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SUMMARY: Various didnes injected intraperitoneally to the rat powerfully 
inhibited ovarian ornithine decarboxylase (EC 4.1.1.17) StisniLated by human 
chorionic gonadotrophin (HCG) . l,Z+Diaminopropane and putrescine (1,4-diamino- 
butane) partially prevented the rise in the enzysra activity by HCG in the p?~- 
pubertal rat ovaries whereas cadaverine (1,5-diaminapentane) and aost notably 
1,6+iaminohexane virtually cortpletely abolished the stimulation by the latter 
hormone. The inhibition of omithine decarboxylase by the diamines in viva ap- 
parently occurred through alterations of the enzyme levels since nona of the 
anrines did inhibit omithine decarboxylase activity in vitro under the assay 
conditions used. 
A close correlation existed between progesterone content and omithine decar- 
boxylase activity in the ovary of prepubertal rats under a variety of experimen- 
tal conditions used. 
The inhibition of omithine decarboxylase activity by injections of 1,6-diamino- 
hexane was accompanied by a partial prevention of the enhancerrent in ovarian 
progesterone accumulation by HCG. 

A stimulation of rat ovary by gonadotrophic horn-ones, endogenous or exogenous, 

resultedinamrkedenhancesen t in the biosynthesis of polyamines (putrescine 

and spermidine), as reflected by dramatically elevated activities of L-orhi-, 

'chine decarboxylase and S-adenosyl-L-mthionine decarbowlase (EC 4.1.1.50) 

(l-6). The timing of the stimulation of ovarian omithine decarboxylase in the 

rat imediately after the surge of luteinizing hormone (LH), i.e. just a few 

hours prior to ovulation, has given rise to justified suggestions of the poss- 

ible invol vement of putrescine in the ovulatory process itself (1,3). It appears 

that the activity of omithine decarboxylase in rat ovary is mainly, if not 

necessarily exclusively, regulated by LH since the administration of various 

steroid hormones or follicle stimulating homom (FSH) has been reported to be 

without any effect on ovarian omithine decarboxylase (1). I%reover, the ac- 

tivity of omithine decarboxylase as well as putrescine content reneined at ].a~ 

levels in rat ovary during the first half of pregnancy but were abruptly elelr 

ated when placenta was formed (5,7). The latter finding likewise supports the 

assqtion that progesterone that is actively synthesized by the ovary during 

the early pregnancy do not activate ovarian putrescine synthesis. The close 
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association Of the stimulation of omithine decarbowlase with the ovulatory 

process (1,6) and the fluctuation of the enzyrre activity in the ovary during 

pregnancy suggest that an enhanced synthesis of putrescine (and spermidine) 

may play a regulatory role in the cascade of gonadotrophic hornone action on 

mammalian ovary. 

Eased on our earlier experience of the repression type inhibition of liver 

omithine decarboxylase in viva by a variety of "unphysiological" diamines 

(8-lo), we have extended these studies in order to develop a selective inhibi- 

tor of ovarian omithine decarboxylase. Unlike regenerating rat liver (8), 

where 1,3-diaminopropane serves as an excellent inhibitor of omithine decar 

boxylase (8), it appears that diamines of longer carbon chains are more potent 

inhibitors of putrescine synthesis in rat ovary. 

Imature female rats (weighing 40-60 g) of either Wistar or Sprague-Dawley 
strainswere usedinallexperinents. 

The animals were killed by decapitation, the ovaries mved, freed frcrn any 
extraneous tissue and honogenized with 25 vobmes of Tris-HCl. buffer (pH 7.1) 
containing 5 ~~Ndithiothreitoland O.lnMJX?TA. Thehcnogenateswere centrifuged 
for 30 tin at 100 000 x g and the resultant supematant fractions were 
used for the assay of omi*e decarboxylase activity and for the maasure- 
mant of progesterone content (see below). 

Hurran chorionic gonadotrophin (HCC, PregnylR, Organon) was dissolved in physio- 
logical saline and administered intraperitoneally. 

DL- [l-'4C]omithine (sp. radioactivity mCi/mtole) was purchased from the Radio- 
chemical Centre (Amsrsham,Bucks.,England). 

1,3-Diaminopropane (Fluka AG,Buchs SG,Switzerland), cadaverine (Calbicchem,San 
Diego,Calif.,U.S.A.), putrescine (Calbiochem) and 1,6-diaminohexane (DDHChemi- 
cals Ltd.Pcole,!&gland) were dissolved in water and neutralized before injec- 
tions. 

Omithine decarboxylase activity was assayed in the presence of saturating 
concentration of L-omithine (2 r&I) and 5 r@l dithiothreitol as described earlier 
(2). Ovarian progesterone content was measured using radio-assay with anti- 

progesterone antibody raised in rabbits (11). 

