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Cerebral malaria (CM) is a complication of severe malaria characterized by reduced consciousness and other
neurological symptoms resulting from Plasmodium falciparum infection. Apigenin and ursolic acid have antimalarial
activity in vitro and in vivo in both P. falciparum culture and murine models. So this study evaluated the combination
of apigenin and ursolic acid in inhibiting experimental CM in Plasmodium berghei Antwerpen-Kasapa (ANKA)-
infected mice. Mice that were infected with P. berghei and showed neurological symptoms (ECM score >3) were
treated orally for 4 days with 0.5% hydroxypropyl methylcellulose (HPMC) control; 20 mg/kg chloroquine; 75, 100,
and 125 mg/kg apigenin; 50, 75, and 100 mg/kg ursolic acid; a combination of 50 mg/kg apigenin + 50 mg/kg ursolic
acid and 75 mg/kg apigenin + 50 mg/kg ursolic acid. The percentage inhibition of parasites, neurological assessment,

Key words:
Apigenin, ursolic acid,
cerebral malaria, Plasmodium

berghei. mean survival time (MST), and the measurement of the integrity of the blood-brain barrier (BBB) was recorded. The
combination of 75 mg/kg apigenin + 50 mg/kg ursolic acid inhibited parasite growth, extended the MST, reduced
neurological symptoms, and protected the BBB in mice with CM. In conclusion, combining apigenin and ursolic acid
can reduce the severity of CM in P. berghei ANKA-infected mice.
INTRODUCTION to infect red blood cells, causing the infected red blood cells

Malaria is a highly prevalent infectious disease caused
by Plasmodium. In 2021, the World Health Organization (WHO)
reported that there were 241 million malaria cases and 672 1,000
deaths due to malaria, with 90% of deaths occurring due to patients
experiencing various complications such as severe anemia,
multiorgan dysfunction, acidosis, and Cerebral malaria (CM) [1].

CM is a complication of malaria characterized by
decreased consciousness and other neurological symptoms
caused by Plasmodium falciparum infection [2]. The P
falciparum parasite has unique characteristics and the capacity
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to stick to the inner lining of blood vessels in the brain,
leading to sequestration. Plasmodium falciparum erythrocyte
membrane protein 1 (PfEMP1), located on the outer erythrocyte
membrane, facilitates the attachment of infected erythrocytes
to brain vascular endothelial cells (ECs) [3]. PfEMP1 binds
to various receptors on ECs such as intracellular adhesion
molecule-1, vascular cell adhesion molecule-1, CD36, CD31,
thrombospondin, chondroitin sulfate A, and cytokine-activated
endothelial protein C receptor [4—6]. Infected red blood cell
buildup in the brain microvascular blocks blood flow, resulting
in hypoxia, coma, and death [7]. Furthermore, PfEMP-1 can
trigger signaling pathways in ECs that cause conformational
changes in the blood-brain barrier (BBB) resulting in blood
leakage [8]. Proinflammatory cytokines (TNF-a, IL-1, IL-6,
and IL18) cause brain inflammation in CM, eventually resulting
in multiorgan failure and death if not treated immediately [9].
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WHO has recommended CM therapy, including
specific antimalarial treatment, adjunctive therapy, and
supportive care. Emergency treatment for CM aims to
swiftly repair disturbed physiological functions and provide
active, efficient, and rapid parasiticidal drugs. Currently,
artemisinin derivatives (artemether and artesunate) and the
cinchona alkaloids (quinidine, quinine, and cinchonine) are
administered to treat human CM [2,10]. However, parasite
resistance to antimalarial drugs is a major obstacle, so
antimalarial drug development is ongoing using natural
and synthetic ingredients, such as alkaloids, polyphenols,
terpenes, and quinones, secondary metabolites with
antimalarial activity [11].

Several studies have shown that apigenin and
ursolic acid demonstrate antimalarial activity through various
mechanisms in both in vitro and in vivo experiments [12—15].
Apigenin causes glutathione efflux through ATP-binding
cassette (ABC) transporters (ABCC1), calcium transporter
inhibitors, and inhibits proinflammatory cytokines [16-18] in
erythrocytes, whereas ursolic acid, a class of terpenoid acid,
inhibits isoprenoid biosynthesis in apicoplasts [19,20]. Due
to their anti-inflammatory properties, apigenin and ursolic
acid may be used for treating CM by inhibiting the release of
proinflammatory cytokines such as IL-6, INF-y, IL-4, IL-5, and
TNF-o [21,22].

