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ing times). So far, our results with aprophen are in con-
gruence with those obtained with other compounds®>?%,
and show that aprophen acts diphasically on hepatic micro-
somal drug metabolism. But in contrast to those com-
pounds which do not inhibit cytochrome ¢ reductase, the
activity of this enzyme is decreased 30 min after aprophen
administration. In this respect, 2,2-diphenylpropionic acid
N,N-diethylaminoethyl ester hydrochloride behaves like
N,N-diethylacetamide in that both demethylases and
cytochrome c reductase are decreased shortly after the
administration of the compound®, In the case of both
substances, there is no inhibition of cytochrome ¢ reductase
in vitro%?%, This means that with aprophen and diethylacet-
amide, drug metabolism inhibition as found in in vivo
experiments is not only confined to an interaction of the
drug metabolism inhibitors with cytochrome P-450 as it is
observed with 2-hydroxy-2-ethylbutyryl N, N-diethyl-
amide? and is discussed for the other drugs mentioned
earlier’, but that there are additional effects of these
2 compounds on microsomal drug-metabolizing enzymes
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which lead to a decrease of the cytochrome reductase, too,
but these additional effects do not occur in vitro. In vitro,
aprophen is shown to 1nh1b1t mixed-function oxidases but
not cytochrome c reductase®. This to lesser extent is the
case with the free 2,2-diphenylpropionic acid®. N, N-di-
ethylacetamide has no effect at all on microsomal drug
metabolism in vitro® The nature and the toxicological
consequences of these different effects in vivo and in vitro
are being studied.

There is another striking result which only can be pointed
to but cannot be discussed at length, namely the lack of
inverse proportionality between hexobarbital sleeping time
and drug-metabolizing enzyme activity. At first glance, one
might expect such an inverse proportionality to occur
theoretically. The same lack of inverse proportionality was
observed with 2-hydroxy-2- ethylbutyryl N,N-diethylamide?

and with the action times of a variety of other drugs, too
(unpublished results). The proper explanation for these
effects have yet to be found although some first approx-
imating steps already exist?’
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Inhibition of neurotensin (NT)-induced glucagon release by [D-Trp!!]-NT!
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Summary. A synthetic analog of neurotensin (NT), [D-Trp!']-NT, antagonized NT-induced hyperglucagonemia and
hyperglycemia, and also NT-induced glucagon release from pancreatic islets in rats.

The tndecapeptlde neurotensin (NT)23 with the structure
E)Glu -Leu®-Tyr*-Glu*-Asn’-Lys-Pro’-Arg8-Arg®-Pro°
Tyr -Tle'2-Leu3-OH has been found to be distributed in
the brain, gut, pancreas and blood*®, and to exhibit a
var1e of brolo¥1cal effects, including hyperglucagone-
mia™ and others™

Recent structure-activity studies using NT and its analogs
have yielded evidence to support the view that the C-termi-

nal part (hexapeptide) of the molecule is essential for the
biological act1v1ty of NTU" and that the chemical struc-
ture of Tyr!! may pla?f a critical role in the process of NT
receptor activation>'$17, Tt is of special interest that
[D-Trp'!)-NT antagomzed selectively NT-induced coronary
vasoconstriction in rats but displayed NT-like activity in
higher concentrations!’

The present work was undertaken to investigate the effect
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Table 1. The interaction of neurotensin (NT) and [D-Trp'!|-NT on plasma glucose, glucagon (IRG) and insulin (IRI) levels in rats

Group Peptide injected No. of rats Glucose IRG IRI

(mg/dl) (pg/ml) (uU/ml)
A none 8 101.94 3.5 106.1+ 9.4 18.4+3.9
B NT 106 M 6 12524352 15294 18.72 125+1.9
C NT10-¢M 7 107.4+3.8b 9.1+ 9.1b 11.6+£2.1
[D-Trpl!}-NT 10-5 M
D [D-Trp!}-NT 10-5M 7 102.3+4.8 96.7+11.5 19.940.9

Values are expressed as the mean + SE. Blood samples were collected by decapitation 5 min after i.v. injection of saline or the peptide
solution (1.5 ml/kg b.wt) in the group A, B or D. In the group C, the analog was given 5 min prior to NT administration. Significant
differences {p < 0.05) from the group A and B values are indicated by a and b, respectively.

