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ABSTRACT

Background: The emergence of resistance to artemisinin-based combination
therapies (ACTs) complicates malaria control strategies, necessitating novel
therapeutic approaches and enhanced surveillance in affected regions.
Traditional herbal remedies, such as Songga wood (Strychnos ligustrina
Blume), are gaining attention for their potential antimalarial and
immunomodulatory properties, offering promising alternatives to combat drug-
resistant malaria. Objective: This study aimed to evaluate the effect of
ethanolic extracts from the stem of Songga wood (EESWS) on the modulation
of TNF-a in malaria treatment with ACTs. Methods: A study used a post-test-
only-control-group-design  with simple-random-sampling involved two
treatment-groups and three control-groups, each with five Swiss-Webster-
mice. The C1-group was the healthy-control, the C2-group was untreated, and
the C3-group received ACT. The P1-group was given EESWS at preventive
and therapeutic-doses, while the P2-group received a combination of EESWS-
ACT. Blood samples were collected on the day-8-infection to assess
parasitemia percentage and plasma TNF-a-levels. Results: On day-7-PbA-
infection, the untreated-C2-group exhibited the highest parasitemia-levels
(13.20 £ 4.18), while the C3, P1, and P2-groups showed significantly lower
levels, with no significant differences among these treated-groups (p > 0.05).
Significant differences in TNF-a-levels were observed, with the untreated-C2-
group having higher levels compared to the healthy-Cl-group and all
treatment-groups. Among the treatments, the P1-group had higher TNF-a
levels than both the P2 and C3-groups, while no significant difference was
observed between the C3 and P2-groups. Conclusions: All treatment regimens
effectively promoted recovery from PbA-infection, and the combination of
EESWS with ACT appears to facilitate a more balanced modulation of
inflammatory responses during the malaria recovery phase.

Copyright ©2025 by Authors. Published by Faculty of Medicine, Universitas Diponegoro Semarang Indonesia. This is an open access article under the CC-BY-NC-SA

(https://creativecommons.org/licenses/by-nc-sa/4.0/)

INTRODUCTION

proportion of these fatalities.® The emergence of

Malaria remains a significant global health
challenge, with the World Health Organization
(WHO) highlighting its persistent prevalence,
particularly in Southeast Asia. This region reports
millions of cases annually, contributing substantially
to the global burden of approximately 247 million
malaria cases reported worldwide, resulting in an
estimated 619,000 deaths in 2022, with children
under five years old accounting for a substantial
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resistance to artemisinin-based combination therapies
(ACTs) further complicates malaria control
strategies, threatening the efficacy of current
treatment protocols.> * The spread of artemisinin
resistance across Southeast Asia, including Indonesia,
underscores an urgent need for enhanced surveillance
and novel therapeutic approaches.*” This scenario
necessitates robust pharmacologic and non-
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pharmacologic interventions to mitigate malaria's
impact in these endemic regions.®

In response to the escalating challenge of drug-
resistant malaria, there has been a resurgence of
interest in traditional herbal medicine. These
remedies with antiplasmodial activity, rooted in
centuries of therapeutic use, present promising
alternatives to conventional.® 1 The ethnobotanical
approach, which has historically led to the
development of quinine and artemisinin, continues to
underscore the importance of accessible treatments.?
11,12 The integration of herbal remedies with standard
antimalarial drugs presents a promising avenue for
addressing malaria resistance.’® 12 The traditional
knowledge of medicinal plants, combined with
modern pharmacological research, could lead to more
effective treatment strategies in malaria-endemic
regions. Immunomodulatory strategies have also
emerged as vital components in managing severe
malaria complications. An immunomodulatory
medication as adjuvant therapy of antimalaria
artemisinin derivatives have shown promise in
modulating immune responses, potentially improving
outcomes in severe cases.™® These therapies highlight
the potential benefits of immunomodulation in
preventing organ damage and enhancing parasite
clearance.’ 1

S. ligustrina Blume, a plant traditionally used in
Indonesian medicine, has garnered attention for its
potential antimalarial and immunomodulatory
properties. Empirical evidence suggests that extracts
from S. ligustrina Blume exhibit significant
antiplasmodial activity, supporting its traditional use
in treating febrile conditions, including malaria.
The plant's secondary metabolites, such as alkaloids
and flavonoids, contribute to its therapeutic efficacy
by potentially inhibiting Plasmodium parasite
growth.'”  Furthermore, S. ligustrina Blume's
immunomodulatory effects, particularly its influence
on cytokine production, may enhance immune
responses, aiding in malaria parasite clearance.'®
Tumor necrosis factor-alpha (TNF-a), a cytokine
which plays a crucial role in the immune response
during malaria infection, promoting both protective
immunity and potential pathogenesis.’® 2 While
direct research linking TNF-a modulation with S.
ligustrina Blume in ACT treated malaria is limited,
the plant's immunomodulatory properties suggest a
potential role in balancing TNF-a responses, thereby
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optimizing therapeutic outcomes.?! 22 This theoretical
framework supports further investigation into the
synergistic effects of S. ligustrina Blume on TNF-a
modulation in malaria treatment, potentially
enhancing the efficacy of current therapies.

