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Contractile Response of Halothane-Depressed Isolated Atria to Pyruvate 

Inha la t ion  anes the t ic  ha lo thane  is widely  used in 
opera t ing  rooms.  There  is evidence,  however ,  t h a t  halo- 
t hane  depresses the  cardiac func t ion  ~,~. Al though  the  
effects of ha to thane  on con t rac t i l i ty  of t he  hea r t  have  
been s tudied  wi th  isolated hea r t  p repa ra t ions  3-6, few 
inves t iga t ions  of ha lo thane  on me tabo l i sm have  been 
made  7, s. I t  was of in te res t  to  ascer ta in  whe the r  the  myo-  
cardial  depress ion due to ha lo thane  is re la ted  to  the  
metabol ic  behav ior  as well as the  subs t r a t e  u t i l iza t ion of 
the  myocard ium.  In  the  p resen t  inves t igat ion,  it  was 
found  t h a t  t he  add i t ion  of metabol ic  subs t ra te ,  py ruva te ,  
to the  ha lo thane -depres sed  isolated r a t  a t r ia  resul ted  in a 
marked  increase in tile force of cont rac t ion .  

Methods. Atr ia  f rom decap i t a t ed  ra ts  were suspended  
ill a modif ied  Krebs -R inge r  b ica rbona te  glucose med i u m 
aera ted  wi th  95% O~-5% CO 2 at  30~ and  p H  7.4, and 
electrically s t imula ted  at  a ra te  of 200/min as previous ly  
descr ibed 9, ~0. In  the  expe r imen t s  w i th  hyper ton ic  med i u m 
the  increase of osmot ic  pressure  was made  by  the  addi-  
t ion  of sodium chloride a t  a concen t ra t ion  of 100 m M  to 
the  normal  Krebs -R inge r  b ica rbona te  glucose medium.  
Ha lo thane  was admin i s t e red  in to  t he  m e d i u m  by  means  
of the  anes the t i s t a t  ~. The ha lo thane  concen t ra t ion  in tile 
m e d i u m  was  de t e rmined  a t  10 to  30 min  in tervals  w i th  
a gas ch rom a tog raph  t h r o u g h o u t  the  exper imenta l  
per iod 11,12. 

Results. Effect of pyruvate on halotham-depressed rat 
atria. In  Figure  1, it  was f irs t  de t e rmined  t h a t  approx im-  
a te ly  6 mg/100 ml ha lo thane  was required to ma in t a in  a 
50% depress ion of the  con t rac t i l i ty  of ra t  a t r ia  suspended  
in a modif ied  Krebs -R inge r  b ica rbona te  glucose medium.  
Sodium p y r u v a t e  (5 m M  and  2.5 raM) was added  to  the  
ba th ing  m ed ium 30 min  af ter  the  s t a r t  of the  ha lo thane  
admin is t ra t ion .  Despi te  t he  cont inued  admin i s t r a t ion  of 
ha lo thane  and  ma in t enance  of ha lo thane  levels in med i u m 
similar  to the  contro l  a t r ia ,  t he  addi t ion  of p y r u v a t e  
resul ted  in a gradual  increase in the  force of con t rac t ion  
(Figure 1). The max ima l ly  effect ive concen t ra t ion  of 
p y r u v a t e  was 2.5 raM. As a control  exper iment ,  addi t ion  

of p y r u v a t e  t o  normal  a t r ia  resul ted in only s l ight  a l tera-  
t ions  in cont rac t i le  ac t iv i ty  in con t ras t  to  t he  mark ed  
posi t ive  inotropic  effects seen when  admin i s t e red  to  
ha lo thane-depressed  at r ia  (Figure 1). 

Effect of N a C l  on halothane-depressed rat atria. Exper i -  
men t s  were pe r fo rmed  to e lucidate  t he  na tu re  of p y r u v a t e  
effect  on ha lo thane-depressed  atria,  in which  sodium 
chloride was  employed  under  t he  same condi t ions  as 
py ruva te .  Figure  3 shows t h a t  5 m M  sodium chloride is 
ineffect ive in res tor ing  the  force of con t rac t ion  of halo- 
thane -depressed  at r ia  when  admin i s t e red  under  t he  same 
condi t ions  where sod ium p y r u v a t e  is effective.  This 
indicates  t h a t  the  effect  of sod ium p y r u v a t e  is due to 
p y r u v a t e  itself. 

