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necessary  c o n d i t i o n s :  1. As an act ive  center ,  an or- 
me thy lene  cyc lopen tanone  is p resen t  in the i r  molecule. 
2 .  Some h y d r o x y  group(s) is p resen t  a t  the  pos i t ion  
sui table for con tac t  w i th  and b ind ing  wi th  an enzyme 
conta in ing  a specific nucleophite.  (The f i -hydroxy group 
at  the  14 pos i t ion  and /o r  the  h y d r o x y  group a t  the  7 
position.) 3. A hydrogen  bond ing  be tween  the  h y d r o x y  
group a t  the  6 pos i t ion  and  the  ca rbonyl  group a t  the  15 
posi t ion is p resen t  to  enhance  the  e lectrophi l ic i ty  of the  
carbon a tom at  the  17 posi t ion.  

Addendum. After  t he  manusc r ip t  was submi t t ed ,  we 
learned t h a t  ARAI et  al. ~3 inves t iga ted  the  a n t i t u m o r  

ac t iv i ty  of enme in ,  i t s  diacetate;  and  d ihydroenmein ,  of 
which  only  the  par t ia l  s t ruc tures  h a d  b e e n  elucidated,  
and  sugges ted  the  ac t iv i ty  to  be a t t r i b u t e d  to  t he  exo- 
cyclic me thy l ene  group ~ a t t a ch ed  to  5-membered  cyclic 
ke tone  on the  b a s i s  of the  resul ts  of  the i r  biological tes t .  
Our f indings also s u p p o r t  the i r  p re l imina ry  expe r imen t s  
and generalize t he  concept .  

13 T. ARA1, Y. KOYAMA, T. SIJEXAGA and T. MORITA, J. Antibiot. Ser. 
A 16, 132 (1963). 
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Summary. The effect  of long- te rm alcohol ingest ion on the  norep inephr ine  concen t ra t ion  of the  h e a r t  was inves t iga ted  
in rats.  The alcoholic animals  showed a h ighly  s ignif icant  increase in cardiac norep inephr ine  concen t ra t ion  as com- 
pa red  w i t h  the  cor responding  controls.  I t  is fu r the r  suggested t h a t  con t inued  exposure  to high levels of norep inephr ine  
m a y  p lay  a role in the  deve lopmen t  of c a r d i o m y o p a t h y  in chronic alcoholism. 

There  is considerable  evidence of an associat ion be- 
tween  excessive alcohol consumpt ion  and  hea r t  disease in 
man* -L  The  pa thogenes is  of a lcohol- induced cardiac 
lesions, however ,  has  no t  been clearly establ ished.  JAMES 
and  BEAR s have  suggested t h a t  t he  chronic  cardiac 
effects of alcohol are med ia ted  t h rough  a metabol i te ,  
ace ta ldehyde ,  and  due to  chronic deple t ion of s to red  
norepinephr ine .  On the  o ther  hand ,  ALEXANDER" has  
advanced  the  view t h a t  the  d e v e l o p m e n t  of alcoholic 
c a r d i o m y o p a t h y  is consequence  of an increase in the  
hea r t  levels of ca techolamine  and serotonin.  In  a recent  
paper ,  POHORECKY 1~ has  r epor ted  tha t ,  following an  
acute  dose of alcohol or 2 weeks of chronic alcohol intake,  
there  is no change in the  hea r t  norep inephr ine  concen- 
t ra t ion.  In  the  p resen t  invest igat ion,  a prolonged per iod of 
alcohol ingest ion was used. The size of t he  hear t s  of alco- 
holic and  contro l  r a t s  was s tudied  and  the  ca techo lamine  
concen t ra t ion  de te rmined .  

Materials and methods. 39 5-week-old Wis t a r  s t ra in  
male ra t s  were assigned r a n d o m l y  to 6 t r ea tmen t s ,  i.e., 
6 ra t s  were allowed to dr ink  only  alcohol for 4 weeks, 
6 ra t s  were fed isocalorically for  4 weeks, 9 ra t s  were 
allowed to dr ink  only alcohol for 12 weeks, 6 ra ts  were 
fed isocalorically for 12 weeks, 6 ra t s  were al lowed to  
dr ink  only  alcohol for 24 weeks, and  6 ra t s  were fed 
isocalorically for 24 weeks. A solut ion of 32% (v/v) e thy l  
alcohol in 25% (w/v) sucrose in wa te r  was given to ra t s  in 
the  th ree  exper imenta l  groups 11, while ra ts  in t he  th ree  
contro l  groups were given no alcohol. 

