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REVIEW ARTICLE 

THE BLOOD - BRAIN BARRIER 

mnh 

_C'f .;J ~ ~ ~ I "'f JI 
Blood-brain barrier l JJU l t1ilnmmULL1'1Wi:Y111' l l1il!Hll1: l ua 

m~a' ~1wu1~rl1~ru1un11111u11~n11~1uLii1aanTia,ct11~~1Llfu~an11~1,1uTia' 
v • 

LTI11~u1:ct1w1uct~a' l~U ~af1~u n11'la~1uu1,Tiul'I n11111ct ct11tl1«illlJlrutJ1:~1w 
" v v 

'>"' '> <\ ~ ~~v ~Jf~v < v JI 
lTill'll'I~ ll\1: lUlll'l~l"lltl~ ililill! llJUl'IU W~UlWil1n1.tll'll11'1"llil'ctfl11'Hl11'l\1il~1ilU'HUil • '' .;Jl'.:Jiv 
~~a,lwawlTI11~u1:~1w1um~a,•:1~~1,1ullluun~ a~1,11nl'l1~ lt1anuu•:Til'!TI11' 

1 u 'lwuw~am u1' TIUl'l1uL~al'!1 ~ua~111~1u l iii cict~m 1l'lm'11'1 
" ' 

n11~nBll~8' blood-brain barrier 11\il~11'11~~1~ullful1111 

u1:mUM~,fill'ILl ll'll'l~llm~m~mnm~atfu~l~~~Ul\!~1,U\111'1 rim'l'lB~ 19 l~ilUn 
iiml'l51wmTI11Lua1iiu Paul Ehrlich 'lll'J,1ui1 1~~1~11ml'a~aTiaH~act~a,1~ 
L ~aul'l trypan blue l ii1 w11am ~al'l~11 u'11'11mrna' l m m~u11 L TI11~~~a""unua1 ~ 
1 .... v JI " v v " .; ' 

~l'l nl'l!lUWUUUn•l'lllU. ll'l1'1~\1n11Wl'll1il,TI8" E.E.Goldman (ll.rl.1931) wwm1 
' " v 

.,.,. v'> ••1yv ' v < 
l~il\ll'l trypan blue LTil •1'11'11'11' •Ul!l Ticil!Wl1Hll1:~~il,Tiil,n1:mmrn:~uTI lTI\1\1 

' ' v""l<:_::j tj (-!iv 4 1'vvj 
~irn,•:l'lil~l'll'll1Tiil" trypan blue 'llfil:WLTI\1l1W'lila1m:au'l uan~~a" ~unl'l8~mu,1 
JI I 1/1 V .<::! .;J ~ I I 4 .J. V J/1 
u ~\1nl 'lW!l\18' U"1ll 11'18" m 1'18nU 'l:Yl1Hu1: ~1 w~rnnl1H ll\1: l \18 '1 "ll" TI8~ 'lUUTI11'1 • ' 
"lll'lll'J!l'llmif1h1umm1'lWl'll18'TI8" A.Biedel nu R.Kraus (ll.ri.1898) wwm'1 

n1 'l Q!l bile acid l Til W\18 I'll ~8'1~1 l u«\!11 W!l\18' 1 ~~1111' l fl'1~B~il 'l:1JUU 'l: ~l W 
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' 
mn' ll~"l :;111 i\''11>11~11'11'1a• ~a1ni'lii'nttl'I:1 f1~1 L ~aum ii1 ;;Jim• L l'l!ll'l'l' 1 u;i1ua• l ~m 

' ' .... 
nu M.Lewandowsky ('1.fi.1900) WU11LIJflul'I sodium ferrocyanide lTI1LU 

' 
subarachnoid space TiflHll'11Vll'll'lfl• "l:>i1111'tnl'lfl1nl'liin LL~1~~Nl'ILl'l'll~aul'I 

tii'1V111am~al'll'i1 nm,afili1!1hi'11.r, bile acid mi: sodium ferrocyanide 
' ' ' 1~\'11 m 'j(\~IJ~1U l uarfm:Vlh' L ~al'lnU\'flJa• U"l"lUUnl 11 il1~n1 'j LLl'I: l ii~m ~awViu\'flY!J 

