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hydr in  p roduced  are insuff ic ient  to  form V I I I  ( R = H ) ,  
since th is  conjugate  is no t  de tec tab le  af ter  admin i s t r a t ion  
of the  low-dose regime of e -ch lorohydr in  which causes 
infert i l i ty.  
A t t e m p t s  to  de tec t  the  a ldehyde  (II) as a u r inary  me- 
tabol i te  have  been unsuccessful  t hough  in ra t  l iver ho-  
mogenates ,  the  convers ion of e -ch lorohydr in  to BCLA 
( I I I - -~  IV) has been d e m o n s t r a t e d  to involve N A D  +- 
l inked dehydrogenase  ac t iv i ty  wi th  the  fo rmat ion  of an 
as ye t  un ident i f ied  a ldehyde:  Ra t s  given 36Cl-e-chloro- 
hydr in  af ter  p r e t r e a t m e n t  wi th  d isu l furam to inh ib i t  
a ldehyde  dehydrogenase  2~ show a delay in the  onse t  
of excre t ion  of BCLA (IV) in the  urine (from 5 h to 9 h) 
and t race  amoun t s  of an ~-halohydr in  a ldehyde  can be 
de tec ted  f rom 5 to 9 h af ter  adminis t ra t ion .  

I t  is t e m p t i n g  to pos tu la te  differing enzyme specificities 
for the  ( + ) -  and  ( - - ) - i somers  of the  a ldehyde  (II) by  the  
dehydrogenases  I I - +  IV and  I I - ~  I I I .  This would ex- 
pla in  preferent ia l  BCLA and  oxalic acid fo rmat ion  by  
( + ) - A C P ,  leading to  renal  toxic i ty ,  and  e -ch lorohydr in  
p roduc t ion  by  ( - - ) -ACP yielding an an t i fe r t i l i ty  response  
since oxalic acid is de tec tab le  22 only as a u r inary  me tab -  
olite of ( + ) - A C P  and no t  f rom ( --)-ACP. The compara t ive  
me tabo l i sm of ( + ) -  and ( - - ) -A CP  in vivo and  in vi t ro  is 
a t  p resen t  under  inves t igat ion.  

20 N.O. Kjeldgaard, Acta pharmac, tox. 5, 397 (!949). 
21 J. Hald and V. Larsen, Acta pharmac, tox. 5, 292 (1949). 
22 C. Murcott, M. sc. Thesis, Manchester 1976. 
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Summary .  The effects of 2 of a series of bicyclic phosphorous  esters,  the  e thy l  (EPTBO) and  isopropyl  (IPTBO) com- 
pounds ,  were compared  wi th  those  of the  GABA antagonis ts ,  p ic ro toxin  and bicuculline,  on p resynap t i c  inhibi t ion in 
the  ra t  cunea te  nucleus.  B o t h  E P T B O  and I P T B O  were found to be effective,  reversible  an tagonis t s  of p re synap t i c  
inhibi t ion,  wi th  I P T B O  a p p r o x i m a t e l y  10 t imes  more  p o t e n t  t h a n  E P T B O  and equ ipo t en t  wi th  bicuculiine,  E P T B O  
equ ipo t en t  wi th  p icrotoxin .  

The 7 -aminobutyr ic  acid (GABA) antagonis ts ,  bicucull ine 
and  picrotoxin,  have  been  repor ted  to be effective an tago-  
nists  of p resynap t i c  inhibi t ion in the  ve r t eb ra t e  spinal  
cord and dorsal  co lumn nuclei ~-6. In  addi t ion b o t h  
p ic ro toxin  and bicucull ine block the  di rect  depolar iz ing 
act ions  of GABA on p r i m a r y  af ferent  te rminals  s-8 sug,  
gest ing t h a t  the  blocking of p resynap t i c  inhibi t ion by  
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Depression and recovery of the cuneate P wave during application 
and after removal of 10 -3 M EPTBO. Tile sample recordings of the 
computer-averaged cuneate evoked potential shown above the graph 
are taken from left to right, before application of EPTBO, during 
maximum depression of the P wave in the presence of EPTBO and 
ahnost 2 h after its removal, as indicated. Each computer record is 
an average of 16 successive recordings of the supramaximal response 
to ipsilateral forepaw stimulation; sweep time is 100 msec. The first 
negative, upward going component of the response (the N wave) is 
unaffected by EPTBO, while the second, positive going component 
(the P wave) is virtually completely abolished. The graph below the 
computer records shows the time course of depression and recovery 
expressed in terms of the area of P wave as a percentage of its mean 
control size. 

