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showed a s tab i l i z ing  effect  in a rysu l f a t a ses  and  hya -  
uronidase .  However ,  t he  r e su l t  of t he  a d m i n i s t r a t i o n  of 
v i t a m i n  A or g lycyr rh iz in  showed a labi l iz ing effect  in 
b o t h  enzymes .  A s l igh t  labi l iz ing effect  in  t he  v i t a m i n  A 
a n d  t he  hyd roco r t i sone  group  a t  2 weeks a f t e r  dos ing  
was found  in b o t h  enzym es  (control  g roup  : a ry l su l fa tase  
9.8 • 1 .5%, h y a l u r o n i d a s e  22.3 -t- 5.3~ hyd roco r t i sone  
g roup :  a ry l su l fa t a se  11.5 + 2.0~ p < 0.05, hya lu ron i -  
dase 29.5 :L 5.0%, p < 0.01). However ,  a s tab i l i z ing  
effect  was  no t iced  in t he  a d m i n i s t r a t i o n  g roup  of gly- 
cy r rh iz in  (g lycyr rh iz in  g roup :  a ry l su l fa tase  5.8 • 1 .0%, 
p < 0.001 h y a l u r o n i d a s e  20.3 • 2.3~ p < 0.05). 
Discussion. Arylsu l fa tase  and  h y a l u r o n i d a s e  are lysosomal  
enzymes .  These  e n z y m e s  are d e g r a d a t i o n  enzymes  of t he  
c h o n d r o i t i n  su l fa tes  which  are  Components  of t he  con-  
nec t ive  t issue.  I t  is c o n v e n t i o n a l l y  k n o w n  t h a t  h y d r o -  
cor t i sone  is a s tab i l i z ing  agent ,  while  v i t a m i n  A is a 
labi l iz ing agen t .  In  t he  p r e s e n t  s tudy ,  a labi l iz ing effect  
was found  a t  1 a n d  2 weeks  a f t e r  t he  a d m i n i s t r a t i o n  of 

g lycyr rh iz ine  a n d  hydrocor t i sone ,  howeve r  t he  effects of 
these  agen t s  were reversed  a t  1 a n d  2 weeks. In  t he  
s tero id  group,  a s tab i l iz ing  effect  a t  1 week a n d  a s l igh t  
labi l iz ing effect  a t  2 weeks were found ;  however ,  in t he  
g lycyr rh iz ine  group,  a labi l iz ing effect  a t  1 week and  a 
s tab i l iz ing  effect  a t  2 weeks  found.  These  p h e n o m e n a  
seem to be a t t r i b u t e d  to the  i n t e r ac t i on  be tween  t he  
lysosomal  m e m b r a n e  and  t he  agent .  However ,  t he  con-  
cre te  m e c h a n i s m  was obscure .  The  a m o u n t  of h y d r o -  
cor t i sone  a d m i n i s t r a t e d  in th i s  e x p e r i m e n t  was modera t e .  
In  cl inical  t r e a t m e n t ,  g lycyr rh iz in  used as a c u r a t i v e  
for chronic  h e p a t i t i s  in sp i te  of t he  fac t  t h a t  the  bio-  
chemica l  m e c h a n i s m  of t he  d rug  is sti l l  unclear .  The  
a d m i n i s t r a t i o n  of g lycy r rh i z in  for a long d u r a t i o n  to 
p a t i e n t s  of chron ic  hepa t i t i s  seems to raise t he  s tabi l iz ing  
effect  on t he  hepa t i c  lysosomes.  

6 F. Hutterer, Biochim. Biophys. Acta. 115, 312 (1966). 
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Summary. Salmonella enteritidis-Boivin e n d o t o x i n  (1-20 fig/kg) induced  acce le ra ted  ov iduc t a l  Ovum t r a n s p o r t  in rab-  
b i t s  in  a dose- re la ted  m anne r .  I n d o m e t h a c i n  p r e v e n t e d  th i s  effect. Levels  of p r o s t a g l a n d i n  E and  F in u te r ine  ve in  
blood increased  fo l lowing e n d o t o x i n  in jec t ion .  

