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SUMMARY

In order to investigate the pathogencity, histopathological changes
and clinical signs in white Swiss mice infected intraperitoneally
with 3 different strains (NC-5, BPA4 and Ncl) of Neospora
caninum, mice were kept under observation for 90 days after
infection. The samples (blood, brain, skeletal muscle and heart)
were collected at different times for diagnosis of the parasite by
using Tissue culture (Vero cell, Real Time PCR and Histological
sections) with observation of the clinical signs. The results showed
clinical signs which manifested coat roughening, body hunching,
weight loss, head tilting and impaired movement which were
variable according to strain. The earlier signs appear in mice
infected with NC-5 and BPA4 when comparison with mice
infected with Nc I, the result of propagation of parasite from the
organs collected from infected mice showed variation in Cyto
Pathic Effect (CPE) in vero cell, the CPE appear in the 3rd passage
in BPA4 and NC-5 when comparison withNcl (4 th

) passage with
higher titer in BPA4 when compared with other strains, the parasite
appear in the blood sample in vero cell after 14 days of infected
mice with NC-5 strain, the Real Time PCR result showed
appearance of positive reaction in the infected cells culture infected
with NC-5 and BPA4 strains. The histopathological changes
appear presence of tissue cyst with prevascular cuffing and
aggregation of glial cell, loss of Neuropil and infiltration of
mononuclear cell in brain, the skeletal muscle showed presence of
lymphocytes and plasma cell with somc macrophage, the heart
section showed heavy infiltration by inflammatory cells (plasma
cell and Iymphoc)ies). this histopathological changes appear
delayed ,,,hen compared with tissue cl'Iture and Real Time PCR.
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u.....",411 0--"~I'~I 4.c~ tj).,;~ 4"j~..,..Ie. J~I ~ :~I-Y
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"--;Ji.Wl1 L....;)L;JI~ '-'!~ ." Jjw " • '.:..J, • ~ t 'J? <";".J-'i ,~/
,tL..>lI) .~'i\J' (~I .W! .I.»!~. ~ t ';...::..Ji..i:..J (Bufry Coat)
0-'J .~'il ~ '.J"'j;J1 ¥4..J1 -::,\9';1~ f'J ' (~I ~I ,..,.Jill
1)~ .~'il .;.. ;j.o JS ;j.o.j.;. hi :J}il -...i..d\ ,~ (SJ! w...9 f'
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...---Jc ';JL.:.. LUoJ~ ;j.o .J¥. ~ 4,;]! ~i ,Ws.. 4t.;...j "-!J!-'i u-l!
Ethylene Diamin Tetra) EDTA e---l- 0--" % ',' ~ 0 J ~.; % 0 0

~ •.LA.! •.>-" JS ' d.>" W 4....;'+J1 J~ "-!J,Li'i1 w......<oJJ ' (Acetic Acid
.; w......<oJJ Ws.. '-,-ltIul .) ~j..JI t'""J f' ' • ~ry <";".J-'!~~ ,;i,,')
0--" U o\;', 11 f'J ' Jj\.9J 1 • ,J.J. ~ t ~Jj, .JJJ ~ • • • 'Jy,.J1 ::uu..J1 j4-;>.

Minimal )MEM~ ..,.....-r-.Jylh-...,yl 0--"~~ 4.iL.:..) f'J ~I)I

er--' ~j.....J1 ~J f' 0-'J 1* ~y. f'J ' .,.,..1)1 u-ll (Essential Media
&-.lc. f' 0-'J .,.,..1)1 J,...<-. ~y.J -::,1.>"~~I .;.. 'J~! f'J ,::uu..J1 j4-;>.

l.>.!--'..! • ~ t er--' !;;., I MEM .,...u .r.JYI .byl 0-' .J¥. ,. .;.,.,..1)\

.(Nathalie, 2003) .;y;JI t.Jyl~~ .W)'I .I.»!

