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the  g ra f t ' s  surface.  The  exposed  g ra f t  b e c a m e  d a r k  a n d  
stiff  in  a few minu te s .  Th i s  s y m p t o m  was recognized as 
an  in i t i a l  f ad ing  of t h e  whole  graf t .  I t  t u r n e d  out ,  how- 
ever,  t h a t  a slip of t he  g ra f ted  skin  left  u n d e r  t he  i n t a c t  
colloidal m e m b r a n e  deve loped  and  b e c a m e  covered  w i th  
whi te  h a i r ;  i t  h a s  su rv ived  u p  to now, i.e. for 220 days,  
and  does no t  show a n y  s y m p t o m s  of fad ing  (Table).  

I n  t he  case  of 6 con t ro l  graf ts ,  t r a n s p l a n t e d  crosswise 
to  mice of t h e  s ame  breed ,  all t he  g ra f t s  faded be t w een  
the  6 th  a n d  l l t h  d a y  a f t e r  ope ra t ion .  

I n  t he  second e x p e r i m e n t ,  sk in  graf t s  were m a d e  edge- 
wise on  t h e  3rd d a y  fol lowing t he  las t  i n j ec t ion  of t h y m i c  
ex t rac t s .  The  sk in  g ra f t  f rom a b lack  mouse  of t he  C57 
s t r a in  to  a wh i t e  mouse  of t h e  A s t r a in  h a d  faded b y  t he  
10th d a y  a f t e r  ope ra t ion .  T he  sk in  g ra f t  f rom t he  wh i t e  
mouse of t he  A s t r a i n  to  t he  b lack  mouse  of the  C~7 s t r a i n  
developed edgewise  a n d  b e c a m e  covered  w i th  whi t e  hai r .  

i t  has  a l r eady  su rv ived  for 280 days  and  does not  show 
a n y  s y m p t o m s  of fading.  

As regards  10 con t ro l  graf t s  m a d e  crosswise in maIe 
mice of the  same breed  as the  e x p e r i m e n t a l  mice, al l  the  
skin graf t s  faded be tween  the  6 th  and  10th day  a f te r  
opera t ion .  

Zusammen/assung. W ~ h r e n d  3 Wochen  wurden  zwei 
gesch lech ts re i fen  Mf.usen T h y m u s e x t r a k t e  aus  Schweine-  
f r f ih f ruch t  s u b k u t a n  bzw. in t r ape r i tonea l  inj iziert .  Im-  
p l a n t i e r t e  Haut lS.ppchen aus  g a t t u n g s f r e m d e r  Maus e rgab  
FAnwachsen yore  F, ande  her  und  daue rha f t e  I m p l a n t a t e  
o h n e  S c h w u n d t e n d e n z .  
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N y s t a g m u s  and  R e l a t e d  P h e n o m e n a  in 
Sepia officinalis 

The  s t a t o c y s t  of c epha l opods  c o n t a i n s  no t  on ly  one or 
more  ' m a c u l a e ' ,  i .e. s t a t o l i t h - b e a r i n g  groups  of sensory  
hairs  (one in Octopus, t h r ee  in Sepia), b u t  also t h r ee  
'cr is tae ' ,  rows of del icate ,  un loaded  sensory  hairs ,  a r r a n g e d  
more or less p e r p e n d i c u l a r  to  each  o ther .  W h e r e a s  the  
macu lae  m a y  serve  as  g r a v i t y  receptors ,  t he  s t r u c t u r e  of 
the  e r i s tae  sugges ts  a n o t h e r  f u n c t i o n :  n a m e l y  t he  detec-  
t ion  of e n d o l y m p h  m o v e m e n t s  w i t h i n  t he  s t a t o c y s t  as 
caused b y  a c t i v e  or pass ive  r o t a t i o n  of t he  a n i m a l L  In  
Octopus, t h i s  v iew has  been  conf i rmed  expe r imen ta l l y .  
On a t u r n - t a b l e ,  b l i nded  oc topuses  show c lear  pos t - ro t a -  
t o ry  e y e - n y s t a g m u s  a n d  c o r r e s p o n d i n g  a f t e r - m o v e m e n t s  
of t he  head .  T h e s e  p o s t - r o t a t o r y  reflex m o v e m e n t s  pers is t  
a f te r  r e m o v a l  of one  s t a tocys t ,  b u t  t h e y  d i s a p p e a r  com- 
ple te ly  a f t e r  r e m o v a l  of t he  r e m a i n i n g  one e. 