Af te r  4 weeks on test ,  6 e x p e r i m e n t a l  and  6 contro l  
ra t s  were sacrificed by  dis locat ion of the  neck. Also af ter  
12 and 24 weeks on tes t ,  t he  remain ing  animals  were  
sacrificed in t he  same manner .  The hea r t s  were rap id ly  
removed,  cleaned, and  weighed.  H e a r t  norep inephr ine  
was separa ted  and assayed b y  the  m e t h o d  of ANTON and  
SAYRE12,13. The ca techolamine  values  were expressed  in 
[xg free base/g  of wet  t issue weight .  

Results. The general  appearance  of the  expe r imen ta l  
ra ts  was  essent ia l ly  s imilar  to  t h a t  of t he  controls.  How-  
ever  t h e y  weighed 20-25% less t h a n  t h e  controls .  In  
animals  dr inking alcohol, inebr ia t ion  was  a c o m m o n  

i W. EVANS, Br. Heart J. 21,445 (1959). 
2 G. E. BURCH and J. J. WALSU, Am. J. Cardiol. 6, 864 (1960). 
8 W. BmDGEN and J. ROBINSON, Br. Med. J. 2, 1283 (1964). 
4 C. S. ALEXANDER, Br. Heart J. 29, 200 (1967). 
5 G. E. BURCH and N. P. DEPASQUALE, Am. J. CardioI. 23, 723 

(1969). 
s G. E. BtIRCH and T. D. GILES, Am. J. Med. 50, 141 (1971). 
7 H. M. SHANOFF, Can. reed. Ass. J. 106, 55 (1972). 
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9 C. S. ALEXANDER, Med. Clin. North Am. 52, 1183 (1968). 
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(1968). 
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Table I. Effect of chronic alcohol ingestion (4 weeks) on heart norepinephrine concentration a~d heart: body weight ratio. 

Control (n = 6) Experimental (n = 6) Deviation from control (%) Statistical significance (p) 

Norepinephrine ([xg/g) 0.597 i 0.056 0.611 • 0.045 0 NS 
Heart ratio (g/100 g) 0.363 ~2 0.021 0.372 4- 0.042 0 NS 

Values are means 4- SEM (standard mean error), n = number of animals. 
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Table II. Effect of chronic alcohol ingestion (12 weeks) on heart norepinephrine concentration and heart: body weight ratio 

Control (n = 6) Experimental (n = 9) Deviation from control (%) Statistical significance (p) 

Norepinephrine ([xg/g) 0.630 J_ 0.16 0.925 -1- 0.15 + 47 < 0.01 
Heart ratio (g/100 g) 0.263 ~_ 0.012 0.334 =]_ 0.031 + 27 < 0.005 

Values are means 4- SEM. n = number of animals. 

f inding. The alcohol-fed ra ts  consumed  24% of the i r  
calories as alcohol and  the  to ta l  a m o u n t  of da i ly  consumed  
calories was the  same as in the  contro l  groups.  

Tables  I, I I  and  I I I  show the  m e a n  values  ~= SEM for 
norep inephr ine  concen t r a t ion  and  h e a r t  ra t io  (hear t  
w e i g h t : b o d y  weight)  of the  alcoholic groups  as compared  
wi th  the  controls.  The norep inephr ine  levels and  hea r t  
ra t ios  of ra t s  on t e s t  for 4 weeks were no t  s ignif icant ly  
di f ferent  f rom controls .  On the  o ther  hand ,  in ra ts  which  
had  received alcohol for 12 and 24 weeks,  t he  h e a r t  
norep inephr ine  concen t ra t ion  and  the  h e a r t : b o d y  weight  
ra t io  showed a s ignif icant  increase in the  expe r imen ta l  
animals  as compared  wi th  the  cor responding  controls.  
In  no case was a s ignif icant  a m o u n t  of ep inephr ine  
observed.  