:i..:lS y)i.i., t.Jl ;j.o .;"k t.Jj~ ~I~I f' :~\ ",.."lOJi t.;jl\~ -,
~ 0--" l..+.!k Jy-=JI f'~ , Vero cell ~.)"'I .I~I JJ.;!I~
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.~I

0--~~ , (Yamane et al., 1997) ~.;b tt;::.! f' :~I j>1..A.i! -v
~~ 0-' .J¥. ,. y ~I J~~ .; tit- •~ f' .;:>11 ",'WI
• ~ rV4.J-'i -::'~L.. t ,.LA.!~ f' ;j.oJ ~.)'il .I~I JJ.;!I~

, . 'J.JJ ~4;.JJJ ~ • • • J-lAA.! ::uu..J1 j4-;>. .; Ws.. '-,-ltIui .; ~j..JI t'""J
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~ y)liJ1 ~ l,UWI ..,.,.~I)I ~J ,~I)I (.!'" ~I ,;:, f' l.!"'J ' iYl.§o
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~~ % " ~ <,?3W1 (Growth media) yUll.b...J 4-;]1 ~i f'
Tryptose phosphate broth y,/ ,;;u.....,ill jJi!y,1 JY' l.!'" fly:. , 'j <,?.J.i

• Y,/f1y:. \,0 O,!o~1 wUJ!.J'¥.' Y,/fly:. ',Ao£ Glutamine LJ;.ow,lSJI,

J----.. '/ flJ--i:- J..f.eL... , ,. ~1....i>!.Jw.lIJJ. '/:\..)J" ''''''J ' " ( ~
.J~ wl.l\....,.J ..fJJ/~ 0, .).>i...; Gentamicine Sulfate ~~I wUL..J

y)liJ\ ~';:'J' jil /~ Y,o ).>i...; Amphotericin B y ~Y""1 l.!'"

lJ"~1 ~I w.:...:; 's ",;! t.,...J! t.,)liJ1 ~IY'';:'J ,C02 %0 , • f rv ~
:\ h', 5,\1 fl~4 ~I 01.....,.,.,. fii ..ill:> ~J fyl 0 JS .b....,JI JI.;;::...I <r1')'!J '

:L.i...., ~J+ii .)~I~ <,?JWI .b...,JI~J ~ f' l.!'"J y)liJ1 :\..11..:>4 :\....,,1.:..11

, .} ~I)I Jl..,iJ ~I)I ~J 'iYw , ' •.>.J. f £ ~4 •.JJ.l Y, " ~J

~ , A.......:L.i....,~~ .} JjI..J1 .Jy,!J :L.i...., wu....,! :\.J.)o l.!'" Ji4l..
."-<>.l ~4 •.JJo 0" J~ A.ill..JI .} JjI..J1 ~J! f' l.!"'J ' ~.J '')'!) wl:>J
..,----i ~~i w\""",;I~I :;"..s .ll~ ~ f' l.!'"J ~I)I ~J • f £ iYl.§o , '
,I.)---;>-!~~, (-,-~) .;=JI foill wyp .ll~ b.;,,;-:, ~1~4 ~1)1

.wl.),!.>"'::u...JJ ~\ 0" 1...J! y, JS ."",IJ '.)/.>"'
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'.:..'""-;W'~ L"ui L!""·>G.:i.v,1 .Iy..! t' :DNA Extrll('tion \.ioU! W"'~\ -,\

.(OMEGA bio kit) ,~ :w..,.."J', "£j":J:
:j,J6..J1~

i ,/I ~ rio.!..., i ~ .•:::".< W4JI J ~.:-w'Ji "-lIe! f' :Kj\.;':;Jy,\1 ~yi ~ •
.Proteinase storage buffer j4Jy,l1 i"!yl.li.i.:.. :U)o L>"~

