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Malaria poses a grave health problem in both tropical and sub-Saharan Africa. Postulations have 

connected this disease with hypoglycaemia which adds to its morbidity and mortality. Chloroquine is 

an anti-malaria drug largely applied in sub-Saharan Africa. In this study, the combined consequence of 

Plasmodium berghei malaria infection and chloroquine treatment on blood and hepatic glucose levels 

in mice was investigated to ascertain if both act synergistically to cause hypoglycaemia during malaria 

chemotherapy. Twenty-one albino mice of four months old and of average weight of 19g (13-25 g) 

were randomized into three groups (A, B and C) of seven mice each. Group A animals (control) 

received distilled water and feed only while mice in Group B were infected with P. berghei but were 

not treated. Group C animals were infected with the parasite and were treated with chloroquine (5 

mg/kg body weight) for 5 days. Animals were sacrificed on the 6th day of the study after an overnight 

fast. Blood and hepatic glucose levels were assayed by the glucose oxidase method. Results show that 

P. berghei infection in mice reduced glucose levels in both blood (7.95 ± 0.61 mmol/L; P>0.05) and 

hepatic tissues (3.12 ± 0.37 mmol/L; p< 0.05) when compared with values (9.46 ± 1.32 mmol/L; 5.04 ± 

1.36 mmol/ L, respectively) obtained from the uninfected mice. P. berghei infected mice treated with 

chloroquine had blood and hepatic glucose levels of 5.86 ± 1.08 mmol/L and 4.59 ± 0.6l mmol/L, 

respectively. Evidence indicates that chloroquine treatment of P. berghei malaria infection in mice 

further reduced the amounts of glucose when compared with the values obtained from the infected 

group that received no treatment. If animal to man extrapolation is permissible, then chloroquine 

chemotherapy could induce hypoglycaemia. 
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INTRODUCTION 

Malaria, being a mosquito-borne infectious 

disease of humans and other animals, is caused 

by eukaryotic protist of the Plasmodium genus. 

In 2018, World Health Organization (WHO) 

estimated over 228 million cases of malaria 

with children under age five being the most 

vulnerable. Postulations from previous studies 

have associated malaria with reductions in 

glucose concentrations (Geoffrion et al., 1985; 

Sharma et al., 1992); however, hypoglycaemia 

is a common symptom in malaria as parasitized 

red blood cells utilize glucose 75 times faster 

than uninfected cells (MFl, 2000) and this is a 

tricky complication adding to the morbidity 

and mortality of malaria (Kakilaya, 2009).  

Since malaria vaccines are not yet explored or 

remain problematic, chemotherapy continues to 

be the most potent weapon in the war against this 

epidemic disease (Turschner and Efferth, 2009), 

although supportive measures can help prevent 

transmission. Malaria is treated with drugs such 

as chloroquine, quinine, mefloquine, artesunate 

and others. The World Health Organization 

(WHO)’s recommendation of the intake of 

Artemisinin Combination Therapy (ACT) has 

been hampered by the imbalance between 

demand and supply in the poor socio-

economically challenged rural population of sub-

Saharan Africa, the epicenter of malaria infection. 

Chloroquine therefore continues to be used in 

most malaria ecological zones of developing 

countries despite the development of  



 

130 

Mordi                                                                                                           Nigerian Journal of Science and Environment, Vol.18 (1) (2020) 
 

Plasmodium falciparum resistance to the drug 

(WHO, 2006). 

Several anti-malarial drugs have been 

demonstrated to affect glucose metabolism (La 

Fleur et al., 2001). It has been observed that 

quinine and quinidine cause hypoglycaemia 

during malaria therapy and mefloquinine even 

when used as a prophylactic, produced a 

similar effect (Davis, 1997). Some researches 

done on chloroquine to this effect have shown 

that chloroquine decreases blood glucose levels 

in animal models and patients without malaria 

infection (Powrie et al., 1991; Abdel-Gayoum 

et al., 1992; Gaafar et al., 2002). However, 

much literature was not found on the effect of 

chloroquine on glucose metabolism during 

malaria therapy. Studies reported that 

chloroquine lowered blood glucose levels and 

elevated hepatic glycogen in Plasmodium 

berghei infected mice (Murambiwa, 2011). 

Others indicated that chloroquine can spike up 

cellular uptake of glucose; however, the 

mechanism underlying remains equivocal 

(Zhou et al., 2016). 

In this study, the consequence of chloroquine 

on blood and hepatic glucose concentration 

was investigated to determine if both factors 

act synergistically in malaria infection to 

produce hypoglycaemia, which can increase 

mortality in malaria infection. Blood and 

hepatic glucose levels were investigated 

because an understanding of the metabolic 

cascades of multicellular organisms at global 

level requires the study of the correlation 

among metabolic profiles of tissues and 

biofluid. 
 

