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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 
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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 

the technical assistance of Mrs. IDA M. TRABUE. 

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%. 
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b l o c k a g e  p r o d u c e d  b y  a c e t y l c h o l i n e  o r  b y  v a g u s  s t i m u l a -  
t i on .  T h e  e f f ec t  of  t r y p a f l a v i n e  m a y  be  i n t e r r u p t e d  b y  
a d d i t i o n  of R N A  to  t h e  R i n g e r ' s  s o l u t i o n  ( F i g u r e  2) : w h e n  
t h e  b l o c k a g e  of  t h e  c a r d i a c  r h y t h m  is p r o d u c e d  b y  s t i m u -  
l a t i o n  of  t h e  v a g u s  o r  of  t h e  s p l a n c h n i c  f ie ld  o r  b y  a d d i -  
t i o n  of  a c e t y l c h o l i n e .  A n a l o g o u s  r e s u l t s  c a n  be  o b t a i n e d  
b y  u s i n g  s o m e  R N A  d e r i v a t i v e s ,  s u c h  a s  g u a n y l i c  a n d  
a d e n y l i c  ac ids ,  g u a n i n e  a n d  a d e n i n e .  T h e s e  d a t a  i n d i c a t e  
t h a t  t h e  a c t i o n  of  t r y p a f l a v i n e  is r e v e r s i b l e ,  a s  e x p e c t e d  
f r o m  a loose  t y p e  of  b i n d i n g .  

T h e  u s e  of  t r y p a f l a v i n e  i n  t h e  a t t e m p t  t o  v e r i f y  t h e  
p o s s i b l e  i n v o l v e m e n t  of  R N A  or  R N A  d e r i v a t i v e s  i n  
s y n a p t i c  f u n c t i o n  w a s  s u g g e s t e d  b y  i n d i c a t i o n s  t h a t  p r o -  
f l a v i n e s  c a n  f o r m  i n s o l u b l e  c o m p l e x e s  w i t h  n u c l e i c  a c i d s  
a n d  t h e i r  d e r i v a t i v e s  in  v i v o  ~-9, a n d  t h a t  t h e  f o r m a t i o n  
o f  t h e s e  c o m p l e x e s  is  r e v e r s i b l e %  R e c e n t  w o r k  i n d i c a t e s  
t h a t  p r o f l a v i n e s  c o m b i n e  b o t h  w i t h  f ree  n u c l e o t i d e s  a n d  
R N A  (as wel l  a s  w i t h  D N A )  a n d  i n h i b i t ,  in  p a r t i c u l a r ,  t h e  
s y n t h e s i s  of  R N A  a n d  p r o t e i n s  10. P r o f l a v i n e s  h a v e  a lso  
b e e n  s h o w n  to  i n t e r f e r e  w i t h  m e s s e n g e r  R N A  a n d  to  
i n h i b i t  t h e  D N A - d e p e n d e n t  s t e p  in  t h e  s y n t h e s i s  of  R N A ;  
r e v e r s a l  of  t h i s  i n h i b i t i o n  c a n  be  o b t a i n e d  w i t h  D N A  11. 

F u r t h e r m o r e ,  s o m e  a u t h o r s  m a i n t a i n  t h a t  a c r i f l a v i n e s  a r e  
m u t a g e n i c  fo r  o r g a n i s m s ,  b y  v i r t u e  o f  i n t e r a c t i o n  w i t h  
n u c l e i c  a c i d s  1~. T h i s  s u p p o r t s  t h e  h y p o t h e s i s  t h a t  t h e  
e f f ec t  o f  t r y p a f l a v i n e  o n  n e u r o m u s c u l a r  s y n a p s e s  m i g h t  
be  d u e  to  a b i n d i n g  of  t h i s  c o m p o u n d  t o  n u c l e i c  a c i d s  o r  
n u c l e i c  a c id  d e r i v a t i v e s .  H o w e v e r ,  o t h e r  i n t e r p r e t a t i o n s  
a r e  pos s ib l e .  F u t u r e  w o r k  s h o u l d  e s t a b l i s h  w h e t h e r  o r  n o t  
t h e  f i r s t  of  t h e s e  a l t e r n a t i v e s  is  t h e  o n l y  p o s s i b l e  o n e  13. 

H. MCILWAIN, Biochem. J. 35, 1311 (1941). 
s j .  BRACHET, C. r. Soc. Biol. (Paris) 140, 893 (1946). 
9 p. B. W~isz, J. cell. comp. Physio L d6, 517 (1955). 

