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Table I. Effect of cadmium, lead and cadmium-lead on embryonic Table II. Malformations resulting from cadmium, lead and cadmium- 
development in the hamster lead in the hamster 

No. of Total Normal Totalembryos Exen- Micro- Cleft Umbilical Tail 
mothers No. of resorbed mal- eephaly ophthal- lip/palate hernia 

embryos formed mia 

Cd (2 mg/kg) 7 76 43 21 (27%) 32 (42%) Cd (2 mg/kg) 13 5 19 0 0 
Cd (2 mg/kg) + 9 122 30 40 (32%) 52 (42%) Cd (2 mg/kg) + 20 7 8 10 30 
Pb (25 mg/kg) . Pb (25 mg/kg) 
Cd (2 mg/kg) + 8 86 0 40 (46%) 46 (54%) ca (2 mg/kg) + 9 1 0 3 65 (12 a) 
Pb (50 mg/kg) Pb (50 mg/kg) 
Pb (50 mg/kg) 8 98 14 37 (38%) 47 (48%) Pb (50 mg/kg) 0 0 0 0 40 
Controls 10 131 121 10 (7%) 0 (0%) 
(distilled water) 

a Sympodia. 

i m p o r t a n t  roles in embryon ic  di f ferent ia t ion.  Thus  i t  is 
possible t h a t  under  these  exper imenta l  condi t ions  cad-  
m i u m  and lead in te rac t  addi t ive ly  on cer ta in  enzyme  
sys tems  in the  case of the  tai l  bud  mal format ion ,  and  t h a t  
lead blocks the  effect  of cadmium on the  d i f fe ren t ia t ing  
visceral  arch sy s t em p reven t ing  the  facial abnormal i t ies .  

F u r t h e r  inves t iga t ions  on the  pe rmeab i l i t y  of t he  
m a m m a l i a n  p lacen ta  to heavy  meta ls  and  the i r  localiza- 
t ion in specific d i f fe ren t ia t ing  embryonic  t issues are 
necessary  to  iden t i fy  the  exac t  mechan i sms  of these  site- 
specific ma l fo rma t ions  as well as the  complex  in te rac t ion  
of these  te ra togenic  agents  ~. 

Zusammen/assung. Bleisalze ve ru r sach ten  f6tale Miss- 
b i ldungen der  Kaudal region,  wenn  sie tr~ichtigen Gold- 
h a m s t e r n  am 8. Tage injiziert  wurden.  K a d m i u m s a l z e  

h ingegen ve ru r sach t en  haupts / ich l ich  Gesichts-,  Augen-  
und Gehirndefekte .  Die hier  beschr iebenen  Befunde  zei- 
gen, dass  die K o m b i n a t i o n  dieser  be iden  Tera togene  zu 
wesent l ich  reduz ie r ten  Gesichtsmissbi ldungen,  aber  erheb-  
lich po tenz ie r t en  Kauda l ske l e t tmi s sb i ldungen  (Sympus)  
Iiihrt. 
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Revers ib l e  N e c r o s i s  at the E n d - P l a t e  R e g i o n  in 
e s t e r a s e  Inh ib i tor s  

During  a sys t emat i c  s tudy  of the  processes involved 
in spon taneous  recovery  of the  ra t  a f ter  severe poisoning 
wi th  chol inesterase  inhibi tors ,  morphological  changes  in 
the  s t r ia ted  muscles were observed which h i the r to  re- 
ma ined  unnot iced.  

Materials and methods. Albino ra ts  of 180-220 g were 
i.v. in jec ted  wi th  a jus t  suble thal  dose of e i ther  D F P ,  
t a b u n  or paraoxon.  The doses used were 1200, 110 and  
450 Ixg/kg, respect ively .  At  sui table in tervals  af ter  t he  
injection,  animals  were sacrificed and the  d iaphragm,  
the  intercostal ,  the  psoas, the  gas t rocnemius  and the  
soleus muscles were examined  histologically.  7 tx th ick  
sect ions were s ta ined  wi th  hematoxi l in-eosin .  If t he  
sciatic nerve  had  to  be s t imula ted ,  the  ra t s  were a t ro-  
pinized (50 mg/kg,  i.p.) and kept  under  ba rb i t a l  anaes the-  
sia. If  also D-tubocurar ine  had  to be given, t he  animals  
were kep t  alive w i th  artificial  respirat ion.  

