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Interaction of Inhibitory and Excitatory Junct ional  Potentials  in the Control of a Myogenic  Myo- 
cardium: the Ventricle of Busycon canaliculatum 

Vagal  an d s y m p a t h e t i c  s t imula t ion  have,  respect ively,  
hyperpolar iz ing  and  depolar iz ing effects on cardiac muscle  
cells of amph ib i a  1,~, rept i les  2, and  m a m m a l s  3,*, bu t  
indiv idual  pos t junc t iona l  po ten t i a l s  canno t  be discerned 
in the  hyperpola r iz ing  action,  and  the  depolar izing act ion 
appears  as an increase in the  slope of pacemaker  potent ia ls .  
In  op i s thobranch  gas t ropods  5, indiv idual  faci l i ta t ing and 
s u m m a t i n g  exc i t a to ry  and  inh ib i to ry  j unc t ional  po ten t ia l s  
can be recorded f rom cardiac muscle.  We  wished to  s tudy  
in some detai l  t he  in te rac t ion  of opposing  junc t iona l  
po ten t ia l s  in re la t ion to contrac t i le  force of myogenic  
cardiac  muscle.  Some of our resul ts  have  been  repor ted  
in a brief  abs t r ac t  3. 

We  s tudied  cardiac muscle  of t he  vent r ic le  of a pro-  
sobranch  gas t ropod,  Busycon (Busycotypus)  canaliculatum 
L. The me thods  were essent ia l ly  the  same as are being 
pub l i shed  elsewhere 7. The cardiac nerve  enters  tile 
ventr ic le  e m b e d d e d  in the  wall of the  aorta.  As it b ranches  
out  across t he  vent r ic le  the  cardiac nerve  remains  
e m b e d d e d  in a t h in  s t r and  of muscle.  Thus  the  'nerve '  is 
cont rac t i le  and  will r e t r ac t  if cut. In  order  to  record 
ex terna l ly  f rom the  in t ra -ven t r i cu la r  cardiac nerve,  the  
muscle m u s t  be cut  down.  The in t ra -ven t r i cu la r  cardiac 
nerve  was l i f ted on a pai r  of p l a t i num wire e lect rodes  for 
ex te rna l  recording.  St imuli  were appl ied to the  ex t ra-  
ven t r icu la r  cardiac nerve  (proximal  to  the  aorta) l if ted on 
a pai r  of p l a t i num  wire electrodes.  Convent iona l  glass 
microelect rodes  were used for in t racel lu lar  recording f rom 

vent r icu la r  muscle  and  mechanica l  responses  were  
recorded wi th  an RCA 5734 mechano-e lec t ronic  t rans -  
ducer.  

