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t ion  of sys temic  hypox ia ,  h y p e r p y r e x i a  and  lac tac idos is  
to the  genesis of n e u r o n a l  p a t h o l o g y  is la rgely  e l imina ted .  

Materials and metAods. Three  female  ado lescen t  b a b o o n s  
(wts 3.3-3.6 kg) were a n a e s t h e t i z e d  w i t h  h a t o t h a n e  a n d  a 
ca ro t id  a n d  femora l  a r t e r y  exposed  to  p e r m i t  d e t e r m i n a -  
t ion  of a r t e r i a l  pressure ,  b lood  gas t ens ions  a n d  cerebra l  
b lood flow (by isotope c learance  10,11). Needle  e lec t rodes  in  
t he  scalp were used to record  t he  E E G .  A n i m a l s  were g iven  
ga l l amine  t r i e th iod ide  (10-15 rag) and  m echan i ca l l y  
v e n t i l a t e d  on  a i r  ( p u m p  v o l u m e  ad ju s t ed  ~co give m o d e r a t e  
hyperve i~ t i l a t ion  as j udged  b y  a r t e r i a l  Pco2). Bicucul l ine  
(0.5-1.1 mg/kg)  was  g iven  i.v. a n d  phys io log ica l  changes  
recorded  for  4 to  8 h. F i na l l y  t he  b r a i n  was perfus ion-  
f ixed w i t h  formal in ,  acet ic  acid, m e t h a n o l  (in ra t io  1 : 1 : 8) 
and  processed h is to logica l ly  s. 

Results. E E G  seizure a c t i v i t y  began  w i t h i n  10 sec 
of t he  ~njection and  was sus ta ined  for 3 h 25 rain-3 h 45 ra in  
and,  in b a b o o n  No. 706 (Figure) for more  t h a n  7 h 30 min.  
Ar te r i a l  pressure  rose i m m e d i a t e l y  a f t e r  seizure onset ,  
systol ic  pressures  t r a n s i e n t l y  r i s ing  to 180-260 m m  Hg. 
S u b s e q u e n t l y  b lood pressure  was m i d l y  e l eva ted  or 
normal .  Cont ro l  a r t e r i a l  p H  showed m o d e r a t e  alkalosis  
b u t  t e n d e d  to fal l  t h r o u g h o u t  t he  seizure, so t h a t  l a te  
va lues  were  in t he  r ange  7.40-7.43. I n  2 an i m a l s  b o d y  
t e m p e r a t u r e  h a d  fa l len  before seizure onse t  to  33.8-34 ~ 
a n d  rose d u r i n g  t he  seizure to  36.0-36.5 ~ , in t h e  t h i r d  
b a b o o n  (No. 714) t e m p e r a t u r e  rose to 38.1~ la te  in  t he  
seizure.  Cont ro l  oxygen  tens ions  (measured  on an  I L  
po la rog raph ic  ana lyze r  mode l  125 A, a t  37 ~ and  correc ted  
to or ig ina l  b o d y  t e m p e r a t u r e )  were in t h e  r ange  75-93 m m  
Hg ;  s u b s e q u e n t  va lues  fell w i t h i n  t h i s  r ange  excep t  for a 
single va lue  of 72 m m  H g  a t  4 h in  No. 706. Cont ro l  P c o  2 
va lues  were in t he  r ange  17-27 m m  Hg;  d u r i n g  the  seizure 
P c %  rose s l igh t ly  (range 23-42.5 m m  Hg). Blood flow in 
t he  cerebra l  grey  m a t t e r  (ca lcula ted  f rom t he  ha l f - t imes  
of t he  r ap id  e x p o n e n t i a l  c o m p o n e n t  of t he  c learance  
curve)  showed  con t ro l  va lues  in  t he  r ange  59-66 ml /  
100 g/rain.  D u r i n g  t he  seizure f low was increased  2-3 fold 
for up  to 2 h ; l a t e r  va lues  were above  con t ro l  va lues  excep t  
a t  7 h in  No. 706 (56 ml /100 g / m i n  c o m p a r e d  w i t h  a con t ro l  
va lue  of 61 ml /100 g/rain) .  

