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Figure 1 shows the  different ia l  up take  of equimolar  
digi toxin and ouabain  into the  cells of the  gut  of O. 
/asciatus over t ime. The d i s t r ibu t ion  rat io of in terna l  to  
external  subs t ra te  concen t ra t ion  (DR) at  4 h is a t  an 
equi l ibr ium level of 0.4 for ouabain  compared  to 17.5 for 
unequi l ib ra ted  digi toxin  (assuming 80% tissue wa te r  
content) .  Low Na + buffer  effected a decreased up take  of 
digi toxin;  D R  at  4 h is 8.7. Similar results  were ob ta ined  
wi th  ouabain ;  D R  at  equiI ibrium is 0.09. A high concen-  
t r a t ion  of K+ (20 mM) had  no effect  on absorp t ion  of 
e i ther  subs t ra te  a t  2 rain, 10 rain and  1 h of incuba t ion ;  
nor  did an excess of ouabain  decrease digitoxin up take  
a t  1, 2, and 20 rain or 2 h. Figures  2 and 3 show t h a t  the  
up takes  of ouabain  and digi toxin  are nonsa turab le  and 
direct ly  p ropor t iona l  to concen t ra t ion  in the  ranges 
shown. O. /asciatus fed A. syriaca seeds conta in  carden-  
olides6; these animals  showed no signif icant  difference 
in ouabain  up take  f rom bugs  fed sunflower seeds. 

Up take  of bo th  ouabain  and digi toxin  into the  gut,  as 
repor ted  in this  s tudy,  exhibi ts  character is t ics  of diffusion. 

The fact  t h a t  digitoxin,  being only s l ight ly wa te r  soluble, 
has  a h igh l ip id-water  pa r t i t i on  coefficient  m a y  account  
for its observed concen t ra t ion  into t he  gut ;  ouabain  is 
highIy wa te r  soluble by  comparison.  In  addi t ion,  digi- 
toxin,  b u t  no t  ouabain,  is observed to  cross in tes t ina l  
m e m b r a n e s  rap id ly  in ve r t eb ra t e  sys tems  ~~ If  me t ab -  
olism of d igi toxin  occurs wi th in  the  cells, th i s  migh t  
fu r the r  account  for the  inabi l i ty  of th is  subs t ra te  to  reach 
equi l ibr ium even at  4 h. 

The preferent ia l  absorp t ion  of the  nonpola r  cardenol ide  
digi toxin  into the  gut  of O. /asciatus is to  be con t ra s t ed  
wi th  the  h igh  concen t ra t ion  of polar  cardenolides,  e.g. 
ouabain  and  digi toxin  metabol i tes ,  found in the  dorso- 
la teral  glands% Metabolic  and  selective concen t ra t ive  
processes m u s t  br ing about  this  reversal.  
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Summary. The effect  of insulin was examined  wi th  emphas is  on the  a l tera t ion in the  force-f requency relation. The 
results  show t h a t  insulin does no t  change  the  t ime to peak  tens ion  nor  the  t ime of cont rac t ion .  The inotropic  effect  was 
signif icant  and did no t  depend  upon  the  f requency  of s t imulat ion.  However ,  there  was a defini te  dependence  of the  
magn i tude  of the  inotropic  effect  on t empera tu re .  Previous  s tudies  have  indica ted  t h a t  the  inot ropic  effect  is not  a 
resul t  of increased subs t ra te  avai labi l i ty  or changes  in cAMP phosphodies te rase  act ivi ty .  These results  and those  re- 
por ted  here are cons i s tan t  w i th  the  hypothes i s  t h a t  insulin 's  inotropic  effect  is due to increases in intracellular  Ca ++. 

Al though  the  d o m i n a n t  act ion of insulin is in facil i tat-  
ing glucose en t ry  into the  cell, recent  results  indicate  
t h a t  it  is also an inotropic  agent  s. Since the  prefer red  
myocard ia l  subs t r a t e  is f a t t y  acids and no t  glucose, i t  is 
doubt fu l  t h a t  the  inotropic  effect  is a result  of a l te ra t ion  
in glucose metabol i sm.  Ano the r  exp lana t ion  for insul in 's  
inotropic  could be i t s  effect  on cAMP phosphodies te rase  
(PDE) 3. P re l iminary  s tudies  compar ing  the  effects of 
insulin w i th  o ther  P D E  effectors ( theophyl l ine and imid- 
azole) argue agains t  this.  Since ve ry  li t t le insulin pene-  

t r a t e s  into the  sarcoplasm 4, the  cause of the  inotropic  
effect  migh t  be an a l te ra t ion  of ion t ranspor t .  The s tudies  
p resen ted  here were conduc ted  to examine  more closely 
the  character is t ics  of the  change  in per formance  due to  
insulin using the  changes  in the  force-f requency relation.  

Methods. Cardiectomies were pe r fo rmed  on s t u n n ed  
female rabb i t s  weighing 2 3 kg. A papi l la ry  muscle f rom 
the  r ight  ventricIe was t ied (6-0 silk suture) and t h e n  
suspended  be tween  two silver s t imula t ing  electrodes.  The 
mean  muscle d iamete r  (1 g load) was  1.1 • 0.4 mm,  
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Effect of insulin on mechanical performance of rabbit pappillary muscle. Abscissa frequency of stimulation [Hz]; Ordinate = ratio 
:(K performance in the presence of insulin (10 mU/cc) vs control. ~ = maxinmm twitch tension; ~m~x = (a~/dt)m~x. Maximum time 
derivative of the tension. Points represent mean • S. E. M. (N = 11). Butyric acid (10 raM) substrate. 
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weight  = 4.1 • 2.3 mg. The muscle b a t h  was held a t  
24~ and  the  subs t r a t e  was b u t y r a t e  (10 mM).  I sometr ic  
con t rac t ions  were  ellicited (10 V, 2 ms) and the  resul t ing 
tw i t ch  tens ion (~) and  t ime  der iva t ive  (~) were recorded.  
i n  addi t ion,  the  metabol ic  ac t iv i ty  was moni to red  by  
recording changes  in the  in t r ami tochondr i a l  N A D H / N A D  
rat io using a mic ro f luoromete r  5. Each  muscle was sub- 
jec ted  to a series of 15 twi t ches  a t  7 d i f fe rent  f requencies;  
bovine insulin (10 mU/cc ;  Sigma Corp.) added  and  the  
series repeated .  

