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Summary: Twenty analogs of luteinizing hormone releasing hormone (LH-RH
or pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NHy), i.e., l_0§(Serl7;,
[-0§(Thrl7-, _[froi7—, lﬁhez—/'-, ﬁ-Me-HisE—/‘-, ifysg-, [Argg-, 121aﬁ7—,
/Thr47-, [Gln5/-, [Cl-Tyr5]/-, [di-Cl-Tyz7/-, [Gly7]-, /Alal]-, [Vall]

ff1e77- /N1e77-, /Ly587- /—rn87-, and /A1a107FLH-RH were synthesized

by the fragment condensation method and some biological properties of
these decapeptide amides were studied. On the basis of in vitro and
in vivo biological activities of these analogs, structure-activity
relatlonshlps were discussed,.

Since the amino acid sequence of porcine (1) and ovine (2) hypo-
thalamic luteinizing hormone releasing hormone (LH-RH) has been demon=-
strated to be the decapeptide amide, pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg~

Pro-Gly-NH, li7, several syntheses of this releasing hormone by the solid

phase method (3,4,5,6) and the solution method (7,8,9,10) have been reported.

0 0
Abbreviations: Ser = 2-oxo~oxazolidine-4-carboxylic acid, §(Thr =

2-o0xo0-5-methyl-oxazolidine-4-carboxylic acid, Cl-Tyr = o-Cl-tyrosine, di-
Cl-Tyr = o,0'~Cl-tyrosine, 3~-Me-His = N3-im methyl-histidine, Nle =
norleucine, DCC = dicyclohexylcarbodiimide, HONB = N-hydroxy-5-norbornene-2,

3-dicarboximide,
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We also reported a new method for the synthesis of the hormone by a
solution method, in which d-isobornyloxycarbonyl (IBOC)-group (11,12) was
used for protecting amino groups and for increasing the polarity of the
protected peptide intermediates (13). We now wish to report the synthesis
of decapeptide analogs of LH-RH by another improved method which was
recently discovered in this laboratory and has the advantage of avoiding
racemization during the coupling process. Detailed description of this
method (DCC/HONB) including the synthesis of LH-RH will be given in a
separate publication (14).

The key steps of our synthesis of the decapeptide amide can be

outlined as follows:

Z-pglu-His-Trp~-0Bzl Z-Ser-Tyr-Gly-0OtBu
lHZ/Pd Hy/Pd
hd
pGlu-His-Trp-0H + H-Ser-Tyr-Gly-OtBu
Ll
DCC/HONB
4
pGlu~His-Trp-Ser-Tyr-Gly-0tBu Z-Leu-Arg(NO, )~Pro-Gly-NHy
J CF4CO0H l(I-IBr/AcOH
pGlu~His-Trp-Ser-Tyr-Gly-OH 4 H-Leu-Arg (NOj)~Pro-Gly-NH2
l DCC/HONB
pGly~His-Trp-Ser-Tyr-Gly-Leu-Arg(NO2)-Pro-Gly-NHy
HF
LH-RH /T/

In order to evaluate structure-activity relationships in the LH-RH
molecule, we have synthesized twenty decapeptide amides (Tables I and II)
essentially by the method outlined above., In the case of the first two
analogs in the Tables, l—OQXSep}7LLH-RH and l—oz(Thp}7;LH-RH a modification

O~ 0
was used in which (Ser-OSu and Q?(Thr-OSu were coupled with H-His-Trp-
Ser-Tyr-Gly-Leu-Arg(NO2 )-Pro-Gly-NH2(13), respectively, followed by treat.

ment with HF (15).
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All the products were purified on an Amberlite XAD-II column and
subsequently on a carboxymethylcellulose column in a similar way to the
purification of LH-RH (14). The detailed account of the syntheses of
these analogs will be reported in companion papers (16,17,18).

Criteria of the purity of the analogs were achieved by tlc on Woelm

pre-coated silica gel F 254/366, using three solvent systems (50pg of each
peptide was spotted) and also by amino acid analysis and UV analysis.

All the peptides synthesized were chromatographically pure in all solvent
systems and gave the correct amino acid contents and reasonable UV spectra.
The data for characterization of the analogs are listed in Table I.

The hormonal evaluation in vivo of the analogs of LH-RH were per-

formed by the method of Yamazaki and Nakayama (19). The ovulation inducing
activities of the analogs were tested by using adult Sprague-Dawley rats
and single subcutaneous injection at diestrus (at 14:40) and then the
results were compared with the ED5q of synthetic LH-RH.

For more detailed evaluation, the analogs were incubated with hemi-
sected male rat pituitaries and the media were assayed for LH, by the
bioassay of Parlow (20) and/or the radioimmunoassay of Niswender et al
(22) and for FSH by the bioassay of Steelman and Pohley (21) and/or
the radioimmunoassay employing the NIAMD-Rat-FSH-Kit.

