
Page 1/16

The Roles of Betulinic Acid on Circulating
Concentrations of Creatine Kinase and
Immunomodulation in Mice Infected With
Chloroquine-Susceptible and Resistant Strains of
Plasmodium Berghei
Oludele John Olanlokun  (  jodel72000@yahoo.com )

University of Ibadan College of Medicine https://orcid.org/0000-0001-8882-1601
Praise Oghenegare Okoro 

University of Ibadan College of Medicine
Olufunso Olabode Olorunsogo 

University of Ibadan College of Medicine

Research Article

Keywords: Betulinic acid, Cytokines, Creatine kinase, C-reactive protein, toxicity

Posted Date: February 17th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-202769/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Journal of Parasitic Diseases on July 31st,
2021. See the published version at https://doi.org/10.1007/s12639-021-01407-9.

https://doi.org/10.21203/rs.3.rs-202769/v1
mailto:jodel72000@yahoo.com
https://orcid.org/0000-0001-8882-1601
https://doi.org/10.21203/rs.3.rs-202769/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s12639-021-01407-9


Page 2/16

Abstract
Complete malarial therapy depends largely on the immunological and in�ammatory response of the host
to the invading potentials of malarial parasite. In this study, we evaluated the roles of betulinic acid on
immunological response, anti-in�ammatory potentials and concentrations of creatine kinase in mice
infected with chloroquine susceptible (NK 65) and resistant (ANKA) strains of Plasmodium berghei.
Serum Interlukins 1β and 6 (IL-1 β, IL-6), tumour necrosis factor alpha (TNFα), immunoglobulins G and M
(IgG and IgM), C-reactive protein (CRP) and creatine kinas (CK). Furthermore, liver marker enzymes;
aspartate, alanine aminotransferases (AST and ALT, respectively) and gamma glutammyl transferase
(GGT) were determined. The results showed that betulinic acid dose dependently decreased IL-1 β, IL-6,
TNFα and CRP relative to the infected control. The IgG and IgM levels signi�cantly increased in both
models while CK decreased insigni�cantly in both models. Serum AST, ALT and GGT signi�cantly
decreased compared to the infected control. These results showed that betulinic acid has anti-
in�ammatory, immunomodulatory and mitigating effects on malarial infection in mice. Furthermore, the
down-regulatory effect of betulinic acid on CK is indicative of decrease in muscle injury which is a major
pathological concern in malarial infection and treatment.

Introduction
The pathophysiology and lethal effect of human malarial infection has been adjudged to be a
consequence of imbalance between the pro- and anti-in�ammatory cytokines in the system. Being an
infectious disease, malarial infection causes a systemic human disease with clinical and biomedical
similarities to other infectious diseases such as bacterial and viral diseases. Furthermore, common
symptoms such as loss of appetite, tiredness, aching joints and muscles, fever and sleepiness that
patients experience in systemic infection is also common to vivax and falciparum malaria. To protect the
cellular contents of the host, malarial infection elicits immune response via the secretion of cytokines by
the speci�c cells of immune system. They are signaling molecules that mediate and regulate
in�ammation. There are both pro-in�ammatory and anti-in�ammatory cytokines and some of them are
pleiotrophic in functions (Zhang and An 2007). Both in�ammatory and immunological response initiation
to malarial infection leads to malarial disease symptoms and the initial in�ammatory symptoms
alleviates infection. However, during infection, leucocytes, lymphocytes, monocytes and phagocytes are
activated to secret in�ammatory mediators that accelerate detectable parasite infection (Mavondo et al
2019).

