
612 Specialia EXPERIENTIA XXII/9 

acidotic groups  of t h e  la t t e r  s t u d y  s had  p lasma HCO~ 
values  of 35 and  17 mEq/1 and  p l a sma  CO, tens ion  of 
43 and  36 m m  Hg, respect ively .  

Discussion. Al though  the re  are  good indica t ions  t h a t  
the  CSF possesses effect ive homeos t a t i c  mechan i sms  for 
keeping the  p H  cons tan t ,  the  p resen t  expe r imen t s  have  
shown t h a t  factors  such as the  p lasma  p H  and  the  p lasma  
b ica rbona te  inf luence the  resul t ing  acid-base  changes  in 
t he  CSF. Apparen t ly ,  t he  regula t ion  of CSF  p H  towards  
normal  values  in h y p e r c a p n i a  will be less effective in the  
absence of a chemical  diffusion g rad ien t  for b icarbonate .  

There  is a clear di f ference in the  effect iveness  of t he  
C S F  p H  regula t ion in resp i ra to ry  and  non- resp i ra to ry  
acid-base shifts.  In  non- resp i ra to ry  acid-base shif ts  th is  
regula t ion  appears  a lmos t  per fec t  (maximal  CSF p H  
change  0.05 p H  units,  see s). Since th is  difference was  
observed  in the  same species exposed to t he  acid-base 
shif ts  for an ident ica l  per iod it would appea r  t h a t  the  
mechan i sms  beh ind  the  acid-base changes  in the  CSF  
were di f ferent  in resp i ra to ry  and in non- resp i ra to ry  con- 
di t ions ~. 

Zusammen/assung.  Es wurde  nachgewiesen,  dass die 
Zunahme  des HCO~-Gehaltes in der  Cerebrospinalflt issig- 
kei t  bei k o n s t a n t e m  P l a s m a - p H  un te r  Hype rkapn ie  gr6s- 
ser als bei  k o n s t a n t e m  P l a s m a b i k a r b o n a t g e h a l t  und  
wesent l ich  anders  als bei der  n ich t  respira tor isch beding-  
t en  S~urebase/~nderung ist. 
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Gustatory Responses to Anomeric Sugars 

Differences in t a s t e  be tween  D- and L-enant iomorphs  of 
amino  acids 1 and  be tween  e- and  fl-configurations of 
c a rbohydra t e s  have  in te res ted  inves t iga tors  f rom m a n y  
disciplines. CAmSRON 2 was among  the  first  to r epor t  t h a t  
a f reshly  p repa red  solut ion of 10% e-D-glucose was 
no t iceab ly  sweeter  t h a n  a solut ion a t  equi l ibr ium. This 
was la ter  conf i rmed by  o thers  a,4. TsuzuKI and  YAMA- 
ZAKI 6 observed  t h a t  the  l inear re la t ionship  of t he  sweet-  
ness of f ructose wi th  t e m p e r a t u r e  cor responded  to  the  
l inear var ia t ion  of its specific ro ta t ion  wi th  t empera tu re .  
The sweetness  i n t e n s i t y  of e-fructose was e s t ima ted  to be 
one- th i rd  of t h a t  of fl-fructose. W i t h  L-rhamnose,  t he  
sweetness  of t he  e - form was  less t h a n  2/~ t h a t  of the  ~- 
form s. As early as 1939, BLAKESLEE 7 collected 25 dif- 
fe rent  combina t ions  of t a s t e  responses  to  mannose  tab le t s  
f rom 3121 un t r a ined  volunteers .  More recent ly ,  D-man- 
nose  was  again refer red  to  as an  ambiguous  t a s te  s t imu-  
la tor  s,9 as the  e - anomer  is sweet  and  the  f l-anomer is 
b i t ter .  BOYD and  MATSUBARA 1~ p repared  the  ' unna tu ra l '  
L-forms of glucose and  mannose ;  the  former  was s l ight ly  
sa l ty  and  the  la t t e r  gave inconclusive resul ts  due to lack 
of ag reemen t  among  the  subjects .  

