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r a t  0r i n h i b i t e d  t ryps in ,  c h y m o t r y p s i n ,  p lasmine ,  
t h r o m b i n  a n d  elastase.  The  effect  on  t he  t u m o u r  g r o w t h  
in s e r u m - s u p p l e m e n t e d  Dulbecco-Voig t  m e d i u m  was 
checked  b y  m e a s u r i n g  da i ly  t h e  m i t o t i c  f r equency  of t he  
l e u k a e m i a  cells ill a cell counte r .  I n  t h e  t e s t  series, t he  
m e d i u m  c o n t a i n e d  a d d i t i o n a l l y  0.1 m g  e2-M (or o the r  
g lobul in  f ract ions) .  Th e  s t a r t i n g  c o n c e n t r a t i o n  of L 1210 
was a lways  be tween  8 • 10~-2 • 105 ceils. Fo l lowing  t h e  
inocu la t ion  of 2 •  m i n c e d  ceils of t h e  D ~ N A - 4 3 5  
t u m o u r  in to  R- ra t s ,  t h e  t u m o u r  was e i the r  a l lowed to  
deve lop  u n h i n d e r e d  or, a f te r  2 days  i n c u b a t i o n  period,  a 
dosage of 0.5 m g  es-M suspended  in n o r m a l  r a t  s e rum was  
a d m i n i s t e r e d  to  t h e  an imal .  T he  t o t a l  t u m o u r  mass  was 
t h e n  c o m p a r e d  in t h e  con t ro l  an ima l s  a n d  those  r a t s  
g iven  es-M af te r  a t o t a l  pe r iod  of 12 days.  As i n t e rna l  
controls ,  t he  l eukaemia  cells were incuba ted ,  r e spec t ive ly  
enr iched  se rum was a d m i n i s t e r e d  to  R - r a t s  w i t h  t he  
fol lowing o the r  se rum p r o t e i n  f rac t ions :  h a p t o g l o b i n  
(0.8 rag), e2-1ipoprotein (0.15 mg) and  ~l-globul in  (0.06 
mg). I n  t h i s  c o n t e x t  i t  shou ld  be  p o i n t e d  ou t  t h a t  coeru-  
loplasmin,  a i lo rmal  c o n s t i t u e n t  of t he  e~-globulin 
f r ac t ion  in h u m a n  and  r a b b i t  serum,  b e h a v e s  as a n  
ml-globulin. To d e t e r m i n e  t he  t u r n o v e r  of t he  in jec ted  
es-M in t he  b lood in some e x p e r i m e n t s  El~sJ]-labelled 
es-M (prepared  b y  t h e  m e t h o d  of CESKA, SJSDIN a n d  
GROSSM~3LLER 1~ was admin i s t e red .  The  specific a c t i v i t y  
of t h e  [lssj] was  9.4 mCi/m2VI. 

Results. W h e n  l eukaemia  cells (L 1210) were i n c u b a t e d  
in presence  of 0.1 m g  ~s-M, t h e y  fai led to  d iv ide  a n y  
fur ther .  Of all t h e  o the r  se rum p r o t e i n  f rac t ions  t e s t ed  
in c o n c e n t r a t i o n s  r e l a t ed  to t he  phys io logica l  range,  
on ly  e l -g lobul in  (0.06 mg) p r o v e d  to  be  effective,  a l t h o u g h  
t he  e x t e n t  was  cons ide rab ly  less, i e .  a b o u t  40%,  t h a n  
was obse rved  in presence  of 0.1 m g  es-M. I t  is l ike ly  t h a t  
th i s  l imi t ed  ac t ion  of e l -g lobul in  was due  to  t h e  e~-anti-  
t r y p s i n  a c t i v i t y  in  th i s  s e rum frac t ion.  T h a t  i t  is m o s t  
p r o b a b l y  a p ro tease  i n h i b i t i o n  wh ich  is respons ib le  for 
t he  as-M ac t ion  on  l e u k a e m i a  cell d iv i s ion  is s u p p o r t e d  
b y  t h e  d r a m a t i c  r educ t i on  in  t u m o u r  g r o w t h  wh ich  
occur red  also on  i n c u b a t i n g  L 1210 w i t h  p ro tease  inh ib i -  
to rs  f rom po ta toes  (15 ~g/10 ~ L 1210 ceils) or w i t h  
Trasylol .  