Endogenous cytokines such as tumour necrosis factor alpha (TNFα), interlukin 1beta (IL-1β) and
interlukin 6 (IL-6) are pro-in�ammatory cytokines released as a consequential effect to the cytosolic
presence of pathogen-associated molecular patterns (PAMPs) such as glycosyl phosphatidyl inositol
(GPI) moieties that are attached to the antigens at the exterior portion of malarial parasites or may be
found free in solution. The GPI induce elevated levels of TNFα and IL-1β causing increase in body
temperature (Scho�eld, and Hackett 1993; Tachado et al 1996). Apart from the GPI, malarial pigment,
otherwise known as hemozoin also raise the levels of the pro-in�ammatory cytokines. Malarial
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in�ammatory response in the host heralds the onset of the pathophysiology of malaria, thus indicating
that malarial treatment should be directed towards parasite clearance and disease. The C-reactive protein
(CRP) is a pentameric, ring-shaped protein found in the blood plasma and its circulating concentrations
rise in response to in�ammation. It is a protein of hepatic origin that increases as a result of IL-6 secretion
by macrophages and T cells (Thompson et al 1999). Several cases of skeletal muscle necrosis as a result
of malarial infection have been reported (Mishra and Newton 2009; Marrelli and Brotto 2016). There are
biomarkers that can link injured skeletal muscles with malarial infection. Signi�cant deviation from the
normal serum levels of creatine kinase has been reported in malarial patients with severe muscle injury
(Miller et al 1989; Davis et al 2000). Creatine kinase is an enzyme protein, predominantly found in cells of
cardiac and skeletal muscles, involved in the synthesis and use of energy providing molecules. Although,
chloroquine is used in the treatment of malaria, it has been reported that its prolonged use can cause
heart blockage and progressive myopathy (Verlinden et al 2016). Malarial phytotherapy is both anti-
parasitic and anti-disease. The antiplasmodial activities of phytochemicals such as limonoid (Braga et al
2020), Asiatic acid (Mavondo et al 2016), friedelan-3-one (Noungoue et al 2009) and betulinic acid
(Egbubine et al., 2020) have been established. Although, betulinic acid, a plant triterpene has
antiplasmodial effects against both chloroquine-sensitive and resistant strains of Plasmodium species,
its effects in modulating the activities of in�ammatory cytokines, immunoglobulins, creatine kinase and
ability to alleviate the toxicity of some antimalarial drugs in different strains of malaria parasites’
infection is yet to be reported. It is in this regard, we investigated the modulatory potentials of betulinic
acid as an alternative in malarial therapy.

Materials And Methods
Preparation of betulinic acid

Betulinic acid was puri�ed from the stem bark of Alstonia boonei and its purity was established by
comparing the spectroscopic data (13C, 1H, COSY, HMBC, HSQC and DEPT) obtained with others
previously obtained from other plants and there was similarity in these data. It was thereafter kept in the
refrigerator until used.

Experimental animals and infection with parasites and treatment

Fifty male Swiss mice (18±3g) were obtained from the animal house section of Malarial Unit, Institute of
Advanced Medical Research and Training, College of Medicine, University of Ibadan. They were
acclimatized for one week, divided into two. Twenty of the �rst twenty-�ve were infected with chloroquine
sensitive (NK 65) strain of Plasmodium berghei with infected erythrocytes from a donour mouse (107

inoculum). Parasitemia was con�rmed by microscopy after 72 hours and they were divided into four
groups (n=5). Group I is the un-infected animals designated as normal control (treated with 10ml/kg
distilled water), group II which is the infected control was treated with the vehicle (10ml/kg of 5%v/v
DMSO), and group III was treated with standard drug, coartem (10mg/kg). Graded doses of betulinic acid
(12.5 and 25mg/kg) were used to treat groups IV and V. The animals were treated for 7 days and
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parasitemia was determined by microsco.py at two days interval. The research protocol for chloroquine
resistant model looked more like the susceptible one except that the animals were infected with infected
erythrocytes (ANKA) from a donor mouse, treatment lasted for 5 consecutive days, parasitemia was
assessed daily and me�oquine was used as the standard drug (Ryle and Peters, 1970).

Biochemical assays

Assay of serum IL-1β and IL-6

ELISA kits for IL-1 β and IL-6, obtained from Elabscience, USA were used to assay for serum IL-1β and IL-6
by strictly following the manufacturer’s protocol using DNM-9602A microplate reader.

Determination of tumour necrosis factor alpha and C-reactive protein

Serum levels of TNFα and CRP were determined by using ELISA assay kits from Elabscience, USA by
following the manufacturer’s protocol using a microplate reader.

Immunoglobulins (IgG and IgM) assays

Assays of relevant immunoglobulins (IgG and IgM) to malarial study were carried out using mouse
immune-turbidimetric assay kits (Fortress Diagnostics, Antrim, UK) by following the manufacturer’s assay
protocols.

Creatine kinase activity

Extent of tissue injury in malarial infection and modulatory effect of betulinic acid was assessed via the
determination of creatine kinase activity. This was done using ELISA assay kit (Elabscience, USA).

Serum AST, ALT and GGT assay

Serum aspartate and alanine aminotransferases (AST and ALT, respectively) level were determined by
using ELISA assay kits (from MTD diagnostics, Italy), and gamma glutamyl transferase (GGT) levels were
determined by using ELISA assay kits (Fortress diagnostics, UK) strictly following the manufacturer’s
protocol.

