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checked  in  h is to logica l  p r e p a r a t i o n s .  De ta i l s  c o n c e r n i n g  
e lec t rode  c o n s t r u c t i o n  a n d  i m p l a n t a t i o n ,  s t i m u l u s  m e a s u r -  
ing a n d  m o n i t o r i n g  a n d  e lec t rode  pos i t ion  i den t i f y ing  
t e c h n i q u e s  h a v e  b e e n  p u b l i s h e d  e lsewhere  ~-a. 

As could  be  expec ted ,  o n  t h e  g r o u n d s  of p rev ious  ex- 
per ience  ~, 28-30  d a y s  a f t e r  t he  a p p l i c a t i o n  of a l u m i n a  
c ream,  t h e  s p o n t a n e o u s  seizure a c t i v i t y  a p p e a r e d ,  origi-  
n a t i n g  f i rs t  in  one  a n d  seve ra l  d a y s  l a t e r  in  t h e  o t h e r  
h i p p o c a m p u s  as  well. T h e  f i r s t  s t age  of global ,  r ecur r ing ,  
ton ic -c lon ic  h i p p o c a m p a l  se izures  which ,  t r a n s m i t t e d  
f rom the  s i te  of or igin,  i n v o l v e d  as a rule  t h e  homologous  
a rea  of t he  oppos i te  hemisphe re ,  was  fol lowed b y  a long-  
l as t ing  clonic  ac t iv i ty ,  b e c o m i n g  inc reas ing ly  more  re-  
s t r i c t ed  to t he  c o r r e s p o n d i n g  side of origin.  F ina l ly ,  au to -  
n o m o u s  a n d  p e r s i s t a n t  focal  ep i l ep t i fo rm a c t i v i t y  cou ld  
be  r ecorded  on  b o t h  s ides of t h e  b ra in .  A t  t h i s  s t age  of 
d e v e l o p m e n t ,  t h e  s ingle  shock  s t imu l i  of a n  a d e q u a t e  r a t e  
( rough ly  c o r r e s p o n d i n g  to  t he  p r e d o m i n a t i n g  r h y t h m  of 
t i le  h i p p o c a m p a l  d ischarges)  if app l i ed  to  t h e  t h a l a m i c  
nucle i  (N. an te r io r ,  N. media l i s  dorsal is)  were i n v a r i a b l y  
f o u n d  to  be  ef fec t ive  in  d r i v i n g  a n d  s y n c h r o n i z i n g  t h e  r a t e  
of o the rwise  qu i t e  i n d e p e n d a n t l y  a n d  a s y n c h r o n o u s l y  dis- 
c h a r g i n g  h i p p o c a m p a l  foci. As i l l u s t r a t e d  in  t h e  Figure ,  
t h e  two  loci c o n t i n u e d  to  fire s y n c h r o n o u s l y  fol lowing t h e  
cessa t ion  of t h e  d r i v i n g  t h a l a m i c  s t i m u l a t i o n ,  b u t  r e s u m e d  
t h e i r  own  a u t o n o m o u s  r a t e s  of  d i scha rge  s h o r t l y  a f t e r -  
wards .  

The  genera l  condi t ions ,  i nd i spensab le  in  o rde r  to  
con t ro l  t he  a c t i v i t y  of a p r i m a r y  d i s cha rg ing  focus b y  
s t imu l i  app l ied  to  a g iven  d i s t a n t  s t ruc tu re ,  a n d  t h e  
possible  m e c h a n i s m s  u n d e r l y i n g  t h i s  p h e n o m e n o n  h a v e  
b e e n  e x t e n s i v e l y  d iscussed  e l sewhere  a,a. I n  t h i s  respec t ,  
r esu l t s  of  t h e  p r e s e n t  work  ful ly  s u p p o r t  the  ear l ie r  in -  
ves t iga t ions .  