I n  t he  in  v ivo  e x p e r i m e n t s  on  R-ra t s ;  ra i s ing  t he  se rum 
level  of t he  e2-M f r ac t ion  p r o v e d  equa l ly  effect ive as 
concerned  t h e  t u r n o u t  growth .  W h e r e a s  t he  t u m o u r  mass  
of t he  24 con t ro l  r a t s  was  be t w een  4.4-5.6 g 12 days  
a f te r  D&NA-435  inocula t ion ,  in  34 r a t s  g iven  0.5 m g  
~s-M the  t u m o u r  Weight was  on ly  2.1-3.4 g a f te r  per iods  
as long  as 18-23 days.  In  11 o t h e r  rats ,  t h e  t u m o u r  
regressed a l toge ther ,  whi le  on ly  in  4 r a t s  t he  r a t e  of 
t u m o u r  g r o w t h  r eached  a level  c o m p a r a b l e  to  t he  
u n t r e a t e d  cont ro l s  b e t w e e n  15-18 days  a f t e r  inocula t ion .  
T h a t  we are deal ing  w i t h  a t r ue  ~s-M effect  is i nd ica t ed  
b y  t h e  absence  of s imi la r  g r o w t h  r e t a r d a t i o n  w h e n  
e i the r  a~-l ipoprotein or h a p t o g l o b i n  Were given.  On ly  
w i t h  t he  h a p t o g l o b i n  f r ac t ion  was in some cases a l imi ted  
i n h i b i t o r y  effect  noted ,  so t h a t  a 5 g t u r n o u t  mass  was 

on ly  a t t a i n e d  a t  a pe r iod  of a b o u t  15 days.  The  dosage 
of e l -g lobul in  of 0.06 m g  wh ich  p r o v e d  to  be  ef fec t ive  in 
v i t ro  on l e u k a e m i a  cells could n o t  be  t e s t ed  sy s t ema t i ca l l y  
as toxic  side effects occur red  w i t h  a s izeable n u m b e r  of 
t he  t e s t  an imals .  

Tile use of E125Jl-labelled ~s-M revea led  t h a t  t he  m e a n  
ha l f - t ime  for t he  se rum p r o t e i n  is close to  7 days,  w h i c h  
is s o m e w h a t  fas te r  t h a n  t h e  t u r n o v e r  t i m e  obse rved  
w i t h  h u m a n  p a t i e n t s  11. 

Discussion. Resul t s  b o t h  on  l e u k a e m i a  cells a n d  t h e  
solid DANA-435  t u r n o u t  of R - r a t s  i nd i ca t e  t h a t  e2- 
mac rog lobu l in  exer t s  a m a j o r  i n h i b i t o r y  effect  on  t u m o u r  
growth .  A t  l eas t  for t h e  l e u k a e m i a  cells, t h e  m e c h a n i s m  
respons ib le  seems to' i nvo lve  p rofesses  necessa ry  for  cell 
division,  w h i c h  s u b s t a n t i a t e s  BURGER'S h y p o t h e s i s  ~. 
C o m p a r a t i v e  s tud ies  us ing  e l - l ipopro te in ,  h a p t o g l o b i n  
or ~ - g l o b u l i n  sugges t  t h a t  th i s  effect  on  g rowth  r e t a r -  
d a t i o n  seems to  be  fa i r ly  specific for ~2-M. Tile slow 
t u r n o v e r  t i m e  of [lssj~ ms_NI m a k e s  i t  r a t h e r  l ike ly  t h a t  a 
h igh  s e rum c o n c e n t r a t i o n  will  pe rs i s t  a r o u n d  t h e  model  
t u r n o u t  for  a l m o s t  t h e  l e n g t h  of t h e  n o r m a l  g r o w t h  
period.  

