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Histochemische Untersuchungen wiihrend der Wallerschen Degeneration bei C3H/An und C57bl- 
M~iusen 

]3ei expe r imen te l l en  U n t e r s u c h u n g e n  des Marksche i -  
d e n a b b a u e s  w~thrend der  Wa l l e r schen  D e g e n e r a t i o n  wurde  
eine s t a rke  A k t i v i t g t s s t e i g e r u n g  ve r sch iedene r  H y d r o -  
lasen  festgestel l t .  I h n e n  wi rd  desha lb  eine Be te i l igung  a m  
M a r k s c h e i d e n a b b a u  zugeschr ieben l ,  2. 

W i r  u n t e r s u c h t e n  den  A b l a u f  der  Wa l l e r s chen  Dege- 
n e r a t i o n  bei  C3H- u n d  C57bl-M~iusezuchts t~mmen.  Die  
C3H-M/iuse bes i t zen  auf  G r u n d  eines gene t i schen  De- 
fek tes  n u r  e ine sehr  ger inge f l -D-Glucuronidase-Aktivi tXt .  
Es  soll te geklgr t  werden,  ob  die V e r s ch i edenhe i t  des En -  
zy mgeha l t e s  bei  den  zwei M/ iu se s tgmmen  e inen  U n t e r -  
schied im Ab lau f  t ier Wa l l e r schen  D egene r a t i on  bewirk t .  
Ausser  auf  f l -D-Glucoronidase und  saure  P h o s p h a t a s e  
(Methoden  n a c h  HAYASHIa) w u r d e n  Pa r a l l e l s chn i t t e  m i t  
v e r s c h i e d e n e n  M e t h o d e n  zur  L ipo idda r s t e l l ung  (Sudan-  
schwarz ,  Schar l achro t ,  Ni lb lausul fa t ,  Otan)  4 u n t e r s u c h t .  
Die  Tiere w u r d e n  1 Tag  his  5 Mona te  n a c h  D u r c h t r e n -  
n u n g  des r e c h t e n  N. i sch iad icus  get6te t .  D a n a c h  w u r d e n  
de r  p rox ima le  u n d  der  d is ta le  S t u m p f  d a v o n  e n t n o m m e n ,  
in  CO2 e ingefroren  u n d  im K r y o s t a t e n  7-9  ~z dicke Schn i t t e  
angefer t ig t .  I m  l inken,  d .h .  i n t a k t e n  N e r v e n  der  C3H- 
Mgtuse liess sich f l -Glucuronidase n i c h t  nachweisen .  Bei  
d e m  C 5 7 b l - S t a m m  ist  im Z y t o p l a s m a  der  S c h w a n n s c h e n  
Zellen ein fe ingranul / i res ,  ro tes  R e a k t i o n s p r o d u k t  vor-  
h a n d e n .  Die saure  P h o s p h a t a s e r e a k t i o n  fgll t  bei  be iden  
T i e r a r t e n  e twa  gleich aus. 

Bere i t s  24 h n a c h  D u r c h t r e n n u n g  der  N e r v e n  zeigt  s ich 
sowohl  a m  p r o x i m a l e n  wie a m  d is ta len  S t u m p f  eine deu t -  
l iche Akt iv i t /~ tss te igerung der  sau ren  P h o s p h a t a s e .  Sie 
is t  an fangs  vo rwiegend  in den  A x o n e n  des S tumpfes  
nachweisba r .  Nach  2 u n d  4 Tagen  t iberwiegt  j edoch  die 
pos i t ive  E n z y m r e a k t i o n  in den  S c h w a n n s c h e n  Zellen und  
in den  sich v e r m e h r e n d e n  M a k r o p h a g e n  des d i s t a l en  
S tumpfes .  Es  b e s t e h t  eine enge Kor re l a t ion  zwischen d e m  
Zerfa l l  der  Marksc he i den  u n d  der  A k t i v i t ~ t  der  s au ren  
P h o s p h a t a s e .  D e m e n t s p r e c h e n d  sind die Ver / inde rungen  
a m  p r o x i m a l e n  S t u m p f  n u r  auf  e inen s c h m a l e n  Bere ich  
d i r e k t  an  der  Durchschne idungss t e l l e  beschr / inkt .  U n t e r -  
schiede zwischen den  be iden  T i e r s t g m m e n  s ind n i ch t  
nachweisbar .  Diese A k t i v i t / i t s z u n a h m e  der  sau ren  Phos-  
p h a t a s e  in den  S c h w a n n s c h e n  Zellen is t  noch  M o n a t e  
n a c h  der  N e r v e n d u r c h t r e n n u n g  v o r h a n d e n .  