Results and discussion. About  2 h af ter  t he  in ject ion 
of the  an t ichol ines terase  localized eosinophilia,  swelling 
of the  sarcoplasm and  loss of s t r ia t ions  is seen in several  
muscle fibres. In  an af fec ted  fibre a d is t inc t  demarca t ion  
exists  be tween  the  abnorma l  and the  normal  par ts .  Af te r  
4 - 6 h  segmented  leucocytes  appear,  the  sarcolemnal  
nuclei  become pycno t i c  and  the  sarcoplasm breaks  up 
in floes (Figure la ) .  Approx ima te ly  12 h af ter  the  injec- 
t ion,  a comple te  bu t  localized necrosis has developed in 
the  affected fibres. Subsequen t ly  h is t iocytes  en te r  the  

Str iated  M u s c l e s  of the Rat  P o i s o n e d  w i t h  Chol in-  

necrot ic  pa r t s  and phagocytos i s  s ta r t s  (Figure 1 b). Af ter  
2-3 days  the  r e m n a n t s  of the  necrot ic  sarcoplasm are 
comple te ly  r emoved  and m e s e n c h y m a l  cells prol i ferate  
in  the  appa ren t l y  e m p t y  tubes.  Fibri ls  wi th  s t r ia t ions  
appear  3-4 days  af ter  the  an t ichol ines terase  inject ion.  
After  10 days  the  previous ly  necrot ic  par t s  are still  
recognizable as basophi l ic  segments  r ich in nuclei, b u t  
the  fibre un i ty  is res tored  (Figure lc) .  

The localized f ibre necrosis  was the  more ex tens ive  
the  grea ter  t he  ac t iv i ty  of t he  muscle  had  been, t he  
d i aph ragm showing more  necrosis t h a n  the  gas t rocnemius  
and psoas  muscles. Uni la te ra l  sect ion of the  phrenic  
nerve  in 6 rats,  before the  in jec t ion  of the  poison, pre-  
ven ted  the  necrosis on t h a t  side. Uni la tera l  s t imula t ion  
of the  sciatic nerve  wi th  one s t imulus  per  5 sec dur ing 
6 h in 5 anaes the t ized ,  D F P - t r e a t e d  ra ts  p roduced  ex ten-  
sive necrosis on t h a t  side only. 

Str ikingly,  the  an t ichol ines te rase  soman,  which does 
no t  a t t ack  the  junc t iona l  t r ansmiss ion  in the  ra t  a t  a jus t  
sub le tha l  dose, p roduced  no necrosis.  

Ra t s  t r ea t ed  wi th  the  chol ines terase  reac t iva t ing  oxime 
pra l idoxime (P2S), wi th in  2 h af ter  D F P  poisoning,  
showed no necrosis.  If  the  ox ime in jec t ion  was pos tponed ,  
the  necrosis developed as usual. 

Direct  obse rva t ion  of dissected,  l iving d i aph ragms  
under  the  low-power  microscope showed t h a t  muscles  
wi th  necrosis have  dark  areas in the  middle  p a r t  of t he  
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fibres, where  t h e  end-p la te s  are s i t ua t ed  (Figure  2). This  
p h e n o m e n o n  is f i rs t  seen 4 h a f te r  t h e  in i ec t ion  of t h e  
e n z y m e  inh ib i to r ,  is ful ly deve loped  a f te r  10-20 h, a n d  
d i sappears  on  t he  f o u r t h  to  f i f th  day.  

His to logica l  e x a m i n a t i o n  of sect ions  para l le l  to  the  
f ibre  d i r ec t ion  conf i rmed  t h a t  t h e  areas  of necrosis  are 
m o s t l y  loca ted  in t he  midd le  of t he  fibres. S t a in ing  w i th  
goldchlor ide  p roduced  b a d l y  s t a ined  end-p la te s  in  the  
necrot ic  pa r t s ,  wh ich  m a d e  t h e m  ve ry  di f f icul t  to  f ind.  

