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1,4-Dichlorobenzene had  a low po ten t i a l  for causing 
po rphy r i a  (table 2). Af ter  30 and  60 days  there  was a 
dose -dependen t  increase in the  liver weigh t  which  is in 
ag reemen t  wi th  previous  resul ts  ~7. There  were only  sl ight  
increases in l iver  po rphyr ins  even af ter  120 days.  There  
were no differences be tween  the  t r ea t ed  animals  and 
cont ro ls  in the  u r inary  excre t ion  of ALA, P B G  or por- 
phyr ins .  
1, 2, 4-Tr ichlorobenzene also d e m o n s t r a t e d  a lack of 
abi l i ty  to  cause po rphyr i a  a l though  tile l iver weigh t  did 
increase (table 3). The increases seen in liver po rphy r in s  
were ve ry  smal l  compared  to  those  observed wi th  hexa-  
chlorobenzene.  Ur ina ry  excre t ion  of ALA and P B G  were 

no t  e levated  at  any  t ime a t  any  dose. P o r p h y r i n  excret ion 
was only  min imal ly  increased at  200 mg/kg  af ter  30 and 
90 days.  
The results,  while conf i rming  the  abi l i ty  of hexachloro-  
benzene  to  produce  severe hepat ic  porphyr ia ,  indicate  
t h a t  1,4-dichlorobenzene and  1, 2, 4- t r ichlorobenzene do 
no t  share th is  property2 E v e n  at  doses up to  200 mg/kg  
for 120 days,  there  were no changes  which  would indicate  
a po ten t i a l  p rob lem involved wi th  the  in take  of t h e s e  
chemicals.  

17 G.P. Carlson and R, G. Tardiff, Toxic. appl. Pharmac. 36, 383 
(1976). 
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Summary. The normal  f requency-force  re la t ionship  of left guinea-pig a t r ia  can be largely suspended  when  s t rong 
fl-adrenergic s t imula t ion  by  orciprenal ine is an tagonized  by  the  negat ive  inotropic  effect  of adenosine,  so t h a t  cont rac-  
t ion ampl i tude  is near ly  equal  a t  an in t e rmed ia te  level over  a wide range of s t imu la t i on  rates.  Curves ob ta ined  wi th  a 
n e w  m e t h o d  for recording cont inuous  f requency-force  loops are presented .  

The dependence  of myocard ia l  con t rac t i l i ty  on h e a r t  ra te  
or s t imulus  pa t t e rn ,  known  as i n t e rva l - s t r eng th  relat ion-  
ship  ~, cer ta in ly  reflects  basic processes of exc i ta t ion-  
con t rac t ion  coupl ing s . Accordingly,  th is  re la t ionship  has 
been  shown to be charac ter i s t ica l ly  inf luenced by  d i f ferent  
t y p e s  of in t ropic  in tervent ions ,  and fu r the r  inves t iga t ions  
should help  to  clarify open ques t ions  of bo th  exc i ta t ion-  
con t rac t ion  coupl ing and  inot ropic  mechan i sms  ~, ~. 
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Fig. 1. 5 continuous frequency-force loops on the left atrium of a 
190 g guinea-pig. In 45 min the frequency is changed from 0.007 Hz 
to 1.5 Hz and back to 0.007 Hz (time scale above the panel). Resting 
force 7.5 raN; 32~ 2.5 mM calcium. Curves 1B, 1C and 1E are 
original registrations, 1A and 1D were replotted. The arrows indicate 
the direction of the automatic frequency change. 1A Initial control. 
1B With 10 .5 M oreiprenaline* plus 3 x 10 .4 M adenosine; 2 extra- 
systoles. 1C With 10 -5 M oreiprenaline, adenosine increased to 104 
M. 1D Control curve after thorough wash-out of drugs. 1E With 10 -5 
M orciprenaline alone. 