JyL~:i1 L>" # i ~ :l..9L4! I" :SPM Wash buffer J,..i..l\ :U)o~~ •
'r'~)lJ 'jOt;.. 0fi'l J,..i..ll :U)o L>"~ 1. ,)J %' •• c;Jh.J1

i. c;l! %\ " jlh.J1 JY\:.,';II L>"~ 1. :l..9L4! -:,..:: :MP :U)o~ •

'rl~)lJ 'jOt;.. 0fi'lMP :U)o L>"~

:~);JI t)j.J1 L>" DNA~ Uoll U"'~I 
~I ~~ I~L, - I,ll t )1 4h 'LUli.l\ ol..=. .-, r· C;;~..> ' -'" U'" .. <"
U)~ J~ rl~,4 wi .... ~)I':; l;)W1~ t'J .cell scraper ~lb.J1

,/1. (. r i) o..>WI wtL...".;.J1 U)o r ~ t'J' (. r t ) 0..>411 wli..".;.J1
(Proteinase K) KjL.\;JJ.)! r:ij.-j) L>" filJ.fi.:lA ~. ~I r" .filJ.fi.:L.
Jl\.§o 1 .. ,0..]. r 00 jI~1 ~W\ rWI ~ tY-'=-J 1* [.Y>J .(25 mg Iml)
~J • L..i....,~ 1,0 ~ Eppendorf '-"';J.,ii -,.\!illl ~ ~I ..:....\i; ~ ,

4..>0 Ole Jl\.§o 1. ~J \~ C::YJ MSL :U)o L>" filJ.fi.:l. ~ ... :l..9L4!
") ;,iJ • SlLlo 0,0..] :l!yJi ')"? ~..>~.) y";';II..cly ~"r v. U.,?
0---- filJ.fi.:L. 1 • :l..9L..;.) C:' filJ.fi.:L.~ -,. )~ %1 •• c;Jh.J\ JY\:.,';II

U)o 0---- filJ.fi.:L. \ .. J Mag -Bind l'articules ~ll.W1 w\:"j.;J1

t-"""J ..cll:l "'"-iJ • :l..9yJl ')"? ~y.) Sl\.§o 0 .0..]~J I~ C::Y LPA
'1)1 JJL....JI wi 'j " "\.§o V ,0..] \ llWl J,..,.ill '\. - . ',-, ''11c---'" ..>. r-' c}' ~ ..> ,,-" .~

~ 1",-* c:: j.-..oJ MP :U)o L>" filJ.fi.:lA t • • :l..9L4jJ • ;i,i;!~ l. rl~l~
~I jL.r.- ,,~ yy;j'J1 ~JJ :l..9yJl ')"? ~..>o ~ Sl\.§o ,. .0..]~

- i) ,o!J;; ;).~ ......l. rl~4 ~I)I L>" ~I t'J Jl\.§~ V .0..] ~ll.W1

~I c::j-o.ll C:' SPM Wash BufferJ,..i..l1 :U..>lo J."h.o L>" filJ.fi.:lA i· •
j~~ "---!y;j'J1 lA."'"-i ~JJ • :l!yJl ')"? ~..>~ ~ Sl\.§o ,. ~J
~o ~lA rl~,-! ~I)I L>"~I t'J ' Sl\.§~ V .0..] ~ll.W1 J,..,.ill
~J .filJ.fi.:lA i ... SPM Wash Buffer J,..i..ll :u)-'! J,..i..ll~ u¥!J
, ,b', Ii U)l ,i) ,o!J ~\)I L>"~ C;;! L>" "-Iy;j'J1 .r-h L>" .l..--S\.::JI

t-" ~liL.J1 W~j.;J1 ~ ".il!~ filJ.fi.:l. ~ •• Elution Buffer
,'" OJ' UyJl.).,? 4.,....>~.) Sl\.!o \. Wl..:=. r" L>"J ~I c::j.JI.k.I ....
C;;JL".]\ ~I)I """""'J (;;\.§~ V ,~ ~llWl J,....ijl j~ Jyl lA.,,"-! "-I~'ll
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\ ,0~ Eppendorf U .J-J.L.i;1 :l.;y;.ii -.JI ji;" "',,1;,', "Ii I.l.lli wl:yj;> ~

:u........L Jc\ii .J~I .I~~) ~'t V.- ~ '-,-J>iJ';1 bi:." ,<.S..-?-i~ ji4L
.-I.,!lc _>'t."..,l~I

