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20.00 h (p < 0.001) and a r ea t t a inmen t  of morning  levels 
by  02.00 h. The  deplet ion at  20.00 h could be expected 
since the  period of greates t  ac t iv i ty  is known to begin 
at  approx imate ly  18.00 h (onset of darknessS). Muscular  
exercise is a known powerful  s t imulus for GH secretion 
in man  ~. 

Fas ted  ra ts :  The  effect of the  24-hour fast  appears  
to influence the  G H - a c t i v i t y  in a manner  opposi te  to 
t h a t  in fed rats.  The  highest  con ten t  of G H - a c t i v i t y  in 
the  pi tui tar ies  occurred in the  late  morning  (08.00 h) 
and dropped to its lowest  level  by  14.00 h (p < 0.001). 

Diurnal  f luc tuat ions  of p lasma G H  have  been repor ted  
for children ~ and adul tsL In  children, GH levels are low 
during the  day  and high dur ing the  night,  the  l a t t e r  
being a t t r ibu ted  to the  long fact  since the  previous meal.  
I t  has been repor ted  by  CLARK s t h a t  h igh prolac t in  
levels occur in rats  at  16.00 h and low values  were found 
at  22.00 h. 

The da ta  suggest  c ircadian f luc tuat ions  in the  p i tu i t a ry  
conten t  of t ib ia- tes t -assayable  material ,  p resumably  GH. 
The fact  t h a t  the  remova l  of the  exogenous s t imulus  of 
food in take  did not  e l iminate  significant  var ia t ions  in 
p i tu i t a ry  GH con ten t  suggests t ha t  the  l a t t e r  migh t  be 
subject  to the  funct ion of the  'Biological  Clock' 9. 

Zusammen/assung. Mit Tibia tes t  auf Wachs tumshor -  
monakt iv i t / i t  geprtiftes Hypophysenmate r i a l  zeigte t ro tz  
Fas tenper ioden zirkadische Gehal tsschwankungen.  Die 
Wahrscheinl ichkei t  besteht ,  dass Wachs tumshormone  und 
eventuel le  andere hypophys/ i re  Hormone  in ihrer Akt i -  
vi t / i t  der <~Biologischen Uhr~ unterworfen  sind. 
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Injury and the Axial Organ of Echinoids 

W h e n  foreign cells or organisms are injected into the  
perivisceral  cav i ty  of cer ta in  echinoids, the  axial  organ 
responds in a dis t inct ive  way  1. Similar  responses occur 
when coelomic fluid is removed,  allowed to clot  and 
re- in t roduced into the  perivisceral  coelom of the  individual  
f rom which it  was obtained.  This  suggested tha t  the  organ 
is responding to condit ions l ikely to be associated wi th  
serious in jury  1. The observat ions  to be repor ted  sub- 
s tan t ia te  this suggestion. 

Material and methods. In jur ies  which pene t ra te  the  tes t  
lead to loss of coelomic fluid and coelomocytes  bo th  by  
escape and by  clot  formation.  I t  is pe r t inen t  to discover 
whether  the  axial  organ responds to such losses. Hea l t hy  
individuals  of A rbacia punctulata were depr ived of coelom- 
ocytes  in 2 ways. First ,  by  wi thdrawing  coelomic fluid into 
a sterilized syringe inserted through the  per is tome ; second, 
by  repea ted ly  removing  the  clot of coelomic fluid which 
sealed an opening 3-5 m m  in d iamete r  made  in the test.  
The  effects produced on the  axial  organ were compared  
and related to the  condi t ion of the  organ ill an individual  
having  a na tura l ly  acquired lesion of similar kind. 

