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of es t rad io l  va le r i ana te ,  t he  cyclic G M P  c o n t e n t  of u t e r u s  
h o r n s  was 149.2 =L 12.2 pmoles /g  we t  we igh t  bu t ,  68 h 
a f t e r  in jec t ion ,  a va lue  of 64.2 -4- 10.5 pmoles /g  we t  
w e i g h t  (n = 8) was found.  T he  dif ference was s ign i f ican t  
p < O.Ol). 

The  resul t s  of t he  cyclic nuc leo t ide  d e t e r m i n a t i o n s  
d u r i n g  t h e  c o n t r a c t i o n  cycle of es t rogen  d o m i n a t e d  
u t e rus  are s u m m a r i z e d  in t h e  Figure.  The  h ighes t  
d e t e r m i n e d  cyclic G M P  level  was  found  5 sec a f t e r  t h e  
s t a r t  of t he  spon t aneous  con t r ac t i on .  At  t h i s  t ime,  t h e  
level  was  30.6 :~ 11.5 pmoles /g  h ighe r  (n = 8, p < 0.05) 
t h a n  in t h e  res t ing  muscle.  D u r i n g  t he  s u b s e q u e n t  s tages  
of con t r ac t ion ,  t he  level fell t ow a r ds  t he  res t ing  value.  
The  cyclic AMP level  reached  i ts  m i n i m n m  level 321 
pmoles /g  5 sec a f t e r  t he  s t a r t  of t h e  c o n t r a c t i o n  and  i ts  
m a x i m u m  429 pmoles /g  a t  t he  p e a k  of con t r ac t ion .  The  
di f ference b e t w e e n  t he  h ighes t  a n d  t he  lowest  cyclic 
A M P  c o n c e n t r a t i o n  (108 • 35, p < 0.05) was  p r o b a b l y  
s igni f icant .  

In  r a t s  t r e a t e d  w i t h  p roges t e rone  (4 mg/kg)  for 3 days  
before  sacrifice, t he  s p o n t a n e o u s  con t r ac t i ons  of t h e i r  
u t e r i  were small ,  0 .3-0.4 g, a n d  t h e  f r equency  was irreg- 
ular .  I n  these  p r e p a r a t i o n s  i t  was  no t  possible  to  follow 
the  f l uc tua t i on  of t he  cyclic nucleot ides .  The  m e a n  va lue  
of cyclic A M P  for 8 an i m a l s  was 370 -L 50 pmoles/g.  The  
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Levels of cyclic AMP and cyclic GMP in rat uterus during different 
stages of a spontaneous contraction. Mean • SEM of the results of 
8-12 animals. 

cyclic G M P  level  was 26 • 2.5 pmoles/g ,  and  s ign i f i can t ly  
lower t h a n  in e s t r o g e n - d o m i n a t e d  uter i .  

Our  resu l t s  d e m o n s t r a t e  t h a t  d u r i n g  r h y t h m i c  con-  
t r a c t i o n  of r a t  u terus ,  osci l la t ions ill u t e r ine  concen t r a -  
t ions  of cyclic nuc leo t ides  occurred.  Th i s  is ill c o n t r a s t  to  
t h e  r e p o r t  of DIAMOND and  HARTLE s; these  a u t h o r s  could 
no t  d e m o n s t r a t e  s ign i f ican t  f l uc tua t ions  of cyclic nucleo-  
t ides  in r a t  u te rus .  However ,  w h e n  looking  a t  t h e i r  d a t a  
t he  cyclic nuc leo t ides  t e n d e d  to  f l uc tua t e  in t h e  same way  
as h a v e  been  f o u n d  in t he  p r e sen t  work,  b u t  t h e  v a r i a t i o n s  
of t h e i r  va lues  were m u c h  larger  t h a n  ours. 

A n  in t e r e s t i ng  ques t ion  is t h e  causa l  r e l a t ionsh ip  be-  
t w e e n  t he  c o n t r a c t i o n - r e l a x a t i o n  cycle and  t he  obse rved  
changes  of t h e  cyclic nuc leot ide  levels. I n  e s t rogen-domi -  
n a t e d  u t e r i ne  muscle  cells, t h e  m e m b r a n e  p o t e n t i a l  is 
close to  t h r e s h o l d  for s p o n t a n e o u s  d ischarge  ~. T h e  
r h y t h m i c  c o n t r a c t i o n s  h a v e  been  sugges ted  to  be  el ic i ted 
b y  a synch ron ized  d ischarge  of ac t ions  p o t e n t i a l s  f rom 
the  muscle  cells ~ The  t ime - r e l a t i onsh ip  b e t w e e n  t he  
electr ical  a c t i v i t y  of t he  cell m e m b r a n e  a n d  t h e  changes  
of t he  cyclic nuc leo t ides  o u g h t  to  be  s tudied.  I f  t he  elec- 
t r i ca l  p h e n o m e n a  preceeds  t he  nuc leo t ide  changes ,  t he  
l a t t e r  m a y  be  a consequence  of t he  process  of exc i ta t ion .  

