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p a n i e d  b y  inc reased  p u l m o n a r y  a r t e r i a l  p ressure  15. Thus ,  
the  c o n c o m i t a n t  r e d u c t i o n  of p u l m o n a r y  pressure  a n d  
res i s tance  el ici ted b y  h e x o p r e n a l i n e  in t he  p r e s en t  s t u d y  
was p r o b a b l y  due  to  ac t ive  va s od i l a t i on  r a t h e r  t h a n  to  
pass ive,  f low- induced  d i s tens ion  of t he  h y p e r t e n s i v e  
vessels.  The  excessive v a s o d i l a t o r y  response  to hexo-  
p r ena l i ne  sugges ted  t h a t  t he  su s t a ined  vascu la r  res i s tance  
d u r i n g  acu te  n o r m o x i a  was due  p a r t l y  to  p e r s i s t e n t  
s m o o t h  muscle  t one  r a t h e r  t h a n  solely to  morpho log ica l  
t h i c k e n i n g  of t h e  vessel  wall. A l t h o u g h  th i s  concep t  ha s  
been  s t a t e d  s,3, t he re  is l i t t le  d a t a  t o  s u p p o r t  it ,  a n d  i t  is n o t  
wide ly  apprec i a t ed .  T he  concep t  is c o m p a t i b l e  w i th  a 
s t u d y  of a calf  w i t h  p u l m o n a r y  h y p e r t e n s i o n  in w h i c h  
24 h of a lveo la r  n o r m o x i a  reduced  p u l m o n a r y  a r t e r i a l  
pressure  cons ide rab ly  more  t h a n  d id  10 m i n  of oxygen  
b r e a t h i n g  18. 
I f  i t  could  be  s h o w n  t h a t  t h e  response  to acu te  n o r m o x i a  
was no t  i nd i ca t i ve  of t he  t o t a l  p o t e n t i a l  for r e l a x a t i o n  of 
the  h y p e r t e n s i v e  p u l m o n a r y  vessels,  t h e n  a s e c o n d a r y  a im  
of th i s  s t u d y  was to  gain some in s igh t  i n to  t he  cause  of t he  
su s t a ined  s m o o t h  muscle  tone .  F r ee  cy top la smic  ca lc ium 
is a d e t e r m i n a n t  of s m o o t h  muscle  tone  10, a n d  increased  
levels of ca lc ium h a v e  been  obse rved  in t he  p u l m o n a r y  
s m o o t h  m�scle of ch ron ica l ly  hypox i c  an ima l s  30. Thus ,  
pha rmaco log ic  agen t s  t h a t  a l t e r  the  c o n c e n t r a t i o n  of 
a c t i v a t o r  ca lc ium were used as p u l m o n a r y  vasodi la tors .  
V e r a p a m i l  was  chosen  because  i t  reduces  t r a n s m e m b r a n e  
ca lc ium in f lux  t h a t  a ccompan ie s  m e m b r a n e  depolar iza-  
tion10,11, does n o t  h a v e  adrenerg ic  a c t i v i t y  or ac t  as a 
c o m p e t i t i v e  i n h i b i t o r  of a n y  h u m o r a l  media tor lZ,  13 and  
b locks  t he  p u l m o n a r y  pressor  response  to acu t e  a lveo la r  
h y p o x i a  31,,a. The  v a s o d i l a t o r y  response  to  v e r a p a m i l  in t h e  
p r e sen t  s t u d y  suggests  t h a t  t he  t r a n s m e m b r a n e  in f lux  of 
ex t race l lu la r  ca lc ium plays  a role in t he  m e c h a n i s m  of 
chronic ,  h y p o x i a - i n d u c e d  p u l m o n a r y  hype r t ens ion .  Hexo-  

p r ena l i ne  was  used  because  i t  is a /%adrenerg ic  agonis t  t h a t  
ac ts  on  fl-2 (vasodi la tory)  t y p e  recep to r s  14, 15, t he  spasmo-  
ly t ic  effect  of f l -adrenergic  a c t i v a t i o n  is poss ib ly  r e l a t ed  
to  b o t h  e n h a n c e d  cel lular  s e q u e s t r a t i o n  a n d  ex t rus ion  of 
free ca lc ium 19,3a,34 a n d  r e d u c t i o n  of ca lc ium inf lux  v ia  

