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Malaria in Mice: Models to the Discovery of

Novel Anti-Malaria Drugs in Humans
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ABSTRACT
Malaria parasites are prevalent in a wide range of vertebrate hosts, including rodents.
Rodent malaria parasites have been adapted to complete its life cycle in laboratory mice (Mus
musculus) and Anopheles mosquitoes, and they can therefore be used as a model to study
host-parasite interaction, immunology and chemotherapy that are intractable to study using the
human malaria parasites. In this review, the life cycle and the applications of malaria parasites in

laboratory mice as a research tool for discovery of new anti-malaria drugs are described.
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Keywords: Parasitology, in vivo chemical screening, Plasmodium
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musculus)  war3993¥Ialugeiuddes (A
stephensi) (gﬂ‘ﬁ 1) Tunsfnwluiesujuanis
ownanFoaunsaunsingvyludlnefigatuldes
wiededunwme
naaigyvondomnandslunyludFudu
seuinaiigsgaiden tnsadslswesd (sporozoite)
2w \ndeufiandeutnatsvesgsfulaoadngdu
dederiniuldRoms vaefdeuanSedning
genesEnInndeuiiitgnasaidondesniogn
Faelaswadidnidenyn WeinaSesnduay
ansawndeufiinuntmasnidennesiingnszus
Gonuavindaudineluddiunaziaiyneluadsu
(hepatocyte) uona1niiiautaiisuladau
arunsatasgylutgadinlusuaiad (fibroblast)
maiu%’mﬁmﬁlalﬁmﬁu (Gueirard et al.,, 2010;
Rankin et al, 2010) @lalsvaunlulgaanuuway
wadlnlusuaadaziUAsuuyasgusnauaz s
wuulienfeimanuuinelsind (merogony) &4
wedinsuiseadifioaudouanieluily
szuzLuel9ous (merozoites) miw%ayuau%a
waselusunielududlodoldimds  (ore-
erythrocytic stage development) srldinaade
Useanas 48-50 v, lewelsveediadafiufiozsh
Wiwadidnduunn Uaseliuelsvegdnquiing
nszuaLden wazieunanioazdngasasmaiaiy
luszezidindonuwna (erythrocytic stage
development) (Sinden, 1978) Tususely
2sMssyrendonarselusyesidin
1dealAg (erythrocytic stage development) 4a
Fnduszeediianudrdyidesaindeliiianets
aneslsnuanie awnsanusesnilu 4 szuy

gog lauA syegaunmiu (ing  form) nslgesn

(trophozoite) legauit (schizont) uaziuelsyoun
(merozoites) MUANU ﬂ’]ﬁLﬂ%EnyENL%E]M’]aWL%EJ
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uranieluszesiin szorasumiu deluide
wa3saznaeidulnslngoss Faduszeriidng
asormsiigwadluasiandsnuuazansis
Tuanauiteldlunszuiunisudawaduuulsionds
wanvuwelslnd Wedunsldndesqanssaiide
mandvasdlelnnaraduvuialngifiefisuiu
yerenad uarndsniidounanSoutead
wuulsiondeunmegnsauysal Weunandeaswaun
Hulvwount Ssaznuduedeadusnuiue 16-
32 fuedvaneluniaad Tuadeanariosd
Bovuwadurdousoudndunis uasWaun
nanewdudemnan Selmiviewelsvend doluie
Tswosdmaniashlvidadenunsunnuazgnudos
9ONININFNTLUAABAUALILITUININTIAT YV
dowandeluszesdadonunslusadidaiion
unsdaly masSguesdomanZelusrezidingen
unsazlflnanedeyUssann 22-24 v,
ownanFelunyludfinunainuane
Meiugnssn JUkuunsesyluszesdadonuns
AIUTULTIVOILIA WAZNITABUAUDIRNBEIAIY
11a5uUlaee 9 (Pattaradilokrat et al, 2009;
Li et al, 2011) (5197 1) WWemnaSevia P

