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Discussion. The da ta  indicate  t h a t  there  are significant  
changes in ar ter ial  responsiveness to angiotensin I I  
dur ing the  ear ly  neonata l  period in lambs, jus t  as has 
been found wi th  ~-adrenergic agents  ( K N I G H T  and McGRE- 
GOR4; DE CHAMI'LAII~ et  al.5; GRAYe). The  smooth  muscle 
ceils become more sensit ive to this po lypept ide  molecule 
dur ing ear ly  matura t ion ,  a l though at  the  end of the  
end of the  3 week period under  s tudy,  the  vessels are still  
less sensit ive than  comparable  vessels from the  adul t  
animal  and t h e y  are capable of developing only about  
~/3 the  max ima l  tension. In  contrast ,  norepinephrine 
sensi t iv i ty  changes dras t ical ly  dur ing the  3 week period 
b u t  does not  change ve ry  much  after  tha t ,  even  though  
there  is still a large change in tension occurr ing after  t ha t  

period. In  the  Figure  there  is a progressive change in 
slope (except for group I I  which showed a large change 
in slope) of the  curves depict ing the  relat ionship be tween 
threshold,  ED50, and tension. This  is an indicat ion t h a t  
the  threshold concentra t ion  (which s t imulates  ti le most  
responsive cells in the  populat ion)  changes a t  a s l ight ly 
different  ra te  t han  the  EDs0 (which is re la ted to the  reac- 
t i v i t y  of the  ma jo r i ty  of cells) dur ing the  process of 
matura t ion ,  even though  bo th  are decreasing. 

4 A. KNIGHT and D. D. McGREGOR, Blood Vess. 11, 212 (1974). 
5 J .  DE CHAMPLAIN, T. MALMF6RS, CH. SACHS, Ae ta  phys io l ,  seand .  

80, 276 (1970). 
6 S. D. GRAY, in  press  (1975). 
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Summary. Infusion of 1 vg thyrox ine  into the  left  cerebral  ventr ic le  of the  dog did not  change body  t empera tu re  a t  
rest, bu t  i t  caused signif icantly higher  increases ill Tre during physical  exercise. 

I t  has been found ill this  l abora to ry  1 t h a t  in dogs wi th  
excess of thyro id  hormones  tempera ture ,  responses to 
exercise are much  higher  t han  in control  animals.  I t  was 
also demons t ra ted  t h a t  the  thyro id-hormone- induced  
exercise hype r the rmia  cannot  be a t t r ibu ted  exclusively 
to the  metabol ic  hea t  product ion  2. Another  possible ex- 
p lanat ion  of this phenomenon  is t h a t  thyro id  hormones  
exer t  their  act ion on centra l  nervous  s t ructures  involved  
in t empera tu re  regulation.  An effect of thyrox ine  on the  
the rmoregu la to ry  centres has recent ly  been described in 
the cat  3. 

The purpose of the  present  work  was to follow up the  
effect of in t raven t r icu la r  infusion of thyrox ine  on deep 
body  t empera tu re  in dogs a t  rest  and dur ing physical  
exercise. 

Material and methods. 6 mongre l  dogs (18-22 kg b.wt.)  
were used. They  were deprived of food for 18-20 h before 
the  experiments ,  bu t  had  free access to water .  A t  least 
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Effect of intraventricular infusion of I btg thyroxine OH rectal 
temperature (Tre) of a dog at rest and during 1 h physical exercise. 

2 weeks before the  exper iments  s ta r ted  eacll dog had a 
stainless steel  guide cannula  implan ted  into the  left  
la teral  ventricle.  The  opera t ion  was per formed under  
Na-heksobarb i ta l  anaesthesia  (45 mg/kg  i.v.).  

Control experiments. Dogs t ra ined to s tand quie t ly  on 
a s tand were infused in t ravent r icu la r ly  wi th  the  art if icial  
cerebrospinM fluid (ACSF) a t  a ra te  of 40 ~l /min for 
60 mill. Af te r  the  end of the  infusion, the  dogs remained  
on the  s tand for a fur ther  50 rain. Then,  t h e y  were t rans-  
ferred to an electrical  t readmil l ,  where they  began a 1 h 
physical  exercise (slope of t readmil l  of 12 ~ speed 1.2 m/sec). 
A thermocouple  (Ellab, Copenhagen) was inserted 12 t o  

15 cm deep into the  rectum.  Rec ta l  t empera tu re  was 
read every  2 mill  th roughou t  the  exper iment ,  and at  
5 rain in tervals  af ter  t e rmina t ion  of exercise unt i l  Tre 
re turned  to ti le pre-exercise value: 

Expe r imen t s  wi th  thyrox ine  were performed on the  
same dogs according to the  scheme described above,  bu t  
thyrox ine  (Light  and Co, England)  in a to ta l  a m o u n t  of 
1 ~g/dog was added to the  A C S F  infused. 

In  bo th  series of exper iments ,  venous blood samples 
were t aken  at  the  beginning of infusion, immedia te ly  be- 
fore exercise, and af ter  its te rminat ion ,  for hematocr i t  
and plasma free f a t t y  acid (FFA) level de te rmina t ions ' ,  5. 
The  da ta  were analyzed wi th  the  S tuden t ' s  t-test for 
paired samples. 

