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(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. 

1 V. DINOSO, W. CneY and S. It. LORBER, Clin. Res. 14, 295 (1966), 
P. HEDNER, H. PERSSON and G. RORS~AN, Aeta physiol, seand. 70, 
250 (1967). 

3 M. RA~IREZ and J. T. FARRAR, Digest Dis. 15, 539 (1970). 
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Recordings of motility. I n t e s t i n a l  m o t i l i t y  was  s tud ied  b y  
a v o l u m e  record ing  device.  The  d i s ta l  end  of t h e  i n t e s t i n a l  
s egmen t  was  connec t ed  to  a p las t ic  t u b e  in t u r n  connec t ed  
b y  a r u b b e r  t u b i n g  to  a pressure  rese rvo i r  of wide  d imen-  
sions. The  s y s t e m  was filled w i t h  b o d y w a r m  0.9% saline.  
B y  m e a n s  of such  a n  a r r a n g e m e n t  t he  i n t r a l u m i n a l  
p ressure  could be  k e p t  c o n s t a n t  a t  a b o u t  10 cm H 2 0  
despi te  wide v a r i a t i o n s  ill vo lume.  The  pressure  reservoi r  
was  coupled  to a p i s ton  recorder  ope ra t i ng  on  a kymo-  
graph.  

Recording of blood flow. To measu re  q u a n t i t a t i v e l y  t i le  
overa l l  i n t e s t i na l  b lood supply,  t he  t o t a l  super ior  
mesen te r i c  a r te r ia l  inf low was recorded.  Fo r  th i s  purpose ,  
a wide  bore  p o l y e t h y l e n e  t u b e  was inse r t ed  in t h e  
ca ro t id  a r t e r y  and  t h e  b lood flow d ive r t ed  to a closed 
pe r spex  drop  c h a m b e r  filled w i t h  si l icone oil, in  t u r n  
connec t ed  to  t i le  p r o x i m a l  end  of t he  cen t r a l l y  cu t  
super ior  mesen te r i c  a r te ry .  B y  us ing  si l iconized t u b e s  of 
wide d imens ions  a n d  of sho r t  l ength ,  t he  res i s tance  of th i s  
device  was k e p t  min ima l .  

Administration o/drugs. Secre t in  and  cho lecys tok in in -  
p a n c r e o z y m i n  (CC]:4) were  o b t a i n e d  f rom the  Gas t ro in tes -  
t i n a l  H o r m o n e  L a b o r a t o r y ,  K a r o l i n s k a  ins t i tu te r ,  Sweden.  

Fig. 1. The effect of pentagastrin on small intestinal motility and 
blood flowl Note the tonic contraction and phasic reduction of blood 
flow (left panel) and the sustained blood flow increase after atropine 
when the motor response is virtually absent (right panel). 

Solu t ions  were p r e p a r e d  in i sotonic  NaC1 ju s t  before  use. 
P e n t a g a s t r i n  (Pen tav lon )  was o b t a i n e d  f rom Scanmeda .  
The  h o r m o n e s  were a d m i n i s t r a t e d  close i n t r a - a r t e r i a l l y  
u t i l i z ing  a n  a u t o m a t i c  p u m p .  At ropine ,  w h e n  used, was  
g iven  i.v. in  a dose of 1 mg/kg .  

