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cells remains  to  be establ ished.  Lysozyme  ac t iv i ty  was 
no t  associa ted wi th  t he  goble t  ceils, so t h a t  mix ing  
be tween  the  mucus  and  lysozyme p r o b a b l y  only  occurs 
a f te r  discharge.  I t  was  no t  possible  to  d e m o n s t r a t e  
lysozyme ac t iv i ty  in t he  de tached ,  mucus-f ree  ep idermis  
by  the  t u rb id ime t r i c  assay, which  m a y  ref lect  t he  loss of 
lysozyme conta in ing  cells in to  t he  mucus  dur ing  collection. 
Lysozyme  was also p re sen t  in the  gill mucus  b u t  could no t  
be d e m o n s t r a t e d  in t he  gill lamellae once the  mucus  
had  been  removed.  The origin of lysozyme in m a m m a l i a n  
secre t ions  has  no t  ye t  been  establ ished,  a l though  the  
d e m o n s t r a t i o n  of lysozyme in d i s t inc t  epi thel ia l  ceils of 
t he  h u m a n  pa ro t id  g land 1~ and  in P a n e t h  cells of mice 1, 
would  suggest  local syn thes i s  r a t he r  t h a n  der iva t ion  f rom 
the  p lasma,  and  m a y  be analogous to  t he  plaice epidermis .  

Zusammen/assung. Die U n t e r s u c h u n g  der  Lysozym-  
ver te i lung  im Gewebe des Knochenf ischs ,  Pleuronectes 
platessa L., ergab, dass  das P l a s m a - L y s o z y m  von  Leuko-  
zy ten  a b s t a m m t ,  das  t l a u t s c h l e i m - L y s o z y m  dagegen 
yon  spezif ischen Epidermiszel len .  
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Peroxide Detoxification Affecting the Production 
Cells in v i t r o  

The syn thes i s  and  secre t ion of immunoglobu l ins  (Ig) is 
a ma jo r  charac ter i s t ic  of mouse  m y e l o m a  tumors .  
Moreover,  cells der ived  f rom such t umor s  have  been 
shown to  be capable  of p roduc ing  Ig  in v i t ro  1, 3. The toxic  
effect  of pe rox ide  on t u m o r  ceils, when  the  former  is 
added  to  ceils or genera ted  by  r ad ia t ion  or chemical  
means ,  has  been  well d o c u m e n t e d  8, 4. Ev idence  is p resen ted  
here  for t h e  tox ic  effect  of endogenous ly  gene ra ted  
perox ides  on Ig  p roduc t ion  of mouse  mye loma  ceils 
in vi tro.  

MOPC 46 m y e l o m a  t umor s  were carr ied in BAL B/ c  
mice  by  s e r i a l t r an sp l an t a t i on  ~ and  cell suspensions  p repar -  
ed and  i ncuba t ed  wi th  rad ioac t ive  precursors  (SH-leucine) 
as prev ious ly  descr ibed 5-s. Specific an t i -mouse  v-globulin 
and  an t i - r abb i t  p-globulin ant i sera  were p roduced  and  
the  specific coprec ip i ta t ion  of labeled Ig w i th  t he  appro-  
p r ia te  controls  were  pe r fo rmed  as previous ly  descr ibed 5-s. 
This t echn ique  de tec t s  Ig  w i th  a h igh  degree o f  accuracy  
and  specif ic i ty  5, ~. 

of Immunoglobulin by Mouse Myeloma Tumor 

The effects  of glucose and  cell dens i ty  on the  in- 
corpora t ion  of r ad ioac t iv i ty  in to  Ig  b y  MOPC 46 t u m o r  
ceils are shown in Table  I. Glucose s t imula ted  incorpora-  
t ion  to  a grea te r  ex t en t  a t  low cell concen t ra t ion  t h a n  a t  
h igher  cell concen t ra t ion .  In  t he  absence  of glucose, a 
d i sp ropor t iona te  i nc r emen t  in Ig  p roduc t ion  resul ted  
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Table I. Effect of cell density on the production of immunoglobulin by MoPe 46 tumor cells 

Experiment Cells/flask Incubation with glucose Incubation without glucose 

Radioaetivity in immunoglobulin (epm/flask) 

1 1 • l0 s 11.970 370 
5 • l0 s 27.390 6.380 

Radioactivity in Immunoglobnlin l0 s Cells 

cpm cpm 

1 • 10 s 67 ND �9 
5 • 10 s 162 ND a 
1 • 10 ~ 261 ND �9 
5 • l0 T 285 4 
1 • 108 270 6 
2 • 10 s 186 15 
3 • l0 s 124 28 
4 X l0 s 104 41 
5 • 10 s 92 36 

