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The blood-brain barrier (BBB) transport system for H;-antagonists
was studied using primary cultured bovine brain capillary endothe-
lial celis (BCEC). The uptake of [*H]mepyramine was inhibited by
various H,-antagonists. Ketotifen competitively inhibited [*H]me-
pyramine uptake with an inhibition constant (K;) of 46.8 uM. Li-
pophilic basic drugs such as propranolol, lidocaine and imipramine
significantly inhibited [*H)mepyramine uptake. In particular, pro-
pranolol inhibited [*H]mepyramine uptake competitively at an inhi-
bition constant (K;) of 51.1 M. Moreover, in ATP-depleted BCEC,
[PHlmepyramine uptake was stimulated by preloading with H,-
antagonists and lipophilic basic drugs. These results indicated that
H,-antagonists are transported across the BBB via a carrier-
mediated transport system common to lipophilic basic drugs.
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INTRODUCTION

Classical H,-antagonists, which are used to treat allergic
disorders, affect the central nervous system, causing seda-
tion. We attempted to adopt zwitterionization to classical
H,-antagonists to obtain antiallergic drugs free from sedative
effects (1). We studied the transport mechanism of H,-
antagonists into the brain.

We found that mepyramine as a model H,-antagonist
was transported into the brain via a carrier-mediated trans-
port system in vivo and in vitro (2,3).

In this study, we examined whether some basic drugs
pass through the BBB via a carrier system common to that of
mepyramine, by using primary cultured bovine brain capil-
lary endothelial cells (BCEC).

MATERIALS AND METHODS

Chemicals
[*H]Mepyramine (28.0 Ci/mmol) was purchased from
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Amersham (Buckinghamshire, U.K.) and {!*C(U)Jsucrose
(5.0 mCi/mmol) from Dupont NEN (Boston, U.S.A.). All
isotopes were stored at —20°C until use. Ketotifen fumarate
was purchased from Orion Chemicals (Milan, Italy), Cypro-
heptadine hydrochloride from Co. Pharmaceutica (Milan, It-
aly). Azelastine hydrochloride, emedastine fumarate and ce-
tirizine hydrochloride were synthesized in our laboratory.
DL-Propranolol and all other chemicals were of reagent
grade and commercially available.

Isolation and Culture of BCEC

Bovine capillary endothelial cells (BCEC) were isolated
from bovine brain as described (3).

Cellular Uptake Experiments

The uptake of [*H] or ['*C] labeled compounds (1.0 uCi)
into cultured monolayers of BCEC was studied using the
described methods reported previously (3).

RESULTS

Effects of H,-Antagonists on the Uptake of [*H]mepyramine

The effects of H,-antagonists on the uptake of [*H}me-
pyramine are summarized in Table I. H,-Antagonists such as
azelastine, ketotifen, cyproheptadine, emedastine and ceti-
rizine at concentrations of 250 uM significantly diminished
the uptake of [PH]mepyramine. The inhibitory effect of cet-
irizine, which incorporates a zwitterionic carboxylic acid de-
rivative of hydroxyzine, was the lowest among the com-
pounds tested.

Effect of Ketotifen on the Uptake Rate of [*H]mepyramine

Fig. 1 shows Lineweaver-Burk plots for the initial up-
take rate of [*H]mepyramine showing inhibition by ketotifen
at a concentration of 50 M. The results demonstrated that
ketotifen competitively inhibited the initial uptake rate of
[*H]mepyramine. The inhibition constant of ketotifen, K;,
was estimated to be 46.8 pM, from the apparent K, value of
110 pM, for the uptake of [’ H]mepyramine in the presence of
50 uM of ketotifen.

Counter Transport on the Initial Uptake of [*H]mepyramine
by H,-Antagonists

The counter transport effects on the initial uptake of
[*Hlmepyramine by H,-antagonists in the ATP-depleted con-
dition with 25 uM of rotenone are summarized in Table II.
The uptake rate of [*H]mepyramine was significantly stimu-
lated by preloading with 250 wM of H,-antagonists such as
cyproheptadine, ketotifen and azelastine for 20 min. In con-
trast, the uptake of ["*C]sucrose was not affected by pre-
loading with any of H,-antagonists examined.