Results. 7. Pentagastrin. As s h o w n  in F igure  1 (left 
panel) ,  close i n t r a - a r t e r i a l  infus ion  of p e n t a g a s t r i n  in  a 
dose of a b o u t  3 ~g /kg /min  evoked  a slow. ton ic  an d  sus- 
t a i n e d  c o n t r a c t i o n  in t h e  smal l  in tes t ine .  C o n c o m i t a n t l y  
t he re  was also a s ign i f ican t  a n d  i m m e d i a t e  decrease  of 
vascu la r  res is tance,  wh ich  was on ly  t r ans i en t ,  however .  
T h e  peak  flow, co r re spond ing  to a t  t h e  m o s t  a 50% 
increase,  v a n i s h e d  desp i te  c o n t i n u o u s  infusion.  Af te r  
a t rop ine  (Figure 1, r i gh t  panel)  t he re  was somet imes  a 
de layed  a n d  m a r k e d l y  r educed  m o t o r  con t r ac t ion ,  b u t  in  
m o s t  e x p e r i m e n t s  t h e  m o t o r  response  was comple t e ly  
abol ished.  T h e  b lood flow increase  was of ten  more  pro-  
nounced  a n d  sus ta ined,  however ,  b u t  even  on  h i g h  doses 
of p e n t a g a s t r i n  b lood f low increase  d id  n o t  exceed 1 5 0 % .  

2. CCK. As shown  in F igure  2 (left panel) ,  i n t r a -  
a r t e r i a l  infus ion  of CCK evoked  a s t rong  an d  sus t a ined  
tonic  i n t e s t i n a l  c o n t r a c t i o n  an d  a n  i m m e d i a t e  b u t  
sho r t l a s t i ng  increase  of b lood  flow. T h e  m o t o r c o n t r a c t i o n  
r e m a i n e d  severa l  ra in  a f t e r  cessa t ion  of t h e  infusion.  
The  b lood f low increase,  on  t h e  o the r  hand ,  v a n i s h e d  
w i t h i n  1/~ mi n  a n d  was t h e n  cons ide rab ly  decreased  before  
r e t u r n i n g  to  r e s t ing  level. A t r o p i n e  abol i shed  the  m o t o r  
c o n t r a c t i o n  comple te ly  ( r ight  panel) .  T h e  decrease  of 
vascu la r  r es i s t ance  was n o w  well  sus ta ined ,  however ,  a n d  
t h e  b lood  flow d id  n o t  r each  re s t ing  level  un t i l  severa l  
m i n  a f t e r  cessa t ion of t h e  infusion.  T h e  m a x i m a l  p e a k  
response  co r responded  to  a b o u t  150% increase  of b lood  
flow. 

3. Secretin. Secre t in  h a d  no effect  w h a t s o e v e r  on smal l  
i n t e s t i na l  mot i l i ty .  As shown  in F igure  3, t he re  was a 
s ign i f ican t  increase  of b lood  flow, however .  Th i s  b lood 
flow increase  was i m m e d i a t e  a n d  r e t u r n e d  to res t ing  level  
on  cessa t ion  of t h e  infusion.  T h e  m a x i m a l  increase  
a m o u n t e d  to a b o u t  150%. 

Discussion. B o t h  gas t r i n  a n d  CCK induce  a m o t o r  
c o n t r a c t i o n  in the  smal l  in tes t ine .  The  m o t o r  response  
was abol i shed  a f te r  a t rop ine  t r e a t m e n t ,  however ,  i nd i ca t -  
ing t h a t  t h e  h o r m o n e s  p r o b a b l y  exe r t  t h e i r  effects on  the  
i n t e s t i na l  s m o o t h  muscles  ind i r ec t ly  i nvo lv ing  some 
chol inergic  n e u r o n a l  p a t h w a y .  Th i s  is in  accordance  w i t h  
I-tEDNER et  al~, who  suggested  t h a t  t h e  effect  of CCK on 

Fig. 2. The effect of CCK on small intestinal motility and blood flow. 
There is a sustained tonic contraction which declines over several rain 
after cessation of the infusion (left panel). The initial blood flow in- 
crease is followed by a phasic decrease. After atropine (right panel) 
the motor response is abolished. Note the prolonged effect on blood 
flow. 

Fig. 3. The effect of seeretin on small intestinal motility and blood 
flow. Note the immediate increase of blood flow, whereas the motility 
is unaffected. 
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i n t e s t i na l  m o t i l i t y  is p r o b a b l y  b r o u g h t  a b o u t  b y  a 
secondary  release of 5-HT. 