Statistical analysis

Data were analyzed using descriptive statistics on duplicates (mean ± standard deviation). They were
further analyzed by comparing the normal control data with test groups using one-way analysis of
variance. Graphpad prism (7.0 version) was used and Dunettes comparison method was used to
compare means among columns.

Results
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Betulinic acid modulates IL-1βand IL-6 in both models of
malarial infection
The in�uence of betulinic acid on serum IL-1β and IL-6 in mice infected with chloroquine susceptible and
resistant strains of Plasmodium berghei are presented in Fig. 1. We used different models of parasite
strain since there is variation in the potency of drugs based on the parasite strain and to see if this would
bring about variation in interlukin levels in response to betulinic acid intervention. Our results show that
there was a signi�cant (P < 0.0001) increase in IL-1 β levels in the infected controls of both models
(Fig. 1a) compared to the normal control. Although, IL-1β levels in betulinic acid treated mice in both
models signi�cantly increased compared with the normal control including the standard drug (coartem)
in the susceptible model, 12.5mg/kg treatment in the susceptible model signi�cantly decreased IL-1β
levels to a level that is not statistically signi�cant from the normal control (Fig. 1b).

It is interesting to note also that, contrary to a decrease in the level of IL-1β observed in both susceptible
and resistant models, betulinic acid dose-dependently increased IL-6 levels in both models although such
increase is not comparable with the normal control. We however, noticed that indeed, administration of
betulinic acid caused an increase in the level of IL-6 in mice treated with betulinic acid (25mg/kg)
signi�cantly (P < 0.001) higher than the infected control (Fig. 1d) while there was no such signi�cant
difference in the resistant model (Fig. 1c).

Betulinic acid decreases TNFα and CRP inPlasmodium bergheimodels of malaria

The effect of betulinic acid administration on TNFα and CRP levels in Plasmodium berghei-infected mice
is presented in Fig. 2. Malarial infection signi�cantly (P < 0.0001) increased TNFα levels in both models
as observed in the sera of the mice in the infected control group compared with the normal control
(Figs. 2a and 2b). It is however interesting to note that treatment with betulinic acid �attens the curve by
signi�cantly decreasing the levels of TNFα in both models. Furthermore, when compared with the
standard drug, betulinic acid (12.5mg/kg) signi�cantly (P < 0.05) decreased TNFα when compared with
me�oquine (Fig. 2a). Similar result is obtained in the susceptible model in which betulinic acid
(12.5mg/kg) signi�cantly (P < 0.05) decreased the level of TNFα compared with the standard drug,
coartem (Fig. 2b). Serum CRP level in the infected mice that were not treated signi�cantly increased in the
resistant (P < 0.05) and susceptible (P < 0.01) models (Figs. 2c and 2d, respectively). In both models, CRP
levels in infected animals that were treated with betulinic acid did not vary signi�cantly when compared
with the normal control. Although, CRP levels in the mice treated with graded doses of betulinic acid did
not vary signi�cantly when compared with the drug control in the resistant model (Fig. 2c), there was a
signi�cant (P < 0.01) increase in serum CRP level of mice treated with betulinic acid (12.5mg/kg)
compared with the drug (coartem) control while the 25mg/kg dose did not have any signi�cant increase
when compared with the drug control (Fig. 2d).

Betulinic acid stimulates immune response via IgG and IgM upregulation
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Given that stimulation of the immune response is a critical factor in malarial parasite clearance from the
host cells and as an underlying clinical immunity to malaria, we determined the serum total IgG and IgM
levels in mice infected with malarial parasites (susceptible and resistant) but treated with betulinic acid.
Our results show that malarial infection signi�cantly (P < 0.001 and P < 0.01) lowers serum levels of IgG
in both models, respectively. However, betulinic acid signi�cantly increased IgG level in the resistant (P < 
0.01) and the susceptible (P < 0.05) models (Figs. 3a and 3b). In this study, we did not observe a
signi�cant difference between the IgM levels in the normal mice that was not infected with malarial
parasite and the infected control. Furthermore, betulinic acid increased (P < 0.05) IgM level in the
susceptible model (Fig. 3c) while there was no signi�cant change (P > 0.05) in the serum level of IgM in
the resistant model (Fig. 3d). It is interesting to note also that while IgG level of the infected control
decreased signi�cantly in both models (Figs. 3a and 3b), we observed an increase in IgM antibody level
of the infected control in both models of malarial infection (Figs. 3c and 3d).

