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Abstract

Malaria is still a serious problem with increasing of mortality in children annually. One of major causes of death
in malaria, organ damage especially liver, has been observed. Hence, we aimed to investigate hepatoprotective
effect of traditional plant, Tinospora crispa during malaria infection using Plasmodium berghei infected mice as in
vivo model. Aqueous crude extract of T. crispa was freshly prepared. For in vivo test, groups of ICR mice were
intraperitoneally injected with 6x106 parasitized erythrocytes of P. berghei ANKA, and given with the extract at doses
10, 50, and 500 mg/kg twice a day for 4-consecutive days. Aspartate aminotransferase and alanine aminotransferase
are measured for liver damage while albumin measurement is for liver function. The results showed that liver damage
was observed during malaria infection as indicating by significantly (p<0.05) increase of AST and ALT, and markedly
decrease of albumin. Interestingly, T. crispa extract exerted hepatoprotective effect during malaria infection. The
highest hepatoprotective activity of the extract was shown at dose of 500 mg/kg. Additionally, there were no any toxics
to liver function in normal mice treated with this extract. It can be concluded that aqueous crude extract of T. crispa

exerts hepatoprotective effect during P. berghei infection.
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Introduction

Malaria is an endemic infectious disease that is wide spread in
tropical and sub-tropical regions of the world. This disease kills 1 million
people annually, and an approximated 700,000 of them are children.
Malaria is caused by parasitic protozoa in the genus Plasmodium, and
transmitted by female Anopheles mosquito [1]. The manifestations of
severe malaria include cerebral malaria, severe anemia, pulmonary
edema, acute kidney injury, hypoglycemia, acidosis, and liver
involvement [2]. Liver is an important organ involved during malaria
infection and development. It has been reported that malaria parasite
causes liver damage, clinical jaundice, and liver dysfunction in 2.5-5.3%
of cases in endemic countries [3]. This has prompted research towards
the development and discovery of new, safe and affordable compounds
to protect liver damage during malaria infection. In this respect,
medicinal plants are potential targets for research. Thailand is malaria
endemic area with an abundance of diverse plant life widely used as
traditional medicines to treat tropical diseases including malaria [4].
However, these plants are not fully explored.

Tinospora crispa is an indigenous climber plant that commonly
grows wild in Southeast Asia including Thailand. Its stem has been
used for various therapeutic purposes such as diabetes, hypertension,
diarrhea, and anti-parasites [5-7]. In vitro and in vivo studies revealed
that T. crispa produced considerable antimalarial effect [6,8]. It has also
been described that crude extract of T. crispa had an in vivo antimalarial
effect against P, yoelii [9]. Moreover, liver damage induced by oxidative
condition could be protected and treated with T. crispa extract
[7,10,11]. During liver damage development, liver enzymes including
aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
are markedly increased while albumin level is decreased, and can be
used as biological markers [12]. This has led our interest to explore the
biological properties of T. crispa in P. berghei-induced liver damage
using the biological markers including aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and albumin levels in plasma.

Materials and Methods
Plant materials

Fresh stems of Tinospora crispa were collected from its natural
environment in Kanchanaburi province, Thailand, during February to
March 2014. The samples were identified by Dr. Sakaewan Ounjaijean,
Faculty of Pharmacy, Payap University, Chinag Mai, Thailand. Stems
were minced into small pieces and dried in ventilated oven at 60°C for
72 h, after which the dried plants were grounded and extracted with
distilled water at the proportion of 1:10 (w/v) [6]. Briefly, 250 g of dried
powder plant materials were extracted with distilled water at 45°C for
3 h with frequent agitation. The extract was filtered through Whatman
no.l filter paper, and evaporation was then performed to remove
solvent. Crude extract was kept at -20°C. Before experiment, powder
extract was dissolved in distilled water to obtain appropriate doses for
using in mice.

