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lation regulates DNA synthesis in regenerating rat liver
following CCl, administration. Little is known about
whether the regulating mechanism of liver regeneration is
similar following various types of liver damage. Our results
suggest that the controlling role of catecholamines via the
a-receptor is common in regenerating liver after CCl,
intoxication and partial hepatectomy.

CCl, is a typical hepatotoxin causing centrilobular necro-
sis [1]. As a result of extensive studies, the initial event
in the rat given CCl, has been established to be lipid
peroxidation of the endoplasmic reticulum of the liver cell
mediated by cytochrome P450 [15]. CCl, induces a marked
necrosis during the initial 24 hr, when TS and TK levels do
not increase [2]. An active hepatic proliferation involving
the rise of TS and TK activities reaches its maximum at 48
72 hr after CCl, administration [2]. In this study, phenoxy-
benzamine injected at 24 hr suppressed the rise of TS and
TK activities at 48 hr after CCl, ingestion. Therefore, the
stimulation of hepatic a-receptors seems to occur around
or after 24 hr following CCl, intoxication.

In summary, liver regeneration after administration of
carbon tetrachloride was monifoted by measuring thy-
midylate synthetase (TS) and thymidine kinase (TK) activi-
ties. The administration of an a-blocking agent,
phenoxybenzamine, 24 hr after CCl, intoxication sup-
pressed the rise of TS and TK, which occurred 48 hr after
CCl, ingestion. This result suggests that liver regeneration
after CCl, intoxication or partial hepatectomy is regulated
in a similar way by catecholamines via an a-receptor.
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Diffusion and absorption of (—)sulpiride and raclopride after intracerebral
administration in the rat

(Received 9 November 1989; accepted 2 February 1990)

Intracerebral administration of drugs has often been used
in animal studies to study localization of functions within
the CNS, including two recent reports from this laboratory
[1,2]. The implicit assumption being that the injection is
confined within the intended target in contrast to general

effects produced by systemic administration. In the present
report, we have investigated the diffusion within the rat
striatum of two dopamine (DA) D, selective antagonists,
(—)sulpiride [3] and raclopride [4], by estimating DA turn-
over at the site of injection and in adjacent brain areas.
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The DA turnover should be a good indicator tor this
purpose as compensatory changes in DA turnover precedes
functional changes, like suppression of exploratory
behavior in rats (see Ref. 1). Since raclopride, in contrast
to (—)sulpiride, produced an increased DA turnover also
at sites distant to the injection, plasma raclopride con-
centrations were monitored to determine the relative role
of diffusion and escape into the systemic circulation.

Materials and Methods

Animals. Adult male Sprague-Dawley rats (280-320 g)
were used (ALAB Laboratorietjanst AB, Sollentuna,
Sweden). The animals arrived in the laboratory at least 10
days before the experiments started, and were housed
under controlled conditions of light-dark cycle (12:12 hr,
lights off 06.00 a.m.), temperature (20-21°) and relative
humidity (55-65%). Food (R3, Ewos, Sédertilje, Sweden)
and tap water was available ad lib.

Surgery and experimental procedures. Following general
anesthesia (pentobarbital, 60 mg/kg i.p.), the animals were
mounted in a stereotaxic frame and provided with guide
cannulas (21G), aimed for the nucleus accumbens at the
following coordinates relative bregma: AP +0.2, L
+3.5mm (neostriatum); AP +1.6, L +1.5mm (accum-
bens), according to Paxinos and Watson [5]. The guides
reached the dura and were fixed to the skull with acrylic
dental cement. One week following surgery the hand-
restrained awake animal was given a unilateral injection of
(—)sulpiride (ICFI, Milan, Italy) or raclopride tartrate
(Astra, Sodertilje, Sweden) by means of a 31G injection
needle (25G for the length of the guide and 31G for the
needle penetrating into the brain parenchyma). The injec-
tions, 1 uL, were placed 4.1 and 6.8 mm below the dura for
the neostriatum and the nucleus accumbens, respectively,
and infused at a rate of 0.66 uL/min. (—)Sulpiride was
dissolved in a minimal amount of 1 N HCl and made up to
volume by adding physiological saline (pH 6.0). Raclopride
was dissolved in saline only. Controls received the cor-
responding vehicle. The animals were decapitated 20 min
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following the corresponding injection, the brains were
quickly removed and sliced in 2.5mm thick coronal
sections. The neostriatum and the nucleus accumbens were
dissected on ice, ipsi- and contralateral to the injection,
from a slice extending from approx. —0.5 to +2.0mm
relative bregma. Arterio-venous blood was collected in
heparinized tubes in connection with decapitation.