A d rug  t h a t  re l i ab ly  acce le ra ted  o v u m  t r a n s p o r t  t h r o u g h  
the  ov iduc t  and  caused  p r e m a t u r e  e n t r y  of ova  in to  the  
u t e rus  would  be  a useful  add i t i on  to our  c o n t r a c e p t i v e  
a r m a m e n t a r i u m .  A p p r o p r i a t e  doses of es t rogens  a n d  
p roges t ins  can  acce lera te  o v u m  t r a n s p o r t  2. P r o s t a g l a n d i n s  
(PGs) g iven  a f t e r  o v u l a t i o n  are also effective,  b u t  t he  
response  is va r i ab l e  and  large doses are requ i red  a-6. 
E n d o t o x i n  increases  the  c o n c e n t r a t i o n  of p r o s t a g l a n d i n s  
in ce rebrosp ina l  f luid ~, venous  bloodS, 9 a n d  in u r ine  
and  u t e r ine  e n d o m e t r i a l  t issue 10. 
We  h a v e  e x a m i n e d  t he  ac t ion  of e n d o t o x i n  (Salmonella 
enteritidis-Boivin, Sigma Chemica l  Co.) on  o v u m  t r a n s p o r t  
in  r abb i t s .  M a t u r e  female  New Zea land  wh i t e  r a b b i t s  
i so la ted  for  30 d a y s  pr io r  to  use were in jec ted  i.v. w i t h  
hCG (A.P.L.,  Ayers t ) .  The  r a b b i t s  received an  in jec t ion  
i.v. of e n d o t o x i n  dissolved in sal ine 24 h l a t e r  and  were 
kil led w i t h  an  overdose  of p e n t o b a r b i t a l  a t  48 h a f t e r  
hCG. The  gen i t a l  t r a c t s  were r e m o v e d  and  f lushed to 
d e t e r m i n e  the  loca t ion  of ova,  and  n u m b e r s  of ovu la t ion  
po in t s  on  t he  ovar ies  were counted .  
In  con t ro l s  kil led a t  48 h a f t e r  hCG, 80% of ova  are 
found  in t he  ov iduc t ,  b u t  increas ing  doses of e n d o t o x i n  
f rom 1 to 10 fxg/kg caused  a progress ive  d i m i n u t i o n  in 
the  p e r c e n t  of ova,  in t he  ov iduc t ,  and  since few were 
found  in t he  u t e rus  or v a g i n a  were p r e s u m a b l y  expel led 
comple t e ly  f rom t he  t r a c t  ( table  1). The  EDs0 and  i ts  
95% p r o b a b i l i t y  l imi ts  were 3.1 (2.38-4.03) txg/kg a n d  
t he  slope of the  dose-response  line and  i ts  95 % p r o b a b i l i t y  
l imi ts  5.96 (3.97-8.94). 
An  a d d i t i o n a l  g roup  of r abb i t s ,  s imi la r ly  t r e a t e d  w i t h  
20 ag /kg  i.v. a t  24 h a f t e r  hCG, was also g iven  10 m g / k g  
i.m. Of i n d o m e t h a c i n  (an i n h i b i t o r  of p r o s t a g l a n d i n  
syn thes i s  n) a t  t h e  t i m e  of e n d o t o x i n  in j ec t ion  and  4 h 
later .  I n d o m e t h a c i n  comple t e ly  abol i shed  t he  t r a n s p o r t -  
acce le ra t ing  effect  of e n d o t o x i n  ( table  1). 

