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The re la t ive effect  of impulses  in t he  low and  h i g h  
th resho ld  af ferent  fibers on the  exci tabi l i ty  changes  in t he  
t o o t h  p r i m a r y  af ferent  te rminals  was examined  by  vary-  
ing the  s t r eng th  of the  condi t ioning s t imul i  appl ied  to the  
inf raorb i ta l  nerve  and by  s t imula t ing  the  d fibers of 
ano the r  t o o t h  pulp.  The th reshold  for t he  inf raorbi ta l  
nerve  was e s t ima ted  f rom responses recorded by  a mono-  
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Fig. 2. (A-B) Excitability changes of the tooth pulp primary 
afferent terminals evoked by an impulse in low threshold trigeminal 
afferent fibres. Upper traces, antidromic action potentials recorded 
from the upper canine; lower traces, monopolar recordings from the 
surface of the oblongata 3 mm below obex. (A) Control, (B) the same 
preceded in the interval of 20 msec by a stimulus to a branch of the 
infraorbital nerve at a strength 3.7 times threshold. (C-D) Excit- 
ability changes of the tooth pulp afferent terminals evoked by an 
impulse in d fibres of another tooth. Upper traces, antidromie action 
potential from the tooth pulp of the upper canine; lower traces, 
monopolar recordings from the surface of the oblongata at lower 
speed. (C) Control, (D) the same preceded by a volley in the tooth 
pulp of lower canine. 

polar  e lectrode placed on the  surface of the  medul la  3 m m  
below the  obex. Increased  exci tabi l i ty  was a l ready  
ap p a ren t  when  the  s t r eng th  of condi t ioning s t imulus  was 
1.2 • t reshold  and  it increased rapidly,  reaching ap- 
p rox ima te ly  90% of its m a x i m u m  at  the  5 • th reshold  
s t rength .  Figure  2, B shows the  o p t i m u m  interval  of the  in- 
creased exc i tab i l i ty  of t he  t oo th  pulp  p r imary  af ferent  
t e rmina ls  p roduced  by  a condi t ioning volley in the  infra- 
orbi ta l  nerve  a t  3.7 x threshold .  W h e n  condi t ioning 
s t imuli  were appl ied to t he  t o o t h  pulp  of the  o ther  ipsi- 
la teral  canine t o o t h  a s imilar  increase in the  an t id romic  
po ten t i a l  evoked by  the  t e s t  shock was seen. This  is 
shown by  Figure  2, D only  for the  o p t i m u m  interval ,  
b u t  the  t ime  course and magn i tude  of changes  of t he  ex- 
c i tabi l i ty  were similar  to  t h a t  observed af ter  a preceding 
volley to  the  infraorbi ta l  nerve.  I t  can, therefore,  be  con- 
cluded t h a t  impulses  in b o t h  fas t -conduc t ing  A e- and 
fl-fibers as well a s  s low-conduct ing  A 6 fibers con t r ibu te  
to  the  depolar iza t ion  of t o o t h  pulp  p r i ma ry  afferent  ter-  
minals  in  the  medul la  ob longa ta  ~. 

Zusammen/assung. Die zent ra len  End igungen  der  pri- 
m~ren a f fe ren ten  Fase rn  der  Zahnpulpa ,  welche aus- 
schliesslich der  A-&Gruppe  angehGren, k6nnen sowohl  
d u t c h  Impulse  in A-m-und f l -Trigeminus-Fasern als auch 
in A 6 a f fe ren ten  Fasern  der  Pu lpa  eines anderen  Zahnes  
depolar is ier t  werden.  
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Spontaneous Sympathetic Activity in Experimental Heart-Failure 