yoelii yoelii ae3ug 17XNL wag P. chabuai @1
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(Stevenson and Riley, 2004) sLuﬁszzﬁlL%a
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ilivyludaneegnesinss wu P yoelii yoelii
a189ug YM wag P yoelii nigeriensis angwug
N67  FaduanetugidenanFedienldnnaoy
Usedniainveserdiuuiaisonasindy
(Pattaradilokrat et al., 2009; Li et al., 2011,
Eastman et al,, 2013)
uonanitieunanisdiaunsoiiag
Waunluwadasiwvadduiudvsownuiilades
(gametocyte)  FawUseenléidu 2 wwade wad
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Lgadaitgaddunuginaiie (female
gametocyte) FevzWmuidelunaneiduiead
duiiuginag (male gamete) wagiwadauiugine
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(Sinden, 1978) awaAU Llawadduiugniaes
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nIzNIzeInIsvedgILaziasgLiuleledad
(oocyst) anelu Teledadidornanivavuduwad
wuululeda (meiosis) tilandiyalaslulenls
mﬁat.ﬁwqmﬁm (haploid) (Sinden and Hartley,
1985)  wazazdnisulagasuuulienduina
wuvavelsind (sporogony) iieadsaveslseosd
n¥nigdldsuidonifideinanisUssana 9-12
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\onaaeuansinuana1Selusresunuiladeduas

Tusu (Ramkaran and Peters, 1969)
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ANKA JUUSS nelu 14 Ju Laifl Jennings et al., 1998
P bel’ghe/ """""""""""""" | """"""""""""""""""" I:l\ﬁ """""""""""""""""""
NK65 ladguus Laifinnsene il Peters and Robinson, 1999
[ 17XNL ladguus Tifinsane # chloroquine Pattaradilokrat et al., 2008
P. y. yoelii e s
17XL/YM FUISY amely 7 Ju i chloroquine Pattaradilokrat et al., 2009
ART [OMS]  Taiquuse Ty 1 artemisinin Peters and Robinson, 1999
N67 FULSS melu 21 Ju il chloroquine Li et al, 2011
Po Y DIGEIIGNSIS  wveees st L
67C UL amely 7 Ju 4 chloroquine Li et al, 2011
NSM FULSS ey 21 Tu 1 mefloquine Li et al,, 2011
AS ladguus Tdfinsane Laidl Cheesman et al,, 2010
P. chabaudi - ST LT L
AS (3CQ) Tadguus laifinnsane # chloroquine Yuan et al., 2011
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AU fettusdanudaondesedlduasdnidnszgn
Sundaiindu 1 warsodanandon uonanitoya
maiugmansuaglunvesdeunanielunylud
WU P, yoelii yoelii a1iug 17XNL Laside
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SruudeinaselussesTeledadlunssinzaes
89 (Ramkaran and Peters, 1969) lun1sinnanis
yeaesannIniUIsuisugsindomnanFeilasy
donnmyludlunguitldiunaslallésuasmaaey
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Tspunan3enoen (Wongsrichanalai et al.,, 2002)
Fetunismevadfiflgnimedanmdunanselu
sroziwasiuadudnniu

N1SNAFBUANENINTININVRIa1 AT Y

v
o

nauil Wunisvaasuivinlsenuazianududou

q

wniige esndnduseanssunsvaetuneu
aaus n1siesvuwnudladudlunyluduazaieg

gafulaes 91ntudunisnsisaeunisiiniie

wasglunszinzemisuazdeniiaty veees

mwﬁaﬁqﬂﬁm%mﬁunm 7 uay 14 Ju
muadu eliulahiimsaisauslswosslugs
waztumeugaieaniunisusndeutiansgs @
Aode7AEN1TUENDIEIUeN (thorax) ¥BdEIUIUA
Frewn3oun (homogenizer) wazihludumies
(centrifuge) uawnalalsyounaanaNYINYd
routhandalifunylud lunsnaassvyludi
lsvavelswosdazgnuuseanilungu nauag 5
1 ieunsunsvaadeusieansiaiiang 9 witands
aelunan 1 s ndninygludldsude uasih

caa

MaUSsuisuuILLardnTduveInyludnin

£4

Wwawnanseiunquikilasuansiadle g luduav

Doy

fiovn Han13ANEIAzAINIsalILUNASLATINIgNS
nsdanmeanilungu audszdnsaanlunis

Josiulsa (Peters et al, 1975) Iﬂaﬂajuﬁﬁ

£ ¢

Uszansnmgaanaziuasiislgvddesiunylud
ndlismndonandelunssuaidendo
\isufunaumaasseuny Teyailiainnisdnu
wdglgvinsnaaesannsadaienalsiailly
nguiisiuszansangslunaaeusoly 1ilenian
ynatiesiigafiansénsgydmedaniw (minimum
effective dose) lagviN1sNARBILUULALLALY
asiafififvuinmias Ssazsinlianunsadiuamen
yuntiosiigaitansialdenauszansainlunis