The data on the biological activities of the synthetic LH-RH analogs
are summarized in Table II.

Discugsion. Several publications have recently appeared describing
studies of the activity-structure relationsip., On the basis of chemical
modification of natural LH-RH, Baba et al (23) have concluded that His,
Trp, Try and Arg in the LH-RH molecule are important for its hormonal
activity and the hydroxy group of Ser is essential for the activity.

The important nature of pyrrolidine structure of N-terminal for the
hormonal activity was demonstrated by means of the treatment of natural

LH-RH with pyrrolidone carboxylyl peptidase by Amoss et al (24) and
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Schally et al (25). On the other hand, only a few instances have been
recorded of the synthetic approach to the structure-activity relation-
ship of the LH-RH analogs. Sakakibara et al (8) reported the synthesis
and biological activity of 1}hg§7—LH~RH and 15hq§7-LH—RH and found these
analogs to have ca, 507 the LH-release activity of LH-RH itself. Monahan
et al (26) described the synthesis of lalyg7-LH-RH, which exhibits a low
biological activity and some degree of inhibitory activity against LH-RH
in its release of LH. Chang et al (27) reported recently the syntheses
of /His87-LH-RH, /Nva87/-LH-RH and /des-Arg87-LH-RH, and showed the
important nature of positive charge at position 8 for the hormonal
action of LH-RH.

On the basis of our new data which is listed in Table II, it is
concluded that: (a) the intramolecular cyclic carbonylamide at N-terminus
is very important for release of LH and FSH, because 1frq£7-LHrRH has no
activity, whereas lfoziSep£7-LH-RH has a significant potency for release
of LH and FSH; (b) the imidazole ring at position 2 is not essential but
appears to contribute to the higher level of the hormonal activity, and
the basicity of this position has not so much contribution to the
activity. Moreaver it is interesting to note that the replacement of
His by 3-Me-His at position 2 does not increase the activity but actually
markedly decreases the specific activity; (¢) the hydroxy-group of Ser
at position 4 is not essential for the hormonal action; (d) the nom-polar
side chain of Leu at position 7 is also not essential but appears to
contribute to the binding of the hormone to its receptor by means of

jts@apolarcharacter; (e) since replacement of Arg by Lys at position 8
results in only a small decrease in activity, basic character in this
position appears to contribute to the hormonal action, as suggested by
Chang et al (27); however the marked loss in activity caused by the
insertion of Orn in this position suggests that chain length is also

important.
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TABLE I1 HORMONAL ACTIVITY OF LH-RH ANALOGS

Ovulation induce in vitro assays

Compound activitngDEO) LH-release FSH-release
LE-RH 165-230ng/100g b.w.* 100(%) 100(%)

I §(Sery-LH-RH 3,000 5-25(P)* 6 (SP)*
N
A Thel7-LE-RH 100,000 ~ 10,000 - << 5(SP)
[Prol7-LH-RH Neg.* < 0.L(RIA)* < 0.1(SP)
/Phe’]-LH-RH 100,000 - 10,000 4-7(RIA) 2(sp)
[Lys?7-LH-RH Neg. < 0.1(RIA) < 0.1(SP,RIA)
[&rgZ]-LE-RH - < 0.1(P,RIA) < 0.1(SP,RIA)
/3-Me-His2]-LH~RH 50,000 1(RIA) 1-2(SP,RIA)
/R1a4]-LH-RH 10,000 3-6(RIA) 16(SP)
ﬁhrf»}-LH-RH 10,000 4(RIA) 17(SP)
[e17-LH-RH 10,000 - 1,000 8(RIA) 6 (RIA)
/C1-Tyr3/-LH-RH 10,000 - 1,000 8(RIA) 5(SP)
[di-Cl-Tyr3/-LE-RH Neg. < 1(P,RIA) < 1(RIA)
[e1y7j-1h-ru - 3(p) 5(SP)
JA1a7]-LH-RH 10,000 5-6(RIA) 3-5(SP)
[valT]-LH-RH 1,000 16(RIA) 20-35(SP)
/T1e7]-LH-RH 600 - 400 45(RIA) 33(sP)
/N1eT]-LH-RH 600 30(P) 22(SP)
[Lys87-Lu-RH 2,000 11-28(P) 25(sP)
[orn®7-Lu-rHE 2,000 6-12(P) 5(SP)
/[A1al97_v1H-Rru 10,000 - 1,000 ~ 10(P) -

* b.w.: body weight, P: Parlow's method, SP:

Steelman-Pohley's method,

RIA for LH: Niswender's method, RIA for FSH: NIAMD-Rat-Fsh-Kit,

Neg.: Negative.
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Our above-mentioned results, together with those reported by others
(23,27), strongly suggest that none of the so-called "essential/functional
amino acid" exists in the LH-RH molecule, but on the contrary it appears
to us that all the amino acids may play important parts in the biological
functions of the hormone.
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