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Resul ts ,  as can  be obse rved  in t he  Table ,  i nd i ca t e  t h a t  
basa l  cyclic A M P  levels v a r y  be t w een  16 to 165 p m o l e s / m g  
spe rm prote in .  These  v a r i a t i o n s  in cyclic A M P  levels are 
c o m p a r a b l e  to  those  obse rved  b y  GRAY, HARDMAN, 
HAMMER, H o o s  a n d  SUTHERLAND 9. Fur the r ,  our  s tud ies  
d e m o n s t r a t e  t h a t  spe rm c A M P  levels increased  several  fold 
on add i t i on  of spe rmine  (2.9 m M  to 13.4 mM) .  The  
resul t s  p re sen ted  c lear ly  d e m o n s t r a t e  t h a t  t he  phys io-  
logical c o n c e n t r a t i o n  of spe rmine  enhances  t h e  cAMP 
levels cons iderably .  GARBERS, FIRST and  LARDY s and  
HicKs  et  al. 1~ h a v e  observed  t h a t  cyclic nuc leo t ides  
regu la te  spe rma tozoa l  naot i l i ty  a n d  me tabo l i sm.  They  
have  also shown  t h a t  c A M P  increase  t he  ox ida t i on  of 
lac ta te ,  succ ina te  a n d  c i t r a t e  b y  h u m a n  spermatozoa .  
Fu r the r ,  t he  increase in ox ida t i on  m e t a b o l i s m  resu l ted  in 
increased spe rma t ozoa l  m o t i l i t y  11. TASH and  MANN 13 
h a v e  shown  t h a t  c o n c e n t r a t i o n  of c A M P  in s p e r m a t o z o a  
represen t s  a ve ry  accura te  and  sens i t ive  ind ica to r  of spe rm 
ac t iv i ty .  Accord ing  to our  f indings,  polyanaine  can  ac t iv-  
a te  c A M P  levels of spe rma tozoa  wh ich  p rov ides  t he  bas is  
for t he  o b s e r v a t i o n  of TABOR a n d  TABOR3, who  r epo r t ed  
a c t i v a t i o n  of spe rma t ozoa l  mot i l i ty .  

Presence  of p o l y a m i n e s  and  enzymes  invo lved  in 
po lyamine  b io syn thes i s -o rn i th ine  deca rboxy lase  in h u m a n  
cervical  m u c u s  h a v e  been  de tec ted  b y  us (unpub l i shed  
observa t ion) .  RUSSELL e t  al. aa h a v e  r epo r t ed  the  presence  
of o rn i t h ine  deca rboxy lase  a c t i v i t y  in  t he  r a t  u terus .  
Fu r the r ,  these  workers  h a v e  shown t h a t  t he  e n z y m e  level  

increases on a d m i n i s t r a t i o n  of estradiol .  I f  h u m a n  sper-  
m a t o z o a  undergo  capac i t a t ion ,  as do t he  s p e r m a t o z o a  of 
hams te r ,  r a b b i t  etc., t h e n  p o l y a m i n e s  p re sen t  in  t he  
female  gen i ta l  t r a c t  would  h a v e  a n  i m p o r t a n t  role to  p l a y  
in spe rm capac i t a t ion ,  b y  increas ing  the  spe rma tozoa l  
c A M P  levels. The  m e c h a n i s m  b y  wh ich  p o l y a m i n e  act i -  
va t e s  a d e n y l  cyclase r e amins  to be  e luc ida ted .  

Zusammenfassung. Zus~Ltze phys io log ischer  Spermin-  
k o n z e n t r a t i o n e n  (2-14 raM)  zu mensch l i chen  Spernaien- 
suspens ionen  bewi rken  eine S te ige rung  der  Adenylcyc lase-  
Ak t iv i t~ t ,  wie sie d u r c h  die v e r m e h r t e  B i l dung  yon  c A M P  
aus  A T P  angeze ig t  wird. 
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Cerebra l  U p t a k e  of N o r a d r e n a l i n e  in v i tro;  O c c u r e n c e  of  Di f ferent  U p t a k e  S y s t e m s  and  
Effect  of Part ia l  E x t e r n a l  S o d i u m  S u b s t i t u t i o n  

Exogenous  n o r a d r e n a l i n e  (NA) is ac t ive ly  a c c u m u I a t e d  
in to  cerebra l  cor tex  slices aga ins t  a c o n c e n t r a t i o n  
g r ad i en t  1, 3. N A  is i n a c t i v a t e d  b y  r e -up t ake  in to  t he  pre-  
synap t i c  end ings  a f t e r  i ts  release Irons synapses .  SNYDER 
et  al. a h a v e  s tud ied  N A  a c c u m u l a t i o n  b y  d i f fe ren t  b r a i n  
s t ruc tu re s  i n c u b a t e d  in o x y g e n a t e d  physio logica l  media .  
T h e y  found  t h a t  t he re  was on ly  a single N A  u p t a k e  
s y s t e m  w i t h  d i f fe rent  k ine t i c  p a r a m e t e r s  for d i f fe rent  
s t ruc tures ,  excep t  in  t he  case of the  ce rebe l lum wh ich  did  
no t  show s a t u r a b l e  a c c u m u l a t i o n  s. 

