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(Leishmania siamensis) 

llJflltJU 2557 

.., I 

lJ't1tWI[JO 

Q,I ~ ~.d ~ ,K 1 III .d. III 11U\l~lJU hflCl'lflJllUtJ'V11mHllfH'lfO Leishmania siamensis Ur:!1I1tJ'V1U1tWtl~ U1.h::l't1ff 

• ~ t "" .., , .Kd ~" ~ 
'V11n11nnfll't1-3n'tln::tJ::fltl 1::V:: Promastigote llCl:: Amastigote \lln~1tltJ1Wlftl't111tJn I~\lln I'\J 

, , 1" 1-11 t .K ~"d.., ~ n'tl-3!'t1l n'1UtJl Miltefosine 1m:: Pentamidine l1NCl u U't1l-31~tJ1nU'V1-3\llnn111ltJfH'lftll~\lln I'\J 

.1 .K , ~ " • ~ .., d d.K "" d 

m::~nllCl::'lfU1Utl ~tllJ11~'t1ln11nnfllnUtJU't1~ijtJl Amphotericin B fltl tJU SCMTA llCl::y­

, d II "".1 1 II d 1 " .1 II ..4 d .., d , " ,:
GCS 'VlU11U1\l\l::lJn11~tWl!n~'\JU l.J1'lftl'V111tJn ~\lln'lfU1UmlJtl!'V1tJunUn1'HlnfllnijUl1U1U 
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Project Title Drug sensitivity in genetically transfonned Leishmania siamnensis 

Name of the Investigators Padet Siriyasatien and Sonthaya Tiawsirisup 

Year 2014 

Abstracts 

Autochthonous leishmaniasis cases in Thailand are dramatically increased. The disease 

was found in both immunocompetent and immunocompromise hosts and then asymptomatic are 

not investigated. In Thailand, amphotericin B (AmB) is only used in the treatment, and recurrent 

after amphotericin B treatment. Nevertheless, the study of antileishmanial drug sensitivity has not 

been detennined for L. siamensis yet. In this study we detennined the sensitivity of the 

antileishmanial drug sensitivity by using colorimetric by rezasurin base assay in the In vitro and 

Ex vivo ofL. siamensis. The results revealed that Amphotericin B showed approximately two-fold 

higer in the isolated from tissue of relapse case than bone marrow in both stages of L. siamensis, 

but Miltefosine and Pentamidine were not different in each isolation. The results con finned with 

the expression patterns of the two transcripts of gene SCMTA and y-GCS are found that L. 

siamensis may be resist to the Amphotericin B as the same previously reported, absence of 

ergosterol. L. siamensis transfonned with plasmid vector contained GFP was not stable. We hope 

this study could be useful in the improvements in diagnosis and treatment of leishmaniasis before 

the spread of the disease across the country, and help patients when the symptoms occur and 

given prompt treatment. 
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pH The negative logarithm of the concentration ofhydrogen ions 

rpm revolutions per minute ('WlJ~UUlli) . 

Taq Thennophilus aquaticus (polymerase) 

uv ultraviolet 



· . .· ~" .,<j "'''' "'''''., di ~Wmflll'\JV.:j i ltlllU.:j Ifl 3 LLUU fiV LLUUVllJmfllll1~111lN (Cutaneous leishmaniasis) 9f.:jtl:::VlU 

"" .~, GI .:::Lc:t.A.a, d So'
\l:::lflflLL~l;ltl:::LLVllIU lW1fn:::l1lJttlVllJVfll'lflJ tllqjfl UlflliJlJ~lJ (Murray et aI., 2005; Desjeux, 

J . ., .,,, ,I "" '" .,
2004; Davies et ai., 2003) mfllmfffl.:j'\JV.:j i lfi'\JlJV~flUfflt1VllJ1i'\JV.:jI'Jj'Vl;l'lflJlllJfJLLl;l:::l:::flU 
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,.h::lYIi'fi 'Ylllll'1:: i~lflfJ!~'W 'YIl'HlflfllHHllh ::lYIi'flJlnU'W (Autochthonous visceral leishmaniasis) 

I d 0 ~ ~ 
1l'1::YlU11lJ\ll'W1'WIYllJlJln'\J'W (Suttinont et aL,1987; Thisyakom et ai, 1999; Viriyavejakul et aL, 

1997; Kongkaew et aI., 2007; Maharom et aI., 2008; Sukmee et ai, 2008; Suankratay et ai, 2010; 

Chusri et aI., 2012; Bualert et aI., 2012; Phumee et aI., 2013) '[~UYlUlJln'YI1'Hrnd'~mflll1i'ltJ 

, 
'[ ~ • '" "'''1''''' "'" "" siamensis (Sukmee et ai, 2008) ~Ut1llMFllll\llFl'11flUIUn''YII~lYIUUnlJ!1'W'\JUl.J'1n'lFl'1 111U 

, " 
GenBank YllJ":hrl'lfilJllJn'lI91n~l.:JUUn i,j\llnn'lu't'i''WiYiilnu.:Jl'W nU'WmYlu 11'1::1~lYIflUflfll'.il~ 

, .,d 0 4. ...",f Q ..ct. d .., dQI I 

IU'W CJflJ'YI91 ~ \IllYll:: I Yl UUU n n'lUYl 'W 11 '\J tJ Wl1tJ'1 'lflJ11'WfJ (PCR -RFLP) YllJ 11Llfl1JIllJ'WlJ nnll W:: 'YI 

" 11.:JtJ1fJ1::mfJ''W11lJnlJtJlt1ll'Y11.:J~bl1lr.:j (Sukmee et ai, 2008; Suankratay et a1, 2010; Chusri et 

, '" • "_'1'" d '" ... , '''I " aI., 2012; Bualert et aI., 2012; Phumee et aI., 2013) '[flfJ\ll'W1'WfjlJ1UCJf.:JlJm'YI11fJ.:J1'WU'1:: lJ I~ 

Q.I ~ ., d' QI .Q. 

WtJllJ'W (Muller et aI., 2009) n'191ICJftJ1U'1'W~ (Lobsigeret aI., 2010) U'1:: n'111!tJIlJ1n1 (Reuss et 
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aI., 2012) ~lnfl11U~'h::1J1~tHlnUtJmh::!'YIff'\JtJ-3~'!flJl!lh.llYltJvrUt1\'wJu~-3,)1!~utJd1-3g-3~ 

, ~ 

U91n~l-3nU l~tJ1~tJl chemotherapy Yiijt.llJ1t1uu~~uuiji-3il pentavalent (Sbv), amphotericin B 

(AB), miltefosine (MF), paromomycin (PM)!"':: sodium stibogluconate (SAG) !~U~U nll~tJt.ll 

" Q.d. 1 " CSCl .. ,.. 1J/d .dG Q,In vitro 1I~:: Ex vivo ~1t.1l'YIflUfl'YI'YI1 l1tnml'lllJlY (colonmetnc assay) l~t.I '!flY resazurin CJf-3fl11 

http:nll~tJt.ll
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QU.&t.:( 11 
2. Itlmn"llltl:::.!Jl'U1il[J'YIlflITl'lltl'l 

2.11;tli,;~lJ1lil[J (Leishmania spp.) (WHO, 2007; Lainson ll~::: Shaw, 1987; Maltezou, 2010) 

Kingdom: Protista 

Subkingdom: Protozoa 

Phylum: Sarcomastigophora 

Subphylum: Mastigophora 

Class: Zoomastigophora 

Order: Kinetoplastida 

Suborder: Trypanomatina 

Family: Trypanosomatidae 

Genera: Leishmania spp. 

"''''' A"" ... • 1 " .... • 1'Nn'll'191'l.ltl-3I'l1'tl~'lI'1JlI1H.lu'l':::ntl1J~1U 2 'l':::U:::fltl'l':::U::: Amashgote 1I~:::'l':::U::: Promastlgote ~w 

Macrophage 1I~:::I'~1JiTU1U~1U1nn1m1J1JIWfltltlm1Jl.H"tl-3 (Binary fission) iu Macrophage 

~I" .cl
luU91U (flWfYl 2 . J) 



5 

.ci .l "" ... 'I ." " ... .Il1VfYl2.1 L'IHH1'l1lJ1LlW l'\.n~V~ AmastIgotes VtllJfl1Vff Glemsa 

cI.ci i tt:f .1 .: tI

1::tJ:: Promastigote !ihn::V::'VHI:: VUmH'n:: lJ'llJHtlVVl'llV 11(1:: fl1'l1'Vn::nHJ~ll11lJ lJ 

.l ," .d. , "" .,.... ~I
J.1m l'11ij~::tl~lJijfWIf(1(1 (Extracellular) U(l::ffllJ1HHVilJ\lllJ1lJ f1f11tJ1lifll'W1J1J 11VntHlnlulJ 

I QJ,l ..:::t .Q a i I d , QI '_1
lH)~ (Binary fission) !'I1lJfllJ!'I1tl\l::lJlJ1!fl(1Vff'IJlJl~ "H1!!l1lJ!f1lJ'b'f1!!(1~ Kinetoplast ~::fl(11V u 

~I A ,"i A.ci , ~ "" ,
!ulml~lVitJ 'b' lJm'l!fl(1tllJ"YlffllJl'H)1I11~Vi1J fI LlJ"Yl1'IlfllJtJll1nff1lJf)(1H (Middle gut) 'lJtl~ 

Schneider's insect medium 

~ ~ Ae;" Q 11 " ~ 
Il1Vi"Yl 2.2 1::V:: Promastigotes\llnl.... l::!(1V~!'b'tJ(1'b'lJl1lJV\llf) L'\Jm~~f)f11Vt)THn!M~ 

.l 
!'lft) Schneider's insect medium 
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. I ' ",_1, , ... ... .. .K ", _I"; .1 ' 
u~mJ promastigote 1'\11 1J 'U'n~fllV'\IV-3fl'U11'H)ffmL'lftH)::1'\11~ macrophage LI~::lu~V'U!u'iH 

::'1 "t , ... ..t • .1 "1"Lu'U amastigote Vi'iUlJVI-3UU-3~11'VnHI1'U1'UlJ1f1'IJ'U1I'U macrophage LL~flVVfI'Yt1 'H amastigote 

111.1 ' .. " ... ..t. .a ~.I.a'£.1 ...
VVfl1I1f1 macrophage m::1I1tJ lu~L'lf"" 'HlJU"::1I::lJfll'iLVilJ1I1'U1'ULHHJ IU LlJU'i'UHVVl'1'i1VfI~ 

_I" • I .1 ' ~I ,.K i' ... .., ~. I
lI::Lu~V'UU1J~-3!u'il-3L1J'U promastigote Ll~::mVl'1V~I'lm 'ifltTfl'UU'fl::ffm~u 1u (Desjeux, 2001; 

. 
Bates, 2007) (fllVin 2.3) 

Sandfty Stages Human Stages 

o Sandfly takes a blood meal e PromastigotH are
(injects~• .mge 

-.".~) _on"phol!g<Xo~ IIy 

o Divide in mi:1gut and 

migrate to proboscis ~ 


ee 
Promastigotes transform \r' Into amastigotes inside 
macropheges A 

~ 
AmastlgoCas ITaMform into )-~:;: ... 0 

~~;f.~ ~'rr I _ ...._""0..'.
,.:.~;:8;' : · '- .' .•\~~. ..... ~ {including macrophages) of 
~ "". varioul tissues A 

"" Ingeslion 01 _.' . --...._-­
V' pamsHized cell e Sandfty takes a blood meal 

(~ rnaaoptoagu I!n<:It!<IA =Infective 51age wlCI\ 8rnMIIgo(U) 

A = Diagnoe\ic Stage 

,::t .cIQ .l..c:a q 

fllVil'1 2.3 1-311'i'll'111'UVW)fUmflllL'UV 

.. 
V1lJ 1 : http://www.dpd.cdc.gov/dpdxlHTMLlLeishmaniasis.htm 

http://www.dpd.cdc.gov/dpdxlHTMLlLeishmaniasis.htm
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• JI 