Biochemistry. Dopamine and its acid metabolites di-
hydroxyphenyl acetic acid (DOPAC) and homovanillic acid
(HVA) were measured by means of HPLC with electro-
chemical detection as described by Magnusson et al. [6].
The raclopride concentrations in plasma were determined
by reversed-phase liquid chromatography after an extrac-
tion at alkaline pH. A 3 um octadecylsilica column was
used and the test compound was detected by fluorescence.
The within-run precision of the method is better than 2%
(10-100 ng/mL). Statistical analysis by means of appro-
priate parametric [7] or non-parametric methods [8], as
indicated in the respective figures.

Results and Discussion

(—)Sulpiride or raclopride were administered uni-
laterally at one of two sites within the rat striatum: the
nucleus accumbens or the dorso-lateral neostriatum. As
shown in Fig. 1, (—)sulpiride (1040 ug) produced a dose-
dependent increase in DA turnover at the site of injection.
There were no effects on the DA turnover contralateral to
the injection, or in the alternative site of injection on the
ipsilateral side. In contrast, raclopride (1040 ug) produced
an increase in the DA turnover in the whole striatum,
ipsi- and contralateral to the unilateral injection (Fig. 2).
Furthermore, this effect was not clearly dose-dependent,
probably due to the use of maximal, or close to maximal,
doses. The control levels of DA (both experiments
combined) were 409 *+32 and 66.3 = 8.9 pmol/mg
(mean + SD) in the nucleus accumbens and in the neostri-
atum, respectively. There was a statistically significant
decrease in neostriatal DA levels after the intra-accumbens
(—)sulpiride (40 ug) injection and after the intra-neostriatal
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Fig. 1. Effects of unilateral intra-striatal injections of (—)sulpiride on regional striatal DA turnover.

(—)Sulpiride (040 ug) was injected, cither into the nucleus accumbens (top panel) or into the dorso-

lateral neostriatum (bottom panel), as indicated in the figure, 20 min before decapitation. For further

details regarding injection procedures see text. The figure shows means + SD. Statistical analysis was

performed by means of a one-way ANOVA, followed by the Dunnett’s r-test: F, , = 64.02, P < 0.01

(ipsilateral accumbens, top panel); F, ; = 18.46, P < 0.01 (ipsilateral neostriatum, bottom panel). Other
F values < 4.74, P > 0.05. "*P > 0.05, **P < 0.01.
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Fig. 2. Effects of unilateral intrastriatal injections of raclopride on regional striatal DA turnover.
Raclopride (040 ug) was injected, either into the nucleus accumbens (top panel) or into the dorso-
lateral neostriatum (bottom panel), as indicated in the figure, 20 min before decapitation. For further
details regarding injection procedures see text. The figure shows means + SD. Statistical analysis was
performed by means of a one-way ANOVA, followed by the Dunnett’s t-test. All F,; values > 4.74,

P <0.05. "*P > 0.05,

raclopride (10 ug) injection. Thus, in these two cases the
quotient (DOPAC + HVA)/DA probably overestimates
the DA turnover.

The bilateral injection of raclopride, 40 ug, into the
nucleus accumbens resulted in a statistically significant
increase in plasma raclopride levels (Fig. 3).

These results suggest that diffusion within the extra-
cellular space is limited after an intracerebral injection
and that distribution within the brain primarily is due to
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Fig. 3. Plasma concentrations of raclopride following intra-
cerebral administration of the drug. Raclopride was admin-
istered bilaterally into the nucleus accumbens (40 ug/side),
as described in the text, and the animals were decapitated
20 min later. The figure shows medians * semi-inter-
quartile range. Statistical comparison between concen-
trations in drug injected animals and the blank values of
saline injected controls by means of the Mann—Whitney U-
test. **P < 0.01.

*P <0.05, **P <0.01.

transport over the blood-brain barrier. At the doses used,
10-40 ug, raclopride was readily transported into blood and
it should be noted that a systemic i.p. injection of 4 mg/kg
of raclopride (—20 min) is needed to produce comparable
plasma drug levels (unpublished observations). Calculated
on body weight the intracerebral raclopride injection cor-
responds to’ approx. 0.3 mg/kg. Thus, localized intra-
cerebral injections of highly lipophilic substances should be
avoided and, if used, plasma drug concentrations should
prove a sensitive indicator of distribution outside the site
of injection.

