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z u n e h m e n d e n  I n k u b a t i o n s z e i t e n  bis  zu 3 h ein sehr  
s t a r k e r  Aktivit~Ltsanstieg, i m  sp~ te ren  Ver lau f  ein lang-  
s a m e r  Mark ie rungsabfa l l .  Die M a r k i e r u n g  w a r  n a e h  kur -  
zen I n k u b a t i o n s z e i t e n  auf  die Zel lkerne se lbs t  beschrXnkt  
(Figur  2), u m  sich n a c h  1/ingeren Zei ten  auf  den  g a n z e n  
p e r i k a r y a l e n  Bere ich  zu e rs t recken .  D u r c h  die R N a s e -  
B e h a n d l u n g  w u r d e n  gu t  90% der  g e s a m t e n  R N S - A k t i v i -  
t~tt ausgewaschen  (Figur  la) .  Demgegen t ibe r  k o n n t e  ke in  
n e n n e n s w e r t e r  E i n b a u  a n  3 F - U r i d i n  in  die Nervenfase r -  
s c h i c h t e n  nachgewiesen  werden .  A u c h  n a c h  1Angeren 
I n k u b a t i o n s z e i t e n  s t ieg die M a r k i e r u n g  n i c h t  m e h r  
wesen t l i ch  a n  (F igur  lb) .  D u r c h  die R N a s e - V e r d a u u n g  
wurde  yon  de r  b e s t e h e n d e n  F a s e r - A k t i v i t ~ t  noch  e in  ge- 
r inger  Ante i l  de r  M a r k i e r u n g  en t fe rn t .  Bei  den  a b s o l u t  
n iedr igen  S i lbe rko rnzah len  wird  die Mark ie rungsd i f fe renz  
n a c h  de r  R N a s e - B e h a n d l u n g  j edoch  n u r  in  ih re r  T e n d e n z  
s ich tbar .  Die Zah lenwer te ,  die n u r  wenig t iber  den  W e r t e n  
des ,background~> liegen, k 6 n n e n  n i c h t  den  gle ichen An-  
s p r u c h  au f  eine Genau i gke i t  e rheben ,  wie die e n t s p r e c h e n -  
den  W e r t e  im Zel lkSrperbere ich .  

Die vo r l i egenden  Ergebn i s se  lassen folgende Schltisse 
zu : I m  N e r v e n g e w e b e  f inde t  ke in  T r a n s p o r t  v o n  mark i e r -  
ter ,  m a k r o m o l e k u l a r e r  R N S  yon  den  N e r v e n z e l l k 6 r p e r n  
zu de ren  F a s e r n  h in  s t a t t ,  wie er ftir ve r sch iedene  a n d e r e  
Stoffe in  Nervenze l l en  besch r i eben  wurde  s. Die ger ing-  
ffigige M a r k i e r u n g  t iber  d e m  Fasergewebe  k a n n  m6gli-  
cherweise  d a h e r  r t ihren,  dass  en twede r  ein ger inger  Teil  
des 3H-Ur id ins  ftir ande re  Stoffwechselprozesse  u m g e b a u t  
wurde ,  oder  abe r  dass  das  U r i d i n  besonders  n a e h  l~ngeren  
I n k u b a t i o n s z e i t e n  E i n g a n g  ge funden  h a t  in die R N S  der  
Mi tochondr ien ,  ftir die in  a n d e r e n  Ze l l typen  eine D N S -  
abh~ng ige  R N S - S y n t h e s e  nachgewiesen  wurde  11-14. N a c h  
der  R N a s e - B e h a n d l u n g  b l e iben  t iber  dem  Zel lk6rperbe-  
re ich  noch  e twa  10% der  M a r k i e r u n g  e r h a l t e n ;  f iber d e m  
Fase rgewebe  wird  j edoch  im Verh~Lltnis h ie rzu  wesen t l i ch  
weniger  ak t ives  Mate r ia l  ausgewaschen .  Wt i rde  die Faser -  

akt ivi t /~t  yon  e iner  R N S  de r  noch  ve re inze l t  im Faser -  
be re ich  v o r k o m m e n d e n  Glia-  oder  Nervenze l l en  s t a m m e n ,  
wie f r t iher  v e r m u t e t  wurde  1~ so mt i s s t en  d u r c h  die 
R N a s e - B e h a n d l u n g  auch  f iber  den  F a s e r n  e twa  90% 
e iner  auch  n u r  ger ingf t igigen Menge a k t i v e r  R N S  en t -  
f e r n t  worden  sein, was  abe r  n i c h t  de r  Fa l l  ist. E r s t  die 
K l~ rung  des b i she r  noch  I l icht  in  Angr i f f  g e n o m m e n e n  
Prob lems ,  ob  die m i tochond r i a l e  R N S  d u r c h  RNase  dige- 
r i r eba r  ist,  k a n n  Gewisshe i t  b r ingen ,  ob  die im R a h m e n  
dieser  U n t e r s u c h u n g e n  nachgewiesene  schwache  Markie-  
r u n g  des Fase rgewebes  n a c h  3 H - U r i d i n - A p p l i k a t i o n  eine 
spezif ische R N S - M a r k i e r u n g  is t  oder  n ich t .  

