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Effect of a single oral dose of 250 [xg dioxin]kg on body weight, liver weight and liver constituents of male C57 BL/6 mice 

1 3 1 7  

Days Liver wet Liver water Esterified fat ty  Cholesterol DNA 
after Changein BW weight content acids ([xequiv/g (mg/g wet Protein (mg/g (mg/g wet 
dosing since dosing (%) (g/100 g BW) (% w/w) wet liver) liver) wet liver) liver) 

5 Controls + 5.5 4- 0.59 5.18 4- 0.20 67.2 i 0.2 112 t 2.9 2.95 =t= 0.24 161 =t= 2.3 2.I5 4- 0.11 
(16) 

Treated + 2 .44-0.54 ~ 6.45=]=0.18 b 68.9zL0.4" 156z] 12.4 ~ 5.02=]=0.30 b 1 5 4 i  2.6 2.194-0.03 
(20) 

8 Controls + 5.8 4- 1.98 4.24 j_ 0.23 68.4 ~_ 0.2 115 ~- 5.0 3.40 ~_ 0.04 174 4- 1.8 2.52 j_ 0.21 
(12) 

Treated --  1.5-t=1.16 b 4.564-0.23 69.14-0 .4  2 6 3 ~ 2 2 . 7  c 7.334-0.57 ~ 1564- 2.2 ~ 2.774-0.18 
(16) 

12 Controls + 3.8 4- 1.40 4.45 4- 0.25 67.6 4- 0.3 89 ~2 6.8 3.47 j= 0.37 163 ~ 2.8 2.71 j_ 0.11 
(8) 

Treated - -  8 .34-2.52 ~ 5.33 • 0.13 ~ 61.94-2 .9  540 4- 93 b 10.55-t-1.35 b 113=[=11.1 b 2.58=[_0.23 
(12) 

16 Controls + 7.2 • 1.51 5.01 ~_ 0.14 68.3 4- 0.7 99 ~= 4.7 3.46 4- 0.14 167 ~_ 5.0 2.45 :L 0.10 
(4) 

Treated - -16 .94-3 .82  ~ 8 .07 j  0.87 b 55.54-4.3 �9 7 4 2 ~ 1 4 . 6  b 11.19~ 0.72 ~ 1 0 7 ~  7.4 ~ 2.29=[=0.24 
(6) (6) (71 (7) (7) (7) (7) 

2 a Controls --18.9 4- 0.71 4.69 4- 0.08 --  348 4- 40.8 4.73 4- 0.19 --  --  
(7) (7) (7) (7) 

Treated --17.7 4- 0.51 5.57 :i_ 0.11 ~ - -  402 4- 60.7 5.64 2t_ 0.11 ~ - -  --  
(7) (7) (7) (7) 

Dioxin was dissolved in arachis oil (50 [xg/ml), controls received an equivalent volume of arachis oil. Values are means 4- SEM for groups 
of 4 mice (unless number  of mice is otherwise indicated in brackets). Those marked differ significantly from the controls: "p < 0.025; bp 
< 0.01; ~ < 0.001. aFood was withheld from both groups immediately following dosing. 

o f  t h e  l i ve r  w e t  w e i g h t  as  c o m p a r e d  w i t h  3 %  in  t h e  
c o n t r o l  mice .  A t  l a t e r  p e r i o d s  t h e s e  i n c r e a s e d  l ip id  l eve l s  
of  t i le  t r e a t e d  m i c e  we re  a s s o c i a t e d  w i t h  d e c r e a s e d  l i ve r  
p r o t e i n  a n d  w a t e r  c o n t e n t s .  T h e  f a c t  t h a t  t h e  D N A  con -  
t e n t  of  t h e  l i ve r  w a s  u n a l t e r e d  d e s p i t e  t h e  i n c r e a s e  in  l i ve r  
s ize  m a y  h a v e  b e e n  d u e  to  t h e  i n f l a m m a t o r y  i n f i l t r a t i o n  
of  t h e  l iver .  S t a r v a t i o n  of m i c e  f o l l o w i n g  d o s i n g  w i t h  
e i t h e r  d i o x i n  o r  oil  r e s u l t e d  in  e l e v a t e d  l i ve r  e s t e r i f i ed  
f a t t y  a c id  l eve l s  in  b o t h  g r o u p s .  H o w e v e r  t h e  d i o x i n  
t r e a t m e n t  h a d  c a u s e d  s i g n i f i c a n t  i n c r e a s e s  in  m e a n  l i v e r  
w e i g h t  a n d  c h o l e s t e r o l  c o n t e n t  (Table) .  

