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P o s s i b l e  e x p l a n a t i o n s  of  t h e s e  r e s u l t s  o n  t h e  v o l u m e  
c h a n g e s  m a y  i n v o l v e  a c t i v a t i o n  o f  i on  p u m p i n g  m e c h a n -  
i s m s ,  w h i c h  p r e v e n t  n e t  a c c u m u l a t i o n  of  s a l t s  u n d e r  t h e  
c o r r e c t  e n v i r o n m e n t a l  c o n d i t i o n s ,  o r  s o m e  p h y s i c a l  
r e s t r a i n t  to  v o l u m e  c h a n g e  as  c o u l d  for  e x a m p l e  be  i m -  
p o s e d  b y  p r o t e i n  c ro s s  l i n k a g e  7 w h i c h  m i g h t  d e p e n d  o n  
i n t r a c e l l u l a r  p H  ( c o n c e i v a b l y  a l t e r e d  b y  e x t e r n a l  H C O a -  ) 
a n d  t h e  p r e s e n c e  of  d i v a l e n t  c a t i o n s .  

.Zusammenfassung. A n a l y s e  d e s  u n t e r s c h i e d l i c h e n  Ve r -  
h a l t e n s  e i ne s  g l a t t e n  M u s k e l s  in  L o c k e -  u n d  K r e b s - L 6 s u n g .  
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N e u r a l  C o r r e l a t e s  of  T a s t e  S e n s a t i o n  Q u a l i t y  

I t  is  n o w  u r g e n t l y  r e q u i r e d  to  c l a r i f y  h o w  h u m a n  s e n s o r y  
e x p e r i e n c e s  c a n  be  i n t e r p r e t e d  in  t e r m s  of  n e u r o p h y s i o -  
logy ,  o r  h o w  c h a i n s  of  n e r v o u s  e v e n t s ,  t h a t  is, i n t e g r a t i o n  
of s p a t i a l  a n d  t e m p o r a l  n e u r a l  a c t i v i t i e s ,  in  m a n ,  t h e  
w h o l e  of  w h i c h  is  n o t h i n g  b u t  s e n s o r y  e x p e r i e n c e ,  c a n  be  
c o r r e l a t e d  w i t h  o u r  s e n s a t i o n .  

C o n c e r n i n g  n e u r a l  c o r r e l a t e s  of  s e n s a t i o n  q u a l i t y ,  t h e r e  
are ,  a s  is we l l  k n o w n ,  t w o  m a j o r  t h e o r i e s ,  t h e  p a t t e r n  
t h e o r y  z a n d  t h e  s p e c i f i c i t y  t h e o r y  2. N o w ,  in  a g r e e m e n t  
w i t h  t h e  v i e w  of HENSEL 3, t h e  a u t h o r  b e l i e v e s  t h a t  a 
c e r t a i n  d e f i n i t e  p a t t e r n  of  n e r v e  i m p u l s e s  in  p e r i p h e r a l  
level ,  c o m p o s e d  t e m p o r a l l y  a n d  s p a t i a l l y ,  m a y  c o n v e y ,  as  
a w h o l e ,  a c e r t a i n  d e f i n i t e  s e n s a t i o n  q u a l i t y ;  in  o t h e r  
w o r d s ,  h e  b e l i e v e s  t h a t  s e n s a t i o n  q u a l i t y  m i g h t  be  
d e c i p h e r e d ,  a t  l e a s t  t o  s o m e  e x t e n t ,  b y  m e a n s  of  s o m e  
t e m p o - s p a t i a l  a n a l y s i s  of  t h e  p r i m a r y  a f f e r e n t  code .  

I n  t h e  ca se  of  t a s t e  s e n s a t i o n  i t  is  we l l  k n o w n  t h a t  t h e r e  
is a b r o a d  s e n s i t i v i t y  of  e v e r y  r e c e p t o r  cel l  4, m u l t i p l e  
s e n s i t i v i t y  of  i n d i v i d u a l  a f f e r e n t  f i b r e s  5 ( due  t o  m u l t i p l e  
b r a n c h i n g  of  e a c h  f ibre)  a n d  p r o b a b l y  m u l t i p l e  i n n e r v a t i o n  
of  e a c h  r e c e p t o r  cell.  T a k i n g  t h e s e  i n t e r r e l a t i o n s h i p s  
b e t w e e n  r e c e p t o r  cel ls  a n d  a f f e r e n t  n e r v e  f i b r e s  i n t o  
c o n s i d e r a t i o n ,  t h e  a u t h o r ,  u s i n g  a n e r v e  i m p u l s e  c o u n t  
s u m m a t o r  3, r e c o r d e d  w i t h  ]~ITTA 7 f r o m  t h e  g l o s s � 9  
g e a l  n e r v e  t r u n k  of  t h e  t o a d ,  t h e  t e m p o r a l  s e q u e n c e  of  t h e  
t o t a l  s u m  of  n e r v e  i m p u l s e s  e l i c i t ed  d u r i n g  e a c h  100 m s e c  
a f t e r  t h e  s t i m u l a t i o n  as  e v o k e d  in  r e s p o n s e  t o  v a r i o u s  
c h e m i c a l  s t i m u l a t i o n s  of  t h e  w h o l e  t o n g u e  ( F i g u r e  1). 

