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stroys the receptor’s ability to respond either to the affinity
label or to a subsequent dose of agonist. Inactivation
occurs whether the photolyzable functional group is located
at the amino terminus of angiotensin (nitroazido-
benzoyl-angiotensin) or at the 4 or 8 position.’®

This long-lasting inactivation is in contrast to the results
found with cholecystokinin receptor in the guinea pig ex-
ocrine pancreas. In this tissue both nitroazidobenzoyl-
glycine-acylated carboxy-terminal tetra- and octapeptides
elicited a long-lasting agonist effect after photoaffinity

labeling.%® Therefore, there must be a fundamental dif-
ference between cholecystokinin receptor in pancreas and
angiotensin receptor in aorta, such as the mechanism of
hormone recognition by the receptor, the activation of the
receptor’s initial response to the hormone, or the coupling
of this response to a second messenger.
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Six analogues of thyroliberin (TRH) that have a chloroacetyl substituent at the amino terminus have been prepared
as potential affinity labels for the TRH receptor. These compounds are N-(chloroacetyl)-L-alanyl-L-phenyl-
alanylpyrrolidine (ClAc-Ala-Phe-Pyrr; 14), N-[m-(chloroacetyl)benzoyl]-L-phenylalanylpyrrolidine (m-ClAcBz-Phe-Pyrr;
11a), N-[m-(chloroacetyl)benzoyl]-L-alanyl-L-phenylalanylpyrrolidine (m-ClAcBz-Ala-Phe-Pyrr; 15a), N-[p-(chlo-
roacetyl)benzoyl]-L-phenylalanylpyrrolidine (p-ClAcBz-Phe-Pyrr; 11b), and N-[p-(chloroacetyl)benzoyl]-L-alanyl-
L-phenylalanylpyrrolidine (p-ClAcBz-Ala-Phe-Pyrr; 15b). Pyroglutamyl-L-phenylalanylpyrrolidine was also synthesized
as a model agonist. Weak agonist activity was observed for 11a, 11b, and 15b. These three analogues do not contain
the amide group of the pyroglutamyl moiety that was previously thought to be essential for intrinsic activity. No
significant antagonist activity was observed for these compounds at the doses tested.

Thyroliberin (TRH; 1)? was the first peptide hormone
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from the hypothalamus to be isolated, structurally char-
acterized, and synthesized.>* The initial knowledge that
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TRH influenced the secretion of thyrotropin (TSH) from
the anterior pituitary® was followed by subsequent stud-
ies® 10 with synthetic TRH that showed that TRH con-
commitantly stimulates the release of prolactin (PRL) both
in vitro and in vivo. The development of a radioimmu-
noassay!! for TRH led to the identification of TRH and
TRH-like immunoreactive substances not only in the hy-
pothalamus but throughout the brain!?-¢ and also in the
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gastrointestinal tract,!” pancreas,!® eye,!® and human pla-
centa.’®® These and other observations have led to
speculation that TRH functions as a neurotransmitter as
well as a neurohormone.? Pharmacological activities of
TRH associated with the CNS, such as reversal of bar-
biturate?! and ethanol?? hypnosis and other observa-
tions,?%6 support a neurotransmitter-like effect of TRH.
The rather unique structure of TRH is resistant to di-
gestive enzymes of the gastrointestinal tract and is thus
orally active.?’ These factors have led us to use TRH as
a model peptide for our effects to develop peptide ana-
logues that could bind irreversibly to brain or pituitary
receptors and thus aid in the characterization of these
receptors. Interesting endocrine or CNS properties could
also result from this type of analogue.