METHODS
Preparation of Ethanol Extract from the Stem of
Songga Wood (S. ligustrina Blume).

The ethanolic extracted stem of Songga Wood
stem (EESWS) involves several meticulous steps to
ensure the purity and efficacy of the extract (ethanolic
extracted methode done in Integrated Biomedical
Laboratory, Unissula, Semarang). Initially, the wood
is separated from the serpent wood stem and its bark
is meticulously shaved and ground into a fine powder.
This powdered form is then subjected to successive
maceration using ethanol as the solvent. The
maceration process is conducted over a period of three
days, with an extension until the added solvent no
longer exhibits a change in color, signifying the
exhaustion of extractable components. Daily filtration
is performed, and the residual powder is re-macerated
with fresh solvent until no further color change is
observed. On the fourth day, the filtered extracts are
collected and concentrated to dryness using a rotary
evaporator, resulting in the acquisition of the ethanol
extract. This methodical approach ensures the
comprehensive extraction of bioactive compounds
present in the Songga wood, contributing to its
potential applications in various fields.

Malaria Parasite

Plasmodium berghei ANKA (PbA) was
provided by the Integrated Biomedical Laboratory of
Unissula, having originally been sourced from
Universitas Gajah Mada (UGM). The whole blood
containing PbA-infected erythrocytes was injected
into donor mice. The blood from these donor mice
underwent multiple processing stages to ensure the
successful transmission of parasitized erythrocytes to
the experimental mice. Each experimental mouse
received an infectious dose of 107 erythrocytes in 0.2
cc of sterile physiological saline (NaCl) solution. The
detail procedure was mentioned elsewhere.

Experimental design and animal handling
This experimental laboratory study utilized a
post-test-only control group design. The mice used
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were housed in Experimental Animal Laboratory of
the Integrated Biomedical Laboratory of Sultan
Agung University (Unissula). The inclusion criteria
were 8-week-old healthy female Swiss Webster mice,
each weighing between 30 and 35 grams and
exhibiting normal anatomical features, activity, and
behavior. A simple random sampling method was
employed for sample selection. Following a 7-day
adaptation period at the Integrated Biomedical
Laboratory, Faculty of Medicine, Universitas Islam
Sultan Agung Semarang, random grouping was
conducted. This process resulted in the formation of
two treatment groups and three control groups, each
comprising five mice, totaling 25 Swiss Webster
mice distributed across five groups. The Cl-group
served as the healthy control group. The groups of
C2, C3, P1 and P2 were PbA-infected in the dose of
107 infected red blood cells/200mL physiologic
NaCl, and the detail procedure mentioned elsewhere.
The C2-group was untreated mice, while the C3-
group received ACT that was dihydroartemisinin
piperaquine (DHP-Frimal; produced by KBN-
Zhejiang Pharmaceutical Co.,Ltd) at a dosage of
0.819 mg/kg body weight per day. Group P1 was
administered EESWS at a preventive dose of 0.15
mg/kg body weight per day for 10 days and then a
therapeutic dose of 0.30 mg/kg body weight per day
starting day 4" infection. Group P2 received a
combination of EESWS at the same preventive and
therapeutic dosages, along with ACT at 0.819 mg/kg
body weight per day starting day 4" infection. On the
8" infection day, blood samples were collected via
tail vein sampling to assess parasitemia percentage,
with observations conducted under a light
microscope at 400x magnification. The mice were
then anesthetic using chloroform. The mice were
euthanized, and then blood collection was done from
plexus orbitalis for plasma TNF-a measurement. The
plasma TNF-a levels were measured by using ELISA
kit (LegendMAX Cat No 430907, Biolegend Inc, San
Diego, USA). The TNF-o measurement was done in
the GAKY Laboratory of the Faculty of Medicine,
Diponegoro University.

Statistical analysis

Data analysis was performed by using SPSS
statistical software provided by Diponegoro
University. Each data was tested for normality using
Saphiro-Wilk-test. The Kruskal Wallis test was
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carried out to see a different mean between the five
research-groups. The magnitude of the difference in
the mean between two-groups was further analyzed
using the Mann Whitney U-Test for plasma-TNF-a
levels. The significant difference was indicated by p
< 0.05.