Betulinic acid decreases creatine kinase activity and some marker enzymes

We determined the activities of creatine kinase (CK), gamma glutamyl transferase (GGT), aspartate and
alanine amino transferases (AST and ALT, respectively) to determine the extent of the effects of malarial
infection on skeletal or cardiac muscle damage and toxicity of the administered dose on liver tissue. Our
results show that although, there is no signi�cant difference between CK levels in the normal and infected
controls, betulinic acid (12.5mg/kg) signi�cantly (P < 0.05) decreased CK level in infected mice treated
with betulinic acid in the resistant model (Fig. 4a). Although insigni�cantly (P > 0.05), betulinic acid
decreased CK level in the susceptible model (Fig. 4b). Liver damage was observed sequel to signi�cant
increase in AST (Figs. 4c and 4d), ALT (Figs. 4e and 4f) and GGT (Figs. 4g and 4h) observed in both
models. Signi�cantly too, betulinic acid decreased the activities of these enzymes.

Discussion
Plasmodium malaria, both susceptible and resistant types, have been discovered to be accompanied by
in�ammation (Clark et al 2006). This disease has been treated with some drugs and promising
phytochemicals such as friedelan-3-one and betulinic acid have been used for the treatment of this
deadly infectious disease. Cytokines such as tumour necrosis factor alpha (TNFα) and interlukins are
essential mechanisms for systemic disease of which malaria is paramount (Clark et al 2006). Although,
regulated release of these mediators have been linked with protective effects and inhibition of parasite
growth, extensive release of in�ammatory cytokines has been linked with pathological conditions in
systemic diseases including malarial infection. It is in this regard that we investigated the regulatory role
of betulinic acid on in�ammatory cytokines and the possible link of its administration to
immunomodulatory potentials in malarial treatment using mouse models.

Interlukins (IL-1β and IL-6 in this study) belong to the pro-in�ammatory cytokines that are involved in the
process of pathological pain. IL-1β are released by the monocytes and macrophages during infection and
in�ammation (Zhang and An, 2007). Interlukin 1 β has been observed to increase during blood stage
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infection of malarial parasites and correlates with disease severity but are expected to decrease after a
successful intervention (. Lyke et al 2004). Therefore, a signi�cant decrease in the levels of IL-1β after
intervention with betulinic acid indicated a positive response to betulinic acid consequently leading to a
decrease in GPI level, a signi�cant inducer of pro-in�ammatory cytokines.

In this study, Betulinic acid administration increased interlukin 6 levels. Interlukin 6 is a multipurpose
interlukin that serves both as pro-in�ammatory and also as an anti-in�ammatory myokine. As a
pleiotropic cytokine, it plays a central role in host defense because of its immune and hematopoietic
properties. Furthermore, evidence from human and animal studies showed that IL-6 contributes to host
defense through the stimulation of acute phase responses, hematopoiesis and immune reactions
(Tanaka et al 2014). Furthermore, an increase in the expression and administration of IL-6 is linked with
an increase in circulating platelet count (. Kaser et al, 2001), an important factor needed in malarial
treatment because thrombocytopenia occurs in malaria-infected patients (Kotepui et al 2014).

Cytokines such as interlukins and tumor necrosis factor alpha (TNFα) perform mechanistic roles in
systemic diseases caused by infectious organisms. Previous studies have shown that TNFα acts as
homeostatic agent that its excessive production can cause disease condition. In this study, betulinic acid
signi�cantly decreased the production of TNFα relative to control. Malarial product such as
glycosylphosphatidyl inositol is known to induce TNFα production which at lower concentration inhibits
malarial parasite growth but at higher concentrations induce in�ammation (Clark 1987). In this study,
betulinic acid signi�cantly reduced the TNFα levels to the minimum concentration which can be
bene�cial to the host. High levels of TNFα is an indication that an individual is susceptible to cerebral
malaria (McGuire et al 1994).

The C-reactive protein (CRP) is an important marker of the severity of malarial infection. Previous studies
have shown that serum CRP levels is directly proportional to parasite load and complications in malaria
and it is a useful marker of malarial severity and in�ammation (Hurt et al 1994; Paul et al 2004).
Interestingly, betulinic acid administration signi�cantly decreased the level of CRP in both models of
malarial infection using mouse models.

