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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 -  
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anthe l ine  b romide  wi th  a 25 molar  excess of TCA neu- 
t ra l ized wi th  sod ium hydroxide .  Sodium chloride was 
w i t h d r a w n  f rom the  Tyrode ' s  solut ion to compensa te  for 
the  osmot ic  change  caused by  the  addi t ion  of the  m e t h a n -  
the l ine-TCA ion pair.  Af te r  a series of contract i le  responses  
to  va ry ing  doses of acetylchol ine  had  been recorded,  
the  t issue was exposed to  Tyrode ' s  solut ion conta in ing  
e i ther  m e t h a n t h e l i n e  or me than the l ine -TCA.  In  all ex- 
pe r iments , r  b a t h  concen t ra t ion  of me than the l i ne  was 
10 btg/ml. 5 min  thereaf te r ,  a second series of cont rac t i le  
responses  to acety lchol ine  were obta ined .  
Resul t s  and  discussion.  The d a t a  shown in tables  1 and 2 
clearly d e m o n s t r a t e  t h a t  ion pai r  fo rma t ion  wi th  TCA 
enhances  the  lipid solubi l i ty  of me than the l ine .  The par t i -  
t ion  coeff icient  of the  drug was observed  to  increase wi th  
increasing excessive molar  concen t ra t ions  of TCA (table 1). 
Likewise,  the  a m o u n t  of m e t h a n t h e l i n e  remain ing  in the  
in si tu in tes t ina l  loop was  observed to decrease wi th  t ime  
as a func t ion  of TCA concen t ra t ion  (table 2). 
B o t h  m e t h a n t h e l i n e  and me than the l ine -TCA were ef- 
fect ive in inhib i t ing  acetylchol ine  induced contrac t ions .  
These effects  were comple te ly  reversible  in b o t h  cases as 
ev idenced  by  a r e tu rn  to 100% of pre-drug  response  af ter  
3-4 min  washing  w i t h  drug-free  Ty rode ' s  solution.  Figure  
1 i l lus t ra tes  the  regression lines ca lcula ted  f rom log dose- 
response  d a t a  for acetylchol ine  alone and for acetyl-  
choline in the  presence of me than the l i ne  or me than the l i ne -  
TCA. The EDs0 for acetylchol ine  alone was 2.8 • 10 -s mg /  
ml. The presence  of me than the l i ne  or me than the l i ne -  
TCA caused a shif t  to t he  r igh t  in the  acetylchol ine  log 
dose-response  curve.  The cor responding  ED~0 values were 
1.4 • 10 -1 and 3.6 • 10 -1 mg /ml  respect ively .  There  was 
no s ta t i s t ica l ly  s ignif icant  difference (p > 0.05) be tween  
the  EDs0 values  for acetylchol ine  in the  presence  of the  
2 forms of the  drug. 
A s ta t i s t ica l  t e s t  for paral le l ism revealed t h a t  t he  regres- 
sion lines for acetylchol ine  in the  presence  of m e t h a n t h e l -  
ine and  me than the l i ne -TCA were parallel .  However ,  when  
the  regression line for acetylchol ine  alone was compared  
to t h a t  for ace ty lchol ine  in the  presence  of e i ther  m e t h -  
an the l ine  or me than the l ine -TCA,  the  slopes were found  
to differ s ignif icant ly.  This lack  of paral le l ism indicates  

t h a t  t he  agon i s t -an tagon i s t  in te rac t ion  did no t  involve a 
d i rect  compe t i t ive  mechanism.  Fur the r ,  cr i ter ia  for non-  
compet i t ive  inhibi t ion were no t  fulfilled since high doses 
of acetylchol ine  effect ively overcame the  inhibi t ion ex- 
er ted  by  me t h an t h e l i n e  or methanthel ine.-TCA. Similar 
anomalous  behav ior  has been  descr ibed for o the r  qua te r -  
na ry  a m m o n i u m  compounds  and  the  concep t  of allosteric 
regula t ion has been  advanced  by  F reeman  and Turner  to 
explain the  p h e n o m e n o n  *. According to the i r  hypothes is ,  
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 s  b i n d  to an anionic 
site in the  v ic in i ty  of the  cholinergic receptor  and f rom 
this  posi t ion exer t  a r egu la to ry  effect  on the  receptor .  
Ion  pai r  fo rmat ion  increases the  pa r t i t ion ing  of a charged  
species into a nonaqueous  phase  by  effect ively mask ing  
l ipophobic  sites and  t h e r e b y  increasing lipid solubi l i tyL 
I t  m a y  be assumed t h a t  in t he  p resen t  expe r imen t s  a 
s ignif icant  a m o u n t  of m e t h a n t h e l i n e  would  enter  t he  
intracel lular  space in the  presence  of the  ion pair  forming 

100 ~ y=138.94+15.94X 
% - -  y- 82.25+ 38.27X / , ~  i ~  

o--.o y- 73.20+52.47 X . ~  / /  

Z / /  

-7 -6 -5 -4 -3 -2 -1 0 1 
Log dose acetyrchNine(mg/ml) bath fluid) 

Fig. 1. The response of the isolated guinea-pig ileum to aeetylcholine 
alone (A--A) and to acetylcholine in the presence of methantheline 
(Q--O) or methantheline-TCA (�9 Each point represents the 
mean • SEM from at least 6 experiments. 