ND, not determined. 
Duplicate 30 ml beakers containing the desired cell number and 30 [~c 3H-leucine in 3.0 ml of incubation medium were incubated at 37 ~ for 
2 h. i flask received 30 [xl of 1 M glucose to yield a final concentration of 10 -~ glucose, while the duplicate flask received 30 ~t2 water. After 
incubation, the contents of the beakers were centrifuged at 1,350 • g for 5 rain, the extracellular medium transferred to a tube containing 
100 ~moles of unlabeled leucine in 2 ml 0.1 M Tris HC1 pH 7.4, and centrifuged at 9,000 • g for 5 min. Radioactivity specifically coprecipi- 
table as mouse immunoglobulin was determined as described. 
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Table II. Effect of catalase a n d  other protein additions on the production of immunoglobulin bY MOPC 46 tumor cells 

Experiment Cells/flask Glucose Additions Radioactivity in 
immunoglobulin 
(epm/flask) 

1 1 • 10 s --  none 200 
1 • 1 0 8  - -  Catalase 7.440 
1 x 108 + none 9.390 
1 • 108 + CatMase 9.740 
1 • 10 s --  Horseradish peroxidase 2.620 
1 • 108 - -  Bovine globulin 40 
1 • 108 --  Mouse globulin 300 
1 • lO s --  Egg albumin 150 
1 • l0 s -- Boiled cells 230 

2 1 • 1 0  s - -  none 300 
1 • 108 --  Catalase (10 [xg) 4.610 
1 • 108 -- Catalase (1 [zg) 1.920 
i x 108 Catalase (100 [xg-boiled) 20 

3 1 • 10 s --  none 50 
1 • 10 s --  Catalase (10 [xg) 3.560 
1 • 10 s --  Catalase (10 ~g) + + ATA 50 

4 5 • 10 s nolle 7.520 
5 • 108 Catalase 15.690 

5 5 • 1 0 8  - -  none 10.330 
5 • 10 s --  ATA 9.990 

The incubation and assay conditions are as described in the legend to Table I. Except where indicated otherwise, further additions were made 
per flask as follows: Catalase, 1,000 U (0.1 mg protein); bovine y-glubolin, 1.0 rag; egg albumin, 1.0 rag; and horseradish peroxidase, 270 U 
(0.075 mg protein) ; ATA, 10 rag. 5 • 108 MOPC 46 ceils (heated for 15 rain in boiling water bath) and mouse ~-glubolin, 1.0 mg, were added as 
indicated. 

f r o m  a 5- fo ld  i n c r e a s e  in  cel l  c o n c e n t r a t i o n .  I n  o t h e r  
e x p e r i m e n t s ,  g a l a c t o s e ,  m a n n o s e ,  p y r u v a t e  a n d  e- 
k e t o g l u t a r a t e  a l so  s i g n i f i c a n t l y  i n c r e a s e d  t h e  i n c o r p o r a -  
t i o n  in  s u b s t i t u t i o n  fo r  g l ucose .  

T h e  a d d i t i o n  of  m e d i u m ,  d e r i v e d  f r o m  t h e  i n c u b a t i o n  
of  5 •  s ce l ls  fo r  2 h ,  t o  a f r e s h  p r e p a r a t i o n  of 1 • l 0  s 
cel ls  w a s  w i t h o u t  s t i m u l a t o r y  e f fec t .  T h e  a d d i t i o n  o f  
4 • 108 r a b b i t  l y m p h  n o d e  cel ls  c o u l d  s t i m u l a t e  i n c o r p o r a -  
t i o n  of  r a d i o a c t i v i t y  b y  1 • 10 s M O P C  46 cel ls  s p e c i f i c a l l y  
i n t o  m o u s e  g a m m a g l o b u l i n ,  f r o m  600 t o  3800 c p m / f l a s k ,  
b u t  k i l l ed  cel ls  d i d  n o t .  