A g roup  of 6 r a b b i t s  was g iven  100 IU hCG i.v. 22 h later ,  
t h e y  were a n e s t h e t i z e d  w i t h  p e n t o b a r b i t a l  sod ium a n d  
sub jec t ed  to m i d - v e n t r a l  l a p a r o t o m y .  1 u t e r ine  vein  was 
ca the t e r i zed  wi th  p o l y e t h y l e n e  t u b i n g  (outside d i a m e t e r  
1.52 mm,  i n t e rna l  0.86 ram).  H e p a r i n  (1500 uni ts ,  Up-  
j o h n  Co.) was  in jec ted  t h r o u g h  the  c a t h e t e r  and  a f te r  a 
per iod  of s t ab i l i za t ion  of a t  leas t  1 h, a con t ro l  b lood 
sample  was w i t h d r a w n .  A t  24 h a f t e r  hCG, 20 vg/kg of 
e n d o t o x i n  was in jec ted  i.v. a n d  b lood samples  t a k e n  in to  
a syr inge  c o n t a i n i n g  i n d o m e t h a c i n  (final c o n c e n t r a t i o n  
of more  t h a n  10 fxg/ml) a t  va r ious  t imes  up  to 8 h la ter .  
The  p l a s m a  was sepa ra t ed  b y  cen t r i f uga t i on  and  frozen 
a t  - - 2 0 ~  un t i l  assay.  The  t h a w e d  samples  were ex- 
t r a c t e d  w i t h  e t h y l  ace t a t e  a n d  sepa ra t ed  in to  2 por t ions .  
Labe l led  PGF2~ or P G E ~  was added  to  each  a l iquo t  a n d  
the  a l iquo ts  redisso lved  in e t h a n o l  were c h r o m a t o g r a p h e d  
on  silicic acid columns.  P r o s t a g l a n d i n s  F and  E were 
measu red  b y  a d o u b l e - a n t i b o d y  r a d i o - i m m u n o a s s a y  12-14. 
An t ibod ie s  to  P G F  and  to P G E  were o b t a i n e d  f rom Miles 
Labora to r ies ,  Inc. ,  E l k h a r t ,  I nd i ana .  E a c h  a n t i b o d y  did  
no t  d i sc r imina te  w i t h i n  each  class of PGs,  b u t  did n o t  
e x h i b i t  c ros s - r eac t iv i ty  w i th  o the r  classes of PGs, i,e. 
a n t i b o d y  to P G E s  reac ted  w i t h  P G E  1 and  P G E  2 b u t  no t  
w i t h  PGFs .  The  l imi ts  of s ens i t i v i t y  for t he  P G F  a n d  
P G E  r a d i o i m m u n o a s s a y s  were 250 pg /ml  a n d  300 p g / m l  
respect ively .  Non-specif ic  b ind ing  was less t h a n  5% a n d  
b l a n k  va lues  less t h a n  30 pg. Recoveries ,  based  on 
label led  PGF2~ and  PGE~ added  to  t he  samples  pr ior  to  
ex t rac t ion ,  r a n g e d  f rom 71 .1 -100 .0% and  51 .8-96 .0% 
for the  P G F  and  P G E  respect ively .  A k n o w n  a m o u n t  of 
2 ng  P G F  a n d  of 2 ng  P G E  added  to  1 ml  of s t r ipped  
r a b b i t  p l a s m a  gave  va lues  of 2.14 a n d  2.20 n g / m l  in t he  
assay.  
Cont ro l  va lues  of P G F s  and  P G E s  in u te r ine  ve in  p l a s m a  
were re la t ive ly  low ( table  2). W i t h i n  t he  1st h a f te r  endo-  
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t o x i n ,  P G F  leve l s  d i d  n o t  c h a n g e  wh i l e  t h o s e  of  P G E  
i n c r e a s e d  s i g n i f i c a n t l y .  A t  a b o u t  90 m i n  P G F  c o n c e n -  
t r a t i o n s  w e r e  s u b s t a n t i a l l y  g r e a t e r  t h a n  t h o s e  of  P G E  
