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Renal damage and hemolysis induced bymalaria are associatedwithmortality in adult patients. It has been speculated that oxidative
stress condition induced by malaria infection is involved in its pathology. Thus, we aimed to investigate the protective effects of
Tinospora crispa stem extract on renal damage and hemolysis during Plasmodium berghei infection. T. crispa stem extract was
prepared using hot water method and used for oral treatment in mice. Groups of ICR mice were infected with 1 × 107 parasitized
erythrocytes of P. berghei ANKA by intraperitoneal injection and given the extracts (500, 1000, and 2000mg/kg) twice a day for
4 consecutive days. To assess renal damage and hemolysis, blood urea nitrogen (BUN), creatinine, and hematocrit (%Hct) levels
were then evaluated, respectively. Malaria infection resulted in renal damage and hemolysis as indicated by increasing of BUN
and creatinine and decreasing of %Hct, respectively. However, protective effects on renal damage and hemolysis were observed in
infected mice treated with these extracts at doses of 1000 and 2000mg/kg. In conclusion, T. crispa stem extract exerted protective
effects on renal damage and hemolysis induced by malaria infection. This plant may work as potential source in the development
of variety of herbal formulations for malarial treatment.

1. Introduction

Malaria is one of the world’s leading killers, having a greater
morbidity and mortality than any other infectious diseases,
with greater mortality in children and pregnant women.
Malaria is caused by a parasite of the genus Plasmodium and
transmitted by female Anophelesmosquito [1]. Renal damage
and hemolysis induced by malaria, especially P. falciparum
and P. vivax, occur between 2 and 6% of hospitalized
patients with a mortality that can reach up to 50% [2].
The pathogenesis of renal damage and hemolysis during
malaria infection is multifactorial and not well characterized,
but several studies suggest involvement of cytoadherence of
parasitized erythrocytes and proinflammatory response as
well as oxidative stress [3–5]. Moreover, parasite invasion and
subsequent erythrocyte rupture also contributed to patho-
genesis of hemolysis [6].This has prompted research towards
the discovery and development of new, safe, and affordable

antihemolysis drugs duringmalaria infection. In this respect,
medicinal plants are potential targets for research.

Plant extracts are commonly investigated in several
parts of the world for their possible activities for using in
malaria [7–10]. Moreover, many studies recently endorsed
the use of traditional medicinal plants to treat diseases
[11–16]. Tinospora crispa Hook. f. and Thomson is a tree
that belongs to the family Menispermaceae. This plant is
widely found in Asia and Southeast Asia including Thailand
and used for general weakness, malaria fevers, and chronic
rheumatism [17]. It has been reported that T. crispa stem
extract has high antioxidant property.This result is confirmed
by the existence of phenolic and flavonoids such as catechin,
luteolin, and borapetoside [18]. These are responsible for
high antioxidant activity and other activities including anti-
inflammation, antimicrobials, and anticancer [19–21]. The
antioxidant properties of T. crispa stem extract make it useful
for the treatment of diseases resulting from oxidative stress
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such as cardiovascular disease, cancer, liver damage, and
renal disease. It also has been used as an antimalarial agent
in vivo [22, 23]. However, it has not been reported yet to use
T. crispa stem extract to treat renal damage and hemolysis
induced malaria infection. Hence, the present study was
aimed to investigate the protective effects of T. crispa stem
extract on renal damage and hemolysis induced by P. berghei
infection in mice.

2. Materials and Methods

2.1. Plant Material and Preparation of Crude Extract. Fresh
stems of Tinospora crispa were collected from natural envi-
ronment in Suphanburi province, Thailand, from March to
April 2015. The samples were identified by Dr. Sakaewan
Ounjaijean, Faculty of Pharmacy, Payap University, Chiang
Mai,Thailand. Stemswereminced into small pieces and dried
in hot-air oven at 60∘C for 72 h, after which the dried plants
were ground and then extracted in distilled water at the
proportion of 1 : 10 (w/v) using microwave at 360W for 5min
[24]. Incubation at room temperature with frequent agitation
was then performed for overnight. The extract was filtered
throughWhatmannumber 1 filter paper, and evaporationwas
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
and volume should not be higher than 1mL. Drug doses,
expressed in mg/kg of body weight, were adjusted at the time
of administration according to the weight of the mice.