Experimental mice

Specific-pathogen-free, female ICR mice Mus musculus, aged
6-8 weeks old and weighted 30-35 g were purchased from the
National Laboratory Animal Center, Mahidol University, Bangkok,
Thailand. They were kept at 22-25°C with 12 h light/dark cycle, and
given standard mouse pellet and water ad libitum. Procedures of the
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animal experiments were ratifies by the Ethical Committee on Animal
Experimentation, Faculty of Medical Technology, Western University.

Rodent malaria parasite

Chloroquine-sensitive  Plasmodium  berghei  strain ANKA
(PbANKA) was used. They were kept alive by intraperitoneal (IP)
passage in mice. Parasitemia was daily monitored by microscopic
examination of Giemsa stained thin blood smear.

Acute toxicity test

The acute toxicity test of aqueous crude extract of T. crispa was
carried out as previously described [13]. Groups of naive ICR mice (5
mice of each) were given orally by gavage with 10, 50, 500, 1000, and
5000 mg/kg. The mice were observed for signs of toxicity which include
but not limited to paw licking, salivation, stretching of the entire body,
weight loss, weakness, respiratory distress and death in the first 4 h and
subsequently daily for 7 days [14].

Antimalarial drug

Standard antimalarial drug, chloroquine diphosphate salt was used
to study in vivo drug susceptibility of PPANKA. The drug was freshly
prepared in distilled water and administered orally by gavage [15].
Drug dose, expressed in mg/kg of body weight, was adjusted at the time
of administration according to the weight of each mouse. The dose of 8
mg/kg was based on the ED90 of this drug on PbANKA infected mice.

Assessment of liver function tests

AST, ALT, and albumin were used as indicators of liver function. Tail
blood was collected into heparinized hematocrit tubes and centrifuged
at 10,000 g for 10 min. Plasma was then collected and used as subjects
for measurement of AST, ALT, and albumin using a commercial kit
(BioSystems) according to manufacturer’s instruction.

Efficacy test in vivo

Hepatoprotective effect of aqueous crude extract of T. crispa was
done based on standard Peter’s test [16]. Groups of ICR mice (5 mice of
each) were randomly divided, and infection was then performed with
6x106 parasitized erythrocytes of PbANKA by IP injection. Four hours
after infection, they were given orally with 10, 50, and 500 mg/kg of
the extracts, and every 24 h twice a day for 4-consecutive days. Three
control groups were used; normal controls were given either distilled
water or the extract while untreated control was given only distilled
water. On day 8 of experiment, tail blood was collected and plasma was
then used to measure AST, ALT, and albumin. For antimalarial activity,
8 mg/kg of chloroquine was used as positive control to treat infected
mice once a day for 4-consecutive days. Parasitemia was then measured
on day 8 of experiment.

Statistics

Statistical analysis was done using GraphPad Prism software. The
results were presented as mean + standard error of mean (SEM). One-
way ANOVA was used to compare several treatment groups. Significant
differences were considered at 95% confident, p<0.05.

Results

Acute toxicity test

Behavioral signs of toxicity observed in all mice treated with 1000
and 5000 mg/kg of extracts include paw licking, salivation, stretching,
weight loss, and reduced activity. These signs of toxicity were firstly

observed within 4 h and until 7 days. There was however no mortality at
all the doses used. Moreover, no any signs of toxicity could be observed
in all mice treated with 500 mg/kg of extracts and lower doses.

Impairment of liver function during Plasmodium berghei
ANKA infection

Parasitemia was first detectable on day 2 post-infection with a
parasitemia of 0.5%, and reached 65% on day 12 (Figure 1A). Next,
we observed that AST and ALT activities were markedly increased
in infected mice, and first significant (p<0.05) increases were found
on day 8 post-infection (266 and 127 U/, respectively) (Figure 1B).
Additionally, we also observed decreases of albumin levels in infected
mice, and firstly significant (p<0.05) decreases were also observed on
day 8 post-infection (23 g/dl) (Figure 1C).

