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T•E PRESENT MUSCLE RELAXANT DRUGS do  no t  v e t  ful f i l  all  t h e  des i re s  of t h e  
anaes the t i s t  w i t h  r e g a r d  to  v a r i a t i o n  o~ t h e  d u r ~ t i o n  of a c t i o n ,  t h e  t~ossibi l i ty  
of being a n t a g o n i z e d ,  a n d  t h e  a v o i d a n c e  of ,side-effects.  T h e  s e a r c h  fdr  f u r t h e r  
relaxant  d r u g s  is t h e r e f o r e  jus t i f i ed .  

In 1958, K a r r e r  a n d  S c h m i d  (Zt i r ich)  i so l a t ed  t h e  ch ie f  a l k a l o i d s  f r o m  C a l a b a s h  
curare a n d  d e t e r m i n e d  t h e i r  c h e m i c a l  s t r u c t u r e .  W a s e r  i n v e s t i g a t e d  t h e i r  0phar- 
macological  p r o p e r t i e s  a n d  subsequent ly l ,  , t o g e t h e r  w i t h  t h e  a n a e s t h e t i s t l  H a r b e c k  
'(Zfirich), de f ined  t h e  poss ib i l i t i e s  of  t h e i r  c l in ica l  use. 

In o rde r  to  f o r m  o u r  o w n  o p i n i o n ,  we use d T o x i f e r i n e ,  t he  d r u g  w h i c h  is per-  
: . �9 ~ - , I 

haps the  m o s t  a p p r o p r i a t e  for  c l in ica l  use, in ;~0 t r i a l s  on c o n s c i o u s  vo lm~tee r s  a n d  
100 p a t i e n t s  d u r i n g  a n a e s t h e s i a ,  in t he  I ) e p a r t m e n t  of A n a e s t h e s i a  of t h e  
Univers i ty  Cl in ics ,  M a i n z .  

~'I ETHODS 

Auto Trials 
(a) Volunteers. T h e  t h r e e  v o l u n t e e r s  we re  a s s i s t a n t s  in t h e  D e p a r t m e n t  of 

Anaes thes ia  w h o  were  f a m i l i a r  w i t h  t h e  a c t i o n  of .muscle  r e l a x a n t s  b e c a u s e ,  in 
the a n a e s t h e s i o l o g i c a l  p r a c t i c e ,  t h e y  had  workecl  d a i l y  w i t h  such  d r u g s  for  yea r s .  
Thus we cou ld  r e ly  on  t he  c o - o p e r a t i o n  of t h e  v o l u n t e e r s  a n d  were  ab l e  to  suffi- 
ciently exc lude  a n y  s u b j e c t i v e  i n f l uence  on  t h e  r e su l t s  b y  t h e  v o l u n t e e r s .  In  
order to d e t e r m i n e  t h e  r e l a t i o n s h i p  b e t w e e n  e~ffect a n d  b o d y  w e i g h t ,  we  cho s e  
volunteers  (of a b o u t  t h e  s a m e  age)  w h o  d i f fe red  markedl3~ in b o d y  w e i g h t  (44, 
63, and  82 kg.) .  

(b) Technique of injection. T h e  Toxifer i i}e  s o l u t i o n  was  ad l i a in i s t e r ed  i n t r a -  
venously. T h e  i n j e c t i o n  t i m e  v a r i e d  b e t w e e n  15 a n d  90 sec. W e  chose  t h e , e x t r e m e l y  
rapid i n j e c t i o n  of f ive s e c o n d s  in o r d e r  to  a c h i e v e  a h igh  i n i t i a l  b l o o d  level  
enabling us, a t  t h e  s a m e  t ime ,  to  o b t a i n  a b e t t e r  u n d e r s t a n d i n g  of pos s ib l e  s ide  
effects. T h e  s lower  i n j e c t i o n  was  s t u d i e d  b e c a u s e  t h i s  lies n e a r e r  t he - r r rode  of 
admin i s t r a t ion  u n d e r  c l i n i c a l  c o n d i t i o n s  or  r e p r e s e n t s  t h e  p h a r m a c o l o g i c a l l y  
appropr ia te  ha ode  of a d m i n i s t r a t i o n .  In  v a r y i n g  t h e  speed  of i n j e c t i o n  of  t h e  s a m e  
dose, we were  ab le  to  d e m o n s t r a t e  v a r i a t i o n s  in t h e  i n t e f i s i t y  an.~ d u r a t i o n  
of ac t ion  w i t h  T o x i f e r i n e ,  .'as e x p e c t e d  ~rom e x p e r i e n c e  w i t h  ot taer  c u r a r e  
preparat ions .  

(c) Form and technique of recording. B l o o d  p res su re ,  pu l se  r a t e ,  v i t a t  capac i ty : ,  
respira tory r a t e ,  a n d  g r ip  s t r e n g t h  were  r e c o r d e d  a t  i n t e r v a l s  of pine to  t w o  

*Paper read at  the  X, Vorld Congress  of Anaesthesi01ogisl.s in Toron to ,  Sept .  8, 1960. 
~Department  of Anaes thes i a  of the  Un ive r s i t y  Clinics, Nlainz (Di rec to r :  Professor  .R-. F rey ,  

M.D., F.F.A.R.C.S.). 
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m i n u t e s ,  iln a d d i t i o n ,  we  r e g i s t e r e d  the  l a t e n t  pe r iod ,  t h~  d u r a t i o n  of  h e a d  drop 
a n d  of p a r a l y s i s  of d e g l u t i t i o n  w h i c h  is so i m p o r t a n ~  " - . - in c l in i ca l  a p p l i c a t i o n .  The  
g r i p  s t r e n g t h  w a s  m e a s u r e d  w i t h  t h e  e r g o m e t e r ,  t h e  y i t a l  c a p a c i t y  w i t h  the 
v o l u m e t e r  of t h e  a n a e s t h e t i c  a p p a r a t u s  ( D r a e g e r ) .  W_le p u r p o s e l y  r enounced  
f u r t h e r  s p i r o g r a p h i c  m e a s u r e m e n t s ,  f i r s t l y  b e c a u s e  a d d i t i o n a l  r e c o r d i n g s  would 
h a v e  b e e n  i m p o s s i b t e  w i t h o u t  p r o l o n g i n g  t h e  t e s t  perioc]s a n d  s e c o n d l y  because 
we  d id  n o t  w a n t  to  o v e r t w e  t h e  v o l u n t e e r s ;  b o t h  w o u l d  h a v e  i m p a i r e d  the 
a c c u r a c y  of t h e  r e su l t s .  

Clinical A ppli, cation 
(a) Clinical material. T h e  o n l y  c r i t e r i a  for  t h e  ~elec~ion of p a t i e n t s  for the 

c l in i ca l  use  of T o x i f e r i n e  w a s  t h e  d u r a t i o n  6f t h e  i n t e n d e d  o p e r a t i v e  in te rven-  
to  t w o  h o u r s  d u r a t l o  was t ion ,  t h a t  is, w h e t h e r  a n  o p e r a t i o n  of  m o r e  t h a n  o n y  ' " n 

a n t i c i p a t e d .  Age ,  g e n e r a l  c o n d i t i o n ,  or c o n c o m i t a n t d i s e a s e s  ( i f  t h e s e  ,permit ted 
c u r a r i z a t i o n  a t  al l)  we re  n o t  t a k e n  i n t o  c o n s i d e r a t i o n .  O u r  c l in i ca l  mater ia l ,  
the re fore , ,  c o n s i s t e d  m a i n l y  of m i d d t e - a g e d  to  e l d e r l y  a d u l t s .  T h e  d r u g  w a s  rarely 
a d m i n i s t e r e d  to  c h i l d r e n ,  ch i e f l y  b e c a u s e  such  p r o l o n g e d  o p e r a t i o n s  are  less 
f r e q u e n t  in c h i l d r e n .  T o x i f e r i n e  h a s  n o t  been  g i v e n  to i n f a n t s  or  s m a l l  chi ldren.  

(b)-Operalions. T h e  drug" w a s  used  in l o n g  opera t ions , ,  m a i n l y  a b d o m i n a l  and 
t h o r a c i c  s u r g e r y ,  such  as  p a r t i a l  g a s t r e c t o m v  (ilnclu~ting b l e e d i n g  a n d  per- 
f o r a t e d  u lcers ) ,  t o t a l  g a s : t r e c t o m y ,  s p l e n e c t o m y ,  h e m i c o l e c t o m y ,  a m p u t a t i o n , o f  
t h e  r e c t u m ,  c h o l e c y s t e c t o m y  w i t h  c h o l e d o c h o t o m y  for  w h i c h  a r a t h e r  long 
o p e r a t i o n  was  to be  a n t i c i p a t e d ,  r e s e c t i o n  of t h e  p a n c r e a s ,  p n e u m o n e c t o m y ,  
l o b e c t o m y ,  a n d  r e s e c t i o n  of t h e  e s o p h a g u s  a n d  c a r d i a .  In  a d d i t i o n ,  Toxifer ine  
w a s  used  in t h e  r e s e c t i o n  of a d v a n c e d  go i t r e  a n d ,  less f l r equen t ly ,  in p ro t rac ted  
o r t h o p a e d i c  i n t e r v e n t i o n s ,  such  as  pseudo~i r th ros i s ,  o p e n  r e d u c t i o n  of old frac- 
t u r e s ;  a n d  so on,  w h e n e v e r  s t r o n g  c u r a r i z a t i o n  s e e m e d  a p p r o p r i a t e ;  riot every 
s u r g e o n  w i s h e s  it. 

