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ABSTRACT

Introduction: The genus of Plasmodium is a parasite that can cause malaria. Interferon gamma (IFN-y) is a inflam-
matory sitokin, that can control Plasmodium in the blood. World Health Organization (WHO) recommends Arte-
misinin-based Combination Therapies (ACTs) to treat malaria. However, some ethnic communities in Indonesia still
consume herbal, one of which is mahogany seeds. Its effect on the immune system has not been much explained.
Materials and Methods: Twenty-five male BALB/c mice were infected with Plasmodium berghei ANKA and di-
vided into 5 groups. Groups |-l were treated with mahagony seeds ethanolic extract (MSEE) at the concentrations
of 100%, 50% and 25% respectively. Group 1V was a negative control (NC) which was treated with 0.5% sodium
carboxymethyl cellulose (CMCNa). Group V was a positive control (PC) which was treated with dihydroartemisi-
nin-piperaquine (DHP) at 187.2 mg/kgBW. Treatments were given for four consecutive days. Parasitemia was ob-
served every day from the first day to the fourth day post infection. Plasma level of IFN-y were measured by Sandwich
ELISA. Results: Two way ANOVA analysis showed a significant difference in parasitemia based on the treatment
day (p=0.000) and the treatment group (p=0.000) in infected mice. Treatment of MSEE showed a significant effect on
plasma level of IFN-y (p=0.032) in infected mice. Spearmen’s rho bivariate correlation test showed a significant pos-
itive correlation between parasitemia on the fourth day post treatment and plasma level of IFN-y (p=0.006; r=0.589).
Conclusion: Antimalarial activity of MSEE was shown by the decreased of parasitemia along with the decreased of
IFN-y level on the day 4 post infection in a concentration dependent manner.

Keywords: Malaria, mahagony seed, Plasmodium berghei ANKA, parasitemia, IFN-y

Corresponding Author:

Ni Ketut Yuliana Sari , S.ST., M.Si., M.Imun.
Email: niketutyuliana@poltekeskupang.ac.id
Tel: +6281246396440

INTRODUCTION

Malaria is a serious disease and remains the leading
cause of death worldwide. Malaria is caused by a
parasite of the genus Plasmodium, which is transmitted
to humans through the bite of an infected female
Anopheles mosquito (1). It was estimated that there
were 241 million cases of malaria worldwide in
2020 in 85 malaria endemic countries, with 627.000
deaths (2). Plasmodium falciparum, Plasmodium

vivax, Plasmodium malariae, Plasmodium ovale, and
Plasmodium knowlesi are five Plasmodium species
possess the ability to infect humans (3).

Plasmodium infection induces the production of IFN-y
from various innate and adaptive cells at various stages of
the life cycle. IFN-y produced by CD4+ T cells optimally
activates CD8+ T cells, B cells and macrophages. IFN-y
affects isotype transfer in B cells which leads to the
production of cytophylic antibodies capable of binding
free parasites and blocking red blood cell invasion,
mediating parasite clearance through opsonization,
and binding to the surface of infected red blood cells
by promoting antibody dependent phagocytosis. IFN-y
production from CD4+ T cells also optimally activates
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macrophages to phagocytose infected and parasite-free
red blood cells (4).

The first-line treatment for
recommended by WHO, is Artemisinin-based
Combination Therapies (ACTs) (3). However, some
ethnic communities in Indonesia still consume
herbal plants that already exist and are obtained from
generation to generation, one of which is mahogany
seeds (Swietenia mahagoni (L.) Jacq.) (5). These plants
have been reported to have antimalarial activity both
in vitro and in vivo (6,7), but its effect on the immune
system has not been much explained. This study aims
to analyze the antimalarial activity of mahogany seeds
ethanolic extract (MSEE) in BALB/c mice infected with
Plasmodium berghei ANKA and the correlation between
parasitemia and plasma level of IFN-y.

malaria, currently

MATERIALS AND METHODS

Ethical clearance and research design

The proposal of this research has been reviewed by
Ethical Committee of Universitas Airlangga Faculty of
Dental Medicine as described on certificate number
779/HRECC.FODM/X11/2019. This research is a true
experimental research with a post test only control group
design. The treatment was given using the standard test
method for curative activity (8).

