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species ~-13, none  h a v e  been  m a d e  of t he  t i ssues  nea r  
jo ints .  I t  was  the re fore  necessa ry  to s t u d y  some q u a n t i t a -  
t i ve  aspec ts  of t he  capi l lar ies  of t i ssues  nea r  t h e  h u m a n  
knee,  in  order  to  p rov ide  t he  d a t a  necessa ry  for t h e  model  
for u n d e r s t a n d i n g  a n d  p red ic t ing  t he  occur rence  of bends  9. 

Spec imens  were  o b t a i n e d  f rom 5 h e a l t h y  y o u n g  men,  
who h a d  to  h a v e  men i sec tomies  due  to  r ecen t  spor t s -  
injuries .  The  t i s sues  s tud ied  were:  the  deeper  layers  of 
t he  synov ia l  m e m b r a n e ,  t he  synov ia l  capsule,  fat ,  a n d  
t endon .  T h e y  were processed b y  t h e  n o r m a l  methodsS,  6 
used for q u a n t i t a t i v e  s tereological  e lec t ron microscopica l  
m o r p h o l o g y  of capil laries.  (These inc lude  a t t e n t i o n  to  
t h e  col loidal  osmot ic  pressure  of t h e  f ixa t ive  and  t he  
s t a n d a r d i z a t i o n  of t h e  magni f ica t ions . )  4 separa te ,  r a n d o m  
blocks  were t a k e n  f rom each  piece of t i s sue  a n d  o n l y  t 
r a n d o m  sect ion of each  examined .  Separa ted ,  r a n d o m  
mic rog raphs  were m a d e  of each  sec t ion  w i t h  t o t a l  m e a n  
areas  of 3190 (SE 81.5) ~zm ~. 

The  resu l t s  are  s h o w n  in t he  Tab le  a n d  i l l u s t r a t ed  in 
t he  Figures.  Po i s son ian  d i s t r i bu t i ons  were used  to  de-  
t e r m i n e  t h e  s t a n d a r d  errors.  The  surface  areas  were cal- 
cu la t ed  us ing  t he  m e a n  m e a s u r e d  l u m i n a l  c i rcumference  
•  lengths ,  a d j u s t e d  as descr ibed  elsewhere a,6. The  

in t e rcap i l l a ry  d i s t ances  5, 6 were e s t i m a t e d  us ing  t h e  square  
roo t  of t h e  rec iproca l  of t he  m e a n  n u m b e r s  of vessels pe r  
cm ~. 

I t  can  be  seen t h a t  t h e  n u m b e r s  of cap i l la r ies /cm 2, a n d  
hence  t h e i r  l e n g t h s  (2 X th i s  2~), are v e r y  m u c h  less t h a n  
those  found  n in  t h e  h u m a n  ven t r i c l e  ( ~ 5  • 105/cm2), in  
t he  muscles  of va r ious  species n - l~  (1-5 • 105/cm2), or 
even  in t he  f a t  of r a t s  ~ (2-10 • 104). Whi l e  i t  m u s t  be  
r e m e m b e r e d  float in t h e  muscles  l is ted ~-~a i t  is l ikely 
t h a t  t he  sect ions  were t r a n s v e r s e  to  t h e  f ibres  ~ so t h a t  
t h e  e s t i m a t e d  l eng ths  pe r  c m  ~ would  be  nea re r  to  1 • t h e  
va lues  for capi l la r ies /cmL r a t h e r  t h a n  2 •  as in  r an -  

