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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 .  
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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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tongue  to  water .  The record B represen ts  the  response  
to  1 mM Q-HC1 af ter  a d a p t a t i o n  to 10 mM caffeine. 
I t  is Seen t h a t  t he  ampl i tude  of in i t ia l  phas ic  response  
to  Q-He1 is grea t ly  reduced  af ter  caffeine. Figure  2 
shows the  d iminu t ion  of init ial  phasic  neural  responses  
to 1 mM Q-HC1 following a d a p t a t i o n  to 4 o the r  b i t t e r  
solut ions such as 1 mM Q-H,SO~, brucine,  picric acid 
and  10 mM caffeine. The ampl i tudes  of responses  are 
expressed  as pe r cen t  o f  the  control responses  to Q-HCI 
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Fig. 1. Integrated whole glossopharyngeal nerve responses to 1 mM 
Q-HCI. A After 10 see adaptation to water. B After 10 sec adaptation 
to 10 mM caffeine. The tongue was pre-adapted to Ringer before 
application of adapting solution and was rinsed with it after the end 
of test stimulation. 
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Fig. 2. Histograms showing changes of gustatory neural responses 
to 1 mM Q-HCI after 10 sec adaptation to 4 bitter solutions. In this 
and the next figure, responses are expressed as percent of the con- 
trol responses to Q-HC1 after water adaptation. Each value repre- 
sents the mean • SE of 4 to 5 preparations. 
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Fig. 3. Histograms showing changes of gustatory neural responses 
to 1 mM Q-HCI after i0 sec adaptation to various taste solutions. 
Each value represents the mean =~ SE of 4 to 15 preparations. 

af ter  water .  The depress ing effects  of the  a d a p t i n g  b i t t e r  
solut ions upon  Q-HCI responses  became grea te r  in the  
order  of Q-H2SO i > brucine  = picric acid > caffeine. 
These b i t t e r  c o m p o u n d s  are diverse in chemical  s t ruc ture .  
Remarkab l e  reduc t ion  of Q-He1 response  af ter  an o t he r  
b i t te r  subs tance  suggests  t h a t  b o t h  subs tances  possess 
a s imilar  s t ruc tu ra l  feature.  
W i t h  tas te  cells, cor re la t ion  coefficients b e t w een  the  
m a g n i t u d e s  of depolar iz ing responses  el ici ted b y  a pair  
of 1 mM Q-HC1 and  1 mM picric acid and  by  a pai r  of 
1 mM Q-HC1 and  1 mM Q-H2SO 4 were calculated.  No 
signif icant  corre la t ion  (r ~ 0.23, 21 cells) was  found 
be tween  the  former  pair,  whereas  a s ignif icant  corre la t ion 
(r 0.89, 17 cells) was found be tween  the  l a t t e r  pair.  
These resul ts  m a y  suggest  t h a t  Q-HC1 and  Q-H2SO 4 
molecules reac t  wi th  the  same receptor  site on tas te  
receptor  membranes ,  while Q-HC1 and picric acid mole- 
cules reac t  wi th  d i f fe rent  receptor  sites. Despi te  the  
absence of s ignif icant  corre la t ion be tween  t a s t e  cell re- 
sponses to Q-HC1 and picric acid, the  neura l  response  
to  1 mM Q-He1 af ter  1 mM picric acid was  reduced  to  
29%, as shown  in figure 2. In cont ras t ,  a d a p t a t i o n  to 
1 mM Q-He1 did no t  depress  the  neural  response  to  1 mM 
picric acid. I t  is considered t h a t  appl ica t ion  of picric 
acid induces  inac t iva t ion  of t as te  receptor  m e m b r a n e s  fol- 
lowing the  s t imula t ing  act ion,  resul t ing in depress ion  of 
Q-HC1 response  af ter  picric acid. 
Figure 3 i l lus t ra tes  changes  of initial  phas ic  neura l  
responses  to  1 mM Q-HC1 when  ad ap t ed  to  0.3 M NaC1, 
0.1 M MgC12, 0.5 M sucrose, 1 mM acetic acid and  Ringer  
solution. The responses  are represen ted  as pe rcen t  of the  
control  responses  to Q-HC1 af ter  water .  A d a p t i n g  the  
tongue  to t he  first  3 solut ions  depressed  the  responses  
to 0 - H e 1  in var ious  degrees,  b u t  adap t ing  to  the  last  
2 solut ions did no t  affect  the  responses.  The Q-HCI 
response was usual ly more  depressed wi th  increasing 
concen t ra t ion  of the  adap t ing  solutions,  while the  Q-HC1 
response af ter  acetic acid was i n d e p e n d e n t  of the  acid 
concen t ra t ion .  Al though  neura l  responses  to  0.5 M sucrose 
were very  poor  in the  p resen t  exper iments ,  a m e a n  of 
neural  responses  to 1 mM Q-HC1 decreased to 72% 
following a d a p t a t i o n  to the  sucrose. This r educ t ion  m a y  
be a t t r i bu t ab le  to chemical  modif ica t ion of Q-He1 b ind ing  
site by  the  sucrose s t imula t ion .  
The amp l i t udes  of depolar iz ing receptor  po ten t i a l s  in 
t a s t e  cells in response  to 1 mM Q-HC1 decreased,  like the  
reduc t ion  of neura l  responses  in figure 3, by  a d a p t i n g  the  
tas te  cells to salt ,  sugar and b i t t e r  solutions.  
Microelectrode s tudies",  7 on tas te  cells have  sugges ted  
t h a t  receptor  si tes to 4 basic t a s t e  s t imuli  are i n d e p e n d e n t  
of one another ,  b u t  var ious  combina t ions  of r ecep to r  
sites exis t  in single t a s t e  cells. I t  is known  t h a t  a g rea t  
n u m b e r  of t a s t e  ceils converge  a single g u s t a t o r y  nerve  
fibre" and  t h a t  the  exc i tab i l i ty  of the  fibre t e rmina l s  
decreases  following genera t ion  of impulses  by  t a s te  
s t imuli  ~. F r o m  these  lines of evidence,  t he  depress ion  
of gus t a to ry  neura l  responses  t o  Q-HC1 ni ter  a d a p t a t i o n  
to various t a s t e  solut ions m a y  be expla inable  by the  
following 3 fac tors :  a) s imi lar i ty  be tween  recep tor  si tes 
to  an a d a p t i n g  s t imulus  and a t e s t  s t imulus ;  b) chemical  
modif ica t ion  of the  site to Q-HC1 by  adap t ing  solut ions;  
c) inac t iva t ion  of the  pos t synap t i c  m e m b r a n e  or impulse  
firing zone in  gus t a to ry  nerve  f ibres dur ing  app l ica t ion  
of ad ap t i n g  solut ions.  
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