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Abstract

The present studies examined the relationship between the blockade of central «,-adrenoceptors, as measured by ex vivo binding of
[3H]prazosin in the cerebral cortex and the inhibition of behavioral activation to a mildly novel environment (cage change). It was found
that intraventricular (i.v.t.) terazosin, a saline-soluble «;-adrenoceptor antagonist, dose dependently inhibited both ex vivo cortical
binding and behaviora activation and that there was a highly significant positive correlation between the two with a slope near unity.
Prazosin, a nonsaline soluble antagonist which had to be given intraperitoneally (i.p.), was much less potent at blocking both behavioral
activity and cortical ex vivo binding, although it blocked ex vivo binding in the lung, indicating that it was effective peripherally but did
not readily enter the brain. Despite this, however, the inhibition of cortical binding and behavioral activation that i.p. prazosin did produce
were highly correlated with each other and had a slope near unity as with terazosin, whereas the more potent inhibition of lung binding
was less well correlated with behavioral inhibition and had a slope significantly less than one. These results confirm our earlier studies,
which have shown that o ;-adrenoceptor activity is essential for gross and fine motor behavior in the mouse and that prazosin, which is

used extensively in behavioral research, has difficulty entering the mouse brain. © 2001 Published by Elsevier Science B.V.
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1. Introduction

It has been known for many years that central o ,-adren-
oceptors are a major complement of, or strongly potentiate
dopaminergic neurotransmission in the control of motor
activity (Anden et da., 1973; Anden and Strombom, 1974;
Segal and Geyer, 1976; Heal, 1984; Plaznik et al., 1984;
Pichler and Kobinger, 1985; Plaznik et al., 1985; Snoddy
and Tessel, 1985). Recent studies in our laboratory have
shown that the activity of these receptors is, in fact,
essential for both gross and fine movement in mice and
when pharmacologically blocked, results in profound im-
mobility and catalepsy without sedation (Stone et a., 1999,
2001). Our studies were accomplished using intraventicu-
larly administered terazosin and other water soluble o ,-
adrenoceptor antagonists, which unlike prazosin, can be
dissolved in saline and administered centrally over a wide
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range of doses. Prazosin, the prototypical o ,-adrenoceptor
antagonist, which has been used extensively in behavioral
research, isin itself incapable of producing catalepsy when
given peripheraly (although it can potentiate those pro-
duced by dopaminergic antagonists (Pichler and Kobinger,
1985)). This inability may be due to poor penetration of
the blood—brain barrier as noted with prazosin in previous
studies with mice (Lindroos et al., 1984) and dogs (Taylor
et al., 1977). On the other hand, other studies have claimed
that prazosin can block central «o,-adrenoceptors in these
species at low doses consistent with its high affinity
(Pichler and Kobinger, 1985; Mignot et al., 1989). The
present experiments were undertaken to resolve this ques-
tion with regard to prazosin in mice, as well as to shed
further light on the relation of brain «,-adrenoceptors to
active behavior. The procedure was to compare the degree
of blockade of brain o, receptors with the degree of
inhibition of behavioral activity. In vivo receptor blockade
in the cortex was estimated from the specific ex vivo
binding of [*H]prazosin, a method which has been vali-
dated in previous studies (Burki, 1986). Lung tissue was
used to compare central and peripheral receptor blockade.
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2. Materials and methods
2.1. Subjects

Male Swiss Webster mice, 7-9 weeks old (35-44 @)
were used. All animals were singly housed on receipt from
the vendor to minimize subordination stress, which may
desensitize o ,-adrenoceptors (Stone, 1987). The animals
were maintained on a 12 h light /dark cycle (at 0500 h) at
21.1 4+ 0.7°C with food and water freely available.

2.2. lintraventricular (i.v.t.) and intraperitoneal (i.p.) in-
jections

Animals to be used for i.v.t. injection were operated on
for implantation of a cannula in the right lateral ventricle
by the procedure of Dunn et al. (1987), 57 days before
the experiment. Terazosin was dissolved in 2 wl of saline
and infused in a log series of 10 doses from O to 31.6
nmol /mouse a one dose per animal. Details of the i.v.t.
injection procedure are described in Stone et al. (2001).
Other unoperated animals received i.p. injections of pra-
zosin or vehicle (distilled water) in alog series of seven or
eight doses from 0 to 32 mg /kg at one dose per animal, at
a volume of 10 ml /kg.

