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acid  in t he  cells dur ing  regenera t ion .  D e t e r m i n a t i o n s  
of t he  changes  of r ibonucle ic  acid dur ing  r egene ra t ion  
are a l r eady  in progress  and  will  be publ i shed  soon. 

I wish to express my best thanks to Dr. A. MONROY [or his 
constant interest, advice, and encouragement. 

F.  GHIRETTI 

Zoological  S t a t i on  of Naples,  D e p a r t m e n t  of Phys io -  
logy, Oc tober  10, 1949. 

Zusammenfassung 

Die  A k t iv i t / i t  der  sauren  und  a lka l i schen P h o s p h a t a s e  
w u r d e  wAhrend der  Schwanz regene ra t i on  bei  Triturus 
cristatus unte r such t .  De r  H 6 h e p u n k t  der  e n z y m a t i s c h e n  
Akt ivi t /~t  fAllt m i t  der  D e t e r m i n a t i o n  des B la s t ems  zu- 
s a m m e n .  

Flavones  in Helix pomatia L. 

Various  repor ts  are  found  sca t t e r ed  in the  l i t e ra tu re  
concern ing  the  occurrence  of f l avono id  p igmen t s  in 
insects,  e . g .  the  papers  of PALMER and  KNIGHT 1, of 
MANUNTA ~, and  of THOMPSON a. The  presence  of f l avones  
in t h e  t issues  of Gas t ropods  has  n o t  been  recognized  t i l l  
now, as far  as I know.  

In  some organs  of t he  snail  (Helix pomatia L.) a 
ye l low subs tance  was found,  e x t r a c t a b l e  wi th  m e t h y l  
alcohol ,  e thy l  alcohol,  ace tone ,  and  aqueous  t r i ch loro-  
acet ic  acid,  b u t  n o t  w i th  ch lo ro fo rm or pe t ro l  e ther .  
Whi le  ex t r ac t s  in organic  so lvents  are  yel low,  and  the i r  
colour  deepens  a f te r  t he  solut ion has  been  alcal ized wi th  
sod ium h y d r o x i d e  or  ammon ia ,  t he  e x t r a c t  in t r ich loro-  
acet ic  acid  is qu i te  colourless f rom some organs  (foot, 
lungs) or  b rown  f rom the  d iges t ive  gland,  b u t  acquires ,  
however ,  a deep  ye l low colour  when  alcal ized.  The  
p i g m e n t  does n o t  show the  cha rac t e r i s t i c  greenish  
ye l low f luorescence  of r ibof lav in  in t h e  PH range  3-9. 
I t  is adsorbed  read i ly  on a l u m i n i u m  oxide  f rom aqueous  
m e t h y l  a lcohol  or  e thy l  alcohol,  fo rming  a b r igh t  ye l low 
zone w i t h  a green-ye l low fluorescence.  I t  is p r ec ip i t a t ed  
by  lead  h y d r o x i d e  in the  fo rm of a ye l low lead  salt .  

Th is  sa l t  was  decomposed  by- alcoholic  sulfur ic  acid, 
t he  excess  of t h e  acid  was  neu t r a l i zed  w i t h  ca lc ium 
ca rbona te ,  and  the  a lcohol  was dis t i l led off in v a c u u m .  
The  res idue was d isso lved  in a n h y d r o u s  acetone.  This  
so lu t ion  was v e r y  s l ight ly  ye l low itself, b u t  t he  add i t ion  
of a so lu t ion  of boric acid  and  c i t r ic  acid, bo th  in 
a n h y d r o u s  ace tone ,  g a v e  a d i s t inc t ly  ye l low colour  a n d  
green f luorescence in u l t r av io l e t  l ight .  

The  adso rp t ion  on alumina*,  the  p roper t i es  of the  lead 
sal t  s and  the  colour  reac t ion  wi th  boric  acid  s all show 
t h a t  t he  yel low p i g m e n t  found  is of a f l avono id  na tu re .  