Effects of Lipophilic Basic Drugs on the Uptake
of {*H])mepyramine

The inhibitory effects of lipophilic basic drugs on the
uptake of {*H]Jmepyramine are summarized in Table III. The
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Common Transport System of H,-Antagonists and Lipophilic Basic Drugs

Table I. Effects of H,-Antagonists on the Uptake of [*H]Me-
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Table II. Counter Transport Effects on the Uptake of [PH]Me-
pyramine by H;-Antagonists and Lipophilic Basic Drugs

pyramine
Inhibitor Relative Uptake®
%
Control 100.0 + 5.8°
Azelastine 8.6 = 1.4*
Ketotifen 15.1 = 1.4*
Cyproheptadine 15.8 £ 2.7*
Emedastine 28.5 = 1.8*
Cetirizine 75.1 £ 2.9**

2 Each value represents the mean * S.E. of three experiments. The
uptake of [*Hlmepyramine was measured at 37°C for 10 sec by
incubating BCEC in 10 mM HEPES/NaOH buffer (pH 7.4) con-
taining 0.25 mM of inhibitor. The concentration of [*H]me-
pyramine was 0.14 pM.

% The uptake of [’Hjmepyramine was determined to be 11.2 * 0.65
pmol/mg protein.

* Significantly different from the control value by Student’s 7 test
(p < 0.001).
** Significantly different from the control value by Student’s 7 test
(p < 0.05).

initial uptake of [*H]mepyramine was decreased significantly
by 1 mM of imipramine, propranolol and lidocaine. More-
over, the effects of preloading with 250 wM of propranolol
and imipramine on the uptake of [*H]mepyramine were also
examined. As shown in Table II, the counter transport ef-
fects of propranolol and imipramine were also observed in
ATP-depleted BCEC.

Effect of Propranolol on the Uptake Rate of [*Hlmepyramine

Fig. 2 shows the Lineweaver-Burk plots for the initial
uptake rate of [*Hlmepyramine showing inhibition by pro-
pranolol at a concentration of 50 uM. The result demon-
strates that propranolol competitively inhibited the initial up-
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Fig. 1. Lineweaver-Burk plot of [*H]mepyramine uptake rate by
cultured monolayers of BCEC in the absence (open circles) and
presence (filled squares) of 50 pM ketotifen. The initial uptake rate
of [*Hlmepyramine was measured at 37°C for 10 sec by incubating
BCEC in 10 mM HEPES/NaOH buffer (pH 7.4). Ketotifen was si-
multaneously added at the initiation of [*H]mepyramine uptake.
Each point represents the mean = S.E. of three experiments. When
the S.E. was small, it was inctuded in the symbol. The inhibition
constant, K; of ketotifen was calculated to be 46.8 uM.

Cell/Medium Ratio*?

Compounds [*H]Mepyramine [**ClSucrose
Control 56.5 = 2.7 2.6 0.1
Mepyramine 91.7 = 2.8* 2.9 = 0.09
Cyproheptadine 85.4 = 2.1* 2.8 +0.2
Ketotifen 82.3 = 1.9* 2.9 + 0.1
Azelastine 82.0 = 1.9* 2.9 =+ 0.06
Propranolol 71.4 £2.7* 29 x0.1
Imipramine 70.0 = 2.0* 2.8 0.2

“ Each value represents the mean + S.E. of four experiments.
BCEC were preincubated for 20 min in the presence of each com-
pound (250 uM) with rotenone (25 uM), and the control was in the
absence of each compound. The uptake of [*H]mepyramine and
["*Clsucrose were measured at 37°C for 10 sec by incubating
BCEC in 10 mM HEPES/NaOH buffer (pH 7.4).

% Values are expressed as pl/mg protein.

* Significantly different from the control value by Student’s ¢ test (p
< 0.001).

take rate of [*Hlmepyramine. The inhibitory constant, K;,
was estimated to be 51 pM, from the apparent K, value of
104.3 uM, for the uptake of [’H}mepyramine in the presence
of 50 uM of propranolol.

DISCUSSION

We previously found that mepyramine as a model of
H,-antagonists was transported into the brain via a carrier-
mediated transport system. Since the classical H,-
antagonists are structurally similar, they may be transported
into the brain via the same system as that suggested for
mepyramine. If the characteristics of the system and the
means of controlling the affinity to the carrier could be clar-
ified, it would be possible to develop non-sedative H,-
antagonists derived from the classical structures.

