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ABSTRACT

Objective: To investigate the alteration of biochemical parameters during Plasmodium berghei
ANKA (P. berghei ANKA) infection in mice.

Methods: Male BALB/c mice were intraperitoneally inoculated with 1 x 107 parasitized
erythrocytes of P. berghei ANKA. Parasitemia was daily monitored by microscopy of Giemsa
stained thin blood smear. Additionally, packed cell volume (PCV) and biochemical parameters
including glucose, blood urea nitrogen (BUN), creatinine, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline phosphatase (ALP), albumin, and bilirubin levels
were also measured using Cobas 111 automate analyzer.

Results: Parasitemia was increased during P. berghei ANKA infection until the infected
mice died within 2 weeks, and early and late infections were separated by Days 4 and 10,
respectively. At early infection, it was found that hemolysis occurred as indicated by markedly
decreased PCV. Hypoglycemia and acute kidney injury were also developed at the early
infection as indicated by decrease in blood glucose and increase in BUN and creatinine levels.
Moreover, the loss of liver function was observed at the late infection as indicated by markedly
increased enzyme activities of AST, ALT, and ALP, and decreased albumin level. Additionally,
bilirubin level was also increased.

Conclusions: The finding reveals the pathological condition during P. berghei ANKA infection
in mice. The hemolysis and acute kidney injury were developed at the early infection, and loss
of liver function then occurred at the late infection. Hence, the prevention of these pathological
conditions during malaria infection is urgently needed.

1. Introduction

Malaria is a parasitic disease caused by protozoa parasite

and pregnant women[1]. During malaria infection, the increase
in production of reactive oxygen species has been observed
in the experiments and patients with falciparum malarial2,3].

Malaria-associated biochemical parameter alteration and organ

of genus Plasmodium and transmitted by the bite of female
Anopheles mosquito. Malaria still remains a serious infectious
disease in tropical and sub-tropical areas such as Africa, South
and Central America, and Asia with estimates of 500 million cases

annually, especially with children younger than 5 years of age
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dysfunction, one of the major life-threatening causes of death,
occurs in 5%-10% of hospitalized patients[4]. The malaria-
associated hypoglycemia, acute kidney injury, and loss of liver
function followed by death are indicated by critical alteration
of biochemical parameters including blood glucose, blood urea
nitrogen (BUN), creatinine, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline phosphatase (ALP),
albumin, and bilirubin, respectively. Therefore, this study aimed to
investigate how Plasmodium berghei ANKA (P. berghei ANKA)
infection affects or modifies biochemical markers leading to organ

damage and death.
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2. Materials and methods
2.1. Experimental mice

Pathogen-free male BALB/c mice aged 68 weeks old weighting
20-25 g used in this study were obtained from the National
Laboratory Animal Center (NLAC), Mahidol University, Bangkok,
Thailand. They were kept in the mouse room with temperature
control between 22-25 °C, and 12 h light/12 h dark cycle. The
standard pelleted diet (CP082, Perfect Companion Company,
Bangkok, Thailand) and clean drinking water were provided ad
libitum. All the experiments involving mice were conducted in
accordance to the International Animal Ethics Committee NIH
Guidelines and approved by the Animal Ethical Committee,
Western University, Thailand (WTU-AE-4328).

2.2. Rodent malaria parasite

Chloroquine-sensitive strain of P. berghei ANKA used in this
study was obtained from Malaria Research and Reference Reagent
Resource Center. The frozen stock of the parasite was inoculated
intraperitoneally to naive BALB/c mice. Parasitemia was
determined by microscopy of Giemsa stained thin blood smear. P.
berghei ANKA was maintained by mechanical serial passage of
1 x 107 parasitized erythrocytes on a weekly basis. Percentage of
parasitemia was calculated using the formula below:

. Number of parasitized erythrocytes
% Parasitemia = P Y 4 x

100
Number of total erythrocytes

2.3. Measurement of packed cell volume (PCV)

PCV was measured by collecting tail blood of each mouse in
heparinized capillary tubes. The tail blood was filled up to three
fourths of the tube whose one end was sealed with crystal seal
properly. Centrifugation was subsequently performed at 5000 r/
min for 5 min. PCV was then calculated using the formula below:

Volume of packed erythrocytes
9% PCV = x 100
Total blood volume
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2.4. Measurement of biochemical parameters

Blood samples were collected by cardiac puncture into
heparinized vacuum tubes. Centrifugation was done at 5000 r/
min for 15 min, and plasma was then collected into new sterile test
tube. The biochemical parameters including glucose, blood urea
nitrogen (BUN), creatinine, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline phosphatase (ALP),
albumin, and bilirubin were measured by Cobas C111 automate

analyzer (Roach Diagnostics Limited, Switzerland).

