have addressed this

problem or reported differences in composition and/or activity
between the same species from different areas. Here, the target
is to evaluate the antiplasmodial activity of E. camaldulensis
harvested from two different habitats (Sandy and muddy). To the
best of our knowledge, this is the first report on the comparison
of Eucalyptus belonging to the same species but from two distinct
geographical areas.

2 Materials and methods
2.1 Preparation of Eucalyptus camaldulensis extracts (ECE)

Leaves were collected from plants growing in muddy and
sandy habitats in Qassim, Saudi Arabia. A specialist from King
Saud University’s herbarium identified the plant. The leaves were
air-dried before being ground into powder. The powdered leaves’
constituents were then extracted with 70% methanol (Lubbad et al.,
2015) . Distilled water was used to dilute ECE from muddy (ECEM)
and sandy (ECES) samples for subsequent experiments.

Infrared spectroscopy

According to the method mentioned in Pakkirisamy et al.
(2017), we utilized a Nicolet 6700 Fourier-transform infrared
spectroscopy (FT-IR) optical spectrometer from ThermoScientific
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(Waltham, MA, United States) for both the ECEM and ECES
extracts analyses.

2.2 Determination of phenolic and flavonoid compounds

The total phenolic and flavonoid contents of both ECEM and
ECES were determined. Modified Folin-Ciocalteu method using
a gallic acid standard curve was carried out to determine total
phenolics (Al-Zharani et al., 2019) while Aluminium chloride
method using a calibration curve of quercetin was performed
to determine total flavonoids (Ghosh et al., 2013).

2.3 Antioxidant activity by DPPH radical scavenging method

Using 2,2-diphenyl-1-picrylhydrazyl (DPPH), the free
radical scavenging activity (RSA) of extracts was assessed. In a
brief, 80 mL of a methanolic DPPH solution was combined with
20 mL of ECE (1 mg/mL), and the mixture was then incubated
for 30 minutes at 25 °C in the dark. At 517 nm, the absorbance
was measured, and the RSA was estimated (Ghosh et al., 2013).

2.4 Animals and infection

The normal diet and unlimited water were given to
female C57BL/6 mice (9-11 weeks old) during breeding. The
experiments were approved by King Saud University’s Research
Ethics Committee for Laboratory Animal Care (approval no.:
KSU-Se-21-77).

2.5 Infection and treatment of mice

P. chabaudi parasites were passage into experimental mice as
previously described (Wunderlich et al., 1982). The injected dose
(10° parasitized erythrocytes) was calculated using a Neubauer
chamber, and the P. chabaudi-parasitized erythrocytes were
injected intraperitoneally into mice (Wunderlich et al., 1982).
Giemsa-stained smears of mouse tail blood were prepared to
determine P. chabaudi induced parasitemia.

According to our previous experiments to determine the
suitable dose (see Table 1) and to our recently published study
(Aljawdah etal., 2022), we divided mice into the following groups:

Groupl (control non-infected group without treatment),
Group 2 (non-infected treated group with 100 mg/kg ECEM),
Group 3 (non-infected treated group with 100 mg/kg ECES),
Group 4 (infected group without treatment), Group 5 (infected-
treated group with 100 mg/kg ECEM),Group 6 (infected treated
group with 100 mg/kg ECES), and Group 7 (infected treated
group with Chloroquine). The last group was administered
10 mg/kg chloroquine phosphate (CQ) (Sigma-Aldrich, St.
Louis, USA) daily for 4 days (Abay et al., 2015).

On day 7 postinfection, mice were sacrificed and blood and
spleens were collected. Spleen index was determined as ratio of
spleen weight in mg to mouse weight per g.

2.6 Erythrocytes number and hemoglobin content

Blood was collected directly from the heart into heparinized
tubes. The number of erythrocytes and haemoglobin content in
mouse blood were calculated using the VET-530 CA Medonic
blood counter (Stockholm, Sweden).

2.7 Statistical analysis

One-way analysis of variance was used to assess significance,
and statistical comparisons between groups were performed
using Duncan’s test and a statistical package program (SPSS
version 17.0). All values are expressed as the mean and standard
deviation. All p-values were two-tailed, and p < 0.05 was
considered significant for all statistical analyses.

3 Results and discussion

Only a small number of studies have documented variations
in species’ composition and/or activity across geographical
regions. In this study, we assessed the antiplasmodial efficacy
of ECE obtained from two distinct, geographically distinct
muddy and sandy locations. This is the first study to compare
plants extracts from the same genus and species (Eucalyptus
camaldulensis) but from two different geographical regions.

