
291 

Btoch~mwa et B~ophyszca Acta, 658 (1981) 291--298 
© Elsevier/North-Holland Bmmedmal Press 

BBA 69238 

INHIBITION OF RAT OVARIAN ORNITHINE DECARBOXYLASE BY 
ETHANOL IN VIVO AND IN VITRO 

HANNU POSO a,b and A. REETA POSO a,c 

a Research Laboratorzes of the State Alcohol Monopoly (Alko), Box 350, SF-O0101 
Helsmh~ 10, b Department of Bzochem~stry, Umvers~ty of Helsmkz and c Department of 
Bmchem~stry, College of Veterinary Medwme, Helsmhz (Finland) 

(Recelved August 29th, 1980) 
(Rewsed manuscrlpt recmved December 11th, 1980) 

Key words Protein synthes~s, Ethanol treatment, Ormthme decarboxylase mh~b~tmn 

Summary 

Intragastmc admmmtratlon of  ethanol greatly inhibited ovarian omlthine 
decarboxylase (L-omlthme carboxy-lyase EC 4.1.1.17) stimulated by human 
chomomc gonadotropm in vlvo The inhibition occurred only ff the t reatment  
with ethanol was started before the rejection of hormone,  

The use of  mhlbltors for alcohol dehydrogenase and aldehyde dehydrogenase 
clearly showed that the observed inhibition was a direct effect  of  ethanol itself. 

When rat ovarmn cells were incubated m wtro with human chononm gonado- 
t ropm the achwty  of ormthme decarboxylase was also markedly stimulated 
This stlmulatmn could also be inhibited by ethanol. Moreover, ac tmomycm D 
and a-amanltm inhibited the stunulatmn of ormthme decarboxylase,  showmg 
that the enhanced act lwty m vitro resulted from the synthesis of  new mRNA 
for ormthme decarboxylase.  

The time dependence of  the mhlbltmn caused by ethanol addltmn resembled 
that  after addltmn of ac tmomycm D. This supports the view that one site 
where ethanol inhibits protein synthes~s m at the transcrlptmnal level. 

I n ~ o d u c ~ o n  

It has been shown that a moderate  (2 g/kg) dose of  ethanol inhibited the 
dramahc increase m the activity of  ormthme decarboxylase,  occurring after 
partial hepatec tomy m rats, by 50--75% [1,2].  Similar findings have been 
reported m other experLmental systems, hke tsolated hver cells [3] ,  heart  [4] 
and brain [5] tissues. Because the mduchon  of ormthme decarboxylase after 
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partial hepatectomy is based on the synthesis of new protein [6], we have sug- 
gested that  ornithme decarboxylase could be used as a specifm marker of  pro- 
tein synthesis. 

Partml hepatectomy,  however, causes stress m rats and the effect of ethanol 
t reatment  can thus be partially due to some secondary effects. To avoM com- 
phcatmns due to surgery we tested the effect of ethanol on the actlwty of orm- 
thme decarboxylase m ovarms where its actlwty could be stimulated by exoge- 
nous hormones, like chononlc gonadotropm and lutemlzlng hormone, both m 
vavo [7] and m vitro [8]. Since ethanol is not  oxidized m ovarmn tissue, it is 
suitable for use m testmg for the effective molecule m the mhlbltion of orm- 
thme decarboxylase synthesis 

Matenals and Methods 

Chemicals D L  [1-14C]Ornlthme (spec. act. 53 mC1/mmol) was the product of 
Radlochemmal Centre (Amersham, Bucks., U.K ). Medium 199 (M199) and 
lactalbumm hydrolysate were obtmned from Glbco. Bovine serum albumin, 
which was dialyzed overnight against 25 mM Trls-HC1 buffer (pH 7.4) before 
use, and deoxyribonuclease were from Sigma Chemmal Co. (St. Louis, MI). 
Collagenase was the product of Worthington Biochemical Corp. (Freehold, NJ). 
Ant inomyocm D and a-amanItln were from Boehrlnger (Mannheun, F.R.G.) 
4-Methylpyrazole was from Labkeml AB (Stockholm, Sweden} and cyanamlde 
(Dlpsan ® ) was obtained from Lederle (Montreal, Canada). Ethanol (grade A} 
was the product  of Alko (Helsmkl, Finland) and acetaldehyde was from BDH 
Chemicals Ltd. (Poole, U.K.). Human choriomc gonadotropm (Pregnyl ® ) 
which was dissolved in physiologacal salme was obtamed from Organon. 