Previous synthetic analogues of TRH reported by several
groups of investigators?®>! have led to some general con-
clusions about the structure—activity relationships of TRH,
pGlu-His-Pro-NH,. Intrinsic activity seems to reside
primarily in the lactam portion of the pyroglutamyl residue
and the C-terminal carboxamide. The imidazole ring and
the ring structures of the pyroglutamyl and prolyl residues
are important for binding and thus for potency. Almost
all of these previous analogues have displayed agonist
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activity or no activity at all. There are only three reports
of TRH analogues that are antagonists. Lybeck et al.32 and
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Table I. Agonist Activity Relative to TRH

peptide rel act., %
TRH 100¢
pGlu-Phe-Pyrr (9) 0.0017
ClAc-Phe-Pyrr (10) none?
m-ClAcBz-Phe-Pyrr (11a) 0.0012
p-ClAcBz-Phe-Pyrr (11b) 0.0006
ClAc-Ala-Phe-Pyrr (14) none?
m-ClAcBz-Ala-Phe-Pyrr (15a) none?

p-ClAcBz-Ala-Phe-Pyrr (15b) 0.005
% TRH dose of 0.6 ng. ® At a dose up to 30 ug.

Sievertsson et al.3® developed antagonists which replaced
the pyroglutamyl with cyclopentylcarbonyl and the pro-
linamide with pyrrolidine. This corroborated previous
SAR results as previously discussed concerning require-
ments for intrinsic activity. Some agonist activity could
be observed, however, at high dose levels. Bowers et al.3
have also reported on the TRH antagonist effect of
pGlu-Dopa-Pro-NH,.

Interesting results have previously been reported with
biologically active peptides or peptide analogues which
contain alkylating functional groups.®* Irreversible
inhibition, long-lasting agonists, and metabolizing enzyme
inactivation have been observed. A nitrogen mustard
analogue of TRH, [chloroambucil']-TRH, was found to be
an apparent irreversible inhibitor of TSH, but not PRL,
release following initial transient agonist effects.3

We now report the development of a series of TRH
analogues that were designed as antagonists but have weak
agonist activity and also contain a moiety that might react
with available nucleophiles.

Chemistry. The required 3- and 4-(chloroacetyl)benzoic
acids were synthesized according to the method outlined
in Scheme I. This is an adaptation of a method reported
previously for the para isomer and also proved suitable for
the meta isomer. Several other methods were tried, in-
cluding direct halogenation,® but with only limited success.
Peptide portions of the TRH analogues were synthesized
according to Schemes II and III. A modification of the
mixed anhydride method of Tilak* was used for peptide
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bond formation. Activation times for the formation of the
reactive intermediate between the respective amino acids
and isobutyl chloroformate were very important. Appro-
priate times ranged from 30 s or less for Z-Ala to 12 min
for Z-pGlu. Carbobenzyloxy (Z) groups were removed by
catalytic hydrogenolysis.

Even though the chloroacetyl group is reactive toward
nucleophiles, it is sufficiently stable in aqueous media for
extraction procedures in reaction workups, including the
use of aqueous bicarbonate. The chloroacetyl-substituted
benzoic acids can even be recrystallized from hot water.
Prolonged standing of this type of compound in methanol,
however, has been observed to lead to decomposition.

Biological Assay. The initial evaluation of these
compounds as TRH agonists and antagonists was by the
method of Bowers et al.* Freshly excised whole pituitaries
from 20 day old female rats were incubated in Krebs-
Ringer bicarbonate for six 1-h periods. The incubation
medium was replaced after each hour. Test samples were
added during the 3rd through the 6th h (I5;-I;), and the
resultant TSH concentration in the incubation media was
measured by radioimmunoassay and compared with the
2nd h (P,). Agonist activity was measured by the effect
of the analogues alone on the pituitaries. Antagonist ac-
tivity was measured by the net effect of the analogue in
combination with synthetic TRH. The bioassay results
are summarized in Table L.