Experimental animals

Thetestanimals in this study was BALB/c strain male mice
aged 2-3 months, with a weight of £20-30g, wich were
maintained and developed in the Animal Laboratory of
the Department of Biochemistry, Airlangga University,
Surabaya. The test animals were acclimatized for 7 days
at a temperature of 25 °C with an exchange of dark and
light every 12 hours and were given standard feed ad
libitum. The mice were sacrificed after anasthesized
by intraperitoneal injection of 87 mg/kg bodyweight
ketamine. The dead animals were then burned in the
incenerator.

Plant material and MSEE preparation

The mahogany seeds used in this study were seeds from
the mahogany plant species Swietenia mahagoni (L.)
Jacg. They were obtained, determined and tested for
phytochemical content at the Integrated Service Unit
[Unit Pelayanan Terpadu, UPT] of the Herbal Materia
Medika Laboratory, Batu City, East Java Province. EEMS
was obtained from the extraction of mahogany seed
powder by maceration technique using 96% ethanol.
MSEE was made into three concentrations, 100%, 50%
and 25% respectively. The 100% MSEE concentration
was originally from maceration without is the result of
maceration without dilution (crude extract). The extract
was diluted using dilution using 0.5% CMCNa solution.
MSEE concentration of 50% (v/v) was prepared in a ratio
of 1:1 (3 mL crude extract : 3 mL CMCNa 0.5%) and
MSEE concentration of 25% (v/v) was prepared in a ratio

of 1:3 (1.5 mL crude extract : 4.5mL CMCNa 0.5%).
The results of the MSEE phytochemical test showed the
presence of the flavonoids, tannins and triterpenoids.
Infection of mice

Frozen isolates of P. berghei ANKA were thawed at 37
°C, then inoculated in 0.2 mL blood from donor mice
intraperitoneally. Parasiemia was observed daily on
Giemsa-stained thin smear. When parasitemia reached
10-20%, mice were sacrificed and blood were collected
by cardiac punctured to infect the test mice. Twenty-five
male BALB/c mice were infected with 0.2 mL of blood
containing 1x10° of infected red blood cells from donor
mice. Test mice were then divided into 5 groups. Group
| was treated with 100% MSEE, Group Il was with 50%
MSEE, Group Il was with 25% MSEE, Group IV was
negative control (NC) given 0.5% CMCNa and Group
V was positive control (PC) treated with antimalarial
drug of dihydroartemisinin-piperaquin  (DHP) at
187.2 mg/kgBW. The treatments were given when
parasitemia reached +1%. The treatment was given
for four consecutive days. Parasitemia was observed
as described above. On the fourth day post treatment,
the test mice were sacrificed to collect blood by cardiac
punctured prior to the measurement of IFN-y level (10).

Measurement of IFN-y level

Plasma level of IFN-y were measured on using the
ELISA (Enzyme-Linked Immunosorbent Assay) Kit (The
BioLegend, Singapore).

Statistical analyses

The differences in mean of parasitemia were analyzed
using two way analysis of variance (ANOVA), followed
by Post Hoc (Tukey) analysis. The difference in mean
of IFN-y levels were analyzed using Kruskal Wallis,
followed by Mann-Whitney U analysis. The correlation
between parasitemia and IFN-y level were analyzed
using the Spearman correlation analysis. Values were
statistically significant at p < 0.05.

