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Tea (Camellia sinensis) is a widely consumed beverage throughout the world. Numerous investiga-

tions have suggested their biological properties such as anti-mutagenic, anti-carcinogenic, antibac-

terial, antioxidant, and antimalarial in vitro. With the increasing problem of drug resistance developed

by malaria parasites, in this study, we have investigated antimalarial properties of green and black

tea aqueous extracts in Plasmodium berghei infected mice. P. berghei infected mice were treated

with either green or black tea extracts alone or in combination with standard antimalarials. Hema-

tocrit levels were also measured in order to evaluate hemolysis in these groups. It was found that

green and black tea extracts (3000 mg/kg treated orally) could not suppress P. berghei growth

in vivo. Surprisingly, parasitemia was significantly increased 4–5 times in tea extracts treated groups.

However, anti-hemolysis effect was found in P. berghei infected mice treated with tea extracts. Com-

bination treatment was performed and showed strong suppression of parasitemia in tea extracts

treated with standard antimalarials as well as hematocrit levels were improved to normal levels. It

can be concluded that green and black tea extracts can be used as combination treatment with

other standard antimalarial drugs in order to protect red blood cell lysis.
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1. INTRODUCTION

Malaria is an endemic infectious disease causing mor-

bidity and mortality in tropical and subtropical areas of

the world. Available data suggested that there are about

216 million cases of malaria and an estimated 655,000

deaths in 2010.1 Most deaths from malaria occur among

children living in Africa where a child dies every minute.

Malaria is caused by Plasmodium parasites which are

spread to people through the bites of infected Anopheles

mosquitoes. Although an effective vaccine is the best long

term control for malaria, it is still not available. The global

strategy for malaria control mainly focused on treatment

using antimalarials to reduce or eliminate parasites. How-

ever, the emerging of drug resistant malaria parasites and

insecticide resistant Anophelesmosquitoes has limited ade-

quate treatment of malaria.2�3 Therefore, there is an urgent

need develop new antimalarials to fight with the parasites.

∗Author to whom correspondence should be addressed.
†These two authors contributed equally to this work.

One way is to isolate new antimalarial compounds from

plants that are not yet fully explored.

The effective antimalarial activity of the two plant-

based drugs, quinine and artemisinin,4 has generated much

interest to explore other plant resources for their possible

antimalarial efficacy. Tea (Camellia sinensis), originated

in China, is a widely consumed beverage throughout the

world. The growing interest in the health benefit of tea

has prompted numerous investigations on their biological

properties. There are two major kinds of tea, black and

green tea. Both of them contain large amounts of phe-

nolic substances consisting of catechin in green tea and

the a flavin in black tea.5 It was suggested that activi-

ties of tea polyphenol are mostly due to their powerful

scavenging and antioxidant activity.6 Antioxidant tea com-

ponents are reported to have beneficial protective effects

against cancers and pathogenic microorganisms.7�8 In addi-

tion to antioxidant, green and black tea extracts have

been shown to improve erythrocyte survival in vivo dur-

ing oxidative stress condition.9�10 Moreover, green and

black tea extracts have been reported to be more effective
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against oxidative stress-induced erythrocyte hemolysis.11