Experimental Section

Melting points were determined on a Mel-Temp block and are
uncorrected. TLC was performed on 250-um silica gel G plates
that contained fluorescent indicator from E. Merck. The following
solvent systems were used: (A) CHCIl;; (B) CHCl;-MeOH, 19:1;
(C) CHC1;-MeOH-NH,OH, 38:1:1, lower phase; (D) CHCl;-
MeOH-NH,OH, 18:1:1, lower phase; (E) CHCl;-MeOH-HOAc,
18:1:1; (F) CHCl;-EtOAc, 4:1. Methods of detection are indicated
with the data. 'H NMR spectra were recorded on a Varian T-60A
spectrometer equipped with a Nicolet Instrument Corp. TT-7
Fourier transform accessory. The solvents used for 'H NMR
analysis are reported with the data, and spectral values are re-
ported in parts per million (5) downfield from tetramethylsilane.
IR spectra were recorded on a Perkin-Elmer 337 grating infrared
spectrophotometer. Optical rotations were determined using a
Perkin-Elmer digital readout polarimeter Model 241. All amino
acid derivatives used were of the L configuration. Elemental
analyses were performed by Micro-Tech Laboratories of Skokie,
IL. Where analyses are indicated only by symbols of the elements,
analytical results were within £0.4% of theoretical values.

3-(Chloroacetyl)benzonitrile (3a). 3-Cyanobenzoic acid (2.0
g, 13.6 mmol) was refluxed with SOCl, (20 mL) for 1 h and
concentrated in vacuo to an oil, which was dissolved in ether (50
mL) and added dropwise over a 5-min period to an ice-cold
ethereal solution of diazomethane (36.3 mmol) obtained from
N-(nitrosomethyl)urea (10.0 g) according to the method of Arndt.%®
The resulting mixture was stirred at 0 °C for 1.5 h, and the crude
diazo ketone was collected by filtration: yield 1.53 g (66%); NMR
(CDCl,) 4 5.92 (s, 1 H), 7.73 (m, 4 H); IR (Nujol) 2250 (CN), 2125
(CHNy) cm™.

The diazo ketone 2a (1.53 g) was resuspended in ether (75 mL),
concentrated HCI (50 mL) was added carefully, and the mixture
was refluxed for 1 h. Water (50 mL) was added, and the layers
were separated. The aqueous layer was extracted with benzene
(2 X 50 mL), and the combined organic layers were washed with
5% NaHCO; (2 X 50 mL) and water (50 mL), then dried (MgSO,),
and evaporated to dryness. Crystals were obtained from benz-
ene-petroleum ether: yield 1.0 g (41%); mp 83-86 °C; one spot
on TLC (A), UV positive; NMR (CDCly) 6 4.65 (s, 2 H), 7.89 (m,
4 H); IR (Nujol) 2220 (CN), 1700 (C=0), cm™. Anal. (C;HCINO)
C,H,C,N.

(43) F. Arndt, “Organic Syntheses”, Collect Vol. II, A. H. Blatt, Ed.,
Wiley, New York, 1943, p 165.
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3-(Chloroacetyl)benzoic Acid (4a) and Acid Chloride (5a).
A solution of 3a (0.48 g, 2.67 mmol) in dioxane (15 mL) and
concentrated HCI (15 mL) was heated for 24 h at 80-85 °C in
an oil bath. The resulting mixture was diluted with water (20
mL) and extracted with 5% NaHCO; (2 X 25 mL). The aqueous
layer was acidified to pH 2 with concentrated HCI and, after
cooling, the crude product was collected by filtration and re-
crystallized from benzene: yield 0.35 g (66%); mp 161-164 °C;
one spot on TLC (E), UV positive; NMR (acetone-dg) 4 5.08 (s,
2 H), 8.08 (m, 4 H); IR (Nujol) 1700 (C==0) cm™. Anal. (C,-
H,Cl0;) C, H, Cl

A solution of 4a (0.20 g, 1.01 mmol) in SOCl, (10 mL) was
refluxed for 2 h and then concentrated to an oil by azeotroping
excess SOCl, with dry benzene, and the crude 5a was used without
further purification.