UnmpJ~llJ1lnJ1n (mv.Yi 2.4) ~::UlJlIlJlJm:: lf1f1 (hopping) 1lJl::v::m,n1lJ'"1 ~()lJml1-11lJ'lrtllJ 

l"Ill1::11111f1ii'b'lJlIUV (Leishmaniasis) 11f1 Sand fly fever (Arezki et a1., 2008) 11f1'lrllJ~*:: 

(Chandipura) (Fontenille et a1., 1994) 

JI • 

UU1::lJ1W 90 'lrUfi (Poche et a1., 2011) nllm:: ~lvi1,\I(),:jllJ~()V'YI11Vl"IlJli11u1lJl'll~;tllJ 

JI • 

11~::1'll~ l"ni ml (New World) (Adler and Theodor, 1957) rlll1i'lJU1::I'YIff1 'YIVUlJ,j'mJ~lfiv1nlJ.. 
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d 4.£ A' .,. , i t .£.1 .,..,.
et aI., 2007) tnHffllll'J)'tJ~'IItl-3'ru~mJ'vl'n(lhl'rn.fYlfll-3"l'll~Nth:a'YIfl' 'YI(ltJtJ 'VlU'rtJHtl(lVl'rl(1'Y1lJ 

'I ~ .,. "1"'" "' ...'rl(1-31Ufl11lJffllJl'H1 !tJf11'rl 	 tJ'Vll'H~tJl !'rfllfllJ 2 'lftJfI fI{) P. argentipes un~ P. major major 

d ~ ,£ .1 .,. i "... ...... . A'
(Apiwathanasom et a1.,1989) 	CH P. Argentipes 1 ~'rtJH{)(I'YI'l'l(1'Y1 mUOl'wtJ(ltJtn'r~11'lf{) L. 

donovani ~-3yi1,,r,fifl l-rfl Visceral Leishmaniasis '~VU1~(I (Killick- Kendrick, 1999) ihl(1-31~ 

,,£ .1 ,A' i " , '" ,
'VlU11'j~H{)(lVI'rlUfffln Phlebotomus ff1111H101V'YI{)~I'lftl Leishmania spp. ~lJ10011 40 'lf~fI tJ 

4'" , 	 , A' i" ...
fI1Uffll'YI'rUtJlf1V'VlU11 Phlebotomus spp. ff1lJ1H)(l1(1'Y1{)~I'lfU fI 11 'lftJ~um: Sergentomyia spp. 

, A' 1" .. 	 d .r.. .. t ... '11'ff1111'l'CI01(1'Y1Ufll'J)'{) fI 35 'J)'tJfI (Lane U'Cl:: Crossky,1993) 9I'-31'J)'{)'Cl'J)'lJl1tJ(ltJ~ ff1lJ1Hlflflfltl ~l 

JI • 

'II U-31 ~ ~{) (I'YI 'r 1(1 ~ -3 'VlU 'YI 1-3.nlfl 0 'Cl 1-3 f1lflll:: 1~ 11 fl fllfll'H U{) .nlflll~1U tl U 01UfJ-1l'H Uf) 'II tH 

d 	 d 
1h::l'Y1fl'i'YIfJ 'VlUffQn Sergentomyia, Phlebotomus U'Cl:: Idiophlebotomus. 91'-3 Sergentomyia IUtJ 

. . i.. ",.1 ci ... .. 	 ..fffJn'YI 'VlU lJ 10 'YI "l'fI U 1J 'I~ I'YIfl' 'YI fJ 11 n:: lJ f11 'In UfflV'Vl ~ ~ Phlebotomus argentipes 1'Vl (1-3 1 

_ I .. d .. 	 , , ""'I .. ~ 
lutl'r19l'~11 (Apiwathnasorn et a1., 1989; Apiwathnasorn et a1., 1993) f1UlJl tJu 2009 lJtn'rnfl1l1 

.d a .. I ~ d 0' c!t 

gemmea lJ1fl'YI"l'fI'illtJ1U 81.4 	luf)'rl9l'U91 'rtl-3n-1lJ1f1U S. iyengari, S. barraudi, S. indica, S. 

d~CV QJtI 	 .ct 

silvatica un:: S. perturbans Ufl'YI-3V-3'VlUff1V'VltJ~ P. argentipes (Sukra et a1., 2013) U'Cl::mlfJ-31U 
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, .K.. '" . ... oo')J .. .. d ".'1,.r. i
11'V'1Ul'lftHl'lflJll'UfJfflfJ'YfUlI LYJfJ 'Ul'UHUtJmltJ'lf'U~ S. (Neophlebotomus) gemmea Ul11WYJrju1tJ 

2.31"mii,lftmuu (Leishmaniasis) 

... .., ...K 1-1 1 ..... "" 
~lflff1l1\lfl'U (Zoonosis) fflI1HlIM1~lfl!'IH) ul 1I'lf1"'lflJ11'UtJ (Leishmania spp.) 1 'If'U L. 

donovani complex (L. donovani, L. in/antum 11":: L. chagasi), L. mexicana complex (L. 

mexicana. L. amazonensis LI":: L. venezuelensis), L. tropica, L. major, L. aethiopica 1m:: 

subgenus Viannia l'lf'U L. (V,) braziliensis. L. (v.) guyanensis. L. (v.) panamensis LI":: L. (V.) 

.. ... " 1 iJ 1 "1 .....q''U'IJ LUJ111 un:: nl::lun m::u1I 11~ fl11tJ Im::)J1 ,WfI'Ul 'U O'ffYJ 1ItJU.:J1Uqj (Accidental 

host) 
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"" .~ln'\1;n!,llJ 0l1,j'lJl1n1lJ ~f1UlJ fIll.h'lfJ-31lJOl~Hnflhflili-3 !!~,r1-3fl'm1njl1 15-16 


'" ... """,K d ~I I... 1 I 1. I '" '" I
1J civest !!~:; ff1l1nlJllJtl'\JlJ1f1mmuU!!'\1~-3N 'ifl ff1lJ lJul:;ll'Ifl'tlUlflfJ 1I~:;lfllJfJ1 fl1111flU 

" 11lUfJ 1111;~II~:;;i1fJ ~lnf11Hhn~ 111111 hflilijm11J~nu~:; 12 ~lUfllJ lf1fJfl1111Ul:;,nm 

. . 
• tllf111I1fffl-3l1111!1WP'bmT-3 (Cutaneous leishmaniasis) tllf111l1~hmT-3~:;lnfi 



II 

"' " .. " '::'1 ' UFHHI::1J1lJH~.:j LI~"lJ I'lH1"llJllJ11mVlJfl11\l::111U (Maltezou, 2010) 

• Ulf111Ll11'~.:j~f.l1U1::muilJ (Visceral leishmaniasis) 111U 1Hlfll"1 Ul"lfl (Kala 

(Maltezou, 2010) 

I 1 •• 

.cl<4 ~ ..ct.or::::tOl " ... a 
• f.llf1111l11'~.:j'YlLVf.lIlJf.ln (Mucocutaneous leishmaniasis) "If.:j\l::lJ"nllW::fl"'VnU'Yl 

" ,
~1.:jlh::l'Y11'l'11'1lJ11tHfi~hflUhi'I'lflJfllJ ;.:j,jfl\l::~u~ihV~'lflJ11UV ilJi.:j111~'Y11.:jmfl1'l111f.l mfl 

fl"H llm~mfl i']'Uf.lnh::l'Yll'l'i 'YlmUlJri1lJ i my (Suttinont et aI.,1987; Viriyavejakul et ai., 1997; 

Thisyakorn et ai, 1999; Kongkaew et aI., 2007; Maharom et aI. , 2008; Sukmee et ai, 2008; 

. J., .. 
Suankratay et ai, 2010; Chusn et ai., 2012; Bualert et aI., 2012; Phumee et al.,2013) l'lff.l"'lflJlllJV 

http:f.llf1111l11'~.:j'YlLVf.lIlJf.ln
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.d 1 I] t 1]""''''' ,d.K '" ~l '''I
'YI'ViU lJlh~I'YIfI' l'YItJlJlJ IfI)J~fllJ'ViU11IillJl'HHntJ'ViUl l1lJfl~ L. siamensis (Sukmee et al., 

1 ~I d '" "_'1 1]. ;. 1 • 
Uu 'Vi.fI'. 2528 (1'1 fl.fI'. 2529 mlU'llUflU~u1tJ'll'111'Y1tJ,),1lJ~lU1U 11 ,),ltJC)f'l U~llJ1U 

• I I tI 

,jl~ ~l(lU ~hU~f) 6 ,),lUlilU~thuli ',j]j,jl~-Ml~U'YI1'l' ,jYJ1'11U 'U1h~l'Y1f1'li]j1')'fllh~tJl1~~',j 

.'f "'..; 1 ",.K '.1 ' , 1
'YtUu\l\ltJIfftJ'I lJf11HlflL'lf~\llf)~l'1u,),~l'YIfI'!l~~tJl'1 fI (Suttinont et ai., 1987) 

perturbans (Thisyakom et al., 1999) 

'" "'1 ~ ~ .1~1U~~1L)J1 1 fl1 fltJ11i direct agglutination test 'YtU1UH~W'YI,),lUfffl~ S. gammea, S. barraudi 

LI~~ P. stantoni (Kongkaew et al., 2007) 

'" "1 .K 1 ' '" "'I] ~l '" 1 """ ~UU~~)J1)J ~flUl'lt~ l1lJ L. siamensis flU!ltJU~UtJfll~l~tJ')' ULllJ1 9 ~1 fltJ11i direct 

~ 
agglutination test 'YtU,),U~tJtJ'YI11tJfffl~ S. gemmea, S. barraudi, S. indiaca Llll~ P. stantoni 

(Sukmee et aI., 2008) 
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~I SI.'I ~I '" " ... ... d • I ..... SI.'I J
uVUf. 2550 VilJf;iu1fJ'Jj'lfJ fJl~ 45 U fJlfWfJ~ lH'-3111fll'lHJ~11fJ ul::111'UfJ~f;iu1[JVilJl'Jj'f) 

d... SI 1 J 1 , SI ..,. 1'"dd"HIV C)lfl 1IlJU~::lJllJ 11 VilJI'Jj'fJ L. siamensis fl[J 'Jj'1'YIfI'UflViC)l{)n fH\lJ1f) 'U m{)fl buffy coat 

:: .f J ~iJ SI.'I ~I ... " ... ...... d d. I ...... 
'Ul~lfJ l1~::'Jj'lH'U{) Vi.f\'.2552 VilJf;iu1fJ'Jj'1[J {)l~ 37 u {)If\'fJfJ~ 'U\l-3111fl\l'U'YI1P lJul::111 

... .. '" J
fJmn'lJ'Jj''U~C)I VilJl'Jj'fJ L. siamensis (Suankratay et al., 2010) 

• d., SI 1 J ..,. .. , "1 1'" ....,
trait C)I~ 1IlJlI~::lJllJ 11 VilJI'Jj'fJ L. siamensis VilJUfJ'U1IlJfJfl 1IlflfJ'l 'U fI 3 m lIlJ1 1 m ~'U'U 9 

... ., 1 "'" .f .1
1I111~::11\l 2 111 ~tJ11i direct agglutination test VilJl'UH{)fJ'YI'llfJn'fl~ P. argentipes, S. barraudi, 

S. iyengari, S. gammea 1L~:: S. indica (ll''Uij 2553) 

, ""., SI 1 J 1 1SI ..,. del" l'HIV lJlf)fJ'U C)I~ 1IlJU~::lJllJ flVilJl'Jj't) L. siamensis ~fJ 'Jj'l'Y1f1'UflViC)l{)n N~lJ1fl 'U 'Um::~f1 

... .fJ .: J"1S1 
mfJfl 1l~::'Jj''U1'U{) tYllJ1HUVi1::mfJ~I'Jj'{) I~ (Bua1ert et al., 2012) 

SI. 'I J ,""., SI 1 J 1 1SI ..,. .. '" ..
'UfJ~f;iu1fJ VilJl'Jj'{) HIV lJlflfJ'U C)lfl 1IWm::lJllJ 1IVilJl'lff) L. siamensis flfJ 'Jj'IYlfI'UflViC)l{)ll 

