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The sens i t iv i ty  of G 1 to p ro te in  syn thes i s  inh ib i t ion  
agrees  wi th  previous  resul ts  s which  showed t h a t  t he  
in i t ia t ion  of t he  S per iod  depends  on previous  p ro te in  
synthes is .  The lack of sens i t iv i ty  of the  ear ly  and middle  
S per iod to  p ro te in  syn thes i s  inh ib i t ion  was no t  expec ted  ; 
a l though  comple t ion  of D N A  repl ica t ion  does no t  require  
concur ren t  p ro te in  synthes is ,  it  was logical to assign a 
role in mitosis  to  protein(s)  syn thes ized  dur ing th is  period.  
The p resen t  resul ts  sugges t  t h a t  p ro te ins  syn thes ized  
dur ing  th is  per iod are no t  s t r ic t ly  requi red  to  reach  the  
n e x t  division. On the  o ther  hand ,  some protein(s)  m u s t  be 
syn thes ized  a t  t he  S/G, t r ans i t ion  in order  to t r igger  the  

n e x t  prophase ,  as shown b y  the  grea t  de lay  recorded 
a f te r  such t r e a t m e n t s .  
In  conclusion,  G 1 and  S/G~ boundar ies  appea r  as phases  
h ighly  sensi t ive to p ro te in  syn thes i s  inhibi t ion,  while 
m o s t  of S and G 2 do no t  require  p ro te in  synthes is  for 
t he  no rma l  t iming  in reaching  the  n e x t  prophase .  Last ly,  
th i s  t echn ique  is p roposed  as a s imple m e t h o d  to  analyze 
the  cycle by  specific metabol ic  inhibi tors .  

8 A. Gonzalez-Fernandez, G. Gimenez-Martin, M. E. Fernandez- 
Gomez and C. De La Torre, Expl Cell Res. 88, 163 (1974). 
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Summary. Long- t e rm m e a s u r e m e n t s  of hea r t  ra te  and locomotor  ac t iv i ty  in re la t ively  free moving  carps  d e m o n s t r a t e d  
dependence  on wa te r  t empera tu re .  U n d e r  these  condit ions,  the  hea r t  r a te  has a c i rcadian  and  c i rcannual  r h y t h m.  

As fish are po ik i lo - thermal  animals ,  the i r  body  t em-  
pe ra tu re  reponds  to changes  in t he  t e m p e r a t u r e  of 
the  env i ronment ,  a l though  l i t t le is known of the  actual  
na tu r e  of the i r  b o d y  t e m p e r a t u r e  main tenance .  The 
env i ronmen ta l  t e m p e r a t u r e  and  all organic funct ions  
of po ik i lo- thermal  animals  show pos i t ive  corre la t ion *-4. 
R u e t h  5 found a h igh  posi t ive  corre la t ion of hea r t - r a t e  
and  b o d y  t e m p e r a t u r e  w i th  env i ronmen ta l  t empera tu re ,  
in amphib ians .  Up  to now these  relat ions have  ha rd ly  
been  inves t iga ted  in the  case of carps.  Ir iki  et  al. ~ carr ied 
ou t  t he rma l  s t imula t ion  of t he  spinal  cord and thus  hear t -  
r a te  in some cypr in id  fish. A l b r e c h t :  was able to show 
t h a t  t e m p e r a t u r e  has  an inf luence on cer ta in  physiological  
changes  in inner  organs.  Li t t le  behav ioura l  analysis  of 
t e m p e r a t u r e - d e p e n d e n c e  has  been  carr ied out,  a l though  
such analysis  could clarify var ious  ecological ques t ions  
and  p rob lems  in f ishery research 8-1~ Field observat ions ,  
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Fig. 1. a Arrangement of the electrodes in the fish: h heart; e, electrodes, b Recording system: u, turn back rollers' a, activity receiver; 
th, theread suspension; 1, lever; p, plug connection; v, voltmeter; P, power source, c Measuring and processing device for the locomotor 
activity (schematic); c, current coil; ind, induction coil. 
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for ins tance ,  h a v e  conf i rmed  t h a t  f ish prefer  ce r t a in  
t e m p e r a t u r e s  a t  d i f fe ren t  t imes  of d a y  11. Our  p rev ious  
resu l t s  1~,13 h a v e  shown  t h a t  h e a r t - r a t e  a n d  locomotor  
a c t i v i t y  show da i ly  a n d  seasonal  va r ia t ions ,  so t h a t  
b o t h  p a r a m e t e r s  can  be  used for c o m p a r i n g  inves t iga t ions  
of b e h a v i o u r a l  p r o g r a m s  in fish. Here  we p r e s en t  t he  
resu l t s  of l o n g - t e r m  m e a s u r e m e n t s  of locomotor  a c t i v i t y  
a n d  h e a r t - r a t e  of r e l a t ive ly  f r ee -moving  fish u n d e r  
d i f fe ren t  t e m p e r a t u r e  condi t ions .  
Mater ia ls  and  methods. 1-year-old carps  (12-15 cm 
length ,  50-70 g weight)  c a u g h t  f rom fish ponds ,  were 
used for our  expe r imen t s ,  All  t e s t  an ima l s  were m a i n t a i n e d  
in 25-1-aquaria a t  20~ :]: 0.5~ before  a n d  d u r i n g  t he  
tes ts .  The  a c t u a l  w a t e r  t e m p e r a t u r e  was recorded  on  a 
m u l t i c h a n n e l  p o t e n t i o m e t r i c  i n s t r u m e n t .  G r a d i e n t s  in  t he  
w a t e r  t e m p e r a t u r e  did  n o t  occur  because  a i r ing  caused  
a c i rcu la t ion  of t h e  w a t e r  w i t h i n  t he  aquar i a .  T he  oxygen  
c o n c e n t r a t i o n  (de t e rmined  accord ing  to Winkle r )  was  
p rac t i ca l ly  c o n s t a n t  a t  va r ious  t e m p e r a t u r e s .  