2.3. Behavioral assessment

Two minutes after infusion of terazosin or 1 h after
injection of prazosin, animals were placed in a clean
“novel” mouse cage (27 X 18 X 6 cm with 1/8 in Bed O
Cobs bedding) of the same type the animals were housed-in
(termed the “cage change” paradigm) and videotaped from
above for 15 min in the case of the i.v.t. injection or 30
min in the case of the i.p. injection. Behavioral activity
was scored manually by a trained observer as the number

of gross investigative movements directed at the environ-
ment (grooming movements were excluded). These in-
cluded: (1) locomotion responses to a wall, (2) locomotion
of greater than the length of the body while sniffing the
bedding, (3) stretch and attend responses and (4) rearing
responses (counted separately for each separate spot on the
wall or top of the cage that the animal investigated). This
scoring method was prompted by the observation that mice
exposed to a fresh cage exhibit a number of different types
of movements, which al appear to have in common the
purpose of investigation of the cage. Individual responses
were delimited by a pause, stop, or abrupt change of
direction or change of the response itself. All behaviora
scoring was made with the videotape playing at fast speed
(5 % actual speed), as the segmented sequence of individ-
ual acts is more apparent when viewed at this speed. A
second trained observer who was blind to the animals
treatments rescored a random sample of 25% of the tapes.
Agreement between the two observers was greater than
r=0.90 (df=38). The number of gross investigative
movements, as measured above, was highly correlated
with a more traditional activity scoring method (number of
cage quadrants entered, r = 0.93, df = 15, p < 0.001), but
was used because it is more sensitive and reflects better
the actual organization of the mouse behavior in the novel

cage.
2.4. Ex vivo binding

Mice were decapitated immediately after the videotap-
ing, and the cerebral cortices and lung frozen and stored at
—80°C. Lung tissue was minced before freezing. Ex vivo
[®H]prazosin binding was assayed according to Burki
(1986) as follows: tissues were homogenized by Polytron
in 50 mM Tris buffer, pH 7.4, for a final concentration of
10 mg wet weight /ml. The crude homogenate was iced for
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Fig. 1. Dose response curves for the effects of intraventricular terazosin on cortical ex vivo binding of [3H]prazosin a 0.5 nM and on gross investigative
movements in same groups of mice. Each point of each curve represents the mean of six mice normalized as a percentage of the mean of seven
vehicle-infused control animals that were run simultaneously. Curves were fit by nonlinear regression using a one-site model (see Results). The actua
values of the vehicle control were 2.88 + 0.14 pmoles/g wet weight for ex vivo binding and 170.0 + 8.4 movements/15 min (n=7) for gross

investigative movements.
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Fig. 2. Scatterplot of the correlation between gross movements and
percent of nonblocked cortical o,-adrenoceptors after i.v.t. terazosin.
Each point is the mean gross movements for one dose of the drug. The
correlation was significant (df =8, p < 0.001).

10-15 min and was then mixed with [*H]prazosin, specific
activity 80 Ci/mmol, fina concentration 0.5 nM or
[*H]rauwolscine, SA 71 Ci ,/mmol, fina concentration 0.75
nM, in the presence or absence of phentolamine, final
concentration 107° M for determination of nonspecific
binding. After incubation for 45 min at 27°C, the ho-
mogenates were filtered on GF/B filters using a Brandel
Cell Harvester and washed 3 X with 4 ml 50 mM Tris
buffer. The filters were mixed with Liquiscint and counted
after 24 h elution.
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2.5. Data analysis

The above designs yielded groups of six mice at each
dose of each antagonist, with seven control mice given the
respective vehicles. For each drug, all of the mean behav-
ioral and hinding scores at each dose were normalized as a
percentage of the mean of its vehicle control group.
Dose—response curves were generated by fitting the nor-
malized data to a one- or two-site competition model by
nonlinear regression software (Prism). The program com-
puted the 1D, (inhibitory dose 50%) value for each score.
Pseudo-Hill plots were generated using the expression,
logl B/(B — 100)] where B is the normalized mean bind-
ing or behavioral score at a given dose. Slopes of the
Pseudo-Hill plots were calculated by linear regression.
Product moment correlation coefficients were calculated
across the different doses between the behavioral and
binding scores with linear regression.

2.6. Chemicals
[7-methoxy->H]prazosin, SA 80 Ci /mmol and [methyl-
*Hlrauwolscine, SA 71 Ci/mmol (NEN); terazosin HCI

(RBI); prazosin HCI (gift of Pfizer); phentolamine (gift of
Ciba).