I t  has  been  sugges ted  t h a t  t h e  s p o n t a n e o u s  a c t i v i t y  of 
u t e rus  is assoc ia ted  w i t h  i n t r a m u r a l  gene ra t i on  of 
p ros t ag l and ins .  B o t h  these  p roper t i e s  could be  abo l i shed  
b y  i n d o m e t h a c i n  1~ P r o s t a g l a n d i n s  are also p o t e n t  agen t s  
to  increase  t h e  cyclic nuc leo t ide  levels in  u t e r i L  The  
v a r i a t i o n s  of t he  nuc leo t ide  levels as well  as the  e lectr ical  
e v e n t s  in u t e r ine  muscle  m a y  the re fo re  ref lect  p ros ta -  
g land in  genera t ion .  

Summary. Osci l la t ions  on  t he  c o n c e n t r a t i o n s  of cyclic 
nuc leo t ides  occur red  d u r i n g  s p o n t a n e o u s  r h y t h m i c  
c o n t r a c t i o n s  in  r a t  u terus .  The  levels of cyclic G M P  and  
cyclic A M P  were h ighes t  a t  t he  b e g i n n i n g  of the  con t r ac -  
t ion  re spec t ive ly  the  re laxa t ion .  
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Pathological  Changes in the Liver of Mice Given 2 ,3 ,7 ,8 -Tetrach lorod ibenzo-p-Diox in  

2, 3, 7, 8 -Te t rach lo rod ibenzo-p -d iox in  (dioxin) is a po- 
t e n t i a l  c o n t a m i n a n t  of t echn ica l  2, 4, 5 - t r i ch lorophenol  
w i t h  a h i g h  t ox i c i t y  for severa l  species, inc lud ing  t he  
r a b b i t  1, ch icken  2, 3, gu inea-p ig  a, 4 a n d  r a t  3, 4. I n  all t hese  
species d e a t h  occurs  some t i m e  a f t e r  a d m i n i s t r a t i o n  of a 
single oral  dose of dioxin.  I n  t he  course of i nves t iga t ions  5 
of b iochemica l  changes  in the  l iver  of rodents ,  i t  was  
no t i ced  t h a t  7-10 days  a f t e r  dos ing  C57BL/6  mice t he  
l iver  was  pale  a n d  fa t ty .  Th i s  c o m m u n i c a t i o n  descr ibes  
s tud ies  ar iz ing  f rom th i s  obse rva t ion .  
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Fig. 1.16 days. Bile duct proliferation and fibrosis in a portal tract. 
Note also the presence of dilated lymphatics. Formal Alcohol fixed; 
H & E, • 150. 

Male mice  (7-15 weeks 14-30 g) of t h e  C57BL/6  
s t r a in  b r e d  in th i s  l a b o r a t o r y  were m a i n t a i n e d  on  S te ro l i t  
l i t t e r  w i t h  access to  MRC die t  4113 a n d  water .  The  35 
d a y  LD~0 of d ioxin  3 fol lowing oesophagea l  i n t u b a t i o n  of 
so lu t ions  in  a rach i s  oil (5 ml /kg)  was  e s t i m a t e d  e to  be  
126 tzg/kg (95~o conf idence  l imi t s  86-183 txg/kg). I n  t h i s  
e x p e r i m e n t  t h e  m e a n  t ime  to  d e a t h  (=L SE) was found  to  
be  21.0 4- 1.6 days  (N ~ 8). 

Groups  of 4 C57BL/6  male  mice, g iven  250 txg/kg of 
d ioxin  p.o. in a rach i s  oil, were kil led an d  t h e  o rgans  
t a k e n  for  h is to logica l  e x a m i n a t i o n  a t  24 h, 3, 5, 8, 12, 16 
or 35 days.  A t  8 days  , and  the rea f te r ,  t h e  l ivers  of t he  
dosed g r o u p  were la rger  a n d  pa le r  t h a n  controls .  A few 
m o r i b u n d  an ima l s  h a d  s u b c u t a n e o u s  oedema,  a n d  h a e m o r -  
rhage  in to  the  g a s t r o i n t e s t i n a l  t r ac t .  A progress ive  
necro t ic  c en t r i l obu l a r  lesion deve loped  over  t h e  f i rs t  
16 days  a f t e r  dosing.  

