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Energy-Rich Metabolites in St imulated Mammal ian  Non-Myel inated  Nerve Fibres 

A p a r t i c u l a r l y  h i g h  r a t e  of m e t a b o l i c  t u r n o v e r  is 
e x p e c t e d  to  be  f o u n d  in m a m m a l i a n  n o n - m y e l i n a t e d  n e r v e  
fibres,  because  of t h e i r  sma l l  d i a m e t e r  a n d  t h e i r  conse-  
q u e n t l y  h i g h  sur face  to  v o l u m e  r a t i o  (see z). E lec t r i ca l  
a c t i v i t y  in  t he se  f ibres  is t h u s  fol lowed b y  a long  l a s t i ng  
pe r iod  of inc reased  h e a t  p r o d u c t i o n  ( recovery  hea t )  ~, a n d  
o x y g e n  c o n s u m p t i o n  a. The  p u r p o s e  of t h i s  s t u d y  was to  
m e a s u r e  t h e  c o n c e n t r a t i o n  of ene rgy- r i ch  m e t a b o l i t e s  
d u r i n g  th i s  per iod.  

Vagus  n e r v e s  of r a b b i t s  were  used.  These  n e r v e s  a re  
k n o w n  to  c o n t a i n  a large  p r o p o r t i o n  of n o n - m y e l i n a t e d  
f ibres  (C-fibres)x. T h e  n e r v e s  were  d e s h e a t h e d ,  d iv ide d  
i n t o  2 equa l  pa r t s ,  m o u n t e d  o n  p l a t i n u m  electrodes,  
s t i m u l a t e d  w i t h  s ingle  shocks  a n d  s h o w n  to  c o n d u c t  im-  
pulses  b y  m o n i t o r i n g  t h e  ac t ion  po ten t i a l .  I n  t he  f i r s t  
series of e x p e r i m e n t s  one  of t he  p r e p a r a t i o n s  was s t imu-  
l a t ed  for  15 sec, whi le  t h e  o t h e r  se rved  as a n o n - s t i m u l a t e d  
cont ro l .  I n  t h e  second  series of e x p e r i m e n t s  one  of t h e  
p r e p a r a t i o n s  was s t i m u l a t e d  for  2 per iods  of 15 sec a n d  
t he  o t h e r  for  1 pe r iod  of 15 sec. T h e  s t i m u l a t i o n  f r e q u e n c y  
was  50 shocks/sec ,  t h e  s t imu l i  were s u p r a m a x i m a l  for 
C-fibres.  F o r  t h e  ana lys i s  of me tabo l i t e s ,  t h e  n e r v e s  were  
p l u n g e d  i n to  boi l ing  buf fe r  so lu t ion ,  r a p i d l y  cooled, h o m o -  
genized a n d  depro te in ized .  Af te r  cen t r i fuga t ion ,  t h e  super -  
n a t a n t  was  a n a l y s e d  for  A T P  a n d  A D P  b y  e n z y m a t i c  
f luo r ime t r i c  m e t h o d s ,  as desc r ibed  b y  GREENGARD *'~. 

R e s t i n g  ne rves  were  found  to  c o n t a i n  1,86 ± 0.11 /~M 
A T P / g  w e t  w e i g h t  (28  e x p e r i m e n t s )  a n d  0.23 :k 0.02 I~M 
A D P / g  (8 expe r imen t s ) ,  (see also ~). T h e  A T P  c o n t e n t  a t  
va r ious  t i m e s  a f t e r  a pe r iod  of s t i m u l a t i o n  is s h o w n  in 
F igu re  1, in  w h i c h  t h e  a m o u n t  of A T P  in  t h e  s t i m u l a t e d  
n e r v e  is expressed  as  a p e r c e n t a g e  of t h a t  f o u n d  in t h e  
n o n - s t i m u l a t e d  cont ro l s ,  h n m e d i a t e l y  a t  t h e  e n d  of t h e  
pe r iod  of s t i m u l a t i o n ,  t h e  A T P  level  fell t o  83 .4%.  W h e n  
t h e  A T P  was m e a s u r e d  some  t i m e  a f t e r  t h e  t e t a n u s ,  a 
f u r t h e r  decrease  was  f o u n d :  40 sec a f t e r  s t i m u l a t i o n  t h e  
A T P  c o n t e n t  was  lowered to  30%.  W i t h  longer  r e s t i ng  
per iods  A T P  c o n c e n t r a t i o n  increased  aga in  a n d  r e t u r n e d ,  
w i t h i n  25 see, to  t he  r e s t i ng  level.  The  A D P  c o n c e n t r a t i o n ,  
on  t he  o t h e r  h a n d ,  inc reased  d u r i n g  t he  p o s t - t e t a n i c  
pe r iod  (F igure  1), a n d  30 sec a f t e r  t h e  end  of t he  s t imu la -  
t i on  t h e  c o n t e n t  rose to  145}/o of t h e  a m o u n t  in  n o n -  
s t i m u l a t e d  cont ro ls .  Af t e r  a longer  r e s t i ng  pe r iod  t h e  A D P  
decreased  a n d  t e n d e d  to  r e t u r n  to  t h e  r e s t i ng  level.  
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F i g u r e  2 i l l u s t r a t e s  t h e  r e su l t s  of t h e  second  series of 
e x p e r i m e n t s  in  w h i c h  t h e  effects  of 2 per iods  of s t i m u l a t i o n  
were  s tud ied .  I n  these  e x p e r i m e n t s  t h e  n e r v e s  were  re-  
s t i m u l a t e d  a f t e r  a r e s t i n g  i n t e r v a l  of  v a r i a b l e  d u r a t i o n ,  
a n d  t h e  a m o u n t  of A T P  i m m e d i a t e l y  a f t e r  t h e  second  
pe r iod  of s t i m u l a t i o n  was c o m p a r e d  to  t h a t  a f t e r  t h e  f irst .  
T h e  e x p e r i m e n t s  showed  t h a t  t h e  second  s t i m u l a t i o n  
p r o d u c e d  a f u r t h e r  decrease  in t h e  A T P  con t en t ,  w h i c h  
was  lowered  to  15% w h e n  t h e  2 per iods  of s t i m u l a t i o n  
were  15 sec a p a r t .  W i t h  longer  r e s t i ng  in te rva l s ,  progres-  
s ive ly  h ighe r  levels  of A T P  were found.  

