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ARTICLE INFO ABSTRACT

Keywords: During Plasmodium malaria parasite infection in a human, the intraerythrocytic stages lead to the clinical
Tinospora crispa manifestations of the disease, especially hypoglycemia. Hypoglycemia is a recognized feature of severe malaria
Hypoglycemia and linked with a high risk of mortality for children. Hence, the present study aimed to investigate the protective

Plasmodium berghei effect of T. crispa stem extract on hypoglycemia induced by P. berghei infection tested with a mouse model. ICR

mice were inoculated with 1 x 107 parasitized erythrocytes of P. berghei ANKA (PbANKA) by intraperitoneal
injection and given 50, 100, and 200 mg/kg of ethanolic extract for 4-consecutive days. The results showed that
T. crispa stem extract exerted a protective effect (100%) on hypoglycemia induced by PbDANKA infection at doses
of 100 and 200 mg/kg. A significantly (p < .05) prolonged mean survival time (28.0 = 1.9 days) of the extract
treated mice was also observed. Additionally, no effect on blood glucose levels was seen in normal mice treated
with all doses of extract. It can be concluded that T. crispa stem extract may have beneficial properties in

protecting against hypoglycemia, and in increasing survival time during malaria infection.

Plasmodium spp., the causative agent of malaria, is a prominent
cause of human morbidity and mortality for about 40% of world's po-
pulation, and it kills about 1 million children under 5 years of age an-
nually [1]. During Plasmodium infection in a human, the in-
traerythrocytic stages lead to the clinical manifestations of the disease,
including hypoglycemia and hypoglycemic shock [2]. Hypoglycemia is
often associated with severe malaria, especially in children and preg-
nant women [3-5]. Growing evidence suggests that the depletion of
critical gluconeogenic substrates by the malaria parasite may play an
important role in malaria-associated hypoglycemia [6,7]. This has
prompted research towards the discovery of new and affordable sub-
stances to lessen the impact of malaria-associated hypoglycemia. Ap-
proximately 80% of the world's population depends on traditional and
herbal medicines as a source of disease treatment [8], and the use of
traditional and herbal remedies seems to be an alternative choice for
malaria treatment.

Tinospora crispa (L.) Hook. f. & Thomson is a medicinal plant be-
longs to the genus Tinospora of the Menispermaceae family. It is
common in primary rainforests of Southeast Asia and Africa, including
Thailand, Malaysia, and Indonesia [9]. It has been traditionally used for
the treatment of rheumatism, jaundice, intermittent fever, and urinary
disorders. Moreover, a number of studies investigating the anti-

inflammatory, antioxidant, anti-bacterial, anti-parasitic, anti-filarial,
anti-proliferative, analgesic, atherosclerosis inhibitory, cardioprotec-
tive, anti-hyperglycemic, and immunomodulatory activities of T. crispa
extract have been carried out [10]. Additionally, an antimalarial ac-
tivity of T. crispa extract has been reported [11-13]. However, any ef-
fect of extracts of this plant on hypoglycemia induced by P. berghei in
mouse model has not yet been reported. The present study therefore
aimed to investigate the protective effect of T. crispa stem extract on
hypoglycemia induced by P. berghei infection in mice.