Discussion. In  t he  p resen t  s tudy,  we have  found t h a t  
h e a r t  norep inephr ine  increases af ter  a pro longed per iod 
(12 and  24 weeks) of alcohol intake.  In  addi t ion ,  an 
increased h e a r t  weight  : b o d y  weight  ratio,  indica t ing  the  
presence  of cardiac h y p e r t r o p h y ,  could also be observed.  
Never theless ,  a f te r  4 weeks on tes t ,  there  was  no change  
in norep inephr ine  concen t ra t ion  and  h e a r t  rat io,  which  
m a y  indica te  a delay in t he  effect  of alcohol in the  cardiac 
tissue. POHORECKY 1~ has  also found no change  in t he  
norep inephr ine  levels in the  m y o c a r d i u m  following 2 
weeks of alcohol t r e a t m e n t .  

The increase in norep inephr ine  concen t ra t ion  in t he  
h e a r t  may  sugges t  e i ther  an increase in ca techo lamine  
syn thes i s  or a decreased ra te  of ca tabol ism.  SON 14 has  
d e m o n s t r a t e d  t h a t  t he  r e -up take  of no rep inephr ine  b y  
isolated synap tosomes  is inhib i ted  by  alcohol, which m a y  
depr ive  the  nerve  t e rmina l s  of the i r  ca t echo lamine  con- 
tent .  As a consequence,  t he  b iosynthes i s  of ca t echo lamines  
could be ac t iva ted  b y  a feed-back  m e c h a n i s m  15. CORRODI 
et  al. is have  repor ted  t h a t  alcohol enhances  the  release 
and  syn thes i s  of no rep inephr ine  in t he  ra t  bra in  af ter  
acute  admin i s t ra t ion .  I t  would  appea r  t h e n  tha t ,  w i th  
chronic alcohol ingest ion,  t he  ra te  of norep inephr ine  
syn thes i s  is increased.  POST and SuN 17 have  po in t ed  out  
t h a t  chronic  alcohol admin i s t r a t i on  leads to  considerable  
increase of the  ca techolamine  concen t ra t ion  in d i f ferent  
regions of the  r a t  brain.  Previous  s tudies  ill our labora to-  
ry  ~s have  shown t h a t  pro longed consumpt ion  of alcohol 
elici ts  severe pa thologica l  changes  in the  adrenergic  
nerve  plexuses  of r a t  a t r ioven t r icu la r  valves.  This  f inding 

suggested a change of the  ca techo lamine  levels in t he  
m y o c a r d i u m  of the  chronic alcoholic, which has  been  
s u b s t an t i a t ed  in the  p re sen t  invest igat ion.  

Catecholamines  are known to  play a role in the  pa tho -  
genesis of myocard ia l  lesions. I t  has  been  found t h a t  
pa t i en t s  dy ing  af ter  t r e a t m e n t  w i th  norepinephr ine ,  or 
those  wi th  p h eo ch ro mo cy t o ma ,  p resen t  ev idence  of 
c a r d i o m y o p a t h y  similar  to  t h a t  p roduced  by  in jec t ing  
norep inephr ine  in exper imenta l  animals  19-2~. This  cardio-  
m y o p a t h y  mani fes ts  b y  var ious  pathological  changes,  
including h y p e r t r o p h y ,  hyal in iza t ion ,  vacuolizat ion,  
edema,  f a t t y  degenerat ion,  and  increased g ranu la r i ty  of 
myofibres ,  and  in ters t i t ia l  fibrosis. Three types  of 
pa thogene t i c  mechan i sm have  been recognized in the  
cardiovascular  effects  of norep inephr ine  and  o ther  sym-  
p a t h o m i m e t i c  agents :  metabol ic  changes,  h e m o d y n a m i c  
d is turbances ,  and myogenic  a l t e r a t i o n s  re la ted  to  a 
reduc t ion  in myocard ia l  cont rac t i le  force 2~,2a. These 
ca techolamine- i l lduced myocard ia l  lesions resemble  those  
seen in au topsy  mater ia l  f rom chronic alcoholic pa t i en t s  
in w h o m  the  clinical diagnosis  of alcoholic ca rd iomyo-  
p a t h y  h a d  been madeg,  24-2s, or in expe r imen ta l  ani- 