Hepatoprotection of aqueous crude extracts of Tinospora
crispa during Plasmodium berghei ANKA infection

It was observed that aqueous crude extract of T. crispa at dose of 500
mg/kg produced hepatoprotective effect by reducing of AST (57 IU/1)
and ALT (24 IU/1), and increasing of albumin levels (41 g/dl) in extract
treated groups, with similar levels in normal control (70 and 34 IU/I for
AST and ALT, and 44 g/dl for albumin) (Figure 2A-C). However, there
were significantly (p<0.01) increase in AST and ALT, and decrease in
albumin levels in untreated groups and infected mice treated with 10
mg/kg of the extract. Although all biological markers were significantly
(p<0.05) different in 50 mg/kg of extract treated mice when compared
to untreated control, but significant (p<0.05) differences of all markers
were still detectable when compared to normal. Moreover, parasitemia
was significantly (p<0.01) decreased in infected mice treated with
500 mg/kg of extract, compared to untreated group. However, no
significantly difference were observed in infected mice treated with 10
and 50 mg/kg of extracts, compared to untreated group (Figure 2D). In
addition, prolong survival time (27 days) was also observed in infected
mice treated with 500 mg/kg of extract (Table 1).

Discussion

In the present study, we aimed to investigate the effect of aqueous
crude extract of T. crispa on P. berghei ANKA induced liver damage.
For acute toxicity test of T. crispa, toxicity signs were observed in mice
given 1000 and 5000 mg/kg of extracts. It has been reported to use T.
crispa extract at a dose of 110 mg/kg for treatment orally in mice and
no mortality has been observed [8]. However, the ethanol extract was
different from our water extract, thus using a dose of 500 mg/kg in
this study was possible. Impairment of liver function during malaria
infection has been previously reported with increasing of AST and
ALT activities. Liver change and damage in severe malaria infection
often include hyperplastic Kupffer cells, fatty change, portal tract
inflammation, cholestasis, sequestration of parasitized erythrocytes,
and the deposition of hemozoin pigment [17]. Moreover, apoptosis
in the hepatocytes has been reported in animal models, linked to
activation of mitochondrial pathway, release of reactive oxygen species
and induction by glycosylphosphatidylinositol, a major membrane-
associated protein of malaria parasites [18-21]. From our finding
liver damage induced by PbANKA infection in mice was protected by
treatment of aqueous crude extract of T. crispa. However, the doses of
10 and 50 mg/kg were too low to protect liver damage. Additionally, no
any effects on liver function were found in normal mice treated with
500 mg/kg of the extract. Interestingly, the extract at dose of 500 mg/
kg exerted antimalarial activity and prolong survival in infected mice.
It has been reported that total polyphenolic content might contribute
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Figure 1: Impairment of liver function during Plasmodium berghei ANKA infection. (A) Parasitemia of ICR mice infected with 6x106 parasitized erythrocytes of
PbANKA. Liver function was assessed by enzyme activities of (B) AST and ALT, and (C) level of albumin. Results represented the mean + SEM. *p<0.05, **p<0.01,
compared to day 0.
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Figure 2: Hepatoprotective effect of aqueous crude extract of Tinospora crispa during Plasmodium berghei infection. ICR mice were IP injection of 6x106
parasitized erythrocytes of PbANKA, and given orally with the extract 10, 50, and 500 mg/kg twice a day for 4-consecutive days. On day 8 of experiment, liver
function was assessed by enzyme activities of (A) AST, (B) ALT, and (C) albumin in plasma. Moreover, (D) parasitemia was also determined. Results were
expressed as mean + SEM. *p<0.05, **p<0.01, compared to normal control. #p<0.05, ##p<0.01, compared to untreated control. N; normal, U; untreated,
CQ; chloroquine.
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Group of P. berghei ANKA infected ICR Survival time (Day)

mice

Untreated mice 12
10 mg/kg of extract 12
50 mg/kg of extract 18
500 mg/kg of extract 27
8 mg/kg of chloroquine 30