T. crispa was collected in Kanchanaburi province, Thailand. The
stems were cut into small pieces and oven-heated (Memmert UF55) at
60 °C for 72 h. The dried plant material was ground into a powder using
an electric blender. Then 300 g of powdered sample was extracted by
maceration in 70% ethanol for 72 h. After filtration through Whatman
no. 1 filter paper the filtrate was evaporated to dryness by a rotary
vacuum evaporator (Buchi R-100) under reduced pressure and stored at
-20 °C until use [12]. Before the experiment, dried crude extract of T.
crispa stem was dissolved in 20% Tween-80 to obtain an appropriate
dose, with a total volume not exceeding 1 ml. Plasmodium berghei ANKA
(PbANKA) used in this study were kindly provided by Dr. Chairat
Uthaipibull from the National Center for Genetic Engineering and
Biotechnology (BIOTEC), NSTDA. The parasite was maintained by
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mechanical passage into ICR mice. Naive mice were infected with
1 x 107 parasitized erythrocytes of PbANKA by intraperitoneal (IP)
injection. Parasitemia was monitored daily under a light microscope by
observation of Giemsa stained thin blood smears. The mice were used in
accordance with NIH Guidelines for the care and use of laboratory
animals; NIH Publication (No. 83-23) revised (1985) NIPRD-Standard
Operation Procedures (SOPs). All experiments involving animals were
ratified by the Animal Ethics Committee, Western University (WTU 23/
2017). For in vivo experiments, a standard 4-day test was carried out as
previously described [14]. Groups of ICR mice were randomly divided
into 6 groups (5 mice per group). ICR mice were infected with 1 x 107
parasitized erythrocytes of PbANKA by IP injection. Two hours later,
doses of 50, 100, and 200 mg/kg of extract were administered by oral
gavage, followed by administration on four consecutive days (days
0-3). Normal and toxic controls were established by administering
10 ml/kg of 20% Tween-80 and 200 mg/kg of extract by oral gavage,
respectively. Moreover, untreated controls were given only 10 ml/kg of
20% Tween-80. On day four, blood glucose and MST were measured.
All results of this study are presented as mean *+ standard error of
mean (SEM) using an available commercial statistic program
(GraphPad Prism version 5.01). Significance was considered at a 95%
confidence, p-value < .05 using one-way ANOVA with post-hoc Tukey
analysis.

During PbANKA infection of mice, parasitemia was first detectable
on day 1 post-infection, with a parasitemia of lower than 1% and
parasitemia subsequently reached 45% at day 14 post-infection
(Fig. 1a, left axis). Moreover, hypoglycemia was found in PbANKA in-
fected mice as indicated by markedly decreased blood glucose (Fig. 1a,
right axis). Additionally, a negative correlation (R? = 0.8142) between
parasitemia and blood glucose during PbANKA infection was observed
(Fig. 1b). This could be due to the fact that utilization of blood glucose
and the host's glucose stores by Plasmodium malaria parasites affects
hypoglycemia during infection [15]. Moreover, it has been shown that
blood glucose is rapidly taken up across the malaria parasite membrane
facilitated by the hexose transporter, and is metabolized through the
glycolysis pathway approximately 100-fold faster as compared to
normal erythrocytes, therefore causing hypoglycemia if untreated
[16,17]. In addition, high levels of tumor necrosis factor (TNF) has been
reported to be associated with severity and mortality of malaria by
causing hypoglycemia via induction of hyperinsulinemia [18-21].