Bei  den  C57bl-M/iusen zeigt  die /5-Glucuronidase ein 
ghnl iches  Verha l t en ,  n u r  is t  die h i s t ochemisch  nachweis -  
ba r e  A k t i v i t g t s s t e i g e r u n g  n i c h t  so auf fa l lend  wie bei  der  
s a u r e n  P h o s p h a t a s e .  Sie is t  auf  Schw anns che  Zellen und  
M a k r o p h a g e n  besch r / i nk t  u n d  t r i t t  ebenfa l ls  i m m e r  an  
den  Ste l len besonders  auff/illig in Er sche inung ,  wo Mark-  

s c h e i d e n f r a g m e n t e  a b g e b a u t  u n d  p h a g o z y t i e r t  werden.  
Diese E n z y m v e r m e h r u n g  is t  nachwe i sba r ,  so lange  noch  
Myel in res te  zu b e o b a c h t e n  sind.  

{3berraschend is t  jedoch,  dass  a u c h  be i  C3H-M/iusen 
a m  p r o x i m a l e n  S tumpf ,  n a h e  der  D u r c h s c h n e i d u n g s -  
stelle, u n d  i m  g e s a m t e n  d i s t a l en  S e g m e n t  S c h w a n n s c h e  
Zellen u n d  M a k r o p h a g e n  auf t r e t en ,  in  deren  Z y t o p l a s m a  
/%Glucuronidase n a c h w e i s b a r  ist. Die E n z y m r e a k t i o n  
f/illt zwar  schw/icher  aus  als bei  den  C57bl-M/iusen, is t  
abe r  v o m  4. bis  21. Tag  n a c h  D u r c h t r e n n u n g  des N e r v e n  
in a l len u n t e r s u c h t e n  Fgl len  v o r h a n d e n .  N a c h  3 W o c h e n  
s ind k a u m  noch  f l -Glucuronidase-pos i t ive  Zellen zu be- 
obach ten .  A u c h  fiir die /%Glucuronidase  is t  cha r ak t e r i -  
s t isch,  dass  sie in  den  Zellen a m  s t g r k s t e n  reagier t ,  die 
a m  A b b a u  des Myelins  be te i l ig t  sind. 

B e t r a c h t e t  m a n  den  M a r k s c h e i d e n a b b a u  m i t  den  ange-  
gebenen  L ipo id fg rbungen ,  so 1/isst s ich bei  b e i d e n  Tier-  
s t g m m e n  ein zei t l ich n o r m a l e r  Ab lau f  e rkennen .  Das  
Marchi -  u n d  S c h a r l a c h r o t s t a d i u m  is t  n a c h  ca. 8 Tagen  
bzw. 3 W o c h e n  erre icht .  

Diese Be funde  zeigen, dass  auch  bei  C3H-Mgusen  m i t  
n iedr iger  f l -Glucuronidase-Akt iv i t / i t  der  Marksche iden-  
a b b a u  n o r m a l  ver lguf t .  Auf fa l l end  ist, dass  sich in den  
S c h w a n n s c h e n  Zellen u n d  M a k r o p h a g e n  w/ ih rend  der  
Wal l e r schen  D e g e n e r a t i o n  bei  diesen Tie ren  f l-Glucuroni-  
dase  nachwe i sen  1/isst 5. 

Summary .  The  r educ t i on  of t he  mye l in  s h e a t h  d u r i n g  
t he  W a l l e r i a n  degene ra t i on  is no t  de layed  in C 3 H / A n  
mice  w i th  reduced  a c t i v i t y  of fl-D-glucuronidase.  Af te r  
sec t ion  of the  sciat ic  nerve,  a n  increase  of g lucuron idase  
ac t i v i t y  in S c h w a n n ' s  cells a n d  inac rophages  can  be  
shown  here  too. 
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Carcinogenesis and Inhibited Biosynthesis  of Soluble Mouse Skin Proteins by Actidione 

The  role of p ro t e i n  syn thes i s  for t he  i n i t i a t i o n  of mouse  
sk in  b y  carc inogenic  polycycl ic  h y d r o c a r b o n s  is st i l l  
u n k n o w n .  P u r o m y c i n ,  a c o m m o n  i n h i b i t o r  of p ro t e in  
synthes is ,  fai led to  inf luence  p ro t e in  syn thes i s  in  mouse  
sk in  1, 2. W i t h  ac t id ione ,  however ,  we found  t h a t  t he  syn-  
thes i s  of soluble  sk in  p ro te ins  m a y  be  blocked.  Ac t id ione  
t h u s  p roved  useful  in  l ea rn ing  w h e t h e r  p r o t e i n  syn thes i s  
was  necessary  for  t he  i n i t i a t i o n  process.  

