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chain ,  as do p h e n o b a r b i t a l  a n d  a g rea t  n u m b e r  of o t h e r  
drugslS, 21, 2~ The  on ly  dif ference is t h a t  these  d rugs  are 
t h o u g h t  to  e n t e r  t he  l iver  cell a n d  to r eac t  w i t h  t he  
mic rosoma l  sys tems  ~1, 2% whi l s t  t he  an ion  exchange r  resin" 
does n o t  because  i t  is n o t  abso rbed  b y  the  in tes t ine .  
The  ac t iv i t i e s  of t h e  soluble  N A D P H - g e n e r a t i n g  en- 
zymes,  glucose 6 - p h o s p h a t e  d e h y d r o g e n a s e  and  mal ic  
enzyme,  are  increased.  This  f i ts  well w i t h  t h e  g r ea t e r  
d e m a n d  for N A D P H  in order  to  feed t he  mic rosoma l  
h y d r o x y l a t i o n  reac t ions .  Malic e n z y m e  is also increased  
w i t h  a ry loxya lcano ic  acids 24, 25. T r e a t m e n t  of r a t s  w i t h  
13 437-Su resu l t s  in  l iver  e n l a r g e m e n t  a n d  increased  
ac t iv i t i es  of a lka l ine  p h o s p h a t a s e ,  ca ta lase ,  mal ic  enzyme,  
a m i n o p y r i n e  deme thy la se ,  a n d  mic rosomal  c y t o c h r o m e  c 
a n d  n e o t e t r a z o l i u m  reduc tases  (Kief and  Beyhl ,  u n p u b -  
l ished resu l t s  24, 25). 

Dowex  1 x 2 t r e a t m e n t  c o m b i n e s  t he  e f fec t ' o f  t he  ary l -  
oxya lcano ic  acids (c lof ibrate- l ike drugs) and  t h e  micro-  
somal  inducers  (phenoba rb i t a l - l i ke  drugs) ,  I t  seems as if 
p a r t  of t h e  effects of t he  a ry loxya lcano ic  acids can  be  
ascr ibed  to an  in te r fe rence  w i t h  bi le  acid e n t e r o h e p a t i c  
c i rcu la t ion  ( inh ib i t ion  of en t e r a l  bi le  acid r eabso rp t i on ,  
e.g.). On t he  o the r  h a n d ,  i n d u c t i o n  of m i c r o s o m a l  d rug -  
m e t a b o l i z i n g  e n z y m e s  m a y  be  due  to  an  ove rcome  of bi le  
acid n e g a t i v e  f eedback  con t ro l  of e n z y m e  s y n t h e s i s  
b r o u g h t  a b o u t  b y  t he  i nduc ing  agent .  So i t  is n o t  neces-  
sa ry  t h a t  a mic rosoma l  inducer  should  e n t e r  t he  l iver  cell;  
i t  can  ach ieve  i t s  i nduc ing  ac t ion  also b y  an  ind i r ec t  way,  
n a m e l y  s e q u e s t r a t i o n  of bile acids in  t he  i n t e s t i n a l  t r ac t .  

26 W. Klinger, Verh. dt. Ges. exp._Med., Berlin 22, 109 (1969). 
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Summary. O r g a n o p h o s p h a t e  i n tox i ca t i ons  h a v e  been  t r e a t e d  b y  d e x e t i m i d e  plus  ob id0x ime .  R a b b i t s  i n t o x i c a t e d  b y  
t h e  50-80fold  LDso of d i f f e ren t  o r g a n o p h o s p h a t e s  su rv ived .  P r o p h y l a c t i c  app l i c a t i on  of d e x e t i m i d e  or scopo lamine  
plus  o b i d o x i m e  increased  t h e  LDs0 of D F P  b y  a fac to r  up  to 180. 

