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o b a c h t u n g e n  u n t e r s t i i t z e n  die Gf i l t igkei t  de r  yon  uns  ver-  
fo lg ten  H y p o t h e s e ,  dass  sowohl  c h e m i s c h  wie rad iob io lo -  
gisch c y t o s t a t i s c h e  Ef fek te  n a c h  fo lgendem S c h e m a  (2) 
z u s t a n d e  k o m m e n  k 6 n n e n :  

hv 

Cytostatieum 

H~O 
OH" + H" 

S c h e m a  (2) 

~ - - ~  OOH ° 1. Sch~idigung 
z,B. an DNS 

H~O~ Cytostatische 
+ R ° Wirkung 

w/ ih rend  m i t  ca. 1 C y s t e a m i n  p ro  Mol A m i n o k e t o n  die 
H~O, -B i ldung  a m  A n f a n g  n a h e z u  vOltig ausb le ib t .  I n  
we l chem S inne  diese Ve r suche  als  Hinweise  a u f  e in  
v e r s c h i e d e n a r t i g e s  E i n g r e i f e n  de r  b e i d e n  u n t e r s u c h t e n  
V e r b i n d u n g e n  in  die m i t  de r  A u t o x y d a t i o n  v e r b u n d e n e n  
1Reaktionsvorg~.nge zu d e u t e n  s ind,  werden  e rs t  wei te re  
Ver suche  zeigen. 

W e n n  Se ro ton in  t a t s ~ c h l i c h  sch~.digende R a d i k a l e  ab-  
zu fangen  ve rmag ,  so wi i rde  die n a c h  r a d i o t h e r a p e u t i s c h e n  
B e h a n d l u n g e n  s ich e ins te l l ende  E r h O h u n g  des  Se ro ton in -  
spiegels  :s die a n g e s t r e b t e  se lek t ive  M a x i m i e r u n g  des 
R e a k t i o n s a b l a u f e s  (2) v e r h i n d e r n  u n d  so eine uner -  
w t insch te  S t r a h l e n s c h u t z w i r k u n g  herbe i f f ih ren .  Es  w/~ve 
w i i n s c h e n s w e r t  zu u n t e r s u c h e n ,  o b  e ine r  d a d u r c h  be-  
d i n g t e n  V~ i rk samke i t sbeg renzung  d e r  c y t o s t a t i s c h e n  
T h e r a p i e  e n t s p r e c h e n d  S c h e m a  (2) d u r c h  e ine  Z u f u h r  v o n  
Me ta l l i onen  e n t g e g e n g e w i r k t  w e r d e n  k a n n .  

Of ten  b l e i b t  die Frage ,  ob  im e inen  oder  a n d e r e n  Fal l  die 
prim~ir geb i lde t en  R a d i k a l e  die Tr~iger de r  sch~tdigenden 
R e a k t i o n  sind.  Das  sich b i l dende  H , O ,  k 6 n n t e  d a n n  eine 
i n a k t i v e  F o r m  dieser  P a r t i k e l n  dars te l l en ,  die e rs t  s ekun-  
d~r  d u r c h  Me ta l l i onen  wieder  a k t i v i e r t  w e r d e n  k a n n  u n d  
zwar  n a c h  Diffus ion a u c h  a n  Ste l len ,  die yore  E n t -  
s t e h u n g s o r t  de r  R a d i k a l e  r~uml i ch  e n t f e r n t  s ind.  

