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D e v e l o p m e n t  of the  S teady  Potent ia l  D i f f erences  

The electrical ac t iv i ty  of the  optic afferent  s y s t e m  in 
chick embryos  is established at  the  break  be tween day 
17 and 18 of incubationS= a. The  onset  of funct ional  
ac t iv i ty  of this  system is based on synchronized matura -  
t ion of pher iphera l  receptor  and of projec t ion  centers in 
optic rectum.  W e  performed this  s tudy  of the  develop- 
m e n t  of. DC poten t ia l  of eyebM1 in chick embryos  wi th  
the  aim of fur ther  descript ion of deve lopmenta l  stages of 
per ipheral  optic  receptor.  

Material and methods. 70 chick embryos  (10 per  day  of 
incubation) of whi te  Leghorns  at  the  age f rom day 15 to 
21 incubat ion were used. No anesthesia  was applied. The 
head of embryo  was f ixed in a special stand. Bo th  eyelids 
and n ic t i ta t ing  membrane  were r emoved  wi thou t  bleeding. 
The  fine wick calomel  electrodes were used : one electrode 
was placed in the  center  of corneal  surface, the  o ther  one 
on the  externa l  surface of eyebal l  a t  the  equator ia l  level  
some m m  behind the  corneal  l imbus.  S teady  po ten t ia l  
differences were read out  f rom the  scale of compensat ion  
mi l l ivo l tmete r  wi th  cathode follower input  (grid current  
< 5 X l 0 - n A ,  inpu t  impedance  > 2 •176 The 
values of s teady  po ten t ia l  were measured  in 30-see inter-  
vals dur ing 5 min  af ter  a r rangement  of electrodes. The  
exper iments  were carried out  in darkness in an incuba tor  
at  37 ~ 

Results. The DC potent ia l  of eyeball  increased in 3 
stages. The  first  s ignif icant  increase occured be tween  day 
15 and 16 of incubat ion:  f rom 0.92 :~ 0.21 mV to 1.87 4- 
0.23 mV (p < 0.01). The  second stage was be tween  day 
17 and 18 of incubat ion:  the  DC potent ia l  increased f rom 
2.57 :t= 0.63 mV to 6.51 -4- 0.46 mV (p < 0.001). Then  the  
s teady potent ia l  developed gradual ly  to the  value  of 9.26 
~: 0.76 mV in 21-day-old embryos,  bu t  the  signif icant  
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Developmental values of steady potential differences of the eyeball in 
chick embryos. Columns: mean 4- s.d. (n = 10 per day of incubation). 

of the  Eyebal l  in Chick  E m b r y o s  

difference was be tween  day 18 and 21 only (p < 0.002) 
(Figure). 

The deve lopmenta l  differences were manifes ted also in 
the  s tabi l i ty  of DC potent ia l  of eyeball  wi th in  5 rain of 
measurement .  I t  was shown t h a t  the  s tabi l i ty  developed 
in the  same stages as the  va lue  of DC potent ial .  The  s teady 
po ten t ia l  differences decreased in 15-day-old embryos  
wi th in  5 min  of measuremen t  by  85 % of ini t ial  value,  in 
16- and 17-day-old embryos  by  60.4 %, whilst  in 18 to 21- 
day  old embryos  on anaverage  by  22.5 % of init ial  va lue  
only. 

Discussion. The s teady po ten t ia l  differences of the  
eyeball  m a y  be der ived main ly  f rom 3 sources: f rom the  
ac t iv i ty  of ci l iary body s, 6, f rom the  ac t iv i ty  of re t inal  
p igment  ceils 7 and f rom ret inal  neuronal  e lements  s which 
are the  deve lopmenta l  der ivates  of the  optic rectum. 