It has been suggested that oxidative stress is able to induce

hemolysis by increasing of permeability of erythrocyte

membrane, and polyphenolic content especially catechins

and theaflavins have protective effects of hemolysis by

maintain and reduce oxidative stress condition. Further-

more, correlation between Plasmodium parasite growth or

parasitemia and anemia has been studied. Severe malar-

ial anemia is a major complication of malaria infection

and is multi-factorial resulting from loss of circulating ery-

throcytes from parasite replication, as well as immune-

mediated mechanisms.12–14

Recently, antimalarial activity of green tea in both crude

extract as well as some its major polyphenolic content has

been observed in P. falciparum in vitro.15�16 The major

phenolic content in green tea is catechins, and it has been

previously demonstrated the antimalarial activity. It was

found that antioxidant activity of green tea catechins cor-

relate to antimalarial property, especially the interference

with fatty acid biosynthesis may represent a primary mech-

anism to explain the observed in vitro growth inhibition

effects.16 In addition, catechins have been evaluated for

anti-adhesive properties using a small number of labora-

tory parasite isolates.17 For P. berghei study in vivo, it

was found the synergistic and additive effects of cate-

chins and digitonin on Plasmodium sporozoite survival and

motility.18 Moreover, many researches showed the correla-

tion between antioxidant and antimalarial.15�16�18�19 How-

ever, theaflavins in black tea extract have not yet been

reported. As part of the search for new natural products for

malaria treatment, we carried out a screening procedure

to test green and black tea extracts for the ability to treat

malaria using P. berghei in vivo model. In addition, this

study provided a basis for the treatment of malaria using

standard antimalarials and these tea extracts as combina-

tion therapy.

2. EXPERIMENTAL DETAILS
2.1. Materials

Standard antimalarials (pyrimethamine, and chloroquine

diphosphate salt), dimethyl sulfoxide anhydrous (DMSO),

Folin-Ciocalteu’s phenol reagent, sodium carbonate anhy-

drous powder and gallic acid were obtained from Sigma-

Aldrich Chemical Company (St. Louis, MO, USA).

Artesunate was purchased from Mekophar Chemical Phar-

maceutical Joint-stock Company (Ho Chi Minh City,

Vietnam). All other chemicals and reagents used were ana-

lytical grade.

2.2. Parasite and Experimental Animals

Plasmodium berghei ANKA, chloroquine-sensitive strain,

was used in this study. This parasite was maintained by

mechanical passage in mice. The progress of infection was

assessed daily by conventional microscopic examination of

Giemsa stained blood smear. Tail blood of infected mice

were collected and smeared on glass slide. After fixed with

100% methanol for 5 sec, blood smear was stained with

10% Giemsa dye for 10 min. Three to five thousand of

erythrocytes were counted under light microscope with oil

immersion and reported the percentage of infected erythro-

cytes per 100 erythrocytes (%Parasitemia).

Female ICR mice, 30–35 g used in this study

were obtained from National Laboratory Animal Center

(NLAC), Mahidol University, Bangkok, Thailand. These

were kept in a room with temperatures between 22–25 �C,

a 12-h light/12-h dark cycle for at least one week and were

given with tap water and standard mice feed (CP diet 082,

Perfect Companion Company, Bangkok, Thailand) ad libi-

tum. Experiments were started in 5–6 weeks old animals.

Procedures of the animal experiments were ratified by the

Ethical Committee on Animal Experimentation, Faculty of

Medical Technology, Western University, Kanchanaburi,

Thailand.

2.3. Measurement of Hematocrit

In order to evaluate number of erythrocytes from P. berghei

infected mice, tail blood was collected and introduced into

heparinized capillary tube. The end of tube was sealed

with putty and centrifugation was subsequently performed

at 10,000 g for 10 min before the percent packed erythro-

cyte of total blood volume was calculated. For calculation,

volume of packed erythrocyte was divided with total vol-

ume of blood and then multiplied by 100.

2.4. Tea Extracts

Dried leaves of green and black tea (Camellia sinensis L.)

were purchased from a Royal Project shop in Chiang Mai,

Thailand. For extraction, 1–30 g of ground leaves of each

tea sample was extracted with 100 ml of distilled water

(DW) at constant temperature of 95 �C under continuous

stirring at 300 rpm for 5–60 min. The supernatant was

subsequently filtered through Whatman No. 1 filter paper

to remove rough particles and then centrifuged at 10,000 g

for 10 min.20 The supernatant, called green and black tea

crude extracts (GTE and BTE, respectively) was stored at

2–4 �C until analyzed. The aqueous extraction was carried

out in triplicates, and 3,000 mg/kg of these extracts were

used for efficacy test in vivo.