I t  seems l ike ly  t h a t  t he  ~2-M effect  accoun t s  also for  
t he  ac t ion  of as-globul ins  aga in s t  l e u k a e m i a  i n d u c t i o n  as 
t he  resu l t  of X - r a y  i r r ad i a t i on  in mice  ~s. The  es-M 
fract ion,  b y  m e a n s  of i ts  p ro tease  i n h i b i t o r y  act ion,  m a y  
f u r t h e r  slow d o w n  t h e  a c c u m u l a t i o n  of tox ic  cell debr i s  
as t h e  resu l t  of cell lysis fol lowing t u m o u r  t h e r a p y  ~ or 
m a j o r  injuries ,  exp l an ing  in t h i s  w a y  t he  n e u t r a l i z a t i o n  
b y  as-globul in  of o the rwise  l e tha l  ~- ray  d a m a g e  13. To 
w h a t  e x t e n t  t e m p o r a r y  increases  in  t h e  es-M level  m a y  
p r o v e  useful  in  the  con t ro l  of t u r n o u t  g r o w t h  in h u m a n  
p a t i e n t s  r e m a i n s  to  be  seen in v iew of t he  k n o w n  in ter -  
ac t ions  w i t h  t he  b lood c lo t t ing  sys t em ~4. 

Zusammen/assung. Versuche  a n  Leuk&miezel len L 1210 
u n d  in v ivo -Versuehe  a n  D a N A  435- t rage l lden  R - R a t t e n  
h a b e n  gezeigt,  dass  ~2-Makroglobul in  se lek t iv  das  
T u m o r w a c h s t u m  h e m m t .  
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M,yonecrosis Induced by Scorpion Venom 
Arth ropods ,  m a i n l y  insects,  are t h e  n a t u r a l  p r e y  a n d  

food of scorpions.  However ,  up  to  now  the re  is no  r epo r t  
on  t he  effect  of scorpion  v e n o m  on insec t  t issue.  There fore  
we t h o u g h t  i t  i n t e r e s t i ng  to  s t u d y  t i le  pa tho log ica l  changes  
i nduced  b y  scorpion  v e n o m  in a n  insect .  This  r epo r t  
descr ibes  our  f ind ings  in t h e  s t r i a t ed  muscle  of cockro-  
aches  t h a t  h a d  been  in jec ted  w i t h  Braz i l i an  scorp ion  
venom.  

Materials and methods. The  e x p e r i m e n t  was  car r ied  ou t  
on  a d u l t  cockroaches  (Periplaneta americana). The  
insects  were in jec ted  in  t he  pos te r io r  p a r t  of t he  a b d o m e n  
w i t h  12 ~g of c rude  v e n o m  of t he  scorp ion  Tityus serrulatus 
dissolved in  t h e  p r o p e r  phys io logica l  solut ion.  Phys io -  
logical  so lu t ion  was used as a control .  AI1 insec ts  were 
in jec ted  w i t h  a f luid v o l u m e  of 0.03 ml.  The  muscu l a r  
t i ssue  was r e m o v e d  f rom t h e  an t e r i o r  p a r t  of t h e  t h o r a x  
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24 h a f t e r  t he  v e n o m  admin i s t r a t i on .  The  excised t i ssue  
was f ixed in a 1.4% g l u t a r a l d e h y d e  so lu t ion  in cacody la t e  
buf fe r  (pH 7.3)-for 2 h, pos t - f ixed  in 1% o s m i u m  t e t r o x i d e  
for  i h, d e h y d r a t e d  in g raded  ace tones  so lu t ions  an d  
e m b e d d e d  in Epon .  U l t r a t h i n  sect ions  were double  
s t a ined  w i t h  u r a n y l  a ce t a t e  a n d  lead c i t ra te ,  and  exam-  
ined in a Zeiss E M  9S-2 e lec t ron  microscope.  