I n  u ro log ica l  o p e r a t i o n s  we  w e r e  m o r e  r e s e r v e d :  a l t h o u g h  we  u s e d  Toxifer ine  
w i t h o u t  h e s i t a t i o n  in o p e r a t i o n s  for  u r e t e r a l  or  r e n a l  ca lcu l i ,  or  p l a s t i c  surgery 
of t h e  r e n a l  pe lv i s  in p a t i e n t s  in w h o m  t h e  a p p r o p r i a t e  i n v e s t i g a t i o n s  indicated 
i n t a c t  r e n a l  f u n c t i o n ,  we p r e f e r r e d  n o t  to use  T o x i f e r i n e  in p a t i e n t s  in whom 
t h i s  cou ld  n o t  be  a s s u m e d .  I t  is known- - f rom a n i m a l  e x p e r i m e n t s  t h a t  Toxiferine 
- - a s  Other  s y n t h e t i c  n o n - d e p o l a r i z i n g  r e l a x a n t s - - i s  n o t  r e d u c e d ,  b u t  excreted 
q u a n t i t a t i v e l y  t h r o u g h  t h e  k i d n e y s  a l m o s t  u n c h a n g e d .  

C~. Technique of A~aestkesia. O u r  a n a e s t h e t i c  p r o c e d U r ~  w a s  as  fo l lows :  after 
p r e m e d i c a t i o n  w i t h  m e p e r i d i n e  a n d  a t r o p i n e ,  a n a e s t h e s i a  w a s  i n d u c e d  intra- 
v e n o u s l y w i t h  t h i o p e n t a l ,  i n t u b a t i o n  w a s  t h e n  p e r f o r m e d  u n d e r  succ iny lchol ine  
a p n o e a .  A n a e s t h e s i a  w a s  m a i n t a i n e d  w i t h  a N=O-0.2 m i x t u r e  w i t h  or  without  
t h e  a d d i t i o n  of s m a l l  a m o u n t s  of h a l o t h a n e .  A f t e r  t h e  r e t u r n  of spon taneous  
r e s p i r a t i o n ,  T o x i f e r i n e  w a s  a d m i n i s t e r e d  i n t r a v e n o u s l y  in  a close w h i c h  produced 
c o m p l e t e  p a r a l y s i s  of t h e  S p o n t a n e o u s  r e s p i r a t i o n  o1: a t  l e a s t  to  such  a degree 
t h a t . r e s p i r a t i o n  cou ld  be c o n t r o l l e d  w i t h o u t  r e s i s t a n c e .  I n  c h i l d r e n ,  ins t ead  of 
i n t u b a t i o n  u n d e r  succ . in~qchol ine  a p n o e a ,  t h i s  wag p e r f o r m e d  d u r i n g  spontaneous  
r e s p i r a t i o n  u n d e r  h a l o t h a n e  d r i p  a n a e s t h e s i a .  I n t u b a t i o n  u n d e r  Toxiferine 
r e l a x a t i o n  w o u l d ,  of coui-se, a l so  be  poss ib le .  W e  d id  no t ,  h o w e v e r ,  see any 
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reason t o  change  the  mode  of in tubat l ion  x~chich is Usual" in o u r  c l i ~  also for 
.didactic reasons.  

If there  was sufficient  s p o n t a n e o u s  r e sp i r a t i on  a t  t he  end of t he  i o p e r a t i o n  
(measured w i t h  a f low:mete r  and  c o m p a r e d  With 1)he va lues  found  before  cu ra r i za -  
tion), the  p a t i e n t  was  e x t u b a t e d .  If  the re  were n o . s i g n s o f  residu~I cu r a r i z a t i on ,  
that is, ,if the  p a t i e n t  was able  to  open his eyes  c o m p l e t e l y  and i  a b o v e  all, to  
swaliow, d e c u r a r i z a t i o n  was no t  necessary  ,and ~ the re fo re  o m i t t e d .  If t he re  was  
some residual  cu ra r i za t i on ,  we first admini ls tered a t r o p i n e  in t raveno las ly ,  t h e n  
physostigmine* i n t r a v e n o u s l y ,  and--aqcord,lng~ t o ~  degree  of t he  remain.if ig 
curar izat ion---perhaps  p y r i d o s t i g m i n e t  .(geinerally 1 rag. i n t r a m u s c u l a r l y - a n d  
1 rag. i n t r a v e n o u s l y ) .  If  no signs of sponta lneous  r e sp i r a t i on  were  d e t e c t a b l e  a t  
all, at the  end of the  opega t ion  ( this  occa~ionally.occ_urs in operat ion,s  which ,  
contrary to0 expec t a t i on ,  end as exploratorY, l a p a r o t o m i e s )  ar t i f ic ia l  r eap ! r a t i on  
vas con t inued  a t  a n y  r a t e  until, a meaSural~le, t h o u g h  low, s p o n t a n e q u s  respi!Ta- 
tion could be de t ec t ed  and  t hen  on ly  d e c u r g r i z a t i o n  was  pe r fo rmed .  

E X P E R I M E N T A L  R~E S ULTS 

I~istarnine Effects 
(a) On the skin.  I n t r a v e n o u s  in j ec t ion  did no t  cause  c u t a n e o u s  sidle-effects in 

any of the  ,volunteers;  no e x a n t h e m a ~ o u s  r eac t ions  which  could  h a v e  been  the  
result of a h l s t a m m e  rerease ~ ere obs~rved~ 

In order  to define possible  h i s t a m i n e  effects more  exac t ly ,  we c o m p a r e d  
T0xiferine wi th  o the r  n a t u r a l  and  s y n t h e t i c  n o n - d e p o l a r i z i n g  r e l a x a n t s  in the  
intracutaneous ti~st. W e  in jec ted  d i l u t i ons  of Tox i f e r i ne  and  o f  d- tuboct r ra iq , le ,  
methylcurarine,  ga l l amine ,  phys io log ica l  sal ine,  and  h i s t amine .  T h e  i n d i v i d u a l  
relaxants Were d i lu t ed  acco rd ing  to the i r  clilnical effect iveness ,  on t he  a s s u m p t i o n  
that Toxifer ine  is 10 t imes,  m e t h y l c u r a r i n e  L ;3 t imes ,  and  g a l l a m i n #  0.125 t imes  as 
effective as d - t u b o c u r a r i n e .  We  i n v e s t i g a t e d  the  subs t ances  in two  d i f f e ren t  series 
0f\dilutions; one c o n t a i n e d  .30 -y ToxiferiTae per in jec t ion ,  t he  o t h e r  ;3 -y Tox i fe r ine ,  
and the coi-responding a m o u n t s  of t he  o t h e r  r e l axan t s .  T h e  r eac t i ons  were  fu l ly  
developed a f t e r  10 to 15 m i n u t e s  a n d w o r e  off in the  course  of t he  nex t  h o u r  or 

T i two. he in jec t ion  of ph~ysiological sa l ine  caused, o n l y  a s l i g h t  u-n~l~ecific red- 
dening. All tl~e r e l axan t s  caused  more  m a r k e d  r e d d e n i n g  a n d  wheal ,  thi~ i n t e n s i t y  
being grea tes t  With d - t u b o c u r a r i n e ,  m e d i u m  wi th  m e t h y l c u r a r i n e , '  a n d  , leasVwith 
T0xiferine and_ ga l l amine .  T h e  two  l a t t e r  subs t ances  p roduced  a b o u t  equ.ally 
strong react ions.  T h e  d u r a t i o n  of t he  reaq t ions  c o r r e s p o n d e d  to  the i r  intensit:y;: 
the wheals and  r edden ings  of the  Tox i f e r ine  a n d  g a l l a m i n e  i n j e c t i o n s  wore  off 
first, then those  of m e t h y l c u r a r i n e ,  and  l a s t ly  those  of d - t u b o c u r a r i n e ,  A m o n g  t h e  
series Of weaker  d i lu t ions ,  a s l ight  redden~n.g a t  t he  si te  of i n j e c t i o n  of  d- tubo~ 
curarine could be obse rved  a f t e r  four  hours .  I t ,  the re fore ,  o u t l a s t e d  t he  effect  
of the in jec t ion  of pure  h i s t amine .  

(b) On salivary secretion. In  ou r  a u t o , i n v e s t i g a t i o n s ,  a t  leas t  t hose  w i t h  smal l  
doses, i n t r avenous  i n j ec t i on  of Tox i fe r ine  caused  no increase  ir~ s a l i va t i on ,  w h i c h  

*Prostigmin. 
tMestinon. 
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was  m a r k e d  o n l y  a f t e r  d - t u b o c u r a r i n e .  W e  c a n n o t  j u d g b  t h e  ef fec t  on  sa l ivary  
s e c r e t i o n  of h i g h e r  doses  (23 3"/kg[ b o d y - w e i g h t )  becaus~  a t r o p i n e  was  g i v e n  as 
p r e m e d i c a t i o n  in o r d e r  to  e l i m i n a t e  s e c r e t i o n a s  far  as poss ib le .  T h e s e  d o s e s  caused 
c o m p l e t e  d e g l u t i t i o n  p a r a l y s i s  of 15 to  20 m i n u t e s  d u r a t i b n ,  so t h a t  e v e n  normal  
s a l i v a r y  s e c r e t i o n  w o u l d  h a v e  i n c r e a s e d  t h e  d a n g e r  of asoira~,tion. 