T u r n - t a b l e  e x p e r i m e n t s  of th i s  k ind  were now per- 
formed w i t h  cu t t l e - f i sh  (Sepia o[/ieinalis). Firs t ,  an  i n t a c t  
an ima l  was  p u t  in a r a t h e r  t i g h t l y  f i t t i ng  r e c t a n g u l a r  glass 
vessel a n d  f ixed in i t s  ' n o r m a l '  pos i t ion  w i t h i n  t he  vessel. 
Care was t a k e n  to p rov ide  t he  a n i m a l  w i th  suff ic ient  fresh 
sea w a t e r  for u n d i s t u r b e d  resp i ra t ion .  T he  vessel  was 
placed on  a h o r i z o n t a l  t u r n - t a b l e .  On r o t a t i o n  of t he  t ab le  
(by hand) ,  t he  a n i m a l  was  t u r n e d  a r o u n d  i ts  ver t ica l  axis. 
The  c o m p e n s a t o r y  eye a n d  h e a d  m o v e m e n t s  which  oc- 
cur red  d u r i n g  r o t a t i o n  m i g h t  h a v e  been  due  p a r t l y  or even  
en t i re ly  to  op t i ca l  s t imu l a t i on ,  a l t h o u g h  t he  t u r n - t a b l e  
was s u r r o u n d e d  b y  a g rey  c a r d - b o a r d  in o rder  to  reduce  
visual  l a n d m a r k s  as fa r  as possible.  However ,  w h e n  the  
ro t a t i ng  t u r n - t a b l e  was  s u d d e n l y  a r r e s t ed  a n d  s t o p p e d  
a f t e r  a couple  of  r evo lu t ions ,  c lear  ' a f t e r - n y s t a g m u s  move-  
mer i t s '  of t h e  h e a d  were obse rved .  A f t e r  c lockwise ro t a t ion ,  
for example ,  t h e  a n i m a l  swayed  i ts  h e a d  clockwise a n d  
th i s  m o v e m e n t  was  i n t e r r u p t e d  b y  two or t h r ee  r e l a t ive ly  
slow ant i -c lockwise  ' n y s t a g m u s '  m o v e m e n t s .  W'eak s im- 
i lar  p o s t - r o t a t o r y  eye  m o v e m e n t s  were also obse rved .  
Af te r - reac t ions  of t h i s  k i n d  can  of course  n o t  be  due  to  
opt ica l  s t i m u l a t i o n ;  v i sua l  p e r c e p t i o n  of t h e  r e s t ing  en- 
v i r o n m e n t  will r a t h e r  t e n d  to  i n h i b i t  such  p o s t - r o t a t o r y  
react ions ,  as a p p e a r e d  a l r eady  in ear l ier  s imi la r  exper i -  
m e n t s  w i t h  Octopus L 

I n  a d d i t i o n  to  e x p e r i m e n t s  w i t h  r o t a t i o n  a r o u n d  the  
an ima l ' s  ve r t i ca l  axis,  t h e  r eac t ions  of Sepia on r o t a t i o n  
a r o u n d  i t s  h o r i z o n t a l  axes  were inves t iga ted .  W i t h  t he  
an ima l  in  i ts  ' n o r m a l '  pos i t ion ,  a n y  r o t a t i o n  a r o u n d  its 

ho r i zon ta l  axes  would involve  a change  of posi t ion wi th  
respect  to the  directi~m of grav i ty ,  and  t hus  add i t iona l  
s t i m u l a t i o n  of the  g r a v i t y  receptors  would occur. In order  
to avo id  this ,  t he  glass vessel wi th  the  fixed cut t le- f i sh  was 
t i l t ed  b y  90 '~ and  placed again  on the  tu rn - t ab le ,  i n  th i s  
way the  a n i m a l  was laid on its side, one eye looking up- 
ward ,  the  t~ther eye looking downward .  T u r n - t a b l e  ro t a t i on  
now m a d e  the  a n i m a l  ro t a t e  a r o u n d  i ts  t r ansve r se  axis, 
whereas  no c h a n g e  of posi t ion wi th  respect  to g rav i ty  
occurred.  N o t w i t h s t a n d i n g  t he  fact  t h a t  the  an ima l s  were 
kep t  in a forced, ' a b n o r m a l '  pos i t ion du r ing  the  experi-  
men t s ,  t h e y  showed typ ica l  a f t e r - n y s t a g m u s  m o v e m e n t s  
of the  eyes wi th  the  wel l -known slow and  quick phases  in 
opposi te  direct ions,  and  s imi la r  m o v e m e n t s  of the  whole 
head.  Likewise, on r o t a t i o n  of an  a n i m a l  a r o u n d  its long 
axis  (head  po in t ing  upward ,  ' t a i l '  downward) ,  c lear  post-  
r o t a t o r y  head  m o v e m e n t s  were observed .  