T h e  p a t h o l o g i c a l  f i n d i n g s  in  t h e  l ive r  a r e  s i m i l a r  to  
t h o s e  r e p o r t e d  b y  GOLDSTEIN e t a l .  1~ a n d  d i f f e r  in  m a n y  
r e s p e c t s  f r o m  t h e  l i ve r  l e s ion  i n d u c e d  in  r a t s  b y  d i o x i n  8,11. 
E x t e n s i v e  c e n t r i l o b u l a r  nec ros i s ,  b i le  d u c t  p r o l i f e r a t i o n  
a n d  l ip id  a c c u m u l a t i o n  a r e  n o t  f e a t u r e s  of  t h e  l e s ion  in  
r a t s  a n d  m u l t i n u c l e a t e  h e p a t o c y t e s  w e r e  n o t  s e e n  in  
m ice .  I n  s u r v i v i n g  a n i m a l s  o f  b o t h  spec ies ,  t h e  l i ve r  l e s ion  
r e g r e s s e d  w i t h  l i t t l e  c h a n g e  in  t h e  b a s i c  l i ve r  a r c h i t e c t u r e .  

A l t h o u g h  t h e s e  r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  d i o x i n  
i n d u c e d  a f a t t y  l i ve r  in  C 5 7 B L / 6  m i c e  t h e  m e c h a n i s m  of  
t h i s  i n d u c t i o n  is p o s s i b l y  i n d i r e c t .  Mice  a re  k n o w n  to  
d e v e l o p  f a t t y  l i ve r s  f o l l o w i n g  s t a r v a t i o n  a n d  t h e  loss  of  

b o d y  w e i g h t  f o l l o w i n g  d i o x i n  t r e a t m e n t  w o u l d  s u g g e s t  
t h a t  t h e  l ip id  a c c u m u l a t i o n  was ,  a t  l e a s t  p a r t i a l l y ,  a 
c o n s e q u e n c e  of  a d e p r e s s i o n  o f  food  i n t a k e .  T h e  i n c r e a s e d  
c h o l e s t e r o l  in  t h e  l i ve r s  of  d i o x i n  t r e a t e d  m i c e  m a y  b e  
a s s o c i a t e d  w i t h  t h e  s y n t h e s i s  of  n e w  m e m b r a n e - b o u n d  
e n z y m e s  5,12. 

Summary.  I n  C 5 7 B L / 6  m i c e  a s ing le  o ra l  d o s e  o f  2, 3, 7, 8- 
t e t r a c h l o r o d i b e n z o d i o x i n  (LD~0 126 ~g /kg )  r e s u l t s  in  loss  
of  b o d y  w e i g h t  a n d  d e a t h  w i t h  a n  e n l a r g e d  f a t t y  l i v e r  
a f t e r  ca.  21 d a y s .  A p r o g r e s s i v e  n e c r o t i c  c e n t r i l o b u l a r  l i ve r  
l e s ion  is a l so  seen .  
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Quaternary  Isoarecol ine:  a Potent  Muscar ine -Like  and Nicot ine -Like  Act ing  Agon i s t  

I n  o u r  s t u d i e s  of  cyc l i c  a n d  s e m i - r i g i d  a n a l o g s  of  a c e t y l -  
cho l i ne ,  we  h a v e  s y n t h e s i z e d  a n d  t e s t e d  d e r i v a t i v e s  of  
i s o a r e c a i d i n e  ( I - m e t h y l - l ,  2, 5, 6 - t e t r a h y d r o i s o n i c o t i n i c  
ac id )  1, 2. 

I n  s e v e r a l  t y p e s  o f  p r e p a r a t i o n  ( ra t  b l o o d  p r e s s u r e ,  
s m o t h  m u s c l e ,  h e a r t  m u s c l e )  t i le  q u a t e r n a r y  m e t h y l e s t e r  
( i soarecol ine)  s h o w s  a h i g h  m u s c a r i n i c  a c t i v i t y .  O n  t h e  
g u i n e a - p i g  i l e u m ,  i t  h a s  t h e  s a m e  i n t r i n s i c  a c t i v i t y  a n d  
a f f i n i t y  (pD 2 = 8.0) as  a c e t y l c h o l i n e  ( F i g u r e  3). 