Real Time PCR ~I ~.jll -'~ J:!JoO:!l.,g,J1 4..l..J.." ~U;; - ~

Genekam Biotechnology AG ) :;.s~ j.......,d 0-'~I :;~I tl~1 f'
:\...0 l;,!C-Y! Fluorogenic ~l....-'>." w~~ J.o:W ~I" (Germany

(6-carboxy tetramethyl rhodamine(reporter)) 
,(Carboxy -fluorescein (quencher)) -

J:!JoO:!l.,g,J1 Jl:.U;; -..! t.,; ; .. Ii ~I.,..JI-, J..It-l1 - \ - ~

l.l.LJi c...J\! w~' > 'I 1- \i:ill wl.l _C ,~,- • 1- \ii . . • Lu:.." ~ t" U'-" r- u-> ...- ~~ U'-" l:::!.JA lJ'O .J.
:~tJl 01.,...11 ,y. .}J.Jp.. ro ~:u,.c ~ Jc\i:illl:::!.r u~.J ".JL,U.;..I olyJl

.;\,rill .i!SyJl (ul)~1 ;oWI (""'\ w

I IX , r,o lOX PCR Buffer -1

200uM 0.5 I dNTPs(dATP, dCTP, dGTP, & dTTP -r
1.5mM r',~ol Mgd2 -r'

--.
2.5 units 0.125 I Taq DNA-Polymerase - t j

f--~~~:
0.25 Dye~
. ,r Primer A -i

800nM " r PrimerB -v
- 0 DNA Template -Ar .. , ~,Wo RNA Free Water I -~

iV'-~~1'"CACAAGTCGCACGGAGGTCA'O' NC-5

I '1'"AAGGAGAACGCTTCGTAACAA'o ~'
h~ '1'"CACACACTTGCCCACTTGGCTCCCT'o iBPA-4 ~ ..

f
' ------1 '1'"ACCATCGCCACTCTCCACCCTAT.'GCAC'o~

PI' I '1'"AATGTCCTAACCTGCGTGACCC '0 '----:N"""'"'C"""'"l--I-r<1
I "nCTTCTGCATCCAACTGACCGCTC "
L.. . ._.__-----.J
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'~i ..:J~1 Jj ...i:!AJ,OolI A..!....J.... ~li:l ~ ':;'I~..l:.:i. -1"- ~

-i>--,"",,..JI ;u,;b]\~ .).w.J\ ~I jJA~i J.:.li:, )~i ,-?»1
~ 0 0- )S Jcli:,~~ .J~'il '-?»\ .~ 1 (Esther el al.,2002) (..4' c,,,,
(s.)L., JS 0- J'lJp... '. ~ ~I ~\J y.! Jp... ~ .. :u... ~LJ\ e.bl.) J'lJp...
~I :}4J Template DNA LJ.:,Ji yll.O 0- jJ_,p... 0 J Primers wU.)41\ 0

<...l--.<--\i,.il -::.,LJ5S,~ ",Je- <.,uWI Master mix Y,L;Ji Je\i,.il c:"y J~ 0
'" j ~I .;---J,...Ji~ ~LJ'J1 u....;,J ~" o..,J .lliJi yll.OJ wlJ.)411 .I.:>J::...C!

j~ ~I.J! Amplification ~L..<o:il\ ¥= w,»iJ .(Thermocycler)
Denaturating~I ";----h.;. .l.-A.! ...JJ')~ ",Jr. <::-"y,..J\ "'.)'yJ\ yJ.;.J1
~.~~. ~: oj.? 4y.ilc t- I~ o.JJ') JS .~1.O.) , • o.>.J ~·~o

\ oo~~· i. ~.J""t~1 ) l.5.)41' Annealing ..6L;:i) '0.JJ.) ~o ~I;'

o.JJ') ~ 0 ;:, 14,;;\':' '0 • .>.J t V~ o).? 4.J.).llc. Elongation'Ju.::...IJ '4,;;LJ
:0 • .>.J ~o V~ 'Ju.::...I, "';'1;' 0 • .>.J t ii ..6L;:i), "';'1;' 0 o.>.J~· H t-