His to logica l  e x a m i n a t i o n  revealed,  in  all  3 animals ,  
ischaem~c cell change  i nvo lv ing  h i p p o c a m p a l  neurones  in 
t he  S o m m e r  sector  (pa r t i cu la r ly  a t  t h e  j u n c t i o n  of h 1 
w i t h  h 2 ; F igure  A). P rogress ion  to  t h e  inc rus t ed  s tage  was 
seen in  all  an ima l s  b u t  was  p r o m i n e n t  in b a b o o n  706 
(Figure  B). Some neu rones  showed  sca l loping  of t h e  

cy top l a smic  out l ine ,  p r o b a b l y  due  to swell ing of a s t rocy t i c  
processes: A lack of s t a in ing  of Nissl  s u b s t a n c e  was seen 
in some neurones  w i t h  n o r m a l  nuclei .  I s chaemic  cell 
change  was also seen in occas ional  neurones  in t he  end-  
fo l ium a n d  in  the  amygda lo id  nuclei  (2 animals) .  Some 
p y r a m i d a l  neurones  of t he  3rd, 5 th  and  6 th  cor t ica l  layers,  
pa r t i cu l a r l y  in  t he  occ ip i ta l  cor tex,  also showed  i schaemic  
cell change .  The  ce rebe l lum was n o r m a l  in all  3 an imals .  

Th i s  p a t t e r n  of cerebra l  p a t h o l o g y  differs  f rom w h a t  
MELDRUN a n d  ]~RIERLEY 8 h a v e  descr ibed  a f t e r  p ro longed  
seizures in  n o n - p a r a l y z e d  b a b b o n s ,  in  t h e  lack of cerebe l la r  
d a m a g e  a n d  t he  g rea t e r  i m p o r t a n c e  of t h e  h i p p o c a m p a l  
lesions. The  mos t  s ign i f i can t  cause  of h i p p o c a m p a l  
d a m a g e  m a y  be  t he  excessive local  d ischarges  d u r i n g  ti le 
seizure. However ,  va scu l a r  d i s t u r b a n c e s  r e l a t ed  to  t h e  
i n t r a c a r o t i d  in jec t ions  m a y  h a v e  c o n t i b u t e d  to t he  lesions 
in t he  t e r r i to r i es  suppl ied  b y  the  i n t e r n a l  ca ro t id  a r te ry .  
The  absence  of cerebe l la r  d a m a g e  in these  3 an ima l s  
s t rong ly  suggests  t h a t  t he  h y p e r p y r e x i a ,  sy s t emic  
h y p o x i a  and  la te  mi ld  a r t e r i a l  h y p o t e n s i o n  obse rved  in 
n o n - p a r a l y z e d  an ima l s  are s ign i f i can t  fac tors  in  t he  
p r o d u c t i o n  of cerebe l la r  epi lept ic  pa tho logy .  

Rdsumd. Des @tats de mal ,  d u r a n t  de 3 /~ 7 h 30 son t  
provoqu@s pa r  la b icucu l l ine  chez 3 b a b o u i n s  adolescents ,  
immobi l i s6s  pa r  de la ga l l amine  et  ventil@s ar t i f ic ie l lement .  
La  t ens ion  art@rielle et  le d@bit c@r6bral son t  a u g m e n t 6 s  
p e n d a n t  la p remie re  p a t t i e  de la crise et  r e d e v i e n n e n t  
n o r m a u x  seconda i r emen t .  Des l@sions i sch6miques  son t  
observ@es dans  la zone f r ag i l e  de l ' h i p p o c a m p e  (zone de 
Sommer)  et  dans  le co r t ex  ma i s  le cerve le t  res te  i ndemne .  
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Effect of S ino -Aort i c  Denervat ion  of the Venous  