10 C. SHOTTISS~K and R. ROTT, Nature 20,t, 39 (1964). 
11 R. L. SOFF~R and F. GROSS, Bioch. Bioph. Acta 8Z, 423 (1964). 
18 L. S. LERMAN, J. cell. comp. Physiol., Suppl. I, 6d, 1 {1964). 
18 Thanks  are due to Professors J. BRAeHET, University of Brussels, 

and A. GIUDITTA, International Laboratory of Genetics and Bio- 
physics, Naples, Italy, for fruitful and st imulating discussion. The 
experimental work has been carried out  at the Physiology Inst i tute 
of Moscow University in 1960. 

(I) 

a) 

TR 1 r 

IS - - ~ / - - V A - - N  ~A 
TR I [ 

Ach ~ - - f f ~ - - N  

TR I I 

t I 
o i 

(u) 

Fig. 1. Trypaflavine effect. The kymogram above (I) shows a 
typical effect of the vagus on the heart: electrical stimulation of the 
nerve brings about immediate blockage of the cardiac rhy thm (time 
is shown in 5 see intervals; the distance between the solenoids is 
14 em). This kymogram serves as standard in interpreting the other 
kymograms,  which are presented schematically. The trypaflavine 
effect (II) is revealed as: (a) inhibition of the electrical stimulation 
of the sensory field of the splanchnie nerve; (b) inhibition of the 
electrical st imulation of the nuclei of the vagus;  (e) inhibition of 
aeetylcholine action. In all cases it is apparent  that,  after perfusion 
of the heart  with trypaflavine, the blocking of rhy thm attributable 
to the vagus no longer takes place; however, it reappears after 
washing with Ringer's solution (ES = eleetrostimulation, solenoids 
14 em apart;  TR  = trypaflavine 1 .0 .10 -*M in Ringer's solution; 
Ach = acetylcholine 1.0 �9 10-6M; t = time in min). Note tha t  the 
renewed effect of the vagus after trypaflavine is enormously retarded 

in (a) as compared with (c). 
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Riassunto. L a  t r i p a f l a v i n a ,  q u a l e  c o m p l e s s a n t e  in  v i v o  
degl i  ac id i  nuc le ic i  e de i  nuc l eo t i d i ,  ~ c a p a c e  di  b l o c c a r e  
al  l ivel lo  de l le  s i n a p s i  n e u r o m i o c a r d i c h e  l ' e f f e t t o  de l  vago .  
V i e n e  p r e s a  in  c o n s i d e r a z i o n e  la poss ib i l i tA che  I ' R N A  
p o s s a  e s se re  in  q u a l c h e  m a n i e r a  i m p l i c a t o  ne l l a  t r a s m i s -  
s ione  s i n a p t i c a ,  in  p a r t i c o l a r e ,  ne l  m e c c a n i s m o  d ' a z i o n e  
de l l ' a ce f i l co l ina .  

P.  VOLPE 

International Laboratory o/ Genetics and Biophysics, 
Naples (Italy), April 25, 1966. 

Fig. 2. Interruption of the trypaflavine effect by RNA. The kyrao- 
grams show that the effect of the trypaflavine disappears when RNA 
is added to the Ringer's solution. The blocking of heart rhythm by 
the vagus was brought about in 3 ways : (a) electrical stimumtion of 
the sensory area of the splanchnie nerve; (b) electrical stimulation of 
the nuclei of the vagus; (c) acetylcholine. In all 3 cases note that 
stimulation of the vagus no longer blocks the heart rhythm after 
perfusion with trypaflavinated Ringer's solution (as in I); whereas 
the addition of RNA alone causes the blockage to reappear (ES 
= electrostiraulation, solenoids 14 cra apart; TR - trypaflavine 
1.0' 10-4M in Ringer's solution; RNA - 10 O.D.~n0/ral added; 

t = time in rain). 

T H E O R I A  

B e i t r a g  z u r  T h e o r i e  d e r  k o n v e x e n  B e r e i c h e  d e r  
e u k l i d i s c h e n  E b e n e  

A. E i n  e b e n e r  k o n v e x e r  Be re i ch  w i r d  c h a r a k t e r i s i e r t  
d u t c h  fo lgende  M a s s z a h l e n :  B re i t e  in d e r  R i c h t u n g  % 
b(~); Dicke ,  A, k l e i n s t e  B r e i t e ;  D u r c h m e s s e r ,  D,  g r6 s s t e  
B r e i t e ;  U m f a n g  o d e r  L~nge ,  L ;  F l ~ c h e n i n h a l t ,  F .  Be i  
k o n v e x e n  B e r e i c h e n  k o n s t a n t e r  B re i t e  fa l len  D i c k e  u n d  
D u r c h m e s s e r  z u s a m m e n .  