w h i c h  a lso  c o n t i n u e d  t o  i n c r e a s e .  R e g r e s s i o n  a n a l y s e s  
s h o w e d  t h a t  P G F  a n d  P G E  v a l u e s  c o n t i n u e d  to  i n c r e a s e  
u p  to  a p p r o x i m a t e l y  4 h p o s t e n d o t o x i n ,  a l t h o u g h  t h e  
s l ope  of  t h e  i n c r e a s e  w a s  s i g n i f i c a n t l y  g r e a t e r  for  P G F  
t h a n  P G E .  T h e  c o r r e l a t i o n  c o e f f i c i e n t s  we re  r = 0.56 
(p < 0.01) a n d  r = 0.75 (p < 0.001) for  P G F  a n d  P G E  
r e s p e c t i v e l y .  P G  c o n c e n t r a t i o n s  we re  s t i l l  e l e v a t e d  8 h 
a f t e r  e n d o t o x i n  i n j e c t i o n .  
T h e s e  r e s u l t s  c l e a r l y  s h o w  t h a t  e n d o t o x i n  is a s s o c i a t e d  
w i t b  i n c r e a s e d  p r o d u c t i o n  of  P G s  b y  t h e  g e n i t a l  t r a c t ,  
a n d  a c c e l e r a t e s  o v u m  t r a n s p o r t .  
E n d o t o x i n  is c l e a r l y  as  e f f e c t i v e  as  e s t r o g e n  in  a c c e l e r a t i n g  
o v u m  t r a n s p o r t .  P r e v i o u s  s t u d i e s  w i t h  e t h i n y l  e s t r a d i o l  
(10 m g / r a b b i t  p .o . ) ,  es t radio l -17/~  (250 [zg / rabb i t  i .m.)  
a n d  e s t r ad io l -17 f i  c y c l o p e n t y l p r o p i o n a t e  (250 ~zg/rabbi t  
i .m.)  g i v e n  a t  24 h a f t e r  h C G  h a v e  f o u n d  15,32 a n d  8 %  
r e s p e c t i v e l y  of  o v a  r e t a i n e d  in  t h e  o v i d u c t s  of  r a b b i t s  
a t  48 h 15, ~6. A dose  of 9 m g / r a b b i t  s .c .  of  PGF2= a t  24 h 
a f t e r  h C G  is r e q u i r e d  to  r e d u c e  t h e  p e r c e n t  of  o v a  in  
t h e  o v i d u c t  to  10 a t  48 h 17. I n  w o m e n  d a i l y  d o s e s  of  
25 m g  of s t i l b e s t r o l  t w i c e  a d a y  o r  of  5 m g  of  e t h i n y l  
e s t r a d i o l  d a i l y  p .o .  for  5 d a y s  a re  r e q u i r e d  to  e n s u r e  a 
c o n t r a c e p t i v e  e f f ec t  f o l l owi ng  u n p r o t e c t e d  m i d - c y c l e  
i n t e r c o u r s e  ~S,19. S u c h  l a rge  d o s e s  of  e s t r o g e n s  c a u s e  u n -  
w a n t e d  a d v e r s e  r e a c t i o n s .  
E n d o t o x i n  f r o m  Salmonella abortus equi ( o r i g i na l l y  so ld  
as  L i p e x a l  | D o r s e y  Co.) h a s  b e e n  u s e d  c l i n i c a l l y  in  
h e a l t h y  v o l u n t e e r s .  G r a n u l o c y t o s i s  is t h e  m o s t  s e n s i t i v e  
p a r a m e t e r  i n d u c e d  b y  e n d o t o x i n ,  f o l l owed  in  a s c e n d i n g  
o r d e r  b y  f eve r ,  p l a s m a  co r t i so l  a n d  g r o w t h  h o r m o n e  
r e s p o n s e  s0. M a n  a n d  r a b b i t  a r e  a p p r o x i m a t e l y  e q u i s e n s i -  
r ive  to  t h e  e f f ec t s  of  e n d o t o x i n ,  a n  i n c r e a s e  in  b o d y  
t e m p e r a t u r e  b e i n g  c a u s e d  w i t h  0 . 0 0 1 - 0 . 0 0 5  ~xg/kg i .v .  of  
Salmonella abortus equi s0, 21. I n  t h e  p r e s e n t  s t u d y ,  p r o s t a -  