A t t e m p t s  have  been  made  to correlate  the  tas te  of 
anomers  w i th  the i r  chemical  configurat ion,  bu t  few re- 
l iable general izat ions  have  evolved.  TsuzuKI n s t a t ed  t h a t  
sweeter  sugar  anomers  h a d  c i s -hydroxyl  groups  on the  
ca rbonyl  and  ad jacen t  ca rbon  a tom,  while in the  less 
sweet  i somer  the  hydroxy l s  on the  two carbon  a toms  were 
in the  trans posit ion.  This  re la t ionship  was conf i rmed for 
f ructose 5 and  rham nose  6, bu t  no t  for lactose, as the  fl- 
form is sweeter  4, ye t  has  the  trans conf igura t ion  ~. 
Measur ing hydrogen-bond ing ,  molecular  models,  and  
t a s t ing  of crys ta ls  of 7 sugars, SHALLENBERGER 13 con- 
c luded t h a t  sweetness  var ied wi th  hydrogen  bond ing  of 
h y d r o x y l  groups.  I t  is diff icul t  to assume t h a t  a single 
h y d r o x y  group - as in o rd ina ry  alcohol - can 'cause '  
sweetness.  As po in ted  ou t  by  NICOL 14, the  gus t a to ry  
funct ion  of a single group can no more  be solely respon-  

sible for evoking sweetness ,  t h a n  can  hydrogen  ion con- 
t e n t  be the  sole cause of sourness.  Rela t ive  to sugar  
alcohols, CARR et  al. 15 found no re la t ion be tween  the  
n u m b e r  of ca rbon  a toms,  h y d r o x y l  groups,  molecular  
a r r a n g e m e n t  or spat ia l  conf igura t ion  and sweetness.  

We no ted  t h a t  mos t  inves t iga tors  t a s t ed  the  sugars in 
the  crysta l l ine  form. STEINHARDT et al. 9 adminis te red  
samples  in the  solid s t a t e  due to  t he  mechanical  difficul- 
t ies of compar ing  equi l ibra ted  solut ions wi th  freshly- 
p repa red  samples  which  are rap id ly  undergoing m u t a -  
ro ta t ion.  Their  p re l iminary  exper imen t s  wi th  mannose  
had  indica ted  li t t le effect  of concent ra t ion .  Since our 
previous work  h a d  shown marked  influence of concent ra-  
t ion 4,16, we unde r took  the  p resen t  s t u d y  to  de te rmine  the  
effect  of concen t ra t ion  on bo th  t a s te  qua l i ty  and in t ens i ty  
of the  e- and fl-configurations of fructose,  mannose,  
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m a l t o s e ,  x y l o s e ,  a n d  r h a m n o s e  17. I t  is o u r  c o n t e n t i o n  t h a t  
i t  is  n e c e s s a r y  t o  d e v e l o p  r e l i ab l e  t e c h n i q u e s  fo r  r e p r o -  
d u c i b l e  m e a s u r e m e n t  of  h u m a n  t a s t e  r e s p o n s e s  b e f o r e  a 
t h e o r y  o n  t h e  c a u s a t i v e  b i o p h y s i c a l  f a c t o r s  c a n  be  f o r m u -  
l a t ed .  

Materials and methods. F o r  e a c h  s u g a r ,  we  s c r e e n e d  a 
se r i e s  o f  c o n c e n t r a t i o n s  a n d  s e l e c t e d  f i na l  l eve l s  t o  r a n g e  
f r o m  s l i g h t l y  a b o v e  t h r e s h o l d  to  i n t e n s e .  S u b j e c t s  w e r e  3 
m e n  a n d  3 w o m e n  w i t h  e x t e n s i v e  e x p e r i e n c e  in  j u d g i n g  
t h e  i n t e n s i t y  o f  s w e e t  s t i m u l i .  T e s t i n g  s e s s i o n s  w e r e  con -  
d u c t e d  da i ly ,  in  i n d i v i d u a l  p a r t i t i o n e d  b o o t h s  m a i n t a i n e d  
a t  21 ~ C o m p o u n d s  we re  d i s s o l v e d  in  f r e s h l y - d i s t i l l e d  
w a t e r  a n d  s e r v e d  a t  21 ~ in  50 m l  b e a k e r s .  R e d  i l l u m i n a -  
t i o n  in  t h e  t e s t  b o o t h s  m a s k e d  v i s u a l  c lues ,  e.g.  b u b b l e s  
in  f l e s h l y  p r e p a r e d  s o l u t i o n s  of  m a l t o s e .  S u b j e c t s  t a s t e d  
25 m l  o f  s o l u t i o n  a c c o r d i n g  t o  a s t r i c t  t i m e  s c h e d u l e ,  d id  
n o t  s w a l l o w  s a m p l e s ,  a n d  u s e d  d i s t i l l ed  w a t e r  for  o ra l  
r i n s i n g .  

