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Cat ion  E x c h a n g e  P r o p e r t i e s  of  B o n e  T i s s u e  

A very  high up take  of 51Cr-fl-glycerophosphate by  bone 
t issue has been not iced when  the  biological behav iour  
of th is  p roposed  t u m o r  localizing agent  ~ was s tudied.  
The Table shows the  values  of a typ ica l  r ad ioac t iv i ty  
d i s t r ibu t ion  in ra t s  24 h af ter  i.v. injection.  The concen- 
t r a t i on  of r ad ioac t iv i ty  by  the  bone  does no t  agree wi th  
its g lyce rophospha te  hydro ly t ic  capabi l i ty  (phospho-  
monoes terase  act ivi ty) .  The possibi l i ty  of a s imple cat ion 
exchange  was assayed by  in vi t ro  incuba t ion  of bone 
t issue wi th  51Cr-fi-glycerophosphate. 

A dupl ica te  assay was per formed wi th  2 ra t  femurs  
f rom the  same animal.  One of t h e m  was au toc laved  20 min  
in order  to des t roy  any  enzymat ic  act ivi ty .  Af ter  this, 
i t  was ground and  washed  5 t imes  wi th  dist i l led wa te r  
in order  to e l iminate  all the  hydro lyzed  proteins.  The 
o ther  femur  kep t  a t  4~ was also ground.  1 g of each 
was suspended  in 5 ml of saline plus 5 ml of l ac ta ted  
Ringer ' s  solut ion (Har tmann ' s ) .  After  addi t ion  of 0.5 ml 
of 51Cr-fl-glycerophosphate complex  (2.4 mg Cr/ml), t hey  
were incuba ted  for 1 h a t  37 ~ wi th  occasional stirring. 
Af ter  incubat ion,  t hey  were centr i fuged and the  residue 
washed 5 t imes  wi th  normal  saline. The rad ioac t iv i ty  
was measured  in bo th  residues and s u p e r n a t a n t s  wi th  a 
scint i l lometer .  33.9 and 22.4% of the  to ta l  r ad ioac t iv i ty  
remained  in the  residue of p rehea ted  and normal  femur  

Radioactivity distributimi after i.v. injection of 51Cr-fl-glyeero- 
phosphate into rat~ 

% dose/g 

Blood Liwer Spleen Kidney Femur 
0.02 0.08 0.10 0.48 0.64 

'~ Ratio (radioactivity mineral tissue/radioactivity bone marrow) 
per gram - 20. 

respect ively.  The h igher  exchange  wi th  the  hea ted  bone  
can be expla ined as a consequence  of the  increase in t he  
act ive surface of the  minera l  t issue due to the  hydrolys is  
of the  collagen. 

In  ano the r  exper iment ,  the  exchange  was tes ted  wi th  
ca rbona tes  and  p h o s p h a t e s  similar  to  the  minera l  p a r t  
of the  bone tissue. To a suspension of 100 mg of CaCOa, 
MgCO 3, SrCO 3, Mga(PO4) 2 and Caa(PO4) 2 in 5 nfi of dis- 
t i l led wa te r  (buffered to p H  7.2 wi th  KH2PO4), 0.2 ml of 
~lCr-fl-glycerophosphate (8.1 mg Cr/ml) were added  and 
incuba ted  at  37 ~ for 1 h. Af te r  cent r i fugat ion  and wash-  
ing, the  rad ioac t iv i ty  of b o t h  residues and supe rna t an t s  
was  counted  as descr ibed before. The percentages  of the  
used rad ioac t iv i ty  remain ing  in t he  insoluble (exchanged) 
were:  CaCO 3 = 4.3; MgCOa : 81.0; S rCOs- -  5.1; C% 
(PO4)~ ~- 30.4 and Mga(PO~) 2 = 87.0. 

These exper imen ta l  f indings indicate  t h a t  t h rough  a 
s imple cat ion exchange  mechan i sm some of the  mineral  
cons t i tuen t s  of bone are able to  deposi t  as an insoluble 
co mp o u n d  the  ch romium from a ve ry  s table  /5-glycero- 
phospha t e  complex.  