RESULTS

Antimalarial activity of MSEE

The mean parasitemia of each treatment group is shown
in Figure. The mean parasitemia in NC group has
increased normally since the first day to the fourth day
post treatment. Parasitemia in the PC group increased on
the first day then continued to decrease until the fourth
day post treatment. Parasitemia in the all group treated
with MSEE on day four post treatment were lower than
NC group, but higher than the PC group. This result
indicated the antimalarial activity of MSEE.

Two Way ANOVA analysis to find out the the differences
of parasitemia between day post treatment and between
treatment groups resulted in significant differences,
then was continued with the Post Hoc (Tukey) test. A
summary of the results of the Post Hoc (Tukey) test is
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Fig. 1: The mean of parasitemia from day O to day 4 post
treatment in BALB/c mice infected with P. berghei ANKA which
were given MSEE and the control group.

presented in Table | and II.

Based on the category of the treatment day, Post Hoc
(Tukey) test showed a significance difference mean of
parasitemia at day 1 and 4, day 2 and 4, day 3 and 4
post treatment and between treatment groups 100%
MSEE, 50% MSEE and 25% MSEE with NC. Significant
differences also occurred between the 50% MSEE
treatment group with PC and between the NC and PC

Table I: Result of Post Hoc (Tukey) analysis of parasitemia based
on treatment day category in BALB/c mice infected with P.
berghei ANKA which were given MSEE and the control group

Treatment day p-value Information

Day 1 and day 2 post treat- 0.975 Not significant
ment
Day 1 and day 3 post treat- 0.579 Not significant
ment
Day 1 and day 4 post treat- 0.000* Significant
ment
Day 2 and day 3 post treat- 0.825 Not significant
ment
Day 2 and day 4 post treat- 0.000* Significant
ment
Day 3 and day 4 post treat- 0.000* Significant
ment

* p-value less than 0.05 was considered significant.

Table 1l: Result of Post Hoc (Tukey) analysis of parasitemia

based on treatment group category in BALB/c mice infected with
P. berghei ANKA which were given MSEE and the control group

Groups p-value Information
NC and PC 0.000* Significant
NC and 100% MSEE 0.000* Significant
NC and 50% MSEE 0.010* Significant
NC and 25% MSEE 0.002* Significant
PC and 100% MSEE 0.938 Not significant
PC and 50% MSEE 0.030* Significant
PC and 25% MSEE 0.103 Not significant
100% MSEE and 50% MSEE 0.178 Not significant
100% MSEE and 25% MSEE 0.420 Not significant
50% MSEE and 25% MSEE 0.986 Not significant

group, but not between the 100%, 50% and 25% MSEE
concentrations.

Antimalarial activity of MSEE was also shown by the
percentage of parasites’ growth and its inhibition, where
both percentages rising in a concentration-dependent
manner (Table Ill). They were lower than those of PC
group. The inhibition of parasites’ growth by DHP in PC
group was very high (137%) as parasitemia reached 0%
at the end of experiment (Figure 1). Probit analysis based
on the percentage of inhibition of MSEE resulted in an
ED50 was 69.67%.

Table III: Percent growth and inhibition of parasites in BALB/c
mice infected with P. berghei ANKA which were given MSEE
and the control group

Groups % of Growth % O:i:‘nhibi‘
100% MSEE 1.21 62
50% MSEE 113 -
25% MSEE 0.18 75
NC 3.19 0
PC 1.18 137

Plasma level of IFN-y

The P. berghei ANKA-infected group which treated with
100% MSEE showed the highest mean of plasma level
of IFN-y than other groups, while the lowest plasma
level of IFN-y was shown by PC group. The plasma
level of IFN-y in MSEE-treated groups increased along
with the increased of MSEE concentration. The Kruskal
Wallis analysis showed the differences in the mean of
plasma levels of IFN-y among groups of mice treated
with 100%, 50%, 25% MSEE, NC and PC treatment
groups (p= 0.032). Mann-Whitney U analysis resulted
in a significant difference in plasma level of IFN-y in
all groups when compared with those in PC group (p
= 0.021) (Table 1V). However, the comparison among
MSEE-treated groups and between MSEE-treated groups
with NC were insignificantly different (p> 0.05). A
summary of the mean of plasma levels and results of
the Mann-Whitney U analysis is presented in Table
IV. Bivariate correlation analysis was performed to
determine the relationship between parasitemia on the
fourth day post treatment with IFN-y levels. The results of
the Spearman’s rho correlation test showed a significant
positive relationship between parasitemia on the
fourth day post treatment and IFN-y levels (correlation