d o m  sections~-% nerve r the l e s s  it is e v i d e n t  t h a t  t h e  
lengths ,  a n d  t he  associa ted  cap i l l a ry  surface  areas  are  
m u c h  less in  t h e  p r e s e n t  t i ssues  t h a n  in t he  muscles,  or 
indeed  in t he  o t h e r  regions of t he  b o d y  of a n u m b e r  of 
species~L I t  is u n f o r t u n a t e  t h a t  we do n o t  h a v e  h u m a n  
skele ta l  muscIe  to  c o m p a r e  w i t h  these  f ind ings  - s ince 
t he  la rger  t h e  an imal ,  t he  less i ts  v a s e u l a r i t y  n-~3. Stil l  
i t  is v e r y  e v i d e n t  t h a t  t he  t i ssues  we h a v e  e x a m i n e d  are 
m u c h  less vascu la r i zed  t h a n  muscles  a n d  o t h e r  me tabo l i -  
ca l ly  ac t ive  regions.  ( I t  shou ld  be  n o t e d  t h a t  we h a v e  
here  e x a m i n e d  on ly  t h e  deeper  layers  of t h e  synov ia l  
capsule ;  th i s  is t he  p a r t  m o s t  r e l e v a n t  to  d iv ing,  since 
a i r  in t he  superf ic ia l  layers,  wh ich  are l ike ly  to  h a v e  more  
vessels,  could  easi ly pass  in to  t he  i o in t  space).  

The  in t e r eap i l l a ry  d i s t ance  is on ly  a p p r o x i m a t e l y  
e s t i m a t e d  b y  our  method~,  6, b u t  a more  exac t  one does 
n o t  ye t  seem to  be  avai lable .  I t  is e v i d e n t  t h a t  t he  dis- 
t ances  found  here  are some 3-10 t imes  g rea t e r  t h a n  those  
wh ich  can  be  der ived  f rom t h e  va lues  for t he  o t h e r  sites, 
q u o t e d  earlier.  Also t he  d i s t r i b u t i o n  is v e r y  wide so t h a t  
a n  apprec iab le  p r o p o r t i o n  of t he  vessels m u s t  be  v e r y  
wide ly  s epa ra t ed  indeed.  Th i s  m u s t  h a v e  a v e r y  g rea t  
effect  on t h e  slow r e m o v a l  of gas f rom t h e  t i s sues  a r o u n d  
t h e  knee,  a n d  hence  ind ica tes  w h y  t h i s  reg ion  is more  
p rone  to  deve lop  t h e  b u b b l e s  w h i c h  cause  ' t h e  b e n d s '  
d u r i n g  decompress ion .  I t  is hoped  t h a t  t h e  p r e s e n t  values ,  
plus  those  for t he  cap i l l a ry  surface  area,  will  be  used in a 
mode l  of th i s  disease 9. 

~2 p. L. ALTMAN, Handbook o/Circulation (W. B. Saunders, Philadel- 
phia and London 1939), p. 34. 

la F. HAMMERSEN, iu Oxygen Transport in Blood and Tissue (Eds. 
D.-W. L'0BBERS, U. C. LUFT, G. THEWS and E. WITZLEB (Georg 
Thieme, Stuttgart 1968), p. 184. 

Do~ Behaviour  as Related to Spinal  Cord T e m p e r a t u r e  

IV[. CORMARF.CHE-LEYDIER and  M. CABANAC 1 

Laboratoire de Physiologic, U~iversitd Claude Bernard, Facultd de Mddecine Lyon Sud-Ouest, B .P.  12, F-69600 Oullins 
(France), 17 June 7975. 

Summary. 3 dogs could b e h a v i o u r a l l y  modi fy  t h e i r  own  sp ina l  cord t e m p e r a t u r e  (Tspin" cord)" I n  a h o t  e n v i r o n m e n t ,  
2 dogs d id  n o t  cool t h e i r  sp ina l  cord, 1 dog w a r m e d  it. The  h ighe r  t h e  e n v i r o n m e n t a l  t e m p e r a t u r e ,  t h e  h ighe r  t h e  chosen  
Tspim cord. These  resu l t s  seem to  i m p l y  t h a t  th i s  l a t t e r  dog t ended ,  in  w a r m  e n v i r o n m e n t ,  to  behaviourall~g reduce :  
Ts ;> Tspin. cord (Ts m e a n  skin  t e m p e r a t u r e ) .  D a t a  o b t a i n e d  p rev ious ly  s u p p o r t  th i s  exp lana t ion .  

