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I t  has been suggested t h a t  g lu ta th ione  peroxidase  
ra ther  t han  catalase is the  pr incipal  defense against  
peroxide  tox ic i ty  in some cells n, 12, is. The  above  studies 
have  demons t ra t ed  s ignif icant  levels of catalase ~. The  
enhanced peroxide  de toxi f ica t ion  capabi l i ty  of the  
MOPC 46 ceils in the  presence of glucose could be related 
to the  genera t ion  of reduced cofactors for g lu ta th ione  
peroxidase  dur ing glucose metabol ism.  Thus these results 
are  consis tent  w i th  the  v iew t h a t  catalase m a y  no t  provide  
the  ma jo r  mechan i sm for peroxide  de toxi f ica t ion  by  the  
MOPC 46 t u m o r  cell and other  neoplast ic  cells ~, and 
t h a t  g lu ta th ione  peroxidase  offers a l ikely a l t e rna t ive  
mechan i sm ~:. 

Rdsumd. Des p6roxides d6toxif iants  peuven t  emp~cher 
la r6duct ion de la product ion  des immunoglobul ines  par  
les cellules de la t umeur  MOPC 46 en l 'absence de glucose. 
Le contenu en g lu ta th ion  de p6roxydase  de ces cellules 
est 61ev6 tandis  que s 'abaisse le contenu en catalase. 
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The Dis tr ibut ion  of Inorganic  Phosphate  in Blood Conserved  at 4~ in A c i d - C i t r a t e - D e x t r o s e  
wi th  Adenos ine  and Persant in  | 

During  the  conservat ion  of blood in acid-ci t rate-  
dext rose  (ACD) solution a t  4~ there  occurs a re la t ive ly  
fast  decomposi t ion  of phospha te  compounds,  especially 
2, 3-diphosphoglycerate  (2, 3-DPG). This  fact  is ref lected 
in the  increasing concent ra t ion  of inorganic phospha te  
(Pi) inside the  e ry th rocy tes  and its gradual  pene t ra t ion  
outs ide the  red cell 1-a. As we have  s ta ted before, the  
addi t ion  of adenosine in combina t ion  wi th  persant in  to 
the  conserving m e d i u m  causes the  slower ra te  of decompo- 
si t ion of 2, 3-DPG and slower increase of P,  inside the  red 
cell ~. Similarly,  GIBSON et al. 4, who incubated  blood at  
37 ~ s ta ted  the  slower increase of P,  in the  presence of 
adenosine and persantin.  GERLACtt et  al. 5 have  found t h a t  
persan t in  considerably  reduced the  ra te  of phospha te  
inf lux and efflux in the  e ry throcytes  incubated  at  37 ~ 

the  eff lux being more  s t rongly influenced than  the  influx. 
Persant in  re tards  also the  adenosine t ranspor t  across the  
red cell membrane  and inhibi ts  adenosine deaminase in 
whole blood s. The  ra te  of the  P,  increase in blood con- 
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Fig. 1. The content  of P~ in  ery throcytea ( - - )  and in  plasma (- - -) in  b lood conserved at 4~ in  ACD (O), A C D - A  (0), and in  ACD-A -P  
(A = 1 x 10 -4 M ;  [ ]  = 4 X 10 -4 M) .  The content  of  P~ is expressed in  [zmo]es per 100 m] of packed red cells (mean ~: S.D. of 3 experiments) 
and per 100 ml of plasma (mean ~: S.D. of 6 experiments). 
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served at  4 ~ reflects the  metabo l i sm of the  phospha te  
compounds  of erythrocytes .  Al though  there  have  been 
several  reports  on the  influence of persant in  on the  phos- 
pha te  t ranspor t  across the  red cell membrane ,  these 
invest igat ions  were carried out  at  37~ The ra te  of 
phospha te  t ransfer  th rough  the  red cell membrane  is ve ry  
slow 7, and s trongly depends on the  incubat ion  temper-  
a ture  8, 5. 

The present  inves t iga t ion  is on the  changes of P,  
conten t  inside and outside the  e ry throcytes  during blood 
storage at  s tandard  t empera tu re  of 4 ~ in ACD, ACD wi th  
adenosine and bo th  adenosine and persantin.  