2.5. Determination of Total Polyphenol

The amount of total polyphenol was determined using the

Folin-Ciocalteu method.21 A gallic acid calibration curve

ranging from 50 to 1,000 mg/l was prepared and the

results determined from the regression equation of the cal-

ibration curve were expressed as mg gallic acid equiva-

lents (GAE)/ml tea extract. Ten microliters of tea extract

(diluted 100 times in DW in order to obtain an absorbance

in the range of the prepared calibration curve) was mixed

with 50 �l of Folin-Ciocalteu reagent. Sodium carbonate

solution (150 �l) was then added to the mixture, which

2 Adv. Nat. Prod. 1, 1–6, 2014
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was shaken thoroughly and adjusted to 1 ml by adding

distilled water (790 �l). The mixture was allowed to stand

for 2 h and the blue color formed was measured at 765 nm

using a spectrophotometer.22�23

2.6. Antimalarial Drugs

Three standard antimalarial drugs were used to study

in vivo drug susceptibility of P. berghei: pyrimethamine,

artesunate, and chloroquine diphosphate salt. The drugs

were freshly prepared in DMSO (pyrimethamine and arte-

sunate) or in DW (chloroquine) and administered orally by

gavage. Drug doses, expressed in mg/kg of body weight,

were adjusted at the time of administration according to

the weight of each mouse.24 The doses were based on the

ED90 (3.0 mg/kg) of these drugs on P. berghei infected

mice.

2.7. Antimalarial Tests In Vivo

The test was carried out according to standard proto-

col following the Peter’s 4-day suppressive test.25 Groups

of 5 mice were inoculated intraperitoneally with 1× 107

P. berghei-infected red blood cells (iRBC). The infected

mice were treated orally by gavage with drugs, tea extracts,

and placebo alone or in combination for 4 consecutive

days.24 On day 5 of the experiment, blood was collected

from the tail of each mouse and parasitemia was calcu-

lated by microscopic examination of Giemsa stained blood

smear. In addition, hematocrits were also evaluated.

2.8. Statistical Analysis

Statistical analysis of the data was performed using Graph-

Pad Prism Software (GraphPad software, Inc., CA, US).

The one way ANOVA test was used to analyze and com-

pare the results at a 99% confidence level. Values of p <

0�01 were considered significant. Results were expressed

as mean± standard error of mean (SEM).

Fig. 1. Correlation between parasitemia and hematocrit. ICR mice were

infected intraperitoneally with 1×107 iRBC of P. berghei ANKA. Par-

asitemia and hematocrit were monitored daily. Experiments were con-

ducted in triplicates. Results are plotted as mean±SEM.

3. RESULTS AND DISCUSSION
3.1. The Level of Anemia is Correlated with

Parasitemia

During Plasmodium infection, anemia associated with

malaria is always observed.26 In this study, the degree of

hemolysis resulting from infection was then evaluated. As

shown in Figure 1, a strong negative correlation (R2
=

0�9598) between parasitemia and hematocrit level was

found, hence, infected mice with high parasitemia would

die from severe hemolytic anemia. This causes by hemol-

ysis of infected red blood cells and insufficient mature red

blood cell production. During P. berghei infection, oxida-

tive stress was subsequently increased in both infected and

non-infected red blood cells27 that results in the decrease

of the average survival time of the red blood cells.28

3.2. Total Polyphenol in Aqueous Extracts of

Green and Black Tea

In order to use green and black tea extracts for testing their

antimalarial activities, total polyphenol in these extracts

(A)

(B)

Fig. 2. Polyphenolic compounds in green and black tea extracts. Dry tea

leaves of green (GTE) and black tea (BTE) were extracted using hot water

extraction method and total polyphenolic compounds (PPC) were subse-

quently measured by Folin-Ciocalteu reagent method. (A) Total polyphe-

nolic compounds in different dry weight of green and black tea leaves.

(B) Optimal extraction time for extraction. Experiments were carried out

in triplicates. Bar graphs were shown as mean±SEM.
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was measured. In green and black tea extracts, the high-

est amount of polyphenolic compounds was obtained from

10 g dry tea leaves with the incubation time of 15 min

at constant temperature of 95 �C (Figs. 2(A)–(B)). Higher

amount of dry leaves in exactly volume of water at 100 ml

and extraction time longer than 15 min did not give sig-

nificant increase of polyphenolic compound yield. For the

10 g of dried leaves extraction at 95 �C for 15 min, total

polyphenolic content for black tea ranged from 500 to

600 mgGAE/ml of extract, whereas in green tea ranged

from 550 to 650 mgGAE/ml of extract. For oral adminis-

tration by gavage of ICR mice with the weight of 30–35 g,

1 ml of these tea extracts was a maximum volume for

treatment.29 Therefore, 3,000 mg/kg body weight of tea

extracts containing 500–600 mgGAE was used to test

in vivo antimalarial activity in P. berghei infected mice.

