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i m p o r t a n c e  in r ecep to r  c o m p l e x i n g  of t h e  p e n t y l t r i -  
m e t h y l a m m o n i u m  ion. 

T h e  m u s c a r i n i c  po tenc ies  of  p e n t y l t r i m e t h y l a m m o n i u m  
b romide ,  ( ± ) - l - m e t h y l t r i m e t h y l a m m o n i u m  iodide  a n d  
( ± ) - 2 - m e t h y l t r i m e t h y l a m m o n i u m  iodide  were  d e t e r m i n e d  
in  v i t r o  on  t h e  gu inea -p ig  i leum, us ing  T y r o d e  so lu t ion  
c o n t a i n i n g  1 × 1 0 - 4 M  h e x a m e t h o n i u m  d ich lo r ide  to  
dispel  gang l ion  s t i m u l a n t  c o n t r i b u t i o n s  to  t h e  m e a s u r e d  
responses .  D r u g  responses  were  c o m p l e t e l y  abo l i shed  
w h e n  t h e  c o m p o u n d s  were  a d m i n i s t e r e d  in  t h e  p resence  
of I × 10~TM a t r o p i n e  s u l p h a t e  7. 

Nico t ine - l ike  s t i m u l a n t  ac t ions  of t h e  c o m p o u n d s  were  
c o n d u c t e d  o n  t h e  r ec tus  a b d o m i n i s  musc le  of t h e  f rog 
.Rana pipiens s C a r b a c h o l  was  used  as  t h e  s t a n d a r d  d r u g  
in a l l  e x p e r i m e n t s  a n d  e q u i p o t e n t  m o l a r  r a t ios  were 
d e t e r m i n e d  b y  c o m p l e t e  I o u r - p o i n t  assays.  

A l t h o u g h  t h e  p e n t y l t r i m e t h y l a m m o n i u m  sa l t s  a re  less 
ac t ive  t h a n  t h e  s t a n d a r d ,  carbactxol, t h e  r e su l t s  c lear ly  
d e m o n s t r a t e  t h a t  t h e  n ico t in ic  a n d  m u s c a r i n i c  r ecep to r s  
c an  d i f f e r en t i a t e  b e t w e e n  t h e  s u b s t i t u t e d  a l i p h a t i c  
agon i s t s  (Table) .  T h e  p e n t y l t r i m e t h y l a m m o n i u m  a n d  

1 - m e t h y l p e n t y l a m m o n i u m  sa l t s  a re  v i r t u a l l y  e q u i p o t e n t  
n ico t in ic  s t i m u l a n t s  whereas  2 - m e t h y l p e n t y l t r i m e t h y l -  
a m m o n i u m  iod ide  is c o n s i d e r a b l y  less a c t i v e  o n  a m o l a r  
basis.  T h e  reve r se  s i t u a t i o n  ho lds  t r u e  a t  t h e  m u s c a r i n i c  
r ecep to r  whe re  2 - m e t h y l p e n t y l t r i m e t h y l a m m o n i u m  iodide  
a n d  p e n t y l t r i m e t h y l a m m o n i u m  b r o m i d e  are  more  p o t e n t  
t h a n  t he  1 - m e t h y l p e n t y l t r i m e t h y l a m m o n i u m  salt .  

The  c o n s i s t e n c y  b e t w e e n  t h e  a b o v e  re su l t s  a n d  those  
p rev ious ly  d e t e r m i n e d  for t h e  ana logous  ace ty lcho l ines  ~, 9 
impl ies  t h a t  t h e  p e n t y l t r i m e t h y l a m m o n i u m  ion f i ts  t he  
chol inergic  r ecep to r s  in  a s imi l a r  w a y  to  ace ty lcho l ine .  
Moreover ,  t h e  q u a n t i t a t i v e  v a r i a t i o n s  n o t e d  (Table)  
i nd ica t e s  t h a t  t h e  m u s c a r i n i c  r ecep to r  is more  sens i t i ve  
to  e x c h a n g e  of  t h e  es te r  g r o u p  for  m e t h y l e n e s  t h a n  t h e  
n ico t in ic  r ecep to r  x°. 

