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and conf i rmed b y  MAGEE and FARBER 21 for D N A  and  
R N A  in rats.  A l though  in vi t ro  a lkyla t ion  of nucleosides 
and  nucleot ides of guanine 18 and deoxynucleotides19 can 
also be achieved,  the  general  belief t o d a y  is t h a t  the  
a lkyla t ion in vivo takes  place a t  the  level of the  macro-  
molecules ~,21-~3. 

W h e n  the  pa t t e rn s  of the  u r inary  pur ines  of ~4C-MBH- 
t r ea t ed  and  14C-Na fo rma te - t r ea t ed  mice are compared ,  
the  mos t  s t r iking difference is the  more  t h a n  8 t imes  
h igher  ra t io  of the  specific ac t iv i ty  of 7 -methy lguan ine  
to guanine (24.3) in the  14C-MBH exper iment ,  whereas  
the  rat ios  of the  specific ac t iv i ty  of 1 -methy laden ine  to  
adenine and its metabol ic  p roduc t  1 -me thy lhypoxan t h i n e  
to h y p o x a n t h i n e  are much  lower (7.9 and  4.3, respec- 
t ively).  

These results  suggest  t h a t  the  me thy l  group of M B H  
not  only  con t r ibu tes  to the  fo rmate  pool bu t  is also t r ans -  
ferred b y  by-pass ing  the  pool e i ther  (and mos t  probably)  
by  a d i rect  t r ansme thy la t ion ,  or poss ibly  by  the  rou te  
(a) homocys te ine  -> (b) meth ion ine  -> (c) guanine and 
adenine;  (a) and (c) serve as acceptors  and (b) as t rans -  
mi t t e r  of the  m e t h y l  group. 

I t  is in te res t ing  t h a t  in a recent ly  publ i shed  s t u d y  of 
the  fate  of the  14C-labeled m e t h y l  group of (methyl-  
~4C-)nlethionine, MANDEL et al. 24 repor ted  the  identif ica-  
t ion of the  same u n m e t h y l a t e d  and m e t h y l a t e d  bases in 
the  urine of mice carrying m a m m a r y  carc inoma as in our  
s tudies  wi th  P815 leukemic mice. F u r t h e r  s tudies  will be 
needed to prove or disprove a possible connec t ion  be tween  
the  metabol ic  p a t h w a y s  of the  me thy l  group of meth io-  
nine and MBH 2B. 

Zusammen/assung. Neben der  berei ts  beschr iebenen  teil- 
weisen Oxyda t ion  der  endst / indigen N-Methy lg ruppe  yon  

1 - Methyl  - 14C - 2 - p - ( i sopropylcarbamoyl)  b e n z y l h y d r a z i n -  
Hydroch lo r id  (MBH) (NSC 77213) in vivo 5 lassen die h ier  
aufgef i ihr ten Resu l t a t e  auch  auf eine T ran s me t h y l i e rung  
dieser  Methy lg ruppe  schliessen. 
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Effect of Menadione  on the Phagocyt ic  Act iv i ty  
of Guinea -P ig  P o l y m o r p h o n u c l e a r  Leucocytes  

Previous  work 1 has  shown t h a t  menadione,  an e lectron 
acceptor  for the  ox ida t ion  of pyr id in  nucleot ides  t h rough  
the  f lavopro te in  DT-diaphorase  2, s t rongly  increases the  
oxygert up take  of res t ing  po lymorphonuc lea r  leucocytes.  
The menad ione - s t imula ted  respirat ion is amyta l - ,  rote-  
none-,  an t imyc in  A- and cyanide- insensi t ive ,  and it is 
inhib i ted  by  d icoumarol  a t  low concent ra t ion .  The in- 
creased oxida t ion  of N A D P H  2 by  menad ione  s t imula tes  
the  oxida t ion  of glucose t h rough  the  hexosemonophos -  
pha t e  pa thway .  

