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Drug Delivery into the Blood-Brain Barrier by Endogenous
Substances: A Role of Amine and Monocarboxylic Acid Carrier
Systems for the Drug Transport

Young Sook Kang
Department of Drug Metabolism Research Center, Taisho Pharmaceutical Co., Ltd.,

Yoshino-cho, Ohmiya 330, Japan

The contribution of endogenous transport systems to the blood-brain barrier (BBB) transport of
basic and acidic drugs was studied by using a carotid injection technique in rats and an isolated bovine
cerebrovascular disease state were compared between the normotensive rats (WKY) and stroke-prone
spontaneously hypertensive rats (SHRSP) which have been well established as an animal model with
pathogenic similarities to humans. Basic drugs such as eperisone, thiamine and scopolamine inhibited,
in a concentration dependent manner the in vivo uptake of [3H]choline through BBB, whereas amino
acids and acidic drugs such as salicylic acid and valproic acid did not inhibit the uptake. The uptake of
[H]choline by B-CAP increased with time and showed a remarkable temperature 1ependency. The up-
take of [3H]choline by B-CAP showed the very similar inhibitory effects as observed in the in vivo brain
uptake, and was competitively inhibited by a basic drug, eperisone. The in vivo BBB uptakes of
[*HJacetic acid and ['4C]salicylic acid were dependent on pH of the injectate and the concentration of
drugs. Several acidic drugs such such as salicylic acid, benzoic acid and valproic acid inhibited the in
vivo uptake of [3H]acetic acid, whereas amino acid, choline and a basic drug such as eperisone did not
inhibit the uptake. The upiake of acetic acid by B-CAP was competitively inhibited by salicylic acid.
The permeability surface area product (PS) through BBB for [*H|choline in SHRSP was significantly
lower than that in WKY. The concentration of choline in the brain dialysate in SHRSP was about haif
of that in WKY, while no significant difference was observed in the plasma concentration of choline
between SHRSP and WKY. No significant difference was observed in the transport of monocarboxylic
acids, glucose and neutral amino acid through BBB between SHRSP and WKY. From these results, it
was concluded that BBB transport system of choline contributes to the transport of basic drugs through
BBB, that acidic drugs can be transported via a moncarboxylic acid BBB transport system and that the
specific dysfuntion of the BBB choline transport in SHRSP was ascribed (o the reduction of the max-
imum velocity of choline concentration in the brain interstitial fluids.

oy #F-(Blood-brain barrier, ©}3} BBBZ o WAFEA EA% gitdeg GEe X
kHolle Hr71%e A BFHA glu- SAE¥S e BBBE Faheicka AzbE o]
cosedt oAt Fol WRIGEAS ewrshes % fvh Z12iu, L-dopa % baclofen 5°] BBBellA

R0 7Idstesl(11Y 249 AdEd) FRARNM LFD e

223




224 73

A obnlicbe] GASEAE Bale Samgm
dhke BIE ofZo] el dEde] B4&EAE o
43t BBBE $3dle 7F5AS AlAkaks Aol
2ZR) g oFE9] BBBEHS} N EA S479)
A&l dsfX o}z HAlEA o} YA} o
7), e, 53 HmAggagsise glold BBB
FRo diste] rzmE] AaT
£E5S WS A¥Ae olgs
B S Bel BE-S o) 88 W R A@ iAo A
718 ol& gtk

A, EATE BBBY YA 9714
Fadel dal e G714ul B ol
o AEE, WAokEe Bl gejri=
DHEAQ] BEwal2Bal 470 g8
e g oz A £, o5 AR Ao
FEAN HARAERFA} v G taA
HEF LT AA LS T HYNE(SHRSP) & o]

&3t HES GO

ofy

i

o

)

1o

22

S
A

=

Fgo)
A~
b

o
¢

2

W of i

g
M
2

Ay

Brain Uptake Index(BUI)H

In vivo carotid artery injection’& o]-&5te
71424 *H-choline(20 uCi/ml), *H-acid(20 uCi/
m/), “C-salicylic acid(4 uCi/m/), 7]ZE A2 UC-
butanol(0.25 uCi/ml), - *H-water(20 uCi/ml), “C-
sucrose(4 pCi/m) &) & 200 W& FES 274
TR FUFEAslY] 5259 MU uptakee
Exckii=

Z|FA fiber 0]4]H

Brain microdialysis® & ©]-23}o pentobarbital
(50 mg/kg) w}H o] £4 fibers vl o] 4]
St 4 25u/ming cannula®] pH 74 Ringe:-
HEPES Buffer(RHB)E $#QAA 108 7zdosm
608 HEAG Yoyt 8F 2 HEMozg)
choline® Barnes §¢] o] ule} monoethylho-
mocholine-g W EFEH 24 HPLC-ECD system
< ol &3] FaAyu,

TR Mg el =Xy
U 29 diXE ©]85}9 Pardridge 9

J- Kor. Pharm. Sci, Vol. 20, No. 4(1990)

2o
=

mech amical homogenization'§ol| 9}&te] ¥z Ay
#(B-CAP) & ZAY) HAAZFEL oF 20mg
protein/100 g cortexo] Y2, ZA|3F B-CAPol|¢] L-
phenylalanine®} uptake &4& FHX9 Ao 7
Stoh

B-CAPE 0|23l uptake AIH

B-CAP(200 yg) & 5%7} preincubation $+% 3H-
choline(2 pCi/point) ¥  “C-sucrose(0.4 uCi/point),
*H-acetic acid(0.5 uCi/point), “C-salicylic acid(0.3
uCi/point) & Z+Z} o incubationgch. YAHAIZH
BT A&AATE S o] 83lo] uptake UF L 3} -
Art.  B-CAPollo] Axgjolzke  “Cosucrosed]
count® o83l BAYc}