Increase  of venous  pressure  in t he  co rona ry  s inus  of t he  
a n a e s t h e t i z e d  dog causes ref lex h y p o t e n s i o n  t h r o u g h  
vaga l  a f fe ren ts  1-4. Th i s  venous  c o r o n a r y  ref lex  was found  
to be  h igh ly  sens i t ive  to  genera l  anaes thes ia .  T he  ba rb i -  
t u r a t e  s ens i t i v i t y  of t h e  ref lex is especial ly  g rea te r  t h a n  
t h a t  of t he  ca ro t id  s inus  reflec 8. T he  capr ic ious  e l ic i tab i l i ty  
a n d  s l igh t  effects of t he  venous  co rona ry  ref lex ill b a r b i t u -  
r a t e  anae s the s i a  give rise to t he  poss ib i l i ty  t h a t  these  phe-  
n o m  are associa ted  w i t h  a powerfu l  oppos ing  effect  
exer ted  b y  t he  classic buf fe r  a f fe ren t s  on  t he  c o r o n a r y  
a f fe ren t  inpu t .  I t  m a y  be  su rmized  t h a t  a f te r  e l i m i na t i on  
of t he  buf fe r ing  role of the  a r t e r i a l  ba rorecep tors ,  t he  veous  
co rona ry  ref lex  could be  successful ly  el ic i ted even  in 
b a r b i t u r a t e  anaes thes ia ,  s ince t h e r e  is no  longer  occlusion 
of t h e  co rona ry  a f fe ren t  i n p u t  b y  effects t h r o u g h  t he  
ba ro recep to r s  conve rg ing  on t h e  same  cen t r a l  v a s o m o t o r  
n e u r o n s  or a n y  oppos ing  effect  t h r o u g h  o the r  v a s o m o t o r  

Coronary  Reflex in Rabbits  

neurons  rece iv ing  an  i n d e p e n d e n t  a r t e r i a l  b a r o c e p t o r  
pro jec t ion .  The  purpose  of p re sen t  s t u d y  was to t e s t  t h i s  
poss ibi l i ty .  

I nves t i ga t i ons  were. car r ied  ou t  on 14 a d u l t  r a b b i t s  of 
b o t h  sexes, l i gh t ly  a n a e s t h e t i z e d  w i t h  p e n t o b a r b i t a l .  Af te r  
inse r t ion  of a t r a c h e o t o m y  tube ,  ar t i f ic ia l  v e n t i l a t i o n  was 
m a i n t a i n e d  w i t h  room air. B o t h  ca ro t id  s inus  regions, t he  
vag i  a n d  t he  aor t i c  depressor  ne rves  were carefu l ly  dissec- 
ted  free in t h e  neck  for s u b s e q u e n t  sect ioning.  The  ches t  
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Changes in blood pressure and venous coronary reflex effects after sine-aortic denervation and vagotomy 

EXPERIENTIA 29/5 

No. of animais 

A B C D 

Control 1 pair of buffer 2 pairs of buffer vagus nerves 
nerves sectioned nerves sectioned sectionecl 

14 9 9 9 

P-values 

A-B B-C A-C C-D 

Initial mean arterial 82.6 • 5.2 96.0 4- 8.9 117.1 -4- 1124 124.8 • 12.2 > 0.10 > 0.i0 < 0.01 >0.10 

blood pressure (mmHg) (482110) (602145) (60:184) (58:190) 

Reflex changein mean arte- --14,3 ~= 2.5 --19.1 4- 1.7 --43.6 • 6.4 --0.8 :k 1.2 > 0.10 < 0.01 <0.001 <0.001 

rial blood pressure (mmHg) (--4:--36) (--8:--24) (--22:--78) (--5:+6) 

Mean values ~ SEM and range. 

was opened  by  a t ransverse  s t e rnum-sp l i t t i ng  t h o r a c o t o m y  
in tile 3rd in tercos ta l  space.  Blood pressure  was  regis tered 
in the  femoral  a r t e ry  by  means  of a mercury  manomet r .  In  
order  to  increase the  in t ravasa l  pressure  in the  coronary  
veins, a loose nylon snare  was appl ied a round  tile t e rmina l  
p a r t  of the  coronary  sinus. Dissect ion was carried out  
careful ly to  keep to a m i n i m u m  the  n u m b e r  of nerve  
fibres t h a t  m i g h t  be damaged .  Occlusion was  accompl ished 