E f f e c t  o n  B l o o d  C o a g u l a t i o n  

K n o w i n g  t h a t  d - t u b o c u r a r s  p r o l o n g s  t h e - p r o t h r o m b i n  a n d  c o a g u l a t i o n  t ime- 
a p r o p e r t y  w h i c h  i s  g~ne ra l l y  c o n s i d e r e d  to  be  d u e  to  h e p a r i n  release,  and 
b e c a u s e  w i t h  c l in ica l  u~re of T o x i f e r i n e  we  h a d  o c c a s i g n a l l y  o b s e r v e d  an  unusual  
d e g r e e  of p a r e n c h y m a t o u s  h a e m o r r h a g e  d u r i n g  t h e  op,prat ion,  we  a lso  carried 
o u t  p r o t h r o m b i n  e s t i m a t i o n s  (us ing  t h e  t w o - p h a s e  m ' e t h o d )  in s o m e  of our 
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FIGURE 1. Changes in coagulation time in the hours following injection of Toxiferine: regu- 
lar prolongation of coagulation time. 

v o l u n t e e r s .  T h e  r e su l t s  v a r i e d  c o n s i d e r a b l y  f r o m  t e s t  to  tes t .  N e v e r t h e l e s s ,  there 
was  a r e g u l a r  fall in p r o t h r o m b i n  w h i c h  in s o m e  of t h e  cases ,  h o w e v e r ,  especially 
a t  low doses ,  was  o n l y  5 to  10 per  c e n t  a n d ,  t h e r e f o r e ,  ha,d no  s igni f icance .  At 
h i g h e r  doses ,  t h e  r e d u c t i o n s  were  g e n e r a l l y  m o r e  m a r k e d  ( f rom 10 to  20 per  cent). 
In  s u b s e q u e n t  t e s t s  a t  t h e  s a m e  d o s e  (1 rag. = 23 -y/kg. b o d y - w e i g h t )  however,  
t h e  p r o t h r o m b i n  r e d u c t i o n  v a r i e d  f r o m  5 to  23 pe r  c e n t  in o n e  i n d i v i d u a l  subject 
a n d  a d e f i n i t e  r e l a t i o n s h i p  cou ld  not ,  t h e r e f o r e ,  be  d e t e r m i n e d .  A t  a further 
i n c r e a s e d  d o s e  of 1.5 rag. ( f r a c t i o n a t e  i n j e c t i o n  of 1 a n d  0.5 rag.) ,  t h e r e  was a 
r e d u c t i o n  of 35 per  cen t .  A C o r r e s p o n d i n g  s l i gh t  prolon~gat ion of t h e  coagulat ion 
t i m e  was  o c c a s i o n a l l y  o b s e r v e d .  In  c o n t r a s t  ~to d - t u b 0 c u r a r i n e  w i t h  wh ich  the 
m a x i m u m  effec t  on  b lood  c o a g u l a t i o n  occu r s  a few mi inutes  a f t e r  t h e  injection, 
we  o b s e r v e d  t h e  m a x i m u m  effec t  of T o x i f e r i n e  o n l y  a f t e r  one  to  two  hours. 
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Our clinical o b s e r v a t i o n s  also agree  w i th  this~ wi th  i - laparotomy w e h a r d l y  eye r  
saw increased  h a e m o r r h a g e  when  sever ing  the  sulbc, u t a n e o u s  t issue a n d  Lthe 
muscular layers ,  unless an  increase  in blood p ressu re  h a d  o c c u r r e d  beca~use t h e  
plarie of a n a e s t h e s i a  was  too l ight  a t  the  beg inn ing  O f the  Operation!; w h e r e a s j w e  
repeatedly obse rved  increased  h a e m o r r h a g e  f~om t~h~ mucosa  in s u t u r i n g  a n a s t -  
moses, for example ,  w i th  gas t r ec tomies ,  a l t h 6 u g h  the  c i rcu la t ion  Was c o n s t a n t  
and the .blood p ressure  k e p t  low. 

We should like to e m p h a s i z e  t h a t  such an  i, nc reased  haemorr~aagic t e n d e n c y  
has been observed  on ly  in a smal l  n u m b e r  of cases. O n e  m u s t  t a k e  th i s  d i f f icq l ty  
into account ,  however ,  and ,  in cas~s in which  inc reased  h a e m o r r h a g e  hin~lers 
the p repa ra t ion  or evokes  add i t iona l  d a n g e r s  (for example ,  b r a i n  t u m o r s ,  l iver  
injuries, and  so on) ,  be more  r e l u c t a n t  to giv~ large doses  of r e l axan t s .  

In opera t ions  of long dura t ion"  in which  Tox i fe r ine  is i nd ica t ed  a s ' r e l a x a n t ,  
the m a x i m u m  of the  coagu la t ion  d i s t u rbanc~  ocqurs  d u r i n g  the  course  of the  
operation. In our  opinion,  the re  is no d a n g e r  of  increased  s e c o n d a r y  haem0~-rhage.  
None was obse rved  in the  cases  we h a v e  t r e a t e d  t o da te .  

Pulse Rate 

Changes in the  pulse r a t e  i m m e d i a t e l y  a f t e r  t~e  in jec t ion  of Toxi fe r ine ,  a n d  
attributable to  the  r e l axan t ,  h a v e  no t  been obse rved  in ou r  inves t iga t ions .  A t  ~ t he  
peak of cu ra r i za t ion ,  wi th  m a r k e d  res t r i c t ion  6f . spon taneous  respiratior~ or  
during art if icial  respira~:ion, there  were,  of course ,  espec ia l ly  in t he  first  t r ia ls ,  
occasional s l ight  increases  in the  pulse  r a t e  (riot exceeding  100 / ra in . )  wh ich  
were of a psychogen ic  origin a n d  h u m a n l y  un~ters tandable .  In  one  v o l u n t e e r  ~vho 
underwent a to t a l  of 15 such tes ts ,  t he  ini tml pulse  r a t e  r e m a i n e d  Un~changed 
for the whole  d u r a t i o n  of some  of the  l a t e r  tests .  

Blood Pressure  

The same appl ies  to  the  blood p ressure  va lues  which  were  m e a s u r e d  a t  i~ ter -  
vals of one-hal f  to  two  minu tes .  A s igni f icant  fall in b l o o d  p res su re  fo l lowing 
Toxiferine a d m i n i s t r a t i o n  was  neve r  obse rved  (i~ 3 c o n t r a s t ,  t h e r e  w a s  a f~ll in 
blood pressure  of 210 ram.  sys tol ic  a t  t imes  fol lowing even  smal l  doses  of d-  
Tub0curarine Chlor ide  a n d  d i m e t h y l - d - t u b o c u r a r j n e ) .  Occas iona l ly ,  also a t  t h e  
peak of the  cu ra r i za t i on ,  t he re  was  a sl!~ght inc .t~ease in blood p re s su re  (aga in  
due to psychogenic  reasons  and  s o m e t i m e s  p e r h a p s  to  a rise in t h e  CO2 tens ion)  
with subsequen t  dec rease  to the  n o r m  or  somew, h~tt be low as t he  c u r a r e  effect  
wore off. 

O~e 
The mode of ac t ion  of Toxi fe r ine  is the  classical  cu ra re l ike  one,  t h a t  is, 'non- 

depolarizing. T h e  course  of the  pa ra lys i s ,  t he re fo re  p roceeds  in t he  s a m e  m ~ n n e r  
and order as t h a t  due  to d - t u b o c u r a r i n e .  Toxi fe r ine ,  howeve r ,  is a b o u t  15 t i m e s  
more effective in the  h u m a n  t h a n  d - T u b o c u r a r i n e  Ch lo r ide ,  as shown  b y  com-  
parative s tudies  of the  two subs t ances .  

