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Notes

Luteinizing Hormone-Releasing Hormone. Antiovulatory Activity of Analogs

Substituted in Positions 2 and 6

C. W. Beattie,* A. Corbin, T. J. Foell, V. Garsky, W. A. McKinley, R. W. A. Rees, D. Sarantakis, and J. P. Yardley

Research and Development Division, Wyeth Laboratories, Philadelphia, Pennsylvania 19101. Received June 9, 1975

Ten analogs of luteinizing hormone-releasing hormone (LH-RH) substituted in position 2 with D-amino acids and at
6 with either a D-amino acid or a nonasymmetric amino acid were synthesized by solid-phase methodology and as-
sayed for antiovulatory activity. [D-Phe?]-LH-RH substituted in the 6 position with D-Ala, D-Leu, D-Arg, D-(Ph)Gly,
D-Phe, or 2-Me-Ala possessed varying degrees of antiovulatory activity. [D-p-F-Phe?-p-Alaf]-LH-RH was one of the
most active antiovulatory compounds, while the [D-p-Cl-Phe?.D-Ala]-LH-RH analog was devoid of activity at a

comparable dose.

Following the first report! on luteinizing hormone-re-
leasing hormone (LH-RH) antagonists, considerable effort
was directed toward elucidating novel compounds of this
class possessing antiovulatory activity. This study reports
on several analogs of LH-RH which may prove to be effec-
tive precoital contraceptives by virtue of possessing such
activity.

Replacement of histidine [His?] in LH-RH (<Glu-His-
Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2)23 with D-phen-
ylalanine [D-Phe?] gives an analog with minimal agonist ac-
tivity and considerable antagonism to LH-RH-induced lu-
teinizing hormone (LH) release in vitro.* Replacement of
glycine [Gly®] with D-alanine [D-Ala®] gives an analog with
a high degree of LH-releasing activity in vitro and in vivo.5
A recent report from our laboratories demonstrated that
incorporating [D-Phe?] and [D-Ala8] into the LH-RH mole-
cule instead of [His?] and [Gly®] results in analogs with
marked antiovulatory and contraceptive activity.8-1° This
observation formed the basis for further examination of
possible structure-activity relationships among other
LH-RH analogs with different D-amino acid or nonasym-
metric amino acid substitutions for histidine and glycine.t
The synthesis and/or biological activities of the following
LH-RH derivatives are described: [D-Phe?]-LH-RH, [D-

Phe?-D-Ala®]-LH-RH, [D-Phe2-D-Leu®]-LH-RH, [D-Phe2-
D-Serf-LH-RH, [D-Phe?-D-Argf]-LH-RH, [D-Phe2-D-
(Ph)Gly®]-LH-RH, [D-Phe2-D-Phef]-LH-RH, [D-Phe2-D-
Lys%]-LH-RH, [D-Phe?-2-Me-Ala®]-LH-RH, [D-p-F-Phe2-
D-Ala®]-LH-RH, and [D-p-Cl-Phe2-D-Ala8]-LH-RH.

Synthesis. All peptides were prepared by the Merrifield
method!! on benzhydrylamine resin by a previously de-
scribed procedure.?® The analytical data are given in Table
I

Biological Activities. Table II illustrates the antiovula-
tory activity of [D-Phe2]-LH-RH analogs substituted in the
6 position by representative lipophilic (D-Ala, D-Leu, 2-
Me-Ala), hydrophilic (D-Ser), basic (D-Lys, D-Arg), or aro-
matic [D-Phe, D-(Ph)Gly] amino acids.

The data show that no D-amino acid or nonasymmetric
amino acid substitution in positions 6 of [D-Phe2]-LH-RH
was more effective than D-alanine in potentiating antiovu-
latory activity. The minimum effective dose (MED)qo) for
full ovulatory blockade was 6 mg for that analog; partial in-
hibition could be achieved at the 1.25-mg dose level. [D-
Phe?-2-Me-Alaf]-LH-RH was equipotent with [D-Phe2-D-
Ala8]-LH-RH (100% inhibition) at the 6-mg level, but lower
doses gave only partial inhibition, with an erratic dose-re-
sponse curve. A [D-p-F-Phe?] substitution at position 2 in
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Table I. Chemical and Physical Properties of Synthetic LH-RH Analogs
Amino acid analysis

