
15.1II. 1965 Brevi comunicazioni - Brief Reports 141 

T h e  K t n i n  C o n t e n t  o f  H u m a n  B l o o d  a t  R e s t  a n d  

D u r i n g  V a s o d i l a t a t i o n  

Cer t a in  b io logica l ly  ac t ive  pept ides  released f rom plas- 
m a  p r o t e i n s  u n d e r  p a r t i c u l a r  condi t ions  h a v e  been  collec- 
t i v e l y  d e s i g n a t e d  t h e  p l a s m a  kinins .  T h e y  s t imu la t e  
s m o o t h  muscle ,  p roduce  v a s o m o t o r  changes  and  increase  
cap i l l a ry  p e r m e a b i l i t y .  

Ka l l i d in  a n d  b r a d y k i n i n  a re  vasod i l a to r  k in ins  released 
f rom t h e  s a m e  p l a s m a  s u b s t r a t e  L B r a d y k i n i n  is a nona-  
p e p t i d e  a n d  ka l l id in  a decapep t ide  h a v i n g  a n  add i t iona l  
lysyl  res idue  a t  t he  N t e r m i n a l  end  of the  molecule.  B o t h  
k in ins  h a v e  a s t r o n g  va s od i l a t o r  and  hypo t ens i ve  act ion.  

Because  of t h e i r  o u t s t a n d i n g  biological  effects and  the i r  
occur rence  in t h e  body ,  p l a s m a  k in ins  are bel ieved to 
p a r t i c i p a t e  in  va r ious  physiological  mechan i sms  such  as 
v a s o d i l a t a t i o n .  HILTON a n d  LEwm 2-s h a v e  presen ted  
ev idence  t h a t  k i n i n - f o r m i n g  enzymes  are released from the  
s u b m a x i l l a r y  g l and  a n d  f rom t he  tongue  of the  ca t  when  
v a s o d i l a t a t i o n  was  i nduced  b y  s t imu la t i on  of the  chorda  
t y m p a n i  ne rve .  S imi l a r  resu l t s  were ob ta ined  b y  HILTON 
a n d  JONES ~ o n  t h e  pe r fused  ca t  pancreas  when  the  vase-  
d i l a t a t i o n  was  p r o d u c e d  b y  ace ty lchol ine  or b y  pancrea-  
zymin .  

Accord ing  to F o x  a n d  HILTON 7, kin ins  are released 
f rom t h e  h u m a n  fo rea rm w h e n  swea t ing  and  t h e r m a l  
v a s o d i l a t a t i o n  is induced ,  a n d  ROCHA E SILVA and  AN- 
TOmO 8, b y  h e a t i n g  t h e  r a t ' s  leg to  44-45°C,  found  a rise 
of t h e  k i n i n  c o n t e n t  of t he  f luid perfus ing t h e  subcu ta -  
neous  t issue.  On  t h e  o t h e r  h a n d ,  muscle  va sod i l a t a t i on  
t h a t  Iollows s t i m u l a t i o n  of t h e  m o t o r  ne rve  does no t  ap-  
p e a r  to  b e  m e d i a t e d  b y  k i n i n  re leaseL 

All t h e  a b o v e - m e n t i o n e d  e x p e r i m e n t s  were car r ied  o u t  
us ing  e l ec t ro ly t e  so lu t ions  as t h e  per fus ing  fluid. We  de- 
c ided  to  i n v e s t i g a t e  t h e  k in in  c o n t e n t  of t he  venous  blood 
of t h e  h u m a n  f o r e a r m  d u r i n g  va s od i l a t a t i on  p roduced  by 
h e a t i n g  or  b y  exercise.  

Material  and methods. N o r m a l  male  subjects ,  17 to 30 
yea r s  old, were  used  in  t h e  expe r imen t s .  Venous  blood 
was  o b t a i n e d  f rom t h e  a n t e c u b i t a l  ve in  w i th  a 1 m m  bore 
need le  a n d  f rom t h e  f emora l  a r t e r y  w i t h  a 0.8 m m  bore 
needle.  Blood  was i m m e d i a t e l y  p rec ip i t a t ed  wi th  4 Vol 
of 96% alcohol.  T h e  i m m e d i a t e  p rec ip i t a t ion  of the  blood 
is v e r y  i m p o r t a n t  to  a v o i d  a n y  e x t r a v a s c u l a r  fo rmat ion  
or  d e s t r u c t i o n  of t h e  p l a s m a  kinins .  