To combine  the  results  f rom the  individual  exper iments  
the  ra t io  of the  mechanica l  response wi th  insulin and the  
controI  values a t  each f requency  was formed.  These were 
combined  among  expe r imen t s  to obta in  the  cumula t ive  
results.  By combin ing  the  da t a  in this  way, the  errors 
due to in te r -an imal  differences are minimized.  Signif icant  
differences were de t e rmined  using the  pai red t - tes t  and 
the  Fisher  cumula t ive  Z 26. The significance level was 0.01. 

Results. The ne t  effect  of the  addi t ion  of insulin is 
given in the  table  below: 

Pmax: 1.00 -~ 0.14 "r: 1.22 -6 0.06 
TPT: 0.97 ~ 0.04 }m~x: 1.29 -6 0.05 

~min: 1.38 -6 0.11 

Values given are mean  ~_ S.E.M. rat ios (insulin/control) 
for all frequencies.  N = 11. Pma•  Max imum change  in 
N A D H  fluorescence;  T P T  = t ime to  peak  tens ion ;  T 
peak  twi t ch  tens ion;  v = d}/dt .  

fnsuIin did no t  s ignif icant ly  al ter  e i ther  the  metabol ic  
response (Pm~) or the  TPT.  However ,  there  is a signifi- 
cant  increase (22%) in tw i t ch  tension (T) which is ac- 
companied  by  a cor responding  increase in b o t h  the  
m a x i m u m  and m i n i m u m  t ime der iva t ive  of the  tens ion  
(~m~x and  ~,~i~). The dependance  upon  f requency  for th is  
inotropic  effect  is shown in the  figur e. E x c e p t  a t  the  
s lowest  f requency  (0.025 Hz), the  increase in b o t h  r and 
}m~ would appear  to  be cons tan t ,  i n d e p e n d e n t  of fre- 

quency.  The a p p a r e n t  drop  off a t  v = 0.6 Hz  is due  to 
the  muscle becoming  hypoxic  as indica ted  by  the N A D H  
fluorescence signal7. P re l imina ry  exper imen t s  (N = 6) to 
de te rmine  the  t e m p e r a t u r e  sens i t iv i ty  of this  inotropic  
effect  show no change in the  funct ional  relat ion b u t  an 
increase in the  magn i tude :  

T~/vc (23~ = 1.17 ~ 0.04 vs r~/Tc (30~ = 1.3. =c 0.03. 

Discussion. The da ta  p resen ted  here clearly show t h a t  
insulin is an inotropic  agent .  This effect  would appear  to 
be f requency  i n d e p e n d e n t  (figure) bu t  the  magn i tude  is 
sensi t ive to  t empera tu re .  The increase in z is paral le led 
by  a cor responding  increase in 6~ax. This mu tua l  increase 
is reflected by  no change  in the  TPT.  These da t a  sugges• 
t h a t  the  inot ropic  effect  of insulin is due to an increase in 
the  a m o u n t  of calcium available for release ra ther  t h a n  
a change in the  kinetics e.g. theophyl l ine  or epinephrine.  

Recen t  repor t s  s-~0 have  indica ted  t h a t  insulin causes 
release of m e m b r a n e  bound  Ca++ into the  cytoplasm.  
This effect  of insulin could explain the  da t a  repor ted  here. 
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Summary.  Responses  of pon t ine  ret icular  fo rmat ion  neurons  following single shock electrical s t imula t ion  of single 
semicircular  canals  were recorded wi th  t ungs t en  microelectrodes  in 40 curar ized guinea-pigs.  The field and un i t a ry  
po ten t ia l s  ob ta ined  f rom 62 re t icular  sites, exh ib i t ed  l a tency  values ranging f rom 0.3 to  2.5 msec. The early latencies 
(0.3-0.5 msec) have  been in t e rp re t ed  as responses  med ia ted  by  p r i ma ry  ves t ibu lar  fibres pro jec t ing  direct ly  to the  
re t icular  substance .  

The re la t ionships  be tween  the  ves t ibular  appa ra tus  and  
the  brain  s t em re t icular  fo rmat ion  (RF) have  been 
previously  invest igated~-% showing t h a t  the  R F  is 
ac t ive ly  involved,  especial ly in the  control  of eye move-  
ments .  In  fact,  electr ical  s t imula t ion  of t he  whole  ves- 
t ibu lar  nerve elicited evoked responses in the  pon to -  
medul la ry  ret icular  subs tance  7. Fur the rmore ,  separa te  
the rmic  s t imula t ions  of single semicircular  osseous canals,  
in the  guinea-pig, showed dif ferent  pa t t e rn s  of conver-  
gence of the  ampul l a ry  inpu t  on pa ramed ian  pon t ine  
ret icular  units  s. Therefore,  electrical s t imula t ion  of 
single ampul lae  seemed in teres t ing  in order  • s t u d y  the  
possible specifici ty of represen ta t ion  of a given semicir-  
cular canal  in the  re t icular  nuclei and to elicit field and 
un i t a ry  poten t ia l s  eva lua t ing  the i r  latencies.  
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