Table 1. Partition coefficients for methantheline bromide alone and 
in the presence of various concentrations of TCA 

Excess TCA (Mol. conc.) Partition coefficients 

- 0.03 
5 Mol 1.58 

10 Mol 3.10 
25 Mol 6.72 
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5 E.R.  Garrett and J. Tsau, J. pharm. Sei. 61, 1404 (1972). 
6 G.M. Irwin, H. B. Kostenbauder, L. W. Dittert, R. Staples, A. 

Miseher and J. V. Swintosky, J. pharm. Sei. 58, 323 (1969). 
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J. V. Swintosky, J. Pharm. Pharmae. 58, 1196 (1969). 
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Table 2. mM conc. of methantheline remaining in the intestinal loop in the presence of various concentrations of trichloracetate 

Time (min) 

Solution 0 5 10 15 20 30 40 50 60 
10fold Molar excess TCA 4.76 4.51 4.13 4.18 3.99 3.96 3.64 3.52 3.42 

�9 (0.13) (0.20) (0.23) (0.23) (0.26) (0.23) (0.23) (0.24) 
4.76 2.66 1.77 1.20 0.86 0.56 042 0.33 0.29 

25fold Molar excess TCA (0.11) (0.07) (0.05) (0.03) (0.02) (0.02) (0.02) (0.02) 

n = 4; numbers in parentheses are -F SEM. 
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counter  ion, TCA. If  intracel lular  receptor  site exists for 
methanthe l ine ,  as is the  case for the t e r t i a ry  amine local 
anesthet ics  such as procaine 1~ 11 then  a character is t ic  
devia t ion  in the  log dose-response curve  for acetylchol ine 
should occur qnder  condit ions which improve  the  drug 's  
accessibil i ty to the  intracel lular  space. However ,  as has 
been stated,  the  regression lines for acetylcholine in the  
Presence of methan the l ine  and methan the l ine -TCA did 
no t  differ s ta t is t ical ly  f rom one another .  In  l ight  of t h e  
fact  t h a t  the  ant imuscar in ic  ac t iv i ty  of methan the l ine  
was unaffected by  enhancing the  drug 's  lipid solubili ty,  
i t  is unl ikely tha t  an intraeel lular  locus of act ion exists. 
I n  addit ion,  s o m e  inferences m a y  be made  concerning the  
na tu re  of the  membrane  receptor  env i ronmen t  for meth-  
anthel ine.  Under  the  condi t ions  employed in these ex- 
per iments ,  the  methan the l ine -TCA ion pair  would  exist  
only  in a non-aqueous  med ium such as the  cell membrane .  

Consequently,  if the  methan the l ine  receptors  were located 
in an aqueous  envi ronment ,  only free drug would  be 
avai lable  and no fur ther  devia t ion  in the  log-dose response 
curve  for acetylchol ine would be expected when TCA was 
present~2, xa. The results presented in the figure suppor t  
the hypothes is  t ha t  fo rmat ion  of an ion pair  wi th  TCA did 
not  influence the  ant imuscar in ic  ac t iv i ty  of me than the l ine  
in the isolated tissue preparat ion.  

10 C. P. Bianchi and T, C. Bo!ton, J. Pharmac. exp. Ther. 757, 
388 (1967). 

11 R.W. Bury and M. L. Mashford, J. Pharmae. exp. Ther. 197, 
633 (1976). 

12 J. Hine, in: Physical Organic Chemistry. p. 44. MeGraw-Hin 
Book Co. Inc., New York 1956. 

13 R.A. Sneen, Aects. chem. Res. 6, 46 (1973). 

I n h i b i t o r y  t r i p e p t i d e ,  L y s - P h e - T y r ,  as  a f r a g m e n t  of p h y s a l a e m i n  

H. Takeuchi,  T. Morimasa and M. Matsumoto  ~ 

Institute/or Neurobiology, Okayama University Medical School, 2-5-1 Shikata-cho, Okayama (Japan), 
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Summary. Several  pept ides  were separated f rom a-chymot ryps in - t rea ted  physa laemin  by  high vol tage paper  electro-  
phoresis, and inhibi t ion of the  exci tabi l i ty  of a molluscan giant  neurone (tonically au toac t ive  neurone) by the  t r ipep-  
tide, Lys-Phe-Tyr ,  was demonst ra ted .  

