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Purpose. To characterize the in vivo specific binding and pharmacoki-
netics of a 1,4-dihydropyridine (DHP) calcium channel antagonist, PN
200-110, in the senescent brain, using senescence-accelerated prone
mice (SAMP8) and senescence-resistant mice (SAMR1).

Methods. Blood, brain, and heart sampleswere taken periodically from
SAMR1 and SAMPS following intravenous injection of (+)-[3H]PN
200-110, and the concentration of (+)-[3H]PN 200-110 in the plasma
and tissues was determined. In addition, the in vivo specific binding
of (+)-[®H]PN 200-110 in the brains of SAMR1 and SAMP8 was
measured periodically after intravenous injection of the radioligand.
Results. There was very little significant difference between SAMR1
and SAMP8 in terms of the half-life (1), total body clearance (CL ),
steady-state volume of distribution (Vds), and AUC for the plasma
concentration of (+)-[*H]PN 200-110 after intravenous injection of
the radioligand. The brain concentration (AUC,4,) for (+)-[°H]PN
200-110 and the brain/plasma AUC ratio (AUCpn/AUCama) Were
significantly lower in SAMP8 than in SAMR1, and the heart concentra-
tion (AUCer) and the heart/plasma AUC ratio (AUCheai/ AUC asma)
were similar in both strains. Also, the brain/plasma unbound AUC
ratio (AUCuan/AUCyasmatres) fOr (+)-[*H]PN 200-110 was signifi-
cantly lower in SAMP8 than in SAMRL. The in vivo specific binding
(AUCqeciic bindingg Maximal number of binding sites: Bya) of (+)-
[®H]PN 200-110 was significantly lower in brain particulate fractions
of SAMP8 than SAMRL.

Conclusions. The concentration and in vivo specific binding of (+)-
[®H]PN 200-110 was significantly reduced in the senescent brain. The
simultaneous analysis of the concentrations of centrally acting drugs
andtheinvivo specific bindinginthebrainin relation to their pharmaco-
kinetics may be valuable in evaluating their CNS effects.

KEY WORDS: 1,4-dihydropyridine calcium channel antagonist; (+)-
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tration; pharmacokinetics; in vivo receptor binding.

1 Department of Biopharmacy, School of Pharmaceutical Sciences,
University of Shizuoka, 52-1 Yada, Shizuoka 422-8526, Japan.

2 Present address: Department of Hospital Pharmacy, Hamamatsu Uni-
versity School of Medicine, 3600 Handa-cho, Hamamatsu 431-
3192, Japan.

8 Clinical Pharmacology Research Lab, Yamanouchi Pharmaceutical
Co., Ltd., Tokyo 174-8511, Japan.

4To whom correspondence should be addressed. (email: yamada@-
ys7.u-shizuoka-ken.ac.jp)

0724-8741/00/0700-0844$18.00/0 © 2000 Plenum Publishing Corporation

Research Paper

INTRODUCTION

The senescence-accel erated mouse (SAM) was devel oped
by Takedaet al. (1) asamurine model of spontaneously acceler-
ated aging. It consists of senescence-accelerated prone (SAMP)
and senescence-resistant (SAMR) mice, and the latter exhibits
normal aging characteristics. The P8 strain (SAMP8) was dem-
onstrated to exhibit an age-related deterioration of learning and
memory at an early age compared with acontrol strain, SAMR1
(2,3), which suggests that SAMP8 is useful as an experimental
model for research on brain dysfunction during aging. Previous
studies have also shown pathological and neurochemical alter-
ations in the SAMP8 brain (4) and changes in receptors as
well asin the concentration of various neurotransmitters (5,6).
Recently, we have used in vitro radioligand binding studies to
show that there was a significant reduction in the maximal
number of binding sites (B, for (+)-[*H]PN 200-110 in the
brains of SAMP8 compared with SAMR1, and that chronic
oral administration of nimodipine and nicardipine in SAMP8
increased significantly the By, of (+)-[*H]PN 200-110 binding
in the cerebral cortex and hippocampus, with a significant
improvement inlearning deficit asassessed in the passive avoid-
ance test (7). These observations are of interest in connection
with the clinical effectiveness of nimodipine in treating senile
dementia and age-related degenerative diseases (8).

