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SUMMARY

Potent agonist and antagonist analogues of luliberin containing an aza-
glycine residue in position 10 were synthesised and tested in androgen-
sterilised constant-oestrus rats., The agonist, [D-Ser(But)®, AzglylO]-
luliberin, induced ovulation at a dose of 6n§/rat iovey 10ug/rat p.o. and was
at least five times as potent as [D-Ser(But)®, des-Gly- NHlo, Pro-ethylamide ]
luliberin, [D'Ser(But)6, Azgly1 -luliberin (lug/rat) also prevented HCG-
induced increases in ovarian and uterine weight in lmmature rats and was a
highly potent antitumour agent when ﬁlven to rats bearing DMBA-induced mamm-
ary tumours. The antagonist, [D PheZ, D-Pheb Azgly ] luliberin at a dose
of 15ug/rat completely inhibited ovulation 1nduced by luliberin (0,5ug/rat),
whereas [D-Phez, D-Phe ] luliberin lost activity below 125ug/rat.

The possibility that an a-aza-amino-acid substitution in a biologically
active peptide may generate analogues with either increased potency and
longer duration of action or with antagonist activity (1) led to the synthesis
of several a-aza-analogues of luliberin (luteinizing hormone-releasing hor-
mone), Such analogues may be useful in man as contraceptive (2,3) and anti-

tumour agents (4,5)and for the treatment of various infertility states (6),

in farm animals they may be used to improve fertility (6).

Preliminary work showed that substitution of either azaglycine or aza-
alanine in position 6 and 10 of luliberin gave analogues which retained bio-
6 10
logical activity (7). The analogues, [Azglys]-, [Azala’]-, and [Azgly |-

luliberin were as potent as luliberin in inducing ovulation in androgen-
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sterilised, constant-oestrus (AFO) rats, but appeared less active in releas-

ing FSH and LH in immature male rats (7).

The synthesis has now been completed of several a-aza-analogues of
luliberin combining an aza-change in position 6,9 or 10 with either des-

histidine modification in position 2 or D-amino-acid replacement in position

10
2 ?

Pro-ethylamideg]-1uliberin (9) were also prepared for comparison. The biol-

2 andfor 6. [D-Phe’, D-Phe®]-luliberin (8) and [D-Ser(Bu%)®, des-Gly-Nu
ogical activity of the more potent aza-analogues is now described,

THESI

The synthetic procedure used for the preparation of [D'Phez, D'Phe6,

2, D-Phee]-, and [D-Ser(But)6, des-

Azglylo]-, [D*Ser(But)6, Azglylo]', [D-Phe
Gly-NH%o, Pro-ethylamideg]-luliberin is described in Scheme 1. Three peptide
fragments,[:-(?lu'A'Trp'Ser'NHNH2 (A= His or D-Phe), N-Z-0-BZL-Tyr-B-Leu-
NHNH, (B = D-Phe or 0-Bu®-D-Ser), and N*-Boc-N"-nitro-Arg-Pro-C (C = Azgly,
'NHCZHS) were prepared in a stepwise manner by using dicyclohexylcarbodi-
imide-hydroxybenzotriazole as coupling reagent., The t-butoxycarbonyl pro-
tecting group was cleaved by treatment with HCl in ethylacetate, and benzy-
loxycarbonyl, benzyl and nitro groups were cleaved by hydrogenolysis. The
analogues were purified by gel filtration on Sephadex LH-20 in dimethylfor-
mamide and by partition column chromatography on Sephadex G-25 using either
n-butanol-acetic acid-water (4:1:5) or n-butanol-acetic acid-water-pyridine
(5:1:5:1) solvent system, They were characterised by thin layer chromatogr-

aphy in several solvent systems, amino-acid analysis after hydrolysis in 6 N

HCl containing 1% phenol at 110°C, and paper electrophoresis at pH6.5 and 2.1,

L TEMS

Induction of ovulation.— Agonist activity was determined in AFO rats.
In these animals a single i.v. injection of luliberin induces ovulation and a
vaginal smear change from cornified to predominantly leucocytic. The ana-
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logues were either injected (i.v.; s.c.) or given orally and daily vaginal
smears were taken and examined., Three days after dosing the rats were killed
and the ovaries examined for the presence of corpora lutea,

Inhibition of oyulation.— Antagonist activity was assessed by the
ability of the analogues to prevent ovulation induced by luliberin (0.5ug/
rat) in AFO rats. The analogues were injected either s.,c. or i,v., simultane-
ously with luliberin (0.5ug/rat) and the ovaries were examined three days
later.