The presen t  communica t ion  deals wi th  the  f inding t h a t  
menad ione  is a powerful  inhib i tor  of phagocytos i s  by  
po lymorphonuc lea r  leucocytes and wi th  expe r imen t s  
carr ied out  in an a t t e m p t  to inves t iga te  the  mechan i sm of 
such inhibi t ion.  

Experimental. The exper iments  on phagocytos i s  (incu- 
ba t ion  and  cytological  examinat ions)  and on metabol ic  
assays were pe r fo rmed  as descr ibed previouslyl ,~,  4, using 
guinea-pig po lymorphonuc lea r  leucocytes  f rom sterile 
per i tonea l  exudate .  

Results. (1) Ef fec t  of menad ione  on phagocytos i s  and  
its metabol ic  concomi tan t s  in aerobiosis. The addi t ion  of  
menad ione  10 42VI, 2 �9 10-42VI to leucocytes  i ncuba ted  in 
d i f ferent  condi t ions  (Krebs-Ringer  p h o s p h a t e  w i t h o u t  
CaC12, Krebs -R inge r  b ica rbona te  w i thou t  CaC12, t r is-  
buffered NaC1-KC1 solution) inhib i t s  phagocytos i s  of 

killed opsonized Staphylococcus aureus and Bacillus sub- 
tills. The ex t en t  of inhibi t ion was 80-90% over  30 exper i -  
men ts  wi th  d i f ferent  ba tches  of cells. The add i t ion  of 
bac ter ia  fails to s t imula te  the  oxygen  up take  and  the  
C1402 p roduc t ion  f rom glucose-U-C 14 when  menad ione  is 
p resen t  (Table 1). 

Dicoumarol  10-SM, 10-~M s l ight ly  increases the  res- 
p i r a to ry  ac t iv i ty  of res t ing cells and  has  no effect  on the  
ex t en t  of phagocytos is .  In  the  presence  of dicoumarol ,  t he  
effect of menad ione  on the  leucocyt ic  respi ra t ion  is abol-  
ished, whereas  phagocytos is  remains  inhib i ted  (Table I). 

(2) Ef fec t  of menad ione  on aerobic glycolysis. There  
are m a n y  indica t ions  5 7 on the  i m p o r t a n t  energy-supply-  
ing role of aerobic glycolysis for phagocytos i s  in poly-  
morphonuc lea r  leucocytes.  

The aerobic p roduc t ion  of lactic acid is s l ight ly  in- 
h ib i ted  by  menad ione  even ill the  presence  of d icoumarol .  
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Table I. Effect of menadione on phagocytosis, oxygen uptake and C~402 production from glucose U-C 14 by polymorphonnclear leucocytes 

Resting cells Phagoeytosing cells 

Control Menadione Meiladioue Dicoumarol Control Menadione Menadione Dicoumarol 
dieoumarol dicoumarol 

Phagocytosis Normal Minimal Minimal Normal 

Oxygen uptake (#1) 8.2 25.6 14.1 12.3 63.2 26.8 14.9 67.3 

C u O n from glucose 
U-C u (counts/min) 1426 6234 2468 2180 21685 6326 3017 22121 

Each vessel contained about 3 " 107 cells in 2 ml of Krebs-Ringer phosphate (without CaCl~) and 1 #c of glucose U-C I4 in 5.55 # M  
(radioactivity 6 �9 104 counts~mini#M). When indicated menadione 10-4M and dieoumarol 10-SM were added. The ratio leucocytes/bacteria 
(B. subtilis) was 1:20. The values are expressed per 3 - 107 cells/30 rain of incubation. The phagocytosis was measured by cytological exami- 
nation on Gram stained fihns of leucocytes bacteria mixture incubated in the same medium in separate flasks and counting the number  of 
leucocytes containing bacteria. Phagocytosis normal or minimal means that  more than 90%o or less than  15% of leucocytes contain bacteria, 

Table II. Phagocytosis by polymorphonuclear leucocytes exhibiting a different rate of glycolysis 

Conditions of incubation Lactate Phagocytosis 
Temperature Glucose Menadione production 