Ac t id ione  p roduced  no vis ible  signs of i n t o x i c a t i o n  a t  
0.1 mg/g  mouse  (NMRI) .  A t  0.2 rag/g, however ,  3 ou t  of 
10 mice died a f te r  24 h. Mouse skin  was i so la ted  and  
p r e p a r e d  accord ing  to WIEST and  HEIDELBERGER 3. The  
t i ssue  was powder ized  in l iqu id  n i t rogen,  son ica ted  (20 sec) 

in 1.15% KC1 so lu t ion  a n d  cen t r i fuged  a t  2 • 104 g/0.1 ml  
a l iquo ts  of t he  s u p e r n a t a n t  were p u t  on  f i l ter  p a p e r  discs 
a n d  coun ted  b y  l iquid  sc in t i l l a t ion  c o u n t i n g  ~,5. Before  
c o u n t i n g  p r o t e i n - b o u n d  h y d r o c a r b o n s ,  t he  disks were 
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e x t r a c t e d  w i th  cyc lohexane .  A single dose of ac t id ione  
r ap id ly  inh ib i t ed  (80%) t he  s y n t h e s i s  of soluble  p ro t e ins  
of m o u s e  sk in  (Figure) ;  i ts ef fect  faded  a f te r  2-3 h. 

I n  a q u a n t i t a t i v e  BERENBLOM-experiment us ing  D M B A  
as  an  in i t i a to r  an d  t he  pho rbo l e s t e r  A-1 as cocarc inogen  6. 
we t e s t ed  to  see w h e t h e r  the  b lock ing  of p ro t e in  s y n t h e s i s  
b y  ac t id ione  h a d  a n y  effect on t u m o u r - y i e l d s .  Exper i -  
m e n t a l  resul ts ,  g iven  in Tab le  I, show t h a t  t u m o u r - y i e l d s  
r e m a i n e d  u n c h a n g e d ,  i nd i ca t i ng  t h a t  t he  in i t i a t ion  pro- 
cess is i n d e p e n d e n t  of newly  s y n t h e t i z e d  p r o t e i n s  

Since HEIDELBERGER ~, a m o n g  others ,  sugges t s  t h a t  
b i n d i n g  of ca rc inogens  to specific pro te ins  m i g h t  be 
essen t ia l  for t u m o u r  induc t ion ,  we e x p e r i m e n t e d  to f ind 
ou t  w h e t h e r  ac t id ione  r educed  t he  r eac t ion  of hyd ro -  
ca rbons  w i th  soluble  p ro te ins  of m o u s e  skin.  A typ ica l  
e x p e r i m e n t ,  g iven  in Tab le  II ,  reveals  t h a t  t he  b i n d i n g  
of 3 , 4 - b e n z p y r e n e  (BP) is s ens i t ive  to a c t i d i o n e  O the r  
e x p e r i m e n t s  also w i th  7, 12 -d ime thy lbenz  (a) a n t h r a c e n e  
(DMBA~. p ro d u ced  s imi la r  resul ts .  B ind ing  of B P  a n d  
D M B A  to soluble  p ro t e ins  r e m a i n e d  r educed  even  af te r  
24 h, t h u s  exc lud ing  t he  poss ib i l i ty  t h a t  res idual  h y d r o -  
c a rb o n s  were b o u n d  af te r  t he  ac t id ione  effect  ha d  dis- 
appea red  

I t  is poss ible  t h a t  i nh ib i t i on  of p ro te in  s y n t h e s i s  is 
r espons ib le  for t h e  r educed  b ind ing  of carc inogens .  Older  
r e su l t s  of GELBOIN 8 sugges t  such  a d i rec t  re la t ionsh ip .  
WEISBURGER et  a12. however ,  f ound  t h a t  ch lo r amphe n i c o l  
does n o t  r educe  p ro t e in  s y n t h e s i s  in l iver  b u t  does reduce  
b in d in g  of carc inogen  to pro te ins .  On t he  o the r  ha nd ,  
t he  s a m e  a u t h o r s  f ound  t h a t  p u r o m y c i n  blocks  p ro te in  
s y n t h e s i s  w i t h o u t  b lock ing  t he  b i n d i n g  of ca rc inogens  to  
prote ins .  