CORBIT 2 has  shown  t h a t  d i rec t  t h e r m a l  i n t r a c r a n i a l  
se l f - s t imula t ion  was possible  in  ra ts .  R a t s  p laced  in  a 
w a r m  e n v i r o n m e n t  were able  to  cool t h e i r  b r a i n s  b y  self- 
s t imu la t i on .  W e  cons idered  t h a t  i t  would  be  i n t e r e s t i ng  
to  offer t h e  poss ib i l i ty  of t h e r m a l  sp ina l  cord se l f -s t imula-  
t i on  to  animals ,  because  : 1. Spina l  t h e r m a l  s ens i t i v i t y  ha s  
been  shown  to  be  of t he  same  m a g n i t u d e  a n d  eff ic iency 
as t h e  h y p o t h a l a m u s  in t e m p e r a t u r e  r egu la t ion  3,4. 2. 
H e a t i n g  of t he  sp ina l  cord  was s h o w n  to  be fol lowed b y  a n  
a d e q u a t e  cor rec t ive  b e h a v i o u r a l  response  in frogs 5 as 
well  as in  dogsK Cooling of the  sp ina l  cord was fol lowed 
b y  a cor rec t ive  o p e r a n t  response  in pigs ~ a n d  b y  a n  adap -  
t ed  pos tu r e  in  p igeons  s. 

Me~hods and results. W e  used  3 dogs wh ich  were pre-  
v ious ly  t r a i n e d  to  i n t e r r u p t  a l igh t  b e a m  in order  to  
o b t a i n  e n v i r o n m e n t a l  in f ra - red  h e a t  or cool air.  E a c h  of 
t h e  3 dogs was chron ica l ly  i m p l a n t e d  w i t h  a U- shaped  
sp ina l  t h e r m o d e  m a d e  of P E  t u b i n g  (ex te rna l  d i a m e t e r :  
1.5 mm,  i n t e rna l  d i a m e t e r :  i mm) ,  t h r o u g h  wh ich  w a t e r  
was  ci rculated.  Th i s  t h e r m o d e  was i m p l a n t e d  in t h e  

ep idura l  space, u n d e r  genera l  anes thes ia ,  f rom C 2 down  
to t h e  c a u d a l  end  of t he  v e r t e b r a l  canal .  These  dogs h a d  
b e e n  i m p l a n t e d  a n d  t r a i n e d  for  a n o t h e r  expe r imen t ,  t h e  
resu l t s  of wh ich  h a v e  been  p u b l i s h e d  s. The  t e c h n i q u e  
cons is ted  in an  a t t e m p t  to  t r ans f e r  t he  o p e r a n t  b e h a v i o u r  
h e a t  or cold r e w a r d  f rom t h e  skin  to  t he  sp ina l  cord. A 

i This experiment has been supported by the Centre National de 
la Recherche Scientifique (L.A. No. 181 C.N.R.S.) and by the 
Institut National de la Sant~ et de la Recherche M6dicale 
I.N.S.E.R.M./A.T.P. No. 4-74-25). 
J. D. CORBIT, J. comp. Physiol. Psychol. 83, 394 (1973). 

3 C. JESSEN and E. T. MAYI~R, Pfliigers Arch. 32d, 189 (1971). 
4 C. JESSZN and E. SIMON, Pflfigers Arch., 324, 217 (1971). 
R. DUGLAUX, ill. FANTIXO, M. CABANAC, Pfliigers Arch. 342, 347 
(1973). 