Cerebra l  t i ssue  h a v e  d i f fe ren t  aff ini t ies  for t he  u p t a k e  
of d o p a m i n e  4, se ro ton in  ~, y - a m i n o b u t y r i c  acid ~ and  
chol ine  ~. W e  h a v e  s tud ied  N A  t r a n s p o r t  in  cerebra l  cor tex  
slices w i t h  a larger  r ange  of concen t r a t i ons  t h a n  those  
used b y  SNVDER et  al. ~. 
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Fig. 1. Kinet ics  of the accumula t ion  of DL-SH-NA at  a concent ra t ion  
of 0.2 I~M/1 a t  37 ~ in a normal  Xrebs Ringer  medium.  Each  point  
is the mean  of 10 slices, wi th  the ver t ica l  bars  represent ing  one 
s t andard  deviat ion.  

We also s tud ied  t he  effects of Na+ def ic ien t  m e d i u m  
on N A  cerebra l  t r a n s p o r t  as t h e  u p t a k e  of these  o the r  
c o m p o u n d s  is d e p e n d e n t  u p o n  t he  c o n c e n t r a t i o n  of ions in  
t he  m e d i u m  s. 

Experimental procedure. Male W i s t a r  rats ,  weighing  
200-250 g were used. The  p r e p a r a t i o n  and  i n c u b a t i o n  of 
t he  cerebra l  slices were car r ied  ou t  as descr ibed previ -  
ouslyg, 10. Slices (60-70 nag) were p r e - i n c u b a t e d  for 30 nain 
in K r e b s - R i n g e r  b i c a r b o n a t e  sal ine wh ich  was also used for 
i n c u b a t i o n ;  i t  h ad  the  fol lowing composi t ion ,  (raM), 
NaC1, 124; KC1, 5; KH2PO 4, 1.24, MgSO4, 1.3; CaC13, 2.8; 
N a H C O  3, 26; glucose, 10; t he  p H  was k e p t  a t  7.4 b y  
c o n t i n u o u s  s a t u r a t i o n  w i t h  95% 02:  5% CO9 mix tu re .  
W h e n  Na+ def ic ien t  so lut ions  were used, t he  NaC1 and  
N a H C O  S were replaced b y  chol ine  c h l o r y d r a t e  a n d  
chol ine  b i ca rbona t e ,  r e spec t ive ly  (Sigma Co., St. Louis,  
USA).  

1 H. J.  DENGLER, I. A. MICHAELSON, H. E. SPIEGEL and  E.  TITUS, 
Int .  J .  Neuropharmac.  7, 23 (1962). 

2 B. HAMBERGER and D. MASUOKA, Acta Pharmae. Toxic. 22, 363 
(1965). 

s S. H. SNYDEI~, A. I. GREEN and E. D. HENDLEY, J. Pharmae. exp. 
Ther. 16g, 90 (1968). 

4. S. H. SNYDER and J. T. COYLE, J. Pharmac. exp. Ther. 765, 78 
(1969). 

a E. G. SHASKAtr and S. H. SNYDRR, J. Pharmae. exp. Ther. 175, 404 
(1970). 

a p. A. BOND, J. Neurochem. 20, 511 (1973). 
7 H. I. YAMAMURA and S. H. St~YDER, J. Neuroehem. 21, 1355 (1973). 
8 D. F. BOGDANSKI, A. TISSARI and B. B. BRODIE, Life Set. 7, 419 

(1968). 
9 R. ROBNIGHT and H. MCILwAI>r, in Practical Neurochemistry 

(Churchill, London 1962). 
10 p. JOANNY, J. P. NATALI, H. HILLMAN and J. CORRIOL, Biochem. 