 

MATERIALS AND METHODS 

A total of 21 animals weighing 13-25 g were 

used for the study. These were divided into 3 

groups of seven per group. Group A animals 

were not infected with P. berqhei malaria 

parasite. Group B animals were infected with 

the parasite but were not treated, while Group 

C animals were infected with the parasite and 

were treated with standard chloroquine dose of 

5 mg/kg/day as adopted by Izunya et al. 

(2011). 
 

Inoculation Of Animals 

Parasitic inoculation was adopted from previous 

studies (Abosi and Raseroke, 2003; Ogbonna et 

al., 2008). Three to four drops of parasitized 

blood were obtained from the tail of an infected 

blood by cutting the tip and then diluted with 0.9 

ml phosphate buffer of pH 7.4. Furthermore, 

inoculation of test group mice was conducted 

intraperitoneally with 100 µl or 0.1 ml parasitized 

suspension. Parasitaemia was confirmed by 

making a thin blood film of blood collected from 

the cut-tip of the tail and then stained with 

Geimsa stain. Inoculation was performed in the 

Biochemistry Laboratory of the Nigerian Institute 

of Medical Research (NIMR), Yaba, Lagos. 

 
Experimental design  

After the confirmation of parasitaemia, the mice 

infected (parasitized) and none infected (normal) 

were divided into three groups of 7 mice per 

group and treated as follows:  
 

Group A: Normal control  

Group B: Parasitized control (P. berqhei 

treatment only)  

Group C: Parasitized mice + chloroquine (5 

mg/kg Body weight)  
 

The administration of the chloroquine was carried 

out using an automated micropipette (oral 

cannula) for a period of five days. On the sixth 

day, mice were fasted overnight, and sacrificed. 

Their blood was collected for various biochemical 

estimations. 
 

Preparation of plasma and tissues homogenate 
Each mouse was anaesthetized in chloroform 

saturated chamber, and under such condition, 

excision of the thoracic and abdominal regions 

was conducted to reveal the heart and liver. Blood 

was obtained via heart puncture by means of a 5 

ml disposable hypodermic syringe and needle and 

placed in ice-cold heparinized bottles. The liver 

was excised and a 20% homogenate in saline was 

prepared. The heparinized blood samples, liver 

homogenate was centrifuged at 1000 × g 

(Uniscope Model SM 902B Bench Centrifuge) 

for 10 min at room temperature in order to obtain 

plasma samples and tissue homogenates. They 

were collected and stored frozen until required for 

assay which was performed within 24 h. 
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Ethical consideration  

As document and stipulated by Ward and Elsea 

(1997), ethical code of conduct with respect to 

animal care and regulation was adopted. The 

code of conduct was scrutinized, monitored 

and applied under strict observation. Likewise, 

the experimental procedures as depicted in this 

study were endorsed by an ad hoc ethical 

committee in the Faculty of Basic Medical 

Sciences, Delsu before the laboratory animals 

were used.  

 

Biochemical assays  

Plasma glucose concentration was estimated by 

adopting the glucose oxidase method (Barham 

and Trinder, 1972). All reagents employed for 

this assay were already reconstituted and 

packaged in commercial kits. Glucose kit was 

supplied by Randox Laboratories, United 

Kingdom. 

 

Statistical analysis 

The data obtained were expressed as Mean ± 

SD of seven mice per group. Differences 

between control and P. berghei treatment 

groups were compared using ANOVA and 

least square difference test (Lapin, 1978). P value 

<0.05 was considered significant. 

 

 

RESULTS AND DISCUSSION 

The results obtained from the investigation into 

the changes in blood and hepatic glucose levels in 

chloroquine sensitive P. berghei mice are shown 

in Table 1. Results indicated a significant 

reduction (p < 0.05) in hepatic glucose of the 

malaria infected mice (Group B). In the 

chloroquine treated group, there was a significant 

increase in hepatic glucose level when compared 

with the malaria infected mice alone; however, 

this increase was not statistically significant 

(p>0.05) when compared with the control group. 

There was also a decrease in the blood glucose 

levels of the infected with P. berghei when 

compared with the control, but this was not 

statistically significant (p>0.05). In the 

chloroquine treated mice, blood glucose levels 

revealed a decrease which when compared with 

the control group and the malaria infected mice 

alone (Group B), was statistically significant 

(p<0.05). 

The    result  of  this  study  showed  significant 
 

 
Table 1. Hepatic and blood glucose levels in normal, P. berghei infected and chloroquine treated mice. 
 

Groups/Treatment Hepatic glucose (mmol/L/g wet tissue) Blood (Plasma) Glucose     (mmol/L) 

A (normal) 5.04± 1.36 9.46± 1.32 

B (infected not treated) 3.12±0.37* 7.95±0.61 

C (infected and treated) 4.59±0.61 5.86 ±1.08* 
 

n= 7; values are expressed as Mean ± SD. * Depicts values significantly different from the control (group A) at p<0.05. 
 

 

reduction (61.5%) in hepatic glucose in the 

malaria infected mice when compared with the 

normal mice. Similar results were observed by 

Geoffrion et al. (1985) and Sharma et al. 