.~~

'.......;.JI~I ~i -, \
, (Shibahara el al., 1999) L..fi" ~I ~.;bJ\~ ••1») f'

'C»-.J!'iIJ <.J,>l..Sji~'~ l~..,4

RESULTS
~ il.::..l.ll

: ~.;.JI '::'~I -,

",j.J~~ .;J'J l...>.! ~. o.>.J cJJill ~4-.0 ~I.J"" J)I..:.. 0'~
~I ~:u~) :u:...J...:w::.:... :y....;".J""~I.?\J~ ~I "~I ~y;l1

weight 0j~1 01~ , body hunching ~I y~ , coat roughening
4......SyJl~ ;. OJ head tilting U'i~1 ~ J;..~ ..:..,l...)i.c, loss

4 ~ .;J' :I.,.JOl\ t-"~ ..ill"J ( r, ~ ,\ JLS..:.'J1) (impaired movement
.J.OL.:....JI~~ l...i , 01yill~ WJ" J>,,= ~l '-l~)'l.; .,..+.!y,.:ill F\

.-\ -JJ.>;>..:y....;".J"" (..';"I.JCi ",I 4* ~,J! w......"iJ1 4..:,j.) lA.l..6cj f' .;JIJ
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<.?J)~ :i,,;ji.:..J1 i,:"Iy.;.l\ C-!"'~ ~ 'y>\hl\ ~yJl u-<ol y:.':i I ,~:1 J..9~
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.J~ (+)< ~\ ~yJ\ I,.,,;,I,.>---£-':ii .J~ ?-'&- (-) ~ 4.;]t.::J1 wl..::JW1

~I ~yJl u-<ol y:.':i I

303



.. I u ~.. Q WI . . 1.. • .tc.*:..If' ....... ~

304





Ass;"t Vet. Med. J Vol. 58 No. j 32 Januarv 2012

t.))1 t.,)l>.~ Cyto Pathic EtTect ~.,hJ1 ~yJ\ wl~1 ~:Y J..l~

ljJ;U~.;u~1 <I~I ~.)"'I "".->ill :u;.i ;;",us 4)l.;J lj.,hJI
;'(,)tJI

- + I ~IJI

+ + 4.-WI

+ + .....'Wl
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." \ , . \ d,;::, >I~l.: 1,;1~11 Li.o....JI .'", ~\ ,.",jW u.w Cd' ;...,-, .<.;; _ v- '" .. ~"

"-:~\ Wi fill oL.;,.c4 :U."h.JI "-:yWl t-JlyJl ~ .};i=J1 ":";;1 Jj j;~,,;ll

<J--hJ1 j-< L.Yo \ t :a., ~"JI ~ ..}.!ibJJ \';.li\ .lyoJ 0!i> w,..,. • ;c,)tJ1 <fJ).il;
~ (;\ :is!! II w;J,...;.,.JIJ t L..JlI) .l....:oc':/1 w~i 0.!'> ~ • NC5 ~.Jj]1;

~ """wI wllu:. w .. lei w.u. ,(.iiI wi 4..>",\\", • ,. Ii· L. r \ .l>..J ;;""'6..>1. ., ..J6"'" ,...J'" •.J'"'.~ U'" ,,:! '" ,_

.L...l:! rA :a., ""'~I
• ~.o....JI) w~ ~ ~ ..}.!ibJJ li.Jl1 wi ~\:.WI w~l; Ncl ~_)jJl L.\