J. 736, 77 (I973). 



15.6. 1975 Specialia 633 

I m m e d i a t e l y  af ter  the  end of p re incuba t ion ,  the  slices 
were t rans fe r red  for 5 rain to an incuba t ion  m e d i u m  
conta in ing  in add i t ion  #L-*H-NA (500-5000 mCi /mM) 
(The Radiochemica l  Centre,  Amersham,  U.K.)  previ-  
ously puri f ied by  amber l i t e  CG 50 to remove  radiolysis  
products .  DL-~H-NA was used wi th  a final  ac t iv i ty  of 
0.05 mCi/1. Dif ferent  concen t ra t ions  of non- rad ioac t ive  
NA were added  to  the  medium,  as ind ica ted  in the  figures. 

Af ter  incubat ion ,  t he  slices were quickly dr ied on 
sc intered glass, homogenized  in 2.0 ml  of t r ichloracet ic  
acid (6%) and  cent r i fuged;  1.0 ml  of t he  s u p e r n a t a n t  
was mixed  wi th  10.0 ml  of Bray ' s  solut ion n and counted  
for 10 rain wi th  a Tri  Carb 2003 Packa rd  Liquid  Scintilla- 
t ion Spec t rometer ,  w i t h  ex te rna l  s t anda rds  to correct  for 
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Fig. 2. Lineweaver-Burk plot of the initial rate of uptake at 37 ~ 
(5 min) oI DL-aH-NA in the concentration range of 20 ]zM/l to 0.1 
tzM/1. A, The tissue was incubated in normal Krebs Ringer soiution. 
The plot makes no correction for simple diffusion. @, A similar plot 
of tissue in normal Krebs Ringer solution, but corrected for simple 
diffusion. | Tissue incubated in a modified Krebs-Ringer solution 
with 75 mM Na + and 75 mM choline. The plot is corrected for simple 
diffusion. The rate of uptake (V) is expressed in t~M/kg tissue water/ 
rain. Each point is the mean of 10 slices. 
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Fig. 3. Lineweaver-Burk plot of the initial rate of uptake at 37 ~ 
(5 rain) of DL 3H-NA in the concentration range of 0.2 mM to 0.01 
mM, A, O, and �9 are the same as for Figure 2. The rate of uptake (V) 
is expressed in 0.1 mM/kg tissue water/min. Each point is the mean of 
i0 slices. 

quenching.  The t issue wa te r  was calcula ted as the  dif- 
ference be tween  the  final  i ncuba ted  weight  and the  
weight  of the  t issue af ter  dehyd ra t i on  for 12 h a t  105 ~ 
The concen t ra t ions  of t issue wa te r  were 86.6% at  37~ 
and 89.2% at  0.5~ in nornla l  incuba t ion  medium,  and 
87.6 a t  37 ~ and  91.3% a t  0.5 ~ in Na+ deficient  medium.  
The ra te  of NA up take  was expressed on the  basis of t issue 
wa te r  as the  final i ncuba ted  t issue weight  is p ropor t iona l  
to the  t issue water .  

Results. The accumula t ion  of NA by  the  t issue in the  
presence  of a concen t ra t ion  in the  med ium of 0.2 ~zmol/1 
was examined  at  37~ at  var ious  incuba t ion  t imes  
(Figure 1). The init ial  rap id  up take  was l inear for 5 min  
and was followed by  a slower ra te  for a fu r ther  120 min. 

The init ial  ra tes  of up take  for 5 nlin a t  d i f ferent  
med i u m Na  concen t ra t ions  are shown in L ineweaver  
Burk  plots.  The resul ts  are expressed wi th  and  wi thou t  
correct ions  for s imple diffusion ob ta ined  f rom similar  
incuba t ions  a t  0.5 ~ for each concent ra t ion .  

1. If  no correct ion was made  for s imple diffusion, the  
up take  was charac ter ized  by  2 rates.  The NA up take  
sys tem had  a low aff in i ty  when  the  init ial  concen t ra t ion  
of NA in the  m e d i u m  was be tween  0.01 mM/1 and  0.20 
lnM/l  (Figure 3) wi th  an a p p a r e n t  K m  of 0.4 mM/1 and a 
V~a~ of 0.08 mM/1/min. The t issue showed a high aff ini ty  
wi th  low concen t ra t ions  of NA (Figure 2) (0.1 FM/1 to 
2 FM/1) to an a p p a r e n t  K m  of 1.0 FM/1 and  a Vmax of 
0.18 ~zM/1/min. The aff ini ty  of th is  second sys t em was 
400 t imes  higher  t h a n  t h a t  of the  first  one. 