14 A: Y. SIJN, 4th Int. Meeting Int. Soc. Neurochem., Tokyo, Japan 
1973, p. 476. 
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Table III. Effect of chronic alcohol ingestion (24 weeks) on heart norepinephrine concentration and heart: body weight ratio 

Control (n = 6) Experimental (n = 6) Deviation from control (%) Statistical significance (p) 

Norepinephrine ([xg/g) 0.652 4- 0.05 0.815 ~ 0.13 + 25 < 0.025 
Heart ratio (g/100 g)" 0.243 J_ 0.011 0.286 -t- 0.015 + 18 < 0.05 

Values are means+  SEM. n = number of animals. 



208 Specialia EXPEI~It~NTIA 32]2 

mals  27-=9. The  pa tho log ica l  f ind ings  in all  these  s tudies  
are  no t  specific and  h a v e  also been  obse rved  in myo-  
ca rd ia l  ischemia*0 as well as in  def ic iency in m a g n e s i u m  a: 
a n d  p o t a s s i u m  a~. Never the less ,  in  v iew of our  p r e sen t  
resul t s  i t  can  be  specu la ted  t h a t  c o n t i n u e d  exposure  to  
h i g h  levels of n o r e p i n e p h r i n e  m i g h t  p l ay  a role in t he  
d e v e l o p m e n t  of c a r d i o m y o p a t h y  in chronic  a lcohol i sm 
due  to  in t e r fe rence  w i t h  b o t h  card iac  c o n t r a c t i l i t y  a n d  
me tabo l i sm.  

27 G. E. BuscH, H. L. C O L C O L O U G H ,  J .  M. HARB and C. Y. TsuI, 
Am. J. Cardiol. 27, 522 (1971). 

2s G. E. BURCH, C. Y. TSUI and J. M. HA~B, J. Path. 109, 163 (1973). 
29 j .  M. FAUVEL, H. T. TILLMANNS, O. PACHINGER, J. C. MAO and 

R. J. BING, Archs Mal. Cceur 7, 837 (1974). 
so R. B. JE~r~r J. H. BAVM and P. B. HERDSON, Arch. Path. 79, 

135 (1965). 
31 R. K. MISHRA, Revue can. Biol. 19, 136 (1960). 
32 Z. M O L N A R ,  K. LARSEN and B. SPARGO, Arch. Path. 7d, 339 

(1962). 
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Summary. I n  mice,  i t e r a t i v e  p h o t o s t i m u l a t i o t t  resu l t s  in  h a b i t u a t i o n ,  de t ec t ed  in  t h e  p a l m a r  skin  c o n d u c t a n c e  response.  
P s y c h o a n a l e p t i c s  de lay  t h i s  h a b i t u a t i o n  in p r o p o r t i o n  to t h e  dose admin i s t e red .  

On h u m a n  subjects ,  i t  h a s  b e e n  d e m o n s t r a t e d  1 t h a t  
r epe t i t i on  of s t imu l i  p roduces  d e c r e m e n t s  in  t he  m a g n i t u d e  
of t h e  skin  c o n d u c t a n c e  response  (SCR). H a b i t u a t i o n  h a s  
been  de t ec t ed  in mice, where  i t e r a t i ve  p h o t o s t i m u l a t i o n  
(IPS) p rovoked  f i rs t  a progress ive  decrease  of t he  am-  
p l i tude  of t h e  p a l m a r  SCR (PSCR),  t h e n  i ts  a n n u l a t i o n  e. 
Th i s  p h e n o m e n o n  - i t e r a t i v e  p h o t o s t i m u l a t i o n  h a b i t u a -  
t i on  ( IPSH)  - is de layed  b y  psychoana l ep t i c s  3, 3. 