Results and discussion. W h e n  Arbacia punctulata is 
robbed of about  1.0 ml  of coelomic fluid the  fluid lost 
is replaced wi th in  24 h and the  axial  organ shows well- 
defined changes. Cells, cell debris and secretion begin to 
leave the  lacunae and move  into the  contract i le  vessel, 
so t h a t  the  channels in the  t rabeculae  which connect  the  
2, b e c o m e  swollen wi th  such mater ia l  (Figures 1 and 2). 
Some of the  cells resemble lymphocy tes  and fusiform 
cells 2, others  per i toneal  cells and those which produce 
mucus.  Cell divison is ac t ive  in bo th  the  migra t ing  cells 
and those of the  pe r i toneum which covers the  axial  
organ and lines its centra l  cavi ty .  In  such areas the  
pe r i toneum m a y  lose its integri ty ,  al lowing cells and 
secretion to escape f rom the  under ly ing lacunae and to 
pass, together  wi th  the  loosened and prol i ferated peri to-  
neal  cells, into the  lumen  of the  organ or into the  peri- 
visceral  coelom. The na ture  of this secretion and t h a t  
which passes into the  contract i le  vessel in A rbacia punctu- 
late has no t  ye t  been determined,  bu t  in o ther  species 

much  of i t  is acid mucopolysaccharide.  I t  could be 
signif icant  in wound heal ing *. 

These effects are ev ident  31/g h af ter  a single wi th-  
drawal  bu t  urchins can survive  up to 9, provided  t h a t  
the  wi thdrawals  of fluid are separated by  intervals  of 
no less t han  24 h. Under  such condit ions the  coelomic 
fluid declines in c lot t ing power, p resumably  owing to 
loss of coelomocytes  and the  lacunae show signs of 
deplet ion (Figure 3). Similar  effects were d e a r l y  observed 
in all of 15 exper iments  in only 3 of which were there  
signs of debi l i ty  or general  t issue disintegrat ion.  One such 
case had suffered 6 withdrawals ,  the  o ther  two 9. The  
effects in instances such as the  last  ment ioned produced 
by  severe stressing can be accepted only wi th  reserve, bu t  
t h e y  are useful in so far  as t hey  indicate  t h a t  the  depleted 
lacunae appear  to be par t ia l ly  replenished wi th  cells and 
secretion f rom the  area where the  mesen te ry  and its 
contained 'haemal '  vessel are a t tached  to the  axial  organ. 
This hints  a t  a possible funct ion  for the  en igmat ica l  
'haemal '  system. 

Paral le l  exper iments  in which the  per is tome was pene- 
t r a ted  by  the  syringe, b u t  no fluid wi thdrawn,  produced 
comparab ly  clear effects on the  axial  organ in only 2 
instances out  of 7. This suggests t h a t  loss of coelomocytes  
ra ther  t han  unavoidable  tissue damage  is the  major  cause. 

Clear and consistent  effects were reproduced in 4 
urchins f rom which heal ing clots were r emoved  a t  inter-  
vals  of 1-6 days. Af te r  4 or 5 such operat ions c lo t t ing 
and heal ing were impaired or  ceased and the  axial  organ 
showed changes precisely s imilar  to those which followed 
wi thdrawal  of coelomic fluid. 

I t  p roved  possible to relate  these findings to one 
instance t aken  f rom the  normal  envi ronment .  Na tu ra l l y  
occurr ing lesions of the  tes t  p roved  rare in Arbacia: 
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Fig. 1. Portion of the axial organ of an un- 
treated individual of Arbacia punctulata 
showing the normal condition of the trabe- 
eulae (T), the channels in which connect the 
lacunae (L) and the contractile vessel (V). 
Note the sparse contents of the channels and 
the distincl peritoneal layer investing the 
trabeeulae. Fixed: Bouin; stained: Mallory; 
scale: 13 [zm. 