"'" <Jh.ll .l.>.; r /1 ~ ~\ ~ ~ 0.!'> ,,) • UbJ\ u-- L...l:! r \ .l.>.; (~Ij t L..iJ1
.~iw~lw4c
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<YL...f.'J1 ~~o.;>J! tl.JiI ~ wIJ'l1 ,~ wli.,:; , ~'.J 4,uill~iAj~ w!.J

y)l;J\ w~ fJ-! ~ y;..J.J preivascular cuffing ';~.J wus.::...' (:"~,
",!" .1\ o.....;Jjl 0!.l......i\ c-' ol".....;]! :'L..,~\.",\ Y:li.. J Multifocal gliosis ~.>J'

wi "'7" 0F.J ~ iii~\ Q...:-}I ~ l.i . ( "o,LJ\S..;,''l'I) Neuropil
wU\ .::..utS l..UJ (II ~\) :i...-l.J1 L.,)l;J1 ,..;"..., 4..J.. ',)Ull :l." \.i.o.lJ1 L.,)l;JI .." , " ~ ..J. _ ,.J ,J , l.!"

:'L..,J\.i.o.lJ: L".')\.iJl..;. 1',,>,\\ 4J+J'j1 1..;)l;J! . 'los CLO"u) ~y;..>! ~ ...,.,Jiil
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DISCUSSION
~LWI

...:..,Lc.~~ L.l;\+>.o "~->' "':"'L.~ .J,.Ji. U.Joll .~ ~tu ~

( ,'1. "'I):i..J·'·II...:..,1l1 .' 'w...,., ._·.II~I\·.I- <.L "1'1''''1U~.~ ~ t.J'-'- r'. <"s+.!.r.- \::: ~ ~ IF" u..r-
NC5 ",-;.JilI..,> ""jb...J1 01y;JI w.i\c ~ , ~I ;;.1;~1 :i.J:.~ w)l.:,]1 ,,,u1.JilI..,>

~ A :JLi ~I ...:..,l..)WI ":'~J "'-;1,....,,'11 0-> t.J,! \ t :JLi ..,...;JI..,> "-'# Jy-=
""'~\ F I J1yb, 0-" "L..J,! ~ A "i ~ \ :JLi"':"',.. WJ4 t"" ' "'-;1,....,,'1 1 0-" loJ,!

•y..h.~~w ":'L.~ 0-" ~ "-'"h-l\ 01 y;J1 ~~ w.iW Ncl "'-;.JiI\ L.i ,
~ \ ~~ ...:..,L.~'\ ;,ill ...:.." l~j w...,. ; .-.ill . ':i\ .-.ill i11.-.c. .~.I\.·, • ->' U ~ ..;0-= , ....,..,.J" ....,..,.J .....-...- ~

'.11 . 1 ""1 ~ , i , _.~ II <..L,· ~ A ,II .. ...:.., , ,II ,_." II . "L.IF" U..r- ,,..,... '-" (;.-~ <...!'" t.J:!' '" Y" J (;.- <...!'" .J,!
...:.." ,lc I..o..W ,"L. 't ~->'I .. "-' >. , w.i\c oi! BPA4 :i..J .\\1., Uli..
~ •. .J,! ..r-- cs- Y""'" <...!'" •..r- .

, .L..J,! 1. :JLi~I '-"'I..r'11

~yJI ...:..,L..)W] L+;141 L,.4\.i ""," (,u1.Jill CHi L. ...:..,lli.t+J1.~ l.Jl
j ...L..::..i':i\ ~ "-->.J~ J$ '.J.l! ~l UL..<,'!4 4IJ>-"> ,.) w~::u "J--'-:

0;..,.WI ..;---S~ ~ , .h.........ji.J1 ",YJI ~~i t"" J--,..c liJl J .;--JlS:iJI J

",:",w)t,.;..\ ~I;;~I :i.J:.",JI c$).JiI 0) ,(Regidor-Cerrillo et al.,2010)
.;JI l,u1.Jill 01 "I...k, ;; JIy..<Jl •.l.l.UJ1 .bL..;':i1~ ~I->,)IJ 4"\4) ~\.i ,.}

u)l::..;..':il <J! :\.!L..<,j I~ , :i..,d\~1 :ublJ1 ~ 0-" 4.JJ yu, ,.:,,;\S U.Joll~