2.5. Statistical analysis

The results were expressed as mean + SEM. Significance was
considered at 95% confidence, P < 0.05 using One-way ANOVA
with post-hoc Tukey test. All statistical analyses were done by
GraphPad Prism software (GraphPad Prism Software, Inc., US).

3. Results

3.1. Propagation of P. berghei ANKA infection in mice

As showed in Figure 1A, parasitemia was increased from Day 1
post infection until Day 14 (65%). This marked increase was firstly
observed on Day 4 with a parasitemia of 15%. While % parasitemia
was increasing in mice, increase in hemolysis was observed as
indicated by decrease in PCV (Figure 1B). Additionally, P. berghei
ANKA infected mice died on Day 14 post infection (Figure 1C).

3.2. P. berghei ANKA-associated hypoglycemia and acute

kidney injury development in mice

P. berghei ANKA infection significantly (P < 0.05) decreased
levels of blood glucose on Day 4 post infection (Figure 2A).
Moreover, it was observed that BUN levels were significantly
(P < 0.05) increased on Day 6 post infection (Figure 2B),
while increased levels of creatinine were observed and reached

significances (P < 0.05) on Day 8 post infection (Figure 2C).
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Figure 1. Propagation of P. berghei ANKA infection in mice.
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A: Parasitemia; B: PCV levels; C: Cumulative survival. Results were expressed as mean + SEM. " P<0.05 " P< 0.01, and P <0.001 compared to

Day 0 post infection.
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Figure 2. P. berghei ANKA-associated hypoglycemia and acute kidney injury in mice.

A: Blood glucose; B: BUN; C: Creatinine levels. Results were expressed as mean + SEM. " P< 0.05, " P< 0.01, and

post infection.
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Figure 3. P. berghei ANKA-associated loss of liver function in mice.

Day post infection

A: AST; B: ALT; C: ALP; D: Albumin; E: Bilirubin levels. Results were expressed as mean + SEM. . P<0.05, " P<0.01, and P < 0.001 compared

to Day O post infection.

3.3. P. berghei ANKA-associated loss of liver function in

mice

Liver enzyme activities of AST, ALT, and ALP showed a
progressive increase in response to the presence of parasite, which
reached significance (P < 0.05) on Day 8 post infection (Figure
3A-C, respectively). Decreased albumin levels were observed
with significant values (P < 0.01) on Day 10 post infection (Figure
3D). Additionally, it was observed that levels of bilirubin were
significantly (P < 0.05) increased at Day 10 post infection (Figure
3E).

4. Discussion

The present study has provided evidence that describes
alteration in the biochemical parameters related to pathology of
hypoglycemia, acute kidney injury, and loss of liver function in

P. berghei ANKA infection in mouse model. These pathological

conditions during malaria infection have been notified by
clinical reports, and they have been important life-threatening
complication of malaria infection[5]. The difficulties in access
to medical services or delay in diagnosis are implicated in the
severity of disease. While in blood stage propagation of P.
berghei ANKA, PCV was markedly decreased due to hemolysis
of erythrocytes and insufficient mature erythrocyte production[6].
In addition, oxidative stress has been found to develop in both
parasitized and non-parasitized erythrocytes during P. berghei
ANKA infection resulting in the decrease of survival time of the
erythrocytes(7]. Furthermore, malaria infection has been found to
correlate with the incidence of erythrocyte destruction[8].

The onset of hypoglycemia in P. berghei ANKA infected mice
came out from Day 4 post infection as confirmed by decreased
blood glucose. It could be due to the fact that during malaria
infection in erythrocytic stage, glucose was rapidly taken up across
the parasite membrane through a facilitated hexose transporter[9].

This was accompanied with an approximately 100-fold increase in
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glucose utilization when compared with normal erythrocytes, thus
causing hypoglycemia if untreated[10].

The incidence of acute kidney injury was confirmed by increased
BUN and creatinine levels in P. berghei ANKA infected mice.
Additionally, significant increases in liver enzyme activities such
as AST, ALT, and ALP, and markedly decreased albumin levels
as well as increased bilirubin levels were also observed during
malaria infection. Malaria-associated organ damages including
acute kidney injury and loss of liver function with the involvement
of parasitized erythrocyte adherence, proinflammatory
response and oxidative stress have been hypothesized[11-13].
The consumption of hemoglobin by malaria parasites and the
erythrocyte destruction give rise to toxic free heme that has
the ability to induce oxidative stress during P. berghei ANKA
infection[14]. In addition, the oxidative stress has been implicated
in lipoprotein oxidation and serious damage in different organs
such as kidney and liver through the generation of reactive oxygen
and nitrogen species[15]. Hence, these conditions derived by P.
berghei ANKA infection result in acute kidney injury and loss of
liver function[11,16,17].

