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INTRODUCTION
Malaria remains a health problem worldwide 
and in Indonesia. There are 241 million cases 
worldwide, with more than 627,000 people dying 
yearly.1 Most people with this disease are at risk for 
severe anemia or cerebral malaria (CM) which is 
a life-threatening complication of this infection, 
often occurring in non-immune individuals 
and people with failed standard antimalarial 
medication.2 The effectiveness of malaria treatment 
has been hampered by the emergence of parasites 
resistant to almost all antimalarial drugs available 
over the years, including the artemisinin drug 
class.3 The reduced efficacy of artemisinin-derived 
drugs on these parasites has recently been reported 
in parasitic isolates from Southeast Asia. This could 
compromise efficacy in the CM treatment, which is 
currently dependent on artesunate or quinine, and 
is an alarming sign as resistance spreads rapidly to 
other parts of the world.4-5 The malaria treatment 
failure in uncomplicated cases will increase 
the number of patients susceptible to severe 
complications. Therefore, there is an urgent need 
to develop new antimalarial medicines and drug 
combinations or alternative strategies that prevent 
the development of drug resistance parasites, with 
the ultimate goal of reducing this disease burden.5 
Currently, several studies focused on exploring 
medicinal plants used by rural communities to 
prevent malaria.6 They aimed to discover new 

antimalarial compounds with mild side effects and 
low toxicity, hence, do not harm the patient.7 Several 
studies reported that more than 1200 medicinal 
plants have been used worldwide for infectious 
disease treatment, including malaria.8 Finally, the 
active compounds from natural ingredients with 
antimalarial activity are curcumin and kaempferol.9-11

Curcumin (1,7-bis (4′hydroxy-3-methoxyphenyl) 
1,6-heptadiene, 3,5-dione) is a phytochemical 
component discovered mainly in Curcuma longa 
and Curcuma zanthorrhiza. It is often used as a 
medicine and traditional herb to treat various 
diseases in several countries.12 However, several 
studies demonstrated the beneficial effects of 
curcumin as an antimalarial agent. These include the 
ability to inhibit the histone acetyltransferase of P. 
falciparum, thereby causing damage to the parasite 
cell.13 Curcumin can also interact with sarcoplasmic 
Ca2+ATPase (SERCA) in P. falciparum, causing 
inhibition of a Ca2+ ion transporter called PfATP6.14 
It also inhibits glycogen synthase kinase-3β (GSK3β), 
which affects the pro-inflammatory cytokine 
production by preventing the transcriptional activity 
of NF-κB.15 In addition to curcumin, several studies 
reported the antimalarial effect of kaempferol.10 
This (3,4' 5, 5,7-tetrahydroxyflavone) is a flavonoid-
derived compound discovered in various plants 
and foods such as green tea, grapes, onions, and 
tomatoes.16 It was reported to have a high antioxidant 
effect, inhibiting oxidative stress due to the reactive 
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oxygen species (ROS) formation during malaria infection, which 
causes the degradation of hemoglobin.17-18 Similarly, it also proved to 
be able to inhibit glycogen synthase kinase-3β (GSK3β) of the malaria 
parasite,19-20 thereby preventing the activity of the recombinant protein 
on P. falciparum (PfGSK3β).21 Despite several studies that described 
the protective effect of curcumin and kaempferol against malaria 
infection, there is no systematic study demonstrating the potential 
protective effect of these compounds in CM. Therefore, this study 
aimed to investigate the neuroprotective effects of curcumin and 
kaempferol in experimental cerebral malaria (ECM) in mice infected 
with Plasmodium berghei ANKA (PbA).

MATERIALS AND METHODS

Experimental animals and parasite
Male healthy Swiss albino mice, weighing 20-30 g and aged 6-8 weeks 
were used for the experiment. The animals were kept in plastic cages 
at room temperature and 12 h light and 12 h dark cycle, with free 
access to pellet food and water. The animals were acclimatized to 
laboratory condition for 1 week prior to the experiment. Chloroquine 
sensitive strain of P. berghei ANKA was used for the antimalarial test 
was obtained from the Malaria Laboratory, Faculty of Pharmacy, 
Universitas Jenderal Achmad Yani, Bandung, Indonesia. The donor 
mice were sacrificed, and blood was collected by cardiac puncture 
before 0.2 ml of blood suspension containing 1×106 P. berghei ANKA-
infected RBC was inoculated intraperitoneally. The parasite was 
maintained by passage of blood from infected to non-infected mice on 
weekly basis.

