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Abstract

Malaria is still a major problem around the world, especially in tropical and sub-tropical zones.
Malaria-associated hemolysis and liver and renal injuries have been reported to be causes of death in
malaria cases. In this respect, finding plant extracts which have a protective effect against these
pathologies induced by malaria are urgently needed. The present study aimed to evaluate the antimalarial,
anti-hemolytic, hepatoprotective, and nephroprotective properties of Gynostemma pentaphyllum leaf
extract (GPE) in Plasmodium berghei infected mice. ICR mice were infected intraperitoneally with 1x107
parasitized erythrocytes of P. berghei ANKA (PbANKA), and given the extract (100, 500, and 1000
mg/kg) orally for 4-consecutive days. Parasitemia, packed cell volume (PCV), alanine aminotransferase
(ALT), and creatinine levels were measured. The results showed that during PbANKA infection in mice,
parasitemia was increased from day 1 - 14 post-infection with hemolysis, as indicated by the reduction of
PCV. Moreover, liver and renal damage during malaria infection were observed, as indicated by the
marked increase of ALT and creatinine levels in infected mice. Interestingly, these pathologies induced
by PbANKA infection were protected and maintained at normal levels in PDANKA infected mice treated
with GPE in a dose-dependent manner. The highest activity was found at a dose of 1000 mg/kg of GPE.
No effects on PCV, ALT, or creatinine levels were observed in normal mice treated with 1000 mg/kg of
GPE. Moreover, GPE exerted a dose-dependent reduction of parasitemia against PbANKA, with percent
inhibitions of 57.6, 78.4, and 89.6 % at doses of 100, 500, and 1000 mg/kg of GPE, respectively. It can be
concluded that GPE exerted antimalarial, anti-hemolytic, hepatoprotective, and nephroprotective
activities against PbANKA infection in mice.
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Introduction

Malaria is a major parasitic disease with high mortality and morbidity, particularly in Africa, South
America, Asia, and Southeast Asia. It has been estimated that about 2 million cases of malaria and 1
million deaths have occurred in the world. This disease is caused by parasites in the genus Plasmodium,
and transmitted by female Anopheles mosquito [1]. Malaria-associated hemolysis, as well as organ
damage including liver and renal damage, are well-known causes of death in P. falciparum and P. vivax
severe malaria, occurring in 1 - 4 % of hospitalized patients, with a mortality that can reach up to 60 %
[2]. Moreover, due to the lack of effective vaccines to prevent malaria and the emergence of drug resistant
malaria parasites, the discovery and development of new, safe, and affordable antimalarial drugs to
eliminate the parasites, as well as to protect against liver and renal damage induced by malaria infection,
are urgently needed. In this respect, medicinal plant extracts are potential targets; although 80 % of the
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Thai population uses traditional medicinal plants for the treatment of several diseases, including malaria,
these plant extracts have not yet been fully explored [3]. Gynostemma pentaphyllum belongs to the family
Cucurbitaceae. It is an edible plant used as a medicine in oriental countries [4]. This plant extract has
been investigated for its health benefits in preventing cardiovascular disease, cancer, and microbial
infection, and for its lipid and glucose lowering, anti-inflammation, antioxidant, anti-parasite, and
multiple organ protection effects [5-8]. However, its antimalarial, anti-hemolysis, and organ protection
against malaria effects have not yet been studied. Hence, this study was aimed to evaluate the biological
properties, including the antimalarial, anti-hemolysis, and protective effects on liver and renal damage
induced by malaria infection, of G. pentaphyllum leaf extract in Plasmodium berghei infection in mice.

Materials and methods

Plant material and preparation of crude extract

Dried leaves of G. pentaphyllum were purchased from the Royal Project Foundation shop in
Suphanburi province, Thailand. This plant material was then ground using an electric blender to obtain a
powder sample, and used for the preparation of crude extract by dissolving it in distilled water (1:10).
Heating in a microwave at 360 W for 5 min was performed [9], followed by incubation at room
temperature for 3 h. Filtering through Whatman no. 1 filter paper was subsequently done in order to
collect the filtrate. Freeze-drying was carried out to obtain the aqueous crude extract of G. pentaphyllum
leaves (GPE), which was stored at —20 °C. Before the experiment, the extract was dissolved in distilled
water at appropriate doses.