I t  is genera l ly  r e c o m m e n d e d  to  t r e a t  a n  i n t o x i c a t i o n  w i t h  
o r g a n o p h o s p h a t e s  - wide ly  used  as insect ic ides  a n d  in 
s tock  as chemica l  war fa re  agen t s  - b y  r epea t ed  adminis= 
t r a t i o n s  of h i g h  doses of a t rop ine .  T he  t r e a t m e n t  m i g h t  
be  i m p r o v e d  b y  t h e  a d d i t i o n a l  app l i ca t i on  of e n z y m e  
r e a c t i v a t o r s  of t he  ox ime  type ,  e.g. p r a l i dox ime  and  
ob idoxime.  Th i s  t r e a t m e n t  ha s  to  be  s u p p l e m e n t e d  b y  

Table 1. Toxicity (LD~0) of DFP in mice after pretreatment by 
eholinolytics and obidoxime 

~moles/kg b.wt Obidoxime LDs0 DFP Protection 
(mol.wt 359) (mol.wt 184) factor* 
[xmolesLkg b.wt txmoles/kg b.wt 

Atropine (mol.wt 347) 
20 
10 10 
10 100 

Scopolamine 
(mol.wt 384) 
20 
10 10 
10 100 

Dexetimide 
(mol.wt 399) 
20 
10 
10 

45 1.9 
280 12 
680 28 

42 1.8 
610 25 

4400 183 

- 38 1.68 
10 960 40 

100 4360 180 

10 44 1.7 
100 62 2.3 

The LD~0 in controls was 24 [~moles 4- 0.14/kg b.wt. The drugs were 
applied s.c., the protecting compounds were injected 15 rain before 
DFP administration. 

*Protection factor ~ LDs~ pretreatment 
LDs0 controls 

s y m p t o m a t i c  p rocedures  2. Th i s  c o m m o n l y  p roposed  
t h e r a p e u t i c  scheme of ten  fails to  be successful.  The  lack  
of success m i g h t  be  caused  b y  the  re la t ive  i n a b i l i t y  of 
a t r o p i n e  to c o u n t e r a c t  t he  i n t o x i c a t i o n  of t he  cen t r a l  
n e r v o u s  sys tem.  We, therefore ,  d i rec ted  our  a t t e n t i o n  to  
cho l ino ly t ic  d rugs  w h i c h  more  r ead i ly  p e n e t r a t e  t he  
b lood-b ra in -ba r r i e r .  The  p r e l i m i n a r y  resul t s  o b t a i n e d  
w i t h  scopo lamine  a n d  dexe t imide ,  a d rug  d i sp lay ing  
s t rong  c e n t r a l  an t i cho l ine rg ic  a c t i v i t y  ~, will be  r epor t ed .  
D e x e t i m i d e  is t he  biological ly  ac t ive  e n a n t i o m e r  of 
b e n z e t i m i d e  (Tremblex |  
I n  a f i r s t  series of expe r imen t s ,  t h e  p ro t ec t i ve  p o t e n c y  of 
d e x e t i m i d e  a n d  of d e x e t i m i d e  plus  r e a c t i v a t o r  was  com- 
p a r e d  w i t h  t h a t  of a t r o p i n e  a n d  scopolam!ne.  Di i sopropyl -  
p h o s p h o r o f l u o r i d a t e  (DFP)  was in jec ted  s.c. to  mice  
(NMRI,  17-23 g b .wt)  in  a dose r ange  of 24-4400 ~moles /  
kg  b .wt .  The  LDs0 a m o u n t e d  to  24 • 0.14 ~xmoles/kg b . w t  
u n d e r  con t ro l  condi t ions .  As shown  in t ab l e  1, n e i t h e r  t he  
cho l ino ly t ic  d rug  nor  o b i d o x i m e  a lone  d i sp layed  a signifi-  
c a n t  p ro t ec t i on .  The  c o m b i n e d  p rophy l ac t i c  t r e a t m e n t  
b y  a t r o p i n e  plus  ob idox ime  resu l ted  in a p r o t e c t i o n  fac to r  
of 28 w h i c h  is in  acco rdance  w i t h  o t h e r  r epor t s  4, 5. An  in-  
crease of t he  a t rop ine  dosage d id  n o t  yield h ighe r  p ro tec -  
t ion.  R e p l a c i n g  a t r o p i n e  b y  t he  s t ronger  c e n t r a l l y  ac t ing  
d rugs  scopo lamine  or d e x e t i m i d e  p r o v e d  to r e su l t  in  fa r  
super ior  p ro t ec t ion ,  as d e m o n s t r a t e d  b y  t he  p r o t e c t i v e  
fac tors  of 183 and  180, respect ive ly .  I n  r ega rd  to  scopola-  

