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Abstract 

Malarial associated hemolysis and liver and renal injuries are associated with mortality in adult 
patients with the severe form of this disease. Hence, we aimed to investigate the effects of black tea 
extract on hemolysis and liver and renal injuries induced by Plasmodium berghei ANKA infected ICR 
mice. Aqueous crude extract of black tea was prepared using the hot water method. For efficacy test in 
vivo, a standard 4-day test was carried out. Groups of ICR mice (5 mice of each) were inoculated 
intraperitoneally with 107 infected red blood cells of P. berghei ANKA. They were then treated orally by 
gavage with 100, 500, and 1,000 mg/kg of extract for 4 consecutive days. Parasitemia, hematocrit, alanine 
aminotransferase (ALT), and creatinine levels were measured. The results showed that black tea extract 
exerted dose-dependent anti-hemolysis and protection from liver and renal injuries induced by malaria, 
especially at doses of 500 and 1,000 mg/kg. However, 100 mg/kg of this extract did not show any effect. 
Additionally, there were no any toxicity in hemolysis or liver or renal injuries in normal mice treated with 
the highest dose of black tea extract. It can be concluded that aqueous crude extract of black tea presented 
anti-hemolytic, hepatoprotective, and nephroprotective activities against P. berghei ANKA infected mice. 
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Introduction 

Malaria caused by the Plasmodium malaria parasite is a major public health problem in tropical and 
subtropical areas, with estimates of more than 70 - 80 million cases annually. Moreover, approximately 
800 thousand people die from the severe form of malaria [1]. The causes of death from malaria include 
cerebral malaria, severe anemia, acute hemolysis, hypoglycemia, multiple organ failure, and metabolic 
acidosis [2]. In particularly, hemolysis and liver and renal injuries induced by malaria have been 
described. The pathogenesis of malarial associated acute hemolysis has been suggested to involve 
cytoadherence of infected red blood cells (RBC) and inflammatory responses, as well as oxidative stress 
through generation of reactive oxygen intermediates by host cells [3-5]. Moreover, parasite invasion and 
subsequent RBC rupture also contributes to pathogenesis of hemolysis [4]. In addition, liver and renal 
injuries induced by malaria are multifactorial and not well characterized; however, it is hypothesized that 
involvement of oxidative stress during malaria infection damages the vital organs especially the liver and 
kidneys [5,6]. For screening of liver and renal injuries, increased enzyme alanine aminotransferase (ALT) 
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and creatinine in plasma can be used as critical markers, respectively. This has prompted research towards 
the discovery and development of compounds to protect or reduce liver and renal injuries during malarial 
infection. In this respect, plant resources are potential targets for the research and development of 
alternative malarial drugs as supplements or when used in combination with standard antimalarials. 

The effective antimalarial properties of the 2 plant-based drugs, quinine and artemisinin, has 
generated much interest in exploring other plant resources for their possible antimalarial efficacy. Black 
tea (Camellia sinensis) is a widely consumed beverage throughout the world. It has attracted large  
amounts of attention recently, both in the scientific community and in public opinion, for its pronounced 
health benefits towards a variety of disorders, from cancer to weight loss [7]. It has been suggested that 
the activities of black tea polyphenol are mostly caused by their powerful scavenging and antioxidant 
activity. Antioxidant tea components are reported to have beneficial protective effects against cancers and 
pathogenic microorganisms. It has been reported that black tea in both crude and pure substance extracts 
have many properties that protect and reduce hemolysis and vital organ damage induced by oxidative 
stress [8-10]. According to this, the main focus of this study was to evaluate the efficacy of black tea 
extract on the protection of hemolysis and liver and renal injuries during malaria infection using a 
Plasmodium berghei infected mouse model. 
 
Materials and methods 

Plant material and preparation of crude extract 
Commercial tea (Camellia sinensis), Lipton Yellow Label Black Tea, purchased from a local 

market, was used in this study. The hot water method was carried out as previously described for crude 
extract preparation [11]. Dried powdered black tea was extracted in distilled water (10 g%) using a 
microwave at 360 W for 5 min, allowed to cool down at room temperature, and filtered through Whatman 
no. 1 filter paper. The filtrate was subsequently dried using lyophilization to obtain aqueous crude extract 
of black tea, and stored at 4 °C. 