Inhibition of human chorionic gonadotrophin activity.— Twenty-two day
old female rats, in groups of 5, were dosed s.c. twice daily with either HCG
alone, or combined with a luliberin analogue. The total dose of HCG, given in
6 equal parts, was 50 USP units/rat., Five animals given saline served as
untreated controls., On the fourth day of the experiment the rats were weighed
and killed and their ovaries and uteri were removed, blotted dry and weighed.

Antitumour activity.— Female rats were dosed orally twice on either day
43 or 44 of age with 9,10, Dimethyl-1,2, benzanthracene (DMBA; 20ug/rat).
After 100 days the surviving rats were examined and the tumour sizes were
measured by calipers along the longest axis and at right angles to it. The
two values obtained were multiplied together to obtain an assessment of
tumour area, The rats were then allocated so as to give approximately equal
tumour numbers and sizes in control and treated groups. The animals were then
dosed for 28 days either with saline or the agonist analogue (5ug/rat twice
daily on weekdays and Sug/rat daily on Saturdays and Sundays)., Tumour numb=
ers and sizes were re-assessed weekly.

RESULTS
a) Agonists

The potency of the agonists in inducing ovulation in AFO rats is record-
ed in Table 1, [D-Ser(But)6, Azglylo]-luliberin induced ovulation at a dose
of 0,0063ug/rat when injected i.v. and when given orally was fully effective
at 10pg/rat and partially effective at 2.5ug/rat. The related non-aza com-
pound [D-Ser(But)G, deS'Gly-NH;o, Pro-ethylamideg]-luliberin, was fully act-
ive intravenously at O,lug/rat and partially active at 0.0lug/rat. In this
case, therefore, the aza-substitution appears to have increased the biolog-

ical activity at least 5-fold.

10 t, 6
At very much higher doses both [D-Ser(But)6, Azgly = |-and [D-Ser(Bu '),

des-Gly-NH;o, Pro-ethylamideg]-luliberin cause an inhibition of the increase

in ovarian and uterine weights induced by HCG (Table 2), the former again

proving significantly (P0.05) more potent.
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Table 1, Effect of luliberin analogues on ovulation in androgen-sterilised
constant-oestrus rats.

Compound Dose(iig/rat) No ulating/No, treate
Analogue Luliberin
Luliberin 0.5 (i.v,) 3/3
0.25 (i.v.) 3/4
0.10 (i.v.) 0/4
[D-ser(Bu®)®, Azgly'®]-luliberin 0.5 (i.v.) 3/3
0,0062 (i.v.) 3/3
0.0031 (i.v.) 0/3
10 (p.o.) 3/3
1,0 (p.o.) 3/6
[D-Ser(Butf,des-Gly-NH;O,Pro-
ethylamide”]-luliberin © . 0.5 (i.v.) 3/3
0.1 (i.v.) 3/3
0,01 (i.v.) 1/3
[D-Phe?, D-Phe®-Azgly!®]-luliberin 250 (i.v.) 0/3
15.6 (i.v. or
S.C.) 0.5 0/3
7.8 (i.,v. or
s.c.) 1/3
[p-Phe?, D-Phe®]-luliberin 125 (i.v.) 0.5 0/3
62,5 (i.v.) 0.5 1/3
1 2 3 4 5 6 7 8 9 10
L_(;lu A Trp Ser Tyr B Ley Arg Pro C
p H—{—OMe 7—-OH H—{—OMe
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Bzl N
NHNH,  Z i NH,
H*
Ny H NH,
H+