K i n i n s  were  e s t i m a t e d  b y  t h e  m e t h o d  of BINIA e t  al.9, 
w h i c h  d e t e c t s  levels as low as 0.1 meg  of b r a d y k i n i n  per  
100 ml  of blood.  

T h e r m a l  v a s o d i l a t a t i o n  was p roduced  b y  immers ion  of 
t h e  h a n d  a n d  lower  fo r ea r m  in  w a r m  w a t e r  (between 40 
a n d  45°C) for  10 rain.  

Muscu la r  w o r k  was  u n d e r t a k e n  in a Mosso e rgograph  
e m p l o y i n g  four  f ingers  a n d  a we igh t  of 2-4  kg. The  fingers 
were  f lexed a t  a v a r i a b l e  r a t e  a n d  t h e  exercise s topped  
w h e n  t h e  s u b j e c t  was  u n a b l e  to  proceed  on  accoun t  of 
fa t igue .  Th i s  a lways  h a p p e n e d  be t w een  10 a n d  20 rain  
a f t e r  t h e  b e g i n n i n g  of t h e  exercise w h e n  t h e  t o t a l  work 
done  r a n g e d  b e t w e e n  20 a n d  80 mkg.  

Results. K i n i n  c o n t e n t  of a r t e r i a l  a n d  venous  blood of 
r e s t i n g  s u b j e c t s :  I n  25 n o r m a l  sub jec t s  k e p t  u n d e r  basal  
c o n d i t i o n s  t h e  k i n i n  c o n t e n t  of t he  venous  blood was 
e s t i m a t e d .  Va lues  r a n g e d  f rom 0 to 4.0 U of b r a d y k i n i n  
pe r  100 ml  of b lood  w i t h  a n  ave rage  of 1.2 U (Figure 1). 

S i m u l t a n e o u s  d e t e r m i n a t i o n s  of t he  k in in  con t en t  of 
t h e  a r t e r i a l  a n d  t he  venous  b lood were carr ied ou t  in 8 
sub jec t s .  F igu re  i shows t h a t  t he re  are no s igni f icant  dif- 
ferences  in t h e  k in in  c o n t e n t  of a r te r ia l  and  venous  blood. 
I n  one v e n o u s  sample  a v e r y  h igh  va lue  (20 U/100 ml) 
was  found.  

K in in  c o n t e n t  of venous  blood in exercise  a n d  t h e r m a l  
v a s o d i l a t a t i o n :  In four  sub jec t s  the  ldn in  c o n t e n t  of the  
b lood from the  a n t e c u b i t a l  ve in  was e s t i m a t e d  i m m e d i a t e -  
ly before  a n d  10 rain  a f t e r  i m m e r s i n g  t he  h a n d  in h o t  
w a t e r  a t  40 -45°C and,  th i rd ly ,  20 min  a f t e r  w i t h d r a w a l  
f rom the  b a t h .  F igure  2 shows t l m t  t h e r e  are  no  s ign i f i can t  
differences be tween  a n y  of t he  3 samples .  

S imi lar  d e t e r m i n a t i o n s  were ca r r i ed  o u t  in s even  sub-  
jec ts  before t he  exercise,  i m m e d i a t e l y  af ter ,  a n d  15-25 
min  a f te rwards .  No di f ference was found  b e t w e e n  t h e  
samples  col lected before a n d  those  col lected a f t e r  exercise  
(Figure 2). 

Discussion. Kin in - fo rming  e n z y m e s  h a v e  n o t  been  
found  in muscu la r  tissues, b u t  the  p l a s m a  s y s t e m  could  
be a c t i v a t e d  in some way  b y  muscle  or  o t h e r  t issue. I f  
t h a t  should  be the  case, k in ins  formed w i t h i n  t h e  capil-  
laries could produce  local v a s o d i l a t a t i o n  and  h y p e r a e m i a .  
A l though  kinins  arc r ap id ly  des t royed  b y  blood, some in- 
crease in the  level of k in in  in the  venous  e f f luen t  was  ex-  
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Fig. 1. Kinin content of tile blood of normal subjects. All subjects 
under basal eonditious. The averages arc about I U/100 ml of blot>d, 
which corresponds to 0.l meg uf bradykinin per 100 ml. Blood from 

the femoral artery and antc,etlbit:tl veitls. 
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Fig. 2. Kinia content of the venous blood during vasodilatation of 
the forearm. Blood was takcu from the antccubital veins. 

