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Table 2. Quantitative determinations of DNA and RNA of rat liver 
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Rats p 
10 months (nontreated) 28 months (nontreated) 28 months (treated) a b c 

DNA (mg/g) (6) 2.731 -1- 0.200 1.992 i 0.138 2.957 • 0.669 < 0.001 NS < 0.01 
RNA (mg/g) (6) 8.309 -1- 0.728 8.027 :t= 0.749 9.629 • 1.579 NS NS NS 

Mean values -4- SD. Statistical significant, Student's t-test, a Differences between 28 months and 10 months nontreated rats; b differences 
between 28 months treated and 10 months nontreated rats; c differences between 28 months treated and nontreated rats. NS: Nonsignificant 
differences. The number of animals is given in parentheses. 

t r ea t ed  or t r ea ted  wi th  biot in,  and f rom the  un t r ea t ed  
adul t  rats,  was carr ied ou t  spec t ropho tomet r i ca l ly  ac- 
cording to the  Walker ' s  methodaK This is based on the  
va r ia t ion  of absorbance  a t  300 n m  shown by  DNA and  
D N H  when  the  p H  is increased f rom 9 to 12.5: such 
var ia t ions  are due to the  d i f ferent  ionization,  corre la ted  
wi th  the  var ia t ion  of the  pH,  of the  cytos ine  and guanine  
groups as concerns  the  DNA, and of the  phenol ic  groups  
of the  tyros ine  as concerns  the  his)cone proteins.  The figure 
shows the  pa t t e rn  of the  D N H  and DNA ex t inc t ion  
var ia t ions  when p H  increases f rom 9 to 12. The data ,  in 
accordance  wi th  previous ly  p,ublished results  4o, 41, demon-  
s t ra te  in the  D N H  complex  of the  old u n t r e a t e d  rats,  as 
compared  to the  adu!t  ones, a s ignif icant  decrease of the  
e lec t ros ta t ic  in te rac t ions  be tween  his tone pro te ins  and 
DNA;  the  da ta  also demons t r a t e  a s ignif icant  increase of 
the  concen t ra t ion  of the  h is tone  prote ins  bound  to  D N A  
by  e lect ros ta t ic  in teract ions ,  which can be overcomed  by  
chloroform-isoamylic  alcohol deprote in iza t ion  in b o t h  low 

and  h igh  ionic s t r en g t h  m e d i u m  in the  absence or in the  
presence  1 M NaC10 4. Such in te rac t ions  become normal  
following biot in  t r e a t m e n t .  
All the  resul ts  ob ta ined  show t h a t  b iot in  admin i s t r a t i on  
causes in the  blood of old ra t s  (28 months)  an increase in 
ATP,  glucose, t r iglycerides,  alkaline p h o s p h a t a s e  and  a 
s ignif icant  decrease in cholesterol  and  acid p h o s p h a t a s e ;  
moreover  the  biot in  admin i s t r a t ion  increases in the  old 
ra t  liver the  a m o u n t  of D N A  and of the  e lec t ros ta t ic  
in te rac t ions  be tween  DNA and  h is tones  : the  values  in the  
old ra ts  t r ea t ed  wi th  biot in  come within  the  values shown 
by  adul t  rats.  This  r egu la to ry  ac t iv i ty  of b iot in  on the  bio- 
chemical  p a t h w a y s  is p ro b ab l y  re la ted to ATP-syn thes i s ,  
which in old ra t s  is decreased.  

40 W. Denkhaus, D. Heimer and I. Thrum, Gerontologia 16, 1 
(1970). 

41 G.L. Gianfranceschi, D. Amici and L. Gugliehni, Experientia 
30, 1049 (1974). 

The alcohol syndromes:  The intrarecombigenic effect of acetaldehyde 
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Summary. Sister ch roma t id  exchange was s tudied  in l y m p h o c y t e  and f ibroblas t  cultures.  Alcohol caused no d i s tu rbance  
under  normal  condi t ions  bu t  an ace ta ldehyde  level above  40 ~xM inhib i ted  cell mul t ip l ica t ion  and  e levated SCE con- 
s iderably.  A high ace ta ldehyde  level is t h o u g h t  to elicit the  fetal  alcohol syndrome,  a view suppor t ed  by  clinical and 
exper imen ta l  observat ions .  