T h e  e x p e r i m e n t s  r e p o r t e d  here,  c lea r ly  d e m o n s t r a t e  t h e  
i m p o r t a n t  role wh ich  t he  s t r u c t u r e s  c o n s t i t u t i n g  t h e  
diffuse non-specl f ic  t h a l a m o - c o r t i c a l  s y s t e m  7 could  p l a y  
in  s y n c h r o n i z a t i o n  of act ivi ty-  of t he  t w o  b i l a t e r a l  a n d  
a u t o n o m o u s  h i p p o c a m p a I ,  ep i lep togen ic  loci. I n  add i t ion ,  
if one  bea r s  in  m i n d  resu l t s  of t h e  p r e v i o u s l y  p u b l i s h e d  in-  
ves t iga t ions~ ,  these  e x p e r i m e n t s  i n d i c a t e  h o w  mul t ip le ,  
m u t u a l l y  u n r e l a t e d  i socor t ica l  a n d  a l locor t ica l  c e r eb ra l  
a reas  cou ld  be e f fec t ive ly  coupled  a n d  s y n c h r o n o u s l y  sub-  
o r d i n a t e d  to  t he  t h a l a m i c  r h y t h m ,  when ,  in  t he  course  of 
convu l s ive  ac t iv i ty ,  t h e  i n t r a l a m i n a r  nucle i  of t he  t h a l a m u s  
r e a c h  t h e  d o m i n a n t  level  of b a c k g r o u n d  exc i t a t ion .  Ex -  
p e r i m e n t s  h a v e  a l r e a d y  b e e n  u n d e r t a k e n  to  check  t h i s  
a s s u m p t i o n  s. 

Zusamrnen/assung. Bei  K a t z e n  wurde  a u f  b e i d e n  Se i t en  
im H i p p o c a m p u s  je e in  ep i l ep t i sche r  Fo]kus (A lumina -  
pas te )  geschaffen .  I n  e iner  zwei ten  S i t zung  w u r d e n  E lek-  

(;at alu.?. 

~.hipp. . 

sec lOO p.y 

Synchronisation of the elouic activity of the two autonomously dis- 
charging hippoeampal epileptogenie fool, by single shock stimuli 
delivered to the thalamus (N. anterior) at the rate of I/see. Black 
dots indicate the stimulus artifacts. L. corr. = left cortex; 1. hipp. = 

left hippocampus; r. hipp. = right hippoeampus. 

t r o d e n  in  j e d e n  H i p p o c a m p u s  u n d  in die i n t r a l a m i n i i r e n  
T h a l a m u s k e r n e  i m p l a n t i e r t .  D u t c h  Re i zung  in  den  letz-  
t e r e n  S t r u k t u r e n  k o n n t e n  die sons t  v o n e i n a n d e r  u n a b -  
h i ing igen  ep i l ep t i s chen  E n t l a d n n g e n  de r  b e i d e n  H i p p o -  
c a m p i  s y n c h r o n i s i e r t  werden .  
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T h e  P o s t n a t a l  D e v e l o p m e n t  of H o m o i o t h e r m y  
and Cold R e s i s t a n c e  in Mice  

Ear l i e r  s tud ies  h a v e  i n d i c a t e d  t h a t  t he  c a p a c i t y  for  t he  
r e g u l a t i o n  of b o d y  t e m p e r a t u r e  is r e l a t i v e l y  poor ly  devel -  
oped  in n e w b o r n  mice  1 a n d  r a t s  2. On  t h e  o t h e r  h a n d ,  t h e  
ab i l i t y  to  res i s t  low b o d y  t e m p e r a t u r e s  is b e t t e r  in  new-  
b o r n  r a t s  t h a n  in t h e  a d u l t  ones  a. I n  o rde r  t o  f ind  o u t  t he  
causa l  m e c h a n i s m s  of these  p h e n o m e n a ,  a more  de t a i l ed  
s t u d y  of t he  t ime-cour se  of t he  p o s t n a t a l  d e v e l o p m e n t  of 
t he  h o m o i o t h e r m y  a n d  cold r e s i s t ance  is necessary .  W i t h  
t h i s  the  p r e sen t  s t u d y  is concerned .  T he  s i m u l t a n e o u s  
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recording of as m a n y  of t he  r e l e v a n t  va r i ab l e s  as possible,  40 
as func t ions  of t he  age a n d  of t h e  e n v i r o n m e n t a l  t e m p e r -  i 
ature,  m u s t  s u b s e q u e n t l y  also be  done  in o rde r  to  e luc ida te  
the causes  of t h i s  d e v e l o p m e n t .  

