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The a m o u n t  of r a d i o a c t i v i t y  for each  t i ssue  was d iv ided  
by  t he  t i ssue  we igh t  (DPM/g t issue).  The  d a t a  for each  
t i ssue  was pooled for t he  an i m a l s  w i t h i n  t he  con t ro l  and  
stress  groups  and  sub jec ted  to s t a t i s t i ca l  ana lys i s  us ing  a 
two- ta i l ed  t-test .  

The  Tab le  shows t h a t  in  t he  con t ro l  group,  fol lowing 
in j ec t ion  of 1 [xCi of ~aMg, t h e  u p t a k e  of ~SMg b y  t he  cor tex  
was h igher  t h a n  b y  t h e  h ippoca lnpus ,  t h a l a m u s  a n d  
super ior  colliculus. Cerebel lum,  medu l l a  and  p i t u i t a r y  
g land  all showed h igher  va lues  t h a n  t he  cor tex  w i t h  t he  
h ighes t  u p t a k e  occurr ing  in t he  p i t u i t a ry .  The  s t a t i s t i ca l  
d i f ference in t he  u p t a k e  was t he  fol lowing:  cor tex-  
h i p p o c a m p u s  p < 0.01, c o r t e x - t h a l a m u s  p < 0.001, cor tex-  
super ior  coll iculus p < 0.02, co r t ex -ce rebe l lum p < 0.01, 
co r t ex -medu l l a  p < 0.005 a n d  c o r t e x - p i t u i t a r y  p < 0.01. 
Stress  cond i t ions  i nduced  s t a t i s t i ca l ly  s ign i f ican t  increases  
of Mg u p t a k e  in the  cortex,  h i p p o c a m p u s  a n d  t he  p i t u i t a ry .  

W e  r epo r t ed  p rev ious ly  t h a t  cold s t ress  cond i t ions  
induced  an  increase  in t he  u p t a k e  of 4~Ca in t he  cor tex,  
h ippocampus ,  cerebel lum,  medu l l a  and  t he  p i t u i t a r y  
glandl~.  The  F igure  compares  t he  u p t a k e  of m a g n e s i u m  
and  ca lc ium u n d e r  con t ro l  and  s t ress  cond i t ions  in  t he  
cortex,  h i p p o c a m p u s  and  p i t u i t a r y  fol lowing t h e  injec-  
t ion  of 1 [xCi of e i the r  ~-SMg or 45Ca. The  r e l a t i on  of t he  
levels  of u p t a k e  of t he  two  ca t ions  ( m a g n e s i u m  and  cal- 
cium) differ  in  t he  cor tex  and  t h e  h i p p o c a m p u s .  M a g n e s i u m  
u p t a k e  levels are h ighe r  in  t he  cor tex  t h a n  in t he  h ippo-  
c a m p u s  whi le  t he  reverse  is t r u e  of ca lc ium.  The  e n h a n c i n g  
effect  of s t ress  on  t he  u p t a k e  of b o t h  m a g n e s i u m  a n d  cal- 
c ium did  no t  affect  t h i s  re la t ion .  

The  lack of change  in t he  b r a i n  a n d  p i t u i t a r y  rad io-  
label led  inu l in  u p t a k e  u n d e r  cold s tress  i t  i nd ica t ed  no 

mod i f i ca t i on  of t he  vascu la r  bed  or ex t race l lu la r  space. 
Our  resu l t s  t e n d  to  con f i rm  DOUGLAS' s t imulus - sec re t ion  
coupl ing  h y p o t h e s i s  1~, in  wh ich  t he  s t ress  a l te rs  the  per-  
m e a b i l i t y  cha rac te r i s t i c s  of t h e  m e m b r a n e  for ca lc ium 
and  inu l in  a n d  c o n s e q u e n t l y  in i t i a t e s  h o r m o n e  release. 
Our  c u r r e n t  f ind ings  w i t h  28Mg sugges t  a change  ill t he  
p e r m e a b i l i t y  of t he  b lood -b ra in  a n d  b lood -p i t u i t a ry  
ba r r i e r s  for m a g n e s i u m  induced  b y  cold stress. Th i s  v iew 
is f u r t h e r  s u p p o r t e d  b y  reports~3 of increased  u p t a k e  of 
r ub id ium-86  b y  t he  b r a i n  fol lowing i.p. i n j ec t ion  of 
S6RbC1 in r a t s  i m m e r s e d  in a n  ice-water  b a t h  14 