RESULTS
Parasitemia percentage

On day 7 post-PbA infection, parasitemia levels
differed significantly among the groups. The C2
group (PbA-infected without treatment) showed the
highest parasitemia percentage (Mean + SD;13.20 +
4.18), indicating severe infection in the absence of
therapeutic intervention. In contrast, parasitemia
levels were significantly lower in the treatment
groups, including C3 (ACT-treated, 6.40 + 0.96), P1
(EESWS-treated, 4.68 + 1.94), and P2 (EESWS +
ACT-treated, 4.06 + 1.13). These reduced parasitemia
levels suggest that all treatments, whether with
antimalarial-ACT alone, EESWS alone, or the
combination of EESWS and ACT, were effective in
suppressing parasite load. Moreover, there were no
significant differences in parasitemia levels among
the treated groups (p > 0.05), indicating that all
treatment regimens were equally effective in driving
the recovery phase of PbA infection.

Plasma TNF-a Levels

The boxplot (Figure 1) demonstrates plasma
TNF-a levels across the groups, providing insights
into the inflammatory response. The C1 group
(healthy mice) had the lowest TNF-o levels,
representing a normal baseline. In stark contrast, the
C2 group (PbA-infected without treatment) exhibited
the highest TNF-a levels with significant variability,
indicating a strong systemic inflammatory response
due to PbA infection. Following treatment, TNF-a
levels were reduced in all treated groups. Specifically,
the C3 group (ACT-treated) showed lower levels
compared to the C2 group, highlighting the
effectiveness of ACT in mitigating inflammation. The
P1-group (EESWS-treated) demonstrated a higher
median of TNF-a levels than C2-group. The P2 group
(EESWS + ACT-treated) showed the most substantial
reduction, with TNF-a levels nearing those of the
healthy C1 group, suggesting a synergistic effect of
the combined therapy in controlling inflammation.
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Statistical comparisons of TNF-a levels among
the groups reveal significant differences (Table 1).
The C2 group (PbA-infected without treatment)
showed significantly higher levels compared to the
healthy C1 group (p = 0.004), as well as all treatment
groups (p < 0.013). This demonstrated that malaria
without conventional antimalaria treatment increase
pro-inflammatory response. Among the treatment
groups, the P1 group (EESWS-treated) showed
higher TNF-a levels compared to the combined P2
group (p = 0.006) and the ACT-only C3 group (p =
0.004), indicating that EESWS alone had a higher
pro-inflammatory effect. However, there was no
significant difference between the C3 (ACT-treated)
and P2 (EESWS + ACT-treated) groups (p = 0.687),
suggesting that the combination therapy (P2)
achieved a pro-inflammatory effect comparable to
ACT alone.

60100

40100

2000

Plasma TNF-alpha (pgimL) Levels

=
o

cz 3 ) P2
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Figure 1. Plasma TNF-a levels (C1=healthy control, C2=PbA-infected
untreated, C3=PbA-infected-ACT-treated, P1=PbA-infected-EESWS-
treated, P2= PbA-infected-EESWS-ACT-treated)

Table 1. Plasma TNF-o. levels

Group C2 C3 P1 P2
C1 0.004 0.008 0.004 0.013
(67 0.013 0.631 0.010
C3 0.004 0.687
P1 0.006

# Significant (p < 0.05) (Cl=healthy-controls, C2=PbA-infected-
untreated-group, C3=PbA-infected-ACT-treated-group, P1=PbA-
infected-EESWS-treated-group, P2=PbA-infected-EESWS-ACT-
treated-group)
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DISCUSSION

Our study's findings indicate that mice receiving
treatments including ACT, EESWS and combination
ACT-EESWS, exhibit significantly lower parasitemia
and TNF-a levels compared to untreated control mice.
This observation supports existing literature
suggesting that TNF-o is crucial for the immune
response against malaria, but excessively high levels
can be detrimental. Elevated TNF-o levels are
associated with severe malaria outcomes, including
cerebral malaria and systemic inflammation.?® 24 In
animal models, such as those infected with
Plasmodium berghei, high TNF-o levels have been
correlated with disrupted erythropoiesis, highlighting
the cytokine's role in malaria-associated anemia.? In
contrast, lower TNF-o levels following effective
treatment may reflect a resolution of inflammation
and a return to homeostasis, which is beneficial for
recovery.?? The relationship between TNF-o levels
and parasitemia suggests that effective treatment not
only reduces parasite load but also mitigates the
inflammatory response, potentially decreasing the
risk of complications associated with high TNF-a
levels.?® 2" Thus, the combination of low parasitemia
and low TNF-a levels post-treatment may indicate a
successful therapeutic outcome, emphasizing the
importance of monitoring both parasitic and
inflammatory markers in malaria management.
Overall, these findings highlight the importance of
effective malaria treatment in reducing both
parasitemia and TNF-o levels, thereby mitigating
severe disease outcomes. Monitoring these
parameters can provide valuable insights into the
therapeutic efficacy and guide clinical decisions in
malaria management.