On ly  the  d iges t ive  gland,  foot  and  lungs,  and,  to  a 
smal le r  ex t en t ,  t h e  col lar  and  t h e  k i d n e y  of  Helix 
con t a i n  th is  p igmen t .  No  colour  is found  in t h e  alcal ized 
ex t r ac t s  f rom the  r ep roduc t i ve  organs,  the  crop  and  the  
co lumel la r  muscle.  

I n  search  of a m e t h o d  for an  e x a c t  loca l iza t ion  of the  
f lavones  in t he  organs  use was m a d e  of  t he  obse rva t i on  
t h a t  in alqalized t r i ch lo roace t i c  ac id  e x t r a c t s  f rom t h e  
snai l ' s  foo t  a ye l low p rec ip i t a t e  is formed,  t h e  f i l t ra te  

1 L. S. PALMER and H. H. KNIGHT, J. Biol. Chem. 59,443(1924). 
2 C.MANUNTA, Arch. Zool. Ital. 23, 273 (1936). 
3 D.L.THoMPsoN, Bioch. J. 20, 73 (1926). 
4 A.MAGER, Z. physiol. Chem. 247, 109 (1942}. 
5 A. SZEsT-GY6RGYX, Z. physiol. Chem. 235, 126 (1938). 
6 C. W. WILSON, J. Amer. Chem. Soc. 61, 2303 (1939). 

r ema in ing  colourless.  Th is  p rec ip i t a t e  appea red  to  be 
t he  ca lc ium sal t  of t he  f lavone.  

Therefore ,  t he  fo l lowing m e t h o d  was used for histo- 
chemica l  d e m o n s t r a t i o n  of t he  loca l iza t ion  of f lavones  :-  

F rozen  sect ions  of t he  foot  or  lungs  or  the  col lar  of  the 
snail  were  t r ans fe r red  to  a 2% alcohol ic  so lu t ion  of 
ca lc ium chloride,  to  wh ich  a d rop  of aqueous  a m m o n i a  
was added.  Af t e r  15 minutes ,  t he  p rec ip i t a t ion  of the 
ca lc ium f l avone  sal t  was c o m p l e t e d  b y  ho ld ing  the 
sect ions some seconds in a m m o n i a  v a p o u r  (Figure) .  

A section of the edge of the mantle of the snail. The cells of the 
external epithelium appear yellow (histochemical reaction of 

flavones). 

The  sect ions were  t h e n  t h o r o u g h l y  washed  with 
a lcohol  and  f inal ly  t r ans fe r red  to  Cmdax. 

I n  the  foot,  t he  lungs  and  the  collar,  f l avones  ap- 
pea red  to  be l imi ted  to  t he  e x t e r n a l  ep i the l ia l  layer ,  the 
cells of which  show a b r igh t  ye l low colour  in sections 
30/* thick.  Th is  co lour  s lowly  disappears ,  y e t  a f t e r  six 
m o n t h s  i t  is stil l  d is t inct .  

I wish to express my sincere thanks 1o Dr. KAREL WENIG for the 
help he has given me and for his interest in my work. 

VJ~CLAV KUBI~TA 
I n s t i t u t e  of  A n i m a l  Phys io logy ,  Charles  Univers i ty ,  

P rague ,  N o v e m b e r  1, 1949. 

Zusammen/assung 

In  ve r sch iedenen  Organen  der  We inbe rgschnecke  sind 
F l a v o n f a r b s t o f f e  chemisch  nachgewiesen  und  histo- 
chemisch  lokal is ier t  worden.  

O n  t h e  F l i g h t  R e a c t i o n  o f  T a d p o l e s  o f  the 
C o m m o n  Toad  Caused  by  C h e m i c a l  Substances  

In  Vol. 5 of th is  J o u r n a l  I. EIBL-EIBESFELDT 1 de- 
scr ibed the  f l ight  reac t ion  of t adpo les  of Bu[o bu]o L. 
( =  Bu/o vulgaris LAUR.) caused by  an unknown 
chemica l  subs tance  con ta ined  in t he  ep idermis  of the 
c o m m o n  toad .  