Secre t in  h a d  no effect  on  smal l  i n t e s t i na l  mot i l i ty .  This  
is in  c o n t r a s t  to  m a n y  recen t  obse rva t ions  3 where  secre t in  
was of ten  shown  to i n h i b i t  i n t e s t i na l  mot i l i ty .  Secre t in  is 
s t r u c t u r a l l y  s t r ik ing ly  s imi la r  to  g lucagon and  m i g h t  
therefore  h a v e  ce r t a in  s imi lar  func t iona l  act ivi t ies .  I t  has  
been  shown p rev ious ly  4 t h a t  t he  p r o n o u n c e d  in t e s t i na l  
i n h i b i t i o n  evoked  b y  glucagon is in fac t  induced  b y  a 
seconda ry  release of c a t echo l amines  f rom t he  ad rena l  
medul lae .  I n  t he  p r e sen t  expe r imen t s ,  t he  ca t echo lamines  
secre t ion  f rom the  adrenals ,  k n o w n  to  in ter fere  consi- 
de rab ly  w i t h  i n t e s t i na l  mot i l i ty ,  h a d  however ,  been  
removed ,  which  m i g h t  expla in  t h e  d iverg ing  resul t s  in 
th i s  respect .  

Gas t r in ,  CCK a n d  secre t in  caused  a s ign i f i can t  in- 
crease of t he  regional  b lood flow. Inso fa r  as gas t r i n  and  
CCK are concerned,  t h i s  response  was how eve r  on ly  
t r ans i en t .  Af te r  a t rop ine ,  wh ich  abol i shed  t he  m o t o r  
response,  t h e  b lood  f low was well  sus t a ined  and  of ten  
more  p ronounced .  I t  appears ,  therefore ,  mos t  l ike ly  t h a t  
t he  ton ic  c o n t r a c t i o n  on h ighe r  c o n c e n t r a t i o n  m i g h t  
in te r fe re  mechan ica l l y  w i t h  t he  i n t r a m u r a l  b lood  flow. 

Gas t r in ,  CCK a n d  secre t in  increased  b lood flow a b o u t  
150% a t  t he  most .  This  is a ve ry  m o d e r a t e  effect, pa r t i cu -  
lar ly  as c o m p a r e d  w i t h  t he  m a x i m a l  b lood flow figures of 
a b o u t  250 m l / m i n  • 100 g t i ssue  recorded  w h e n  t h e  vascu la r  
bed  is b r o u g h t  to  m a x i m a l  r e l a x a t i o n  b y  means  of supra-  
m a x i m a l  a m o u n t s  of isoprenal ine.  T he  m o d e r a t e  b lood 
flow increase  evoked  b y  t he  ga s t r o i n t e s t i na l  h o r m o n e s  

m i g h t  be  seconda ry  to t he i r  m e t a b o l i c  effects on  t h e  in- 
t e s t i na l  g l andu la r  t issue,  in  t u r n  due  to  t he  release of 
vasoac t ive  i n t e r m e d i a r y  subs tances .  Th i s  is in  accordance  
w i t h  BIBER et  al  5, who  showed ev idence  t h a t  t he  5-HT 
a n d  e - recep tor  a n t a g o n i s t  d i h y d r o e r g o t a m i n e  abol i shed  
the  b lood flow responses  to  CCK a n d  secret in.  

Conclusion. P e n t a g a s t r i n ,  CCK a n d  secre t in  evoke  a 
m o d e r a t e  increase  of i n t e s t i n a l  b lood  flow in t h e  cat .  
Since t he  ton ic  c o n t r a c t i o n  in te r feres  mechan i ca l l y  w i t h  
t he  blood flow, t h e  increase  is on ly  t r a n s i e n t  fol lowing 
p e n t a g a s t r i n  and  CCK. Af te r  secret in,  however ,  wh ich  has  
no  effect  on mot i l i ty ,  t h e  b lood flow increase  is sus ta ined .  