Table 1: Survival time of Plasmodium berghei ANKA infected mice and treatment
with aqueous crude extract of Tinospora crispa.

to the antioxidant activity in T. crispa extract, and then protect liver
damage from oxidative stress induced by malaria infection [5,21]. In
addition, borapetisode, apigenin and magnoflorine presented in stem
extract of T. crispa might play this activity [7,22]. In addition, it has
been reported antimalarial activity of T. crispa extract against P. yoelii
infected mice [9]. Moreover, catechin, a potent antioxidant, was also
found in this extract, and might show the hepatoprotection during
malaria infection [23]. All together, we observed that aqueous crude
extract of T. crispa possess hepatoprotective activity during P. berghei
infection in mice. The results suggested that T. crispa is a valuable source
of natural hepatoprotective compound and can be potentially developed
as alternative drugs in combination with standard antimalarials.

Acknowledgements

We are grateful to Somrudee Nakhinchat and Wandee Sang-Nga for their
help in animal experiments. We thank Dr.Sakaewan Ounjaijean for her discussion
about preparation of plant extract. We also thank Dr.Somdet Srichairatanakool and
Dr.Chairat Uthaipibull for their suggestion of this manuscript. This research was
supported by a grant from Western University.

References
1. White NJ. (1996) The treatment of malaria. N Engl J Med. 335: 800-806.

2. Mehta SR, Naidu G, Chandar V, Singh IP, Johri S, Ahuja RC. (1989) Falciparum
malaria-present day problems. An experience with 425 cases. J Assoc
Physicians India. 37: 264-267.

3. Anand AC, Ramji C, Narula AS, Singh W. (1992) Malarial hepatitis: a
heterogeneous syndrome? Natl Med J India. 5: 59-62.

4. Thiengsusuk A, Chaijaroenkul W, Na-Bangchang K. (2013) Antimalarial
activities of medicinal plants and herbal formulations used in Thai traditional
medicine. Parasitol Res. 112: 1475-14781.

5. Cavin A, Hostettmann K, Dyatmyko W, Potterat O. (1998) Antioxidant and
lipophilic constituents of Tinospora crispa. Planta Med. 64: 393-396.

6. Najib Nik ARN, Furuta T, Kojima S, Takane K, Ali Mohd M. (1999) Antimalarial
activity of extracts of Malaysian medicinal plants. J Ethnopharmacol. 64: 249-
254.

7. Kadir FA, Othman F, Abdulla MA, Hussan F, Hassandarvish P. (2011) Effect
of Tinospora crispa on thioacetamide-induced liver cirrhosis in rats. Indian J
Pharmacol. 43: 64-68.

8. Bertani S, Bourdy G, Landau |, Robinson JC, Esterre P, Deharo E.
(2005) Evaluation of French Guiana traditional antimalarial remedies. J
Ethnopharmacol. 98: 45-54.

9. Rungruang T, Boonmars T. (2009) In vivo antiparasitic activity of the Thai
traditional medicine plant-Tinospora crispa-against Plasmodium yoelii.
Southeast Asian J Trop Med Public Health. 40: 898-900.

10. Langrand J, Regnault H, Cachet X, Bouzidi C, Villa AF, Serfaty L, et al. (2014)
Toxic hepatitis induced by a herbal medicine: Tinospora crispa. Phytomedicine.
21:1120-1123.

11. Denis G, Gerard Y, Sahpaz S, Laporte R, Viget N, Ajana F, et al. (2007) Malarial

2

2

2

2

0.

1.

2.

w

prophylaxis with medicinal plants: toxic hepatitis due to Tinospora crispa.
Therapie. 62: 271-272.