T h e  f i rs t  change,  increased  eos inophi l i a  of t h e  ceils in  
t h e  cen t r i l obu la r  zone, occur red  b y  24 h. B y  5 days,  a n  
in f i l t ra te  of m o n o n u c l e a r  cells a n d  a few p o l y m o r p h o -  
n u c l e a r  leucocytes  a c c o m p a n i e d  t h e  lesion, A d j a c e n t  
cen t r i l obu la r  a reas  were connec t ed  b y  b a n d s  of in f lam-  
m a t o r y  cells a n d  connec t ive  t issue. This  ex tens ive  lesion 
gave  t h e  surface of t h e  l iver  a g r a n u l a r  appea rance .  I n  
add i t ion ,  a t  12-16 days,  a diffuse in f i l t r a t ion  of t h e  p o r t a l  
t r a c t s  a n d  s inusoids  b y  m o n o n u c l e a r  cells was  p resenL 
Bile d u c t  p ro l i f e ra t ion  a n d  a n  increase  in c o n n e c t i v e  
t i ssue  occur red  in t h e  larger  p o r t a l  t r ac t s .  These  bi le  
duc ts  were l ined b y  ta i l  c o l u m n a r  cells w i th  basa l  ova l  
nuclei  (Figure  1). V a c u o l a t i o n  of t h e  p a r e n c h y m a l  cells in  
all zones was p r e s en t  b y  16 days  (Figure 1). The i r  cy to-  
p la sm c o n t a i n e d  mul t ip l e  f a t  vacuoles  (Figure 2) an d  t h i s  
increase  in l ipid was  associa ted  w i t h  d i l a t a t i on  of t he  
l y m p h a t i c s  in  t h e  p o r t a l  t r a c t s  (Figure 1). B y  35 days  t h e  
diffuse i n f l a m m a t o r y  in f i l t r a t ion  of t h e  l iver  h a d  resolved,  
l eav ing  a few foci in  t h e  cen t r i l obu la r  zones a n d  a d j a c e n t  
to  large p o r t a l  t r ac t s .  F ibros is  r e m a i n e d  a p r o m i n e n t  
f ea tu re  of t h e  larger  p o r t a l  t rac t s .  A r egene ra t i ve  response  
of t h e  v iab le  p a r e n c h y m a l  ceils was  obse rved  a t  5 a n d  8 
days  a n d  mi to t i c  f igures were p len t i fu l  in t i le mice  
s u r v i v i n g  35 days.  

T h e  l iver  compos i t i on  was e x a m i n e d  in g roups  of 
C57BL/6  mice  rece iv ing  e i t he r  d ioxin  or oil p.o. B o d y  
weigh ts  were m e a s u r e d  a f t e r  5, 8, 12 a n d  16 days  a n d  
r a n d o m  groups  of t r e a t e d  a n d  con t ro l  an ima l s  were ki l led 
a t  these  t imes.  We i g h ed  por t ions  of t h e  l ivers  were  dr ied  
to c o n s t a n t  we igh t  for  d e t e r m i n a t i o n  of t h e i r  w a t e r  con-  
t en t .  Samples  of 20 ~o aq. l iver  h o m o g e n a t e s  were ana lyzed  
for p ro t e in s  7 a n d  D N A  s. E t h a n o l - d i e t h y l  e the r  e x t r a c t s  
(3:1,  v/v; 20 volumes)  of t h e  h o m o g e n a t e s  were assayed  
for t o t a l  es ter i f ied f a t t y  acids9 and,  b y  t h e  L i e b e r m a n n -  
B u r c h a r d  react ionl  for cholesterol .  

T h e  d a t a  in  t h e  Tab le  d e m o n s t r a t e s  t h a t  t h e  t r e a t e d  
mice showed  a n  inc reas ing  loss of we igh t  as c o m p a r e d  
w i th  t h e  controls .  Th i s  was  poss ib ly  due to  a r e d u c t i o n  in 
food in take .  However ,  in  all b u t  t h e  d a y  8 group,  t h e  we t  
we igh t  of t h e  l iver  of t h e  dosed an imals ,  as a p e r c e n t a g e  
of b o d y  weight ,  was  s ign i f ican t ly  h igher  t h a n  t h a t  of t he  
controls .  

T h e  ana lyses  ind ica te  t h a t  a n  increased  l ipid c o n t e n t  
was  responsible ,  a t  leas t  par t i a l ly ,  for t h e  g r ea t e r  l iver  
weights .  The  l ipids were s ign i f i can t ly  e l eva ted  in t h e  
t r e a t e d  an ima l s  a t  d a y  5, a n d  t h e r e a f t e r  increased  u n t i l  
on  d a y  16 t h e  es ter i f ied f a t t y  acids a c c o u n t e d  for 21~o 

Fig. 2. 16 days. Parenchymal cells in all areas contain multiple 
vacuoles of lipid. Formal Calcium fixed, Oil Red O. • 150. 

6 C. S. WEIL, Biometr ics  8, 249 (1972). 
v W. N. ALDRIDGE, Biochem. J.  83, 527 (1962). 
8 K. W. GILES and A. MYERS, Nature ,  Lond. 206, 93 (1965). 
9 I. STERN and  B. SHAPIRO, J.  clin. Path.  6, 158 (1953). 
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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 -  
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Frankfurt  1971). 
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(1973). 
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