The marked  decrease in ca techolamine  levels in clinical 
and  exper imen ta l ly  p roduced  congest ive  hea r t  failure 
(CHF) is a we l l -documented  f inding 1-3. The exac t  
m e c h a n i s m  whe reby  the  noradrena l ine  con t en t  is reduced  
in t he  s y m p a t h e t i c  nerve  te rmina ls  a t  t he  hea r t  is no t  
comple te ly  unders tood .  I t  has  been  sugges ted  * t h a t  t he  
defec t  lies in t he  syn thes i s  or b ind ing  of norepinephr ine .  
CHIDSEY and  BRAUNWALD 1 la ter  p resen ted  evidence 
which  s u p p o r t e d  the  view t h a t  deple t ion  of cardiac  nor- 
ep inephr ine  was  a consequence  of a reduc t ion  in the  num-  
ber  of nerve  endings.  I t  has  also been repor ted  ~ t h a t  pos t -  
ganglionic s y m p a t h e t i c  nerve  s t imula t ion  elicits a reduced 
cardiac  response  in dogs wi th  exper imen ta l ly  p roduced  
hear t - fa i lure .  Cardiac muscle  f rom cats  in expe r imen ta l  
hear t - fa i lure  has  been  shown to  be in a depressed con- 
t rac t i le  s t a t e  7. SIEGEL and SONNENBLICK 6 suggested t h a t  
an imals  in C H F  m a y  ma in t a in  or increase the i r  cardiac 
con t rac t i l i ty  by  an increase in the  spon taneous  sym-  
pa the t i c  ac t iv i ty  due to  vasomoto r  reflex mechanisms .  
Pharmacolog ica l  evidence has  been p re sen ted  1 which  sug- 
gests  t h a t  the re  is an increased s y m p a t h e t i c  nervous  

discharge in pa t i en t s  w i t h  heart-fai lure.  In  this  Study we 
di rec t ly  measu red  spon taneous  sympa the t i c  nerve ac t iv i ty  
to the  no rma l  and  failing hea r t  in o rde r  to  de te rmine  
whe the r  t he  fail ing hea r t  is suppor ted  to  any degree by  
increased s y m p a t h e t i c  ac t iv i ty .  
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Methods. Cardiac s y m p a t h e t i c  nerve  ac t iv i ty  was re- 
corded in no rma l  cats  and in those  wi th  acute  and  chronic 
exper imenta l ly - induced  heart-fai lure.  

In  the  control  exper iments ,  cats  were anaes the t i zed  
wi th  chloralose (70 mg/kg  i.v.) following induc t ion  of 
anaes thes ia  w i t h  ha lo thane ,  n i t rous  oxide and  oxygen  
mix ture .  The left  s tel late ganglion was carefully exposed 
af ter  a midl ine  incision, and  pre- and  post-gangl ionic  
nerves  dissected free. Recordings  of neural  ac t iv i ty  were 
measured  at  pregangl ionic  si tes by  placing teased  fibres 
of the  thoracic  s y m p a t h e t i c  nerve  on to a pa i r  of p l a t i num 
electrodes (Figure 1). Post -gangl ionic  recordings  were 
ob ta ined  in a s imilar  manne r  f rom fibres of the  inferior 
cardiac nerve  (Figure 1). Nerve  ac t iv i ty  was  ampl i f ied  
and displayed convent iona l ly  on a ca thode  follower, pre- 
amplif ier  and Tek t ron ix  565 oscilloscope, and  photo-  
graphic  records  obta ined.  Lef t  vent r icu lar  pressures  were 
recorded wi th  a po ly thene  ca the te r  inser ted  into t he  left 
ventr ic le  via the  c o m m o n  carot id  ar tery .  

In  3 acute ly  failed cats,  the  aor ta  was cons t r ic ted  wi th  a 
po ly thene -coa ted  wire and the  d i ame te r  was cons t r ic ted  
progressively unt i l  the  hea r t  failed. 

U n d e r  ha lo thane  anaes thes ia  and af ter  an incision into 
the  3rd in tercos ta l  space, exper imenta l ly - induced  chronic 
hear t - fa i lure  was produced  in 6 cats  by  par t ia l  constr ic-  
t ion of the  aor ta  (75% -85~o) and s y m p a t h e t i c  nervous  
ac t iv i ty  recorded 1-3 m o n t h s  later  by  the  same techniques  
as descr ibed above.  

Results. Three  Criteria were used to  assess the  degree of 
hear t - fa i lure  induced in cats  by  aort ic  constr ic t ion.  Lef t  
vent r icu lar  end-dias tol ic  pressures  were measured  and  
found to be e leva ted  above normal  in all cases, averag ing  
13.2 4- 2.4 m m  Hg  compared  wi th  contro l  values of 3.4 • 
0.7 m m  Hg  (p = 0.03). The second cr i ter ion of failure was 
the  reduc t ion  of ca techolamine  levels 1-8. In  all chronical ly  
failed cats  ca techoIamine  levels were decreased below 
control  values. Thirdly,  several  enzymes  whose  act ivi t ies  
are al tered in C t i F  were measured  his tochemical ly .  A de- 
creased level of succinic and  lactic dehydrogenase ,  dimi-  
n ished myos in  A T Pas e  and  a rise in isoci t ra te  dehydro-  
genase were observed.  These observa t ions  suppor t  t he  view 
t h a t  the  cats  used were  in a modera t e  s ta te  of hear t - fa i lure .  