Table IV: A summary of the mean of plasma levels of IFN-y and
their significant differences between MSEE-treated groups and
PC group analyzed by Mann Whitney U test

Groups Mean SD p*
100% MSEE 473.53+550.82 0.021
50% MSEE 195.41+42.27 0.021
25% MSEE 158.24+89.08 0.021
NC 293.88+154.51 0.021
PC 26.76+15.27

* p-value less than 0.05 was considered significant.

*Significantly different when compared with PC.
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coefficient (r) = 0.589 and p= 0.006).
DISCUSSION

This current study proved the antimalarial activity of
MSEE as shown by the decreased of parasitemia and
IFN-y level at the end of the experiment when compared
with those in mice without any MSEE treatment (NC
group), although the percentages inhibition of the
parasites’ growth were lower compared with that of PC

group.

The antimalarial activity of MSEE in this study was
probably caused by the bioactive compounds contained
in MSEE. Based on the phytochemical test, the MSEE
used in this study was positive for flavonoids, tannins
and triterpenoids. Flavonoids inhibit the biosynthesis of
fatty acids in the biochemistry of parasites and inhibit
the entry of myoinositol into infected erythrocytes during
the erythrocytic phase. These compound is required by
Plasmodium for the development of the parasite stage
during the erythrocytic phase (11,12). Flavonoids and
their derivatives play a role in blocking the formation of
haemozoin by forming free heme complexes which can
be toxic to parasites so that parasites die (13).

Tannins can inhibit protease activity (14). Proteases are
a group of enzymes that play an important role in the
growth and invasion of Plasmodium parasites (15). In the
erythrocytic stage, Plasmodium uses host hemoglobin
as a food source for the development of the parasite
stage (16). Aspartate and cysteine protease are used by
Plasmodium to degrade hemoglobin into amino acids
as a source of nutrition (17). The tannin content in MSEE
may play a role in the inhibition of the Plasmodium
protease enzyme, so that its growth and development
are inhibited and prevent invasion of new erythrocytes.
Oleanolic acid which is one of the triterpenoid
compounds has antiplasmodium activity caused by
its incorporation into the erythrocyte membrane and
causes erythrocyte changes to form stomatocytes, thus
interfering with the growth of P. falciparum strain 3D7
in vitro (18). The invasion and growth of Plasmodium
in erythrocytes depends on the integrity and normal
function of the erythrocyte membrane. Changes in the
erythrocyte membrane will interfere with the growth of
Plasmodium (19). The triterpenoid content in the MSEE
in this study probably caused changes in the erythrocyte
membrane, so that their growth was disturbed and the
merozoites were unable to invade new erythrocytes.

The level of IFN-y in the NC group (293.88 + 154.51)
was higher than that in PC group (26.76 + 15.27). The
high parasitemia in NC group was responded by the host
by secreting IFN-y. The higher parasitemia, the higher
molecules which act as pathogen associated molecular
pattern (PAMP) to activate more macrophage and
dendritic cells to induce the IFN-y secretion by immune
system tries to eliminate parasites by secreting IFN-y

cytokines. IFN-y is a primary cytokine used to activate
macrophages and promote the killing of intracellular
pathogens (20). IFN-y is a Th1-derived pro-inflammatory
cytokine that is important for the elimination of
intracellular parasites (21).