Experimental mice

Female ICR mice obtained from the National Laboratory Animal Center, Mahidol University, were
used. They were kept in an animal room at a temperature between 25 - 28 °C and in a 12 h light/12 h dark
cycle. They were freely fed with a standard pellet diet CP082 and drinking water, ad libitum. All
experiments involving the animal were ratified by the Ethical Animal Committee, Western University.

Acute toxicity test

Groups of ICR mice (5 mice in each) were given GPE orally by gavage, at doses of 100, 500, 1000,
2000, and 4000 mg/kg body weight. These mice were observed for signs of toxicity, which include, but
are not limited to, paw licking, salivation, stretching of the entire body, weakness, sleep, respiratory
distress, coma, and death, in the first 4 h and, subsequently, daily for 14 days [10].

Rodent malaria parasite

Plasmodium berghei strain ANKA (PbANKA) was used. The parasite was maintained by a
intraperitoneal (IP) injection of 1x10” infected red blood cells (iIRBC). Parasitemia was monitored daily
by microscopy of a Giemsa-stained thin blood smear. Briefly, a thin blood smear from the tail vein of
infected mice was placed on a microscopic glass slide. Fixation with absolute methanol for 3s was then
performed. The smeared slide was subsequently stained with 10 % Giemsa dye for 10 min. The iRBC was
measured under a light microscope with 100x oil immersion lens. Percent of parasitemia was calculated
using the formula below;

% parasitemia = Number of iRBC x 100 1)
Number of RBC

Measurement of packed cell volume (PCV)

Tail blood was collected into a heparinized hematocrit tube and sealed by a crystal seal.
Centrifuging was then performed at 3,000 g for 5 min. The percent proportion of PCV and total blood
volume was measured and calculated using the formula below;
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% PCV = Volume of packed RBC x 100 2)
Total volume of blood

Measurement of alanine aminotransferase (ALT) and creatinine

Tail blood was collected into a heparinized hematocrit tube and sealed by a crystal seal.
Centrifuging was then performed at 3,000 g for 5 min. Plasma was collected as a subject for measurement
of ALT and creatinine by commercial kits (BioSystems S.A., Costa Brava, Barcelona, Spain), according
to the manufacturer’s instructions.

Efficacy test of extract in vivo

For the efficacy test of GPE in vivo, a standard 4-day suppressive test was carried out [11]. Groups
of ICR mice (5 mice in each) were infected with 1x10” iRBC of PPANKA by IP injection. They were
then administered with 100, 500, and 1000 mg/kg of GPE twice a day for 4 consecutive days (day O - 3).
At day 4, tail blood was collected to measure parasitemia, PCV, ALT, and creatinine levels. In addition,
normal and untreated groups were used as healthy and disease controls.

Statistics

All data was analyzed by GraphPad Prism software. The results were expressed as mean =+ standard
error of mean (SEM). One-way ANOVA with Tukey post-hoc test was used to compare the mean
between tested groups. A significant level was considered to be 95 % confidence, p < 0.05.

Results and discussion

For the acute toxicity test of GPE in mice, there were no observed toxic effects at any dose levels
throughout the 14 day study period. In addition, the GPE did not produce significant changes in
behaviors, such as alertness, motor activity, breathing, restlessness, diarrhea, convulsion, and coma. No
death was observed up to the dose of 4000 mg/kg, indicating that the median lethal dose (LD50) could be
greater than 4000 mg/kg. The mice were not exposed to doses higher than 4000 mg/kg as, with increasing
concentration, the extract precipitated, and the solution became too sticky to handle. In the acute toxicity
test, doses higher than 5000 mg/kg are generally not considered to be dose related, and compounds with
LD50 lower than 4000 mg/kg are generally considered to be relatively safe [12]. Therefore, GPE can be
considered to be non-toxic at acute oral administration.