6 IV[. CORMAR/gCHE-LEYDIER and M. CABANAC, Pfliigers Arch. 347, 
313 (1973). 

7 H. J. CARLISLE and D. L. I~GRAM, J. Physiol. Lond. 231, 353 
(1973). 

a W. RAUTENBERG, Z. vergL Physiol. 62, 235 (1969). 
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Thermode self-control allowed Dog Trials T~ (~ Tth perfused (~ n~ SE Tth chosen (~ _L SE 

Raising of Tth But 6 0-25 36.0 -1- 1.2 38.6 ~2 0.5 

(warmingperfused water) 6 25-60 36.0 -4- 1.6 40.4 + 2.2 

Loweringof Tth ' Kis 4 25 60 37.0 ~ 1.1 

(cooling perfused water) 12 25-60 40.7 =L 1.4 

Kad 3 25-60 38.5 ~_ 0.2 

Extinction of the behaviour 

solenoid res is tor  was  p laced  a r o u n d  t h e  a f fe ren t  p o r t i o n  
of t h e  t h e r m o d e  a t  t he  e n t r a n c e  in to  t he  dogs '  bodies.  
W a r m i n g  of t he  sp ina l  cord  was o b t a i n e d  w h e n  t h e  dog 
i n t e r r u p t e d  t h e  l igh t  b e a m  w i t h  i ts  snout ,  t h u s  t u r n i n g  
on  t he  solenoid.  The  t e m p e r a t u r e  of t h e  w a t e r  e n t e r i n g  
t h e  t h e r m o d e  (Tth) could increase  b y  up  to  6 ~ in less 
t h a n  1 sec. Cooling of t h e  sp ina l  cord  was o b t a i n e d  b y  
p e r m a n e n t l y  h e a t i n g  t h e  inf lowing water ,  t he  dog ' s  
b e h a v i o u r  d e t e r m i n i n g  w h e n  to t u r n  off t h e  solenoid.  The  
in f lowing  w a t e r  would,  thus ,  d rop  b y  as m u c h  as 6 ~ in 
less t h a n  1 sec. 
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Fig. 1. Spinal thermode temperature chosen by dog But in various 
environmental temperatures. 
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Fig. 2. Thermoregulatory behaviour of dogs But (@) and Ami (O) 
during spinal cord cooling. Ordinate: number of bursts of cool air 
triggered by each dog during a 30 rain period. Abscissa: ambient 
temperature (%) minus spinal temperature (Tth). When [Ta -- Tth] 

0, the relationship with behaviour is linear. 

E a c h  b e h a v i o u r a l  t r a n s f e r  t r i a l  l a s ted  20 rain  a n d  was 
p receded  and  followed b y  a 20 min  period,  d u r i n g  w h i c h  
t h e  dog 's  b e h a v i o u r  was r ewarded  b y  skin  h e a t i n g  or 
cooling. The  a l t e r n a t i o n  of these  per iods  was  necessa ry  to  
prevent extinction of the behaviour. 

Dog Kad and Kis had their spinal cord thermode 
perfused by water at a cool (35.5~ < Tth < 38.0~ a 
neutral (38.5~ or a warm (38.5~ < Tm < 42.5~ 
temperature. They were allowed to cool their spinal cords 
by their behavioural adjustment during 19 trials in a 
warm or hot environment (25 ~ < Ta < 60 ~ 

Dog But had its spinal cord thermode perfused by water 
a t  a cool t e m p e r a t u r e  (35~ < Tth < 37.5~ I t  was  
a l lowed to  w a r m  i ts  sp ina l  cord  b y  b e h a v i o u r a l  response  
d u r i n g  6 t r ia l s  in  a cold e n v i r o n m e n t  (0 ~ < Ta < 25 ~ 
a n d  6 t r ia l s  in  a w a r m  or  h o t  e n v i r o n m e n t  (25 ~ < Ta 
< 60~ 

The  resu l t s  s h o w n  in  t h e  Tab le  r e p r e s e n t  t h e r m o d e  
t e m p e r a t u r e s  r e su l t i ng  f rom each  dog 's  behav iou r .  

