
voi_. 34  (z959) S H O R T  CO.M.~,IUNI[G..\TIONS 555 

Mechanism of the prophylactic actio.~ of cliac~ecylrnonoxirne 
against satin poisoning" 

O r g a n o - p h o s p h o r u s  de r i va t i ve s  such  as D F P  an d  isopropylmethyiphosphonofluoridate 
(sarin) a re  k n o w n  to  be tox ic  to  an imals  b y  v i r t ue  of the i r  ab i l i ty  to  inh ib i t  t he  acc ty l -  
chol ine  es te rase  ( t rue  chol ine es tcrase)  a t  v i ta l  cen t re s  in the  animal .  T h e  inh ib i t ed  
ace ty l cho l ine  es te rase  can be r e a c t i v a t e d  by  a n u m b e r  of o x im e  an d  h y d r o x a m i c  ac id  
de r iva t i ve s  (see refs. x-:t) and ,  as  migh t  be ex p ec t ed ,  p o t e n t  r e a c t i v a t i n g  agen t s  
(e.g., lP-2-AM) are capab le  of p ro t ec t i ng  the  an imals  aga ins t  the  tox ic  effects  of sa t in  
w he n  t h e y  are  a d m i n i s t e r e d  p r o p h y l a c t i c a l l y  to  a t r o p in i zed  animals .  H o w e v e r ,  some  
a n o m a l o u s  resu l t s  h a v e  been  obse rved  t-~', n o t a b l y  wi th  DAM a_~ the  p r o p h y l a c t i c  ag en t  
aga ins t  sa t in  poisoning.  

DAM,  unl ike  P-2-AM. is not  v e r y  ef fec t ive  in r e a c t i v a t i n g  inh ib i t ed  ace ty l -  
chol ine  es terase ,  no r  does  it exe r t  a n y  apprec iab le  t h e r a p e u t i c  effect  in acce le ra t ing  
t he  r e c o v e r y  of  po i soned  an ima l s  when  a d m i n i s t e r e d  some t ime  a f t e r  sar in  ~. I t  
increases  the  l e tha l  dose  of sar in  in a t r op in i zed  mice  b y  a f ac to r  of  o n l y  2 a,6; y e t  th i s  
c o m p o u n d  will p r o t e c t  a t r o p i n i z e d  ra ts  aga ins t  5 ° t imes  the  n o r m a l  le tha l  dose of 
sat in .  These  o b s e r v a t i o n s  suggest ,  the re fore ,  t h a t  in the  r a t  DAM ca ta lyses  tl~e 
d e s t r u c t i o n  of  sa t in  in t he  b lood  s t r e a m  before  the  sar in  r eaches  t h e  ace ty l cho l ine  
es te rase  in the  v i ta l  cen t re s  of t he  an imal .  A possible b iochemica l  m e c h a n i s m  for 
th i s  des tnxc t ion  would  be a cycl ic  process  invo lv ing  the  r ep ea t ed  inh ib i t ion  of some 
non-es sen t i a l  e s t e rase  b y  sa t in  and  its r e a c t i v a t i o n  b y  DAM. 

I t  is k n o w n  t h a t  t he  p l a sma  a l i -es terase  ( t r ibutyr ina .se ;  B - t y p e  esterase)  is 
r ead i ly  i nh ib i t e d  b y  D F P  ; in fact ,  o n l y  m i n u t e  a m o u n t s  of D F P  a p p e a r  to  be ut i l ised 
for t he  inh ib i t i on  of  cho l ine  es terases ,  while large a m o u n t s  co m b in e  wi th  the  ali- 
e s t e rases  in the  case  of r a t  pla.~;ma 7, gu inea -p lg  pl,a_~ma ~ an d  b o v i n e  e r y t h r o c y t e s  ~. Since 
sa t in  is c lose ly  r e l a t ed  to  D F P  in chemica l  s t r n e t u r e  an d  b iochemica l  charac te r i s t i c s ,  
it  m i g h t  be  e x p e c t e d  t h a t  s imi la r  f indings wou ld  a p p l y  to  sar in .  

