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Table II. Effect of indomethaein on the field stimulated aeetylcholine 
output from Auerbaeh's plexus of guinea-pig ileum 

Indomethacin concentration ([lg/ml) 
0 15 30 45 

Animal Acetylcholine output : (ng/glmin) 
group b 

I(6) o 51.57 i 10.61 36.33 i 5.03 
II(6) 45.20 4- 4.84 36.52 4- 6.68 

III(6) 57.77 =h 14.77 38.10 4- 6.04 

~Same as in Table I. bSame as in Table I, with the following excep- 
tion: After the 2nd 30 rain incubation period the bath fluid was 
replaced again with fresh fluid containing physostigmine 4- indo- 
methacin and a 3rd 30 min incubation was performed. During the 
3rd incubation period the tissue was field stimulated supramaximally 
at 0.3 Hz with 0.4 msee duration. At the end of this 3rd incubation, 
this bath fluid was assayed for acetyleholine content, cSame as in 
Table I. 

ACh l iberat ion,  t hen  the  effect  of P G E  synthes is  b lockade 
should be visible in the  spon taneous  ACh ou tpu t  f rom 
Auerbach ' s  plexus.  This  o u t p u t  should  be affected 
because Auerbach ' s  p lexus  possesses comple te  neuron,  
t h a t  is, neuron  wi th  cell b o d y  and processes.  And,  
wi th in  t he  rea lm of neuron  and chemical  t r ansmiss ion  
theory ,  th is  would m e a n  t h a t  spon taneous  ACh o u t p u t  is 
the  result  of the  ac t iv i ty  of the  ACh-conta in ing  neurons  
of the  Auerbach ' s  plexus.  If, therefore ,  P G E  does have  
any  physiological  role in ACh l iberat ion,  P G E  synthes i s  
inhib i t ion  should have  affected s ignif icant ly  the  spon- 
t aneous  ACh ou tpu t  f rom ACh-conta in ing  neurons.  
Fur the rmore ,  a f ter  the  incept ion  of these  studies,  a 
repor t  by  BOTTING and SALZMANN 7 showed t h a t  INDO 
a t  10 ~xg/ml reduced  P G E  o u t p u t  f rom whole i leum of 
guinea-pig to  unde tec tab le  levels bu t  t h a t  I N D O  in 
concen t ra t ions  as h igh as 20 [xg/ml was ineffect ive in 
changing  ACh o u t p u t  in the  ma jo r i t y  of cases. Inc identa l -  
ly, these  workers  did no t  use proper  control  in the i r  ACh 
o u t p u t  measuremen t .  

Thus  the  f indings  p resen ted  here make  i t  mos t  unlikely 
t h a t  P G E  is involved in ACh l ibera t ion  f rom Auerbach ' s  
p lexus  of guinea-pig ileum, refute  the  hypo thes i s  of 

EHRENPREIS et  al. 5,oand negate  the  hypo thes i s  of WENN- 
MALM and HEDQVIST ~ that PGE by a negative feed-back 
controls cholinergic transmission. If the latter was the 
case, then after the blockade of PGE synthesis by INDO, 
the ACh output should have increased. As can be seen 
(Table I), there is no increase in ACh output after INDO. 

Since EHRENPREIS et ai.5 concluded that PGE has a 
role in ACh liberation on the basis of the effects of INDO 
on end-organ response (i.e., muscle contractions) induced 
by field stimulation, the effects of INDO on ACh output 
caused by field stimulation was also extended. INDO at 
concentrations of 15, 30, and 45 txg/ml failed to block 
significantly the ACh output resulting from field stimula- 
tion as shown in Table II. The independent t-test values, 
with increasing drug concentrations, are 1.2984, 1.0518, 
and 1.2343 compared with respective controls and are not 
statistically significant (p > 0.05). The fact that INDO, 
at a concentration of 45 ~g/ml, caused a statistically 
significant block in twitch tension induced by field 
stimulation (present study as well as a previous studyS), 
and yet failed to alter ACh output caused by field 
stimulation, clearly indicates how EHRENPREIS et al. 5 
could have reached to a wrong conclusion based on end- 
organ effect of INDO, a PGE synthesis inhibitor. 