I t  has  been  known for centur ies  t h a t  a lcohol ism has toxic  
consequences  in the  abuser  and even in the  offspring.  In 
add i t ion  to alcoholic liver in jury  and delayed develop-  
m e n t  of the  fetus of alcoholic mothers ,  the  close to 450 
cases repor ted  since 1968 leave no d o u b t  abou t  the  ex- 
is tence of a fetal  alcohol syndrome.  2 ques t ions  arise in 
th is  connexion :  is the  alcohol itself responsible  for the  
synd rome ;  and w h y  is only  a f rac t ion of the  babies  of 
addic ts  affected ? We inves t iga ted  these ques t ions  first  
in normal  h u m a n  l y m p h o c y t e  cul tures and  in the  cul tured  
l ymphocy te s  of a lcohol - in toxica ted  subjects .  Sister chro-  
m a t i d  exchange  (SCE) was s tudied  applying  5-bromo- 
deoxur id ine  t r e a t m e n t  and  33258 Hoechs t  and  Giemsa  
s ta in ing  (FPG procedure)  1. 
1. E t h a n o l  added  to the  cul tures  a t  a final concen t ra t ion  
of 0.5%, abou t  the  h u m a n  lethal  dose, did no t  increase 
SCE in compar ison  wi th  alcohol-free controls .  
2. F r o m  7 alcohol addic ts  under  the  acute  influence of 
alcohol, wi th  b lood levels ranging f rom 0.2 to 0.4%, 
l ymphocy te s  were ob ta ined  and cul tured  in a 1 : 4 mix tu re  

of their  own serum and  TC 199 medium.  In  the  72 h cul- 
tures,  the  mi to t ic  index was low, mos t  of the  cells were in 
the  first  me taphase ,  b u t  there  was no increase in SCE 
over  the  background.  In  subjec ts  wi th  a blood alcohol 
level under  0.2% even the  cell cycle was normal .  This  
resul t  agreed wi th  those  2, 3 showing t h a t  alcohol does no t  
p r e v e n t  reproduc t ion .  At  t he  same t ime,  it  m i g h t  p e rhaps  
explain  the  lagging in t rau te r ine  d e v e l o p m e n t  of the  off- 
spr ing of alcohol addicts .  
E t h y l  alcohol in the  organism is metabol ized  in 2 steps.  
In  the  first  it  is oxidized by  the  hepa t ic  enzyme alcohol 
dehydrogenase  into ace ta ldehyde .  In  the  second step,  th is  
c o m p o u n d  is degraded  by  the  ub iqu i tous  enzyme  a ldehyde  
dehydrogenase .  In  fu r ther  exper iments ,  we have  therefore  
s tudied  the  effect  of ace t a ldehyde  on the  cul tured  lym-  

1 P. Perry and S. Wolff, Nature, Lond. 257, 156 (1974). 
2 P. Aschkenasy-Lelu, C. r. Acad. Sci., Paris 246, 1275 (1958). 
3 L. PilstriSin and K. H. Kiessling, Acta pharmac. Kbh. 25, 225 