(1992). A related study evaluated the liver 

gluconeogenic activity of P. berghei infected 

mice and observed that the glucose in the liver 

of the infected mice was significantly reduced 

(56%) when compared with the glucose in the 

livers of normal animals (Geoffrion et al., 

1985). Furthermore, previous studies have 

reported a significant depletion of 

carbohydrates, glycogen and glucose content in 

the liver at high parasitaemia (Sharma et al., 

1992). Other studies by MFI (2000) and Jia et 

al. (2008) also reported such depletions of 

glucose in malaria infection. 

The results obtained from this study tend to 

corroborate previous studies by depicting a 

significant decrease (p<0.05) in hepatic glucose 

upon treatment with chloroquine when compared 

with the infected mice without treatment. 

Chloroquine administration nevertheless could 

not restore hepatic glucose to normal value in 

control mice. Gaafar et al. (2002), in a study to 

determine the effect of chloroquine on glucose 

metabolism, reported an increase in glycogen 

levels. The result of this research is similar to that 

of Gaafar et al. (2002) and Murambiwa (2011) 

findings as an increase in hepatic glucose could  
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lead to its deposition in glycogen stores, 

thereby elevating hepatic glycogen levels. 

In plasma (blood), there was a marked 

depletion of glucose (p <0.05) in the 

chloroquine treated malaria infected mice when 

statistically contrasted with the control and 

untreated group (Table 1). The result observed 

from the aforementioned result tends to 

correspond with studies conducted by Powrie 

et al. (1991), Abdet - Gayoun et al. (1992), 

Gaafar et al. (2002) and Murambiwa (2011). 

Postulations from these studies, however, 

estimated that chloroquine administration to P. 

berghei infected rats resulted in the lowering of 

blood glucose levels. One explanation for the 

decrease in blood and hepatic glucose levels is 

that parasitized red blood cells utilize glucose 

(C6H12O6) more than the uninfected cells. This 

is because at the intraerythrocytic asexual 

stage, the parasite lacks a functional 

tricarboxylic acid (TCA) cycle. It therefore 

depends on the host red blood cell for energy 

supply, obtained primarily through anaerobic 

glycolysis (Lang-Unnasch and Murphy, 1998; 

Mehta et al., 2005). This increase in glucose 

levels is about 75 times higher than that in 

normal cells (MFI, 1999). The reduction in 

blood glucose level may have been caused by 

the breakdown of the glycogen stores in the 

liver and depletion in the liver glucose in a bid 

to restore blood glucose homeostatic levels, as 

the liver acts as a glucose buffer.  

When blood glucose level falls below 

normal, processes like glycogenolysis, 

gluconeogenesis, lipolysis and others are 

metabolically mobilized to normalize blood 

glucose homeostasis. This actually may be the 

reason for the insignificant decrease in blood 

glucose. Hence, the decrease in hepatic glucose 

was however significant because the liver in an 

attempt to return blood glucose to 

normoglycaemic levels may make its glucose 

available in the blood, so it would be available 

for extrahepatic cells. 

Consequently, the significant decrease in 

blood glucose levels with simultaneous 

reduction of hepatic glucose levels upon the 

administration of chloroquine might be due to 

the ability of chloroquine to increase insulin 

activity. Studies by Gaafar et al. (2002) have 

hypothesized the insulin increasing activity of 

chloroquine which has further been corroborated 

by other reports that chloroquine increases C-

peptide secretion (a by-product of insulin 

production) (Powrie et al., 1991; Pestana et al., 

2015). 

Increase in insulin secretion causes the 

mobilization of blood glucose to hepatic and 

extrahepatic cells. In the hepatic cells, the excess 

glucose may then be used either for glycogen 

synthesis or converted to acetyl-CoA which is 

used for fatty acid synthesis (Halaby et al., 2013). 

This mobilization of glucose from the blood may 

be the cause of the decrease in blood glucose and 

increase in hepatic glucose levels. Chloroquine 

may therefore further increase the hypoglycaemia 

caused by malaria by inducing the secretion of 

insulin (Halaby et al., 2013). In addition, studies 

by White et al. (1983) confirm that drug of 

quinine origin has the potentials of precipitating 

hypoglycaemia in malaria infection through this 

mechanism. These findings indicate that 

chloroquine administration in malaria therapy 

may work synergistically with malaria infection 

to further increase hypoglycaemia which 

according to kakilaya (2009) is a major cause of 

death in malaria infection. Although there are 

associated problems with chloroquine usage in 

malaria treatment (because of increase 

resistance), these findings are still relevant and 

applicable as chloroquine chemotherapy is one 

major drug currently adopted in the treatment of 

malaria in poor socio economically challenged 

rural populations of sub-Saharan Africa, the 

epicenter of malaria infection. 

Further investigation should therefore be 

undertaken to determine the rate of death among 

malaria patients treated with chloroquine so as to 

ascertain if there is a significant relationship 

between hypoglycaemia induced by chloroquine 

when used in malaria treatment and the number of 

death cases in malaria infection. 
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