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SUMMARY

A linear analogue of the luteinizing hormone-releasing hormone, longer
than a decapeptide, is described for the first time, which is equivalent
in potency to the best known inhibitors of ovulation, and which constitutes
an important new. lead to the design of inhibitors of even greater potency.
At a dosage of 200 pg/rat, the undecapeptide [(<Glu-Pro)' , D-Phe2, D-Trp?,
D~Trp® ]-LH-RH caused 100% inhibition of ovulation. The related analogues,
[<Glu<Gly)*', D-Phe®, D-Trp®, D-Trp®]-LH-RH and [(Gly-Pro)?, D-PheZ?, D-Trp?,
D-Trp® ]- LH-RH, were less active, in vivo, All of these undecapeptides
inhibited the action of 0.6 ng/ml of LH-RA by greater than 50% at the very
low level of 10 ng/ml.

INTRODUCTION

The design of ovulation inhibitors based on modification in positions
2,3, and 6 has followed from some of our earlier work (1,4). The most
potent inhibitors were [D-Phe®, Pro®, D-Trp®]-LH-RH (3), [D-Phe?, Pro?,
D-Phe® ]-LH-RH (4), [D-Phe®, N-Me-Leu®, D-Phe®]-LH-RH (5), and [D-Phe?,
D-Trp?, D~Trp®]-LH-RH (6), which inhibited ovulation completely at 750
ug/rat.

In the investigation of new probes that could generate important
leads to inhibitors with enhanced activities, we have synthesized various
tetra-substituted LH-RH analogues; in particular, we have emphasized the

importance of position 1 (8-10).
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The antiovulatory potency of 1,2,3,6-tetra-substituted LH-RH analogues was
found to be dependant on the nature of the residues in positions 1 and 3 (10).
The substitution of 2—<Glu (9—11) and Ac-Pro (9) into position 1 of sequences
containing QfTrp in position 3 has led to equipotent inhibitors with increased
antiovulatory potency, in which ovulation was inhibited at 200pg/rat. In
contrast, all substitutions into position 1 of sequences having Pro or N-Me-Leu
in position 3 have given analogues with decreased activity (10).

our discovery of the highly active Ac-fProl, D-Phe?, E—Trps, D-Trp®]-LH-RH
(9), which is the most potent ovulation inhibitor yet reported having an L-
amino acid at position 1, has established that potent ovulation inhibitors could
be designed having either E' or E—amino acid residues in position 1.

As a consequence of structure-activity studies on the Ac-Pro? analogue, we
now describe the activities of three undecapeptide analogues of LH-RH. The ob-
servation that one of these, [(<Glu-Pro)?, D-Phe?, D-Trp®, D-Trp®]-LH-RH, com-
pletely inhibits ovulation at 200pg/rat, provides the first example that po-
tent ovulation inhibitors can be designed which have linear sequences longer

than ten amino acid residues.

EXPERIMENTAL

The peptides were synthesized by solid-phase procedures in a Beckman model
990 peptide synthesizer, followed by treatment with HF, as described (10). The
(< Glu-Pro)* and (<Glu-Gly)! analogues were purified over columns of Sephadex

G-25 with 20% AcOH, followed by partition chromatography over Sephadex G~25 with
the system 1-BuCH, 2 N AcOH (1:1). The (Gly-Pro)! analogue was purified over
Sephadex G-25 w1th 20? AcOH, followed by chromatography over Sephadex IH-20 with

1-BuOH, AcOH, H,0 (1:10: 90) The peptides were homogeneous by TLC on silica Gel
with the systems (v/v) R_? 1-BuOH, AcOH, EtOAe, H,0 (1:1:1:1); R_* 2-propanol,
1 N AcOH (2:1); R,® EtOH, H,0 (7:3); and R * 1~Bu0H pyridine, ACOH, H,0 (30:
20?8:24). The presence of Trp was established but not quantitated,

[(<Glu-Pro)*, D-Phe?, D-Trp®, D-Trp®]-LH-RH: [0)?° D -54.04° (c 0.997,
MeOH}; R_* 0.78, R,270.78 R.® 0.67, R _* 0.63; Amino acid analysis gave Glu
1.08, Pr62 x 1.1, Phe 0.99 , Ser 1. 02 Tyr O. 80, Leu 0.82 ) Arg 1.06  Giy 1.00,

[(<Glu-G1y)1, D-Phe?  D-Trp?, —TrpG]—LH—RH: [a}?© D -41.95 (e 1.013,
MeOH); R, 0.67, R 270. 78, R—3 0. 69 R4 0.65; Amino acid analysis gave Glu
0.92, Gly 2 x 0.97, Phe 1, 00 Ser 1, 09 Tyr 1.00, Leu 0.82) Arg 1.1, Pro 1.1 .

[(Gly-Pro)*, D-Phe?, —Trp —TrpGJ—LH -RH: [a] D -51.52 (¢ 1.068, MeOH);
R.' 0.75, R_2 0. 72 R ® 0 i3, R ig. 62; Amino acid analysis gave Gly 2 x s
Pro 2 x0,96 , Phe 1 05 Ser O 9%, Tyr 1 14, Leu 0.97, Arg 0.99.

The procedures for measurlng in vitro activities and antiovulatory potencies
have been described (4). - T

RESULTS AND DISCUSSION

The results of the in vitro assays are in Table 1. All of the analogues
inhibited the release of IH from 0.6 ng/ml of LH-RH by significantly greater
than 50%, at a dosage of 10 ng/ml. The release of FSH by LH-RH appeared to be

less effectively inhibited.
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The rat antiovulatory data are in Table 2. The (<G1u—Pr0Y analogue was
the most potent inhibitor and completely suppressed ovulation at a dosage
of 200 pg/rat. A 60% inhibition of ovulation was observed at 100 ug/rat,

The (< Glu-Gly)' analogue was completely effective at 750 ng/rat, and the
(Gly=-Pro)* analogue was considerably less potent.

Since the antiovulatory potency of the (KGlu-Pro)! analogue is essen~
tially equivalent to that of the corresponding Ac~-Prot analogue, it is now
apparent that position 1, in the [Residuel, E—Phez, E—Trp3, B-Trpe]—LH—RH
sequence, can probably accomodate innovated substitutions and still main-
tain high potency.

The observation that the (KGlu-Gly) analogue was less potent than the
(<Glu-Pro)! analogue may indicate that a more rigid residue is required in
that position.

The (Gly-Pro)® analogue is analogous to the Ac~Pro'! analogue, in that
a NH,CH,CO-residue occupies the position of the CH;CO-group, This change
did not appear to be beneficial for antiovulatory activity, although this
apalogue did strongly inhibit in the in vitro assay. The lower in vivo
potency may be a consequence of the presence of a protonated (-amino function,
and/or to increased enzymatic degradation due to the "unprotected" Q=~amino
function on the Gly residue. Currently, all of the most potent ovulation
inhibitors have a "protected" amino-terminal, e.g. L- or D~ <Glu, and CH;CO-,
which in peptide nomenclature, can be regarded as des—amino-Gly.

This work demonstrates, for the first time, that a new category of
potent ovulation inhibitors can be designed which are longer than deca-

peptides,
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