3. Results

3.1. l.v.t. terazosin

In agreement with our previous study, i.v.t. terazosin
produced a dose-dependent sigmoidal complete inhibition
of gross movements (Fig. 1). This was adequately fit to a
one-site competition curve (R? = 0.97) with no improve-
ment in fit by a two-site model. The D, (95% confidence
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Fig. 3. Dose response curves of effect of i.p. prazosin on ex vivo cortical binding and gross movements (see legend to Fig. 1). Each point represents the
mean of six mice. Actual values of vehicle controls were 3.19 + 0.31 pmoles,/g wet weight cortex for ex vivo binding and 372 + 27 movements,/30 min

for gross investigative movements (n = 6).
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Fig. 4. Scatterplot of the correlation between gross movements and
percent of nonblocked cortical «4-adrenoceptors after i.p. prazosin. Each
point is the mean movement for one dose of prazosin. The correlation
was significant (df =5, p < 0.005).
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interval) was 1.88 (1.44—2.47) nmol /mouse. A Pseudo-Hill
plot of the means revealed an n, not significantly differ-
ent from unity (1.20 + 0.13) (not shown).

In the same animals, terazosin produced a dose-depen-
dent reduction of ex vivo specific [*H]prazosin binding in
the cerebral cortex (Fig. 1). The data were adequately fit to
a one-site model (R? =0.92) with no improvement by a
two-site model. The Pseudo-Hill plot revealed an ny not
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significantly different from unity (1.00 + 0.10) (not
shown). The IDg, was 5.79 (4.04-8.30) nmol /mouse,
which was significantly greater than the above IDg, for
behavioral inhibition. There was a highly significant posi-
tive correlation of mean behavioral inhibition and mean
binding inhibition across the dosages (Fig. 2). For the
purpose of the correlation, the mean binding values were
subtracted from 100% and expressed as percent non-
blocked receptors. The slope of the regression line was not
significantly different from unity (1.17 4+ 0.13). Total inhi-
bition of behavioral activity occurred at significantly above
zero nonblocked «o,-adrenoceptors sites (25.0% (9.1-
35.4%)). The regression line did not deviate significantly
from linearity by the runs test. At the highest dose used
(31.6 nmol /mouse), terazosin did not affect ex vivo 0.75
nM [*HIrauwolscine bindi ng in the cortex (vehicle, 3.72 +
0.36; terazosin, 5.09 + 0.72 pmol /g wet weight, NS).

3.2. |.P. prazosin

Peripherally administered prazosin also led to a dose-
dependent inhibition of active behavior and ex vivo corti-
cal [*H]prazosin binding (Fig. 3). Both curves were ade-
quately fit to a one-site competition model (R2s: behavior,
0.91; binding, 0.97). As in the case of terazosin, the IDg,
for the behavioral inhibition, 6.59 (4.30-10.10) mg/kg,
tended to be smaller than that of the binding inhibition,
11.55 (8.79-15.18) mg/kg, but this was not statistically
significant. Again, as in the case of i.v.t. terazosin, there
was a highly significant positive correlation between the
inhibitions of binding and behavior, with the slope of the
regression line not significantly different from unity (Fig.
4). The regression line did not deviate significantly from
linearity by the runs test.
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Fig. 5. Comparison of ex vivo [3H]prazosin binding in the cerebral cortex and lung after i.p. prazosin. Both tissues were obtained from the same animals.
N = 6 per group. Actual value of lung binding of control group was 12.5 + 1.2 pmoles/g wet weight. “p < 0.05, “ “p < 0.01 t-test.
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Fig. 6. Comparison of ex vivo binding in the lung and the cortex at two times after i.p. injection of 1 mg/kg prazosin. N = 6 per group. “ p < 0.02, t-test.

|.P. prazosin was dlightly more potent in inhibiting ex
vivo binding in the lung, as compared to the cortex (1D,
3.68 (1.33-10.15) mg/kg; cortex, see above, p < 0.05)
but no difference in potency was found for lung binding
inhibition compared with behavioral inhibition (see above).
However, the drug had a significantly greater efficacy in
inhibiting lung binding than cortical binding at the 2, 4, 8
and 16 mg/kg doses (Fig. 5). Moreover, if the interval
between the injection and sacrifice was shortened from 90
to 60 min, the 1 mg /kg prazosin dose became effective for
the lung but remained ineffective for the cortex (Fig. 6).
There was a significant positive correlation between inhibi-
tion of lung binding and inhibition of behavioral activity;
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Fig. 7. Scatterplot of the correlation between gross movements and
percent of unblocked lung receptors. For details, see legend to Fig. 2. The
correlation was significant (df = 4, p < 0.05), however, the slope of the
regression line was significantly less than unity (see text), indicating a
wesk relationship.

however, the dope of the regression line was only 0.59 +
0.15, which is significantly less than unity (p < 0.01)
indicating a weaker relationship than that between cortical
binding and behavioral inhibition (Fig. 7).