Rdsumd. L ' i m p o s i t i o n  de cond i t ions  h y p o t h e r l n i q u e s  
a u g m e n t e  l ' i n c o r p o r a t i o n  de 2SMg dans  le ce rveau  et  la 
g lande  p i t u i t a i r e  du  ra t .  
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Rhythmic Activity of the Isolated Spleen during Longterm Perfusion 

D u r i n g  a sangu inous  pulsa t i le  per fus ion  of i so la ted  
spleens a t  36~ up  to  72 h for hema to log ica l  s tudies ,  we 
no t iced  osci l la t ions in t he  vascu la r  res is tance .  R h y t h m i c  
changes  in t he  splenic vo lume,  flow a n d  pressure  are 
typ ica l  of t he  in  v ivo  spleen c i rcu la t ion  of ca t s  and  dogs 1-~. 
W e  could regis ter  u n d u l a t o r y  changes  d u r i n g  per fus ion  
in t he  flow and  t he  pressure  s i m u l t a n e o u s l y  in  t he  spleens 
of calves,  pigs or h u m a n s .  I n  add i t ion ,  we could measu re  
t he  inf luence  of p h e n t o l a m i n e ,  p a p a v e r i n e  and  colchicine 
on  th i s  r h y t h m .  

Materials and methods. The resu l t s  of t h e  pe r fus ion  of 
21 spleens of p ig le ts  (spleen weigh t  20-60 g) are descr ibed.  
The  ope ra t ive  procedure ,  pe r fusa te  compos i t i on  a n d  t he  
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Fig. 1. Original registration of the perfusion pressure and flow of a 
pig spleen, 36th and 37th h of perfusion, to be read from right to left. 

pe r fus ion  s y s t e m  are descr ibed  elsewhere s, 6. Af te r  splenec-  
t o m y  a n d  a w a r m  i sehemia  t i m e  of a b o u t  5 rain,  the  
spleens were f lushed  wit l l  a n  icecold, special ly  ba l anced  
sa l t  so lu t ion  a n d  cooled to 4~ Af te r  90 to  120 Inin t he  
spleens were connec ted  w i t h  t he  pe r fus ion  sys tem.  The  
a r te r ia l  pe r fus ion  pressure  was m e a s u r e d  w i t h  a p ressure  
t r a n s d u c e r  and  t he  flow w i t h  an  e l ec t romagne t i c  flow- 
m e t e r ;  b o t h  were c o n t i n u o u s l y  reg is te red  on  a recorder .  
The  a r t e r i a l  per fus ion  pressure  was cor rec ted  for t he  
pressure  d rop  across t he  c a n n u l a  a t  t he  g iven  flow, a n d  
t h i s  t r ue  a r te r ia l  pressure  was d iv ided  b y  t he  flow per  
m i n u t e  and  100 g splenic we igh t  to  ca lcu la te  t he  vascu la r  
res is tance.  The  fol lowing drugs  were added  to t he  
pe r fusa t e :  p a p a v e r i n e  0.25-5 InMol, p h e n t o l a m i n e  2.5-5 
Ing/1 a n d  colchicine 0.5 rag~1 (Regi t in  | and  Colcemid | of 
Ciba-Geigy,  Wehr ,  Fede ra l  Repub l i c  of Germany) .  