Physa laemin  is a hypotens ive  endecapept ide  isolated by 
Er spamer  et  al. 2, 3 f rom amphib ian  skin. I ts  biphasic ef- 
fect  ( inhibi tory-exci ta tory)  on the exc i tab i l i ty  of a g iant  
n e u r o n e ( t h e  TAN,  tonica l ly  au toac t ive  neurone) 4, 5 in the  
subesophageal  ganglia of the  Afr ican giant  snail (Acha- 
t ina  fulica F6russac) has been repor ted  previous ly  6. Ex-  
c i ta t ion was much  more marked  than  inhibi t ion.  E n z y m e  
t r e a t m e n t  of physalaemin showed t h a t  marked  inhibi t ion 
of t h e  T A N  could be produced by  the  cr 
(CT)-treated physa laeminL In  the  present  s tudy,  each 
f r agment  of this CT-t rea ted  physa laemin  was separa ted  
by  high vOltage paper  electrophoresis.  Of the  separated 
f ragments ,  a t r ipept ide  (Lys-Phe-Tyr)  and an oc topept ide  
including the  t r ipept ide  (Pyr-Ala-Asp-Pro-Asn-Lys-Phe-  
Tyr) (Pyr:  L-pyrog lu tamic  acid) were shown to have  a 
s t rong inhib i tory  effect on the  TAN.  
Physa laemin  (Protein Research Foundat ion ,  Osaka ; 
2.5:• 10-4 kg/1 in 0.1 M a m m o n i u m  aceta te  buffer, p H  8.2) 
was t r ea ted  wi th  CT (Worth ington  Biochemical  Corpora- 
tion, 55 un i t s /mg;  5 •  kg/1;z/z 0 vo lume of physal-  
aemin solution) a t  37~ for 6 h. Af te r  the t rea tment ,  
t rasylol  (Bayer  AG) was added to stop enzyme act ivi ty .  
H igh  vol tage paper  electrophoresis  of CT- t rea ted  physal-  
aemin (Anastasi et al. s) was performed under  the  following 
condi t ions:  paper,  Toyo No. 51A; 50 V/cm;  90 min ;  pH,  
1.9; running buffer, CHaCOOH-HCOOH(98~  
(87 : 25 : 888). The whole paper  was stained wi th  fluoresca- 
mine af ter  electrophoresis,  the  guide strip being stained 
by  n inhydr in  and a pept ide  reagent  9. F ragmen t s  of phy-  
salaemin were recovered f rom each of the  pept ide  bands.  
The  amino a c i d  sequences of  each f ragment  were deter-  
mined  af ter  acid hydrolysis  a t  105 ~ for 16 h. 
A glass micropipe t te  was implan ted  into the  T A N  soma, 
the  intracel lular  b iopotent ia l  recorded by  a pen-wri t ing 
ga lvanometer ,  and the  number  of spike discharges per  
minute  counted wi th  a spike counter .  Substances to be 
examined  were applied in 2 ways:  by  ba th  appl icat ion 

(substances were dissolved in the  snail 's  physiological  so- 
lut ion z~ and applied to the  dissected ganglia) and by  
microdrop applicat ion (a microdrop about  100 ~xm in dia- 
mete r  of the  solution to be examined  was formed at  the  
t ip  of a second micropipet te ,  and the  microdrop placed 
precisely on the  T A N  surface) (diameter  of this neurone 
was about  200 vm). 
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Fig. 1: Peptide bands of chymotrypsin-treated (for 6 h) physalaemin 
separated by high voltage paper eleetrophoresis (schematic drawing). 
Amino acid sequences of each fragment of physalaemin were deter- 
mined to be as follows (Pyr: L-pyroglutamic acid): fragment (F) 1, 
Lys-Phe; F 2, Met-NH2; F 3, Lys-Phe-Tyr; F 4, Pyr-Ala-Asp-Pro- 
Asn-Lys-Phe-Tyr-Gly-Leu; F 5, Gly-Leu-Met-NH2; F 6, Gly-Leu- 
Met-NH2; F 7, Tyr-Gly-Leu; F 8, Tyr-Gly-Leu-Met-NH~; F 9, Pyr- 
Ala-Asp-Pro-Asn-Lys-Phe; F 10, Pyr-Ala-Asp-Pro-Asn-Lys-Phe- 
Tyr; F 11, Pyr-Ala-Asp-Pro-Asn and Gly-Leu-Met; F 12, Pyr-Ala- 
Asp-Pro-Asn and Gly-Leu-Met. 