2.2. Mice. Pathogen-free, female ICR mice, aged 4–6 weeks
and weighting 25–30 g, were purchased from the National
Laboratory Animal Center, Mahidol University, Bangkok,
Thailand.Theywere kept at 22–25∘Cwith 12 h light/dark cycle
and given standard mouse pellet and water ad libitum. All
procedures of the animal experiments were approved by the
Ethical Committee on Animal Experimentation, Faculty of
Medical Technology, Western University.

2.3. Plasmodium berghei Parasite. Plasmodium berghei strain
ANKA (PbANKA) was used in this study. PbANKAwas kept
alive by intraperitoneal (IP) passage of 1 × 107 parasitized
erythrocytes in näıve mice. Parasitemia was daily monitored
by microscopic examination of Giemsa stained thin blood
smear. In addition, hematocrit (%Hct) was also monitored
by collecting tail vein into heparinized hematocrit tubes
and centrifuged at 10,000 g for 10min. Proportion of packed
erythrocytes and total blood volume was finally calculated.

2.4. Assessment of Renal Function Tests. Blood urea nitrogen
(BUN) and creatinine were used as indicators of renal
function. Mouse blood was collected from tail vein into
heparinized hematocrit tubes and centrifuged at 10,000 g
for 10min. Plasma was subsequently collected and used as
subjects for measurement of BUN and creatinine using an
available commercial kit (BioSystems) according tomanufac-
turer’s instruction.

2.5. Efficacy Test In Vivo. Protective effect of aqueous crude
extract of T. crispa on renal damage and hemolysis during
malaria infection was done based on standard 4-day sup-
pressive test [25]. Groups of ICR mice (5 mice of each) were
randomly divided, and infection was then performed with 1
× 107 parasitized erythrocytes of PbANKA by IP injection.
Two hours after infection, they were given orally by gavage
with 500, 1000, and 2000mg/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 4 of experiment, tail blood was collected to assess
hemolysis by measurement of %Hct. Moreover, plasma was
subsequently also used to measure BUN and creatinine.

2.6. Statistics. Statistical analysis was done using GraphPad
Prism version 5.01. 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% confidence, P < 0.05.

3. Results

3.1. Renal Damage and Hemolysis Induced by Plasmod-
ium berghei ANKA Infection in Mice. Parasitemia was first
detectable on day 1 after infection with a parasitemia of 0.5%
and reached 65% on day 10 (Figure 1(a)). Next, we observed
that BUN and creatinine levels were markedly increased in
infected mice, and first significant (P < 0.05 and P < 0.001)
increaseswere foundonday 4 after infection (Figures 1(b) and
1(c)). Additionally, we also observed progressive decreases
of %Hct in infected mice in response to the presence of
parasitemia (Figure 1(d)).

3.2. Protective Effect of Tinospora crispa Stem Extract on
Renal Damage during Plasmodium berghei ANKA Infection
in Mice. It was found that T. crispa stem extract showed
protective effect on renal damage induced by PbANKA
infection in mice, and the highest activity was found at
dose of 2000mg/kg of extract treated group (Figure 2). The
BUN and creatinine levels were increased significantly (P <
0.01 and P < 0.001, resp.) by malaria infection (untreated
group) and infected mice treated with 500mg/kg of the
extract, compared to normal control. Interestingly, after oral
administration of T. crispa stem extract, BUN and creatinine
levels declined significantly (P < 0.01 and P < 0.001, resp.),
especially at doses of 1000 and 2000mg/kg, compared to
untreated control. No effect was observed in normal mice
treated with this extract. However, T. crispa stem extract
could not be able to decrease parasitemia levels.

3.3. Antihemolytic Effect of Tinospora crispa Stem Extract
during Plasmodium berghei ANKA Infection in Mice. T.
crispa stem extract exerted antihemolytic effect against
PbANKA infectedmice. As shown in Figure 3, hemolysis was
observed in untreated control and infected mice treated with
500mg/kg of the extract as indicated by decreasing of %Hct
with significance (P < 0.01), compared to normal control.
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Figure 1: Renal damage and hemolysis induced by Plasmodium berghei infection. ICR mice (5 mice) were inoculated with 1 × 107 parasitized
erythrocytes of PbANKAby intraperitoneal injection. (a) Parasitemia, (b) BUN, (c) creatinine, and (d) hematocrit levels were dailymonitored.
Results were expressed as mean ± SEM. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001, compared to day 0 after infection.

