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peak  value of venous  blood oxygen  sa tu ra t ion  dur ing  re- 
act ion was no t  more  t h a n  68% HbO~, venous  outf low 
cons t an t l y  increased.  W h e n  the  peak  value reached  70 to 
85% H b O  2, the  venous  outf low ei ther  decreased or in- 
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Fig. 3. Results of tbe factor analysis of vasomotor reactions and 
dynanfies of venous blood oxygen saturation changes in the spleen 
(a) and intestine (b) under electrical stimulation of sympathetic 
fibres. Abszissa, analyzed priznacs; ordinate, means of coefficient of 
correlation. Line, I factor; interrupt line, II factor; point, III factor. 
Weights of factors: a) I, 38.7% ; II, 27.2% ; III, 15,5%. b) I, 42.6% ; 
II, 23.9%; III, 14.8%. V, venous outflow (ml); N~, initial level of 
the venous blood oxygen saturation (%Hb 02) ; N2, peak means of 
the venous blood oxygen saturation (%Hb 02) ; N, venous blood 
oxygen saturation changes; Pt, initial level of the perfusion pressure; 
P2, peak means of the perfusion pressure; P, the perfussion pressure 
changes. 

creased. W h e n  venous  blood oxygen  sa tu ra t ion  reached,  
under  s t imula t ion  of s y m p a t h e t i c  nerves ,  the  value of 
85% H b O  2 or more,  the  venous  out f low decreased.  We 
revealed as well reversed  line correla t ion be tween  init ial  
level of venous  blood oxygen  sa tu ra t ion  and  the  cha rac te r  
of venous  outf low f rom an organ under  electr ical  s t imu-  
la t ion of s y m p a t h e t i c  fibres (Figure 2b). I t  t u rn ed  out  
t h a t  if t he  init ial  level venous  blood oxygen  sa tu ra t ion  
was small,  i.e. the  oxygen  consumpt ion  b y  the  t issue of 
an organ was high, venous  outf low as a rule was increased.  
On the  cont rary ,  the  more  the  venous  blood oxygen  sat-  
u ra t ion  before s t imula t ion ,  the  more  ev iden t  was the  
t e n d e n c y  to the  decrease of the  venous  outf low unde r  
electrical  s t imula t ion  of s y m p a t h e t i c  fibres. 

To elucidate  the  re la t ion be tween  b o t h  the  value and 
cha rac te r  of capac i tance  vessel  responses  of spleen and  in- 
t es t ine  and  all t he  pa rame te r s  recorded,  we used one of 
the  m e t h o d s  of t he  fac tor  analysis  - m e t h o d  of chief  
componen t s .  I t  was shown (Figure 3) t h a t  the  m o s t  es- 
sent ial  fac tor  was the  close nega t ive  corre la t ion be tween  
magn i tude  and cha rac te r  of capac i tance  vessel responses  
f rom one side and  dynamics  of venous  blood oxygen  
sa tu ra t ion  f rom another .  

Thus  the  resul ts  of the  analysis  p e rmi t  us to sugges t  
t h a t  the  more  in tens ive  the  oxygen  exchange  in spleen 
and  in tes t ine  before and dur ing  the  s y m p a t h e t i c  s t imu-  
lat ion,  i,e. the  more  is venous  blood desa tu r a t ed  wi th  
oxygen,  the  more  f r equen t  the  cons t r i c to ry  response  of 
capac i tance  vessels. On the  cont ra ry ,  the  lower the  oxygen  
exchange  in spleen and  small  in tes t ine ,  i.e. the  more  the  
venous  blood s a tu r a t ed  wi th  oxygen,  t he  more  f r eq u en t  
is d i l a to ry  response of capac i tance  vessels. 
I t  is necessary  to emphasize ,  however ,  t h a t  th is  cor- 
re la t ion was ob ta ined  in expe r imen t s  wi th  s y m p a t h e t i c  
fibres cut,  i.e. when  the  organs inves t iga ted  were prac t i -  
cally depr ived  of neurogenic  control .  W h e t h e r  th is  cor- 
re la t ion exists  in the  normal ly  func t ion ing  spleen and 
small  in tes t ine  will be shown in fu r the r  invest igat ions .  
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Summary. Higher  conduc t ion  velocities in b ranches  of the  fas t  exci tor  axon to dis ta l  muscle fibres ensure t h a t  ttlese 
fibres are ac t iva ted  a lmost  s imul taneous ly  with p rox imal  fibres in the  claw closer muscle of lobsters,  p roduc ing  a 
con t rac t ion  of m ax ima l  force. 