A c c o r d i n g  t o  o u r  p r e v i o u s  i n v e s t i g a t i o n  s, e a c h  r e a c t i o n  
t i m e  of  4 t a s t e s  in  m a n  a t  t h e  t h r e s h o l d  s e n s a t i o n  w a s  
a p p r o x i m a t e l y  2 sec  o r  so. T h e r e f o r e ,  a s s u m i n g  t h a t  t h e  
t a s t e  q u a l i t y  is e n c o d e d  w i t h i n  t h i s  s h o r t  t i m e  9, s u m m a t e d  
r e s p o n s e  c u r v e s  of  4 p r i m a r y  t a s t e  q u a l i t i e s  w i t h i n  3 sec  
a f t e r  t h e  s t i m u l a t i o n  w e r e  a n a l y z e d  in  r e s p e c t  to  t h e  r a t e  
of  r i se ,  t h e  p e a k  t i m e  a n d  t h e  r a t e  of  fa l l  in  o r d e r  t o  k n o w  
w h i c h  of  t h e m  c h a r a c t e r i z e s  e a c h  c u r v e ,  i.e., e a c h  q u a l i t y .  
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Pig. 1. Temporal sequence of summated  response (above) and tha t  of 
averaged values of 30 measurements  (below), both to sucrose stimu- 
lation. Vertical bars mean fidueial limit (p < 0.05). 

RI PT RD 
(inOSsec) (sec) (inlsec) 

so H C I,acet. ac. 14 1 3 
b 0.H C[, picr.ac.,nioot., 

m-'lolylurea,r'lg S04, 5 1.55 3 
oym-dirnethylurea 

sw sucrose, glycine, 
a-dimethylurea _5 1__ 2 

sa NaCt, KCt, Li CI 6 0.5 2 
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Fig. 2. Summated  responses of four pr imary taste qualities shown as a 
function time. so, b, sw and sa : sour, bitter, sweet and salty quality, 
respectively. RI, rate of increase, means increase of impulse numbers 
in 0.5 see; while RD, rate of decrease, means decrease of them in I sec. 
Arrows indicate reaction time values obtained by us previously in 
man  s. Each point denotes averaged values of 30 experiments on each 
chemical substance. 
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RI PT RB RT 
(inO.Ssec) (sec) (inlsec) (sec) 

acetic acid (1/160/V) 14.5 0.9 -+ 0.2 3.6 1.5 
Na CI (112M) 1.8 0.8 :~ 0.3 1.9 1.35 
sucrose (1/2H) 5.7 1.3 +- 0.2 3.4 1.~.5 
OHCI (1/160M) 7.7 1.6+0.2 5.0 1.85 
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Fig. 3. Temporal sequence of summated responses of the most popular 
representatives of 4 primary taste qualities. Horizontallines represent 
fidueial limit (p < 0.05). The difference between the peak time of bit- 
ter and that of sweet is statistically significant (p < 0.05). RT means 
the reaction time in see obtained by us in man s. Other explanations 
in Figure 2. 

Figure  2 shows s u m m a t e d  response  of four  p r i ma ry  
t a s te  qual i t ies  as a func t ion  of t ime  a f te r  the  s t imulat ion.  
Two or six k inds  of chemicals  were used for each qual i ty.  
HC1, NaC1, KC1 and  LiC1 were p repa red  as 1/2M solutions,  
while  the  o thers  as 1 /160M ones. The  Table in the  Figure 
shows mean  values  of the  ra te  Of increase (RI), the  peak  
t ime  (PT) and  the  ra te  o1 decrease (RD) of each qua l i ty  
calcula ted f rom the  figure. As is clearly seen f rom the  
Figure  and the  Table,  the  numera ls  under l ined  character ize  
each  qual i ty,  while t he  ra te  of decrease has no th ing  to do 
w i t h  the  t a s t e  qual i ty .  The same th ing  can be more 
def in i te ly  said on the  s u m m a t e d  response  curves ob ta ined  
f rom the  mos t  popula r  r ep resen ta t ives  of four p r i ma ry  
t a s te  qual i t ies  (Figure 3). 