' h y p e r p o l a r i z a t i o n  of the  p l a s m a  membrane34,  and  orci- 
p rena l ine ,  a n o t h e r  fl-agonist,  reverses  t he  p u l m o n a r y  
pressor  response  to acu te  a lveo la r  hypoxia35,  ~8. Hexo-  
p rena l ine  was more  effect ive  t h a n  e i the r  n o r m o x i a  or 
v e r a p a m i l  in r educ ing  t o t a l  p u l m o n a r y  res i s tance  in t he  
ch ron ica l ly  hypox i c  calves.  Specu la t ive ly ,  the  g r ea t e r  
e f fec t iveness  of h e x o p r e n a l i n e  m i g h t  h a v e  been  due to  
e n h a n c e d  in t r ace l lu l a r  s e q u e s t r a t i o n  and  ex t rus ion  of 
a c t i v a t o r  ca lc ium.  I t  seems w a r r e n t e d  to  explore  f u r t h e r  
t he  poss ib i l i ty  t h a t  pe r s i s t en t  e l eva t ion  of a c t i v a t o r  
ca lc ium c o n t r i b u t e s  to  t he  su s t a ined  p u l m o n a r y  vascu la r  
res i s tance  in an ima l s  w i t h  chronic ,  h y p o x i a - i n d u c e d  
p u l m o n a r y  hype r t ens ion .  
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Summary. Pero ra l  t r e a t m e n t  of r a t s  w i t h  t he  an ion  e x c h a n g e r  resin,  Dowex  1 x 2, for 8 days  leads  to  l iver  e n l a r g e m e n t  
a n d  increase  of a lka l ine  a n d  acid phospha ta ses ,  g lucose -6 -phospha te  dehydrogenase ,  mal ic  enzyme,  ca ta lase ,  and  t h e  
enzymes  of mic rosoma l  d rug  m e t a b o l i s m  in t he  l iver.  The  s e q u e s t r a t i o n  of bile acids b y  t h i s  t r e a t m e n t  mimics  the  bio-  
chemica l  effects of c lof ibra te-  a n d  p h e n o b a r b i t a l - l i k e  d rugs  in the  l iver.  

An  i n t e r e s t i ng  way  for  t r e a t i n g  hype r cho l e s t e r o l em ia  is to  
a d m i n i s t e r  to  t h e  p a t i e n t  a non~resorbable ,  mac romolec -  
u la r  an ion  e x c h a n g e r  res in  3 wh ich  b inds  t h e  i n t e s t i n a l  
bile acids d u r i n g  i t s  passage  t h r o u g h  t he  gu t  a n d  t akes  
t h e m  o u t  in t he  feces. Thus ,  more  bi le  acids are exc re ted  
t h a n  n o r m a l l y  a-5 a n d  t he  e n t e r o h e p a t i c  c i rcu la t ion  of t he  
bi le  acids is i n t e r r u p t e d .  Because  t he  b iosyn thes i s  of bile 
acids f rom choles te ro l  is u n d e r  nega t i ve  f eedback  con t ro l  
b y  t he  bi le  acids r e a b s o r b e d  f rom the  gu t  6,~, choles te ro l  
c a t a b o l i s m  is s t i m u l a t e d  u n d e r  a n i o n  e x c h a n g e r  res in  
t r e a t m e n t .  The  a c t i v i t y  of choles tero l  7~-hydroxylase ,  a 
c y t o c h r o m e - P - 4 5 0 - d e p e n d e n t  m i x e d - f u n c t i o n  oxygenase  
in l iver  mie rosomes  which  d e t e r m i n e s  t he  ve loc i ty  of bi le  
acid fo rma t ion ,  is increased  8. So more  choles te ro l  is 
me tabo l i zed  3 a n d  choles te ro l  b lood level  decreases  3,4,~. 
E n h a n c e m e n t  of bi le  acid b io syn thes i s  is seen d u r i n g  bile 
d ra inage  3 w h e n  t he  e n t e r o h e p a t i c  c i rcu la t ion  of bile acids 
is i n t e r r u p t e d  too.  T he  inverse  effect,  i.e, decrease  of bi le  
acid fo rma t ion ,  is seen w h e n  bile f low o u t  of t he  l iver  is 