The results obtained in the present study demonstrated that
parasite propagation, hemolysis, hypoglycemia, acute kidney
injury, and loss of live function during P. berghei ANKA infection
in mice were observed. They are important life-threatening
complications of malaria infection. Therefore, strategies for
protection and treatment of these complications induced by

malaria are urgently needed.

Conflict of interest statement

We declare that we have no conflict of interest.

Acknowledgments

The authors wish to acknowledge Dr. Chairat Uthaipibull from
National Center for Genetic Engineering and Biotechnology
(BIOTEC), National Science and Technology Development
Agency (NSTDA) and Assoc. Prof. Dr. Somdet Srichairatanakool
from Department of Biochemistry, Faculty of Medicine, Chiang
Mai University for their excellent discussion about the malaria
parasite. The authors are grateful to Miss Preeyanuch Borkaew
and Mr. Chokdee Klubsri for their technical assistances. This
study was supported by Research and Academic Science Service
Department, Western University (Grant No. WTU-2016-068).

References

[1] White NJ, Pukrittayakamee S, Hien TT, Faiz MA, Mokuolu OA,
Dondorp AM. Malaria. Lancet 2014; 383: 723-35.

Sukanya Pattarapo et al./Journal of Coastal Life Medicine 2017; 5(10): 447-450

[2] Kavishe RA, Koenderink JB, Alifrangis M. Oxidative stress in
malaria and artemisinin combination therapy: pros and cons. FEBS J
2017; 284: 2579-91.

[3] Kumar Mishra S, Singh P, Rath SK. Protective effect of quercetin
on chloroquine-induced oxidative stress and hepatotoxicity in mice.
Malar Res Treatr 2013; 2013: 141734.

[4] Mehndiratta S, Rajeshwari K, Dubey AP. Multiple-organ dysfunction
in a case of Plasmodium vivax malaria. J Vector Borne Dis 2013; 50:
71-3.

[5] White NJ. Malaria parasite clearance. Malar J 2017; 16: 88.

[6] Perkins DJ, Were T, Davenport GC, Kempaiah P, Hittner JB,
Ong’echa JM. Severe malarial anemia: innate immunity and
pathogenesis. Int J Biol Sci 2011; 7: 1427-42.

[71 Audomkasok S, Singpha W, Chachiyo S, Somsak V. Antihemolytic
activities of green tea, safflower, and mulberry extracts during
Plasmodium berghei infection in mice. J Pathog 2014; 2014: 203154.

[8] Lang E, Lang F. Triggers, inhibitors, mechanisms, and significance of
eryptosis: the suicidal erythrocyte death. Biomed Res Int 2015; 2015:
513518.

[9] Kraft TE, Armstrong C, Heitmeier MR, Odom AR, Hruz PW. The
glucose transporter PfHT1 is an antimalarial target of the HIV
protease inhibitor lopinavir. Antimicrob Agents Chemother 2015; 59:
6203-9.

[10] Meireles P, Sales-Dias J, Andrade CM, Mello-Vieira J, Mancio-Silva
L, Simas JP, et al. GLUT1-mediated glucose uptake plays a crucial
role during Plasmodium hepatic infection. Cell Microbiol 2017,
19(2): el12646.

[11] Silva GBD Junior, Pinto JR, Barros EJG, Farias GMN, Daher EF.
Kidney involvement in malaria: an update. Rev Inst Med Trop Sao
Paulo 2017; 59: e53.

[12] Burdmann EA, Jha V. Acute kidney injury due to tropical infectious
diseases and animal venoms: a tale of 2 continents. Kidney Int 2017,
91: 1033-46.

[13] Wichapoon B, Punsawad C, Viriyavejakul P. Expression of cleaved
caspase-3 in renal tubular cells in Plasmodium falciparum malaria
patients. Nephrology 2017; 22: 79-84.

[14] Kumar S, Bandyopadhyay U. Free heme toxicity and its detoxification
systems in human. Toxicol Lett 2005; 157: 175-88.

[15] Visser BJ, de Vries SG, Vingerling R, Gritter M, Kroon D, Aguilar
LC, et al. Serum lipids and lipoproteins during uncomplicated
malaria: a cohort study in Lambarene, Gabon. Am J Trop Med Hyg
2017; 96: 1205-14.

[16] Okokon JE, Simeon JO, Umoh EE. Hepatoprotective activity of the
extract of Homalium letestui stem against paracetamol-induced liver
injury. Avicenna J Phytomed 2017; 7: 27-36.

[17] Abdullah, Khan MA, Ahmad W, Ahmad M, Nisar M. Hepatoprotective
effect of the solvent extracts of Viola canescens Wall. ex. Roxb.
against CCl, induced toxicity through antioxidant and membrane

stabilizing activity. BMC Complement Altern Med 2017; 17: 10.