No. Peptide Glu  Phe Trp Ser Tyr Gly Leu Arg Pro [ao]p®* R, on TLC

1 LH-RH® 1.06 0.89 0.84 1.02 1.96 0.97° 1.00 1.02 1.11 -52.9 0.05°
(- Phez]- LH-RH 1,00 1.00 0.84 0.70 0.98 2.00 1.00 1.03 1.04 -42.2 034

3 [p-Phe’p-Ala®]- 092 1.03 092 0.85 0.95 1.00 0.97° 0.93 0.97 1.05 -38.1 0.25¢0.6%
LH-RH

4 [p-Phep-Leu’]- 1.00 0.73 0.97 1.00 1.00 2.00 1.00 0.70 -26.0 0.49°
LH-RH

5 [D-PheZ-D-Sere]- 1.00 1.00 077 1,70 1.00 1.00 0.98 1.00 0.99 -41.3 0.2970.6%
LH-RH

6 [p-Phe’p-Argf]- 1.00 0.90  0.70 1.10 0.80 1.10 1.00 2.00 0.80 -24.3 0.2870.65
LH-RH

7 |[p-Phe®-p-(Ph)- 0.99 1.01 064 093 103 1.10 1.06¢ 1.00 1.04 0.95 -33.0 0.70"
Gly’]-LH-RH

8 [D-PheZ-D-Pheg]- 0.94 1.95 ~1.00 0.84 0.92 1.00 0.98 ~1.00 0.90 0.24¢
LH-RH

9 [p-Phe’-p-Lysf]- 0.98 1.01 0.79 0.87 1.00 1.05 0.99° 1.00 1.01 094 -25.8 0.45
LH-RH

10 [D-p-F-PheZ-D- 1.00 1,01 ~1.00 079 0.96 1.01 1.00° 0.93 0.97 1.00 -36.6 0.18
Ala®]- LH-RH

11 [p-p-Cl-Phe*p- 0.95 0.89% 097 0.74 0.99 1.03 1.00° 0.98 1.03 0.84 0.19¢
Ala®]-LH-RH

12 [p-Phe’-2-Me- 0.94 1.05 0.83 0.64 0.99 1.00 0.98 0.93 0.98 1.01 -25.0 0.45™
Ala]-LH-RH

aAll optical rotations were obtained with a Carl Zeiss LEP-A2 photoelectric precision polarimeter and all were determined in 1% acetic
acid solution with the exception of that for compound 7, which was determined in 30% acetic acid solution. ®All peptides for AAA were hy-
drolyzed in 6 N HC], with the exception of compound 8 which was hydrolyzed in methanesulfonic acid. ‘His. n-BuOH-AcOH-H0 (4:1:5).
¢Ala. 'n-BuOH-AcOH-H;0-EtOAc (1:1:1:1). 2(Ph)Gly. *n-BuOH-H20-AcOH-Pyr (30:24:6:20). iLys. /p-F-Phe. #*p-Cl-Phe. {2-Me-Ala.

m[soamyl alcohol-Pyr-H,0 (7:7:6).

Table I1. Antiovulatory Effect of LH-RH Analogs

No. Dose, % inhibn of No. of rats X ova

Analog of rats ug/rat x 6 ovulation ovulating ovulated
{p- Phe’]- LH-RH 5 1000 20 4 13.3
[p- Phe?-p- Alaf]- LH-RH 24 1000 96 1 14.0
20 500 95 1 10.0
10 125 30 7 13.3
[p- Phe?-p-Leuf]- LH-RH 10 1000 70 3 13.3
[o- Phe?-p-Serf]- LH-RH 5 1000 0 5 13.5
[- Phe’-p- Argf]- LH-RH 5 750 40 3 10.3
[p- Phe?-p-(Ph)Gly®]-LH-RH 4 1000 100 0 0.0
5 350 0 5 13.2
[p- Phe?-p- Phe?]-LH-RH 10 1000 80 2 4.0
[p- Phe®-p- Lys®]- LH-RH 5 1000 0 5 13.8
[p-p-F-Phe?-p- Ala®]- LH-RH 5 1000 100 0 0.0
5 125 60 2 14.0
[p-p-C1- Phe?-p- Ala®]-LH-RH 5 1000 0 5 13.5
[p- Phe?-2-Me- Ala®]- LH-RH 5 1000 100 0 0.0
14 250 64 5 10.5
10 125 80 2 11.5
0il 68 1 67 13.7

[D-Phe?-D-Alaf]-LH-RH increased antiovulatory activity
below the 6-mg dose level, although the MED, oy was again
6mg. Interestingly, the closely related [D-p-Cl-Phe2-D-Ala®]-
LH-RH was completely inactive, indicating that the size of
the para substitution in the phenyl moiety of phenylala-
nine may be crucial for activity.