Results. After  the  f i rs t  few hours  of perfusion,  a r a t h e r  
c o n s t a n t  vascu la r  r es i s t ance  was a t t a i n e d  and  m a i n t a i n e d  
for severa l  hours ;  b u t  then ,  s u d d e n  increases  in  t he  
pe r fus ion  pressure  a n d  decreases  in t he  flow occurred.  
Af ter  1 to  2 rain,  t he  p rev ious  c o n s t a n t  va lues  were r eached  
again.  D u r i n g  t he  fol lowing hou r s  of perfusion,  these  
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changes  b e c a m e  more  f r e q u e n t  and  resu l ted  in a c o n s t a n t  
r h y t h m  (Figure  1). These  osci l la t ions  were c o n s t a n t  and  
were m a i n t a i n e d  in some spleens u n t i l  t h e  72 th  h of 
perfus ion,  as long as t he re  were no  exchanges  of t he  
pe r fu sa t e  or d rugs  added.  There  were di f ferences  in  t h e  
f r equency  of osci l la t ion in d i f fe ren t  spleens ; a n  i n d i v i d u a l  
spleen,  however ,  h a d  a r a t h e r  c o n s t a n t  r h y t h m .  The  m e a n  
f r equency  of these  osci l la t ions  was 11.5 pe r  h ;  t h a t  means  
a per iod  of 5 m in  a n d  13 see pe r  wave.  The  ave rage  
d u r a t i o n  of per fus ion  u n t i l  a c o n s t a n t  r h y t h m  was a t t a i n e d  
was 19 h. The  m e a n  p e a k  in t he  vascu la r  r e s i s t ance  was 
145% of t h e  p rev ious  c o n s t a n t  va lue .  In  15 of 21 pig  
spleens,  such  osci l Iat ions were recorded.  Two s l igh t ly  
en la rged  h u m a n  spleens f rom p a t i e n t s  w i t h  H o d g k i n ' s  
disease h a d  a s imi la r  r h y t h m .  Two g rea t ly  en la rged  h u m a n  
spleens f rom p a t i e n t s  w i t h  m a l i g n a n t  l y m p h o m a  (splenic 
we igh t  3200 g and  1850 g) h a d  a c o n s t a n t  va scu l a r  
r es i s t ance  t h r o u g h o u t  perfus ion.  Some spleens of calves 
per fused  u n d e r  s l igh t ly  d i f fe ren t  cond i t ions  showed  a 
s imi la r  r h y t h m  b u t  were no t  ful ly  eva lua ted .  There  
seemed to be  no  di f ference in f r equency  or a m p l i t u d e  
w h e t h e r  t he  pe r fu sa t e  cons is ted  of 10% or 80% pooled pig  
serum,  or w h e t h e r  d e x t r a n  was added  to it. E v e n  in spleens 
w i t h  bad ly -p r e se rved  l y m p h a t i c  ceils t he re  was a c o n s t a n t  
r h y t h m .  B y  a d d i n g  p a p a v e r i n e  (0.2-0.4 mMol)  t he  vascu-  
la r  r e s i s t ance  decreased  b u t  t he  a m p l i t u d e  a n d  t he  fre- 
q u e n c y  showed no a l t e r a t i o n  (Figure  2). B y  inc reas ing  t he  
dose to  5 mMol,  however ,  t he  osci l la t ions comple t e ly  
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Fig. 2. Changes of the perfusion pressure and flow of a pig spleen 
caused by 1 mMol papaverine, 48th of perfusion, to be read from 
right to left. 
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Fig. 3. Influence of 10 mg phentolamine on the perfusion pressure 
and flow of a pig spleen, 36th to 38th h of perfusion, to be read 
from right to left. 

d i sappeared .  Af te r  a d d i n g  t he  e - recep tor  b lock ing  a g e n t  
p h e n t o l a m i n e  (2.5-5 mg/1 per fusa te ) ,  t h e  vascu la r  t one  
a n d  t he  a m p l i t u d e  were d i m i n i s h e d  (Figure 3). A dose of 
7.5 mg/1 suppressed  t he  osci l la t ions  comple te ly .  2 to  3 h 
later ,  however ,  t he  r h y t h m  b e g a n  again.  I n  13 s p l e e n .  
per fus ions  0.5 rag/1 colchicine was added  to t he  pe r fusa te  
to  b lock  mitoses.  I n  12 of these  cases t h e  pe r fus ion  pressure  
increased an  ave rage  o5 25 m m  Hg. In  spleens wh ich  h a d  
osci l la t ions  w h e n  colchic ine .was  added,  these  osci l la t ions  
s topped.  