Results .  The  con t ro l  insec ts  in j ec ted  w i t h  phys io logica l  
so lu t ion  ex ib i t ed  no  lesions of myonecros is .  E l e c t r o n  
microscopic  obse rva t ions  disclosed va r ious  levels of 
degene ra t i on  a m o n g  muscle  f ibres  in  cockroaches  in jec ted  
w i t h  scorp ion  venom.  A p p a r e n t l y  n o r m a l  f ibres  were 
i n t e r m i x e d  w i t h  necro t ic  f ibres  (Figure  1). Vacuoles  of 
v a r y i n g  sizes ly ing  u n d e r  t he  p l a s m a  m e m b r a n e  or be tween  
myof ibr i l s  were obse rved  (Figure  1). M a n y  vacuoles  
possessed m y e l i n  f igures  (Figure 2). As t he  necrosis  
progressed,  t he  vacuoles  b e c a m e  smaller .  Myof ibr i l l a r  
o rgan i za t i on  was lost  u n t i l  t h e  m y o f i l a m e n t s  b e c a m e  
reduced  to  a d i so r i en ted  m e s h w o r k  of f ine f i l amen t s  
(Figure  1, u p p e r  r ight) .  R e m a r k a b l e  swellings of mi to -  
chondr ia ,  i nc lud ing  i r regula r  cristae,  m a n y  vesicles an d  
r u p t u r e d  cristae,  were p r e sen t  (Figure  2). In  comple te ly  
d e g e n e r a t e d  muscle  fibres,  t h e  p l a s m a  a n d  b a s e m e n t  
m e m b r a n e s  d i s appea red  (Figure 1, a t  t he  arrows).  The  
i n t e r m u s c u l a r  ne rves  showed  some a x o n a l  degene ra t i ve  
changes  (Figure  1). 

Discuss ion .  Myonecros is  of s t r i a t ed  muscle  has  been  
s tud ied  b y  m e a n s  of t he  l igh t  a n d  e lec t ron  microscopes.  

A v a r i e t y  of tox ins  p roduces  myonecros i s  1-8. The  t ypes  of 
in jur ies  t h a t  deve lop  as consequence  of tox ic  agen t s  v a r y  
f rom c loudy  swell ing of t h e  sa rcop la sm to t o t a l  necrosis  
of t h e  muscle  fibre.  
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Fig. 1. Myonecrosis induced by scorpion venom. • 6,760. 

Fig. 2. Myonecrosis induced by scorpion venom. • 16,450. Abrevia- 
tions used in the Figures: EM, endomysial space; F, myofilaments; 
MI, mitochondria; N, intermuscular nerve; V, vacuoles and vesicles; 
NF, necrotic muscle fibers; PL, plasma membrane; MY, myelin 
figures. 
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Myocard ia l  pa tho log ica l  changes  i nduced  b y  scorpion  
v e n o m  cons is ted  of e d e m a  a n d  focal d e s t r u c t i o n  of 
myof ibr i l s  a n d  sa rcoplasmic  r e t i c u l u m  ~. No lyt ic  or 
d i s r u p t i v e  lesions were d e m o n s t r a t e d  in t he  u l t r a s t r u c t u r a l  
s t u d y  of t he  frog sa r to r ius  muscle  exposed to  scorp ion  
v e n o m  1~ The  pa tho log ica l  changes  obse rved  in t he  
p r e sen t  i nves t i ga t i on  i nvo lved  all  c o m p o n e n t s  of t h e  
cockroach  s t r i a t ed  muscle ,  w h i c h  suggests  t h a t  c rude  
v e n o m  of t he  scorpion  Tityus serrulatus con ta ins  a 
p o t e n t  t o x i n  ac t ive  in  insec t  s t r i a t ed  muscle.  

JeNo~uA a n d  VAC~ION ~ c i ted  n u m e r o u s  examples  of 
differences  in  suscep t ib i l i t y  of b o t h  v e r t e b r a t e s  a n d  
i n v e r t e b r a t e s  to  scorp ion  venom.  ZLOTKIN e t  al. ~ , ~  
showed t h a t  scorpion  v e n o m s  con t a i n  a v a r i e t y  of tox ic  
p ro te ins  specif ical ly ac t ive  in m a m m a l s ,  insec ts  or 
c rus taceans .  T h e y  sugges ted  t h a t  t h i s  specif ic i ty  m i g h t  
r ep re sen t  a n  a d a p t i v e  process  r e l a t ed  to t h e  su rv iva l  of 
the  species. 

