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Fig. 2. Subnnit composition of variant supernatant malate dehydro- 
genase (S-MDH) isozymes. Left: Hypothesis 1 a) both A and B 
subunits are encoded in duplicate S-MDH loci. The BB S-MDH 
isozyme coincides in electrophoretie mobility with the M-MDH 
isozyme or b) 13 subunits are encoded in the M-MDH locus and A 
subunits are encoded in the S-MDH locus. The appearance of BA 
or BA' isozymes represent sharing of subunits from different loci. 
Right: Hypothesis 2. The S-MDH may exist as both dimers and 
monomers (with the dimers possessing slower mobility because of 
sieving action of the gel). 

p h e n o t y p e  (Figure 1, r ight)  was  on ly  obse rved  in one f ish 
wh ich  was p r o b a b l y  he te rozygous  a t  both t h e  S - M D H  
locus a n d  t he  M - M D H  locus. 

I n  conclusion,  F. heteroclitus has  c o d o m i n a n t  allelic 
v a r i a n t s  a t  b o t h  t he  S -MDH locus and  t he  M - M D H  locus. 
The  genet ic  v a r i a n t s  encoded  in b o t h  loci are e v e n l y  
d i s t r i b u t e d  a m o n g  males  and  females  which  suggests  t h a t  
t h e y  are  au to soma l ly  inher i t ed .  The  h igh  degree of iso- 
zyme  p o l y m o r p h i s m  obse rved  for  m a l a t e  d e h y d r o g e n a s e  
has  also been  obse rved  for o the r  Funduh~s isozymes,  e.g., 
l a c t a t e  d e h y d r o g e n a s e  8,1~ and  es terases  15. Thus,  F. hetero- 
clitus appea r s  to  be  a n  exce l len t  o rgan i sm to employ  for  
i nves t i ga t i ng  t h e  l inkage  re la t ionsh ips  of genes encoding  
these  isozymes 10. 
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Act ive  T r a n s p o r t  in the Rabbit  B l a s t o c y s t  

The  r a b b i t  e m b r y o  begins  to  a c c u m u l a t e  f luid to  fo rm a 
cen t r a l  c a v i t y  be twe en  3 and  4 days  a f te r  m a t i ng .  I n i t i a l l y  
th i s  process  is slow b u t  t h e  eff iciency of t r a n s p o r t  in- 
creases w i t h  t i m e  so t h a t  b y  t h e  n i n t h  day  each  cell t r ans -  
por t s  a b o u t  20 t imes  i ts  own vo lume  of f luid eve ry  h o u r  1. 
D u r i n g  t h e  earl ier  s tages  of deve lopmen t ,  f luid w i t h i n  t h e  
b l a s tocys t  con t a in s  h igh  c o n c e n t r a t i o n s  of p o t a s s i u m  a n d  
b i c a r b o n a t e  and  low c o n c e n t r a t i o n s  of sod ium a n d  
chlor ide  re la t ive  to serum,  b u t  l a t e r  t he  c o n c e n t r a t i o n s  of 
a l l 4  ions a p p r o a c h  those  found  in s e rum ~-~. T he  p r e sen t  
work  uses cu l t u r ed  b l a s tocys t s  to  s t u d y  some of t h e  
fac tors  con t ro l l ing  w a t e r  and  ion m o v e m e n t s  across th i s  
tissue. 