Artemisinin-based combination therapy (ACT)
has been shown to modulate TNF-a levels during
malaria treatment. Our findings indicate that TNF-a
levels in groups treated with ACT or its combination
with EESWS remained significantly higher than those
in healthy control mice (Figure 1 and Table 1). This
aligns with studies suggesting that ACT can influence
the immune response, leading to changes in cytokine
profiles, including TNF-a. Patients undergoing ACT
for Plasmodium falciparum malaria have exhibited
elevated TNF-o levels, associated with disease
severity.?® 2 29 This elevation may result from the
immune system’'s response to dying parasites,
triggering pro-inflammatory cytokine production.?: %
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The elevation of TNF-a levels during malaria
treatment with ACT is significantly influenced by the
presence of dying parasites, which release various
malaria toxins, including hemozoin, malaria DNA,
and glycosylphosphatidylinositol (GPI). Hemozoin, a
byproduct of hemoglobin digestion by the malaria
parasite, acts as a pathogen-associated molecular
pattern (PAMP) that can stimulate the immune
system. It has been shown to bind to Toll-like
receptor 9 (TLR9) on dendritic cells and
macrophages, leading to the production of pro-
inflammatory cytokines, including TNF-a. Similarly,
GPI, another component released during parasite
lysis, interacts with TLR1/TLR2 and TLR2/TLR6
dimers, further promoting the secretion of pro-
inflammatory cytokines. Moreover, the release of
malaria DNA from dying parasites can activate
multiple innate immune receptors, including TLR7
and TLR9, which also contribute to the inflammatory
response.®! This cascade of immune activation is
crucial, as it not only enhances TNF-o production but
also leads to increased surface leukocyte adhesion
molecules which vacillate leukocyte recruitment and
subsequent inflammation in the host.3? The elevated
TNF-a levels, while part of the immune response to
control the infection, can also result in detrimental
effects, such as endothelial dysfunction and increased
permeability of the blood-brain barrier, exacerbating
conditions like cerebral malaria.® Thus, the interplay
between the release of malaria toxins and the host's
immune response underscores the complexity of
TNF-a modulation during malaria treatment. TNF-a
-308G>A polymorphism, linked to increased
susceptibility to severe malaria, suggests that genetic
factors may also influence how ACT affects TNF-a
levels.?* % The interaction between ACT and the
host's immune response can create a complex
cytokine environment, where elevated TNF-a levels
may contribute to both therapeutic effects and
potential adverse outcomes, such as inflammation-
related complications.®* 3 While ACT effectively
reduces parasitemia, its impact on TNF-a levels
highlights the need for careful monitoring of
inflammatory responses during treatment.

Our recent study demonstrated that the
administration of Songga wood (S. ligustrina Blume)
in combination with ACT, or ACT alone, did not
result in significant differences in TNF-alpha levels
in a malaria mouse model. The active compounds in
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S.ligustrina, such as brucine and strychnine, have
shown various pharmacological effects that may
influence parasitemia and cytokine production during
malaria.®*3® These compounds possess notable
antiplasmodial activity, contributing to the reduction
of parasitemia by directly targeting malaria parasites.
S. ligustrina exhibits anti-inflammatory effects in
malaria treatment by modulating key cytokines like
IL-10 and chemokines like CXCL12.38 % These
findings suggest that S. ligustrina Blume may help
mitigate  the  immunopathological  responses
associated with malaria, providing a complementary
approach to conventional antimalarial therapies. The
studies referenced here highlight the plant's potential
in enhancing the efficacy of existing treatments while
reducing inflammation-related complications in
malaria. The extract alone and in combination with
ACT led to an increase in IL-10 production compared
to untreated controls, but lower than the levels
observed with ACT alone.*® The regulation of TNF-
a by IL-10 is crucial in malaria treatment, as ACT
increases IL-10 levels, mitigating excessive
inflammation.® The balance between IL-10 and TNF-
o ensures an effective immune response without
exacerbating inflammation. Interestingly, when ACT
is combined with S. ligustrina, IL-10 levels are lower
compared to ACT alone, suggesting that S. ligustrina
may modulate immune pathways differently,
potentially affecting the 1L-10/TNF-a ratio. Despite
these variations, both treatments maintain stable
TNF-a levels, highlighting their ability to control
parasitemia while preventing excessive
inflammation.®*  Furthermore, the effect of S.
ligustrina's active compounds on chemokines may
influence leukocyte recruitment and activation,
impacting the overall immune response during
malaria infections. For example, high levels of
CXCL12, a chemokine involved in immune cell
trafficking, have been associated with the protective
effects of ACT, as it is expected to inhibit Thl cell
migration toward the blood-brain barrier** By
potentially reducing harmful inflammatory mediators
while promoting protective cytokines, S. ligustrina
may play a beneficial role in managing malaria,
although further investigation is needed to fully
elucidate its therapeutic potential.