these  subs tances  is due to  a discrete  act ion a t  GABA- 
nergic receptors  on p r i m a r y  af ferent  terminals .  I t  is 
in te res t ing  therefore  to examine  the  effect  on p resynap t i c  
inhib i t ion  of a new group of subs tances ,  the  bicyclic phos-  
phorous  esters,  which have  recent ly  been repor ted  to be 
effect ive GABA an tagon i s t s  in the  ra t  super ior  cervical 
ganglion 9. 
Materials and methods. Adul t  ra t s  were anaes the t i sed  
wi th  a 1% chloralose-10~ ure thane  solut ion (0.8 ml/100 g 
i .p.) and the  pial surface of the  dorsal  co lumn nuclei 
exposed  for electrical recording and drug  appl icat ion as 
descr ibed elsewhere 6. Evoked  po ten t ia l s  were recorded 
f rom tile pial surface of the  cunea te  nucleus following 
sup ramax ima l  electrical s t imula t ion  of the  ipsi lateral  
fo repaw wi th  a 0.1 msec s t imulus  del ivered th rough  p.c.  
needle electrodes.  Groups  of 16 successive evoked po ten-  
t ials  were compu te r - ave raged  dur ing superfus ion of the  
pial surface wi th  an artificial cerebrospinal  fluid (csf) 
solut ion 1~ or wi th  similar solutions conta in ing  10 .3 or 

1 The authors are grateful to Dr J. F. Collins, Deparunent of 
Chemistry, Sir John Cass School of Science and Technology, 
31 Jewry Street London, for the gift of bicyclic phosphorous 
esters. 

2 J .C. Eceles, R. F. Schmidt and W. D. Willis. J. Physiol. 168, 
500 (1963). 

3 R.F.  Schmidt, Pflfigers Arch. 277. 325 (1963J. 
4 N. Davidson and E. E. Suckling, Fedn Proc. 26, 491 (19671. 
5 N. Davidson and H. Reisine. Nature New Biol. 234, 223 (1971). 
6 N. Davidson and C A. P. Southwick. J. Physiol. 219, 689 (19711. 
7 R.A. Levy and E. G. Anderson, Brain Res. 43. 171 11972/. 
8 R.A. Davidoff, Exp] Neurol. 35. 179 /19721. 
9 N.G. Bowery, J. F. Collins and R. G. Hill; Nature 261 601 

(1976). 
10 J. K. Merlis, Am. J. Physiol. 137, 67 (19401. 
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10 - t  M p ic ro tox in ,  b icucul l ine  or one of the  bicyl ic  
p h o s p h o r o u s  es ters  4-e thyl-1  p h o s p h a  2 ,6 ,7- t r ioxabicyclo  
(2,2,2) oc t ane  ( E P T B O )  or i ts  i sopropyl  e q u i v a l e n t  
(1PTBO).  
E v o k e d  p r e s y n a p t i c  i nh ib i t i on  was e s t i m a t e d  q u a n t i t a -  
t i ve ly  as t he  a rea  enc losed  b y  the  large pos i t ive-going  
c o m p o n e n t  (P wave)  of the  cunea t e  evoked  po ten t i a l ,  
wh ich  is k n o w n  to  ref lect  t he  u n d e r l y i n g  depo la r i za t ion  
of p r i m a r y  a f fe ren t  t e rmina l s ,  t he  basic  m e c h a n i s m  of 
v e r t e b r a t e  p r e s y n a p t i c  inh ib i t ion .  A l t e r a t i ons  in t he  size 
of t he  P wave  h a v e  f r e q u e n t l y  been  used in pha rmaco log i -  
cal i nves t i ga t i ons  of p r e s y n a p t i c  i nh ib i t i on  11 b u t  com- 
p u t e r - a v e r a g i n g  of t he  evoked  response  adds  g rea t e r  
re l iab i l i ty  to  t he  t echn ique .  
Results and discussion. B o t h  E P T B O  a n d  I P T B O  were 
effect ive  a n t a g o n i s t s  of p r e s y n a p t i c  inh ib i t ion ,  r educ ing  
or abo l i sh ing  t he  c u n e a t e  P wave.  I n  b o t h  cases t he  onse t  
of ac t ion  was  a p p a r e n t  w i t h i n  a few m i n  of the  super fus ion  
fluid be ing  appl ied  to t he  cunea t e  and  t he  m a x i m u m  
effect  was  r eached  w i t h i n  30-40 m i n  for 10 -~ M . E P T B O  
(figure) a n d  10 -4 I P T B O ,  t he  l a t t e r  be ing  cons i s t en t ly  
a b o u t  10 t i m e s  more  p o t e n t  t h a n  E P T B O .  Af te r  r e m o v a l  
of E P T B O  or I P T B O  f rom t he  super fus ion  fluid, t he  
d e p r e s s a n t  effects  were fully revers ib le  w i t h i n  a per iod  
of a b o u t  2 h. There  was no cons i s t en t  effect  on  t he  pre-  