New Zea land  wh i t e  r a b b i t s  weighing  2-3 kg were kil led 
b y  t he  i.v. i n j ec t ion  of p e n t o b a r b i t o n  sodium,  exac t ly  6 
days  a f te r  ma t i ng .  The  u t e rus  was r e m o v e d  a n d  t he  
b l a s tocys t s  exposed  b y  b l u n t  dissect ion.  E a c h  b t a s t o c y s t  
was  p laced  on  a p l a t i n u m  loop to be  weighed on  a sens i t ive  
to r s ion  ba l ance  (0-50 :k 0.1 mg) before  be ing  t r an s f e r r ed  
to  1 illl t i ssue  cu l tu re  m e d i u m  '199'  (Glaxo Labs .  Ltd . ,  
Greenford,  Eng land )  c o n t a i n i n g  a n  a d d i t i o n a l  12 m M  
NaC1. The  cu l tu re  m e d i u m  was m a i n t a i n e d  a t  37 ~ a n d  
gassed w i t h  95~o ai r  + 5~o CO2. B la s tocys t s  were l a t e r  
removed ,  weighed  and  samples  t a k e n  for analysis .  To 
ana lyze  for b i c a r b o n a t e  t h e  b l a s t o c y s t  was p u n c t u r e d  and  
10-20 ~xl f luid sucked i m m e d i a t e l y  in to  a Na t e l son  micro-  
gasometer .  The  sample  was sealed w i t h  mercury ,  i t s  
v o l u m e  read  and  t he  b i c a r b o n a t e  c o n t e n t  t h e n  de ter -  
m ined  in t h e  usua l  way.  O the r  samples  were ana lyzed  for 
sod ium a n d  p o t a s s i u m  b y  f lame p h o t o m e t r y  ( E v a n s  
E lec t ro  Se len ium E E L )  a f t e r  su i t ab le  d i lu t ion  w i t h  dis- 
t i l led water .  Chlor ide d e t e r m i n a t i o n s  were car r ied  ou t  b y  
m i c r o - t i t r a t i o n  aga ins t  s i lver  n i t r a t e  us ing  a po ten t io -  
met r ic  m e t h o d  to  de tec t  t h e  end  point~.  P a r t i c u l a r  care 
was t a k e n  to o b t a i n  a n d  d i lu te  samples  as soon as possible  

a f t e r  r e m o v i n g  b l a s tocys t s  f rom the  cu l tu re  m e d i u m  to 
avo id  errors  caused b y  evapora t ion .  

The  b l a s tocys t  be ing  a closed sys t em m u s t  p roduce  cells 
b y  mi tos is  to  p rov ide  space for  t r a n s p o r t e d  fluid. The  con- 
t r i b u t i o n  new cells m a k e  to  t o t a l  f luid t r a n s p o r t  c an  be  
al lowed for b y  a s suming  t h a t  b o t h  t h e  cell size a n d  w a t e r  
in f lux  pe r  u n i t  surface a rea  r e m a i n  c o n s t a n t  d u r i n g  cul- 
ture .  T h e n  t h e  t o t a l  in f lux  in to  a spher ica l  b l a s tocys t  of 
rad ius  r is 4xr~f, where  i is t he  c o n s t a n t  inf lux  pe r  u n i t  
surface  area.  The  rad ius  increases  a t  a c o n s t a n t  r a t e  a n d  
t he  t i m e  needed  for t he  b l a s t o c y s t  to  doub le  i t s  v o l u m e  
( the doub l ing  t ime)  can  be  ca lcu la ted  as 0.26/f.r0, where  
r 0 is the  in i t ia l  radius .  I t  was  decided to use t h e  doub l ing  
t i m e  as a measu re  of t he  r a t e  of f luid t r anspo r t .  This  t i m e  
did  depend  howeve r  on r 0 and  the re fore  on  t he  in i t ia l  size 
of t he  b las tocys t .  For  b l a s tocys t s  weighing  f rom 5-25 mg, 
t a k e n  6 days  a f t e r  m a t i n g  a n d  cu l tu red  for 7 h, t he  doubl -  
ing t i m e  va r i ed  f rom 8.2 to  12.2 h. The  cor re la t ion  be-  
t w e e n  t h e  in i t ia l  we igh t  and  doub l ing  t i m e  was s ign i f ican t  
(r = 0.56, P < 0 . 0 5 ,  t = 2.8, 19 observa t ions ) .  E r ro r s  
f rom th i s  source  were min imized  b y  ensur ing  t h a t  b las to -  
cys ts  chosen  for  each  e x p e r i m e n t a l  series r ep re sen t ed  t h e  
whole  r ange  of in i t i a l  weights .  