3.3. Antimalarial Activity of Tea Extracts in

Plasmodium berghei Infected Mice

An assay similar to the conventional 4-day suppressive

test for primary assessment of in vivo antimalarial efficacy

was performed using tea extracts and standard antimalar-

ials (pyrimethamine, chloroquine and artesunate) against

P. berghei ANKA infected mice. The course of para-

sitemia in untreated and treated groups was monitored by

standard microscopy of Giemsa stained blood smears on

day 4 post-infection. It was found that subcurative doses

(A)

(C) (D)

(B)

Fig. 3. Anti-hemolytic effects of green and black tea extracts against P. berghei infected red blood cells. Mice infected with 1× 107 iRBC were

treated with distilled water (UN), standard antimalarials (pyrimethamine: PYR; artesunate: ART; chloroquine: CQ), and tea extracts (green tea extract:

GTE, GT; black tea extract: BTE, BT). Parasitemia was measured on day 4 post-infection by microscopy of Giemsa stained blood smear. Parasitemia

of P. berghei infected mice treated alone (A) or in combination (B) with antimalarials and aqueous tea extracts. Hematocrit levels of P. berghei infected

mice treated alone (C) or in combination (D) with antimalarials and aqueous tea extracts. Normal group (NM) was used as control. Experiments were

carried out in triplicates. ∗p < 0�01 compared with UN. ∗∗p < 0�001 compared with UN. #p < 0�01 compared with NM. Bar graphs were expressed as

mean±SEM.

of three standard antimalarials were able to suppress par-

asite growth about 90% comparing to control, whereas no

suppression was observed in tea extracts treated groups.

In contrast, significant increase of parasitemia was seen

in tea extracts treated groups (Fig. 3(A)). The reasons for

this phenomenon might be that, the antioxidant proper-

ties of polyphenolic compounds in tea extracts promote

the survival of red blood cells by decreasing the oxidative

stress level during the P. berghei infection.30 Therefore the

red blood cells are in good conditions for parasite infec-

tion, Furthermore, when combined with the tea extracts;

the standard antimalarials still showed the growth suppres-

sion effect against P. berghei in infected mice (Fig. 3(B)).

These results suggested that, although the tea extracts

themselves do not have antimalarial activity, they also do

not have antagonistic effect against standard antimalarials

when used in the combination treatment.

3.4. Effect of Tea Extracts on Hemolysis in

Plasmodium berghei Infected Mice

Although aqueous extracts of green and black tea alone

could not inhibit P. berghei parasite growth in infected

mice, hematocrit in these tea extracted treated mice was

normal.31 As shown in Figure 3(C), decreasing of hema-

tocrit was observed in mice treated with standard anti-

malarials, especially pyrimethamine and artesunate, but

not in chloroquine treated group as well as tea extracts

4 Adv. Nat. Prod. 1, 1–6, 2014
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treated groups. Pyrimethamine has been reported to gen-