During PbANKA infection in mice, parasitemia was first detected on day 1 post-infection, with a
parasitemia lower than 1 %, and reached to 65 % at day 12 until the infected mice died. Moreover, the
onset of hemolysis and liver and renal injuries in PbDANKA infected mice was at day 4 post-infection, and
the incidence of these pathologies were confirmed through manifestations including a decrease in PCV
levels, as well as increases in ALT and creatinine levels, in infected mice (Figures 1(a) - 1(d)).
Hemolysis, as indicated by PCV reduction, is considered a hallmark of both human and rodent malaria;
infected mice may suffer from severe anemia because of the rapid destruction of erythrocytes, by
parasitemia and/or spleen reticuloendothelial cells. Moreover, P. berghei increased erythrocyte fragility
and led to subsequent reduction of PCV in infected mice [13-15]. The pathogenesis of malaria-associated
liver and renal injuries is not well characterized, but several hypotheses suggest the involvement of
cytoadherence of parasitized erythrocytes, proinflammatory response, and hepato- and nephrotoxicity due
to oxidative stress [16-18]. It is well-established that the pathogenesis of severe malaria is associated with
an upregulation of proinflammatory cytokines [19]. During the intraerythrocytic stage, hemoglobin
consumption by malaria parasites gives rise of considerable amounts of free heme, a molecule that has the
ability to induce oxidative stress [20]. The oxidative stress mediated by toxic free heme has been
implicated in lipoprotein oxidation and damage in different organs, such as the liver and kidney, through
the generation of reactive oxygen and nitrogen species (ROS and NOs) by host cells [21]. Moreover, ox-
LDL upregulates the expression of adhesion molecules, facilitating the cytoadherence of infected
erythrocytes [22]. The sequestration and adhesion of parasitized erythrocytes to endothelial cells
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compromises the vascular permeability of vital organs. The changes in the endothelial permeability
contribute to alterations of microvascular patterns and proinflammatory cytokine release [23,24].
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Figure 1 Malaria-associated hemolysis and liver and renal injuries. ICR mice (5 mice) were infected
intraperitoneally with 1x10” parasitized erythrocytes of PbANKA. (A) % parasitemia, (B) % PCV, (C)
ALT, and (D) creatinine levels were monitored daily. The results are expressed as mean + SEM.

For the efficacy test in vivo, GPE exerted protective effects on hemolysis and liver and renal injuries
induced by PbANKA infection in mice (Figure 2). During PbANKA infection, hemolysis with liver and
renal injuries were observed, as indicated by significant (p < 0.001) reduction of PCV, and marked
increases in ALT and creatinine levels, compared to the normal group (Figures 2(a) - 2(c), UN).
Interestingly, significant (p < 0.01) increases of PCV levels, and decreases of ALT and creatinine levels,
with a dose-dependent manner were observed in infected mice treated with GPE, compared to the
untreated group (Figures 2(a) - 2(c), GPE 100, 500, and 1000 mg/kg). The highest activity was shown at
a dose of 1000 mg/kg. Moreover, there were no effects on PCV, ALT, or creatinine levels in normal mice
treated with 1000 mg/kg of GPE. It can be suggested that the antioxidant activity of this extract might
play a central role in protecting erythrocyte destruction, as well as protecting against organ damage,
during malaria infection [25]. The rapid growth of malaria parasites with concomitant elevation in free
radical production leads to an imbalance of plasma oxidants and the antioxidant system, resulting in
oxidative stress [26]. Consequently, the oxidative stress leads to the oxidation of membrane proteins and
lipids, hemolysis, endothelial cells, and other vital organ damage [27-30]. Polyphenols and flavonoids,
active compounds in GPE, have been revealed to have potent antioxidant properties, and protected
erythrocytes and protected against damage to several organs induced by oxidative stress [31]. The active
compounds, including polyphenols and flavonoids, in GPE have been described previously [6]. It has
been revealed that polyphenols and flavonoids inhibit the production of free radicals and oxidants by
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interfering with or inhibiting the metabolic pathway of malaria parasites [32]. Additionally, these
compounds promoted an increase in the total antioxidant capacity, and minimized the oxidative damage
to the host. Hence, the antioxidant activity of GPE was considered to have protective effects on these
pathologies induced by PbANKA infection in mice.