The  ]irst series of e x p e r i m e n t s  cons i s ted  of 5900 b o d y  
t e m p e r a t u r e  m e a s u r e m e n t s  a n d  was  des igned  to  give a 
general  p i c t u r e  of t h e  d e v e l o p m e n t  of h o m o i o t h e r m y  in 
mice. T h e  of fspr ing  in four  i n b r e d  l i t t e r s  of t w o  females ,  
be longing  to  t h e  Swiss a lb ino  s t r a i n  b r e d  in t h i s  l abo ra -  
tory, were  used as t e s t  an imals .  T h e y  were k e p t  a t  24 ° C, 
the  ne s t  t e m p e r a t u r e s  v a r y i n g  usua l ly  b e t w e e n  27 ° a n d  
33.5°C. Dai ly ,  one  or  two  of t he  o f f spr ing  of each  female  20 
were weighed  a n d  s u b j e c t e d  to  a m b i e n t  t e m p e r a t u r e s  of  
a b o u t  31 °, 26 °, 24 °, 19 °, 15 °, a n d  in some cases also 6°C. 
The a m b i e n t  t e m p e r a t u r e s  were  m e a s u r e d  w i t h  a t h e r m o -  
couple k e p t  a t  a d i s t ance  of a b o u t  1 cm a b o v e  t he  a n i m a l  
and  the  precise  va lues  r eco rded  f rom c a l i b r a t e d  ga lvano -  10 
me te r  (El- lab,  Copenhagen)  r ead ings  a t . i n t e r v a l s  of 5 (or 
10) min.  The  sk in  t e m p e r a t u r e s  were m e a s u r e d  b y  a 
plas t ic  c o a t e d  t h e r m o c o u p l e  ( to ta l  t h i cknes s  0.5 m m )  the  
sens i t ive  p o i n t  of wh ich  was pressed  aga i n s t  the  sk in  of t he  
c lav icular  region a n d  s u b s e q u e n t l y  a g a i n s t  the  ingu ina l  
region of t h e  youngs te r s .  T h e  sk in  t e m p e r a t u r e s  were 0~ 
measu red  a t  i n t e r v a l s  of 5 (or 10) rain.  T he  m e a s u r e m e n t s  
were c o n t i n u e d  u n t i l  a t  leas t  two  successive measure -  
m e n t s  agreed  well. The  sk in  t e m p e r a t u r e s  of t he  c lavic-  
ular  a n d  i ngu ina l  reg ion  t h u s  s tab i l i zed  were ave raged  a n d  
the  m e a n  for  t he  t h r e e  or  four  an i m a l s  t e s t ed  da i ly  was  
ca lcu la ted  and  p l o t t e d  a g a i n s t  t h e  a m b i e n t  t e m p e r a t u r e s .  °C 
The  g r a p h s  p r e s e n t e d  in  l?igure I were  o b t a i n e d  thus .  T h e  20 
difference b e t w e e n  t h e  lowest  m e a n  sk in  t e m p e r a t i l r e  
ach ieved  a n d  t h e  a m b i e n t  t e m p e r a t u r e  a t  15 ° , 20 ° , 24 ° , 
and  31°C are  p r e s e n t e d  in  F igu re  2 as a f u n c t i o n  of t h e  
age of t h e  an imal s .  I n  seve ra l  e x p e r i m e n t s ,  t h e  lowes t  
colonic t e m p e r a t u r e s  ach i eved  were also recorded .  No  in-  
d iv idua l  was  used  for e x p e r i m e n t s  more  f r e q u e n t l y  t h a n  
a t  i n t e r v a l s  of four  days .  