To clarify the transport mechanism of H,-antagonists,
the inhibitory effects of several H,-antagonists on [*H]me-
pyramine uptake were examined using BCEC. As shown in
Table I, H,-antagonists significantly inhibited the uptake of
[*H]mepyramine, and ketotifen (K; = 46.8 pnM) was a com-
petitive inhibitor. Moreover, the uptake of [*’H]mepyramine
was significantly stimulated by preloading with H,-
antagonists (Table II). These results support the view that
H,-antagonists are transported into the BCEC by a common
carrier system.

Table I shows that the inhibitory effect of cetirizine was
much lower than that of other H,-antagonists. This indicated
that the affinity of cetirizine, which has a carboxylated side
chain, for the transport system was lower than that of other
H,-antagonists. The transport mechanism of choline at the
BBB has been elucidated (4). Choline is transported via car-
rier-mediated transport system of endogenous cationic sub-
strates at the BBB. However, the carboxylated metabolite of
choline, betaine does not inhibit the transport of choline. In
a similar manner, cetirizine had low affinity for the transport
system of H,-antagonists. It is suggested that the control of
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Table III. The Effects of Lipophilic Basic Drugs on the Uptake of

[*H]Mepyramine
Inhibitors Relative Uptake”®
%
Control 100.0 + 2.4°
Imipramine 7.7 = 0.5*
Propranolol 8.3 £ 0.8*
Lidocaine 25.9 = 2.1*

% Each value represents the mean = S.E. of four experiments. The
uptake of [*H]mepyramine was measured at 37°C for 10 sec by
incubating BCEC in 10 mM HEPES/NaOH buffer (pH 7.4) con-
taining 1 mM of inhibitor. The concentration of [*H]mepyramine
used for the uptake was 0.14 uM.

®The uptake of [*H]mepyramine was determined to be 10.8 = 0.26
pmol/mg protein.

* Significantly different from the control value by Student’s ¢ test (p
< 0.001).

carrier affinity is the key factor in the regulation of BBB
permeability for H,-antagonists.

Classical H,-antagonists are cationic drugs with high li-
pophilicity, and are widely distributed in the brain. In this
respect, H,-antagonists resemble propranolol, which was re-
ported to be transported by a specific carrier system at the
BBB in vivo (5) and in vitro (6). In a previous study using
isolated brain microvessels, the K, of propranolol was deter-
mined to be 42.5 pM (6), which is close to the K, (49.8 uM)
of the high affinity [*H]lmepyramine uptake. Furthermore,
the lack of effect by metabolic inhibitors suggests the energy
independence of [*H]mepyramine uptake. Similar energy in-
dependence has been observed in the uptake of propranolol
in isolated brain microvessels. Therefore, it is possible that
[*H]lmepyramine is transported via the same route as pro-
pranolol. As shown in table 111, lipophilic basic drugs such as
imipramine, propranolol and lidocaine significantly dimin-
ished the uptake of [*H]mepyramine. The competitive inhi-
bition of propranolol of [*H]mepyramine uptake suggests the
existence of a common transport system (Fig. 2), and the K,
of propranolol against [*H]mepyramine uptake was 51.1 uM,
which was very similar to the reported K, of propranolol.
Moreover, significant stimulation was evident after preload-
ing with propranolol and imipramine. These results support
the notion that H,-antagonists and these lipophilic basic
drugs are transported into the BCEC by common carrier
systems.

In conclusion, the results obtained here indicated that
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Fig. 2. Lineweaver-Burk plot of [*H]mepyramine uptake rate by
cultured monolayers of BCEC in the absence (open circles) and
presence (filled triangles) of S0 uM propranolol. The initial uptake
rate of [*H]mepyramine was measured at 37°C for 10 sec. Propran-
olol was simultaneously added at the initiation of {*H]mepyramine
uptake. Each point represents the mean * S.E. of three experi-
ments. When the S.E. was small, it was included in the symbol. The
inhibition constant, K; of propranolol was calculated to be 51.1 uM.

the BBB transport system of H;-antagonists is common to
that responsible for the transport of lipophilic basic drugs
such as propranolol, imipramine and lidocaine.
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