erate oxidative stress and hemolysis in P. berghei infected

mice.32 Even though antimalarial action of artesunate was

not known, it was suggested that the high-valent reac-

tive oxygen radicals generated by the breaking of peroxide

bridge in the artesunate molecule exerts oxidative damage

to Plasmodium infected red blood cells.33 This oxidative

damage of artesunate might cause hemolysis and decrease

hematocrit level. In contrast, tea extracts treated groups

presented the same level of hematocrit compared with nor-

mal control, therefore, tea extracts do not cause hemolysis

in P. berghei infected mice. Interestingly, when the anti-

malarial were used in combination with tea extracts, the

decreased hematocrit was recovered to the normal level

(Fig. 3(D)). This discovery might be described by the

antioxidant property of polyphenolic compounds existing

in tea extracts30 that protect red blood cells from oxida-

tive stress and help prolong the survival of both normal

and infected red blood cells during Plasmodium infection

and antimalarial drug treatment.34 In addition, high par-

asitemia in tea extract treated group was resulted from

antioxidant activity of tea extract to protect erythrocyte

oxidation and hemolysis, so normal hematocrit level was

observed. Hence, ruptured parasites can be invaded the

new healthy erythrocytes easily and then high parasitemia

was occurred. Although high parasitemia was observed

in tea extract treated group as well as high hematocrit

level, infected animals were still alive for longer time than

untreated control until hemolysis was increased as shown

by low hematocrit levels after 7 day post treatment, finally

animal died (data not showed). Therefore, tea extracts

could be used during treatment of Plasmodium infection as

supplements to antimalarial drugs to prevent anemia that is

one of symptoms of malaria disease.

4. CONCLUSIONS
We have demonstrated anti-hemolytic effects of aque-

ous extracts from both green and black tea, that contain

polyphenol, in the maintenance of hematocrit in normal

level during P. berghei infection when used alone or in

combination with standard antimalarials. Without antag-

onistic effect, it is suggested that tea extracts could be

used as supplements to prevent anemia during treatment

of malaria infection with standard antimalarial drugs. The

investigation into the biologically active compounds con-

taining in the aqueous extracts of green and black tea that

exert effects on red blood cells as well as to understand

the mechanism of hemolytic protection during Plasmod-

ium infections being explored. The study would lead to

the discovery of alternative ways that helps better treat-

ment of malaria infection and reduce development of drug

resistance by the parasite that is one of the major current

problems for control of malaria.

Acknowledgments: We gratefully acknowledge

Dr. Natda Tonwong and Dr. Saranya Siribal for their

technical expertise and comments on this manuscript.

We are also grateful to Dr. Sakaewan Ounjaijean for

having provided us with standard Gallic acid powder

and technical advice for preparation of tea extracts. All

animal experiments were performed at Clinical Chemistry

Research room, Faculty of Medical Technology, Western

University in accordance with ethical guidelines. This

work was supported by the Research Division, Western

University.

References and Notes
1. WHO, MMWR Morb. Mortal Wkly. Rep. 59, 217 (2010).

2. S. Mharakurwa, T. Kumwenda, M. A. Mkulama, M. Musapa,

S. Chishimba, C. J. Shiff, D. J. Sullivan, P. E. Thuma, K. Liu, and

P. Agre, Proc. Natl. Acad. Sci. USA 108, 18796 (2011).

3. L. L. Koekemoer, B. L. Spillings, R. N. Christian, T. C. Lo, M. L.

Kaiser, R. A. Norton, S. V. Oliver, K. S. Choi, B. D. Brooke,

R. H. Hunt, and M. Coetzee, Vector Borne Zoonotic Dis. 11, 1193

(2011).

4. F. Astelbauer, M. Gruber, B. Brem, H. Greger, A. Obwaller,

G. Wernsdorfer, K. Congpuong, W. H. Wernsdorfer, and

J. Walochnik, Acta Trop. 123, 96 (2012).

5. S. Sang, J. D. Lambert, C. T. Ho, and C. S. Yang, Pharmacol. Res.

64, 87 (2011).

6. K. S. Almurshed, Saudi Med. J. 27, 1804 (2006).

7. G. Mikutis, H. Karakose, R. Jaiswal, A. Legresley, T. Islam,

M. Fernandez-Lahore, and N. Kuhnert, Food Funct. (2012).

8. N. J. Naderi, M. Niakan, M. J. K. Fard, and S. Zardi, J. Dent.

(Tehran) 8, 55 (2011).

9. V. B. Schini-Kerth, N. Etienne-Selloum, T. Chataigneau, and

C. Auger, Planta Med. 77, 1161 (2011).

10. J. Halder and A. N. Bhaduri, Biochem. Biophys. Res. Commun.

244, 903 (1998).

11. E. Satoh, N. Tohyama, and M. Nishimura, Int. J. Food Sci. Nutr.

56, 551 (2005).