I j .  C. FASClOLO, Brit. J. Pharmacol. 21, 250 (1963). 
S. M'. HtLTON and G. P. L~wls, J,  Physiol., I.ond. 128, 235 (1955). 

a S. M. HILTON and G. P. IA~wls, J. Physiol., l.ond. I29, 253 (1955). 
4 S. M. HILTOr~ and G. P. I.~.wls, J. Physiol., l.mld. 134, 471 (1956). 
b S. M. HILTON and G. P. I.EWtS, .l. Physiol,, l.¢md. I.I.I, 532 (1953). 
8 S. M. HILTON and M. JONr;S, Anu, N.Y, Acad. Sci. 10.I, 27(J (1963). 
v R. H. Fox  and S. M. HILTON, J. l~hyslol,, l.ond. 1.12, 219 0958). 
s M. Rocn^  E SILVA and A, ANTONIO, Med. exp. 5, 371 (1961). 
s A. BINIA, J. C. FASCIOLO, and O, A. CARRETE'RO, Acta physiol. 

lat.  amer. Idp 101 (1963). 



142 Br~ves communications - Kurze Mitteihmgen EXPERIENTIA XXI]3 

pec t ed  to  occur.  In  Iact ,  t he  ave rage  c i rcula t ion  t ime be-  
t w e e n  capil laries in the  h a n d  and  fo rea rm and  the  veins  
in t h e  an tecuh i t a l  fossa is p robab ly  welt below 15 sec. 
The  half-l ife of b r adyk in in  in t he  c i rcula t ion has  been  cal- 
cu la ted  to be some 30 sect0;  so m o s t  of t he  k in in  which  is 
fo rmed in the  capil lar ies  should  stil l  be  found  in t h e  
venous  blood. I f  k inin should  be  fo rmed  in t he  ex t ra -  
vascu la r  space,  where  the  p l a sma  s u b s t r a t e  comes  in 
con tac t  wi th  t h e  cells, as sugges ted  b y  LEwis  n ,  t h e  
a m o u n t  wh ich  reaches  t he  larger  venous  t r unks  would  be 
smaller.  

Kin ins  a p p e a r  to  have  a role in vasod i l a t a t ion  occurr ing  
wi th in  the  pancreas  and  the  sa l ivary  g land 2,~,e, b u t  even  
in those  cases where  t h e  ev idence  seems s t ronges t ,  the re  
are some doubts .  For  ins tance ,  SCHACHTlgR 12 has  shown 
t h a t  in t he  guinea-pig,  sa l ivary  kal l ikrein will n o t  form 
kinins  w i th  i ts  own plasma,  

The above  resul ts  show t h a t  kinins  are found  in the  
c i rcula t ing b lood of n o rma l  individuals .  The  levels are 
low, 1 U/100 ml of blood (0,1 meg  b rady ldn in ) ,  and  near  
the  l imit  of sens i t iv i ty  of the  m e t h o d  employed,  bu t  h igh  
enough  to  h a v e  physiological  impl icat ions .  Since the  
kinin c o n t e n t  of t he  ar te r ia l  b lood is comparab le  to  the  
venous,  p l a sma  kinins  appea r  to  be fo rmed  wi th in  the  
c i rcula t ing blood 1~. 