. Goorden SM, Buffart TE, Bakker A, Buijs MM. (2013) Liver disorders in adults:

ALT and AST. Ned Tijdschr Geneeskd. 157: A6443.

. Lorke D. (1983) A new approach to practical acute toxicity testing. Arch Toxicol.

54: 275-287.

.Madara AA, Ajayi JA, Salawu OA, Tijani AY. (2010) Anti-malarial activity of

ethanolic leaf extract of Piliostigma thonningii Schum. (Caesalpiniacea) in mice
infected with Plasmodium berghei. African Journal of Biotechnology. 9: 3475-80.

. Franke-Fayard B, Djokovic D, Dooren MW, Ramesar J, Waters AP, Falade MO,

et al. (2008) Simple and sensitive antimalarial drug screening in vitro and in
vivo using transgenic luciferase expressing Plasmodium berghei parasites. Int
J Parasitol. 38: 1651-1662.

. Peters W. (1975) The chemotherapy of rodent malaria, XXIl. The value of drug-

resistant strains of Plasmodium berghei in screening for blood schizontocidal
activity. Ann Trop Med Parasitol. 69: 155-171.

. Viriyavejakul P, Khachonsaksumet V, Punsawad C. (2014) Liver changes in

severe Plasmodium falciparum malaria: histopathology, apoptosis and nuclear
factor kappa B expression. Malaria journal. 13: 106.

.Kaushansky A, Metzger PG, Douglass AN, Mikolajczak SA, Lakshmanan V,

Kain HS, et al. (2013) Malaria parasite liver stages render host hepatocytes
susceptible to mitochondria-initiated apoptosis. Cell Death Dis. 4: e762.

.Dey S, Guha M, Alam A, Goyal M, Bindu S, Pal C, et al. (2009) Malarial

infection develops mitochondrial pathology and mitochondrial oxidative stress
to promote hepatocyte apoptosis. Free Radic Biol Med. 46: 271-281.

Wichmann D, Schwarz RT, Ruppert V, Ehrhardt S, Cramer JP, Burchard GD, et
al. (2007) Plasmodium falciparum glycosylphosphatidylinositol induces limited
apoptosis in liver and spleen mouse tissue. Apoptosis. 12: 1037-1041.

Guha M, Kumar S, Choubey V, Maity P, Bandyopadhyay U. (2006) Apoptosis
in liver during malaria: role of oxidative stress and implication of mitochondrial
pathway. FASEB J. 20: 1224-1226.

Praman S, Mulvany MJ, Wiliams DE, Andersen RJ, Jansakul C. (2013)
Crude extract and purified components isolated from the stems of Tinospora
crispa exhibit positive inotropic effects on the isolated left atrium of rats. J
Ethnopharmacol. 149: 123-132.

. Zulkefli HN, Mohamad J, Abidin NZ. (2013) Antioxidant activity of methanolic

extract of Tinospora crispa and Tabernaemontana corymbosa. Sains
Malaysiana. 46: 697-706.