Table 1. Effect of endotoxin injected i. v. at 24 h after hCG on ovum 
transport in rabbits killed at 48 h after hCG 

Treatment  No. of No. of Ova in No. of ova 
rabbits corpora oviducts in uterus 

lutea No. % or vagina 

Control 13 158 127 80 5 
Endotoxin 1 [xg/kg 4 41 29 71 2 

5 [xg/kg 4 48 22 46* 1 
10 g.g/kg 6 56 7 13" 0 
20 [zg/kg 7 77 14 18 *+ 13 

Endotoxin (20 [zg/kg) plus indomethacin (10 mg/kg) i.m. 
4 37 31 84 *+ 1 

* Significantly different from control at p < 0.001 ( ~  test with Yates' 
correction). + Significantly different at p < 0.001 (n2 test with Yates'  
correction). 

Table 2. Concentrations of prostaglandins in uterine vein plasma of 
rabbits 

Time from endotoxin Observed values (ng/ml) 
PGF PGE 

(min) n (mean i SE) n (mean+SE)  

0 6 0.93 -~ 0.24 6 0.36 =E 0.12 
35- 53 4 1.17 ~_ 0.36 5 1.35 i 0.35 
85- 98 4 9.22 • 5.56 5 2.22 i 0.31 

115-117 2 14.69 A_ 6.44 2 1.65 4- 0.06 
157-182 3 11.56 ~ 2.39 4 2.46 ~- 0.59 
223 1 9.23 1 3.51 
500-578 3 5.80 i 1.64 3 3.22 ~= 0.89 

g l a n d i n  E p r o d u c t i o n  i n c r e a s e d  3 5 - 5 3  ra in  a f t e r  e n d o -  
t o x i n ,  a n d  t h i s  is in a g r e e m e n t  w i t h  t h e  f i n d i n g  t h a t  a n  
i n c r e a s e  in  P G E  is a s s o c i a t e d  w i t h  t h e  o n s e t  of  f e v e r  
(R.  C. S k a r n e s ,  p e r s o n a l  c o m m u n i c a t i o n ) .  I n  m a n ,  n o  
c l in i ca l  r e a c t i o n  is s e e n  u n t i l  4 5 - 9 0  m i n  p o s t e n d o t o x i n  
a n d  t h e  s ide  e f f ec t s  a s s o c i a t e d  w i t h  i n c r e a s i n g  t e m p e r a -  
t u r e  a r e  chi l l s ,  r igor ,  h e a d a c h e ,  m y a l g i a ,  a n o r e x i a ,  n a u s e a  
a n d  s o m e t i m e s  v o m i t i n g * L  M a n y  of  t h e s e  r e a c t i o n s  
a r e  o b s e r v e d  f o l l o w i n g  a d m i n i s t r a t i o n  of  p r o s t a g l a n d i n s .  
W h e t h e r  p r o s t a g l a n d i n s  w o u l d  be  e f f e c t i v e  as  p o s t - c o i t a l  
c o n t r a c e p t i v e  a g e n t s  is n o t  y e t  k n o w n .  I n  J a p a n ,  i t  h a s  
b e e n  c l a i m e d  t h a t  o ra l  d o s e s  of  1 -1 .5  m g  of  P G E  2 p e r  d a y  
a d m i n i s t e r e d  f r o m  t h e  5 t h  to  t h e  1 0 t h  d a y  a f t e r  o v u l a t i o n  
h a d  a c o n t r a c e p t i v e  e f f ec t  in  6 w o m e n  d u r i n g  50 c y c l e s  ~s. 
T h i s  e f f ec t  s e e m s  to  be  m o r e  d i r e c t e d  to  p r e v e n t i o n  of  i m -  
p l a n t a t i o n  t h a n  i n t e r f e r e n c e  w i t h  o v u m  t r a n s p o r t .  I t  m a y  
be  t h a t  t h e  s h o r t l a s t i n g  b u t  u n p l e a s a n t  s ide  e f f ec t s  of  e n -  
d o t o x i n  p r e c l u d e  i t s  u s e  as  a c o n t r a c e p t i v e  a l t h o u g h  i t  is n o t  
c l ea r  t h a t  t h e y  a r e  w o r s e  t h a n  t h e  l o n g e r - l a s t i n g  e f f e c t s  of  
l a r g e  d o s e s  of  e s t r o g e n .  T h e  b io log i ca l  a c t i v i t y  of  e n d o t o x i n  
a p p e a r s  to  r e s i de  in  t h e  l ip id  p o r t i o n  of  t h e  m o l e c u l e  s3 
a n d  w h e t h e r  t h e  t o x i c  e f f e c t s  c a n  be  s e p a r a t e d  f r o m  t h e  
d e s i r a b l e  c o n t r a c e p t i v e  o n e s  b y  j u d i c i o u s  m a n i p u l a t i o n  
of  t h e  s t r u c t u r e  r e m a i n s  to  be  d e t e r m i n e d .  

* Deceased 6 December, 1977. 
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