(a) Effect on the ocular muscles .  T h e  inf luence on the  Oculfir musc les  iS the  
first to be felt  and  also las ts  the  longest .  T h e  s e n s i t i v i t y  of th.e i nd iv idua l  olcular 
muscles also var ies  (one can observe  this  bes t  as  the  c u r a r e  effecl~ w e a r s  off, ISince 
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t h i s  t a k e s  p lace  p a r t i c u l a r l y  s l o w l y  in  t h e  o c u l a r  m u s c l e s ) .  F r o m  i n v e s t i g a t i o n s  
w i t h  o t h e r  n o n - d e p o l a r i z i n g  re laxant : s ,  i t  is k n o w n  t h a t  t h e  M m .  reciti interni  
a r e  e s p e c i a l l y  s e n s i t i v e  to  cu ra re .  T h e  s a m e  h a s  b e e n  o b s e r v e d  w i t h  r e g a r d  to 
T o x i f e r l n e :  as  t h e  l a s t  o b j e c t i v e  s y m p t o m  [!)efore t h e  e f fec t  w o r e  off, t h e r e  re- 
m a i n e d  a d i v e r g e n t  s t r a b i s m u s  e v e n  w h e n  tt~e p a t i e n t  w a s  a b l e  to  s t a n d  upr ight  
a g a i n .  O n l y  a v e r y  s m a l l  a m o u n t  of T 0 x i f e r i n e  is a p p a r e n t l y  n e c e s s a r y  to  pro- 
d u c e  t h i s  p a r a l y s i s :  a f t e r  i n t r a g e n o u s  in, j e c t i o n  of o n l y  0.25 rag. Toxi fer ine  
( c o r r e s p o n d i n g  to  5.6 ~//'kg. b o d y - w e i g h t )  we w e r e  a b l e  t o  o b s e r v e  t h i s  effect, 
s u b j e c t i v e l y  e x p e r i e n c e d  as  d i p l o p i a ,  wiIthou;t p a r a l y s i s  of t h e  54. l e v a t o r  palpe- 
b rae .  T h i s  w a s  t h e  s m a l l e s t  i n t r a v e n o u s  dose  g i v e n  in o u r  t e s t s  a n d  we  are  in- 
c l i ned  to  a s s u m e  t h a t  e v e n  s m a l l e r  doses  w o u l d  tSroduce t h i s  p a r a l y s i s .  (This 
a s s u m p t i o n  is b a s e d  on  a n  o b s e r v a t i o n  m a d e  a c c i d e n t a l l y  a n d  i n v o l u , n t a r i l y  in= 
o n e  of ou r  h i s t a m i n e  tes t s .  W e  i n t e n d e d  ec t  30 y T o x i f e r i n e  i n t r a c u t a n e o u s l y  
a n d ,  d u e  to  incorrect  t e c h n i q d e ,  we  ap] .qy h i t  a s m a l l  s u b c u t a n e o u s  vessel. 
W i t h i n  a few m i n u t e s  t h e  v o l u n t e e r  suf fe red  f rom d i p l o ~ i a  a n d  s t r a b i s m u s .  One 
has ,  h o w e v e r ,  to  t ake  i n t o  c o n s i d e r a t i 0 n  t h a t  t h e  s a m e  v o l u n t e e r  h a d  received 
o t h e r  r e l a x a n t s  in co r r e spond ing"  i n t r a c u t a ~ m o u s  d o s a g e , ~ s o  t h a t  t h i s  incipient  
c u r a r i z a t i o n  m i g h t  be  a t t r i b u t e d  to  a s amm,  a t i o n  effect .  T h e r e f o r e ,  30"y  cannot  
be c o n s i d e r e d  as  a dose  c a u s i n g  in i t i a l  'para l lys is  of t h e  o c u l a r  musc l e s . )  

(b) " H e a d  drop"  dose. T, he " h e a d  d r o p "  dose  w h i c h  is so i m p o r t a n t  in the 
a n i m a l  e x p e r i m e n t  is of no  i n t e r e s t  in t he  l~uman.  In  o u r  i n v e s t i g a t i o n s ,  "head 
d r o p "  o c c u r r e d  a t  t he  r e d u c t i o n  of t h e  g r i d  s t r e n g t h  to  1 5 - 3 0  p e r  c e n t  of the 
n o r m .  In  o t h e r  words ,  t he  " h e a d  d r o p "  dos,~ a p p r o x i m a t e l y  c o r r e s p o n d s  to that 
w h i c h - r e d u c e s  t h e  g r ip  s t r e n g t h  to  15 -30  p(~r c e n t  of t h e  n o r m .  

(c) Inflt~ence on vital capacity and  gr.ip st)~ength. W i t h  s u f f i c i e n t l y  h igh  doses,  
t h e  t o t a l  s k e l e t a l  m u s c u l a t u r e ,  i n c l u d i n g  t h e  p e r i p h e r a l  m u s c u l a t u r e  of the 
r e s p i r a t o r y  t r a c t  a n d  t h e  d i a p h r a g m ,  a r e  p a r a l y s e d  d u r i n g  t h e  f u r t h e r  course.of 
t h e  c u r a r i z a t i o n .  Ill o u r  t es t s ,  t h e  ef fec t  on  t h e  r e s p i r a t i o n ,  m e a s u r e d  by  the 
v i t a l  c a p a c i t y ,  a n d  t h e  r e d u c t i o n  of t h e  g r i p  s t r e n g t h  fo l lowed  a paral!lel course, 
in t h a t  b o t h  d e c r e a s e d  in a l i n e a r  m a t u r e r  to  t h e - m i n i m u m  w h i c h  w a s  reached 
w i t h i n  f ive m i n u t e s ,  on t h e  a v e r a g e .  In  figlures, h o w e v e r ,  t h e  reduc t ion l  of the 
v i t a l  c a p a c i t y  was  m a r k e d l y  less t h a n  t h a t  cff t h e  g r ip  s t r e n g t h .  A dose  (17 y/kg.  
bod~.;-weight)  w h i c h  r e d u c e d  t h e  g r ip  s t r e n g t h  to  a b o u t  40 pe r  c e n t  of t h e  norm, 
r e d u c e d  t h e  v i t a l  c a p a c i t y  o n l y  to a b o u t  70, pe r  c e n t  of t h e  i n i t i a l  vall'ue. An in- 
c r e a s e d  dose  (23 ~//kg.  b o d y - w e i g h t ) ,  w h i c h  l owered  t h e  g r ip  s t r eng t lh  to  0 per 
c en t ,  s t i l l  lef t  a v i t a l  c a p a c i t y  of 30 p e r  cen t .  T h i s  d i f f e r e n c e  m u s t  be  a t t r i b u t e d  to 
a r e d u c e d  s e n s i t i v i t y  of t h e  d iaphra~gm b e c a u s e  t h e  r e m a i n i n g  per iphe l -a l  muscu- 
l a t u r e  of t he  r e s p i r a t o r y  t r a c t  as  well  as  t h e  s lceletal  m u s c l e s  w e r e  iparalysed. 
W 'he re  a su f f i c ien t  s p o n t a n e o u s  r e s p i r a t i o n  a n d  a r e l a t i v e l y  h igh  v i t a l  capaci ty 
remai-ne.d, t h e r e  w a s  p u r e  d i a p h r a g m a t i c  r e s p i r a t i o n .  

~ h  r e s p e c t  to  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  r e d u c t i o n  6f t h e  g r ip  s trength 
a n d ~ h e  r e d u c t i o n  o'f t h e  v i t a l  c a p a c i t y ,  T o x i f e r i n e  c o r r e s p o n d s  to  d - tubocura r ine ,  
w h e r e a s  t h e  ef fec t  of m e t h y l c u r a r i n e *  on  t h e  v i t a l  c a p a c i t y  w a s  e v e n  lower:  the 
dose  of 0.1 m g . / k g ,  b o d y - w e i g h t ,  for  insl~a, nce,  r e d u c e d  t h e  g r i p  s t r e n g t h  to 0 
pe r  c e n t ;  t h e  v i t a l  c a p a c i t y ,  h o w e v e r ,  o n ! y  to  60 pe r  c e n t  (in a g r e e m e n t  with 
S a d o v e ' s  r e su l t s ) .  

�9 o 

D m m t h  yl-d-  t u b o c u r a r i  oe chlor ide .  
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Whereas ,  a t  t h e  o n s e t  of a c t i o n ,  t h e  v i t a l  c a p a c i t y  a n d  t h e  g r ip  s t r e n g t h  

uniformly d e c r e a s e ,  w i t h  t h e  w e a r i n g  off of t h e  effect ,  t h e  v i t a l  c a p a c i t y  N. 
normalized m o r e  r a p i d l y  t h a n  t h e  g r i p  s t r e n g t h .  Aftei-  i n j e c t i o n  of ,1 m r .  = 23 
~/kg. Toxifer . ine,  for  i n s t a n c e ,  t h e  g r i p  s t r e n g t h  w a s  s t i l l  less  t h a n  5 p e r  c e n t  
at the t i m e  w h e n  t h e  v i t a l  c a p a c i t y  h a d  a g a i n  r e a c h e d  50 p e r  c e n t .  A t  t h e  t i m e  
when t h e  v i t a l  c a p a c i t y  w a s  a t  80  p e r  c en t ,  t h e  g r i p  s ~ r e ~ g t h  w a s  o n l y  20 p e r  
cent; in o t h e r  wor ds ,  50 p e r  c e n t  of t h e  v i t a l  c a p a c i t y  w a s  r e a c h e d  a f t e r  17 
minutes, 50 pe r  c e n t  of t h e  g r i p  s t r e n g t h  o n l y  a f t e r  38 m i n u t e s .  T h e  e f fec t  of t h i s  
substance on  t h e  g r i p  s t r e n g t h  t h e r e f o r e  l a s t e d  *wice  as  l o n g  as  t h a t  on  t h e  
vital c a p a c i t y .  T h e  r e l a t i v e l y  p r o l o n g e d  i n f l u e n c e  on  t h e  g r ip  s t r e n g t h  is e v e n  
more m a r k e d  w h e n  T o x i f e r i n e i s  i n j e c t e d  m o r e  s l o w l y ;  e s p e c i a l l y  i n  t h i s  r e s p e c t  
there were  m a r k e d  d i f f e r ences  in  t h e  e f fec t  in  r e l a t i o n s h i p  to  t h e  s p e e d  of i n j ec -  
tion (see Figs .  2 a n d  3).  W i t h  r a p i d  i n j e c t i o n ,  n o r m a l i z a t i o n  of t h e  g r i p  s t r e n g t h  
and.vital c a p a c i t y  is a c h i e v e d  m o r e  s l o w l y  t h a n  w i t h  s low i n j e c t i o n .  W i t h  raplcl  
injection, h o w e v e r ,  t h e  p r o l o n g a t i o n  of t h e  a c t i o n  on  t h e  g r ip  s t r e n g t h  w a s  m o r e  
marked than.  t h a t  on  t h e  v i t a l  capdci tS: .  