Methods. The various approaches  to conduc t  in terval-  
s t r en g t h  s tudies  ~ all seem quite  tedious,  e.g. r epea ted  
de t e rmina t ion  of s t e ady - s t a t e  contrac t i le  s t r en g t h  a t  a 
n u m b e r  of selected s t imula t ion  rates,  f rom which 'fre- 
quency-force  curves '  can be p lo t ted .  In  order  to facil i tate 
and  s tandard ize  th is  procedure ,  we use a new s t imula tor  ~ 
which can va ry  the  dr iv ing  f requency  v con t inuous ly  as 
exponen t i a l  funct ion  of t ime  (v ~ et/k and  v ~ e-t/k); 
an upper  f requency  l imit  is set  for au toma t i c  reversal  
f rom rise to fall, usual ly a t  1.5 Hz. The t ime co n s t an t  k is 
set  long enough (about  4 min) to allow a lmos t  comple te  
cumula t ion  of inotropic  effects of ac t iva t ion  1 in t he  
prepara t ion .  Peak  developed isometr ic  force is electroni-  
cally processed for con t inuous  regis t ra t ion4:  1. W i t h  an 
x - y  recorder  con t inuous  f requency-force  plots  are 
ob ta ined  by  d i rec t ly  recording the  developed force on the  
y-axis  aga ins t  the  changing  f requency  on the  x - a x i s  
(figures 1 and 2, 1 A - E ,  2 A - E ) .  2. Force responses  to  s tep 
changes  of f requency  are recorded on a conven t iona l  slow 
recorder  (figure 2b, c, e). 
All expe r imen t s  were pe r fo rmed  on isolated left  a t r ia  of 
young  male  guinea-pigs.  Krebs -Hense le i t  solut ion 5 w i th  
15 mM glucose was rap id ly  reci rcula ted pas t  the  t issue 
b y  bubbl ing  wi th  5% CO s in O s in a special  b a t h  vesseP,  7. 
The  at r ia  were s t imula ted  s l ight ly above  th resho ld  a t  
0.1-0.2 msec via a p u n c t a t e  ca thode  e. 
Results and discussion. On 150 p repa ra t ions  more  t h a n  
1000 curves were de t e rmined  under  a va r i e ty  of experi-  
men ta l  condit ions.  The in te rac t ion  of fl-adrenergic 

1 J . R .  Blinks and J. Koch-Weser, fl Pharmac. expl Ther. 13J, 
373 (1961). 

2 J. Koch-Weser and J. R. Blinks, Pharmae. Rev. 15, 601 (1963). 
3 The new stimulator was designed and built by Roll Englert, 

Electronics Development Laboratory of this institute. 
4 M. Siess, H. 1. Keller, E. Schare, J. Geissler and G. Miiller, J. 

molec, cell. Cardiol. 1,261 (1970). 
5 H.A. Krebs and K. Henseleit, Hoppe-Seylers Z. physiol. Chem. 

210, 33 (1932). 
6 J . R .  Blinks, J. appl. Physiol. 20, 755 (1965). 
7 H . J .  Mensing, G. Jung and K. Stieler, Nannyn-Schmiedebergs 