Scorp ion  v e n o m  produces  s p o n t a n e o u s  tw i t ches  or 
t e t a n i c  c o n t r a c t i o n  in ske le ta l  musc le  ~- l s .  Th i s  effect  is 
i n d e p e n d e n t  of ne rve  s t imu la t ion ,  r e su l t ing  f rom a d i rec t  
s t i m u l a t o r y  ac t ion  on  muscle  cell m e m b r a n e s  1~, ~. 
YAROM a n d  MEIR110 s tud ied  t he  morpho log ica l  a l t e r a t i ons  
of t he  frog sa r to r ius  muscle  exposed  to scorpion  v e n o m  
w i t h  t h e  a id  of a t e c h n i q u e  used to  de t ec t  i n t r ace l lu l a r  
ca lc ium a n d  magnes ium.  T he  resul t s  sugges ted  t h a t  t h e  
v e n o m  ac ts  d i r ec t ly  on  t he  muscle  m e m b r a n e ,  a l t e r ing  
t he  ca lc ium flux. 

The  pa tho log ica l  changes  i nduced  b y  scorp ion  v e n o m  in 
s t r i a t ed  muscle  of cockroach  m a y  be  a nonspecif ie  

r eac t ion  to va r ious  k inds  of in ju ry ,  a n d  i t  would  be  
di f f icul t  to  d e t e r m i n e  t h e  n a t u r e  of t he  v e n o m  d a m a g e  
f rom the  h is to logica l  changes  alone. Cy tochemica l  a n d  
b iochemica l  s tud ies  need  to  be  pe r fo rmed  before  m a n y  of 
these  obse rva t i ons  can  be  ful ly unde r s tood .  

Zusammen[assung. E l e k t r o n e n o p t i s c h e r  Nachweis ,  da s s  
Skorp iongi f t  (Tityus serrulatus) n a c h  i.p. V e r a b r e i c h u n g  
a n  der  que rges t r e i f t en  M u s k u l a t u r  de r  K i i chenschabe  
eine s t a rke  nekros ie rende  W i r k u n g  ausi ibt .  
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Distribution du syst~me glio-interstitiel  chez les 
du muscle  adducteur post4rieur chez Anodonta 

L ' 6 t u d e  de ta r 6pa r t i t i on  du  sys t6me gl io- in ters t i t ie l  
chez  les Dor id iens  (Gas t6ropodes  mar iu s ) l ,  ~ nous  a 
pe rmis  d ' 6 t a b l i r  que  ce r ta ines  paro is  muscula i res  c o m m e  
celle de l 'oesophage, c o n t e n a i e n t  u n  t i ssu  glio '-intersti-  
t iel  a b o n d a n t  alors  que  celle du  bu lbe  bucca l  en 6 ta i t  
c o m p l 6 t e m e n t  d6pourvue .  Les deux  pr inc ipa les  diff6- 
rences  qne  nous  avons  not6es  en t r e  les muscles  de l 'ceso- 
p h a g e  e t  ceux  du  bu lbe  bucca l  r6s iden t  d ' u n e  p a r t  d a n s  
la  n a t u r e  de la con t rac t ion ,  de t y p e  t on i que  pou r  l 'ceso- 
phage ,  p h a s i q u e  pou r  le b u l b e  e t  l ' a u t r e  p a r t  d a n s  le 
d 6 v e l o p p e m e n t  des espaces extracel lu la i res ,  b e a u c o u p  
plus  i m p o r t a n t  dans  l 'cesophage.  