S u m m a r y .  The  i n c o r p o r a t i o n  of 3H-ur id ine  in to  t he  
R N A  of t he  p e r i k a r y a l  a n d  f ibrous  reg ion  of t he  opt ic  
t e c t u m  of t he  f ish b r a i n  was i n v e s t i g a t e d  b y  m e a n s  of 
r a d i o a u t o g r a p h y  a f t e r  i n c u b a t i o n  t imes  of 11 min  to 96 h. 
The re  is no  t r a n s p o r t  of R N A  f rom t h e  cell b o d y  to  t h e  
n e r v e  fibres. Af te r  R N a s e - t r e a t m e n t  90% of p e r i k a r y a l  
RNA- labe l l i ng  is washed  out ,  b u t  on ly  a v e r y  smal l  
a m o u n t  of t he  p rev ious  v e r y  few labe l l ing  of t he  ne rve  
fibres. 
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Occurrence of Carnosine in Skin of Certain 
Leptodactylid Frogs 

The  skin  a n d  skin  g lands  of m a n y  a m p h i b i a n s  c o n t a i n  
c o m p o u n d s  of h i g h  phys io logica l  a c t i v i t y  t h a t  p r e s u m a b l y  
func t i on  in defens ive  secret ions.  D u r i n g  t h e  course  of 
i nves t iga t ions  on  tox ic  pr inc ip les  in  t he  e x t r a c t s  f rom 
skin  of va r ious  frogs 1-3, e x a m i n a t i o n  of 7 species of t h e  
L e p t o d a c t y l i d  genus  Eleutherodactylus  a n d  a species of 
t h e  r e l a t ed  genus  Leptodacty lus  were car r ied  out .  T h e  
spec imens  (Table) were col lected in t he  E1 Y u n q u e  r a in  
fores t  of P u e r t o  Rico.  T h e y  were sk inned  a n d  t h e  skins  
were e x t r a c t e d  w i t h  80% m e t h a n o l .  T he  e x t r a c t s  were  
no t  toxic  ( subcu t aneous  a d m i n i s t r a t i o n  in mice) no r  were 
t h e y  ac t ive  in  caus ing  c o n t r a c t u r e  of s m o o t h  muscle  4. On 
c h r o m a t o g r a p h i c  ana lys i s  of t he  ex t r ac t s  of t h e  m o s t  
c o m m o n  species, Eleutherodactylus  portoricensis,  a Pau l i  
pos i t ive  (red-orange)  m a t e r i a l  was de tec ted .  This  color 
r eac t i on  i n d i c a t e d  t h e  p resence  of a n  imidaz01e ring,  whi le  
t h e  color r eac t ion  (gray-black)  w i t h  n i n h y d r i n  i nd i ca t ed  
a n  a m i n e  group.  No o t h e r  ch romogen ic  ma te r i a l s  (in- 
doles, phenols)  were de t ec t ed  in t he  e x t r a c t  a l t h o u g h  
lesser a m o u n t s  of o t h e r  n i n h y d r i n  pos i t ive  c o m p o u n d s  
were presen t .  No h i s t amine ,  s e ro ton in  or phenol ic  a lkyl -  

Carnosine in skin extracts of frogs of the genera Eleutherodactylus and 
Leptodactylus (calculated by comparison with standard carnosine on 

paper chromatography and Pauli color development) 

Species No. of mg carnosine 
frogs per g skin 

Eleutherodactylus portoricensis 50 0.8 
E. karlschmidti 5 0.5 ~ 
E. richmondi 1 0.2 
E. wightmanae 3 0.5 
E. locustus 6 1.0 
E. eneidae 4 0.3 
E. gryllus 6 1.2 
Leptodactflus albilabrius 3 O. 1 �9 

Also contain small amounts of histidine. 
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amines  were de t ec t ed  in these  ex t rac t s ,  a l t h o u g h  these  
biogenic  amines  are found  in  skin  e x t r a c t s  of ce r t a in  
t rop ica l  A m e r i c a n  frogs of t he  r e l a t ed  genus  Lep to -  
dac ty lus  ~. 