C h e m i s c h e r  S c h u t z  v o r  de r  b io logischen  W i r k u n g  ioni-  
s i e r ende r  S t r a h t e n  u n d  K r e b s t h e r a p i e  lassen sich, wie 
diese Zusammenh~ lnge  zeigen, in  e in  gewisses Reziproz i -  
t~ t sve rh f i l t n i s  se t zen :  I m  e inen  Fa l l  soil de r  Ab lau f  de r  
R e a k t i o n s k e t t e  (2) m6g l i chs t  m i n i m i e r t ,  im  a n d e r e n  Fa l l  
in  m 6 g l i c h s t  se lek t ive r  Weise  m a x i m i e r t  werden .  Rad io -  
p r o p h y l a k t i s c h  w i r k s a m e  S u b s t a n z e n  mfiss ten  d a n n  den  
E f f e k t  a u c h  de r  g e n a n n t e n  c y t o s t a t i s c h e n  V e r b i n d u n g e n  
h e r a b s e t z e n  :e. W i r  fanden ,  dass  bei  der  A u t o x y d a t i o n  de r  
A m i n o k e t o n e  S e r o t o n i n  die A u s b e u t e  a n  H~O 2 au f  ein 
Mehr faches  e r h 6 h t  - ~hn l i ch  wie a u c h  bei  de r  B e s t r a h l u n g  
O , -ha l t i ge r  w/~ssriger LOsungen d u r c h  Z u s a t z  reduz ie ren-  
de r  Stoffe die H ,O~-Ausbeu te  e r h 6 h t  w e r d e n  k a n n  :~ - 

Summary. C y t o s t a t i c  ~ - aminoke tones  are f o u n d  to  
p roduce  H~O~ on  a u t o x i d a t i o n .  Poss ible  p a t h w a y s  oI 
r ad i ca l  a n d  p e r o x i d a t i v e  r eac t i ons  in c y t o s t a t i c  t h e r a p y  
are  discussed,  
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M u s c l e - r e l a x a n t  P r o p e r t i e s  of  a S t e r o i d  
b i s -  Q u a t e r n a r y  A m m o n i u m  S a l t  

T h e r e  h a s  long  been  a need  for a musc le  r e l a x a n t  w i t h  a 
s h o r t  d u r a t i o n  of ac t ion ,  w h i c h  p roduces  a f laccid pa ra l -  
ysis  a n d  is free f r o m  t h e  in i t i a l  musc le  c o n t r a c i u r e  associ- 
a t ed  w i t h  t h e  depo la r i z ing  drug,  s u x a m e t h o n i u m .  W e  
h a v e  b e e n  i n t e r e s t e d  in t h i s  field for  m a n y  years  a n d  s o m e  
t i m e  ago b e g a n  a sea rch  for  a s y n t h e t i c  c o m p o u n d  
possess ing  these  des i rab le  fea tures .  

A gene ra l  i n t e r e s t  in  t h e  s te ro id  r ing  System as a skele- 
t on  for n o n - h o r m 0 n a l  d r u g s :  a n d  a c o n s i d e r a t i o n  of t he  
cu ra r i z ing  p rope r t i e s  r e p o r t e d  for t he  s te ro id  a lka lo id  

CHa 
t + 

CH-N (CHa) a --CH s 

CH 3 
(I) 2 C1- (II) 

ma lou6 t ine  chlor ide  or 3fl, 20c¢-bisdimethylamino-5cc-preg- 
n a n e  b i s m e t h o c h l o r i d e  (I) 2 led us to  i nves t i ga t e  a n u m b e r  
of s t e ro id  b i s - q u a t e r n a r y  a m m o n i u m  sa l t s  a. ALAUDDIN 
a n d  MARTIN-SMITH 4 h a v e  r ecen t l y  specu la t ed  on  t h e  
p rope r t i e s  of sa l t s  of t h i s  type, a n d  some  i n d e p e n d e n t  
s y n t h e t i c  w o r k  h a s  been  r e p o r t e d  b y  CRABB~, DURAZO, 
SALO~A a n d  HOLTON 5, M a n y  of o u r  s t e ro id  d e r i v a t i v e s  
h a d  i n t e r e s t i n g  p rope r t i e s  a n d  one  of t h e m ,  3fl, 17fl-di- 
p y r r o l i d i n - l ' - y l - 5 ~ - a n d r o s t a n e  b i sme th iod ide ,  M & B 
9105 (II) ,  was  se lected for de ta i l ed  p h a r m a c o l o g i c a l  s tudy .  
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The  qua t e rna ry  steroid was tes ted e i ther  as the  iodide, 
M & B 9105, which is abou t  1~o soluble in wa te r  a t  room 
tempera tu re ,  or  as the  freely soluble chloride, M & B 
9105A. Bo th  salts  fo rm neu t ra l  solut ions which  can be 
sterilized by  boiling. The  compound  was examined  in 
several  animal  species. 