Animal grouping and dosing
In all models, animals were randomly and equally divided into nine 
groups, including normal, negative, positive, and six test groups, each 
consisting of four animals. Group I (negative control) received carrier 
(10 ml/kg 0.5% HPMC), Group II (positive control) received 20 mg/
kg of chloroquine, Group III (normal) was given aquadest, which 
represents normal conditions, Group IV, V, and VI, received curcumin 
(catalog no. RC08501, HPLC: ≥99%) at doses of 20, 40, and 80 mg/
kg, respectively, Groups VII, VIII, and IX were given kaempferol 
(catalog no. RC035103, HPLC: ≥99%) at doses of 20, 40, and 80 mg/
kg, respectively, purchased from Andalas Sitawa Fitolab Company, 
Padang, Indonesia.

Determination of antimalarial activity (four-day 
suppressive test)
The Peter’s four-day suppressive test was employed to test the chemo-
suppressive activity of the kurkumin and kaempferol against mice 
infected with chloroquine sensitive P. berghei ANKA.22 A total of 
32 mice were used to test the antimalarial activity of curcumin and 
kaempferol, which were infected with PbA on the first day (day 0). 
Two hours post-infection, mice were randomly distributed into eight 
groups and treated as described in the animal grouping and dosing 
section. The treatment was conducted daily for four consecutive days.

Determination of parasitemia
Blood was collected by cutting the tip of the tail on days 1, 2, 3, and 4, 
smeared on a slide (thin blood smear), and then fixed with absolute 
methanol for 10 seconds. After fixation, the slides were dried and stained 
with 10% Giemsa for 15 min, rinsed with running water, and dried at 
room temperature. Parasite-infected red blood cells were quantified 
using a microscope with oil immersion at 100x magnification. The 
following formula is used to determine the parasitemia percentage:

The percentage of suppression of the parasite was calculated via the 
following formula:

Measurement of mean survival time (MST)
In all in vivo antimalarial experiments, mortality was monitored, and 
the number of days from the time of infection up to death was then 
recorded for each mouse for 30 days. The mean survival time (MST) 
was calculated according to the following formula:

Serum biochemical analysis
At 96 hours post-infection, mice in each group were sacrificed with 
ketamine-xylazine. Blood samples were collected using an EDTA tube 
and centrifuged at 3000 rpm for 20 minutes. Subsequently, the serum 
was transferred to an Eppendorf tube for biochemical analysis. Alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) were 
quantified in mice serum using commercially available kits (Catalog 
no. GOT (ASAT) IFCC mod. liquiUV and GPT (ALAT) IFCC mod. 
liquiUV, PT. Wacana Indo Mitra, Jakarta, Indonesia) according to the 
manufacturer's instructions.

Experimental cerebral malaria (ECM)
PbA-infected red blood cells (iRBCs) were used in all experiments to 
inoculate mice. A total od 32 Swiss albino mice weighing 20-30 g were 
infected intra-peritoneally (i.p) 1×106 iRBCs (high dose), obtained 
from those that had been infected intra-peritoneally (i.p) with a stock 
solution. Afterward, samples were randomly distributed into nine 
groups and treated as described in the animal group and dose section. 
Treatment was administered daily for four consecutive days after mice 
experienced ECM symptoms or parasitemia levels > 20%.

Clinical assessment by rapid murine coma and 
behavioral scale
For clinical evaluation of neurological symptoms, malaria-infected 
mice were assessed daily for ECM symptoms. ECM development was 
scored according to the following symptoms according to the previously 
described Rapid Murine Coma and Behavioral Scale (RMCBS): 0 = 
without symptoms, 1 = ruffled fur, 2 = hunching, 3 = wobbly gait, 4 = 
limb paralysis, 5 = convulsions, 6 = coma.23 ECM was reported in mice 
that died or showed symptoms of severe neurological disease, defined 
as a RMCBS >4.