Ruration of Action 
More t h a n  w i t h  o t h e r  s h o r t e r - a c t i n g  r e l a x a n t s ,  t h e  d u r a t i o n ,  of a c t i o n  of 

T0xgerine d e p e n d e d  on  t h e  dose  a d m i n i s t e r e d .  I n  a d d i t i o n ,  as  m e n t i o n e d  be fo r e ,  
it depends to  s o m e  e x t e n t  on  t h e  spee  d of t h e  i n j e c t i o n .  

When i n c r e a s i n g  i n t r a v e n o u s  d[oses of T o x i f e r i n e  (0.25 rag. ,  0 .5 rag.-, 0 .75  mg . ,  
1 rag.) were  a d m i n i s t e r e d  to  a v d l u n t e e r  w e i g h i n g  44 kg. ,  r e s t r i c t i o n  "of i:he ~ i t a l  
capacity b e l o w  70 pe r  c e n t  of t h e  n o r m  a n d  of t h e  g r i p  s t r e n g t h ,  b e l o  w 40 'per  
-cent of the  n o r m  w a s  f o u n d  to  be  p r e s e n t  for  t h e  f o l l o w i n g  p e r i o d s :  

Dose 

Duration of action 

V i t a l  c a p a c i t y  b e l o w  
70 p e r  c e n t  o f  t h e  

n o r m  

G r i  D s t r e n g e h  b e l o w  
40  p e r  c e n t  of  ehe  

n o r m  

0 . 2 5  m r .  --- 5 . 6  3 , / k g .  
0 . 5  m r .  = 11 -r/kg. 7 m i n .  8 r a i n .  
0 . 7 5  m r .  = 17 y / k g .  12 m l n .  18 m i n .  
1 . 0  m.g. = 23 7 / k g .  26  r a in .  37  r a in .  

Vital c a p a c i t y  a n d  g r ip  s t r e n g t h  h a d  r e t u r n e d - t o  n o r m a l  a f t e r  t h e  f d j l o w i n g  
lengths of t i m e :  0 .25 m r .  = 5.6 ~ , /kg.  in 9 m i n .  a n d  12 min .  ; 0.5 m r .  = g.l ~ / k g .  
in15 min. a n d  a b o u t  20 ra in .  ; 0 .75 m r .  ---- 17 " r /kg .  in 20 m i n .  a n d  a b o u t  50 ra in .  ; 
1.0 rng. -= 23 - r /kg .  in 60 m i n .  a n d  a b o u t  60 ra in .  

The d u r a t i o n  of " h e a d  d r o p "  a f t e r  23 ~ / k g .  w a s  16 -17  m i n .  d e p e n d i n g  on  t h e  
rapidity of i n j e c t i o n ;  t h e  d u r a t { o n  of d e g l u t i t i o n  p a r a l y s i s  w a s  1 5 - 2 0  m i n .  a f t e r  
the same dose.  A m a r k e d  ef fec t  on  t h e  o c u l a r  m u s c l e s  w a s  o b s e r v a b l e  for  t w o  
hours. Af te r  t h i s  pe r iod ,  t h e  v o l u n t e e r s  w e r e  g e n e r a l l y  a b l e  t o  s t a n d  u p  a n d  to  
walk--though s o m e w h a t  u n s t e a d i l y  on  t h e  leve l  f loor.  M i n o r  a f t e r - e f f e c t s  s u c h  
as unsteadiness in "c l imbing  s t a i r s ,  i n c a p a c i t y  to  r e a d  for  l o n g  b e c a u s e  of s l i g h t  
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weakness in t he  ocu la r  muscles ,  increased  f a t i g a b i l i t y  fgllow~ing r e p e a t e d  r ap id  
movements could  be Observed e v e n  five hours  a f t e r  t he  i n j ec t i on .  

In obese persons,  t h e  same  dose per  kg. b o d y - w e i g h t  prod~uced m o r e  m a r k e d  
L 

effects of s o m e w h a t  longer  d u r a t i o n .  Th i s  is in agreeme?nt w i th  t h e  f ac t  k n o w n  
from experience w i th  o t h e r  cu ra re  p r e p a r a t i o n s  t h a t  t h e d o s e  of ,~ r e l a x a n t  has  
to be reduced in the  obese as well as fo~ persons  who  are  (~onsiderably unde r -  
weight. 

A c c u m u l a t i o n  

( a )  W i t h  r e p e a t e d  T o x i f e r i n e  a d m i n i s t r a t i o n .  One of the  m o s t  i m p r e s s i v e  
properties of Tox i f e r ine  is i ts  m a r k e d  propert .y  of a c c u m u l a t i o n  fo l lowing  r e p e a t e d  
injections. A l t h o u g h  th i s  was to  be expec ted  be'cause of t he  long d u r a t i o n  of 
action of th is  s u b s t a n c e  and  the  slow excre t ion ,  k n o w n  f rom a n i m a l  expe r imen t s ,  
we were r e p e a t e d l y  surpr i sed  a t  t he  e x t e n t  of th is  a c c u m u l a t i o n .  

In the first  ins tance ,  we assessed these  p rope r t i e s  b y  s u b s e q u e n t  i n j ec t i ons  of 
small doses of Tox i f e r ine  a t  shor t  i n t e r v a l s  of 15-20 min.  c o m p a r e d  wi th  equ iva -  

. lent doses .of d - t u b o c u r a r i n e  and  m e t h y l c u r a r i n e  "(see Figs. 4 and  5). A v e r y  
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FIGURE 4. Cumulative effeci~ of repeated intr~ven0us 
ipjections of 0.25 nag. Toxiferine~ 
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FIGURE 5. C u m u l a t i v e  e f f ec t  o f  r e p e a t e d  i n j e c t i o n s  
of  2.5 rag. d - t u b o c u r a r i n e  in t h e  s a m e  v o l u n t e e r  "-as in 
F i g u r e  4. 

m a r k e d  a c c u m u l a t i o n  w i t h  r e g a r d  to  v i t a l  c a p a c i t y  a n d  g r ip  s t r e n g t h  resulted 
f r o m  t h e  a d m i n i s t r a t i o n  of T o x i f e r i n e .  R e p e a t e d  dose s  of d - t u b o c u r a r i i n e  likewise 
p r o d u c e d  t h e s e  e f fec ts  t h o u g h  t h e y  ~ ere  liess p r o n o u n c e d .  ,Methylct~Lrarine pro- 
d u c e d  a l m o s t  no  a c c u m u l a t i o n  w i t h  r e g a r d  to  v i t a l  c a p a c i t y ,  w h i c h + o r r e s p o n d s  
to  i t s  g e n e r a l l y  m i n o r  e f fec t  on  t h e  r e s p i r a t i o n ,  w h e r e a s  a c e r t a i n  adcumulation 
With  r e g a r d  to  g r ip  s t r e n g t h  was  o b s e r v e d .  T h e  d i f f e r e n c e s  b e t w e e n  t h e  individual 
r e l a x a n t s  were  n o t  as m a r k e d  w h e n  t h e  i n t e r v a l s  b e t w e e n  t h e  i n d i v i d u a l  injec- 
t i o n s  w e r e  s h o r t .  

(b) C o m b i n a t i o n  w i t h  o ther  r e l a x a n t s .  F o r  t h i s  p u r p o s e ,  we  c h a n g e d  the  experi- 
m e n t a l  c o n d i t i o n s  in such  a m a n n e r  t h a t  ~,e a l l o w e d  t w o  h o u r s  to  pass  af ter  the 
i n i t i a l  i n j e c t i o n  of 1 rag. = :23 % / k g .  uri t i l , ,  a p a r t  f r o m  t h e  a b o v e  mentioned 
s l i g h t  a f t e r - e f f e c t s  s u c h  as  e a s y  f a t i g a b i H t v  of t h e  m u s c u l a t u r e ,  nq, subjective 
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cura~re effects were felt (objectively, these had worn off earlier)i. We subsequently 
injected �89 rng. Toxiferine (that is, half the initial dose) in a first test, 2 rag. 
methylcurarine in a control test (that is, the dose which, as sin~][e dose in the 
same volunteer, had decreased the vital capacity to 90 p~r ce,rlt of the norm and 
the grip strength to 60 per cent~, and 22 mg. succinylcholine in a third test (the 
full relaxant dose calculated for this subject). 