Surprisingly, GPE exerted a dose-dependent inhibitory effect against PbPANKA infected mice. The
extract caused a significant (p < 0.01) inhibition, compared to untreated mice, with percent inhibitions of
57.6, 78.4, and 89.6 % at the doses of 100, 500, and 1000 mg/kg of GPE, respectively. The antimalarial
activity of this extract might be attributed to the presence of active compounds such as alkaloids,
flavonoids, polyphenols, terpenoids, quinine, and gypenoside. These active compounds, which have
antioxidant activity, may also contribute to antimalarial activity [33-36]. Antioxidant effects can inhibit
heme polymerization, and unpolymerized heme is very toxic for malaria parasites in erythrocytes [37].
However, the active compounds responsible for the observed activity need to be identified in future
studies.
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Figure 2 Efficacy of GPE in PbANKA infection in mice. Groups of mice (5 mice in each) were infected
intraperitoneally with 1x107 parasitized erythrocytes of PPANKA, and then given GPE at doses of 100,
500, and 1000 mg/kg orally for 4 consecutive days. (A) % PCV, (B) ALT, and (C) creatinine levels were
measured. Additionally, (D) % parasitemia was also determined. The results are expressed as mean +
SEM. ** p <0.01 and *** p <0.001, compared to normal mice, b p <0.01 and ¢ p <0.001, compared to
untreated mice. N; normal mice, N+E; normal mice treated with 1000 mg/kg of GPE, and UN; untreated
mice.
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Conclusions

The results obtained in the present study showed that the aqueous crude extract of G. pentaphyllum
leaves was safe and possessed a significant protective effect against hemolysis and liver and renal damage
induced by P. berghei infection in mice. Additionally, this extract also exerted antimalarial activity, as
seen in its ability to suppress P. berghei infection in mice. Hence, G. pentaphyllum leaf extract represents
a promising source of alternative antimalarial compound for downstream clinical development.

Acknowledgements

The authors are thankful to the Department of Clinical Chemistry, Faculty of Medical Technology,
Western University, for hosting and for providing both material and reagent support during the study. We
also acknowledge Dr. Chairat Uthaipibull from the National Center for Genetic Engineering and
Biotechnology (BIOTEC), NSTDA, and Assoc. Prof. Dr. Somdet Srichairatanakool from the Department
of Biochemistry, Faculty of Medicine, Chiang Mai University, for their excellent suggestions and
discussions.

References

[1] NJ White, S Pukrittayakamee, TT Hien, MA Faiz, OA Mokuoluvand AM Dondorp. Malaria. Lancet
2014; 383, 723-35.

[2] B Autino, Y Corbett, F Castelli and D Taramelli. Pathogenesis of malaria in tissues and blood.
Mediterr. J. Hematol. Infect. Dis. 2012; 4, ¢2012061.

[3] W Sumsakul, W Mahavorasirikul and K Na-Bangchang. Inhibitory activities of Thai medicinal
plants with promising activities against Malaria and Cholangiocarcinoma on Human Cytochrome
P450. Phytother. Res. 2015; 29, 1926-33.

[4] VT Huyen, DV Phan, Thang P, NK Hoa and CG Ostenson. Gynostemma pentaphyllum tea
improves insulin sensitivity in type 2 diabetic patients. J. Nutr. Metabol. 2013; 2013, 765383.

[5] L Shi, XJ Meng, JQ Cao and YQ Zhao. A new triterpenoid saponin from Gynostemma
pentaphyllum. Nat. Prod. Res. 2012; 26, 1419-22.

[6] Y Li, W Lin, J Huang, Y Xie and W Ma. Anti-cancer effects of Gynostemma pentaphyllum
(Thunb.) Makino (Jiaogulan). Chin. Med. 2016; 11, 43.

[71 SH Gou, HF Huang, XY Chen, J Liu, M He, YY Ma, XN Zhao, Y Zhang and JM Ni. Lipid-
lowering, hepatoprotective, and atheroprotective effects of the mixture Hong-Qu and gypenosides in
hyperlipidemia with NAFLD rats. J. Chin. Med. Assoc. 2016; 79, 111-21.

[8] H Yu, Q Guan, L Guo, H Zhang, X Pang, Y Cheng, X Zhang and Y Sun. Gypenosides alleviate
myocardial ischemia-reperfusion injury via attenuation of oxidative stress and preservation of
mitochondrial function in rat heart. Cell Stress Chaperones 2016; 21, 429-37.