I n d e p e n d e n t l y  I obse rved  in J u n e  1948 in a small 
pond  t h a t  when  a d rop  f rom a c rushed  t adpo le  is dropped 
a m o n g  l iv ing  t adpo les  which  were  ga the red  in the 
w a r m e d - t h r o u g h  layer  of wa t e r  1-2 cm deep, a chaotic 
f l ight  of  the  t adpoles  set  in. I n  20-40 cm deep wa te r  row 
format ions ,  in wh ich  t h e  t adpo les  swim, are  easily 

1 I.EIBL-EIBESFELDT, Exper. 5, 236 (1949). 
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destroyed with a liquid from 5-10 crushed tadpoles. 
Under the influence of this l iquid tadpoles suddenly 
change the direction and rapidly swim away, or they  
sink first to. the bo t tom and after some seconds they 
swim very  rapidly away. 

In order to determine how many  tadpoles have to be 
crushed in a li ter of water  for inducing the flight reaction, 
an aquarium 1 m long, 15 cm broad, and 15 cm high was 
used. In the middle of this aquar ium two removable 
slide valves at  a distance of 15 cm divided the aquar ium 
into three compartments ,  two larger and one smaller. 
The liquid from crushed tadpoles was prepared so tha t  
one tadpole was crushed in 25 ml of water  and either 
the whole volume or only a par t  transferred into the 
smaller compar tment  and thoroughly mixed. The depth 
of water during experiments  was 4-5 or 9 cm. 60 to 70 
specimens of the tadpoles were transferred into one of 
the larger compartments ,  and in the front wall of the 
opposite compar tment  a bulb was placed. The other 
walls of the aquar ium were darkened. The aquar ium 
thus prepared for exper iment  was left to sfand for half 
an hour. Then the slide valves were removed, the tad- 
poles in consequence of their  phototropism swam into 
the compar tment  filled with the test  liquid. The flight 
reaction was called distinct when in the test  compart-  
ment at  least half the individually observed animals 
(30-40 in each experiment)  turned or a t  least dist inctly 
and suddenly changed direction or sank suddenly to the 
bottom. When only ¼ of the animals reacted, the 
reaction was called indistinct,  when a still smaller 
number reacted it  was called negative. To make sure 
that the results were comparable the crushed tadpoles 
were selected so tha t  their  weight was 0.12-0.14 g. 

Under otherwise equal conditions the distinctness of 
the flight reaction is s trongly influenced by nutrition. 
Tadpoles left 3 days wi thout  food did not  react  typical ly 
at all, instead up to ~/s of all tadpoles gathered in the 
compartment  in which the l iquid from the crushed tad- 
poles had been added;  here the tadpoles went  to the 
bottom and walls of the receptacle. Similar conditions 
can occur also in nature, for I observed in a small 
puddle, about  3 m S large, tha t  these tadpoles did not  
show a flight reaction to the liquid from a crushed tad- 
pole. Tadpoles fed only with vegetable food reacted 
indistinctly even to a liquid from 10 tadpoles in 1 1 of 
water. Tadpoles fed with vegetable and fleshy food 
reacted always when one tadpole had been crushed in 
1 1 of water  (56 tests). In  two cases they  reacted di- 
stinctly also to 1/10 tadpole in 1 1 of water,  in 10 ex- 
periments the react ion was dist inct  to x/5 tadpole, in 
25 cases to ~ tadpole  in 1 1 of water.  

In tadpoles kept  for more than a week in the labo- 
ratory with suitable feeding, even when no experiments  
were made, the sensi t ivi ty declined. At the end of the 
metamorphosis the sensi t ivi ty also generally declined. 

In some experiments  in nature,  when pure water  was 
dropped on tadpoles in shallow water,  and they  had 
thus been disquieted, the behaviour  of the tadpoles 
indicated the possibility t ha t  the substance which 
causes the flight reaction was present in a very weak 
concentration. To prove this several tens of tadpoles 
were caught  so tha t  the possibility of a washing-off of 
any secretion was reduced. These tadpoles were then 
thoroughly washed in the compar tment  between the 
slide valves. I t  was found tha t  the secretion of about  50 
tadpoles is as effective as ~-1/5 crushed tadpole (5 
tests). 