, ... .: J 11'tI 
fHllJ1fl1'U 'Um::~f1 m{)fl buffy coat 11l~lfJ 'I1n'n'11:: 1l~::n'llJl1fllVil::I(W~I'Jj'f) ~1 (Chusri et al., 

2012; Phumee et al., 2013) 

.1 ...,. SI.'I J ' ''''... SI 1 J 1 1'" ..,. adu'j::111'Uf)-3f;iu1fJ VilJl'Jj'{) HIV lJlf1{)'U C)lfl 1IlJU~::lJllJ 11 VilJl'Jj'{) L. siam ens is ~fJ 'Jj'lYIfI'UflViC)l 

Phumee et al., 2013) 
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il'Y'l.fl'. 2555 'Y'I1JNihtl'lflt1 tntl 52 il tn;'Y'I'lf11'~ tnfttlmJhH),nd'~cil'Y'1lJ ;~ i1JII~::,j'llJ"'II CU" 

..,.K .., ,!/J "" "'''''' , 1/)'" ~ 
!~ 'Y'I1J!'lftl L. siamensis !~tI 'If!"YIfllJflWlftll1 ~~1J1fl lJ !'Uf1'i::~fl !~tl~ buffy coat lJl~ltlll~:: 

"'... !/J..,.K .., , !/J "" .."''' , i ...
'If~ ~1J!I~::lJ1lJ !~ 'Y'I1J!'lftl L. siamensis !~tI 'lf1"YIfllJfl'Y'l'lftl11 ~~1J1f1 lJ 'Um::~fl !~Ull buffy 

-='1 !/J.'I:!/ " ... ..... , '.1 .... !/J.'I .K .
u'Y'l.ff. 2556 'Y'I1J~u1t1'lflt1 tllntltl~ lJ~.:.l1111l!'lftl.:.l l1lJu'i::1v!'Uij.:.l~u1t1 'Y'I1J!'lftl HIV lJl 

, "'... !/J 1.K 1 , !/J ... "'.." , 1 ...fltllJ 'If~ v!1J!!~::lJllJ V! 'Y'I1J1'lftl L. siamensis 'W 'If!"YIflUfl'Y'l'lftn'i N~1J1tl lJ 'Um::~fl !~ij~ 

':'1 !/J.'I I -='1 _ I .... !/J.'I ~I ..... 
u'Y'l.ff. 2554 'Y'Itl~u1t1'lfl1YllJl!'Y'Ifl''lfltl tllQ 34 u ul::1V!'Utl.:.l~u1mUlJHIV 'lf1l v!1JU~:: 

!/J..,.K 1 1!/J "" "'''''' ,... ~.: .KlJllJ IV! Yl1J!'lftl L. siamensis ~tI 'If!"YIflUfI'Y'I'lftn'i N~1J1tl lJ mfJ~ buffy coat lJl~lt1 !!~::'lfU!Utl 

(Phumee et ai., 2013) 

-='1 !/Jil -='I!/Jil ~I i !/J '"Iu'Y'l.fl'. 2555 Yl1J~ 1t1'lf11YllJl !'Y'Iff'lfltl tllQ 60 u ~ 1mulJ!lJ11111lJ!L~:: ~11Jtll 

.K i ,!/J "" .... " ,... " prednisolone 'Y'I1J!'lffJ L. siamensis lltl 'If!"YIflUflYl'lffl1'i N~1J1fl U lClfJll buffy coat U1Cllt1 

" .K
Uffff11:::!!Cl:::ilJ!lJtl (Phumee et aI., 2013) 

.K .K 1 , !/J "" "'''''', ~ 1'lftl L. siamensis 'Y'I1J!'lffJ L. siamensis ~tI 'If!"YIflUfl'Y'l'lftll'i N~1J1fl lJ buffy coat !!~::: Ulmtl 

(Phumee et ai., 2013) 

http:u'Y'l.fl
http:u'Y'l.ff
http:u'Y'l.ff
http:il'Y'l.fl
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~A, OJ 'l~ '" 2.5 0l1~~1'lf011)Jmfl~'I11H 1f1~'lfJ.Jll11[JII~:: HIV 

.::::to A. Q,I '1 ~ Q ~ q ~.A ~I 
f)1'Hl~I'l$tl'I1lJmn~1111-3 HHI'l$lJ1llwml:: HIV lllJlJ'Ilf1-31lJflHU'IfHlJtlufl.ff. 1985 

, i -::'1 ' ''''... A, .!.J 1 _I 1 -11" '_I':' .. "" 1-1rltllJl lJufl.ff. 1994 Vitl11lJf)1'I~~I'l$tl'I1lJ!VilJ'IIU UU'I::l'Ylff'Yl1-3Q 'Iu 1I1'l$U HHlffff tlm~ u'I 

fJlflllll~::fflllu l~tJffllllJVitllJln~"l'~l1'I::lJ1W 57% (Alvar et aI., 1997, Desjeux, 2003) U~::~J1fl 

• QoI~O J~l t fd ci ~A.
'I')lJnu!VilJ~lU1lJlJlfl'lllJ'YI1 ~flrl-3l1l1iJfI . ff . 1999 (Desjeux et aI., 1998) Clf-3f)1'I1I~l'l$tl'I1lJ 

1, i _I ' '_I d , • "_'I.el.. 1, .:. 1 .. 
l'l$tl'I1lJ lJu'I::l'YIffllN'llJlflfl11 35 u'I~l'YIff Clf-3 WHO Vitl11~llJ1U~u1f1'Y111~l'l$tl'I1lJ'YI1 ~nlJ 

1m'fllHu::llll1tltl'hlJ'IItl-3 Visceral leislunaniasis (VL) l,tU L. infantum, L. donovani Vitl 

_I ' i I I do "1 3
u'I::lJ1W 90 % ff1U l1tyVitl11lJ~lU1U CD4+ T cells Utl£Jfl11 200 cell/mm (Morales et aI., 

2002) 11~:: ~flllW::lll"tltli1lJ'lJtl-3 hfl'Yl1-3~111U-3 (Cutaneous leishmaniasis (CL) l,tlJ L. 

. 
"".. '" ,~' &I .,braziliensis L. mexicana 11~:: L. amazonensis ffllJ1H)Vitltllf)1'Il1ff~-3'Y1p.j111U-3 ~lI'11'UflU ~fllltU:: 

... ~ 

Lepromatous, ,,~:: Diffuse Psoriasis-like, Keloid, Histioid l1'Itl Kaposi-like lesion tlml-3Vitlf)1'I 

.eli AId. Cl I , 

'YI lJlJf)1'IlI~l'11'tl'I1lJl'l$U pentavalent antimonials U~:: liposomal amphotericin B (Lindoso et aI., 

.. I Cl Cl Q,I ~. QI ""...'1 I 

u'I::ff'YIliil1Vi'IJ{)-3f)1'I'j'fl1l1~::'IIU{)~fltl{)lfll'I'IJ{)-3~U1f1I111~::f1U (WHO, 2010; Cruz et aI., 2006) 

http:lJufl.ff
http:lllJlJ'Ilf1-31lJflHU'IfHlJtlufl.ff
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" "" 1"d '''.'1 1.... "" d .... ,1 , " ~lfl'llf)lJ(Hl~fl~1111fffl~ 11111'U11flu1tl Hl~'lflJll'Utl'YI~fll'lff) HIV 'n1J~1tl... ... 

, , ".'1 1 "" "" 1 "I.K(LeishmaniaJHIV co-infection) ~::ff~fl~m::'YI1J~f)~U1tl Hl~'lflJ11'Utl 'U'YIH~1JfH} 1'1ff) HIV ~:: 

~ .c:::t,.c::::.. )J.'I 1'" ,4"" 
fll'i 1fftl'lf1~'IIf)~~u1tl 'ifl~'IIlJlllWlJlfl'IJ'U 

,
"". '" ~~ '" ~ "" "" 2.6 t.lllflll1JlUYI't1I'11I'Umn01l11'lfltl'l1111IlHJ (Neal et aI., 1995; Mondal et aI., 2010; Bhargava 

ll~:: Singh, 2012) 

""
, 

'" 1 '"
v 

'" dPentamidine, Miltefosine 1m:: Paromomycin (m'jl~'YI 2.1) tll'ifllllluvn:: 'jfl'UlJlJfl~::lJf)1fll'j 

,. 

d ~.c::t ..d. <II:::lI 1" , )I... ,... .c:I:
Amphotericin B 11l'UtlltJtI'lf1lJ::'YIfl~~ ~~lfl Streptomyces nodosus 'II'jOllllnHl'llml'Utlm 

,. 
Visceral leishmaniasis U~:: Cutaneous leishmaniasis ijtllJ1cNtll~i'fllll''UtJ'j::!'YIff6'U1~m~tN~lfl 

'" 111 ' , '" '" ~I 1 1 'ct. I _ I .. d .. .;.K ....
1J'jlfl1llJlIlN Yl1J11lJfll'jfl~1Jmlu'U 'jfl l1lJOflu'i::lJ1W 1 luf)'j19llJ~ 91~fllHHltll01~lflfl~lfl 

, . 

". 

, 
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Vl~'-M' n1nJi'U'\J'Ul~Vl1~lJ~'Ulhi~Vln ~-3jjm'i~~91Vl''U~l.l11UU ~~91~-3ihfCllVlUllU1J 1,}'U 

'" liposomal amphotericin B llCl:: amphotericin B lipid complex 'I1H) amphotericin B sodium 

J.4 1/ '" 1 I .t '" I' .1 "'.,... ci... J , 1/cholesteryl sulfate '\I'U lYt{)CI~~CI'\Il~lflV~ 9lVlUYt1::{)VHV~Ytll91V 9l11C1::u!lfl'iVll1Ln~'\I'U'\IW:: '11 
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.­
'IIflm 'JriJY­ ..Nanl::flUfllh;j lfJ 'Hla'llJ.ill'lW 

, 
IYO.l9l::11Ul1.lfl 

1IIl1.l;ihJ1uva 

(Pentavalent 

Antimonials) 

I ~ 1.1 1'1' 1 1 U 1 :: n II U Polymeric 

organometallic complexes 19lVi,*Q9IIoG'1 

lfall~liillf\~l lflll Q~I,r10n'11J1tll 
tl'hJlQJ~',* 20 iiaaoi'lJ~llJllfuoi1 
(iilaoi'lJ) ~ll1U ,,*,f~lflJ9I 20 11.1 

~ ./i~ ~ ~I i"'" ~ "_'1I UIl1fl 'I1lJ1V1~II~lJJ fl.ff. 1911 'I1n1111Urju1V 

1I1'1'f\~1l1fll1nlV'U (VL) lIa::1I1'1'~~ll10U~ 
Fh'rfU~ (CL) I1UOn~IlVli1.lllfl1'UlJflll 
lh:: Iflff6Ulfi Il 11 a::ii 01HllllH1'U II ~~ II 011 

i'mn~IIM~Htiuiu~1J11l CL (Jl~H,t1'UIl~ 

iuntilJ sodium stibogluconate (SSG) ;~iillfll 

Amphotericin B 

fungizone 

Polyene antibiotic IUUlllU5;'U::~Na91 

'~'llfl Streptomyces nodosus 19lvi~9I 

loG'llfall9lliill9llil t.I1lJ1w~H: 0.5 - 1.0 

iil'laoi'lJ';llJ1'rfUflti1 (iilaoi'lJ) ~ll11.1 

i,*,f~lflJ9I 8 ti"U9I111~l1.111.1,f~lflJf\~H 

iUfllli'mn 1.5 - 2 ni'lJ 

i~rl1'rfi'U~1J1V VL, CL lIa::1I1'1'9I~1l1flll"~lnll 
IUlln (MCL) I~U flfSt-line drug nmi'ui'mn 