For the efficacy of T. crispa stem extract on hypoglycemia induced
by PbANKA infection, this extract of T. crispa stem exerted a protective
effect on hypoglycemia induced by PbANKA at a dose of 100
(158 = 18.2mg/dl) and 200 mg/kg (164 + 12.9mg/dl) of the ex-
tract, resulting in glucose levels similar and insignificant (p > .05) to
those in uninfected mice (176 = 16.4mg/dl) (Fig. 2a). The highest
protective effect was observed at a dose of 200 mg/kg. However, a dose
of 50 mg/kg of extract did not protect against hypoglycemia as in-
dicated by a significantly (p < .01) decrease blood glucose
(102 = 11.5mg/dl), compared to uninfected control. Moreover, T.
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crispa stem extract also showed antimalarial activity at the doses of 100
and 200 mg/kg (Fig. 2b). In addition, no effect on blood glucose level
was seen in normal mice treated with 200mg/kg of extract
(178 + 25.1mg/dl). The T. crispa stem extract, the 100
(27.0 = 2.0days) and 200 (28.0 + 1.9days) mg/kg extract treated
groups lived longer than the -corresponding untreated control
(13.6 = 1.1days) (p < .001). There were no significant differences in
MST among these extract treated groups. For the 50 mg/kg extract
treated mice, however, the MST was not prolonged (13.8 *+ 1.3 days)
significantly as compared to untreated control as shown in Table 1.
Additionally, the toxicity control group survived throughout the ex-
periment. Several studies have shown that different plant extracts can
contain antioxidant activity that controls blood glucose levels [22-25].
The constituents and the properties of T. crispa such as borapetoside,
borapetol, and apigenin suggests that the mechanism of action of T.
crispa stem extract in control of blood glucose levels might be similar to
that of other plant extracts [9,26-28]. Furthermore, the ability of T.
crispa to affect blood glucose levels might be explained by the inhibition
of the glycolysis pathway or the hexose transporter of infected ery-
throcytes [9,29]. It has been reported that the hepatoprotective and
beneficial effects on insulin due to the antioxidant activity of T. crispa
stem extract may, in part, play a critical role in improving blood glucose
levels and get them back to the normal range [30,31]. Accordingly, a
plant extract that can prolong the MST of infected mice compared to the
untreated controls is considered an active agent against malaria. In the
present study, the infected mice treated with 100 and 200 mg of the
extract had significantly longer survival times than the untreated con-
trols. This might be due to the anti-hypoglycemic activity of the extract
and suggests the presence of bioactive compounds in the extract.

All the results obtained in the present study show that the T. crispa
stem extract exerts an anti-hypoglycemic effect during PbANKA infec-
tion in mice, and prolonged MST were also observed. According to its
potent activities, along with the lack of toxicity of this extract, it can be
a potential medicinal remedy for malaria treatment. However, the
finding is not sufficient to pinpoint the mechanism of action. The
identification of the active compounds and exploration of the me-
chanism responsible for the observed anti-hypoglycemia effect are re-
commended.
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Fig. 1. Hypoglycemia induced by PbANKA infection. ICR mice were infected with 1 X 107 parasitized erythrocytes of PPANKA by IP injection. (a) Parasitemia and

(b) blood glucose were daily monitored. Results are expressed as mean + SEM.
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Fig. 2. Efficacy of T. crispa stem extract on hypoglycemia induced by PbDANKA infection. Groups of ICR mice (5 mice per group) were infected with 1 x 107
parasitized erythrocytes of PbANKA by IP injection. They were administered orally by gavage 50, 100, and 200 mg/kg of extract once a day for four consecutive days
(day 0-3). At day four, (a) blood glucose levels and (b) parasitemia were measured. ***p < .001, compared to uninfected group, °p < .001, compared to untreated
group. UL uninfected mice, UI + E; uninfected mice treated with 200 mg/kg of extract, UT; untreated mice, 50,100, and 200; infected mice treated with 50, 100, and

200 mg/kg of extract, respectively. Results are expressed as mean + SEM.

Table 1
Effect of T. crispa stem extract on the MST of PbANKA infected mice.
Groups Treatment MST (days)
Untreated group 10 ml/kg of 20% Tween- 136 = 1.1
80
T. crispa stem extract treated 50 mg/kg of extract 13.8 = 1.3
groups 100 mg/kg of extract 27.0 + 2.0%**
200 mg/kg of extract 28.0 = 1.9%**

Results are expressed as mean *+ SEM. ***p < .001, compared to untreated
group.

Declarations of interest
None.
References

[1] WHO. World Health Organization, World Malaria Report, http://wwwwhoint/
malaria/world_malaria_report_2017/en/indexhtml, (2017).

[2] H.V. Thien, P.A. Kager, H.P. Sauerwein, Hypoglycemia in falciparum malaria: is
fasting an unrecognized and insufficiently emphasized risk factor? Trends Parasitol.
22 (2006) 410-415.