s t opped  e i the r  b y  bile d u c t  l iga t ion  lo or b y  a - n a p h t h y l i s o -  
t h i o c y a n a t e - i n d u c e d  choles tas i s  i~ so t h a t  t h e  bile acids  
c a n n o t  leave the  l iver  cell b u t  i n h i b i t  t h e i r  own b iosyn-  
thesis.  
D r u g - m e t a b o l i z i n g  l iver  m i c r o s o m a l  enzymes  also d e p e n d  
on  c y t o c h r o m e  P-450, a n d  so bi le  d u c t  l iga t ion  1~ a n d  
a - n a p h t h y l i s o t h i o c y a n a t e  t r e a t m e n t  n d imin i sh  d rug  me-  
t abo l i sm.  P h e n o b a r b i t a l  t r e a t m e n t  s t i m u l a t e s  b o t h  cho-  
lesterol  c a t a b o l i s m  13 and  d r u g  m e t a b o l i s m  13. So we did  
t he  fol lowing e x p e r i m e n t  in  o rde r  to  l ea rn  w h e t h e r  ad-  
m i n i s t r a t i o n  of t he  an ion  e x c h a n g e r  resin,  Dowex l x 2  | 
to  r a t s  induces  t he  b io syn the s i s  of mic rosomal  d r u g  
me tabo l i z i ng  l iver  enzymes .  
Experimental. The  e x p e r i m e n t a l  an imals ,  male  W i s t a r  
r a t s  w h i c h  h a d  free access to  food and  d r i n k i n g  water ,  
received Dowex  l x  2 (chloride form,  air-dr ied)  for 8 days  
b y  s t o m a c h - t u b e  in a da i ly  dose of 500 m g / k g  suspended  
in  Tylose  | so lu t ion ;  con t ro l  r a t s  rece ived  Tylose  so lu t ion  
only.  E a c h  g roup  cons is ted  of 10 an imals .  20 h a f t e r  t he  
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las t  appl icat ion,  all ra t s  were killed b y  decapi ta t ion .  The 
l ivers were excised rap id ly  and  weighed;  liver a l iquots  
were frozen quick ly  in l iquid n i t rogen  and s tored at  
- - 20~  unt i l  f u r the r  handl ing.  Af te r  thawing ,  t he  Iiver 
spec imens  were homogenized  in ice-cold isotonic-KC1 
solut ion wi th  a P o t t e r - E l v e h j e m  t y p e  homogenizer  f i t t ed  
wi th  a tef lon pestle.  In  the  crude  homogena te s  gained by  
th is  procedure ,  act ivi t ies  of alkaline phospha t a se  were 
measured  by  the  m e t h o d  of Georgatsos14, those  of acid 
p h o s p h a t a s e  by  the  m e t h o d  of Osanai  and Remb o l d  15 
(but  with p - n i t r o p h e n y l p h o s p h a t e  as the  subs t ra te ) ,  and  
of cata lase  by  the  m e t h o d  of K a l t e n b a c h  et  al. 16 (catalase 
ac t iv i t ies  are expressed here  as R values  which are pro-  
por t iona l  to the  enzyme ac t iv i ty :  th~ inverse R value 
cor responds  to  the  di lut ion of t he  homogena t e  a t  which 
hal f  of the  given H20 ~ is decomposed  b y  the  enzyme con- 
t en t ) ;  of g l u t a m a t e : p y r u v a t e  t r ansaminase  and  gluta-  
m a t e  dehydrogenase  by  W a r b u r g ' s  opt ical  t e s t  17,1s, of 
N A D H : c y t o c h r o m e  c ox idoreduc tase  (mitoctlondrial  
c y t o c h r o m e  c reductase)  by  the  m e t h o d  of Cleveland and  
Smuckle r  1~, and  of succ ina te  dehydrogenase  by  the  
m e t h o d  of King z0. P ro te in  con t en t s  were measured  by  the  
b iu re t  m e t h o d  wi th  bovine  se rum a lbumin  as the  p ro te in  
s t anda rd .  F r o m  a l iquot  of the  crude  homogena tes ,  
12,000 x g - supe rna t an t s  were p r epa red  by  centr i fugat ion,  
in which  the  act ivi t ies  of ~-glycerophosphate ,  malate ,  
glucose 6-phosphate ,  6-phosphogluconate ,  and isoci t ra te  
dehydrogenases  and  of malic enzyme  were de t e rmined  by  
W a r b u r g ' s  opticM tes t  iT, is, of guaiacol glycerol e the r  r ing 
hyd roxy la se  by  the  m e t h o d  of Beyhl  and v. Kerek ja r to  
( i n  prepara t ion) ,  and of aminopyr ine  N-demethy lase ,  