The  Paul i  pos i t ive  ma te r i a l  was pur i f ied  on  a Dowex-  
5 0 - 2 X  c o l u m n  us ing  g r a d i e n t  (0 .5 -2 .0N)  e lu t ion  w i t h  
hyd roch lo r i c  acid. P a p e r  c h r o m a t o g r a p h y  (bu tanol ,  
acet ic  acid,  w a t e r  4 : 1 : 1 ;  i sopropanol ,  a m m o n i a ,  w a t e r  
8 : 1 : 1 ; bu t ano l ,  pyr id ine ,  acet ic  acid, w a t e r  4 : 1 : 1 : 2 ; and  
bu t ano l ,  pyr id ine ,  w a t e r  3 : 1 : 1) and  p a p e r  e lec t rophores i s  
(pt-I 1.9, 6.5) of t he  pur i f ied  Pau l i -pos i t ive  m a t e r i a l  (free 
base) s t r ong ly  sugges ted  t h a t  t he  m a t e r i a l  was  t he  d ipep-  
t ide ,  ca rnos ine  (f l -alanylhist idine) .  Hydro lys i s  w i t h  3 N  
hydroch lo r i c  acid for 2 h a t  100 ~ yie lded h i s t id ine  a n d  
fl-alanine as iden t i f i ed  b y  p a p e r  c h r o m a t o g r a p h y  and  
color  reac t ions .  T r e a t m e n t  of the  Pau l i -pos i t ive  m a t e r i a l  
w i t h  d in i t ro f luo robenzene  followed b y  hydro lys i s  of t he  
D N P - d e r i v a t i v e  w i t h  3 N  acid gave  DNP-f l - a l an ine  a n d  
h i s t id ine  as ident i f ied  b y  p a p e r  c h r o m a t o g r a p h y .  Iden t i -  
cal resul t s  were o b t a i n e d  w i t h  a u t h e n t i c  carnos ine .  Com- 
pa r i son  of t h e  mass  spec t ra  (AEI  MS-9 mass  spec t rome te r )  
of ca rnos ine  and  the  Pau l i  pos i t ive  m a t e r i a l  conf i rmed  
t h e i r  iden t i ty .  The  a m o u n t s  of carnos ine  c o n t a i n e d  in the  
va r ious  species of Eleutherodaclylus and  Leptodactylus are 
g iven  in t he  Table .  

The  occur rence  of large a m o u n t s  of ca rnos ine  in t he  
sk in  of these  frogs is n o t e w o r t h y  since ca rnos ine  a long  
w i t h  i ts N - m e t h y l  der iva t ive ,  anser ine ,  is cha rac t e r i s t i -  
ca l ly  a c o n s t i t u e n t  of muscle6 a l t h o u g h  i t  h a s  also been  
r epo r t ed  in s t o m a c h  mucosa  of the  t o a d  Bu/o marinusT. 

As ye t  no  clear  p ic tu re  of i ts  phys io logica l  f unc t i on  in 
muscle  t i ssue  has  evo lved  no r  is one en t i t l ed  a t  p r e s e n t  
to  specula te  on  i ts  role in  t he  skin of these  frogs. N e i t h e r  
anser ine  no r  the  r e l a t ed  pept ide ,  h o m o c a r n o s i n e  (y- 
a m i n o  bu ty ry lh i s t i d ine ) ,  wh ich  occurs  in  b r a i n  s, could  be  
de t ec t ed  in t h e  skin  of these  L e p t o d a c t y l i d  frogs. 

Zusammen/assung.  Carnosin ,  ein Dipept id ,  das  nor -  
malerweise  n u r  in  V e r t e b r a t e n m u s k e l n  v o r k o m m t ,  wurde  
als e iner  de r  t t a u p t i n h a l t s s t o f f e  in  de r  H a u t  b e s t i m m t e r  
Fr6sche  ident i f iz ier t .  I n  9 F r o s c h a r t e n  des Genus  
Eleutherodactylus w u r d e n  0.2 bis  1.2 m g  Carnos in  p ro  
G r a m m  fr i scher  H a u t  gefunden .  
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Periodicity of a Circadian Rhythm in Birds by 
Species-Specific Song Cycles (Ayes, Fringilli- 