I t  was  conc luded  t h a t  t he  necrosis  is t he  resu l t  of t h e  
a b n o r m a l  func t ion ing  of t he  m y o n e u r a l  j u n c t i o n  ~vhen 

t h e  chol ines te rase  a c t i v i t y  is reduced.  T h a t  th i s  func t ion  
was ac tua l ly  a b n o r m a l  was d e m o n s t r a t e d  b y  s t u d y i n g  
t h e  n e u r o m u s c u l a r  t r an s mi s s i o n  in i so la ted  d i a p h r a g m s  
dissected f rom t h e  po isoned  ra ts .  These  muscles  were 
t e s t ed  w i t h  t r a i n s  of ind i rec t  s t imul i  a t  25, 50, 100 and  
200/sec. A n o r m a l  d i a p h r a g m  is capab le  of su s t a in ing  a 
10-sec t e t an i c  c o n t r a c t i o n  a t  all  4 f requencies .  I n  t he  
po i soned  rat ,  2 -4  h a f t e r  t h e  in jec t ion  of t h e  s t a n d a r d  
dose of D F P ,  t h e  i so la ted  d i a p h r a g m  h as  a l m o s t  com- 
p le te ly  lost  t h e  ab i l i t y  to  sus ta in  a c o n t r a c t i o n  a t  2OO 
s t imul i / see  an d  t h e  p e r fo rman ce  a t  100/sec is subnorma l ,  
i nd i ca t i ng  t h a t  more  t h a n  85% of t h e  cho l ines te rase  is 
i n h i b i t e d  1. 

In  t h e  ac t ive  muscles  of t h e  po i soned  ra t ,  t h e  abnor -  
ma l ly  h igh  level of ace ty lcho l ine  (ACh) a t  t h e  end-p la t e  

Fig. 1. Development of focM muscle fibre necrosis in diaphragm 
muscle. Hematoxilin - eosin staining, x 400. (a) 6 h after DFP 
injection, (b) after 24 h, (c) after 10 days. 

Fig. 2. Low-power microphotograph of end-plate area of living rat 
diaphragm, intramuscular branch of motor nerve visible. (a) normal 
muscle, (b) 8 h after DFP injection. 
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creates  a long-last ing depolar iza t ion  * resul t ing f rom a 
long-last ing change  in pe rmeab i l i t y  of t he  junc t iona l  
membrane .  If  th i s  pro longed pe rmeab i l i t y  change  is the  
cause of the  necrosis,  i t  should be possible  to  p r ev en t  
th is  by  p ro tec t ing  the  junc t iona l  m e m b r a n e  agains t  t he  
ACh. In  5 D F P - p o i s o n e d  ra t s  necrosis of the  indi rec t ly  
s t imula ted  gas t rocnemius  and  soleus muscles  could 
indeed be p r e v e n t e d  by  D-tubocurar ine  given in a dose 
of 8 mg/kg,  i.p., every  2 h, dur ing  the  6 h of s t imula t ion .  
However ,  since the  muscles  in these  exper imen t s  were 
inac t iva ted  by  the  curare  block, t he  inac t iv i ty  of t he  
muscle,  as such, migh t  have  p r even t ed  the  necrosis. 
This  was shown no t  to  be the  case: if the  curare  regime 
was reduced  to 0.75 mg/kg  each hour,  the  muscles were 
still  comple te ly  para lysed  b u t  marked  necrosis occurred 
in the  s t imula ted  muscles in 3 out  of 4 animals.  In  these  
ra t s  the  junc t iona l  m e m b r a n e  was still too insensi t ive  
to  ACh for t ransmiss ion  to occur bu t  obviously  sensi t ive 
enough to  allow necrosis to  develop.  

The resul ts  of the  expe r imen t s  show t h a t  necrosis 
occurs in the  region of the  mo to r  end-p la tes  in fibres 
of act ive s t r ia ted  muscles in ra ts  poisoned wi th  cholin-  
esterase inhibi tors ,  p robab ly  as a consequence  of the  
presence of abnorma l  a m o u n t s  of ACh. 