=

Joatudeaunansels fleg19ved ansiuLiasy

'
v =

ngnsduginsiaigendostanssluszezaud
finsimuluiduerfnwilsauianselulagdu
laun primaquine wag tafenoquine (Peters et

al, 1975; Ploemen et al., 2009) 1Jumu

ungasy
TutagdunisAuninmieidiuuiaiise

a | & a Ao & PRy
i lviidudananduannlunieiiinisseuinves



540

KKU Science Journal Volume 41 Number 3

Review

WoNIANIUARYY ITUITENAABUYNTNINTININ

v a v

vosasiuinanselaglinyludagiielminide

aunsadssifiunnulasndevesaisiaililosdiu
LLasﬂizLﬁuﬂisﬁw%mWLLaquéma%aﬂﬂW%d
amedlunisdudsnsisgueadomanienoud
aziharsiailunaaeudolulunyud weilide
wanselunylud Wy P. chabaudi wag P. yoelii
fiarwannwanglumsilulnduas ilulnduazdu
Fomanofiqualdirelurosufonnsidluny
L (M. musculus) LLasqﬂﬁuUém (A. stephensi)
FeaunsaléifunIeadoluntsnaaaugninig

Finmvesansinudeinanielinnssee

LONEDN9D

Baker, D.A. (2010) Malaria gametocytogenesis. Mol
Biochem Parasitol. 172(2): 57-65.

Carlton, J,, Silva, J. and Hall, N. (2004). The genome of
model malaria parasites, and comparative
genomics. In Malaria Parasite: Genomes and
Molecular Biology. Norfolk: Caister Academic
Press. pp. 33-64.

Cheesman, S., O'Mahony, E., Pattaradilokrat, S,

Degnan, K., Knott, S. and Carter, R. (2010). A

single parasite gene determines strain-
specific protective immunity against malaria:
the role of the merozoite surface protein |.
Int J Parasitol. 40(8): 951-961.

Eastman, R.T., Pattaradilokrat, S., Raj, D.K, Dixit, S.,
Deng, B., Miura, K, Yuan, J.,, Tanaka, T.Q,
Johnson, RL., Jiang, H., Huang, R,

Williamson, K., Lambert, L.E.,

Austin, C.P., Wu,, Y. and Su, X. z.

Long, C,
(2013). A
class of tricyclic

compounds  blocking

malaria oocyst development and
transmission. Antimicrob Agents Chemother.

57(1): 425-435.

Garnham, P.C.C. (1966). Malaria parasites and other
haemosporidia. Oxford: Blackwell Scientific
Publishing. pp. 1-1114.

Gueirard, P., Tavares, J., Thiberge, S., Bernex, F., Ishino,
T., Milon, G., Franke-Fayard, B., Janse, C.J,
Ménard, R. and Amino, R. (2010).
Development of the malaria parasite in the
skin of the mammalian host. Proc Natl Acad
Sci U S A. 107(43): 18640-18645.

Jennings, G.J., Toebe, C.S., van Belkum, A. and Wiser,
M.F. (1998). The complete sequence of
Plasmodium  berghei merozoite surface
protein-1 and its inter and intra-species
variability. Mol Biochem Parasitol. 93(1): 43-
55.

Landau, I. and Boulard, Y. (1978). Life cycles and
morphology. /n Rodent Malaria. London:
Academic Press. pp. 53-84.

Li, J., Pattaradilokrat, S., Zhu, F., Jiang, H., Liu, S., Hong,
L., Fu, Y., Koo, L., Xu, W., Pan, W., Carlton, J.
M., Kaneko, O., Carter, R., Wootton, J.C. and
Su, X.Z. (2011). Linkage maps from multiple
genetic crosses and loci linked to growth-
related virulent phenotype in Plasmodium
yoelii. Proc Natl Acad Sci USA. 108(31): E374-
E382.

Murray, C.J., Rosenfeld, L.C., Lim, S.S., Andrews, K.G.,
Foreman, KJ., Haring, D., Fullman, N,

Naghavi, M., Lozano, R. and Lopez, A.D.