VL U1::mffth.llflll;~iinl1~1l1l1 antimonial 

1111:: azotemia (II:: 1cJllitiill) 'rf;ll 1m:: 
"'" I • ,

fllHflllllJfll creatinine 111'1:: BUN u~ 

In 1.1 01ui1 U 0 ~ 'rf111iiflmt~ 11 ll~ 11 II ~Iff Il 

lal1V1\Jl~ fll1::lnall hJIIMI;Il1J~l 

Amphotericin B 

ambisome 
d" 4. 
1l9l11l1'rfall9lmll9l~1 

i ,\'Na 011 i'mnfl~lffl i1.l1UIIUU'ailflnl'rfi'u 

~1J11l VL lIa:: WHO i~ 18-50 mg ampoule 11..1 

flll"i'fllll PKDL and MCL 

l11all fl111Ji1.lllllf9l~1 fl~uM 1l11iivu 

l~lllll11l1 lIa:: Ul91mll:: 

(Miltefosine) 

IU1.I Hexadecylphosphocholinc i~IU1.IV1 

lUUl"::f1l1.l 

11'l1.l First oral drug nmi'u~1J1v VL ii 

Ul":: ~fl i 11 111iu n ml'l1.1UHl UIIU U 11 ll~ ~1J1V 

CL ,\'llJHlIQJ::i~flml 
" ... ..:.mmn'1l creatinine lIa:: LIT l11lJ 

Amphotericin B 

formulations 

'~U1'I'11Ul"::0IlU Lipidic formulations 

lftV'~ftl,)'llfa!J"lgllft~1 
Amphocil, Amphomul 11 n:: multi lamellar 

liposome '~U0l1i'n1l1~\hv VL 

H llU11~\.I flgui~ Irlllllllm Ul91 

ihll:: 1l11'VUlla:: fll1JJiU laif"~l 

(Paromomycin) 

IUU1'I'11U1::0IlU Aminoglycosidc (also 

known as aminosidine or monomycin) 

Na91 i~lllO Streptomyces rimosus Q"',)'l 

~ .I.., ~ "_'I .... ./
OllllJl \.I lln l11l'Urju lVfl JJ 111011 fl 

Il1V1:: f1lVi 1.1 II i'I:: i ,*t 11111:: ~ rll11 i'l.J 

"_'1 ./.. - ~ 
rjulVl11Jlllnl")"m~NllfU~ 

'~UOUi'Olll~1J1V VL iUU1::lflff61.1lfllJ i,* 

Phase III ti1'rfi'u~\hlJ VL f1l~9I::11.1t)!)Oll!)~ 

U1::lflffllllm01 ii,.h::nfliIl1'r"1U'IlV011'U 

U1::ll1ff1911U i~IIlYll::~nlMi'u~1J1V CL iu 

lU methyl benzethonium chloride 111'1::',* 

11l111::~ilJJti'U gentamicin and surfactants '1..1 
, ~~ ,~ ~ ,,_, ..I~ J 

Phase III trial 'lJ1fl1l1 "9IOUrju1Vl1V1f1,Y/J L. 

mexicana lIa:: L. major 

'~i'Unl11J1f\l~U liiil~UII9I~ Illnl1 

1J1lJJ1~lJl1!J~ lIa::jjNi'I~llnl1MiJu 

111 1.1 11 1 jj flU 

(Pentamidine) 

I~U Diamidine, as isethionate salt H' 

Qf\l,)'10n'llJ1dll U;lJ1WV1~i~ 2 

iii'lani'lJAIlJl'rfUmil (iilllfli'lJ) ~61u 
H'11l111::~thlli'U~1J1V CL iUUl"::lflfftlllJ;fll 

i;l'nhJu 

fl~uM !)ltiiVU li'1l~lnv J1V11nh.ll~llft 
~~ lIi'1:: IrJUYill9i1l111h 

Sitamaquine 
tUU 8-aminoquinoline analog H'~1.IVl 

i'uUl"::mu 

H'1191n'IlUi1.l~1J1V VL iUU1::ll1fflfllW1IIll:: 

1I11;ll I1U11iifl111Jtilt~\J~tiIlU,)'1~~lti91 

Ul"li'Il~ Ul91ffHI:: 1l1liivu IllOll" 

!)l'rfni1ifh)IJlla::~l11u~flJl 
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f1111 '*fJ1lflii U1Ufl hnl\l ~UlJ ffl'l1 lUf1111nlll~il1tJ~ii t11f111'Y11·HJ101:fl1tJllJ tJl~ il (I1J 

, v~ ~ 

'll'fl6 pentavalent antimony [sodium stibogluconate (SSG) 111t1 meglumine antimoniate), polyene 

.
amphotericin B (deoxycholate salt 11 

~ 

1 tI hposomal fonnulation, AmBisomew), 

alkylphosphocholine miltefosine IIm~ aminoglycoside paromomycin ~'HnlJ1101,*f1111nlllUUU 

"" 1 ' .K "" d 1v t 1•1lJ n 11 fffllJ 1 fl11lJ 1'\1 U'I Vlfltl1 'll'U f1 'll'lJ lllJ Vt'tllJ 110l'l1 fll'l'l lJ 1:0: Promastigotes, 

Qd c::i Q " • 1 '1 v ,Intracellular amastigotes 1m::: Axenic amastigotes 1ll'llJOlJl'b't't1u my 1111fl 

"" 1 "'''':JI'' 1'"• fl11f1'mn fltlf111fln\lUUl9ff1f1f.11Umltl'l~€lVl11f1'U (Direct counting) fltlf111lJU 

~ ~ 

blue 1m: Neutral red 1111'1\llflUUl11f111flllJ1tll111fllfl11lJ11111t1f111Jmi'l'tlu'IOl 
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I 0 

UlJlHn 

... I' I .. .!'I .s "" "" 
• l'YlflUf1flUlh DNA 1'IJ1'~I'lH'CHul'nJ1t1!'YHJ"~mlJfl11I'H)'Il!ff'l (Reporter gene 

chloramphenicol acetyltransferase (CAT), B-galactosidase, Fluorescent protein 

. ~I II I ,dq 11'
(GFP), Luclferase 1I~:; glucuronidase luU~U fflU Reporter gene 'YlUUlJ 'lff11UUUfl 

~ I' I 

l'IHl~ L~Ufl human growth hormone (HGH) 1L~:: secreted alkaline phosphatase 

, 4 , I' ~I .s.1, I' "" 
(SEAP) (D' Aluto et aI., 2008). Ufl11fl'mnu ~1~Ufl 'If GFP luU reporter gene I~U 

(Kain, 1999) 1L~::ffllJ11(l111iuffmmiu'Yl1'1~lU drug high throughput screening 

'" III ' A "" ...2.8 fl11flmnfl1UJ l1'IJU'ItIlVlOl'lltll1'l1).nnw 

g 'I 1,1"" "" 0"11'::,
fl11nfll:llf111lJ 11'IJU'IU1"m'lfU~'lIlJ11UUffllJ11(l'Yl1 !~'Yl'l U In vitro, Ex vivo II~:: In vivo 

JI • 

tl1 fl11'IJU'I 11f1 II~:: if1l~ UU 0''1 hjU1f1;U1U fl ui'JU 'H1Uh fI ilU~::U1Yi1~,rfl ll::U ~~ lffU~U ~ih[J 
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i~tJ~H i,nrlJ~-3Um'iffmn1itJ~lHl1fllHlltJL'If'U m'ifffllllfl",iflm'i~t)[Jl flnfffllllli'~'U1Vl 

1" .A ~I'" oK ~I".or ... ",.of , • ~ " " ..... :
nl'i lWll'VHJutl-3 fl'Ufll'i~tWl lu'U ~ 'U u~~U'UlJmHYfllll11lfllu'ilJ1W tnllJl'UlJ'IJ'U'UfJ-3tJl'YWUtJ-3 

~. oK 1 ' .K "'" '" ... 0'" .K,1'
nl'il'Y'flJ'ill'U1'UI'b'tl ;1 50% 'U'i::tJ::m-3'l'IJfJ-3I'b'tl"''b'lJ11'UtJffltJ'Y'f'U~~1-3'lI'b''U IC50 'lJfJ-3I'b't) L. 

4 t I Q,f JI 
in/anturn 1'U'i::V:: promastigotes lJfIll'YllflU 2.5 flM ffllJl'itlm~~'U early programmed cell death 

illlh::lJ1W 49.6% (Sands et ai., 1985) ll",::um'iffflllli'U L. donovani vr-31'U'i::v:: Pronunastigote 

ll"':: amastigote 'Y'fU11 rh IC50 'lJt)-3 Amphotericin B l'U'i::v:: amastigote fifl 0.1-0.4 J.lM ffU11U 

" tJl Miltefosine ufh IC50 lh:lJlW 0.7-4 J.lM i'U't1-3fffl-3'i~U~ ll"':: Sodiwn stibogluconate 

'1 4 .. 1 .c:r..c::t. , d .c:t
IC50>64 Jlg SbV/ml 1'U'i:V:: Promastigote llfl 'U'i::V:: amastigote lJu'i::ff'Yl1ifll'Y'flJlflfl11C)f-3lJ 

, .K 
IC50 22-28 J.lg SbV/ml (Vermeersch et ai., 2009) II"':: Amphotericin B ~m'b'fl L. (Viannia) 

braziliensis 1'U'l'::v:: Promastigote UIC50 = 29.57 flgimlll"'::'Y'fU11 L. viannia guyanensis l'U 

4:1.l 4 , . .cad" .ad 

French Guyana lJm'i~fl Pentamidine (acher et ai., 2001) lJfllHYfllllfll'iff-3tllUU'U'Ylff'il-3ffl'l'IHI-3 

~ 1.K "" "" 'I '" ~ ,nmn 'Ul'b'fJ"''b'lJl1'UtJ'l':U:: amastigote I'U macrophage lJfll'infllllViU11 L. donovani ll"':: L. 

braziliensis 11~flvl sodiwn stibogluconate (SAG) lJlflfl11 L. major, L. tropica, ll"':: L. 

Mexicana (Allen and Neal, 1989, Berman, 1981, Neal et ai.,1995) 3-5 rrh Berman ll"'::mu~ 

"" , I .ci J IQ,I Q,I ... .d I Q,I '" ~ I

lJfl11lJ 1~fJVl sodium stibogluconate C)f-3'IJ'UfJ~flUfflV'Y'f'U~'Ylll~fl~l-3fl'U 111 L. braziliensis L1~t) 

.1 .1 0' oj 0' ,.K .;. lIt'.1 .1 0' oj 0'
tIlu'i::lJ1W 96 lufl'ilC)f'U~lJlflfl111'b'tl L. rnexicana C)f-3 l1~tltllu'i::lJlW57 lutl'ilC)f'U~ (Navin et 
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fhtlU.11~[J 

l~tJ ~ ')f1111Umn vvi''U i1l'1t.Jij~1111 i1~ tJ V1~U¥l fl~h:lt1'U111 tli~ 

.., _I ' 
lV1QU'l::tT.:Jfl 

.A ~ "I ' ~ "'" '" ... ~ t
ll'ltJl'1fllJ1fl1111 l1'UO-:lV1¥1tll'lfO"'lf1111'UVff1Vl'I'Uli !l'1vml'U In vitro 1m:: Ex vivo 

tT)J)J~!l'U 

l~tJ ~'lf1111UVff1Vvi''U iil'1Viifl1111 i 1~ tJ V1~ll¥l fl~l-:1 t1'U 

n'ltl1.Jll\llfll1)Jft~ 

fi1fl11l'1~fftJlJfl111111~mj1 AmphotericinB (AmB) Miltefosine (MF) 11":: Pentamidine 

(PD) l'Ull~"::fl11111.,j'11.,j''U 1~vl~ll'1flijfl~'t'i11l1'lnllff11ii~~-:ll'Ufl11tYfllJ1di~~ Rezasurin liJ'U 

patient that culture in Schneider Insect Medium, 20"10 FBS, and I % PIS at 

25±2"C 

Promastigotes was infected in J774. 1 macrophages culture cell, after two 

day to confirm by structullil changes in a host cell resulting from 

Leishmania infection and Giemsa's stained 

Drug screening assay 

-AmphotericinB (AmB) 


-Miltefosine (MF) 


-Pentamidine 


At different concentration drugs 


Aft:er72 hr 

Colorimetric ....y 


(PrcstoBlue™ reagent, resazurin-based assay) 