The liquid from crushed, cut-off tails of the same 
weight as one whole tadpole was sometimes (4 tests) 

nearly as effective as the liquid from a whole crushed 
tadpole,  sometimes far less effective (5 experiments).  

Calculated for the same body weight the efficiency of 
the crushed tadpole was smaller by ~ in the tadpole of 
Bu[o viridis LAUR (1 test) a n d b y  1/2-1/~ in the tadpole of 
Rana esculenta L. (6 tests). Liquids from crushed tad-  
poles of the specimens Rana temporaria L. (3 tests), 
Bombina bombina L. = Bombinator igneus LAOR. (2 tests) 
and Pelobates/uscus LAUR. (4 tests) were ineffective. 

Tadpoles show also the typical  flight reaction to the 
water  extracts  of the skin from different body regions 
of mature  toads (Bu/o bu/o (3 tests), B. viridis (2 tests), 
B. calamita (1 test). 

The ex t rac t  from bi t ter l ing--Rhodeus sericeus Pall. 
(= amarus BLOCH) produced only a quite  indistinct 
react ion (3 tests). But  the ex t rac t  from tadpoles pro- 
duced on the contrary  on Rhodeus sericeus a distinct flight 
reaction (3 tests). These experiments  were made under 
similar conditions to those described by v. FRiscn 1. 

The substance causing the flight reaction does not  on 
the whole lose its efficiency by 15 minutes boiling. From 
an acidic solution (PH about  2) it can be shaken out for 
the larger par t  into ether. From an alcoholic extract  
af ter  addit ion of ether  and water  it  passes almost  
quan t i t a t ive ly  into ether. After  careful saponification of 
the etheric ex t rac t  in alcohol and neutralization, the 
act ing substance can be shaken out  again into ether. 
After  evaporat ion of the ether  the substance is very  
difficult  to dissolve in water  and is almost ineffective. 
Only when emulgated by means of nat r ium glycocholate 
(which itself is ineffective in a concentrat ion of 0.02 g in 
1 1) an ext rac t  is obtained, the efficiency of which is 
about  1/10 of the original water  extract .  In the alkaline 
solution after saponification no active substance could 
be found. 

The  glycerin-alcoholic extracts  of Digitalis purpurea 
(Folia digitalis) as well as pure digitalin cause a typical  
flight reaction, whereas his tamin and adrenalin in 
relat ively high concentrat ions are ineffective. I t  is 
worth not ing tha t  the hungry toads reacted also to the 
ext rac ts  of Digitalis and to histamin solutions by 
gnawing the walls of the receptacle. 

Comparing these experiments with the experiments of 
v. FRISCH 1 in fishes we find the following differences: In 
tadpoles there is a far smaller range of sensit ivi ty 
(caused of course for the larger part  methodologically, 
as in v. FRISCH'S experiments the whole swarm behaves 
as one uni t ,  whereas here only statistical results could be 
compared).  The flight reaction in tadpoles is caused 
exclusively by the substance itself, and i t  is not  in- 
creased and prolonged by psychological influence as in 
fish. Further ,  in fish a secretion of the active substance 
in the case of their being disturbed has up till now not 
been found (see also G6zZ). Concerning the substance 
itself i t  is thermolabile in Phoxinus phoxinus (HT3TTELS), 
whereas it is thermostabile in the tadpoles. In the case 
of tadpoles it  is probable that  it belongs to the group of 
steroid substances, and is very closely related or perhaps 
identical with some of the substances known as toad  
poisons, the lactone ring being very probably the most  
effective part  of the molecule. JAROSLAV HRBA6EK 

Depar tment  of Hydrobiology, Charles Universi ty ,  
Prague, September 1, 1949. 