1 Supported by the Fraunhofer-Gesellschaft e. V., Munich, BRD. 
2 W~ D. Erdmann, Arch. Tox. 2d, 30 (1968). 
3 P.A..]'. Janssen and C. J. E. Niemeggers, Psychopharmacologia 

17, 231 (1967). 
4 B.M. Askew, Br. J. Pharmac. 12, 340 (1957). 
5 H. Kewitz, I. B. Wilson and D. Nachmansohn, Arch. Biochem. 

6d, 456 (1956). 
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Table 2. Therapeutic efficiency of dexetimide plus obidoxime in treating organophosphate intoxications of rabbits 
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0rganophosphate Number LDs0 mg/kg Dose range of Dose range of Dose range of 
of animals b.wt (controls) organophosphates dexetimite obidoxime 

mg]kg b. wt* mg/kg b. wt mg/kg b. wt 

Therapeutic 
factor 

Paraoxone s.c. 11 0.4 2.0 -24 0.8- 8.0 7.2 60 
Paraoxone i.v. 10 0.3 0.45-15 8.0-16 3.6-7.2 50 
DFP s.c. 7 1.0 40 -80 0.8- 8.0 7.2 80 

OMPA i.v. 5 - 10 -40 All animals died in spite of treatment 

The therapeutic factor has been calculated from the highest dose of organophosphate which could be overcome by the antidotes i.v. injected 
dose of organophosphate~ 

at the onset of intoxication (therapeutic factor : LDs0 controls ] " 

The LDs0 values were taken from literature (Wescoe et al. s, Karlog 7) and their applicability to our animal batch was checked. * Dose range 
which was survived by the combined treatment. 

mine,  th is  resul t  is suppor t ed  by  the  repor t s  of o the r  
au tho r s  6, ~. Because of the  r isk for the  expe r imen t a t o r s  of 
becoming  in tox ica ted ,  i t  was no t  possible to de te rmine  
the  p ro tec t ive  p o t e n c y  of scopolamine  or dexe t imide  
aga ins t  sti l l  h igher  doses of D F P .  
In  a second series of exper iments ,  the  t he rapeu t i c  p o t e n c y  
of dexe t imide  plus ob idox ime  was inves t iga ted  in r abb i t s  
poisoned wi th  o rganophospha tes .  For  the  sake of com- 
par i son  wi th  a t ropine ,  and  for checking the  LDs0-values, 
a t o t a l  of 82 rabb i t s  (hybrids,  1900-3500 g) were poisoned 
wi th  o rganophospha tes .  The o rganophospha t e s  d ie thy l -  
p a r a n i t r o p h e n y l p h o s p h a t e  (paraoxone),  D F P  and oeta-  
m e t h y l - p y r o p h o s p h o r a m i d e  (OMPA) were appl ied to rab-  
b i ts  i.v. or s.c. Dexe t imide  plus ob idoxime were given i.v. 
as soon as t he  in tox ica t ion  became  evident .  The  t h e r a p y  
was regarded  successful  when  the  animals  survived at  
least  72 h af ter  appl ica t ion  of the  poison. W h e n  t r ea t ed  
wi th  20 or 40 ~moles dexe t imide /kg  b . w t  plus 20 ~ m o l e s  
ob idox ime/kg  b .wt ,  t he  animals  surv ived  60 t imes  the  
LDs0 of D F P  s.c., 50 t imes  the  LDso of pa raoxon  i.v., and  
80 t imes  the  LDs0 of pa raoxone  s.c. (see table  2). An in- 
tox ica t ion  by  OMPA which  is cons idered  to ac t  en t i re ly  
per iphera l ly  could n o t  be inf luenced b y  the  the rapeu t i c  
procedure .  In  c o n t r a s t  to t he  r epea ted  appl ica t ion  of 