The latest malaria treatment is artemisinin-based
combination therapy which has been shown to lower cases
of chloroquine and sulfadoxine-pyrimethamine resistance
[23]. Combination treatments have several benefits,
including preventing toxicity and reducing the dose while
raising or maintaining the same level of effectiveness [24].
Some successful compound combinations in the field of
malaria research are flavonoids (luteolin, apigenin, and
quercetin) and combinations of chloroquine and kaemferol,
which have been reported to have greater antimalarial
activity compared to the single compounds [12,25]. Hence,

this study evaluated the combination of apigenin and
ursolic acid in inhibiting experimental CM in mice infected
with Plasmodium berghei.

MATERIALS AND METHODS

Mice

The mice were male Swiss Webster mice aged 7-8
weeks obtained from the Center for Biological Sciences,
Institut Teknologi Bandung. The mice were kept in standard
light and temperature conditions and given water and food. The
experiments were conducted in compliance with the animal
handling guidelines and received approval from the preclinical
ethics committee of the Faculty of Pharmacy, Universitas
Jenderal Achmad Yani, Cimahi, West Java, Indonesia, Number
9006/KEP-UNJANI/11/2022.

Parasites

The Antwerpen-Kasapa (ANKA) strain of Plasmodium
berghei was obtained from the Malaria Laboratory, Faculty
of Pharmacy, Universitas Jenderal Achmad Yani, and
intraperitoneally injected into Swiss Webster mice. Parasitemia
was assessed using thin blood smears stained with Giemsa stain
(Merck). The mice in the experimental group were infected with
blood containing 1 x 107 P. berghei in 200 pl.

Drug treatment and animal grouping

Apigenin was purchased from Hefei Dielegance
Biotechnology Co., China, while ursolic acid was purchased
from Chengdu Biopurify Phytochemicals Ltd, China. All
compounds were suspended in HPMC (Merck) at 0.5%. The
mice were assigned to eleven groups (n = 5 in each group) as
follows: the uninfected mice as the normal group; the infected
mice that received 0.5% HPMC as the control group; the
infected mice that received 20 mg/kg chloroquine; 75, 100,
and 125 mg/kg apigenin; 50, 75, and 100 mg/kg ursolic acid;
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Figure 1. Design of CM in a murine model.
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a combination of 50 mg/kg apigenin + 50 mg/kg ursolic acid;
and 75 mg/kg apigenin + 50 mg/kg ursolic acid (Fig. 1). The
treatment was given orally for 4 days.

Assessment of parasitemia and neurological symptoms

The neurological symptoms were assessed and
scored as follows: 0 = without symptoms; 1 = ruffled fur; 2 =
hunching; 3 = wobbly gait; 4 = limb paralysis; 5 = convulsions;
6 = coma. Then the group ECM score was developed in a
timeframe [26].

Tail-tip blood was drawn to make thin blood smears,
which were then used to check parasitemia daily over 4
days. The blood smear was fixed with methanol, stained
with 10% Giemsa for 20 minutes and observed using a
microscope (Olympus BX-53) at 1,000x magnification with
immersion oil. The percentage parasitemia and percentage
parasite inhibition were calculated using the following
formula:

the number of infected red blood cells

average percent average percent
parasitemia parasitemia
in the control group - in treated group
average percent parasitemia in the
control group

%Inhibition = x 100

2
Mean survival time (MST)

The group MST was measured using the Kaplan—
Meier estimate by calculating the average survival days from the
infection until the mice died in one observation for 30 days [27].

Evaluation of BBB integrity

The BBB integrity was evaluated according to
the method described by Schmidt et al. [26] with some
modifications. On day 4, the mice were injected with 2% Evans
blue (EB) dye solution (4 ml/kg) intravenously and after 1 hour,
the mice were euthanized using CO, in a closed container. The
mice were dissected to harvest the brains, which were weighed

% Parasitemia = total number of red blood cell x 100 to calculate the brain index using the following equation:
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Figure 2. The level of parasitemia and neurological symptoms in experimental CM after administration of a combination of
apigenin and ursolic acid. (A) Parasitemia levels of different experimental groups during 4 days of observation. (B) Statistical
analysis of the level of parasitemia on day 4. (C) ECM scores after administration of apigenin and ursolic acid were given separately
or in combination. Data are shown as mean + SEM, n =5, *p < 0.05 compared to the control group and **p < 0.05 compared to
chloroquine. Api = apigenin; UA = ursolic acid; ECM = experimental CM.
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The brains were placed in a 4 ml container with
dimethylformamide and extravasated for 48 hours before the
absorbance was measured using a UV-Vis spectrophotometer
at 630 nm. An EB calibration curve (0.625, 1.25, 2.5, 5, and 10
ug/ml) was plotted.