Table III illustrates the in vivo gonadotrophin-releasing
activity of several of the active antiovulatory analogs as

compared with LH-RH. In this extremely sensitive model a
minimal LH-releasing activity relative to LH-RH is com-
mon to all the antiovulatory peptides tested; however, as
much as a 1000-fold difference between minimum LH-re-
leasing doses exists between analogs exhibiting comparable
antiovulatory activity, such as [D-Phe2-D-Ala®]-LH-RH or
[D-Phe2-2-Me-Alaf]-LH-RH; [D-Phe?-LH-RH, which has
little in vivo or in vitro releasing activity, is only minimally



Table I11. In Vivo LH Agonist Activity of LH-RH Analogs®

Min releasing

Releasing act.

% increase in LH at

Analog concn, ng/ml iv rel to LH-RH, ¢ min releasing dose
[p- Phe’]-LH-RH 1000 0.0001 45
|p- Phe’-p- Alaf]- LH-RH 1 0.1 120
[p- Phe?- Leu®]- LH-RH 10 0.01 68
[p- Phe’-p- Arg?]- LH-RH 100 0.001 60
|p- Phe®- 2-Me- Ala’]- LH-RH 1000 0.0001 42
LH-RH 0.1 100 65
eQvariectomized, estrogen-progesterone treated rats.
Table 1V. Effect of LH-RH Analogs on the Proestrus-Estrus Gonadotropin Surge®
LH° FSH°
s Proestrus N Estrus nka Proestrus Vs Estrus—
Analog 1330° 1430 1530 1630 1730 800 900 1330 1430 1530 1630 1730 1830 1930 800 900
0il 110.0° 242.9  531.3  1193.0 8124  82.7 458 2100 197.1  262.0 4144 3604  354.6 591.9 653.7 728.1
+205 +102.5 +238.9 +121.9 +131.3 +25.2 +35.8 +15.0 +47.2 +45.0 + 48.9 +42.1 +42.9 +58.3 +69.0
(25) (25) (22) (22) (22) (5) (5) (22) (22) (22) (2) (6) (6) (6) (5)
{p- Phe?’-p- Ala“]- 85.0 74.5 70.5% 339.6% 287.2* 188.9 186.8 110.2* 107.3* 137.5* 466.2 503.2 478.8 362.8* 394.3* 385.8
LH-RH +10.0 +15.1 + 20.5 + 79.8 + 62.8 + 80.3 +89.3 + 20.1 + 10.5 + 59.7 + 53.3 +63.3 +28.6 +47.8 +55.1
(6) (6 (6 (6 (6) (6) &) (6) (6) (6 (6) (6) (6) (6) (8)
[p- Phe’-2-Me- Ala‘]- 221.4 437.9 273.5%  192.1* 880.4 594.1 649.5 533.1 640.6 463 .4
LH-RH +93.0 +169.1 +125.8 +97.1 + 451.8 +151.1 +112.7 +159.3 +174.2 + 134.7
4 4 (4) 4 4 4 4 4 4 4

“Hours sampled. "Mean + SE, ng/ml of serum. Numbers in parentheses refer to numbers of animals per group. “An asterisk indicates significantly different from oil control (p < 0.05).
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effective as an antiovulatory agent. Also, this latter analog
has been reported to antagonize LH-RH-induced LH re-
lease in vitro,® suggesting that minimal in vivo/in vitro
LH-releasing ability or antagonism of an LH-RH induced
LH release in vitro is only marginally predictive of antiovu-
latory activity.

Conversely, potent antiovulatory analogs of LH-RH sup-
press the proestrous, preovulatory serum LH surge and
may also reduce the estrous morning surge of FSH (Table
IV), clearly suggesting that this is the basis for their anti-
ovulatory activity.