I n  F i g u r e  3 t h e  A T P  a f t e r  t h e  second  pe r iod  of s t i m u l a -  
t i o n  is expressed  as  a p e r c e n t a g e  of t h e  n o n - s t i m u l a t e d  
con t ro l s  (full circles). Th i s  w a y  of ca l cu la t ion  shows  t h a t  
t h e  A T P  was  lowered to  5 %  of t h e  r e s t i ng  level  w h e n  t h e  
2 per iods  were  25 sec a p a r t .  W i t h  inc reas ing  r e s t i ng  per iods  
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Fig. 2. ATP content in desheathed rabbit vagus immediately after 
two 15 sec periods of stimulation at 50 shocks/see ( ) .  The 
intervals between the 2 periods were varied as illustrated. Ordinate 
indicates ATP (means of 2 experiments} after the second stimulation 
in % of the ATP after a single period of stimulation. Temperature, 
37°C. 
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Fig. 1. ATP (D) and ADP ( ! )  content in desheathed rabbit vagus at 
various times after a 15 see period of stimulation at 50 shocks/see 
( ). ATP means and S.E. of 5-9 experiments, ADP means of 
2 experiments calculated in % of non-stimulated controls. Tempera- 
ture, 37 °C. 
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Fig. 3. ATP content (e) immediately after the second of two 15 see 
periods of stimulation in % of resting controls, calculated from 
Figure 1 and 2. ATP (O) after a single period of stimulation in % of 
resting controls, as in Figure 1. Stimulation frequency 50/see. 
Temperature, 37 °C. 
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the  A T P  concent ra t ions  af ter  the  second period of s t imula-  
t ion were larger, and the  a m o u n t  found wi th  a res t ing 
in te rva l  of 100 sec was close to  t he  va lue  i m m e d i a t e l y  
af ter  a single period of s t imula t ion .  F o r  comparison,  t he  
A T P  af ter  one per iod of s t imula t ion  is also p lo t t ed  in 
F igure  3. 

The  exper iments  demons t r a t e  the  u t i l iza t ion of A T P  
dur ing  electr ical  a c t i v i t y  and dur ing  t h e  pos t - te tan ic  
period.  The  peaks  of A T P  degrada t ion  and A D P  synthesis  
correspond app rox ima te ly  to the  peaks of hea t  p roduc t ion  
and oxygen  consumpt ion.  The  exper iments  fur ther  show 
t h a t  A T P  is qu ick ly  resynthet ized.  This  rapid  synthesis  is 
suggested also by  the  exper iments  of GREENGARD and 
STRAUB7 who measured  the  A T P  concen t ra t ion  in vagus  
nerve  t runks  immed ia t e ly  af ter  a 15 sec te tanus,  and 
found no signif icant  change in A T P  wi th  s t imula t ion  
frequencies  of 6 and 15 c/sec. Our  exper iments  wi th  
2 per iods of s t imula t ion  demons t r a t e  t h a t  the  A T P  con- 
cen t ra t ion  can be depressed to ex t remely  low levels. This  
large depression suggests tha t ,  in addi t ion  to  t he  non- 
mye l ina ted  axons,  mye l ina ted  fibres as well as Schwann 
cells pa r t i c ipa te  in t h e  increased ut i l iza t ion of A T P  af ter  
electrical  ac t iv i ty  s. 