TNF-a also plays a role in the development of
trained immunity, which can enhance the host's
ability to respond to subsequent infections. Trained
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immunity refers to the long-lasting functional
reprogramming of innate immune cells, leading to an
improved response to pathogens. The relationship
between TNF-o and trained immunity, particularly in
the context of malaria, reveals significant insights
into the mechanisms of immune response
modulation. In the studies analyzed, it was observed
that after an initial infection or exposure to
Plasmodium falciparum, monocytes exhibited a
trained immunity phenotype characterized by
increased TNF-a production upon subsequent
stimulations. This enhanced production is associated
with epigenetic reprogramming, including changes in
histone maodifications that prime genes for more
robust expression upon re-exposure to stimuli.®°
Moreover, the studies highlight that this trained
immunity effect involves a complex interplay
between innate and adaptive immune cells. For
example, the presence of lymphocytes, particularly T
cells, was found to be necessary for the full
expression of trained immunity in monocytes,
suggesting that adaptive immune signals, such as
IFN-y, can augment the trained response mediated by
TNF-a.?®  This intercellular ~ communication
emphasizes the importance of TNF-a not only as a
marker of trained immunity but also as a mediator
that bridges innate and adaptive immune responses.
These findings suggest that the modulation of TNF-a
and its associated pathways could potentially be
leveraged to enhance immune responses against
malaria and possibly other infections, offering a
pathway for novel therapeutic strategies. The studies
highlights the potential of targeting trained immunity
mechanisms to improve disease outcomes.*! In the
perspective of malaria, the modulation of TNF-a
levels through interventions like S. ligustrina may
help to establish a protective immune environment
without triggering the detrimental effects associated
with high TNF-a levels. This balance is crucial, as
trained immunity can improve the host's ability to
control parasitemia and reduce the severity of malaria
clinical manifestation. Moreover, the combination of
S. ligustrina with ACT may synergistically enhance
the immune response by promoting the
differentiation of monocytes into macrophages and
dendritic cells, which are essential for effective
antigen presentation and T-cell activation.®® This
process can further contribute to the development of
trained immunity, allowing the immune system to
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respond more effectively to future malaria infections.
Therefore, while lower TNF-a levels may indicate a
reduced inflammatory response, they may also
facilitate the establishment of trained immunity,
ultimately enhancing the host's defense against
malaria and reducing the risk of exacerbation during
subsequent infections. This therefore the study would
be strengthened by observation whether EESWS or
EESWS-ACT in combination affected the trained
immunity during PbA-reinfection.

The study elucidates the therapeutic potential of
combining S. ligustrina Blume with ACT in a murine
model of malaria. This combination maintains TNF-a
levels comparable to those observed with ACT alone,
indicating effective management of parasitemia while
preventing excessive inflammatory responses. The
active constituents of S. ligustrina, particularly
brucine and strychnine, are known for their
antiplasmodial properties and their ability to modulate
cytokine production, thus achieving a crucial balance
between TNF-a and IL-10. This cytokine balance is
pivotal in alleviating severe malaria complications.
Furthermore, the synergistic combination may
augment immune responses by fostering trained
immunity, thereby enhancing the host's capacity to
control parasitemia and mount effective responses to
subsequent infections. Further research is warranted
to fully understand the mechanisms and potential
benefits of this combination therapy.

CONCLUSION

In conclusion, our findings highlight the
therapeutic promise of combining S. ligustrina Blume
with ACT, emphasizing the importance of monitoring
parasitic and inflammatory markers in malaria
treatment.

ETHICAL APPROVAL

This study was approved by Health Research
Ethical Committee Faculty of Medicine Universitas
Diponegoro (Ethical Clearance No. 145/EC/H/KEPK
/FK-UNDIP/X1/2019).

CONFLICTS OF INTEREST
The authors declare no conflict of interest.