The r e su l t s  a r e  s h o w n  in t h e  F i g u r e s  6, Z, gtnd 8. A s e y o n d  i n j e c t i o n  of �89 mg .  
Toxiferine t w o  h o u r s  a f t e r  t h e  i n j e c t i o n  of 1 nag. Toxi fer i ,ne  p r o d u c e d  a n  e q u a l l y  
strong a n d  e v e n  l o n g e r  l a s t i n g  ef fec t  on  the '~vl tal  c a . g a c i t y  and  g r i p  s t r e n g t h  t h a n  
the in j ec t ion  of 1 rag.  T o x i f e r i n e  g i v e n  t w o  h o u r s  ear l ie r .  A l t h o u g h  t h e  Mngle  
'dose of d i m e t h y l - d - t u b o c u r a r i n e  h a r d l y  m a d e  a n y  i m p r e s s i o n  on  l~he v o l u n t e e r ,  
the effects of t h i s  s e c o n d  i n j e c t i o n  on  t h e  r e s p i r a t i o n  were  n o t  t h e  m i n o r  ones  
otherwise t y p i c a l  of m e t h y l c u r a r i n e :  on  t h e  c o n t r a r y ,  t h e  r e s p i r a t o r y  i m p a i r m e n t  
was in th i s  case  so s t r o n g  t h a t  a r t i f i c i a l  r e s p i r a t i o n  h a d  to be p e r f o r m e d  for - te f i  
minutes. T h i s  h a d  n o t  b e e n  n e c e s s a r y  w i t h  t h e  i n j e c t i o n  of T o x i f e r i n e  a lon e .  
The resul:ts p r o v e  t h a t  t w o  h o u r s  a f t e r  t h e  i n j e c t i o n  of T o x i f e r i n e ,  a g r e a t  p a r t  
of this r e l a x a n t ,  a t  l e a s t  ha l f  of t h e  dose  a d m i n i s t e r e d ,  m u s t  s t i l l  b e  p r e s e n t  a n d  
active. In  c o n t r a s t  to  th i s ,  t h e  s u b s e q u e n t r  of s ~ c c i n y l c h o l i n e  t w o  
hours a f t e r  T o x i f e r i n e  a d m i n i s t r a t i o n  h a d  a r f0rmal  e f fec t :  nO c u m u l a t i v e  e f fec t  
was to be a n t i c i p a t e d  b e c a u s e  t h i s  is a r e l a x a n t  of t h e  d e p o l a r i z i n g  t y p e .  H o w e v e r ,  
there was  no  r e d u c t i o n  of t h e  effect .  T h e  m u s c l e  p a i n s  ,.which a p p e a r e d  ~ f t e r  t h e  
injection w e r e  a l so  t h e  s a m e  as  t h o s e  o c c u r r i n g  a f t e r  a s ing le  i n j e c t i o n  of 
succinylcholine.  

(c) Combination with anaesthetics. T h e  i n k e n s l t y  a n d  d u r a t i o n  of t h e  e f fec t  of 
the i nd iv idua l  T o x i f e r i n e  dose s  m e n t i o n e d  a b o v e  a p p l y  to  i n j e c t i o n s  in  c o n s c i o u s  
v01un-teers w h o  a p a r t  f r o m  sma l l  a m o u n t s  of a t r o p i n e  a d r n i n i s i e r e d  w i t h  t h e  
highest doses  of T o x i f e r i n c  h a d  r e c e i v e d  no  p r e t r e a t m e n t .  I n  a n y  case ,  t h e r e  
is an a d d i t i v e  e f fec t  on  iJlae m u s c l e  r e l a x a t i o n  p r o d u c e d  b y  Toxi f . e r ine  d u r i n g  
anaesthesia,  a n d  w i t h  s o m e  a n a e s t h e t i c s  (for  e x a m p l e ,  e t h e r  a n d  h a l o t h a n e ) ,  a 
potent ia t ing effect ,  w i t h  r e g a r d  to  b o t h  t h e  i n t e n s i t y  a n d  a b o v e  al l  t h e  d u r a t i o n  
of the effect. 

Side-Effects 
No side-effects  w h a t s o e v e r  h a v e  been  o b s e r v e d  in a n y  of o u r  t e s t s  w i t h  T o x i -  

ferine, n e i t h e r  i r r i t a t i o n  of t h e  wal l  of t h e  ve in  a s s o c i a t e d  w i t h  p a i n  a t  t h e  s i t e  
of inject ion no r  a n y  g e n e r a l  c o m p l a i n t s .  A c e r t a i n  f ee l i ng  of g i d d i n e s s  w h i c h  
occasionally a p p e a r e d  a t  t h e  b e g i n n i n g  of tl~e p a r a l y s i s  a l so  o c c u r s  wi t lT p a r a l y s i s  
0f the ocu la r  m u s c l e  d u e  to  o t h e r  causes ,  a n d  d i s a p p e a r e d  w h e n  t h e  v o l u n t e e r  
closed his eyes .  W'e h a v e  n e v e r  o b s e r v e d  e x a n t h e m a t o u s  sk in  reac l  ions ,  i n c r e a s e d  
salivation, or c h a n g e s  in b lood  p r e s s u r e  or pu l se  r a t e .  

Possibility of Being Antagonized 
Toxiferine,  as  o t h e r  n o n - d e p o l a r i z i n g  r e l a x a n t s ,  c a n  be  a n t a g o n i z e d  b y  c h o l i n -  

esterase i n h i b i t o r s .  In  o u r  t e s t s ,  we  d id  n o t  m a k e  use  of t h i s  p o s s i b i l i t y  as  we  
were anx ious  to  o b s e r v e  t h e ~ w e a r i n g  off of t h e  effect .  W e  sha l l  r e v e r t  t o  t h i s  
problem w h e n  d i s c u s s i n g  t h e  c l in ica l  use  of T o x i f e r i n e .  
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FIGURE 8. A b s e n c e  of  c u m u l a t i v e  e f fec t  of :22 m g .  s u c c i n y l c h o l i n e  g i v e n , t w o  h o u r s  a f t e r  1 rag. 
T o x i f e r f n e  in t h e  s a m e  v o l u n t e e r .  

C L I N I C A L  R E S I U L T S  

H i s t a m i n e  E f f e c t s  

As in t h e  t e s t s ,  we  d id  n o t  o b s e r v e  h i s t a m i n e  ef fec ts  w i t h  t h e  c l in ica l  use of 
T o x i f e r i n e .  L a r y n g o s p a s m ,  b r o n c h o s p a s m ,  oi" o t h e r  m a n i f e s t a t i o n s  w h i c h  might 
be  a t t r i b u t e d  to  h i s t a m i n e  r e l ea se  n e v e r  o c c u r r e d ,  a l t h o u g h  we  in t en t i ona l l y  
exc lud~eeb .an t ih i s t amin ics  f rom t h e  p r e t r e a t m e n t  of ca ses  c h o s e n  f o r  Toxiferine 
a d m i f l i s t r ~ t i o n .  

P u l s e  R a t ~  a n d  B l o o d  P r e s s u r e  

~Vi~h r e g a r d  to  t h e  e f fec ts  oil c i r c u l a t i o  e r i n e  a d m i n i s t r a t i o n  under I 
ana/esghes ia  a l so  c o n f i r m s  t h e  r e s u l t s  o b t a : n e ~  ],n v o l u n t e e r s .  T h e r e  I were  110 

�9 �9 i 
ef fec t s  on  c i r c u l a t i o n  w h i c h  cou ld  h a v e  b e e n  a t f : r i b u t e d  to  T o x l f e r m e .  In  the 
m a j o r i t y  of cases ,  a n a e s t h e s i a  w a s  m a i n t a i n e d  w i t h  h a l o t h a n e .  I n  th4se ,  there 
w a s  o c c a s i o n a l l y  a falI in  b lood  p r e s s u r e  a n d  p u l s e  r a t e  f o l l o w i n g  c o m p l e t e  relaxa- 
t i o n  a n d  s o m e  m i n u t e s  a f t e r  r e s p i r a t i o n  w a s  c o n t r o l l e d ,  e s p e c i a l l y  i f~ th i s  wa~ 
p e r f o r m e d  as  a s ing le  p h a s e  d i r e c t  p r e s s u r e  r e s p i r a t i o n .  T h i s  e f fec t  is f he  result 
of t h e  r a p i d  f low of h a l o t h a n e  a n d  n o t  of t h e  m u s c l e  r e l a x a n t .  S u c h  fan effect 
w a s  n e v e r  o b s e r v e d  w h e n  s u b s e q u e n t  dose s  of  T o x i f e r i n e  w e r e  in jec te 'd  during 
t h e  c o u r s e  of t h e  o p e r a t i o n .  E v e n  ~nore ~clearly t h a n  t h e s e  observa t f ions ,  the 
r e s u l t s  of ou r  a u t o - i n v e s t i g a t i o n s  c o n f i r m  thai :  T o x i f e r i n e  h a s  no  s u c h  ef fec t  on the 
c i r c u l a t i o n .  
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Clinical Dosage 
In order to achieve strong relaxation for protracted operations, we generally 

injected 2 mg. Toxiferine at  the. beginning of the opegation 
siderably underweight  patients, we redtlced the dose Ito 1-  