E x p e r i m e n t s  of th i s  k ind  were per formed wi th  three  
i n t a c t  spec imens  of Sepia o/[icinalis, measur ing  12 to 
15 cm in length.  I t  was in t ended  or ig inal ly  to  b l ind  the  
an ima l s  previous ly  by  c u t t i n g  the i r  opt ic  t r ac t s  in o rder  to  
e l imina te  visual  o r i en ta t ion .  However ,  a f t e r  sect ion of one 
opt ic  t r a c t  in a cut t le- f i sh  (anaes the t i zed  in 1.5% u r e t h a n e  
in sea water )  the  a n i m a l  recovered on ly  t e m p o r a r i l y ;  i t  
swam backwards ,  c ircl ing t owards  the  ope ra t ed  side 
( a symmet r i ca l  locomot ion  a f t e r  sect ion of one opt ic  t r a c t  
is also known  from Octopus2), a n d  died soon a f t e r  t he  
opera t ion .  Since even  i n t a c t  cu t t le - f i sh  used to die w i t h i n  
a week a f t e r  a r r i w d  a t  the  s ta t ion ,  the  i n t e n t i o n  to  work  
wi th  b l inded or o therwise  ope ra t ed  an ima l s  was a b a n -  
doned.  However ,  t he  occurrence  of p o s t - r o t a t o r y  reflexes 
even  in cu t t le - f i sh  wi th  n~wmal eye-s ight  s t resses  all the  
more  the  s t r e n g t h  of these  r o t a t o r y  s t imul i ,  occur r ing  on  
t u r n i n g  a r o u n d  all  t h ree  main  body  axes. On the  basis  of 
w h a t  has  been found  in Octopus, t he re  seems l i t t le  d o u b t  
t h a t  the  s t imul i  inw)lved arise wi th in  the  s t a tocys t s  wi th  
t he i r  h igh ly  developed cr is tae  L 
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Zusammen/assung. I n t a k t e  E x e m p l a r e  yon  Sepia offi- 
cinatis zeigen nach  D r e h u n g  u m  .alle drei  H a u p t a c h s e n  
Augen-  und  K o p f b e w e g u n g e n  v o m  T y p u s  des ~cNach- 
Nystagmu~).  Diese p o s t ro t a to r i s chen  Ref lexe  k6nnen  
n i c h t  op t i sch  ausgel6s t  sein;  sie beweisen  v i e lmehr  
das  V o r h a n d e n s e i n  eines ech ten  Rota t ionss innes .  Es  
wird  a n g e n o m m e n ,  dass  dieser  auch  h ier  se inen Sitz 

in den S t a t o c y s t e n  mi t  ih ren  hochdi f fe renz ie r ten  Cris tae 
ha t .  

S. DIJKGRAAF 

Station zoologique, Ville/ranche-sur-Mer (France), and 
Laboratory o/ Comparative Physiology, Utrecht (Holland), 
September 12, I962. 

Phenobarbital  Markedly Increases Liver Weight 
in Walker Carcinosarcoma Bearing Rats 

The p re sen t  work  is founded  on some recen t  obser-  
va t ions  b y  CO~NEY et  al . t .  These au tho r s  d e m o n s t r a t e d  
an  increase of l iver size in weanl ing  ra ts  a f t e r  a four  days  
t r e a t m e n t  w i th  phenoba rb i t a l .  The increase of l iver size 
was combined  wi th  an increased l iver p ro te in  c o n t e n t  and  
the  increased a c t i v i t y  of some liver mic rosomal  d rug  
metabo l i z ing  enzymes~,*. Accord ing  to our observa t ions ,  
these  increases are less in tense  in adu l t  r a t s  3,~. 