Malar Chemoth Cont Elimination
ISSN: 2470-6965, an open access journal

Volume 4 « Issue 1+ 1000127


http://www.ncbi.nlm.nih.gov/pubmed/8703186
http://www.ncbi.nlm.nih.gov/pubmed/2693436
http://www.ncbi.nlm.nih.gov/pubmed/2693436
http://www.ncbi.nlm.nih.gov/pubmed/2693436
http://www.ncbi.nlm.nih.gov/pubmed/1304265
http://www.ncbi.nlm.nih.gov/pubmed/1304265
http://www.ncbi.nlm.nih.gov/pubmed/23340720
http://www.ncbi.nlm.nih.gov/pubmed/23340720
http://www.ncbi.nlm.nih.gov/pubmed/23340720
http://www.ncbi.nlm.nih.gov/pubmed/17253260
http://www.ncbi.nlm.nih.gov/pubmed/17253260
http://www.ncbi.nlm.nih.gov/pubmed/10363840
http://www.ncbi.nlm.nih.gov/pubmed/10363840
http://www.ncbi.nlm.nih.gov/pubmed/10363840
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3062125/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3062125/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3062125/
http://www.ncbi.nlm.nih.gov/pubmed/15849870
http://www.ncbi.nlm.nih.gov/pubmed/15849870
http://www.ncbi.nlm.nih.gov/pubmed/15849870
http://www.ncbi.nlm.nih.gov/pubmed/19842370
http://www.ncbi.nlm.nih.gov/pubmed/19842370
http://www.ncbi.nlm.nih.gov/pubmed/19842370
http://www.ncbi.nlm.nih.gov/pubmed/24867504
http://www.ncbi.nlm.nih.gov/pubmed/24867504
http://www.ncbi.nlm.nih.gov/pubmed/24867504
http://www.ncbi.nlm.nih.gov/pubmed/17955597
http://www.ncbi.nlm.nih.gov/pubmed/17955597
http://www.ncbi.nlm.nih.gov/pubmed/17955597
http://www.ncbi.nlm.nih.gov/pubmed/24152362
http://www.ncbi.nlm.nih.gov/pubmed/24152362
http://www.ncbi.nlm.nih.gov/pubmed/6667118
http://www.ncbi.nlm.nih.gov/pubmed/6667118
http://www.ajol.info/index.php/ajb/article/viewFile/80801/71032
http://www.ajol.info/index.php/ajb/article/viewFile/80801/71032
http://www.ajol.info/index.php/ajb/article/viewFile/80801/71032
http://www.ncbi.nlm.nih.gov/pubmed/18590736
http://www.ncbi.nlm.nih.gov/pubmed/18590736
http://www.ncbi.nlm.nih.gov/pubmed/18590736
http://www.ncbi.nlm.nih.gov/pubmed/18590736
http://www.ncbi.nlm.nih.gov/pubmed/1098584
http://www.ncbi.nlm.nih.gov/pubmed/1098584
http://www.ncbi.nlm.nih.gov/pubmed/1098584
http://www.malariajournal.com/content/13/1/106
http://www.malariajournal.com/content/13/1/106
http://www.malariajournal.com/content/13/1/106
http://www.ncbi.nlm.nih.gov/pubmed/23928701
http://www.ncbi.nlm.nih.gov/pubmed/23928701
http://www.ncbi.nlm.nih.gov/pubmed/23928701
http://www.ncbi.nlm.nih.gov/pubmed/19015023
http://www.ncbi.nlm.nih.gov/pubmed/19015023
http://www.ncbi.nlm.nih.gov/pubmed/19015023
http://www.ncbi.nlm.nih.gov/pubmed/17260185
http://www.ncbi.nlm.nih.gov/pubmed/17260185
http://www.ncbi.nlm.nih.gov/pubmed/17260185
http://www.ncbi.nlm.nih.gov/pubmed/16603602
http://www.ncbi.nlm.nih.gov/pubmed/16603602
http://www.ncbi.nlm.nih.gov/pubmed/16603602
http://www.ncbi.nlm.nih.gov/pubmed/23778316
http://www.ncbi.nlm.nih.gov/pubmed/23778316
http://www.ncbi.nlm.nih.gov/pubmed/23778316
http://www.ncbi.nlm.nih.gov/pubmed/23778316

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Plant materials 
	Experimental mice 
	Rodent malaria parasite
	Acute toxicity test
	Antimalarial drug
	Assessment of liver function tests
	Efficacy test in vivo

	Statistics
	Results
	Acute toxicity test 
	Impairment of liver function during Plasmodium berghei ANKA infection 
	Hepatoprotection of aqueous crude extracts of Tinospora crispa during Plasmodium berghei ANKA infect

	Discussion
	Figure 1
	Figure 2
	Table 1
	Acknowledgements
	References