The main  cri t ical  poin~ of the  DC potent ia l  of eyeball  
deve lopment  was around day 17 of incubat ion  s imilar ly  
to the  deve lopment  of s teady electrical  propert ies  of brain 
par ts  in chick embryos  4, 9. This cr i t ical  m o m e n t  is in full 
accordance wi th  the  funct ional  onset  of optic  afferent  
sys tem at  the  break be tween day 17 and 18 of incubat ion  ~. 

The  deve lopment  of DC poten t ia l  of the  eyeball  i n  
chick embryos  is a fur ther  proof for the  considerat ion 
t h a t  the  peripheral  par t  of optic afferent  sys tem undergoes 
around day 17 of incubat ion  essential  changes of matura -  
t ion  which ensure the  onset  i ts funct ional  a c t i v i t y  1~ 

Rdsumd. Le potent ie l  D.C. mesur6 sur la surface du 
globe oculaire de l ' embryon  de poule t  croft ~ par t i r  du 
156me jour  de 0.92 • 0.21 mV jusqu '  ~ 9.26 i 0.76 mV 
au 21~me jour  1'incubation. L ' a u g m e n t a t i o n  m a x i m u m  
se si tue entre le 176me et 186me jour  (2.57 et 6.61 mV). 
El le  correspond ~ la mise en jeu de l ' apparei l  visuel  
aff6rent. La  stabili t6 du potent ie l  D.C. du globe oculaire 
est d i rec tement  propor t ionnel le  ~ sa valeut .  
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C h r o n o t r o p i c  C h a n g e s  due  to  P e r i c a r d i a l  D i s t e n s i o n  in I so la ted  F r o g  H e a r t s  P e r f u s e d  in s i tu  

The influence of mechanica l  s trech induced by  changing 
the  in t ra luminal  pressure in the  chamber  conta in ing the  
cardiac pacemaker ,  on the  chronotropic  response of 
amphib ian  and m a m m a l i a n  hearts,  has been ex tens ive ly  
inves t iga ted  (PATHAK 1-5) and i t  has been demons t ra ted  
tha t  mechanica l  s t re tch acts as a fundamenta l  s t imulus  for 
intrinsic au toregula t ion  of pacemaker  (PATHAK ~' 7). This  
work  was p rompted  by  t h e  considerat ion t h a t  pacemaker  

\ 

cell conf igurat ion and I ibre- lenght  is also l ikely to be 
al tered by  ex t ramura l  pressure changes. Since this aspect  
of per icardial  t a m p o n a d e  has not  been inves t iga ted  so far, 
a p re l iminary  repor t  would be s t imulat ing.  

Material and methods. Hear t s  of decapi ta ted  frogs were 
perfused in situ th rough  the  poster ior  vena  cava  a t  a 
cons tant  op t imal  pressure of 3 cm. I-I~O (PATHAK 1-3) 
regula ted  by  an overf low device, t he  ve loc i ty  of f low being 
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k e p t  c o n s t a n t  w i t h  t h e  h e l p  of  a s p e c i a l l y  d e s i g n e d  
c a n n u l a  c o n n e c t e d  t o  a r e s e r v o i r  c o n t a i n i n g  R i n g e r ' s  
s o l u t i o n  (NaC1 102 m Y f ;  KC1 1 m M ;  CaCI~ 1 m M  a n d  
N a H C O  a 1 m M ) .  T h e  p H  of  R i n g e r ' s  s o l u t i o n  w a s  a b o u t  
7.6. T h e  e x p e r i m e n t s  w e r e  d o n e  a t  r o o m  t e m p e r a t u r e .  
P e r i c a r d i a 1  d i s t e n s i o n  w a s  c o n d u c t e d  in  g r a d e d  s t e p s  b y  
i n j e c t i n g  R i n g e r ' s  s o l u t i o n  t a k e n  t r o m  t h e  p e r f u s i o n  
r e s e r v o i r  in  0.5 m l  o r  1 m l  i n c r e m e n t s  f r o m  a s y r i n g e  
c o n n e c t e d  t o  a p o l y t h e n e  c a t h e t e r  p l a c e d  in  t h e  p e r i c a r d i a l  
c a v i t y  n e a r  t h e  a t r i o v e n t r i c u l a r  g r o o v e  a n d  t i e d  s e c u r e l y .  
S u d d e n  d i s t e n s i o n  w a s  a l so  c o n d u c t e d  in  s o m e  h e a r t s  b y  
i n j e c t i n g  l a r g e r  v o l u m e s  (2 t o  5 ml )  in  o n e  s h o t .  T o  e x c l u d e  
t h e  p o s s i b i l i t y  of  i on i c  i n v o l v e m e n t ,  t h e  p e r i c a r d i a l  d i s -  
t e n s i o n  w a s  a l so  c o n d u c t e d  w i t h  a i r  i n j e c t i o n  in  s o m e  
e x p e r i m e n t s .  T h e  s y s t e m  w a s  c h e c k e d  fo r  a n y  p o s s i b l e  l e a k  
b e f o r e  a n d  a f t e r  e a c h  e x p e r i m e n t .  T h e  h e a r t  r a t e  w a s  
m o n i t o r e d  o n  e l e c t r o n i c  r a t e  m e t e r  t r i g g e r e d  b y  t h e  
v e n t r i c u l a r  c o m p l e x  of  t h e  e l e c t r o c a r d i o g r a m  w h i c h  w a s  
r e c o r d e d  o n  h e a t  s e n s i t i v e  p a p e r .  