1 ~ the cases, comp.ete paralysis of spontaneous respiration 
obe and a half to two minutes with these doses, of at least 
the ~espirfftion that  it could easily be controlled. I!f, in 
respi~ratory paralysis was not achieved with 2 rag., a maxi/i 
1 rag. was immediately injected. Only in occasional cases 

ltyperi'nsullm'sm - ,?eqection oY P~ncreo~ 

s zooa 9 iTo ] roxiNrme 
Barbiturate 500r~g ~] 2mg~] 0.5rag 
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FIGURE 9. Anaesthetic data sheet showing long-lasting relaxation with Toxiferine in an opera- 
tion for pancreatic tumor. 

and never more. The  durat ion of adequate  muscle relaxation (to fulfill even the 
highest d~mands) after single injection of the aforementioned dose was 46 to 130 
min. When increase of muscle tension or reappearance of sp~ontaneous respira- 
tion began to interfere wi th . the  operation, we administered ~ither �89 rag. T~oxi- 
refine or 1 to 2 rag. methylcurar ine if the operation was still expec~_ed to cont inue 
for some time, and this provided further relaxation for a good hour, or in soCme 
cases even longer. There is no contraindicat ion to the additional adminis trat ion 
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FIGURE 10. The anaesthetic data sheet showing ~omblned use of Toxlferine and other relaxants 
for difficult lobectomy. 

of succinylcholine for a short-lasting relaxatic)n which may be necessary after 
the Toxiferi'ne effect has completely disappeared. In our auto-investigations it 
has been proved that  this is possible without  danger. We wish, howe~v, er, to 

�9 = ] 

point out that  it is generally impossible to await the complete fading of the 
Toxiferine effect during the operation. In such cases, we occasionally observed 

i 

that  succinylcholine had an insufficient effect, or that  relatively high doses were 
required in order to achieve the necessary relaxation. This might  result in 
difficulties at  the end of the operation, if the spontaneous respiration does not 
recur immediately and it cannot  easily beldetermined to what  extent  the paralysis 
is due to Toxiferine and to v at extent  to succinylcholine. Although no serious 
consequences result from th i s - -a t  most, the pat ient  mu~t receive artificial 
respiration after the end of the opera t ion- -we tend to fol)bw the repolarizing 
relaxant Toxiferine by a mnall dose of the likewise repolarizing relaxant methyl- 
curarine if a second injection is necessary. In this case, we are certain Iof being 
able to reverse the effect�9 Or, if only a short-lasting relaxation is required, we 
prefer to inject only the amount  of succinvlcholine generally required for a 
sufficient relaxation. If this dose is ineffective, relaxation should not be f6rced.by 
higher doses of succinylcholine. If worse comes to worse, one can try ir~creasing 
the depth of anaesthesia. 

For the maintenance of the anaesthesia, the aforementioned doses lvith tjae- 
addition of a small amount  of halothane (we generally administered onllz 0.5 per 

�9 ~ " I 1  cent and never exceeded 1-ger cent) had a longer and  more even effect tha 
nitrous oxide-oxygen alone�9 There seems to be a true potentiat ion.  The  possibilit3: 
of easy hypervent i la t ion typical of hal~)thane anaesthesia is a particularly 
favourable feature as the effect of Toxif~rine wears off and often a~oids the 
necessity of a secdnd injection. 
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Possibihty oJ Being ~=Tntagonized 

I I d e c u r a r i z a t i o n  is r e q u i r e d ,  t h e  f o l l o w i n g  t e c h n i q u e  h a s  p r o v e d  t ~  b e  a p p r o -  
c u r a n z a t m n  r e m a i n s  o n  tl,ae, r e t u r n  of  s u f f i c i e n t  pri~te: if o n l y  a s l i g h t  r e s i d u a l  . . . i . 

spontaneous  r e s p i r a t i o n ,  t ~ e  p a t i e n t  n o t  y e t  b e i n g  a b l e  t o  o p e n  h i s  e y e s  c o m -  
pletely a n d  h a v i n g  d i f f i c f l l t y  ein s w a l l o w i n g ,  i n t r a v e n o u s  i n j e c t i o n  o,f �89 rag.  
physos t igmine  f o l l o w i n g  t h e  a d m i n i s t r a t i o n  of  ~ t o  1 nag. a t r o p i n e  wi l l  t r a p i d l y  
abolish t h e s e  s l i g h t  r e s i d u a l  e f fec t s .  I n c a se  of  m o r e  p rc~nounced  r e s i d u a  ! c u r a r i z a -  
ti0n, we g a v e  a n  a d d i t i o n a l  �89 mg .  p h y s o s t i g m i n  o r  /5 nag, p y r i d o s t i g m i ' n  i n t r a -  
muscularly.  I f  s u f f i c i e n t  s p o n t a n e o u s  r e s p i r a t i o n  h a d  n o t  b e e n  r e - e s t a b l i s h e ~  a t  
the end of t h e  o p e r a t i o n ,  we  a d m i n i s t e r e d  1 mg .  physo . '~ t igmin  i n t r a v e n o u s l y  
following t h e  i n t r a v e n o u s  i n j e c t i o n  of  �89 nag. a t r o p i n e .  A t  o u r  T o x i f e r i n e  dosa~ge, 
higher doses  w e r e  n e v e r  r e q u i r e d  to  r e - e s t a b l i s h  n o r m  M s p o n t a n e o u s  r e s t~ i r a t i o n .  
In order to  a v o i d  r e c u r a r i z a t i o n  w h i c h  m i g h t  be  e x p e c t e d  b e c a u s e  of  t h e  r e l a t i v e l y  
sb0rt- last ing e f f e c t  o f  p h y s o s t i g m i n ,  w h e n  c o m p a r e d  w i t h  the. d u r a t i o n  of  t h e  
effect of T o x i f e r i n e ,  we  a d d i t i o n a l l y  a d m i n i s t e r e d  2.5 nag. p y r i d o s t i g m i n  i n t r a -  
~.enously a n d  2.5 mg .  i n t r a m u s c u l a r l y .  Vv'ith t h i s  p r o c e d u r e  we  r~ever o b s e r v e d  
recurar izat ion.  H o w e v e r ,  we  a l w a y s  a w a i t e d  t h e  r e t u r n  of  s p o n t a n e o u s  r e s p i r a -  
ti0n, even  if only t o  a s l i g h t  e x t e n t ,  b e f o r e  d e c u r a r i z a t i o n  w a s  p e r f o r m e d .  

.4cc~dents .or Deaths 
To da te ,  we h a v e  n o t  o b s e r v e d  a n y  a c c i d e n t s  o r  d e a t h s  Which  c o u l d  h a v e  b e e n  

at t r ibuted to  t h e  use  of  T o x i f e r i n e .  

D I S C U S S I O N  AND C O N C L 1 7 S I O N S  

Indications 
(a) Operations of long duration. B e c a u s e  of i t s  i n t e n s i v e  a n d  p r o l o n g e d  e f f e c t i v e -  

hess, T o x i f e r i n e  h a s  p r o v e d  t~  be  e x c e l l e n t  fo r  p r o t r a c t e d  o p e r a t i o n s  r e q u i r i n g  
strong, l o n g - l a s t i n g ,  e v e n  m u s c l e  r e l a x a t i o n .  I n  t h e s e  c a s e s  T o x i f e r i n e  c a n  be  
used as t h e  so le  r e l a x a n t .  B e c a u s e  i t  h a s  n o  h i s t a m i n i c  e f f ec t s ,  t h e r e  a r e  n o  
c0n t r a - ind ica t ions  t o  i t s  use  in a l l e r g i c  o r  a s t h m a t i c  p a t i e n t s .  F o r  o p e r a t i o n s  of  
unpredictable  d u r a t i o n ,  T o x i f e r i n e  c a n  be  u s e d  in  l o w  d o s a g e  as  t h e  b a s i c  r e l a x a n t  
atad, if n e c e s s a r y ,  i t s  e f f e c t  i n c r e a s e d  b y  m e t h y l c u r a r h a e  o r  a n o t h e r  r e p o l a r i z i n g  
relaxant. 

(b) Tetanus. I t  so  h a p p e n e d  ( i t  was ,  in  fact,, a h a p p y  c o i n c i d l e n c e )  t h a t  a t  t h e  
time when  T o x i f e r i n e  w a s  a t  o u r  d i s p o s a l  w e  h a d  o n l y  s u c h  m i l d  c a s e s  of  t e t a n u s  
th~gno c u r a r i z a t i o n  w a s  n e c e s s a r y  a t  al l .  T h u s ,  t o  d a t e ,  w e  h a v e  h a d  n o  o p p o r -  
tunity to  use T o x i f e r i n e  in c a s e s  of  t e t a n u s ,  b u t  we  a r e  t z o n v i n c e d  t h a t  i t  w o u l d  
be especial ly a p p r o p r i a t e  fo r  s u c h  cases .  