In  muscle cont rac t ion ,  max ima l  force is exer ted  when  
all fibres wi th in  a muscle (or mo to r  unit) are exci ted 
s imul taneously .  The resul t ing coord ina t ion  p rob lem is 
accen tua ted  in crus taceans ,  in which ent i re  muscles are 
inne rva ted  by  few (1-4) exc i t a to ry  motor  axons,  so each 
neuron serves a large n u m b e r  of muscle fibres. In  addi t ion,  
the  muscle fibres are a r ranged  in p inna te  fashion re- 
sul t ing in a wide separa t ion  be tween  prox imal  and dis ta l  
fibres (Figure A). W h a t  is the  mechan i sm for exci t ing the  
fibres wi th in  such muscles so t h a t  t hey  con t rac t  a lmost  
s imul taneous ly  ? In  the  lobs ter  claw closer muscle,  dif- 
fe rent  conduc t ion  velocit ies in the  branches  of a single 
exc i t a to ry  axon allow widely  separa ted  muscle fibres to 
be ac t iva t ed  wi th in  a few mil l iseconds of one another .  

The claw closer muscle in lobsters  is t he  largest  l imb 
muscle and  is i nne rva t ed  by  2 exc i t a to ry  (fast and slow) 
axons and an inh ib i to ry  axon 3. The fas t  axon is the  
major  m o t o r  fibre to the  dorsal  surface os the  muscle,  
a l though  all regions of the  muscle are i nne rva t ed  by  b o t h  
axons  to  some ex t en t  ~. Fu r the rmore ,  i t  is possible to 
select ively s t imula te  the  fas t  axon, since it invar iab ly  
has the  lowest  th reshold  of all 3 axons  ~. We therefore  
examined  the  t empora l  differences in exc i ta t ion  of widely  
sepa ra t ed  dorsal  fibres when  the  fas t  exci tor  was s t imula t -  
ed. 

In  a typ ica l  exper iment ,  the  dorsal  surface of the  closer 
muscle was exposed  by  removing  the  opener  muscle.  A 
p rox ima l  and a distal  f ibre were p e n e t r a t e d  s imul tane-  
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ous ly  w i th  c o n v e n t i o n a l  3 M KC1 filled glass  microelec-  
t rodes  (Figure A). The  closer nerve ,  wh ich  was  i so la ted  
f rom th e  m a i n  leg nerve,  was  s t i m u l a t e d  w i th  brief  
( <  0.1 msec) squa re  pu lses  v ia  p l a t i n u m  wire electrodes.  
The  r e su l t ing  spikes  were m o n i t o r e d  d i s ta l  to t he  s t im-  
u l a t i ng  e lec t rodes  b y  a suc t ion  electrode record ing  'en- 
p a s s a n t '  (Figure A). The  d i s t ances  be tween  e lec t rodes  
were m e a s u r e d  us ing  an  ocular  mic rome te r .  Th i s  ex- 
p e r i m e n t a l  des ign  p rov ided  a record of t he  ex t race l lu la r  
sp ikes  in t h e  f a s t  a x o n  a n d  t h e  r e s u l t a n t  e x c i t a t o r y  pos t -  
s y n a p t i c  po t en t i a l s  (EPSPs)  in t he  musc le  f ibres (Figure 
B). Th e  t im e  t a k e n  f rom the  a x o n  spike to t he  beg inn ing  
of each  E P S P ,  t o g e t h e r  w i th  the  d i s t ance  s e p a r a t i n g  the  
e lec t rodes  record ing  these  even ts ,  gave  an  ave rage  con- 
duc t i o n  ve loc i ty  for t hose  b r a n c h e s  of the  fas t  exc i tor  
a x o n  wh ich  supp l ied  t h e  musc l e  fibres. These  c o n d u c t i o n  
veloci t ies  enab led  us  to c o m p a r e  t he  la tencies  for ac t iv-  
a t ion  in widely  s e p a r a t e d  musc le  fibres. 
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A) Dorsal surface of the closer muscle in a crusher claw showing 
location of stimulating electrode (S), extracellular suction electrode 
(E) on closer nerve and intracellular microelectrodes in proximal 
(PF) and distal (DF) muscle fibres. Note branching pattern of nerve. 
Scale mark 1 cm. B) A representative record of the electrical activity 
monitored by the recording electrodes shown in Figure A. Calibration : 
horizontal 10 msec; vertical, 1st record 0.4 mV; 2nd, 3rd records, 
4 mV. 

Comparison of conduction velocities (CV) in the fast exeitor axon 
to proximal (PF) and distal (DF) fibres in the lobster claw closer 
muscle 
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The  resu l t s  f rom 8 s e pa ra t e  closer musc le s  (5 c rusher  a nd  
3 c u t t e r  claws) are s u m m a r i z e d  in t he  Table .  I m p u l s e  
p r o p a g a t i o n  in a xon  b r a n c h e s  to t he  d is ta l  f ibres was  
c o n s i s t e n t l y  fas te r  (25% to  186%) t h a n  in b r a n c h e s  to  
p r o x i m a l  fibres. E v e n  t h o u g h  the  f ibres  were widely  se- 
p a r a t e d  (10.1 to 28 mm) ,  t he  E P S P  to t he  d is ta l  fibre 
was  on ly  a few msec  (2.2 to  6.5) b e h i n d  t h a t  in t he  pro- 
x i m a l  fibre. In  t he  e x a m p l e  g iven  in F igure  B, t h o u g h  the  
2 musc l e  f ibres are s e p a r a t e d  b y  28 ram,  the re  is on ly  a 4 
mse c  lag in t h e  in i t i a t ion  of an  E P S P  in t he  dis ta l  fibre. 
W h e n  t he  d i s t ance  be tw e e n  fibres was  less t h a n  5 m m ,  
t he  c o n d u c t i o n  ve loc i ty  in a xona l  b r a n c h e s  to  the  2 f ibres 
did no t  differ s igni f icant ly .  Clearly, fas te r  impulse  pro-  
p a g a t i o n  to  the  d is ta l  f ibres ensures  t h a t  t h e y  are a c t i v a t -  
ed a l m o s t  s i m u l t a n e o u s l y  w i th  the  p r o x i m a l  fibres. Th i s  
coo rd ina t ion  is pa r t i c u l a r l y  i m p o r t a n t  for t he  fas t  a x o n  
of t he  c u t t e r  claw, w h ic h  can  cause  claw closure in ap-  
p r o x i m a t e l y  20 msec  ~. 