I t  h a s  b e e n  r e p o r t e d  t h a t  a r e c o l i n e  ( m e t h y l  1 - m e t h y l -  
1, 2, 5, 6 - t e t r a h y d r o n i c o t i n a t e )  a c t s  a s  a p o t e n t  m u s -  
c a r i n i c  a g o n i s t  t h r o u g h  t h e  r e l e a s e  of  e n d o g e n o u s  a c e t y l -  

1 G. LAMBRECHT, Cyclische Acetylcholinanaloga (H. P. Lang, Bern, 
Frankfurt  1971). 

2 G. LAMBRECHT and E. MUTSCHLER, Arzneimittel-I~'orsch. 23, 1427 
(1973). 

3 K.TAKAGI, I. TAKAYANAGI and CH. K. SmH, Chem. pharmae. Bull., 
Tokyo 15, 1744 (1967). 
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chol ine  f rom n e r v e  t e r m i n a l s  3. Because  of t h e  g rea t  
s t r u c t u r a l  a n a l o g y  be t w een  arecol ine  a n d  isoarecoline,  
we h a v e  i n v e s t i g a t e d  t h e  s i te  of ac t ion  of t he  q u a t e r n a r y  
isoarecoline,  a n d  w h e t h e r  i t  ac t s  d i rec t ly  b y  s t i m u l a t i o n  
of t h e  musca r in i c  r ecep to r  or  ind i rec t ly  b y  mobi l i z ing  
endogenous  ace ty lchol ine .  

Methods. The  e x p e r i m e n t s  were m a d e  on  s t r ips  of 
i sola ted guinea-p ig  i leum, suspended  in Tyrode  so lu t ion  
of 34~ gassed w i t h  95% oxygen  a n d  5% c a r b o n  d iox ide  
in a b a t h  of 10 ml  capac i ty .  The  responses  of t h e  g u t  
were recorded  us ing  a t r a n s d u c e r  and  a Hel l ige recorder .  
Solu t ions  of t h e  c o m p o u n d s  Were p r e p a r e d  in d is t i l led  
w a t e r  and  t he  c o n c e n t r a t i o n s  of t he  two  agonis t s  used  
caused  a c o n t r a c t i o n  of t he  i so la ted  i l eum of 100% of t h e  
m a x i m a l  c o n t r a c t i o n  possible  w i t h  t he  d rug  conce rned :  

O=C - OCHI 

H3C / ~CH3 
Fig. 1. Quaternary isoarecoline. 
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Fig. 3. Dose-response curves of acetylcholine (�9 and of the quater- 
nary isoareeoline (e) on the guiaea-pig ileum. Each point is the 
mean of 4 experiments. 
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Fig. 4. The responses to single doses of acetylcholine (ACH, 1 • 10 -v M) 
and isoarecoline methoiodide (IArM, 1 • 10 .7 M) on the guinea-pig 
ileum, applied in the presence of hexamethonium, after treatment 
with procaine and after cooling the gut. The contractions are re- 
presented as percentages of the responses under control conditions. 
The bars represent standard errors. 

ace ty lchol ine ,  1 x 10 -7 M ;  q u a t e r n a r y  isoarecoline,  
1 • 10-7 M .  The  m a x i m a l  v o l u m e  of d rug  solut ions  used 
was 0.2 ml. 

