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Objective: To evaluate the antitrypanosomal potentials of methanol extract of Nymphaea lotus
Linn. (N. lotus) with the aim of obtaining a new lead for formulating safe, inexpensive, nontoxic and readily available trypanocidal drugs.
Methods: Seventy percent (v/v) (methanol/water) crude extract of N. lotus was evaluated for
antitrypanosomal activity in experimental trypanosomiasis using Trypanosoma brucei bruceiinfected mice. Infected mice in different groups were administered intraperitoneally 100, 200,
300 and 400 mg/kg body weight/day of the crude for two weeks, while a positive control group
was treated with standard drug, berenil.
Results: The crude extract at a dose of 100 mg/kg body weight/day was more effective
than the higher doses in completely clearing parasites from the blood of mice infected with
Trypanosoma brucei brucei. Pre-treatment of healthy mice with the crude extract for 5 days
before infection did not prevent the establishment of the infection, indicating that the extract
had no prophylactic activity. Subinoculation of the blood and cerebrospinal fluid drawn
from the cured mice into healthy mice failed to produce any infection within 50 days post
inoculation. Administration of 1 000 mg/kg body weight of the crude extract led to the death
of 50% of the experimental animals indicating a high level of toxicity of the extract at higher
doses.
Conclusions: This study has demonstrated the potency of the crude extract of N. lotus in
treating experimental trypanosomiasis at lower doses.
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1. Introduction
African trypanosomes cause diseases in humans (sleeping
sickness) and domestic animals. It is estimated that over 60 million
people and 50-70 million animals are exposed to the infection[1-3].
The chemotherapy of African trypanosomiasis still remains far
from being satisfactory. There is growing resistance to the drugs
currently available[4,5]. Relapse met with melarsoprol in Northern
Uganda, Southern Sudan and Northern Angola is as much as
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30%[6]. Most of the available drugs are highly toxic and about 5%
of the patients treated with melarsoprol have died as a result of
the high toxicity of the drug[7]. The drugs available in the market
are not even accessible to the rural African patients who bear most
of the burden of the disease[1]. Without treatment, the disease is
100% fatal but when treated early, the cure rate is over 90%[8-10].
In many African countries including Nigeria, traditional
medicinal plants are commonly used and is an acceptable practice.
These plants provide very useful clues for potential anti-parasitic
compounds[10]. It is estimated that 66%-85% or four billion people
of the world population depend directly on plants as medicine[11].
Plants have a long history in medicine with a number of recorded
successes. The most recent one being the antimalarial artemisin
is obtained from Artemisia annua [12]. Nigeria is blessed with
abundant medicinal plants and traditional medicine is officially
recognised as an integral part or complimented to the nation’s
health care delivery system. It is therefore more than ever before
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very important to scientifically exploit these gifts of nature to the
fullest for the good of the humanity[12].
Nymphaea lotus (Nymphaeaceae) (N. lotus) commonly known
as water lilly and locally called “Bado” in Hausa and “Osibata” in
Yoruba[11], is commonly found floating in stagnant or slow-moving
streams and rivers in both Southern and Northern Nigeria. The
whole plant decoction has been reported to be used traditionally
in the treatment of rheumatic pains, anti-tumour and as antiseptic
in the South-western Nigeria and in the treatment of Guinea worm
infection in Northern Nigeria.
Taking into account the wide ethnomedicinal application of this
plant, it will not be out of place to subject it to further validation on
its efficacy as an antitumour and antiparasitic agent (particularly its
antitrypanosomal activity). Despite spectacular advaces made in the
drug research and development against other diseases such cancer
and AIDS, little attention is focused on parasitic diseases in general
and trypanosomiasis in particular, probably due to their nature
of being diseases of the poorest of the poor. As pharmaceutical
companies have merged and evolved into ever-larger multinational
conglomerates, investment has declined in drug development for
tropical diseases and other less profitable “orphaned diseases”[1315].
This major aim of this study was to evaluate the methanol
extracts of N. lotus for antitrypanosomal potentials with a view
to obtaining potent ethno-medicine for the treatment of African
trypanosomiasis.