NH,

Scheme 1., Synthesis of luliberin analogues. A= His, D-Phe; B= D-Phe, D-

Ser(But); c= Azgly-NH,, -NHC,H,.
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Figure 1. Effect of [D-Ser(But)6, Azg1y10]~1uliberin on DMBA-induced
rat mammary tumours,

The paradoxical inhibiting effects of high doses of luliberin analogues
on ovarian function are also illustrated by the response of DMBA-induced rat
mammary tumours to treatment with [D'Ser(But)e, Azglylo)-luliberin (Figure 1),
In untreated control animals tumour size increased markedly and a number of
new tumours appeared, In the treated animals some tumours disappeared com-
pletely and the remainder showed a highly significant regression. After one
month the total tumour area in 6 treated rats was about 14.5 cm2 whereas in

. 2
control animals the area increased to around 83 cm".

b nist

[D-Phez, D-Phe®

, Azglylo]-luliberin, at a dose of 15.6pg/rat completely
blocked ovulation induced in AFO rats by O.5pg luliberin; a partial response

was seen at 7.8ug/rat (Table 1), Comparison with the results obtained for
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2, D-Phe6]~luliberin shows that the azaglycine containing analogue is

[D-Phe
about 8 times as potent. When given orally (500pg/rat), either simultaneously
or 30 or 60 minutes before an i,v., injection of 0.5ug luliberin/rat, [D‘Phez,
D-Phe6, Azglylo]-luliberin was ineffective in preventing ovulation, The
analogue did not show any agonist activity up to a dose of 250ug/rat i.v.;

higher doses were not given because of the poor solubility of the compound in

saline,

Finally [D-Phe?, D-Phe®, Azgly'®]-luliberin failed to inhibit HCG-induced
increases in uterine and ovarian weight (Table 2) and was ineffective in red-
ucing number and size of DMBA-induced mammary tumours. Indeed it appeared to
cause a further increase in ovarian weight (Table 2) when given with HCG and

seemed to accelerate tumour growth,

DIS ION

Aza-amino-acid substitution in biologically active peptides has previ-
ously been attempted in the hope of increasing biological activity but the
approach has met with little success. A small increase in potency was
observed in the case of [5-azasparagine]-eledoisin (4-11)-octapeptide (l0)
and [Azglyg]-oxytocin (11), but most of the other analogues produced were
considerably less active, The analogues of luliberin described here are the
first examples where the biological potency (agonist and antagonist) has been
significantly increased as a result of aza-substitution. It may be speculated
that the azaglycine residue in position 10 along with a D-amino-acid residue
in position 6 is able to change the overall conformation of the molecule and
that the resulting analogues are able to interact more strongly with the
receptor sites. Alternatively the increased activity may be due to increased
stability of the analogues to enzymic degradation. Although positions 6 and
10 in luliberin have been shown to be susceptible to enzymic action (12), the

significance of the metabolic stability in this case should not be over
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emphasised because ethylamide substitution is also likely to have such an
effect. However [D'Ser(But)G, des-Gly-NH;O, Pro*ethylamideg]-luliberin is
undeniably less potent than [D'Ser(But)G, Azglle]-luliberin. Aza-substit-
ution is also likely to influence the absorption and distribution properties
of these analogues, but, at present, it is not possible to assess the

importance of these factors,

The results presented confirm earlier reports of the paradoxical inhib-
itory effects of potent luliberin agonists on HCG-induced gonadal and uterine
growth (13) and on DMBA-induced mammary tumours(5,6), but they fail to
elucidate the mode of action of these compounds, The antagonist [D'Phez,
D-Phe6, Azglylo]-luliberin has been shown to enhance HCG-induced increases in
ovarian and uterine weights., This observation taken together with the app-
arent stimulation of DMBA-induced mammary tumours urges caution in the use of
luliberin antagonists in malignant disease. However, a much stronger case
can now be made for the study of luliberin agonists as therapeutic agents in

tumours of the gonads, breast and reproductive tract.
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