Summary. The intracerebral injection of (—)sulpiride
resulted in effects on DA turnover, confined to the site of
injection with no or little evidence of diffusion to adjacent
areas within the rat striatum 20 min after injection. Raclo-
pride, on the other hand, rapidly produced effects on
striatal DA turnover both locally, and at sites distal to
the injection. At the same time there was a clear, and
statistically significant, increase in plasma raclopride levels.
Taken together these data demonstrate that diffusion
within the extracellular space is limited and that drug
effects, distal to a localized intracerebral injection, prob-
ably are related to the relative ease of penetration over the
blood-brain barrier.
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Muscarinic receptor antagonist activity of diacylglycerol lipase and kinase
inhibitors

(Received 1 May 1989; accepted 11 December 1989)

Diacylglycerol (DG) is a central intermediate in lipid
metabolism and is one of the two products resulting from
agonist-activated phosphoinositide breakdown [1-3]. One
approach used to identify the role of the diacylglycerol-
protein kinase C (DG-PKC) pathway in stimulus-response
coupling involves the exogenous addition of synthetic
diacyiglycerols or the tumor-promoting phorbol esters
[4,5]. An alternative approach has been to modify intra-
cellular DG metabolism by the use of inhibitors. Recently,
several reports [6-11] have investigated the effect of RHC
80267 [1,6-di(O-carbamoyl)cyclohexanone oxime)hexane],
a DG lipase inhibitor, and R 59 022 (6-[2-[4-[(4-fluoro-
phenyl) phenylmethylene]-1-piperidinyl]ethyl-7-methyl-
SH-thiazolo[3,2-alpha]pyrimidin-5-on¢) a DG kinase
inhibitor, on stimulus-response coupling. The enzyme DG
lipase hydrolyzes the fatty acid ester bond at the second
carbon of DG, resulting in the formation of mono-
acylglycerol and free fatty acid. DG kinase converts DG to
phosphatidic acid by phosphorylation of the hydroxyl at
the third carbon.

We reported earlier [11] that RHC 80267, R 59 022 and
phorbol myristate acetate (PMA) all inhibit muscarinic-
stimulated responses in guinea pig pancreatic minilobules.
This, along with reports from other groups [12, 13], led to
the suggestion that the activation of PKC resulting from
the elevation of DG produced by these agents was respon-
sible for the inhibition of the muscarinic receptor, pre-
sumably by a feedback mechanism. An alternative
explanation involves direct inhibition by those ‘drugs of
muscarinic responses at the receptor level. Therefore, we
examined the effects of RHC 80267 and R 59 022 on
cacrulein-stimulated cGMP formation and [*’H]N-methyl-
scopolamine ([PH]NMS) binding to muscarinic receptors.

Materials and Methods

Guinea pig minilobule preparation. Preparation of guinea
pig or rat pancreatic minilobules and conditions for cGMP
studies were similar to those described earlier [11].

Membrane preparation. Rat heart ventricles and cerebral

cortex membranes were homogenized in 10 vol. of 100 mM
NaCl, 20mM HEPES [4-(2-hydroxyethyl)-1-piperazine-
ethane sulfonie a¢id], 10mM MgCl, (Buffer A) using
3 X 6sec bursts of a Polytron homogenizer (Brinkmann
Instrument, Inc., Westbury, NY) for heart and five strokes
of a motor-driven Potter-Elvehjem homogenizer for cere-
bral cortex. Rat and guinea pig pancreatic minilobules
were homogenized as described for cerebral cortex. Tissue
homogenates were filtered through two layers of muslin,
and centrifuged at 40,000 g for 20 min at 4°. Pellets were
washed an additional two times, resuspended in buffer, and
stored at ~70° until used.

[CH]JNMS Binding. Membranes were incubated with
[*H]NMS buffer A (1 mL total volume) for 2hr at 37°.
Bound and free [PHINMS were separated by Millipore
filtration or a Scraton cell harvester (Scraton Inc., Sterling,
VA) as described previously [14]. Specific binding was
defined by 1 uM atropine. Protein content, measured with
bicinchoninic acid protein assay reagent (Pierce, Rockford,
IL), was shown such that bound [’H]NMS was less than
10% of total radioligand. Inhibition constants (K;) were
calculated from the Cheng and Prusoff equation [15]. RHC
80267 and R 59 022 were dissolved and diluted in dimethyl
sulfoxide (DMSO). The final DMSO concentration in the
incubation medium was 0.25%, and this had no effect on
[*H]NMS binding to membranes.

Chemicals. [PH]NMS, 85-90 Ci/mmol, was purchased
from New England Nuclear (Boston, MA). Atropine
sulfate, carbamylcholine chloride, and HEPES were pur-
chased from the Sigma Chemical Co. (St. Louis, MO).
R 59022 was bought from Janssen Life Science Products,
and RHC 80267 was a gift of Mabel Hokin-Neaverson.

Results

Figure 1A shows the effects of RHC 80267 and R 59
022 on carbachol-stimulated cGMP levels in guinea pig
minilobules. In the absence of inhibitor, carbachol stimu-
lated cGMP dose dependently, with an ECs, of 3 uM, N =
3 (Fig. 1A). In the presence of RHC 80267 (75 uM) and