FUNDING
No specific funding was provided for this article.


http://ejournal3.undip.ac.id/index.php/medico

Kis Djamiatun

JURNAL KEDOKTERAN DIPONEGORO

(DIPONEGORO MEDICAL JOURNAL)

Online : http://ejournal3.undip.ac.id/index.php/medico
E-ISSN : 2540-8844

DOI': 10.14710/jkd (dmj).v14i4.49555

JKD (DMJ), Volume 14, Number 4, July 2025 : 195-203

AUTHOR CONTRIBUTIONS

Conceptualization, Kis; methodology, Kis; data

analysis, Kis; data collection, Kis; source of funds,
Kis; wrote the original draft, Kis; review and edit,

Kis.

ACKNOWLEDGMENTS

We were grateful to Edwin Septory, the student

of Biomedical Sciences Study Program, Faculty of
Medicine, Diponegoro University, who kindly made
the study done smoothly.

REFERENCES

1.

Olani, Z., et al., A4 Five-Year (2016-2020) Trend
Analysis of Malaria Surveillance Data in
Oromia Regional State, Ethiopia. Biomed
Research International, 2023. 2023(1). DOI:
10.1155/2023/5278839.

Kouakou, Y.I., et al., Assessment of Quantitative
and Semi-Quantitative Biological Test Methods
of Artesunatein Vitro. Parasite, 2022. 29: p. 18.
DOI: 10.1051/parasite/2022019.

Moyo, P., Prioritised Identification of Structural
Classes of Natural Products From Higher Plants

in the Expedition of Antimalarial Drug
Discovery. Natural Products and
Bioprospecting, 2023. 13(1). DOI:

10.1007/s13659-023-00402-2.

Kagoro, F.M., et al., Mapping genetic markers of
artemisinin  resistance  in  Plasmodium
falciparum malaria in Asia: a systematic review
and spatiotemporal analysis. The Lancet
Microbe, 2022. 3(3): p. el184-e192. DOI:
10.1016/S2666-5247(21)00249-4.

Rahmasari, F.V.,, et al., Drug resistance of
Plasmodium falciparum and Plasmodium vivax
isolates in Indonesia. Malaria Journal, 2022.
21(1): p. 354. DOLI: 10.1186/s12936-022-04385-
2.

Rahmasari, F.V., et al., Evolution of genetic
markers  for drug resistance after the
introduction of dihydroartemisinin—piperaquine
as first-line anti-malarial  treatment for
uncomplicated falciparum malaria in Indonesia.
Malaria Journal, 2023. 22(1): p. 231.
DOI: 10.1186/s12936-023-04658-4.

Lubis, I.N.D., et al. Recurrence of Plasmodium
malariae and P. falciparum following treatment
of uncomplicated malaria in North Sumatera

201

10.

11.

12.

13.

14.

15.

16.

with dihydroartemisinin-piperaquine or
artemether-lumefantrine. in  Open Forum
Infectious Diseases. 2020. Oxford University
Press US.

Rasmussen, C., P. Alonso, and P. Ringwald,
Current and emerging strategies to combat
antimalarial resistance. Expert Review of Anti-
infective Therapy, 2022. 20(3): p. 353-372. DOI:
10.1080/14787210.2021.1962291.

Nortey, N.N.D., et al, Herbs Used in
Antimalarial Medicines: A Study in the Greater
Accra Region of Ghana. Evidence-Based
Complementary and Alternative Medicine, 2023.
2023(1): p. 6697078. DOLI:
https://doi.org/10.1155/2023/6697078

Kacholi, D.S., A comprehensive review of

antimalarial — medicinal  plants used by
Tanzanians. Pharmaceutical Biology, 2024.
62(1): p. 133-152. DOI:

10.1080/13880209.2024.2305453
Richard-Bollans, A., et al., Machine Learning
Enhances Prediction of Plants as Potential
Sources of Antimalarials. Frontiers in Plant
Science, 2023. 14. DOI:
10.3389/1pls.2023.1173328

Erhirhie, E.O., et al., Antimalarial Herbal
Drugs: A Review of Their Interactions With
Conventional Antimalarial Drugs. Clinical
Phytoscience, 2021. 7(1). DOI: 10.1186/s40816-
020-00242-4

Fuchs, A., et al., Falciparum Malaria-Induced
Secondary Hemophagocytic
Lymphohistiocytosis Successfully Treated With
Ruxolitinib. International Journal of Infectious
Diseases, 2020. 100: p. 382-385. DOLIL:
10.1016/}.1jid.2020.07.062

Wang, J., et al., PDLI Fusion Protein Protects
Against Experimental Cerebral Malaria via
Repressing  Over-Reactive CD8+ T Cell
Responses. Frontiers in Immunology, 2019. 9.
DOI: 10.3389/fimmu.2018.03157