12. T. J. Lamb and J. Langhorne, Malar. J. 7, 68 (2008).

13. S. M. Ahmed, S. K. Abd Al-Rhim, A. A. Mohamedani, A. B.

Habour, and A. A. Sadek, Saudi Med. J. 23, 684 (2002).

14. H. U. Okafor and O. Nwaiwu, J. Trop. Pediatr. 47, 271 (2001).

15. S. K. Sharma, P. Parasuraman, G. Kumar, N. Surolia, and A. Surolia,

J. Med. Chem. 50, 765 (2007).

16. A. R. Sannella, L. Messori, A. Casini, F. F. Vincieri, A. R. Bilia,

G. Majori, and C. Severini, Biochem. Biophys. Res. Commun.

353, 177 (2007).

17. P. R. Patil, S. Gemma, G. Campiani, and A. G. Craig, Malar. J.

10, 348 (2011).

18. J. K. Hellmann, S. Munter, M. Wink, and F. Frischknecht, PLoS One

5, e8682 (2010).

19. K. Slavic, E. T. Derbyshire, R. J. Naftalin, S. Krishna, and H. M.

Staines, Mol. Biochem. Parasitol. 168, 113 (2009).

20. Q. V. Vuong, J. B. Golding, C. E. Stathopoulos, M. H. Nguyen, and

P. D. Roach, J. Sep. Sci. 34, 3099 (2011).

21. M. Lopez-Velez, F. Martinez-Martinez, and C. Del Valle-Ribes, Crit.

Rev. Food Sci. Nutr. 43, 233 (2003).

22. V. L. Singleton, R. Orthofer, and R. M. Lamuela-Raventos, Methods

in Enzymology 299, 152 (1999).

23. A. L. Waterhouse, Food Analytical Chemistry I1.1.1–I1.1.8

(2001).

24. B. Franke-Fayard, D. Djokovic, M. W. Dooren, J. Ramesar, A. P.

Waters, M. O. Falade, M. Kranendonk, A. Martinelli, P. Cravo, and

C. J. Janse, Int. J. Parasitol. 38, 1651 (2008).

25. W. Peters, J. H. Portus, and B. L. Robinson, Ann. Trop. Med. Para-

sitol. 67, 155 (1975).

Adv. Nat. Prod. 1, 1–6, 2014 5



R
E
S
E
A
R
C
H

A
R
T
IC

L
E

Anti-Hemolytic Effects of Green and Black Tea Aqueous Extracts on Plasmodium berghei-Infected Mice Kunlawong et al.

26. T. Kanbara, M. Azuma, K. Hasegawa, and H. Matsuda, Zentralbl.

Bakteriol. Mikrobiol. Hyg. A 269, 100 (1988).

27. L. Sharma, J. Kaur, P. Rishi, and G. Shukla, Exp. Parasitol. 131, 215

(2012).

28. S. Srivastava, A. S. Alhomida, N. J. Siddiqi, and V. C. Pandey,

Comp. Biochem. Physiol. B Biochem. Mol. Biol. 129, 725

(2001).

29. W. Peters, B. L. Robinson, and D. S. Ellis, Ann. Trop. Med. Parasitol.

81, 639 (1987).

30. S. C. Langley-Evans, Int. J. Food Sci. Nutr. 51, 181 (2000).

31. B. M. Mitruka and H. M. Rawnsley, Clinical Biochemistry and

Hematology Reference Values in Normal Experimental Animals,

Masson Publishing USA, New York (1977), pp. 72–117.

32. M. Legorreta-Herrera, R. Retana-Ugalde, J. L. Ventura-Gallegos, and

V. Narvaez, Exp. Parasitol. 126, 381 (2010).

33. J. N. Cumming, P. Ploypradith, and G. H. Posner, Adv. Pharmacol.

37, 253 (1997).

34. K. Mizuguchi, G. A. Damm, G. S. Aber, R. J. Bozeman, J. W. Bacak,

P. A. Svejkovsky, Y. Orime, Y. Ohara, K. Naito, K. Tasai, et al.,

Artif. Organs 18, 650 (1994).

Received: 5 December 2012. Accepted: 20 November 2013.

6 Adv. Nat. Prod. 1, 1–6, 2014