Liver changes caused by Dowex 1 x 2 in the rat 

Control Dowex Sig- 
nificance 

Relative liver weight 2.89-[-0.11 3.314-0.19 p<0.0005 
(g of liver/100 g b.wt) (100.0=L3.8%) (114.5i6.6G) 
Protein content 478i  104 4484-98 n.s. 
(mg/g liver) 
Alkaline phosphatase 0.413i0.104 0.749i0.322 n.s. 
(units/g liver) (100.0-t=25.2%) (181.4J=78.0%) 
Acid phosphatase 4.59• 5 .30~20.23  p<0.001 
(units/g liver) (100.0-t-6.5%) (115.5..5.0%) 
Catalase (R/g liver) 216~ 44" 872:[:192"* p<0.0005 

(100.0:h20.4%) (403.7:t:88.9%) 
Aminopyrin de- 0.093 ~=0.012 0.19210.057 p<0.0005 
methylase (units/g (100.0-t-13.0%) (206.0..61.0%) 
liver) 
Guaiacol glycerol ether 21.8q-12.8 34.34-13.9 n.s. 
ring hydroxylase (100.0z1-58.7%) (157.3..t=63.8%) 
(A E/g liver) 
NADPH: cytoehrome 30.8~-4.9 43.8--8.9 p<0.005 
c oxidoreductase (100.0~16.0%) (142.0..29.0%) 
(units/g liver) 
Neotetrazolium re- 30.2q-5.5 50.5..8.0 p<0.0005 
ductase (100.04-18.2%) (167.2• 
(units/g liver) 
Glucose-6-phosphate 1.994-0.38 2.964-0.51 p<0.001 
deuydrogenase (i00.0• (148.7..25.6%) 
(uh.lts/g liver) 
Malic enzyme 0.290-t -0 .017 0.494:~0.121 p<0.0005 
(units/g liver) (100.0~5.9%) (170.3..41.7%) 

Means =E SD, N = 10. The numbers in brackets denote percentage 
of control. A E: Extinction difference at 479 nm/min. *: N = 7; 
**: N = 8 .  

N A D P H  : cy toch rome  c ox idoreduc tase  (microsomal  cy to-  
chrome c reductase) ,  and neo te t razo l ium reduc tase  b y  
me t h o d s  descr ibed elsewhere in th is  journa l  21. Signifi- 
cance was  ca lcula ted  f rom the  resul ts  by  S t u d e n t ' s  t - t es t .  
Results  and  d{scussion. The livers of the  t r ea t ed  animals  
were enlarged,  b u t  p ro te in  con ten t s  r ema ined  c o n s t a n t  
(see table) .  The mi tochondr ia l  enzymes,  g lu t ama te  and  
succinate  dehydrogenases ,  and mi tochondr ia l  cy toch rome  
c reductase ,  and mos t  of the  soluble enzymes,  e -g lycero-  
phospha te ,  malate ,  isoci trate ,  and  6-phosphogluconate  
dehydrogenases  and  the  t r ansaminase ,  were unchanged .  
Therefore,  we conclude t h a t  Dowex  1 x 2 t r e a t m e n t  does  
no t  int luence mi tochondr i a l  and  cytosolic metabol i sms ,  
or a t  the  mos t  only  pa r t s  of them.  
In teres t ingly ,  some granule-  and m e m b r a n e - b o u n d  en- 
zymes are increased (see table),  e.g. alkaline and acid 
phospha tases .  Also catalase  act ivi t ies  are raised. This  
fact  indicates  t h a t ,  dur ing  t r e a t m e n t  w i th  Dowex  lx2,  
peroxisomes  (microbodies) prol i ferate  as under  t r e a t m e n t  
wi th  hypol ip idemic  aryloxyalcauoic  acids, e.g. c lof ibrate  
and 13 437-Su z~-25. Dowex  1 x 2 t r e a t m e n t  also resul ted  
in an increase of drug  metabol iz ing  enzymes  and micro-  
somal  reductases .  Dowex  i x 2 therefore  induces  the  bio- 
syn thes i s  of the  enzymes  of the  microsomal  r e s p i r a t o r y  
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chain ,  as do p h e n o b a r b i t a l  a n d  a g rea t  n u m b e r  of o t h e r  
drugslS, 21, 2~ The  on ly  dif ference is t h a t  these  d rugs  are 
t h o u g h t  to  e n t e r  t he  l iver  cell a n d  to r eac t  w i t h  t he  
mic rosoma l  sys tems  ~1, 2% whi l s t  t he  an ion  exchange r  resin" 
does n o t  because  i t  is n o t  abso rbed  b y  the  in tes t ine .  
The  ac t iv i t i e s  of t h e  soluble  N A D P H - g e n e r a t i n g  en- 
zymes,  glucose 6 - p h o s p h a t e  d e h y d r o g e n a s e  and  mal ic  
enzyme,  are  increased.  This  f i ts  well w i t h  t h e  g r ea t e r  
d e m a n d  for N A D P H  in order  to  feed t he  mic rosoma l  
h y d r o x y l a t i o n  reac t ions .  Malic e n z y m e  is also increased  
w i t h  a ry loxya lcano ic  acids 24, 25. T r e a t m e n t  of r a t s  w i t h  
13 437-Su resu l t s  in  l iver  e n l a r g e m e n t  a n d  increased  
ac t iv i t i es  of a lka l ine  p h o s p h a t a s e ,  ca ta lase ,  mal ic  enzyme,  
a m i n o p y r i n e  deme thy la se ,  a n d  mic rosomal  c y t o c h r o m e  c 
a n d  n e o t e t r a z o l i u m  reduc tases  (Kief and  Beyhl ,  u n p u b -  
l ished resu l t s  24, 25). 