Interestingly, %Hct was significantly (P < 0.01) increased
in infected mice treated with 1000 and 2000mg/kg of the
extract, compared to untreated control.The highest effect was
found at dose of 2000mg/kg of the extract. No effect was
observed in normal mice treated with this extract. Moreover,
prolonged survival time of infected mice treated with this
extract was also observed.

4. Discussion

In the current study, we provide evidence that describes the
protective effect of T. crispa stem extract on renal damage
and hemolysis induced by P. berghei infection in mice. The
onset of renal damage and hemolysis in ICR mice infected
with PbANKA come out from day 4 after infection and the
incidence of renal damage and hemolysis were confirmed
through manifestations such as increasing of BUN and cre-
atinine as well as decreasing of %Hct in infected mice. Renal
damage and hemolysis are proposed to be a consequence of
parasite adhesion and exacerbated immune response against
products of oxidative stress released during infection [26].

In addition, parasitized erythrocyte sequestration at the
microvascular site of renal has also been discussed to induce
renal damage. The destruction of erythrocytes during blood
stage infection accumulates high levels of toxic-free heme
that has ability to induce oxidative stress from production
of hydroxyl radicals via Fenton/Haber-Weiss reaction [27].
Moreover, heme-derived oxidative stress is considered to be a
main factor in the iron-induced lipid peroxidation resulting
in the formation of oxidized LDL [28]. Therefore, these
conditions derived by blood stage of infection result in renal
damage and hemolysis.

However, protective effects of renal damage and hemol-
ysis induced by malaria infection were found in infected
mice treated with T. crispa stem extract. Polyphenols and
flavonoids show high antioxidant and anti-inflammation
properties and then protect oxidative stress development
[17]. T. crispa stem extract has been shown to contain high
amounts of polyphenols and flavonoids [29].Thus, the potent
antioxidant activity of this extract might play a central role in
protecting renal damage and hemolysis from oxidative stress
induced bymalaria infection.Moreover,T. crispa stem extract
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Figure 2: Protective effect of Tinospora crispa stem extract on renal damage induced by Plasmodium berghei infection. ICR mice (5 mice of
each) were inoculated with 1 × 107 parasitized erythrocytes of PbANKA by intraperitoneal injection.The extracts (500, 1000, and 2000mg/kg)
were given orally by gavage for 4 consecutive days. On day 4 of experiment, (a) BUN and (b) creatinine levels were then measured. Results
were expressed as mean ± SEM. ∗∗𝑃 < 0.01 and ∗∗∗𝑃 < 0.001, compared to normal control, and ##

𝑃 < 0.001 and ###
𝑃 < 0.001, compared to

untreated control. N: normal control, N + E: normal mice treated with 2000mg/kg of extract, and UN: untreated control. The results came
from 3 independent experiments.
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Figure 3: Protective effect of Tinospora crispa stem extract on
hemolysis induced by Plasmodium berghei infection. ICR mice (5
mice of each)were inoculatedwith 1× 107 parasitized erythrocytes of
PbANKA by intraperitoneal injection. The extracts (500, 1000, and
2000mg/kg) were given orally by gavage for 4 consecutive days. On
day 4 of experiment, hematocrit levels were then measured. Results
were expressed as mean ± SEM. ∗∗𝑃 < 0.01, compared to normal
control, and ##

𝑃 < 0.001, compared to untreated control. N: normal
control, N + E: normal mice treated with 2000mg/kg of extract,
and UN: untreated control. The results came from 3 independent
experiments.

has been reported to have antimalarial activity againstP. yoelii
infection in mice [22]. So, antimalarial activity to inhibit P.
berghei growth and subsequently inhibit renal damage and
hemolysis might also be mentioned.

5. Conclusions

Taken together, our results suggest that T. crispa stem extract
shows protective effects againstP. berghei-induced renal dam-
age and hemolysis. Appropriate pharmaceutical strategies
might now be devised to increase the low bioavailability of
this extract and to protect against rapid in vivo metabolic
transformation, in such a way to make them more amenable
as alternative antimalarial drug in combination therapies.