Results.  T h e  r e s u l t s  o f  e x p e r i m e n t s  o n  26 h e a r t s  (Table )  
a r e  c o n s i d e r e d  he re .  I n  a l l  h e a r t s ,  r a t e  c h a n g e s  w e r e  
o b s e r v e d  d u r i n g  p e r i c a r d i a l  d i s t e n s i o n .  I n  12 h e a r t s  t h e  
r a t e  i n c r e a s e d  in  a s t e p w i s e  m a n n e r  as  m o r e  a n d  m o r e  
f l u i d  w a s  i n j e c t e d  i n t o  t h e  p e r i c a r d i a l  sac .  O u t  of  t h e s e  
12 h e a r t s ,  11 s h o w e d  m a x i m u m  r a t e  i n c r e a s e  w h e n  1 t o  
4 m l  o f  f l u id  h a d  b e e n  i n j e c t e d .  T h e  i n c r e a s e  in  t h e  h e a r t  
r a t e  r a n g e d  f r o m  18 to  1 4 8 % ,  w i t h  a n  a v e r a g e  o f  5 3 % .  
A f t e r  t h e  p e a k  h e a r t  r a t e  h a d  b e e n  r e a c h e d ,  f u r t h e r  in-  
j e c t i o n  o f  f lu id  r e d u c e d  t h e  r a t e  p r o g r e s s i v e l y  t o  b e l o w  
c o n t r o l  v a l u e s .  T h u s  in  t h e s e  h e a r t s  t h e r e  w a s  a p h a s e  
of  i n i t i a l  a c c e l e r a t i o n  f o l l o w e d  b y  a p h a s e  o f  d e c e l e r a t i o n  
( F i g u r e  1). T h e  t i m e  s e q u e n c e  of  p o s i t i v e  c h r o n o t r o p i c  
e f f ec t  s h o w e d  t h a t  t h e  p e a k  r a t e  w a s  r e a c h e d  w i t h  a t i m e  
l ag  of  1 t o  4 m i n  a f t e r  w h i c h  t h e  r a t e  s t a b i l i z e d  t o  a 
s l i g h t l y  l ower  v a l u e  ( F i g u r e  1 D  i n s e t  t o p  r i gh t ) .  