38 ~ + -- 1.02 normal 
38 ~ + + 0.75 minimal 
38 ~ -- -- 0.71 normal 
20 ~ -- -- 0.29 normal 

Each vessel contained about 3" 107 leucocytes in 2 ml Krebs-Ringer bicarbonate (without CaGe). When indicated, glucose 5.6 '  10 -3 and 
menadione 10 -4 were added. Gas phase 95% 0~ + 5% CO 2. Time of incubation 15 min. Values of lactate production (BARKER and SUM- 
MERSON 1~ are expressed as #M per 3 �9 10 ~ cells/15 rain. For phagocytosis measurement see Table I. 

T h e  s i g n i f i c a n c e  of  t h i s  e f f ec t  h a s  b e e n  s t u d i e d  b y  c o m -  
p a r i n g  t h e  p h a g o c y t i c  a c t i v i t y  o f  p o l y m o r p h o n u c l e a r  
l e u c o c y t e s  e x h i b i t i n g  v a r i o u s  r a t e s  of  a e r o b i c  g l y c o l y s i s ,  
a s  a r e  o b t a i n e d  b y  c h a n g i n g  t h e  c o n d i t i o n s  of  i n c u b a t i o n .  
T h e  r e s u l t s  ( T a b l e  I I )  s e e m  t o  i n d i c a t e  t h a t  t h e  i n h i b i t i o n  
o f  p h a g o c y t o s i s  b y  m e n a d i o n e  is  n o t  r e l a t e d  to  a d e t e r m i -  
n a n t  d e c r e a s e  of  g lyco l y s i s .  

(3) E f f e c t  o f  m e n a d i o n e  o n  t h e  l ip id  m e t a b o l i s m  in  
ae rob ios i s .  I t  is  k n o w n  t h a t  p h a g o c y t o s i n g  p o l y m o r p h o -  
n u c l e a r  l e u c o c y t e s  e x h i b i t  a n  i n c r e a s e d  t u r n o v e r  r a t e  of  
p h o s p h o l i p i d s  s a n d  a s t i m u l a t e d  i n c o r p o r a t i o n  of  a c e t a t e  
1-C 14 i n t o  l ip ids  9. M e n a d i o n e  i n h i b i t s  t h e  i n c o r p o r a t i o n  
o f  p32 i n t o  l i p id s  b y  7 0 %  a n d  t h a t  of  a c e t a t e  1-C 1~ b y  
m o r e  t h a n  9 0 % .  T h e  i n c o r p o r a t i o n  of  p32 i n t o  ac id -  
s o l u b l e  p h o s p h o r u s  is  i n h i b i t e d  b y  a b o u t  3 0 % .  T h e  
a v e r a g e  f i g u r e s  fo r  t h e  i n c o r p o r a t i o n  i n t o  l i p ids  of  40 mi l -  
l i on  of  r e s t i n g  cells ,  d u r i n g  30 m i n  i n c u b a t i o n  i n  2 m l  
t r i s - b u f f e r e d  m e d i u m  c o n t a i n i n g  20 #c  pa2 or  1/~c a c e t a t e  
1-C 1., we re  3440  c . p . m ,  i n  c o n t r o l  ce l l s  a n d  1358 c . p . m .  
w i t h  m e n a d i o n e  fo r  t h e  i n c o r p o r a t i o n  of  p3~, a n d  562 c . p . m .  
a n d  55 c . p . m ,  fo r  t h e  i n c o r p o r a t i o n  o f  a c e t a t e  1-C 14 
r e s p e c t i v e l y .  

(4) E f f e c t  o f  m e n a d i o n e  in  anae rob ios i s11 .  T h e  a d d i t i o n  
of  m e n a d i o n e  i n h i b i t s  p h a g o c y t o s i s ,  a s  wel l  a s  in  a e r o b i c  
c o n d i t i o n s ,  a l t h o u g h  i t  h a s  no  e f f ec t  o n  g l y c o l y s i s  a n d  Oil 
t h e  i n c o r p o r a t i o n  of  p3~ i n t o  l ip ids .  T h e  i n c o r p o r a t i o n  of  
a c e t a t e  1-C 14 i n t o  l i p ids  is s t i l l  l o w e r e d  b y  a b o u t  5 0 % .  