Conflict of Interests

The authors have declared that no conflict of interests exists.

Acknowledgments

Theauthors thank all students in Clinical Chemistry Division
for their help in animal experiments. The authors also
thank Dr. Sakaewan Ounjaijean for her discussion about
preparation of plant extract. The authors specially acknowl-
edge Dr. Chairat Uthaipibull and Associate Professor Dr.
Somdet Srichairatanakool for their discussion about malaria
infection.

References

[1] V. Narasimhan and A. Attaran, “Roll back malaria?The scarcity
of international aid for malaria control,”Malaria Journal, vol. 2,
article 8, 2003.

[2] C. V. R. Krishna, P. V. L. N. S. Rao, G. C. Das, and V. S. Kumar,
“Acute renal failure in falciparum malaria: clinical character-
istics, demonstration of oxidative stress, and prognostication,”



Journal of Pathogens 5

Saudi Journal of Kidney Diseases and Transplantation, vol. 23,
no. 2, pp. 296–300, 2012.

[3] R. M. Elias, M. Correa-Costa, C. R. Barreto et al., “Oxidative
stress and modification of renal vascular permeability are
associated with acute kidney injury during,” PLoS ONE, vol. 7,
no. 8, Article ID e44004, 2012.

[4] R. Sinniah, L. Rui-Mei, and A. Kara, “Up-regulation of
cytokines in glomerulonephritis associated with murine
malaria infection,” International Journal of Experimental
Pathology, vol. 80, no. 2, pp. 87–95, 1999.

[5] R. S. Barsoum, “Malarial acute renal failure,” Journal of the
American Society of Nephrology, vol. 11, no. 11, pp. 2147–2154,
2000.

[6] S. Audomkasok, W. Singpha, S. Chachiyo, and V. Somsak,
“Antihemolytic activities of green tea, safflower, and mulberry
extracts during Plasmodium berghei infection in mice,” Journal
of Pathogens, vol. 2014, Article ID 203154, 4 pages, 2014.

[7] N. Abdulrazak, U. I. Asiya, N. S. Usman, I. M. Unata, and
A. Farida, “Antiplasmodial activity of ethanolic extract of root
and stem back of Cassia sieberiana DC on mice,” Journal of
Intercultural Ethnopharmacology, vol. 4, no. 2, pp. 96–101, 2015.

[8] S. Esmaeili, A. Ghiaee, F. Naghibi, and M. Mosaddegh,
“Antiplasmodial activity and cytotoxicity of plants used in
traditional medicine of Iran for the treatment of fever,” Iranian
Journal of Pharmaceutical Research, vol. 14, pp. 103–107, 2015.

[9] L. B. Mekonnen, “In vivo antimalarial activity of the crude
root and fruit extracts ofCrotonmacrostachyus (Euphorbiaceae)
against Plasmodium berghei in mice,” Journal of Traditional and
Complementary Medicine, vol. 5, pp. 168–173, 2015.

[10] S. Chandel, U. Bagai, R. B. Semwal, and D. K. Semwal,
“Antiplasmodial activity of aqueous extract of Berberis aristata
roots against Plasmodium berghei-infected BALB/cmice,” Phar-
maceutical Biology, vol. 53, no. 12, pp. 1735–1740, 2015.

[11] S. Omar, J. Zhang, S. MacKinnon et al., “Traditionally-used
antimalarials from the Meliaceae,” Current Topics in Medicinal
Chemistry, vol. 3, no. 2, pp. 133–139, 2003.

[12] K. Sharma, S. Pachauri, K. Khandelwal et al., “Anticancer effects
of extracts from the fruit ofMorinda Citrifolia (Noni) in breast
cancer cell lines,” Drug Research, 2015.

[13] E.-S. Kim, J. S. Lee, M. Akram et al., “Protective activity of
Dendropanax morbifera against cisplatin-induced acute kidney
injury,”Kidney& Blood Pressure Research, vol. 40, no. 1, pp. 1–12,
2015.

[14] D. P. Bezerra, P. M. P. Ferreira, C. M. L. Machado et al.,
“Antitumour efficacy ofPiper tuberculatum and piplartine based
on the hollow fiber assay,” PlantaMedica, vol. 81, no. 1, pp. 15–19,
2015.

