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lumens  of the  capi l lar ies  a n d  venules.  ~Vhere the  capil-  
laries were close to  t he  ar ter ioles ,  t he re  were few fenes t rae  
and  t he  par t ic les  were r e l a t ive ly  ra re  nea r  t h e  vessels a n d  
in  t h e i r  lumens .  The  venous  l imbs  of t he  capi l lar ies  h a d  
m a n y  fenes t rae  a n d  t he  par t ic les  were p len t i fu l  b o t h  
a d j a c e n t  to  t he  vessels a n d  in t he i r  lumens .  Th e  dif- 
ferences in t he  d i s t r i b u t i o n s  of t he  par t ic les ,  nea r  t h e  
vessels and  in t h e i r  lumens ,  is cons i s t en t  w i t h  t he i r  be ing  
swep t  t owards  a n d  in to  t he  venous  l imbs  b y  t he  ex t ra -  
va scu l a r  f luid pass ing  f rom the  a r t e r i a l  to  t h e  venous  ends  
of t he  capi l lar ies  in accordance  w i th  S ta r l ing ' s  hypothes i s .  
( In  m a m m a l s  t h e  m u c h  la rger  chy lomic ra  s imi la r ly  
a c c u m u l a t e  a r o u n d  t he  lacteals15.) Whi l e  i t  is imposs ib le  
to  say  w i t h  ce r t a in ty ,  i t  would  seem, f rom the  a p p a r e n t  
ease w i t h  wh ich  t he  par t ic les  en te r  t he  capil laries,  t h a t  
m o s t  of t h e m  pass  v ia  t h e  fenes t rae  r a t h e r  t h a n  v ia  t h e  
slow s y s t e m  of smal l  vesicles 8-10. (Genera l ly  the  vesicles 
c a n n o t  p rov ide  a n e t  r e m o v a l  of e x t r a v a s c u l a r  p r o t e i n s  
because  t h e  c o n c e n t r a t i o n s  of these  in m o s t  of t he  b o d y  
are lower  t h a n  those  in t he  b lood 8,10.) 

I n  t h e  ci l iary b o d y  t he  f enes t r ae  were m u c h  more  fre- 
q u e n t  in t he  capi l lar ies  in t h e  ci l iary process  t h a n  in those  
in t he  muscle.  The  capi l lar ies  in  the  process  are close to  
t he  ve ins ;  those  in t he  muscle  are close to t he  ar ter ies .  
H e n c e  i t  appea r s  t h a t  t h e r e  also, as in  t he  gu t  s , t h e  

ad rena l  4, t h e  r e t e  of t h e  rena l  medu l l a  1~ an d  t h e  swim 
b l ad d e r  17, an d  t h e  skin  7, f enes t rae  are c o n c e n t r a t e d  on  
t h e  venous  l imbs  of capil laries.  This,  t o g e t h e r  w i t h  t h e i r  
possess ion of d i ap h rag ms ,  are l ikely to  be  of f u n d a m e n t a l  
i m p o r t a n c e  for t h e i r  u p t a k e  of large molecules  f rom the  
t issues 3-,. 

Since Heterodontus has  fenes t rae  b u t  no  t r ue  lympha t i c s ,  
i t  seems conclus ive  t h a t  f enes t rae  a n t e d a t e  t h e  l y m p h a t i c  
sys tem.  I t  also appea r s  t h a t  t h e y  al low large molecules  to  
en t e r  t h e  b lood capi l lar ies  on  t he i r  venous  l imbs  3. W e  are  
left, t hen ,  w i t h  t h e  p r o b l e m  of w h y  t h e  l y m p h a t i c  s y s t e m  
deve loped  a n d  w h a t  i ts  i m p o r t a n t  func t ions  are. 

I n  some regions  the  l y m p h a t i c s  are i n d u b i t a b l y  impor -  
t a n t  for t h e  c learance  of par t ic les  an d  large molecules,  
p a r t i cu l a r l y  t hose  larger  t h a n  t h e  fenest rae .  E.g. in  t he  
ske le ta l  muscle  a n d  in all t h e  regions  of t h e  body  where  
fenes t rae  are in f requen t ,  especial ly  bo rde r ing  m e s o t h e l i u m  
l ined cavit ies .  I t  is l ikely t h a t  t h e y  are sti l l  of impor t ance ,  
even  in t h e  presence  of fenes t rae ,  if t he re  is m u c h  l y m p h  
flow, e.g. in  t h e  vil l i  of t h e  m a m m a l i a n  g u t  dur ing  diges- 
t ion.  However ,  t h e y  are b y  n o t  m e a n s  essent ia l  for t h e  
u p t a k e  of large  molecules.  