Material and methods. The blood was conserved in ACD 
solution (formula B), ACD wi th  adenosine (2 raM;  
ACD-A solution) and in ACD-A wi th  persant in  (1 • 10 -4 M 
and 4 •  -4 M ;  ACD-A-P  solutions s in glass bottles.  
Blood t aken  f rom the  same donor  was always examined  in 
paral lel  in all conserving media.  The  first  exper iment  was 
carried out  about  2-4 h af ter  the  blood had been taken,  the  
nex t  ones main ly  at  1, 3 and 6 weeks of conservat ion  at  
4 ~ Af ter  the  red cells had been separated f rom plasma 
and washed wi th  0.9% NaC1 solution, the  phospha te  
compounds  were ex t rac ted  ~. The ex t rac t  was separated in 
ion exchange ch romatography  on Dowex 1 and the  
2, 3-DPG as well  as P,  were de termined  in eluates 2, 9,10. 
P lasma was prec ip i ta ted  wi th  t r ichloroacet ic  acid and the  
conten t  of P,  was determined in the  centr i fuged super- 
na t an t  10. The  levels of 2, 3-DPG and Pi  were expressed in 
~moles per 100 ml  of packed red cells and per  100 ml  of 
plasma. 

Results and discussion. In  the  Figure  i is presented the  
con ten t  of P~ in red ceils and p lasma conserved a t  4 ~ for 
6 weeks in the  media  ment ioned  above.  The  init ial  conten t  
of P,  in e ry throcytes  conserved in ACD is 3- to 4-fold 
higher  when compared  wi th  the  3 o ther  media.  I t  is 
connected wi th  the  rap id  decomposi t ion of 2, 3 -DPG of 
red cells t ak ing  place f rom the  beginning of blood con- 
servat ion in ACD solution 1, n. Decomposi t ion  of 21 3-DPG 
follows in the  fur ther  period of conservat ion,  and P, 
grows v io lent ly  inside e ry throcytes  1,~,n. In  the  o ther  
media,  especially in the  presence of adenosine wi th  
persantin,  the  increase of P,  con ten t  is marked ly  slower. 
At  the  end of conservat ion,  however,  P,  con ten t  in red 
cells conserved in ACD-A and ACD-A-P  solutions is 
higher  t han  in ACD. The presence of persant in  wi th  
adenosine in the  conserving med ium exerts  a p ro tec t ive  
influence upon the  phospha te  compounds.  I n  Figure  2, 
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Fig. 2. The content of 2, 3-DPG in erythrocytes of blood conserved at 
4 ~ in ACD, ACD with 2 mM adenosine and in ACD with adenosine 
and persantin (1 • 10 .4 M and 4 x 10 -a M). The values are expressed 
in ptmoles per 100 ml of packed red cells (mean :t: S.D. of 3 experi- 
ments). 

the  contents  o f  2, 3-DPG in the  media  examined  is shown. 
Whi le  in the  med ium containing ACD, 2 .3 -DPG contents  
has been decreasing since the  m o m e n t  of blood taking,  in 
the  remaining media  there  was observed a sl ight  increase 
of this compound  in the  first  week of blood preservat ion.  
I t  is not iceable  t h a t  in the  6th week the  contents  of 2, 3- 
D P G  in the  med ium conta in ing adenosine and persant in  
is higher  t han  in the  3rd week in ACD blood. The mecha-  
nism of persant in  effect upon the  metabo l i sm of 2, 3-DPG 
is no t  comple te ly  unders tood yet .  Persan t in  is known to 
inhibi t  adenosine deaminase and up take  of nucleosides by 
ery throcytes  ~. Due  to these facts, as i t  seems, adenosine 
undergoes a slower decomposi t ion in p lasma and gradu- 
ally penet ra tes  into the  red cell, p rovid ing  the  substrate  
for 2, 3-DPG synthesis.  Fu r the r  invest igat ions  concerning 
these problems are being carried out. 

P,  l iberated as a result  of degradat ion  of phospha te  
compounds,  penet ra tes  to the  surrounding med ium after  
hav ing  reached the  sa tura t ion  poin t  1. BARLETT and 
BARNET 1 have  found tha t  the  sa tura t ion  po in t  in erythro-  
cytes conserved in ACD is reached only on about  15th 
day. As m a y  be seen in the  Figure  1, this observat ion  is 
also confirmed by  our  work. The  sa tura t ion  poin t  in 
ACD-A solution reaches its peak  be tween  2nd-3rd  week 
of conservat ion,  while in ACD-A-P  media  be tween  
4 t h - 6 t h  week, depending upon the  concent ra t ion  of 
persantin.  

The  conten t  of Pl in p lasma of blood conserved in ACD 
shows a lmost  a l inear increase f rom the  ini t ial  period of 
conservat ion.  I n  the  presence of adenosine, no increase 
of P,  in p lasma has been found in the  first  week. I n  the  
med ium containing adenosine wi th  persantin,  the  increase 
of P ,  is ha rd ly  not iced during the  first  3 weeks. Only in the  
fur ther  period of conservat ion,  an increase of P ,  level  was 
found, bu t  slower t h a n  in ACD and in ACD-A media.  
The lowest  level was found in the  m e d i u m  containing the  
higher  concent ra t ion  of persantin.  