dae: Carduelis spinus, serinus serinus)l 

The  da i ly  r h y t h m  of n u m e r o u s  biological  func t ions  is 
based  u p o n  a n  endogenous  pe r iod ic i ty  which  dev ia t e s  
more  or less f rom t h a t  of the  e a r t h ' s  r o t a t i o n  w h e n  the  
o rgan i sm is k e p t  u n d e r  c o n s t a n t  cond i t ions  2. U n d e r  
n a t u r a l  condi t ions ,  th i s  c i rcad ian  per iod  is s ynch r on i zed  
to exac t ly  24 h b y  'Ze i tgebers  'a. U n t i l  t h e  p r e s en t  t ime,  
t he  on ly  fac tors  which  h a v e  been  p r o v e n  e x p e r i m e n t a l l y  
as 'Ze i tgebers '  for c i rcad ian  r h y t h m s  are per iodic  var ia -  
t ions  in l igh t  i n t e n s i t y  and  t em pe r a t u r e .  Bio t ic  factors,  
however ,  are  to  be  cons idered  as possible  'Ze i tgeber s '  as 
welt  3. I n  order  to  t e s t  t h i s  hypo thes i s ,  t he  usage  of social 
s t imul i  de r iv ing  f rom conspecif ics  c o m m e n d s  i tself  as a 
f i rs t  step. A n y  social species of birds,  i nd iv idua l s  of which  
reac t  s t rong ly  to conspecif ic  s t imul i ,  p rov ides  a p romis ing  
e x p e r i m e n t a l  tool.  The  2 species which  h a v e  been  se- 
lected - t he  Siskin (Card~elis spinus) a n d  t he  Ser in  
(Serinus serinus) - show a s t rong  p a i r - c o n t a c t  d u r i n g  the  
b reed ing  season  and  spend  the  res t  of the  yea r  rov ing  in 
flocks of va r ious  sizes. I n  b o t h  cases, t he  m a i n t e n a n c e  of 
social c o n t a c t  seems to depend  p r imar i l y  u p o n  vocal iza-  
t i on ;  the  obv ious  choice, therefore ,  was  to  t e s t  t h e  effect  
of species-specific song on  the  c i rcad ian  r h y t h m .  

3 female Siskins and  1 female  Serin were housed  indi-  
v idua l ly  in  cages enclosed in sound-proof  boxes  ( in te rna l  
d imens ions  6 5 .  62 .  45 cm). L o c o m o t o r  a c t i v i t y  of the  
b i rds  was recorded  on an  e v e n t  recorder  b y  m e a n s  of 
microswi tches  a t t a c h e d  below the  perches .  Food  and  

w a t e r  were suppl ied  c o n t i n u o u s l y ;  t e m p e r a t u r e ,  h u m i d i t y  
and  l ight  were k e p t  c o n s t a n t  t h r o u g h o u t  t he  en t i r e  ex-  
pe r imen t .  Af te r  t he  e s t a b l i s h m e n t  of a d i s t i nc t  spon-  
t aneous  c i r cad ian  f r e q u e n c y  for  a t  l eas t  14 successive 
days,  t he  species-specific song cycle (12 h song, 12 h 
silence) was r ep l ayed  into t h e  boxes  f rom ;4 c o n t i n u o u s  
t ape  record ing  over  a loudspeaker .  In  o rder  to  avo id  
s econda ry  effects due  to m o n o t o n o u s  s t imu la t i on ,  song 
s t rophes  of d i f fe ren t  l eng th s  were s e p a r a t e d  b y  v a r y i n g  
s i lent  periods.  The  ave rage  sound  i n t e n s i t y  was a b o u t  
60-80 db. 

The  c i rcad ian  r h y t h m s  of all  4 b i rds  could be  synch ro -  
nized w i th  the  24 h cycle of song, a t  leas t  t e m p o r a r i l y .  
The  t e x t  f igure shows a r e p r e s e n t a t i v e  example .  A spon-  
t a n e o u s  per iod  of T -  23.0 h deve loped  d u r i n g  22 d a y s  
of c o n s t a n t  cond i t ions  becomes  i m m e d i a t e l y  a cycle  of 
24 h when,  on day  23, t he  song is in t roduced .  Fo l lowing  
a 6 h de lay  phase - sh i f t  of t he  sound  cycle, t he  a c t i v i t y  
r h y t h m  of t he  b i rd  goes t h r o u g h  a long series of a d v a n c i n g  
t r ans i en t s ,  r e su l t ing  e v e n t u a l l y  in  a n o t h e r  s t e a d y - s t a t e  
of e n t r a i n m e n t  a t  d a y  56. Af te r  a second de lay  phase - sh i f t  
of on ly  3 h, t he  a c t i v i t y  r h y t h m  becomes  r e s y n c h r o n i z e d  
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