Aging causes many physiological changes including
reductions in hepatic blood flow, hepatic microsomal enzyme
activity, glomerular filtration rate and lean body mass (9). These
changesinthe elderly lead to alterationsin the pharmacokinetics
(e.g., clearance and distribution) of calcium channel antagonists.
In the case of isradipine, it has been reported that the plasma
concentrations of this drug are higher in elderly people than in
younger adults (10), and its volume of distribution in rats falls
with age (11). However, in the SAMP8 strain, which exhibits
spontaneously accelerated aging, the physiological changes
governing the pharmacokinetics of such drugs were far from
clear. In order to characterize the pharmacokinetics of a 1,4-
dihydropyridine (DHP) calcium channel antagonist in SAMP8
as compared with SAMR1, we have measured the concentra-
tions of (+)-[*H]PN 200-110 in the plasma, brain and heart
after intravenous injection, and subsequently, investigated the
in vivo specific binding of (+)-[3H]PN 200-110 in the brain of
SAMPS8 animals under more physiological conditions than is
possible with in vitro specific binding. Our data demonstrated
that the area under the curve for the brain concentration of (+)-
[®H]PN 200-110 in SAMP8 was smaller than that in SAMR1,
while other pharmacokinetic parameters showed no difference
between the two groups of animals. In addition, there was a
significant reduction in the in vivo By of (+)-[3H]PN 200-
110 in the brains of SAMP8.

MATERIALS AND METHODS

Animals

This work was done in accordance with the Principles
of Laboratory Animal Care (NIH publication #85-23, revised
1985). SAMP8 and SAMR1 wereoriginally provided by Profes-
sor T. Takeda of the Department of Pathology, Chest Disease
Research Ingtitute, Kyoto University, and they were maintained
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by brother-sister breeding in the Yamanouchi Pharmaceutical
Research Laboratory at Tsukuba. Male SAMP8 and SAMR1,
at 17 to 18 months of age, were used. Mice were housed under
a 12-hr light-dark cycle and fed laboratory chow and water
ad libitum.

Phar macokinetic Studies

SAMP8 and SAMRL received a single injection of 1.4
nmol/kg (120 kBq in 0.15 ml of saline) of (+)-[*H]PN 200-
110 in the tail vein. At 3, 5, 10 or 30 min after intravenous
injection of (+)-[®*H]PN 200-110, blood was taken from the
descending aorta under light anesthesia with diethylether and
the brains (minus cerebellum and pons/medulla oblongata) and
heartswereimmediately removed and placed onice. Thetissues
were homogenized inice-cold 50 mM Tris-HCI buffer (pH 7.5)
in final tissue concentrations of 20 mg/ml (brain) and 10 mg/
ml (heart) using a Kinematica Polytron homogenizer. After the
addition of scintillation fluids (AQUASOL I, DuPont-NEN
Co. Ltd., Boston, MA), the radioactivity in plasma and aliquots
of tissue homogenates was measured in a liquid scintillation
counter. The remainder of the plasma, brain and heart of these
mice were stored at —20°C to measure the concentration of
unchanged (+)-[3H]PN 200-110.

Determination of unchanged forms of (+)-[*H]PN 200-
110 was performed by a dlight modification of the technique
used to measure nilvadipine described previously by Tokuma
et al. (12). Briefly, the brain and heart were homogenized in
1 ml of distilled water using a Polytron homogenizer. The
plasma (0.05 ml) and aliquots (0.25 ml) of homogenates of the
brain and heart were mixed with 0.1 volume ethanol, 1 volume
0.1 M borate buffer (pH 9.0) and 4 volumes benzene/hexane
(2:1 v/v) mixture. The mixture was shaken for 5 min and
centrifuged at about 10,000 X g for 10 min. The radioactivity
in the organi ¢ phase was measured. In apreliminary experiment,
the organic phase was spotted on TLC plates and devel oped
with some mobile phases. There was only a peak of the same
Rf value as the authentic sample, with alittle peak of the major
metabolites. The concentration of (+)-[3H]PN 200-110 in the
plasma, brain and heart represented that of unchanged drug.
The data were expressed as Bg/ml/dose(MBg/kg) for plasma
and Bqg/g tissue (wet weight)/dose(MBg/kg) for brain and heart.