Table 2. The interaction of neurotensin (NT) and [D-Trp!!]-NT
on glucagon (IRG) and insulin (IRI) release from rat pancreatic
islets

Group Peptide in medium No. of IRG IRI
experiments (pg/ @/
islet/ islet/
30min) 30min)
none 10 88.5+4.4 18.6+0.6
NT 10-¢M 10 136.3+9.42 175109
NT10-6M 10 103.245.320 197+ 1.1

[D-Trp'}-NT 10-3 M
[D-Trp!'}-NT 10°M 8

O owp

106.1+9.7 16.3+0.8

Values are expressed as the mean + SE. Significant differences
(p<0.05) from the group A and B values are indicated by a and b,
respectively.

of [D-Trp'']-NT on NT-induced glucagon release in vivo
and in vitro in rats.

Materials and methods. Adult Sprague-Dawley rats weigh-
ing 150-250 g were used. In experiments in vivo, NT
(107°M) or [D-Trp'']-NT (107°M) dissolved in saline was
administered in a volume of 1.5 ml/kg b.wt through the
trail vein under pentobarbital anesthesia (45 mg/kg b.wt)
to male rats which had been fasted overnight. The analog
was given 5 min prior to NT administration. Blood was
collected by decapitation 5 min after administration of NT
or saline (as control), into heparinized tubes containing a
mixture (0.1 ml) of Trasylol (1000 U, Bayer Ltd) and
di-sodium ethylenediamine tetraacetic acid (EDTA,
1.2 mg) per ml blood. Plasma was separated immediately
and stored at —20°C until assays. In experiments in vitro,
pancreatic islets were isolated from fed rats under pento-
barbital anesthesia, using the collagenase technique, and
incubated at 37°C as described previously'® . That is,
‘batches of 10 islets were preincubated for 60 min in 3 ml of
a Krebs-Ringer bicarbonate medium (pH 7.4) containing
16.7 mM glucose, and then incubated for 30 min in 3 ml of
the medium containing 5.5 mM glucose with and without
test substances in concentrations indicated in the results. At
the end of 30-min incubation, 2 samples of 0.4 ml from
each medium were collected in chilled tubes containing
0.2 ml of the Trasylol-EDTA mixture above described and
kept frozen as in the plasma. Immunoreactive glucagon
(IRG) and insulin (IRI) concentrations in the plasma or
medium were determined using 30K antibody and the solid
phase method, respectively®™?°. Porcine glucagon (Eli
Lilly and Co.) was used as the standard. NT (Protein
Research Foundation, Osaka), [D-Trp"]-NT (University of
Sherbrooke)!” and L-arginine-HCl (Nagoya Katayama
Chemical Co.) were employed as test substances.

Results and discussion. Intravenous (i.v.) administration of
NT (1.5 nmoles/kg b.wt) to rats caused a significant in-
crease in plasma glucagon and glucose at 5 min (table 1),
consistent with previous results of studies in rats™® and

dogs® while it tended to lower plasma insulin levels. Pre-
treatment with [D-Trp'"]-NT in a 10-fold higher dose 5 min
prior to NT, completely blocked the NT-effect on plasma
glucagon and significantly inhibited that on plasma glu-
cose, while it did not affect plasma insulin levels after NT.
[D-Trp'')-NT alone in a dose of 15 nmoles/kg b.wt had no
effects on plasma glucagon, glucose and insulin levels, as
understood by comparison of the group A and D values
(table 1). The results on plasma glucose and glucagon are
consistent with the view that NT-induced hyperglycemia is
mainly glucagon-dependent® and Partially ascribed to other
factors including catecholamines®, histamin®?*? and insu-
lin’. In addition, [D-Trp'!]-NT appears to act on the process
of glucagon release, and not on insulin release, as a
selective antagonist of NT in the present experimental
conditions.

In experiments with pancreatic islets, L-arginine (10 mM)
significantly stimulated glucagon release (pg/islet/30 min)
from the control 88.5+4.4 (mean+SE) to 205.7+17.1
(N=10) and insulin release (pU/islet/30 min) from the
control 18.6+0.6t0 33.1+ 1.5 (N=10).