4-(Chloroacetyl)benzonitrile (3b). 4-Cyanobenzoic acid (2.0
g, 13.6 mmol) was treated with SOCl; (20 mL) and diazomethane
in a manner similar to the method for 3a. The crude diazo ketone
was collected by filtration: yield 1.87 g (80%); NMR (CDCl,) &
5.93 (s, 1 H), 7.80 (AA’BB’ q, J = 9 and 1 Hz, 4 H); IR (Nujol)
2250 (CN), 2150 (CHN,) cm™,

The diazo ketone 2b (1.87 g) was converted to the chloro methyl
ketone as for 3a. Crystals were obtained from benzene—petroleum
ether: yield 1.17 g (48%); mp 95-98 °C (lit.*> mp 96-98 °C); one
spot on TLC (A), UV positive; NMR (CDCl,) 6 4.64 (s, 2 H), 7.69
(AA'BB’ q, J = 18 and 9 Hz, 4 H); IR (Nujol) 2220 (CN), 1700
(C==0) em™. Anal. (CsH¢CINO) C, H, C], N.

4-(Chloroacetyl)benzoic Acid (4b) and Acid Chloride (5b).
The hydrolysis of 3b proceeded analogous to 3a. The product
was recrystallized from acetone: yield 0.50 g (56 % ); mp 235-240
°C (lit.** mp 210 °C); one spot on TLC (E), UV positive; NMR
(methanol-d,)  4.94 (s, 2 H), 8.10 (s, 4 H); IR (Nujol) 1700, 1590
(C=0) em™. Anal. (CoH,;ClO) C, H, Cl.

The acid chloride was prepared by the method for 5a and used
without further purification.

L-Phe-Pyrr-HCI (7). Z-Phe (3.34 g, 11.2 mmol) in dry ethyl
acetate (75 mL) was stirred and cooled to —35 °C in a dry ice—
acetone bath. N-Methylmorpholine (1.38 mL, 12.5 mmol) was
added, followed immediately with isobutyl chloroformate (1.38
mL, 10.6 mmol). After 7 min, pyrrolidine (0.92 mL, 11.0 mmol)
was added. The reaction was warmed to room temperature and
stirred overnight. The mixture was washed with 5% NaHCO;
(2 X 25 mL), 1 N HCI (2 X 25 mL), and water (2 X 25 mL). The
organic layer was dried (MgSO,) and evaporated to yield 3.90 g
of 6 as an oil. The NMR spectrum was consistent with the
assigned structure.

Crude 6 was dissolved in methanol (125 mL) and 3 N HCI (8
mL). The mixture was hydrogenolyzed for 1 h at 10 psi and room
temperature over 5% Pd/C. Crystalline 7 was obtained from
absolute ethanol-ether: yield 1.68 g (62%); mp 208-211 °C; one
spot on TLC (C), ninhydrin and Cl-tolidine positive; NMR (D,0)
6 1.72 [m, 4 H (8-CH, of Pyrr)], 3.19 [m, 2 H (8-CH, of Phe)],
3.36 [m, 4 H (a-CH, of Pyrr)], 4.51 [t,J ~ 7 Hz, 1 H («-CH of
Phe)], 7.39 [s, 5 H (Ar-H of Phe)). Anal. (C,sH,4CIN,0) C, H,
Cl, N.

Z-L-pGlu-L-Phe-Pyrr (8). Z-pGlu (0.52 g, 1.98 mmol) in dry
ethyl acetate (30 mL) was stirred and cooled to -20 °C. N-
Methylmorpholine (0.24 mL, 2.18 mmol) was added, followed by
isobutyl chloroformate (0.24 mL, 1.85 mmol). After 12 min, 7
(0.24 g, 1.88 mmol) was added, followed by additional N-
methylmorpholine (0.20 mL, 1.82 mmol). The mixture was
warmed to room temperature and stirred overnight. Workup was
similar to that for the preparation of 7. Crystallization from ethyl
acetate—ether—cyclohexane gave pure 8: yield 0.66 g (77%); mp
157-160 °C; one spot on TLC (B), Cl-tolidine and UV positive,
ninhydrin negative. The NMR spectrum was consistent with the
assigned structure. Anal. (CyHyN;05) C, H, N.