' ' '1'V '1 q v v "" ........ q"" ~ ... 
1'11 Vli'f 1 m 1 urmHH nm nu 1!l!'ln1'Kll::V11 rn1 m .n111 ffifti1Ju1>1V1H\'In1V1m Lrn: TIH 111J 1 rn . ' 
~ ":'! 'V .J ..il ~ .%'.J .J OJ I .::!j I I 4 

'l'I• \'11 m 'j(\j']fl1'}1 VIU1V1Tifl• l !JflnUU'l'I L nm nuni 'lTIUi'f• \'11 'jfl1 Vl1 'iVl'lfl!JU1U 'l:1'11 H L l'lfll'I 

nu1:uull'l:\'f1'1'1rl1unl'l1•1~ 

~ 
'lllVI l n , '11 LL<fl'I• blood-brain barrier ( n ) LLl'I: 
• 

blood-cerebrospinal fluid barrier ('lJ) 
~ '.':'i I 

tight junction nuni 'l"JJIJN1U'llfl• m LLl'I: 
.q, I 1.:i'v_j 

i'f1'lV11'11!J~Ul'I n1'lTIUi'f•'llt1•i'f1'll1'1\11UL'll1~\'f1Ja• • 
""' ~ V 4 V I 

Vl'lflU11 ti'1UVll'IHLl'I: \'f1Ja• "1>1a• NlU endothelial 

cells Vl~fl choroidal epithelial cells 

6RAlN ECF 

open j"nction 

~ (~ - GLIAL END-FEET 

,, ' ' ':'' '' '''' '" ''' '' ''' '-'' '' '' '''''''''' \. ' '' ''' '-' BASEMENT MEMBRANE 
fl. ~ F ENOOTHEUUM 

ti~ht 

junction 

BLOOD 
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ii • 
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1uan'll!lr'lla~ blood-brain barrier 
" 

Blood-brain barrier Ln'1,1DD1'lL~ilU~il'llil• endothelial 

~lll:namiluNuHrnnrnam ~a11flau <ill~ 1 n) 111u~anuL ilutLNutfu (tight 

cells 

junc-
v 1 ... .. 

tion) UUNU,'llil• endothelial cells UU fenestration U mitochon-
' ' °''1v <l dria u1nn11 endothelial cells Vlil~ ua1u1:uan'l:uull'l:ti1V1nll1• u pino-

I V V ..,j 

cytotic vesicles flilU'llHUilU U basement membrane LL\l: glial cells 
vi c!l ...Jt: ov.Jc!l v t' 

w1n astrocytes 'Uil~'lilUUiln'lla•Vli'lil'1L\lil'1flilU LUilnU,:1'11'11U11'1LtiUiJUNU•L'IJ\l\l 
.v v 1 '1 v q "I ' 1 .. ~ ~ '1 ' 'llil• endothelial cells ua•nu ~ '11til'l'11\l1UTIU'1'l!UN1U 1l Luanuu1u fl'lWU 

' ' 1 .!,j q I tJ .tj .q, I .,; 

U'11\lil'1L\lil'1\'lilUUiln'l:uull'l:ti1V1n\l1• (UnL1UVl'ln) 1UU11U'lL1ru'llil•tiua• LTIUVI 
" ~ :::: ll ,.,J I I I I 

choroid plexus Luanuull'l1nna~Vl'lilUl'la'l:'111l• epithelial cells ~.L~ilU 
.!j V .,; I I ~ 1..,j c!f t: JI I 

'11<1amaa11flaunu1w,.ctua1 ('llJVI 1 'll) LLl'l1uu11Lm1'lla•ctuarn1~muanuuamau 
" ' " 

L~U ~au1yj'ctua• ~au1wLUU\l UH~1U'llil•~auifu11llilmiict LLa:~ area postrema 

yJ]L~aifuLil•~flructUu;l'lla• lipid membrane LYIU~L~Li'lni'l'llil1 lipid 
' ' 

v J{ il v t: t' }(. :::: v .,J 1.q, .... c!l v .,J '""' <I.I Ji 
ll'l: naunU'llUL UNU1 nu L TI\l\ltia• !JU VI• YllU\'lilUl'IYlnU L mrnua: YllU\'lilUl'IYlnUL uatiUiH 

'IJ ' 1 'IJ 

yj1ifun1'l~UN1U'llil1til'l~1•'1 ~1n1'11U'1L'1UU,~U~LnU1Tia1lun1'lY1'1~l-1NlUNU•L'IJ\ltl 
" 

