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Die Retention der Metalle bei M~iusen ausgedrfickt in Prozenten aus der gesamten applizier ten Dosis (tnit 95 % Vertrauensintervall in Klammern) 

Versuch (i.v. Injektion) Zeit nach der Applikation 

1. Tag 7. Tag 28. Tag 

ZnC12 87,1 (85,8-88,4) 56,8 (54,3-59,3) 29,2 (24,8-33,6) 
ZnC12 + Na2SO 3 s.c. 92,1 (85,8-98,3) 57,7 (55,7-59,7) 30,0 (26,8--33,2) 
ZnCI~ + NazTeO 3 s.c. 89,6 (85,8-93,4) 56,5 (54,6-58,4) 31,0 (28,3-33,7) 
ZnC12+ Na2SeO ~ s.c. 90,1 (88,8-91,4) 57,7 (55,4-60,0) 28,1 (26,0-30,2) 

CdC12 92,6 (90,1-95,1) 86,9 (83,2 90,6) 75,2 (71,1~79,3) 
CdC12 + Na2SO ~ s.c. 92,5 (90,6-94,4) 87,3 (83,9-90,7) 77,0 (67,3-86,7) 
CdCle + Na2TeO 3 s.c. 95,1 (90,0-100,2) 89,0 183,6-94,4) 70,6 (64,8-76,4) 
CdC12 + Na2SeO a s.c. 97,6 (94,7-100,5) 91,4 (88,1-94,7) 83,3 (77,0-89,6) 

HgC12 75,3 (73,3-77,3) 24,9 (22,9-26,9) 1,6 (0,8-2,4) 
HgC12 + Na2S Q s.c. 69,5 (65,2 73,8) 22,6 (19,9 25,3) 1,7 (1,1-2,3) 
HgC12 + Na2TeO3s.e. 93,3 (90,5-96,1) 51,8 (41,8-61,8) 25,5 (22,9-28,1) 
HgCI~ + Na2SeO 3 s.c. 99,8 (98,3 101,3) 66,2 (62,8 69,6) 31,9 (28,2 35,6) 

Anionen  steigt  in R i ch tung  SO32- --> TeOa 2- + SeO32 4. 
In  der  gleichen Reihenfolge e rh6ht  sich der  Einfluss  dieser 
Anionen auf die Re t en t i on  der  ve rwende t en  Metalle. Mit  
den R edoxpo t en t i a l en  manche r  biologischer Sys teme ver- 
glichen 5, ha t  von  den beni i tz ten  Anionen  SeOa 2- das 
pos i t ivs te  Redoxpoten t i a l .  Das reduzier te  Selen reagier t  
mi t  Quecksi lber  und  Kadtn ium.  Es bi lden sich so Ver- 
b indungen  (wahrscheinl ich Selenide), die re la t iv  unl6slich 
und wenig tox isch  sind und  im Organismus gespeicher t  
werden.  So liisst sich der  Mechanismus  der  Detoxika-  
t ionswirkung  des Selenits  bei der  Quecksilber- und  Kad-  
miumvergi f tung6 8 erkl/iren. Die Reduk t ion  des Telluri ts  
im Organismus  ist  geringer und deshalb auch seine "vVir- 
kung bei unserem Versuch schwiicher. Das Redoxpo ten -  
tial des Nat r iumsul f i t s  k o m m t  den Redoxpo ten t i a l en  dcr 
biologischen Sys teme  am n~chsten,  weshalb  sich die Wir-  
kung des Nat r iumsul f i t s  n ich t  zeigt. Aus unseren Ergeb-  
nissen ist im wei teren die nnterschiedl iche  Affinit~it der 
ve rwende ten  Metalle zu Schwefel, Tellur und  Selen 
ersichtl ich.  

Summary .  The influence of sodium sulfite, sodium tel- 
luri te and  sodium selenite on the  re ten t ion  of zinc, 

c ad mi u m and mercury  in mice was s tudied.  The re ten t ion  
of mercu ry  was increased by  sod ium selenite and by  
sodium tellurite.  The re ten t ion  of c a d m i u m  was increased 
onl~ by  sodium selenite. Sodium sulfite did not  influence 
the  re ten t ion  of meta ls  s tudied.  The re ten t ion  of zinc was 
no t  inf luenced by  any  c o m p o u n d s  used. 
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C h a n g e s  in  A c e t y l c h o l i n e  C o n t e n t  of  R a t  B r a i n  b y  T o x i c  D o s e s  of  D i - I s o p r o p y l  P h o s p h o r o f l u o r i d a t e  

