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S u m m a r y  

This r epo r t  demons t r a t e s  tha t  the  c o m m o n l y  used anesthet ic  agent,  
pen toba rb i t a l  sodium,  in concen t ra t ions  of  1 • 10 -~ to  2 • 10-3M inhibits  
calcium (Ca 2.) up t ake  in bo th  rat  aor t ic  and por ta l  venous  sm o o th  muscle.  
The  da ta  indicate  tha t  to ta l  exchangeable  Ca 2÷ in por ta l  vein is r educed  by  
abou t  15% in 1 • 10 -4 M pen tobarb i t a l  sodium,  while the  intracel lular  ex- 
changeable  Ca 2÷ is r educed  by  24%. On the  o the r  hand,  in aor t ic  s m o o t h  
muscle,  while 5--20 • 10 .4 M pen tobarb i t a l  sodium reduces  to ta l  exchange-  
able Ca 2÷ by  a b o u t  15%, intracel lular  Ca 2÷ is r educed  by  22% in 5 • 10 -4 M 
pen toba rb i t a l  sodium and by  38% in 2 • 10 .3 M pen tobarb i t a l  sodium. The  
presen t  studies thus  reveal tha t  concen t ra t ions  o f  pen tobarb i t a l  sodium 
k n o w n  to be present  dur ing induc t ion  o f  surgical anesthesia can exer t  signif- 
icant  inh ib i to ry  effects  on  exchangeabi l i ty  and t r an sm em b ran e  m o v e m e n t  o f  
Ca 2. in at least two d i f fe ren t  types  o f  b lood  vessels. 

Barb i tu ra te  anes the t ic  agents, such as pen tobarb i t a l  sodium are k n o w n  
to  lower  b lood  pressure.  Recen t ly ,  concen t ra t ions  o f  pen tobarb i t a l  k n o w n  to 
be present  dur ing induc t ion  of  surgical anesthesia (i.e. 1--5 - 10 .4 M) have 
been  shown to inhibi t  spon taneous  mechanica l  act ivi ty  o f  vascular s m o o t h  
muscle  [ 1- -3 ] and to  inhibi t  spon taneous  vasomot ion  in mammal ian  arte- 
rioles [4, 5 ] .  Besides its d i rec t  ac t ion  on  b lood  vessels, these anes the t ic  con- 
cen t ra t ions  o f  pen toba rb i t a l  were also d e m o n s t r a t e d  to  a t t enua t e  arterial,  
ar ter iolar ,  venular  and venous  s m o o t h  muscle responsiveness to  several 
vasoactive substances [ 1 - -5 ] .  These  di rect  and indi rec t  ef fects  o f  pen tobarb i t a l  
have been  h y p o t h e s i z e d  to  be b rough t  a b o u t  via its antagonis t ic  or  inh ib i to ry  
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effects  on Ca 2÷ f lux in vascular smoo th  muscle [2 - -5 ] .  However ,  no di rect  
evidence is, as ye t ,  available for  the  la t ter  tenet .  

In view of  these repor ts  which link inh ib i to ry  effects  of  barbi tura tes  on 
b lood  vessel t one  to  thei r  b lood  pressure lowering act ion,  and the c o m m o n  
usage of  pen tobarb i t a l  as the  anesthet ic  of  choice  for  l abo ra to ry  animals, 
the re  was a need  to  evaluate precisely the effects  of  pen tobarb i t a l  sodium on 
Ca z+, if any.  We now r epo r t  tha t  concen t ra t ions  of  pen tobarb i t a l  known  to 
be present  in the b lood  during induc t ion  of  surgical anesthesia can inhibit  
exchangeabi l i ty  and up take  of  radiocalc ium in two types  o f  vascular smoo th  
muscle.  