Gaio, P,  N-(Coumarin-3-Yl)cinnamamide
Promotes Immunomodulatory, Neuroprotective,
and Lung Function-Preserving Effects During
Severe Malaria. Pharmaceuticals, 2023. 17(1): p.
46. DOI: 10.3390/ph17010046

Khasanah, U., et al., Oral acute toxicity study
and in vivo antimalarial activity of Strychnos
lucida R.  Br.  tablet.  Journal  of


http://ejournal3.undip.ac.id/index.php/medico
https://doi.org/10.1186/s12936-022-04385-2
https://doi.org/10.1186/s12936-022-04385-2
https://doi.org/10.1186/s12936-023-04658-4

Kis Djamiatun

JURNAL KEDOKTERAN DIPONEGORO

(DIPONEGORO MEDICAL JOURNAL)

Online : http://ejournal3.undip.ac.id/index.php/medico
E-ISSN : 2540-8844

DOI': 10.14710/jkd (dmj).v14i4.49555

JKD (DMJ), Volume 14, Number 4, July 2025 : 195-203

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ethnopharmacology, 2024. 330: p. 118200.
DOI: https://doi.org/10.1016/].jep.2024.118200
Pertiwi, AK., et al., Ethnopharmacology and
Computer-Aided Tandem Protocol to Search for
Antimalarial — Agents  From  Indonesian
Medicinal Plants: HAP Inhibitor. 2021. DOL:
10.11594/nstp.2021.0802

Djamiatun, K., R. Wirman, and N. Wijayahadi,
Effect of Combination Songga-Wood-Stem
(Strychnos Ligustrina Blume) and Antimalaria-
Act on IL-10 Production of Malaria. Journal of
Biomedicine and Translational Research, 2022.
1(1): p. 45-47. DOI: 10.14710/jbtr.v1i1.13906
Haeseleer, C., et al., Reactivation of Plasmodium
Infection During a Treatment With Infliximab: A
Case Report. International Journal of Infectious
Diseases, 2020. 91: p. 101-103. DOL:
10.1016/}.1jid.2019.11.016

Crabtree, J.N., et al., Lymphocyte crosstalk is
required  for  monocyte-intrinsic  trained
immunity to Plasmodium falciparum. Journal of
Clinical Investigation, 2022. 132(11). DOI:
10.1172/JCI139298

Popa, G. and M.I. Popa, Recent Advances in
Understanding the Inflammatory Response in
Malaria: A Review of the Dual Role of
Cytokines. Journal of Immunology Research,
2021.2021: p. 1-9. DOI: 10.1155/2021/7785180
Ademola, S.A., O.J. Bamikole, and O.K.
Amodu, Is TNF alpha a mediator in the co-
existence of malaria and type 2 diabetes in a
malaria endemic population? Front Immunol,
2023. 14: p- 1028303. DOL:
10.3389/fimmu.2023.1028303

Mahittikorn, A., et al., Tumour necrosis factor-o.
as a prognostic biomarker of severe malaria: a
systematic review and meta-analysis. Journal of
Travel Medicine, 2022. 29(4): p. taac053.
DOI: 10.1093/jtm/taac053

Kongjam, P., et al., Tumor necrosis factor-o
(TNF-a)-308G> a promoter polymorphism
(rs1800629) promotes Asians in susceptibility to
Plasmodium falciparum severe malaria: A meta-
analysis. PLOS Neglected Tropical Diseases,
2023. 17(11): P e0011735.
DOI: 10.1371/journal.pntd.0011735

Ojueromi, 0.0., G. Oboh, and A.O. Ademosun,
Effect of black seeds (Nigella sativa) on
inflammatory and immunomodulatory markers

202

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

in Plasmodium berghei-infected mice. Journal of
Food Biochemistry, 2022. 46(11): p. ¢14300.
DOI: 10.1111/jfbc.14300

Futagbi, G., et al., Association of TNF-alpha,
MBL2, NOS2, and G6PD with malaria outcomes
in people in Southern Ghana. Genetics research,
2022.2022: p. e75. DOI: 10.1155/2022/6686406
Fitri, L.E., et al., Bifidobacterium longum
Administration Diminishes Parasitemia and
Inflammation During Plasmodium berghei
Infection in Mice. J Inflamm Res, 2023. 16: p.
1393-1404. DOI: 10.2147/JIR.S400782

Idowu, A.O., et al.,, Plasmodium falciparum
Treated with Artemisinin-based Combined
Therapy  Exhibits  Enhanced  Mutation,
Heightened Cortisol and TNF-o Induction. Int J
Med Sci, 2018. 15(13): p. 1449-1457.
DOI: 10.7150/ijms.27350