[3] H. Barennes, E. Sayavong, E. Pussard, High Mortality Risk in Hypoglycemic and
Dysglycemic Children Admitted at a Referral Hospital in a Non Malaria Tropical
Setting of a Low Income Country, PLoS One 11 (2016) e0150076.

[4] L. Madrid, M. Lanaspa, S.A. Maculuve, Q. Bassat, Malaria-associated hypoglycaemia
in children, Expert Rev Anti-Infe. 13 (2015) 267-277.

[5] A.A. Ali, E.M. Elhassan, M.M. Magzoub, M.I. Elbashir, I. Adam, Hypoglycaemia and
severe Plasmodium falciparum malaria among pregnant Sudanese women in an area
characterized by unstable malaria transmission, Parasit. Vectors 4 (2011) 88.

[6] H.van Thien, M.T. Ackermans, E. Dekker, V.O. Thanh Chien, T. Le, E. Endert, et al.,
Glucose production and gluconeogenesis in adults with cerebral malaria, J. Assoc.
Physicians India 94 (2001) 709-715.

[7] A.R. Chogle, Hypoglycaemia in falciparum malaria, J. Assoc. Physicians India 46
(1998) 921-922.

[8] J.D. Phillipson, C.W. Wright, Antiprotozoal agents from plant sources, Planta Med.
57 (1991) S53-S59.

[9] W. Ahmad, I. Jantan, S.N. Bukhari, Tinospora crispa (L.) Hook. f. & Thomson: A
Review of Its Ethnobotanical, Phytochemical, and Pharmacological Aspects, Front.
Pharmacol. 7 (2016) 59.

[10] M.A. Haque, L. Jantan, S.N. Abbas Bukhari, Tinospora species: An overview of their
modulating effects on the immune system, J Ethopharmacol. 207 (2017) 67-85.

[11] N. Nutham, S. Sakulmettatham, S. Klongthalay, P. Chutoam, V. Somsak, Protective
Effects of Tinospora crispa Stem Extract on Renal Damage and Hemolysis during
Plasmodium berghei Infection in Mice, J Pathog. 2015 (2015) 738608.

[12] G. Denis, Y. Gerard, S. Sahpaz, R. Laporte, N. Viget, F. Ajana, et al., Malarial

59

prophylaxis with medicinal plants: toxic hepatitis due to Tinospora crispa, Therapie
62 (2007) 271-272.

[13] S. Bertani, G. Bourdy, I. Landau, J.C. Robinson, P. Esterre, E. Deharo, Evaluation of
French Guiana traditional antimalarial remedies, J Ethonopharmacol. 98 (2005)
45-54.

[14] W. Peters, The chemotherapy of rodent malaria, XXII. The value of drug-resistant
strains of Plasmodium berghei in screening for blood schizontocidal activity, Ann
Trop Med Parasitol. 69 (1975) 155-171.

[15] M. Mehta, H.M. Sonawat, S. Sharma, Malaria parasite-infected erythrocytes inhibit
glucose utilization in uninfected red cells, FEBS Lett. 579 (2005) 6151-6158.

[16] E.T. Tjhin, H.M. Staines, D.A. van Schalkwyk, S. Krishna, K.J. Saliba, Studies with
the Plasmodium falciparum hexokinase reveal that PfHT limits the rate of glucose
entry into glycolysis, FEBS Lett. 587 (2013) 3182-3187.

[17] R.J. Allen, K. Kirk, The membrane potential of the intraerythrocytic malaria para-
site Plasmodium falciparum, J. Biol. Chem. 279 (2004) 11264-11272.

[18] P. Kinra, V. Dutta, Serum TNF alpha levels: a prognostic marker for assessment of
severity of malaria, Trop. Biomed. 30 (2013) 645-653.

[19] A.S. Gandapur, S.A. Malik, Tumor necrosis factor in falciparum malaria, Ann Saudi
Med. 16 (1996) 609-614.