I n  t h e  r e m a i n i n g  14 h e a r t s  ( 5 4 % )  t h e  a c c e l e r a t i o n  
p h a s e  w a s  a b s e n t .  T h e  h e a r t  r a t e  d e c r e a s e d  p r o g r e s s i v e l y  
a s  m o r e  a n d  m o r e  f l u i d  w a s  i n j e c t e d  ( F i g u r e  2). T h e  de -  
c r e a s e  i n  t h e  h e a r t  r a t e  r a n g e d  f r o m  14 to  48 %,  w i t h  a n  
a v e r a g e  of  2 8 % .  T h e r e  w a s  n o  r e l a t i o n  b e t w e e n  t h e  
n a t u r e  of  r e s p o n s e  a n d  t h e  i n i t i a l  h e a r t  r a t e .  

E l e c t r o c a r d i o g r a p h i c  r e c o r d  s h o w e d  s i g n i f i c a n t  c h a n g e s  
in  i m p u l s e  c o n d u c t i o n  o n  d i s t e n d i n g  t h e  p e r i c a r d i m n  
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Fig. 1.7 hearts showing initial acceleration followed by deceleration 
with increasing fluid volume in the pericardium. A, B and C, 2 hearts 
each. B, dotted line with arrow shows return of heart  rate to control 
value after cutting open the pericardium. D, heart  rate reached peak 
value when 2 rnl Ringer was injected in first shot. Inset shows 
changes in heart  rate with time; the peak was reached in 4 min. 

Chronotropic changes with pericardial distension 

Heart No. Control Maximum/ Distending Change 
heart  min imum fluid volume in heart  
rate/min heart  rate/ (ml) rate (%) 

rain with 
distension 

1 21 17 3.5 - 1 9  
2 31 50 2.5 + 61 
3 32 38 1.5 + 18 
4 32 60 3 + 87 
5 25 62 3 § 148 
6 35 42 1 + 20 
7 26 38 3 + 46 
8 36 21 5 - - 4 2  
9 16 22 8 + 36 

10 42 30 4 - - 2 8  
11 32 22 3 - - 3 1  
12 24 32 4 + 3 3  
13 20 36 i + 80 
14 24 30 2 + 25 
15 46 28 5 - - 3 9  
16 36 25 4 - - 3 0  
17 30 20 4 33 
18 28 24 4 - - 1 4  
19 66 52 1 - -21  
20 36 30 2 - - 1 7  
21 30 38 4 + 26 
22 30 24 4 ~ 2 0  
23 30 20 3 - - 3 3  
24 22 34 2.5 + 58 
25 24 14 4.5 - - 4 1  
26 20 16 5 - - 1 6  
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Fig. 2. Another set of 7 hearts showing progressive deceleration at 
increasing fluid volumes. A, B and C, 2 hearts each. D, in this heart  
3 ml was injected in first shot. Inset shows changes in heart  rate with 
time. In first 3 rain the heart  rate declined from 36 to 33 where it 
stabilized for next  30 min. 

1 C. L. PATHAK, Indian J. reed. Sci. 11,808 (1957). 
2 C. L. PATHAK, Am. J. Physiol. 792, 11 (1958). 
3 C. L. PATH.~K, Am. J. Physiol. 194, 197 (1958). 
4 C.L.  PATHAK, Am. J. Physiol. 797, 441 (1959). 
'~ C. L. PATHAK, Indian J. med. Sci. 26, 18 (1972). 
6 C. L. PXT~AK, Am. Heart  J.  72, 577 (1966). 
7 C. L. PA:rHXK, Experientia 28, 650 (1972). 