Discussion.  C o n t r a r y  to  w h a t  was  expected ,  dog Kis  
a n d  Kad ,  w h e n  p laced  in a w a r m  e n v i r o n m e n t  did  n o t  
use t he  t h e r m o d e  to  cool t h e i r  sp ina l  cords.  Th i s  can  be  
exp la ined  b y  two  possibi l i t ies :  e i t he r  t he  dogs h a d  no  
t e m p e r a t u r e  sensa t ion  in t h e  sp ina l  cord, or t h e y  h a d  a 
sensa t ion  b u t  d id  no t  f ind  i t  r eward ing .  W e  would  con-  
s ider  t h e  l a t t e r  to  be  correct .  T h e  o p e r a n t  response  was  
i n h i b i t e d  a f t e r  each  t r ia l ,  because  i t  was  necessa ry  to  
r econd i t ion  each  dog be tween  t r ia ls .  On ly  dog B u t  used  
o p e r a n t  b e h a v i o u r  to  p r e v e n t  cooling of i t s  sp ina l  cord  
or to  w a r m  i t :  in  a cool e n v i r o n m e n t ,  i ts  b e h a v i o u r  was 
suff ic ient  to  m a i n t a i n  Tth a r o u n d  38.5~ in a w a r m  
e n v i r o n m e n t ,  t he  h ighe r  t he  e n v i r o n m e n t a l  t e m p e r a t u r e ,  
t he  h i g h e r  t he  chosen  t h e r m o d e  t e m p e r a t u r e .  Th i s  pa ra -  
doxa l  r e su l t  is n o t  s h o w n  in t h e  Table ,  where  resul t s  are 
averaged ,  b u t  becomes  a p p a r e n t  in  F igure  1, where  
t h e r m o d e  t e m p e r a t u r e  (behav iou ra l ly  selected b y  t he  dog) 
is p l o t t e d  a g a i n s t  e n v i r o n m e n t a l  t e m p e r a t u r e .  The  
re su l t  i m p l y  t h a t  t he  dog h a d  t r ied,  b y  m e a n s  of i ts  
behav iour ,  to  reduce  t he  dif ference b e t w e e n  i ts  a m b i e n t  
a n d  sp ina l  cord  t e m p e r a t u r e s  (Ta - T s p i n "  cord) ,  w h e n  i ts  
sp ina l  cord t h e r m o d e  was be ing  per fused  w i t h  cool water .  
The  s ignal  for t h e r m o r e g u l a t o r y  b e h a v i o u r  would,  the re -  
fore, n o t  be  abso lu te  t e m p e r a t u r e ,  b u t  r a t h e r  a t e m p e r a -  
t u r e  grad ien t .  These  resu l t s  led us to  r e - examine  t h e  d a t a  
o b t a i n e d  p rev ious ly  b y  m e a s u r e m e n t  of b e h a v i o u r  d u r i n g  
sp ina l  cord  cool ing a. I n  t h i s  p rev ious  expe r imen t ,  t h e  
dogs were able  to  o b t a i n  e x t e r n a l  h e a t  or  cold b y  m e a n s  
of t h e i r  behav iour .  Sp ina l  cord  cooling, in  th i s  p rev ious  
e x p e r i m e n t  ( a l though  a c c o m p a n i e d  b y  skin  vasocon-  
s t r ic t ion)  did  n o t  resu l t  in  increased  phys ica l  b e h a v i o u r  
for  in f ra - red  sk in  h e a t  b u t  r a t h e r  in  u n e x p e c t e d  skin  
coo l ing -mo t iva t ed  behav iour .  

W e  h a d  the re fo re  conc luded  t h a t  t he  sp ina l  cord  did  
n o t  possess a cold s ens i t i v i t y  capab le  of t r igger ing  a 
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corrective thermoregulatory behaviour. In view of- the 
present result, i t  may be hypothesized tha t  the signal for 
behaviour was the difference: Ta - Tspin. cord. One would 
then expect the dog behaviourally to reduce its ambient 
temperature, when its spinal temperature was maintained 
at a low value. 