Ammals  and treatments. Female rats 2 months  of age and weighing 206 + 23 
g, from the mixed stram [9] bred at the Alko Laboratories (Helsmkl, Finland) 
were used for the m v:vo experiments. Immature female rats of age 28--31 days 
from the same stram were used for the preparatmn of ovarian cells for m vitro 
experiments. 

In in vIvo experiments ethanol was given by gastric intubation either 1 h 
before (3 g/kg; 15% (w/v) solutmn m water} and 2 h after (2 g/kg) human 
chorlomc gonadotropin, or 2 h after (5 g/kg) human chononm gonadotropm 
only. All the rats were kalled by decapitation 4 h after the lntraperltoneal 
administration of human chonomc gonadotropIn (25 I U./rat}. When 4-methylo 
pyrazole (0.2 mmol/kg, lntraperltoneal) and cyanamlde (1 mg/kg, post-opera- 
tive) were used they were given 15 min and 2 h before the ftrst dose of ethanol, 
respectively. In experiments with 4-methylpyrazole ethanol doses were 2 g/kg 
and 1 g/kg. Samples for blood ethanol and acetaldehyde determinations were 
taken 5 mm before death. 

Experiment  m vitro. The cells were obtmned with collagenase t reatment  
exactly as described earlier [8] for m vitro expemments. In vitro ovarian cells 
were mcubated at 37°C in the atr/CO2 atmosphere for 6 h as described m 
8. Samples for determinations of the concentrations of ethanol, lactate and 
pyruvate were taken 5 mm before the end of the mcubation. 

Analyttcal methods. The activity of ornlthme decarboxylase [10],  concen- 
t ratmn of proteins [11], concentratmns of  lactate and pyruvate [12] and that  
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of ethanol and acetaldehyde [13] were analyzed by the cited methods.  Bowne 
plasma albumin was used as standard in protein determinations. Stahstlcal 
differences were calculated with the Student 's  t-test. 

Results 

Effect  o f  ethanol on ovarian ornzthme decarboxylase in vzvo As shown in 
Tables I and II, 4 h after a smgle lnjechon of  human chorlomc gonadotropm 
ovarian ornlthme decarboxylase was stimulated 13--17-fold. The mtragastrlc 
mtubat lon of  ethanol 5 h 0.e., 1 h before the hormone) and 2 h before death 
(1.e., 2 h after the hormone) mhlbltl ted the human chorlonlc gonadotropm- 
reduced stimulation m the activity of ornlthme decarboxylase about  70% (P < 
0 01). When ethanol was given only 2 h before death there was no inhibition of  
ormthme decarboxylase.  

Table I shows that a comblnatmn of ethanol plus 4-methylpyrazole (an 
inhibitor of alcohol dehydrogenase; [14] ) prevented the appearance of  acetal- 
dehyde in the taft-blood of the anLmals, while the inhibition of  ormthIne decar- 
boxylase was similar to that  seen after ethanol alone. When ethanol was given 
together with cyanamlde (an inhibitor of aldehyde dehydrogenase; [ 1 5 ] ) t h e  
accumulatmn of acetaldehyde was very obwous  (Table II) and the mhxbltmn of  
ormthme decarboxylase was somewhat  less than after ethanol alone. Results 
from Tables I and II suggested that  ethanol itself is most  probably the xnhlbl- 
tory molecule for ormthme decarboxylase synthesLs in ovarian tissue. 