The  ra te  of P,  effiux depends upon the  permeabi l i ty  
of the  red cell membrane .  GERLACH et aI. 5, who examined  
the  phospha te  t ranspor t  across the  m e m b r a n e  of erythro-  
cytes, incubated  a t  37~ s ta ted  t h a t  adenosine and 
especially persant in  diminish the  phospha te  t ranspor t  
across t h e  red cell membrane ,  if added separate ly  to the  
incubat ing  medium.  I t  can be suggested that ,  s imilarly to 
the  incubat ion  a t  37~ the  presence of both  these 
compounds  in the  conserving med ium at  4~ shows a 
synergist ic act ivi ty .  

Other  evidence of the  lower permeabi l i ty  of the  red 
cell membrane  for P,  in our  exper iments  is the  rat io  of 
P ,  concent ra t ion  inside the  red cell to  the  concent ra t ion  in 
plasma. The  values  are given in the  Table.  I n  ACD this  
rat io was about  3.9 in the  1st week, gradual ly  diminishing 
afterwards.  In  ACD-A i t  reaches this  va lue  in the  2nd 
and 3rd week of conservat ion,  while in the  presence of 
adenosine and persant in  in the  3rd week i t  was 5.9 and 6.4 
for the  lower and higher  concent ra t ion  of persantin,  
respect ively.  In  the  6th week the  differences are dis t inct ly  
higher  for the  media  conta in ing persantin.  

7 B. VESTERGAARD-BOGIND and T. [-IESSELBO, Biochim. biophys. 
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The ratio of P, content in erythrocytes to the content in plasma 

Conservating medium Weeks of storage at 4 ~ 

0 1 3 6 

ACD 1.2 3.9 2.1 1.7 
ACD-A 0.3 1.2 3.8 1.9 
ACD-A-P persantin 
(1 • 10-~ M) 0.3 1.0 5.9 3.7 
ACD-A-P persantin 
(4 • 10-4 M) 0.5 1.4 6.4 6.1 

I n  conclusion,  i t  m a y  be  s t a t e d  t h a t  d u r i n g  t he  con- 
s e r v a t i o n  of b lood a t  4 ~ in  t he  m e d i u m  ACD-adenos ine-  
p e r s a n t i n :  1. The  c o n c e n t r a t i o n  of 2 , 3 - D P G  sinks  more  
s lowly a n d  t he  c o n t e n t  of P~ in r ed  cells increases  more  
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s lowly t h a n  in ACD a n d  ACD-adenos ine ,  2. The  red cell 
m e m b r a n e  in t h e  presence  of these  2 c o m p o u n d s  reduces  
t h e  P,  t r a n s p o r t  to  t h e  p lasma.  

Zusammenfassung. P e r s a n t i n  ve rz6ger t  den  K o n zen -  
t r a t i o n s a n s t i e g  des a n o r g a n i s c h e n  P h o s p h a t s  in  E r y t h r o -  
z y t e n  u n d  P l a s m a  bei  de r  L a g e r u n g  yon  B l u t k o n s e r v e n  
gegeni iber  der  a l le in igen Zugabe  y o n  ACD oder  ACD- 
Adenos im 

]~. ZACHARA 12 

Department of Physiological Chemistry, A M, 
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it The author is very much indebted to Dr. BARBARA LEWANDOWSKA 
for revision of the English text. 

I m m u n o h i s t o c h e m i c a l  D e m o n s t r a t i o n  of Cort icotrophic  Cells Concentrated in the 
Rostral  Zone of the Pars  Intermedia  of the Mouse  Hypophys i s  

Cells whose  f ine m o r p h o l o g y  m a k e s  t h e m  c o m p a r a b l e  
to  t he  co r t i co t roph ic  cells of t h e  pa r s  d is ta l i s  (PD), h a v e  
b e e n  descr ibed  in  t he  pa r s  i n t e r m e d i a  (PI) of t he  r a t  a n d  
m o u s e  h y p o p h y s i s  I-4. These  cells are  p a r t i c u l a r l y  a b u n -  
d a n t  in  t h e  ros t r a l  zone of t he  PI .  Th i s  is especial ly  c lear  
in  t h e  mouse,  where  t he  ros t r a l  zone of t he  i n t e r m e d i a t e  
lobe compr ises  essent ia l ly  A C T H  t y p e  cells wh ich  are 
obv ious ly  s t i m u l a t e d  a f t e r  a d r e n a l e c t o m y  1. The  mouse  is 
the re fo re  p a r t i c u l a r l y  su i t ab le  for a n  i m m u n o t l i s t o c h e m i c a l  
s t u d y  i n t e n d e d  to  revea l  t he  co r t i co t roph i c  n a t u r e  of 
these  cells ill t h e  P I  and  to  d i s t i ngu i sh  t h e m  clear ly  f rom 
the  M S H - p r o d u c i n g  cells. 

