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Cold Stress Induced Changes in the Uptake and Distribution of Radiolabelled Magnes ium in the 
Brain and Pituitary of the Rat 

E v e n  t hough  magnes ium con t en t  of the  nervous  sys t em 
was Studied in var ious  m a m m a l i a n  species 1-9, there  still  is 
re la t ive ly  l i t t le  in fo rmat ion  abou t  the  t r a n s p o r t  of th is  
ca t ion  in to  brain  t issue ~0 In  t he  p resen t  no te  we r epo r t  the  
effects  of cold s t ress  condi t ions  on the  up take  of radio-  
labelled magnes ium by  cer ta in  bra in  areas and by  the  
p i t u i t a ry  gland.  

Magnesium-28 is an isotope emi t t i ng  b o t h  ~- and  fl- 
rad ia t ion  wi th  a half  life of 21.3 h. The specific ac t iv i ty  of 
~8Mg as 2SMgC12 was 350 ~Ci of Mg28A12s per  mg  of s tab le  
magnes ium at  the  t ime  of exper iment .  

Adul t  whi te  male ra t s  (250-300 g) were s tud ied  under  
normal  (control) condi t ions  (32 animals) and  under  con- 
d i t ions  of cold s t ress  (32 animals) .  The s t ress  consis ted  of 
d rench ing  the  animals  in cold wa te r  a t  4~ for 30 r a i n .  

U n d e r  pen toba rb i t a l  anaes thes ia  each animal  received 
in to  the  caro t id  a r t e ry  a dose of 1.0 [zCi of 2SMg (in 0.2 ml  
of Ringer ' s  solut ion buffered wi th  4 m M  H E P E S  buffer  to 
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Uptake of 28Mg (left side) and 4SCa (fight side) by cortex (C), hippo- 
campus (H) and pituitary gland (P) following intra carotid injection 
of 1 [zCi of 15Ca or ~SMg. Values of radioactivity are expressed in 
D P M s / g  of wet tissue as means ~ S.E.M. of 32 Samples. ~, control; 
~ ,  cold stress. 

a p H  of 7.56). Due to t he  shor t  ha l fd i fe  of 28Mg the  injec- 
t ion solut ion was ca l ibra ted  to  be 1 ~zCi/0.2 ml  (SA = 
1 [zCi/3.49 Fg Mg) at  the  beginning of the  expe r imen t .  The 
inject ion which  was  given 5 rain af ter  cold stress was  
followed by  decap i t a t ion  in 15 sec. 

Fol lowing each decapi ta t ion ,  the  bra in  was quickly 
dissected free and  the  following t issues placed in to  t a red  
scint i l la t ion vials and  weighed:  cortex,  h ippocampus ,  
tha lamus ,  super ior  colliculus, cerebellum, medul la  and  
the  p i tu i ta ry .  1 ml  a l iquots  of t issue solubilizer (Soluene 
- 350, Packard)  were added  to each t issue vial  and the  
t issues d iges ted  wi th in  2 h in a wa te r  b a t h  a t  55 ~ 10 ml  
a l iquots  of a scint i l la t ion mix tu re  (Dimilnme, Packard)  
were t h e n  added  tb  each vial and  the  vials  sub jec ted  to  
scint i l la t ion count ing.  The f i-radiat ion of ~SMg was measur-  
ed wi th  t h e / 3 e c k m a n  L5-200 scint i l la t ion counte r  wi th in  
10 h following the  s t a r t  of the  exper iment .  

The following formulae  were used:  

(1) N t = 2Voe (--0.6935/T) 

where  Ne = r ad ioac t iv i ty  remain ing  af ter  t ime  t; No = 
init ial  r ad ioac t iv i ty ;  T = half-life (T1/.2) expressed in 
min ;  t = elapsed t i m e  in rain;  and e = base  of na tura l  
logar i thm.  

(2) B - C P M - -  B - B K G  1 
• - -  : D P M  

BOF N 

where,  B - C P 2 1 / I  = raw counts  ~or each t issue vial  in 
channe l  /3; B - B K G  = background  counts  in channel  B; 
B Q F  = efficiency of 28Mg in the  B-channe l ;  and  N,  = 
same as above - (i.e., ac t iv i ty  left af ter  t ime  t). 
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Uptake of 28Mg by different brain areas and pituitary gland in rats following intra carotid injection of 1 [xCi of 2SMg (3.490 ~zg Mg in 0.2 ml 
Ringer's solution) 

Tissue Control Stress Statistical significance 

Cortex 4,500 • 450 8,500 -4- 1,000 p < 0.005 
Hippocampus 2,400 ~= 470 4,800 • 800 p < 0.015 
Thalamus 800 ~- 270 4,000 =k 1,800 NS 
Superior eollieulus ~ 2,300 ~ 800 7,800 i 2,700 NS 
Cerebellum 8,600 i 1,200 11,300 ~ 1,400 NS 
-'VIedulla ~ 16,200 -~ 2,700 17,800 ~ 2,900 NS 
Pituitary gland ~ 62,200 ~: 20,700 192,600 ~ 37,000 3 < 0.01 

The radioactivity is expressed as D P M s / g  of wet tissue. Values are expressed as means zJ= S.E.M. of 32 samples or ~16 samples. 
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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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