I n  s o m e  e x p e r i m e n t s ,  20 m i n  we re  a l l o w e d  t o  e l a p s e  
a f t e r  t h e  a d d i t i o n  of  m e n a d i o n e  be fo r e  a d d i n g  b a c t e r i a  in  
o r d e r  to  le t  t h e  e l e c t r o n  a c c e p t o r  be  r e d u c e d .  A l so  i n  t h i s  
c o n d i t i o n  p h a g o e y t o s i s  is  i n h i b i t e d .  

Comment. T h e  r e s u l t s  p r e s e n t e d  h e r e  a re  n o t  c o n c l u s i v e  
fo r  t h e  i n t e r p r e t a t i o n  of  t h e  m e c h a n i s m  of  i n h i b i t i o n  of 
p h a g o c y t o s i s  b y  m e n a d i o n e .  E v i d e n c e  is  p r e s e n t e d  t h a t  
t h e  e f f ec t  o f  m e n a d i o n e  is  n o t  r e l a t e d  to  c h a n g e s  i n  g ly -  
co lys i s ,  a l t h o u g h  t h i s  p a t h w a y  is  i n h i b i t e d  in  a e r o b i c  
c o n d i t i o n s .  

M o r e o v e r ,  t h e  f a c t  t h a t  d i c o u m a r o l  fa i l s  to  r e m o v e  t h e  
i n h i b i t i o n  of t h e  p h a g o c y t i c  p r o c e s s  w h i l e  i t  is  e f f e c t i v e  
i n  a b o l i s h i n g  t h e  s t i m u l a t e d  r e s p i r a t i o n ,  a n d  t h a t  m e n a -  
d i o n e  i n h i b i t s  p h a g o c y t o s i s  a lso  i n  a n a e r o b i c  c o n d i t i o n s ,  
s e e m  to  i n d i c a t e  t h a t  t h e  i n h i b i t o r y  e f f ec t  of  m e n a d i o n e  
is  n o t  r e l a t e d  t o  t h e  e l e c t r o n  t r a n s p o r t  a c t i v i t y  fo r  t h e  
o x i d a t i o n  of  r e d u c e d  p y r i d i n  n u c l e o t i d e s  t h r o u g h  t h e  
f l a v o e n z y m e  D T - d i a p h o r a s e .  H o w e v e r ,  i t  m i g h t  we l l  b e  
t h a t  m e n a d i o n e  a c t s  t h r o u g h  a m e c h a n i s m  of  o x i d a t i o n ,  
n o t  r e a d i l y  r eve r s ib l e ,  o f  s i t e s  w h o s e  r e d u c e d  s t a t e  is  
n e e d e d  for  t h e  f u n c t i o n a l  a c t i v i t y  of  t h e  p h a g o c y t e s .  

Riassunto. M e n a d i o n e  in  v i t r o  i n i b i s c e  l ' a t t i v i t ~  f a g o -  
c i t a r i a  d i  l eucoc i t i  p o l i n u c l e a t i  in  a e r o b i o s i  e in  a n a e r o -  
bios i .  V e n g o n o  r i p o r t a t e  p r o v e  s p e r i m e n t a l i  da l l e  q u a l i  
r i s u I t a  c h e  l ' e f f e t t o  de l  m e n a d i o n e  n o n  6 in  r a p p o r t o  c o n  
l ' i n i b i z i o n e  de l l a  g l icol is i  o con  l ' a t t i v i t ~  di  t r a s p o r t o  di  
e l e t t r o n i  n e l l a  o s s i d a z i o n e  de i  p i r i d i n n u c l e o t i d i  r i d o t t i  
t r a m i t e  u n a  D T  d i a t o r a s i .  
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