I t  is well es tabl ished t h a t  acute  poisoning by  organo- 
phosphorous  compounds  like di - isopropyl  phosphoro-  
f luor idate  (DFP),  t e t r a e t h y l  p y r o p h o s p h a t e  (TEPP)  and  
isopropyl  me thy lphosphonof luo r ida t e  (Satin) can be at-  
t r i bu t ed  to their  inhibi t ion of acetylchol ines terase  (ACHE) 
in nervous  t issues 1. While  the  inhib i t ion  of AChE by  
these  compounds  has been the  subjec t  of numerous  
studies,  re la t ively  few inves t igat ions  have  been carr ied 
out  on the  increased levels of ACh in bra in- t i ssues  2-5. 
F u r t h e r  there  are no repor ts  on the  ex t ra-  and  in t ra-  
cellular levels of ACh af ter  in ject ion of toxic  doses of 
D F P .  

By subcellular  f rac t iona t ion  techniques ,  it  has  been  
es tabl ished t h a t  abou t  70% of the  intracel lular  ACh in 
ra t  r and guinea-pig brain  7 m a y  be isolated wi th  the  
de tached  nerve t e rmina l  par t ic le  (synaptosomes) .  In  the  

p resen t  report ,  possible changes  in the  ACh con ten t  of 
the  synap tosomes  following toxic  doses of D F P  were 
inves t iga ted .  The degree of inh ib i t ion  of AChE and the  
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t ime  course of the  ACh level in bra in  under  these  con- 
di t ions  have  also been  studied.  

Methods. Male ra ts  (200 g) were given 1.8 mg D F P / k g  
s.c. All animals  showed severe s y m p t o m s  of poisoning 
and  30% of the  animals  died. Control  animals  were  
in jec ted  wi th  a similar  volume of saline. The animals  
were killed by  decap i ta t ion  and the  heads  d ropped  in to  
l iquid ni t rogen.  The heads  were r emoved  af ter  20 sec. 
At  th is  t ime  the  t e m p e r a t u r e  of the i r  bra ins  had  fallen 
to  jus t  above  0~ s. The cerebra  were quickly dissected 
out  by  discarding the  pa r t s  caudal  to  the  superior  col- 
liculi. The cerebra  was homogenized  in icecold 10% tri- 
chloroacet ic  acid to  de te rmine  the  to ta l  ACh or in 0.32NI 
sucrose under  condi t ions  which preserve  the  synap to -  
somes, to  ob ta in  t he  par t icu la te  ACh6,~,% In  order  to 
ob ta in  a q u a n t i t a t i v e  yield of synaptosomes ,  t h e y  were 
no t  isolated by  dens i ty -g rad ien t  cent r i fugat ion  bu t  by  
centr i fuging at  100,000g for 60 min.  The high speed 
pellet  was resuspended  in 10% tr ichloroacet ic  acid. The 
lat ter ,  which  was easily r emoved  by  e ther  ex t rac t ion ,  
des t royed  all AChE ac t iv i ty  and  released all the  par-  
t icula te  ACh in bra in  into solut ion 10. 

ACh was de t e rmined  by  its etfect  on the  vent r icu lar  
f requency  of the  hea r t  of t he  mollusc Mya arenaria. The 
sens i t iv i ty  of the  me thod  was high enough to pe rmi t  the  
assay of 5-50 pmoles.  ACh per  sample  wi th  an accuracy 
of 10% n. AChE was assayed manomet r ica l ly  ~2. 

Results. The to ta l  ACh concen t ra t ion  in ra t  cerebra  
was found  to increase 100% above normal  level i h af ter  
in ject ion of D F P .  This  level was ma in t a ined  for more  
t h a n  4 h (Table). Af ter  16 h the  ACh con ten t  had  r e t u rn ed  
to normal  value. The AChE concen t ra t ion  in the  b ra in  
was reduced  to  10% 15 min  af ter  the  in ject ion and  the  
ac t iv i ty  r emained  at  5-10% of the  normal  value for the  
f i rs t  4 h. Af ter  16 h, when  the  level of ACh had  reached  
normal  values, the  AChE ac t iv i ty  cor responded  to  only  
10-20% of t h a t  of t he  control  animals.  