Discussion. R h y t h m i c  a c t i v i t y  of t he  spleen has,  to  
date ,  on ly  been  descr ibed  for t he  ca t  a n d  dog  spleen t-4. 
Those  spleens  h a v e  a p r e d o m i n a n t  r ese rvo i r  func t ion .  
The  spleens of pigs and  calves h a v e  less muscu l a r  t r a b e -  
cula  and  t he  h u m a n  spleen seems to h a v e  p rac t i ca l ly  no  
reservoi r  funct ionT.  The  f u n c t i o n a l  s ignif icance of these  
osci l la t ions  r ema ins  u n d e t e r m i n e d .  The  r e l a t ive ly  la te  
a p p e a r a n c e  of t he  osc i l la t ion  d u r i n g  n o r m o t h e r m i c  
per fus ion  could depend  on  t he  pe r fus ion  procedure .  In  ca t  
and  dog spleens,  t he  f r equency  of these  osci l la t ions  was 1 
to  2 pe r  m i n  in v ivo  1-4. The  5-10 t imes  less f r equen t  
osci l la t ions  in  our  sys t em m a y  be  due  to  species differen-  
ces, or m a y  be  on ly  t he  resu l t  of t he  in  v i t r o  condi t ions .  
There  are no d a t a  in t h e  l i t e r a tu re  on  t he  va scu l a r  
r es i s t ance  d u r i n g  these  osc i l la t ions ;  on ly  d a t a  for t he  
f low or for t he  pressure .  Much  is k n o w n  a b o u t  t he  effect  
of d rugs  on t h e  sp leen  v a s c u t a t n r e  8, b u t  v e r y  l i t t l e  a b o u t  
t he  effect  on these  osci l lat ions.  The  effect  of dec reas ing  
on ly  t he  vascu la r  tone  b y  smal l  doses of papave r ine ,  and  
of t he  suppress ion  of t h e  osci l la t ions b y  t h e  e -b lock ing  
a g e n t  p h e n t o l a m i n e ,  seems to  ind ica te  t h a t  t he  r h y t h m i c  
a c t i v i t y  is p roduced  b y  a r h y t h m i c  release of adrenerg ic  
subs tances .  The re  are adrenerg ic  ne rve  t e rmina l s ,  as 
shown b y  f luorescence mic roscopy  9, d i s t r i b u t e d  a m o n g  
the  smal l  a r te r ies  in  t he  spleen;  however ,  i t  is d i f f icul t  
to  exp la in  how all these  t e r m i n a l s  c an  be c o o r d i n a t e d  in 
a n  i so la ted  spleen to  release adrenerg ic  subs t ances  
s imul t aneous ly .  There  is no  e x p l a n a t i o n  for t he  increase  
in vascu la r  tone  w i t h  colchicine.  The  purpose  of n0rmo-  
t h e r m i c  spleen per fus ion  was to e s t ab l i sh  a mode l  to  
s t u d y  t he  l y m p h a t i c  sys tem.  The  r h y t h m i c  a c t i v i t y  
observed  in these  per fused  spleens  was a side effect, b u t  i t  
d e m o n s t r a t e s  t h a t ,  w i t h  n o r m o t h e r m i c  organ  perfus ion,  
one can  s t u d y  physio logica l  p h e n o m e n a  such  as t h i s  
r h y t h m  u n d e r  con t ro l led  and  a lmos t  n a t u r a l  condi t ions .  

Zusammen/assung. Bet  der  n o r m o t h e r m e n  Per fus ion  
yon  isol ier ten  Schweine-,  Kglber -  u n d  Menschenmi l zen  fiir 
m a x i m a l  72 S t u n d e n  w u r d e n  r h y t h m i s c h e  _Anderungen 
des Gefgsswiders tands  regis t r ier t .  Der  E inf luss  yon  P a p a -  
ver in ,  P h e n t o l a m i n  u n d  Colchizin auf  diese R h y t h m i k  
wird  beschr ieben .  
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