Rdsumd. t~tude des  p ropr i6 t6s  cho l ine rg iques  des  iodures  
du  m6thy l -1  e t  du  m 6 t h y l - 2 - p e n t y l t r i m 6 t h y l a m m o n i u m .  
D a n s  leur  c o m p o r t e m e n t  agon is t ique ,  ces sels o f f r en t  des 
v a r i a t i o n s  para l l~ les  ~ celles de  d6riv6s m 6 t h y l e s  de 
l ' ac~ ty lehol ine .  Le c a t i o n  p e n t y l t r i m 6 t h y l a m m o n i u m  est  
done  c a p a b l e  de  s 'associer  a u x  r6cep teur s  cho l ine rg iques  
te ls  que  l ' ae6 ty lcho l ine .  

Equipotent molar ratios relative to earbaehol T. A. SZOKE a n d  M. HIRST 

Frog rectus Guinea-pig 
abdominis ileum 
(Nicotinic) (Muscarinic) 
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Carbachol 1.00 1.00 
Pentyltrimethylammonium 2,14 ~ 0.080 15.94 -4- 2.58 
bromide 
(±)-l-Methylpentyltrimethyl 2.89 :t: 0.423 300.2 ~ 20.60 
ammonium iodide 
(-l-)-2-Methylpentyltrimethyl 140.1 :t2 16.20 10.68 4- 0.372 
ammonium iodide 

Each experiment was repeated 3 times. The results show the equi- 
potent molar ratios and the standard errors of the means. 
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Ace ty lcho l ine  (Ach) a p p e a r s  in t h e  e f f luen t  d u r i n g  
pe r fus ion  of t h e  c e r e b r o v e n t r i c u l a r  s y s t e m  1 a n d  in te r -  
m e n i n g e a l  spaces  of t he  sp ina l  cord  w i t h  a n  a n t i c h o l i n e s  
t e r a se  ~. T h e r e  is, howeve r ,  n o t  m u c h  i n f o r m a t i o n  con-  
ce rn ing  t h e  f a t e  of Ach  in  t he se  spaces.  BHAWE ~ recovered  
5 6 %  f r o m  ca t  c i s t e r n a  m a g n a  a f t e r  a s ingle  i n t r a v e n t r i -  
cu l a r  i n j e c t i o n  of Ach.  I n  t h e  p r e s e n t  work% A c h  was  
pe r fused  c o n t i n u o u s l y  t h r o u g h  d i f f e ren t  c o m p a r t m e n t s  
of C S F - c o n t a i n i n g  spaces  a n d  i ts  d i s a p p e a r a n c e  s tud ied .  

Methods. 26 ca t s  of e i t h e r  sex were  a n a e s t h e t i z e d  b y  
a n  i .v.  i n j ec t ion  of 25 m g / k g  s o d i u m  p e n t o b a r b i t a l .  T h e  
l i q u o r - c o n t a i n i n g  spaces  were pe r fused  as fol lows:  a) t h e  
ce reb ra l  s u b a r a c h n o i d  space,  f r om t h e  p a r i e t a l  co r t ex  
to  c i s t e rna  m a g n a S ;  b) t h e  sp ina l  s u b a r a c h n o i d  space,  
f r om t h e  c i s t e r n a  m a g n a  to  l u m b o s a c r a l  f o r a m e n ~ ;  
c) t h e  c e r e b r o v e n t r i c u l a r  s y s t e m  l, f r om t h e  le f t  l a t e r a l  
v e n t r i c l e  e i t h e r  t o  c i s t e rna  m a g n a  or  d) to  a q u e d u c t  of 
Sylvius .  Ace ty l cho l ine  ch lo r ide  (100 ng /ml )  was  a d d e d  
t o  t h e  pe r fus ion  f lu id  ~ w h i c h  was  i n t r o d u c e d  a t  a r a t e  
of 0 . 1 m l / m i n .  T h e  c o n t e n t  of Ach  was  checked  b y  
b io logica l  a s say  a t  t h e  b e g i n n i n g  a n d  end  of t he  exper i -  
m e n t  to  exc lude  loss due  to  s p o n t a n e o u s  hydro lys i s .  
20 ra in  samples  of p e r f u s a t e  were  col lec ted  in g r a d u a t e d  