(2012). Global malaria mortality between

1980 and 2010: a systematic analysis.
Lancet. 379(9814): 413-431.

Osdene, T.S., Russell, P.B. and Rane, L. (1967). 2,4,7-
Triamino-6-ortho-substituted  arylpteridines:
a new series of potent antimalarial agents. J
Med Chem. 10: 431-434.

Pattaradilokrats, S., Cheesman, S.J. and Carter, R.
(2008).

Congenicity and genetic



Unadd

MSANTINYEERS 1. UM 41 avun 3 541

polymorphism in cloned lines derived from
a single isolate of a rodent malaria parasite.
Mol Biochem Parasitol. 157(2): 244-247.
Pattaradilokrats, S., Culleton, R., Cheesman, S.J. and
Carter, R. (2009). Gene encoding erythrocyte
binding linked to blood

ligand stage

multiplication rate phenotype in
Plasmodium yoelii yoelii. Proc Natl Acad Sci
USA 106(17): 7161-7166.

Pattaradilokrat, S., Jian, L. and Su, X.z. (2011). Protocol
for production of a genetic cross of the

rodent malaria parasites. J Vis Exp. 47.

Peters, W., Davies, E. E. and Robinson, B.L. (1975). The

chemotherapy of rodent malaria, XVIII.
Causal  prophylaxis, part 2. Practical
experience  with  Plasmodium  yoelii

nigeriensis in drug screening. Ann Trop Med
Parasitol 69(3):311-328.

Peters, W. (1987). Chemotherapy and drug resistance
in malaria. volume 1. Florida: Academic
Press. pp. 1-542.

Peters, W. and Robinson, B.L. (1999). Malaria. In:
Handbook of animal models of infection:
experimental models in  antimicrobial
chemotherapy. San Diego: Academic Press.
pp. 757-T73.

Ploemen, |H., Prudéncio, M. Douradinha, B.G,
Ramesar, J., Fonager, J.,, van Gemert, G.J,,
Luty, AJ.,, Hermsen, C.C., Sauerwein, R.W.,
Baptista, F.G., Mota, M.M., Waters, A.P., Que,
I, Lowik, CW., Khan, S.M., Janse, C.J. and
Franke-Fayard, B.M. (2009). Visualisation and
quantitative analysis of the rodent malaria
liver stage by real time imaging. PLoS One.
4(11): e7881.

Qi, Y., Zhu, F., Li, J,, Fu, Y., Pattaradilokrat, S., Hong, L.,

Liu, S., Huang, F., Xu, W. and Su, X.Z. (2013).

Optimized protocols for improving the
likelihood of cloning recombinant progeny
from Plasmodium yoelii genetic crosses. Exp
Parasitol. 133(1): 44-50.

Ramkaran, A. E. and Peters, W. (1969). Infectivity of
chloroquine-resistant Plasmodium  berghei
to Anopheles stephensi enhanced by
chloroquine. Nature. 223(5206): 635-636.

Rankin, K.E., Graewe, S., Heussler, V.T. and Stanway,
RR. (2010).

parasites. Cell Microbiol. 12(5): 569-579.

Imaging liver-stage malaria
Sinden, R.E. (1978). Cell Biology. /n Rodent Malaria.
London: Academic Press. pp. 85-168.

Sinden, R.E. and Hartley, R.H. (1985). Identification of
the meiotic division of malarial parasites. J
Protozool. 32(4): 742-744.

Stevenson, M.M. and Riley, EM. (2004). Innate
immunity to malaria. Nat Rev Immunol. 4(3):
169-180.

Warrell, D.A., Watkins, W.M. and Winstanley, P.A.
(2002).

Treatment and prevention of

malaria.  /n Bruce-Chwatt’s  Essential
Malariology. London: Arnold Publisher. pp.
268-312.

Wongsrichanalai, C., Pickard, AL., Wernsdorfer, W.H.
and Meshnick, S.R. (2002). Epidemiology of
drug-resistant malaria. Lancet Infect Dis. 2(4):
209-218.

Yuan, J.,, Cheng, K C., Johnson, R.L., Huang, R,
Pattaradilokrat, P., Liu, A., Guha, R., Fidock,
D., Inglese, J., Wellems, T. E., Austin, C.P.
and Su, Xz (2011). Chemical genomic

profiling for antimalarial therapies, response

signatures and molecular targets. Science.

333(6043): 724-729.

aaaaa