In vivo Specific Binding of(+)-[3(H]PN 200-110

Invivo measurement of specific (+)-[3H]PN 200-110 bind-
ing in the mouse brain was performed by essentially the similar
procedure as used in rat tissues (13,14). In the time course
experiment, at 3, 5, 10 or 30 min after intravenous injection
of (+)-[3H]PN 200-110 (1.4 nmol/kg, 120 kBq) into the tail
vein of SAMP8 and SAMRL as described above, mice were
sacrificed and the brains were dissected. In these experiments,
at 30 min before intravenous injection of (+)-[3H]PN 200-110,
animals received vehicle and a “saturating dose” (40 mg/kg,
i.p.) of nifedipine to determine total and nonspecific binding,
respectively. Weighed samples of brain were homogenized in
ice-cold 50 mM TrisHCI buffer to give afinal tissue concentra-
tion of 20 mg/ml with a Kinematica Polytron homogenizer.
The particulate-bound radioactivity was determined by rapid
filtration of 1 ml of homogenate over Whatman GF/C filters
which were then washed with 3 ml ice-cold buffer. The radioac-
tivity in the filters was extracted by alowing them to stand at
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room temperature for 6 hr in scintillation fluid. The samples
were counted by conventional scintillation spectrometry. The
difference in the particulate-bound radioactivity in the brain
homogenates between vehicle (total)- and nifedipine (nonspe-
cific)-pretreated mice was defined as the in vivo specific (+)-
[®H]PN 200-110 binding. In a preliminary experiment, it was
shown that there was no significant difference in the amount
of in vivo specific (+)-[3H]PN 200-110 binding following one
and two washes with 3 ml ice-cold buffer of Whatman GF/C
filtersafter filtration of brain homogenates. Thus, we considered
that nonspecifically bound radioactivity could be removed by
asinglewash with 3 ml buffer under the present assay condition.
The data were expressed as Bg/g tissue (wet weight)/
dose(MBg/kg).

To construct saturation curves of (+)-[*H]PN 200-110
binding to estimate the apparent dissociation constant (K4) and
maximal number of binding sites (Bna) in mouse brain, (+)-
[®H]PN 200-110 (120 kBq) and unlabeled (+)-PN 200-110
were combined in various ratios at total concentrations ranging
from 27.2-330 nmol/kg in a volume of 0.15 ml and injected
intravenoudly into the femoral vein to determine total binding.
Nonspecific binding was determined as described above. A
linear regression analysis of nonspecific binding at each dose
was carried out. The resulting correlation coefficients ranged
from 0.98 to 0.99. Specific binding was determined by sub-
tracting the best-fit nonspecific vlaues from individua total
binding values. Specific binding curves were fitted using the
nonlinear regression analysis program MULTI (15) to the model
(16) as follows: Bound = B * Cpiasmaitred (Ka T Cplasmartree)-
Values of B, and Ky were expressed as pmol/g tissue and
plasma-free concentration (Cpasmafreer NM), respectively.

Plasma Protein Binding

In vitro plasma protein binding of (+)-[3H]PN 200-110
was determined by the equilibrium dialysis using a cellulose
membrane (Sanplatec, Osaka, Japan). Briefly, mouse plasma
containing (+)-[3H]PN 200-110 was dialyzed with isotonic
phosphate buffer (pH 7.4) at 37°C for 3 h. The radioactivity
of (+)-[*H]PN 200-110 in the dialysate fluid and plasma was
measured as unbound (Cynpoung) and total (Cip) (+)-[3H]PN
200-110, respectively. The unbound fraction was calculated as
Cunbound/Crotal- Cpiasmatree WS estimated as the product of the
unbound fraction. The initial drug concentrations were 22.9,
45.8,74.1, and 148 nM. Equilibrium was achieved by incubation
for 3 h at 37°C. No signficant binding of (+)-[3H]PN 200-110
to the dialysis membrane was observed.

