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In v ivo  effects of Escherichia coli endotox in  on su l fobromophtha le in  clearance in the gu inea -p ig  

R.  U t i l i l ,  C. O. A b e r n a t h y 3 ,  S. A. A r o n  a n d  H .  J .  Z i m m e r m a n  
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Summary .  I n  v i v o  s t u d i e s  i n d i c a t e d  t h a t  t h e  p r i m a r y  e f f ec t s  of  E. cell e n d o t o x i n  o n  h e p a t i c  c l e a r a n c e  of  s u l f o b r o m o -  
p h t h a l e i n  w e r e  a t  t h e  e x c r e t o r y  leve l .  N e w b o r n s  we re  m o r e  s e n s i t i v e  t o  t h e  L P S  t h a n  o lde r  a n i m a l s .  

C h o l e s t a t i c  j a u n d i c e  a s s o c i a t e d  w i t h  g r a m - n e g a t i v e  b a c -  
t e r i a l  i n f e c t i o n s  h a s  b e e n  r e p o r t e d  in  h u m a n s ,  e s p e c i a l l y  
n e o n a t e s 3 - 6 ,  b u t  t h e  p a t h o g e n e s i s  of  t h e  c l in ica l  e n t i t y  is  
u n c e r t a i n .  M a n y  of  t h e  e f f e c t s  of  t h e s e  b a c t e r i a  h a v e  b e e n  
a t t r i b u t e d  t o  t h e i r  l i p o p o l y s a c c h a r i d e s  (L P S )  :. R e c e n t l y ,  
we  r e p o r t e d  t h a t  a p u r i f i e d  L P S  f r o m  E. cell r e d u c e d  b i le  
f l ow  a n d  s u l f o b r o m o p h t h a l e i n  ( B S P )  e x c r e t i o n  a n d  in -  
c r e a s e d  B S P  s t o r a g e  in  t h e  i s o l a t e d  p e r f u s e d  r a t  l i ve r  
( I P R L )  8,8. I n  a d d i t i o n ,  e n d o t o x i n s  f r o m  v a r i o u s  spec i e s  
of  b a c t e r i a  h a v e  b e e n  d e s c r i b e d  to  i n h i b i t  t h e  c l e a r a n c e  of  
B S P  f r o m  t h e  b l o o d  of  r a t s ,  r a b b i t s ,  b a b o o n s  a n d  h u -  
m a n s  z0-z3. S ince  t h e  i n c i d e n c e  of  c h o l e s t a t i c  j a u n d i c e  
a p p e a r s  to  be  m o r e  p r e v a l e n t  in  n e w b o r n s  t h a n  a d u l t  
h u m a n s  a-% i t  s e e m e d  of  i n t e r e s t  to  c o m p a r e  t h e  e f f ec t s  
o f  a n  e n d o t o x i n  o n  t h e  e x c r e t o r y  p r o c e s s e s  of  a n i m a l s  of  
d i f f e r e n t  ages .  G u i n e a - p i g s  w e r e  c h o s e n  for  t h e  s t u d y  as  
t h e y  a r e  r e l a t i v e l y  l a r g e  a t  b i r t h  a n d  a re  s e n s i t i v e  to  
L P S  z~. F u r t h e r m o r e ,  t h e  h e p a t i c  m e c h a n i s m s  for  t h e  
c l e a r a n c e  o f  B S P  in  t h e s e  a n i m a l s  h a v e  b e e n  e x t e n s i v e l y  
s t u d i e d  15,16 a n d  a r e  m a t u r e  a t  7 d a y s  z~. 
Materials and methods. H a r t l e y  g u i n e a - p i g s  ( b o t h  sexes )  
a t  1, 3 a n d  7 d a y s  w e re  u t i l i z e d  in  t h e s e  s t u d i e s .  L P S  f r o m  
E. cell (055 : t35) w a s  p u r c h a s e d  f r o m  Di fco  L a b o r a t o r i e s .  
I t  w a s  d i s s o l v e d  in  s t e r i l e  p y r o g e n - f r e e  s a l ine  j u s t  p r i o r  to  
u s e  a n d  a d m i n i s t e r e d  (35 ~zg/100 g b . w t ,  i . p .  ; s a l i ne  o n l y  
i n  c o n t r o l s )  b e t w e e n  9.30 a n d  10.30 h .  2 h l a t e r ,  B S P  
(1.2 m g / 1 0 0  gl~) w a s  g i v e n  b y  i n t r a c a r d i a c  i n j e c t i o n .  T o  
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Effect of E. coli endotoxin (LPS) on sulfobromophthalein (BSP) retention, storage in the liver and releas e of aspartate aminotransferase (GOT)* 

Age in days Treatment  Percent BSP retention BSP concentration in liver BSP in liver as percent Serum GOT (IUfl) 
at 30 min txg/g liver of applied dose 