[91 DC Li and JG lJiang. Optimization of the microwave-assisted extraction conditions of tea
polyphenols from green tea. Int. J. Food Sci. Nutr. 2010; 61, 837-45.

[10] D Lorke and L Machemer. Studies of embryo toxicity in rats and rabbits. Environ. Qual. Saf. Suppl.
1975; 4, 223-9.

[11] 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.
1975; 69, 155-71.

[12] O Awodele, IA Oreagba, S Odoma, JAD Silva and VO Osunkalu. Toxicological evaluation of the
aqueous leaf extract of Moringa oleifera Lam. (Moringaceae). J. Ethnopharmacol. 2012; 139, 330-
6.

[13] N Nutham, S Sakulmettatham, S Klongthalay, P Chutoam and V Somsak. Protective effects of
Tinospora crispa stem extract on renal damage and Hemolysis during Plasmodium berghei
infection in mice. J. Pathogens 2015; 2015, 738608.

148 Walailak J Sci & Tech 2018; 15(2)



GPE in Plasmodium berghei Infection in Mice Voravuth SOMSAK and Somrudee NAKINCHAT

http://wjst.wu.ac.th

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(28]

[29]

[30]

S Audomkasok, W Singpha, S Chachiyo and V Somsak. Antihemolytic activities of green tea,
safflower, and mulberry extracts during Plasmodium berghei infection in mice. J. Pathogens 2014;
2014, 203154.

Khobjai W, Jaihan U, Watcharasamphankul W, Somsak V. Protective effect of Thunbergia
laurifolia extract on hemolysis during Plasmodium berghei infection. Parasitol. Res. 2014; 113,
1843-6.

V Somsak, U Jaihan, S Srichairatanakool and C Uthaipibull. Protection of renal function by green
tea extract during Plasmodium berghei infection. Parasitol. Int. 2013; 62, 548-51.

K Deroost, N Lays, TT Pham, D Baci, KVD Eynde, M Komuta, M Prato, T Roskams, E Schwarzer,
G Opdenakker and PEVD Steen. Hemozoin induces hepatic inflammation in mice and is
differentially associated with liver pathology depending on the Plasmodium strain. Plos One 2014;
9,e113519.

OM Oluba, AO Olusola, BS Fagbohunka and E Onyeneke. Antimalarial and hepatoprotective
effects of crude ethanolic extract of Lingzhi or Reishi medicinal mushroom, Ganoderma lucidum in
Plasmodium berghei-infected mice. Int. J. Med. Mushrooms 2012; 14, 459-66.

KE Schmidt, B Schumak, S Specht, B Dubben, A Limmer and A Hoerauf. Induction of pro-
inflammatory mediators in Plasmodium berghei infected BALB/c mice breaks blood-brain-barrier
and leads to cerebral malaria in an IL-12 dependent manner. Microbes Infect. 2011; 13, 828-36.

S Tangnitipong, T Thaptimthong, S Srihirun, S Unchern, D Kittikool, R Udomsangpetch and N
Sibmooh. Extracellular heme enhances the antimalarial activity of artemisinin. Biol. Pharmaceut.
Bull. 2012; 35, 29-33.

RM Elias, M Correa-Costa, CR Barreto, RC Silva, CY Hayashida, A Castoldi, GM Gongalves, TT
Braga, R Barboza, FJ Rios, AC Keller, MA Cenedeze, MI Hyane, MR D'Império-Lima, AM
Figueiredo-Neto, MA Reis, CR Marinho, A Pacheco-Silva and NO Camara. Oxidative stress and
modification of renal vascular permeability are associated with acute kidney injury during P.
berghei ANKA infection. Plos One 2012; 7, e44004.

RF Collins, N Touret, H Kuwata, NN Tandon, S Grinstein and WS Trimble. Uptake of oxidized low
density lipoprotein by CD36 occurs by an actin-dependent pathway distinct from macropinocytosis.
J. Biol. Chem. 2009; 284, 30288-97.