Effect  o f  ethanol and acetaldehyde on ovarmn ormthme decarboxylase m 
v~tro Fig. 1 shows that the addition of ethanol to a system where ormthme 
decarboxylase can be shmulated in vitro [8] inhibited the actlvlty of  ornxthine 
decarboxylase m a dose-dependent  manner. The presence of  ethanol in the 
incubation dxd not  change the lactate-to-pyruvate ratm (8.2 in controls and 8.4 
m mcubatmns with 75 mM ethanol) 6 h after the addxtxon of  ethanol, and also 
the decrease In ethanol concentratmn which most  probably was due to evapora- 

T A B L E  I 

E F F E C T  O F  E T H A N O L  ( E t O H ) ,  4 - M E T H Y L P Y R A Z O L E  ( 4 - M e P y r )  O R  E T H A N O L  P L U S  4 - M E T H Y L -  
P Y R A Z O L E  O N  H U M A N  C H O R I O N I C  G O N A D O T R O P I N  ( h C G ) - I N D U C E D  I N C R E A S E  I N  T H E  

A C T I V I T Y  O F  R A T  O V A R I A N  O R N I T H I N E  D E C A R B O X Y L A S E  ( O D C )  I N  V I V O  

T h e  ra t s  w e r e  t r e a t e d  as  d e s c r i b e d  i n  M a t e r i a l s  a n d  M e t h o d s  T h e r e  w e r e  h v e  a n ~ n a l s  m e a c h  g r o u p  T h e  

r e s u l t s  a r e  m e a n s  ± S D 

T r e a t m e n t  O D C  a c t l w t y  B l o o d  e t h a n o l  B l o o d  
( n m o l / m g  p r o t e i n  c o n c e n t r a t i o n  a c e t a l d e h y d e  
p e r  3 0  r a m )  ( m m o l / 1 )  (~umol/1) 

SalLne 2 0  ± 1 2 " *  - -  - -  
h C G  3 4  4 ± 1 0  7 - -  - -  
h C G + E t O H  5 h a n d 2 h b e f o r e d e a t h  1 0 3  ± 1 7 "  8 5 0  ± 1 2 3  3 4 ± 6 6  
b e f o r e  d e a t h h C G + 4 - M e P y r  2 8 5  ± 6 0  1 2 9 1  ± 7 9  2 8  ± 4 2  
h C G + 4 - M c P y r  2 8  5 ± 8 1  - -  - -  
h C G  + 4 - M e P y r  + E t O H  5 h a n d  2 h b e f o r e  d e a t h  9 9 ±  4 6 * *  9 1 9 ± 1 9 4  n o t  d e t e c t a b l e  

* P < : 0 0 1  
**  P ~ 0 0 0 1  w h e n  c o m p a z e d  t o  g r o u p  r e c e i v i n g  h u m a n  e h o n o n i c  g o n a d o t r o p m  a l o n e  
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T A B L E  II  

E F F E C T  O F  E T H A N O L  ( E t O H ) ,  C A L C I U M  C Y A N A M I D E  ( C a N C N )  O R  E T H A N O L  P L U S  C A L C I U M  

C Y A N A M I D E  O N  H U M A N  C H O R I O N I C  G O N A D O T R O P I N  ( h C G ) - I N D U C E D  I N C R E A S E  IN T H E  

A C T I V I T Y  O F  R A T  O V A R I A N  O R N I T H I N E  D E C A R B O X Y L A S E  ( O D C )  IN V I V O  

T h e  r a t s  w e r e  t r e a t e d  as d e s c r i b e d  m M a t e r i a l s  a n d  M e t h o d s  O t h e r  d e t a i l s  a re  as m T a b l e  I 

T r e a t m e n t  O D C  ac tav t ty  B l o o d  e t h a n o l  B l o o d  

( n m o l / m g  p r o t e i n  c o n c e n t r a t a o n  a c e t a l d e h y d e  

pe r  3 0  r a m )  ( m m o l f l )  0 a m o l f l )  