Dowex  1 x 2 t r e a t m e n t  c o m b i n e s  t he  e f fec t ' o f  t he  ary l -  
oxya lcano ic  acids (c lof ibrate- l ike drugs) and  t h e  micro-  
somal  inducers  (phenoba rb i t a l - l i ke  drugs) ,  I t  seems as if 
p a r t  of t h e  effects of t he  a ry loxya lcano ic  acids can  be  
ascr ibed  to an  in te r fe rence  w i t h  bi le  acid e n t e r o h e p a t i c  
c i rcu la t ion  ( inh ib i t ion  of en t e r a l  bi le  acid r eabso rp t i on ,  
e.g.). On t he  o the r  h a n d ,  i n d u c t i o n  of m i c r o s o m a l  d rug -  
m e t a b o l i z i n g  e n z y m e s  m a y  be  due  to  an  ove rcome  of bi le  
acid n e g a t i v e  f eedback  con t ro l  of e n z y m e  s y n t h e s i s  
b r o u g h t  a b o u t  b y  t he  i nduc ing  agent .  So i t  is n o t  neces-  
sa ry  t h a t  a mic rosoma l  inducer  should  e n t e r  t he  l iver  cell;  
i t  can  ach ieve  i t s  i nduc ing  ac t ion  also b y  an  ind i r ec t  way,  
n a m e l y  s e q u e s t r a t i o n  of bile acids in  t he  i n t e s t i n a l  t r ac t .  

26 W. Klinger, Verh. dt. Ges. exp._Med., Berlin 22, 109 (1969). 
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Summary. O r g a n o p h o s p h a t e  i n tox i ca t i ons  h a v e  been  t r e a t e d  b y  d e x e t i m i d e  plus  ob id0x ime .  R a b b i t s  i n t o x i c a t e d  b y  
t h e  50-80fold  LDso of d i f f e ren t  o r g a n o p h o s p h a t e s  su rv ived .  P r o p h y l a c t i c  app l i c a t i on  of d e x e t i m i d e  or scopo lamine  
plus  o b i d o x i m e  increased  t h e  LDs0 of D F P  b y  a fac to r  up  to 180. 

I t  is genera l ly  r e c o m m e n d e d  to  t r e a t  a n  i n t o x i c a t i o n  w i t h  
o r g a n o p h o s p h a t e s  - wide ly  used  as insect ic ides  a n d  in 
s tock  as chemica l  war fa re  agen t s  - b y  r epea t ed  adminis= 
t r a t i o n s  of h i g h  doses of a t rop ine .  T he  t r e a t m e n t  m i g h t  
be  i m p r o v e d  b y  t h e  a d d i t i o n a l  app l i ca t i on  of e n z y m e  
r e a c t i v a t o r s  of t he  ox ime  type ,  e.g. p r a l i dox ime  and  
ob idoxime.  Th i s  t r e a t m e n t  ha s  to  be  s u p p l e m e n t e d  b y  

Table 1. Toxicity (LD~0) of DFP in mice after pretreatment by 
eholinolytics and obidoxime 