Arch. Pharmak. 293, R70 (1976). 
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s t i m u l a t i o n  b y  orc ip rena l ine  s, 9 and  t he  nega t ive  ino t rop ic  
effect  of adenos ine  on  gu inea-p ig  a t r i a l0  was found  to  be  
qu i t e  s t r ik ing.  In  f igure 1, curves  f rom a single p r e p a r a t i o n  
are shown,  r e p r e s e n t a t i v e  for 15 s imi la r  expe r imen t s .  1A 
is a con t ro l  f requency-force  cu rve  t yp i ca l  for m a m m a l i a n  
a t r i u m  ~. In  1 B nea r ly  m a x i m a l  f l -adrenergic s t i m u l a t i o n  
b y  10 -~ M orc ip rena l ine  is a n t a g o n i z e d  b y  t he  s imu l t a -  
neous  ac t ion  of 3 • 10 -~ M adenosine .  W i t h  these  opposed  
i n t e r v e n t i o n s  con t rac t i l e  force is n e a r l y  i n d e p e n d e n t  
of f r equency  above  0.1 Hz.  This  f requency-force  loop 
(1B) cu ts  t h e  r is ing con t ro l  loop (1A) a t  a n  i n t e r m e d i a t e  
level, a n d  more  adenos ine  (10 -a M) displaces t he  cu rve  
d o w n w a r d  in a r ough l y  para l le l  m a n n e r  (1C). Curve  1D, 
o b t a i n e d  a f t e r  t h o r o u g h  w a s h - o u t  of t he  drugs,  shows ab-  
o u t  50% of t he  in i t ia l  force va lues  (1A) a t  all f requencies,  
w h i c h  is no t  u n u s u a l  a f t e r  4.5 h. F ina l ly ,  w i t h  10 -~ M 
orc ip rena l ine  alone,  cu rve  1 E levels off a t  a h igh  devel-  
oped force. Such  a f l a t t e n i n g  of t he  f requency-force  
r e l a t i onsh ip  is p roduced  b y  m a n y  s t i m u l a t o r y  agen t s  if 
t he  m a x i m a l  c o n t r a c t i o n  force a p r e p a r a t i o n  can  genera te  
is a p p r o a c h e d  ~. 
The  s t r o n g l y  nega t i ve  ino t rop ic  effect  of 3 • 10-r M 
adenos ine  a lone  is p re sen ted  in f igure 2 in a n  e x p e r i m e n t  
on a n o t h e r  p r e p a r a t i o n :  Deve loped  force is reduced  b y  
80% a t  1.5 Hz, b u t  on ly  s l ight ly  a t  t he  v e r y  lowest  
r a t e s  (compare  2A and  2 B ;  r e p r e s e n t a t i v e  for 10 exper i -  
ments ) .  The  effects  of t he  nega t i ve  ino t rop ic  agents ,  
c a r b a c h o l  ~ a n d  v e r a p a m i l  (or D 600 n)  a lone are v e r y  
s imi la r  to  those  of adenosine ,  b u t  no  c o m b i n a t i o n  of 
v e r a p a m i l  or c a r b a c h o l  w i t h  o rc ip rena l ine  p roduced  such  
a f la t  f requency-force  cu rve  as adenos ine  p lus  o rc iprena-  
l ine (unpub l i shed  results) .  Nor  was i t  found  w h e n  
adenos ine  was c o m b i n e d  w i t h  t he  pos i t ive  ino t rop ic  
agent ,  ouaba in ,  or  as in  cu rve  2C, w i t h  h i g h  ex t race l lu la r  
ca lc ium (final c o n c e n t r a t i o n  8 m M;  3 • 10 -~ M adenosine) .  
Th i s  loop cu ts  t he  r is ing con t ro l  loop 2 B, as do loops 2 D, E 
w i t h  o rc ip rena l ine  (10-s M) a n d  adenos ine  (3 • 10 -~ M, 
10 -~ M, respect ively) .  However ,  in  loop 2C w i t h  h igh  
ca lc ium plus  adenos ine  some rise of c o n t r a c t i o n  force is 