(1967). 
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phocy t e s  and  f ib rob la s t s  of n o r m a l  persons  and  t h e n  on  
l y m p h o c y t e s  of a lcohol  add ic t s  u n d e r  chronic  d i su l f i r am 
t r e a t m e n t  who,  15-20 m i n  before  b lood sampl ing ,  h a d  
been  a l lowed to  d r i n k  a b o u t  0.7 ml /kg  of a lcohol  in t he  
form of wine.  Di su l f i r am is we l l -known to  raise  the  b lood  
a c e t a l d e h y d e  level  a n d  to cause  t h e r e b y  a cha rac t e r i s t i c  
v a s o d i l a t a t o r y  episode. 
3. Ace t a ldehyde  (ana ly t i ca l  g rade  dis t i l led twice  im- 
m e d i a t e l y  before  use) added  to t he  cu l tu re  in an  a m o u n t  
of 800 aM was toxic,  ki l l ing t he  g rea t  m a j o r i t y  of ceils. 
A t  400 FM i t  i n h i b i t e d  cell m u l t i p l i c a t i on ;  a f t e r  72 h t he  
m a j o r i t y  of cells was  M 1 a n d  of these  12% showed labi le  
c h r o m o s o m a l  abe r r a t i on .  I n  the  M 2 cells, SCE was in-  
c reased 4-6fo ld  over  the  backg r ound .  An a c e t a l d e h y d e  
levet  of 40 gM stil l  a f fec ted  cell progress ion  a n d  SCE was 
twice  t he  control ,  whi le  lower a m o u n t s  h a d  no  adve r se  
effect. 
4. F r o m  p a t i e n t s  u n d e r  t he  in f luence  of d i su l f i r am and  a 
m i n i m u m  a m o u n t  of alcohol,  l y m p h o c y t e s  were o b t a i n e d  
in the  h y p o t e n s i v e  per iod  and  cu l tu red  in a 1 : 4  m i x t u r e  
of t he i r  own  se rum a n d  TC med ium.  Af te r  72 h m o s t  ceils 
were in t he  M 1 phase  a n d  SCE was e l eva ted  to a b o u t  
3 t imes  t h e  con t ro l  f requency .  I n  n o r m a l  h u m a n s ,  t he  
e l im ina t i on  r a t e  of a lcohol  is a b o u t  100 m g / k g / h  i rrespec-  
t ive  of t he  a m o u n t  consumed ,  and  t he  blood a c e t a l d e h y d e  
level  does no t  exceed 25 to 30 aM excep t  u n d e r  t he  in-  
f luence of d i su l f i r am w h e n  i t  m a y  a t t a i n  levels  well  above  
400 aM. Our  resu l t s  m i g h t  the re fore  m e a n  t h a t  a lcohol  
causes  no d i s t u r b a n c e  u n d e r  n o r m a l  cond i t ions  b u t  m a y  
h a v e  g r a v e  consequences  w h e n e v e r  the  a c e t a l d e h y d e  level  

rises a b o v e  40 aM. This  m u s t  be  due  to some low specific 
a c t i v i t y  of a ldehyde  dehydrogenase .  Such  a defec t  was  
r epo r t ed  in an ima l s  d u r i n g  p r e g n a n c y  5, b u t  m a y  also be  
i nhe r i t ed  as in  some r a t  ~ and  mouse  7 s t ra ins ,  or acqui red ,  
as i t  h a s  been  s h o w n  in alcohol ics  s, a n d  such  a defec t  
would  p r e s u m a b l y  be  respons ib le  for t he  fe ta l  a lcohol  syn-  
drome.  
The  a s s u m p t i o n  is s u p p o r t e d  b y  t h e  fac t  t h a t  p r ac t i ca l l y  
all  of t h e  m o t h e r s  of such  bab ies  h a d  chron ic  l iver  disease 9, 
and  especia l ly  b y  our  o b s e r v a t i o n  of a f ami ly  where  t he  
heav i l y  d r ink ing  m o t h e r  a f t e r  h a v i n g  h a d  6 misca r r i ages  
gave  b i r t h  to  an  aff l ic ted ch i ld ;  d u r i n g  t h e  ear ly  weeks of 
th i s  p r e g n a n c y  she was on  d i su l f i r am t r e a t m e n t  b u t  con-  
fessed to  h a v i n g  occas iona l ly  c o n s u m e d  a l i t t le  alcohol.  
A n o t h e r  female  a lcohol  a d d i c t  h a d  a chi ld  wi th  fe ta l  al-  
cohol  s y n d r o m e ;  on  c o n s u m i n g  0.4 g /kg  of alcohol,  he r  
b lood a c e t a l d e h y d e  level  rose to  140 ~M. In  our  exper i -  
men t s ,  fe ta l  d e v e l o p m e n t  was  affected n e i t h e r  b y  con-  
s ide rab le  doses of a lcohol  no r  b y  disul f i ram,  while  t h e i r  
c o m b i n a t i o n  induced  60% fe ta l  m o r t a l i t y .  

4 T.M. Kitson, J. Stud. Alc. 38, 96 (1977). 
5 Y.A. Kes~iniemi, Biochem. Pharmacl. 23, 1157 (1974). 
6 T. Koivula, M. Koivusalo and K. O. Lindros, Biochem. Phar- 

macl. 24, 1807 (1975). 
7 J .R.  Sheppard, P. Albersheim and G. E. McClearn, Biochem. 