L~U fl11l-ltill-Jl'lG\l:a1u1u1'lliiU 

1ifuyju ~•1'1n~1111'TIH~H~ 
n l 'j LLl'lni11 L ilull'l:' n 1 'j'j rnnu L ll 'l~U1 uwm ti~l 

' 
Dl'l~L~aifu~11ruct;iu;l1un1'ln1'11U'1Dl'l~l-IH1U'llil•til'l 

' 
~H '1 um' it UU ifo~1 UDl 'lfl1Ufll-ID1 'lWH lU'llilH 'IJllfllJ 'l: til\'I ir, ~ L W'll: !'.la f1 l-IU 

' 
ti1 1tl 1tl'qmrn.uJ1: ti1 VI 'l 1;ii,1 ll LLl'lti L ~uu a a au i\'1 u~Na~ani 1n 1: ~un l 1u l tlCJA!lru 

.... ""' ..; t<l ~ t: ll ' it 
ll'l:tilVl'llil•L'IJ\ltlll1:ti1V1 ~1'11'lU1UU'lL1(llVJ1Ul-ILUilDUU n1'l1'11<1NlU'llil•l'.la'l1~u,1n 

' 
c!l v • c!l 1 v IJ' c!l it' t • 1v 

D'l: Llti L \liJYIL 'lll titil-Jil1 L Wil 1.JUH 'IJ\l\lll'l:til1'1'11'lilfiUUl'IH '1 Uill-ITI1 U '11D1 'lfl1Ufll-lnl 'l 
" " ' 

w1•1uTia•~a;i1uctua1nuafu1:~a~uantiua•fl'lU11,'l'llil1'l:uu neuroendocrine 1'1 
" 

Km1ru: 'llil• blood-brain barrier 1 Utll'I{ LL'lnt n11 LLl'ln~l 1 nu11lm ~ 

TIUYl'llil' tll'I{ 1 U'11Ull rn L nm ~atfu~~KnJol(lC; l ilu 'lW'lU LL~': L ~au~anut ilutLNuifum u 
" " ' 

MK1 f1<1a11 1 un'l:~1 mLa:tiu'l!L ~atfut' 5rut ~~~~' Lt~a~1 m1'a' Lt~ 
' v " 

• ~ .. 
ml1'11'11a~ blood-brain barrier 

Blood-brain barrier1~t ~M LL~Wl'l1U1~U'a1nu1~1,rct1 'lWB' inm uuan 

iH nu'l11il~il1' l n'1' 1 nm u1 uii. D1 UN1Ul TI111l1 uctua' L vi1Ju '111 DLL~!1'1lia• nu1 ~ 
1,rti11u1tl'CJA!1ruli'l:ti1V1luct~a1~uN1uaanu11u'l:uu1Mllt1uut~a11 ll'l:naunuw1n 
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' ' <::Iv &!I v o v <Of _"{, o Ji. .q v 
astrocytes W'1BlJ18UW'1Bfll'1BflNBU u~w1wu1w~fl'llULa1rl11u1~illl11rnJ'l:rl1www'1~ 

v c:i '-=tv Jfv.J v 4~ 
aan'l1nu'11uu1:rl1wLTI11uLnu1J'"lii11a1uanfl1u uan'l1nuwu1wrl11lq)?la•Luanu 

• -:llv v.Jvv u ,/ "'\ :JI v.J 
1:w11•L'1BflnUrliJa•u•tnu1Tia•nun111nB1fl'1Un1uLUU'lt1ru1au~ LUBrliJa•LWtU'1UU • 

n1 'lfnB1 'l: li'um 1 lJ L iJlJiJUTIB• BBBUL utl11 Tii1um\'• tL'1: dlJB• L >\'m iJ1 

um'1~m 1iJrl14i\ymiH ~. 
tu Lt'1rl t ~umL'1: Ltfl'1 t ~m; 

l'W'l1:n1'lLU~UUllU'1Hl11miiiJiJUTia•aaau l~U hiL~UlJ 
a1'lu11ucla1n11~flun~Lun11w1•1uTia•rliJa•1~ t~u ni1: 