F igures  1 a n d  2 r evea l  t he  d i s c o n t i n u o u s  n a t u r e  of the  
p o s t n a t a l  d e v e l o p m e n t  of  h o m o i o t h e r m y  in mice.  T h e  
d e v e l o p m e n t  of t he  mice  of t he  s t r a i n  used can  be d iv ided  
in t h i s  r e spec t  in to  four  per iods :  (1) T he  per iod  of poiki lo-  
t h e r m y ,  d u r i n g  wh ich  the  first ,  p r o b a b l y  b e h a v i o u r a l  
t h e r m o r e g u l a t o r y  r eac t ions  deve lop  (be tween  ages of 0 a n d  
2 days) .  (2) The  per iod  of nea r ly  comple t e  p o i k i l o t h e r m y  
wi th  p r o b a b l y  b e h a v i o u r a l  reac t ions ,  which  a l low for 
s l ight  d e v i a t i o n s  f rom p o i k i l o t h e r m y  a t  t h e  midd le  
t e m p e r a t u r e  r a n g e  (be tween  ages  of 2 a n d  7 days) .  (3) The  
per iod  of d e v e l o p m e n t  of h o m o i o t h e r m y  a t  a m b i e n t  
t e m p e r a t u r e s  b e t w e e n  23° a n d  33°C (be tween  ages of 7 
and  13 days) .  (4) The  pe r iod  of d e v e l o p m e n t  of n o r m a l  
h o m o i o t h e r m y  of t h e  a d u l t  an ima l s ,  c h a r a c t e r i z e d  b y  t he  
a c h i e v e m e n t  of h o m o i o t h e r m y  a t  lower  a m b i e n t  t e m p e r -  IZ 
a tu re s  a n d  t h e  m a i n t e n a n c e  of n o r m a l  a d u l t  b o d y  t e m p e r -  o 
a tu re  level  w i t h  t he  n o r m a l  d i f ference  b e t w e e n  colonic a n d  10 
sk in  t e m p e r a t u r e s .  D u r i n g  t h i s  per iod,  a sh i f t  in  t h e  
n e u t r a l  t e m p e r a t u r e  p r o b a b l y  also t a k e s  p lace  (be tween  
ages of 13 a n d  19 days) .  6 

T h e  second series of e x p e r i m e n t s  cons i s ted  of s u b j e c t i n g  
200 y o u n g  mice  of d i f f e ren t  ages  to  a n  a m b i e n t  t e m p e r -  4 
a t u r e  of - 10°C for  v a r y i n g  per iods .  Af te r  t he  decrease  in 

2 
the  colonic  t e m p e r a t u r e ,  t h i s  was  measu red ,  recorded,  and  
the  a n i m a l  m o v e d  to 20°C for  recovery .  I n  these  ex-  O 
pe r imen t s ,  no  o t h e r  m e a n s  for f ac i l i t a t ing  the  r ecove ry  
were used.  The  lowes t  colonic t e m p e r a t u r e s  achieve : l  b y  -2 
the  a n i m a l s  were p l o t t e d  aga i n s t  t h e i r  age, those  of re- _, 
cover ing  a n i m a l s  be ing  m a r k e d  w i t h  a c i rc le  a n d  those  of 
the  m o r i b u n d  a n i m a l s  w i t h  a dot .  T h u s  was t he  F igu re  3 
cons t ruc t ed .  