Statistical analysis

The data are presented as mean =+ standard error and
differences were assessed by one-way ANOVA using GraphPad
Prism 8.3 software. The Kaplan—Meier method was used to
calculate the cumulative long-term survival. A p-value of 0.05
or less was regarded as significant.

RESULTS

Estimating parasitemia and the neurologic symptoms

The parasitemia was assessed daily for 4 days, as
shown in Figure 2A and B, and increased in the control group but
decreased in the mice administered chloroquine to 0% by day 4.
The level of parasitemia in the mice treated with apigenin, ursolic
acid, or both apigenin and ursolic acid was significantly different
from the control group (p < 0.05). The highest parasite inhibition
was observed with the combination of 75 mg/kg apigenin and
50 mg/kg ursolic acid (40.42%). In addition, apigenin at 125
mg/kg and ursolic acid at 100 mg/kg both inhibited parasite
growth by 34.78% and 39.64%, respectively. The assessment of
neurological symptoms in mice with CM in Figure 2C indicates
that the control group had the highest ECM score, with the lowest
ECM score in the group given chloroquine. Apigenin, ursolic
acid, or the combination of apigenin and ursolic acid treatment
resulted in lower ECM scores than the control group, with the
combination of 75 mg/kg apigenin and 50 mg/kg ursolic acid
scoring lower than apigenin or ursolic acid alone.

Mean survival time

The MST analyzed using the Kaplan—Meier estimate
showed that all mice in the control group, those treated with
apigenin, ursolic acid, or the combination of apigenin and
ursolic acid, had a 100% mortality rate (Fig. 3). However, mice
treated with chloroquine had a 100% survival rate up until the
end of the observation period. The mice given either apigenin,
ursolic acid, or a combination of apigenin and ursolic acid
had a longer MST (over 5 days) than the control group. The
combination of 75 mg/kg apigenin and 50 mg/kg ursolic acid
demonstrated the longest MST, which lasted 7.4 days and was
significantly different from the control (Table 1).

Evaluation of BBB integrity

The BBB integrity in Figure 4A shows that all
experimental groups displayed considerably different and
greater amounts of EB in the brain than the uninfected mice (p
< 0.05). The intensity of the color variations in the brain showed
differences in EB levels (Table 2). The intact brain in the control
group had a higher color intensity of EB deposited in the brain
compared to the group given chloroquine, apigenin, ursolic acid,
or a combination of both. Chloroquine at a dose of 20 mg/kg
and a combination of 75 mg/kg apigenin and 50 mg/kg ursolic
acid showed lower levels of EB and were significantly different
compared to the control group (p < 0.05). Figure 4B displays the

average change in each brain index, showing that the mice treated
with chloroquine, apigenin, ursolic acid, as well as apigenin and
ursolic acid combination, displayed a lower organ index and were
statistically different from the control group (p < 0.05).

DISCUSSION

CM is a neurological complication caused by P,
falciparum infection. Since the pathophysiology of CM in
humans is still poorly understood, research on in vitro testing and
animal models of CM is required. In murine CM, the parasite
commonly used is P berghei ANKA, which can easily infect
various strains of mice, such as CBA or C57BL/6, ICR, and
Swiss Webster [28]. The development of CM does not solely
arise from the sequestration of infected red blood cells within
the microvasculature of the brain. The pathogenesis of CM arises
from a complex interplay of both parasite-related and host-
related factors. However, the underlying mechanism of brain
damage could be different. Previous studies on CM in murine
models demonstrated the critical involvement of CD8 + T cells in
the pathogenesis of brain damage in experimental CM in murine
models, which is still unclear in humans [29].

This study’s observed parameters included percent
parasite inhibition, neurologic assessment, meantime survival,
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Figure 3. MST of mice with CM. Survival analysis using the Kaplan -Meier
estimate. Api = apigenin; UA = ursolic acid.

Table 1. Statistical results of the MST of the different
experimental groups.