L-pGlu-L-Phe-Pyrr (9). Compound 8 (0.20 g, 0.43 mmol) was
dissolved in methanol (30 mL) and glacial acetic acid (3 mL). The
mixture was hydrogenolyzed for 5 min at 5 psi over 5% Pd/C
and filtered through Celite, and the solvent was removed in vacuo.
Crystallization from ethyl acetate—cyclohexane—petroleum ether

(44) J. Kunskell-Rostock, Ber. Deutsch. Pharm. Ges., 21, 419
(1911).
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gave pure 9: yield 0.08 g (56%); mp 146-149 °C; [a]%p +10.0 (c
0.883, CHCly); one spot on TLC (B), Cl-tolidine and UV positive,
ninhydrin negative; NMR (CDCly) 6 1.72 [m, 4 H (8-CH, of Pyrr)],
2.27 [m, 4 H (overlapping CH, from pGlu)], 3.04 [m, 2 H (8-CH,
of Phe)], 3.38 [m, 4 H (a-CH,; of Pyrr)], 4.18 [m, 1 H (a-CH of
pGlu)], 4.96 [m,J ~ 7and 7 Hz, 1 H («-CH of Phe)], 7.25 [s, 5
H (Ar-H of Phe)]. Anal. (C;sHy3N304) C, H, N.

N-(ClAc)-L-Phe-Pyrr (10). Compound 7 (0.40 g, 1.57 mmol)
was dissolved in dry methylene chloride (15 mL). Chloroacetic
anhydride (0.26 g, 1.52 mmol) was added, followed by N-
methylmorpholime (0.18 mL, 1.64 mmol). The mixture was stirred
at room temperature for 7 h and then washed with 5% NaHCO,
(15 mL), 1 N HCI (15 mL), and water (15 mL). The organic layer
was dried (MgSO,) and evaporated to an oil, which was crystallized
from methylene chloride-petroleum ether to yield 0.22 g (49%):
mp 60-64 °C; [«]® +29.3 (¢ 0.775, CHCl,); one spot on TLC (B),
Cl-tolidine and UV positive, ninhydrin negative. The NMR
spectrum confirmed the assigned structure. Anal. (C,sH;sCIN,O,)
C,H,C]L N.

N-[3-(ClAc)Bz])-L-Phe-Pyrr (11a). To a solution of 7 (0.30
g, 1.18 mmol) in methylene chloride (10 mL) and N-methyl-
morpholine (0.12 mL) was added 5a (0.21 g), followed by addi-
tional N-methylmorpholine (0.12 mL). The reaction was stirred
for 3 h at room temperature and then worked up as for the
preparation of 10. Pure crystalline 11a was obtained from
methylene chloride-petroleum ether: yield 0.20 g (70%); mp
145-147 °C; [a]%) +20.2 (c 0.983, CHCl,); one spot on TLC (B
and F), Cl-tolidine and UV positive, ninhydrin negative. The
expected NMR spectrum was observed. Anal. (CyHz3CIN,O;)
C,H,C] N.

N-[4-(ClAc)Bz]-L-Phe-Pyrr (11b). A solution of 7 (0.30 g,
1.18 mmol) in methylene chloride (10 mL) and N-methyl-
morpholine (0.12 mL) was treated with 5b (0.20 g), followed by
additional N-methylmorpholine (0.12 mL) as in the preparation
of 11a. The residue after workup was applied to a chloroform-
packed silica gel column [35 g (28 X 2.5 cm)] and eluted with
chloroform (600 mL). Crude 11b was collected in fractions (4 mL)
72 to0 130 and crystallized from cyclohexane: yield 0.20 g (50%);
mp 65-70 °C dec; [a])®p +39.0 (¢ 0.800, CHCl,); one spot on TLC
(B and F), Cl-tolidine and UV positive, ninhydrin negative. The
NMR spectrum was consistent with the assigned structure. Anal.
(szstClNzOs) H, Cl, N; C: calcd, 66-24; found, 65.67.

