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Two New Short-Acting Non-Depolarizing Neuromuscular Blocking Agents 

Although  widely  used in clinical pract ice as a short-  
ac t ing  skeletal  muscle re laxant ,  suxamethon ium is in- 
adequate  in cer ta in  respects. As an a f t e rma th  to depolari-  
zat ion of neuromuscular  junct ions  i t  is known to cause 
pos t -opera t ive  muscle cramps ~. Addit ional ly,  in a minor i ty  
of pat ients ,  fai lure of the  normal  rapid hydrolysis  of 
suxamethon ium by  plasma cholinesterase m a y  lead to 
prolonged paralysis  and apnoea ~,3. in  such cases neuro- 
muscular  funct ion is usual ly  not  res to red-by  t r e a t m e n t  
wi th  inhibi tors  of acetylcholinesterase which effect ively 
reverse paralysis  caused by non-depolar iz ing agents  such 
as tubocurar ine  and gal lamine.  These la t ter  agents  how- 
ever  have  the  d isadvantage  of a much  longer dura t ion  of 
act ion than  suxamethonium.  Consequent ly  there  remains  
a need for a short-act ing,  non-depolar iz ing muscle re laxant  
the  effect of which can be readi ly  reversed should an 
a typica l  response make  this  necessary. 

enhance intrinsic abi l i ty  to depress neuromuscular  trans- 
mission. The compounds  (I)-(VI) al lowed invest igat ion 
of this  possibility. 

The  para lyzing effects of the  compounds  were determin-  
ed on isolated ra t  phrenic  nerve d iaphragm prepara t ions  7 
and on the responses of the  gas t rocnemius  muscle to 
single shocks appl ied to the  sciatic nerve  following i.v. 
in ject ion in cats anaesthet ized wi th  chloralose (Table). 

Comparisons of (I) wi th  (II) and of (III) wi th  (IV) 
indicate  that ,  for these 2 pairs of compounds,  d is t inct ly  
higher  ac t iv i ty  is present  in the  3, 3-dimethyl  der ivat ives ,  
i.e., (I) and ( I I I ) ;  o ther  examples  are avai lable  wi th in  the  
entire series 4,5. The  4,4-dimethyl  de r iva t ive  (VI) was 
less ac t ive  than  (III) bu t  the  re levant  potencies  of (I) and 
its 4 ,4-dimethyl  analogue (V) depended on the  tes t  situa- 
tion. On balance these results suppor t  the  concept  that ,  
l ike ganglion blocking act ivi ty ,  neuromuscular  blocking 
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ac t iv i ty  is inf luenced by the  degree of steric hindrance 
around the  n i t rogen atoms.  

All  new compounds  in the  Table  were shorter-act ing 
than  tubocurar ine  or gal lamine in cats whils t  (I) and (III) 
were the  most  active.  At  paralysing doses, (II) marked ly  
lowered blood pressure, (IV) suppressed cardiac slowing 
in response to vagal  nerve  s t imula t ion  and (V) and (VI) 
produced sa l ivat ion and bronchial  secret ion suggest ive of 
ant ichol inesterase a c t i v i t y .  

Absence of depolar izat ion of the  t ibialis  muscles of cats 
dur ing paralysis by (I) and (III) was demons t ra ted  using 
the  me thod  of BURNS and PATON s and in keeping wi th  
this  both  compounds  paralyzed chick b iventer  cervicis 
preparat ions  9 wi thou t  causing a contracture.  Whereas  
non-depolar iz ing agents are expected  to be antagonized 
by  ant ichol inesterase agents, an tagonism of paralysis  
caused by (I) and (III)  was dependen t  upon the  test  
s i tuat ion.  In  cats, paralysis  by  (III) was rel iably anta-  
gonized by neost igmine and edrophonium whereas para-  
lysis by  (I) was usual ly  s l ight ly deepened. Both  were 

As an approach to such an agent  we s tudied a series of 
a.w-bis-(3,3-dialkyl-3,4-dihydroisoquinolinium) alkanes *,5, 
here exemplif ied by  compounds  (I) and (III)  and also the  
related compounds  (II), (IV), (V) and (VI); I t  is well  
established tha t  cer ta in  bases in which the  ni t rogen is 
sterically hindered possess ganglionic blocking ac t iv i ty  ~ 
and pempid ine  (VII), one of the  most  ac t ive  of these bases, 
contains  2 gem d ime thy l  groups ad jacen t  to the  n i t rogen 
atom, Since acetyl-chol ine is the  chemical  t r ansmi t t e r  a t  
the neuromuscular  junc t ion  as well as in au tonomic  
ganglia, i t  seemed possible t h a t  the  in t roduct ion  of such 
groups into  a bisquaternary a m m o n i u m  molecule migh t  
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Cationic concentrations causing 50% paralysis at 5 min in isolated rat phrenic nerve diaphragms (mean for 2 diaphragms) ; i.v. doses reducing 
by 500 the responses of the gastrocnemms muscles to stimulation of the sciatic nerves in cats, together with the times for onset of peak effect 
and subsequent full recovery 

Rat diaphragm Cat 

Concentration n Dose of cations Peak time Recovery time 
~xM tixg/ml) (mg/kg) (min) (min) 

Tubocurarme 1.6 1.0 8 0.15 10.10-0.211 3.8 (1.8 8.1) 19.5 (15.2-25.0) 
Gallamine 400 100 7 0.65 (0.42-1.02) 3.7 (1.7- 8.3) 12.3 (9.4 16.1) 

I 
B.W. 252C64 29 15 3 0.22 {0.11-0.41) 2.5 (0.7- 8.5) 6.4 (4.3-9.6) 