Ouantified bv Fluorcscense ELISA 

Inhibition percentage calculation 

ICso value 

Mean LC,,±SD (triplicate) 

Data analysis 
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.; "':1 .:.;
1..11 L 

UI'fnn Promasligoles tl'loil EleclropOnlion Hrinlml'u I 

i'uH'U1418Inuil,;t\1iiDnAl~ii~i! GFP 

\11 Promasliaoles 

''''lnal''':I~fH .....ropha•• 1fft~H~ 
un:,tliiuulu;N,ilu amasal"'" 

~ u • .: 
sUzmensis l::U:: promasdgote nIQU.:jI\.!!llt111IQU.:jI'Wtl Schneider's insect Medium nqwl1lJil 25:1:2 Mftll'W1lI'VUiJ (tlw::rp~um0111Y11::IQU.:jHII&1) 

Fluorescence microscope 

PCR 


Western blotting 


Flow cytrometry (FACS*) 


~fiflllltla~i~ln'J'1J 
Fluorescence microscope 

Flow cytrometry (FACS*) 

Each drug 
concentration 

Light microscope 

*FACS: Fluorescence-activated cell sorting 
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~ ",...,,!f 1".1...,. .J "I "_'1 1p.,.
m'l'"f1l:111~U'U~:: 'lf1'l1ml'lflnl'UU L. siamensis C)f-.1IWmlf1l'tHJlI'\It)-.1fhJ1tJUlI:: mJf11'l' 

" 

... 
~ 

,~ " _I"" -- -'" p 1 .. '"~ Ivn::IlIV-.1 ' J 1'U'Ht)-.1IJtl1J1If11'l''UtJ-ltlw::r;p~U!!t11 (Phumee et aI., 2013) lIUlJlN'HlJlI 2 isolation 

1 " .f.l "_'1 .,. '" Isolation 2 (Code: Tissue) ffllJ1HlIWf1 lIUlf1'l1'UI'UtJ'Utl-.1f1IJ1Vtl'UllIU1f11J 
" 

~ . " ~ 1 ~ A' oJ 0 .dt. ~ 
f1T~nmnf1t)'Ul1'Ul'U (Phumee et aI., 2013) 'Ut)1'Hl'l'LM-.1I'l1t)'YI~1IVn::C)f-.1~111tl-.1fffl11::IlIU'UU1J1J 

"1 ,JI 

l'Ui11'U~mJ'YI'l'lU t)1111'l'lili'fitlfitJ Schneider's insect medium li 25±2 tl-.1f111C)f1l1~Uff I~V-ll'U 24 

• " J t D .:t~" ".ct ~ evA i
'UllC)f€l€llvn::mV-.1lNfftl-l Isolation 'YI1ffllJV'l' VtllJ1I1Uff Giemsa IVHJ'Hlml'l1t) lIV fix 

I " do ~ II" CI q "OJ I

f1tl'UVtllJl'U Absolute methanol 2-3 'Ul'Y1I1€l::lNl'Hll'H-.11fl'l'VlJffhwl'lftlmlff1'U Giemsa stock 

.. ,""'" " ~ .. ," "_1solution: buffered water (pH 7.0-7 .2) = 1 :20 flfflJff 'H1'Ulf1'UVt)lJff 1€l1l 'lfn€l lVtllJIJ'l'::lJlfl1 20 
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~ ~d A .. OJ'''''''.c:I 0
3 .3.2 I'tlfl'Ufl peR Vln~11l~1t)'U'f)'Ilf)-3''VtHl'Vm''Utlllil::'H1tJllTV~'U ~'Ilf)-3il'Vtlll'UtI 'V11 f111 

51 " " J1 , 

11't1fl DNA ~lnt·lH'''l'rma~tlni'l11'U'I Isolation lhlJ1Vil PCR '1.'Unn1i'tlfli''1U~::'1..rtVlllJuH; 

• I .. ... ,~ ..... 

~l!Vll::r1tW'U ITS 1 C)f'ltHlflll1J1J 11fltl Spanakos 11e1:: flW:: (Spanakos et ai., 2008) C)f'llJ sequence 

pnmerfHl LeFS'-TCC GCC CGA AAG TIC ACC GAT A-3'
• .o!I 

LeR 5'-CCA AGT CAT CCA TCG CGA CAC G-3' 

QI ~4 " 1 .:t ILI"~ ~ , "d 0Q

Vl'Uluflmtl ~tleI'lflJll'U(J11'lt1VlUll'VW'U~:: fl'lJUlfl PCR 'VI 379 l1J11' (Chusri et ai., 2012) 'V11fll1 

.cl i".cl .cl 1 'I" .cl(~l'n3'V1 3.1) fll(J Vl11'fll1::'VIVlU111lJl:: (~1'j"1'1'V1 3.2) fltll'lf Thermal cycler condition Ylfl11JfllJ 

l~tJlfliu'Il~lJmlJlW11'n DNA (PCR Mastercyc1er® pro (Eppendorf, Germany) 1l1r-lelr-l~~~'~ 

d ® i""m'UmlJlmJ1U (100 bp DNA Ladder, Fermentas ) 'U11r-l'U1~e1 (1.5 % Agarose gel) smJ VI 
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l1fln'10~~Lnm~i;~nwcn PCR (PCR product) ~hll1'~ 2-8 °c ~Un11\l::lhlJ11~iU 

al'~lilutHthh:mt)tJ msn9l' (pi) 

lOX Taq buffer 2.5 

2mMdNTP 2.5 

25 mMMgCl2 2.5 

10 ",M forward primer 0.4 

10 ",M reverse primer 0.4 

Taq DNA polymerase; Invitrogen ~ (5UI", I) 0.2 

DNA template (200 ngl",1) 6.0 

dHp 10.5 

1'1'" 25.0 

d 
~l'.iWYI 3.2 U't1'fl~ Thennal cycler condition 

Initial PCR activation step 94 5 

Denaturation 94 

40Annealing 65 

Extension 72 

Final extension 72 7 
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'" ,.. ~I '" • - I ...... .« , , _I .J1~H.I~lfftJL~'U '11lJ T4 DNA ligase Lu'Ummutlfl'HJ1L')f~lJlI~ (ligation reaction) 'fY1'Uul~flt)t1'Yl 

~ .d: 0 JI d ~ , ... Ad' " , SI A &I ".d~ 
t11L'"JW lacZ gene '11~ml1'Ul'YlJ:HllIm'U '11lJ p-galactosidase 'YlotHJiYl1 X-gal mn mHllIflWerJ'YllJ 

" 'I ~iHh fJW'fYlJtl1i,r6i1'fYllJl1tltlllJlt1~L~6flL'11"'" E. coli fii~i't1VW1'fYij~nii;$'U-ff1'U ITS I 66fl~lfl 

. ~ 

L'YltlUtl colony PCR lli6"1'~"t11fltll tlWI1""'l~tJ~''U t)l1111 LB broth ~'fYlJ tJ1L16lJYi~~'U 100 

, A Ad c: 4"I 

flglml t1lJtI'ULtl16'11'UlIlUtltltl1t1fJlJqrul1fJlJ 'YlmllJLnnltl 200 rpm qrul1fJlJ 37°C l1J'UL'"J"l 16­

Plasmid mini Kit 'U6m1li'Yl Invitek ,.h~l'YlffLtJ61lJ'Ui1 
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a.:J~U'1::na1J U:hn~n/unmtJl (Ill) 
®

pGEM -T Easy Vector (50 ngllll) 1.25 

2X Rapid Ligation buffer 0.25 

T4 DNA Ligase (3U11l0 0.25 

... '" " DNA ~lnr-.l"'llflil1CV1 PCR (50 ngllll) 0.75 

nJJ 2.5 

m"i'H1,h~1Jihfli)la'n~ (Nucleotide sequencing) 

lllf1u'l17'V1 1
st 

BASE DNA sequencing services 'lh::L'VIf'llJlmL;fl hWifll'j'HlJ~i' T7 (5' ATT 

-n~1~Wlfll1lJQf1¥1'a~l~w'i'hhumlJ BioEdit Sequence Alignment Editor version 7.0.5.3 hw 

-I • "" "q " " "- I1ul11mlJ Notepad ffl'\1~U 'lfl!fl~l::WUal.J"'lla u 

L'115 flU fll1lJ 1'\1 ii a 'U 'U a .:) "1 i U ill fl i;i 1a i 'VI ~ I Yi flU nU ~ 1 'U ~ a lJ '" NCB I 

(http://www.ncbi.nlm.nih.gov/) ~lfll'11mmlJaa'Ui",r BLASTN 2.2.26+ (Basic Local 

~ d ..:::t<"1 " ~ ~ :: Q.' 0 Q.I A

Alignment Search Tools) CJI.:)!ll'U l'11 'mmlJ'VIl'lf~n~""aUmllJll1lJa'U'\1')af11,)CJllf1'U'Ua':)"'l~U'U 

http:http://www.ncbi.nlm.nih.gov
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tJ 	 ~4:lI' a QI 0 Q,f .., .c::.. , 

~1Uff()~tHJ1':)lJlHHYlflty ll~::I'I~fflHl1flm percentage identities 

JI" 	 ," 

llWlf~"lJ1L'Wl::L~u.:)ilJm~11'llJ!~hJWlf~"'lfij~ 24 l1'llJ (24-well plate) 9f.:)iitll1111L~V':) 

4 ~ 1lJ.:) lJ1J"'llJ1lHClf~~lJ'lf1~1I~::lClf~~~lV.... .."""" '" .. 1~u i 'lfff""" trypan blue mv '" " llJtlfl11Jl'Jfl 24 'lf1 	 ~fl~tl.:) 

..... ... 	 1 1" 4.. _I....
~~'Ylllf1'lJ111fl~1J (inverted microscopic) ~v 'If hemacytometer L'WtllJllJlmlJ1W11111Jtll1ClflJ~ 

In vitro (1::£1:: Promastigote) 

o 	 <t 1" 4 cdi "..::l .£:to..!l
'Y11fl11f1'fnll lHClf~~l::V:: pro mastigote Clf':)Vl'Yl 'JI'lJ 3 'JI'lJ~fltJ amphotericinB (AmB), 

""Q. " 
I 	 G.lQld1 i " 

miltefosine (MF) 1l~:: pentamidine ~V 'lffl11lJL~lJ~lJ'YI1lI'lflm':)fllJ~':)lJ 

'" ~.l QG.f • tI d JlJI 
, AmphotericinB (ff':)ClftJ"'lfl1Jlll'Yl Merck 'YI1fl11~::~1[J~1V DMSO) 'Ylfl111Jl~lJ~lJ 2, D, 

1, 0.5, 0.3, 0.25, 0.2 LI~:: 0.15 flM 

"-- ~.r.c::.QJ • JI .d"" 
, 	 Miltefosine (ff':)Clftl"'lfl1JllJ'Yl Merck 'Y11fl11~::~lV~1V d~O) 'Ylfl11lJl~lJ~lJ 60, 50,40, 

30, 20, 15, 1 °LL~:; 5 flM 


"'" ~A • 'jI .J JI"
QQ.I 

, 	 Pentamidine (ff':)Clftl"'lfl1JHI'Yl sigma 'YI1fl11~::~lV~1[J ddHP) 'YIfI11lJL~1J~lJ 60,50,30, 

20, 10, 8, 5 LIm: 3 flM 

http:r.c::.QJ
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.,~ d" a 0 ~ I " ~ 
)JllllUYl~ f1U~I'\ll11elfl~lelfl~Wll1lJf1llnf11l1fHl'U11lJ1'U (Sereno and Lemesre, 1997) 

. " . 7 i· "1'i ~U~::'UW1felel promastigotel::U:: late log phase ~llJ1'U 2xlO cells/ml ~U'UWlfel~ 'ff 

" ~ "JI" I Q.I.ct. " " .,_ I ' ..J1'U 96 well plates Llel1191)JUl911)Jm1)Jl'\l)J'\I'U"1~'VIlU911~"~~Ylnel11'\11~91'U 'U1 uU)Jl1 25 fl~f11 