P roca ine  causes  a r e d u c t i o n  of t he  o u t p u t  of ace ty l -  
chol ine a t  t h e  n e r v e  t e r m i n a l s  *. Af te r  i n c u b a t i o n  of t he  
s t r ips  for 40 m i n  w i t h  3 • 10 .3 M proca ine  and  wash ing  
3 t imes  w i t h  f resh  T y r o d e  solut ion,  t h e  responses  to  
ind i rec t ly  ac t ing  chol inergic  agonis t s  are s t rong ly  reduced,  
whi l s t  t h e  a c t i v i t y  of d i r ec t ly  ac t ing  chol inergic  d rugs  is 
l i t t le  affected.  The  n e r v e  t i ssue  in t he  guinea-p ig  i l eum is 
i r revers ib ly  d a m a g e d  w h e n  i t  is s tored  in Tyrode  so lu t ion  
w i t h o u t  oxygen  a t  2~ for  20 h 5, 6. Af ter  th i s  t r e a t m e n t ,  
t he  isola ted gu t  is st i l l  r e spons ive  to exogenous  ace ty l -  
choline,  wh i l s t  t h e  o u t p u t  of endogenous  ace ty lchol ine  
f rom the  t i ssue  decreases.  I n  t he  presence  of t he  gangl ionic  
b locker  h e x a m e t h o n i u m  ( 3 •  -4 M),  t he  ac t ion  of 
n icot ine- l ike  gangl ionic  s t i m u l a n t s  is b locked,  whi l s t  t h e  
ac t i v i t y  of o t h e r  ind i rec t ly  ac t ing  chol inergic  and  d i rec t ly  
ac t ing  musca r in i c  agen t s  is no t  reduced.  Because  of i ts  
dependence  on  endogenous  acetylchol ine ,  t he  n ico t in ic  
ac t ion  is classified as a n  ind i rec t  chol inergic  ac t ion  5. 

Results. A t r o p i n e  s u l p h a t e  (1 •  7 M) comple t e ly  
a n t a g o n i z e d  t h e  spasmogen ic  effect  of isoarecoline.  Pre-  
l i m i n a r y  t r e a t m e n t  of t h e  i so la ted  o rgan  w i t h  physo -  
s t igmine  s u l p h a t e  (4 • 10 .7 M) does n o t  in t ens i fy  t h e  
a c t i v i t y  of isoarecoline.  These  e x p e r i m e n t s  show t h a t  
isoarecoline is a chol inergic  agonis t  a n d  i t  is no t  a sub-  
s t r a t e  for ace ty lcho l ine  es terase .  

The  gangl ionic  b lock ing  a g e n t  h e x a m e t h o n i u m ,  pro-  
c a i n e  t r e a t m e n t  a n d  cooled aging  b locked  t he  responses  
to  ace ty lcho l ine  and  to  q u a t e r n a r y  isoarecoline to  a 
ce r t a in  degree (Figure 4). The  i nh ib i t i on  b y  h e x a m e t h o -  
n i u m  ind ica tes  t h a t  a p a r t  of t he  chol inergic  ac t ion  of 
these  two  spasmogens  is ba sed  on  a n icot ine- l ike  ac t ion  
a t  t he  level  of t he  gangl ionic  synapse  resu l t ing  in a 
l ibe ra t ion  of endogenous  ace ty lcho l ine  a t  the  ne rve  
t e rmina l s .  The  n icot ine- l ike  a c t i v i t y  of t he  q u a t e r n a r y  
isoarecol ine (30% block~/de b y  h e x a m e t h o n i u m )  is g r e a t e r  
t h a n  t h a t  of ace ty lcho l ine  (5% b lockade  b y  h e x a m e t h o -  
n ium) .  Because  of t he  same  respec t ive ly  nea r ly  t he  same  
e x t e n t  of t h e  decrease  of t h e  response  to  t he  q u a t e r n a r y  
isoarecoline in all  3 p repa ra t ions ,  t he  chol inergic  ac t ion  
of th i s  d rug  is n o t  based  on increased l ibe ra t ion  of ace- 
ty lcho l ine  a t  t h e  ne rve  t e r m i n a l s  b y  t h e  ac t ion  on  these  
ne rve  t e rmina l s .  

The  q u a t e r n a r y  isoarec61ine possesses ,  like ace ty l -  
choline,  a mixed  chol inergic  act ion,  a c o m b i n a t i o n  of a 
d i rec t  s t i m u l a t i o n  of t h e  musca r in ic  recep tor  a n d  a n  
ind i rec t  chol inergic  ac t ion  b y  s t i m u l a t i o n  of the  n ico t in ic  
r ecep to r  a t  t h e  level  of t h e  gangl ionic  synapse .  

Summary. Q u a t e r n a r y  isoarecoline (me thy l  1 -methy l -  
1, 2, 5, 6 - t e t r a h y d r o i s o n i c o t i n a t e  metho iod ide)  is a mus-  
car ine- l ike a n d  n icot ine- l ike  agonis t .  I t s  ac t ion  is n o t  based  
on l ibe ra t ion  of ace ty lchol ine  a t  t he  n e r v e  t e r m i n a l s  b y  
t he  ac t ion  on  these  n e r v e  t e rmina l s .  
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