In support of this mechanism is the significant decrease
in proestrous gonadotrophin levels and ovulation following
peptide administration earlier in the estrous cycle,? cou-
pled with negligible LH stimulation after antiovulatory
doses in cycling rats (C. W. Beattie, unpublished observa-
tions) and inability to induce ovulation (100 ug iv) in the
nembutalized rat.”

Experimental Section

All protected amino acids with the exception of Boc-D-p-F-Phe
and Boc-D-p-Cl-Phe were purchased from Bachem Laboratories,
Marina Del Rey, Calif. Amino acid analyses were performed on a
Durrum D-500 high-speed amino acid analyzer. Peptides were ei-
ther hydrolyzed in evacuated sealed tubes for 18 hr at 125° in 4 N
methanesulfonic acid containing 0.2% 3-(2-aminoethyl)indole or
hydrolyzed in 6 N HCI containing 0.59% thioglycolic acid for 4 hr
at 145° in a closed system under nitrogen. Purity of the individual
samples was determined by TLC and the shape of their elution
curves from the respective partition columns. TLC was performed
on Brinkman silica gel plates, irrigated with the respective solvents
listed in Table I. The samples were applied at the 0.03.mg level
and the spots were visualized with iodine vapor, Ehrlich spray, and
chloramin T spray. By these criteria all samples were judged to be
essentially pure.

[p-Cl-Phe] and [p-F-Phe] were resolved by selective a-chymo-
trypsin hydrolysis of their respective ethyl esters by a procedure
described earlier by Tong et al.!?2 The respective D-amino acids
were first isolated and then converted to their Boc derivatives by
conventional methods.!3

[D-p-Cl-Phe]: [«]?*D +3.03° (¢ 1.98, 1 N HC]) (lit.!? [a]D +3.3°).
[Boc-D-p-Cl-Phe]: mp 100-103°. Anal. Calcd for C14H1804NCI: C,
56.10; H, 6.05; N, 4.67; Cl, 11.93. Found: C, 56.36; H, 6.16; N, 4.66;
Cl, 11.60.

[D-p-F-Phe]: []?°D +6.31° (c 2.04, 1 N HC]) (lit.!2 [a]D +5.6°).
[Boc-D-p-F-Phe:1* mp 70-72°. Anal. Calcd for Ci14H1304NF: C,
59.35; H, 6.40; N, 4.94. Found: C, 58.99; H, 6.29; N, 4.86.

All peptides were assayed for antiovulatory activity in adult
(200-250 g) female Sprague-Dawley rats acclimated to laboratory
conditions and maintained on a 14-hr light/10-hr dark lighting
schedule with midnight the midpoint of the dark cycle. Only those
rats exhibiting a least two consecutive 4-day cycles were used. All
peptides were administered sc in corn oil (1 mg/0.2 ml) in varying
doses on a half-hourly basis from 1200 to 1430 hr on the day of
proestrus (D3). All rats were autopsied on the morning of estrus
(D4) and the presence or absence of ova was ascertained under a
dissecting microscope. The absence of or a significant decrease in

Notes

the number of rats ovulating was the criterion for an antiovulatory
effect.

Active antiovulatory analogs were assayed for LH release in vivo
using ovariectomized, estrogen-progesterone-primed rats!® and
compared with LH-RH. Briefly, 50 ug of 178-estradiol and 25 mg
of progesterone were administered sc to rats 3 weeks post ovariec-
tomy. Later (72 hr) analogs (1.0-1000 ng/ml/rat) in saline were ad-
ministered iv via the jugular vein under light ether anesthesia, im-
mediately after withdrawing a 1-ml blood sample. Twenty minutes
post-treatment, rats were again sampled (1 ml) via the jugular vein
for determination of serum LH-FSH.

In addition, the ability to suppress the proestrous, preovulatory
surge of gonadotrophin in rats was assessed for two of the most ac-
tive antiovulatory analogs ([D-Phe?-D-Ala®]-LH-RH and [D-Phe?-
2-Me-Ala8]-LH-RH). Peptides were administered at 6 half-hourly
(1 mg) sc injections from 1200 to 1430 hr on the day of proestrus.
Blood samples for serum LH-FSH determination were taken by
cardiac puncture (0.5-1.0 ml, volume replaced ip with saline). All
serum hormone levels were determined by double-antibody ra-
dioimmunoassay using reagents and standards supplied by the
NIAMDD Rat Pituitary Hormone Distribution Program through
Dr. A. Parlow.
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