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nism. Such a possibil i ty,  however ,  appears  to be remote  
in th is  case as: a) A combina t ion  of D N P  and IAA is no t  
synergis t ic  to root ing  (Table). b) D N P  is no t  bel ieved to  
exercize i ts  effect  t h rough  I A A  metabol i sm,  as D N P  
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Fig. 1. In vitro effect of different concentrations of DNP on the 
activity of IAA-oxidase of the dark-grown Phaseolus mungo hypo- 
cotyl cuttings with excized apex and cotyledons. IAA-oxidase ac- 
tivity was assayed as described earlier and expressed in terms of ~g 
IAA oxidized under specified conditions. 
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Fig. 2. Effect of DNP in combination with IAA+sucrose or] the 
in vivo IAA-oxidase activity of the dark-grown Phaseolus mungo 
hypocotyl cuttings with excized apex and cotyledons. IAA-oxidase 
activity was assayed as described earlier and expressed in terms of 
[xg IAA oxidized under specified conditions. 

exer ted  no influence on in v i t ro  IAA-oxidase  ac t iv i ty  
(Figure 1); nor  did t he  t r e a t m e n t  wi th  D N P  have  any  
considerable  effect  on the  in vivo IAA-oxidase  ac t iv i ty  
of t he  cut t ings ,  excep t  for a 'de laying effect '  on the  
enzyme ac t iv i ty  peak  (Figure 2). P ro tec t ion  of IAA from 
oxida t ion  13 or enhanced  IAA synthes is  ~4 by  D N P  has 
no t  been observed.  

The e n h a n c e m e n t  of respi ra t ion  b y  D N P  b y  re- 
moving  the  obl iga tory  link to phosphory la t ion  is well 
known 2, 3,15,1s. P romot ion  of root ing  by  D N P  might ,  
therefore ,  involve the  uncoupl ing of ox ida t ive  phos-  
phory la t ion  and increased respi ra t ion;  2 •  M 
Cadmium (Cd++), a known inhibi tor  of respira t ion 17, 
checked the  D N P - c a u s e d  p romot ion  of root ing  (Table), 
thus  lending s u p p o r t  to such a possibil i ty.  T h a t  the  un- 
coupling of ox ida t ive  phosphory la t ion  and no t  the  inter-  
act ion With auxin  me tabo l i sm is likely to be involved in 
the  DNP-caused  p romot ion  of rooting,  is fu r ther  sup- 
po r t ed  by  the  fact  t h a t  a rsenate  (10-6M), a non-phenol ic  
uncoupler  of phosphory la t ion  is, also enhanced  root ing 
(Table), co n t r a ry  to  the  earlier observat ionsl~.  

Thus, increased root  p roduc t ion  by  DNP,  a para 
subs t i t u t ed  phenol ,  appears  to  be re la ted  to  uncoupl ing 
of oxida t ive  phosphory la t ion  and  is cons iderably  dif- 
fe rent  f rom t h a t  by  o ther  phenol ic  compounds  which 
act  t h rough  IAA metabo l i sm ~~ 
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Relat ion of the Character  of Capacitance Vesse l  R e s p o n s e s  in Spleen and Smal l  Intest ine Elicited by 
Electrical  S t imulat ion  of the Sympathe t i c  Fibres to the Level  of O x y g e n  Exchange  in the Organs  
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Summary. There  is a correla t ion be tween  cha rac te r  and  magn i tude  of capac i t ance  vessel  responses  and  venous  blood 
oxygen sa tu ra t ion  unde r  electrical  s t imula t ion  of s y m p a t h e t i c  fibres in the  spleen and  small  in tes t ine .  

I t  was shown 1 t h a t  the  electrical  s t imula t ion  of 
s y m p a t h e t i c  fibres caused b o t h  cons t r i c to ry  and d i la tory  
responses  of the  spleen and  small  in tes t ine  capac i tance  
vessels, res is tance vessel  response  being always con- 
s t r ic tory .  The lack of un i fo rmi ty  of the  capac i tance  vessel  
responses  was no t  due to the  res is tance  vessel responses,  
capi l lary f i l t rat ion and  changes  in a r te r iovenous  anas to-  
mot ic  flow. In  spite of the  fact  t h a t  the  d i la tory  responses  
of the  capac i tance  vessels were observed in smal l  n u m b e r  of 
expe r imen t s  (21% for spleen and 16% for intest ine) ,  i t  
was necessary  to s t u d y  mechan i sms  of these  react ions.  
This s t u d y  was in t ended  to compare  the  dynamics  of 
changes  of venous  b lood oxygen  sa tu ra t ion  and the  
charac te r  of the  capac i tance  vessel responses.  

Method. The expe r imen t s  were pe r fo rmed  on cats  (30) 
anaes the t i zed  wi th  u re thane  (1 g/kg) under  artificial res- 
pirat ion.  A spleen and  a sect ion of small  in tes t ine  were 
humora l ly  isolated and  au toper fused  wi th  a cons t an t  
blood volume pumps .  The res is tance  and  capac i tance  
vessel  react ions  were s tudied  by  the  me t h o d  descr ibed 
previously  2-4. The ar ter ia l  pressure,  the  perfusion pressure 
and the  venous  outf low were recorded wi th  an electro- 
m a n o m e t e r  on the  opt ical  oscillograph. S imul taneous ly  
wi th  the  res is tance  and  capaci tance  vessel responses,  
the  dynamics  of the  venous  blood oxygen sa tu ra t ion  was 
recorded wi th  an o x y m e t e r  (model 057) using a probe  
a t t a ch ed  to the  special  glass cuvet te .  The s t imula t ion  of 
the  splanchnic  or spleen s y m p a t h e t i c  fibres was accom- 
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plished wi th  a r ight -angle  impulse genera tor  (0.25-30 
imp/sec,  6v, 5 msec). E x p e r i m e n t a l  da t a  were processed 
in a digital  c o m p u t e r  'Minsk-32' ,  the  factor  and regression 
analysis  being used. 