The values ob ta ined  in normal  p repa ra t ions  for spon-  
t aneous  pre-  and  post-gangl ionic  s y m p a t h e t i c  d ischarge 
were 70.5 4- 4.6 impulses /min  (18 fibres) and  68.8 =L 5.9 
impulses /min  (315 fibres) respect ively,  and  thus  are no t  
s ignif icant ly  different .  The mean  post -gangl ionic  dis- 
charge ra te  ob ta ined  f rom chronical ly  failed cats  was 
59.3 4- 4.8 impulses /min  (14 fibres) which  was also no t  
s ignif icant ly  d i f fe rent  f rom the  contro l  values. Repre-  
sen ta t ive  records of s y m p a t h e t i c  ac t iv i ty  f rom normal  and  
chronical ly  failed cats  are i l lus t ra ted in Figure  2. The 
mean  ar ter ial  pressure  of the  6 failed cats  was 128.3 m m  
Hg, and  the  mean  for normal  cats was 127.5 m m  Hg. 

In  3 exper iments ,  the  aor tae  of normal  cats  were acu te ly  
const r ic ted  by  80~o and  a mean  reduc t ion  of 13.6~o in 
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Fig. 1. Diagrammatic representation of pre- and post-ganglionic recording sites. CAS, caudal ansa subclavia; CN, cardiac nerve; CSN, 
cervical sympathetic nerve; El, preganglionic electrode; E2, postganglionic electrode; Ea, preganglionic electrode; 1CN, inferior 
cardiac nerve; MCN, middle cardiac nerve; R 1 Rs, rami conmnmicantes; RAS, rostral ansa subclavia; SCG, superior cervical ganglion; 
SG, stellate ganglion; TST, thoracic sympathetic trunk; V, vagus nerve; VN, vertebral nerve. 

Fig. 2. The upper recording represents the spontaneous postganglionic nerve discharge from a normal preparation. The bottom 
postganglionic recording was obtained from a chronically failed preparation. 
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post-gangl ionic  s y m p a t h e t i c  d ischarge f requency  was ob- 
served wi th  1 h of constr ic t ion.  This decrease can be 
expla ined  on the  basis of a general ized increase in m e a n  
ar ter ial  pressure  of 20 m m  Hg and  subsequen t  reflex baro-  
receptor  inhibi t ion of s y m p a t h e t i c  outflow. 

Discussion. Our exper imen t s  did not  disclose any signi- 
f icant  difference in t h e  spon taneous  post-gangl ionic  sym-  
pa the t i c  nerve  discharge ra te  be tween  normal  or acute ly  
and  chronical ly  failed cats.  Our results  therefore  do no t  
suppor t  t he  possibi l i ty  raised by  SIEGEL and  SONNEN- 
BLICK 6, t h a t  the  failing hea r t  increases t he  f requency  of 
its spon taneous  s y m p a t h e t i c  discharge rate.  Our values  
for normal  s y m p a t h e t i c  d ischarge ra tes  are in ag reemen t  
wi th  those  r epor ted  by  o the r  workers  in th is  field 8-11 

I t  has  been shown 5 t h a t  s y m p a t h e t i c  nerve  s t imula t ion  
caused a reduced cont rac t i le  response in t he  failed hear t ,  
so t h a t  even if the  spon taneous  s y m p a t h e t i c  ra te  were in- 
creased in failed animals ,  th i s  mechan i sm m i g h t  no t  be 
beneficial  towards  improv ing  the  depressed myocard ium.  

The p resen t  resul ts  indica te  t h a t  a compensa to ry  reflex 
increase in s y m p a t h e t i c  d ischarge f requency  does no t  
occur in exper imenta l  heart-fai lure .  In  our  opinion the  
decreased con t rac t i l i ty  in failing hear t s  is no t  the  result  of 
a neuronal  event  p rox imal  to  the  s y m p a t h e t i c  nerve  ter-  
minal  in the  hear t ,  bu t  occurs at,  or beyond  t h a t  point .  
This hypo thes i s  is suppor t ed  by  the  resul ts  of SPILKER 

and CERVON112 who have  shown t h a t  chronic bi la teral  
s tel late  gang l ionec tomy as well as r e se rp ine -p re t r ea tmen t  
of cats  does no t  s ignif icant ly  al ter  myocard ia l  contract i l i ty .  
All of these  observa t ions  indicate  t h a t  the  ca techolamine  
deple t ion  p resen t  in C H F  occurs i ndependen t ly  of a 
change in the  spon taneous  ac t iv i ty  of the  s y m p a t h e t i c  
nervous  sys tem.  