t u b e s  a n d  Ach  c o n t e n t  d e t e r m i n e d  on  gu inea -p ig  isola ted 
i l e u m L  D i s a p p e a r a n c e  of Ach  was ca l cu la t ed  b y  com- 
p a r i n g  in f low-out f low a m o u n t s .  I n  a s epa ra t e  series of 
e x p e r i m e n t s ,  pieces of d n r a  m a t e r  a n d  a r a c h n o i d  were  
d i s sec ted  f rom d i f f e ren t  reg ions  of b r a i n  a n d  sp ina l  cord  
a n d  cho l ines t e r a se  a c t i v i t y  was  d e t e r m i n e d  h i s to -  
c h e m i c a l l y  8, as  wel l  as  co lor imet r ica t ly  9 us ing  h o m o -  
gena tes .  
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I n  3 e x p e r i m e n t s ,  a b r a n c h  o f  a choro ida l  a r t e r y  of 
4 th  ven t r i c l e -p l exus  choro ides  was  obse rved  t h r o u g h  a 
d i s sec t ion  mic roscope  a n d  i ts  d i a m e t e r  m e a s u r e d  before  
a n d  a f t e r  local  a p p l i c a t i o n  of a d rop  of t h e  pe r fus ion  
f lu id  c o n t a i n i n g  Ach.  D u e  to  d i f f icul t ies  in  focussing,  
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Fig. 1. Disappearance oI Acb during perlusion of liquor-spaces with 
fluid containing 100 ng/ml of Ach. Values represent means of 5 
experiments in each group. 
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Fig. 2. Inflow/outflow ratios during perfusion of liquor-spaces with 
fluid containing 100 ng/ml of Ach. Values represent means of 5 
experiments in each group. Vertical bars indicate S.D. and broken 
line, inflow volume. 

i t  was  n o t  poss ib le  to  assess s i m u l t a n e o u s l y  t h e  d ia-  
m e t e r  of m o r e  t h a n  one vessel .  

Results. I~'igure 1 shows t h e  m e a n  resu l t s  conce rn ing  
t h e  d i s a p p e a r a n c e  of Ach  d u r i n g  2 h per fus ion .  Ach  was 
m o s t  e f f ic ient ly  r e m o v e d  f rom the  ce rebra l  s u b a r a c h n o i d  
space  a n d  l eas t  I rom t h e  v e n t r i c u l a r  sys tem.  T h i s  l a t t e r  
f i nd ing  con f i rms  p rev ious  work  z. Tile r a t e  of d isap-  
p e a r a n c e  of Ach  f rom t h e  sp ina l  s u b a r a c h n o i d  space  was 
smal l  a t  t h e  b e g i n n i n g  a n d  inc reased  g r a d u a l l y  t h r o u g h o u t  
t h e  e x p e r i m e n t .  

No d e m o n s t r a b l e  cho l ines t e ra se  a c t i v i t y  was  o b s e r v e d  
in  m e n i n g e s  up  to  6 h of i n c u b a t i o n  w i t h  ace ty l t h io -  
chol ine.  I n  con t ras t ,  a f t e r  30 m i n  of i n c u b a t i o n ,  d a r k  
spots ,  c o r r e s p o n d i n g  w i t h  m o t o r  e n d p l a t e  reg ion  of mice  
d i a p h r a g m  used as cont ro l ,  were seen. Moreover ,  no  
A c h  was  sp l i t  w h e n  i n c u b a t i n g  100-300 m g  of  m e n i n g e s  
h o m o g e n a t e  w i t h  4 m M  of Ach d u r i n g  2 h a t  25 °C. 

T h r o u g h o u t  t he  per fus ions ,  t h e r e  were d i f fe rences  be-  
t w e e n  inf low a n d  ou t f low vo lumes .  I n  F igu re  2 are  s h o w n  
t h e  in f low/ou t f low ra t ios  of va r ious  s amples  col lec ted  
d u r i n g  2 h pe r fus ion  of d i l f e ren t  segments .  Ca lcu la t ing  
t h e  t o t a l  v o l u m e  of 6 samples ,  t h e  e f f luen t  inc reased  b y  
55% in c), 40% in b) a n d  15% in  d). On t he  o t h e r  
h a n d ,  in  a) t o t a l  ou t f low v o l u m e  equa l led  t h a t  of inflow, 
a l t h o u g h  t he  l a s t  s amples  col lected were small .  Th i s  
would  ind ica t e  some a b s o r p t i o n  of pe r fus ion  fluid.  