Resu l t s .  Our exper imen t s  showed t h a t  the  electrical  
s t imula t ion  of in tes t ina l  va somoto r  fibres p roduced  the  
cons t r ic t ion  of res is tance  vessels in the  in tes t ine ;  the  in- 
tes t ine  vascular  capac i ty  decreased in 60%, increased in 
16% and  was no t  changed  in 24% of the  exper iments .  Tile 
oxygen sa tu ra t ion  of the  in tes t ine  venous  blood decreased 
in 82%, increased in 12% and  was no t  changed in 6% of 
the  exper iments .  The electr ical  s t imula t ion  of spleen 
vasomoto r  fibres caused in all expe r imen t s  a cons t r ic t ion  
of res is tance vessels. Capac i ty  of the  spleen vascular  bed 
decreased in 67%, increased in 21% and was unchanged  
in 12%. Oxygen sa tu ra t ion  of spleen venous  blood de- 
creased in 57%, increased in 30% and was unchanged  in 
15~ of the  exper iments .  

Since the  qua l i ta t ive  analysis  did no t  reveal  any  dis- 
t inc t  relat ion be tween  vasomoto r  react ions  and venous  
blood oxygen  sa tu ra t ion  in inves t iga ted  organs,  we per-  
fo rmed quan t i t a t i ve  analysis  of these  da t a  using ma the -  
mat ica l  methods .  

There  was no correla t ion be tween  bot t l  the  value and 
charac te r  of capac i tance  and  res is tance vessel responses,  
elicited by  electrical  s t imula t ion  of s y m p a t h e t i c  fibres: 
correla t ion coefficient was near  the  zero (for spleen 
r ~ --0.029; p > 0.05, for in tes t ine  r = 0.138, p > 0.05). 
At  the  same t ime  we revealed the  correla t ion be tween  the  
value of res is tance vessel  response  and the  charac te r  of 
venous  blood oxygen  sa tu ra t ion  changes in the  organ. W h e n  
the  increase of perfus ion pressure  in in tes t ina l  vessels under  
electr ical  s t imula t ion  of splanchic  nerve  was no t  more  
t h a n  30-35 m m  Hg, the  venous  blood oxygen sa tura t ion  
migh t  be e i ther  decreased or increased.  In  these  ex- 
per iments ,  where  the  value of perfusion pressure  increase 
was higher  t h a n  30-35 m m  Hg, the  venous  blood oxygen 
sa tu ra t ion  was always increased.  The la t t e r  correla t ion 
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Fig. 1. The character of relation between venous blood oxygen 
changes and volume of the venous outflow in the intestine (a) and 
spleen (b) under eIectrical stimulation of the sympathetic fibres. 
Abszissa; venous blood oxygen saturation change (% Hb O~); 
ordinate, outflow changes (nil). 

was n o t  observed  in expe r imen t s  on spleen because per-  
fusion pressure  decrease under  electrical  s t imula t ion  of 
spleen nerve  was no t  h igher  t h a n  30 m m  Hg. 

Analysis  of corre la t ion be tween  cha rac te r  and magni-  
tude  of capaci tance  vessel  responses  and absolute  values 
of venous  blood oxygen  sa tu ra t ion  changes  under  elec- 
t r ical  s t imula t ion  of s y m p a t h e t i c  fibres showed reversed 
line cmre la t ion  be tween  these  pa rame te r s  in b o t h  organs 
(Figure 1). The decrease of venous  blood oxygen  sa tura-  
t ion  dur ing  the  s y m p a t h e t i c  s t imula t ion  was accompanied  
as a rule by  the  cons t r ic t ion  of capac i tance  vessels (venous 
outf low increase) and the  grea ter  the  decrease of the  
venous  blood oxygen sa tu ra t ion  the  grea te r  was the  con- 
s t r i c to ry  response.  W h e n  the  increase of the  venous  blood 
oxygen  sa tu ra t ion  was compara t ive ly  small,  the  venous  
out f low migh t  be b o t h  increased and decreased,  b u t  the  
grea te r  the  increase of the  first  pa ramete r ,  the  grea ter  
and  more  of ten was the  decrease of the  venous  outflow, 
i.e. d i la ta t ion  of capaci tance  vessels. 

Ra t h e r  close corre la t ion was revealed as well be tween  
the  peak  values of venous  blood oxygen  sa tu ra t ion  and 
bo th  the  magn i tude  and cha rac te r  of capi tance  vessel 
response elicited by  electrical  s t imula t ion  of sympa the t i c  
nerves  in e i ther  organ inves t iga ted  (Figure 2a). W h e n  the  
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Fig. 2. The character of relation between the peak (a) and initial 
(b) values of the venous blood oxygen saturation and venous outflow 
changes in spleen under electrical stimulation of spleen serve. 
Abszissa, peak (a) and initial (b) means of venous blood oxygen 
saturation. Ordinate, venous outflow changes. 
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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-  


