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Hepatic cyclic AMP levels in rats after injection of saline, lead, endotoxin, and glucagon 

567 

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  

1 D. PELUCHETTI, M. RAGAZZI and A. GORIO, Experientia 37, 569 
{1975). 

e j .  ACEVES and X. MACHNE, J. Pharmae. exp. Ther. 140, 138 (1968). 
3 M. P. BLAUST~IN and D. E. GOLDMAN, J. hen. Physiol. 49, 1043. 

(1966). 
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The effect of calcium on the PE and PS bilayer membranes ex- 
pressed by the ratio between the resistance produced by 0.1 mM 
CaC12 and the intrinsic bilayer resistance (Ro). 

PE 6.4 PS 6.4 PS 8.4 

Ro(12"cm 2) 4 xl05 2 xl06 2 • 

Rc~(-Q �9 cm 2) 4.2 x 10 ~ 3.3 x l0 T 1.5 x l0 T 

Rc./R o 1.05 16.50 75 

act ions on the  nerve  membrane ,  and t h a t  th is  an t agon i sm 
m a y  be the  basis of the  local anesthesia .  The nega t ive  
groups of phosphol ip id  molecules migh t  serve as the  
b ind ing  site for calcium and local anes the t ics  on mem-  
branes.  Previous  work  wi th  model  sys tems  produced  
evidence on calcium-local  anes the t ic  antagonismS,  ~. 

In  the  p resen t  s tudy,  the  influence of calcium on the  
increase of res is tance p roduced  in artificial  phosphol ip id  
m e m b r a n e s  by  t e t raca ine  and  hexobarb i t a l  is analyzed.  
Since we suspect  ionic in te rac t ions  be tween  calcium and  
the  anes the t ic  drugs,  we use t h e m  under  condi t ions  in 
which  t h e y  are h igh ly  dissociated (pH 6.4 for te t raca ine  
and p H  8.4 for hexobarbi ta l ) .  

The m e m b r a n e s  were formed wi th  n-decane  solut ion 
of phospha t i dy l e thano l amine  (PE) or phospha t idy l se r ine  

10  8 - 

10 7 - 

106 - 

10 5 - 

104 

Hexobarbital 0.1 mY/ 
Tetracaine 0,1raP/ 

7.5• 7 

ps 6.4 ps 6.4+ Ca++ 

1.5,108 

5• 

54• 

~ 2• 

i 
i 

P8 8.4 P8 8.4+ Ca ++ 

The effect of 0,1 mM tetracaine and hexobarbital on the resistance of 
phosphatidylserine bilayer membranes formed before and after the 
addition of 0.1 mM CaClo to a 100 mM KC1 solution buffered at pH 
6.4- or 8.4. 

(PS). The electrical res is tance  was de t e rmined  as pre- 
viously descr ibed 1. The anes the t ic  drugs and /o r  CaC12 
were a lways added  to the  2 cell halves  before forming  the  
membranes .  The aqueous solut ion conta ined  100 m M  KC1 
buffered a t  p H  6.4 w i th  5 m M  Tris-maleate or a t  p H  8.4 
w i th  5 m M  Tris-HC1. 

Tile presence  of calcium in the  ba th ing  solut ion (0.1 
m M  CaCI~) grea t ly  af fec ted  the  electrical  res is tance of the  
m e m b r a n e s  and  the i r  response  to the  anes the t ic  drugs. 
Whi le  calcium had  no s ignif icant  effect  on the  resis tance 
of a neut ra l  bi layer  (PE at  p H  6.4), i t  increased more  t h a n  
15 t imes  (PS at  p H  6.4) and 75 t imes  (PS at  p H  8.4) the  
resis tance of nega t ive ly  charged m e m b r a n e s  as repor ted  
in the  Table.  

The increase of the  P S  m e m b r a n e  res is tance  due  to  the  
cat ionic t e t raca ine  a t  0.1 m M  and  p H  6.4 was reduced  
21/~-foId by  the  add i t ion  of 0.1 m M  CaC12. In  contras t ,  
calcium enhanced  by  abou t  the  same a m o u n t  the  effect  
of the  anionic hexoba rb i t a l  on the  res is tance of the  P S  
m e m b r a n e  at  p H  8.4 (Figure). The effect  of calcium on the  
increase of res is tance  p roduced  by  anes the t i c  drugs can 
be s imply  1 expla ined according to  t he  model  out l ined 
previously.  I t  is known  t h a t  calcium binds  to  t he  carboxyl  
group of the  PS  membranes ,  forming  a di-soap wi th  2 
ad jacen t  phosphol ipids% The surface charge should be 
par t i a l ly  neut ra l ized  (from 2 to 1 negat ive  charge per  
molecule) and  consequent ly  the  nega t ive  surface po ten t i a l  
reduced.  Since calcium influences the  act ion of t e t raca ine  
and  hexobarb i t a l  on the  PS  m e m b r a n e  in a opposi te  way  
- i.e. i t  inhibi ts  t e t raca ine  and  po ten t i a t e s  hexobarb i t a l  - 
i t  m a y  be argued t h a t  again a reduc t ion  of the  surface  
po ten t i a l  leads to  d i f ferent  interfacial  and  consequent ly  
i n t r a m e m b r a n e  concen t ra t ion  for the  two  anesthet ics .  

I t  is clear f rom the  above discussion t h a t  the  in te rac t ion  
of calcium and anes the t ic  drugs wi th  the  pe rmeab i l i ty  
proper t ies  of the  phosphol ip id  bi layer  can  be in t e rp re t ed  
as indica t ing  d i f ferent  sites of action. F u r t h e r  suppor t  for 
this  suggest ion comes f rom the  fact  t h a t  calcium and  
drugs wi th  local anes the t ic  proper t ies  increase t he  bi layer  
res is tance by  di f ferent  mechanisms .  1. Calcium does not  
modi fy  the  res is tance of the  neu t ra l  bi layers  (PE at  p H  
6.4) which  are, in cont ras t ,  s t rongly  affected by  the  
anesthet ics .  2. The effect  of a solut ion conta in ing  bo th  
calcium and hexobarb i t a l  on the  PS  m e m b r a n e  is grea ter  
t h a t  the  sum of the  separa te  effects of the  two  agents.  If  
the  site of ac t ion were the  same, we should expec t  compet i -  
t ion and  consequent ly  a reduced  effect. I t  is in te res t ing  
to note  t h a t  recent ly  ARHEM and  FRANKt~NI-tA-USER 7 re- 
inves t iga ted  the  effects of local anes the t ics  and  calcium 
on pe rmeab i l i ty  proper t ies  of noda l  m e m b r a n e  in m y -  
e l inated nerve  fibres and  showed cons is ten t ly  t h a t  the  
effect  of local anes the t ics  and  of changes  in calcium 
concen t ra t ion  were i ndependen t  of each other.  

Riassunto. Viene v a l u t a t a  l ' inf luenza dello ione calcio 
sulla in terazione t r a  due sos tanze  ad azione anes te t ica  
locale (esobarbital  e te t racaina)  e m e m b r a n e  fosfolipidiche 
artificiali  (bilayers) con diversa  carica superficiale. I 
r i su l ta t i  indicano che il calcio e gli anes te t ic i  interagi-  
scono con un diverso meccanismo con la molecola fosfoli- 
pidica e in par t icolare  non  compe tono  per  un medes imo 
sito d 'azione.  
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