In this study, the PC group had the lowest IFN-y levels
compared to other groups. This is probably due to
parasitemia in PC group is low, so it does not stimulate
the secretion of IFN-y cytokines. The treatment of
dihydroartemisinin therapy to BALB/c mice infected
with P. berghei ANKA showed a decrease in IFN-y levels
compared to untreated infected mice (22). In this study,
the same thing happened, the levels of IFN-y in PC
group that given with DHP were lower than those in NC.
This results indicated that DHP is a potent antimalarial
drug which was able to suppress the production of
proinflamation cytokine such as IFN-y.

The mean of IFN-y level was increased along with the
increased of MSEE concentration. However, this was not
statistically significant. [FN-y levels in the 100% MSEE
group had a standard deviation greater than the mean
in that group. This happened because one sample of
the study had a much higher IFN-y levels than the other
sample. Although the mice as samples in this study have
attempted to have small variations with uniformity of
sex, age and body weight of mice, each mice may have
different abilities in responding to a given infection. The
immune system between individuals varies widely (23).
Every individual has a specific immune system and is
different from each other (24), that cause each individual
responds differently to a given infection.

When compared to the PC group, the mean IFN-y
levels in the MSEE group (100%, 50%, and 25%) were
greater and showed a statistically significant difference.
This is most likely relating to parasitemia as shown
by the Spearman’s correlation analysis. A potent
antimalarial drug used as PC showed a sharp decrease
in parasitemia, and reached 0% on day 4 post treatment
along with the decreased of IFN-y level. Likewise, the
decreased of IFN-y levels in MSEE-treated group of
mice were followed by the decreases of parasitemia
in a concentration dependent manner. This proved
the role of IFN-Z in parasite elimination. There was
no statistically significant difference of the IFN-y levels
between NC and all MSEE treatment groups. This is
probably because parasitemia in NC can stimulate cell
activation to secrete IFN-y in response to infection,
whereas in the MSEE group besides parasitemia, the
compounds contained can also activate cells to secrete
IFN-y, so that in all these groups there are conditions
that can trigger cell activation in secreting IFN-y.

The significant correlation between parasitemia on the
fourth day post treatment with IFN-y levels showed that
the immune cells in BALB/c mice tried to eliminate P,
berghei ANKA infection by secreting IFN-y. In this study,
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there was a tendency for IFN-y levels to be higher in
the group with higher parasitemia. The same was true
of studies assessing cytokine and antibody profiles in P,
falciparum infected individuals in Southwest Nigeria.
The results showed that IFN-y levels were higher in the
group with symptomatic malaria, which had a higher
percentage of parasitemia compared to asymptomatic
malaria patients with lower parasitemia (25). An
association between IFN-y levels and parasitemia were
reported in P. falciparum infection which showed an
increase in IFN-y levels at an increase in parasitemia
levels (26). Another study showed that there was no
relationship between IFN-y levels and parasite density,
but descriptively, IFN-y levels were higher in the group
with higher parasite density (27).

IFN-y provides important protection during the
erythrocytic stage of Plasmodium infection (28).
Erythrocytic stage triggers a strong IFN-y response during
acute infection in P. berghei, P. yoelii and P. chabaudi
infections in mice as well as in P. falciparum infections
in humans (29). However, high IFN-y secretion during
erythrocytic infection is associated with a predisposition
to severe malaria, such as cerebral malaria.
Proinflammatory cytokines such as IFN-y are illustrated
as double swords. Under normal conditions, these
cytokines are essential for controlling parasite growth
and sustained protection against disease pathologies,
but excessive and uncontrolled secretion can lead to
multiple immunopathologies

CONCLUSION

This study proved the antimalarial activity of MSEE in
BALB/c mice infected with P. bergei ANKA. Treatment of
MSEE caused a significant difference in the decreased of
parasitemia and mean of IFN-y levels in a concentration
dependent manner. The decreased of parasitemia
correlated with the decreased of IFN-y levels at the day
four post treatment .