Fig. 2. A comparable region of the axial 
organ of an individual from which approxi- 
mately 1.0 ml of coelomic fluid had been 
withdrawn at intervals of 48 h. Note the 
channels within the trabeculae (T), swollen 
with cells and secretion discharged from the 
lacunae ~L) and passing into t~e contractile 
vessel (V). The peritoneum around the trabe- 
culae shows signs of proliferation. Fixed: 
Duboseq-Brasil; stained: Heidenhain's iron 
hematoxylin, eosin and Aleian Blue; scale: 
12 txm. 

a m o n g  200 urchins  examined  ae W d o d s  t lo ie  in Ju ly  
and Augus t  1968, 6 showed lesions of t he  test .  Of these  
only one showed a lesion t h a t  had  pene t r a t ed  to  t he  
per ivisceral  coelom and  was suif ic ient ly  recen t  to be 
imper fec t ly  sealed. In  th is  ins tance  the  axial  organ 
showed ex tens ive  prol i fera t ion  of cells f rom the  per i tonea l  
l ining in to  t he  lumen  and  the  d ischarge  of cells, secre t ion 
and  cell debris  f rom the  lacunae in to  the  contrac t i le  
vessel.  

The  u l t imate  f~te of t he  lacunar  subs tance  d ischarged  
has  ye t  to  be de te rmined .  Some of t h a t  passed in to  t h e  
cont rac t i le  vessel  appears  to  leave i t  b y  pores  or small  
funnels,  which  have  no t  previous ly  been  descr ibed in i ts  
wails, to  en te r  the  lumen  of t he  axial  organ (Figure 4). 
F r o m  here, t oge the r  wi th  lacunar  subs tance  and  per i toneal  
ceils which  have  passed  in to  t he  lumen  di rec t ly  (see 
above),  t he  discharge could pass  in to  t he  perivisceral  
coelom or into t he  s tone  canal  by  way  of t he  communica -  
t ions known to  exis t  b e t w e e n  t h e m  4. 

Some po ten t ia l i t i e s  oi  pe r i tonea l  cells in the  regenera-  
t ive  processes  of Arbacia have  been  clearly revealed ~. 
An a b u n d a n c e  of these  and  o the r  cells, t oge the r  w i th  
mucus,  mobil ized by  the  cont rac t i le  vessel  and  d ischarged 
in to  the  perivisceral  coelom could be ve ry  s ignif icant  in 
a iding emergency  repai rs  to  t he  test ,  especial ly when  
accompan ied  b y  a mechan i sm for deal ing wi th  infect ion 
and  wi th  effete or disorganized cells ~,3. 

Fig. 3. Depletion of the lacunae (L) following 
9 withdrawals of coetomic fluid in 16 days. 
Note that the eanaliculus (N), normally sur- 
rounded by dense lacunar contents, now 
appears almost isolated. Fixed: Duboscq- 
Brasil; stained: Mallory; scale: 10 ~m. 

Fig. 4. Portion of the axial organ of an urchin 
which had a lesion penetrating the body wall 
so as to expose the perivisceral eoe!om. No~e 
the clump of cells and cell debris (C) in the 
lumen (A). This substance resembles lacunar 
contents and appears to have been discharged 
from the contractile ~r (V) by the funnel 
(F). Fixed : Duboscq-Brasil; stained : Mallory; 
scale: 10 txm. 

The  changes  observed  the re fore  f i t  wi th  t h e  p rev ious  
content ion  ~ t h a t  a t  least  some of t he  act ivi t ies  oi th is  
enigmatical  organ are defensive  responses  induced  by 
injury.  To a l imi ted  e x t e n t  only  the  idea is in keeping 
wi th  t he  recur ren t  no t ion  s , 7, t h a t  the  organ is lymphoid ,  
bu t  when  knowledge is l imited,  such analogies can be 
dangerous  overs impl i f ica t ions  4,s. 

Rdsumd. Chez Arbacia punctulata, q u a n d  on enl~ve le 
l iquide i~rivisc6ral ,  ou q u a n d  on e n d o m m a g e  le t e s t  plu- 
sieurs fois, la g lande b runo  r6agit. Los coelomocytes ,  les 
cellules p6riton6ales et  los ,mucocytes~ ,  s6cr6t6s, son t  mis  
en libert6. Cos 616ments e n t r e n t  dans  le vaisseau cont rac-  
tile e t  dans  la cavit6 p6rivisc6rale.  
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