Such was the case in the previous experiment; Figure 2 
summarizes the results then obtained for dogs Buf and 
Ami. The behavioural response was measured in terms 
of the number of Inn coolings requested by the dogs 
during the 30 min trial period. When ambient temperature 

in the climatic chamber (T~) was higher than spinal 
thermode temperature (Tth), the dogs' behaviour was 
proportional to Ta - Tin. This was true for all values of 
Tm and T~. Here again, the dogs' behaviour may seem 
paradoxal, because with a cool spinal cord (20~ dog 
Bur behaved in such a way as to reduce its skin tempera- 
ture. Two completely different circumstances: thermal 
spinal cord self-stimulation and environmental tempera- 
ture adjustment seemed, therefore, to be motivated by the 
same signal, T~ - Tth. The dogs where working to reduce 
this signal, when Ta 7 T m >  0 assuming tha t  Ts = / (T~). 

R o l e  of C a t e c h o l a m i n e s  i n  T h y r o x i n e - I n d u c e d  C h a n g e s  in  M e t a b o l i s m  a n d  B o d y  T e m p e r a t u r e  

D u r i n g  E x e r c i s e  in  D o g s  

HANNA I~ACIUBA-UgcILKO, ZOFIA BRZEZII~SKA and J. E. GRE]~NLEAF 1 

Laboratory o/ Applied Physiology, Medical Research Centre, Polish Academy of Sciences, 7 Jazgarzewska Street, 00-730 
Warszawa (Poland), 7 August 7975. 

Summary. Blockade of beta receptors inhibited thyroxine-induced increases in Tre, blood FEA and LA levels during 
exercise in dogs. 

Pretreatment  with thyroid hormones markedly in- 
creases plasma free fat ty acid (FFA) levels and body 
temperature during exercise e - t  A suggestion was made 
tha t  this increase in the plasma FFA concentration is 
mostly caused by potentiation by thyroid hormones of 
the lipolytic action of catecholamines, which are released 
in increasing amounts during exercise in dogs 5. 
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Fig. 1. Changes in rectal temperature (z~Tre) during 60 min exercise. 
�9169 control exercise; �9169 exercise performed 72 h following 
Ta + Inderal given at 30 m~n of the run; �9 . . . .  O, exercise performed 
72 h following T~ without Inderal. 

The thyroid hormone-induced exercise hyperthermia 
was supposed to be at least part ly due to a greater heat  
production during exercise, since an increased FFA 
mobilization usually results in increased calorigenic 
action. An enhancement in anaerobic metabolism might 
also have had a part  in this mechanism. 

In the present study, an a t tempt  was made to ascertain 
the role of catecholamines in the thyroxine-induced 
changes in metabolism and temperature during exercise. 
For this purpose propanolol, which inhibits the metabolic 
action of catecholamines, was administered during the 
exercise perlormed by thyroxine-treated dogs. 

Material and methods. Experiments were carried out on 
6 male, mongrel dogs weighing 18-25 kg. Before each 
experiment the dogs were deprived of food for 18-20 h, 
but  had free access to water. At first, the dogs performed 
a 60 min control run on a treadmill. The slope of the 
treadmill  was 12 ~ and its speed ranged from 1.2-1.6 m/sec, 
according to the individual capacity of each animal. 
Then, after at least i week interval, the dogs were injected 
s.c. with L-thyroxine (Light and Co., England) in a single 
dose of 100 vg/kg body weight. 3 days after the injection 
the animals performed treadmill exercise of the same 
intensity and duration as in the control experiments. 
At 30 min of the exercise propranol01 (Inderal, ICI) was 
given i.v. in a dose 0.25 mg/kg body weight, and after 10 
min rest the run was continued for a further 30 min. In 
the same dogs thyroxine (T~) injection was repeated after 
at least a 1-month interval, and the dogs performed an 
exercise run 3 days following the injection. In these 
additional experiments only Tre measurements were 
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