Some obse rva t ions  of ANNAU et al. show t h a t  in t u m o u r  
bear ing  ra ts  and  mice  the re  is an increase of l iver  we igh t  
and  of mi to t ic  ac t iv i ty  5. Similar  resul ts  were observed  in 
tu rnou t -bea r ing  mice by  MALMGREN; t h e  same au tho r  
could also observe  an  increase of mi to t ic  a c t i v i t y  b y  
simple in jec t ion  of t u m o u r  h o m o g e n a t e  6. PASCHKIS et  al. 
obse rved  t h a t  the  l iver r egene ra t ion  was  enhanced  in t he  
presence  of a growing t u m o u r L  I t  appea red  ev iden t  t h a t  
in t h e  t u m o u r - b e a r i n g  ra t s  the re  is some g rowth  p r o m o t i n g  
factor(s).  Therefore  we supposed  t h a t  t umour -bea r i ng  
ra t s  m i g h t  be more  sensi t ive  to  t he  p h e n o b a r b i t a l  effect  
on t h e  l iver  en la rgement ,  like growing  rats .  

In  fact ,  in the  p re sen t  work  ev idence  is given t h a t  adu l t  
r a t s  bear ing  Walke r  ca re inosa rcoma  256 have  a r emarkab le  
sens i t iv i ty  t o w a r d  l iver  e n l a r g e m e n t  induced  b y  pheno-  
barb i ta l .  

Male ra t s  of the  Sprague-Dawley  s t r a in  weighing a b o u t  
200 g were used.  The  an imals  were inocu la ted  subcu ta -  
neous ly  wi th  W a l k e r  ca rc inosa rcoma  256 in the  la te ra l  

Tab. I. Effect of phenobarbital on liver weight of 

abdomina l  region. Af te r  18 days,  r a t s  bear ing  well  devel-  
oped  t u m o u r s  were selected and  a g roup  of t u m o u r -  
bear ing  ra t s  and  of cont ro ls  were  t r e a t e d  wi th  pheno-  
b a r b i t a l  (90 mg/kg,  i .p.) .  48 h la te r  all the  ra t s  were killed 
and  the  whole  l iver was weighed.  The d e t e r m i n a t i o n  of 
l iver prote in ,  D N A  and  R N A  was carr ied out ,  us ing re- 
spec t ive ly  t he  m e t h o d s  of LowRY et  al. and  SCHNEIDER s'9. 

The resul ts  are  g iven in Tables  I and  II .  
P h e n o b a r b i t a l  p roduces  only  a 5% increase of t he  l iver  

we igh t  in n o r ma l  ra ts ,  whi le  in the  t u m o u r - b e a r i n g  ra ts  
t h e  increase is 28% (P  < 0.001). As regards  t he  ra t io  of 
l iver  weigh t  for 100 g of b o d y  weight ,  the re  is a 26% 
increase in t h e  t u m o u r - b e a r i n g  ra t s  ( P  < 0.001) aga ins t  
a 6% only  in n o r ma l  ra ts .  Pro te in ,  D N A  and  R N A  con- 
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normal and Walker careinosarcoma ~56 bearing rats 

Number 
of rats 

Phenobarbital Body weight Tumour weight Liver weight Liver weight x 100 
treatments (g) (g) (g) Body weight 

(1) Normal rats 14 - -  289:1= 3,8 t8.0 4- 0.43 4.52 4- 0.13 
(2) Normal rats 14 + 284 ~ 4,2 13.6 4- 0.41 4.79 :j= 0.16 
(3) Tumour bearing rats 13 - -  286 ~.~ 4.8 17.5 :j: 9.4 13.6 4- 0.46 ~ 4.76 q- 0.I9 ~ 
(4) Tnmour bearing rats 13 + 292 4- 4.5 19,4 q- 2.5 17.4 =J= 0.58 ~ 5.98 -4- 0.24 ~ 

Significance (4-3) P ,~ 0.001 

Tab. II. Effect of phenobarbital on protein, DNA and RNA concentration in livers of normal and Walker carcinosarcoma 256 bearing rats 

Phenobarbital Number Protein content DNA content RNA content 
treatment of rats (mg/g liver) (mg/g liver) (mgJg liver) 

(1) Normal rats - -  9 167 4- 2.5 2.02 4- 0.08 9.80 -t- 0.36 
(2) Normal rats q- 9 174 4- 3.2 1.91 4- 0.1O 11.28 :j: 0.58 
(3) Tumour bearing rats - -  8 163 4- 3.0 2.15 -4- 0.12 10.12 4- 0.60 
(4) Tumour bearing rats + 8 165 -4- 3.8 1.98 4- 0.10 I0.77 4- 0.51 

All differences are statistically not significant. 