Rdsumd. Apr~s l ' in jec t ion  d ' u n  tox ique  ant ichol inest6-  
ras ique  g dose p resque  16thale, une n6crose locale des 
f ibres muscula i res  stri6es du ra t  se d6veloppe en 24 h. 
10 jours apr6s l ' in ject ion,  la r6g6n6ration est  p resque  
tota le .  Les par t ies  n6crot iques  se t r o u v e n t  dans  les 
r6gions des p laques  motr ices.  Les r6sul ta ts  ob tenus  sug- 
g~rent que Fac t ion  d6polar isante  de l ' ac6tylchol ine  au 
n iveau  des p laques  motr ices  des muscles actifs,  augment6e  
et  prolong6e par  l ' in toxica t ion ,  est  r esponsab le  de la 
n6crose. 
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Ineffect iveness  of Carboxypept idase  B in Inhibit ing the Pressor  Effect of Incubated H u m a n  P l a s m a  

The i.v. in ject ion of 0.1 ml  h u m a n  p lasma  incuba ted  
for several  hours  a t  38 ~ in to  a hypo tens ive  ra t  produces  
an increase in the  blood pressure  equiva len t  to 5 10 ng 
of angio tens in  I I  z,2. Cont rarywise  a hypo tens ive  react ion 
is observed when  the  same p l a sma  is in jec ted  into a cat.  
These pharmacologica l  fea tures  are c o m m o n  to  b rady-  
kinin a and kall idin 4 and suggest  t h a t  these  po lypep t ides  
could par t i c ipa te  in the  act ion of the  incuba ted  plasma.  

The d e m o n s t r a t i o n  5 t h a t  t he  ca rboxypep t idase  B in 
vivo can block the  effect  of kinins and  kinogenases  (kalli- 
kreins), gives the  possibi l i ty  of inves t iga t ing  wh e t h e r  a 
l ibera t ion of a p lasmakin in  is involved in the  pressor  
effect  of the  incuba ted  p lasma.  

Materials and methods. Nephrec tomized  rats,  opera ted  
upon 12-16 h before and anaes the t i zed  wi th  an i.p. injec- 
t ion  of d ia ly lbarbi tur ic  acid u re thane  solut ion (Dial, 
CIBA) in a dose of 0.1 ml/100 g body  weight  were used. 
The blood pressure  was measured  by  in t roduc ing  a 
cannula  in to  a carot id  a r t e ry  connec ted  to a m e m b r a n e  
m a n o m e t e r  (Hiirtle type) .  Hepa r in  was used as ant i -  
coagulant .  

The incuba ted  p lasma  and  the  o ther  subs tances  were 
in jec ted  into the  femoral  vein  t h rough  a po lye thy lene  
tube.  Valyl -5-amide  angio tens in  I I  (CIBA) and  b rady-  
kinin (Sandoz) dissolved in 0.1 ml of NaC1 0.9% were used 
as s tandards .  P l a sma  was ob ta ined  f rom hea l t hy  adul t  
persons.  E n o u g h  hepar in  to  get  a f inal  concen t ra t ion  of 
0.5 or 2 IU/ml ,  when  mixed  wi th  the  blood, was in t roduced  
in sterilized, siliconized bot t le ,  before  bleeding.  Af te r  
cen t r i fuga t ion  the  p l a sma  was  t r ans fe r red  to  ano the r  
steril ized siliconized bo t t l e  by  aspirat ion,  and  placed in 
an incuba tor  a t  38~ for 80-100 h. 

The p lasma  a t  the  end of t he  incuba t ion  per iod was 
s u b m i t t e d  to  a gel f i l t ra t ion (Sephadex  G-100) using the  
t echn ique  a l ready descr ibed e. Most  of the  pressor  ac t iv i ty  
of the  p lasma  coincides w i th  the  elut ion vo lume of the  
a lbumin.  The solut ions hav ing  the  h ighes t  ac t iv i ty  were 

pooled and  freeze-dried.  The residue con ta in ing  the  
pressor  subs tance  (VA) af ter  dialysis aga ins t  0.9% NaC1 
was ready  for the  exper iments .  Usual ly  0.1 ml  of th is  
solut ion conta in ing  10 mg of p ro te in /ml  was used. Car- 
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Blood pressure (B.P.) changes in a nephrectomized rat produced by 
i.v. injections: (1, 2, 3 and 4) of 0.3, 0.3, 0.1 and 0.2 ml, respectively, 
of human plasma (HP) incubated for 96 h at 38 ~ (5, 6 and 7) of 
2, 1 and 0.1 mcg of bradykinin; (8) of 500 U (1 rag) earboXypeptidase 
B infused ill 0.5 ml NaC1 0.9% ; (9, 10 and 11) of 0.2, 0.15 and 0.1 1ill 
of incubated human plasma; (12 and 13) of 0.5 and 1 mcg bradykinin. 
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