A few seconds  a f t e r  local  a p p l i c a t i o n  of Ach,  d i a m e t e r  
of choro ida l  a r t e r y  b r a n c h  inc reased  cons ide r ab ly  (Table) .  
The  vesse l  r e m a i n e d  d i l a t ed  for a t  l eas t  3 m i n  a f t e r  
wash ing  t he  p l exus  w i t h  pe r fus ion  f luid w i t h o u t  Ach.  

Discussion. I t  seems r e a s o n a b l e  to  p o s t u l a t e  t h a t  Ach  
r e m o v a l  f rom l i q u o r - c o n t a i n i n g  spaces  could  be  due  to  
1. passage  i n to  b lood  s t r eam,  2. u p t a k e  b y  n e r v o u s  t i ssue  
s u r r o u n d i n g  t h e  spaces  a n d  3. d e s t r u c t i o n  b y  cho l in -  
es terase .  The  r e l a t i ve  i m p o r t a n c e  of each  one  oI these  
fac tors  cou ld  differ  accord ing  to  t h e  c o m p a r t m e n t  con-  
s idered.  M e c h a n i s m  2 a n d  3 could a c c o u n t  for t h e  g r e a t e s t  
d i s a p p e a r a n c e  f rom ce rebra l  s u b a r a c h n o i d  space,  as  t h e  
ce rebra l  a n d  ce rebe l l a r  cor t ices  a re  k n o w n  to  b e  r i ch  in 
cho l ines te rase  ~0 a n d  t h e  ce rebra l  c o r t e x  is ab le  to  incor-  
p o r a t e  Ach  n.  I n  con t ras t ,  e n z y m a t i c  d e s t r u c t i o n  could  
h a v e  p l a y e d  a m i n o r  role in  t h e  c e r e b r o v e n t r i c u l a r  sys tem,  
as p r e v i o u s  work  ~ showed  t h a t  l i n ing  e p e n d y m a  c o n t a i n  
no  d e t e c t a b l e  chol ines te rase .  W h e n  t h e  ou t f low was  f rom 
the  c i s te rna ,  a p a r t  of t h e  ce reb ra l  s u b a r a c h n o i d  space  
was also inc luded  in t h e  pe r fus ion  a n d  t h i s  could exp la in  
t he  b e t t e r  r e m o v a l  of Ach.  

I t  m a y  be  i n t e r e s t i n g  to  n o t e  t h a t  t he  p a t t e r n  of 
d i s a p p e a r a n c e  of Ach  f rom t h e  sp ina l  s u b a r a c h n o i d  space  
was consp icuous ly  d i f f e ren t  f rom o t h e r  regions .  T h e  

Diameter of a choroidal artery branch of 4th ventricle-plexus 
choroides a) before and b) after topical application of Ach 

Animal Diameter (~m) 
No. 

a) b) 

1 30 50 
2 20 40 
3 25 45 
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sp ina l  w h i t e  m a t t e r  possesses h i s t o c h e m i c a l l y  d e m o n -  
s t r ab l e  cho l ines te rase  a c t i v i t y  1~, a l t h o u g h  p r e s u m a b l y  
low a n d  the re fo re  on ly  sma l l  a m o u n t s  of Ach  could h a v e  
b e e n  d e s t r o y e d  d u r i n g  per fus ion .  Moreover ,  t h e  p r e s e n t  
e x p e r i m e n t s  fa i led to  d e m o n s t r a t e  cho l ines t e r a se  a c t i v i t y  
in  c a t  meninges ,  a n d  in  h u m a n s  i t  a p p e a r e d  t e n u o u s l y  
a n d  on ly  in  n e r v e  f ibers  a c c o m p a n y i n g  vessels  x4. I n  v i ew  
of  t h e  g r a d u a l  c l ea rance  of Ach,  one  could  specu la te  t h a t  
i t  cou ld  h a v e  b e e n  r e m o v e d  b y  a n  a c t i v e  t r a n s p o r t  
m e c h a n i s m  s imi l a r  to  t h a t  r e p o r t e d  for  iodide  ~5. 