F r o m  these  resul ts  it  could be concluded t h a t  the  
impulse  t ra in  of the  grea tes t  ra te  of increase media tes  as 
ensemble  the  sourness,  a n d  t h a t  of t he  smaller  one wi th  
t he  shor tes t  peak  t ime  med ia tes  as a whole the  sal ty  
sensat ion.  The b i t t e r  sensat ion is evoked by  impulse 
p a t t e r n  wi th  the  longest  peak  t ime.  while the  sweet  sensa- 
t ion by t h a t  w i th  an in t e rmed ia te  one, bo th  a lmos t  equal 
to each o ther  in respect  to  t he  ra te  of increase. 

Zusammen/assung. Neurophysiologische  Un te r suchung  
iiber die Basis der Geschmacksdi f fe renz ierung in die vler  
Hauptqualit~Lten bei Kr6 ten  und  Nachweis  eines offenbar  
spezif ischen Impu l smus t e r s  im N. glossopharyngicus .  

M. ICHIOKA 

Department o/Physiology, School of Dentistry, 
Tokyo Medical and Dental University, 
Bunkyo-ku. Tokyo (Japan), 25 October 1971. 

Effect of A l u m i n i u m  Phosphate  Gel on W h o l e - B o d y  Retent ion of S i m u l t a n e o u s l y  A d m i n i s t e r e d  226Ra, 
85Sr and 47Ca in Mice 

Alumin ium p h o s p h a t e  inhib i t s  intest inal  absorp t ion  of 
Sr in m a n  1 and ra t  2 and lowers the  whole-body re t en t ion  
to  about  10% of contro l  values  for ssSr and  to  50% for 
47Ca3, thus  be ing  somewha t  less specific for Sr t h a n  so- 
d ium alginate  4. Increas ing the  p h o s p h a t e  level of the  die t  
also reduces Sr up take  5. We  compared  the  capac i ty  of alu- 
m m l u m  p h o s p h a t e  to  inhibi t  in tes t ina l  up take  of the  
heavies t  alkal ine ea r th  meta l  2~SRa wi th  t h a t  ob ta ined  for 
*TCa and ssSr when  a m ix tu r e  of the  3 isotopes is adminis-  
t e red  by gastr ic  tube  to 3-month-old  male black C57 
mice, p rev ious ly  fas ted  for 24 h w i th  free access to water .  
The to ta l  b o d y - b u r d e n  was measured in vivo by  a Ge(Li) 
de tec to r  coupled to a t r ans l a t ing  and ro t a t i ng  sample  hol- 
der, as descr ibed previous ly  3. Each  animal  received 15 [zCi 
226Ra, 7 tzCi s~Sr and  3 ~zCi 47Ca at  p H  5 in 0.25 ml  volume,  
i n t u b a t e d  in the  s tomach.  The t e s t ed  a lumin ium phos-  
p h a t e  gel was the  commerc ia l ly  avai lable  'Phospha luge l '  
(Laborator ies  Bio therax ,  93 Saint-Denis ,  France) conta in-  
ing a mean  q u a n t i t y  of 3% A1 and 10.5% phospha te ,  to- 
ge ther  w i th  some o ther  subs tances  such as agar, pect in,  
sorbic acid and  calc ium sulfate.  Some of these  subs tances  
m i g h t  also be able to reduce Sr up take  ~. The gel was ad- 
min i s t e red  by  gastr ic  t ube  (0.4 ml /mouse  cor responding  
to  480 mg A1/kg body  weight ,  and 1680 mg P O J k g ) .  The 
contro l  animals  received the  same vo lume of a boiled 
0.2% agar  gel in wa te r  hav ing  about  the  same cons is tency  
as the  phospha~ce gel. 

Six t r e a t m e n t s  were tes ted  on 5 to  6 mice each : 

group 1 received A1POa gel jus t  before  isotope in tuba t ion  : 
group 2 received agar gel jus t  before isotope in tuba t ion ;  
group 3 received A1PO 4 gel jus t  a f ter  isotope in tuba t ion ;  
group 4 received agar  gel jus t  af ter  isotope in tuba t ion ;  
group 5 received A1PO4 gel 1 h af ter  isotope in tuba t ion ;  
group 6 received agar  gel 1 h a f te r  i sotope in tubat ion .  

In  group 1 to 4, there  was m a x i m u m  1 min  t ime  lapse 
be tween  the  2 in tubat ions .  The to ta l  body retel i t ion 4 
days  af ter  the  i n tuba t i on  is given in t he  Table. Most  ol the  
mice which  received phospha t e  t r e a t m e n t  close to the  mo- 
m e n t  of i n t u b a t i o n  of the isotopes had  a 22~Ra con ten t  
lower t h a n  the  de tec t ion  l imit  of t he  Ge(Li) detector ,  cor- 
r e spond ing  to  less t h a n  0.3% of the  admin i s t e red  dose. 
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