Tables 1 and 2 were extracted from the IR spectrum table
(Merck KGaA, 2023). Infrared spectroscopic evaluation indicated
the presence of 13 expected compounds in ECEM and 10

Table 1. FT-IR spectrum of Eucalyptus camaldulensis extract from muddy habitat.

Absorption (cm™) Appearance Transmittance (%) Group Compound Class
3389.80 medium 17.56847 N-H stretching aliphatic primary amine
2932.18 medium 15.19674 C-H stretching alkane
1712.21 strong 8.87395 C=0 stretching carboxylic acid
1613.99 strong 8.364901 C=C stretching a,B-unsaturated ketone
1514.88 strong 7.851239 N-O stretching nitro compound
1447.62 medium 7.502647 C-H bending alkane
1352.19 strong 7.008058 S=0 stretching sulfonate
1224.57 strong 6.346636 C-O stretching vinyl ether
1045.42 strong, broad 5.418147 CO-0-CO stretching anhydride
871.91 strong 4.518888 C-H bending 1,2,4-trisubstituted
819.57 strong 4.247623 C-H bending 1,4-disubstituted or 1,2,3,4-tetrasubstituted
767.38 Strong 3.977136 C-H bending Monosubstituted or 1,2- disubstituted
603.07 strong 3.125559 C-Br stretching halo compound
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Table 2. FT-IR spectrum of Eucalyptus camaldulensis extract from sandy habitat.

Absorption (cm™) Appearance

Transmittance (%)

3407.17 strong, broad 20.79017
2931.99 strong, broad 17.89067
1709.87 strong 10.43344
1614.31 strong 9.850339
1515.70 strong 9.248632
1449.95 medium 8.847433
1352.00 Strong 8.249753
1043.16 Strong, broad 6.365246
768.33 Strong 4.688264
595.89 strong 3.636054

Group Compound Class
O-H stretching alcohol
N-H stretching amine salt

C=0 stretching

C=C stretching

N-O stretching
C-H bending

$=0 stretching

CO-0O-CO stretching

C-H bending

C-I stretching

aliphatic ketone
a,B-unsaturated ketone
nitro compound
alkane
Sulfonate or sulfonamide
anhydride
Monosubstituted or 1,2- disubstituted
halo compound

compounds in ECES. Most of these compounds are with strong
appearance including groups with N-H, O-H, C-H, C=0, N-H,
CO-0-CO, C-I stretching (Tables 1 and 2, Figures S1 and S2 -
Supplementary Material). These expected compounds included
aliphatic primary amine, o, p-unsaturated ketone, nitro compound,
alkane, anhydride, Monosubstituted or 1,2- disubstituted and
aliphatic ketones. Horton et al. (2019) reported that phenolic
structures play an important role in the bioactivity of compounds
with antioxidant activity related to the O-H bond.

P chabaudi was used as a murine parasite model in this study
due to its similarity to the human malaria parasite, P. falciparum,
to investigate the role of ECE during infection (Mehlhorn, 2014).
When comparing the suppression of parasitemia (Figure 1)
in after treatment with both ECEM (84.2 + 3%) and ECES
(69.3 +2%), we notice the more effectiveness of the extract from
muddy habitat. This is due to the higher phenolic and flavonoid
content (Table 3) as well as the higher antioxidant activity of
ECEM (Figure 2). Several reports owed the reduced parasitemia
to treatment with medicinal plants (Wunderlich et al., 2014;
Dkhil et al., 2021; Aljawdah et al., 2022). Anigboro et al. (2020)
also indicated that E. camaldulensis aqueous leaf extracts could
protect against P, berghei by significantly reducing malarial-induced
organ dysfunction due to the presence of active ingredients
in the extract. Moreover, flavonoids are able to inhibit the
intraerythrocytic growth of the Plasmodium where they possess
antiplasmodial activity when isolated (Lehane & Saliba, 2008).

The chemical composition of a plant species can be influenced
by the location of harvesting, which can affect its quality and
bioactivity (Camara et al., 2021). Additionally, Tian et al. (2016)
have shown substantial variation in phytochemical components
and the bioactivity of same species from various origins.

ECEM and ECES improved the weight loss in mice due
to infection with P. chabaudi (Figure 3). The decreased weight
occurred due to increased parasitemia where animals’ loss appetite
and suffer from anemia (Dkhil et al., 2021; Aljawdah et al., 2022).