D i f f e r e n c e s  i n  t h e  t a s t e  of  e a c h  s u g a r  n e c e s s i t a t e d  m o d i -  
f i c a t i o n  o f  a s t a n d a r d  p a i r e d - c o m p a r i s o n  p s y c h o p h y s i c a l  
m e t h o d .  P r i o r  t o  i n i t i a t i n g  e a c h  m e t h o d ,  2 s e s s i o n s  we re  
a l l o c a t e d  for  o r i e n t i n g  s u b j e c t s  to  t h e  s c a l i n g  a n d  t i m i n g  
p r o c e d u r e s ,  u s i n g  a n  i n t e r m e d i a t e  s u g a r  c o n c e n t r a t i o n .  
E x c e p t  fo r  m a n n o s e  s o l u t i o n s  a p a i r e d  p r e s e n t a t i o n  w a s  
u s e d  t h r o u g h o u t .  O n e  s o l u t i o n  h a d  b e e n  p r e p a r e d  a t  l e a s t  
6 h in  a d v a n c e  to  a s s u r e  e q u i l i b r i u m  ~8 wh i l e  t h e  cor -  

r e s p o n d i n g  s a m p l e  h a d  b e e n  p l a c e d  in  s o l u t i o n  3 - 1 0  r a in  
p r i o r  to  t a s t i n g .  T h e  t i m e  i n t e r v a l  b e t w e e n  p r e p a r a t i o n  
o f  t h e  f r e s h  s a m p l e  a n d  t a s t i n g  w a s  m i n i m i z e d  b y  a d d i n g  
f r e s h l y - d i s t i l l e d  w a t e r  to  t h e  w e i g h e d  c o m p o u n d  in  i nd i -  
v i d u a l  v o l u m e t r i c  f l a s k s  as  e a c h  s u b j e c t  e n t e r e d  t h e  t e s t  
b o o t h .  A s t o p w a t c h  w a s  a c t i v a t e d  a t  t h e  t i m e  t h e  w a t e r  
w a s  a d d e d  to  t h e  c o m p o u n d ,  t h e n  p r e s e n t e d  to  t h e  s u b -  
j e c t  a l o n g  w i t h  h i s  s a m p l e s ,  t o  t i m e  t h e  t a s t i n g .  S a m p l e s  
w e r e  s e r v e d  in  r a n d o m i z e d  o rde r ,  a n d  s u b j e c t s  we re  re -  
q u e s t e d  to  c i rc le  t h e  n u m b e r  of  t h e  s a m p l e  w i t h i n  e a c h  
p a i r  w i t h  t h e  g r e a t e r  s w e e t n e s s .  W i t h  m a l t o s e  a n d  x y l o s e ,  
a l a b e l e d  s t a n d a r d  c o n s i s t i n g  o f  a n  e q u i l i b r i u m  s o l u t i o n  
w a s  p r e s e n t e d  for  c o m p a r i s o n .  T h e  s u b j e c t  i n d i c a t e d  
w h i c h  m e m b e r  o f  t h e  p a i r  w a s  i d e n t i c a l  t o  t h e  s t a n d a r d ,  
t h e n  s c o r e d  s w e e t n e s s  i n t e n s i t y  o n  a 7 - p o i n t  sca le  
0 = n o n e ;  6 = e x t r e m e ) .  

1~ Reagent grade samples of fl-D-fructose and ~-L-rhamnose were 
purchased from Eas tman Organic Chemicals, and ~-n-inannose 
and/~-u-maltose from Nutritional Biochemical Corp.; 0r 
was a gift of Sterwin Chenficals. 

~8 The length of time required for complete equilibration of fructose, 
rhanmose, mannose, maltose, and xylose was, respectively, 1800, 
1800, 3100, 15,750, and 7600 see. 

Table I. Polarimetric readings for xylose and maltose corresponding to the timed sensory comparison of freshly-prepared vs. equilibrated 
solutions. Ratio of cr to fl calculated from literature values and determined by extrapolation TM. Sweetness intensity scores were made on a 

7-point scale where 0 = none and 6 = extreme. Sensory responses did not differ significantly as a result of time of tasting. 