Evans blue (EB) extravasation
We injected mice intravenously (i.v) with 4 ml/kg BW of 2% Evans 
Blue (Sigma) as soon as the RMCBS >4 was indicating severe 
neurological impairment (ECM positive mice). Mice were sacrifced 
5 h after injection and brains were weighed and placed in 5 ml of 
dimethylformamide (Merck) at 37°C for 48 h to extract EB dye from 
the tissue. Absorbance was measured at λ= 620 nm (Thermo Fisher 
Scientific, USA) as previously described.24

Ethical approval 
This study was approved by the research ethics committee, Faculty 
of Medicine, Universitas Padjadjaran, Bandung, Indonesia (No.: 267/
UN.6.KEP/EC/2021).
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Statistical analysis
The results are shown as mean±S.E.M with p<0.05 was considered 
statistically significant. The mean differences of the measured 
parameters were compared by one-way analysis of variance (ANOVA) 
using GraphPad Prism version 8, followed by the Tukey HSD post-hoc 
test. 

RESULTS AND DISCUSSION

Evaluation of the antimalarial activity of curcumin and 
kaempferol (four-day suppressive test)
The curcumin and kaempferol administration resulted in a significant 
dose-dependent chemosuppressive effect (p<0.05) on PbA (Table 

1). The suppression percentage of curcumin at 20, 40, and 80 mg/kg 
were 42.25%, 58.02%, and 69.21%, respectively. Meanwhile, it was 
39.25%, 54.26%, and 59.25% for kaempferol at 20, 40, and 80 mg/kg, 
respectively. The standard drug (chloroquine 20 mg/kg) showed a 
significant chemosuppressive effect (p<0.05) with 99.00% suppression, 
which was higher than suppression in animals treated with curcumin 
and kaempferol. Furthermore, the effectiveness of these compounds in 
mice at all doses correlated with an increase in the mean survival time 
(MST) compared to animals in the negative control group, as shown in 
Table 1. Figure 1 indicates that the administration at all doses showed a 
longer survival rate than animals in the negative group. The MST of the 
treatment group with the standard drug (chloroquine 20 mg/kg) also 
increased significantly (p<0.05) compared to negative control. Finally, 
all mice in the negative control group died on day 13.

Figure 1: Survival rate after curcumin and kaempferol administration in P. berghei ANKA-infected mice (n = 4 per group). NC = negative control; CQ = 
chloroquine 20 mg/kg BW; Cur 20 = curcumin 20 mg/kg BW; Cur 40 = curcumin 40 mg/kg BW; Cur 80 = curcumin 80 mg/kg BW; Kaemp 20 = kaempferol 20 
mg/kg BW; Kaemp 40 = kaempferol 40 mg/kg BW; Kaemp 80 = kaempferol 80 mg/kg BW.

Groups % Parasitemia % Suppression MST (day)
NC 14.65 ± 0.15 0 11.75 ± 1.11
CQ 0.16 ± 0.01** 99.00 27.00 ± 0.91**

Normal 0 0 30(+) ± 0.00**
Cur 20 8.46 ± 0.47** 42.25 12.50 ± 0.96
Cur 40 6.15 ± 0.16** 58.02 13.75 ± 1.03
Cur 80 4.51 ± 0.29** 69.21 16.25 ± 1.49**

Kaemp 20 8.90 ± 0.19** 39.25 12.50 ± 1.04
Kaemp 40 6.70 ± 0.24** 54.26 13.00 ± 1.41
Kaemp 80 5.97 ± 0.06** 59.25 14.00 ± 1.91

Table 1: Effect of curcumin and kaempferol on % parasitemia, % suppression, and survival time of P. berghei ANKA-infected mice in the four-day 
suppressive test.

The data are presented as mean±SEM; n = 4 per group. ** shows p<0.05 compared to the negative control group. NC = negative control; CQ = chloroquine 20 
mg/kg BW; Cur 20 = curcumin 20 mg/kg BW; Cur 40 = curcumin 40 mg/kg BW; Cur 80 = curcumin 80 mg/kg BW; Kaemp 20 = kaempferol 20 mg/kg BW; Kaemp 
40 = kaempferol 40 mg/kg BW; Kaemp 80 = kaempferol 80 mg/kg BW; + = maximum days of follow up; MST = mean survival time.

