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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  

1 The research reported in this docmnent has been sponsored ill part 
by the Air Force Office of Scientific Research under Grant No. 
AF EOAR 64-68, with the European Office of Aerospace Re- 
search (OAR), United States Air Force. 

2 Circadian Clocks (Ed. J. ASCttOFF; North Holland Publishing 
Company, Amsterdam 1965). 
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a f t e r  a few de lay ing  t r ans ien t s .  W h e n  t he  b i rd  is r e t u r n e d  
to  c o n s t a n t  cond i t ions  w i t h o u t  s o u n d  cycle (day 86) t he  
ac t i v i t y  r h y t h m  regains  i ts  s p o n t a n e o u s  f r equency  
(~ = 23.4 h).  

The  resu l t s  d e m o n s t r a t e  t he  synch ron i z ing  effect  of 
species-specific song cycles on  c i r cad ian  r h y t h m s  of b i rds  
in  t he  e x p e r i m e n t a l  se t -up  employed .  T h e y  p rov ide  a c lear  
example  of an  acoust ic  (social) 'Ze i tgebe r '  in  i n t a c t  ani -  
mals.  The  e x t e n t  to  which  species-specific sound  p roduc-  
t i on  b y  b i rds  is concerned  as a s econda ry  'Ze i tgeber '  
u n d e r  n a t u r a l  cond i t ions  bes ide  t h e  u n d o u b t e d l y  g rea te r  
effects of t he  l i g h t - d a r k  cycle c a n n o t  a t  p r e sen t  be  
eva lua ted .  

Zusammen/assung .  Die in  k o n s t a n t e n  L ich t -  u n d  Tem-  
p e r a t u r b e d i n g u n g e n  v o n  24 h abweichende ,  c i rcadiane  
Akt iv i tAt spe r iod ik  v o n  3 Zeisigen u n d  1 Girl i tz,  k o n n t e  
d u r c h  Ar tgesang ,  der  den  T ie ren  tAglich 12 h lang in  
e inem 24-s t f indigen Zyk lus  fiber L a u t s p r e c h e r  vorgespie l t  
wurde,  synch ron i s i e r t  werden.  Mi t  diesen E rgebn i s sen  
is t  nachgewiesen ,  dass  a u c h  a k u s t i s c h e  (soziale) Reize als 
Ze i tgeber  w i r k e n  k6nnen .  
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Locomotor activity rhythm of a Serin. On the left-hand side, suc- 
cessive 24 h strips of continuous record have been mounted beneath 
each other. On the right-hand side, the original record has been 
duplicated to provide a better survey. The bird was kept at 18 ~ 
and in constant light intensity of 5 Lux. Periods of sound presenta- 

tion (60 db) are indicated by vertical hatching. 

R e g e n e r a t i o n  o f  F e l i n e  V e n t r a l  R o o t s  

E x t e n s i v e  knowledge  ha s  been  col lected on  regenera-  
t ion  of mixed  p e r i p h e r a l  nerves ,  b u t  v e r y  l i t t le  on  t he  
r egene ra t ive  c a p a c i t y  of sp ina l  roots  because  insuf f ic ien t  
i n t e r e s t  has  been  d e v o t e d  to  t h e  subjec t .  This  inves t iga -  
t i on  deals  w i t h  t he  ab i l i t y  of fel ine v e n t r a l  roots  to  re- 
genera te  a f t e r  t h e i r  t r ansec t ion .  Fo r  surgical  r e s t o r a t i on  
of t he  roo t  c o n t i n u i t y  end  to end, a t u b u l a t i o n  t e c h n i q u e  
w i t h  a Mill ipore microf i l te r  was  used. Us ing  b ioelec t r ica l  
a n d  his to logical  t echn iques ,  f unc t iona l  a n d  a n a t o m i c a l  
r e c o n s t i t u t i o n  of severed  l u m b o s a c r a l  v e n t r a l  roo t  fibres,  
i n n e r v a t i n g  skeletal muscles  ( the gas t rocnemius -so leus  
muscles),  could  be  d e m o n s t r a t e d .  Also, f unc t iona l  success 
could be o b t a i n e d  w h e n  a p p r o x i m a t i n g  severed  v e n t r a l  
roo t  s t u m p s  f rom d i f fe ren t  ips i la te ra l  sp ina l  levels, i.e. 
L6 to  L7 or L6 to  $1. Th i s  was  s h o w n - t o  c o n s t i t u t e  a 
t e c h n i q u e  for  b y - p a s s i n g  m o t o r  a c t i v i t y  to  levels d i s ta l  
to  a cord  t r ansec t ion ,  w h i c h  m i g h t  be  of cl inical  va lue  in 
selected t ypes  of sp ina l  injuries .  F u n c t i o n a l  r e s t o r a t i o n  

of severed  v e n t r a l  roo t  f ibres  i n n e r v a t i n g  smooth muscles  
( the d e t r u s o r  muscle  of t he  b ladder )  could also be  
d e m o n s t r a t e d ,  as judged  f rom bioe lec t r ica l  and  cys to-  
m e t i i c a l  da ta .  T h e  fac t  t h a t  no  fa i lure  was encoun t e r ed  
in a series of 23 ca ts  s tudied ,  s t r ong ly  ind ica tes  t he  g rea t  
c apac i t y  of v e n t r a l  roots  to  r egene ra t e  a f t e r  t h e i r  t r ansec -  
t ion.  

Rdsumd. On d6mon t r e  la capac i t6  de r6g6n6ra t ion  des 
rac ines  v e n t r a l e s  des nerfs  s p i n a u x  d o n t  la r6sect ion a dr6 
p ra t iqu6e  dans  une  s6rie de 23 cha t s .  I1 y a eu r6cup6ra-  
t i on  a n a t o m i q u e  et  fonc t ionne l l e  aprSs l ' a n a s t o m o s e  des 
rac ines  v e n t r a l e s  i n n e r v a n t  des muscles  str i6s et  lisses. 
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