E x amp l e s  of hyperpolar iz ing  responses  and depolar iz ing 
responses are shown in Figure  1. Hyperpo la r i z ing  re- 
sponses were more  common.  Dur ing  repe t i t ive  nerve  
s t imula t ion  (visceral ganglion severed) po ten t i a l  difference 
(PD) gradual ly  increased (Figure 1A). W h e n  s t imulus  
in t ens i ty  was increased (arrow) ampl i tude  of c o m p o u n d  
nerve  act ion po ten t ia l s  increased and  the  hyperpolar iza-  
t i o n  was augmented .  However ,  as h igh in t ens i ty  s t imula-  
t ion  was cont inued,  depolar iza t ion  began  to prevail .  U p o n  
cessat ion of s t inmla t ion  a local depolar iz ing response  
ensued.  Such a depolar iz ing response  can induce a mechan-  
ical con t rac t ion  (Figure 1B). P r e s u m a b l y  the  local depol- 
ar izing response  indica tes  t h a t  dur ing  the  la t t e r  por t ion  
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Fig. 1. A) Extracellular record from cardiac nerve (upper beam). In- 
tracellular record from ventrieular muscle (lower beam). B) Additio- 
nal lowermost channel: tension. Calibration: 1 see, 50 [xV, 5 mV, 1 g. 
C) and D) Extraeellular record from cardiac nerve (upper beain). In- 
tracellular record from ventricular muscle (lower beam). Calibration : 
1 see, 50 ~xV, 3 mV. 
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Fig. 2. A) Extracellular record from cardiac nerve (upper beam) and 
intracellular record from ventricular muscle (lower beam). Calibra- 
tion: 2 sec, 100 ~V, 1 mV. 13) Upper beam indicates points of stimu- 
lation. Lower beam : intracellular record from veiltricular muscle. 
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of the  period of s t imula t ion  bo th  inhib i tory  and exci ta-  
to ry  nerve  fibers were ac t ive  and tha t  rebound exc i ta t ion  
followed the  cessation of the  inh ib i tory  discharge. An 
example  of a depolar iz ing response is shown in Figure  1C. 
Dur ing  repe t i t ive  nerve  s t imula t ion  (ganglion severed) 
depolar izat ion gradual ly  increased (Figure 1C). Spontan-  
eous oscil lat ion somet imes  was apparen t  even before the  
beginning of nerve  s t imula t ion  (Figure 1D). As depolariza- 
t ion grew, in response to repe t i t ive  nerve  s t imulat ion,  the  
oscil lat ion increased correspondingly in ampl i tude.  At  the  
arrow (Figure 1D) s t imulus s t rength  was increased. When  
the  cardiac nerve  was s t imula ted  jus t  a t  inh ib i to ry  
threshold intensi ty ,  ,compound nerve  act ion potent ia ls  
appeared,  of i n t e rmi t t en t l y  f luc tua t ing  ampl i tude ,  as in 
the first  pa r t  of the  record in Figure  2A. The largest  of 
these nerve  act ion potent ia ls  induced un i t a ry  inhib i tory  
junc t iona l  potent ials .  W h e n  supra threshold  s t imula t ion  
was given (arrow) repe t i t ive  large compound  nerve  act ion 
potent ia ls  evoked repe t i t ive  summat ing  inh ib i to ry  junc- 
t ional  potent ia ls .  These m a y  hold the  membranes  hyper-  
polarized. 

In  Figure  2B, we see t h a t  rebound exc i ta t ion  f rom 
inhib i tory  junc t iona l  potent ia ls  and usual  exci ta t ion  f rom 
exc i ta to ry  junc t iona l  potent ia ls  can occur a t  the  same 

time. Nerve  s t imula t ion  first  induced hyperpolar izat ion,  
bu t  then  depolar izat ion prevai led.  An act ion po ten t ia l  
followed cessation of s t imulat ion.  I t  m a y  be though t  t h a t  
this kind of over lapping action causes especially rapid and 
strong exci ta t ion  8. 

Rdsumd. Les auteurs  out  6tudi6, par  micro61ectrode 
interne,  l ' in te rac t ion  entre les potent ie ls  pos t synap t ique  
inhibi toire  et exci ta t i f  dans un myocarde  myog6nique.  Ils 
ont  observ6 la sommat ion  de ces potent ie ls  et leur act ion 
faci l i tant  l ' inhibi t ion  par  hyperpolar iza t ion  et l ' exc i ta t ion  
par  depolarisat ion.  
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D e c r e a s e d  B l o o d  P c o 2  in  the  O v i n e  F o e t u s  D u r i n g  H y p e r t h e r m i a :  I m p l i c a t i o n s  for  I n c r e a s e d  P l a -  
c e n t a l  B l o o d  F l o w  

"During exper iments  designed to examine  factors  
de te rmin ing  the  onset  of pa r tu r i t ion  and the  t ime  a t  
which the  foetus first  becomes thermosensi t ive ,  we have  
observed t h a t  the rmal ly - induced  hyperven t i l a t ion  in the  
ewe caused a far greater  depression of Peo2 in foetal,  as 
opposed to ma te rna l  b lood;  a l ikely exp lana t ion  for this 
is t h a t  p lacenta l  blood flow increased. 