~Ji "'-;,).J~ L... U.Joll ,.} t~1 ",,~I ""Jol\~~ 'Iy.~1 ,.}
~J J)-~I <~1 ~ ~tu"'JU ."'-;~I UJ~..!m.)'U.;"-" jc

u)l::..;..1 .J~ .. -.;.;,!~I F ,',. '0" .;JIJ lS,,,w1 t.J)\~~ "':"'IJ!Y:;

lLo,J ' "'-;.J~ JS .J#~ •.} u)l::..;..':il t"" ~yJ\ ",-;"w! ",:",I.!'JI .J~ ~Y' ,.}

~ CHi L. d.9)l::..;..1 .lJ-?-J CHi ~; (Barley et al., 2006) .fi~ L. t"" jU;
, 'e 11 t "I L,)L;. 'C I ~\.i" U)l::..;..':il~ :iw..JSJI ,;",,4.\1 :i.J:. ..,]1. I ~""~ ,JY. J..r-' _, '" .. . __ _ . J' lS,.J.J

I~""'J ' ~I ,.} .....~I c$"wl t.J)1 l,)L;. tY-! "'-;.J~ J$ jiL <J! :\.!L..<,'!I..,>

"'),)~~I :uJ::..;.,. "':"'\.i~.J ...:..,)1.....0 Ji ,,",\""';I .lY." J (.>J) A 01 ~ L.
u--.Jj :.jL......;,'!',," ;1," ,II lS,,,..bJ1 t.Jj...JI l,)L;.~ yUlJ ~I •.l,!.l;J1 :i.J:. "",I

t.Jj...J1 I.......j)L;. ...-b "'-;,hJI l.,..."yJI w1..»'-ill_.uil\ '::"1.;".1 ~L; j ,--,)l::..;..'jl

0-" l.JiC y CHi lo u)t,.;..'jl ~'.J.l ,.} ! (Cheah et al., 2(04) .:..'!-! ~I ,,,,,,wi

'lS,..,....bJ1 t.Jj...JI l)'.';" l.i;..;l "::"b'!~ L.,~ ...:..,l!)l::..;..'jl jc_"':&lJ "").Jil1

I.......j)L;. ",.....9 "uill .J~I ~Y' ~ .kJ! ~:, ~\.l;,.'I "'-;.J::,]I y..L ) .1;>,J~

,JI..>----'-'ll '---r..,....,..~ -.;.9 ~WI ~ '~.Y"! "':"'l!'11 .J~ ,ft J:! \~, If"hll t .JYI

~..ILJj ~..ilL ('.r--! 1 t :~..j"bJ1 t .J)I '-!)L;. (,ih.>..I..,> toll..,> ..}.!ihll .J,.J:.

~1"
:J, _
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r A~ '- l}b11 .Jytl;. J.Ji wlSJ Nc I "".J:,]4,jW, I...,>ll.i ,BPA4 J NC5
-:.....jll.im.,...,.L.=':I1 -1...-' 1.;L\i' ~\' , __ ~\i,'··L'.. "l.y , <.F . '-r~ ..;c f"'.J e:.-~ V" -~

~ uXi.......i..'1I c.J! .lY-' .Loc.'11 "" ~I .Jytl;. 0'j "" -:'U~'11 .:"" .:.:),
~! :"';L...a)'1... Iw , •.l.......",.~ "..;= J$J , .) ... 11 ~ .Jji.\ c,d.J:,]1 "-!l!1.9

~.J--'"' ~ JjH L... ;lJ.\S "")1£:: •.J.J.l Jl.S.,! "".J~ JS ~1.9 "" u~'11

~.wl ~ ~I .Jytl;. w) , (Javier et al., 2011)~I .~)'i.; '.Jytl;.
wUI~ ~)I .Jl::J:,'1I ",.;b .l.o.,i JjL..J1 I:"" w\ c.J) JY-' ,\...;=':11 J.!.J "'1)

J.J---?J ' (Long et al., 1998) ..;---S~ ~-'--+'- ' ~I .\...;=1 ~ c.J! ~y..::.ll

wi.J "" u~'11 l.i •...,,,..JlI ~.J':II ;U\b.; "" "l.j! \ £ ".., ~y..::.ll wL;I~1

" ;t,~ .11 .~':I\ "" .Jl::J:,)IJ "'.J\.J:,]I ~li; ~, .\...;=)'1 ""~I .Jytl;.
.\ - .11'1 .. I I~ ,.".l......3 II :"';L...;,,'11... I ..' '1.S::lI ~ 4...>L\.il iJlr...1c-'.r" L9~ co- ......J (.S", , • ...". Y .J.J , .