Cerebral Blood Flow Rate

The measurement of the cerebral blood flow in mice with
[*4C]iodoantipyrine was performed using essentially the proce-
dure described by Jay et al. (17) and 60 kBq of [**C]iodoanti pyr-
ine was infused into the femoral vein of SAMP8 and SAMR1
for 60 s at a rate of 0.1 mli/min. During this infusion time,
blood samples were collected periodicaly (at 10-s intervals)
from the femora artery. Mice were sacrificed 60 sec after the
infusion started, and the brainswere dissected. The radioactivity
in the brain and blood was determined.
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Phar macokinetic Analysis

Pharmacokinetic parameters were estimated by non-com-
partmental analysis from drug concentration-time profiles in
plasma and tissues after intravenous injection of (+)-[*H]PN
200-110 (18). The half-life (ty,) during the log-linear terminal
phase was calculated from the elimination rate constant deter-
mined by linear regression analysis, and the area under the
concentration vstime curve (AUC) was calculated by the trape-
zoidal rulefor the observed values and subsequent extrapol ation
to infinity. The total body clearance (CL,y) was caculated as
dose/AUC, and the steady-state volume of distribution (Vdss)
was determined by multiplying CL; by the mean residence
time. The concentration of (+)-[3H]PN 200-110 in brain (C,,)
was determined by subtracting the amount remaining in vascul ar
tissues from the total concentration (Cy) using the following
equation: Cp = Gt — Vp X Cp. Cp and V,, represent the
plasma concentration of (+)-[3H]PN 200-110 and the volume
of distribution of [*4C]sucrose, a vascular marker that cannot
penetrate the blood-brain barrier, respectively, at 5 min after
intravenousinjectioninmice. TheVwas cal culated by dividing
the concentration of [**C]sucrose in brain by that in plasma.
In a preliminary experiment, the uptake of (+)-[°*H]PN 200-
110 by blood cells was very small after intravenous injection.
The partition coefficient of (+)-[3H]PN 200-110 between tissue
and plasma was calculated from the ratio of AUC in tissue
(AUCan 0r AUChear) and AUC in plasma (AUCasma) (19,20).
The area under the in vivo specific binding of (+)-[3H]PN 200-
110 vs time curve (AU Cgeiric binding) 1N brain was calculated as
described above. All dataare presented asmean = S.D. Statisti-
cal analysis of all data was performed by Student’s two-tailed
t test. The level of statistical significance was accepted at
P < 0.05.

Drugs

(+)-[®H]PN 200-110 (3082 GBg/mmal), [**C]iodoanti pyr-
ine (2.0 GBg/mmol) and [**C]sucrose (17.6 GBg/mmol) were
purchased from DuPont-NEN Co. Ltd. (Wilmington, DE). (+)-
PN 200-110 was kindly donated by Sandoz Pharmaceuticals
(Basle, Switzerland). All other chemicals were obtained from
commercial sources.

RESULTS

Pharmacokinetics in Plasma, Brain, and Heart

Figure 1 shows the time course of the (+)-[°*H]PN 200-
110 concentration in plasma, brain and heart of mice at 3, 5,
10 and 30 min after intravenous injection of the radioligand in
SAMRL1 and SAMPS. The volumes of distribution of [*C]su-
crose, used to estimate the concentration of (+)-[3H]PN 200-
110 in brain of SAMR1 and SAMP8 were 0.019 *= 0.002
(n = 4) and 0.019 = 0.004 (n = 3) ml plasma/g tissue, respec-
tively. The concentrations of (+)-[*H]PN 200-110 in plasma,
brain and heart attained maximum levels at 3 min, and, thereaf-
ter, the radioligand disappeared from plasma and both tissues
in parallel. The concentration of (+)-[3H]PN 200-110 in the
brain of SAMR1 exceeded the plasma concentration, whereas
that in SAMP8 was similar to the plasma level. The concentra-
tion of theradioligand in the heart of both SAMR1 and SAMP8
was much higher than the plasma level.

