
15.5. 1972 Specialia 521 

Effect of emetine 4 • 10-~ on incorporation of 14C-labeled precursors 

14C Precursor Inhibition of incorporation 
at EHT + 80 rain (%) 

Amino Acids 75.24-2.1 (n = 5) 
Acetate 46.84-0.2 (n = 4) 
Thymidine 53.84-2.1 (n = 6) 
Uridine 4.74-3.1 (n = 3) 

Percentages represent the mean and standard error. 

organelles depend  on microsomal  and  the i r  own pro te in  
synthes is  for assembly  of the i r  funct ional  uni ts  15 and  
b o t h  are inh ib i ted  by  emet ine  le. This  agent  has also 
been no ted  to select ively damage  mi tochondr i a  in dog 
hea r t  17. 

The possibi l i ty  t h a t  emet ine  is ac t ing by  blocking the  
up take  of precursors  seems unlikely in l ight  of the  normal  
incorpora t ion  of ur idine and  the  normal  incorpora t ion  of 
thymidine and acetate in the early part of the experiment. 
RASMUSSEN and ZEUTHRN 18 have  d e m o n s t r a t e d  in 
Tetrahymena t h a t  cell divis ion is b locked by  inhib i t ion  
of p ro te in  syn thes i s  and th is  seems the  major  reason w h y  
emet ine  is inhib i t ing  division. 

Compar ing  th is  sys t em to GROLLMAN'S 3 work  in Hela  
cells d e m o n s t r a t e s  a paral lel  effect  in p ro te in  and  nucleic 

acid synthesis .  He  no ted  t h a t  H e L a  cells concen t r a t ed  the  
drug  and  t h a t  h igher  concen t ra t ions  of emet ine  were 
requi red  to inh ib i t  p ro te in  synthes is  in cell-free prepa-  
ra t ions .  This does no t  seem to be the  case in Tetrahymena 
as 10-eM, a concen t ra t ion  which  does no t  inhibi t  t h e  ill 
vivo sys t em (results no t  shown) inhibi ts  pro te in  synthes is  
in cell-free p repa ra t ions  of Tetrahymena 10. 

Zusammen[assung. E m e t i n  h e m m t  die synchronis ier te  
Tei lung von Tetrahymena pyri/ormis, ve rh inde r t  die 
rasche A u fn ah me  von  Aminos~uren  und  v e r u r s a c h t  
o f fenhar  eine Zel l te i lungshemmung.  
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Ionically Induced Volume Changes of the Smooth  Muscle of the Guinea-Pig  Taenia coli 

If  the  osmolar i ty  of Krebs  solut ion is doubled  by  addi-  
t ion of po tas s ium salts  of p e r m e a n t  anions (KC1, KNO3), 
pieces of guinea-pig taen ia  colt muscle exposed  to  these  
solut ions shrink,  bu t  fail to  recover  weight ,  in contradic-  
t ion  to  the  predic t ions  of the  Gibbs Donnan  equil ibrium. 
If  the  NaC1 in the  Krebs  solut ion is replaced by  equiva len t  
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Fig. 1. The importance of HCO 3. Weight changes after exposure for 1 
and 2 h to high potassium solutions. The isomotic solutions were made 
by replacing the NaC1 in the normal solution with KNO3, and the 
hyperosmotic solutions by adding 154 mM KNO 8 to the normal solu- 
tions. The results are expressed as a percentage of the weight of con- 
trol pieces exposed to the normal solution. The columns are each the 
mean results of between 6 and 25 tissues, with standard errors of be- 
tween 4- 0.5 and ~ 2.0. 

amo u n t s  of p e r m e a n t  po tass ium salts (isosmotic po tass ium 
solution) the  t issues gain li t t le if any  weight ,  again no t  
obeying the  predic t ions  of the  Gibbs D o n n a n  equil ibrium. 
Similar  resul ts  have  been  repor ted  by  several  au thors  1-a. 

The lack of recovery  f rom shr inkage in hyper ton ic  KC1 
or K N O  3 solution, and  the  lack of swelling in isosmotic  K 
solut ion m a y  suggest  t h a t  the  s mo o t h  muscle m e m b r a n e  
has ve ry  low pe rmeab i l i t y  to K, C1 and  NO 3 ions. However ,  
e s t imates  of t he  m e m b r a n e  pe rmeab i l i ty  to  K and C1 ions 
f rom flux exper imen t s  in Krebs  solut ion 4, 5 indicate  tha t ,  
even  assuming t h a t  h igh concen t ra t ions  of K+ do no t  
increase m e m b r a n e  permeabi l i ty ,  the  failure of pene t ra -  
t ion  of ne t  amo u n t s  of KC1 is no t  due  to the  low per- 
meab i l i ty  of t he  membrane .  Rough  calculat ions,  even 
using the  least  advan tageous  figures, show t h a t  sufficient  
ions should be able to pene t r a t e  in to  the  cells for t h e m  to 
double  the i r  vo lume wi th in  an hour.  