Protein was measured by the mathod of Lcwry et ~2. (12) using bovine senzn albu- 
min as the standard. 

RESULTS 

As shawn in Table 1, single injection of HCG resulted in a more than 25-fold 

stimulation of ovarian omithine decarboxylase activity at 4 h after the admin- 

istration of the hormone. Noteworthy is also the fact that the specific activity 
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Table 1. Effect of differentdiarnines in viva on ovarian omithine de- 
carboxylase activity of prepubertal rats after treatnrsnt with human 
chorionic gonadotrophin (HCG). The animals received 25 I.U. of HG 
(or saline) without or with the diamines (125 vles/lOO g body wt.) 
4 h before death. The amine injection was repeated again 2 h before 
death. The n-r of rats in each group is given in parentheses. 

Treatnent Omithine decarboxylase 
activity 

(nnoles/mg protein per 30 min *S.D.) 

Saline (4) 0.89 k 0.29*** ( 4%) 

HCG (4) 23.45 ?r 5.24 (100%) 

HCG+diaminopmpane 
[NH2 042 )3W I 

HrX + putrescine 
ml32 Kw 1 km2 1 

(4) 9.10 f 0.79*** ( 35%) 

(4) 13.90 +10.00 ( 59%) 

HcG+cadaverine 
[MI2 (a21 5m2 1 (3) 6.80 f 1.40** ( 29%) 

HC?S+diaminohexane 
[NH2 02) 8% 1 (4) 1.20 f 1.10*** ( 5%) 

The significance of the differences (as vd with the group receiving 
HCX alone): ** p < 0.01 , *** p < 0.001 

of omithine decarboqlase in stimulated rat ovary represents by far the high- 

est activity of this enZyme ever recorded in rat tissues, being 10 

to 20 tiaes higher (per rq protein) than that found in regenerating rat liver, 

for example (13). Injections of various diartrines (125 mles/lOO g body wt.) 

given with HCG (4 h before death) and 2 h later (2 h before death) markedly in- 

hibited ovarian ornithine decarboxylase activity stimulated by HCG (Table 1). 

Wnile 1,3-diaminopropane and putrescine (1,4-diaxinobutane) only partially 

(40-65%) prevented the stirrollation of the enzyme activity elicited by HCG, ~a.- 

daverine (1,5-diaminopentane) and rrost notably 1,6-diaminohexane virtually ccn~ 

pletely abolished the enhan- t of omithine decarboxylase activity (Table 1). 
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Table 2. Effect of different diamines in vitro on ovarian omithine 
decarboxylase activity stimulated by an adminstration of human 
chorionic gonadotrophin (HCG). The animals were injected with 25 I.U. 
of HCG 4 h before death and omithine decarboxylase activity was as- 
sayed using undialyzed cytosol fractions of the ovary as the source 
of the enzyme. 

Additions Concentration 
(n-w 

Omithine decarboxylase 
activity 

(nmoles/mg protein per 30 min) 

None 20.45 (100%) 

Diaminopropane 2 20.05 ( 98%) 

Putrescine 2 17.93 ( 88%) 

Cadaverine 2 19.58 ( 96%) 

Diaminohexane 2 19.36 ( 95%) 

r = 0.87 
. 

. 

1 2 3 4 
PROGESTERONE (ng/mg Protein) 

Fig. 1. The relationship between ovarian omithine decarboxylase 
activity and cytosolic progesterone concentration in prepubertal 
rats . The values are obtained fromaninxilswithoutany treatment 
and from animals receiving HCG without or with 1,6-diamir~hexane. 
Eqerimantal details as inTable 3. 
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Table 3. Effect of hm chorionic gonadotrophin (HCG) without or wfith 

1,6-dibhexane on ovarian omithine decarboxylase activity and pro- 
gesterone concentration of prepubertal rats. The animals received 25 I.U. 
of HG (or saline) without or with disnunohexane (125 ~les/lCC g body 
wt.) 4 h before death. The injection of the amine was repeated again 2 h 
before death. Tfie n&r of animals in each group is given in parenthese:s. 

Treatnent Omithine decarboxylase Progesterone 
activity concentration 

(nmles/rrg protein per 30 min 5.D.) (ng/rrg protein 
-t S.D.) 

Saline (6) 0.22 f 0.14*** 0.24 C_ 0.08*** 

HCS (6) 18.60 + 6.30 3.44 t 0.39 

HCG+diaminchexsne (8) 7.40 f 5.70** 1.95 f 0.93** 

The significance of the differences@ conparedwiththegroupreceiving 
HE alone): ** p < 0.01 , *** p. < 0.001 

The varying degree of inhibition exerted by the amines is nest likely attribu- 

table to differences of their uptake by ovarian tissue. 