A B C 

1 l 

25see 255ec 25 SeC 

Fig. 1. Venous coronary reflex of the rabbit. Blood pressure. 
A) control. B) after complete sine-aortic denervation. C) After vago- 
tomy. Between the arrows occlusion of the coronary sinus. 
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Fig. 2. Comparison of the changes in blood pressure and venous 
coronary reflex effects after buffer denervation. Abseisse: percent 
change in the initial blood pressure. Ordinate: difference in the 
reflex effects expressed as the percent decreases of the respective 
initial blood pressure levels. 0, 2 buffer nerves cut; +,  4 buffer 
nerves cut; . . . . .  , line of regression. 

by  pul l ing the  t h r ead  around the  coronary  sinus against  the  
f langed end  of a po ly thene  tube  for 30-120 see. This  
procedure  causes s u p r a m a x i m a l  s t imula t ion  of the  venous  
coronary  receptors~;  t he  ex t r eme  effect  was t e s t ed  
because of tile r ep roduc tb i l i t y  of the  s t imulus.  After  
r epea ted  control  e l ic i ta t ion of the  venous  coronary  
reflex, sect ion of the  major  buffer  nerves  was carried out, 
e i ther  in 1 s tage (5 rabbi ts) ,  or in 2 s tages (9 rabbits) .  
Again, coronary  reflex effects were induced.  Fol lowing 
deaf ferenta t ion ,  5 animals  were excluded f rom fu r the r  
expe r imen ta l  analysis  because of grea t  ins ta l ib i t ies  of 
the i r  ar ter ia l  b lood pressure,  The results  were examined  
s ta t i s t ica l ly  using S t u d e n t ' s  t-test .  

I n  the  contro l  s ta te ,  the  depressor  effects which  could 
be elici ted by  t e m p o r a r y  occlusion of the  coronary  sinus 
were usual ly smal l  in ex t en t  (Table). Sect ion of 1 pai r  of 
t he  buffer  nerves  caused only  an ins ignif icant  augmen ta -  
t ion  of the  reflex blood pressure  drop. In  contras t ,  when  
the  to ta l  buffer ing  effect  of the  4 ma jo r  ar ter ial  bare-  
receptor  areas was e l iminated ,  depressor  effects of often 
considerable  m a g n i t u d e  could be induced  f rom the  venous  
coronary  receptors  (Figure 1). On the  average,  there  was a 
threefo ld  increase in the  response  af ter  sect ion of bo th  
carot id  and  aort ic  nerves.  The depressor  response  was 
to ta l ly  abol ished by  bi la tera l  vago tomy.  This  subs tan-  
t i a t ed  earlier f indings t h a t  hypo tens ive  effect  was ent i re ly  
reflex 1-4. 

I t  is known  t h a t  impulses  of tile ar ter ia l  ba ro reeep to r  
f ibres no rma l ly  exer t  res t r ic t ing  influences on tonic  
s y m p a t h e t i c  ac t iv i ty  5. Consequent ly ,  in m o s t  an imals  
w i t h  sect ion of the  carot ic  sinus and  aort ic  depressor  
nerves,  there  was some res t ing  increase of t he  ar ter ia l  
b lood pressure.  At  the  same t ime  s imul taneous  augmen ta -  
t ion of coronary  reflex effects was no t  d i rec t ly  re la ted  to  
th is  hyper tens ion .  This  fact  is mos t  clearly seen by  compar -  
ing the  changes  in res t ing  blood pressure  level wi th  the  dif- 
ferences in depressor  reflex effects  ob ta ined  af ter  par t ia l  
and  to ta l  buffer  deaf fe ren ta t ion  (Figure 2). As can be seen, 
t he  calcula ted l inear regression has  only a negligible posi-  
t ive  slope (Y = 11.8 + 0.02 X) ; the re  is no s ignif icant  cor- 
re la t ion be tween  the  changes  (r = 0.055 p > 0.50). This 
suggests t h a t  absence of buffer ing ac t iv i ty  per  se plays  a 
more  i m p o r t a n t  role in po t en t i a t i ng  tile c i rcula tory  effects 
of tile venous  coronary  receptors  t h a n  tile h igher  back- 
ground tonic  s y m p a t h e t i c  ac t iv i ty  b ro u g h t  abou t  by  
buffer  deaf ferenta t ion .  There  is good reason to  believe, 
therefore ,  t h a t  a t rue  increase in the  gain of t he  venous  
coronary  ref lex sets in af ter  t he  major  ar ter ia l  bare-  
receptor  influences h e r e  been  e l iminated .  This  conclusion 
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is also endorsed  b y  c u r r e n t  concep ts  of t he  cardio-  und  des Aor tenbogens .  Die Ref lexaus l6sung  erfolgt  d u t c h  
vascu la r  ref lex i n t e r p l a y  5. S te ige rung  des ven6sen  Drucks  im Sinus  coronar ius .  