" ' ' •ovq ., q "1}} °' 
hyponatremia 'l:W1 <Vltnflain1'lL\lBU'li1 W'1•W~VIH fl'1U ~trn:ai t'lUU m1: 

hypernatremia Wl L i1'r.1nn 1:m utl1 UH if um n~al'lW1L1"'1urlmrn: t fl~l 1 ~ rl1 Vlfo 
' . 

n1 'l l U~UULlU'1HJan: li'u LU LL'1rl l ~UlJ ll'1: llfl'1 l ~UlJ Ul 1uclni1 flULLU'lTIB~ membrane 
" 

potential 1 ~ 
~ ~ 

uan'l 1 n'l :ri1wufln1'lTilJNlU'lla~ rll'l~H ~tLti'1 endothelial cells VI 
_q I .d :.:: JI V .q ~ ,...J o V ..,J .J .J~ I ..S 

t uurl1uu1: nauTia• t uanuuu• m:uu t auoiluiJV1V11wu1V1 t U'1UULLU'1• rl1'lV1TilJ~1m1 n t '1Bfl 

tii11ULUL'li'1~Li1'auLU'lU~1~rl1lJ1'lU~lJN1U~U•t'll'1~~1U~~flOUdlJa•1~ Vl~aaULU'lU~ 
'l/ 'I.I I 'll 'll t 

1 
,.,, .( }j q v ' ' ":y ., v v' ., 
lJlJ(jVl!iV11Hn~'ll1Vlm mamH'llU n1'l<:£J 1-dopa t'Wa'lnB1~u1u Parkinson tlJa • 
l(, v10 

mu~1UL'll1 U<U endothelial cells ;i:un aromatic acid decarboxylase • ' ' ' .. " • • "'1 ' ~ ' v 'v qq v LU'1UU<VILUU dopamine VI lJd1m'lU'lllJ~1U~UH'li'1'1fl1UVl'1flnUdlJa• trn:;i:unmono-
' ' . 

amine oxidase LU~UULLU'1•Li1'tifu metabolite ~'l:unril'lvflaan'lln endothe-
' ' " 0 <I .., v ' ~1v' ' L 

lial cells <UVldl'I anmaui.wm rum ni1uau enkephalins l'IU aminopep-, 
' ' 

tidase LL'1: peptidyl dipeptidase Li1'atiLU'lU~1~~qVIBtifu opioid peptide 
I I 'ii 'lJ 

til'uoiluiiiiu~ ~~LU endothelial cells l~U GABA transaminase, Y-glutamyl 

trans peptidase 

blood-hcain barrier 

Ii'• 1 ~n~11 L uiii. ilu11 t ~arfu1:w1 H t ~a,rn'1: diJa.rhwul'lni 'l~lJN1U t iii 
aan-11md1 >~H ~ ui.'llufl~iJN1u1 ~ Lt~ui. 'llufl1~rl1m 1u~iJN1uHit '1U n1:urn 

n1'l~lJN1U'lla•rl1'lLVl~1~B1'ltifu1uLuii'n1'11:1J:;Tia• simple diffusion, carrier-

mediated transport, pinocytosis 

diffusion ri1wufl t flU'l:'1um 1 m TilJTIUTia• d1 'l ni 1;;i:m UL u1 ml'u Lto:m ·rnl'lmi'1 

t ifuu1:' t flmr11llm 1~iJ1i1u t flu1fi~ t ifu1 llatii. iii~ clrnni n1ucl• d1 rnuu pino-, 
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' ' ' 
1 '1 ' .. _, v " .. ' .. cytosis " tln1:u1un11w~1my1un11wl'l11~:~1u blood-brain barrier w 

\l1 fltyLl'JULLUU carrier-mediated ~~ lli'aHll ift1ni 1fon "iJHJil11'111nu1'11111~1 L i'll: 
..J I u .f <! ::: ii I I qq.¥ I 

WiltJUU~U~ L'iJl'l!'l Wl Lil1!1111HJl'llrnu'1L1111'1 endothelial cells nin1u<111fiULLU~ u • 

aanL llu 2 tluA1 wclri 1 ,\'LL!] facilitated diffusion LL<l: active transport 

tluALL 'lnafiln un1:m uni n1uci1~1~\lla, 1 il'w'1H lu1 uni 'lUl 1'11 'l L iii ci L ti<lli' ~Hin ih" • ' '' v .. v 1-~ v ' .• ' .... .,, 
nu active transport Wl'lil' 1lW<!HlULL<1:nin1u1'1,1'111 Luun11'11ult1~1nww<11w 

l'l11"Lii"iiu~11uu'u~L1ruii~l'l11"Lii"iiul'I' i11au1~t1l~l'll"l'lG~"~lUL~a«u~Lii1ci 
u " 