Summary. The effect  of INDO,  a P G E  synthes i s  in- 
hibi tor ,  on ACh o u t p u t  f rom Auerbach ' s  p lexus  of guinea-  
pig i leum was inves t iga ted .  I N D O  (15-45 ~m/ml) failed 
to a l ter  s ignif icant ly  e i ther  spon taneous  ACh o u t p u t  or 
ACh o u t p u t  induced  b y  field s t imula t ion .  I t  is concluded 
t h a t  P G E  plays  no physiological  role in ACh l ibera t ion  
f rom this  t issue. 
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Hepatic Levels of Cyclic AMP in Normal  and Lead-Sensit ized Rats after Treatment with 
Bacterial Endotoxin 

Some recent  repor t s  suggest  t h a t  bacter ia l  endo tox in  
m a y  al ter  cyclic adenosine-3 ' ,  5 ' -monophospha t e  (cAMP) 
metabol i sm,  t hus  expla ining the  va r i e ty  of cellular and  
metabol ic  even ts  which  occur dur ing  endo tox in  shock. 
For  example,  it  has  been  shown t h a t  in ject ion of endo tox in  
in to  ra t s  and  baboons  causes rapid  glycogenolysis  in the  
liver, followed by  increased blood glucose levels, and  
finally, hypog lycemia  1, 2. These observa t ions  could 
readi ly  be expla ined if c i rculat ing endo tox in  increased 
hepa t ic  cAMP levels, t h e r e b y  causing phosphory lase  
ac t iva t ion  and glycogen degradat ion .  Resul ts  r epor ted  
by  BITENSKY et al. ~ p rov ide  direct  evidence t h a t  E. colt 
endo tox in  in te rac t s  wi th  hepa t ic  cell m e m b r a n e s  to 
increase the  responsiveness  of adenyl  cyclase to epineph-  
rine, and  GIMPEL r found increases in hepa t ic  adenyl  
cyclase ac t iv i ty  in guinea-pigs t r e a t ed  wi th  endotoxin .  

For  these  reasons,  expe r imen t s  were designed to  measure  
hepa t ic  cAMP levels in ra t s  af ter  i.v. in ject ions  of endo- 
toxin.  Cyclic nucleot ide  levels were also de te rmined ,  
using lead-sensi t ized animals,  since lead ace ta te  5,~ is 
known to  marked ly  sensit ize ra t s  to  endotoxin .  
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Biol. 738, 773 (1971). 
L. P. GIMPEL, D. S. HODGINS and E. D. JAcosso~, Clin. Res. 19, 
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Hepatic cyclic AMP levels in rats after injection of saline, lead, endotoxin, and glucagon 
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Time after injection 

Treatment I min 5 min 15 min 4 h 

Sodium acetate + saline (control) 0.57 =t- 0.1 
(5) 

Sodium acetate + endotoxin (3.3 mg/0.5 cm 8) 0.61 J= 0.1 
(5) 

Lead acetate + saline 0.52 -~ 0.1 
(3) 

Lead acetate + endotoxin (0.5 ~zg/0.5 cm 3) 0.51 • 0.1 
(4) 

Sodium acetate + glucagon (1 mg/0.5 cm a) 7.2 4- 1.3 b 
(2) 

0.63 -,'- 0.1 0.83 • 0.1 0.82 ~= 0.1 
(3) (3) (3) 
0.77 ~ 0.1 0.64 4- 0.1 1.1 4- 0.02 
(5) (5) (2) 
0.57 4- 0.1 0.71 • 0.1 0.82 ~ 0.2 
(3) (3) (2) 
0.79 4- 0.1 0.81 • 0.2 0.95 -E 0.4 
(4) (4) (2) 
4.6 -t- 0.5 b 4.4 i 1.8 1.3 4- 0.1 
(2) (2) (2) 

~Data is expressed as picomoles cAMP/rag wet weight of liver. Values represent the mean 4- SEM, and the number in parentheses indicates 
the number of animals per group, bp < 0.01 vs. control. 

Materials and methods. After  N e m b u t a l  | anes thes ia ,  
male Sprague-Dawley  ra ts  (170-220 g) were g iven i.v. 
in jec t ions  (0.5 ml) of the  following: sod ium ace ta te  
(4.3 mg);  lead ace ta te  (20 mg);  endo tox in  (3.3 mg  or 
0.5 ~g); phospha t e -bu f f e r ed  saline;  or glucagon. Serratia 
marcescens endo tox in  (Lot No. 582087), p repa red  by  the  
Botvlzq me thod ,  was  ob ta ined  f rom Difco Labora tor ies  
(Detroi t ,  Michigan). At  var ious  t ime  in te rva l s  pos t -  
inject ion,  ra t s  were killed by  submers ion  in l iquid ni t rogen.  
The frozen l iver was isolated, ex t rac ted ,  and  ana lyzed  
for cAMP, using the  compe t i t i ve  b ind ing  m e t h o d  of 
GILMAN 7. 