Blood-Brain Barrier ~l..wl - ",,..JlI ~W\S ",,;,Ji~~I "" ""~I
tJj....-J1~~ llJli c.,.:. ~I ~tu l.i .(Lopez-Perez et al., 2006)
L;.io ~~L..ull ~ f' <.iJI J wl.Jil1 w~~ ~I .\...;='14 ;U~I ...,,,wl
J.~.J~! :"';L...a)'i.; ",).JU1 <.J;.! wu;!.,U J?-.J ~t::ull ~ .liS ,~~y4

J-,..r. \Ai ~I ill-..4~1 ~4-,'1 I w'u,;o.]l u;\S .:.,,:. •...,,,wl t Jj.J1 c.,.:. wu;L{.

WWI :y..1.....,J1.J 'J.ill ~lE "" ~I .lY-'.J ' ~I wi)\ .J~ j;~y;J\ "-1.J...

Iw w) , (Pinikiatisakul et al., 2008) C»-! w".. )";':"'11 I:"" '+! F: <.iJ1

~I.J J-,..r. \Ai J$J ~ y..::.ll wlll~I 0' " \ c.,.:. ~I ~ •.J.lill oJ .J\.,U:>.'1 I

~...:.,~ J.?-.J <.J;.! w".. , ~I 'J;~I 4.i:. y;JJ llJli yll.9 0' 10fg JJt..:.

,",---;"wl tJj....-JI)~ "),... )~ ',', Jjl.;b wx, ~1~4~! 'J,!~I 4.i:. y;JJ
w......bcl w'u,;o.]I.:,." .:.:i '1j, C......;,yJl ~I ~I.J ~W\ ~I .44J1

.' ...1..11"-1.J... ' \Ai I~\" :i..."h..,\ 'tu
..>.!~Y.' <.JC ~ ..... ~

.. \.:. -' \ '\.:; ;u:. 'I . 1"11 \...;='J - ... ,11 _. "I 'tu..::..u..u W
.J~ '-rr ~ ~. U~ ~ r.r::-- ~ ~ ~...
•..;---S~ L.c.~ I:"".J ' "".J:,]I t"';~ Lt..Jytl;. wi.J "" U;!.,U.J~I ...:.,U'11

~.J :i...~1 "".J:,]I t"'; c.JI ~lE "" ~I JY-'.J' (Barley et al., 2009)
.~. '.11 ...:.,lll .._1\ . I .•~ ',1\ ~ .. II

~ ~ ~ l..J"G'"ft-:'~ ~ ~

"':"L.....I.JJ t"'~I c,d.J:,]! '.JI~ c.,.:. ~I ~tu "" ~I>JI ~Jc wi

u.J..;--!O "" ) wl.Jil1 t"'; "" • I-""' u~'J I : ~ 'J;Jc yl..,u.4~ Ji <.S y..1
..:..,1.l.......",.1·l....;, . . ~ll.....:.,lh;,." \~I II" \..JI . LJ.,.;;"' .. "I, u '-'""Y-I.J , . ~ (.S", U:!"". ua-'-! .,.J ...r.-"

'-'---i~1 4.i:.y;J\ <.jJ); Jj\.:; wi c.J! :"';L...;,,'!4 pi '.J.J""'I ~>J .J\ ~1Y''11

CL..i..'11 ":"'I.l.......",.! J.--.,! W1..>.!.;AD1 J"..,~ 'w..J\ ...,,,wl tJj.J1 t.Jl.! ~I
.~4J1 I:"" "" "~.J 'YY'.?- "I.J.JJ~~~I
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