E s  l a s sen  s ich  n u n  die  m a n n i g f a c h s t e n  E x t r e m a l p r o b -  
l eme  au f s t e l l en ,  d ie  au f  U n g l e i c h u n g e n  z w i s c h e n  d e n  be -  
t e i l i g t en  M a s s z a h l e n  f f ihren.  J e  n a c h  d e r  Zah l  d e r  be t e i l i g -  
t e n  M a s s z a h l e n  u n t e r s c h e i d e n  wi r  P r o b l e m e  de r  S t u f e n  
I, I I ,  I I I .  

B. Die  P r o b l e m e  d e r  S tu fe  I s ind  r e s t l o s  gel6st .  A m  
w e n i g s t e n  b e k a n n t  d i i r f t e n  fo lgende  U n g l e i c h u n g e n  se in :  

V3- A ~ ~ F < oo .  ( G l e i c h h e i t s z e i c h e n  n u t  f t ir  da s  
3 gleichseitige Dreieck m i t  3 H 6 h e n  A) 

(1) 

_ _  b 2 ( G l e i c h h e i t s z e i c h e n  l inks  n u r  
b22 (~ - ~/]-) -< F ~ ~ - - ~ .  ffir da s  reguldre tfreisbogen- 

dreieck, r e c h t s  n u r  f t ir  d e n  
Kre i s )  

(2) 

Gleichseitiges Dreieck u n d  regulgres Kreisbogendreieck spie-  
l en  in  d e n  f o l g e n d e n  A u s f t i h r u n g e n  e ine  a u s s c h l a g g e b e n d e  
Rol le .  

C. I n  d e n  P r o b l e m e n  d e r  S t u / e  I I  s i n d  alle M a x i m a  
y o n  F u n d  die  E x t r e m a  v o n  L(A,D) b e k a n n t .  B e t r e f f e n d  
M i n i m a  v o n  F e x i s t i e r e n  dre i  L t icken ,  n~Lmlieh: 

Zl ) / D 2 ~ I  2- + a r c s i n  . . . .  ; F1 <5 F ~ 2 2 -  

I~32 D < A ~ D ]  (3) 

FI < F ~ A L A 2 
-- 2 -- 4 :r; [~A ~< L <  2 ~J A] (4) 

F 1 --< F ~ Fe ;  [3 D < L ~ ~ D ]  (5) 

(F~ w i r d  im  g a n z e n  I n t e r v a l l  2 D ~ L _<_ z D d u r c h  d ie  
~ symmetrische Lime ~> x rea l i s ie r t . )  

D. E s  i s t  n u n  l e i ch t  e i n z u s e h e n ,  das s  in d e n  P r o b l e m e n  
(3)-(5) d ie  u n b e k a n n t e  E x t r e m a l f i g u r  e i n e r  S c h a r  y o n  
zulXssigen B e r e i c h e n  a n g e h 6 r e n  muss ,  d ie  z w i s c h e n  d e n  
in  B g e n a n n t e n  E x t r e m a l b e r e i c h e n  i n t e r p o l i e r t .  E s  i s t  
i n s b e s o n d e r s  d a s  reguldre Kreisbogendreieck als l e t z t e s  
Gl ied  d e r  K e t t e  d u r c h w e g s  e x t r e m a l  2. 

E.  I m  P r o b l e m  (3) v e r m u t e  ich,  das s  d ie  n o c h  u n b e -  
k a n n t e  E x t r e m a l f i g u r  f o l g e n d e r m a s s e n  k o n s t r u i e r t  w e r -  
d e n  k a n n :  I n  d e n  E c k p u n k t e n  e ines  g l e i c h s e i t i g e n  
D r e i e c k s  m i t  d e r  Se i t e  D e r r i c h t e t  m a n  je  e i n e n  K r e i s -  
b o g e n  m i t  R a d i u s  A, w o b e i  A g r6sse r  als d ie  H 6 h e ,  a b e r  
k l e i ne r  als d ie  Se i t e  des  D r e i e c k s  is t .  S o d a n n  b i l d e t  m a n  
v o n  d e n  E c k p u n k t e n  aus  m i t  6 T a n g e n t e n s t r e c k e n  d ie  
k o n v e x e  Hti l le  t ier  dre i  B o g e n  3. 

1 Durchschnitt zweier gleich grosser Kreise mit Durchraesser D und 
Randl~inge L. 

2 Die Extremaleigenschaft des reguUiren Kreisbogendreiecks ist 
bis jetzt tibersehen worden. 

3 Hier ist die Vermutung neu. Ffir das Problem (4) ist sie bereits 
von YAMANOUTI ausgesprochen worden.  