1 None (6) 1.94 nk 0.29 67 -b 20 21 4- 6 48 4- 9 
1 LPS (8) 6.39 i 0.83 *** 136 4- 20 ** 52 i 5 *** 82 i 10 ** 

3 None (6) 2.85 4- 0.58 13 :~ 3 4 4- 1 (3) 60 4- 9 
3 LPS (7) 6.58 • 1.00"** 95 ! 15"** (6) 31 4- 5*** (6) 8 2 •  11 (4) 

7 None (7) 1.61 4- 0.36 14 4- 5 4 4- 5 45 q- 3 
7 LPS (8) 2.17 4- 0.39 35 4- 6** 11 4- 6** 66 4- 11 (4) 

* All data are expressed as means 4- SE. The number in parentheses are the number of experiments in each group. ** p < 0.05. *** p <  0.01. 
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insure  comple te  a d m i n i s t r a t i o n ,  b lood was w i t h d r a w n  in to  
t he  syr inge  before  a n d  a f te r  in j ec t ion  of B S P .  A n y  a n i m a l  
t h a t  a p p e a r e d  to be  t r a u m a t i z e d  b y  t he  p rocedure  was no t  
used. P e n t o b a r b i t a l  sod ium (50 mg/kg,  i .p.) was g iven  25 
m i n  a f t e r  t he  B S P .  5 ra in  la ter ,  t h e  a b d o m i n a l  c a v i t y  was 
opened  and  b lood  col lected f rom the  hea r t .  Then ,  the  
l iver  was  r emoved ,  b l o t t e d  w i t h  a gauze p a d  and  weighed.  
S e r u m  levels of B S P  were d e t e r m i n e d  b y  the  m e t h o d  of 
Sel igsonlL To ca lcu la te  t he  100% B S P  re ten t ion ,  the  
p l a s m a  v o l u m e  was  a s s um ed  to be  5.7% of the  b o d y  
we igh t  is. B S P  s to rage  was e s t i m a t e d  b y  t h e  m e t h o d  of 
W h e l a n  e t  al. 19 and  t he  level  of se rum a s p a r t a t e  amino-  
t r ans fe ra se  (GOT) was assayed  as descr ibed  p r ev i ous ly6~  
Results and discussion. A t  the  dose used in th i s  s tudy ,  the  
e n d o t o x i n  (LPS) ki l led 4 of 8 t r e a t e d  1-day-old  guinea-  
pigs w i t h i n  48 h, b u t  d id  n o t  cause  a n y  m o r t a l i t y  in  t he  
3 -day-group  (5 an imals ) .  There  were no differences  in  % 
B S P  re ten t ion ,  a t  30 min,  a m o n g  the  con t ro l  groups  a t  
1, 3 and  7 days.  The  s torage  of B S P  in t he  l iver  decreased  
f rom 1 to  7 days ,  i nd i ca t i ng  m a t u r a t i o n  of hepa t i c  con-  
j u g a t i v e  processes  1~. A t  1 day,  B S P  in t he  l iver  a c c o u n t e d  
for a b o u t  21~ of t he  appl ied  dose, b u t  a t  3 a n d  7 days,  
on ly  a b o u t  4 %  (table).  These  d a t a  are in a g r e e m e n t  w i t h  
those  r epo r t ed  b y  o t h e r  a u t h o r s  15,16. 
A d m i n i s t r a t i o n  of t he  L P S  increased  t he  pe r cen t  B S P  
r e t e n t i o n  in t he  1- a n d  3-day-groups,  b u t  n o t  t he  7-day-  
group.  A t  all  ages s tudied ,  t he  L P S  caused  an  increased  
s torage  of B S P  in t he  l iver,  w h e t h e r  expressed  in [zg/g 
l iver  or  as pe r cen t  of t he  appl ied  dose (table).  The  d a t a  
sugges ted  t h a t  t he  L P S  in te r fe red  w i t h  hepa t i c  func t ion  