Zusammen/assung. Es wird  best/~tigt, dass der  Ka te -  
cho lamingeha l t  des Herzmuske ls  bei  Herzinsuff iz ienz ab- 
n i m m t ;  ein kompensa to r i sche r  Anst ieg der Ref lexakt iv i -  
t a t  des s y m p a t h i s c h e n  N e r v e n s y s t e m s  b e s t eh t  h ingegen 
nicht .  
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Evaluation of O2 Availability During Glucose Transport  in Everted Sacs of Rat Small  Intestine 

I t  is known  t h a t  glucose t r a n s p o r t  in t he  ever ted  sacs 
of ra t  small  in tes t ine  1 is accompanied  by  the  p roduc t ion  
of a considerable  a m o u n t  of lactic acid 2-4. NEWEY et  al. 4 
bel ieve t h a t  th is  lact ic  acid p roduc t ion  m a y  be an a r t i fac t  
due to  i nadequa te  0 2 avai labi l i ty  in the  in tes t ina l  wall, 
when  th is  is i ncuba ted  in vi tro.  On the  cont rary ,  WILSON 8 
th inks  t h a t  lactic acid is p roduced  even in per fec t ly  
aerobic condi t ions :  according to him, a considerable  
f rac t ion of glucose is l ikely f i rs t  to  be t r ans fo rmed  into  
lactic acid, and  subsequen t ly  ac t ively  t r a n s p o r t e d  b y  the  
ra t  in tes t ine .  

In  our  opinion, a sui table  approach  to  the  solut ion of 
th is  p rob lem is to  assess w h e t h e r  O 3 avai labi l i ty  in ever ted  
sacs of ra t  small  intest ine,  dur ing  incuba t ion  in a m e d i u m  
con ta in ing  glucose, is adequa te  to p e r m i t  the i r  t rue  
aerobic survival.  

For  th is  purpose,  expe r imen t s  were carr ied out  in order  
to  s t u d y  02 consumpt ion  in ever ted  sacs of ra t  smal l  
in tes t ine  as re la ted  to  02 par t i a l  pressure  (pO2) in a 
med ium  of th is  kind.  

These expe r imen t s  p rov ide  in format ion  on the  problem,  
because the  survival  condi t ions  of the  p repa ra t ion  are 
u n d o u b t e d l y  aerobic only  above  a c e r t a i n  cri t ical  pO,  
level in  the  incuba t ing  med ium,  which pe rmi t s  comple te  
sa t i s fac t ion  of i ts  O 3 r equ i r emen t s ;  above  th is  level, O 3 
consumpt ion  of t he  p repa ra t ion  does no t  depend  on pO 2. 
On the  cont rary ,  when  incuba ted  in a m e d i u m  at  a lower 
pO v the  p repa ra t ion  is anaerobic  to  a va ry ing  degree, and  
its O3 consumpt ion  depends  on pO v 

The expe r imen ta l  p rocedure  was carried out  a c c o r d i n g  
to  a m e t h o d  descr ibed by  us in a previous  pape r  ~. A t es t -  
t ube  was filled wi th  30 ml  of Krebs -Hense le i t  solut ion 6 
conta in ing  15 mM/1 of glucose. The solut ion was equili- 
b r a t ed  w i t h  a gaseous mix tu r e  of 5% CO s in O 2 and  ther -  
mos ta t i ca l ly  set  a t  37~ An ever ted  sac (4-5 cm in 
length) of ra t  smal l  in tes t ine  (albino male  rats,  average  

weight  140 g) was  placed in the  tes t - tube ,  and  the  fall of 
t he  pO 2 in t he  incuba t ing  med i u m was cont inuous ly  
checked for a 60 min  per iod using a polarographic  device 
(Beckman 160 Gas Analyzer) .  Since the  q u a n t i t y  of O 2 in 
the  incuba t ing  m e d i u m  was known,  it was possible to  
calculate  0 2 consumpt ion  a t  any  desired pO~ level, as a 
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02 consumption of everted sacs of rat small intestine as a function of 
O 2 partial pressure (pO2) in the incubating medium. Each point 
represents the mean of 10 experiments; vertical bars indicate stan- 
dard error. 
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