Zusammen/assung. Nachweis  eines l a t e n t e n  ref lekto-  
r i schen  B l u t d r u c k a b f a l l s  be in  K a n i n c h e n  in Pen to -  
b a r b i t a l - N a r k o s e  n a c h  der  D e n e r v a t i o n  des Karo t i s  S inus  

P. I. KORNER, Physiol. Rev. 51,312 (1971). 
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Does Vagal St imulation Liberate Secretin and/or 

Vagal s t i m u l a t i o n  is a p o t e n t  s t i m u l a t o r  of panc rea t i c  
secre t ion  in pigs 2. I n  dogs vaga l  sec t ion  reduces  t he  da i ly  
o u t p u t  of p a n c r e a t i c  juice 3. This  m a y  resu l t  f rom depressed  
s ens i t i v i t y  of t he  panc rea s  to  t he  p a n c r e a t r o p i c  h o r m o n e s  3 
b u t  i t  m a y  be  t h a t  vag i  re lease secre t in  a n d  cholecysto-  
k in in  f rom the  m u c o s a  *. W e  h a v e  a t t e m p t e d  to decide 
b e t w e e n  these  two  exp lana t ions .  

Material and method. Pigs  were a n e s t h e t i z e d  w i t h  i.v. 
chloralose.  The  p a n c r e a t i c  d u c t  was  cannu la t ed ,  t he  
py lo rus  c l amped  and  t he  lesser o m e n t u m  d iv ided  so t h a t  
t he  en t i r e  pylor ic  p a r t  of t he  s t o m a c h  was dep r ived  of i t s  
vaga l  supply.  The  s t o m a c h  was d ra ined  con t i nuous l y  v ia  
a s t o m a c h  t u b e  passed  t h r o u g h  t he  m o u t h .  I .v.  secre t in  5 
was g iven  t h r o u g h o u t  t h e  e x p e r i m e n t  a t  a r a t e  of 0.25 U 
ra in  in  2 ml  of saline.  Ju ice  was col lected a t  5 or 10 ra in  
i n t e r v a l s  d e p e n d i n g  on  t he  sec re to ry  ra te .  

S t i m u l a t i n g  e lect rodes  were p laced  on  b o t h  vag i  and  
m a j o r  b r a n c h e s  3-4  cm above  t he  d i a p h r a g m .  The  vagi  
a b o v e  t he  e lect rodes  were c rushed  a n d  t i ed  t i g h t l y  and  
t he  an ima l s  m a i n t a i n e d  on  a respi ra tor .  S t i m u l a t i o n  was 
a lways  a t  25 Hz  and  10 volts .  