[20] K.M. Elased, J. Taverne, J.H. Playfair, Malaria, blood glucose, and the role of tu-
mour necrosis factor (TNF) in mice, Am J Clin Exp Immunol. 105 (1996) 443-449.

[21] K. Elased, J.H. Playfair, Hypoglycemia and hyperinsulinemia in rodent models of
severe malaria infection, Infect. Immun. 62 (1994) 5157-5160.

[22] R.A. Khan, Antidiabetic, Antioxidant, and Hypolipidemic Potential of Sonchus asper
Hill, Altern. Ther. Health Med. 23 (2017) 34-40.

[23] T. Balasubramanian, M. Karthikeyan, K.P. Muhammed Anees, C.P. Kadeeja,

K. Jaseela, Antidiabetic and Antioxidant Potentials of Amaranthus hybridus in
Streptozotocin-Induced Diabetic Rats, J Diet Suppl. 14 (2017) 395-410.

[24] M. Thomson, K.K. Al-Qattan, D. Js, M. Ali, Anti-diabetic and anti-oxidant potential
of aged garlic extract (AGE) in streptozotocin-induced diabetic rats, BMC
Complement. Altern. Med. 16 (2016) 17.

[25] N.T. Florence, M.Z. Benoit, K. Jonas, T. Alexandra, D.D. Desire, K. Pierre, et al.,
Antidiabetic and antioxidant effects of Annona muricata (Annonaceae), aqueous
extract on streptozotocin-induced diabetic rats, J. Ethnopharmacol. 151 (2014)
784-790.

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

[27] N. Wang, W.J. Yi, L. Tan, J.H. Zhang, J. Xu, Y. Chen, et al., Apigenin attenuates
streptozotocin-induced pancreatic beta cell damage by its protective effects on
cellular antioxidant defense, In Vitro Cellular & Developmental Biology Animal. 53
(2017) 554-563.

[28] B. Ren, W. Qin, F. Wu, S. Wang, C. Pan, L. Wang, et al., Apigenin and naringenin
regulate glucose and lipid metabolism, and ameliorate vascular dysfunction in type
2 diabetic rats, Eur. J. Pharmacol. 773 (2016) 13-23.

[29] C.T. Ruan, S.H. Lam, T.C. Chi, S.S. Lee, M.J. Su, Borapetoside C from Tinospora
crispa improves insulin sensitivity in diabetic mice, Phytomedicine 19 (2012)
719-724.

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

[31] F.A. Kadir, F. Othman, M.A. Abdulla, F. Hussan, P. Hassandarvish, Effect of
Tinospora crispa on thioacetamide-induced liver cirrhosis in rats, Indian J
Pharmacol. 43 (2011) 64-68.


http://wwwwhoint/malaria/world_malaria_report_2017/en/indexhtml
http://wwwwhoint/malaria/world_malaria_report_2017/en/indexhtml
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0010
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0010
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0010
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0015
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0015
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0015
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0020
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0020
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0025
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0025
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0025
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0030
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0030
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0030
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0035
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0035
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0040
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0040
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0045
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0045
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0045
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0050
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0050
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0055
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0055
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0055
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0060
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0060
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0060
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0065
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0065
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0065
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0070
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0070
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0070
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0075
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0075
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0080
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0080
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0080
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0085
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0085
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0090
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0090
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0095
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0095
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0100
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0100
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0105
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0105
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0110
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0110
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0115
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0115
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0115
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0120
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0120
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0120
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0125
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0125
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0125
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0125
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0130
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0130
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0135
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0135
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0135
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0135
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0140
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0140
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0140
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0145
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0145
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0145
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0150
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0150
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0150
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0155
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0155
http://refhub.elsevier.com/S1383-5769(18)30250-2/rf0155

	Hypoglycemia induced by Plasmodium berghei infection is prevented by treatment with Tinospora crispa stem extract
	Acknowledgements
	Declarations of interest
	References