Plasmodium parasites impairs the immune system of the host, preventing them from eliciting immune
response during infection and this may explain why malarial patients are often susceptible to other
infections and fail to respond to several vaccine treatments. Protection against malaria is caused by an
increase in serum immunoglobulin G (IgG) levels as a form of acquired immunity (Doolan et al 2009).
Similarly, serum IgM levels signi�cantly increased in the resistant model while there was also an
insigni�cant increase in the susceptible model when mouse malaria was treated with betulinic acid.
Previous study has shown that maintenance of IgM response to malaria may have an important role in
immunity both for the primary infection and subsequent infections (Boyle et al 2019). We conclude
therefore, that IgG and IgM responses are important contributors to naturally-acquired immunity against
malaria.
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There is evidence of critical skeletal muscle damage in malarial infection (Davies et al 1999). During this
period, serum enzymes such as lactate dehydrogenase, aspartate aminotransferase, alanine
aminotransferase and creatine kinase levels are signi�cantly increased. These changes in the levels of
these enzymes depend on the severity of the muscle disease and the applied therapy. Circulating creatine
kinase increases in severe malaria and it is an important factor in fatal falciparum malaria (Ehrhardt et al
2004). Moreover, some antimalarial drugs have been discovered to have deleterious effects on cardiac
and skeletal muscle. Chloroquine (Ikezoe et al 2009), quinine (Silamut et al 1995) and artesunate (Tan et
al 2014) caused cardiomyopathy, ventricular �brillation and proliferation of airway smooth muscle cells
in humans, respectively. Apart from multidrug resistance and monotherapy ine�ciencies, these are
potential reasons for the rejection of these drugs as antimalarials. Interestingly, betulinic acid caused
signi�cant decrease in total creatine kinase, a critical index in muscle damage caused by malarial
infection.

Malarial infection is associated with signi�cant increase in the serum levels of aspartate and alanine
aminotransferases (Al-Salahy et al 2016), showing that malarial infection at the pre-erythrocytic stage
causes liver injury. In this study, serum levels of these enzymes increased in both models. Although,
artemether-lumefantrine is a drug of choice for clinical cure of multidrug malarial infection, it causes
signi�cant liver enzyme abnormalities in aspartate and alanine aminotransferases, though asymptomatic
(Pinto et al 2017). Treatment of susceptible and resistant malaria with betulinic acid in mouse model
signi�cantly decreased the serum levels of these aminotransferases. Gamma glutamyl transferase (GGT)
is a liver membranous enzyme as alkaline phosphatase is (Jarikre et al 2001). The positive correlation
between malarial infection and serum increase in GGT level was mitigated signi�cantly by betulinic acid
in both models.

In summary, this study has shown that in addition to its antimalarial properties, betulinic acid possesses
immunomodulatory and anti-in�ammatory potentials needed in the treatment of such infectious disease
by lowering the levels of the pro-in�ammatory cytokines. Furthermore, responses in IgG and IgM levels
are important factors in naturally acquired immunity to malaria and the doses administered in this study
does not have toxic effects but rather reduced the serum levels of AST, ALT and GGT which are indicators
of liver toxicity.

Abbreviations
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Page 9/16

IgM: Immunoglobulin M

ALT: Alanine aminotransferase

AST: Aspartate aminotransferase
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Figure 1

Comparative in�uence of betulinic acid on the levels of interlukin 1β (‘a’ for resistant and ‘b’ for
susceptible) and interlukin 6 (‘c’ for resistant and ‘d’ for susceptible) in the serum of mice infected with
chloroquine susceptible and resistant strains of Plasmodium berghei. *=P<0.05; **=P<0.01; ***=P<0.001;
****=P<0.0001 treated groups vs normal control. In 1d, the infected control (negative) was compared with
other groups and 25mg/kg dose of betulinic acid signi�cantly (P<0.001) increased IL-6.
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Figure 2

The in�uence of betulinic acid treatment of malaria on tumour necrosis factor in mice infected with
chloroquine susceptible (2a) and resistant (2b) strains of P. berghei and also the effects of such
treatment on C-reactive protein in chloroquine susceptible (2c) and resistant models. *=P<0.05;
**=P<0.01; ****=P<0.0001.
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Figure 3

In�uence of malarial treatment with betulinic acid on serum immunoglobulins G (3a and 3b) and
immunoglobulin M (3c and 3d) in susceptible and resistant models of malarial infection. *=P<0.05;
**=P<0.01; ***=P<0.001 treated groups vs normal control.
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Figure 4

The protective in�uence of betulinic acid against skeletal and cardiac muscle damage via the
assessment of creatine kinase (4a and 4b) and the toxicity assessment of betulinic acid on liver tissue
using aspartate (4c and 4d), alanine aminotransferases (4e and 4f) (AST and ALT) and gamma glutamyl
transferase (GGT) (4g and 4h) in chloroquine susceptible and resistant models of malarial infection.
*=P<0.05; **=P<0.01; ***=P<0.001; ****=P<0.0001 normal control vs treated control.
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