In this in vitro system, NT (I07°M) in the medium
stimulated glucagon release and exerted no significant
effect on insulin release (table 2), being consistent with our
previous studies'>?22 However, [D-Trp''[-NT (107°M)
significantly inhibited the NT effect on gluca%on release, as
seen in the group C value. [D-Trp'']-NT (10> M) alone did
not significantly affect glucagon release from the islets,
being suggestive of its agonistic nature!’” on glucagon
release. On the other hand, insulin release was not affected
significantly by these peptides (table 2). The data on
experiments in vitro may be interPreted as indicating that
the interaction of NT and [D-Trp''}-NT may occur in the
endocrine pancreas, by the mechanism of probable compe-
tition of both peptides in the process of binding to and
activation of the receptors involved in glucagon release
from the A cells.
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Multiple daily amphetamine administration decreases both [3H]agonist and [3H]antagonist dopamine receptor

binding!
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Summary. Multiple daily amphetamine injections in rats decreased both [*H]agonist as well as [*H]Jantagonist striatal
dopamine receptor binding. Concurrently, these animals exhibited a decrease in striatal dopamine concentration and,

paradoxically, an enhancement of behavioral responsivity.

It has previously been shown that multiple injections of
d-amphetamine in rats results in an enhanced responsivity
to this drug®®. Similar observations have been made in
other species”® and in man®. Chronic treatment of rats with
dopamine receptor antagonists also leads to an augmenta-
tion in the behavioral response to dopamine agonists'’
which is accompanied by an increase in striatal dopamine
receptor binding of both [*H]agonists and [*H]antagonists'!.
The paradoxical observation of increased behavioral sensi-
tivity to agonists following either chronic agonist or anta-
gonist treatment led us to investigate the effect of multiple
daily doses of amphetamine on the dopamine receptor
binding of both [*H]agonist and [*H]antagonist ligands.

Material and methods. Male Wistar rats (325-375 g) were
treated with 30 successive, s.c. injections of either saline or
d-amphetamine sulfate (2.5 mg/kg) at 4-h intervals for
5 days. The animals were sacrificed 4 h after the last
injection by decapitation. The brains were quickly removed
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a Scatchard analysis of specific [PH]spiperone binding in striata of
amphetamine (A) and saline ([1) treated rats. The left and right
striata from each individual animal were pooled and assayed for
PPHlspiperone and PHINPA binding as described. The results for 2
individual animals assayed in parallel are shown. [Hlspiperone
concentrations were varied between 100 pM and 1 nM. The lines
drawn represent the best fit to the data as determined by linear
regression analysis. )

into ice-cold saline, the striata dissected out and frozen at
—70°C. The binding of the radiolabeled antagonist
[*H]spiperone (25.6 Ci/mmole, NEN) and the radiolabeled
agonist [*H]N-n-propylnorapomorphine ([*HJNPA, 75 Ci/
mmole, NEN) were assayed as previously described in
detail’>¥). Nonspecific binding was determined with
10~M (+ )butaclamol and represented 10-20% of the total
[*Hjspiperone binding and 30-40% of the total PH]NPA
binding. All experiments were performed in dusplicate.
Protein was determined by the method of Bradford®.

Results and discussion. The specific dopamine receptor
binding of both [*Hspiperone and [PHINPA was reduced
following the chronic amphetamine treatment (figs a and b;
table). The maximum binding capacity (B,,,,) for [*Hlspipe-
rone was reduced by about 20% while the B_,, of the
agonist ligand, [PHJNPA, was reduced by about 27%. Al-
though the affinity of [*H]spiperone for its binding sites was
unaltered by the treatment the dissociation constant (K,)
for [PH]NPA was slightly reduced from 0.51 to 0.40 nM
(p < 0.05). Behavioral observations were made on a similar
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b Scatchard analysis of specific [PH[NPA binding in striata of
amphetamine (A) and saline (O) treated rats. The saturation
experiments were performed as in figure (a) varying the PHINPA
concentrations between 200 pM and 2 nM. Data from 2 individual
animals assayed in parallel are shown.