Uchida et al.
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Fig. 1. Time courses of the (+)-[*(H]PN 200-110 concentration in
plasma (@), brain (A), and heart (ll) of SAMR1 (A) and SAMPS (B)
after intravenous injection. (+)-[3H]PN 200-110 (1.4 nmol/kg) was
injected into the tail vein of mice, and at 3 to 30 min later, blood and
brain were removed. The concentration of (+)-[*H]PN 200-110 in
brain was calculated by correcting for the brain plasma volume (V)
which was determined by using [*“C]sucrose. The concentration was
expressed as Bg/ml/dose (plasma) or Bg/g tissue/dose (brain, heart).
Each point represents mean = S.D. of three to eight mice.

The pharmacokinetic parameters of (+)-[°*H]PN 200-110
in plasma, brain and heart of SAMR1 and SAM PS8 &fter intrave-
nous injection were calculated. As shown in Table |, ty5, CLyq,
Vdg and AUC for the plasma concentration (AUCgasma) Of (+)-
[®H]PN 200-110 were similar in SAMR1 and SAMPS. Also,
there was little significant difference between these animals as
far as the ty, for the concentration of (+)-[*H]PN 200-110 in
brain and heart was concerned. The AUC,4, for (+)-[3H]PN
200-110, however, was significantly (34%) lower in SAMP8
than in SAMRL (Table Il). Similarly, there was a significant
difference in AUC 4/ AUC, asma for (+)-[3H]PN 200-110 as
shown by 0.88 = 0.09 (SAMP8) and 1.50 *+ 0.25 (SAMR1) ml/
g tissue, respectively. On the other hand, AUC;cat and AUC cart/
AUCama for (+)-[*H]PN 200-110 in SAMP8 were similar to
those in SAMRL.

The plasma protein binding for (+)-[3H]PN 200-110 in
SAMRL1 and SAMP8 was measured. The unbound (free) frac-
tions of (+)-[3H]PN 200-110 in SAMR1 and SAMP8 were
10.1 = 2.0 and 10.0 = 2.5%, respectively. There was little
significant difference in the unbound fraction among the initial
drug concentrations (22.9—148 nM) in both animals. As shown
in Table 1, the AUCiysn/ AUCpjasmaree fOr (+)-[*H]PN 200-110
in SAMP8 was significantly (41%) lower than that in SAMR1,
while the AUCheat/ AUCjasmatree fOr (+)-[3H]PN 200-110 in
these mice was identical.

Table|. Pharmacokinetic Parameters Calculated from Concentrations
of (+)-[*H]PN 200-110 in Plasma After Intravenous Injection in
SAMR1 and SAMPg?

Pharmacokinetic

Parameters SAMR1 SAMP8
tyo (Min) 9.49 = 491 10.7 = 2.6
CL o (ml/min/kg) 134 = 19 119+ 8
Vdg (Ml/kg) 1810 + 610 1680 + 260
AUC (min - Bg/ml/dose) 7490 + 1060 8410 + 570

a Mean + S.D. of 13 to 19 mice.
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Tablell. Pharmacokinetic Parameters and In Vivo Specific Binding
of (+)-[3*H]PN 200-110 in Brain and Heart After Intravenous I njection
in SAMRL1 and SAMPg8?

Pharmacokinetic parameters and

in vivo specific binding SAMR1 SAMP8
Pharmacokinetic parameters:
(Brain)
ty, (Min) 018 + 321 104 + 25
AUCbrain
(min - Bo/g tissue/dose) 11200 + 1100 7420 + 580%*
AUCbrain/AUCpIasma
(ml/g tissue) 150 = 025  0.88 + 0.09*
AUCbrain/AUCplasmafree
(ml/g tissue) 149 = 25 8.80 + 0.91*
(Heart)
ty, (Min) 111 + 3.1 131 + 45
AUCeat
(min - Bo/g tissue/dose) 16200 + 1100 17900 = 2000
AUCe/ AUCcema
(ml/g tissue) 217 + 034 213+ 028
AU Cheen/ AU CpI asma-free
(ml/g tissue) 215+ 34 213+ 28
In vivo specific binding
AUCspecific binding
(min - Bg/ml/dose) 3750 + 480 2670 + 330*
AUCspecific binding/AUCpIasna-free
(ml/g) 497 + 095 317 * 0.44*

a Mean = S.D. of 13 to 19 mice.
* Significantly different from the value of SAMRL1, P < 0.05.
** Gignificantly different from the value of SAMR1, P < 0.01.