&3 H o3

A. CholneZt 7|MetE

L In vivod @A

(1) Choline2] BBB &30 tlgt kA, 7]
°FE9] 9% Amine FEHAE Tt 2wt
A2A] cholineg A&3le] oJ2j7px] FHe B2
gt AaHd-g 35k [*Hlcholine®) BBB &
= 971%49FE<) eperisone, thiamine, scopola-

i
rir
M 2 Mo ox

1407 oH 7.4
Inhibitor concn x 10 mM
1201
n=3-5
oV
+ 3
100- Mean+S.E.M. X
- *p<0.05 Y
]
: &
= 801 . 3
S : ;
St ° - ]
S 601 a7, F 3 il F
- oz, 421 | ; :
40 f :
201 : , | B
o+ e g e '
cEEEET T E2EREE
S g E E 2 ~—-'F 8 & & & B
5§22 88§ = §5 2202 S5
CR2ES 55835 E 2 s
mekFoa38 ££82% 2
& g 55 s 8 2 U
7] ) > Nz oa
r z23

Figure 1. Inhibitory effect on [3H] Choline Uptake into
Brain
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basic drugs for {3H] Choline Uptake into Brain

mine, isoproterenol, thiamine(Z+z} 10 mM), hemi-
cholinium-3(0.1 mM) ol A #-o]4d A AfE =
YA, FA obmlieat H 7|4 obm]mike] Ul
&4, salicylic acid, valproic acid 5¢] 2 oFE,
F4d ion¥ oFE9 betaineo] oiX A= BE
HA ekck(Fig 1).

(2) 3=Ed Asard: 33488 9N4S
£< eperisone, thiamine, scopolamine & o]x-
Aol ALolw [*Hlcholine?] ¥&&2< sroz
Hoz APYch 2w BojR 7+ AHa|Ael half
inhibitory concentration(IC 50)-& Z+zF 145 mM,
2.06 mM, 0.47 mMo]1l, choline®] Ktx](eF 0.2-04

251 _
n=4
) Mean+S.E.M.
1L.5F .
+ Eperisone

1/V (mg prolain min/pmol)

Control
0.5 /.
L ,‘8" ! { [ ' '
-0.1 0 0.2 0.4 0.6 0.8 1
V/[S] (pkM1)

Figure 4. Lineweaver-Burk plot for [3H) Choline Uptake
by Bovine Brain Capillary

mM)ol 77hg 2hg& Vel ATH(Fig. 2).
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Table 1 — Effect of Acidic and Basic Compounds on [3H]
Acetic Acid Uptake into Brain at pH 6.0

Addition % of Control

None 100

55.3+0.59
29.8+1.79
45.9+2.39
38.3+5.19
43.0+3.49
48.5+1.89
47.6£3.59
Propicillin 34.2+3.69
Cefazolin 92.9+6.49

Acetic acid
Valproic acid
Salicylic acid
Benzoic acid
Nicotinic acid
Penicillin G

Penicillin V

Eperisone 91.3+5.7
Choline 93.9+3.7
Phenylalanine 91.6+7.9

9p<0.001
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Figure 5. pH and concentration dependencies for [14Cj
Salicyclic Acid Uptake into Brain
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Table 11— Effect of Acidic and Basic Compounds on
[14C]Salicyclic Acid Uptake into Brain at pH

4.0

Addition

% of Conirol

None

Acetic acid
Valproic acid
Salicylic acid
L-Lactic acid
D-Lactic acid
Penicillin G
Propicillin
Cefazoline
Succinic acid

Citric acid

100

26.2+ 1.59
29.8+11.29
35.1+ 3.69
47.3+ 2.99
79.9+16.3
69.6+ 6.79
474+ 1.59
39.3+ 6.59
105.1+19.4
121.6 £20.5

Eperisone 90.3+10.7
Choline. 107.0+ 6.6

Phenylalanine 107.0+ 2.7

n=3
9p<0.001, Dp<0.01, 9p<0.05

71derge) 9% meslarid 50 deME
acetic acidE 7122 Al PH]Acetic acid®]
BBB ¥#= FF283 AYFEQY salicylic acid
(10 mM), 20 mM$] nicotinic acid; valproic acid &
#%Z9] B-lactam FAEE Fol dd F3A A
S WA, Aol H& A7I4%FE eperisonedt
choline ¥ amino acidel] <& AHE TARAT)
(Table D).
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Uptake by Bovine Brain capillary
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(2) Salicylic acid®] <43 monocarboxylic
acide}e] B4 : [3Clsalicylic acid®] %7] uptake=
pHOEAS YERAIS, B EAA 2 salicylic acid
(10 mM) ol s AA3A Asi= et 3, acetic
acidt [*CJsalicylic acidE Aoz AHls,
AAE Kix]& acetic acid®] uptake®] KtX]
S #AAE HERIAT (Fig 7).
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Figure 8. Lineweaver-burk plot for brain extraction of
choline in normotensive WKY and SHRSP.

Open and closed circles represent the saturable brain up-
take velocity of choline in WKY and SHRSP, respective-
ly. Each point represents the mean of three rats.

Table IIl— Comparison of Concentrations of Choline in
Plasma and Brain Dialysate between
Normotensive WKY and SHRSP

Concentation of choline (M)

Rats
Plasma

14.1+0.9 (8)
15.6 £1.0 (8)

Brain dialysate
3.80+0.29 (4)
2.36 +0.069 (4)

WKY
SHRSP

Brain dialysate was collected by the technique of brain
microdialysis. The concentration of choline was deter-
mined by the HPLC-ECD method. Data are represented
as the mean+S.E.M. with the number of rats in the
parentheses.

ap<0.01, compared to WKY rats.
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