T h e  d e c r e a s e d  i n c o r p o r a t i o n  of  r a d i o a c t i v i t y  i n t o  
i m m u n o g l o b u l i n  b y  1 • 10 s ce i ls  in  t h e  a b s e n c e  of  g l u c o s e  
c o u l d  be  p a r t i a l l y  p r e v e n t e d  b y  t h e  p r e s e n c e  of c a t a l a s e  
d u r i n g  t h e  i n c u b a t i o n  ( T a b l e  I I ) .  H o r s e r a d i s h  p e r o x i d a s e  
m i m i c k e d  t h e  e f fec t .  O t h e r  p r o t e i n s  a t  e v e n  h i g h e r  
c o n c e n t r a t i o n s  we re  d e v o i d  of  t h i s  c a p a c i t y  ( T a b l e  I I ,  
e x p e r i m e n t  1). T h e  e f f ec t  w a s  e l i m i n a t e d  b y  h e a t  in -  
a c t i v a t i o n  of  t h e  e n z y m e  or  b y  t h e  p r e s e n c e  of  t h e  spec i f i c  
c a t a l a s e  i n h i b i t o r ,  3 - a m i n o - i ,  2, 4 - t r i a z o l e  (AT A)  9 i n  
n o n t o x i c  a m o u n t s  * ( T a b l e  I I ,  e x p e r i m e n t s  2 a n d  3), 
s t r e s s i n g  t h e  i m p o r t a n c e  o f  e n z y m a t i c  a c t i v i t y .  C a t a l a s e  
a l so  s t i m u l a t e d  i n c o r p o r a t i o n  b y  5 • l 0  s M O P C  46 ceils ,  
i n d i c a t i n g  t h e  i n s u f f i c i e n c y  of  t h e  i n t r a c e l l u l a r  m e c h a -  
n i s m  fo r  c o p i n g  w i t h  p e r o x i d e s  e v e n  a t  thi,s cell  c o n c e n t r a -  
t i o n  ( T a b l e  I I ,  e x p e r i m e n t  4). M e a s u r e m e n t  of  t h e  
c a t a l a s e  c o n t e n t  of  t h e s e  cel ls  1~ r e v e a l e d  t h a t  5 •  s 
M O P C  46 cel ls  c o n t a i n  less  t h a n  10 u n i t s  of  c a t a l a s e  
w h i l e  t h e  a m o u n t  of  A T A  a d d e d  w a s  s u f f i c i e n t  t o  i n h i b i t  
t e n  t i m e s  t h a t  a m o u n t .  H o w e v e r ,  t h e  a d d i t i o n  of  A T A  
h a d  no  e f f ec t  o n  t h e  r a d i o a c t i v e  i n c o r p o r a t i o n  b y  5 • 10 s 
cel ls  ( T a b l e  I I ,  e x p e r i m e n t  5) ; t h e  i m p o r t a n c e  of  c a t a l a s e  
as  t h e  m e c h a n i s m  fo r  p e r o x i d e  d e t o x i f i e a t i o n  b y  t h e s e  
cei ls  is t h u s  q u e s t i o n a b l e .  

M O P C  46 cells ,  in  t h e  p r e s e n c e  of  g lucose ,  w e r e  a b l e  to  
cope  w i t h  e n d o g e n o u s l y - g e n e r a t e d  p e r o x i d e s  s i n c e  a d d i -  

t i o n  of  c a t a l a s e  w a s  w i t h o u t  e f f ec t  ( T a b l e  I I ,  e x p e r i m e n t  1). 
G l u t a t h i o n e  p e r o x i d a s e  h a s  b e e n  i m p l i c a t e d  i n  g l u c o s e -  
d e p e n d e n t  p e r o x i d e  d e t o x i f i c a t i o n  n .  T h e  d e t e r m i n a t i o n  
of  g l u t a t h i o n e  p e r o x i d a s e  a c t i v i t y  in  M O P C  46 t u m o r  
t i s s u e ,  p r e p a r e d  a n d  a n a l y z e d  b y  t h e  m e t h o d  of  HOCH- 
STEIN 12, s h o w e d  e n z y m e  a c t i v i t y  o f  0 .024 a m o l e  N A D H  
o x i d i z e d  p e r  r a i n / 4 3  ~g c r u d e  e n z y m e  e x t r a c t ,  g r e a t e r  
t h a n  t h a t  d e s c r i b e d  for  g l u t a t h i o n e  p e r o x i d a s e - r i c h  r a t  
l i v e r  b y  HOCI~STEIN 1~. 

T h e  d a t a  p r e s e n t e d  h e r e  d e m o n s t r a t e  t h a t  a t  l e a s t  s o m e  
of  t h e  e f f ec t s  of  s u b s t r a t e  a n d  cell  c o n c e n t r a t i o n  o n  ce l l s  
i n  v i t r o  Call be  s t u d i e d  b y  e x a m i n i n g  t h e  s y n t h e s i s  a n d  
s e c r e t i o n  of  Ig. T h e  i n h i b i t i o n  of  i n c o r p o r a t i o n  of  r a d i o -  
a c t i v i t y  i n t o  Ig b y  M O P C  46 cells,  i n  t h e  a b s e n c e  of  
g l u c o s e  o r  o t h e r  s u i t a b l e  s u b s t r a t e  is  due ,  a t  l e a s t  in  p a r t ,  
t o  t h e  e n d o g e n o u s  p r o d u c t i o n  o!  p e r o x i d e s ,  i n c l u d i n g  
h y d r o g e n  p e r o x i d e  la, 14. T h u s ,  t h e  a d d i t i o n  of  p e r o x i d e  
d e t o x i f i e r s  m a y  be  h e l p f u l  in  o b t a i n i n g  i n c r e a s e d  r a d i o -  
a c t i v e  p r e c u r s o r  i n c o r p o r a t i o n  in  s t u d i e s  r e q u i r i n g  t h e  
l i m i t a t i o n  of  g lucose .  
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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- 

1 G. R. BARTLETT and H. N. BARNET, J. clin. Invest. 39, 56 (1960). 
B. ZACHARA, Acta haemat. 48, 164 (1972). 
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6 R. D. BUNAG, C. R. DOUGLAS, S. IMAI and R. M. BERNE, Circula- 
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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). 