ceding N wave  c o m p o n e n t  of t he  evoked  response  (figure). 
The  d e p r e s s a n t  ac t ion  of p i c ro tox in  on t h e  P wave  was 
a p p r o x i m a t e l y  e q u i p o t e n t  w i t h  t h a t  of E P T B O ,  bicucul-  
l ine w i t h  I P T B O .  In  c o n t r a s t  to  t he  bicyclic phospho rous  
esters,  however ,  t he  ac t ions  of p i c ro tox in  a n d  b icucul l ine  
were e i t he r  on ly  pa r t i a l l y  revers ib le  or i r revers ib le  over  
the  t ime  course of t he  expe r imen t s ,  as ha s  been  r epo r t ed  
elsewhere 5, 6. 
The  bicyclic phospho rous  es ters  are p o t e n t  convu l san t s ,  
b lock  t he  d e p r e s s a n t  ac t ions  of G A B A  on single neu rones  
in the  r a t  medu l l a  and  t he  depolar iz ing  ac t ion  of G A B A  
on super ior  cerv ica l  gangl ion  cells w i t h  the  re la t ive  
potenc ies  of I P T B O  = 1, E P T B O  = 0.19. The  d a t a  re- 
p o r t e d  here  e x t e n d  these  obse rva t i ons  to  include a n t a g -  
on i sm of p r e synap t i c  i n h i b i t i o n  w i th  the  re la t ive  po tenc ies  
r e m a i n i n g  unchanged .  I t  is l ikely t h a t  the  c o n v u l s a n t  ac- 
t i v i t y  of t he  bicycl ic  p h o s p h o r o u s  es ters  depends  to  a con-  
s iderable  e x t e n t  on  t he i r  ab i l i ty  to  a n t a g o n i z e  p r e synap t i c  
inh ib i t ion .  The  obse rva t ions  r epo r t ed  here  also ~uppor t  
t he  t h e o r y  t h a t  G A B A  is t he  p r e s y n a p t i c  i n h i b i t o r y  
t r a n s m i t t e r  6. 

11 N.R. Banna and S. J. Jabbur, Brain Res. 33, 530 (1971). 
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Summary. The  q u a t e r n a r y  a m m o n i u m  compound ,  m e t h a n t h e l i n e ,  was  found  to a n t a g o n i z e  ace ty lchol ine  induced  
c o n t r a c t i o n s  in  i sola ted gu inea  pig i leum b y  a m e c h a n i s m  which did  no t  confo rm to  the  c r i t e r ia  for e i the r  compe t i t i ve  
or n o n - c o m p e t i t i v e  inh ib i t ion .  E n h a n c e m e n t  of t he  l ipid solubi l i ty  of m e t h a n t h e l i n e  b y  fo rma t ion  of a n  ion pai r  w i t h  
t r i c h l o r a c e t a t e  fai led to  inf luence its chol inergic  i n h i b i t o r y  ac t iv i ty .  The  resul t s  sugges t  t h a t  in the  gu inea  pig i leum 
a) an  in t r ace l lu l a r  s i te  of ac t ion  does not exis t  for m e t h a n t h e l i n e  a n d  b) the  m e m b r a n e  receptors  for  m e t h a n t h e l i n e  
mos t  l ikely are loca ted  in an  aqueous  e n v i r o n m e n t .  