Aort ic  strips and por ta l  veins ob ta ined  f rom male Wistar rats (300- -400  
g), were set up isometr ical ly  in vi tro as descr ibed previously [2] and equi- 
l ibra ted for  2 h in normal  Krebs-Ringer  b ica rbona te  solut ion [2 ] .  The  tis- 
sues were aerated with a 95% 02 /5% CO2 mix tu re  and kep t  at 37°C at a pH 
of  7.4. The  tissues were then  incuba ted  for 30 min in an identical  Krebs- 
Ringer  so lu t ion  conta in ing  e i ther  0, 1 • 10 -4, 5 • 10 -4 or  20 • 10 -4 M pen- 
tobarb i ta l  sod ium to which was added  148 Bq/ml  4SCa. (For  the por ta l  veins, 
we chose  the  lower  concen t r a t i on  of  pen tobarb i t a l  (i.e., 1 • 10 -4 M), since 
this c o n c e n t r a t i o n  of  ba rb i tu ra te  p roduced  the same degree of  inhibi t ion as 
did five t imes this a m o u n t  on the aortas  [2, 3] .) Af te r  this t ime,  each tissue 
was e i ther  rinsed in cold Krebs-Ringer  b ica rbona te  for  10 s (convent iona l  
m e t h o d )  or for  2 or 5 min in 50 mM La 3+, CaZ+-free, 5 mM Tris-Ringer 
m ed ium  [6, 7] ( l an thanum m e t h o d ,  as modi f ied  by Godf ra ind  [8] ). The  
strips were then  b lo t t ed  on ash-free fi l ter paper  and weighed,  and the  4SCa 
up t ake  was c o u n t e d  in a Searle Mark III l iquid scint i l lat ion c o u n t e r  a f te r  
solubi l izat ion with 1 ml NCS solubil izer  at 50°C for  6 h. The  ' convent iona l  
m e t h o d '  reveals the  to ta l  exchangeable  Ca 2+ of  the  tissues (as verif ied by  up- 
take  exper imen t s  for  d i f fe ren t  t ime periods)  [9, 10] .  With the  ' l an thanum 
m e t h o d ' . t h e  4SCa c o n t e n t  is p roposed  to  represen t  exchangeable  (a) mem- 
b rane-bound  calcium (2 min wash);  and (b) intracel lular  La3+-resistant calcium 
(5 min wash),  as the  c o n c e n t r a t i o n  o f  l an thanum used (50 mM) has been 
shown (i) to  replace Ca 2+ at superficial  binding sites and (ii) to  b lock  influx 
and marked ly  re tard  e f f lux  o f  Ca 2÷ within  the 5-min con tac t  t ime [6--8,  
11 ] .  

Table  I summarizes  the  results ob ta ined  in the  presence  and absence of  

TABLE I 

EFFECTS OF PENTOBARBITAL SODIUM ON TOTAL EXCHANGEABLE AND INTRACELLULAR 
CALCIUM CONTENT OF RAT PORTAL VEIN 

V a l u e s  are  g i v e n  as m m o l ] k g  w e t  wt .  ( m e a n  + S .E. )  N u m b e r s  in  p a r e n t h e s e s  r e p r e s e n t  n u m b e r  o f  dif-  
f e r e n t  t i s sue s  u s e d  f o r  each  e x p e r i m e n t .  T h e  c o m p o s i t i o n  o f  K r e b s - R i n g e r  b i c a r b o n a t e  is: 1 1 8 . 0  m M  
NaC1, 4 .7  m M  KC1, 1 .2  m M  M g S O  4, 1 .2  m M  KH2PO 4, 2 .5  m M  CaC12, 2 5  m M  N a H C O  3 a n d  1 0 . 0  m M  
g lucose .  

T r e a t m e n t  T o t a l  e x c h a n g e a b l e  2- ra in  La  3+ w a s h  5-rain La  3+ w a s h  
c a l c i u m  c a l c i u m  f r a c t i o n  ( ce l l u l a r  c a l c i u m )  

C o n t r o l  2 .99  ± 0 . 1 4  (45 )  2 . 1 8  ± 0 . 0 9  ( 3 1 )  1 .69  + 0 . 1 4  ( 2 6 )  
P e n t o b a r b i t a l  (1 • 1 0 4  M) 2 . 4 8  ± 0 . 1 0  (5)*  1 . 8 8  ± 0 . 2 0  (7)  1 .29  + 0 . 1 0  (4 )*  

* S i g n i f i c a n t l y  d i f f e r e n t  f r o m  p a i r e d  c o n t r o l  v a i u e s  ( P ~ 0 . 0 2 ) .  
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T A B L E  n 

E F F E C T S  O F  P E N T O B A R B I T A L  S O D I U M  ON T O T A L  E X C H A N G E A B L E  A N D  I N T R A -  
C E L L U L A R  C A L C I U M  C O N T E N T  O F  R A T  A O R T A  

V a l u e s  are g i v e n  as m m o l / k g  w e t  wt .  ( m e a n  -+ S.E.) .  N u m b e r s  in  p a r e n t h e s e s  r e p r e s e n t  n u m b e r  o f  d i f -  
f e r e n t  t i s sue s  u s e d  f o r  each  e x p e r i m e n t .  