Effect of pyruvate on atria depressed in ~ypertonic 
medium. E x p e r i m e n t s  to  fu r ther  clarify the  p y r u v a t e  
effect  on ha lo thane -depressed  a t r ia  were des igned 
employing  di f ferent  expe r imen ta l  condit ions.  Hype r ton i c  
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Fig. 1. Effect of 2.5 and 5 mM sodium pyruvate on halothane-depressed atria and normal atria. In this and subsequent figures halothane 
was added at zero time (i.e. following a 60 min equilibration period in the normal Nrebs-Ringer bicarbonate glucose medium). At arrow, 
pyruvate added 30 inin after start of halothane administration to halothane depressed atria, and to normal atria. Vertical bars represent 
the S.E.M. 
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Fig. 2. Effect of 5 mM sodium pyruvate and 5 mM NaC1 on halothane-depressed atria. 
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m e d i u m  was  used r a t h e r  t h a n  h a l o t h a n e  to  depress  t he  
a t r i a l  con t rac t i l i t y .  Af te r  60 ra in  of exposure  to  t h i s  
med ium,  t h e  force of c o n t r a c t i o n  of a t r i a  s tab i l i zed  a t  
a p p r o x i m a t e l y  65% of t h e  con t ro l  levels.  

The  a d d i t i o n  of p y r u v a t e  a t  th i s  t i m e  resu l t ed  in no  
increase  in c o n t r a c t i l i t y  (Figure  3). T he  resu l t s  i nd i ca t e  
t h a t  depress ion  of force pe r  se is no t  a suff ic ient  cond i t i on  
to  p e r m i t  p y r u v a t e  to  effect  a r ecove ry  in con t r ac t i l i t y .  

Discussion. Severa l  i nves t i ga to r s  h a v e  been  ab le  to  
d e m o n s t r a t e  t h e  r e l a t i ve  ab i l i t ies  of va r ious  s u b s t r a t e s  to  
m a i n t a i n  t h e  con t r ac t i l e  a c t i v i t y  of m y o c a r d i a l  func-  
t i on  ~3-~. I t  is e m p h a s i z e d  t h a t  ef f ic ient  ope ra t i on  of 
ene rgy  m e c h a n i s m s  is essent ia l  for ca rd iac  func t ion .  Thus ,  
ca rd iac  depress ion  a n d  fa i lure  m u s t  be  exp la ined  u l t i m a t e -  
ly on  a b iochemica l  a n d / o r  b iophys i ca l  basis.  

The  d e m o n s t r a t i o n  in  t h e  p r e s e n t  s t u d y  t h a t  p y r u v a t e  
was pa r t i a l l y  effect ive  in r e s to r ing  t h e  con t rac t i l e  a c t i v i t y  
of t h e  i so la ted  r a t  a t r i a  in  t h e  h y p o d i n a m i c  s t a t e  b y  
h a l o t h a n e ,  ha s  i n t e r e s t i ng  imp l i ca t i ons  of a m e t a b o l i c  role 
for t h e  ac t ion  of h a l o t h a n e  on  ca rd idac  func t ion .  I t  h a s  
been  r epo r t ed  w i t h  r a t  a t r i a  x~ a n d  r a b b i t  a t r i a  ~8 t h a t  
e i the r  t h e  u p t a k e  of glucose or  o p e r a t i o n  of t h e  g lycolyt ic  