DRINKER 13 suggested  t h a t  t h e  l y m p h a t i c s  func t i on  
p r i m a r i l y  as spi l lways to  r e m o v e  t h e  large accumula t i ons  
of e x t r a v a s c u l a r  f luid wh ich  occur  in  ac t ive  muscles.  I t  
m a y  be  t h a t  t h e  l y m p h a t i c s  deve loped  for th i s  r eason  in 
t h e  h igher  fish, w i t h  t he i r  h igher  b lood  pressures.  T h e n  
t h e y  could also r emove  large molecules  d u r i n g  per iods  of 
h igh  l y m p h  flow 19. 

Rdsumd. Le r equ in  n ' a  p a s  de v ra i s  va i s seaux  l y m p h a -  
t iques ,  ma i s  ses capi l la ires  sangu ins  son t  fdnestrds, On  
suppose  que  les g randes  moldcules son t  61imindes des 
t i ssus  p a r  ces fenes t rae .  
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Fig. 3. Venous limb of a capillary in an intestinal villus. There are 
numerous particles (circles) which resemble lipoproteins as seen in 
mammals. They are present in the connective tissue (CT) and lumen. 
One is very close to a fenestra (arrow). • 100,000. 
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Depolarization of Tooth Pulp Primary Afferent Fibers in the Medulla oblongata 

T he  depo la r i za t ion  of p r i m a r y  a f fe ren t  f iber  t e r m i n a l s  
in  t he  sp ina l  cord  a n d  medu l l a  o b l o n g a t a  ha s  been  t h e  
sub jec t  of i n t ens ive  inves t iga t ion ,  a n d  ev idence  ha s  accu-  
m u l a t e d  to  show t h a t  i t  is causa l ly  r e l a t e d  to  p r e - sy n ap t i c  
i n h i b i t i o n  1,2. Depo la r i za t i on  of f a s t - conduc t i ng  c u t a n e o u s  
f ibers  c an  be  p roduced  b y  s t i m u l a t i o n  of o the r  f ibers  
be long ing  to t h e  s ame  a f f e ren t  group 3. 

The  ain~ of t h i s  s t u d y  was to  see w h e t h e r  an  ana logous  
p r e s y n a p t i c  con t ro l  m e c h a n i s m  exis ts  a t  cen t r a l  t e r m i n a l s  
of t h e  a f fe ren t  f ibers  supp ly ing  t h e  t o o t h  pulp.  These  
f ibers  consis t  of s low-conduc t ing  f ibers  w i t h  m a x i m u m  

ve loc i ty  30-45 m/sec  ~ an d  i t  is genera l ly  recognized t h a t  
pa in  is t h e  on ly  m o d a l i t y  of pe rcep t ion  t h e y  subserve  5. 

Material and methods. T h e  e x p e r i m e n t s  were ca~rried 
o u t  on  16 ca t s  a n e s t h e t i z e d  w i t h  N e m b u t a l .  An imals  were 
f ixed in a s t e r eo tax ic  holder ,  t h e  pos te r ior  fossa was ex- 
posed an d  p a r t  of the  ce rebe l lum r e m o v e d  to gain access 
to  t h e  medu l l a  ob longa ta .  T h e  i n f r ao rb i t a l  ne rve  was  ex- 
posed an d  a b ipo la r  s t i m u l a t i n g  e lect rode p laced  close tQ 
i ts  p o i n t  of  ex i t  f r om t h e  i n f r ao rb i t a l  fo ramen.  T w o  cavi-  
t ies  were t h e n  p r e p a r e d  in t h e  u p p e r  a n d  lower c a n i n e  
t e e t h  a n d  fil led w i t h  R i n g e r  aga r  gel. T u n g s t e n  wire  
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electrodes inser ted  in the  cavi t ies  could be used for e i ther  
s t imula t ing  or recording *. The animals  were immobi l ized  
wi th  Flaxedi l  and art if icial ly respired.  The exc i tab i l i ty  
changes  of the  t e rmina l s  of t he  t oo th  pulp  af ferent  f ibers 
in the  medul la  ob longa ta  were  de t e rmined  by  the  tech-  
n ique  of WALL ~ which  is schemat ica l ly  depic ted  in Figure  
1, A. 