2. Materials and methods
2.1. Plant collection and preparation
Fresh plant sample of N. lotus was collected in the month of
December, 2013 from Monnai, a riverine village, few kilometres
east of New Bussa, the headquarters of Borgu Local Government
Area of Niger State, Nigeria. The plant sample was dried at
room temperature to a constant weight. Dried sample was kept
in polythene bag until required for the preparation of extract.
The plant sample was deposited at Herbarium of the Limnology
section of National Institute of Freshwater Fisheries Research,
Headquaters, New Bussa, Nigeria (v/n: NIFFR 1308).

2.2. Trypanosoma brucei brucei (T. b. brucei)
A stabilate of pleomorphic T. b. brucei, strain 8/18 was obtained
from the Nigerian Institute for Trypanosomiasis Research, Vom,
Jos, Nigeria.

2.3. Mice
Albino mice were purchased from the Department of
Pharmacology, Ahmadu Bello University, Zaria, Nigeria. The
experiment was conducted in compliance with the internationally
accepted principle for animals care as contained in the Canadian
Council on Animal Care guidelines on animal use protocol review
(1997)[16].

2.4. Preparation of crude extract
The crude extract was prepared by slight modification of the

809

previously reported method[17,18]. Briefly, 50g of the dried sample
was pulverised to powdered form and extracted under reflux in 400
mL of 70% v/v (methanol/water mixture). Extraction lasted for 4
h. Extract was filtered using muslin cloth; solvent was recovered
using rotary evaporator, and the extract was transferred into sterile
universal bottle and stored until required for use. The yield of the
extract was 8.37 g/100 g of sample.

2.5. Infection of animals
Blood was collected by cardiac puncture with
ethylenediaminetetraacetic acid-coated syringe from a heavily
infected mouse and immediately diluted with physiological
saline to serve as the inoculums. Healthy mice were infected
intraperitoneally (i.p.) with 0.02 mL of the diluted blood containing
1 × 106 trypanosomes. Monitoring of parasitaemia was done every
48 h by microscopic examination of blood sample taken from the
tail of infected mouse pre-sterilised with methylated spirit.

2.6. Antitrypanosomal activity of crude extract
Four groups (A, B, C, D) each containing three mice were
administered extract at doses of 100, 200, 300 and 400 mg/kg
body weight/day (i.p.). Three uninfected mice to which 400 mg/kg
body weight per day was administered were in the fifth group (E)
and served to determine toxicity at the highest dose of the extract.
Another group (F) of three mice was infected but not treated with
the extract serving as the negative control. For reference, a group
(G) of three mice was infected and treated with the standard drug
(445 mg diminazine diaceturate + 555 mg phenazone/g, Eagle
Chemical Company LTD, Ikeja, Nigeria) a commercial trypanocidal
drug.

2.7. Blood and cerebrospinal fluid (CSF) infectivity test
One of the two mice that survived after the treatment with the
crude extract was sacrificed six weeks post treatment and 0.02 mL
of blood was drawn from the heart and sub inoculated into two
clean parasite-free mice and parasitaemia was monitored daily over
a six weeks period.
Inoculation of mice with CSF obtained from the second surviving
mouse was done as per reported method[19,20]. Two clean, parasitefree mice were each sub-inoculated with 0.02 mL of the CSF, and
parasitaemia was monitored daily for six weeks.

2.8. Haematocrit determination
A small volume of blood was collected from the tail (presterilised with methylated spirit) of the experimental animals into
a heparinised capillary tube, one end of which was sealed with
plasticine and then spun for 5 min in a Micro-haematocrit centrifuge
(Hawksley & Sons Ltd, UK). The packed cell volume (PCV) was
determined with the aid of Hawksley Micro haematocrit reader
which gave reading in percentage.

2.9. Prophylaxis test
The test for prophylactic activity was done as described by Li et
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al.[21]. Three mice were each treated with the highest dose of the
extract (400 mg/kg body weight) for five consecutive days before
being infected with 1 × 106 trypanosomes cells. They were then
routinely monitored for establishment of parasites.
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2.10. Acute toxicity studies
This was done as reported earlier by intraperitoneal administration
of higher doses of the crude extract (i.e. 300, 400, 600, 800 and
1 000 mg/kg body weight) to five different groups of healthy mice,
each containing four mice[22,23].
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2.11. Phytochemical screening
The crude extract used (obtained by using seventy percent
methanol as solvent) was screened for the presence of tannins,
saponins, alkaloids, phlobatanins, cardiac glycosides etc. as
described using simple chemical tests[24].
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Figure 2. Mean PCV in group of mice treated with various doses of the
extract and standard drug (Beneril).
I.T.: Infected and treated; N.I.T.: Not infected but treated.