F o r  t he  record ing  of h e a r t - r a t e  d u r i n g  l o n g - t e r m  tests ,  a 
s t ab le  pos i t ion  of t he  e lect rodes  is required .  Silver wire  
e lec t rodes  were the re fo re  inse r t ed  in to  t h e  f ish (figure la)  
a n d  connec t ed  to t he  record ing  s y s t e m  b y  p lugs  
weigh ing  0.2 g. The  t r a c t i v e  force of t he  record ing  wires  
(0.1 m m  in d iamete r )  was  a l m o s t  i n d e p e n d e n t  o f  t he  
f i sh ' s  pos i t ion  in t h e  a q u a r i u m ,  due  to  an  i m p r o v e d  lever  
s y s t e m  (figure 1 b). A s h o r t e n i n g  of t he  wires b y  twis t ing  
was  con iPensa ted  b y  means  of t u r n - b a c k  rollers a n d  
a d j u s t e d  we igh t s ;  in  th i s  w a y  t h e  record ing  wires re- 
m a i n e d  i n t a c t  for a t  leas t  8 weeks. The  ECG- impulses  
were  fed i n to  a n  ECG-record ing  device,  a n  e lect ronic  
impul se  counte r ,  a n d  pr in te r .  The  a p p a r a t u s  is decr ibed  
in more  de ta i l  in ~2. 
The  h i t h e r t o  used m e t h o d  for r ecord ing  t he  sw imming  
a c t i v i t y  is based  upon  i n f r a l e d - l i g h t - b e a m s  wh ich  measure  
t h e  f r e q u e n c y  of passages  a n d  w h i c h  is, u n d e r  ce r t a in  
condi t ions ,  p r o p o r t i o n a l  to  t h e  a m o u n t  of ac t iv i ty .  A new 
m e t h o d  h a s  b e e n  deve loped  for ana logous  record ing  of the  
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Fig. 2. a Correlation of heart-rate (Hr), locomotor activity (A), and water temperature (T) of 2 fish from 2 June to 14 June 1976. Light 
time 9.00-17.00 h. (Light: dark, 8:16; 55:0 lux.) b The dependence of standardized heart-rate on changes of water temperature (z~ T); 
a) from 16 ~ to 21 ~ (n ~ 6 fish), b) from 21 ~ to 16 ~ (u = 6 fish). Light time 9.00-17.00 h. (Light : dark, 8:16; 55 : 0 lux.) 
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locomotor  ac t iv i ty  which  is based on the  m e a s u r e m e n t  
of induc t ion  vol tage of a coil (figure lc ) .  The sens i t iv i ty  
level of the  recording device can be var ied to such a 
degree t h a t  i t  is possible to de tec t  fin m o v e m e n t s  in an 
o therwise  mot ionless  fish. 
Results. H e a r t  f requency  and locomotor  ac t iv i ty  were 
mu tua l l y  corre la ted  to  water  t empera tu re .  By  lowering 
the  wa te r  t e m p e r a t u r e  f rom 20~ to  15~ h e a r t  fre- 
quency  and locomotor  ac t iv i ty  decreased by  abou t  30~ 
and 50% (figure 2a) respect ively .  Bo th  pa rame te r s  
reached  the i r  init ial  values af ter  again raising the  wa te r  
t empe ra tu r e .  There  was a corre la t ion of hea r t - r a t e  and 
locomotor  ac t iv i ty  wi th  r = 0.92 (a) and r = 0.72 (b) 
and  a high significance of t a -  41 and t b -  18 for 
p < 0.001. Fol lowing changes  of wa te r  t e m p e r a t u r e  of 
+ 5~ and - - 5 ~  respect ively ,  we found a posi t ive  
corre la t ion of hea r t - r a t e  and  the  modif ica t ion  of wa te r  
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Fig. 3. Seasonal variations oi the heart-rate's dependence on water 
temperature (n = 65 fish). Each value is a arithmetic mean of 5-10 
days. Computed curves a �9169169 (15-17~ and beoe (20 22~ 
fitted by f (t) = Co + C~o~(Cot + ct) with Co = 31,5; C -- 10,5; 