"" ~I ~ i.d •• ~ "" i 1 " d .. .. lClfellClfU'fflu'Ul1el1 72 'l11 )J~I)J[)mUl1m 'U1)Jl111nllnnll1'ff ~unll 'If resazurin liJlJfl'U~ltl 

" 4 .d" ~I ~I "" "" 4 "" 19'1fll Clf~!)Jfl~f1 reduced 9'l1U mitochondrial reductase ~::lu'U!u'U'ff'l1)Jl3'\1[)~'ff rezorufin Clf~)J 

i9'lUff~::\ln1~ absorption ~1tJltl1fl~ ELISA llUU Spectrofluorometer ~ excitation 560 run llel:: 

"" 0 .a .r:! " " dQ.l t .cl ,1'1"t 0tl11)JI'\I)J'\I'Ull el::tll'U 1W tll Ie 50 (tlflul)JlWtl11)Jl'\l )J'\I'U 'IJ[)~ U1YltJU U~nlllVi)J ~1'U 1'U !'l1fl '9'1 

o ... _ Absorbance (control) - Absorbance (sample) 
Yo InhibitIOn - Ab b (l) x 100 sor ance contro 

Ex vivo (1::[1:; Amastigote) 

J 1tJ "G.I ~ QI .:I .q ... I 
lVi1::1elU~ macrophage '\IfNl1lj (J774.l) ('9'llUtl11)J[)~!m1::11 \lln flff.~1.1'l11 ~)Ju'U 

" ".. .K" " .1 4 1"!Clfelell:: u:: Promastigote 1119'19'11'l1f)!'\J 1!Clfel ellvn::,M ~ macrophage '\J f)~ l1lj (J774.l) Clf ~ 'l1 

... .1 .1,1 .d 
infection ratio tlfl20 promastigotes: 1 macrophage cell line i9'ltJlM~1'Utlll111mU~!'l1[) DMEM 11 
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11llJnhfll'rt1~HH)1HJl ~.:Jtll~H'ii 3 'lfUflflV amphotericinB (AmB), miltefosine (MF) U~:: 

. " 
pentamidine 1fl tl1'*mllJ l.ulJ'Ij',...rfiul1I fll'i 1.:J nlJ fi~u 

~ AmphotericinB (~.:J~{)1l1flU1li'11 Merck vilfl11~::~1t1,)'1t1 DMSO) ~mllJl.ulJ.ulJ 2, 1.5, 

1,0.5,0.3,0.25, 0.2 U~:: 0.15 flM 

30,20, 15, 10 U~:: 5 flM 

20, 10,8, 5 11~:: 3 flM 

,. • " • 7 ,. 0 '" '1 " '" Ifltl\l::lJl1C)f~(1 \llU1U 2xlO cells/ml IfltlUl1C)f~~ 'ff U 96 well plates 11~11111lJtll1111lJ 

• • ~ "'" ,. , " ~I '" '" "d.4 " mUI1(11 UllJ1111fl11nfl1:l1'ff I~Wfl11 'If resazurin luUVlJfllfll\11V1 C)f.:JllJVtlfl reduced fl1t1.. 
•• ~I ~I od "'" d "'" .... , ~I

mitochondna1 reductase ~::luUlu'U'ff'll'lJX1'IJV.:Jff rezorufin C)f.:JlJt)W'fflJU\1I 'Ufll'Hu'U fluorescent 

l1UU Spectrofluorometer lfltlvilfl11 excitation ~ 560 nm 1m:: emission ~ 590 nm vilmnJ 

Q.lQ,I-' " "" I tlJJ a I

mllJ'fflJ'Yi'U1i1::1111.:Jfl1 % Inhibit 11~::mllJ1'IJlJ'IJ'U'lJtl.:Jtll11I11~::mllJl'IJlJ'U'U11~::fl1'U1Wfl1 Ie 50 

.4 .. ~ " " dG.l t ..d. 0 .I i" 0 r(flVu1lJltumllJl'IJlJ'lJlJ'lJV.:Jtlll1t1UtI.:Jfl11L'YilJ~1'U1UI'l1'tl fl 50%) ~lfl'fflJfl11 logarithm l11C)fl'ffllJ 

o ... _ Absorbance (control) - Absorbance (sample) 
Yo Inhlbltlon - Ab b (l) x 100 sor ance contro 

http:1,0.5,0.3,0.25
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3.6 nl,[j'J.tlY'J.tN"nl"i~a[Jl 

l11f1l'Hl'fifl RNA m'::l11 RT-PCR h.lUll9illl'Hll~ Y-glutamylcysteine synthetase 

(Y-GCS; encoded by the gshl gene) (Purkait et aI., 2012) 

Forward primer: 5' AGCGATAAACCGCTCGTACTGTGA 3' 

Reverse primer: 5' ATGTTGTCAAAGTGCTCCGTGTGC 3' 

U"::Vll S-adenosyl-Lmethionine: C-24-~-sterolmethyltransferase (SCMT) A 

Forward primer: 5' CA TCTTCCCTCCCTTTCCTC 3' 

Reverse primer: 5' CCGCATGAACAACAGAGAGA 3' 

lfltJ1-N Housekeeping gene flfJ U-tubulin 

Forward primer: 5' TTCGT AGACTGGTGTCCAACTGG 3' 

Reverse primer: 5'AT ACCCTCACCGACGTACCAGTG 3' 

.. _I 1 II ..I 

fJ~It1'l'1::'H~ln professor papadopoulou lJ'i::1Yltlllt1ll1fll) fltJ integrate l'U1U1C)l''''' 'i:: tJ:: 

, ... 1 .i "d ~ .ci d .Q.r:::t.c. 

mtJtJll ~w Fluorescence microscope lYifJ~IC)1'''''YlVl~HY l'YIflUfl PCR IVi6~tJll GFP l'YIt1llfl 

Western blotting 

.4 111" d'.d~.c:i I ~ 1 ' tI

Fluorescence-activated cell sorting (FACS) IlJfJ LflIC)l''''''YIVlflfffJtJH''fJlllfJ~ llll",,::m'l'UfJ'Ifll'I 
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In vitro 

UWIHHi' pro mastigote ~~flIlUl:I'Ivru~nnm::tJ:: late log phase ~lU1U 2x10
7 

cells/ml 

, .d ... ~I ~ 1..,j WJtl- 1 ' l'0 	 " 
UlJ'YI 25 f)'It'fW1fi:l1'b'tJ11'llJ'Ul1i:11 72 'lf1 lJ'IllJf)mUl1l:11Ull u11'tl.:J~~ntJnl:ltl.:J Fluorescence 

.!I _~ " " ,dQ"f ~ ~ 0 .I tljJ 0 ~ r, " (flf)u1lJ1Wfl11lJl'\llJ'\lU'Utl.:JtJ1V1tJ1JtJ\lm1IY'IlJ~lU1UI'lff) IWI 50%) 'YI1'b'l11'llJflH If1tJ1'lf Wild type 

Ex vivo 

. 	 " 
(1774.1) ~'I1,* infection ratio tltl 20 promastigotes : I macrophage cell line If1m~v'I1ufl11111 

~ ~ .d 0 QJ 0 "fI d1 ' 
mtJ\lI'lftl DMEM VI 37 C 1m:: 5% CO2 U1::lJ1W 1-2 1U Ul:I::mfll1l:11'11'b'l:Il:I promastigote VI lJ 

. " J'.K 0' .• l.d _1'~I •
\)fl phagocytosIs f)Uflfl1tJf)111111l:1[J'II'lfU l'b'l:Il:I1::V:: promastlgote ~::IuMUlu11'11u'U amastlgote 

f)~m[J1u cytoplasm 'Utl\l macrophage l1"'I~lf1lr'U 2 i'UU11'b'l:Irl'~il{~fh'Um"tl'l Fluorescence 

.4 ~ ct.' 	 0 ~ ~ A ~ .d oei1"'"
microscope 1'Yl tl~ fllHlfl 11''U U'II'b'l:Il:I amastigotes lll:l::m011nfllll1YW1111'lftll:l'lflJlIUtJ'YI fl11J011 

, , ... 1 	 1" "" , , .K
11''I1l1VVU flV 'lfl'Ylfl'Ufl Flow cytrometry (FACS) m1'Y1~11'f)Ufl11lJ 19HW1'\lf)'II'lff) L. siamensis 

o 	 ~I ~ 1..,j t'). I. 1 ' "0 	 " 37 C Ill:l:: 	5% C021UUI1l:11 72 'lf1 lJ'IllJtlf1'I1Jl1l:11Ul !uu11'f)'I~fl1tJnl:lU.:J Fluorescence 

.a ttd ~ ~~ i ...... 0do d 	 ,

microscope l'YlU~I'b'l:Il:I'YI~fl11'Ul:I::UVm'b'l:Il:I~fl11' flV1li Flow Cytrometry Ul:I::f11U1Wf11 IC 50 
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~ ... ~ " fJ} d Q.I ~ ~ 0 ~ "1" 0 ~ ~ 1 i v
(flUu'ilJlfllfl11lJl'IIlJ'II'U'II~~t11'YItl1JtI~f)l'iI'VnHll'U1'U1'IH) 1~ 50%) 'YIlC)flffllJflH ~t1 'If Wild type 

amastigote (amastigote ~~~i'U macrophage ~~ 'li'~'Vilfllnl~u1.J~~vr'U1lflnlJ) li:Jml1f111JfjlJ 

"" 'II3.6 m'nlfl'n::l1Nil"a),Jil
v 

til'U1fllfh Ie 50 i'UU~~::fll'i'YI~"~~ l~t1i-NhhllmlJ Microsoft Excel 2007 1~'U';1 

.!l 
IlJ~ P-value < 0.05 



35 

4. NU011f1~inH 

l:::tI::: Promasdgote (In Vitro) 

• Ii) .l .l J' 1 J'.l do ... 
1l1fHlll'Ul !'Um:::~nU£'l:::'lf'UltH)1JllYfl:::l~HJ~ 'Utll11l'lUHJ~!'lf8'Y11)llYfl::: fltl Schneider 

Insect Medium 0'11 20% heat-inactivated fetal bovine serum It£'!::: 1 O/oPenlStrep \l:::llhu4tl1:::f.I::: 

d cO '" ~I _I a";~11'" cO I

Promastigotes ~\l1J£'ImHU:::lu'U1Ufl1:::"nmf1£'1tlUVI !~HYfl1:::1J'In\l (Flagellate) JJ kinetoplast tlQ 

i 1i'I ~ I .! .1 ...
Binary fission ~lm'j('l~n\lYf11 ~ ''UVlNl~'Um'H1H''1un''N (Middle gut) 'tjtl\l1'UHtlf.l'YI11f.1'H1tl 

J' .I v d cO ~I' .,;
\llnmllvn:::IM\ll'lftl~1f.1m'l111't1l~1f.l1Jluumm:tYfl:::l'lfU Schneider Insect Medium (.rnYf'YI 4.1 

d J'.l"" cO, 11 J'.l
illft n 4.1 1:::f.l::: Promastigotes 1l1nmllYfl:::l£'If.l\ll'lftl£'l'lf1JlIUf.I\lln 'tjfl1:::tJn~1Vml1lll(lf.l\ll'lftl 

Schneider Insect Medium (A) ll£'l:::thmU'ijJJI.1f.1ff Giemsa (B) 
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1::tt:: Amastigote (Ex vivo) 

J . 51 I o'd... '" ~lflflllf1ml1fll~ Infection '1.1 tl'll 'lfU promastlgote 1'111~1C!f~HHlIfllJ;l a"'II11'lfU" 

"I .d • ",51.!' 1
macrophage 'IIU"'H'IJ (J774A.l cell) LU'H"fIU"'VIf1lHl" (In vitro) l'WU'VIl L'Hl'lfU U'j:W:: promastigote 

d 1 I .!\.d, 51 '" 1 'i d Q. :JI ....
flagellum ~" lIn'llllHlIflJ;lU'U'VI fI'W'U t'U 'If L~'Wf11n''lf1l'llU'I macrophagellf1::1rlll~lU1'U'fl1rJ11i 

. 
Binary fission i'l (tll'WVi 4.2) 

B 

.c GI ~ QI ,lQ ctdJl 
m'WYI 4.2 A: J;lflllW::'IIU'I macrophage ceJl line tlfl~ B: f1flllW::'IItl'l1'lfU"fI'lfllllUrJ'YI1'll1 

infect iu macrophage cell line lUI1f11 3-4 ~1111'1'H~'1 infection c: ~flllW::'IItl'l macrophage cell 
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.ct " .c( Clt.4.2 m"lftn'Hl'Y1l-3~nHH)~'lf11'Y1[Jl.. 