3.3. Blood and CSF infectivity test
The blood and the CSF drawn from the cured mice and inoculated
into the healthy mice did not induce/cause the development of
infection six weeks after the sub inoculation.

3. Results
3.1. Trypanocidal activity of 70% methanol extract

3.4. Prophylactic activity of extract
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The animals administered the effective dose of 400 mg/kg body
weight for five consecutive days prior to infection were observed to
develop infection 72 h post infection (Figure 3). This indicated the
inability of the extract to protect mice against infection.
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The minimum dose that effectively cleared parasites from
circulation was found to be 100 mg/kg body weight administered
i.p. per day (Figure 1). Administration of this dose of the extract
to mice infected with T. b. brucei completely cleared the parasite
from circulation within nine days of continued administration.
Three mice infected but not treated died before the ninth day post
infection. Two of the mice in the 100 mg/kg body weight group
survived up to sixty days post treatment.
The mice administered 200, 300, and 400 mg/kg body weight also
died (but not due to parasitaemia). Also the group treated with the
maximum dose (400 mg/kg body weight) but not infected also died.
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Figure 3. Prophylactic activity of the extract.
I.N.T.: Infected not treated.
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Figure 1. Trypanocidal activity of various doses of the extract.
I.N.T.: Infected not treated; T.N.I : Treated not infected; I.T.: Infected and
treated.

3.2. Percentage PCV
The result obtained for percentage PCV revealed a drop during
the first seven days of the treatment but this was reversed in the
subsequent days, except in the negative control group (Figure 2).

The mice in each group administered the higher doses of the
extract displayed varied reaction to the administered dose. The
death of half the number of animals under investigation in the group
administered 1 000 mg/kg body weight indicated the LD50 of the
extract to be 1 000 mg/kg body weight or thereabout.

3.6. Phytochemical composition of extract
Phytochemical analysis of the 70% crude extract revealed
the presence of saponins, tannins, cardiac glycosides, and
phlobatannins.
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4. Discussion
The results obtained in this study have demonstrated the ability
of 70% methanol extract of N. lotus to clear trypanosomes from
the blood of T. b. brucei-infected mice. Infected mice treated with
100 mg/kg body weight of the extract for two weeks had parasites
cleared from circulation nine days into treatment and survived more
than sixty days post-infection. Higher doses of the extract cleared
parasites from circulation but the animals died afterwards, thus
indicating the likelihood of toxicity of the extract at these doses.
This becomes clear due to the fact that the group treated with a dose
of 400 mg/kg body weight but not infected also died.
There have been no previous reports on the trypanocidal activity
of the whole plant extract of N. lotus. But traditionally, the whole
plant aqueous decoction is used by the ‘Hausas’ in Northern Nigeria
for the treatment of Guinea worm infection and by the ‘Yoruba’ in
South Western Nigeria for the treatment of rheumatic pains and as
an antitumor agent[12].
An interesting aspect of the result obtained in this screening is
the non-appearance of the parasites in the blood of the healthy
mice sub-inoculated with the blood and CSF drawn from the treated
mice (42 days post clearance). This is an indication that the extract
was able to completely clear parasites from circulation without
residual parasites that could infect healthy mice. However, the result
obtained in this study may not be used to infer that the extract had
the ability to cross into tissues like the brain because treatment
commenced at the acute stage of infection and not the chronic stage
when parasites would have crossed into the brain.
The mechanism by which this plant extract exerted its trypanocidal
activity is unknown for now since the active ingredients were not
isolated in this study. However, previous studies have indicated that
a number of plants contain constituents that have been demonstrated
to be clinically effective against many protozoan diseases [2530] . The existing trypanocidal drugs are known to exert their
therapeutic actions through a variety of mechanisms depending
on their chemical nature. Thus, while arsenic compounds-based
drugs poison the cell by their action on glucose catabolism through
glutathione oxidation, suramin targets glycolytic enzymes in
the glycosomes. Pentamidine and other diamidines disrupt the
kinetoplast and may also interfere with polyamine synthesis.
Yet others, for example eflornithine, are selective inhibitors of
ornithine decarboxylase, thereby depleting the biosynthesis of
polyamines such as spermidine, a precursor of trypanothione[31,32].
That the active extract may be of peculiar polarity (considering
the physicochemical property of the methanol solvent used for the
extraction) is an indication that the bioactive constituents of the
extract may belong to a variety of phytochemicals that will exert
their trypanocidal action by one or more of the already identified
mechanisms of action for trypanocidals. This is consistent with
earlier reports which attributed the trypanocidal activity of certain
plant extracts to the highly aromatic planar quaternary alkaloids,
berberine, and harmine whose antiprotozoal action is through
intercalation with DNA[33,34].
Anaemia is one of the most established major pathological
features of African trypanosomiasis [35-37]. This result from the
lysis of the cell is due to the lashing action of the flagellum of the
parasites and also the action of an enzyme neuramidase secreted
by the parasite. It is therefore imperative to incorporate the control
of this pathological sign in the management of trypanosomiasis.
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Measurement of PCV gives a clue to the level of anaemia in infected
and treated animals. It is clear from the profile in Figure 2 that
administration of the extract leads to a remarkable improvement
in the PCV of the treated animals compared to the infected and
untreated ones. This ability of the extract to reverse the decrease in
PCV in treated animals confers an added advantage on the extract.
The presence of more alkaloids than saponins in the extract may be
responsible for its ability to reverse haemolysis[38,39].
N. lotus is used in folk medicine as an antitumour agent and
against rheumatic pains[12]. Further research on the plant to verify
its anti-tumour potential in addition to its anti-trypanosome activity
will definitely elicit interest from western drug companies because
cancer is a great problem in the western world[40-43].
In conclusion, the trypanocidal activity of this plant is promising
and needs to be exploited further to unravel its hidden potential.