1v ' .; 1v ' 
l'l"a' AiltJH A ALLn caffeine, nicotine, ethanol, heroin, immipramine, 

' ' ' llv 1 v<i1 1 v diazepam tilLW<llU<lJU<l:<lltl AA U 'll"U 
.,, 1 v .. .. 

('lUW 2) Ul11Hl'l'111"mwrnl'll'll1 • 

i 
8 1 

~ s 
w 
a: 

LL<!: ni 'l ~lU L th cl l'l"ilHlil1 m LL<l:l'll 'lil1111 'l~H '1 m 1 "m n 
" 

1'1t11un1 1~"~1 u11a ~ <11 1cirn1 w~ ri' 1 WUA l At1n 1 'l<1: <11 t11 u1 'lli1'u ( •) 

LL~l'll 1m 111 >~'ii L llu~a L t1<1li'l'l"a' L ii1cll'l"a'1 ,\'f1au ii111' 1 t1 u 

l Al'lill il't1ii'1WH
0

1L Wl: ( 0) 

NICOTINE 

ETHANOL o 
CAFFEINE• 

o PHENYLALANINE 

........ ~~~~-:-~~-o, 
e OIAZEPAM 

CHLOAAMPHENIC(ll (VALIUM) 

Oo·GLUCOSE 

0 L-DOPA •CODEINE 

DOPAMINE• 

•GLYCINE 
• EPINEPHRINE 

0 L·GLUCOSE 

e PENICILLIN 
•POTASSIUM .011L_ ___ _l_ ___ J._ ___ J_ ___ J_ ___ _,_ __ ~_,_, 

.0001 .001 01 10 100 
OIL-WATER PARTITION COEFFICIENT 
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!1:!11 u1 ~1 utl1 1'1~ill'n n~mi1 u11.JLL11nl'l1 L Dull1: ii L ~1111u1 uwm <1~1 1 ~<11 m Hl~lH ?f1 ~ 
'll 'll , 'll 'I.I 

<fllil' 1 ,r,· U'l l'i'rnu1H1'1rl1~il~HL~<l11~~'llUHl l lH ilni111'1ru L ~u il'illl~U 11.liiuii, <111 
I , ., \I 

<!q ..,.: I o<:f I 

11ll'llUHILlJLil~i1Liln l'IJU L'llllltlll aililU ihwrlll'i'1ilUH!J1~N1UL?f1<1llil,1vlUil!J 1vi'LLrl 

aminoglycosides, penicillins, cephalosporins, salicylic acid, 

chloroquine, azathioprine, methotrexate, morphine, neostigrnine, 

pimozide 

<l111111'111rl11'1rlJL'/Ji1~ L~U n11lil~LU ~''/Ju11~~1LDU~illll111lll~<lll'llil' 
d' q .J ( I V JI V ~ I V 

L 'll!lil<fllil' LL!l: '11Ull11L'llilil<fllil'1 ll<l1 m 1 U<l1H 'lJU1 Ill il' Llil: nil 1 fl<f •in 1 llll: i11 t11 u1 'lllJU • 
V .J I .:ii t: I ..!j V 

1111'l1'llil,ni1Lfl'111il!JlJUL!JilnU1:1'1111Lilill'lnlJ • • 
LL~~flru<tllllilfl~1 !Jfl~' nlJi1 w1 'l1ufl~11ullu~ir, • • 