In  the  rabbi t ,  cat  and m o n k e y  the  qua t e rna ry  s teroid 
produced a flaccid paralysis  of short  durat ion,  when in- 
jec ted  in t ravenous ly ,  the  onse t  of paralysis  being noted  
by  drooping  of the  head  and  loss of muscu la r  tone  in t he  
l imbs. As soon as t he  effect  was observed,  the  in jec t ion  
was s topped so t h a t  respira t ion was no t  impa i red  to  a n y  
extent .  The  doses in mg /kg  of cat ion necessary to  produce  
paralysis  were 0.033 =k 0.002 (rabbit),  0.034 :t: 0.013 (mon- 
key) and 0.063 + 0.006 (cat), whils t  the  dura t ion  of act ion 
ranged f rom 40 to 234 see, being shor tes t  in the  rabbi t .  

I n  cats  under  chloralose anaesthesia,  in t r avenous  in- 
jec t ion  of M & B 9105 produces  a shor t - las t ing block of 
t ransmiss ion f rom the  sciat ic ne rve  to  t h e  t ibial is  muscle.  
The  block can easi ly be  an tagonized  by  an ant i -chol in-  
esterase such as neost igmine,  o r  by  a t e t anus  appl ied to 
the  nerve. T h a t  the  block was of a compe t i t i ve  nature ,  
and no t  of the  depolar iz ing type,  was shown by  the  ab i l i ty  
of the  compound  to antagonize  the  tw i t ch  caused b y  the  
close ar ter ia l  in ject ion of acetylchol ine.  F u r t h e r  ev idence  
of the  mode  of  ac t ion  of M & B 9105 was p rov ided  in ex-  
pe r iments  in the  conscious chick and  in the  hen under  
pen toba rb i tone  anaesthesia.  I n  bo th  i t  caused a flaccid 
paralysis  unlike t he  con t rae tu re  found wi th  suxametho-  
nium. A l though  exper iments  in the rabbi t ,  chicken and 
ca t  showed the  dura t ion  of act ion to be similar  to t h a t  of 
suxame thon ium,  in t he  m o n k e y  i t  had  a longer  effect, 
s imilar  to t h a t  of gal lamine.  I n  m a n  6 the  effect  was similar  
to  t h a t  found in the  monkey .  M & 13 9105 has  been found 
to  be devoid  of androgenic ,  oes t rogenic  and  proges ta-  
t ional  ac t iv i ty .  

Severa l  views h a v e  been  p u t  forward  re la t ing  neuro-  
muscu la r  paralysis  to the  size, shape and o the r  proper t ies  
of ac t ive  molecules.  Syn the t i c  compounds  wi th  two  
q u a t e r n a r y  heads have  been for the  mos t  pa r t  f lexible 

molecules,  and peak  a c t i v i t y  has  usua l ly  been observed 
when  the  n i t rogen a toms  are  connec ted  by  t en  o ther  
a toms,  equ iva l en t  to  a m a x i m u m  separa t ion  of abou t  
14 ~T-9. None  of the  four  possible s tereoisomers  of  d- 
tubocura r ine  is rigid, and an  e x a m i n a t i o n  of models  
shows t h a t  the  m a x i m u m  i n t e r q u a t e r n a r y  dis tance  is 
11-12 /~ 9, x0. 