Technique. 10 mouse  h y p o p h y s e s  were f ixed e i t he r  w i t h  
E l f m a n n ' s  f lu id  or  w i t h  S t i eve ' s  solut ion.  The  ' i nd i r ec t '  
r e ac t i on  was  p e r f o r m e d  on 5 ~zm sect ions  w i t h  anti-ACTI-I  
or  anti-MSI-I  a n t i s e r a  o b t a i n e d  f rom t h e  r a b b i t  u s ing  a 
s y n t h e t i c  A C T H  (/~ 1-24 co r t i co t rop ine  : S y n a c t h e n ,  Ciba) 
or  s y n t h e t i c  e or 15 M S H  (Ciba), and  w i t h  sheep a n t i r a b b i t  
7 g lobul in  coupled  w i t h  f luoresceine  i so th iocyana te .  

The  speci f ic i ty  of t h e  an t ibod ie s  used  was  e v a l u a t e d  b y  
immunof luo re scence  i n h i b i t i o n  t e s t s  6. As for t h e  an t igen ic  
a f f in i ty  of t he  a n t i  fl 1-24 co r t i co t rop ine  an t ibod ies ,  i t  
shou ld  be  n o t e d  t h a t  doses of s y n t h e t i c  ~ or fl M S H  
40 t i m e s  h ighe r  t h a n  t h e  m i n i m u m  i n h i b i t i n g  dose of /3 
1-24  co r t i co t rop ine  do no t  i n h i b i t  t he  reac t ion .  

The  speci f ic i ty  of t h e  reac t ion ,  on  t he  o t h e r  h a n d ,  is 
ver i f ied  b y  successive app l i c a t i on  to  t he  sect ions  of: 
1. r a b b i t  a n t i  A C T H  or a n t i  M S H  an t ibod ies ,  2. un labe l l ed  
sheep a n t i - r a b b i t  y g lobul ins  a n d  3. f luoresceine isothio-  
c y a n a t e  labe l led  sheep a n t i - r a b b i t  y globul ins .  No r eac t ion  
is de t ec t ed  u n d e r  these  condi t ions .  

Results. As we h a v e  a l r e a d y  shown  1, t h e  ros t r a l  zone of 
t he  mouse  P I  revea ls  a cha rac t e r i s t i c  a p p e a r a n c e  b y  l igh t  
a n d  e lec t ron  mic roscopy  (Figure  1). The  M S H - p r o d u c i n g  
cells are  i m m e d i a t e l y  a d j a c e n t  to  cells wh ich  are  sma l l  a n d  
clear, w i t h  e x t r e m e l y  i n t r i c a t e  p ro longa t i ons  a n d  c o n t a i n  
dense  m a r g i n a l  sec re to ry  granules ,  b e t w e e n  160 a n d  230 n m  

in d iamete r .  These  cells are in  d i rec t  r e l a t ion  - w i t h o u t  
i n t e r v e n i n g  b a s e m e n t  m e m b r a n e  - w i t h  t h e  ne rvous  
t i ssue  of t h e  p i t u i t a r y  s ta lk .  Some of these  cells are 
d e t a c h e d  f rom t h e  e p i t h e l i u m  an d  loca ted  e i t he r  s ingly or in  
sma l l  c lus ters  in  t h e  s t a lk  an d  in t h e  neura l  lobe. Cells 
of t h e  same  type ,  wh ich  some t imes  c o n t a i n  f iner  granules ,  
are e n c o u n t e r e d  in t h e  r e m a i n d e r  of t h e  PI ,  a t  t h e  pe- 
r i p h e r y  of t h e  lobe, i.e. u n d e r n e a t h  t h e  l in ing  e p i t h e l i u m  of 
t h e  h y p o p h y s i a l  cleft  an d  a long t h e  neu ra l  lobe. 

l M. E. GTOECKEL, H.-D. DELLMANN, A. PORTE and C. GERTNER, 
Z. Zellforsch. 122, 310 (1971). 
G. C. MORIARTY and N. S. HALMI, Z. Zellforsch. 732, 1 (1972). 
D. V. NAIK, g. Zellforsch. 133, 415 (1972). 

4 ~r E. STOECKEL, H.-D. DELLMANN, A. PORTE, M. J. KLEIN and 
F. STUTINSKY, Z. Zellforseh. 136, 97 (1973). 
M. P. DUBOlS, Z. Zellforsch. 125, 200 (1972). 

Fig. 1. Appearance, under the electron microscope, of a portion of 
the rostral zone of the pars intermedia showing the replacement of 
MSH cells by small corticotrophic-type cells containing dense mar- 
ginal grannies. X 4,500. 


