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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. 
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tents per  g of l iver  of the phenobarb i t a l - t r ea ted  rats,  the  
tumour-bear ing  ra ts  or  the  tu rnout -bear ing  phenobarb i ta l -  
t rea ted ra ts  is no t  s ignif icant ly  changed.  

These results  indicate  t h a t  a t r e a t m e n t  w i th  pheno-  
barbi ta l  produces  a marked  l iver  weight  increase in only  
48 h. This  en la rgemen t  is a real hype r t rophy ,  since a t  t he  
same t ime  there  is an  increase of to t a l  proteins,  D N A  and 
RNA.  

The phenobarb i t a l  ac t iv i ty  on tumour -bea r ing  rats  can 
be compared  wi th  t h a t  observed  in weanl ing  rats.  I t  is 
probable t h a t  some g rowth-p romot ing  factor(s) f rom the  
tumour  is responsible  for the  g rea te r  sens i t iv i ty  toward  
the phenobarb i t a l  act ion on the  liver. Our  previous results  
show t h a t  there  is an  increased sens i t iv i ty  toward  pheno-  
barbi ta l  in par t ia l  hepa tec tomized  or in pregnant  rats,  and 
in both  cases t he  presence of g rowth-promot ing  factor(s) 
has been repor ted  10-~. 

Riassunto. Gli autor i  hanno  d imos t ra to  che nei ra t t i  
por ta tor i  di t umore  di Wa lke r  (carcinosarcoma 256), un  
t r a t t a m e n t o  esegui to 48 h p r ima  con phenobarb i ta l  pro- 

duce un aumento  del rappor to  peso legato/peso corporeo 
pari  al 26%, ment re  esso ~ sol tanto del 6% dei ra t t i  nor- 
m a l l  Tale  fa t to  si accompagna  ad aumento  di contenuto  
to ta le  di proteine,  di R N A  e di DNA. 
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D e c r e a s e d  A c t i v i t i e s  o f  L i v e r  M i c r o s o m a l  D r u g -  

M e t a b o l i z i n g  E n z y m e s  i n  t h e  R a t s  B e a r i n g  

W a l k e r  C a r c i n o s a r c o m a  

There  are m a n y  repor ts  concerning sys temic  effects of 
mal ignant  turnouts  on hos t  an ima l sL  NAKAHARA and 
FUKUOKA, ~N~AKAGAVCA et  aI. and KAMPSCHMIDT and 
McCoY repor ted  a marked  decrease of l iver  cata lase  
ac t iv i ty  in the  t umour -bea r ing  animals ,  and also t h a t  in- 
jec t ion of the  t u m o u r  ex t rac t s  p roduced  a depression of 
l iver cata lase  ac t i v i t y  *-L On the o the r  hand,  GREENE and 
HAVEN have  shown an increase in cy tochrome  oxidase 
ac t iv i ty  in l iver  homogenates  or  mi tochondr ia  from livers 
of rats  bear ing Walke r  carc inosarcoma 256 ~. 

In  recent  years,  the  impor tance  of ox ida t ive  processes 
in l iver  microsomes for drug  metabo l i sm have  been widely 
recognized. The  microsomal  enzymes  have  a common re- 
quirement  of reduced t r iphosphopyridinenucleot ide (TPNH) 
and oxygen.  The  ox ida t ion  of T P N H  in the  microsomes by  
T P N H  oxidase and oxygen  m a y  involve  a format ion  of 
organic peroxide,  bu t  the  mechan i sm of act ion is not  ye t  
clear 6. 

I n  the  p resen t  work, evidence is g iven t h a t  ra ts  bear ing 
Walker  carc inosarcoma 256 show a depressed ac t i v i t y  of 
the  l iver  microsomal  enzymes  responsible for metabo l i sm 
of hexobarbi ta l ,  s t rychn ine  and meprobamate .  

Male ra ts  of the  Sprague-Dawley  strain,  weighing abou t  
200 g were used. W a l k e r  carc inosarcoma 256 were in- 
oculated subcu taneous ly  in t he  la tera l  abdomina l  region. 
The animals  were killed 22 days  a f te r  the  inoculat ion.  

The enzyme  act iv i t ies  were de te rmined  by  measur ing  
the  metabol ized  hexobarbi ta l ,  s t rychnine  and  mepro-  
b a m a t e  by  a l iver  microsomal  p repara t ion  dur ing in- 
cubat ion  for 1 h. The  l iver  was immed ia t e ly  r emoved  and 
homogenized in 3 par ts  of isotonic KCI (1.15°/o) wi th  a 
Po t t e r -E lveh j em t y p e  homogenizer .  The  nuclei  and mito-  
chondria  were sed imented  by  centr i fugat ion of the homo-  
genate a t  8500 g for 15 rain. The incubat ion  mix tu re  
(5.0 ml) conta ined  3 ml  of the  microsome-conta in ing 
supernatant ,  0.1 ml  of 20 t~mole glucose-6-phosphate,  
0.4 t~mole T P N ,  50 ~mole n icot inamide  and 75 ~zmole 
MgCI, and 2 M KC1 and more 1.3 ml  of 0.2 M sodium 

phospha te  buffer  p H  7.4 (pH 8.2 for strychnine) and 
0.2 ml  of the  substrate.  Final  concentrat ions of hexo- 
barbi ta l ,  s t rychnine  and meprobamate  were 6 x  10 -4, 
2 × 10-4 and 3 × I 0 - a M  respectively.  

The  de te rmina t ions  of hexobarbi ta l ,  s t rychnine and 
meprobama te  were carried ou t  according to the methods  
of AXELROD et  al., KATO et  al., and HOFFMAN and LUD- 
WIG respect ive ly  wi th  li t t le modificationT-L The results 
are shown in the  Table.  

The  metabol isms of hexobarbi tal ,  s t rychnine and 
meprobamate  were marked ly  decreased in l iver of Walker  
carc inosarcoma-bear ing rats. Hexobarb i ta l  metabol ism 
was decreased 53%. In pre l iminary  experiments,  we could 
not  demons t ra te  the  presence of an inhibitor  in the liver 
of the tumour-bear ing  rats, Similarly, decreased enzyme 
ac t iv i ty  was also observed by us in rats bearing Flexner-  
Jobl ing  carcinosarcoma even of less intense degree. 

The  mechanism which produced the decreased act iv-  
ities of the microsomal  drug metabolizing enzymes is not  
ye t  clear. I t  is probable  tha t  as toxohormone produces a 
decrease in the ac t iv i ty  of l iver catalase, some factors 
e labora ted  by  the t u m o u r  cell may  act  direct ly or in- 
d i rec t ly  on the l iver  microsomes to produce a decrease of 
the  ox ida t ive  processes. We also observed a decreased 
ac t i v i t y  of microsomal  T P N H  oxidase in the  tumour -  
bear ing rats,  bu t  according to GILLETTE et  al.~. the  pro- 
duc t ion  of H , O  2 and its decomposi t ion by catalase are not  
connected  wi th  the  process of drug metabol isms in l iver  
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