1 H.  KACIUBA-U~cILHO, J .  E.  GREENLEAF, S. KOZLOWSKI, Z. 
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Results. Resul ts  of a typ ica l  exper iment  are presented 
in the  Figure.  Thyrox ine  (T4) added to the  A C S F  infused 
did no t  influence s ignif icant ly  Tre a t  rest. Bo th  in the  
control  and Tl-exper iments ,  Tre declined by  approx.  
0.3~ A t  the  beginning of exercise, Tre of the  control  
dogs was 38.1 -b 0.2~ (SE), and in the  dogs infused wi th  
A C S F  + T 4 38.05 4- 0.2~ A t  the  end of the  control  
exercise, Tre was 39.2 4- 0.1~ while in the  T4 t rea ted  
dogs i t  reached 39.7 4- 0.1~ 

F r o m  the  6th rain of exercise, Tre increases (A T~e) were 
s ignif icant ly h igher  (p < 0.05 or p < 0.01) in the  dogs 
t rea ted  wi th  T4 t h a n  in the  same dogs infused wi th  A C S F  
alone. 

At  the  end of exercise, the  mean  difference in zt Tre be- 
tween the  control  and T 4 t rea ted  dogs amoun ted  to 
0.47 -t- 0.07~ (p < 0.002). Dur ing the  run, H c t  changed 
only s l ight ly  (p > 0.05) bo th  in the  control  and T~ t rea ted  
dogs, and plasma F F A  concent ra t ion  increased by  
142.7 :j: 22.4 ~Eq/1 and 144.7 4- 23.3 ~Eq/1 respect ive ly  
(p > 0.05). 

Discussion. Cont ra ry  to the  results obta ined  in cats a, 
the  da t a  presented here indicate  t h a t  in dogs infusion of 
1 izg thyrox ine  into the  la teral  vent r ic le  of the  brain does 
no t  affect  body  t empera tu re  a t  rest. I t  does, however,  
cause s ignif icant ly higher  exercise-induced increases ill 
rectal  t empera tu re  in comparison wi th  control  runs per- 

formed by  the  same dogs following infusion of A C S F  
alone. This  f inding suppor ts  the  previous ly  made  hypo-  
thesis t h a t  the  exerc ise-hyper thermia  described in the  
dogs injected s.e. wi th  a single large dose of thyrox ine  or 
t r i iodothyronine  (Ta)1 m a y  be par t ly  due to the  centra l  
act ion o f  thyro id  hormones  on the  s t ructures  involved  in 
thermoregula t ion .  I t  has been shown recent ly  G t h a t  T 3 
and T 4 given by  i .v .  infusion to dogs pene t ra te  bo th  bra in  
and CSF. 

The  mechan ism of the  hyper the rmic  act ion of in t ra-  
ven t r icu la r ly  adminis tered  T 4 dur ing exercise is difficult  
to explain,  h i  this case, per ipheral  calorigenic effects of 
thyroxine,  being most ly  due to po ten t ia t ion  of metabol ic  
act ion of catecholamines  ~, can be excluded, since no 
difference ill blood F F A  level  at  the  end of exercise was 
found between the  control  and T 4 t rea ted  dogs. 

I t  m a y  be supposed t h a t  T4, applied in a small  dose 
into the  bra in  ventricles,  e i ther  acts d i rec t ly  on the  
ac t iv i ty  of central  neurons involved  in thermoregula t ion ,  
or i t  exerts  its act ion by  changing sensi t iv i ty  to neuro-  
t ransmi t te rs  ~ dur ing physical  exercise. 

6 G. A. HAGEN and L. A. SOLBERG, Endocrinology 95, 1398 (1974). 
7 G. ENGSTR(JM, T. H. SWENSSON and B. WALDECK, Brain Res. 77, 

471 (1974). 
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Summary. The surface morphology  of fish gill has been studied by  scann ing  electron microscopy. The  surface of gill 
epi the l ium shows a pseudoconcentr ic  a r rangement  of arborizing ridges and channels.  Fur ther ,  a t  places on gill f i laments  
the  surface shows several  infoldings labelled as micropits.  The  role of these morphologica l  adapta t ions  has been cor- 
re la ted wi th  the  gas exchange  physiology.  

There  is no means  o ther  t han  diffusion by  which the  
respi ra tory  gases are carried across the  surfaces separat ing 
wate r  f rom the  blood. I n  fish gills, the  secondary lamellae 
of the  gill f i laments  are the  main centres of gas exchange.  
The  fine s t ructure  of secondary lamellae shows tha t  these 
are main ly  composed of a pair  of two- layered epi thel ial  

sheets (each about  3 ~xm thick) jo ined toge ther  by  pi l lar  
cells 2 (Figure 1). The  flanges of these pi l lar  ceils line mos t  
o f  the  channels  th rough  which blood flows in the  second- 
ary lamellae;  and due to this pil lar ceils come in a ve ry  
close con tac t  wi th  the  whole blood during circulation.  
The  pil lar cells thus  form an i m p o r t a n t  pa r t  of respi ra tory  

Fig. 1. Semi-diagrammatic repre- 
sentation of the structure of sec- 
ondary gill lamella from a gill fila- 
ment  showing surface and sectional 
views. Note the engravings on the 
surface of the epithelium (EP); 
micropits (P) show their depth in 
sectional view (dark areas); BC, 
blood channel;  BM, basement  
membrane;  CC, collagen column; 
EP, epithelium; EPC, epithelial 
cell; PC, pillar cell; TF, thin flange 
of pillar ceil. (modified after 
BETTEX-GALLAND and HUGHES2). 


