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acidic h i s t a m i n e - d i p h o s p h a t e  used in those  exper iments .  
This was found  to be the  case, since in expe r imen t s  in 
which the  pill was ma in t a ined  a t  8.4, h i s t amine  did no t  
inh ib i t  e i ther  the  act ion of d i p h e n h y d r a m i n e  on rat ,  or of 
d i p h e n h y d r a m i n e  and of p rome thaz ine  on guinea-pig m a s t  
ceils. These resul ts  show t h a t  the  inh ib i to ry  effect  of 
h i s t amine  on m a s t  cell damage  by  an t ih i s t amines  was 
p robab ly  due to  a lowering of  the  p H  of t he  exper imen ta l  
fluid. H i s t amine  by  itself does no t  seem to inhibi t  m a s t  
cell damage  induced  by  an t ih i s t amines  5. 

Resumen. Se d e m n e s t r a  que la accidn de an t ih i s tamin i -  
cos sobre los mas toc i tos  de la r a t a  y del cobayo depende  
del pH.  Los an t ih i s tamin icos  es tudiados  fueron ac t ivos  
ell p H  8.4, pero fueron t o t a l m e n t e  inhibidos  cuando  se 

d i sminuy6  el pH.  Tambi6n  se verific6 que la h i s t amina  no 
an tagoniza  la acci6n de los an t ih i s tamln icos  sobre los 
mas toc i tos  cuando  el p H  fue man ten ido  en 8.4. 
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The Synteratogenic Effect of Lead and Cadmium 

The increasing impor t ance  of env i ronmen ta l  pol lu t ion 
wi th  h e a v y  meta l s  such as lead 1 and cadmium 2 should 
a ler t  us to the  possible effects of these meta l s  on m a m -  
mal ian  reproduct ion .  Previous  exper imen ta l  da ta  re la t ing 
to  the  effect  of h e a v y  meta ls  upon  embryon ic  develop-  
m e n t  i n  t he  p r e g n a n t  h a m s t e r  have  revealed a s t r iking 
si te-specific t e ra togenic  effect  for b o t h  lead a and  cad- 
m i u m  4. The i.v. in ject ion of c admium sulfate  causes a 
h igh incidence of facial abnormal i t ies  and  a few o the r  mal- 
fo rmat ions  including exencepha ly  and  anoph tha lmia .  
U n d e r  ident ical  expe r imen ta l  condi t ions  the  te ra togenic  
effect  of var ious lead salts  has  been ma in ly  confined to 
the  developing tail  bud  and  associa ted caudal  ver tebrae .  

In  the  p resen t  expe r imen t s  an a t t e m p t  has been made  
to  combine  the  te ra togenic  st imuli  of c admium and  lead 
in order  to  produce  a combina t ion  of congeni ta l  defects  
which  would reflect  the  separa te  t e ra togen ic  act ions of 
these  agents  on diverse pa r t s  of the  developing embryo.  
The resul ts  were qui te  d i f ferent  t h a n  expec ted  and repre-  
sen t  an extremely interesting example of the complex 
interaction of teratogenic agents. 

Female hamsters were bred under direct observation 
during the early evening hours. The day following the 
evening of breeding was designated as the first day (day i) 
of gestation. On the morning of the eighth day of gestation 
the animals were anesthetized with pentobarbital and 
injected i.v. with distilled water (controls), cadmium 
sulfate, lead acetate or combinations of cadmium sulfate 
and lead acetate in the amounts and combinations shown 
in Table I. 4 or 5 days later, on the twelfth or thirteenth 
day of pregnancy, the maternal animals were killed and 
the embryos recovered. These embryos were examined 
carefully for gross external malformations. The number 
of resorption sites were counted and recorded. 

The teratogenic effects of both cadmium and lead when 
injected separately into pregnant hamsters corresponded 
well with previous data in that cadmium caused anterior 
malformations 4 (exencephaly, cleft lip/palate, microph- 
thalmia) only, while lead caused tail malformations only 3. 
The combination of these agents, however, revealed that 
the frequency and severity of the clefts in the lip and 
palate caused by cadmium are reduced in the presence of 
lead, while the posterior tail malformations caused by 
lead appear to be potentiated in the presence of cadmium. 
Sympodia, a severe caudal malformation of the lower 
extremities (Figure) was never seen in the animals treated 

with  lead only  b u t  did appea r  wi th  a re lat ively high 
f requency  when  cad mi u m was  a d d e d  to the  lead (Table II).  

The te ra togen ic  in terac t ion  of o ther  agents  has been  
d e m o n s t r a t e d  for insulin and  2-deoxy-D-glucose 5 bu t  no t  
for any  h e a v y  metals .  One can specula te  t h a t  the  t e ra to -  
genic effect  of e i ther  of these  meta ls  m a y  be due to  a 
d i rect  effect  on embryon ic  tissues, a block in p lacenta l  
t ransfer  of some essential  metabol i te ,  or an induced defect  
in ma te rna l  me tabo l i sm which  secondar i ly  affects  t he  
d i f ferent ia t ing  embryon ic  tissue. 

One obvious  possibi l i ty  which  bears  fu r ther  invest iga-  
t ion is the  wel l -known impor t ance  of heavy  meta ls  in the  
func t ion  of several  me ta l lo -enzymes  which may  have  

13-day-old fetal hamsters. Animal at left is from a control animal and 
is normal. The other 2 are littermates from a mother treated with 
cadmium sulfate (2 mg/kg) and lead acetate (50 mg/kg) on the eighth 
day of gestation. Both show the same degree of sympodia. 4 other 
littermates had the same defect. • 3. 
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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  