p a t h w a y  are  i m p o r t a n t  for a f r ac t ion  of con t r ac t i l e  ac t iv-  
i ty  since p y r u v a t e  is p a r t i a l l y  effect ive  in r e s to r ing  t he  
deve loped  t en s ion  in  t h e  absence  of glucose or  d u r i n g  
b lock  w i t h  e n z y m e  inh ib i to r .  S imi la r  i nves t iga t ions  h a v e  
been  m a d e  b y  K o  and  BERMAN ~9, in w h i c h  t h e y  ind ica t e  
t h a t  p y r u v a t e  p a r t i a l l y  r e s to red  t h e  depressed  c o n t r a c t i l i t y  
of i so la ted  r a t  a t r i a  in  p h o s p h a t e  m e d i u m  e i the r  w i t h  or  
w i t h o u t  glucose. P y r u v a t e  was r e l a t ive ly  effect ive  as a n  
ene rgy  source f o r  c o n t r a c t i o n  of i so la ted  r a t  h e a r t  in  
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Fig. 3. Effect of 2.5 mM sodium pyruvate on depressed atria with halothane or hypertonic medium. 
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p h o s p h a t e  m e d i u m  2~ and  in ~this m e d i u m  glucose 
m e t a b o l i s m  was impa i r ed  in r a t  h e a r t  ~-1. SHAW a n d  
STADIE 22 proposed  t h a t  in  d i a p h r a g m  muscle  t h e  E m b -  
den-MeyerhoI  p a t h w a y  was i n h i b i t e d  a t  t h e  phospho -  
f ruc tok inase  s tep  w h e n  t he  t i ssue  was i n c u b a t e d  in 
p h o s p h a t e  med ium.  If  i t  could  be  a s s um ed  t h a t  t h e  effect  
of p y r u v a t e  on  h a l o t h a n e - d e p r e s s e d  r a t  a t r i a  m a y  be  
s imi la r  to  t h a t  above ,  our  i n v e s t i g a t i o n  m i g h t  be  con- 
ce rned  w i t h  t he  m a n n e r  in  w h i c h  h a l o t h a n e  inf luences  
the  m y o c a r d i a l  me tabo l i sm.  E i t h e r  t he  u p t a k e  or ut i l iza-  
t ion  of glucose m a y  be  i m p a i r e d  b y  h a l o t h a n e .  Us ing  
p a r t i t i o n  coeff icient  d a t a  of LARSON et  al. 23, a sal ine 
c o n c e n t r a t i o n  of 6 mg/100  ml  h a l o t h a n e  would  be  equi- 
v a l e n t  to  a b lood c o n c e n t r a t i o n  of 19.8 mg/100  ml.  Blood 
levels of 17.9-20.3 mg/100  ml  were found  necessa ry  to 
anes the t i ze  a dog to p roduce  a loss in  t he  pa in  ref lex of 
foot  p a d  12. Thus ,  t he  c o n c e n t r a t i o n  of h a l o t h a n e  em- 
p loyed  in t h i s  s t u d y  was s imi la r  to  t h a t  a s s um ed  to 
p roduce  in the  dog. 

Zusammenfassung. Die n a c h  H a l o t h a n  e inge t r e t ene  
V e r m i n d e r u n g  der  K o n t r a k t i l i t / i t  des Myokards  k a n n  

d u r c h  P y r u v a t  v e r h i n d e r t  werden.  Dieses E rgebn i s  s t i i t z t  
die Hypo these ,  H a l o t h a n  b e h i n d e r e  die A u f n a h m e  oder  
die V e r w e r t u n g  yon  Glycose. 
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S o m e  N e w  A s p e c t s  i n  H u m a n  T r o p h o b l a s t  C u l t u r e s  

Studies  conce rn ing  t he  i m m u n o l o g i c a l  aspec ts  of preg- 
n a n c y  s t rong ly  depend  on  m a i n t a i n i n g  t r o p h o b l a s t  cells 
in  v i t ro  1-6. I l l  t h e  p r e s en t  work,  a s imple  m e t h o d  is g iven  
for keep ing  h u m a n  t r o p h o b l a s t  cu l tu res  ac t ive  for a lon- 
ger pe r iod  of t ime,  and  t he  morpholog ica l  evo lu t ion  of 
these  cells, as well  as t h e i r  h o r m o n e  secre t ing  ac t iy i ty ,  
d u r i n g  in v i t ro  cul ture ,  is descr ibed.  