 
Experimental mice 
Female ICR mice used in this study were purchased from the National Laboratory Animal Center, 

Mahidol University, Bangkok, Thailand. The mice were maintained in an animal room with a temperature 
of between 22 - 25 °C on a 12-h day/12-h night cycle. They were given standard diet pellets (CP082) and 
clean water ad libitum. All animal experiments were ratified by the Animal Ethic Committee, Western 
University, Kanchanaburi, Thailand (WTU-AE 2558-00068). 
 

Rodent malaria parasite 
A drug sensitive strain of Plasmodium berghei ANKA (PbANKA), kindly provided by Dr. Chairat 

Uthaipibull from the National Center for Genetic Engineering and Biotechnology (BIOTEC), National 
Science and Technology Development Agency (NSTDA), was used in this study. The parasite was 
mechanically maintained in naïve ICR mice by an intraperitoneal injection of 1×107 PbANKA infected 
red blood cells (iRBC), and parasite growth (% parasitemia) was monitored daily by microscopic 
examination of Giemsa stained thin blood smears. 
 

Measurement of hematocrit 
Tail blood was collected into a heparinized microhematocrit tube and subsequently centrifuged at 

10,000 rpm for 10 min. The percentage of packed cell volume (%Hematocrit; %Hct) was calculated using 
the volume of packed erythrocytes divided by the total volume of the blood sample. 

 
Measurements of ALT and creatinine 
Mouse blood was collected from the tail vein into a heparinized hematocrit tube. Centrifugation was 

performed at 10,000 rpm for 10 min, and plasma was then collected into a 1.5 ml microcentrifuge tube. 
AST, ALT, BUN, and creatinine were measured using a commercial kits (BioSystems S.A., Costa Brava 
30, Barcelona, Spain), according to the manufacturer’s instruction. 
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Standard antimalarial drug 
Pyrimethamine (PYR) was used as a control for the efficacy test in vivo. The drug was freshly 

prepared in dimethyl sulfoxide (DMSO) at a dose based on ED90 (1 mg/kg) against PbANKA infected 
mice. The drug was stored at 4 °C. 
 

Efficacy test in vivo 
A standard Peter’s test was carried out to evaluate the efficacy of black tea extract in vivo [12]. 

Groups of ICR mice (5 mice of each) were intraperitoneally inoculated with 1×107 iRBC of PbANKA. 
Two hours after infection, they were given the black tea extract (100, 500, and 1,000 mg/kg) orally by 
gavage, and treatment was performed every 24 h for 4 consecutive days (day 0 - 3). Control groups were 
also used, including normal mice treated with or without the extract, untreated, and PYR treated mice. 
Moreover, combination treatment between PYR and the extract was also investigated. On day 4 of the 
experiment, all biological markers were measured. 
 

Statistics 
Statistical analysis was carried out using GraphPad Prism Software. The one-way ANOVA was 

used to analyze and compare the results at a 95 % confidence level. Values of p < 0.05 were considered 
significant. All results were expressed as mean ± standard error of mean (SEM). 
 
Results and discussion 

Malarial associated hemolysis and liver and renal injuries induced by Plasmodium berghei 
infection in mice 