982 Specialia EXPERIENTIA 29/8 

(Figure 3). A t  sma l l  d i s t e n d i n g  fluid vo lumes  (1 to  4 ml), 
t he  s ino-a t r ia l  c o n d u c t i o n  increased  whi le  a t  h i g h  d is ten-  
d ing  vo lumes  (5 to  8 ml) a t r i o v e n t r i c u l a r  complex  de- 
creased.  Release  of d i s t ens ion  b y  c u t t i n g  open  t he  peri-  
c a r d i u m  reversed  t h e  ch rono t rop ic  (Figure 1B) a n d  elec- 
t r ica l  (Figure  3) changes ,  i.e. t h e  h e a r t  ra te ,  vo l t age  ot 
v e n t r i c u l a r  complex  a n d  conduc t ion  changes  t e n d e d  to re- 
t u r n  to  con t ro l  va lues  a n d  a r r h y t h m i a  t e n d e d  to d isappear .  
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Fig. 3, Electrocardiographic changes with pericardial distension. 
Slight acceleration occurred when catheter was placed in the peri- 
cardium. Acceleration increased with increasing fluid volume in the 
pericardium upto 4 ml. Injection of more fluid caused bradycardia. 
S, A, V, sinus, atrial and ventrieular complexes. S-A conduction 
increased upto 4 Iill and both S-A and A-V conduction increased 
at 5, 6 and 7 ml. At 8 and 8.5 ml bifocal sinus discharge, arrhythmia 
and reduced voltage of ventrieular complexes are seen. Immediately 
after cutting open the pericardium, rebound acceleration occurred 
with reversion of conduction changes and arrhythmia (P-cut, a). 
The rate and direction of ventricular complex reverted towards 
controls 10 rain afterwards (P-cut, b). 

The  ch rono t rop ic  changes  in h e a r t  r a t e  and  impul se  
p a r a m e t e r s  due to  d i s t ens ion  were also reversed  b y  suck ing  
t h e  f luid ou t  of t h e  pe r ica rd ia l  sac in to  t h e  syringe.  
I n j e c t i o n  of a i r  i n to  t h e  pe r i ca rd ia l  c a v i t y  p roduced  
changes  s imi la r  to  those  obse rved  b y  in jec t ing  R inge r ' s  
solut ion,  a n d  these  changes  were reversed  b y  suc t ion  of 
a i r  b a c k  in to  t he  syringe.  The  p e r i c a r d i u m  usua l ly  gave  
way  or r u p t u r e d  w h e n  6 to  8 m l  of f luid h a d  been  injected.  
On a n  average,  w i t h  g raded  increase  in  f luid v o l u m e  u p t o  
5 m l  t h e  pe r i ca rd ia l  pressure  rose s lowly to  6-8 m m  Hg. 
Af te r  th i s  even  smal l  i n c r e m e n t s  caused  a ve ry  s teep rise 
in  t he  pe r i ca rd ia l  pressure  to  15-25 m m  H g  or more.  

Discussion. The  t h i n  pe r i ca rd ia l  sac of frog h e a r t  can  
a c c o m m o d a t e  6 to  8 m l  of fluid.  Compress ion  of s inus  
venosus  wouId  a l t e r  t h e  d imens ions  and  conf igu ra t ion  of 
p a e e m a k i n g  cells. I t  h a s  a l r eady  b e e n  s h o w n  t h a t  in t r a -  
l u m i n a l  p r e s su re - s t r e t ch  a l te rs  p a c e m a k e r  f r equency  
(PATHAKI-a'6,7). The  p r e sen t  work  d e m o n s t r a t e s  t h a t  
e x t r a m u r a l  s t r e t c h  due  to pe r i ca rd ia l  d i s t ens ion  also 
changes  t h e  p a c e m a k e r  response.  I t  is of i n t e r e s t  to  no te  
t h a t ,  in t he  h e a r t s  showing  in i t ia l  acce le ra t ion  fol lowed b y  
decelera t ion ,  t h e  p a t t e r n  of ch rono t rop i c  responce  due  to  
pe r i ca rd ia l  d i s t ens ion  obse rved  du r ing  t h e  p r e sen t  work,  
is s imi la r  to  t h a t  obse rved  p rev ious ly  b y  i n t r a l u m i n a l  
d i s t ens ion  (PATHAK 1-8,6,v). These  inves t iga t ions  sup-  
p o r t  t h e  v iew t h a t  m e c h a n i c a l  s t r e t c h  of p a c e m a k e r  f rom 
w i t h i n  or f rom w i t h o u t  a l te rs  t he  impulse  f r equency  and  
d e t e r m i n e s  t h e  ch rono t rop i c  response  of t h e  hea r t .  
Modera t e  d i s t ens ion  of p e r i c a r d i u m  is assoc ia ted  w i t h  
card io-acce lera t ion .  R e l a x a t i o n  of p a c e m a k e r  due  to  com- 
press ion  and  a l t e red  a n a t o m y  of o the r  c h a m b e r s  a n d / o r  
o v e r s t r e t c h  of t he  p a c e m a k e r  a p p e a r  to  be  respons ib le  
for b r a d y c a r d i a ,  c o n d u c t i o n  changes ,  a t r i o v e n t r i c u l a r  
b lock  and  a r r h y t h m i a  obse rved  a t  h i g h  d i s t end ing  fluid 
volumes .  