[~-D -xylose [~X]~) ~ + 92.0 -+ + 19.0] 

0r [fl-D-xylose [~]~0_ 20.0 --~ + 19.0.1 TM 

Polarimetric readings Sensory response 

Time [~]~2 % 0r % fi Concentration Correct Sweetness score 
(rain) separation 

(n = 24) a Equilibrated 
solution 

3.5 (+ 86.70) 95 5 0.133 M 75.0% ~ 2.46 1.58 b 
5.0 (+ 77.30) 87 13 0.333 66.7 2.29 1.83 �9 
6.0 + 74.78 85 15 0.666 75.0 ~ 3.39 3.38 
7.0 -+- 71.77 82 18 

Equilibrated + 19.63 35 65 
solution 

Is-D-maltose [a]~)o + 163.6 --> + 130.4] 

fl-D-maltose [~-D-maltose [~]L0 + 111.7 --> + 130.4J 1~ 

Polarimetric readings Sensory response 

Time [~]~y % :r % fl Concentration Correct Sweetness score 
(rain) separation 

(n = 481 /5 Equilibrated 
solution 

10.0 + 118.09 12.3 87.7 0.083 M 41.7 1.15 
12.5 + 118.20 12.5 87.5 0.194 56.3 1.73 
14.5 + 118.64 13.4 86.6 0.416 62.5 3.23 
16.5 + 118.94 13.9 86.1 0.555 62.5 3.75 

Equilibrated + 130.40 36.0 64.0 
solution 

0.96 
1.63 
3.60 ~ 
4.42 b 

a,b Significant differences between pairs at P < 0.05 and 0.001, respectively. 
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S o l u t i o n s  of  m a n n o s e  v a r i e d  in  b o t h  s w e e t n e s s  a n d  
b i t t e r n e s s ,  p r e c l u d i n g  t h e  u s e  o f  a p a i r e d  t e s t .  C o n s e -  
q u e n t l y ,  s i n g l e  s a m p l e s  of  a g e d  a n d  of  f r e s h l y  p r e p a r e d  
s o l u t i o n s  were  p r e s e n t e d  a n d  t h e  i n t e n s i t y  of  s w e e t n e s s  
a n d  of  b i t t e r n e s s  e v a l u a t e d  s e p a r a t e l y  o n  a 9 - p o i n t  in -  
t e n s i t y  sca le  (0 -~ n o n e ;  8 := e x t r e m e l y  s w e e t  o r  b i t t e r ) .  

B e t w e e n  24 a n d  96 r e p l i c a t i o n s  we re  c o l l e c t e d  p e r  c o n -  
c e n t r a t i o n  fo r  e a c h  c o m p o u n d .  T h e  s a m e  n u m b e r  o f  
r e p l i c a t i o n s  were  c o l l e c t e d  for  e a c h  s u b j e c t ,  s o  t h a t  a l l  
s u b j e c t s  c o n t r i b u t e d  e q u a l l y  to  t h e  o b s e r v e d  r e s u l t s .  
T i m e d  p o l a r i m e t r i c  r e a d i n g s  w e r e  m a d e  on  e a c h  s u g a r ,  
a n d  t h e  r a t i o  of  a to  fl w a s  ca lcu la ted~% 

Resul t s .  A s  i n d i c a t e d  in  T a b l e s  I a n d  I I ,  t h e  o b s e r v e d  
p o l a r i m e t r i c  r e a d i n g s  c o r r e s p o n d e d  c l o s e l y  w i t h  t h e  
v a l u e s  in  t h e  l i t e r a tu re1% C o n c e n t r a t i o n s  o f  t h e  c o m -  
p o u n d s  i n f l u e n c e d  t a s t e  d i f f e r e n c e s  t o  v a r y i n g  d e g r e e s .  
"With x y l o s e ,  t h e  z - f o r m  w a s  s w e e t e r  t h a n  t h e  e q u i l i b r i u m  
s o l u t i o n  a t  0 .133 a n d  0 . 3 3 3 M ,  w h e r e a s  t h e y  w e r e  e q u a l l y  
s w e e t  a t  0 . 6 6 6 M  ( T a b l e  I), d e s p i t e  t h e  f a c t  t h a t  3/4 of  t h e  
r e s p o n s e s  s h o w e d  c o r r e c t  s e p a r a t i o n  a t  t h e  l a t t e r  c o n c e n -  
t r a t i o n .  T h i s  i n d i c a t e s  t h a t  a t  e q u i v a l e n t  s w e e t n e s s  in-  
t e n s i t i e s  o t h e r  s e n s o r y  c r i t e r i a  a s s i s t e d  in  d i s t i n g u i s h i n g  
b e t w e e n  t h e  2 f o r m s .  C o r r e c t  s e p a r a t i o n  of  t h e  2 f o r m s  of  
m a l t o s e  a p p r o a c h e d  o n l y  ~/a, l ess  t h a n  t h a t  r e q u i r e d  for  
s t a t i s t i c a l  s i g n i f i c a n c e  ( T a b t e  I). S w e e t n e s s  i n t e n s i t y  