Riassunto. ~ presen ta to  uno s tudio  sulla fissazione del 
51Cr-fl-glicerofosfato. I1 51Cr di ques to  colnposto  qui pre- 
sen ta  una  e levata  s tab i l i tg  chimica 6 fissato nella pa r t e  
minerale  dell 'osso per  un meccan i smo d ' i n t e r cambio  
cationico. 
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P h a r m a c o l o g i c a l  S tud ie s  on  T h i a m i n e  D e f i c i e n c y  IV. B l o o d  C a t e c h o l a m i n e  Content  and B l o o d  
P r e s s u r e  of T h i a m i n e  Def ic ient  Rats  

As shown in previous repor t s  f rom this  labora tory ,  
the  ca techolamine  (CA) con ten t s  in the  bra in  cortex,  
in the  hea r t  a t r ia  and ventr ic les  and in the  spleen are 
s ignif icant ly  increased in th iamine  def icient  ra t s  as 
compared  wi th  those of th i amine  supp lemen ted  or pair-fed 
control  group a and i m p a i r m e n t  of t issue monoamine  
oxidase (MAO) act ivi t ies  plays some role in t he  CA 
accumula t ion  2. Fu r the rmore ,  this  increase of CA con- 
cen t ra t ion  m a y  result  in changes in some pharmacol -  
ogical responses  1,3. 

In  th is  work,  to tes t  whe the r  changes in the  spon taneous  
release of CA f rom tile t issues were involved in t he  accu- 
mula t ion  in def ic ient  animals,  the  CA concen t ra t ion  in 
the  blood was measured  wi th  special reference to  its 
re la t ion to change  in blood pressure.  In  addi t ion ,  the  
pressor  effects of DL-noradrenaline (NA) and t y r a m i n e  
in th iamine  def icient  ra t s  were examined.  

Materials and methods. Using male Sprague-Dawley  
rats,  weighing 80-100g,  as expe r imen ta l  animals,  a 
t h i amine  def icient  group, a pair-fed and a control  groups 

were p repared  and a decision for the  deficiency of the  
an imal  was done as descr ibed previous ly  l& 

The blood CA co n t en t  of ra ts  was measured  by  a 
modif ica t ion  of the  m e t h o d  of CROUT~: animals  were 
sacrificed by  decap i ta t ion  and blood f rom the  carot id  
ar ter ies  was t aken  into a tube  conta in ing  ice-cold 0 .4N 
perchloric  acid. The tube  was kep t  a t  - -20~  unti l  the  
following day  and  then  thawed.  In  addi t ion  to  t he  
original procedure  for elut ion wi th  alumina,  Dowex 1 • 8 
co lumn was also employed  5. 
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Reszdts and discussion. The Table shows t h a t  the  CA 
concen t ra t ion  in the  blood of th i amine  def icient  ra t s  
was abou t  one-half  of t h a t  in e i ther  the  contro l  or pai r - fed  
group, while there  was no difference be tween  the  con ten t s  
of the  contro l  and  pair- fed groups. Lowering the  b lood 
CA concen t ra t ion  m i g h t  resul t  f rom decreased sponta-  
neous release of the  amine  f rom tissues in t h i amine  
def icient  rats,  so th is  seems to  be one fac tor  causing 
accumula t ion  of CA in th iamine  deficient  ra t  t issues. 

Blood catecholanfine content of thiamine deficient rats 

Catecholamine content 
(M.g/ml) 

p~ 

Control �9 0.030 • 0.002 (5) < 0.01 
Thiamine deficient 0.015 • 0.001 (4) 
Pair-fed b 0.025 =~ 0.003 (4) < 0.05 

Fed on the thiamine deficient basal diet supplemented with 3 ing 
thiamine hydroehloride per kg. b Given daily an amount of control 
diet of the same weight as that eaten by the deficient group, c Signifi- 
cant P values in relation to the thiamine deficient group. Four rats 
were used in each experiment and the values represent the mean 
4- S.E. of the number of experiments shown in parenthesis. 

mmHg 
180 [ 

AllOt ~ 
100 L / 

12o [ 

'~ I 
N I N z N 3 N~ 

Fig. 1. Blood pressure of carotid artery of thiamine deficient rat 
and effect of DL-noradrenaline on it. N D N2, Ns, N 4 (nL-noradrenaline 
hydroehloride 0.5, 1.0, 2.5, 5.0 ~xg/kg, respectively). (A} Control rat, 
(B) thianfine deficient rat. Anesthesia was done with 1.2 g/kg i.p. 
of urethane. Drugs were given into femoral vein. 
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Fig. 2. Blood pressure of carotid artery of ~hiamine deficient rat 
and effect of tyramine on it. T D T2, Ta, T 4 (tyramine monohydro- 
chloride 0.1, 0.2, 0.5, 1.0 mg/kg, respectively). Other conditions are 
the same as in Figure 1. 