In  o rde r  to  d e t e r m i n e  the  effects  of  i n j ec t ed  Lrin on  va r ious  es terases ,  adu l t  male  
r a t s  a n d  mice  were  in jec ted  s u b c u t a n e o u s l y  wi th  o . iS  mg sa r in /kg  in a v o l u m e  of 5 ml  
sa l ine /kg ;  th i s  dose  r e su l t ed  in t he  d e a t h  of  35-4o  "'o of b o t h  the  r a t s  an d  the  mice  
w i th in  30 rain.  As expec t ed ,  b o t h  the  ace ty l cho l ine  es te rase  an d  pseudocho l ine  es te rase  
in  p l a s m a  a n d  b r a in  were  s t r o n g l y  inh ib i t ed  b y  this  t r e a t m e n t .  H o w e v e r ,  the  p l a s m a  
a l i -es te rase  was  also 8 0 - 9 o  % inh ib i t ed  in the  an ima l s  which  d ied  a n d  60 *o inh ib i t ed  
in  t he  an ima l s  which  s u r v i v e d  for 2 h. Sonie  of the  su rv iv ing  an ima l s  were in j ec t ed  
i n t r a p e r i t o n e a l l y  w i th  15o mg DAM/kg  i h a f t e r  the  sar in  in j ec t ion  an d  ki l led 2 h 
a f t e r  t he  sar in .  Th i s  t h e r a p e u t i c  t r e a t m e n t  wi th  DAM p r o d u c e d  l i t t le  r e a c t i v a t i o n  of  
the  i nh ib i t e d  ace ty l cho l ine  es te rase  a n d  on ly  pa r t i a l  r e a c t i v a t i o n  of the  intLibited 
p sendocho l ine  es te rase ;  the  inh ib i t ed  p l a s m a  al i-esterases,  h o w ev e r ,  were  a imos t  
c o m p l e t e l y  r e a c t i v a t e d .  

S imi lar  e x p e r i m e n t s  ~ i t h  d i f fe ren t  doses  of  DAM g av e  the  resu l t s  sh o w n  in Fig. I.  
T h e  i nh ib i t e d  p l a sma  a l i -es terase  was 5o °o r e a c t i v a t e d  b y  a dose of  3 m g  D A M / k g  
in t h e  r a t  a n d  b y  a dose  of  8o mg  D A M / k g  in the  mouse,  a d i f ference  of  a p p r o x i m a t e l y  
27 t imes  in  the  doses  r equ i r ed .  C o m p a r a b l e  resu l t s  were  o b t a i n e d  i~ vff.~o w i th  t h e  

Abbreviations : I) FP, diisopropylphosphofluoridate ; P---ASl,pyridine-z-aldoxime methiodide ; 
DAM, diacety] monoxime (2-oximino~3-butanone} ; TOCP, Lii-ortho-cresyl phosphate. 
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Fig. n. R e a c t i v a t i o n  of  p l a s m a  a l i - e s t e r a se s  b y  v a r i o u s  i n t r a p e r i t o n e a l  d o s e s  of DAM fo l lowing  
previou~s i n h i b i t i o n  h y  sar in  in t h e  r a t  ( O - - - - O 1  a n d  in t h e  m o u s e  (O  - -  - O) .  

inhibi ted esterases;  a f te r  incubat ion  for i h a t  pH  7-4 and  37% the  inhibi ted ali- 
esterase of ra t  p lasma was 50 % reac t iva ted  by  r .o mg DAM/l and  tha t  of mouse 
p lasma by 35 mg DAM/L Thus the p lasma a!i-esterases in the  two species differed in 
their  suscept ibi l i ty  to reac t iva t ion  by  DAM. Similar discrepancies be tween the 
choline esterases of the rat  and  mouse did not  occur.  Morevoer,  the  ali-esterases found  
in the e ry th roey tes ,  brain and lung of the  rat  and  mouse were much  less sensit ive than  
the  ali-esterase in p lasma to reac t iva t ion  by  DAM. I t  appeared,  therefore ,  t ha t  the  
difference in the prophylac t ic  effect of DAM against  satin poisoning in rats  and  in 
mice might  be due to the above  difference in the effects of DAM on the p lasma ali- 
es terase af ter  inhibi t ion by  sarin. 

In order  to subs tan t ia te  this hypothesis ,  we compared  the p rophylac t ic  effects of 
DAM in normal  rats and in ra t s  with little p lasma ali-esterase availab'le. For  this 
purpose, female rats  were in jected subcu taneous ly  with 5 0 m g  TOCP/kg  one d a y  
previously  TM ; this dose is less than one -hundred th  of the  lethal  dose of TOCP n and the  
ra ts  appear  comple te ly  normal.  The TOCP t r e a t m e n t  caused a p p r o x i m a t e l y  95 % 
inlfii)ition of the plasma ali-esterase wi thout  any  measurable  inhibi t ion of e i ther  the  

T A I ] I . E  I 

t ' r ~ p h v l a x i s  nf sa r in  pcris~minlr w i th  l JAM in norm~d a n d  T ( ) C P - t r e a t e d  r a t s .  A d u l t  f emale  r a t s  w e r e  
i n j e c t e d  s u b c u t a n e o u s l y  wi th  v a r i o u s  doses  ~i s a t i n  in a v o l u m e  of 5 m | l k g  a n d  the  dose  r e q u i r e d  
to  kill 5 0 %  of  t he  a n i m a l s  (l.I)a~) was  c a l c u l a t e d  f r o m  t h e  resul t~ b y  the  prot f i t  m e t h o d  xz. 
Pr~*playl,tctic t r e a t m e n t  c o n s i s t e d  o |  j S t n g  a t r o p i n e  .~ulphate/kg a n d  ~ 5 o m g  l-}AM/kg, b o t h  

c*map~mndn be ing  i n j ec t ed  i n t r a p e r i t o n e a l l y  ~ 5 ra in  before  t h e  s a r i s  w a s  g iven  s. 