F igure  1 shows t he  t i m e  course  of b l a s tocys t  expans ion  
in cu l tu re  m e d i u m  over  an  8-h period.  The  ca lcu la ted  
doub l ing  t i m e  rose f rom 4 h, for a 1-h incuba t ion ,  to  10 h 
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af ter  i ncuba t ion  for 8 h, mos t  of th is  increase occurr ing 
dur ing  the  f irs t  3 h of incubat ion .  Some fluid m o v e m e n t  
in the  early s tages m i g h t  resul t  f rom a sl ight  osmot ic  im- 
balance  be tween  the  cul ture  m e d i u m  and  the  fluid wi th in  
the  b las tocys t .  A cul ture  t ime  of 7 h was chosen for sub-  
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Fig. 1. Time course for blastocyst expansion in tissue culture 
medium. Blastocysts, removed from rabbits 6 days after mating, 
were placed in culture medium at 37 ~ gased with 95% air + 5% 
CO 2. The difference between the initial and final weight was used to 
calculate the time needed for the blastocyst to double its volume. 
Points represent single observations with the exception of that 
determined after 7 h incubation which gives the mean -4- S.E. of 
19 observations. 
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Fig. 2. Effect of ouabain and acetazolamide on fluid transport in the 
rabbit blastoeyst. Blastoeysts were weighed and incubated in tissue 
culture medium for a period of 7 h as described in Figure 1. Each 
point gives the mean of from 5-19 observations ~- S.E. �9169 
ouabain; O--Q, aeetazolamide. 

sequen t  exper iments .  By  this  t ime  the  b las tocys ts  had  
increased the i r  vo lume by  70%, osmotic  effects had  be- 
come negligible in re la t ion to to ta l  t r a n s p o r t  and  the  
doubl ing t ime  was found to be reasonably  co n s t an t  
(10.3 :~ 0.46 h, m e a n  :~ S.E.). 

Figure 2 shows the  effect  2 inhib i tors  of ion t r anspor t ,  
ouabain  and acetazolamide,  had  on the  calcula ted doubl ing 
t ime  measured  af ter  a 7-h incubat ion.  The log concent ra-  
t ion-effect  curve was near ly  l inear over  a hundred- fo ld  
range of concen t ra t ion  for ouaba in  bu t  w i th  acetazol-  
amide  the  change  f rom no inhib i t ion  to  full inhib i t ion  took 
place ve ry  suddenly .  Concent ra t ions  of ouaba in  (5 • 
10-4M) and  ace tazolamide  (10-8M) were chosen to  block 
fluid t r a n s p o r t  in fu r the r  expe r imen t s  to de te rmine  the i r  
effects on the  t r a n s p o r t  of d i f ferent  ions. 

The Table  shows the  mean  concen t ra t ions  of Na  +, K +  
CI- and  HCO 6- found  in b las tocys t  fluid t aken  imme-  
d ia te ly  af ter  r emova l  f rom the  u terus  or af ter  incuba t ion  
for 7 h in cul ture  medium.  The init ial  concen t ra t ions  of all 
4 ions were s imilar  to  values repor ted  previously  8,~. A 
large ne t  t ransfer  of Na+ and  CI- accompan ied  wa te r  
t r a n s p o r t  into the  b las tocys t  i ncuba ted  unde r  contro l  con- 
di t ions  b u t  there  was no ne t  t r a n s p o r t  of K+ or HCO3-. 
The concen t ra t ions  of these  la t t e r  2 ions were abou t  ha lved  
dur ing  incuba t ion  due to the  inf lux of water .  Cooling the  
b las tocys t  reduced  net  m o v e m e n t s  of Na  + and  CI-, p a r t  
of the  C1- inf lux now appear ing  to  be in exchange  for 
HCO3-. There  was no ne t  t r a n s p o r t  of K+ and  the  res idual  
f lux of wa te r  was p ro b ab l y  caused by  the  2 solut ions 
coming into osmot ic  equil ibrium. Acetazolamide  inh ib i ted  
wa te r  t r a n s p o r t  and  caused a much  greater  loss of HCO 3- 
and  gain in CI- t h a n  did cooling. Blas tocys ts  i ncuba ted  
wi th  ace tazolamide  also lost K +. The reduc t ion  in Na  + 
t r a n s p o r t  was no t  complete .  Ouabain  inhib i ted  the  wa te r  
f lux to  an ex t en t  equal  to  cooling or t r e a t m e n t  wi th  
ace tazolamide  and there  was some exchange  of C1- for 
HCOa-, t h o u g h  less t h a n  when  ace tazo lamide  was used. 
The major  effect  of ouabain  was to inh ib i t  t he  t r a n s p o r t  
of bo th  Na  + and CI-. 