A) Duodenectomy B)Atropine 

-8(  
% 

- 7( 

-6( 

-5( 

-4( 

-3( 

-2( 

-1(, Amylase volume protein Amylase protein 

[ ]  Vagal stimulation 
[ ]  Vagal stimulation after 3h without duodenectomy 
[ ]  Pentagastrin 
[ ]  Pentagastrin after 3h without duodenectomy 

A) Percent change in amylase and protein in response to vagal stimu- 
lation or pentagastrin after duodenectomy and after 3 h without 
duodeneetomy compared with control response before. All values 
significantly less than the preduodenectomy or i h control. B) Effect 
of atropine on the amylase and protein responses to vagal stimulation 
or pentagastrin expressed as precent decrease from pre-atropine 
control. * Values significantly different from pre-atropine eontrok 

Cholecystokinin in Pigs? ~ 

I n  t he  5 an ima l s  t h e  p a n c r e a t i c  r eponses  to  10 ml  of 
1 / 1 0 N  HC1 g iven  i n t r a d u o d e n a l l y ,  10 ~g gas t r i n  p e n t a -  
pep t ide  (pen tagas t r in )  6, 10 ~zg cho lecys tok in in  (CCK) 7 
and  vaga l  s t i m u l a t i o n  were t e s t ed  as a control .  

Af te r  t he  controls ,  t he  whole  smal l  in t e s t ine  be tween  
t he  py lo roduodena l  j u n c t i o n  and  t h e  l i g a m e n t  of Tre l t z  
was  r e m o v e d  and  CCI(,  p e n t a g a s t r i n  and  vaga l  s t imula -  
t i on  r epea t ed  as before.  Two or t h r e e  10-min-per iods  were 
a l lowed be tween  each  p rocedure  or e n o u g h  t i m e  to al low 
the  v o l u m e  of secre t ion  to r e t u r n  to  basal .  An ima l s  wh ich  
d id  no t  r e spond  to  HC1 were d iscarded.  

I n  9 con t ro l  pigs, CCK, p e n t a g a s t r i n  a n d  v a g a l  s t imula -  
t i on  were r epea t ed  a t  i n t e rva l s  for 5 h to  e s t i m a t e  decl ine 
in response  w i t h  t he  passage  of t ime.  I n  t h e  5 duoden-  
ec tomized  a n d  2 of t he  con t ro l  pigs, as t he  las t  procedure ,  
t h e  effect  of 1/10 m g  of a t r o p i n e / k g  on  vaga l  s t i m u l a t i o n  
was tes ted .  

I n  eve ry  case t he  responses  a f t e r  d u o d e n e c t o m y  were 
c o m p a r e d  w i t h  t he  responses  in  t he  con t ro l  a n i m a l s  a f t e r  
t he  same  t i m e  i n t e rva l  us ing  t he  n o n - p a i r e d  t-test .  
Responses  were c o m p a r e d  also w i t h  t h e  m e a n  of t h e  pre-  
v ious  control .  

Amyla se  was e s t i m a t e d  us ing  t h e  d in i t rosa l icy l ic  acid 
m e t h o d  in t he  A u t 0 a n a l y z e r  s. I t  was  expressed  as m g  of 
ma l t o se /min .  To ta l  p ro t eo ly t i c  a c t i v i t y  was expressed  as 
m g  of t y ros ine  l i be r a t ed  f rom h e m o g l o b i n  s u b s t r a t e  in  
10 ra in  9. P r o t e i n  was m e a s u r e d  b y  op t i ca l  dens i t y  a t  
280 n m  a n d  expressed  as m g  Of b o v i n e  a lbumin .  

Results. D u o d e n e c t o m y  (Figure).  W i t h  t he  passage  of 
t i m e  t h e  responses  of t he  panc rea s  to  al l  of t h e  s t imu l i  
used fell s l ight ly .  A s ign i f i can t  r e d u c t i o n  in t h e  amylase ,  
p r o t e i n  and  p ro tease  responses  to  v a g a l  s t i m u l a t i o n  
fol lowed d u o d e n e c t o m y .  The  v o l u m e  response  was n o t  
s ign i f i can t ly  d imin ished .  There  were s imi la r  s ign i f ican t  
a n d  equa l  depress ions  in t he  responses  to  p e n t a g a s t r i n  
a n d  CCK. 

There  was no d i f ference  b e t w e e n  t he  r educ t i on  in a n y  
vaga l  response  fol lowing d u o d e n e c t o m y  a n d  t h a t  seen in 
con t ro l  an ima l s  a f t e r  3 h of e x p e r i m e n t a t i o n  w h e t h e r  
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