seen a b o v e  0.5 Hz,  a n d  a t  low f requencies  c o n t r a c t i o n  
a m p l i t u d e  is cons ide rab ly  enhanced .  Thus ,  t he  n e a r l y  
f r e q u e n c y - i n d e p e n d e n t  ino t rop ic  s t a t e  found  for t he  
i n t e r ac t i on  of o rc ip rena l ine  w i t h  adenos ine  m a y  be  qu i t e  
un ique .  To our  knowledge,  t h i s  is t h e  f i r s t  r e p o r t  of con-  
d i t ions  u n d e r  wh ich  c o n t r a c t i o n  force is essent ia l ly  equa l  
a t  an  i n t e r m e d i a t e  level ove r  a large f r equency  range.  
The  differences descr ibed  above  are also c lear ly  ref lec ted  
in con t rac t i l e  responses  to  s tep  changes  of f requency.  Af te r  
a s tep  increase  f rom res t  to  1.5 Hz  u n d e r  con t ro l  condi-  
t ions,  deve loped  force decreases  quickly ,  followed b y  a 
slow rise ove r  3 m in  to  s t e a d y  s t a t e  level  (2b). W i t h  
adenos ine  a n t a g o n i z e d  b y  increased  ca lc ium as in 2C, 
th i s  slow phase  does no t  a p p e a r  to  be  p r inc ipa l ly  a l t e red  
(2c);  however ,  w i t h  t he  o rc ip rena l ine -adenos ine  combi -  
n a t i o n  as in 2E ,  th i s  slow phase  is rep laced  b y  3 low 
a m p l i t u d e  phases  (2e), sugges t ing  t h e  d i f f e ren t i a t ion  of 
more  t h a n  j u s t  1 nega t i ve  a n d  1 pos i t ive  ino t rop ic  effect  
of a c t i v a t i o n  2, 1~ 
The  h y p o t h e s i s  t h a t  c A M P  media tes /~ -adrenerg ic  effects 
in the  h e a r t  ~a ha s  ga ined  cons iderab le  s u p p o r t  ~4. Accord-  
ing to  t h e  ana lys i s  of K o c h - W e s e r  a n d  Bl inks ,  s y m p a t h o -  
mime t i c  amines  a u g m e n t  con t r ac t i l e  s t r e n g t h  m a i n l y  b y  
e n h a n c i n g  t he  in t r ins ic  m e c h a n i s m  responsible  for t he  
rise in  c o n t r a c t i l i t y  w i t h  increas ing  f r equency  2. Therefore ,  
Rob i son  et  al. sugges ted  in 1965 t he  i n v o l v e m e n t  of a 
cAMP- regu l a t ed  e n z y m e  or e n z y m e  sys t em in t h i s  
m e c h a n i s m  l~; a p ro t e in  k inase  m i g h t  be p roposed  
t o d a y  zS-~s. The  mode  of ac t ion  of adenos ine  ha s  rece ived  
growing  in teres t ,  w i t h  emphas i s  on a possible  inf luence  
on enzymes  of t h e  c A M P  sys t em x9 ; i nh ib i t i on  of a d e n y l a t e  
cyclase ~~ and  cAMP- regu l a t ed  m e m b r a n e - b o u n d  p ro t e in  
k inase  ~ ,  =2 has  been  descr ibed.  I f  these  si tes of ac t ion  are  
correct ,  t h e  n e a r l y  f r e q u e n c y - i n d e p e n d e n t  ino t rop ic  s t a t e  
p re sen ted  could resu l t  f rom m a n i p u l a t i o n s  of the  cyclic 
nuc leo t ide  sys tem.  I t  would  seem wor thwhi l e  to  cons ider  
w h e t h e r  changes  of m e m b r a n e  p ro t e in  p h o s p h o r y l a t i o n  
m a y  be i nvo lved  in the  m e c h a n i s m s  u n d e r l y i n g  t he  n o r m a l  
i n t e r v a l - s t r e n g t h  re la t ionsh ip .  
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Fig. 2. All curves from a single left atrium of a 210 g guinea-pig. Same experimental conditions as in figure 1. 2A, 2D, 2E and 2e are original 
curves, 2B, 2C, 2b and 2c are retracted. Left panel: 5 frequeney-force loops. 2A With 3 • 10 .4 M adenosine. 2B Control. 2C 3 • 10 .4 M 
adenosine with 8 mM calcium (final eoncentration). 2D 3 • 10 .4 M adenosine plus 10 .5 M orciprenaline. 2E 10 .4 M adenosine plus 10 .5 
M oreiprenaline. Right panel: Force responses to step ehanges of frequency as indicated under the tracings. 2b Control. 2c 3 • 10 .4 M 
adenosine plus 8 mM ealcium (final concentration). 2e 10-4 M adenosine plus 10 -s M orciprenaline. The arrows show contraetion amplitude 
after 3-min rest periods. 
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Liver Research Unit, Veterans Administrat ion Hospital, Washington (D. C. 20d22, USA) ,  10 March 1977 

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  
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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. 