S a h n e  1 7  ± 1 1 " *  - -  - -  

h C G  21 8 ± 6 8 - -  - -  

h C G + E t O H  5 h a n d 2 h b e f o r e d e a t h  6 1 ± 5 1  * 9 4 3  ± 6 9  1 8  ± 3 4  

h C G  + C a N C N  19  3 ± 4 3 - -  - -  

h C G  + C a N C N  + E t O H  5 h a n d  2 h b e f o r e  d e a t h  8 2 ± 3 9 *  1 0 4 0 ± 1 4 1  7 2 4  ± 2 8 4 * *  

* P < 0 0 1  
** P <~ 0 0 0 1  w h e n  c o m p a r e d  t o  t h e  i g o u p  r e c e l w n g  h u m a n  c h o r ~ o m c  g o n a d o t r o p m  a l o n e  

tlon was exactly the same as In control incubations without cells (about 20%). 
These results show that ethanol is not metabohzed in this system. Furthermore, 
the adchtlon of ethanol (50 mM) together with 4-methylpyrazole (0.2 mM) 
caused similar inhibition to ethanol alone, which means that the observed 
inhibitions are a direct effect of  the ethanol molecule. Addltmn of  acetal- 
dehyde up to a concentration of 0.5 mM, whmh is higher than ever seen m vlvo 
during ethanol oxidation [13] ,  together with cyanamlde (1 mg/1) did not 
inhibit the stLmulated actlwty of  ornlthlne decarboxylase (Fig. 1). When acetal- 
dehyde concentratmn was elevated as high as 5 mM it totally prevented the 
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Fxg 1.  E f f e c t  o f  m c r e a s m g  c o n c e n t r a t x o n  o f  e t h a n o l  ( E t O H )  a n d  t h a t  o f  a c e t a l d e h y d e  ( A c H )  o n  h u m a n  

c h o n o n i c  g o n a d o t r o p m - m d u c e d  s t v m u l a t l o n  o f  o v a r i a n  o r m t h m e  d e c a x b o x y l a s e  m v~tro.  E t h a n o l  ( 1 0 - - 1 0 0  

m M  c o n c e n t r a t i o n )  was  a d d e d  a l o n e  a n d  a c e t a l d e h y d e  ( 5 - - 5 0 0  # M )  w l t h  c a l c l u m  c y a n a r n l d e  (1 m g / l )  w e r e  

a d d e d  m t h e  b e g l n n m g  o f  t h e  i n c u b a t i o n .  I n c u b a t a o n s  we re  m a d e  m d u p h c a t e s .  The  a m o u n t  o f  h u m a n  
c h o r l o m c  g o n a d o t r o p m  was  2 0 0  I . U  /d l sh  T h e  ce l l s  f o r  t h e  e x p e m m e n t  we re  o b t a i n e d  f r o m  50  r a t s  T h e  

a c t l v l t y  o f  o r m t h m e  d e c a r b o x y l a s e  Is e x p r e s s e d  as % o f  c o n t r o l  • - -  - -  • ,  a c e t a l d e h y d e ,  o o.  

e t h a n o l  
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stimulation of  ornithlne decarboxylase. Acetate up to a concentration of  5 mM 
did not  affect  the stimulation of  ornithine decarboxylase after human chononic  
gonadotropin t reatment  and 20 mM acetate, which IS a much higher concentra- 
tion that  that  seen In the liver during ethanol oxidation in VlVO [16],  partially 
prevented the rise in the activity of  ornlthme decarboxylase (44%). 

T~rne dependence of  the Inhibition of  orn~thme decarboxylase by addition of  
ethanol ~n vttro. To test ff the shmulatIon of  ornlthme decarboxylase by 
human chorlonic gonadotropIn was associated with the synthesis of new pro- 
teln, act Inomycm D and a-amanitln were used to inhibit the formation of  
m R N A  for ormthme decarboxylase. It was found that a-amanltin (20 ~g/ml) 
added at the same time as the hormone partially (79%) prevented the stLmula- 
tion of  ornithme decarboxylase after human chorionlc gonadotropm m vitro. 
Fig. 2A shows that ac t inomycm D also completely inhibited the stimulatory 
effect  of  human chorlonIc gonadotropin when added stmultaneously with the 
hormone or 2 h later. These results show that the synthesis of  ornithine decar- 
boxylase is preceded by the synthesis of  mRNA for ornithme decarboxylase.  
When ac t inomycm D was added 4 h after the hormone the achvIty of ornithme 
decarboxylase did not  markedly change from the stimulated control value, and 
addition 5 h after the hormone led to the superinduction of  ornlthine decar- 
boxylase.  