ACKNOWLEDGEMENTS

The authors would like to thank Ministry of Health of the
Republic of Indonesia for funding this research. We also
thank the workers of the experimental animal laboratory,
Department of Biochemistry, Universitas Alrlangga for
the maintenance of mice during the research

REFERENCES

1. Talapko J, krlec 1, Alebi¢ T, Juki¢ M,
Véev A. Malaria: The past and the present.
Microorganisms.  2019;7(6):179.  doi:10.3390/
microorganisms7060179.

2. World Health Organization. World Malaria Report
2021. Geneva: World Health Organization; 2021.
Licence: CC BY-NC-SA 3.0 1GO.

3. BuckE, Finnigan NA. Malaria. [Updated 2022 Apr

10.

11.

12.

13.

14.

15.

30]. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2022 Jan-. [cited 2022 July
02]. Available from: https:/www.ncbi.nlm.nih.
gov/books/NBK551711/.

King T, Lamb T. Interferon-y: The jekyll and hyde
of malaria. PLoS Pathog. 2015;11(10):e1005118.
doi:10.1371/journal.ppat.1005118.

Mufidah F, Zuhrotun A. Medicinal plants for malaria
treatment in indonesia based on ethnopharmacy.
Fitofarmaka : Jurnal Ilmiah Farmasi. 2020; 10(2):
106-121.

Nugraha AS, Purnomo YD, Pratama ANW, et al.
Isolation of antimalarial agents from Indonesian
medicinal plants: Swietenia mahagoni and Pluchea
indica. Natural Product Communications. 2022;
Jan. doi:10.1177/1934578X211068926.

Astuti RUNW, Fathoni I, Rahayu T, Prasetyo AR.
Bioactivities of mahoni’s (Swietenia mahagoni (L.)
jacq.) seed ethanolic extract on the parasitemic
level of plasmodium bergheiin mice mus musculus.
KnE Life Science. 2015;2(1):422-426.

Attemene SDD, Beourou S, Tuo K, Gnondjui AA,
Konate A, Toure AO, et al. Antiplasmodial activity
of two medicinal plants against clinical isolates of
Plasmodium falciparum and Plasmodium berghei
infected mice. J Parasit Dis. 2018 Mar;42(1):68-76.
doi:10.1007/s12639-017-0966-7.

Riza H, Fahrurroji A, Supriyanto, Wicaksono A. The
antimalarial activity of the water extract of simpur
(Dillenia indica L.) leaves against Plasmodium
berghei in mice. Trad. Med. 2019;24(1):28-32.
doi:10.22146/mot.38626.

Rudrapal M, Chetia D. Plant flavonoids as potential
source of future antimalarial leads. Sys Rev Pharm.
2018;8(1), pp.13-18.

MacRae JI, Lopaticki S, Maier AG, Rupasinghe
T, Nahid A, Cowman AF, et al. Plasmodium
falciparum is dependent on de novo myo-inositol
biosynthesis for assembly of gpi glycolipids and
infectivity. Mol Microbiol. 2014;91(4):762-76.
doi:10.1111/mmi.12496.

Marliana E, Hairani R, Tjahjandarie TS, Tanjung
M. Antiplasmodial activity of flavonoids from
Macaranga tanarius leaves. IOP Conf Series: Earth
Environ Sci. 2018;144: 012011.

Talukdar S, Ghosh K. Differential inhibition of
digestive proteases by tannin in two size groups of
rohu (Labeo rohita, Hamilton): a biochemical and
zymography study. Aquac Res. 2018;50:449-56.
doi:10.1111/are.13910.

Lilburn TG, Cai H, Zhou Z, Wang Y. Protease-
associated cellular networks in malaria parasite
Plasmodium  falciparum.  BMC  Genomics.
2011;12(Suppl 5):S9. doi:10.1186/1471-2164-12-
$5-S9.