T r e a t m e n t  T o t a l  e x c h a n g e a b l e  2 - m i n  La  3÷ w a s h  5 - m i n  La  3+ w a s h  
c a l c i u m  c a l c i u m  f r a c t i o n  ( ce l l u l a r  c a l c i u m )  

C o n t r o l  4 .11  +- 0 . 1 0  (48 )  2 .09  + 0 . 0 9  (34 )  0 . 8 8  +- 0 . 0 6  ( 3 1 )  
P e n t o b a r b i t a l  

5 • 10  "~ M 3 . 5 2  -+ 0 . 1 4  (6 )*  1 . 5 4  +- 0 . 1 3  (8)*  0 . 6 9  + 0 . 0 4  (9)*  
2 ° 10  --3 M 3 .39  + 0 . 3 4  ( 5 ) * *  1 . 3 4  -+ 0 . 0 7  (7 )*  0 . 5 5  + 0 . 0 6  (4)*  

• S i g n i f i c a n t l y  d i f f e r e n t  f r o m  p a i r e d  c o n t r o l s  ( P < 0 . 0 1 ) .  
• * S i g n i f i c a n t l y  d i f f e r e n t  f r o m  p a i r e d  c o n t r o l s  ( P < 0 . 0 5 ) .  

1 • 10 -4 M pentobarbi tal  sodium in portal venous smooth muscle with the 
conventional  and lanthanum methods.  The data indicate that  while pento- 
barbital reduces total  exchangeable Ca 2÷ by about  17% intracellular Ca 2÷ 
is reduced by 24% in 1 • 10 .4 M pentobarbital .  The marked inhibition by 
pentobarbi tal  sodium at this concentrat ion,  of  spontaneous mechanical 
activity and drug-induced contractions in this tissue [2, 3] could be ex- 
plained solely by a reduct ion in the availability of Ca 2+. 

In aortic smooth muscle (Table II), the data indicate that  while 5 • 10 -4 
and 2 • 10 -3 M pentobarbi tal  reduces total exchangeable Ca 2÷ by about  15%, 
intracellular Ca 2÷ is reduced by 22% in 5 • 10 -4 M pentobarbital  and by 38% 
in 2 • 10 -3 M pentobarbi tal  sodium. Membrane-bound Ca 2÷ is also reduced in 
a concentra t ion-dependent  manner  by 26 and 36%, respectively, in the two 
different  concentrat ions of  barbiturate.  Contractile inhibition seen with these 
concentrat ions of  pentobarbi tal  sodium in this tissue [2, 3] can also be ex- 
plained by these results, since both  intracellular and membrane-bound Ca 2÷ 
are thought  to play impor tant  roles in agonist-induced contract ion in aortic 
smooth  muscle [11, 12] .  The present results thus reveal that  pentobarbital  
sodium exerts significant inhibitory effects on exchangeability and trans- 
membrane movement  of  Ca 2÷ in at least two different  types of  smooth 
muscle. 

Pentobarbital  sodium has been shown by others, indirectly, to have ef- 
fects on the cellular uptake of  this ion. For example, it was seen to (i) 
decrease Ca 2÷ uptake in isolated mitochondria  [13] and microsomes [14] of  
heart  muscle (ii) be capable of uncoupling mitochondrial  oxidative phosphor- 
ylat ion [ 15] (iii) exert  a depressant effect  on the force-frequency response 
in heart  muscle, which is similar to that  of  manganese-blocked Ca 2÷ entry 
[16] and (iv) inhibit, Ca2+-induced contract ions of  potassium-depolarized 
rat aorta and portal vein [2, 3] .  It has also been shown, recently,  to inhibit 
Ca2÷-ATPase activity of  rat heart  sarcolemmal preparations [ 17] .  At least 
one other  type  of  anesthetic molecule, namely ethanol,  has also been shown 
to exert  in the vascular smooth muscles used here, similar depressant actions 
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on spontaneous mechanical activity, drug-induced contractions [18, 19] and 
Ca 2. uptake [7, 10 ] .  

In view of the evidence obtained, in this study, one must seriously con- 
sider the possibilty that the reductions in arterial blood pressure and vaso- 
dilatation associated with administration of  anesthetic doses of pentobarbital 
sodium to mammals are due, at least in part, to barbiturate-induced inhibition 
of  Ca 2÷ exchange and movement  across vascular smooth muscle cell mem- 
branes. 

This research was supported by National Heart and Lung Institute 
Grants HL-18002 and HL-18015,  National Institute of Mental Health Grant 
MH-26236 and National Institute of  Drug Abuse DA-02339.  
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