The  cu l tures  were pe r fo rmed  f rom ster i le  d issected 
chor ion  villi ,  washed  in steri le 199M 7, and  careful ly  cu t  
w i t h  f ine scissors and  forceps. The  f r a g m e n t s  were t r ans -  
ferred to a s ter i le  t u b e  w i t h  a r u b b e r  s topper ,  and  0 .25% 
t r y p s i n e  was added.  The  t ubes  were lef t  for  a b o u t  30 ra in  
in  i n c u b a t o r  a t  37~ s h a k e n  for  1 m i n  eve ry  5 min,  a n d  
t h e n  cent r i fuged .  The  sed imen t ,  washed  2-3 t imes  w i t h  
p h o s p h a t e  buffer  sal ine u n t i l  s u p e r n a t a n t  r e m a i n e d  clear,  
was  r e suspended  w i t h  199M c o n t a i n i n g  10% ster i le  calf 
serum,  f i l tered t h r o u g h  s ter i le  gauze, and  suspens ion  
ad ju s t ed  to  a p r o p o r t i o n  of 3 • 105 cells/ml3; an  a m o u n t  
of i cm 3 was p u t  in to  each  s ter i le  tube ,  a n d  left  a t  37~ 
Two types  of cu l tu re  t u b e s  were used:  regu la r  ones and  
Le igh ton  tubes  s, wh ich  a l low t he  cells to  grow on a 
r e m o v a b l e  glass cover  slip. Pa ra l l e l  cu l tu res  were per form-  
ed f rom same  cell suspension,  in  s ter i le  P e t r i  dishes 
i n c u b a t e d  in a CO 2 incuba to r .  T he  t u b e s  a n d  t he  P e t r i  
d ishes  were e x a m i n e d  eve ry  d a y  ill t h e  i n v e r t e d  micro-  
scope. Cover  slips f rom t he  L e i g h t o n  t u b e s  were r e m o v e d  
a t  d i f fe ren t  in te rva l s .  Some of t he  cover  sl ips were 
e x a m i n e d  w i t h o u t  s t a in ing  in t he  phase  c o n t r a s t  micro-  
scope, t he  o thers  were s t a ined  b y  t h e  M a y - G r u n w a l d -  
Giemsa  t echn ique ,  a n d  e x a m i n e d  in t h e  b r i g h t  field micro-  
scope. Samples  of g rowth  m e d i a  (199M/10% sera) were 
t a k e n  a f te r  10 days  of i n c u b a t i o n  a n d  k e p t  a t  4~ On 
a b o u t  t h e  20 th  day,  t he  g rowth  m e d i a  was r e m o v e d  and  
rep laced  b y  m a i n t e n a n c e  med ia  (199M w i t h o u t  sera). The  
m a i n t e n a n c e  m e d i a  was changed  a t  d i f fe ren t  in te rva l s .  
All  t h e  r e m o v e d  m e d i a  samples  were c o n c e n t r a t e d  b y  
a lcohol -e ther  ex t rac t ion ,  and  presence  of h u m a n c h o r i o n -  
g o n a d o t r o p i n  t e s t ed  b y  t he  a id  of t he  h a e m a g g l u t i n a t i o n  
i n h i b i t i o n  t e s t  (HIT)  9. 

The  d e v e l o p m e n t  of t he  P e t r i  d i sh  cu l tu res  in  CO 2 
a t m o s p h e r e  was r ap id  b u t  l imi ted ,  and  degene ra t ed  cells 
could be  obse rved  2 to 3 weeks a f te r  i ncuba t ion .  I n  c o n t r a s t  

to  this ,  t h e  cu l tu res  pe r fo rmed  in t ubes  could be  k e p t  
a l ive  for 2 m o n t h s  and  more.  These  cul tures ,  pe r fo rmed  
in  regular  t ubes  as well  as in  Le igh ton ,  deve loped  r a t h e r  
rap id ly .  Several  aspec ts  could be  n o t e d  a t  d i f fe ren t  
in te rva ls .  

D u r i n g  t he  24-48 h of i ncuba t ion ,  m u l t i n u c l e a t e d  g i an t  
cells and  m a n y  ep i the lo id  po lygona l  ceils were observed,  
as well  as few f ib rob la s t  cells. 

The  m u l t i n u c l e a t e d  g i a n t  cells c o n t a i n e d  a b o u t  10-30 
nucle i  in  a pale  s t a i n e d  p ro top l a sma ,  a n d  could be  found  
u n t i l  a b o u t  t he  8 th  d a y  of cu l tu re  (Figures 1-4). Serial  
e x a m i n a t i o n  of cover  slip cul tures ,  in  t he  2nd week, 
showed groups  of ceils congrega t ing  closely a n d  s imi la r  to  
those  inc luded  in t he  ' m u l t i n u c l e a t e d  g i an t  cells ' ,  b u t  
w i t h o u t  be ing  de l imi t ed  b y  a c o m m o n  ex t e rna l  m e m b r a n e .  
The i r  p r o t o p l a s m a  was sma l l  as c o m p a r e d  to  t he  nuc leus  
a n d  increased  later .  These  cells seemed to  be  r e m a i n d e r s  
of the  p r io r  m u l t i n u c l e a t e d  g i an t  cells. (Figures 5 a n d  6). 

The  ep i the lo id  po lygona l  cell h a d  a r e l a t ive ly  large 
nuc leus  w i t h  dense  a n d  s t rong ly  s t a ined  c h r o m a t i n e  and  
some t imes  w i t h  big  nucleolus  (Figures  7-9). These  ceils 
change  t h e i r  shape  d u r i n g  t h e  in  v i t ro  evo lu t ion .  A t  6-9  
days,  t he  p r o t o p l a s m i c  edges were  more  e longa t ed  a n d  
some t imes  cu rved  (Figures 10 and  11). Af te r  t he  2nd week  
of cul ture ,  these  cells were  larger,  w i t h  large  nucle i  full  of 
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