Alam A. Serine proteases of malaria parasite
Plasmodium falciparum: potential as antimalarial
drug targets. Interdiscip Perspect Infect Dis.
2014:1-7. doi:10.1155/2014/453186.

Mal ) Med Health Sci 19(SUPP3): 27-32, Feb 2023 31



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

16.

17.

18.

19.

20.

21.

22.

23.

32

Deu E. Proteases as antimalarial targets: strategies
for genetic, chemical, and therapeutic validation.
FEBS J. 2017;284(16): 2604-28. doi:10.1111/
febs.14130.

Sairafianpour M, Bahreininejad B, Witt M, Ziegler
HL, Jaroszewski JW, Staerk D. Terpenoids of Salvia
hydrangea: two new, rearranged 20-norabietanes
and the effect of oleanolic acid on erythrocyte
membranes. Planta Med. 2003;69(9):846-50.
doi:10.1055/s-2003-43212.

Wijayanti L, Yarso KY, Purwanto B, Mudigdo A,
Suwito H, Dirgahayu P, et al. The antiplasmodial
activity of chalcone derivative through the
inhibition of haemozoin formation and the
induction of stomatocytes formation. Bali Med J.
2018;8(1):365-70. doi:10.15562/bmj.v8i1.1196.
Actor J. Introductory immunology, 2nd basic
concepts for interdisciplinary applications. 2nd ed.
London: Elsevier, Academic Press; 2019.

Sylvester B, Gasarasi DB, Aboud S, Tarimo D,
Masawe S, Mpembeni R, et al. Interferon-y and
Interleukin-10 responses during clinical malaria
episodes in infants aged 0-2 years prenatally
exposed to Plasmodium falciparum: Tanzanian
birth cohort. J Trop Med. 2018;2018:6847498.
doi:10.1155/2018/6847498.

Zhang T, Zhang Y, Jiang N, Zhao X, Sang X, Yang
N, et al. Dihydroartemisinin regulates the immune
system by promotion of CD8+ T lymphocytes and
suppression of B cell responses. Sci China Life
Sci. 2020;63(5):737-49. doi:10.1007/s11427-019-
9550-4.

Brodin P, Davis MM. Human immune system
variation. Nat Rev Immunol. 2017;17(1):21-9.
doi:10.1038/nri.2016.125.

Afridi S, Azizullah. Individual immune system
responds differently. Immunol Case Reports.

24.

25.

26.

27.

28.

2017;1(1):5-10. doi:10.35841/immunology-case-
reports.1.1.5-10.

Iriemenam NC, Okafor CM, Balogun HA, Ayede
I, Omosun Y, Persson JO, et al. Cytokine profiles
and antibody responses to Plasmodium falciparum
malaria infection in individuals living in Ibadan,
southwest Nigeria. Afr Health Sci. 2009;9(2):66-
74.

Benjamin GY, Ajiboye T, Enenya RP, Dauda E,
Whong CMZ, Jatau ED. Determination of interferon
gamma associated with malaria parasitaemia
among patients attending selected hospitals in
Zaria, Kaduna State, Nigeria. Bayero ] Med Lab Sci.
2016;1(1): 8-13.

Barkat H, Abd Alla AB, Galander A, Salah T,
Elfaki T, Nasir A. Prevalence of malaria and
quantification of cytokine levels during infection in
East Nile locality, Khartoum State: a cross-sectional
study. F1000Res. 2019;8:1529. doi:10.12688/
f1000research.19217.2.

Gun SY, Claser C, Tan KS, Rinia L. Interferons
and interferon regulatory factors in malaria.
Mediators Inflamm. 2014;2014:243713.
doi:10.1155/2014/243713.

Perez-Mazliah D, Langhorne J. CD4 T-cell subsets
in malaria: TH1/TH2 revisited. Front Immunol.
2015;5:671. doi:10.3389/fimmu.2014.00671.

Mal J Med Health Sci 19(SUPP3): 27-32, Feb 2023