T h e  inc rease  of ou t f low v o l u m e  could  be  a t t r i b u t e d  to  
v a s o d i l a t a t i o n  a n d / o r  inc reased  p e r m e a b i l i t y  e l ic i ted b y  
Aeh  on  p lexus  choro id  vessels.  Th i s  v iew is s u p p o r t e d  b y  
t he  h i g h e r  ou t f low o b t a i n e d  f rom c), w h i c h  inc luded  al l  
t h e  p lexuses  choroides ,  a n d  b y  t h e  lower  ou t f low f rom d) 
where  t he  4 th  ven t r i c l e  was  exc luded .  I t  m a y  also be  
poss ib le  t h a t  d u r i n g  b), some A ch  r eached  t he  4 t h  ven-  
tr icle,  a n d  th i s  could  exp l a i n  t he  increase  in outf low. 
I t  shou ld  be  reca l led  t h a t ,  in  dog, t h e  p lexus  choro ides  
of 4 t h  ven t r i c l e  p roduce  two  t h i r d s  of t h e  t o t a l  C SF  ~. 
The  poss ib i l i t y  t h a t  Ach  acts  on  n o n - c h o r o i d a l  CSF-  
sec re t ing  s t ruc tu res ,  such  as v e n t r i c u l a r  e p e n d y m a  *,~7 
a n d  t h u s  c o n t r i b u t i n g  to  t he  increase  of eff luent ,  
c a n n o t  be  ru led  out .  

On  t h e  o t h e r  h a n d ,  t h e  r e d u c t i o n  of ou t f low f rom a) 
could  h a v e  been  due  to  t h e  fac t  t h a t  no  p l exus  choroides  
came  in c o n t a c t  w i t h  Ach.  A n  a d d i t i o n a l  reason  could 
be  t h e  ac t ion  of chol ine ,  w h i c h  m u s t  h a v e  been  p r o d u c e d  
as  a r e su l t  of Ach  d e s t r u c t i o n  a n d  is k n o w n  to  r educe  ~8 
C S F  p r o d u c t i o n  19. 

Zusammen/assung. Bei  Pe r fus ion  der  L i q u o r r g u m e  im 
K a t z e n g e h i r n  v e r s c h w i n d e t  Ace ty l cho l in  zu 90% aus  
d e m  S u b a r a c h n o i d a l r a u m ,  zu 60% aus  den  Ven t r i ke ln .  
E i n e  fo r t l au f ende  A b n a h m e  w u r d e  im sp ina l en  Sub-  
a r a c h n o i d a l r a u m  b e o b a c h t e t .  Ace ty l cho l in  e rwe i t e r t e  den  
As t  der  Cho ro ida r t e r i e  u n d  ve rg r6s se r t e  s t a r k  das  Abfluss-  
v o l u m e n  aus  V e n t r i k e l n  u n d  d e m  sp ina l en  S u b a r a c h n o i -  
dMraum.  
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Beeinflussung m i k r o s o m a l e r  E n z y m e  d u r c h  T e t r a c h l o r k o h l e n s t o f f  m i t  u n d  ohne Phenobarbital- 
v o r b e h a n d l u n g  1 

T e t r a c h l o r k o h l e n s t o f f  f i ih r t  bei  V e r s u c h s t i e r e n  u n d  bei  
e x p o n i e r t e n  P e r s o n e n  zu e rheb] i chen  Lebersch~iden.  De r  
genaue  M e c h a n i s m u s  de r  a k u t e n  Sch~idigung is t  b i s h e r  
n o c h  n i c h t  b e k a n n t .  Ver sch iedene  B e f u n d e  s p r e c h e n  
daf i i r  (McLEAN ~, SASAME ~t u n d  SMUCKLER4), dass  de r  
T e t r a c h l o r k o h l e n s t o f f  zu e i n e m  a k t i v e n  M e t a b o l i t e n  ab-  
g e b a u t  wird.  