Af in  de d 6 t e r m i n e r  s ' i l  ex i s t a i t  une  corr61ation en t r e  
les ca rac t6r i s t iques  morpho log iques  et  phys io log iques  
des muscles  et  le d 6 v e l o p p e m e n t  du  t i ssu  gl io- inters t i t ie l ,  
nous  a v o n s  en t r ep r i s  une  6rude c o m p a r a t i v e  sur  diff6- 
r en t s  mol lusques .  Le  muscle  a d d u c t e u r  de l ' A n o d o n t e  
a p p a r a i t  c o m m e  u n  mat4r ie l  f avorab le  pu i squ ' i l  compor t e  
deux  par t ies ,  une  pa r t i e  ~phasique~>, ~t c o n t r a c t i o n  rap ide  
e t  br6ve,  r esponsab le  de la  f e rme tu re  des valves ,  e t  une  
p a t t i e  <<tonique~L ~ c o n t r a c t i o n  len te  e t  prolong6e,  
r esponsab le  du  m a i n t i e n  de ce t t e  fe rmeture .  Ces pa r t i e s  
p r 6 s e n t e n t  l ' a v a n t a g e  de p o u v o i r  8tre d i s t i n g u 6 e s  5~ 
l'ceil nu  d ' apr6s  leur  couleur  3. 

Partie tonique, Les f ibres  muscu la i res  t on iques  son t  
de g rande  taille,  avec  u n  d i am6t re  m o y e n  d ' e n v i r o n  20 
i~m. Elles  la i ssent  en t r e  elles de larges espaces ex t ra -  
cellulaires con jonc t i f s  (Figures I e t  3). Nous  ne  rev ien-  
d rons  pas  sur  l ' appa re i l  con t rac t i l e  form6 p a r  les myo-  
f i l aments ,  qu i  a d6jg fa i r  l ' ob j e t  d ' u n e  6rude d6tai l l6e ~. 
Le r6 t i cu lum est  r6du i t  g que lques  c i te rnes  g6n6ra lement  
associ4es g la m e m b r a n e  sa rcop lasmique  en  dyades  ~ 
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Les desmosomes  e n t r e  m y o c y t e s  son t  f r6quents ,  de m ~ m e  
que  les h6mi -desmosomes  accoI6s g t l a  face i n t e r n e  de  
la  m e m b r a n e  sa rcop lasmique .  P re sque  t o u s l e s  pro lon-  
g e m e n t s  n e r v e u x  son t  6 t r o i t e m e n t  associ6s ~t des pro lon-  
gemen t s  de t y p e  glial  c o n t e n a n t  de gros granules  de 
5000 k 25000 Jr, p lus  ou moins  denses  a u x  41ectrons. 
Cet te  t61oglie 1, ~ 6 tab l i t  aussi  de f r6quen t s  con tac t s  avec  
les m y o c y t e s  (Figures  1 e t  3) ma i s  n ' 6 m e t  pas  de pro-  
l o n g e m e n t  de t y p e  in te r s t i t i e l  c o m m e  l ' on  en a d6cr i t  
dans  p lus ieurs  muscles  t on iques  de mol lusques  2 : elle res te  
t ou jou r s  associ6e a u x  neu r i t e s  6. II f au t  r ioter  6ga lement  
l ' a spec t  pa r t i cu l i e r  des con t ac t s  neuro -muscu la i r e s  : de f ins 
p r o l o n g e m e n t s  issus des m y o c y t e s  v o n t  k la  r e n c o n t r e  
des neur i t e s  qu ' i l s  e n v e l o p p e n t  parfo is  t r6s  6 t ro i t emen t .  
A c e  n iveau ,  on  r e m a r q u e  des j o n c t i o n s  neu ro -muscu -  
laires  de  t y p e  s y n a p t i q u e  (F igure  1) p r 6 s e n t a n t  les diff6- 
r e n t i a t i o n s  ca rac t6 r i s t iques  des  synapses  form6es en t re  
616ments n e r v e u x  chez les mol lusques  ~, 7. 
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G I. Zs. ~NTAGY et J. SALANKI out d4crit cette t6ologlie sous le horn 
de <~special cells,> sans pr6ciser sa distribution dans l'adducteur de 
l'Anodonte. 
Des jonctions probablement similaires quoique Inoins diff6renci4es 
out 4t6 dfcrites dans le muscle addueteur antdrieur d'Anodonta~ 
par I. Zs. NAOY et J. SALA~CKI 3. 


