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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. 
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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). 
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a n d  c i r cu la to ry  sys tem.  The  r ecen t  EM s tudies  also 
sugges t  t h a t  changes  in the  l e n g t h  of pi l lar  cetts c lear ly 
h a v e  a cons iderab le  inf luence on the  whole  of t h e  cardio-  
vascu la r  dynamics  2. 

Much  of t he  r ecen t  l i t e r a tu re  on  t h e  gills of va r ious  
fishes is conf ined  to e lec t ron  microscopica l  2-6, deve lop-  
m e n t a l  ~, s and  physiological  9,10 studies.  The  p r e sen t  work  
appear s  to  be  t he  f i rs t  r epo r t  on  t he  surface  a r ch i t e c t u r e  
of gill f i l amen t s  of an  Asian  catf ish,  Saccobranchus/ossilis. 
The  t h o r o u g h  e x a m i n a t i o n  of t he  surface of gill f i l amen t s  
w i t h  t h e  he lp  of a s cann ing  e lec t ron  microscope (af ter  
careful  f ixat ion,  d e h y d r a t i o n ,  d ry ing  a n d  gold evapora -  

t ion)  reveals  m a n y  in t e re s t ing  fea tures .  T h e  h e x a g o n a l  
ep i the l ia l  ceils (EP, F igures  2 a n d  3) d i sp lay ing  t h e  surface 
of gill f i l amen t s  show a un ique  p a t t e r n .  T h e  p a t t e r n  gives 
a clear i nd i ca t i on  of a p seudoconcen t r i c  a r r a n g e m e n t  of 
a rbor iz ing  r idges a n d  channe l s  (see arrows,  F igures  2 an d  
3). T h u s  each  ep i the l ia l  cell p rov ides  a more  expans ive  
l u m e n a l  surface  area.  In  o the r  words  i t  c an  also be  said 
t h a t  t h e  whole  of t h e  gill surface  is h igh ly  engraved .  
Fu r the r ,  a t  ce r t a in  places on  t h e  gill  f i l amen t s  the  surface  
gives clear impress ions  of severa l  n a t u r a l  infoldings  wh ich  
are label led  as mic rop i t s  (P, F igures  1-3). C o m p a r a t i v e l y  
t h e  n u m b e r  of such  mic rop i t s  obse rved  is h ighe r  in  t h e  
regions  of s econda ry  lamel lae  t h a n  in t h e  r e m a i n i n g  p a r t  
of t h e  gill f i l amen t  (compare  P in F igures  2 an d  3). B y  
obse rv ing  such  an  i n t e r e s t i ng  a r ch i t e c t u r e  on  t h e  surface 
of gill f i laments ,  t h e  conclus ions  d r a w n  in v iew of t he  
func t iona l  i n t e r p r e t a t i o n  are :  a) T h e  surface  engrav ings  
of t h e  gill ep i t he l i um fac i l i ta tes  mech an i ca l l y  t h e  adhes ion  
of w a t e r  molecules,  t h a t  u l t i m a t e l y  he lps  in  t h e  ac t ive  
di f fus ion of t h e  r e s p i r a t o ry  gases f rom w a t e r  to  t h e  b lood  
a n d  vice-versa ,  t h r o u g h  ep i the l ium,  b a s e m e n t  m e m -  
b r a n e  a n d  f langes of pi l lar  ceils, b) The  f r e q u e n t  p resence  
of mic rop i t s  on  t h e  surface  of s econda ry  gill lamel lae  
acquires  special  s ignif icance since t h e  p i t t e d  a rea  becomes  
t h e  m o s t  ac t ive  si te  for gas exchange .  A t  places where  
these  mic rop i t s  form, due  to  info ld ing  of t h e  ep i the l ia l  
surface  (P, F igure  1), t h e  ep i the l ia l  shee ts  become  t h i n n e r  
w i t h  t h e  resu l t  t h a t  t h e r e  is a n  increase  in surface  a rea  
a n d  decrease  in di f fus ion dis tance .  This  u l t i m a t e l y  reduces  
t h e  res i s tance  an d  in i t i a t es  a n  easier  d i f fus ion of r e s p i r a t o ry  
gases. I n  th i s  way,  t h e  surface engrav ings ,  t o g e t h e r  w i t h  
micropi ts ,  increase  adso rp t ive  a n d  a b s o r p t i v e  surfaces  of 
t h e  gill, p r o v i d i n g  an  easy  i o n / w a t e r  t r a n s p o r t  across t he  
gill surfaces.  

T h e  p r e s en t  f ind ing  is an  i n t e r e s t i ng  co r re la t ion  b e t w een  
morpholog ica l  a n d  f u n c t i o n a l  a s y m m e t r y ,  since t h e  
func t ion  of gill e p i t h e l i u m  h as  been  a sce r t a ined  p u r e l y  on 
t h e  basis  of morpholog ica l  s tud ies  b y  s cann ing  e lec t ron  
microscopy,  a n d  t h e  o b s e rv a t i o n s  on t h e  surface  p a t t e r n  
are ind ica t ive  of areas  respons ib le  for  ac t ive  gas exchange ,  
wh ich  m a y  be  s u b j ec t  to  increased  mechan ica l  s t ress  b y  
e n v i r o n m e n t a l  forces. A full  a cco u n t  of t h e  work,  com- 
pr iz ing  o t h e r  cy to logica l  charac ter i s t ics ,  will be  pub l i shed  
elsewhere.  

Fig. 2. Scanning electron micrograph of surface of secondary gill 
lamella showing micropits (P) and engravings on the epithelial 
surface (arrows). The black area of the extreme upper right corner 
represents the region between the two secondary lamellae. EP, 
epithelium. • 6000. 
Fig. 3. Scanning electron micrograph of surface of gill filament other 
than the region of secondary gill lamella. Note the number of micro- 
pits (P); EP, epithelium; arrows, surface engravings. • 3000. 
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