Genet. 2, 205 (1968). 
8 M.A. Korsten, S. Matsuzaki, i~. Feinman and C. S. Lieber, New 

Engl. J. Med. 292, 386 (1975). 
9 J .R .  Bierich, F. Majewski, R. Michaelis and I. Tillner, Eur. J. 

Pediat. 121, 155 (1976). 

Depress ion  of frog gustatory  neural  re sponses  to quinine-HCl after adaptation 
of the tongue to var ious  taste s t imul i  
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Summary. Afte r  t he  frog tongue  was a d a p t e d  to  salt ,  suga r  a n d  b i t t e r  solut ions ,  t he  a m p l i t u d e s  of in i t ia l  phas ic  gus ta -  
t o r y  n e u r a l  responses  to  quinine-HC1 (Q-HC1) were depressed.  However ,  a d a p t a t i o n  to  acid so lu t ions  did  no t  a f fec t  
t he  responses  to  Q-HC1. 

I t  is we l l -kn0wn p s y c h o p h y s i c a l l y  and  neu r ophys io -  
logical ly t h a t  t he  g u s t a t o r y  response  to a t a s t e  so lu t ion  
changes  a f t e r  a d a p t a t i o n  to o t h e r  t a s t e  solut ions*,  *. 
I n  t he  p r ev ious  p a p e r s  4, we revea led  t h a t  a d a p t i n g  t he  
frog t o n g u e  to  Q-HC1 of a t yp i ca l  b i t t e r  c o m p o u n d  
enhances  t he  a m p l i t u d e s  of g u s t a t o r y  n e u r a l  responses  
to  salts,  acids a n d  sugars,  b u t  genera l ly  depresses  t h e  
neu ra l  responses  to  o t h e r  b i t t e r  solut ions .  This  s t u d y  
a ims  to i nves t i ga t e  h o w  t he  g u s t a t o r y  neu ra l  response  
tO Q-HC1 changes  a f t e r  a d a p t a t i o n  to  va r ious  so lu t ions  
inc lud ing  those  r ep r e s en t i ng  4 t a s t e  qual i t ies .  
Materials and methods. Bul l f rogs  (Rana catesbeiana) 
anes the t i z ed  w i th  u r e t h a n e  were used in t he  expe r imen t s .  
Who le  g lo s sopha ryngea l  n e r v e  impulses  recorded  in s i tu  
were i n t e g r a t e d  w i t h  a n  e lec t ronic  i n t e g r a t o r  h a v i n g  a 
t i m e  c o n s t a n t  of 0.4 sec. M e m b r a n e  p o t e n t i a l  changes  
of single t a s t e  cells e l ic i ted b y  chemica l  s t imul i  were 
recorded  w i t h  3 M KCl-fi l led glass microe lec t rodes  h a v i n g  
a res i s t ance  of 20=50 MD b y  inse r t ing  t h e m  in to  t he  
t a s t e  disc of t he  fung i fo rm papi l lae .  
T a s t e  so lu t ions  m a d e  up  in deionized w a t e r  were a p p h e d  
to  t he  t o n g u e  surface  us ing  a s e m i a u t o m a t i c a l l y  con t ro l l ed  
g u s t a t o r y  s t i m u l a t o r  descr ibed  p rev ious ly  5. T he  t o n g u e  

was a d a p t e d  to va r ious  t a s t e  s t imul i  for 10 sec, a f t e r  
wh ich  t e s t  Q-HC1  was de l ivered  successively.  The  flow 
r a t e  of so lu t ions  was 0.78 ml /sec  for n e r v e  record ing  a n d  
0.13 ml /sec  for i n t r ace l lu l a r  recording.  The  e x p e r i m e n t s  
were ca r r ied  ou t  a t  r oom t e m p e r a t u r e  of 20-26 ~ 
Results anddiscussion. A n  example  of i n t e g r a t e d  g u s t a t o r y  
neura l  responses  is shown  in f igure 1. The  record  A 
r ep re sen t s  t he  con t ro l  response  el ic i ted by  app l i ca t ion  
of 1 m M  Q-HC1 i m m e d i a t e l y  a f t e r  a d a p t a t i o n  of t h e  
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