[15] W. Salem, D. R. Leitner, F. G. Zingl et al., “Antibacterial activity
of silver and zinc nanoparticles against Vibrio cholerae and
enterotoxic Escherichia coli,” International Journal of Medical
Microbiology, vol. 305, no. 1, pp. 85–95, 2015.

[16] J.-M. Hong, O.-K. Kwon, I.-S. Shin et al., “Anti-inflammatory
activities ofPhysalis alkekengi var. franchetii extract through the
inhibition of MMP-9 and AP-1 activation,” Immunobiology, vol.
220, no. 1, pp. 1–9, 2015.

[17] S. Praman, M. J. Mulvany, D. E. Williams, R. J. Andersen,
and C. Jansakul, “Crude extract and purified components
isolated from the stems of Tinospora crispa exhibit positive
inotropic effects on the isolated left atrium of rats,” Journal of
Ethnopharmacology, vol. 149, no. 1, pp. 123–132, 2013.

[18] S. M. Ahmed, L. R. Manhas, V. Verma, and R. K. Khajuria,
“Quantitative determination of four constituents of Tinospora
sps. by a reversed-phase HPLC-UV-DAD method. Broad-
based studies revealing variation in content of four secondary
metabolites in the plant fromdifferent eco-geographical regions
of India,” Journal of Chromatographic Science, vol. 44, no. 8, pp.
504–509, 2006.

[19] J. Langrand, H. Regnault, X. Cachet et al., “Toxic hepatitis
induced by a herbalmedicine:Tinospora crispa,” Phytomedicine,
vol. 21, no. 8-9, pp. 1120–1123, 2014.

[20] F. A. Kadir, F. Othman, M. A. Abdulla, F. Hussan, and P.
Hassandarvish, “Effect of Tinospora crispa on thioacetamide-
induced liver cirrhosis in rats,” Indian Journal of Pharmacology,
vol. 43, no. 1, pp. 64–68, 2011.

[21] K.-W. Ng, S. M. Salhimi, A. M. S. A. Majid, and K.-L. Chan,
“Anti-angiogenic and cytotoxicity studies of some medicinal
plants,” Planta Medica, vol. 76, no. 9, pp. 935–940, 2010.

[22] T. Rungruang and T. Boonmars, “In vivo antiparasitic activity
of the Thai traditional medicine plant-Tinospora crispa-against
Plasmodium yoelii,” The Southeast Asian Journal of Tropical
Medicine and Public Health, vol. 40, no. 5, pp. 898–900, 2009.

[23] N. N. N. A. Rahman, T. Furuta, S. Kojima, K. Takane, andM. A.
Mohd, “Antimalarial activity of extracts of Malaysianmedicinal
plants,” Journal of Ethnopharmacology, vol. 64, no. 3, pp. 249–
254, 1999.

[24] E. Nkhili, V. Tomao, H. El Hajji, E.-S. El Boustani, F. Chemat,
and O. Dangles, “Microwave-assisted water extraction of green
tea polyphenols,” Phytochemical Analysis, vol. 20, no. 5, pp. 408–
415, 2009.

[25] W. Peters, “The chemotherapy of rodent malaria, XXII. The
value of drug-resistant strains of Plasmodium berghei in
screening for blood schizontocidal activity,” Annals of Tropical
Medicine and Parasitology, vol. 69, no. 2, pp. 155–171, 1975.

[26] S. K. Mishra and B. S. Das, “Malaria and acute kidney injury,”
Seminars in Nephrology, vol. 28, no. 4, pp. 395–408, 2008.

[27] M. Kruszewski, “Labile iron pool: the main determinant
of cellular response to oxidative stress,” Mutation
Research/Fundamental and Molecular Mechanisms of
Mutagenesis, vol. 531, no. 1-2, pp. 81–92, 2003.

[28] S. Kumar and U. Bandyopadhyay, “Free heme toxicity and its
detoxification systems in human,”Toxicology Letters, vol. 157, no.
3, pp. 175–188, 2005.

[29] M. I. Choudhary, M. Ismaila, Z. Alia, K. Shaari, N. H. Lajis, and
Atta-ur-Rahman, “Alkaloidal constituents of Tinospora crispa,”
Natural Product Communications, vol. 5, no. 11, pp. 1747–1750,
2010.