Conflict of interest statement
We declare that we have no conflict of interest.

Acknowledgments
This work was funded by a research grant to Kabir A.Y. (Ph.D)
by the Tertiary Education Trust Fund (TETFUND) and a STEP-B
grant to the Federal University of Technology, Minna, Nigeria.

References
[1] B
 errang-Ford L, Lundine J, Breau S. Conflict and human African
trypanosomiasis. Soc Sci Med 2011; 72(3): 398-407.
[2] Majekodunmi AO, Fajinmi A, Dongkum C, Picozzi K, Thrusfield MV,
Welburn SC. A logitidinal survey of African animal trypanosomiasis in
domestic cattle on the Jos Plateau, Nigeria: prevalance, distribution and
risk factors. Parasit Vectors 2013; 6(1): 239.
[3] Chanie M, Adula D, Bogale B. Socio-economic assessment of the
impacts of trypanosomiasis on cattle in Girja District, Southern Oromia
region, Southern Ethiopia. Acta Parasitol Glob 2013; 4(3): 80-5.
[4] Chitanga S, Marcotty T, Namangala B, Van den Bossche P, Van Den AJ,
Delespaux V. High prevalence of drug resistance in animal trpanomiasis
without a history of drug exposure. PLOS Negl Trop Dis 2011; 5(12):
e1454.
[5] Baker M. Drug resistance in Afican trypanomiasis: the melarsoprol and
pentamidine story. Trends Parasitol 2013; 29(3): 110-8.
[6] Menon S. Combating human African trypanosomiasis in Uganda within
a decentralized context. Webmed Central Public Health 2010; 1(9):
WMC00859.
[7] Macaraeg BB, Lazaro JV, Abes NS, Mingala CN. In-vivo assessment of
the effects of trypanocidal drugs against Trypanosoma evansi isolates
from Phillipines water buffallos (Bubalus bubalis). Vet Arhiv 2013;
83(4): 381-92.
[8] World Health Organization. Trypanosomiasis, human African (sleeping
sickness). Geneva: World Health Organization; 2014. [Online] Available
from: http://www.who.int/mediacentre/factsheets/fs259/en/ [Accessed
on 24th August, 2014]
[9] C enters for Disease Control and Prevention. Parasites - African
trypanosomiasis (also known as sleeping sickness). Atlanta: Centers for
Disease Control and Prevention; 2012. [Online] Available from: http://
www.cdc.gov/parasites/sleepingsickness/disease.html [Accessed on
11th October, 2014]