2. W h e n  correct ion was made  for s imple diffusion, 
there  were a p p a r e n t l y  s ignif icant  changes  in the  p a r a m e t e r  
of up take  sys tem.  For  the  low aff in i ty  sys tem,  t he  appa-  
ren t  K m  was now 0.2 mM/1 and  the  Vmax was 0.014 mM/1/ 
rain. For  the  high aff in i ty  sys tem,  t he  ap p a ren t  K m  was 
0.4 tzi~r/1 and the  Vm~x was 0.27 ~zM/l/min. 

3. I ncuba t i on  in a low Na+ m e d i u m  did no t  change the  
kinetic  pa rame te r s  for the  low af f in i ty  sys tem.  In  contras t ,  
the  ap p a ren t  K m  for the  high af f in i ty  sys t em was in- 
creased to  0.5 ~M/1 a l though  theVmax had  a value corrected 
for diffusion which  was not  s ignif icant ly  different .  

Discussion. To the  bes t  of our knowledge,  a dual  b ra in  
up take  sys t em for NA in vi t ro  has no t  previously  been 
repor ted ,  p robab ly  due to the  na r row range of concent ra-  
t ions  previous ly  studieda.  

The kinet ic  pa r ame te r s  of the  high af f in i ty  sys tem are 
similar  to  the  values r epor ted  for the  single up take  
sys tem by  SNYDLR 3,12 for bra in  slices, bra in  homogena te s  4 
and  bra in  synap tosomM fractions~a. 

Some m e m b r a n e  act ive t r a n s p o r t  sys tems  require  the  
presence  of Na+ ions 10, ~4. The iso-osmotic  subs t i tu t ion  of 
th is  ac t ion  by  Li+ or K+ s t rongly  decreases NA accumula-  
t ion by  cardiac slices ~5 and decreases the  NA and  serotonin  
up take  by  bra in  synap tosomal  f ract ions  s. 

In  our exper imenta l  condi t ions ,  t h e  selective sens i t iv i ty  
of the high affinity NA uptake system to a low Na + 
medium,  parallels the  results  of YAMAMURA and SNYDER 7 
who have  recent ly  r epor ted  different ia l  effects of Na+-free 
media  on the  two cerebral  up take  sys tems  for choline. 
Likewise, the  kinet ic  pa rame te r s  of v -aminobutyr ic  acid 
up take  in to  synap tosomes  are s imul taneous ly  bu t  
dif ferent ia l ly  affected by  low Na+ concen t ra t ion  in the  
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medium  16. In  view of these f indings,  it  is possible to suggest  
an allosteric funct ion  for the  ex te rna l  Na+ in the  t r anspo r t  
sys tems  for all these  molecules and  for NA. 

Kin  du syst6me k hau te  affinit6 est  affect4 par  l 'exclusion 
par t ie l le  des ions Na+ du milieu &incuba t ion  (Na+ = 75 
raM) par  la choline, 

Rdsumd. L'6 tude  de l ' accumula t ion  de la noradr6nal ine  
marqu6e par  des coupes de cor tex  c6r6bral de rat ,  
mon t r e  l ' exis tence de deux sys t6mes de capture .  Seul le 

:6 D. L. I~{ARTIN, J. Neurochem. 2t, 345 (1973). 

j. p. I~ATALI, P. JOANNY and F. BLANQUET 

Laboratoire de Physiologie, Facultd de Mddecine Sud, 
27, Boulevard Jean Moulin, F-73385 Marseille Cddex d 
(France), 16 January 1975. 