L-Ala-L-Phe-Pyrr-HC! (13). Z-Ala (1.0 g, 4.48 mmol) was
dissolved in dry tetrahydrofuran (50 mL) with stirring and cooled
to —40 °C. N-Methylmorpholine (0.55 mL, 5.0 mmol) was added,
followed by isobutyl chloroformate (0.56 mL, 4.32 mmol). After
15 s, 7 (1.10 g, 4.32 mmol) was added, followed by additional
N-methylmorpholine (0.48 mL). The mixture was allowed to
warm to room temperature and stirred overnight. Workup was
similar to that for the preparation of 7: yield 1.70 g of 12; one
spot on TLC (B), Cl-tolidine and UV positive, ninhydrin negative;
NMR (CDCl,) 4 1.34 [d, J =~ 7 Hz, 3 H (8-CHj of Ala)], 1.67 [m,
4 H (8-CH, of Pyrr)], 2.99 [m, 2 H (a-CH, of Phe)], 3.37 [m, 4
H (a-CH of Ala)], 4.87 [m, J =~ 7 and 7 Hz, 1 H («-CH of Phe)],
5.11 [s, 2 H (benzyl CH, of Z)], 7.21 [s, 5 H (Ar-H of Z)], 7.33 [s,
5 H (Ar-H of Phe)].

A solution of 12 (1.70 g) in methanol (60 mL) containing gaseous
HCI (0.2 g) was hydrogenolyzed for 25 min at 10 psi over 5%
Pd/C. Crude 13 (1.07 g) was recrystallized from benzene to yield
0.50 g (36% based on 12): mp 110-115 °C; one spot on TLC (D),
ninhydrin and Cl-tolidine positive; exhibited the expected NMR
spectrum.

N-(ClAc)-L-Ala-L-Phe-Pyrr (14). Similar to the preparation
of 10, a solution of 13 (0.19 g, 0.58 mmol) in dry methylene chloride
(8 mL) was treated with chloroacetic anhydride (0.10 g, 0.59
mmol), followed by N-methylmorpholine (0.08 mL). Crystalline
14 was obtained from methylene chloride—petroleum ether, and
exhibited the appropriate NMR spectrum: yield 0.06 g (28%);
mp 149-152 °C; [a]®p, +7.36 (c 0.883, CHCly); one spot on TLC
(B), UV and Cl-tolidine positive, ninhydrin negative. Anal.
(C,sHCIN;0,) C, H, C], N.

N-[3-(ClAc)Bz]-L-Ala-L-Phe-Pyrr (15a). A solution of 13
(0.41 g, 1.24 mmol) in methylene chloride (10 mL) and N-
methylmorpholine (0.12 mL) was treated with 5a (0.21 g), followed
by additional N-methylmorpholine (0.12 mL) and stirred for 3
h at room temperature. The workup was the same as in the
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preparation of 10. Chromatographic purification was required
on a chloroform-packed silica gel column [35 g (27.5 X 2.5 cm)],
eluted with chloroform (200 mL), 10% ethyl acetate in chloroform
(100 mL), 20% ethyl acetate in chloroform (100 mL), 40% ethyl
acetate in chloroform (100 mL), 80% ethyl acetate in chloroform
(100 mL), and ethyl acetate (700 mL). Crude 15a was collected
in fractions (4 mL) 190-229 and crystallized from ethyl ace-
tate—petroleum ether: yield 0.20 g (42%); mp 135-138 °C; [a]%,
-15.2 (c 0.983, CHCly); one spot on TLC (B), UV and Cl-tolidine
positive, ninhydrin negative. The NMR spectrum supported the
assigned structure. Anal. (C,5HyCIN3O,) C, H, Cl, N.
N-[4-(ClAc)Bz}-L-Ala-L-Phe-Pyrr (15b). To a solution of
13a (0.41 g, 1.24 mmol) in methylene chloride (10 mL) and N-
methylmorpholine (0.12 mL) was added 5b (0.20 g), followed by
additional N-methylmorpholine (0.12 mL). The reaction was
stirred for 3 h at room temperature and then worked up as de-
scribed above. Chromatographic purification of 15b on a silica
gel column [40 g (2.5 X 30 cm)] and elution with chloroform (200
mL), 10% ethyl acetate in chloroform (100 mL), 20% ethyl acetate
in chloroform (100 mL), 40% ethyl acetate in chloroform (100
mL), 80% ethyl acetate in chloroform (100 mL), and ethyl acetate