Rdsumg. Le rn~tabolisme des esters phosphor~s riches 
en  6nergie a 6t6 6tudi6 dans  des fibres non-my61inis6es 

pendan t  la p~riode pos t - t6 tanique .  Apr~s une  p~riode de 
s t imula t ion ,  le s tock  d ' A T P  est utilis6 dans une p ropor t ion  
de 70%, puis, une  rapide  resynth~se a lieu en 90 sec. On  
cons ta te  6ga lement  une a u g m e n t a t i o n  c o n c o m m i t t a n t e  de  
Ia t eneu r  en A D P .  Les pies de  d6gradat ion  de I ' A T P  et  de  
synth~se de I ' A D P  cor respondent  a p p r o x i m a t i v e m e n t  
ceux  du d6gagement  de  chaleur  et  de  la consommat ion  
d 'oxyg~ne.  Les experiences effectu6es avec  2 p6riodes de 
s t imula t ion  m o n t r e n t  que  le contenu  en A T P  peu t  s 'abais-  
ser £ un n iveau  tr~s bas. Cet te  impor t an t e  d iminu t ion  
sugg6re une par t i c ipa t ion  possible des cellules de Schwann  
au m6tabol isme post - t6 tanique .  
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E f f e c t  of  X - R a y s  o n  t h e  P r o t e o l y t i c  E n z y m e s  

G u i n e a - P i g s  

In  a previous  commun ica t i on  s i t  was r epor t ed  t h a t  the  
cy tos ta t i c  agents  decrease f ibr inolyt ic  and pro teo ly t i c  
enzymes  of granulocytes  bu t  t h e y  do no t  affect  phago-  
cytosis  index.  

I t  is general ly  accepted  t h a t  i r rad ia ted  animals  are 
more  suscept ible  to the  infect ion t h a n  non- i r radia ted  ones. 
l~umerous reports  h a v e  been  unde r t aken  to e lucidate  the  
effects  of i r radia t ion on phagocytos is  2-4. BERCOWCl 4 
repor ted  t h a t  i r radia t ion depresses the  phagocy t ic  a c t i v i t y  
of leucocytes  in bo th  in v ivo  and in v i t ro  exper iments  bu t  
i t  d id  no t  affect  the  p ropor t ion  of cells exhib i t ing  phago-  
cytosis. 

Migra tory  capac i ty  of phagocy t ic  cells was no t  affected 
by  i r radiat ion,  b u t  the  prol i fera t ion of these cells was 
depressed s. No reports  appeared  which describe the  effect 
of i r radia t ion  on the  act ivi t ies  of f ibr inolyt ic  and proteo-  
lyt ic  enzymes  of the  leucocytes.  The  purpose  of this work  
was to inves t iga te  this  problem.  

Seven teen  guinea-pigs  of bo th  sexes (weight 300-400 g) 
were used in these exper iments .  Per i toneal  exuda tes  were 
induced by  in jec t ion  of 0.1% solut ion of glycogen in 
a m o u n t s  of abou t  70 ml.  The  exuda tes  were  collected 15 h 
a f te r  in jec t ion  of glycogen.  Phagocytos is  index  was calcu- 
la ted  according to DAVIES' me thods  6, using l ight  micro-  
scopy. P M N  leucocytes  f rom exuda tes  were mixed  in tube  
wi th  opsonized s t ra in  of s taphylococcus  209 P. 100 ceils 
were  counted  f rom each sample.  

Who le -body  i r radia t ion  of guinea-pigs was carr ied ou t  
in p las t ic  cages a t  a t a rge t  d is tance  of 50 cm opera ted  a t  
160 kVp, 10 mA, wi th  a fi l ter of 5 m m  Cu and 10 m m  A1 
a t  t he  ra te  of 23.2 rpm.  Whole  dose was 350 r. 

The  control  group comprised  9 animals.  P M N  exuda te  
ob ta ined  f rom these animals  were considered as controls.  

o f  G r a n u l o c y t e s  and  on  P h a g o c y t o s i s  I n d e x  in 

The leucocyte  coun t  of all samples  a m o u n t e d  to 10,000 per 
m m  3. H o m o g e n a t e  of t he  leucocytes  were dia lysed against  
phospha te  buffer  a t  4 °C for 18 h. The  activity- of a lkal ine 
and acid leucocyte  pro tease  was de te rmined  by  the  
caseinolyt ic  method .  The  f ibr inolyt ic  enzymes :  p lasmino-  
gen, p tasminogen ac t i va to r  and spontaneous  f ibr inolyt ic  
a c t i v i t y  were studied,  using ASTRUI" and LASSEN p la te  
method .  Deta i ls  concerning p repara t ion  of l eucocyte  
homogena te  and pro teo ly t i c  and f ibrinolyt ic  me thods  are  
presented  elsewhere 7 

The  Table  shows t h a t  i r radia t ion induces a s ignif icant  
decrease of the  act iv i t ies  of all inves t iga ted  f ibr inolyt ic  
and pro teo ly t ic  enzymes.  This  decrease was s ta t i s t ica l ly  
s ignif icant  p < 0.01 when 9 samples of control  leucocytes  
were  compared  wi th  8 samples of leucocytes  col lected 
f rom i r radia ted  animals.  

Phagocytos is  index was s l ight ly decreased b u t  this 
change is no t  s ta t is t ica l ly  significant,  excep t  in animals  
in which leucocytes  were col lected 20 days  af ter  i r radia-  
tion. 
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