Ouaba in  inhibi ts  t r a n s p o r t  ATPase  and  its effect  on 
Na+ t r a n s p o r t  in the  b las tocys t  suggests  t h a t  th is  enzyme  
p u m p s  sod ium out  of t he  t rophob la s t  cells into the  blas to-  
coel dur ing  deve lopment .  The act ion of ace tazo lamide  is 
more  obscure,  it  inhib i t s  carbonic  anhydrase  6, an enzyme  
known to be p resen t  in r abb i t  b las tocys t s  7, bu t  i t  also 

T. B. COUNIHAN, B. 5f. EVANS and ~V[. D. MILNE, Clin. Sci. 73, 583 
(1954). 

Ionic composition of rabbit blastocyst fluid taken 6 days after mating, before and after incubation in tissue culture medium 

Conditions of incubation Concentration (mM) Net transport (b~moles) Water 
Na + K+ CI- HCQ- Na+ K + C1- HCQ- (btl) 

Culture medium 135 5.0 138 7 
Time 0 144 9.2 88 71 
7 h[37 ~ 128 5.7 103 33 7.0 0 8.8 0.1 68.2 
7 h/0 ~ 134 9.3 94 59 0.5 0.1 1.7 --0.6 18.2 
Acetazolamide, 7 h/37 ~ 144 5.1 118 32 2.5 --0.3 5.5 --3.7 18.1 
Ouabain, 7 h/37 ~ X 10-4M 140 7.2 99 45 2.1 --0.1 2.8 --1.7 18.6 

The ionic composition of the culture medium is also given for comparison. The net transport of different ions and water have been calculated 
assuming 100 [zl of blastocyst fluid, of the composition given as time 0 in the Table, to be present at the start of incubation. Each value 
gives the mean of from 4-11 analyses. Analyses for Na +, K+ and C1- were performed on identical samples; HCO a- determinations were made 
on separate samples. 
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inhib i t s  act ive chloride t r anspo r t  in t issues such as the  
gastric mucosa  s and  the  re la t ionship  be tween  these  two  
effects is far f rom clear. Nei ther  are the  effects of ouabain  
and ace tazolamide  comple te ly  specific for single t r anspo r t  
processes, an over lap occurs similar  to  t h a t  seen in k idney 
tubu la r  absorp t ion  where  ouabain  or r emova l  of HCO 8- 
b o t h  cause a lmost  comple te  inhibi t ion of Na+ reabsorp-  
t ion 9. Bo th  t r a n s p o r t  ATPase  and carbonic  anhydrase  
appear  essent ial  for op t ima l  t r a n s p o r t  to  occur, b u t  the  
exac t  na tu re  of t he  in t e rdependence  be tween  the  two 
remains  obscure ~0. 

I1 nous semble  done que c 'es t  le t r a n s p o r t  de l 'A T Pas e  qui 
ex t ra i t  le chlorure de soude et  que l ' anhyd ra se  ca rbon ique  
y concour t  m a i n t e n a n t  une concen t ra t ion  elev6e de bi- 
ca rbona te  k l ' int6r ieur  du b las tokys te .  

M. W. SMITH 

A .R.C. Institute of Animal  Physiology, 
Babraham, Cambridge (England), 26 January 1970. 