a t ropine ,  necessary  for the  t r e a t m e n t  of o rganophospha te  
in toxica t ion ,  one single appl ica t ion  of dexe t imide  p roved  
to be suff icient  to overcome the  in tox ica t ion  complete ly .  
The results  of our an imal  expe r imen t s  d e m o n s t r a t e  t h a t  
t he  combina t ion  of dexe t imide  and  ob idox ime  is super ior  
to the  combina t ion  of a t rop ine  and ob idoxime recom- 
m e n d e d  for t he  t h e r a p y  of o rg an o p h o s p h a t e  in tox ica t ion  
in man.  
In  consequence  of the  resul ts  r epor ted  here  we suggest  
t he  use of dexe t imide  or scopolamine  in t he  t r e a t m e n t  of 
o rg an o p h o s p h a t e  in tox ica t ion  to  improve  the  ra te  of 
recovery.  Dexe t imide  is used f o r  t r e a t m e n t  of park in-  
sonism, and is commerc ia l ly  avai lable  in some E u r o p e a n  
countr ies .  

6 W. C. Wescoe, R. E. Green, B. P. Menamara and S. Krop, J. 
Pharmae. exp. Ther: 92, 63 (1948). 

7 O. Karlog, Acta pharmac, tox. 25, suppl. 4, 76 (1967). 
8 J .H .  Wills, in: International encyclopedia of pharmacology and 

therapeutics, sect. 13, vol. 1, p. 376. Ed. A. G. Karezmar. Per- 
gamon Press, Oxford 1970. 

9 Handbook of toxicology, vol. 1, p. 106. Ed. W. S. Spector. 
Saunders Co., Philadelphia/London 1956. 

C a n d l e t o x i n s  A and B,  2 n e w  a r o m a t i c  e s t e r s  of  1 2 - d e o x y - 1 6 - h y d r o x y - p h o r b o l ,  
f r o m  the  i rr i tant  l a t ex  of E u p h o r b i a  p o i s o n i i  P a x .  
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Summary. 2 new a romat ic  es ters  of 12-deoxy-16-hydroxy-phorbol ,  known as candle tox ins  A and  B, were isolated from 
the  i r r i t an t  l a tex  of E u p h o r b i a  poisonii  Pax .  Compound  A was ident i f ied as 12-deoxy-phorbol -13-O-phenylace ta te-16-  
O-a -me thy l -bu ty ra t e -20-ace ta t e ,  and c o m p o u n d  B was the  C-20 desace ty l  analogue.  

E u p h o r b i a  poisonii  Pax .  l a tex  was collected b y  one of us 
in W e s t  Afr ica and  has  been  shown  to  p roduce  acute  
i n f l ammat ion  of mice ears 3. F r o m  the  e the r  f rac t ion  of 
the  ex t rac t ;  biologically act ive  esters  of 12-deoxyphorbol  
and  resiniferol  3-~ were isolated toge the r  w i th  2 minor  
c o m p o u n d s  which  we propose  to  call eand le tox ins  A and  
B. B o t h  of these  tox ins  are a romat ic  esters  of 12-deoxy- 
16-hydroxy-phorboL This  t ig l iane der iva t ive  was ini t ia l ly 
isolated f rom E. cooperiS where  i t  occurred na tu ra l ly  in 
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