4, Discussion

The present experiments show that there is a high
correlation between the pharmacological blockade of cen-
tral o ,-adrenoceptors, as measured by ex vivo binding of
[*Hlprazosin in the cerebral cortex and the inhibition of
behavioral activity in a mildly novel environment. This
correlation held for both terazosin, a saline soluble antago-
nist, which was given centrally, and for prazosin, which is
not saline soluble and had to be given i.p. The highest dose
of i.v.t. terazosin used (31.6 nmol /mouse) did not inhibit
cortical ex vivo o ,-adrenoceptor binding as measured by
[*Hlrauwolscine, indicating that terazosin maintained its
selectivity for o, receptors under these conditions. The
results confirm our previous findings with a series of i.v.t.
o,-adrenoceptor  antagonists cited above, which have
shown that the activity of «,-adrenoceptors of the 1B
subtype is essential for both gross and fine movement in
the mouse. They also confirm a much earlier study, which
showed that there is a positive correlation between recep-
tor occupancy of an o ,-adrenoceptor agonist in the spinal
cord as measured by ex vivo [*H]prazosin binding and the
potentiation of startle responses (Astrachan et al., 1983).

Although there was a high correlation between inhibi-
tion of binding and inhibition of behavior, the apparent
affinity of i.v.t. terazosin for behavioral inhibition was
greater than for binding inhibition. This effect was less
apparent with i.p. prazosin. It may be argued that this
difference was due to some dissaciation of the cold antago-
nist during the homogenization step. However, this is
unlikely since Burki (1986), whose method we employed,
has shown that the specific ex vivo binding of [*H]prazosin
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to brain o ,-adrenoceptors does not decline at 4°C until the
third homogenization and centrifugation. An alternative
explanation for the above difference is that since the
animals were killed after the behavioral test, there was
significant in vivo washout of terazosin from brain recep-
tors prior to sacrifice. This is supported by the finding that
there was a significant reduction in inhibition of cortical
binding in 30 min of washout between 60 and 90 min
post-prazosin injection. Furthermore, a washout effect
would be expected to be greater with i.v.t. than i.p.
injection, since the latter would be buffered by the pool of
antagonist in the body.

The above findings also suggest why prazosin given
peripherally does not produce the marked immobility and
catalepsy seen after i.v.t. administration of saline soluble
antagonists. Prazosin was found to block a significantly
greater percentage of peripheral (as measured by lung)
than central (as measured by cerebral cortical) receptors at
lower dosages, indicating that the drug has difficulty enter-
ing the brains of these animals. Moreover, using a range of
dosages over which prazosin enters the brain (up to 32
mg/kg), a virtualy identical correlation was found be-
tween inhibition of behavior and binding with i.p. prazosin
and i.v.t. terazosin, suggesting that the two drugs were
acting on the same population of «,-adrenoceptors. It is
unlikely that the higher blood flow to the lungs vs. brain
was the cause of the greater binding inhibition in the
former tissue, since this would not be expected to alter the
concentration of the antagonist. Therefore, these findings
confirm for the present mouse strain the previous studies
cited in the Introduction, which have found difficulty in
the entry of prazosin in the mouse and dog brain. Whether
this is applicable to the rat remains to be tested in future
research.

Although i.p. prazosin was clearly more effective in the
lung than the cortex, the drug still appeared not very
efficient in blocking lung receptors until very large doses
(8-16 mg/kg) were given. Since we used a fairly long
interval between i.p. injection of the drug and sacrifice (90
min), in order to provide sufficient time for brain penetra-
tion, this low efficacy was probably an artifact of the
washout of prazosin from peripheral tissues prior to sacri-
fice (Cavero and Roach, 1980). In confirmation, as noted
above, there was a significant washout of prazosin from
the brain between 60 and 90 min post-injection.
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