Fig. 2B shows that ethanol (50 mM) added during the period when actmo- 
mycm D was inhibitory (the possible time for the synthesis of  mRNA for otto- 
thine decarboxylase) partly (55--70%) inhibited the stimulation of  ormthme 
decarboxylase. The addition of  ethanol 4 h after human choriomc gonado- 
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Fig 2 Ef fec t  of  a c t m o m y c m  D ( A c D )  (A)  a nd  e t h a n o l  ( E t O H )  (B) on  h u m a n  c h o n o m c  g o n a d o t r o p m -  
r e d u c e d  s t i m u l a t i on  of  o v a r m n  o r n l t h m e  d e e a r b o x y l a s e  m vi t ro  AcD (10 ~ g / m l )  an d  E t O H  (50 m M )  were  
a d d e d  a t  the  tame po in t s  i nd i ca t ed  a f t e r  the  admLnis t ra t lon  of  h u m a n  e h o r l o m c  g o n a d o t r o p m  In cu b a t i o n s  
w e r e  m a d e  m d u p h c a t e s  (A)  or  m t n p h c a t e s  (B) and  the  va lues  glven are the  m e a n s .  The  cells for  the  
e x p e r i m e n t s  were  o b t a i n e d  f r o m  100  ra ts  The  ac t iv i ty  of  o r m t h m e  d eca rb o x y l a se  is expressed  as p m o l  of  
CO 2 p r o d u c e d  b y  108 cells pe r  30 m m  Othe r  detai ls  are  as in Fig 1 (A)  o o0 h u m a n  c h o r i o m e  
g o n a d o t r o p m .  • - -  - -  o0 h u m a n  c h o n o m c  g o n a d o t r o p m  + a c t l n o m y c l n  D, 0, 1 . 2 . 3 ,  4 an d  5 h ,  respec-  
t ively  (B) o o0 h u m a n  c h o n o m e  g o n a d o t r o p m ,  • - -  - -  o. h u m a n  e h o n o m c  g o n a d o t r o p m  + 
e thano l ,  0,  2 . 4  and  5 h,  r e s p e c t x v e l y  
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tropln still Inhibited ormthme decarboxylase a little, but  1 h before the end of  
the mcubat lon the addition of  ethanol even led to a small superinduction {Fig. 
2B). Thus, the effect  of  ethanol resembled the action of ac tmomycm D on the 
activity of  o rmthme decarboxylase,  giving further  support  to our suggestion of  
transcriptional mhlblt lon of the synthesis of  ornl thme decarboxylase by 
ethanol [ 1 ]. 

Discussion 

The effect  of  time dependence of ethanol admmlstrat lon on the activity of  
ovarian ormthme decarboxylase was similar to that  seen in regenerating rat hver 
[1].  It  appears that  ethanol has to be given either befor or very soon after the 
stimulus for o rmthme decarboxylase (e.g., partial hepa tec tomy or hormone) ,  
dunng an mterval whmh m regenerating rat hver is approximately contem- 
poraneous with the period durmg which mRNA for o rmthme decarboxylase is 
synthetlzed [17,18].  Our results are also in agreement with previous results sug- 
gesting that  ethanol itself is most  probably the inhibitory molecule for ornl- 
thine decarboxylase synthesis in regeneratmg rat liver [1,2] ,  rat kidney [1,2] 
and rat stomach amd small intestine [19].  The dtrect effect  of ethanol on the 
synthesis of ovarian ornl thme decarboxylase was also observed in vitro (Figs. 
1 and 2). This fmdings is m striking contrast  to that  reported earlier [3] where 
ethanol oxidation was needed in vitro to inhibit the mduct lon of  o rmthme 
decarboxylase by glucagon m isolated liver cells. One reason for this discrep- 
ancy could be the dramatic change m the redox state m vitro m systems which 
oxidize ethanol [20,21] and this abnormal change m the redox state could have 
an effect  on protein synthesis not  seen m wvo [20].  Another  possibility is the 
accumulation of  acetate m wtro since, we observed also that  20 mM acetate 
appeared to be inhibitory for the synthesis of  ornlthine decarboxylase m ova- 
nan cells in vitro as in isolated liver cells [3] 