1 K.v. FRISCH, Z. vergl. Physiol. 29, 46 (1942). 
2 H. GOz, Z. vergl, Physiol. 29, 1 (1942). 
3 R. H0rTEL, Naturwiss. 29, 333 (1941). 
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Zusammen[assung 

D e r  I f 6 r p e r s a f t  au s  e ine r  z e r d r f i c k t e n  E r d k r 6 t e n -  
q u a p p e  x?on Bu[o bu[o in  1 b is  10 1 W a s s e r  v e r d t i n n t  
15st e ine  F l u c h t r e a k t i o n  de r  l e b e n d e n  E r d k r S t e n q u a p -  
p e n  aus .  Die  die F l u c h t r e a k t i o n  aus lSsende  S u b s t a n z  w i r d  
a u c h  y o n  l e b e n d e n  K a u l q u a p p e n  bei  B e u n r u h i g u n g  se- 
ze rn ie r t .  D ie  R e a k t i o n s f i i h i g k e i t  w i r d  i n  g r o B e m  MaBe 
v o m  E r n a h r u n g s z u s t a n d  bee in f luBt ,  D ie  w/ i sser igen  
E x t r a k t e  aus  K a u l q u a p p e n  y o n  Bu[o viridis u n d  Rana 
esculenta wie a u c h  die E x t r a k t e  aus  de r  H a u t  de r  er- 
w a c h s e n e n  E r d k r 6 t e n  v e r u r s a c h e n  die  g le iche  F l u c h t -  
r e a k t i o n .  D e r  S eh recks to f f  k a n n  in  ~_ther a u s g e s c h i i t t e l t  
we rden .  E x t r a k t  aus  d e n  Bl~i t te rn  y o n  Digitalis purpurea 
b e w i r k t  die R e a k t i o n  in  d e r s e l b e n  Wei se  wie E x t r a k t  
a u s  d e n  E r d k r 6 t e n q u a p p e n .  E x t r a k t  a u s  E r d k r 6 t e n -  
q u a p p e n  16st b e i m  B i t t e r l i n g  (Rhodeus sericeus PALL.) 
die  g le iche  F l u c h t r e a k t i o n  aus  wie  d e r  E x t r a k t  au s  
d i e s e m  Fisch .  

f r i ngence  n 6 g a t i v e  d ' o r i e n t a t i o n  y s e r a i t  e x a c t e m e n t  
c o m p e n s 6 e  p a r  la  b i r6 f r i ngenee  p o s i t i v e  d ' o r i e n t a t i o n  
des  f i l a m e n t s  d ' a c t o m y o s i n e L  

i 
S u r  l e s  p r o t 6 i n e s  d e  s t r u c t u r e  d e s  m u s c l e s  s t r i 6 s  

D ' a p r b s  :~¢IATOLTSY et  GER~NDXS 1, si l ' on  t r a i t e  de la  
p u l p e  de musc le  de L a p i n  t o u t  d ' a b o r d  p a r  u n e  so lu t i on  
de  W e b e r  (0,5 m KC1, 0,04 m N a H C O  a, 0,01 m Na~COa) 
p o u r  61iminer l ' a c t o m y o s i n e  e t  la  myos ine ,  pu is  p a r  une  
s o l u t i o n  0,6 m N a I  p o u r  61iminer  l ' a c t i n e  (sous u n e  
fo rme  d@olym6r i s6e ) ,  on  p e u t  a lo rs  p r6pa re r ,  au  m o y e n  
de  s o l u t i o n s  de  W e b e r  c o n t e n a n t  30 % d 'u r6e ,  u n  e x t r a i t  
p o s s 6 d a n t  une bird[ringence ndgative d'dcoulement. L a  
p r o t 6 i n e  r e s p o n s a b l e  de  c e t t e  p r o p r i 6 t 6  s e r a i t  l a  m ~ m e  
que  la  p r o t 6 i n e  de  s t r u c t u r e  s ignal6e,  en  1940, p a r  
BANGA e t  SZENT-GYORGYI 2 e t  qu i  e s t  si a b o n d a m m e n t  
r ep r6sen t~e  darts  le t i s su  r~na l ;  elle e s t  r i che  en  P2 e t  
poss~de d a n s  I 'U.V.  le spec t r e  p a r t i c u l i e r  des  nucl~o-  
p ro t6 ine s  ~. El le  regut ,  de ee fair ,  la  d 6 n o m i n a t i o n :  
N protdine ~. 