~moles/kg b.wt Obidoxime LDs0 DFP Protection 
(mol.wt 359) (mol.wt 184) factor* 
[xmolesLkg b.wt txmoles/kg b.wt 

Atropine (mol.wt 347) 
20 
10 10 
10 100 

Scopolamine 
(mol.wt 384) 
20 
10 10 
10 100 

Dexetimide 
(mol.wt 399) 
20 
10 
10 

45 1.9 
280 12 
680 28 

42 1.8 
610 25 

4400 183 

- 38 1.68 
10 960 40 

100 4360 180 

10 44 1.7 
100 62 2.3 

The LD~0 in controls was 24 [~moles 4- 0.14/kg b.wt. The drugs were 
applied s.c., the protecting compounds were injected 15 rain before 
DFP administration. 

*Protection factor ~ LDs~ pretreatment 
LDs0 controls 

s y m p t o m a t i c  p rocedures  2. Th i s  c o m m o n l y  p roposed  
t h e r a p e u t i c  scheme of ten  fails to  be successful.  The  lack  
of success m i g h t  be  caused  b y  the  re la t ive  i n a b i l i t y  of 
a t r o p i n e  to c o u n t e r a c t  t he  i n t o x i c a t i o n  of t he  cen t r a l  
n e r v o u s  sys tem.  We, therefore ,  d i rec ted  our  a t t e n t i o n  to  
cho l ino ly t ic  d rugs  w h i c h  more  r ead i ly  p e n e t r a t e  t he  
b lood-b ra in -ba r r i e r .  The  p r e l i m i n a r y  resul t s  o b t a i n e d  
w i t h  scopo lamine  a n d  dexe t imide ,  a d rug  d i sp lay ing  
s t rong  c e n t r a l  an t i cho l ine rg ic  a c t i v i t y  ~, will be  r epor t ed .  
D e x e t i m i d e  is t he  biological ly  ac t ive  e n a n t i o m e r  of 
b e n z e t i m i d e  (Tremblex |  
I n  a f i r s t  series of expe r imen t s ,  t h e  p ro t ec t i ve  p o t e n c y  of 
d e x e t i m i d e  a n d  of d e x e t i m i d e  plus  r e a c t i v a t o r  was  com- 
p a r e d  w i t h  t h a t  of a t r o p i n e  a n d  scopolam!ne.  Di i sopropyl -  
p h o s p h o r o f l u o r i d a t e  (DFP)  was in jec ted  s.c. to  mice  
(NMRI,  17-23 g b .wt)  in  a dose r ange  of 24-4400 ~moles /  
kg  b .wt .  The  LDs0 a m o u n t e d  to  24 • 0.14 ~xmoles/kg b . w t  
u n d e r  con t ro l  condi t ions .  As shown  in t ab l e  1, n e i t h e r  t he  
cho l ino ly t ic  d rug  nor  o b i d o x i m e  a lone  d i sp layed  a signifi-  
c a n t  p ro t ec t i on .  The  c o m b i n e d  p rophy l ac t i c  t r e a t m e n t  
b y  a t r o p i n e  plus  ob idox ime  resu l ted  in a p r o t e c t i o n  fac to r  
of 28 w h i c h  is in  acco rdance  w i t h  o t h e r  r epor t s  4, 5. An  in-  
crease of t he  a t rop ine  dosage d id  n o t  yield h ighe r  p ro tec -  
t ion.  R e p l a c i n g  a t r o p i n e  b y  t he  s t ronger  c e n t r a l l y  ac t ing  
d rugs  scopo lamine  or d e x e t i m i d e  p r o v e d  to r e su l t  in  fa r  
super ior  p ro t ec t ion ,  as d e m o n s t r a t e d  b y  t he  p r o t e c t i v e  
fac tors  of 183 and  180, respect ive ly .  I n  r ega rd  to  scopola-  

1 Supported by the Fraunhofer-Gesellschaft e. V., Munich, BRD. 
2 W~ D. Erdmann, Arch. Tox. 2d, 30 (1968). 
3 P.A..]'. Janssen and C. J. E. Niemeggers, Psychopharmacologia 

17, 231 (1967). 
4 B.M. Askew, Br. J. Pharmac. 12, 340 (1957). 
5 H. Kewitz, I. B. Wilson and D. Nachmansohn, Arch. Biochem. 

6d, 456 (1956). 