The fact that the inhibitory effect exerted by the diamines on ovarian omitihine 

&mlasewas not due to any direct feedback inhibition of the en- ac- 

tivity is demonstrated in Table 2. Eguirrolar concentration of the diamines, 

with respect to L-ornithine, did not depress omithine decarboxylase activity 

in vitro to any appreciable extent (Table 2). 

There appeared to exist a remarkably close relationship between ovarian omi- 

thine decarboxylase activity and the progesterone content in the ovarian cyto- 

sol fraction, as shm in Fig. 1. The individual values have been obtained 

fram ovaries of inn-ature rats not treated with EG, of RX-treated animals and 

of rats in which the stimulation of omithine decarboxylase activity was par 

tially or totally inhibited by injections of 1,6-diaminohexane. The corre- 

lation of these two variables, ovarian omithine decarboxylase activity and 

progesterone concentration, was highly significant (p < 0.001) with a regression 

coefficient as high as 0.87 (Fig. 1). 

The intimate association of ornithine decarboxylase activity and progesterone 

concentration in the ovary of irsnature rats is also seen in Table 3. As sh~l, 
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an injection of HCG resulted in about 85-fold enhancersant in ovarian omithine 

decariixylase activity with a concomitant ll-fold increase in cytosolic pro- 

gesterone concentration. The inhibition (60%) of omithine decarboxylase ac- 

tivity by 1,6-diaminohexane was accoqani 'ed by a significant decline (43%) of 

ovarian progesterone concentration. It resains to be established whether these 

two changes are casually related. 

DISCUSSION 

Large body of evidence indicates that a major way, if not necessarily the sole 

one, for the control of rbsmalian polyamine synthesis is the regulation of or- 

nithine decarboqlase, the rate-controlling enzyms of the polyamide pathway, 

by various amines through a repression type mechanism (14-16). The fact that 

not only natural polyamines (putrescine, spermidine and spemine) but also SOIE 

structurally related diamines, whichdonotnormallyoccur in lMmMlian tissues 

(8-lo), exert similar inhibitory action on omithine decaxboxylase in z)iz)o, has 

opened new avenues for the search of a specific inhibitor of the synthesis of 

natural polyamines. The use of exogenous amines for the inhibition of omithine 

decarboxylase, ho&ever, is rational only if these amines do not take over the 

physiological functions of the natural polyznines. Although the latter eventu- 

ality has to be investigated e~rinentally in every case, there exists already 

son-e evidence in support of the view that the requiresent for putrescine and 

spemidine can not be mt by unphysiological amines. The inhibition of putrescine 

and spermidine accwation after partial hepatectony by 1,3-diaminopropane 

thus resulted in a marked decrease in the synthesis of liver DNA (9). Similarly, 

the inhibition of omithine decarboxylase activity by a-r~thyl omithine was 

associated with a n-arked reduction of DNA synthesis in rat hepatore cells that 

could only be reversed by natural polyamines but not by 1,3-diaminopropane or 

cadaverine (17). 

The present experinents likewise suggest that 1,6-diaminohexane might be unable 

to replace putrescine in rat ovary, assuming that putrescine and/or spermidine 

are needed for full stimulation of steroidogenesis following treatnent with 

HCG. Although it is highly *robable that polyanrlnes would have any direct in- 

fluence on the synthesis of ovarian steroids, they conceivably may play a per- 

missive role possibly optimizing the intracellular conditions for the ovulatory 

process (1). The ncderate inhibition of progesterone accurmiLation might thus 

be reflection of a general disturbance of ovarian mztablism resulted for the 

inhibition of putrescine synthesis. In this respect, the system may be resemble 
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thatinorgancultures of mouse namrary gland where the secretion 'ofi milk pro- 

teins is stimulated by insulin, prolactin and cortisol. The enhancerent in milk 

protein synthesis was preceded by an increase in the concentration of intra- 

cellular spermidine, the inhibition of which by rtethylglyoxal bis (guanyl-hydra- 

zone) resulted in an abolition of the hormone effects. The inhibition by methyl- 

glyoxal bis (guanyl hydrazone) was overcome by speddine, which in flact, appeared 

to fulfill the rquirerrents for cortisol but not for insulin or prolactin (18). 

Mx-e data are obviously needed to elucidate the role and importance of the en- 

hanced preovulatory synthesis of polyamines for the metabolism and functions of 

manmalian ovary. -ever, the repression of omithine decarboxylase by suitable 

amines may offer some new approaches and tools for a selective prevention of 

the synthesis and accurwlation of the natural polyamines during hormone action. 
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