In  order  to  ob ta in  more  in fo rmat ion  on the  factors  
control l ing the  volume changes  of the  taenia,  the  effects 
of changes  in t he  ex te rna l  med i u m were  inves t iga ted .  In  
the  p resen t  set  of exper iments ,  K N O  a has  been  used as the  
p e r m e a n t  po ta s s ium salt,  since it has  been  shown 8 t h a t  
NO 3 is more  p e r m e a n t  t h a n  C1 in this  t issue.  Tissue pieces 
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Normal solutions 

Specialia EXPERIENTIA 28/5 

(mMoles) NaC1 KCI CaC12 MgCla NaHCO 3 NaH~PO 4 Glucose CO~/O~ 

Krebs solution 135.9 5.9 2.5 L2 15.5 1.2 11.5 3/97 

HCO a- free Krebs 
solution 120.4 5.9 2.5 1.2 -- 1.2 11.5 0/100 

Locke solution 154 5.6 2.2 -- 1.8 -- 5.6 0/100 

Locke solution 
+ HCO a- 140 5.6 2.2 -- 15.4 -- 5.6 3/97 

Removals or additions of other salts were compensated by opposite changes in NaC1. 

were dissected and  m o u n t e d  on stainless steel  holders,  and  
equi l ibra ted  for a t  least  1 h in solut ions w i th  normal  K+ 
concent ra t ion ,  before being t rans fe r red  to the  experi-  
men ta l  solut ions wi th  h igh  K+ concent ra t ions .  Af ter  
exposure,  t he  t issues were bo t t l ed  and  weighed.  Tissues 
exposed  to the  normal  K+ solut ion for s imilar  t imes  were 
also weighed in each e x p e r i m e n t  to  ac t  as controls .  
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Fig. 2. Tissue weight changes af ter  exposure for  2 h to isosmotic and 
hyperosmot ic K N O  z solutions; the effect of modif icat ions of Locke 
solution. The weight are given as a percentage of the tissue weight in 
normal Locke solutions. The clear bars show tissue weights after ex- 
posure for more than 2 h to the control modified Locke solutions. 
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Fig. 3. The importance of calcium and magnesium. Experimental pro- 
cedure as in Figure 1. The columns are each the mean results of be- 
tween 6 and 17 tissues, with standard errors of between • 0.8 and 
:~ 3.5. 

If the  contro l  solut ion was Locke and no t  Krebs  solu- 
t ion,  the  behav iour  of the  t issues was r emarkab ly  altered,  
as previous ly  noted6 and t h e y  now behaved  in a man n e r  
t h a t  would be pred ic ted  by  the  Gibbs D o n n a n  equil ibrium, 
recover ing weigh t  af ter  an init ial  shr inkage in t he  hyper -  
osmot ic  h igh  K + solutions,  and  swelling in t he  isosmotic  
h igh  K+ solut ions (see Figure  1). 

Locke solut ion conta ins  no Mg++, no P O 4 - -  and only 
1.8 m M  HCO3- as opposed to  15.5 m M  in Krebs  solution,  
and  it is equi l ibra ted  wi th  100% O 2 ins tead of 97% 02 
and  3~o COs (see Table). Figure  2 shows t h a t  of the ionic 
differences,  the  HCO3- is the  ion t h a t  has  the  mos t  
s ignif icant  effect. If  HCO3- is added  up to the  concent ra-  
t ion  in Krebs  solution,  the  t i ssues  no longer swell appre-  
c iably in t he  isosmotic  K N O  3 solution,  and  show l i t t le  
weigh t  recovery  af ter  shr inkage in the  hype rosmot i c  
solutions.  This  reversal  of behav iour  by  increasing the  
HCO3- occurs whe the r  or no t  the  gas mix tu re  is 100% 0 2 
(pH 8.3) or 97% 0 2 and 3% CO2 (pH 7.6), a l though the  
ra te  of weigh t  change m a y  be s o m e w h a t  fas te r  a t  t he  
h igher  pH.  The impor tance  of HCO 3- is also shown by  
removal  of HCO 3- f rom Krebs  solution.  This leads to the  
t issues obeying  the  predic t ions  of the  equil ibrium, and  
swelling in i s o s m o t i c  KNO~ solutions,  and  recover ing 
weight  in t he  hype rosmot i c  solut ions (see Figure  1). 

Diva len t  cat ions  are also i m p o r t a n t  in t he  control  of 
t issue vo lume on exposure  to  p e r m e a n t  K+ salts (see 
Figure 3). W i t h  no d iva len t  cat ions  present ,  the  t issue 
swells rap id ly  in the  isosmotic  KNO~ solution, and recovers 
weigh t  af ter  init ial  shr inkage in the  hype rosmot i c  solution. 
This  occurs whe the r  or no t  HCO 3- ions are p resen t  a l though 
HCO3- has  some effect  on the  ra te  of weight  change. In  
HCOa-  conta in ing  solutions,  calc ium is necessary  to  
p r e v e n t  swell ing when  KNO3 replaces the  NaC1, and the  
presence of 1.2 m M  Mg w i t h o u t  Ca does no t  p reven t  
swell ing;  whereas  when K N O  3 Js added  to  double  the  
osmolar i ty ,  recovery  of weight  af ter  the  init ial  shr inkage 
is suppressed  by  e i ther  Mg or Ca. 

Membrane  pe rmeab i l i t y  does no t  seem to be the  l imit ing 
factor  in al lowing ne t  pene t r a t i on  of KC1 or KNOa, as 
discussed above,  and  th is  is also conf i rmed by  exper iments  
(unpublished) which  show t h a t  t he  fluxes of C1- and K+ 
take  place more  slowly in the  absence of HCO~- (when ne t  
pene t r a t i on  occurs) t h a n  t h e y  do in i ts  presence,  and this  
also is t rue  in the  high K+ solutions.  

6 A. F. BRADING and T. TOMITA, J. Physiol., Lond. 197, 68P (1968). 
E. BOZLER, Am. J. Physiol. 203, 201 (1962). 
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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). 
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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. 