The  d e v e l o p m e n t  of cold res i s t ance  in mice of t he  s t r a i n  
used can  be  d iv ided ,  acco rd ing  to t h e  p re sen t  ma te r i a l ,  
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Fig. 1. The stabilized mean skin temperature of mice at different 
ages as a flmetion of the environmental temperature. Age in days. 
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Fig. 2. The difference between stabilized mean skin temperature and 
environmental temperature at four different environmental temper- 

atures as a function of the age of mice. Age in days. 
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Fig. 3. The lower lethal body temperature of nfiee as a function of 
age (in days). The open circles represent lowest body temperature 
values recorded from surviving individuals, the black dots lowest 

body temperatures recorded from moribund individuals. 
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into two periods : (1) The high resis tance period of the  new- 
born  animals  to low body  t empera tu res  (the le thal  l imi t  
being abou t  0°C) (between ages of 0 and 7 days). (2) The 
period of decrease in cold resis tance (between ages of 7 
and 18 days).  

Af t e r  the  l a t t e r  Feriod;  cold resis tance of the  mice is on 
a ra ther  s t eady  level  for a t  least  t en  days.  A t  the  end of 
this period, the  le thal  b o d y  t e m p e r a t u r e  is abou t  9°C, 
thus  being a p p r o x i m a t e l y  a t  the  adu l t  level.  

The  present  resul ts  h a v e  been  descr ip t ive  in character .  
The  correla t ions  found earl ier  in o the r  animals  be tween  
the  level  of  t he rmoregu la to ry  ab i l i ty  and  the  appearance  
of muscle shiver  in cold, the  mye l ina t ion  of hypo tha lamus ,  
and general  metabol ic  changes have  to be sub jec ted  to 
day - to -day  studies dur ing  the  deve lopment .  The  decrease 
in cold resis tance m a y  ref lect  an increase in vu lne rab i l i ty  
of the  centra l  nervous  sys tem th rough  cold or anoxia  or 
the  occurrence of general  nu t r i t iona l  and metabol ic  
changes in the  tissues, as well as the  ac t iva t ion  of endo-  
crines. These studies m a y  also th row some l ight  on the  
mechan i sm of the  cold dea th  4. 

Rdsumd. Par  la mesure  des temp6ra tures  dermales  sta- 
bilisSes des souris jeunes  expos6es aux temp6ra tures  ex- 
t~rieures vari6es, il a 6t6 possible de s6parer qua t re  p6- 
r iodes dans  le d6ve loppement  d ' hom6othe rmie  ent re  les 
Ages de 0 ~ 19 jours.  La  r6sistance an ffoid chez les souris 
jeunes  s ' amoind r i t  n o t a m m e n t  ent re  les Ages de 7 ~ i8 
jours.  

K. LAGERSPETZ 

Department o/ Zoology, University o] Turku (Finland), 
March 10, 1962. 

4 The present study is part of a research program supported by 
research grauts from the Finnish Academy of Sciences and the 
National Science Council of Finland. The technical assistance of 
Miss HANNa KURPPA is gratefully acknowledged. 

Visceral and Vascular Transposition in the V i v i -  

p a r o u s  Toothcarp X i p h o p h o r u s  m a c u l a t u s  
(Wagtail Strain) 

In  some s t ra ins  of v iv ipa rous  Too thca rps  situs inversus 
viscerum, an anomaly ,  which is known to occur  in abou t  
one ou t  of ten thousand  h u m a n  beings, is no t  uncommon .  
Recen t ly  BAKER-CoHEN 1 described this  a n o m a l y  in 37 % 
of specimens  of an  inbred  line of t he  domes t ica ted  Fury 
s.train of t i le p la tyf i sh  Xiphophorus maculatus. Personal ly,  
we have  observed  visceral  and vascular  t ranspos i t ion  in 
the  same species, n a m e l y  an inbred line of t h e  Wagta i l  
s train.  45% of the  specimens showed situs inversus visce- 
rum, whereas  in three  o ther  s trains of the platyfish,  and in 
the  re la ted  swordtai l  species Xiphophorus helleri and Xi- 
phophorus pygmaeus, t he  anoma ly  was no t  observed or 
p roved  to be infrequent .  U n b o r n  Wagta i l  embryos  re- 
vealed no evidence  of a posi t ive  corre la t ion be tween  the  
visceral  si tus of the  mo the r  and the  offspring or  for twin-  
ning in associat ion wi th  visceral  and vascular  t rans-  
posit ion.  The  a s y m m e t r y  of the  unpai red  vena  jugular is  
inferior, occurr ing  in the  genus Xiphophorus, appeared  to 
be inver ted  in 10 to 25% of fishes of near ly  all  s t rains of 
Xiphophorus helleri, Xiphophorus pygmaeus, and Xipho- 
phorus maculatus. In  animals  wi th  situs inversus viscerum, 
an associated inversion of t he  venous  a s y m m e t r y  was 
present  in mos t  specimens,  being consequen t ly  mi r ro r  
images  of thei r  no rma l  feUows in bo th  respects.  As in 