Flex ib i l i ty  of the  molecule,  however ,  is no t  essent ial  for 
this t ype  of  ac t iv i ty .  The  ca t ion  of M & B 9105 is a rigid 
s t ruc tu re  wi th  the  q u a t e r n a r y  centres  separa ted  by  nine 
carbon a toms,  g iv ing  an in te r -n i t rogen  d is tance  of abou t  
11 ]k. For  malouCtine the  r ing sys tem is s imilar ly  rigid, 
bu t  the  in ter -n i t rogen d i s tance  can v a r y  f rom 11 to 12.5/~, 
because of ro ta t ion  of the  side chain.  

Ful ler  detai ls  of the  pha rmaco logy  of M & t3 9105 will 
be repor ted  elsewhere. 

Rdsumd. U n  stCroide qua te rna i r e  (3fl, 17fl-dipyrrolidin- 
l ' - y l -5e -andros t ane  bismCthiodide) adminis t r6  pa r  vole 
in t rave ineuse  p rovoque  une  paralysie  neuromuscula i re  
comp$t i t ive  d 'une  durCe fugace chez le lapin, le poussin, 
le c h a t  e t  le chien, mais  l ' ac t ion  est un  peu plus prolongCe 
chez le singe e t  chez l 'homme.  

ROSEMARIE S, BIGGS, 
M, DAvm, and  R. WI~N 

Research Laboratories, May and Baker Ltd., Dagenham, 
(Essex, England), December 10, t963. 

W. W. MAPLESON and W. W. MrJSHIN, personal communication. 
W. D. M. PATON and D. R. WARD, Brit. J. Anaesth. 84, 251 (t962). 

S C. J.  CAVALLITO, Curare and Curare-like Agents (Ed. by A. V, S. 
DE REUCK, J, & A. Churchill Ltd., London 1962}, p. 55. 

0 D. BOVET, Curare and Curare-like Agents (Ed. by D. BOVET, 
F. ]3OVET-NITTL and G, B. MAR1NI-BETTOLO, Elsevier, London 
1959), p. 256. 

t0 J.  B. STENLAKE, Progress in Medicinal Chemistry (Ed. by G. P. 
ELLIS and G. B. WEST, Batterworth, London 1963), vol. 3, p. 18. 

Indirect  E f f e c t  o f  Ultrasound  on  Water 
Permeab i l i t y  of  the  Connect ive  T i s s u e  

Grea t  impor t ance  is a t t ached  to  t he  changes in pe rme-  
abi l i ty  of biological  m e m b r a n e s  under  the  effect  of u l t ra-  
sound 1, s The  ionizat ion of water ,  p roduc t ion  of peroxides  
and o ther  chemical ly  ac t ive  compounds  can p l ay  an im-  
p o r t a n t  role in t he  mechan i sm of this biological  effect s. 
In  order  to p rove  the  possibi l i ty  of such an indirect  effect,  
the  following exper iments  were performed.  

To follow the  process of  pe rmeab i l i t y  of a l iquid  i r radi-  
a ted  by  ul t rasound,  t he  principle  of DAY'S m e t h o d  ~ ap- 
plied to the  connec t ive  mesenter ic  m e m b r a n e s  of ra ts  
was used ~. The  membranes  were f ixed to the  end of a 
glass tube  and the  t ime  of flow of 2 ml  of disti l led de- 
ionized wate r  th rough  the  m e m b r a n e  was measured.  The  
same m e m b r a n e  was perfused twice,  a t  a t ime  in te rva l  of 
3 min,  In  control  exper iments ,  using un t r ea t ed  deionized 
water ,  a decrease of pe rmeab i l i t y  in the  second measure-  
m e n t  was observed  (Table), condi t ioned  by  the  swell ing of 
the  connec t ive  tissue s. In  fur ther  exper iments  the  wate r  
t r ea ted  by  u l t rasound (2 or  30 min  before) was used for t he  

Controls Water irradiated 

2 rain 30 min 
prior to use prior to use 

Mean % of change of 
flow time ~ +19 --21 --22 

Number of samples 
increasing permeability 0 8 7 

Number of samples 
decreasing permeability 17 0 0 

Against the value of the first measurement (= 100%). 
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