Methods. Swiss Orl  male  mice (body  we igh t  18 to 25 g) 
were r a n d o m i z e d  in to  ba t ches  of 10. The  an ima l s  were 
ve r t i ca l ly  r e s t r a i n e d  in i nd iv idua l  wire  cy l inders  (d iam- 
e t e r  2.5 cm, h e i g h t  7.5 cm).  A 100 W glow l a m p  loca ted  
10 cm above  the i r  heads  was a u t o m a t i c a l l y  swi tched  on  
for  7 sec eve ry  2 m i n  (pho tos t imu lus :  PS) .  T he  P S C R  was 
recorded  as t he  mice  g rasped  b y  ref lex t h e  e lect rodes  of 
a p a l m a r  skin  c o n d u c t a n c e - m e t e r  wh ich  ha s  b e e n  desc- 
r ibed  e lsewhere  4. Fo l lowing  a scheme p rev ious ly  used  
for  s t u d y i n g  i ts  m a g n i t u d e  5, P S C R  was recorded  eve ry  
10 min  a n d  t he  a m p l i t u d e  ca lcu la ted  in r e l a t i on  to  t h e  
co r re spond ing  in i t ia l  reading .  

Drugs  were g iven  i.p. or p.o.  b e t w e e n  t h e  1st a n d  t h e  
2rid PS.  E a c h  b a t c h  of mice was dosed in such  a w a y  as 
to  ach ieve  l oga r i t hmic  increase  of dosage over  t he  whole  
expe r imen t .  

Results. Regress ion  equa t i ons  ' de lay  of h a b i t u a t i o n  
(1/100 h) / log  dose (mg/kg) '  in  t he  F igu re  c lear ly  show t h e  
de lay ing  effects  on  I P S H  of t h e  p s y c h o s t i m u l a n t s  t e s t e d :  
a m p h e t a m i n e  sulf., d e x a m p h e t a m i n e  t a r t . ,  caffe ine a n d  
pyr i succ ideano l  dimal .  

Discussion. Toge the r  w i t h  o t h e r  a u t o n o m i c  a n d  E E G  
responses ,  SCR is a p a r t  of t h e  o r i en t i ng  reflex% I t  
r ead i ly  h a b i t u a t e s  u p o n  r epe t i t i on  of t h e  s t imul i .  Th i s  
p h e n o m e n o n  could occur  in  t h e  v i sua l  p a t h w a y s  a n d  

: T. U~o and W. W. GRII~GS, Psychophysiology 1, 311 (1965). 
R. MARCY and M. A. QUERMO~XE, Collegium Int. Neuropsycho- 
pharmacologium IXth Cougr., Paris 7-12 July 1974. J. Pharmac, 
Paris 5, suppl. 2, 64 CE 5 (i974}. 
R. MArcY and M. A. QuxR)lOgNX, Vlth Int. Congr. of Phar- 
macology, Helsinki 20-25 July 1975. Abstracts: paper 842, p. 358. 

4 R. MARCY, M. A. QUERMONNE, H. MARCAIS and ]. C. CHATEAU, 
J. Pharmae., Paris 4, 69 (1973). 

5 R. MARCY and M. A. QUER~OXNE, Psyehopharmaeologia 3d, 335 
(1974). 

6 D. C. RASKIN in Electrodermal Activity in Psychological Research 
(Eds. W. F. PROgASY and D. C. RASKIN; Academic Press, New 
York 1973), p. 125. 

v 

300 

200 

100 "'~'" 
I 

0.06 

/ /  

,.,}'/ 

, /  
,# 

, / 
t . 

;,,'" I/~,,/ 
f'~ 

/ 
0.25 1 2 4 

Doses 

o- . . . .  i.p.) Amphetamine  
-- = p.o." 

v -  �9 - -  �9 ,,-,,~ i,p. ) Dexamphetamine  
,m=-.. v p.o." 

c~--- .-,.---~i.p. Ca f fe ine  
r . . . . . . . . . . . .  ~p.o) 

. . . . . . .  �9 ~i.p.) Pyr isucc ideanol  
&-+ --+ -IL p.o. 

J I f  i Tp i ~ T 

100 1000 m g / k  9 

Dose-related inhibition by psycho- 
analeptics of habituation to itera- 
tive photostimulation in the palmar 
skin conductance response ol mice, 