.A <t .K i J/ ~ d J/ J/ .1I I, I1
PCR 'lJlJ1~ 379 bp I'tH)fff1'1:l111r1'l11lHlm1~1')1t) ~~1'1~1'Ifl11111'IJ1l'IJlJu1::111WI1'l1 l11 ~V 

bp 

1
l'1i'lJ'Ii'lJ 2.4xlo7 cells/ml g~ 2.4xIO· cells/ml 

"'i'dO tI J.. ~" amastigote U":: 1::V:: promastigote l1H) lJ ~~lJ11C)f"mvn::mv~u~,,:: Isolation 11lnn'l:l1Y11~~llJ 

f.)i\!~11'VlUlfi'1ml'lflijrl PCR (Polymerase chain reaction) imhlJ'lJf.)~vlJ internal transcribed 

.4 '" ,J ~ d, J/ 1I 'dspacer 111m: 5.8S ribosomal RNA gene C)f~ ~'lJlJl~ 379 bp (1l1VfYl 4.4) C)f~~m'l ~Vf1J11 llll 

I QJ 0 QJ I tllOt. .c:t 

fl1111 UlI f1l1Hf1lJ 'lJf.)~"1~1Jl1J 'ffl:::l111~!C)f"" "'lflJ1!lJ Vl::: v:: Promastigote U"::: l:: v:: Amastigote 
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500 

300 

, 
~ Q ... ., .qd

Illl'ftl 4.4 ~1:ImHl'I1~ffVlJr-HlllIlWcv\ peR 'lJf)'1~LVlHf) L. siamensis lJU 1.5 % agarose 

~ J' ,
gel 'lJV'I1C)j'1:I1:I1'Vn~LM\llull~m:: Isolation 'IJ'Wl11 379 

'" ... d
Lane M flV flLVULVlJ1m!l'W (100 bp DNA Ladder, Fermentas) 

'" ...Lane N fW ~1f11lJtJlJ~1:I1:IlJ (ddHP) 

'" ~ .: d III" -l .! :. . .
Lane T fit) lC)j'1:I1:ILYil~11:ltJ'I'YILWf) 111~lf)'lf'WL'W{)'YI'1'.i::tJ~ Promashgote 111:1:: AmastJgote 
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II .. .. 11 II 10 '10" " 
B~(P) TCCGCCCGA~AGTrCACCCATAT TI CITC~ATAGAGGAAGCAAAACTCGTAACAAGGTAGCTGTAGGTCAACCTGCAGCTGGATCATTTTCCGA~GA7TA 100 
Tiuoo(P) rCCGCCCG~~~GTTCACCG~l~ rrr CI l C~~TAGAGGAAGCAAAAGTC(;TAACAAGGTAGCTGTAGGTGAACClGCAGCTGGATCATTTTCCGATGAflA 100 
8~AJ lCCGCCCGAA~GIICACCGATA IIICI[ CA~IAGAGGAAGCAAAAGTCGTAACAAGGTAGCTGTAGGrGAACCTGC~GCTGGATC~TTTTCCG\.~~rT A 100 
Tissuo(A) 7CCGrCrG"'GTTC'CCG'T~ TTrCTT C'AT~G'GGAAGCAAAAGTCGTAACAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTT~CCC'~G'7 TA 100 
B~&... p"'" . CCGCCCG \.\ \GT T C \ CCG \ 1 \ I 1 .. t • 1 C \ \ r ·\GAGG,\,\GCAA.\AG1 CGT,\,\CAAGGT I\GeTCI I\GGT(jI\,\~'CTGC .\GCTGG.\Te.\ T r f ;-( CG \. G \ 7 T.\ 100 

Ut ,. IlO ,.. ,!t '10 I1t .. lit ltI 

B~I(P) \ ~t ('AAAA~A(ATA(AG(, r~(, '\GAGTAC:ACAATAC~rC7A('rCCGGG IGGlA1GTTTTTTCCGAT A Tl.t l TTl( (l .:..C';TAtAtA'\'\l ;LAL(A~rATA 200 
TOsuo(l') CACCAAAAAACATACAGC r. CAGAGTACTAC.ATACATCTACTCGGGCAGGCATGTTTTTTCCG ATA TGCCTTTCCCACATACACAAACACAGCAATATA 200 
B.\I(A) CACCAAAAAACArACAG~ I\ GAG'GTAGTAG'ArACATCTACTCGGGG\GGCATGT1TTTTCCG\, \ rGCCTTTCCC~CATACACAA~CAC~GC~\T~IA 200 
TSsu.{A) CACC"AAlAC'TACAGGTAGAG'GTAGT'GAATACATCTACTCGGGGAGGCATGTTTTTTCCGATATGCCTTTCCCACATACACAAACACAGCAATATA 200 
BM&... poIieot I 0. ('(" 6..,. ~.,..,. 4 r 0\ T 0\ r ~ r.(~T ~(, .H. 0\ (. T"" r. r 0\ r. "'.,. T l.(:,s. T('T '\('TC'{;(;(.(, 0\(;(;(:'\ TGTTT1 T Tecfi ~ 1 ~ T(:C("T T 1 c('( ,s.r ~ T,\C,s.('.\.\.\C',\c H i e.\.\ T J. T '" llIO 

lit lit "" 
811(P) ~Al~lA!A1AlAlA(ljlAlAlLljtLAlACCCAAAAACtA1At'ULAAAAA~CAAAAAU~CCljtilC~ACtiCCAAA1G~C~t~Cti'AIACA~lG~AAAAti.l lOO
i....a» :ATCTATATATATACGTOTATTGCTATArCCAAAAACCATACCGTAAAAAGCAAAAAGGCCGGTCGACGCCAAATGCCGCGCGTATACAG7GG"AAGT{ 100 
81.1{A) !AfCTATAIArATACGIAIATICCIAIACCCAAAAACCATACCGIAAAAAGCAAAAAGGCCGGTCGACGCCAAATGCCGCGCGTAT~CAG:GG~AAAGTC 300 
illlUC(A) IATGTATATATATACGToTATTCCTATACCCAAAAACCATACCGTAAAAACCAAAAAGGCCGGICGACCCCAAATGCCGCGCGTATACACTGGAAAAGTC 300 
B~i... ~ T'TCT'T'T'r'T'Cc,T'T'TTc,CrOTOCCC'O'AACCATACCGTAAAAAC,CAAAAAC,GCCC,GTCGACGCCAAATGCCGCGCGTATACAGTGG.AA.GTC 100 

lit ,. SlI l." 

l (J l. , C ~ l. 1 At livC i t: 1 ~ • t 1 c..: • t i llj tt:l...: ti 1 li ~ v • li lli ll! (,i,\ • AA L u utI. CAL';' 1 AAl. li I li I '"' Ii L li ~ 11IlJ.\ J (j ;. \.. 1 1 \i f..i 319 
fCT TCCT T,rrC CT(T7TfrrrrrrCf'GCCrCTGTG7G!GG A-AACG Cr7CA CATAACCTGTCGCCATCGATGACT TC G l19 
(,. Gr. c <.: r: \ l ( (,J l i. ell r l T L ;, l -: l Gl Cr.: c 1 ( .. (,j i. (I t (j ·C ti I.J \ 1 A.\ C (j (; L-: L \ C ..~ T..... AC. l.i T t..i 1 l (j l (j ;. T f.j (j ,',. 1 \J ; C T T G (.; l19 
l~ ;; CGrLAl~(jllc r1Ll!lIl'l(jl~(~r~rL~(jT G CL(j\~AAC~G(~ lA(AT~~ll.ilLrl G l(j\L (jf.j\T~~lr CG~ 319 
CcTTCCTi~C~GCTCTTT(TCTCTCCc~~CiGiC7GTG7G~~T~_CGGCrr~c~TAACGTGTCCCG~TGG~TG~CTTGr lJ9 

.. • til A A 4 

lll'Wn 4.5 llff~~"'l~1Jl1Jff'IJV~l'lfV"''lflJlllJfJ L. siamensis 'lJlJl~ 379 bp 

• "'I. '" ..,J . ci '" ~ ~ Tlssue (P) flV "'l~1JL1Jff\llm'lf"''''l'rn::''''fJ~'l::V:: Promastlgote nllfJfl ~\llfl'lflJLlJV 

BM (A) fiv rl'li1Jl1Jff"lm'lf"rl'Lvn::l~fJn::fl:: Amastigote ~llfJfl '~"lfl''lJm::~n 

o 
"'I .... .. , " ,

BM from patient flV mVfll'l DNA VI ~"lfl 'lJm::~n 



• • • • 
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•• 1 ., ~ 1 ,K ~ d .. , " 

fl'Hnfll'H\J'HlJ1i1U i1 (Growth curve) 'I.Itl-31'1ftl"'lflJlIlHJl'~tJ~ promastigotes 'VIIWfl ",;)lfl 

, .t ,K , ICI I.... .d. 
'I.Im~~fl ""::'If'ULUtl lJlJfI11lJU~fli1Hfl'U (mn'VI 4.6) 

Leishmania siamensis growth curve 

3.01E+07 


2.51E+07 

e 
.E 
:; 2.01E+07 
u .... 
Q e 1.51E+07 /.

• 
•

I:

• 
• Isolated from Bone marrow \.0 

Q.l 

A Isolated from Tissue ~ 1.01E+07 =Q.l 

U 
5.lOE+06 


1.00E+05 ........:::::=----------------- ­
o 2 3 4 5 6 7 

Time in days 

.t ,K 
'If'UIlW 

o 1.1' ~ Ct. .r::t." dOl""::' dc:t.oiICl

'VI1fl1'j'VI~tYtlU fI11lJ 1111 tl tJl'1.1 tl-3 1'lftl" 'lflJ 11'U tJ~1m'VI fI 'U fI 'VI 'VI 1 '11 1fl~ tY1'jlJ tY (colorimetric 

, , 
assay) l~tJii'ff resazurin (ml'fl1 4.7) ",,::111hH~fh Absorbance ~1tJ1f11tl-3 ELISA IIUU 

I I 

.oc::I.c:S. 
I.cI.2 0 I 

, 

..cs. 
Spectrofluorometer 'VI excitation 'VI 560 nm "":; emission 'VI 590 nm mn'U1f11 Absorbance 'VI 
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" " ., i 1 " ..'" II) '1' ~I ...fl11lJl'\llJ'\I'U'IHHV111tl::fI1'U1Wfll IC50 ~lf)11'lJfln logarithm lIV 'lH'1!'tltl'YI LlJ 11'V11u'Um 

f ~ ~ "'1 d ~ .d 1 

Promastigote Iltl:: 1::V:: Amastigote 'VtU111'lftl'YI 'HHl'l1::V::lmm Ltll'U'YI1'111lV1fl'U 1I~'YI'U111''U1~ 

a ~ ~1 .. , ., ,
fltll'lftl'YI'l 'U1::V:: Promastigote Utl:: 1::tI:: Amastigote lJfl11lJ 1~tltl1 Amphotericin B U~fl~l'1 

'" ",.4 ~I '" , " ..t.K ~I ..t.K "_'1 '"'tI'''' .K(~111'1'Y1 4.3 l1tl:: tll'Vt'YI 4.8) '1!''I61~lu'U 1I111'lfU'YIlltlfl 1I1'11fl'lf'Ul'Utllu'U'If'Ul'UU'\Itl'lfju1V'YI 

.K d.. "''I''''' "dfllHWtl1'1!''1V'U'YII'!1f1U SCMTA (S-adenosyl-Lmethionine:C-24-Ll-sterol methyltransferase) liJ'U 