M easurement of In Vivo Specific Binding in Brain

The in vivo specific binding of (+)-[3H]PN 200-110 in
the particulate fraction of brains of SAMR1 and SAMP8 was
measured at 3, 5, 10 and 30 min after intravenous injection of
the radioligand (Fig. 2). The specific binding of (+)-[3H]PN

1000 ¢
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Fig. 2. Time course of in vivo specific binding of (+)-[3H]PN 200-
110 in brain of SAMRL1 (O) and SAMPS (@) after intravenous injec-
tion. (+)-[®*H]PN 200-110 (1.4 nmol/kg) was injected into the tail vein
of mice and 3 to 30 min later the specific binding was measured in
particulate fractions of brain. Specific binding was expressed as Bg/g
tissue/dose. Each point represents mean == S.D. of three to eight mice.
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200-110 in the SAMP8 brain was significantly lower (40%,
P < 0.05) than that of SAMRL at 5 min after intravenous
injection. The AUCqiric binding O in Vivo specific binding was
significantly (29%) lower in the brain of SAMP8 than SAMR1
(Table ||) Also, the ratios of AUCspecific binding to AUCpIasma—free
in SAMP8 and SAMR1 were 3.17 = 0.44 and 4.97 = 0.95 ml/
g tissue, respectively, indicating asignificant (36%) reductionin
the senescent brain. As shown in Fig. 3, the concentrations of
(+)-[®H]PN 200-110 in the brains of SAMP8 and SAMR1
increased linearly with the increase in plasma free concentra
tions (1.42—-21.6 nM) following the intravenous injection of
various doses (27.2—-330 nmol/kg) of the radioligand. Thus,
the ratio of the concentration in the brain to the plasma free
concentration at 5 min after intravenousinjection of (+)-[*H]PN
200-110 at doses of 27.2 to 330 nmol/kg was consistent both
SAMR1 and SAMP8 (12.0 = 1.3 and 8.19 = 0.79 ml/g tissue,
respectively, mean = S.D., n = 12). In contrast, the in vivo
specific binding of (+)-[*H]PN 200-110 in brain of SAMP8
and SAMRL1 appeared to be saturable with an increase in the
plasma free concentration (1.42—21.6 nM), as shown in Fig. 4.

The in vivo maxima number of binding sites (B.) for
(+)-[®H]PN 200-110 in brain of SAMP8 was significantly
(47%) lower than that in SAMRL. On the other hand, there was
little significant difference in the in vivo apparent dissociation
constant (Kg) for (+)-[*H]PN 200-110 between both strains
(Table I1).

There was no significant difference in AUC; i/ AUC asma
for (+)-[3H]PN 200-110 between vehicle (total)- and nifedipine
(nonspecific)-pretreated mice (both SAMR1 and SAMP8), sug-
gesting no significant effect of nifedipine pretreatment on the
in vivo specific (+)-[3H]PN 200-110 binding in the brains of
SAMR1 and SAMPS.

250
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50
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u S i 1 1 J

0 5 10 15 20 25
Plasma unbound concentration (nM)

Fig. 3. Relationship between the plasma unbound concentration and
brain concentration of SAMRL1 (O) and SAMPS (@) after intravenous
injection of (+)-[3H]PN 200-110. (+)-[3H]PN 200-110 (27.2-330
nmol/kg) was injected into the tail vein of mice and 5 min later the
concentration of (+)-[3H]PN 200-110 in the plasma and brain was
measured. Each point represents the value from individual mice given
(+)-[3H]PN 200-110 intravenously. The points fit to alinear equation,
SAMRL: y = 16.0 x + 1.20, correlation coefficient r = 0.988 (P <
0.01), SAMP8: y = 10.8 x + 2.96, r = 0.981 (P < 0.01), wherey is
the concentration in brain and x is the plasma unbound concentration.
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Fig. 4. In vivo specific binding of (+)-[®*H]PN 200-110 in brain of
SAMR1 (O) and SAMPS (@) as a function of the increased plasma
unbound concentration. (+)-[3H]PN 200-110 (27.2—330 nmol/kg) was
injected into the tail vein of mice and 5 min later the specific binding
in particulate fractions of brain was measured. Each point representsthe
value from individual mice given (+)-[3H]PN 200-110 intravenously.
Solid lines were drawn by computer-generated nonlinear least-squares
regression analysis.