'llilH'llil~L~lll~illlLLll' L~U !Jilll111'Lul'l1: D-form 'llil1flillfl<l~1U n11'l!U~1ii1'll'l~ll . ' 
1'111'1 LL!l:unii'll~1hill'lt1 cytochalasin B LDul'i'u Uii'IUU'l'llJJ1 endothelial . ' .J -~ .,.,i t: I ..!j V qv o V I 

cells 111.l1:n11llLUUlt1ilnu1:1'111,Lilill'lnll<fllil1llll11'l1'11Ll'l1:rl11'11llniltfl<lil!Jll1nll1!J • • 
I v t: V ..Jq IV ~ V .J 1q V 

l'lllil!JlJU~U'.,, m U111lllil!JnlJ L ilillllLil: m U11il!Jlll'lfllJ<lllil' w1111'n11'l!u~1n!ltfl<IN1ul~il • • • • 
«uL?J1rlctlJ11,LDu1u11u11~1:a11fin1w 

rl11'1fon11~lJN1U'llil' n11'1il~l u ~ilU?fH ifu-ifilu L ~il .. 1 ill'i'11'l1W11'1U1~'l!U~' 
n 1 l'lil~1Uii1 m ~ilm 'li1~lill11111u 3 '/Ju11 hi'LLri 1'11 m rl11'1fon11'1il~1 u~ilflru<tllllil L Du 

'I.I 'll I I , 

moiH , l Dun11'1 LL!l: l Du L uli 'liullll 1nil :w11'1u1w·1m~rn 111il~L u~1,;1L DmLn L 'llil~lill<M 
t: .J ( I iJ JI V 

11ll1111'l1011L'l1!1illillil'1lli11lJ11Uli111'llUli111fl l'i'1ilU11l~U phenylalanine, 
q' ' :II leucine, methionine, tryptophan, histidine, tyrosine 01flilll•UL1'1!11U 

' ' 
L Du '/Jul'IW l DunilH LL!l: ~'llu1 1'11 m llnil L ll 'l!ru::Wl'l1 n L Dunm 1 Llil: ~'l!U11'1 L m ilnil~ilu 'liH 

' ' ' 
L~n L~u glycine N1u1vi'i1'11'15il1~N1Uliltl ~11tl,1UWli1Uil1'1 lillil11'l!J1!J1llfmn 

1:rllJ'llil' glycine 111'~1 l \'l11: glycine lDu inhibitory neurotransmitter 
" ' v 

ll'l!J~UllWH1U1W~l'I glycine ililn'l1ffU11illJlillil' L'li1~ endothelial cells LLll1 

?flJililn11l1u1:llll11'1i1Ll!JUL~ill'I 

w1nn1l'lil~LU~LDun11'1 L~u glutamate, aspartate, GABA un'l!u~' 
' . ' 

LL!l: L ilm ?f111l Lllld'l: unW1 i11 !J l l'IUL ~uif!J~ilUH 11 Ill ~1 ~Hl1' • 
L~U lysine, arginine, ornithine ~N1Ul'li1lillil111'1'L~1 

L ?f1 ~lillilHlilU 'liH TI1 • 
nu'li1iJnuw1n~LDu~1' 

' 
1'lil'lnllw1nwLDun!11' 

1 I -~ d' .c::i I I ~ t: ~ V .J 
U'l ii uu L 'llil11 i111m nL ull11111LL!l:1 u ~rnu1lll'f1 m 1 uw~1uL!Jilnuu11'1 111u11 • 
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1~1.l'il nn11"ii'1111<i'1 t 111 :i!111fm ifu1 VJ~uu t ~mfu n ";f' ni 'i~"d)u-il'u~ aminopep-
' ' o<I ., 1 o V -of I 

tidase m-1:; peptidyl dipeptidase il~'V11Wlil'1ll'lil'1~il!:I UliJ.Ja• VJ111Ul'VIUilU 
' 

t ifu1VJ~111a1u1wu wH 'l hi' '111 i\'ni 1~J.1N1u dh liJ.JaH ifu 1 u1 fi'uaa "11 un uw tt\111~ 
?°i tifll1VJ~lll'l:11l'iWU l tlu enkephalins, thyrotropin releasing hormone, 

insulin, angiotensin II, vasopressin 1~'11J.Jl'iUN1UlTI1rll1J.Jil'1'1i:11ul'l'i• 

a81•11nl'l1J.1 t~a•,1nu1,u1t1ruTia1!1J.1a11~"t~a#u~a8 tifu1VJ~u1;tlu11a1,N1ut«1 • 

Ol'iNlU'llil,Ul111al11'iil1111'ilTI1rl'1J.Jil1ill'Jl~J.l~U1'1 Ul blood-brain • 
il ..lf ' ' .,,: JI 

barrier l '1ilil011'iil permeability l'lillil'il'l11'll11J.l'IJU S.I. Rapoport (l'l.fi. 
' v 
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au1'111nw11J blocx:l-brain barrier a1,~11~Ln1111111Ju'!u1n1u 
' 