Results and discussion. The results,  s u m m a r i z e d  in the  
Table,  show t h a t  cont ro l  in jec t ions  of sodium ace ta te  and 
saline caused no change  in hepa t ic  cAMP. Glucagon was 
used as a pos i t ive  control ,  and,  as expected ,  p roduced  
s ignif icant  e levat ions  in hepa t i c  cAMP in the  1- and 
5-rain t ime  intervals ,  pos t - in jec t ion .  However ,  under  the  
same condi t ions ,  ra t s  given a LDs0 dose (3,3 rag) of 
S. marcescens endo tox in  showed no change  in cAMP 
concent ra t ions .  Liver  samples  were examined  as much  as 
4 h pos t - in jec t ion ,  when  some of the  endo tox in - t r e a t ed  
animals  had  begun to  die. E v e n  at  t h a t  t ime,  there  was no 
s ignif icant  a l te ra t ion  in cAMP levels, ind ica t ing  t h a t  con- 

trol  of hepa t i c  cAMP m a y  no t  be a s ignif icant  s tep  in the  
mechan i sm of endo tox in  toxic i ty .  These results,  however ,  
do no t  rule out  the  poss ibi l i ty  of ve ry  small,  localized 
changes  in hepa t ic  cAMP concent ra t ions ,  which  affect  
c a r b o h y d r a t e  metabo l i sm,  b u t  are no t  de tec ted  in 
m e a s u r e m e n t s  of the  to ta l  hepa t ic  cAMP pool. In  
cont ras t ,  bacter ia l  exotoxins ,  such as cholera toxin,  have  
been  shown to  marked ly  e levate  cAMP in the  in tes t ina l  
m u c o s a  8. 

An addi t iona l  group of ra ts  was t r ea t ed  wi th  lead 
ace ta te  a t  a concen t ra t ion  which  mark ed l y  sensit izes 
these  animals  to ve ry  small  quant i t i es  of endo tox in  5, 6. 
Lead  ace ta te  is known  to inh ib i t  a n u m b e r  of enzymes,  
inc luding cyclic nucleot ide  phosphodies te rase  9, and  since 
th is  enzyme  is i m p o r t a n t  in cAMP metabol i sm,  th is  
would be a reasonable  mechan i sm to expla in  the  lead- 
endo tox in  in terac t ion .  In  the  p resen t  s tudy,  however ,  
when  lead was given alone, or in combina t ion  wi th  LDs0 
endotoxin ,  there  was no s ignif icant  change in endogenous  
cAMP (Table). Thus,  t he  mechan i sm of lead ace ta te  
sens i t iza t ion  is no t  by  means  of ma rk ed  e levat ions  in 
hepa t i c  cAMP, and  a l t e rna t ive  exp lana t ions  should be 
considered for t he  meachn i sm of endo tox in  le tha l i ty  and 
lead-sensi t izat ion.  
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Zusammen/assung. Nachweis ,  dass die K o n z e n t r a t i o n  
yon zykl ischem AMP in Lebern  normale r  und  B]ei- 
sensibi l is ier ter  R a t t e n  durch  i.v. In j ek t ionen  yon Serratia 
marcescens E n d o t o x i n  n ich t  beeinf luss t  wird.  
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Influence of Calc ium on the Interact ion of Anesthet ic  Drugs  with  Artificial Phospho l ip id  M e m b r a n e s  

In  a previous  pape r  1, we repor ted  a s t u d y  on the  effect  
of 2 drugs wi th  local anes the t i c  proper t ies  ( te t racaine  and 
hexobarbi ta l )  on the  electr ical  res is tance  of art if icial  
phosphol ip id  m e m b r a n e s  (bilayers). B o t h  drugs increase 
the  res is tance  p robab ly  by  forming  hyd rophob ic  bonds,  
bu t  ionic in te rac t ions  m a y  al ter  drug ac t iv i ty  by  modi fy ing  
the  local concen t ra t ion  a t  the  l ip id -wate r  interface.  

I t  has  been  proposed  2,3 t h a t  calcium and  local anes- 
the t ics  compe te  w i th  one ano the r  w i th  respect  to the i r  
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