, .."'.. .... 'I .4 " ~I
W'U '1!'lJ'YIlJfl11lJ11'1f1ty I'U sterol biosynthetic pathway '1!''111'1H C-24 transmethylation lu'Ufltyl11l 

o Q,I "" 1 ~ I ".: I" A Q .cI dA' I
't1'1f1 ty I'U fl11 't1'1 1'1 ergosterol 11 Vfl1 HYfl1:l1 flU 'U 11 'U 1'U 'Vt U 11011'!1U tl '!1mllW 'YI1I U~ tl V1 

~ 'I .K ",.K . .K "'II) , .• 
PCR 'YI'II'Ul'lftl'YIlltlV1Amphotencin B l1tl:: l'lftl'YI L1~tlV1 Amphotencm B (Pourshafie et aI., 

CI .4.c1 4 d cl , ~~ ci "Q.f Q,I" .d 
2004) Utl::tlfll1'U'ItI'U fltl y-GCS '1!''11iJ'Ultl'U '1!'lJ'YIlflV1'\1tl'lflUfll1't1''Ilfl11::11 trypanothione 'II'I~tl 

""" ,.K... .. ",.K , 'I " ... ,.K "" , 1'YI ~'VtU111'!1[)tl'!1ml'UV'YIlItl91tlV1 Amphotericin B~:: Il1UU'U'!1~fl111'lf[)'YI 1~tlV1 lltl:: 'U 

~ .% Q eLI G' ~IQ, d.d ,V ttl ,l.ci. '4 
fll1nfl1:l1'U 't1'llJ 11O'Vt UlltJ'U ~tl91tlW "l1 PCR '\I U'li'lftl tl 'lfml'U V'YIlltl fl 111'11 fl'll''U ItH.l'YI~l11l1 'U 'IV'U y­

.. " ,.Ad ... A'", 11)", d'l" .
GCS lJfl11lJl'\llJlJ1flfl111lJtll'YIV1JflUl'lftl'YIIWf1I~1'I1f1 '\Ifl1::~fl'll'lI'lf U-Tubuhn 



o d 1""" '. d • d ", , ",.f"",,,, d ' ''',''.,'''YIlfll'H'fmn ~H.h1 lJ11'l1'j'~nCl::1l::'VI1fl1'Hl'fl1l1~Hl U '\.HJlJlf191 '\.J'VIlJ~11ltllJ~Cl1J1-:J11'1lJl1 91111 1 

I " , • 

~~ fll';ifffl1l1il ''*1l1f1UfI electroporation , lJ fl1Hf~(htlfjlJVilj GFP ~~fjlJi~mh1tlQ1 lJ plasmid 

'"1"ev ~ •vector 11 91nJfl1'j'tl~Lml::111l1fl Professor Papadopoulou (Singh et aI., 2009) llCl::ll::'YIlfll';i 

'c.I 4. d 1 Q,I 4 I " 
'j'::tI:: Promastigote (In vitro) ~U11lJfl1'j'1'j'tl~1111'~'I.Itl~tllJ lJ911 promastigote 'lJtl~~llJflCltl~ 

.. .4 -=' • .... a IV A .J -=I.e! 4 
~Clm'H'flJl'j'tl-:JU11'~ (Fluorescence microscope) (1l1~11 4.10) mfl1'jf1911C1tlfl¥l1''lftll1lJUlJ''j'tl~1111'~ 

"'1 JI d a 4 d, '1 d .d.lIi' III .c:l I1I11'~ll::mtl fll'j'l1 'lfUl G418 liJlJ911f1911C1fJfl1lJfJ~~ln UlJ GFP 'VI 11' UlJ11'1lJl191tltll G418 

I , ", 

1l1m;1Vi1liil tl~l111' ~ (1l1't1Vi 4.12) l'ilfl1'j'I~tI~I'lfClrl'Viljfl1'j'lltl~l111' ~~fJ1 UlllJ 'li't1U11lj~1 1li(ltl~ 

. .. 
II 11' ~ll1ii tl6 Q ~~1lJ flHfffl1l1 U't1U 111'lfCl rl'11 U~~111~1lj 1J1~ ~1"U~~111"'1 'li Il fJ~ 11 11' ~\i~ l'i 1 111' 
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Isolated from BoDe marrow holated from Tissue 
I " " 

'JI JI _~ '" ,.l. "" '" d 1J1 It) .r .l.
1"11" 1.1 III 'HJ'U1'YI(J'U 'i ~ li1H l'lftH'l 'tf11 l11Hl'YI Uti fl fHI1 fl I 'U fl'i~ ~ flU ~ ~ 'tfUItH)'i:::tI~ Promastigote 
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9111H~ 4.1 th % Inhibition ~riTU1flJi~~lfl~llfl~U!Lff.:j Fluorescence ~lflfll1'Y1llfftlUfl11lJ 

reagent 

DrueN»me 

Drug 

Concentration 

(jlM) 

% Inhibition 

Promastigotes isolated from Bone marrow Promastigotes isolated from Tissue biopsy 

t" 2" 3" 
-
X±SD t" 2" 3'­ X±SD 

Amphotericin B 

2 91.817 92.538 92.690 92.348±O.466 61.437 60.126 60.563 60.709±O.667 

1.S 81.531 83.462 83.656 82.883± 1.175 55.400 55.251 53.084 54.578± 1.296 

I 69.386 70.312 70.253 69.984±O.518 46.789 47.332 45.276 46.466± 1.065 

0.5 50.152 51.264 51.585 51.000±0.752 33.008 33.255 31.687 32.650±0.843 

0.3 32.646 33.621 32.478 32.915±O.617 20.981 23.504 20.357 21.614±1.667 

0.25 27.775 26.946 26.449 27.057±O.670 17.595 19.717 18.062 18.458±1.I15 

0.2 20.846 21.545 20.608 21.000±0.487 13.810 14.613 12.215 13.546± 1.220 

0.15 14.827 14.733 14.405 14.655±O.221 4.642 5.994 7.316 5.984±1.337 

Mi1tefosine 

60 88.939 89.776 90. 132 89.616±O.613 86.662 87.661 88.549 87.624±O.944 

50 82.970 83.852 83.417 83.4 I 3±O.44I 82.591 83.310 81.599 82.500±0.859 

40 74.419 77.241 76.389 76.016±1.448 74.324 76.160 75.243 75.242±O.918 

30 66.803 68.746 67.656 67.735±O.974 66.214 67.857 67.838 67.303±O.943 

20 54.687 56.487 56.411 55.86ll1.018 54.429 56.588 55.341 55.453± 1.084 

15 45.415 47.071 48.204 46.897±1.403 46.368 46.499 47.837 46.9OI±O.813 

10 33. 173 34.437 35.150 34.254± 1.00 I 36.029 35.401 37.439 36.290±1.044 

5 14.762 12.972 17.090 14.941±2.065 16.423 17.295 17.954 17.224±O.768 

Pentamidine 

60 90.602 90.607 91.053 90.754±O.259 87.392 90.214 87.617 88.408±1.569 

SO 84.774 84.108 84.831 84.57I±O.402 80.778 83.132 81.020 81.643±1.295 

30 72.032 72.092 72.086 72.070±0.033 69.690 71.284 68.370 69.781±1.459 

20 62.428 61.459 61.422 6 1.770±O.57 I 58.959 61.020 57.884 59.288±1.593 

10 46.322 46.889 46.105 46.439±O.405 43.531 45.601 42.727 43.953±1.483 

8 40.274 39.318 39.022 39.538±O.654 38.372 38.870 36.043 37.761±1.S09 

5 28.926 28.861 26.630 28. 139±1.307 27.695 29.631 26.678 28.00llI.500 

3 14.137 13.989 16.277 14.801±1.280 11.319 16.373 11.837 13. 176±2.781 
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m'H~ 4.2 fil % Inhibition ~fl''U1f.Ui~\I1n~~n~lmfl'~ Fluorescence \l'nm1'Y1~fI'U1JfI1'lJ'1 

• • q i .l q "" 1 1 ".. ...
91Ut.I'"91"::'If'U~ 'U1'lfU"'lflJll'UV1::V:: Amastigote ~(J 'iffi' Resazurin 'I11U PrestoBlue® reagent 

Drug Name 

Drug 

CODc.entration 

(JIM) 

% Inhibition 

Amastigotes isolated from Bone marrow Amastigotes isolated from Tissue biopsy 

I" Z"' J" X±SD I" z"' J" X±SD 

Amphotericin B 

2 84.169 88.593 86.097 86.286±2.218 65.240 65.154 63.011 64.468±1.263 

1.5 76.696 79.890 77.869 78.152±1.616 58.576 58.357 57.807 58.247±O.396 

I 66.325 68.193 67.015 67. I 78±O.944 50.017 49.840 49.013 49.623±O.536 

0.5 48.498 50.348 49.896 49.58I±O.964 36.657 37.298 37.403 37.119±O.404 

0.3 34.588 35.671 34.896 35.052±O.558 24.458 25.963 26.648 25.690± 1.120 

0.25 29.050 28.957 30.625 29.S44±O.937 19.870 22.471 23 .561 21.967±1.897 

0.2 22.602 21.130 23.461 22.398±1.179 14.533 17.740 16.628 16.300±1.628 

0.15 11.040 13.591 11.785 12.139±1.312 8.867 11.111 12.113 10.697±1.662 

Miltefosine 

60 77.158 79.796 76.794 77.916±1.638 80.413 78 .473 79.455 79.447±O.970 

50 73.360 76.125 73.486 74.324±1.S61 75.844 73.923 73 .746 74.504±1.164 

40 68.835 69.681 67.931 68.816±O.875 69.538 67.680 68.032 68.417±O.987 

30 60.316 63.079 60.963 61.452±1.445 62.347 60.333 60.471 61.050±1.125 

20 51.206 52.557 50.319 51.361 ± 1.127 51.927 50.830 52. 101 51.619±O.689 

15 43 .005 45.515 43 .171 43.897± 1.404 42.350 44.604 44.421 43.792±1.251 

10 32.188 32.327 31.843 32.119±O.249 32.387 33.198 33.239 32.94I±O.481 

5 16.012 13.906 13.180 14.366±1.471 12.816 15.074 14.374 14.088±1.156 

Pentamidine 

60 85.459 86.995 85.180 85 .878±O.977 81.706 81.548 82.407 81.887±O.457 

50 81.770 83.039 81.391 82.067±O.863 79.082 77.984 78.218 78.428±O.579 

30 72.141 71.981 69.084 71.069±1.721 69.302 67.001 68.897 68.400±1.229 

20 63 .039 63.329 61.474 62.614±O.998 62.036 57.214 59.884 59.711±2.416 

10 48.198 48.052 45.630 47.293±1.442 46.454 43 .927 46.333 45 .571±1.426 

8 43.635 42.371 40.383 42. I 30±1.640 41.244 37.321 42.451 40.338±2.682 

5 33.918 28.191 28.739 30.283±3.160 29.847 26.568 29.353 28.589±1.768 

3 18.072 15.617 17.294 16.994±1.255 17.289 14.280 16.444 16.oo5±1.552 
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Vl11H'YI 4.3 lln'MfIl Ie 50 'lJtHV1U1l~::'lf'UfI~HH'lfU~'lflJlllW1::V:: Promastigote 11~:: l::V:: 

Amastigote 

Drug Name 

IC50 {fLM} 

l::tJ:: Promastigote (X ±SD) l::tJ:: Amastigote (X ±SD) 

Isolated from 

Bone marrow 
Isolated from Tissue 

Isolated from 

Bone marrow 
Isolated from Tissue 

Amphotericin B 0.508±O.006 1.186±O.049 0.537±O.0 17 0.992±O.020 

Miltefosine 16.498±O.511 16.249±O.359 19.548±O.678 19.400±O.079 

Pentamidine 12. 132±0.077 13.132±O.850 11.899±O.615 13. ) 80±O.90 1 
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Amphotericin B (Promastigote stage) Amphotericin B (Amastigote stage) 

I: L ...... r •.o.'-'.- ­•• • - •• 
80 ,----"'-,.-"'---=-, ..... 

60 I------ .~~ 
...... -BM 40 LL'~ ··.. ··[\.\1 
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