II 
B.W. 634C64 100 47 2 2.14 10.99-4.60) 2.6 (0.6-11.6) 3.8 (2.3 6.3) 

IIl 
B.W. 403C65 16 9 9 0.13 (0.09-0.191 1.8 (0.9- 3.7) 5.5 (4.3-6.9) 

IV 
B.W. 122C66 57 28 2 0.98 (0.45-2.11) 3.5 (0.8 15.0) 4.6 (2.8-7.5) 

V 
B.W. 331C68 25 13 3 0.33 (0.15-0.62) 2.9 (0.8- 9.8) 6.1 (4.0-9.1) 

VI 
B.W. 624C66 53 29 2 0.64 (0.30-1.38) 4.2 (0.8-16.8) 5.7 (3.5-9.4) 

95% fiducial limits of the estimates are in brackets, n = number of tests. 

an tagonized  by  physos t igmine  cons i s ten t ly  in chick 
b iven te r  cervicis p repara t ions  b u t  rare ly  in isolated ra t  
d iaphragms .  There  observa t ions  m a y  reflect  differ ing 
inh ib i to ry  effects of t he  compounds  themse lves  on the  
muscle  chol inesterases  of the  two  species. 

Ant ichol ines terase  act ivi t ies  were de t e rmined  using 
s t ruc ture  bound  ace ty lchol ines terase  1~ p repa red  f rom 
homogena te s  of mixed  back  and h ind  l imb muscle;  
ace ty lchol ine  a t  0.5 m M  was used as subs t ra te .  In  these  
condi t ions  the  respect ive  concen t ra t ions  causing 50% 
inhib i t ion  of ra t  and  chick enzymes  were 0.16 and 1.6 ~M 
of (I), 2.5 and  25 ~M of (III) and, for comparison,  0.025 
and 0.063 v M  of physos t igmine .  For  ra t  enzyme these 
concen t ra t ions  of (I) and  (III) are so much  less t h a n  
those  required to para lyze  d i a p h r a g m  prepa ra t ions  
(Table) t h a t  i t  seems l ikely t h a t  para lys is  Would be 
accompanied  by  s t rong inhib i t ion  of acetylchol inesterase .  
If th i s  were the  case t h e n  add i t ion  of a second ant ichol in-  
es terase  would no t  be expec ted  to reverse paralysis .  By  
con t ras t  in chick p repa ra t ions  t he  m u c h  lower neuro- 
muscular  pa ra lyz ing  concen t ra t ions  of (I) (1.9 ~M) and 
of (III) (0.92 ~zM) would probably ,  a lmos t  cer ta in ly  in the  
case of (III), leave much  ace ty lchol ines terase  ac t iv i ty  
uninhib i ted .  The re la t ively  high ant ichol ines terase  ac t iv i ty  
of (I) could s imilar ly account  for failure to reverse para-  
lysis in the  cat  wi th  ant ichol ines terase  agents  and  also 
for the  occurrence of sa l iva t ion  af ter  doses h igher  t h a n  
those  needed to  induce paralysis .  

Ne i the r  (I) nor  (III) affec ted  con t rac t ions  of the  
n ic t i t a t ing  m e m b r a n e  caused by  s t imula t ion  of the  pre- 
ganglionic s y m p a t h e t i c  nerves  b u t  a t  para lyz ing  doses 
b o t h  reduced  the  cardiac slowing caused by  vaga l  nerve  
s t imula t ion .  This effect  is a t t r i b u t e d  to  compet i t ion  wi th  
acetylchol ine  a t  muscar inic  sites since the  effects of inj ect- 
ed acetyl  f l -methylchol ine were also reduced in cats  and 
the  spasmogenic  effect  of acetylchol ine  a t  submax ima l  
concen t ra t ions  in  isolated guinea-pig i leum was suppressed 

by  1 ~tg/ml of e i ther  compound.  Vagal  b lockade was less 
w i th  (I) t h a n  wi th  (In),  again perhaps  pa r t l y  in conse- 
quence  of differ ing ant ichol ines terase  propert ies .  

B o t h  compounds  have  been s tudied  in m a n  by  Profes- 
sor T.C. GRAY, Dr. R. S. AHEARN, Dr. I.C. GEDDES and 

�9 Dr. J. E UTTING in the  D e p a r t m e n t  of Anaes thes ia  of the  
Un ive r s i t y  of Liverpool .  They  observed neuromuscular  
para lys is  bu t  t he  required dosage and the  pers is tence of 
effect  found were greater  t h a n  in cats. At  the  larger 
dosages required for para lys is  (I) no t  unexpec ted ly  
caused excessive sal ivat ion and  bronchosecre t ion  indica- 
t ive  of its an t ichol ines terase  effect.  Like o ther  muscle 
re laxan t s  t h a t  block the  cardiac vagus 1~, (III) caused a 
grea te r  degree of t achyca rd ia  and  hype r t ens ion  in man  
t h a n  suggested by  animal  studies.  

Rdsumd. Le chlorure  de 1, l ' -oc tam6thy l6ne  et  le ln6thyl-  
sulfate  de 5 ,5 ' -octam6thyl6nebis  on t  chez le cha t  un effet 
de blocage neuro-muscula i re  non  d6polarisant ,  de courte 
dur6e. Les compara i sons  faites avec des analogues voisins 
sugg6rent  que l ' ac t iv i t6  de ces compos6s est  influenc6e 
par  le degr6 d ' e m p ~ c h e m e n t  st6rique autour  des a tomes  
d ' azo te  quaternai re .  Les compos6s inh iben t  les ac6tyl- 
cholinest6rases et  s ' opposen t  ~t des degr6s divers  aux effets 
muscar in iques  de l 'ac6tylcholine.  
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