s c o r e s  s h o w e d  t h e  e q u i l i b r i u m  s o l u t i o n  to  be  g e n e r a l l y  
s w e e t e r  t h a n  t h e  f l - c o n f i g u r a t i o n  a t  h i g h e r  c o n c e n t r a t i o n s .  

I t  w a s  c o n f i r m e d  t h a t  t h e  f l - a n o m e r  of  f r u c t o s e  is 
s w e e t e r  t h a n  a n  e q u i l i b r i u m  m i x t u r e  (Tab l e  I I ) .  T h e  in-  
f l u e n c e  of  c o n c e n t r a t i o n  c a n  be  n o t e d ,  a s  i t  w a s  fo r  
r h a m n o s e  w h e r e  t h e  s w e e t n e s s  o f  t h e  e q u i l i b r a t e d  s o l u t i o n  
e x c e e d e d  t h a t  of  t h e  z - f o r m .  T h e  l a t t e r  c o m p o u n d  m u t e -  
r o t a t e d  r a p i d l y  (30 m i n )  a n d  t h e  s u b j e c t s  n o t e d  s i g n i f i c a n t  
d i f f e r e n c e s  in  s w e e t n e s s  i n t e n s i t y  d u r i n g  t h e  71/~ m i n  o f  
t e s t i n g .  F o r  m a n n o s e  t h e  z - f o r m  a n d  t h e  e q u i l i b r i u m  
m i x t u r e  e l i c i t ed  b o t h  s w e e t n e s s  a n d  b i t t e r n e s s .  T h e  e x a c t  
r e l a t i o n s h i p  of  t h e  t a s t e  p r o p e r t i e s  c a n  be  r e a d i l y  s e e n  in  
t h e  F i g u r e .  T h e  s - c o n f i g u r a t i o n  is  s w e e t e r  a n d  less  b i t t e r  
t h a n  t h e  e q u i l i b r i u m  m i x t u r e .  A n a l y s e s  of  v a r i a n c e  of  
t h e s e  d a t a  s h o w e d  s i g n i f i c a n t  d i f f e r e n c e s  in  b i t t e r n e s s  
a t t r i b u t a b l e  t o  c o n f i g u r a t i o n ,  a n d  s u b j e c t s ,  b u t  n o t  t o  

19 Literature values npon which ratio of a to /~ was calculated for 
fructose, rhamnose, mannose, maltose, and xylose, respectively, 
obtained from C. S. H a n s o n  and E. YANOVSKY, J. Am. chem. Soe. 
39, 1013 (1917). - E .  L. JAcKsoN and C. S. HuDson', J. Am. chem. 
Soe. 59, 1076 (1937). - J. S. FRUTON and S. SIM,~ONDS, in General 
Biochemistry (Wiley, New York 1959), p. 406; J. Res. natn. Bur. 
Stand. 18, 152 (1937); Int. crit. Tabl. 2, 352 (1927). 

Table II. Polarinmtrie re.adings for fructose and rhamnose corresponding to the timed sensory comparison of freshly-prepared vs. equilibrated 
solutkms. Ratio of a to/~ calculated from literature values and determined by  extrapolation 1., Sensory responses are expressed in terms of 
selection of sweeter sample within each pair. Time of tast ing had a significant influence on response to rhamnose (P < 0.05), but  not fructose 

[ a-D-fructose [e]~) ~ -- 21.0 ~ - -  92.0] 

fl-D-fructose [fl-D-fruetose [e]~ ~ 133.5 ~ - -  92.0] 18 

Polarimetric readings Sensory response 

Time [~]~ % a % fl Concentration % sweeter (n = 96) 
(min) /~ 

Equilibrated 
solution 

3.3 (-- 112.70) 18 82 0.061 M 60.4 39.6 
5-0 -- I06.50 24 76 0.244 70.8 29.2 b 
6.6 - 102.72 27 73 0.427 70.8 29.2 b 
3.3 -- 99.90 30 70 