Zusammenfassung. Nachweis ,  dass  P e n t a g a s t r i n  u n d  
CCK, in phys io log i schen  Dosen  bet  der  K a t z e  in fund ie r t ,  
n u r  geringfiigige D u r c h b l u t u n g s e f f e k t e  im D f i n n d a r m -  
gebie t  zeigen, w~ihrend Sekre t in  f iber e inen  of fenbar  
ve r sch i edenen  Mechan i smus  die D u r c h b l u t u n g  e rh6ht .  

G. FASTH, S. FILIPSSON, L. HULT~N and  J. MARTINSON 
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4 S. FASTH and L. HULTI~N, Acta physiol, scand. 83, 169 (1971). 
5 B. BIBER, J. FARA and O. LUNDGREN, Acta physiol, seand. 85, 9A 
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T h e  Effects  of Glyc ine  on  the  Rabbi t  Ret ina:  A v e r a g e d  E R G  and A v e r a g e d  Visua l  E v o k e d  R e s p o n s e s  

Evidence  exis ts  t h a t  glycine can  ac t  as an  i n h i b i t o r y  
n e u r o t r a n s m i t t e r  in  t h e  cen t r a l  ne r vous  s y s t e m  1-6. The  
r e t i n a  is t he  f i rs t  s t r u c t u r e  in  wh ich  t h e  genera l  morpho lo -  
gy b e c a m e  k n o w n  of t h e  neurons  p u t a t i v e l y  ope ra t ing  w i t h  
glycine as a n e u r o t r a n s m i t t e r .  EHINGEI~ and  FALCK 7, s show- 
ed in t he  r a b b i t  r e t i n a  t h a t  t h e  glycine u p t a k e  was localized 

ERG 

20msec ~ . . . . . . . . . .  

c 

AVER 

Fig. 1. Simultaneously recorded averaged ERG (left) and averaged 
VER (right) at different intensities (l:upper, and 16:lower), with a 
frequency of 1 Hz. Normal ERG and normal AVER. The progressive 
elfeet of 0.005 g of glyeine after 10 min, 11i~ h, and 4 h. Abolition of 
the ERG's oscillatory potentials and depression of the early com- 
ponents of the the AVER (Rabbit Nr. 70). --, normal; . . . . . .  ,10 rain; 
. . . .  ,90 min; ..... ,4 h. 

in the neurons and not in the glia. BRUIJN and EHINGER I 
showed the characteristics of the glycine uptake into the 
retinal neurons in in vitro incubation. The uptake me- 
chanism for glycine seems to be specific for retinal neurons. 
The autoradiographic studies showed that there was a 
significant accumulation of radioactivity only in certain 
cells, mainly in the amacrine cells, and diffusely in the in- 
ner plexiform layer. Radioactivity was also seen in the 
ganglion cells, but clearly less than in the amacrine cells. 
There  was v e r y  l i t t l e  u p t a k e  in to  o the r  cells, glia inc luded  1. 

Material and methods. The  e x p e r i m e n t s  were car r ied  ou t  
on  b o t h  eyes of s ix u n a n e s t h e t i s e d  r a b b i t s  (i.e. 12 eyes). 
Ave raged  p h o t o p i c  E R G  and  A V E R  were pe r fo rmed  a n d  
ana ly sed  as p rev ious ly  descr ibed  (STANGOS 9, I(OROL10). 
Glyc ine  0.005 g was in jec ted  in to  t he  v i t r eous  b o d y  of 10 
eyes a n d  0.002 g in to  2 eyes. 

The  fol lowing resul t s  h a v e  been  found  (Figure i a n d  2) : 
E R G  (Averaged  E lec t ro r e t i nog ram) .  1. A t o t a l  suppress ion  
of t he  osc i l la tory  p o t e n t i a l s  (OP) 30 m i n  a f te r  t h e  in jec t ion  
of 0 .005g a n d  90 m i n  a f te r  t he  in j ec t ion  of 0.002 g). 2. The  
t h i r d  O F  s t a r t s  to  d i sappear ,  t h e n  t he  f i rs t  O P  a n d  las t ly  
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