=-195 ~ (a) and Co = 49; C = 19; ~ = 225 ~ (b).c 0�9169 (25- 
27 ~ 

t empera tu re .  W i t h  ini t ial  t e m p e r a t u r e  of 21 ~ and  16 ~ 
the re  was a change of hea r t - r a t e  of about  40% and vice 
versa  (figure 2b). The SD are an (21-16~ = 0 . 0 0 3 7  and  
an (16-21 ~ = 0.0047. All t es t s  show, despi te  changes  of 
water  t empera tu re ,  the  synchroniz ing  effect  of the  l ight-  
dark-cycle.  
In  recen t  trials, th is  pos i t ive  correla t ion of hea r t - r a t e  
wi th  changes  of wa te r  t e m p e r a t u r e  a t  var ious  t ime  of 
day  can also be found. Seasonal  effects do no t  e leminate  
th is  correlat ion.  The resul ts  c o m p u t e d  and p resen ted  to 
da te  were ob ta ined  f rom the  end of April  to June  only, 
in order  to exclude seasonal  influences.  Most  dai ly hear t -  
ra tes  show a m a x i m u m  in s u m m e r  and a m i n i m u m  in 
winter ,  and  these are d i s t inc t  seasonal  differences in th i s  
c i rcadian per iodic i ty  12. In  spi te  of co n s t an t  pho tope r iod  
(12 : 12) and wa te r  t e m p e r a t u r e  (15 ~ or 20 ~ the  hear t -  
ra te  of Cyprinus carpio follows a c i rcannual  r h y t h m .  The 
a l te ra t ion  of hea r t - r a t e  dur ing  the  expe r imen t s  w i th  
di f ferent  t empe ra tu r e s  gives a good fit  w i th  a cosine 
func t ion  (figure 3). Raising t e m p e r a t u r e  enlarges the  
ampl i tude  of hea r t - r a t e  cycle in the  course of the  year,  
whereas  the  m a x i m u m  a t  15-17~ lies in June  and  at  
20-22~ in July.  W h e n  the  carp  regular ly  consumed 
food dur ing  the  feeding t ime,  the  hea r t  f requency 
accelera ted  for abou t  30-120 min in every  case. A circa- 
d ian r h y t h m  in swimming  ac t iv i ty  con t inued  in spite of 
the  di f ferent  t empera tu res .  These results  cor respond to 
the  circadian locomotor  ac t iv i ty  recorded s imul taneous ly  
dur ing these  exper imen t s  and in previous  tests .  

11 L.C. Crawshaw and H. T. Hammel, Comp. Bioehem. Physiol. 
47A, 51 (1974). 

12 P. Kneis and R. Siegmund, Experientia 32, 474 (1976). 
13 R. Siegnmnd, Nov. aeta Leopoldina, in press (t977). 
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Summary. The syn the t i c  de l ta  sleep inducing pep t ide  (DSIP)  passes t he  b lood-bra in  barr ier ,  since i.v. in ject ion in free 
moving  rabb i t s  (30 nmoles/kg) s ignif icant ly  increases the  cor t ical  de l ta  ac t iv i ty  and  decreases t he  mo to r  ac t iv i ty  during 
5 h .  

I t  has  been  sugges ted  t h a t  'a l ipid-insoluble molecule as 
large as tile de l ta  sleep inducing pep t ide  D S I P  (a nona-  
pep t ide  wi th  mol. w t  848.98) does no t  pass the  blood- 
bra in  bar r ie r  by  pass ive  diffusion.  A specific t r a n s p o r t  
mechan i sm would be required and  such a sys tem would 
be unsu i ted  to a subs tance  whose func t ion  is to ac t  on 
b ra in  for long periods.  4, In  order  to answer  this  quest ion,  
we s tud ied  the  E E G  and behaviora l  effects of syn the t i c  
D S I P  i.v. in jec ted  in to  f ree-moving  rabbi ts .  This p a p e r  
c o m p l e m e n t s  the  in format ion  ob ta ined  f rom in t raven t r i c -  
ular  infusions of syn the t i c  D S I P  in the  same animalS,% 
Methods. 10 pep t ide  tes t s  (group P) and 9 contro l  tes ts  
(group C) were carr ied ou t  in 7 r abb i t s  under  double  bl ind 
condi t ions .  A dose of 30 nmoles /kg  in 0.5 ml Ringer  so- 
lut ion,  or 0.5 ml  Ringer  alone as control ,  was in jec ted  
wi th in  1 min  in to  tile ear vein. E a c h  expe r imen t  las ted 
7 h (1 h pr~- inject ion per iod and  6 h pos t - in jec t ion  
period).  

a) EEG-tests. The rabb i t s  were s u b m i t t e d  to a 60-min pre-  
adap ta t ion ,  w i t h o u t  recording,  on a kinesigraphic  table  
placed in a sound-proof  F a r a d a y  cage. The following pre-  
in ject ion period,  involving E E G  recording,  was sub- 
d iv ided in to  2 periods of 30 min;  the  1st (AP) allowing the  
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