Rdsumd. On a d6mon t r6  que  la d i s t ens ion  p6r ica rd ia le  
p r o d u i t  des c h a n g e m e n t s  ch rono t rop iques  clans le cceur 
de grenoui l le  isol4 en perfus ion.  Sur  26 coeurs, l 'acc616ra- 
rio n ca rd i aque  (18 a 148 %) se p r o d u i t  dans  12 avec  u n  
v o l u m e  de f luide p6r i ca rd ique  a t t e i g n a n t  4 ml.  Dans  les 
t 4  coeurs r e s t a n t  nous  avons  observ6 une  b radyca rd ie ,  
des i r r6gular i t ies  de conduc t ion ,  u n  b locage  ca rd i aque  et  
une  a ry thmie .  On en conc lu t  que ces effects ch rono t ro -  
p iques  e t  les v a r i a t i o n s  du  p a r a m 6 t r e  d ' i m p u l s i o n  son t  
dues  aux  c h a n g e m e n t s  dans  l ' ae t iv i t6  du  <~pacemaker~. 
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T h e  Effect  of  t h e  G a s t r o i n t e s t i n a l  H o r m o n e s  on  S m a l l  I n t e s t i n a l  M o t i l i t y  a n d  B l o o d  F l o w  

R e c e n t  s tud ies  give ev idence  t h a t  gas t r in ,  cholecysto-  
k in in  and  secre t in  m i g h t  be  i nvo lved  in t he  r egu la t ion  of 
i n t e s t i n a l  m o t i l i t y  and  b lood  flow, b o t h  in an ima l s  a n d  in 
m a n l - K  W h e t h e r  these  effects are b r o u g h t  a b o u t  by'  a 
d i rec t  inf luence  on t he  s m o o t h  i n t e s t i n a l  and  vascu la r  
muscles,  or m i g h t  la rgely  he  seconda ry  to t he  release of 
i n t e r m e d i a r y  subs tances ,  is still, however ,  a m a t t e r  of 
d ispute .  The  a im of t he  p r e s en t  i nves t i ga t i on  was the re -  
fore to  s t u d y  in more  de ta i l  t h e  effect  of g raded  in t r a -  
a r t e r i a l  infus ion  of t h e  ga s t r o i n t e s t i na l  h o r m o n e s  on  t he  
smal l  i n t e s t i na l  m o t i l i t y  a n d  b lood flow. 

Methods. E x p e r i m e n t s  were  pe r fo rmed  on anaes t e t i zed  
cats  weighing  2.5-5.2 kg  a n d  fas ted  for 24 h. A femora l  

artery was connected to a mercury manometer for 
recording of arterial blood pressure. The abdomen was 
opened along the midline and the greater omentum and 
the spleen were extirpated. A small intestinal segment 
weighing 10-20 g was isolated and the remaining parts of 
the intestine were extirpated. The adrenals were excluded 
from the circulation by encircling ligatures. The splanchnie 
nerves were cut just beneath the diaphragm. 
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