Equilibrated -- 91.38 37 63 
solution 

e-L-rhamnose [e]~ ~ -- 7.7 ~ 8.9] 

a-L-rhamnose fl-L-rhamnose [~'1~) ~ 38.0 -> 8.9J 19 

Polarimetric readings Sensory response 

Time [a]~)~ % ~ % fl Concentration % sweeter (n = 48) 
(rain) 

e Equilibrated 
solution 

4.5 ( -  1.71) 84.9 15.1 0.165 M 27.1 
5.5 (-- 0.29) 81.3 18.7 0.274 20.8 
6.5 + 0.98 78.1 21.9 0.494 18.8 
7.5 - 1.82 76.0 24.0 

Equilibrated + 8.77 58.5 41.5 
solution 

72.9 �9 
79.2 b 
81.3 b 

�9 ,b Significant differences between pairs at P < 0.01 and 0.001, respectively. 
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repl icat ion,  indica t ing  t h a t  despi te  wide var ia t ion  among  
subjects ,  there  is cons is tency  f rom one repl icat ion to  the  
next .  

Several  factors  influence the  var iab i l i ty  of t as te  results  
and could con t r ibu te  to the  ' unce r t a in ty '  men t ioned  by  
SHALLENBERGER 13. (a) Among  several  sugars,  concent ra-  
t ion has  a marked  effect  on tas te  differences.  SHALLEN- 
BERGER'S conclusion t h a t  fl-n-glucose was sweeter  t h a n  
the  a- form m a y  be a t t r i bu t ab le  to t a s t ing  only  crystals .  
(b) In  compounds  hav ing  mul t ip le  t as tes  it  is difficult  to  
assign in t ens i ty  values  to  one sensat ion  i n d e p e n d e n t  of 
the  other .  This  was observed  wi th  mannose ,  as r epor ted  
herein  and by  o thers  s-~~ and  was also observed wi th  
xylose which appeared  to  have  several  tas tes .  (c) The 
pu r i t y  of the  compound  obviously  could con t r ibu te  to 
var iab i l i ty  of response.  The mult iple  t as tes  of xylose 

3 

r ~2 
~O 

1 

. ~  s (s', 

~ ~ ' "  ..-"'"'~ all3} 

.o,O,. ....... .., ' '~176 "~ 

I .o'" 

d .." (S)-sweetness .o." 
(6)-bi ,erne~s 

, , , 

0.055 0]II. 0.ZZZ O. 4q 

Conc~ntrationM 
Intensity of sweetness and bitterness of 4 concentrations of freshly 
prepared and equilibrium solations of a-D-mannose. (0 -- none; 

8 -- extreme.) Each point represents 48 individual judgments. 

could have  been  due to impuri t ies .  Despi te  t h e  fact  t h a t  
the  mal tose  was the  h ighes t  p u r i t y  available,  d i s t inc t  
differences in ' f lavor '  were observed be tween  Lots  No. 
5319 and 2710. KARE and MEDWAu 2~ also specula ted  t h a t  
the  inabi l i ty  to  ob ta in  mal tose  of absolute  p u r i t y  con- 
t r i b u t ed  to the i r  results  on t a s te  d i sc r imina t ion  by  the  
fowl. In  spite of being analy t ica l ly  pure,  some com- 
pounds  adsorb  volati le,  odorous cons t i tuen t s  f rom the  
env i ronment ,  e.g. f rom con tac t  wi th  paper ,  plast ic  or 
metal ,  which  in terfere  wi th  a t rue  t a s t e  response.  (d) I t  is 
recognized t h a t  subjec ts  differ in sensi t iv i ty ,  as well as in 
the i r  e s t ima t ion  of i n t ens i ty  and  i n t e rp re t a t i on  of 
qual i ty .  This  can be min imized  b y  careful selection and 
t ra ining.  

Despi te  the  var iab i l i ty  men t ioned  above,  th is  inves t i -  
gat ion reconf i rms t h a t  there  are d i s t inc t  differences in 
tas te  be tween  conf igura t ions  of these  anomer ic  carbo-  
hydra tes .  Bo th  quan t i t a t i ve  and  qua l i ta t ive  g u s t a t o r y  
proper t ies  can be measured  re l iably b y  t ra ined  h u m a n  
subjects ,  thus  prov id ing  a basis upon  which molecular  
biologists can elucidate  the  causa t ive  mechanisms .  