812

Muhammad Haruna Garba et al./Asian Pac J Trop Dis 2015; 5(10): 808-812

[10] MacLean LM, Odiit M, Chisi JE, Kennedy PG, Sternberg JM. Focusspecific clinical profile in human African Trypanosomiasis caused by
Trypanosoma brucei rhodesiense. PLoS Negl Trop Dis 2010; 4(12):
e906.
[11] Keay RWJ. Trees of Nigeria. Oxford: Oxford University Press; 1989.
[12] O gbadoyi EO, Abdulganity AO, Adama TZ, Okogun JI. In vivo
trypanocidal activity of Annona senegalensis Pers. leaf extract against
Trypanosoma brucei brucei. J Ethnopharmacol 2007; 112(1): 85-9.
[13] Bill and Melinda Gates Foundation. Global partners are taking the
“neglect” of “neglected tropical diseases- private and public sector
leaders release progress report and announce new funding. Seattle: Bill
and Melinda Gates Foundation; 2014. [Online] Available from: http://
www.gatesfoundation.org/Media-Center/Press-Releases/2014/04/
Global-Partners-Are-Taking-the-Neglect-out-of-Neglected-TropicalDiseases [Accessed on 25th August, 2014]
[14] Barry MA, Simon GG, Mistry N, Hotez PJ. Global trends in neglected
tropical disease control and elimination: impact on child health. Arch
Dis Child 2013; 98(8): 635-41.
[15] The Guardian. Resuscitating investment in neglected tropical diseases.
London: The Guardian; 2013. [Online] Available from: http://www.
theguardian.com/global-development-professionals-network/2013/
dec/23/neglected-tropical-diseases-investment-ntd [Accessed on 12th
November, 2014]
[16] The Canadian Council on Animal Care. CCAC guidelines on: animal
use and protocol review(1997). Ottawa: The Canadian Council on
Animal Care; 1997. [Online] Available from: http://www.ccac.ca/
Documents/Standards/Guidelines/Protocol_Review.pdf [Accessed on
29th September, 2014]
[17] Faleyimu OI, Akinyemi O, Idris YM. Survey of forest plants used in
the traditional treatment of typhoid fever in Chikun Local Government
Area of Kaduna State, Nigeria. Int J Biomed Health Sci 2010; 6(1): 7581.
[18] Bucar F, Wube A, Schmid M. Natural product isolation-how to get from
biological material to pure compounds. Nat Prod Rep 2013; 30(4): 52545.
[19] Mogk S, Meiwes A, Shtopel S, Schraermeyer U, Lazarus M, Kubata
B, et al. Cyclical appearance of African trypanosomiasis in the
cerebrospinal fluid: new insight in how trypanosomiasis enter the CNS.
PLoS One 2014; 9(3): e91372.
[20] K abiru YA, Okogun JI, Gbodi TA, Makun HA, Ogbadoyi EO.
Evaluation of the efficacy of combination therapy in T. b. brucei
infected mice using extracts of Annona senegalensis and Eucalyptus
camaldulensis. IOSR J Pharm 2012; 2(4): 32-7.
[21] Li Q, O’Neil M, Xie L, Caridha D, Zeng Q, Zhang J, et al. Assessment
of the prophylactic activity and pharmacokinetic profile of oral
tafenoquine compared to primaquine for inhibition of liver stage
malaria infections. Malar J 2014; 13: 141.
[22] Adedapo AA, Mogbojuri OM, Emikpe BO. Safety evaluation of the
aqueous extract of the leaves of Moringa oleifera in rats. J Med Plants
Res 2009; 3(8): 586-91.
[23] Jigam AA, Akanya HO, Dauda BEN, Okogun JO. Polygalloyltannin
isolated from the roots of Acacia nilotica Del. (Leguminoseae) is
effective against Plasmodium berghei in mice. J Med Plants Res 2010;
4(12): 1169-75.
[24] Tiwari P, Kumar B, Kaur M, Kaur G, Kaur H. Phytochemical screening
and extraction: a review. Int Pharm Sci 2011; 1(1): 98-106.
[25] Ndajekou Lenta B, Vonthron-Sénécheau C, Fongang Soh R, Tantangmo
F, Ngouela S, Kaiser M. In vitro antiprotozoal activities and cytotoxicity
of some selected Cameroonian medicinal plants. J Ethnopharmacol