Varia t ion  in the  Tota l  Content  of A lka l ine  R N A s e  in 

Wide var ia t ions  in the  alkaline r ibonuclease (RNAse) 
ac t iv i ty  of d i f ferent  popula t ions  of l y m p h o c y t e s  were 
recent ly  repor ted  by  MAZ~SSOY et al. ~ in a group of 
20 pa t i en t s  wi th  chronic l ymphocy t i c  leukemia  in w h o m  
the  to ta l  RNAse  con ten t  pe r  cel! var ied by  a factor  of 20. 
In  exper imenta l  animals,  the  con ten t  of alkaline ribo- 
nuclease of homogena tes  f rom thymus ,  spleen and  l y m p h  
nodes is raised m a n y  t imes  foliowing a va r i e ty  of s t imuli  
which  include i r radia t ion by  X- rays  of the  whole body  ~, 3, 
i r rad ia t ion  of the  head only 8, 4, in ject ion of cor t isone and 
o ther  hormones  5, 6 and ant igenic  s t imula t ion  7, s. In  our 
studies,  the  value of R N A s e / m g  of DNA in control  animals  
was higher  for spleen t h a n  for t h y m u s  '~, 6 and i t  seemed 
t h a t  there  were var ia t ions  in R N A s e  con t en t  be tween  
di f ferent  p o p u l a t i o n s  of l ympho id  ceils. KRAFT and 
SHORTrVIAN 9 had  repor ted  t h a t  per i toneal  cells of ra ts  
con ta ined  much  more  alkaline RNAse  t h a n  l ymphocy te s  
f rom l y m p h  nodes  and spleen, and  t h e y  a t t r i b u t e d  th is  to  
the  presence of macrophages .  However ,  the  results  of the  
p resen t  inves t iga t ion  show t h a t  l ymphocy te s  f rom the  
per i toneal  cell popu la t ion  have  higher  con ten t  of 
RNAse  t h a n  the  macrophage ,  and t h a t  by  compar ing  the  
RNAse  con ten t  of adhe ren t  and  non -adhe ren t  cells f rom 
the  thymus ,  l ymph  nodes and  per i toneal  cell popula t ion ,  
of normal  mice and mice t r ea t ed  wi th  cortisone,  sub- 
popula t ion  of l y m p h o c y t e s  which are except ional ly  r ich 
in RNAse  were identif ied.  Previous ly  we ~~ found tha t ,  a t  
the  end of t he  regenera t ive  phase  following par t ia l  
hepa tec tomy ,  t he  RNAse  con ten t  of livers rose sharp ly  for 
a few days,  and we proposed  t h a t  RNAse  was involved 
in the  control  of cell division. A similar  suggest ion was 
subsequen t ly  made  by  KRAFT and SHORTMAN 9, and  it is 
t e m p t i n g  t'o specula te  t h a t  the  difference in the R N A s e  
con ten t  of l ymphocy te s  f rom di f ferent  sites m a y  also be 
re la ted to the  t ime  at  which  t h e y  had  undergone  cell 
division. 

Materials and methods. R a n d o m  bred  mice, 10-12 weeks 
old, were used. Per i tonea l  cells, t h y m u s e s  and  mesenter ic  

M o u s e  L y m p h o c y t e s  f r o m  Dif ferent  O r g a n s  

l y m p h  nodes were pooled f rom 5 animals  per  exper iment .  
In  the  cor t i sone- t rea ted  groups,  5 mg of cor t i sone /mouse  
(Frederiksberg,  Copenhagen) were in jec ted  s.c. e i ther  1, 
2 or 3 days  pr ior  to  the  r emova l  of the  l y m p h o i d  cells. 
Per i toneal  cells were ob ta ined  w i t h o u t  pr ior  s t imula-  
t ion n,  *=. Per i toneal  t h y m u s  and mesenter ic  l y m p h  nodes 
cell suspensions were p repa red  at  106 cells/ml. Separa t ion  
of adhe ren t  and  n o n - a d h e r e n t  ceils was pe r fo rmed  
according to EVANS and ALEXANDER 11. 2 ml  of the  sus- 
pension of cells der ived f rom per i toneum,  t h y m u s  or 
l y m p h  nodes were cul tured  e i ther  in a 3.5 • 6 m m  Falcon 
plast ic  pe t r i  d i sh  or in a sil iconized glass t ube  in med ium 
M199. Af ter  t he  separa t ion ,  these  suspens ions  were 
di luted 1:1 w i th  dist i l led water ,  and  the  es t imat ion  of 
to ta l  RNAse  con ten t  of cells was carr ied out  as descr ibed 
previous ly  a. 

Results and discussion. Table  I shows t h a t  the  RNAse  
con ten t  of cells f rom the  p e r i t o n e u m  is ve ry  m u c h  greater  
t h a n  t h a t  f rom the  t h y m u s  and l y m p h  nodes.  The 
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Table I. Ribonuclease activity of cell suspension from the peritoneum, thymus and lymph node ceils of normal and cortisone-treated mice 

Treatment of mice RNAse ~ activity of cells b from 

Peritoneum Thymus Lymph nodes 

None 12.2 q- 2.1 0.56 • 0.2 1.7 • 0.5 

1 day following cortisone c 99.0 q- 24.0 5.0 i 2.9 2.1 4- 0.8 
2 days following cortisone 102.0 J_ 32.3 2.2 z]- 0.6 3.8 =[= 1.9 
3 days followingeortisone 26.6 • 10.7 4.1 • 2.2 3.4 ! 1.1 

Expressed as 10 15 g of crystalline pancreatic RNAse per cell. b Cells were pooled from 5 mice for each of the 3 experiments (mean of 3 
separate experiments =t: S.D.). ~ 5 mg cortisone acetate (Fredriksberg Chemical Laboratories Ltd., Copenhagen) given s.c. 