As mentmned earlier the effect  of  ethanol on the activity of  o rmthme decar- 
boxylase resembled the actmn of ac tmomycm D suggesting that  ethanol may 
mterfere with the synthesis of mRNA for ormthme decarboxylase.  The reason 
for the observed inhibition could be at the nuclear level smce we have shown 
that  ethanol mhlblts RNA synthesis m the beginning of the liver regeneration 
(Poso, H and Poso, A.R., unpublished data) Similarly ethanol inhibited the 
activity of RNA polymerase I and IIm vitro when the actlvltIes of polymerases 
were assayed using purified nuclei as the source of the enzymes (PSso, H. and 
Poso, A R, unpublished data). From these results and those discussed above, it 
lS obvious that  ethanol may inhibit protein synthesis at more than one site 

Ethanol also caused a small superinduction of  orni thme decarboxylase like 
ac tmomycm D (Fig. 2). Superinduction of this enzyme has been reported both 
m VlVO [22] and in vitro [23,24].  The reason for the supermductlon is not  
known [25,26] but  It has been suggested that  there IS a protem inhibitor for  
orni thme decarboxylase 'ant lzyme' ;  [27] ,  and If its synthesis is more sensitive 
for transcriptional mhlbltlon than ormthme decarboxylase Itself this situation 
could lead to the superinduction. 

Our results, as far as we know, are the ftrst to show that  ethanol mhlblts the 
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synthesis of ornlthme decarboxylase (and protein synthesis) In reproductive 
organs Interestingly, it has been shown that  rat ovarian ormthme decar- 
boxylase flutuates during estrus cycle with a maximum immediately before 
ovulation [7]. Inhibition of rat ovarmn ormthme decarboxylase has been 
reported to prevent ovulation (cited in Ref. 28). Specific inhibition of ornl- 
throe decarboxylase by nonphyslologmal dlammes which are lndtrect mhlbltors 
of ornlthlne decarboxylase [17,29], also partially prevented the rise m ovarian 
progesterone level seen after human chormnlc gonadotropm treatment  [30]. 
Furthermore,  partial inhibition of ormthme decarboxylase durmg early 
embryogenlc development m mine terminated pregnancy m all cases [31]. This 
phenomenon was partly reversed by a drug that  inhibited putrescme catabo- 
hsm, which mdlcates that putrescme, the end-product of the reaction catalyzed , 
by ormthlne decarboxylase, is essential for normal pregnancy [32]. Ethanol 
consumption also produced disturbances in ovarian function m rat [33]. These 
include hlstologmal changes and more importantly significantly lower proges- 
terone levels m the alcohol-fed animals than m controls. Alcohol also disturbs 
female sexual function and fetal growth and development [34], and it is 
tempting to speculate that  these deleterious effects seen after ethanol mgeshon 
could m part be medmted via the inhibition of ornlthine decarboxylase leading 
to a reduction of putrescme in reproductive organs. The lnhlbltmn of  ornlthlne 
decarboxylase may thus represent a new mechanism for detrimental effects of 
ethanol m reproduchve organs, and m embryos a mechanism for detrimental 
actmn of alcohol. This new mechanism differs from that  of alcohohc liver 
injury, where continuous presence of ethanol is necessary [35]. 
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