I on  pa i r ing  is a t e c h n i q u e  wh ich  has  been  used to m a s k  
the  cha rged  si te  on  an ionic species a n d  t h e r e b y  r ende r  i t  
more  l ipid soluble  a-5. The  p o t e n t i a l  app l i ca t ion  of th i s  
t e c h n i q u e  as a m e a n s  of i m p r o v i n g  the  g a s t r o i n t e s t i n a l  
a b s o r p t i o n  of h igh ly  ionized drugs  ha s  been  d e m o n s t r a t e d  
b y  I rwin  e t  al. 6 who  obse rved  a n  increase  in r a t e  of onse t  
and  in i n t e n s i t y  of m y d r i a t i c  response  fol lowing oral  
a d m i n i s t r a t i o n  of t h e  q u a t e r n a r y  a m m o n i u m  c o m p o u n d  
i sop ropamide  iodide, in c o m b i n a t i o n  w i t h  t he  ion pa i r  
fo rming  c o u n t e r  ion t r i ch lo race ta t e .  A change  in t h e  
phys ica l  p rope r t i e s  of a cha rged  d rug  molecule  conce ivab ly  
could inf luence  i t s  pha rmaco log ic  a c t i v i t y  in o t h e r  ways  
such  as b y  inc reas ing  i ts  access ib i l i ty  to i n t r ace l lu l a r  si tes 
of ac t ion  or b y  a l t e r ing  i ts  a f f in i ty  for m e m b r a n e  receptors .  
The  p r e s e n t  i n v e s t i g a t i o n  was u n d e r t a k e n  to eva lua t e  t he  
effects of 1on-pair  f o r m a t i o n  on  the  lipid so lubi l i ty  and  
a n t i m u s c a r i n i c  a c t i v i t y  of m e t h a n t h e l i n e  bromide ,  a 
q u a t e r n a r y  a m m o n i u m  c o m p o u n d  wh ich  is h igh ly  ionized 
a t  phys io logica l  pH.  
Materials and methods. The  effect  of ion pa i r  f o r m a t i o n  
on l ipid so lub i l i ty  was  e x a m i n e d  by  2 me thods .  As a 
d i r ec t  m e a s u r e m e n t ,  t he  p a r t i t i o n  coeff ic ient  for m e t h -  
a n t h e l i n e  was  d e t e r m i n e d  in the  presence  of excessive 
mo la r  c o n c e n t r a u o n s  of t r i ch l o r oace t a t e  (TCA). An  in- 
d i rec t  a s s e s s m e n t  of t he  ab i l i ty  of complex  f o r m a t i o n  
w i t h  TCA to e n h a n c e  t he  l ipid so lub i l i ty  of m e t h a n t e l i n e  

was m a d e  us ing  an  in s i tu  r a t  i n t e s t i na l  loop p r e p a r a t i o n  7. 
4.76 mM 14C-methanthel ine  (specific ac t iv i ty ,  1.25 • 107 
cpm/mg)  in t he  presence  of excessive mo la r  concen t r a t i ons  
of TCA was i n t r o d u c e d  in to  t he  i n t e s t i n a l  l umen  a n d  t he  
a m o u n t  r e m a i n i n g  was d e t e r m i n e d  a t  d i f fe ren t  t imes  over  
a 1-h-period us ing  a P a c k a r d  T r i ca rb  l iquid sc in t i l la t ion  
counte r .  
The  effect of ion pa i r  f o r m a t i o n  on t he  an t imusca r in i c  
a c t i v i t y  of m e t h a n t h e l i n e  was i n v e s t i g a t e d  b y  the  follow- 
m g  procedure .  Female  guinea-pigs  weighing  200=300 g 
were sacrif iced b y  cervical  d is loca t ion  a n d  t he  a b d o m i n a l  
c a v i t y  opened  b y  mid l ine  l a p a r o t o m y .  A 2-3  cm segmen t  
of d i s ta l  i l eum was excised a n d  t r i m m e d  of a t t a c h e d  
mesen te ry .  The  sample  was suspended  in a 15 ml  i so la ted  
t issue b a t h  c o n t a i n i n g  T y r o d e ' s  solut ion of the  fol lowing 
mi l l imolar  compos i t ion  : NaC1, 137 ; KC1, 2.7 ; CaCln, 2.5 ; 
N a H P O  4, 4.2; MgSO~, 7H20,  8.3; glucose, 10; NaHCO3, 
14. The  b a t h  was  m a i n t a i n e d  a t  37 a_ 1 ~ and  con t inu -  
ously b u b b l e d  w i th  95% O n - 5 %  CO n. The  sys t em was 
a r r a n g e d  in such a way  t h a t  w a s h o u t  of d rug  so lu t ions  
could be  accompl i shed  w i t h o u t  r e m o v i n g  t i ssue  Samples 
f rom the  b a t h .  Con t r ac t i ons  i nduced  b y  v a r y i n g  doses of 
ace ty lcho l ine  chlor ide  were m o n i t o r e d  us ing  a Grass  
FT03C force- tens ion  t r a n s d u c e r  in c o n j u n c t i o n  With a 
H e w l e t t - P a c k a r d  7404A osci l lographic  recorder .  
An  ion pa i r  so lu t ion  was p r e p a r e d  by  combin ing  m e t h -  