Cerebral Blood Flow

The cerebral blood flow in SAMR1 and SAMP8 was
measured by using [**C]iodoantipyrine. There was little signifi-
cant difference in cerebral blood flow (0.92 + 0.01 vs 0.92 =+
0.11 ml/g brain/min, n = 4) between these strains.

DISCUSSION

The pharmacokinetics of (+)-[3H]PN 200-110 in plasma,
brain and heart of SAMR1 and SAMP8 was examined. The
concentration of (+)-[3H]PN 200-110 in the plasma, brain and
heart of SAMR1 and SAMPS8 following intravenous injection
attained a maximum level at 3 min, and, thereafter, thisradioli-
gand disappeared from plasma and tissues in paralel. These
data indicated that the distribution of (+)-[°*H]PN 200-110 to
brain and heart was rapid and complete at 3 min after intrave-
nousinjection in these mice. Therewaslittle difference between
SAMRL1 and SAMPS in terms of the pharmacokinetic parame-
ters (tys Cliot, Vds and AUC) derived from the plasma concen-
trations of (+)-[3H]PN 200-110.

It is well known that high lipophilicity is a prerequisite
for effective transfer across the blood-brain barrier. Nimodipine
isahighly lipophilic 1,4-DHP calcium channel antagonist, and

Tablelll. In Vivo Apparent Dissociation Constant (Ky) and Maximal
Number of Binding Sites (Bs) for (+)-[3H]PN 200-110 in Brains of
SAMRL1 and SAMP8?

SAMR1 SAMP8
Kg (nM) 558 = 1.90 6.48 + 3.80
Bmax(pmol/g brain) 283 = 4.7 149 + 4.2*

@ Means = S.D. of 12 mice.
* Significantly different from the value of SAMR1, P < 0.05.
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has been shown to enter the brain freely (21). We have pre-
viously shown that (+)-[3H]PN 200-110 aswell as [*H]nimodi-
pine is extensively taken up into brain from plasma after
intravenous injection in mice (22). In the present study, the
brain concentration (AUCy4n) Of (+)-[3H]PN 200-110 after
intravenous injection was significantly (34%) lower in SAMP8
than SAMR1. The ratio of AUC;, OF AUCheat 10 AUCia5ma
tree OF (+)-[®H]PN 200-110 is considered to reflect the volume
of distribution in the tissue. Although the ratio of AUC; e tO
AUC ) ssmafree Was identical between SAMR1 and SAMPS, the
ratio of AUChzin t0 AUCjagmadree fOr (+)-[*H]PN 200-110 was
significantly (41%) lower in SAMP8 than SAMRL1. Also, the
ratio of AUCn 10 AUC e for (+)-[3H]PN 200-110 was lower
in SAMP8 (0.41) than SAMR1 (0.69) (Table Il). There was
little significant difference in cerebral blood flow between
SAMR1 and SAMPS. These dataindicate that (+)-[*H]PN 200-
110 istaken up into the brain from the plasmato alesser degree
in SAMP8 than SAMR1, and that the concentration of the
radioligand in the brain of SAMP8 is low, compared with
SAMRLI. Thus, it appears that the transport of (+)-[3H]PN 200-
110 through the microvascular walls in brain, which makes up
the blood-brain barrier, is significantly restricted in SAMPS.
This limitation might be partly due to the difference in the
blood-brain barrier function between SAMP8 and SAMR1,
as previously revedled in the brain transfer of blood-borne
macromoleculesin both strains (23). Currently, thereisincreas-
ing evidence of the importance of efflux transport across the
blood-brain barrier for drugs including 1,4-DHP calcium chan-
nel antagonists (24,25), since P-glycoprotein localizing at the
luminal side of the brain capillaries has been shown to function
as a drug efflux pump at the blood-brain barrier (26). It has
been reported that the function of P-glycoprotein expressed in
mouse lymphocytes is enhanced with aging (27). Accordingly,
we cannot rule out the possibility that (+)-[3H]PN 200-110 is
pumped out of the SAMP8 brain to a significant degree via
this functional protein in the blood-brain barrier.