Groups % Parasitemia MST (day)
NC 28.03 ± 0.38 5.75 ± 0.48
CQ 4.40 ± 0.27** 24.00 ± 1.29**

Normal 0 30(+) ± 0.00**
Cur 20 25.14 ± 0.10 6.25 ± 0.75
Cur 40 23.86 ± 0.27** 6.75 ± 0.48
Cur 80 20.96 ± 0.28** 7.75 ± 0.63

Kaemp 20 26.00 ± 0.11 6.00 ± 0.57
Kaemp 40 24.62 ± 0.13** 6.50 ± 0.86
Kaemp 80 22.12 ± 0.27** 7.25 ± 0.75

Table 2: Effect of curcumin and kaempferol on % parasitemia and survival time of P. berghei ANKA-infected mice in experimental cerebral malaria.

The data are presented as mean±SEM; n = 4 per group. ** shows p<0.05 compared to the negative control group. NC = negative control; CQ = chloroquine 20 
mg/kg BW; Cur 20 = curcumin 20 mg/kg BW; Cur 40 = curcumin 40 mg/kg BW; Cur 80 = curcumin 80 mg/kg BW; Kaemp 20 = kaempferol 20 mg/kg BW; Kaemp 
40 = kaempferol 40 mg/kg BW; Kaemp 80 = kaempferol 80 mg/kg BW; + = maximum days of follow up; MST = mean survival time.
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Figure 2: a) Alanine aminotransferase (AST); b) Aspartate aminotransferase (ALT) and  c) Liver-body mass ratio after curcumin and kaempferol 
administration in P. berghei ANKA-infected mice (n = 4 per group). The data are presented as mean±SEM. ** shows p<0.05 compared to the negative 
control group. NC = negative control; CQ = chloroquine 20 mg/kg BW; Cur 20 = curcumin 20 mg/kg BW; Cur 40 = curcumin 40 mg/kg BW; Cur 80 = 
curcumin 80 mg/kg BW; Kaemp 20 = kaempferol 20 mg/kg BW; Kaemp 40 = kaempferol 40 mg/kg BW; Kaemp 80 = kaempferol 80 mg/kg BW.
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Figure 3: Administration of curcumin and kaempferol protects mice against ECM. a) ECM score in each treatment groups; b) EB staining of the brains of 
ECM animals; c) Calibration of EB dye concentration using UV-Vis spectrophotometer (r2 = 0.9994); d) Quantification of dye extravasation into the brain 
by measuring the absorbance of brain tissue at 620 nm; e) Effect of administration of curcumin and kaempferol on brain-body mass ratio of mice infected 
with PbA. The data are presented as mean±SEM; n = 4 per group. ** shows p<0.05 compared to the negative control group. NC = negative control; CQ = 
chloroquine 20 mg/kg BW; Cur 20 = curcumin 20 mg/kg BW; Cur 40 = curcumin 40 mg/kg BW; Cur 80 = curcumin 80 mg/kg BW; Kaemp 20 = kaempferol 
20 mg/kg BW; Kaemp 40 = kaempferol 40 mg/kg BW; Kaemp 80 = kaempferol 80 mg/kg BW.

Administration of curcumin and kaempferol prevented 
an increase in serum biochemistry in the liver of mice 
infected with P. berghei ANKA.
The effect of curcumin and kaempferol on liver function was observed 
by determining the AST and ALT levels in the treated mice group 
compared to the negative control group. All treatment groups showed 
lower AST and ALT levels than the negative control (p<0.05) (Figure 
2a and 2b). Meanwhile, all treatment groups showed an increased liver-
body mass ratio (Figure 2c).

Administration of curcumin and kaempferol suppressed 
the ECM in P. berghei ANKA-infected mice
Swiss albino mice were infected with PbA to evaluate the effect of 
curcumin and kaempferol in preventing ECM. It was observed that 
curcumin and kaempferol resulted in a dose-dependent reduction 