(c) ~Veu'~ological and rheumatic diseases. I t s  e v e n  a n d  l o n g - l a s t i n g  e f f e c t  a l s o  
justifies t he  a t t e m p t  t o  use  T o x i f e r i n e  ( s u b c u t a n e o u s l y  in  d o s e s  o f  0 .5  rag .  t o  
1 mg.) in s p a s t i c  d i s e a s e s  a n d  c o n t r a c t u r e s  in t h e  n e u r o l o g i c a l  f ield,  a s  we l l  a s  in  
rheumatic d i s e a s e s ,  a l t h o u g h ,  of  c o u r s e ,  in  c o r r e s p o n d i n g l y  l o w e r  d o s a g e  a n d  
under the  s u p e r v i s i o n  of  a n  a n a e s t h e t i s t  o r  p h y s i c i a n  w h o  is e x p e r i e n c e d  in  t h e  
technique of i n t u b a t i o n  a n d  a r t i f i c i a l  r e s . p i r a f i o n .  
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Cont r a i nd  icat io n s 

(a) Shor t  operat ions .  As  s h o w n  b y  o u r  t e s t s ,  t h e  d u r a t i o n  of  t h e  e f f ec t  of T0xl- 
f e r i ne  d e p e n d s  to  a c o n s i d e r a b l e  e x t e n t  on  t h e  dose .  T o x i f e r i n e  i n  l o w e r  dosage. 
cou ld ,  t h e r e f o r e ,  a l so  be used  for  s h q r t e r  o p e r a t i o n s .  T h e r e  is, h o w e v e r ,  on 
p o i n t  in th is .  F o r  s h o r t  i n t e r v e n t i o n s  there: a r e  q u i t e  a n u m b e r  of  v e r y  good 
s h o r t - a c t i n g  r e l a x a n t s  w h i c h  a r e  e a s i e r  (o h a n d l e .  

(b) M y a s t h e n i a  gravis. M y a s t h e n i a  g r a v i s  p s e u d o p a r a l y t i c a  . r ep resen t s  a true 
c o n t r a i n d i e a t i o n  for  a n y  use  of c u r a r e  a n d  t h e r e f o r e  all  t h e  m o r e  f o r  Toxiferine. 

(c) D i s tu rbances  of  electrolyte an d  acetylcho,~,inesterase metabol i sm.  A s  nle~ntior~ed 
be fo re ,  we  a r e  s o m e w h a t  m o r e  r e l u c t a n t  to  a d m i n i s t e r  T o x i f e r i n e  in cases  With 
i m p a i r e d  l ive r  f u n c t i o n  o r  in ca se s  in w h i c h  t h e r e  is a t e n d e n c y  t 9 haemorrh~ge 
f r o m  t h e  v e r y  b e g i n n i n g  o r  in w h i c h  a n  i n c r e a s e d  p a r e n c h y m a t o U s  haemorrhage  
m i g h t  c o n s i d e r a b l y  d i s t u r b  t h e  o p e r a t i o n .  In  s e v e r e  d i s t u r b a n c e s  of  electrol.)te 
a n d  a c e t y l c h o l i n e s t e r a s e  m e t a b o l i s m ,  i t  is o r e f e r a b l e  to a v o i d  t h e  use  of powerful 
a n d  l o n g - l a s t i n g  r e l a x a n t s .  

SD'M,~][AR Y 

T h e  i C a l a b a s h  a l k a l o i d  T o x i f e r i n e  i s  t h e  m o s t  p o t e n t  a n d  l o n g - a c t i n g  relaxant 
of  t h e  c u r a r e  g r o u p  a v a i l a b l e  to t h e  cl inic .  A s  l i t t l e  a s  2 mg .  p r o d u c e s  sufficient 
r e l a x a t i o n  for  all o p e r a t i v e  i n t e r v e n t i o n s  in a d u l t s ,  of a m a r k e d  "degree for~30 
m i n u t e s  a n d  s lowly  w e a r i n g  off d u r i n g  t h e  n e x t  30 m i n u t e s .  

As  s h o w n  in 30 a u t o - i n v e s t i g a t i o n s  a n d  100 c l in ica l  cases ,  t h e  d r u g  is appr0, 
p r i a t e  fo r  m u s c l e  r e l a x a t i o n  d u r i n g  o p e r a t i o n s  of m o r e  t h a n  one  h o u r  duration. 
In  a d d i t i o n ,  i t  is of v a l u e  as  a " b a s i c  r e l axan t "~  b e c a u s e  i t  c a n  be  a ta tagonized  by 
P r o s t i g m i n  a n d  can  be  c o m b i n e d  w i t h  o t h e r  r e l a x a n t s .  

O n l y  m i n o r  s ide -e f fec t s  w e r e  o b s e r v e d :  t h e r e  w a s  no  m a r k e d  h i s t a m i n e  release 
L 

or  p r o n o u n c e d  ef fec t  on b lood  p r e s s u r e  a n d  pu l se  r a t e .  T h e r e  w e r e  no  accidents 
o r  d e a t h s  a m o n g  o u r  cases .  

F u r t h e r  c l in ica l  i n v e s t i g a t i o n s  of T 0 x i f e r i n e  a r e  j u s t i f i ed ,  e s p e c i a l l y  for 10ng- 
l a s t i n g  r e l a x a t i o n  in eases  of t e t a n u s  arid n e u r o l o g i c a l  d i sease .  Contra indicat i0ns  
a r e :  s h o r t - l a s t i n g  o p e r a t i o n s ;  m y a s t h e n i a  g r a v i s  p s e u d o p a r a l y t i c a ;  disturbances 
of e l e c t r o l y t e  a n d  a c e t y l c h o l i n e s t e r a s e  m e t a b o l i s m .  

Rt~SUM~ 

Les  r e l a x a n t s  m u s c u l a i r e s  qu i  e x i s t e n t  a c t u e l l e m e n t  n ' a p p o r t e n t ~  p a s  encore 
tou.te s a t i s f a c t i o n  ~ l ' anes thOs io log i s t e  en ce qu i  c o n c e r n e  la durkee de - l eu r  action, 
la poss ib i l i t~  d 'Ot re  inh ib6  p a r  un  a n t a g o n i s t e ,  e t  l ' a b s e n c e  d ' e~fe t s  seconda[res. 
C ' e s t  p o u r q u o i  il e s t  jus t i f i5  de  p o u r s u i v r e  les r e c h e r c h e s  en v u e  de  met t re  au 
p o i n t  de  n o u v e a u x  r e l a x a n t s .  

L ' i s o l e m e n t  de  la  s u b s t a n c e  p u r e  e t  la  d ~ , t e r m i n a t i o n  de  la s t r u c t u r e  chim!que 
des  a lca lo~des  les p lus  i m p o r t a n t s  ex t rm, t s  d u  C a l a b a s h - c u r a r e ,  p a r  P. Karrer  et 
H .  S e h m i d ,  en 1958, o n t  6veill6 le d6s i r  d ' e x p 6 r i m e n t e r  la T o x i f 6 r i n e  au point 
de  r u e  c l in ique .  Les  p r e m i e r s  ess.ais p h a r m a c o l o g i q u e s  e t  d i n i q u e s  ont 6t6 
r6al is6s p a r  ~vVaser e t  H a r b y .  A u  c o u r s  de  nos  r e c h e r c h e s ,  la Tox{f6r ine  s'est 
av6r~e ,  p a r  r a p p o r t  h d ' a u t r e s  r e l a x a n t s  n o n - d 6 p o l a r i s a n t s ,  ne  i~ rovoquer  qffe de 
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minimes effets secondaires de type'histaminique. Le pouls et la T.A. ne sont pas 
n0tablement modifi6s par des doses cliniques. L'ac,~ion est plus marqu6e e t  plus 
prolong~e que celle des a!caloides naturels du curare co:nnus jusqu'gt pr6sent. 
Chez l'adulte, il suffit d 'une dose de 2 mg pour produire une relaxation durant  
de 40 ~ 120 minutes, qui'-permet toutes les interventions. Chez le sujet conscient 
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et bien portant, une dose de 1 mg entraine une dmnnut..mn moyenne de ! 50% 
de la capacit6 vitale et jusqu'~ 10% de la force musculai~e. La d6pression de la 
capacit6 vitale est d 'une dur6e t'r~s net tement plus br~ve (environ 20~minutes) 
que la diminution de la force de prehension (environ 40 minutes). Les sujets 
du sexe f6minin et les d6bilit6s r~pondent tt des doses ne d(}oassant oas 0,7 mg, 
de la maniSre pr~c6demment d6crite. 

Cliniquement, ce m6dicament s'est av6r~ eliicace dans plus de 100 anesth6sies 
pratiqu6es par les auteurs. I1 est indiqu6 comme relaxant (6ventuellement 
c0mme relaxant de base) dans les interventions chirurgicales devant  durer plu- 
sieurs he.ures. I1 n'a pas 6t(} n6cessaire de d6passer l'a dose de 3 mg, la plus 61ev6e 
qui ait 6t6 utilis6e jusqu'5, pr6sent, car la r~p6tition des injections produit une 
v~ritable accumulation. On a 6galement constat6 que ,la T oxif6rine pouvait  
~tre associ~e ~ la tub0curarine, & la dim~thyl-d-tubocttrarine, A la gaIlamine, 
etc., de m~me qu'~t l 'Halothane, si l a  concentration de ce dernier ne d6passait 
pas 0;5% de l 'air destin~ gt tetre inspir6. Toutefois des ~tud~s plus approfondies 
paraissent n6cessaires dans les cas d' interventions chirurgicales majeures de 
10ngue dur~e requ~rant une relaxation prolongSe (dans les cas de t~tanus 
gravissime par exemple). 
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