The total number of erythrocytes decreased significantly
during infection, but increased after mice were treated with ECEM
or ECES (Table 4). Infected mice also had lower haemoglobin
levels, but after treatment with ECEM or ECES, they had higher
haemoglobin levels, just like the reference drug, chloroquine.
(Table 4).
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Table 3. Total phenolic and flavonoid compounds of Eucalyptus
camaldulensis leaf extracts from mud (ECEM) and sand (ECES) habitats.

Extract Total phenolics (ug/g) Total flavonoids (pg/g)
ECEM 1052+ 3 7.6+05
ECES 97 £ 2* 32+04*

*Significant change between ECEM and ECES at p<0.001.
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Figure 1. Antioxidant activity of Eucalyptus camaldulensis leaf extract
from muddy (ECEM) and sandy (ECES) habitat.
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Figure 2. Suppression of parasitemia in mice infected with P. chabaudi
and treated with Eucalyptus camaldulensis leaf extract from muddy
(ECEM) and sandy (ECES) habitat. Values are mean + SD. *Significance
against infected group. CQ: Chloroquine.
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Table 4. Effect of Eucalyptus camaldulensis leaf extract from muddy
(ECEM) and sandy (ECES) habitat on the level of erythrocytes and
hemoglobin of mice infected with P. chabaudi.

Hemoglobin (g/dl)  Erythrocytess (x10°/mm?) Group
14.1+0.4 10.1+£0.3 Control
14.3 £ 0.6 103+ 0.4 ECEM
145+ 0.3 10.1 £ 0.3 ECES
9.8 +0.8% 6.7 +1.6* Infected

12+ 1% 7.3 £0.5% Infected+ECEM
10.3 £ 1.7* 6.7 + 1.6* Infected+ECES
13.7+ 17 8.6 +0.7% Infected+CQ

Values are mean + SD. *Significance against control group; #Significance against infected
group; CQ: Chloroquine.
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Figure 3. Effect of Eucalyptus camaldulensis leaf extract from muddy
(ECEM) and sandy (ECES) habitat on weight of mice infected with P,
chabaudi. Values are mean * SD. *Significance against control group;
#Significance against infected group. CQ: Chloroquine.

Hemoglobin is the most direct and sensitive measure for
detecting anemia (Quintd et al., 2006). Treatment with ECE
could regulate anemia due to the presence of active compounds
including phenolics and flavonoids.

The infection induced mice splenomegaly. This was
evidenced through the determination of spleen index that
reached more than 3-fold increase (Figure 4) when compared
to the no-infected group. ECEM and ECES decreased the
spleen index nearly to the same extent but in chloroquine
treated group the spleen index was reduced to significantly
after treatment. The infection induced increase in parasitemia
results in increased spleen size (Min-Oo et al., 2004; Dkhil,
2009). During an infection, the spleen plays an important role.
With blood-stage malaria, it can clear infected erythrocytes
(Del Portillo et al., 2012; White, 2008).

Anemia is thought to be one of the main manifestations of
hyperreactive malaria splenomegaly and is most likely the most
frequent consequence of malaria (Bryceson et al., 1983). Due
to the presence of numerous active phytochemical compounds
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Figure 4. Effect of Eucalyptus camaldulensis leaf extract from muddy
(ECEM) and sandy (ECES) habitat on spleen index of mice infected
with P. chabaudi. Values are mean * SD. *Significance against control
group; #Significance against infected group. CQ: Chloroquine.

with therapeutic action, ECE may have improved anaemia and
splenomegaly in this study (Lawal et al., 2012).

Metabolite content is heavily influenced by genetic and
environmental factors, though the extent of variation caused by
these factors varies depending on the type of metabolite. Medicinal
plants produce a large number of metabolites with diverse structures,
all of which play important roles in plant growth, development,
and environmental response (Camara et al., 2021). The study
by Zhang et al. (2017) have shown the connection between the
effectiveness, chemical components, and distribution of the
antimalarial medicinal plant, Artemisia annua L. collected from
several geographic areas.

The difference in antimalarial and antiplasmodial activity
between ECEM and ECES samples could be attributed to
harvesting location differences. ECEM was harvested from
well-irrigated land, whereas ECES was harvested from sand,
which is less irrigated and thus less favorable to optimal plant
growth (Traore et al., 2013).

However, since only two habitats were compared in this
study, it is evident that Eucalyptus camaldulensis, which grows
best in muddy habitats, might be employed as an antimalarial
agent with the highest efficacy gradients. To determine the
molecular mechanisms of the extracts action and to confirm
its activity in mouse organs, more research is needed.
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Figure S1. FT-IR spectrum of Eucalyptus camaldulensis leaf extract from muddy habitat.
Figure S2. FT-IR spectrum of Eucalyptus camaldulensis leaf extract from sandy habitat.
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