as the  exc re to ry  level  as t he re  were increased  levels of B S P  
in the  s e rum a n d  l iver  in t he  1- a n d  3-day-old guinea-pigs .  
A l t h o u g h  i t  is possible  t he  L P S  reduced  dye excre t ion b y  
i n h i b i t i n g  B S P  con juga t ion ,  t he  o b s e r v a t i o n  t h a t  L P S  
i n h i b i t e d  t he  excre t ion  of i n d o c y a n i n e  green  s, ind ica tes  
th i s  is unl ikely .  The  resu l t s  of t he  p r e sen t  s t u d y  are  in  
a g r e e m e n t  w i t h  those  r epo r t ed  for t he  I P R L  8, 9, t h a t  t he  
L P S  exer t s  adver se  effects on  hepa t i c  exc re to ry  mecha -  
nisms.  There  was a m o d e r a t e  rise in  se rum GOT in t h e  
1-day-group,  b u t  n o t  in t he  3- a n d  7-day-groups  (table).  
The  above  resu l t s  i nd ica t ed  t h a t  n e w b o r n  guinea-pigs  are  
more  sens i t ive  to  L P S  t h a n  are older  an imals .  
These  r e su l t s  m a y  poss ib ly  h a v e  re levance  to  t he  cl inical  
s y n d r o m e  of i n t r a h e p a t i c  choles tas is  assoc ia ted  w i th  non -  
hepa t i c  g r a m - n e g a t i v e  bac te r i a l  infect ions.  Since t h i s  
e n t i t y  is more  p r e v a l e n t  in  n e o n a t e s  6-5 t h a n  adu l t s  6, t he  
n e w b o r n  h u m a n ,  as t he  guinea-pig ,  m a y  be more  sens i t ive  
to  L P S  t h a n  adul ts .  The  d a t a  of th i s  s t u d y  are cons i s t en t  
w i t h  t he  h y p o t h e s i s  6 t h a t  the  i m p a i r m e n t  of hepa t i c  
exc re to ry  processes  is a fac to r  in  t he  d e v e l o p m e n t  of 
choles tas is  o f ten  seen d u r i n g  g r a m - n e g a t i v e  bac te r i a l  in- 
fect ions.  
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Interaction between aldosterone and renomedullary prostaglandins. Competitive action 
between aspirin and spironolactone 
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Summary .  Aldos te rone  in jec ted  i.m. decreased  t he  release of r e n o m e d u l l a r y  P G E s  and  t he  i ndex  (u r ina ry  N a / K  rat io)  
in  conscious  n o r m o t e n s i v e  i n t a c t  and  a d r e n a l e c t o m i z e d  rats .  C o a d m i n i s t r a t i o n  of sp i rono lac tone  increased t he  release 
of P G E s  as well  as t he  i ndex  (u r ina ry  N a / K  rat io) .  The  effect  of sp i rono lac tone  was  p a r t l y  i n h i b i t e d  b y  asp i r in  in j ec ted  
in a r a t io  5:1 ( a sp i r in : sp i rono lac tone) ,  an  effect  wh ich  could be  reversed  b y  t he  infus ion  of a s y n t h e t i c  p r o s t a g l a n d i n  
(PGA,)  in  a s u b h y p o t e n s i v e  dose. 

I n  a p rev ious  s t u d y  in t h e  m a n  2, we f o u n d  a pos i t ive ,  
s t a t i s t i ca l ly  s ign i f ican t  cor re la t ion  be tween  u r i n a r y  P G E s  
a n d  t h e  i n d e x  (u r ina ry  N a / K  rat io)  (Y = 0.015 X + 0.53 ; 
r = 0.672, p < 0.001) a n d  i t  h a d  been  sugges ted  t h a t  t he  
p h e n o m e n o n  was a n  a n t a g o n i s t i c  r e su l t  b e t w e e n  these  
s u b s t a n c e s  (PGEs)  a n d  t h e  a ldos te rone  sys tem.  These  
resu l t s  e n a b l e  us  to  i nves t i ga t e  w h e t h e r  t h e  a d m i n i s t r a -  
t i on  of a ldos t e rone  in e x p e r i m e n t a l  an ima l s  could  decrease  
t he  r e n o m e d u l l a r y  P G E s  syn thes i s  a n d / o r  release and  t he  
c o a d m i n i s t r a t i o n  of a n  a n t a g o n i s t  of a ldos te rone ,  t h e  
sp i rono lac tone  3, could  increase  t he  release of t h e  n a t r i u r e -  
t ic  PGEs .  The  s i m u l t a n e o u s  a d m i n i s t r a t i o n  of aspir in ,  a 
we l l -known i n h i b i t o r  of P G  syn thes i s  a n d / o r  release 4, 
could  f u r t h e r  c lar i fy  w h e t h e r  t h e  n a t r i u r e t i c  effect  of 
sp i rono lac tone  was  on ly  t he  an t agon i s t i c  r e su l t  be tween  
these  s u b s t a n c e s  a n d  a ldos te rone  or w h e t h e r  i t  could  be  
m e d i a t e d  (at  leas t  in  par t )  b y  the  p o t e n t  n a t r i u r e t i c  
r e n o m e d u l l a r y  P G E s  5. 

Our  resu l t s  are  sugges t ive  of an  i n h i b i t o r y  effect  of 
a ldos te rone  on  r e n o m e d u l l a r y  P G E s  syn thes i s  a n d / o r  
release a n d  of a s t i m u l a t i n g  effect  of sp i rono lac tone  on  
P G E s  synthes is .  
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