F El-Assaad, ] Wheway, AJ Mitchell, J Lou, NH Hunt, V Combes and GE Grau. Cytoadherence of
Plasmodium berghei-infected red blood cells to murine brain and lung microvascular endothelial
cells in vitro. Infect. Immun. 2013; 81, 3984-91.

DK Kaul, XD Liu, RL Nagel and HL Shear. Microvascular hemodynamics and in vivo evidence for
the role of intercellular adhesion molecule-1 in the sequestration of infected red blood cells in a
mouse model of lethal malaria. Am. J. Trop. Med. Hyg. 1998; 58, 240-7.

A Oluwatosin, A Tolulope, K Ayokulehin, O Patricia, K Aderemi, F Catherine and A Olusegun.
Antimalarial potential of kolaviron, a biflavonoid from Garcinia kola seeds, against Plasmodium
berghei infection in Swiss albino mice. Asian Pac. J. Trop. Med. 2014; 7, 97-104.

A Rashidi and M Roullet. Malaria during pregnancy with parasite sequestration in the villous
chamber. Blood 2013; 121, 2173.

KT Andrews and M Lanzer. Maternal malaria: Plasmodium falciparum sequestration in the
placenta. Parasitol. Res. 2002; 88, 715-23.

M Guha, S Kumar, V Choubey, P Maity and U Bandyopadhyay. Apoptosis in liver during malaria:
Role of oxidative stress and implication of mitochondrial pathway. J. Federat. Am. Soc. Exp. Biol.
2006; 20, 1224-6.

YZ Chen and T Jin. Diagnosis and treatment of a case with cerebral falciparum malaria. Chin. J.
Parasitol. Parasit. Dis. 2001; 19, 71.

R Nanda, PK Mishra, UK Das, SB Rout, PC Mohapatra and A Panda. Evaluating role of oxidative
stress in determining the pathogenesis of falciparum malaria induced acute renal failure. Indian J.
Clin. Biochem. 2004; 19, 93-6.

Walailak J Sci & Tech 2018; 15(2) 149



GPE in Plasmodium berghei Infection in Mice Voravuth SOMSAK and Somrudee NAKINCHAT

http://wjst.wu.ac.th

[31]

[32]

[33]

[34]

[35]

[36]

[37]

NP Aditya, G Chimote, K Gunalan, R Banerjee, S Patankar and B Madhusudhan. Curcuminoids-
loaded liposomes in combination with arteether protects against Plasmodium berghei infection in
mice. Exp. Parasitol. 2012; 131, 292-9.

H Verhagen, S Coolen, G Duchateau, M Hamer, J Kyle and A Rechner. Assessment of the efficacy
of functional food ingredients-introducing the concept “kinetics of biomarkers”. Mutat. Res. 2004;
551, 65-78.

WH Richards and SG Williams. Action of some antimalaria compounds against Plasmodium
berghei in vitro. Trans. Roy. Soc. Trop. Med. Hyg. 1971; 65, 420-1.

AY Kabiru, Abdulkadir, AT Gbodi, UM Bello, HA Makun, DJ Amah and EO Ogbadoyi.
Evaluation of haematological changes in Plasmodium berghei-infected mice administered with
aqueous extract of Phyllantus amarus. Pak. J. Biol. Sci. 2013; 16, 510-6.

EA Ojo-Amaize, E] Nchekwube, HB Cottam, OA Oyemade, AA Adesomoju and JI Okogun.
Plasmodium berghei: antiparasitic effects of orally administered hypoestoxide in mice. Exp.
Parasitol. 2007; 117, 218-21.

RK Haynes, HW Chan, WY Ho, CK Ko, L Gerena, DE Kyle, W Peters and BL Robinson.
Convenient access both to highly antimalaria-active 10-arylaminoartemisinins, and to 10-alkyl
ethers including artemether, arteether, and artelinate. ChemBioChem 2005; 6, 659-67.

E Deharo, D Barkan, M Krugliak, J Golenser and H Ginsburg. Potentiation of the antimalarial
action of chloroquine in rodent malaria by drugs known to reduce cellular glutathione levels.
Biochem. Pharmacol. 2003; 66, 809-17.

150

Walailak J Sci & Tech 2018; 15(2)