W h a t e v e r  t h e  cause  m a y  be for the  r educed  b i n d i n g  of 
ca rc inogens  u n d e r  t he  inf luence  of act id ione,  t h i s  s y s t e m  
appea r s  to  s u p p l y  a p r e l i m i n a r y  answer  to  t he  q u e s t i o n  
w h e t h e r  t h e  p ro t e in - ca r c inogen  c o n j u g a t e s  are a n e c e s s a r y  
p re requ i s i t e  for t h e  in i t i a t ion  process.  I t  wou ld  be  expec ted  
t h a t  r ed u ced  b i n d i n g  of p ro t e in  would  lead to a decrease  
in t u m o u r - y i e l d .  Such,  however ,  was  no t  t h e  case, w h ic h  
would  s u g g e s t  t h a t  t h e  c o n j u g a t e s  are n o t  e s sen t i a l  for  
carc inogenesis .  One  could  ob jec t  t h a t  even  u n d e r  ac t id ione  
suf f ic ien t  p ro t e in -ca rc inogen  complexes  are still  p r e s e n t  
to ensu re  n o r m a l  i n d u c t i o n  of t u m o u r .  T h i s  would  m e a n  
t h a t  u n d e r  n o r m a l  cond i t ions  more  c o n j u g a t e s  are f o rme d  
t h a n  necessary .  T h e  dose r e sponse  of t t tmour -y i e lds  w i t h i n  
the  c o n c e n t r a t i o n s  of ca rc inogen  used,  however ,  con t r a -  
d ic ts  s u c h  a h y p o t h e s i s .  So one m i g h t  conc lude  t h a t  car-  
c i no g en -p ro t e in - complexes  are  side p r o d u c t s  of t h e  ini t ia-  
t ion  process  in m o u s e  skin.  Th i s  conc lus ion  is r e s t r i c t ed  
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Time dependency of actidione inhibited biosynthesis of soluble 
mouse skin proteins. 5 male mice were given 100 rig aetidione/g 
animal i.p. At the times indicated they were injected i.p. with 3 ~xC 
L-leueine-4,5-aH (s.a. 5C/mM) per g animal and killed 80 min later. 
Standard errors of the mean are given (3 experiments). 

to our  e x p e r i m e n t a l  cond i t ions :  s tud ie s  of ca rc inogen  
b ind ing  shou ld  be e x t e n d e d  to f o rms  of ca rc inogen  appl ica-  
t ion o t h e r  t h a n  local  pa in t ing ,  to  avoid  t he  h a z a r d s  of 
th i s  m e t h o d .  

To s u m m a r i z e ,  ac t id ione  ef fec t ive ly  inh ib i t s  s y n t h e s i s  
of so luble  p ro te ins  of m o u s e  skill a nd  reduces  t he  b i n d i n g  
of local ly appl ied  ca rc inogens  (BP a n d  DMBA)  to soluble  
p ro te ins  w i t h o u t  a f fec t ing  t u m o u r - y i e l d s  in a BEREN- 
BEg?d-type e x p e r i m e n t .  

Table I Effect of actidione on the tumour-yield 

Treatment No. of No. of Total Papil- 
animals animals number of lomas/ 
after with papillomas animal 
12 weeks papillomas 

Actidione 14 8 15 1.1 
(33 [zg/g mouse~ 

Aetidione 13 8 18 1.4 
~100 tig/g) 

Saline 13 9 19 1.5 

The previously shaven backskin of each male NMRf-mouse was 
painted with 0.02[xM 7.12-dimethylbenz(a)anthracene, dissolved 
in 0.1 1111 acetone. 1 week later each animal was painted with 0.01 tiM 
phorbolester A~ (6) dissolved in 0.1 ml acetone: this treatment was 
coutinued twice a week. 

Table If. Inhibition of the binding of 3,4-benzpyrene-3H to soluble 
mouse skin proteins by actidione 

Tritiated Acti- Protein Specific Specific Inhibi- 
compound dione concen- activity activity tion by 

tration of the of the aetidione 
of the extract TeA prec. in % 
extract (epm/ml) protein of the 
(mg/ml) (cpm/ml) control 

L-Leucine- + 5.4 6,210 1,150 43.1 
4, 5-3H -- 4.5 9,020 2,020 
3,4-Benz- + 11.0 21,890 1,990 33.9 
pyrene-SH -- 12.1 35,910 3,010 

Five male mice received 33 tig actidione per g (Lp.). 60 rain later 
one group was given L-leucine-4, 5-H (s.a./5 C per raM, 3 tiC/g animal) 
i.p. and killed after 60 rain. The group was painted with 3,4-benz- 
pyrene-aH, dissolved in 0.1 ml acetone (specific activity 3.8C/mM, 
30 ~zC per approx. 7.5 Cln I previously shaved backskin) and killed 
after 360 min. 

Zusammenfassung. Act id ion  h e m m t  die S y n t h e s e  16s- 
l icher  P ro te ine  de r  M~usehau t ,  r eduz i e r t  die B i n d u n g  
lokal  appl iz ie r te r  K a r z i n o g e n e  (BP  u n d  DMBA)  a n  16s- 
l iche Pro te ine ,  o h n e  die T u m o r a u s b e u t e  i m  BERENBLUM- 
E x p e r i m e n t  zu bee inf lussen .  
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