(700 mL) yielded 15b in fractions (4 mL) 203 to 238. Crystal-

lization from ethyl acetate gave pure crystalline 15b with the

expected NMR spectrum: yield 0.22 g (46%); mp 194-197 °C;

[a]®p +12.2 (c 0.975, CHCly); one spot on TLC (B), UV and

gl—tolidine positive, ninhydrin negative. Anal. (C,sHyCIN;O,)
, H,C], N.

Conclusion

Seven analogues of TRH are reported, six of which have
replacements of the pyroglutamic acid moiety. The agonist
activity observed for several of these analogues indicated
that the pyroglutamyl moiety is not essential for intrinsic
activity. It is possible that the carbonyl of the chloroacetyl
moiety is fitting the binding site normally occupied by the
lactam carbonyl of the pyroglutamic acid. It is interesting
to note that in those analogues where the chloroacetyl is
part of an amide the agonist activity is not observed.
However, when the chloroacetyl group is present as a ke-
tone the agonist activity is apparent. No significant an-
tagonist activity was observed up to a dose of 30 ng.

Synthesis of Peptides by the Solid-Phase Method. 6. Neurotensin, Fragments, and

Analogues!?

S. St-Pierre,*!* J.-M. Lalonde, M. Gendreau, R. Quirion,!* D. Regoli,!d and F. Rioux!®
Department of Physiology and Pharmacology, University of Sherbrooke Medical School, Sherbrooke, Canada J1H 5N4.

Received April 3, 1980

Neurotensin (NT) and 24 related compounds, including fragments or analogues modified at the C-terminal end
of the parent molecule, have been prepared by the solid-phase method. After purification by cation-exchange
chromatography, the compounds were characterized by thin-layer chromatography, amino acid analysis, elemental
analysis, and high-pressure liquid chromatography. The stimulating effects of the peptides were evaluated in rat
stomach strips, in isolated spontaneously beating atria of guinea pigs, and in the coronaries of perfused rat hearts.
The differences between the biological activities of these compounds are discussed.

Neurotensin (NT) is a recently discovered peptide
hormone® which is largely distributed in the central
nervous system?™3 and in some regions of the digestive
tract?®® in various mammals. The peptide exhibits a large
spectrum of biological activities, which have been discussed
by several authors during the last few years.8” The recent
demonstration of the presence of immunoreactive NT in
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the blood of humans,? as well as of the elevated blood
concentration of NT following the ingestion of food,? more
strikingly fat-rich food,!? seriously raised the possibility
that this peptide behaves as a circulating hormone. A
likely hypothesis to explain the above results would be that
NT is released from endocrine cells located in the wall of
the small intestines into the blood and/or the lumen from
where it can diffuse into the blood. Recent reports from
Swedish® and British!! investigators support these hy-
potheses. The presence of NT or NT metabolites in the
circulating blood raised also the possibility that these
peptides influence the function of several organs, including
the vasculature and the heart.

At the time we became interested in N'T in 1978, this
peptide was already known to exert an hypotensive effect
in rats® and dogs.!? Other related actions of NT were an
increased vascular permeability in rats?® as well as vaso-
dilation in the small intestine and vasoconstriction in
subcutaneous adipose tissues in dogs.!? NT had been
reported to be without effect on the heart rate in an-
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