OJ '\ "I I V VI d co': .o!j 'V 

ni 11DM1'1!1U1HIU'1 L TIU ni nni;1 Nli1!:11J~ L H L !Jm aB'1'll11 m m:n antileukemic 
" 

1 v "' 1 •v• v '<! "" t: ~ !:11 1ma11mn t!j~!:J~LL1n LLW~lirn1Jn,~1JB1n11WM111Hl!JB'IU11n!]m!Jm 11'1ULW11:!:11 

(methotrexate) 1~m11J11a~lUL~a~uLil1111~1a1uL!ia61J:L~'IL~'1L~B'1~~~1um1JB'I 
1 ~ LLJY,: LUlUMl1 L '1!JQ'1!:11 L il11m1u11i\';i111uwn fl'J1unll'n1M'uwi;,1 n !:11 ~': ~m 1 IJ 

v " 

LTIIJTIUm'I ru U~L .~umru il1BUH~U~wm'1riahi'Ln11tl'C1M1~u'l!:l1n~t1n11foi;1 Hfori 
" v ' 

n11:~'1L~B'llB'lo:uuli1:m111na1;i 1un11:lin~ u1w1n penicillins, cyclospo-
, V ' 1 VV I .J .o:i q J( 

rins, aminoglycosides, polyenes N1UL'll1~m!JB'I '1UB!:llJ1n LLWLIJBIJD11W'1L'llB 

'llB'IL~B~!Jm!Jtl'I ~m!JB'lanLmU L~B~U~':!:IBIJ1~u1il'ln~11~1u,1nL~B'1LTildm1JB'll~ 
' " .J ..... .J t: .., -o:I ............ ... ..., v 0 "" q 

m n LLa: L 1Jam 1: an L mmn ulli L uanunau1J11~1J1JW'1'I L 111J ni > oni;1 WB'I m L uullit1n!1n 
I I I , 

o: u: 11u' LLa: t1 H VJB'I L WIJ'llU1 '1!:11 ~1 m ~1 tl11u11u1 L w > 1: L ~BLLU!1~ L ~ ua H 11au~t1uau 
' " 

.J::: I 4u 
Blocx:l-brain barrier LDUL!:lanu1:1111'1Laa11num1Ja'I wu1u1:uu 

I q 1 I ..J 4 
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BUrlU!n 1 !Jml IJ1 oa1 uni oa: m u1 ul 'lJJl'U nl 1 LLWniJ1 L Duli'i:' LLa: n111111iJ1 rlUL U'i~U 
~4 v ..J 11v1~ ""I.' .JV~1~ I ..J 

1uLaB!1'llB'lm11UU'l mi111a:~l!:I u 'll!1U '1!1,:'lll1N1UL!JBDUU '1L'1!:1'11!:1 'llill:11m11 
' v ' 
~'l~:a1u1utl1t.W: VJB'ID1'iii'1W1~1LW1:~,:tl1u'l1Ud,m11il'ln~1'1,lDL~B!1LTildm11a'1 

" 



77 

'lbai J Pharmacol Vol 10, 1988 

1. Betz, AL and Goldstein, GW : Specialized properties and solute 

transport in brain capillaries, Ann Rev Physiol 1986;48:241-50. 

2. Bradbury, M : The concept of a blood-brain barrier, John Wiley 

& sons, Chichester,1979. 

3. Calne, DB: Therapeutics in neurology, 2nded., Blackwell Scien­

tific Publications, Oxford,1980. 

4. Cutler, RWP : Neurochemical aspects of blood-brain-cerebro­

spinal fluid barriers. in : J.H.Wood, ed. Neurobiology of cere­

brospinal fluid. Plenum Press, New York, 1980; pp.41-51. 

5. Goldstein, GW and Betz, AL 

Amer 1986; 255:70-79. 

The blood-brain barriers, Sci 

6. Pardridge, WM : Neuropeptides and the blood-brain barrier, Ann 

Rev Physiol, 1983; 45:73-82. 

7. Pearlman, AL and Collins, RC : Neurological pathophysiology 3rd 

ed., Oxford University Press, New York,1984. 