In vivo occupation of 1,4-DHP calcium channel antagonist
receptors in the brain of rats following intravenous injection
of (+)-[3H]PN 200-110 was previoudy reported (13,14). Our
previous studies have shown that specific binding of (+)-
[3H]PN 200-110in particulatefractionsof rat brain after intrave-
nous injection reflects predominantly in vivo binding to 1,4-
DHP calcium channel antagonist receptors, because it was
markedly inhibited by several 1,4-DHP agents (13,14). Simi-
larly, a significant amount of in vivo specific binding was
observed in particulate fractions of mouse brain following intra-
venous injection of (+)-[3H]PN 200-110, [3H]nifedipine and
[®H]nimodipine (22). In the present study, specific binding of
(+)-[®H]PN 200-110 was observed following intravenousinjec-
tion of the radioligand both in SAMR1 and SAMP8, and it
reached a maximum at 3 min after injection, then decreased
with time. The time course of in vivo specific binding of (+)-
[®H]PN 200-110 followed that of the concentration in plasma
and brain as described above. The in vivo specific binding of
(+)-[®H]PN 200-110 in the brains of SAMR1 and SAMPS
appeared to be saturable with an increase in plasmafree concen-
tration following different doses of theradioligand. Itisunlikely
that the saturability of in vivo (+)-[3H]PN 200-110 binding is
a result of the saturation of brain uptake of (+)-[3H]PN 200-
110, because the concentrations of (+)-[*H]PN 200-110 in the
brains of both SAMP8 and SAMRL increased linearly with the
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increase in plasma free concentrations (Fig. 3). The estimated
Bumax for (+)-[®H]PN 200-110 binding was significantly (47%)
lower in brain particulate fractions of SAMP8 than in SAMR1.
We have previously found, in an in vitro (+)-[3H]PN 200-110
binding assay, that there is a consistently lowered density of
1,4-DHP calcium channel antagonist receptors in the cerebral
cortex, hippocampus and corpus striatum of SAMP8 (7). Thus,
the in vitro observation has been confirmed under physiological
condition. Itisconceivablethat thereductionin brain concentra-
tion (AUCy4n) Of (+)-[*H]PN 200-110 after the intravenous
injection in SAMP8, compared with SAMRL, is partly due to
a reduced density of 1,4-DHP calcium channel antagonist
receptors.

Although the mechanism responsible for the lowered den-
sity of 1,4-DHP calcium channel antagonist receptorsin SAM P8
brainisat present uncertain, itiswell known that neurotransmit-
ter receptors can undergo compensatory regulation by modifica-
tion of neuronal activity (28). Yamada et al. (7) have reported
that the calcium content in the brain is markedly elevated in
SAMP8 compared with SAMRL. Furthermore, age-related
increases in brain calcium content have previously been shown
(29). These results may indicate that the voltage-dependent
calcium channel activity in brain is enhanced during the aging
process. Thus, we postulate that an increase in the calcium
channel activity in SAMP8 brain could lead to a compensatory
down-regulation of 1,4-DHP calcium channel antagonist recep-
tors. Down-regulation in response to the increased activity is
a feature of calcium and potassium ion channels as well as
neurotransmitter receptors (28). In SAMPS, therefore, areduced
1,4-DHP calcium channel antagonist receptor density may lead
to a change in brain calcium homeostasis and, subsequently,
to brain dysfunction. This finding may have important clinical
relevance, because the densities of 1,4-DHP calcium channel
antagonist receptors have been found to be reduced in the
cerebral cortex of patients with Alzheimer disease (30).

In conclusion, the present study has shown that the concen-
tration and in vivo receptor binding of (+)-[*H]PN 200-110 are
significantly reduced in the brain of SAMP8 animals when
compared with SAMR1. Our results show that the simultaneous
analysis of the concentration and in vivo specific binding in
the brain of centrally-acting drugs, in relation to their pharmaco-
kinetics, may be avaluable aid in evaluating their CNS effects.
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