W i r  u n t e r s u c h t e n ,  ob  die tox i sche  W i r k u n g  des CC1 a 
in  e inem Z u s a m m e n h a n g  m i t  den  m i k r o s o m a l e n  Arznei -  
m i t t e l - m e t a b o l i s i e r e n d e n  E n z y m e n  u n d  a n d e r e n  rnikro-  
s o m a l e n  E n z y m e  s teh t ,  u n d  ob  s ich die T o x i z i t g t  n a c h  
P h e n o b a r b i t a l v o r b e h a n d l u n g  v e r s t g r k e n  liisst. 

U n s e r e  U n t e r s u c h u n g e n  w u r d e n  3 h n a c h  ora ler  G a b e  
des  CC14 durchgef i ih r t ,  n a c h d e m  DINGELL u n d  HEIM- 
BERG 5 ze igen k o n n t e n ,  dass  2 -3  h n a c h  ora le r  G a b e  y o n  
~4CC1~ in  de r  M i k r o s o m e n f r a k t i o n  die h 6 c h s t e  A k t i v i t g t  
n a c h w e i s b a r  ist .  

Mgnn l i che  140-160 g schwere  ~N i s t a r - Ra t t en  w u r d e n  
m i t  A l t r o m i n - S t a n d a r d f u t t e r  u n d  ~Vasser ad  t i b i t u m  
ernAhrt .  E i n e  a n d e r e  G r u p p e  e rh i e l t  aus se rde ln  3 Tage  
l ang  je  80 m g / k g  K 6 r p e r g e w i c h t  P h e n o b a r b i t a l - N a t r i u m  
i.p. in j iz ier t .  A m  4. T a g  b e k a m e n  die Tiere  n a c h  12st i in-  
d i g e m  N a h r u n g s e n t z u g  ve r s ch i edene  Mengen  CC1, (1 : 1 in  
Olivcn61 gel6st) d u r c h  eine S c h l u n d s o n d e  v e r a b r e i c h t .  
Die  K o n t r o l l t i e r e  be ide r  G r u p p e n  b e k a m e n  e n t s p r e c h e n d e  
M e n g e n  Oliven61. 

Die  Mikrosomenpr~ tpa ra t ion  f t i h r t en  w i t  n a c h  REM- 
MEt  6 d u t c h  u n d  u n t e r s u c h t e n  fo lgende  E n z y m e :  ] )as  
C y t o c h r o m  b 5 u n d  das  C y t o c h r o m  P450 n a c h  OMURA u n d  
SATO 7, die Desmetl : tylase u n d  die H ydr oxy l a s e ,  wobe i  
wi r  das  in  v i t r o  geb i lde te  F o r m a l d e h y d  bzw. para- 

A m i n o p h e n o l  n a c h  SCHENKMANN s b e s t i m m t e n ,  die 
N A D P H - C y t o c h r o m - c - R e d u k t a s e  n a c h  PHILLIPS e t  al. 9 
u n d  die G l u k o s e - 6 - P h o s p h a t a s e  n a c h  HARPER x°. Ausser-  
d e m  b e s t i m m t e n  wir  die B indungs f i i h igke i t  des endo-  
p l a s m a t i s c h e n  R e t i c u l u m s  fiir An i l i n  u n d  H e x o b a r b i t a l  
nach SCHENKMANN et  al. s. 

E in ige  de r  yon  uns  u n t e r s u c h t e n  E n z y m e ,  so das  Cyto-  
c h r o m  P4~0, die D e s m e t h y l a s e ,  die H y d r o x y l a s e  u n d  die 
G lukose -6 -Phospha t a se ,  ze ig ten  n a c h  CC14-Gabe eine 
dos i sabhgngige ,  s t a t i s t i s c h  s ign i f ikan te  A k t i v i t ~ t s a b -  
n a h m e  (Tabe l len  I u n d  I I I ) .  Das  C y t o c h r o m  b s und  die 

1 Die Ergebnisse wurden teilweise auf der 11. Pharmakologischen 
Friihjahrstagung in Mainz im M~irz 1970 vorgetragen. 
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