animals  wi th  a normal  visceral  t ransposi t ion,  in abou t  10 
to 25% a re la t ive  invers ion was observed.  I n  some cases, 
a double invers ion occurred,  in th is  way producing a 
normal  venous  a symmet ry .  

As in the  F u r y  s t ra in  1, so also in the  Wag ta i l  strain,  
b o t h  types  of inversion were independen t ly  genet ical ly  
de termined.  However ,  in ne i ther  ins tance  could a simple 
hypothes is  for t he  mechan i sm of inher i tance  be f i t t ed  to 
the  avai lab le  data .  The  visceral  and vascular  t rans-  
posi t ion in the  F u r y  ~ and Wag ta i l  s t ra in  of Xiphophorus 
maculatus appeared  to  be no t  sex-l inked,  nor  was it  
ma te rna l ly  influenced.  The  indicat ions  were t h a t  i t  was 
due  to au tosomal  genes which lacked full expression. As 
these resul ts  correspond v e r y  well wi th  those obta ined  by 
BAKER-COHEN 1, a more general  significance should in- 
dub i t ab ly  be a t t ached  to them.  

Zusammen/assung. t3eschreibung des re la t iv  hS.ufigen 
Situs inversus viscerum beim lebendgeb~renden Zahn- 
karpfen  Xiphophorus maculatus. 

A. STOLK 

Department o/Histology, Free University, Amsterdam (The 
Netherlands), February 15, 1962. 

1 K.F. BAKER-COI{EN, Amer. J. Anat. 109, 37 (1961). 

Die Mitschattierung 

Jedes  Objek t  fttllt in seiner U m g e b u n g  m e h r  oder  weni- 
ger  auf. Fi i r  Tiere kann  beides je  nach den Umst~inden vor-  
te i lhaf t  sein:  Kontrastf~irbungen dienen a l lgemein zum 
Signalisieren und speziell  zum ~Varnen, Tarnf / i rbungen 
verbergen  das Tier  vo r  seinen Fe inden  and  den Ri iuber  
vor  seiner Beute .  

Von der  U m g e b u n g  h/ingt  es ab, was (1) m6gl ichst  wenig 
oder  (2) m6gl ichst  s ta rk  auff~illt. W e n n  m a n  nur  zwei 
Typen  unterscheidet ,  benu tzen  Tiere  (a) in opt isch reich 
gegl ieder ter  U m g e b u n g  mannigfache  Fleckungen,  (b) in 

opt isch e int6niger  U m g e b u n g  Het l -Dunkel -Scha t t i e rung .  
]~ntscheidend ist  die Gr6sse des Tieres vergl ichen mi t  dem 
Umgebungsmus te r .  

( l a )  Tarnen durch Flechung: Ein  bekanntes  Beispiel 
sind die Plat t f ische,  die ihre Farbe  d e m  Umgebungs-  
mus te r  sehr  wel t  anpassen k6nnen.  

( lb)  (~Gegenschattierung>>l: Der  dem Lich t  zugekehrte,  
das heisst  gew6hnlich hell  be leuchte te  Tell  des Tierk6rpers 
ist  dunkel ,  der  dem Lich t  abgewandte ,  normalerweise  im 

1 F. SOFFEnT, Z. Morph. (~kol. Tiere 26, H. 1/2 (1938). 