of parasitemia compared to the negative control. The parasitemia 
percentage of curcumin treated groups was 25.14%, 23.86, and 
20.96% for the 20, 40, and 80 mg/kg, respectively. Meanwhile, it was 
26.00%, 24.62%, and 22.12% for kaempferol at 20, 40, and 80 mg/kg, 
respectively, while that of the CQ treated group was 4.40%. Concerning 
the MST, the results showed that all doses of curcumin and kaempferol, 
and CQ were able to prolong MST as compared to the negative control 
(Table 2). The signs of ECM were observed between days 1 to 4 post-
infection (parasitemia >20%). All mice in the negative control showed 
neurological signs that increased daily, such as ruffled fur, hunching, 
wobbly gait, limb paralysis, and convulsions. However, in the standard 
drug group (chloroquine 20 mg/kg), curcumin and kaempferol 
decreased these symptoms daily (Figure 3a). Neurological signs in 
ECM condition are also accompanied by damage to the blood-brain 
barrier (BBB). To assess the effects of curcumin and kaempferol on 
BBB integrity, EB dye extravasation was measured in the brains of PbA-
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infected mice. The amount detected increased linearly using UV-Vis 
spectrophotometry as indicated by the calibration curve (r2 = 0.9994), 
as shown in Figure 3c, enabling precise quantitation of EB deposition 
in the ECM mouse brain. At 4 days post-infection, the brains in 
negative control group showed remarkable extravasation compared to 
those given standard drug (chloroquine 20 mg/kg), such as curcumin 
and kaempferol at all doses, as presented in Figures 3b and 3d. This is 
in line with the brain-body mass ratio of ECM mice. Administration of 
standard drugs (chloroquine 20 mg/kg) did not show an increase in the 
ECM brain-body mass ratio (p<0.05) compared to the negative control, 
as shown in Figure 3e.

Malaria infection is known to disrupt the BBB by two main processes. 
First, brain vessels are blocked by parasitic erythrocytes, thereby causing 
local hypoxia and intense oxidative stress.25 Second, it can also stimulate 
an inflammatory response in the brain, leading to the overproduction 
of pro-inflammatory cytokines and reactive oxygen species (ROS).26-27 
These events are followed by endothelial cell degradation leading to a 
breakdown of the BBB, as demonstrated by bleeding in the cerebrum of 
CM patients and the extravasation of dyes or antibodies into the brain 
parenchyma in the ECM.28 Damage to the BBB is often associated with 
behavioral dysfunction in the central nervous system (CNS).29-30 Several 
studies showed that malaria infection triggers long-term neurological 
deficits such as neurobehavioral disorders, motor skills, visual acuity, 
and seizures.31-32 This study demonstrated that the administration of 
curcumin and kaempferol could suppress the development of ECM in 
mice by reducing the breakdown of the BBB and the neurobehavioral 
disorders associated with the disease. Several studies also reported 
strong antioxidant and anti-inflammatory activities that can produce 
a protective effect in the brains of PbA-infected mice.33-36 Furthermore, 
the antioxidant effect of curcumin and kaempferol is due to their ability to 
inhibit the formation of ROS during malaria infection,37-38 reduce serum 
malondialdehyde (MDA) levels, and increase the activity of superoxide 
dismutase (SOD) as well as glutathione peroxidase (GPx).39-40 The anti-
inflammatory effect produced by these compounds is due to their ability 
to inhibit pro-inflammatory cytokines such as interferon-ℽ (IFN-ℽ), tumor 
necrosis factor-α (TNF-α), and interleukins (IL-1β, IL-6, IL-8, and IL-10) 
as a response to inflammation due to malaria infection.41-42 

Malaria infection also causes hepatomegaly,43 hence, it triggers elevated 
levels of AST and ALT as markers of liver damage due to infection.44 
The negative control group observed high levels of AST and ALT and 
an increased liver mass ratio of mice. Meanwhile, the administration 
of curcumin and kaempferol can be a remedy for these abnormalities. 
This may be due to the strong hepatoprotective properties of the 
compounds.45-46 This study indicated that curcumin and kaempferol 
can minimize the harmful effects of ECM in the brains of PbA-infected 
mice. Also, their administration may be a potentially valuable adjuvant 
therapy for CM treatment in humans.

CONCLUSION
This study showed that the administration of curcumin and kaempferol 
provided good antimalarial activity in PbA-infected mice. These 
results also demonstrate these compounds' significant and potent 
neuroprotective effect on the ECM model in protecting the BBB and 
neurobehavioral disorders associated with CM. Furthermore, it showed 
that the application can prevent the increase in AST and ALT due to 
malaria infection. This study confirmed the potential use of herbal 
medicines as an effective approach to cerebral malaria treatment.
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