Groups MST (day)
Control 5.6 £0.55°
Chloroquine 30+ 0.0
Api 75 6.2+1.10°
Api 100 6.4 +0.89°
Api 125 6.4+0.55
UA 50 5.8 +£0.84°
UA75 6.0 +1.00°
UA 100 5.8 +0.84°
Api50 + UAS0 7.0+0.71°
Api75 + UAS0 7.4 +1.14®

Data are shown as mean = SEM, n = 5.
P < 0.05 compared to the control group.
L <0.05 compared to chloroquine.
Api=apigenin, UA=ursolic acid.
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Figure 4. The BBB integrity was measured using EB dye. (A) The level of EB in mice brains was quantified using a spectrophotometer.
(B) Brain mass index of the mice with experimental CM.*p < 0.05 compared to the control group, **=p < 0.05 compared to the group
given chloroquine, “p < 0.05 when compared to uninfected mice. Api=apigenin, UA = ursolic acid.

Table 2. Image of the intact brain in mice with CM to test the integrity of the BBB.

Groups The whole brain after EB dye

Normal (uninfected)

Control (infected without treatment)

Chloroquine

Apigenin (Api)

Api75 Apil00 Apil25
Ursolic Acid (UA)

UAT75 UA100
Combination Api+UA
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and BBB integrity test. In the observation parameter of percentage
inhibition of parasites by apigenin and ursolic acid, it was seen that
there was a correlation between dose and response. A compound
with a percentage of parasite inhibition above 30% is considered
active [30]. Our findings showed that apigenin, ursolic acid, and
the combination had a percentage of parasite inhibition above
30%. So, it can be concluded that apigenin, ursolic acid, and their
combination have antimalarial activity. This is in accordance with
previous studies which reported that apigenin and ursolic acid
have antimalarial activity in a mouse model [13,14].

In this study, parasitemia in the control group
increased daily along with the ECM score. In contrast, in the
groups treated with apigenin, ursolic acid, or both, the ECM
score decreased daily, in line with the parasitemia suppression
induced by apigenin, ursolic acid, or both. However, they did
not completely clear parasites like chloroquine.

MST is one of the critical parameters in assessing
antimalarial activity, and a substance is considered antimalarial
if its MST is longer than the control group [31]. From the
results of the MST study in the control group, the average was
5.6 days. Short MST is related to a higher level of parasitemia
and is directly associated with infected RBC sequestration,
cytoadhesion, inflammation, and endothelial dysfunction, resulting
in microvascular obstruction, brain hypoxia, and death [32]. Our
findings showed that after administration of apigenin, ursolic acid,
or their combination, there was an increase in MST time compared
to the control group. This is linked to apigenin and ursolic acid’s
capacity to prevent parasite growth and avoid the severity of CM
that affects MST. The EB dye injected into the tail vein will bind to
albumin and circulate, thus a marker of BBB integrity [33]. If the
BBB is damaged, it allows EB to penetrate the brain. The intensity
of EB stain deposited in the brain (dark blue) correlates with the
severity of CM [34]. In the present study, the control group brain
exhibited higher levels of EB and darker color intensity, consistent
with the previous studies on BBB changes [35]. Additionally,
cerebral edema may occur due to the BBB’s damage. This is shown
in the brain index organ of the control group, which has the highest
value. The results of this study are in accordance with previous
studies, which reported that increased BBB permeability caused by
BBB damage was associated with increased brain edema [36]. The
group given chloroquine, apigenin, and ursolic acid, as well as the
combination of apigenin and ursolic acid, showed lower levels of
EB and organ index than the control group.

Apigenin, ursolic acid, and combinations can reduce BBB
damage by inhibiting parasite growth. In addition, apigenin and
ursolic acid have anti-inflammatory activity, so they are thought to
protect against BBB damage. This aligns with previous studies that
revealed apigenin could protect the BBB and prevent early brain
injury by inhibiting TLR4-mediated inflammatory injury [37]. In
contrast, ursolic acid was reported to reduce early brain injury and
protect the BBB by reducing oxidative stress [38]. In this study,
there was a limitation where no evaluation of proinflammatory
cytokines was carried out, which is one factor that plays a role
in the pathogenesis of CM. In addition, evaluating the effect of
the combination of apigenin and ursolic acid on proinflammatory
cytokines in the CM mouse model can be one of the studies of
the mechanism of action. Future research on the combination of
apigenin and ursolic acid still needs to be developed, considering
that this combination has the potential as an adjuvant therapy for
CM patients.

CONCLUSION

The combination of apigenin and ursolic acid could
reduce the severity of CM in P. berghei ANKA-infected mice.
The combination of apigenin and ursolic acid, apart from being
able to inhibit parasite growth, can also protect against BBB
damage in the CMI mouse model.
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