Mohamedahmed, K.A., Association between
Elevated TNF-o Levels and Severe Malaria.
Galen Med J, 2023. 12: p. 1-2.
DOI: 10.1097/01.HS9.0000851844.28467.01
Popa, G.L. and M.I. Popa, Recent Advances in
Understanding the Inflammatory Response in
Malaria: A Review of the Dual Role of Cytokines.
J Immunol Res, 2021. 2021: p. 7785180.
DOI: 10.1155/2021/7785180

Hirako, 1.C., T. Ramalho, and R.T. Gazzinelli,
Immune regulation of host energy metabolism
and periodicity of malaria parasites. Philos
Trans R Soc Lond B Biol Sci, 2025. 380(1918):
p- 20230511. DOI: 10.1016/j.mib.2019.08.002
Zuniga, M., et al., Plasmodium falciparum and
TNF-a Differentially Regulate Inflammatory and
Barrier Integrity Pathways in Human Brain
Endothelial Cells. mBio, 2022. 13(5): p.
¢0174622. DOI: 10.1128/mbio.01746-22

Ledo, L., et al., Association of cerebral malaria
and TNF-a levels: a systematic review. BMC
Infectious Diseases, 2020. 20(1): p. 442. DOI:
10.1186/s12879-020-05107-2

Obeagu, E.I., Role of cytokines in
immunomodulation during malaria clearance.
Annals of Medicine and Surgery, 2024. 86(5): p.
2873-2882. DOLI:
10.1097/ms9.0000000000002019

Tovar Acero, C., et al., IL-4, IL-10, CCL2 and
TGF-f as potential biomarkers for severity in
Plasmodium vivax malaria. PLoS Neglected


http://ejournal3.undip.ac.id/index.php/medico
https://doi.org/10.1093/jtm/taac053
https://doi.org/10.1371/journal.pntd.0011735
https://doi.org/10.1155/2022/6686406
https://doi.org/10.2147/jir.s400782
https://doi.org/10.7150/ijms.27350
https://doi.org/10.1155/2021/7785180
https://doi.org/10.1016/j.mib.2019.08.002

Kis Djamiatun

JURNAL KEDOKTERAN DIPONEGORO

(DIPONEGORO MEDICAL JOURNAL)

Online : http://ejournal3.undip.ac.id/index.php/medico
E-ISSN : 2540-8844

DOI : 10.14710/jkd (dmj).v14i4.49555

JKD (DMJ), Volume 14, Number 4, July 2025 : 195-203

36.

37.

38.

39.

40.

41.

Tropical Diseases, 2022. 16(9): p. €0010798.
DOI: 10.1371/journal.pntd.0010798
Cahyaningsih, U., et al., Antimalarial Efficacy of
Aqueous Extract of Strychnos Ligustrina and Its
Combination With Dihydroartemisinin and
Piperaquine  Phosphate  (DHP)  Against
Plasmodium Berghei Infection. The Korean
Journal of Parasitology, 2022. 60(5): p. 339-344.
DOI: 10.3347/kjp.2022.60.5.339

Rahayu, A.A.D., et al., Chemical components of
different parts of Strychnos ligustrina, a
medicinal plant from Indonesia. I0P Conference
Series: Earth and Environmental Science, 2022.
959(1): p. 012061. DOI: 10.1088/1755-
1315/959/1/012061

Sari, R., et al., In Vitro and Molecular Docking
Studies of the Antimalarial Activities of
Strychnos ligustrina Extracts from Different
Parts of the Woody Stem. Journal of the Korean
Wood Science and Technology, 2025. 53: p. 89-
104. DOI: 10.5658/W0O0D.2025.53.1.89
Septory, E.A., K. Djamiatun, and E. Mahati.
Combination of songga wood stem ( strychnos
lucida ) and act is associated to CXCLI12 and
parasitemia on plasmodium berghei anka
infections. International J ournal of A llied M
edical S ciences and C linical R esearch
(IJAMSCR). 2020. 8(2): p. 215-222. DOI:
10.61096/ijamscr.v8.iss2.2020.215-222

Walk, J., et al., Controlled Human Malaria
Infection Induces Long-Term  Functional
Changes in Monocytes. Frontiers in Molecular
Biosciences, 2020. 7. DOI:
10.3389/fmol1b.2020.604553

Schrum, J.E., et al., Cutting Edge: Plasmodium
falciparum Induces Trained Innate Immunity.
The Journal of Immunology, 2018. 200(4): p.
1243-1248. DOLI:
10.4049/jimmunol.1701010We

203


http://ejournal3.undip.ac.id/index.php/medico