I t  shou ld  be borne  in m i n d  t h a t  whereas  con t rac t ion ,  
of a v e r t e b r a t e  t w i t c h  t y p e  musc le  f ibre de pe nds  on an  
a l l -o r -no th ing  ac t ion  p o t e n t i a l  ge ne ra t e d  b y  the  E P S P ,  
c on t r a c t i on  of a c r u s t a c e a n  s t r i a t ed  musc le  fibre is g raded  
accord ing  to  the  r a t e  a nd  degree of depo la r iza t ion  of t he  
f ibre r e su l t i ng  f rom the  E P S P .  The  size of E P S P  var ies  
cons ide rab ly  a m o n g s t  f ibres  of the  d imorph i c  claw closer 
musc le  w i th  the  fas t  a x o n  g e n e r a t i n g  re la t ive ly  smal l  
E P S P s  in t he  c rushe r  c law (1 3 m V  as in F igure  B), a nd  
larger  E P S P s  in t he  c u t t e r  claw (4-15 mV) ~. Fac i l i t a t ion  
a n d  s u m m a t i o n  of E P S P s  leads to  larger  depo la r iza t ion  
of the  f ibre a nd  m a y  lead to an  a l l -o r -no th ing  ac t ion  
po ten t i a l .  The  l a t t e r  is ce r t a in ly  t he  case in some  fibres 
of t he  c u t t e i  c l a w  where  s t i m u l a t i o n  of t he  fas t  a xon  w i th  
pa i red  pu lses  r e su l t s  in a n  ove r shoo t i ng  ac t ion  p o t e n t i a l  
w h i c h  p roduces  a t w i t c h  c o n t r a c t i o n  ~. In  th i s  case co- 
o rd ina t e d  a c t i v a t i o n  of wide ly  s e p a r a t e d  musc le  f ibres 
would  ensure  the  m a x i m a l  tw i t c h  con t rac t ion .  

W h a t  is t he  bas is  for t he  d i f fe rent  r a t e s  of impu l se  
p r o p a g a t i o n  in b r a n c h e s  of a single m o t o r  a xon  ? Con- 
d u c t i o n  ve loc i ty  var ies  d i rec t ly  w i t h  a x o n  d iamete r ,  
hence  dif ferences  in d i a m e t e r  m a y  exp la in  di f ferences  in 
c o n d u c t i o n  veloci ty .  I t  is therefore  i n s t r u c t i v e  to cons ider  
t he  b r a n c h i n g  p a t t e r n  of t he  closer ne rve  in the  lobs ter  
c law (Figure  A). The  closer ne rve  d iv ides  in to  2 p r i m a r y  
b ranches ,  wh ich  i n n e r v a t e  f ibres on e i ther  side of the  
t e n d o n  a long t he  l e n g t h  of t h e  musc le .  P r o x i m a l  to  t h i s  
m a j o r  b i fu rca t ion  is a b r a n c h  which  is m u c h  t h i n n e r  t h a n  
t he  p r i m a r y  b r a nc he s  a n d  which  suppl ies  t he  p r o x i m a l  
musc le  fibres. P r e s u m a b l y  impu l se  p r o p a g a t i o n  a long 
th i s  fine b r a n c h  would  be slower t h a n  a long the  large 
p r i m a r y  b r a n c h e s  p r o d u c i n g  coord ina ted  a c t i v a t i o n  of 
p r o x i m a l  a nd  d is ta l  musc l e  fibres. 

A l t e r n a t i v e l y  t he  e x c i t a t o r y  a x o n  m a y  t ake  a more  
c i rcu i tous  rou te  to t he  p r o x i m a l  musc l e  fibres, so t h a t  
t h e  p a t h w a y  to these  f ibres  is s t r i c t ly  v ia  fine a x o n  
b ranches .  I n  c o n t r a s t  t he  d is ta l  f ibres m a y  be i n n e r v a t e d  
b y  smal l  a x o n  b r a n c h e s  t h a t  t r ave l  on ly  sho r t  d i s t ances  
f r om the  large p r i m a r y  b r a n c h .  
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