Rdsumd. Le con tenu  en ,k in ines~ du sang  ve ineux  ou 
art6riel  h u m a i n  ~quivaut  £ 0.1 mcg de b r a d y k i n i n e  par  
100 ml.  Le con tenu  des veines  du pti du coude  n ' a u g m e n t e  
pas p e n d a n t  la vasod i l a t a t i on  t h e r m i q u e  ni p e n d a n t  le 
t r ava i l  des  muscles  de l ' avan t -b ras .  
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DNA Synthesis  in Glial Cells during Nerve 
Regeneration 

In  a series of e x p e r i m e n t s  HYD~N e t  al. h a v e  demon-  
s t r a t e d  t h a t  t he  metabol ic  processes  in t he  nerve  cell and  
the  su r round ing  glial cells are i n t e r r e l a t e d h  Dur ing  nerve  
regenera t ion  the  to ta l  a m o u n t  of p ro te ins  and  r ibonucleic  
acid  per  ne rve  cell increases  2. Tracer  s tud ies  h a v e  shown  
an  increased incorpora t ion  of lysine 3,~ and  of e ro t ic  acid ~ 
pe r  nerve  cell in r egenera t ing  hypoglossa t  neurons .  The  
p r e s e n t  s t u d y  d e m o n s t r a t e s  t h a t  changes  also occur  in t he  
su r round ing  gtial cells dur ing  nerve  regenera t ion .  

The  glial cells su r round ing  t h e  neurons  belonging to  t h e  
hypoglossa l  nucleus  in r abb i t s  weighing 1.5-1.6 kg were  
s tud ied .  The  hypoglossM nerve  on  t h e  r igh t  side was  
c rushed  w i t h  cooled forceps,  where  i t  in te rsec t s  t h e  muscu- 
lus digastricus. Before  t h e  expe r imen ta l  p rocedure  was  
car r ied  out ,  a cannu la  was  imp la t ed  wi th  i ts  t ip  in t h e  
cisterna magna accord ing  to  a t echn ique  descr ibed  b y  
KOELLE and  KOENIG 6. Th rough  th is  cannu la  rad ioac t ive  
p recursors  were  in jec ted  in t rac is terna l ly .  The D N A  syn-  
thes is  in t he  glial cells dur ing  ne rve  regenera t ion  was  
s tud ied  w i t h  H3- thymid ine  b y  au to rad iog raphy .  E a c h  
r a b b i t  rece ived a t o t a l  of 200 #c Ha - thymid ine  (Schwarz  
lab., sp. act .  3.0 C/mM) d iv ided  in to  four  equal  doses 
24, 22, 20 and  18 h before sacrifice a t  9 p. m. Ca rney  f ixed 
sect ions  t h r o u g h  the  nucleus hypoglossus in the  medulla 
oblongata were e x t r a c t e d  wi th  0 . 2 N  perchlor ic  acid a t  
4 ° C for 5 min  and  then  tho rough ly  r insed in w a t e r  before 
coa t ing  wi th  t he  au to rad iograph ie  emuls ion (Ilford, K2) 
according  to  a s l ight ly  modi f ied  t echn ique  descr ibed  by  
KOPRI~VA and  LEBLOND 6. Some slides f rom each an imal  
were i ncuba t ed  wi th  deoxyr ibonuc lease  according  to  
EDSTR6M et  al.7 before coa t ing  wi th  t h e  emulsion.  Af ter  
exposure  for e leven  days  the  au to rad iog raphs  were  de- 
ve loped and  s t a ined  t h r o u g h  the  emuls ion  wi th  to luidine  

blue a t  4.0 and  moun ted .  The n u m b e r  of glial nuclei  wi th  
more  t h a n  four grains  over  the  nucleus  was ca lcula ted  in 
the  same region of nucleus hypoglossus a t  d i f fe ren t  post-  
opera t ive  in terva ls  (Table I). 

Results. During  the  second  to  the  s ix th  pos tope ra t ive  
d a y  the re  is an in tens ive  D N A  syn thes i s  in t he  glial cell 
popu la t ion  on the  regenera t ing  side c o m p a r e d  to  t he  un- 
ope ra t ed  side. On the  t h i r d  p o s t o p e r a t i v e  d a y  a round  10% 
of all glial cells in the  regenera t ing  nucleus  are  labelled.  In  
all an imals  one or tess t h a n  one label led glial nucleus  is 

Table I. The number of HZ-thymidine labelled glial nuclei per section 
on the regenerating and control side of nucleus hypoglossus. Rabbits 
were injected intracisternally four times: 24, 22, 20, and 18 h before 

sacrifice 

Days after operation 1 2 3 6 

Regenerating side 2.2 9.6 22.3 8.7 
Control side 1.0 0.6 0.1 0.1 
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