F u r t h e r  expe r imen t s  on this, such as those  on CA up take  
are required to  unde r s t and  the  overall  mechan i sm clearly. 
The correlat ion be tween  the  inhib i t ion  of amine  release 
and the  i m p a i r m e n t  of MAO ac t iv i ty  is still obscure. 
However ,  w i th  regard  to this,  the  f indings of AXELROD6 
should be kep t  in mind.  They  showed t h a t  the  release 
of CA was inh ib i ted  by  MAO ]nhibitors.  

We s tudied  the  pressor  effects  of NA and  t y r a m i n e  in 
th iamine  deficient  ra ts  next .  10 of 14 def ic ient  animals  
showed marked  hypotens ion ,  ranging  f rom 86-100 m m  Hg, 
re la t ive to  the  control  group ( l 1 3 - 1 2 6 m m H g ) .  Two 
examples  are shown in Figures  1B and  2B. F r o m  this  
result,  it  seems t h a t  hypo tens ion  in t h i amine  deficient  
ra t s  m a y  be due to  lowering of the  blood CA concen- 
t ra t ion.  In  re la t ion to this, i t  is also possible t h a t  sensi- 
t i v i ty  to  th is  t r a n s m i t t e r  could be reduced  in th iamine  
def icient  animals.  To examine  this  possibil i ty,  the  pressor  
response to NA was  de te rmined .  As shown in Figure 1, 
the  increase in blood pressure  evoked by  NA inject ion 
was similar  in the  th iamine  def icient  and  control  groups. 
Moreover,  no difference in the  pressor  response to  
t y r ami n e  in these  2 groups could be found (Figure 2). 
This  was, however ,  unexpected ,  because in our  previous 
publ ica t ions  the  following f indings had  been repor ted :  
(a) t he  effect  of t y r a m i n e  on an excised hea r t  f rom a 
def icient  ra t  is m u c h  more t h a n  t h a t  on the  hea r t  of 
a control  animal~, and  (b) t he  CA release af ter  t y r amine  
inject ion in def ic ient  animals  is grea ter  t h a n  t h a t  in t he  
control  group and is accompanied  by  a marked  raise in 
hea r t  ra te  3. However ,  it  m u s t  be also t aken  into con- 
s idera t ion t h a t  changes  in sys temic  blood pressure by  
drugs are mani fes ted  in general  as the  sum of the  effects 
of various factors.  

On the  o ther  hand,  the  blood pressure  in the  t h i amine  
def icient  group gradual ly  increased wi th  successive injec- 
t ions  of ty ramine .  This result  suggests  t h a t  the  elevat ion 
of the  basal  blood pressure did no t  resul t  f rom a direct  
ac t ion of t y r ami n e  itself, and t h a t  the  so called available 
CA 7 p lays  some role in regula t ing  blood pressure,  when 
t aken  into cons idera t ion  our previous f inding 3. 

To summar ize  t he  evidence p resen ted  so far, one could 
say t h a t  owing to t he  lowering of blood CA concen t ra t ion  
in the  th iamine  def icient  rat,  the  an imal  usually becomes 
hypotens ive .  Reduc t ion  of spon taneous  release of CA 
from tissues conta in ing  amine  in th iamine  deficient  ra ts  
is t h o u g h t  to  be one factor  con t r ibu t ing  to CA accumula-  
t ion in the  deficiency. 

Zusammen/assung. Wegen  der  Senkung  des Blur/  
Ka techo lamin-Spiege l s  in un te r  exper imente l l  e rzeugtem 
Th iaminmange l  s t ehenden  R a t t e n  k o m m t  es zu einer 
Hypotonie .  Die Abschw~tchung der  spon t anen  Freisetzung 
des Ka techo lamins  aus dem ka techo laminspe ichernden  
Gewebe bei T h i a m i n m a n g e l r a t t e n  ist als ein Fak to r  bei  
der A mi n ak k u mu l a t i o n  bei Th i aminmange l  zu denken.  
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