I.D~, 05 o~, f idlf f ial  hrtrc¢~s¢ I~t 1.1.1~ 
.]~tiPtlZ.lt$ PtrlfdlytJt~lS (#* le  xet~'ll* ~ / t )  , l i P ; l e tS  O~ Ll)~l, el]*'¢t¢¢l l*y DA.~t 

S[~rmal A t r o p i n e  al (mc- 0.284 (o. 26.--o.31 ) 
A t r o p i n e  + I)AM 65. 5 (6t-TD) ;30  :,: 

2"( )CP A t r o p i n e  a h m e  o.o44 (a .o3t-o,of~o) 
A t r o p i n e  ~ DAM o.630 (o .41-o.98)  t4  Y,. 
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pseudochol ine esterase or acetylchol ine esterase in plasma, brain and  liver of the rats .  
Moreover,  a f te r  this period of time, the inhibited plasma ali-esterase could not  be 
r eac t iva t ed  by  a n y  dose of DAM. 

P re - t r e a tmen t  with TOCP increased the subcutaneous  "toxicity of sarin to 
a t rop in ised  female rats a i ,  -ox imate ly  6-fold (Table I). This  effect of the  TOCP on the  
tox ic i ty  could be reproduce~ even when the sarin was given in t ravenous ly  to non-  
a t ropinised  rats ,  the  LD~0 being reduced from 0.o64 to o.o117 mg sarin/kg in this case. 
This  finding subs tan t ia tes  the previous supposit ion tha t  most  of the sat in  required 
to  kill a ra t  is ac tua l ly  used up by  the inhibit ion of the ali-esterase. 

P rophy lac t i c  t r e a t m e n t  of a t ropinised rat.~ with xSO mg DAM/kg provided ,~ 
s t r iking pro tec t ion  against  sariu poisoning (Table I ) ' .  The protect ion afforded by DAM 
was reduced to  6 % of the  cont ro l  vMue when the rats were pro- t rea ted with 50 mg 
TOC P/kg  (Table I). These results suppor t  the conclusion tha t  the prophylac t ic  effect 
of DAM in rats  is corre la ted with the react iva t ion  of a non-essential  ali-ester~se which 
is sensit ive to inhibi t ion by  satin as welt as by  TOCP. For  compara t ive  purposes,  
paral lel  exper iments  were c~trried out  with P-2-AM in place of DAM. P-z-AM is 
app rox ima te ly  zo t imes less effective than  DAM in react iva t ing  the  inhibi ted plasma 
ali-esterases of the rat and  mouse but ,  unlike DAM, is a ve ry  po ten t  reac t iva tor  of 
inhibi ted choline esterases (50 %, reac t iva t ion  af ter  I h by  0.9-1.3 mg P-z-AM/I, 
in vitro). In  con t ras t  to the results obta ined  with DAM, the p ro tec t ion  afforded to 
a t ropinised  rats  by P-z-AM was not  decreased by  p ro - t r ea tmen t  with TOCP. The  
prophylac t ic  effect of P-2-AM appears  therefore  to be due ma in ly  to reac t iva t ion  of 
inhibi ted  cholinesterases.  

A repor t  of these results was presented at  the i z t h  Annual  Scientific Meeting of tile 
Medical Research  Division of the Nat ional  Research Council ot Canada on J a n u a r y  3o, 
x958, in Banff,  Alber ta .  
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* T h e  d e g r e e  o f  p r o t e c t i o n  ~ f l o r d e d  b y  DA.M in  tJ. sc  . p c r i m c a t s  is g r e a t e r  t h a n  t h a t  r e p o r t e d  
p r e v i o u s l y  a d u e  t o  d i f f e r e n c e s  ill t h e  v o l u m e  of  s,xrin s o l u t i o n  i n j e c t e d  s u b c u t a n e o u s l y  i n t o  t h e  r a t s .  
\ V h e n  t h e  v o l u m e  w a s  r e d u c e d  I t e m  5 n d / k g  t o  0. 5 m l / k g  so  t h a t  t h e  s a r i n  c a n  be  a b s o r b e d  i n t o  t h e  
b l o o d  s t r e a m  m o r e  r a p i d l y ,  t h e  d e g r e 0  of  p r o t e c t i o n  a f f o r d e d  to  n~Jrmal a t r o p i n i s e d  r a t s  b y  15 ° m g  
D A M / k g  w a s  r e d u c e d  f r o m  _,3 ° t o  39 t i m e s  t h e  l e t h a l  dose .  