L ' i n t 6 r ~ t  de c e t t e  s u b s t a n c e  r6side d a n s  ce fa i t  qu ' e l l e  
s e r a i t  localis6e in vivo d a n s  les d i sques  I off sa  b i t6-  

h- 

Fig. 2. - M4me pulpe museulaire que la fig. 1, mais apr6s action de la 
solution de XYeber et de la solution de KI, la pulpe est extraite 
maintenant a v e c l a  solution de Weber contenant 30% d'ur6e. 
5 h. 15 rain. d'61ectrophor6se (I,5 volt/cm) ~ /~ 0,40 et PH 7,40. 

P r o c d d a n t  d a n s  des  c o n d i t i o n s  de p r 6 p a r a t i o n  aussi 
s e m b l a b l e s  q u e  poss ib le  k cel les  s ignal6es  p a r  ces au teurs ,  
n o u s  a v o n s  c o n s t a t ~  ce qu i  s u i t :  

L o r s q u e  l ' on  a e x t r a i t ,  de ]a pu ]pe  muscu la i r e ,  la  t o t a -  
l i t6  de  la  m y o s i n e  t i e r  de  l ' a c t o m y o s i n e  e x t r a c t i b l e s ,  pa r  
t r o i s  l av ag es  cons~cut i f s  a n  m o y e n  d ' u n e  s o l u t i o n  de 
W e b e r  (KC1 0,6 m, N a H C O  3 0,04 m,  N a z C O  , 0,01 m, 
c h a q u e  lois  t r o i s  v o l u m e s  de  so lu t ion) ,  o n  peu t ,  en  uti l i-  
s a n t  1,5 v o l u m e  d ' u n e  s o l u t i o n  de  K I  k 9 , 9 6 %  (0,6 m), 
e n l e v e r  de nouve l l e s  p r o t 6 i n e s  qu i  p r ~ s e n t e n t  l ' a spec t  
61ec t rophor~ t ique  de  la  fig. 1. On y v o i t  t r o i s  compo-  
s a n t e s  d o n t  la  p lus  r a p i d e  es t  l ' a e t i n e  d~polym6r i s6e  2 
(A, vi tesse  ~ # 0,40 e t  PH 7 , 4 0 : - - 4 , 5 5 . 1 0  - s  cm/sec  
(ase.) e t  - - 4 , 6 . 1 0  -5 cm/sec  (desc.). Les  d e u x  au t r e s ,  de 
v i tesses  - 3,4 e t  -- 2,45 (asc.) ou - 3,3 e t  -- 2,2 (desc.) cor- 
r e s p o n d e n t  k des  c o m p o s a n t e s  i n c o n n u e s ) .  

Si l ' on  t r a i t e  e n s u i t e  la  p u l p e  p a r  la  so lu t i on  de  W e b e r  
a d d i t i o n n 6 e  de 3 0 %  d 'u r6e ,  o n  e x t r a i t  enco re  d ' a u -  
t r e s  p ro t6 ine s  (25 c m  s c o n t e n a n t  de  1,1 ~ 1,4 mg  
N / c m  *, p o u r  14 g de  musc le )  d o n t  les c a r a c t 6 r i s t i q u e s  
6 I ec t ro p h o r~ t i q u es  s o n t  r ep r6 s en t 6 e s  fig. 2. I1 y a t ro is  
c o m p o s a n t e s  d o n t  les v i t esses  (~/~ 0,40 e t  PH 7,4) e t  les 
c o n c e n t r a t i o n s  s o n t :  

Fig. 1. - Trac6 61ectrophor6tiquc d'un cxtrait musculaire pr~par6 par 
l'action de 1,5 vol. dc KI 0,6 m sur de la pulpe musculairc de Lapin, 
d~bit6e au microtomc ~t cong61ation ct de laquelle la myosine avait 
6t6 enlev~e par trois lavages successifs avee trois volumes de la 
solution de "Webcr. Au-dessus, fronti~res ascendantes; en dessous, 
fronti~res descendantes, apr'es 7 heures d'~lectrophor~se (1,5 volt/cm) 

h/~ 0,40 et PH 7,40. A gradient de t'actine. 

1 A.G.MATOLTSY et M. GERENDXS, Nature 1,59, 502 (1947); 
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