I t  has recent ly  been shown t h a t  in ti le conscious sheep, 
the  difference betwee:a ma te rna l  and foetal  blood Po~, 
Pco2 and p H  remained  v i r tua l ly  cons tan t  dur ing small  
f luc tua t ions  in these parameters  1. However ,  large changes 
in blood gas s ta tus  of the  ewe induced by  ar t i f ic ial  hyper-  
ven t i l a t ion  or by admin is t ra t ion  of gas mixtures ,  resul ted 
in wide var ia t ions  in the  materno- foe ta l  blood Po~ differ- 
ence, whereas  the  Peo2 difference remained  essent ia l ly  
constant .  These l a t t e r  studies were per formed ei ther  wi th  
tl le ewe under  general  anaes thes ia  and the  foetus in ute- 
ro ~, or w i th  the  ewe under  spinal anaesthesia  and the  
foetus pa r t ly  exposed~. 

2Kethods. One 1Kerino•  (sheep No. 1) and 2 
Border  Leicester  •  (sheep Nos. 2 and 3) foetuses 
were surgical ly  perpared  and main ta ined  wi th  a v iny l  
ca the te r  (1 m m  i.d., 2 m m  o.d.) in the  left  c o m m o n  carot id  
a r te ry  as described by  BASSXTT, THORBURN and WALLAC:E 4. 
A t  the  same opera t ion  a copper -cons tan tan  the rmocouple  
(38 swg.) clad in v iny l  was sutured into the  sheath  of the  
r igh t  c o m m o n  carot id  a r t e ry  of the  foetus and ewe to 
pe rmi t  the  moni tor ing  of foetal  and ma te rna l  ar ter ia l  
blood t empera tu res  (Tar, 4-0.05~ Blood samples (2 ml) 
were d rawn into chilled, hepar in ized  syringes. The Po2, 
Pco2 and p H  were measured  a t  38~ using a R a d i o m e t e r  
BMS 3 electrode system, and corrected to the  animals '  
t empera tu re  wi th  appropr ia te  factorsS, L shown to be 
appl icable  to the  sheep 7. Oxyhaemoglob in  sa tura t ion  
(Sos) was measured  using an I n s t r u m e n t a t i o n  Labora to ry  
CO-Oximeter  (Model 182) cal ibra ted for use wi th  sheep 
blood s. 

Animals  were housed together  in a c l imatic  room wi th  
an ambien t  dry  bulb t empera tu re  of app rox ima te ly  16~ 
Observat ions  were made  on sheep Nos. 2 and 3 dur ing the  
last  16 days of the  150 days gestat ion period. A modera te  
hea t  stress was imposed be tween  day  - -14  and - -10 of 
p regnancy  (day 0 is day  of birth) by rais ing the  ambien t  
t empera tu res  to 40~ dry  bulb and 26~ wet  bulb. Tem- 
pera tures  of the  ewe and foetus were recorded conti-  
nuously  for 1 h periods in the  early morning,  m i d d a y  and 
late  af ternoon of eve ry  day ;  a blood sample  was d rawn 
from the  foetus dur ing each morn ing  period. Sheep No. 1 
was s tudied f rom day  - -26 bu t  observat ions  re levan t  to 
the  present  repor t  were made  only on day --25. This  
p repara t ion  had addi t ional  catheters ,  1 in all umbi l ica l  
ve in  of the  foetus and 1 in a ma te rna l  common  carot id  
ar tery.  On day  --25 t empera tu res  were moni tored  conti-  
nuously  for 11/2 h before, 3 h dur ing and 2 h af ter  exposure 
to modera te  hea t  stress; 2 blood samples were t aken  
before and after,  and 3 dur ing  hea t  exposure.  

Results and discussion. Ind iv idua l  results for each 
animal  are summar ized  in the  Table,  wherein mean  values 
are g iven for the  var ious  paramete rs  d u r i n g  the  control  
periods (pre- and post  heat ing) and dur ing hea t  exposure.  
Foe ta l  Tar was normal ly  0.4-0.5~ higher  t han  ma te rna l  
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