Parasitemia was first detectable on day 1 post-infection, with a parasitemia of 0.5 - 1.5 %, and 
reached 65 % on day 10 (Figure 1A). Next, we observed that %Hct was markedly decreased in infected 
mice, and the onset of hemolysis came on day 4 post-infection (Figure 1A). Anemia and hemolysis are 
frequently associated with malaria and the usual causes are the destruction of RBC and iRBC, splenic 
sequestration, dyserythropoiesis, increase in inflammatory cytokines, and nutritional deficiency [13-16]. 
Moreover, increase of oxidative stress and metabolic acidosis have also been reported as causes of 
hemolysis in malaria [17-19]. Additionally, marked increases of ALT and creatinine levels in infected 
mice were also found, especially on day 4 to 10 (Figure 1B). Hence, liver and renal injuries were 
developed during malaria infection in the blood stage, as indicated by increases of ALT and creatinine 
levels. The pathogenesis suggested that malarial associated liver and renal injuries were a consequence of 
parasite adhesion and exacerbated immune response against oxidative stress products during infection. 
Therefore, proinflammatory molecules and products of oxidative stress have a central role in the 
development of the pathogenesis of malarial associated liver and renal injuries [20-23]. The extent of 
reactive oxygen species-induced oxidative damage can be exacerbated by decreased efficiency of 
antioxidant and cytoprotective defense mechanisms. Moreover, modifications in the permeability of the 
renal vascular endothelium decreased O2 delivery to cells and tissues and contributed to increased 
hypoxic microenvironments [24]. 
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Figure 1 Malarial associated hemolysis and liver and renal injuries induced by Plasmodium berghei 
ANKA infection in mice. ICR mice (5 mice) were inoculated with 107 iRBC by intraperitoneal injection. 
Parasitemia, hematocrit, alanine aminotransferase (ALT), and creatinine levels were measured daily as 
described in the Materials and methods section. Results are expressed as mean ± SEM. 
 
 

Effects of black tea extract on hemolysis and liver and renal injuries during Plasmodium 
berghei infection in mice 

In order to evaluate the effects of aqueous crude extract of black tea against PbANKA infected 
mice, a standard Peter’s test was carried out. We observed that aqueous crude extract of black tea exerted 
dose-dependent anti-hemolytic, hepatoprotective, and nephroprotective effects against PbANKA infection 
in mice (Figures 2A - 2C). This extract caused significant effects at doses of 500 and 1,000 mg/kg when 
compared to the untreated control, which showed a significant (p < 0.01) decrease in %Hct and an 
increase in ALT and creatinine, compared to normal mice. The highest effects were observed in infected 
mice treated with black tea extract at a dose of 1,000 mg/kg. However, significantly, hemolysis and liver 
and renal injuries were found in infected mice treated with 100 mg/kg of extract. Additionally, there was 
no effect on %Hct, ALT, or creatinine levels in normal ICR mice treated with this extract at the maximum 
dose of 1,000 mg/kg. The participation of the products generated by oxidative stress in the development 
of malarial associated hemolysis and liver and renal injuries have been reported [5,25]. It can be 
suggested that catechins and theaflavins, major components in black tea extract, showed antioxidant and 
anti-inflammation properties, which can reduce and protect organ damage from oxidative stress [26]. 
Moreover, it has been reported that catechins and theaflavins in black tea extract increased total 
antioxidant capacity, especially catalase, glutathione peroxidase, and superoxide dismutase [27,28]. This 
study supports black tea extract as an effective dietary component during malaria infection. 
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Figure 2 Effects of black tea extract on hemolysis and liver and renal injuries induced by Plasmodium 
berghei ANKA infection in mice. Groups of ICR mice (5 mice of each) were inoculated with 107 iRBC of 
PbANKA by intraperitoneal injection, and subsequently treated orally by gavage with 100, 500, and 
1,000 mg/kg of black tea extract for 4 consecutive days. On day 4 of experiment, parasitemia, hematocrit, 
ALT, and creatinine levels were measured. Results are expressed as mean ± SEM. **p < 0.01, ***p < 
0.001, compared to normal mice. #p < 0.05, ##p < 0.01, ###p < 0.001, compared to untreated control. N; 
normal mice, N+1000; normal mice treated with 1,000 mg/kg of extract, UN; untreated mice. 
 
 
Conclusions 

The results obtained in this study showed that aqueous crude extract of black tea exerted dose-
dependent anti-hemolytic, hepatoprotective, and nephroprotective activities. It was most effective at a 
dose of 1,000 mg/kg. This plant can be recommended for use, since it possesses a high effect against 
malaria. 
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