Results and discussion. A glass capi l lary microelect rode 
filled wi th  4 M  NaCI was inser ted  in to  t he  nucleus of t he  
spinal  t r igeminal  t r ac t  to such a d e p t h  t h a t  large negat ive  
field po ten t ia l s  were recorded upon s t imula t ion  of t he  
infraorbi ta l  nerve  and  s t imula t ion  of the  a f fe ren t  nerve  
fibers in the  t oo th  pulp  (Figure 1, B). Field  po ten t ia l s  
p roduced  by  s t imula t ing  lower or upper  canine  were found  
to  be res t r ic ted  to the  oral p a r t  0f the  nucleus t r ac tus  
spinalis  n. t r igemini  8. The s t imula t ing  and  recording 
posi t ions were then  reversed and ca thoda l  rec tangular  
pulses were appl ied to the  microelec t rode  in the  nucleus 
a t  a s t r eng th  adequa te  to give s u b m a x i m a l  responses  
recorded an t id romica l ly  f rom the  too th  (Figure 1, C). In-  
creased exci tabi l i ty  of the  t oo th ' s  p r ima ry  af ferent  ter -  
minals  was observed when  the  an t id romic  act ion po ten-  
t ials  recorded in the  pe r iphery  were preceded  by  a condi-  
t ioning o r thodromic  volley in the  infraorbi ta l  nerve.  This 
is shown in the  upper  t races  in Figure 1, D - F ,  for 3 
selected intervals .  An t id romic  poten t ia l s  were of a com- 

plex conf igura t ion  and therefore  q u a n t i t a t i v e  es t ima t ion  
of exc i tab i l i ty  changes  was  made  b y  compar ing  ptani-  
met r ica l ly  de t e rmined  areas enclosed by  the  an t id romic  
po ten t i a l  be tween  the  t ime  l imi ts  indica ted  in Figure 1, D. 
The t ime  course of increased exc i tab i l i ty  of t he  t o o t h  pulp  
p r i m a r y  a f fe ren t  t e rmina ls  exhib i t s  a s teeply  rising phase  
wi th  t he  m a x i m u m  increase of exc i tab i l i ty  being reached  
af ter  abou t  20 msec. The descending phase  is prolonged 
and  re tu rns  to t he  base  line in abou t  200 msec.  Thus,  t he  
t ime  course of the  increased exc i tab i l i ty  of de l ta  t oo th  
p r i m a r y  a f fe ren t  f ibers resembles  t h a t  of t he  fas t  conduct -  
ing f ibers in o ther  t r igemina l  cu taneous  b ranches  2. 

1 j.  C. ECCLES, The Physiology o/Synapses (Springer, BeNin 1964). 
2 I .  DARIAN-SMIT~, J. Neurophysiol. 28, 695 (1965). 
3 j .  C. ECCLES, R. F. SCHMIDT and "~V. D. WILLIS, J. Neurophysiol. 

26, 523 (1963). 
4 j .  M. B~OORHART, W. K. LIVINGSXONE and F. P. HAUGEH, J. 

Neurophysiol. 16, 634 (1953). 
W. K. LIVlNGSTO~, Pain Mechanisms (Macmillan Co., New York 
1944). 

6 D. SCOTV Jm and G. G. SX~WART, Oral Surg. 20, 784 (1965). 
P. D. WALL, J. Physiol., Lond. ld2, 1 (1958). 

8 j .  OLSZEWSKI, J. comp. Neurol. 92, 401 (1950). 
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Fig. 1. Excitability changes of the tooth pulp afferent fibers evoked by stimulation of the infraorbital nerve: (A) Experimental arrange- 
ment. (B) Field potentials recorded by a 4M NaC1 capillary microeleetrode inserted into the rostral part of the spinal trigeminal 
nucleus 7 mm above the obex, on stinmlation of the infraorbital nerve (a) and the upper eannine (b). Lower traces, as in all recordings, 
are monopolar recordings from the surface of the medulla 3 mm below the obex. (C) Antidromie action potential recorded from the 
upper canine, evoked by submaximal shock applied to the mieroelectrode inserted at the place of maximal field potential as shown in 
(B). (D-F) The increase of the antidromic action potential produced by  a preceding volley in the infraorbital nerve at 3 different time 
intervals. The interval between conditioning and test stimulus is seen on the lower recordings taken at slower speeds. The limits of the 
planimetrie measurement of the area confined by the complex antidromic potential are indicated by the horizontal bar in (D). The 
graph shows the time course of the increased excitability expressed as percentages of the antidromic action potential following a stimulus 
applied to the infraorbital nerve at intervals indicated on the abscissa. 
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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-  

1 m s e c / ~ 7 - ~  W t 
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�9 _ ~ .  " N ,  . . . . . . . . .  
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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.  

L.  VYKLICK~ 10, W .  I.  R .  DAVIES, 
K .  VESTERSTROM a n d  D.  SCOTT JR. 
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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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