The par t icu la te  ACh was ob ta ined  f rom ra ts  (4 D F P -  
t r ea t ed  and  4 controls) decap i t a t ed  1 h af ter  in ject ion of 
D F P  or saline. The a m o u n t s  of ACh recovered in the  
high speed pellet  (expressed as mean  value ~ S.D.) was 
13 4- 2 nmoles  ACh/g original  t issue for the  D F P - t r e a t e d  
an imals  and 11 4- 2 nmoles  ACh/g original t issue for the  
contro l  animals.  In  con t ras t  to the  large increase in t he  
to ta l  ACh con ten t  of b ra in  on exposure  to  D F P ,  the  
a m o u n t  of par t i cu la te  ACh, which is ident ical  to t h a t  
p resen t  in t he  synap tosomes ,  increased therefore  only  
15 %. P a r t  of th is  increase was due to s u p e r n a t a n t  t r a p p e d  
in the  high speed pellets. 

In  control  animals,  the  part.iculate ACh was 6 7 %  of 
the  to ta l  ACh. This  value agrees wi th  previous  repor t s  
on the  pe rcen tage  of ACh in synap tosomes  f rom guinea- 
pig ~ and  ra t  s brain.  In  these  control  animals,  the  dif- 
ference be tween  to ta l  and par t icu la te  ACh represen ts  for 

Levels of ACh and AChE in rat cerebra at various times after s.c. 
injection of 1.8 mg DFP/kg rat. The results are expressed as mean 
value ~k S.D. Number of animals in brackets 

ACh (nmoles/g) AChE ({xl CO2/h/g ) 

Control(h) 16.54-3 (9) 12,5004-1,400 (5) 
1 29 4-4 (4) 9004- 450 (3) 
21/~ 34 4-7 (6) 6004- 200 (2) 
4 27 4-7 (4) - 
16 16 4-1 (5) 1,7604-1,000 (3) 

t he  greater  pa r t  the  ACh p resen t  in neuronal  cell bodies 
r u p t u r ed  by  homogen iza t ion  ~,7. 

Discussion. Rat s  t r e a t ed  wi th  toxic  doses of D F P  
showed a marked  inhib i t ion  of b ra in  AChE and  sub- 
sequen t ly  a large increase in the  ACh con ten t  of the i r  
cerebra.  The increase in ACh agrees wi th  t h a t  ob ta ined  
af ter  t r e a t m e n t  wi th  o ther  o rganophosphorous  com- 
pounds  such as T E P P  2-~. The high level of ACh was 
ma in ta ined  for several  hours.  Similar results  were ob- 
t a ined  f rom rabb i t  cor tex  af ter  t r e a t m e n t  wi th  D F P  5. 
Since the  ACh con ten t  of the  synap tosomes  increased 
far  less t han  the  to ta l  ACh of the  brain,  the  increase in 
the  la t t e r  was a lmost  ent i re ly  due to  a rise in extracel-  
lular ACh. 

The low increase in ACh co n t en t  of the  synap tosomes  
was unexpec ted  for two  reasons.  Firs t ly,  a l though the  
localization of AChE wi th in  the  synap tosome  is still  an 
open ques t ion  la, there  have  been  repor t s  on the  presence 
of AChE inside the  neuron 14,16. Secondly  an up take  of 
ACh into synap tosomes  have  been  demonstratedl6,1~. As 
the  AChE ac t iv i ty  in the  bra in  was considerably  reduced  
by  D F P ,  and  since also the  up take  of ACh into synap to -  
somes should have  been  favoured  by  the  high level of 
extracel lular  ACh sur rounding  the  nerve  terminals ,  it  
was con t ra ry  to  an t ic ipa t ion  t h a t  the  ACh co n t en t  of 
the  synap tosomes  was only modera t e ly  changed.  

Only a small increase in par t i cu la te  ACh was also found  
in mice bra in  af ter  t r e a t m e n t  wi th  physos t igmine  is. The 
effects of these  two  c o m p o u n d s  canno t  be direct ly  com- 
pared  since physos t igmine ,  bu t  no t  o rganophosphorous  
ant ichol inesterases ,  inhibi ts  the  up take  of ACh 19,2~ The 
resul ts  on d i s t r ibu t ion  of ACh af ter  t r e a t m e n t  w i th  an 
acetylchol ines terase  inh ib i to r  differ  f rom those of 5-hy- 
d r o x y t r y p t a m i n e  af ter  t r e a t m e n t  wi th  tile monoamino  
oxidase inhibi tor  iproniazid.  The la t t e r  increased b o t h  
to ta l  and par t icu la te  5 - h y d r o x y t r y p t a m i n e  to the  same 
ex t en t  2~. 

Zusammen/assung. Die Behand lung  mi t  Phosphors~ure-  
Di - I sopropyles te r -F luor id  ergibt  im 1Rattengehirn eine 
100 prozent ige  E r h 6 h u n g  des to ta l en  ACh-Gehaltes.  Der  
ACh-Anst ieg  in den S y n a p t o s o m e n  war  nur  gering. 
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