Rdsumd. Des b las tokys tes  on t  6t6 pris ~ des lapins  6 
jours  apr~s l ' accoup lement  et  couv6s in v i t ro  p e n d a n t  7 h. 
Le t r a n s p o r t  d ' eau  et  de chlorure de soude a 6t6 arr~t6 pa r  
l 'ouabaine  ou par  refroidissement .  L 'ac6 tazo lamide  m e t  
en 6quillibre les concen t ra t ions  de b icarbonate-chlorure .  
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Induced Changes  of Act ion Potential  on Cardiac 

According to  cur ren t  views1-3, t he  act ion po ten t i a l  of 
m a m m a l i a n  ventr ic le  ini t ia tes  con t rac t ion  (a) by  causing 
Ca ions to en te r  the  cell t h rough  the  surface m e m b r a n e  
and (b) by  l ibera t ing calcium f rom intracel lular  stores. In  
the  p resen t  expe r imen t s  i t  has  been  shown t h a t  t he  level 
of m e m b r a n e  po ten t i a l  dur ing the  f irs t  th i rd  of an act ion 
po ten t i a l  de te rmines  the  ra te  of tens ion  deve lopmen t  and  
sets the  ' t ime  to  peak ' .  The  p resen t  results  are comple-  
m e n t a r y  to  those  previous ly  r epor ted  by  MORAD and  
TRAUTWEIN 1. 

Methods. Sheep or calf r ight  ven t r icu la r  t rabeculae  
were placed in a 3 - compar tmen t  chambe r  as descr ibed by  
WOOD et al.K The middle  chamber  was perfused  wi th  
sucrose solut ion and the  o ther  2 wi th  Tyrode.  Current  was 
made  to  flow be tween  the  2 ends  of the  bundle  which  were 
in con tac t  wi th  Tyrode  solution. Tension and  int racel lular  
po ten t i a l  were recorded f rom a leng th  of less t h a n  1 ram. 
The dr iving ra te  was 24/rain. 

Results. At a t e m p e r a t u r e  of 32 ~ the  act ion po ten t i a l  
las ted for abou t  400 msec (Figure 1). Pulses  of 50 msec 
decreased the  ra te  of tens ion  deve lopmen t  (dP/dt)  when  

Contrac t ion  

the  ampl i tude  of t he  act ion po ten t i a l  was increased 
(Figure 1, A) and had  the  opposi te  effect  when  the  ampl i -  
tude  of the  act ion po ten t i a l  was decreased (Figure 1, B). 
These effects on tens ion  were largest  when  the  pulses were 
appl ied early dur ing  act iv i ty .  Af te r  abou t  150 msec fol- 
lowing the  onset  of the  act ion potent ia l ,  the  pulses had  
no effect  on e i ther  d P / d t  or on the  t ime  to  peak. 

Pulses of several  h u n d r e d  msec, which increased the  
ampl i tude  and  the  dura t ion  of t he  act ion po ten t i a l  
(Figure 2), resul ted  in a decrease of the  init ial  tw i t ch ;  
tens ion  was par t ia l ly  ma in t a ined  t h r o u g h o u t  the  in terval  
of m e m b r a n e  depolar iza t ion and upon  swi tching  off t he  
d.c. pulse, concomi t an t  wi th  m e m b r a n e  repolar izat ion,  

1 IV[. MORAD and W. TRAUTWEIN, Pfltigers Arch. ges. Physiol. 299, 
66 (1968). 

2 F. KAVALER, Am. J. Physiol. 197, 968 (1959). 
3 E. H. WooD, IR. L. HEPPNER and S. WEIDMANN, Circulation Res. 

24, 409 (1969). 

~o mV 

I 
I 
Z50mg 
1 

Fig. 1. Superimposed action potentials (upper records) and 
contractions (lower records) of a sheep ventricular bundle, 
0.8 mm thiek. Arrows point to the tension records as obtained 
under control conditions. Constant current (0.02 mA) made 
to flow for 50 msec, beginning 10 msec after the driving 
stimulus. The rate of tension development was depressed by 
increasing the action potential amplitude (A), and enhanced 
by decreasing the action potential amplitude (B). 
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Fig. 2. Superimposed records from a calf ventricular bundle, 0.7 mm 
1" thick. A pulse of constant current (0.02 mA, 550 msec) was applied 

Z~0m~ 10, 60 and 160 msec after the driving stimulus. Note the effect on the 
1 initial twitch, on maintained tension, and on the appearance of a 

second twitch. 