2007; 111(1): 8-12.
[26] M othana RA, Al-Musayeib NM, Al-Ajmi MF, Cos P, Maes L.
Evluation of the in vivo antiplasmodial, antileishmanial and
antitrypanosomal activity of medicinal plants used in Saudi and Yemeni
traditional medicine. Evid Based Complement Alternat Med 2014; doi:
10.1155/2014/905639.
[27] Al-Musayeib NM, Mothana RA, Al-Massarani S, Matheeussen A,
Cos P, Maes L. Study of in vitro antiplasmodial, antileishmanial and
antitrypanosomal activities of medcinal plants from Saudi Arabia.
Molecules 2012; 17(10): 11379-90.
[28] Mann A, Ogbadoyi EO. Evaluation of medicinal plants from Nupeland
for their in vivo antitrypanosomal activity. Am J Biochem 2012; 2(1):
1-6.
[29] Setzer WN, Ogungbe IV. In-silico investigation of antitrypanosomal
phytochemicals from Nigerian medicinal plants. PLoS Negl Trop Dis
2012; 6(7): e1727.
[30] Adeiza AA, Maikai VA, Hassan FB. Phytochemical screening and
evaluation of some medicinal plants for their in vitro activities on
Trypanosoma evansi. J Med Plants Res 2009; 3(4): 315-8.
[31] Althaus JB, Kaiser M, Brun R, Schmidt TJ. Antiprotozoal activity of
Achillea ptarmica (Asteraceae) and its main alkalamide constituents.
Molecules 2014; 19(5): 6428-38.
[32] Maya JD, Cassels BK, Iturriaga-Vásquez P, Ferreira J, Faúndez M,
Galanti N, et al. Mode of action of natural and synthetic drugs against
Trypanosoma cruzi and their interaction with the mammalian host.
Comp Biochem Physiol A Mol Integr Physiol 2007; 146(4): 601-20.
[33] Saeidnia S. Anti-oxidative trypanocidal drugs, myth or reality. Daru
2013; 21(1): 21.
[34] Patel K, Gallewar M, Tripathi R, Prasad SK, Patel DK. A review on
medicinal importance, pharmacological activity and bioanalytical
aspects of beta-carboline alkaloid “Harmine”. Asian Pac J Trop Biomed
2012; 2(8): 660-4.
[35] Noyes HA, Alimohammadian MH, Agaba M, Brass A, Fuchs H, GailusDurner V, et al. Mechanisms controlling anaemia in Trypanosoma
congolense infected mice. PLoS One 2009; 4(4): e5170.
[36] Imaga NA. Phytomedicines and nutraceuticals: alternative therapeutic
for sickle cell anemia. Sci World J 2013; doi: 10.1155/2013/269659.
[37] Folashade KO, Omoregie EH. Chemical constituents and biological
activity of medicinal plants used for the management of sickle cell
disease-a review. J Med Plants Res 2013; 7(48): 3452-76.
[38] Mbaya A, Kumshe H, Nwosu CO. The mechanism of anaemia in
trypanosomiasis: a review. In: Silverberg S, editor. Anemia. Croatia:
InTech; 2012, p. 269-82.
[39] L akshmi KS, Sangeetha D, Sivamani S, Tailarasan M, Rajesh
TP, Anandraj B. In vitro antibacterial, antioxidant, haemolytic,
thrombocytic activities and phytochemical analysis of Simarouba
gluaca leaves extracts. Int J Pharm Sci Res 2014; 5(2): 432-7.
[40] Bollschweiler E, Berlth F, Baltin C, Mönig S, Hölscher AH. Treatment
of early gastric cancer in the Western World. World J Gastrointerol
2014; 20(19): 5672-8.
[41] C ancer Research. Why are breast cancer rates increasing? UK:
Cancer Research; 2011. [Online]. Available from: http://scienceblog.
cancerresearchuk.org/2011/02/04/why-are-breast-cancer-ratesincreasing/ [Accessed on 10th October, 2014]
[42] Anand P, Kunnumakara AB, Sundaram C, Harikumar KB, Tharakan
ST, Lai OS, et al. Cancer is a preventable disease that requires major
lifestyle changes. Pharm Res 2008; 25(9): 2097-116.
[43] Myles IA. Fast food fever: reviewing the impacts of the Western diet on
immunity. Nutr J 2014; 13: 61.