Zusammen/assung. Es wurden  quan t i t a t i ve  u n d  quali-  
t a t ive  Geschmacksvergle iche  zwischen frisch zubere i te ten  
und ins Gleichgewicht  gebrach ten  L6sungen  von F r u c h t -  
zucker,  Mannose,  Malzzucker,  Xylose  und  R h a m n o s e  
angestel l t .  E r f ah rene  Versuchspersonen  s te l l ten in be- 
s t i m m t e n  Zei t in terval len  die Geschmackswi rkung  der  
L6sung fest, die mi t  po la r imet r i schen  Zei tmessungen ver- 
glichen wurden.  

R. M. PANGBORN and  R. B. CHRISP 21 

College o[ Agriculture, University o[ Cali/ornia, Davis 
(Cali/ornia, USA), March 14, 1966. 

20 M. R. KARE and W. MEI)VCAY, Poult. Sci. 38, 119 (1959). 
2~ We gratefully acknowledge the participation of the subjects and 
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A b o u t  a P o s s i b l e  P a r t i c i p a t i o n  of N u c l e i c  A c i d s  
in S y n a p t i c  T r a n s m i s s i o n  

Some t ime ago, while s tudy ing  the  p a r a s y m p a t h e t i c  
regula t ion of cardiac r h y t h m  in Rana temporaria 1,2, some 
evidence was ob ta ined  which migh t  imply  an i nvo lvemen t  
of R N A  in synap t ic  funct ion.  This  f inding is now repor ted  
in detail .  The  choice of neuromyocard ia l  synapses  for 
expe r imen ta t i on  was suggested by  several  da t a  found in 
the  l i terature.  An effect  of nucleic acids and nucleot ides  
on the  conduct ion  sys tem and on the  re f rac to ry  per iod of 
the  hea r t  was observed by  DRURY and SZENT-GYORGYI a 
and by  DRURY 4. In  1956 ROBB 5 r epo r t ed  tha t ,  a f ter  
s t imula t ion  of the  vagus nerve,  nucleic acid der iva t ives  
in the  dog hea r t  differed f rom those  p re sen t  when  the  
s y m p a t h e t i c  nerve  was s t imula ted .  The neuromyocard ia l  
sys t em had  also the  advan t age  of be ing well known and 
readi ly  accessible to quan t i t a t i ve  exper imen ta t ion .  

The exper imen t s  were pe r fo rmed  on R. temporaria hear t s  
perfused wi th  Ringer ' s  solution.  The cardiac  r h y t h m  was 
blocked by  s t imula t ing  the  nuclei of the  vagus  nerve  or the  

sensory  area of the  sp lanchnic  by  means  of e lect rodes  2. 
Blockage was also ob ta ined  by  acetylchol ine  (1.0.10-6 M).  
Neut ra l  t rypaf lav ine  6 (1.0 x 10-4M) was dissolved in 
Ringer ' s  solution.  

Figure  1 shows t h a t  t rypa f l av ine  1.0 - 10-4M is capable  
of inh ib i t ing  the  blocking act ion on the  hea r t  caused by  
electric s t imula t ion  of the  nuclei of the  vagus or of the  
recept ive  field of the  sp lanchnic ;  it  can  also inh ib i t  the  
blocking act ion of acetylcholine.  The dura t ion  of the  
t rypa f l av ine  effect  is longer in the  case of electrical  s t imu-  
la t ion  of the  sp lanchnic  area t h a n  in the  case of the  

x p. V O L P E ,  Boll. Soc. ital. Biol. sper. 7, 4 (1962a). 
2 p. VOLPE, Boll. Soe. ital. Biol. sper. /, 5 (1962b). 
3 A. N. DRURY and A. SZENT-GYORGYI, J. Physiol. 68, 213 (1929). 
4 A. N. DRURY, Physiol. Rev. 16, 292 (1936). 
5 j.  S. ROBB, Anl. J. Physiol. 187, 626 (1956). 

A mixture of 2,8-diamino-10-methylacridinium chloride and of 
2,8-diaminoacridine containing, when dried at 105~ for 2 h, not 
less than 13.3% and not more than 15.8% of C1. The nitrogen is 
about 16.2%. 


