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fec t ive  a g e n t  of t h i s  type .  Whi l e  5 ' -deoxyr ibof l av ine  15 a n d  
r ibo f l av ine -5 ' - su l f a t e  16 h a v e  m a r g i n a l  an t icocc id ia l  ac t iv -  
i ty ,  in  general ,  w i t h  t h e  excep t ion  of t h e  b e n z y l  com- 
pounds ,  v a r i a t i o n s  f rom t he  r i b i t y l  g roup  a p p e a r  unpro -  
f i table .  Modes t  a c t i v i t y  a g a i n s t  E.  t ene l l a  is obse rved  in  
t e s t s  of N - m e t h y l - N - 2 - p r o p y n y l b e n z y l a m i n e ,  or pa rgy l ine  
(13), a c o m p o u n d  w h i c h  func t i ons  b y  koat i n h i b i t i o n  of 
f l a v i n e - m e d i a t e d  m o n o a m i n e  oxidase  1~. 
W h i l e  8-amino-  a n d  8 - d i m e t hy l am i no - 8 - no r r i bo f l av ine s  
(7, 8) were k n o w n  p rev ious ly  is, 19, t he  l a t t e r  as t h e  an t i -  
b io t i c  roseof lavine,  t he  8 - m e t h y l a m i n o  ana log  (6) h a d  n o t  
b e e n  descr ibed  w h e n  we c o m p l e t e d  i t s  synthes is ,  b u t  t h e  
c o m p o u n d  was r epo r t ed  s u b s e q u e n t l y  as a pho to lys i s  
p r o d u c t  of roseo t lav ine  s0. Of t h e  3 amines ,  6 is t h e  be s t  
coccidios ta t ,  s ince i t  is b e t t e r  t o l e r a t e d  t h a n  t h e  equipo-  
t e n t  8 -amino  c o m p o u n d  (7). C o m p o u n d  6 [m.p. 307-310 ~ 
UVmax (pH 7) 487 n m  (~ 40,500), 306 (8900), 254 (49,900)1 
a n d  8 [m.p. 273-277~ UVmax (pH 7) 506 n m  (e 31,800), 
314 (7600), 258 (39,000)181 were o b t a i n e d  b y  a m i n a t i o n  
(150fold excess of amine ,  DMF,  100~ 1 h) of 8-chloro-8- 
no r r i bo f l av ine  22. 
9-Azar ibof lav ine  (9) [m.p. 255-258~  U V m a .  (pH 7) 
436 n m  (e 16,700), 312 (4900), 265 (32,500)1 was p r e p a r e d  
b y  r eac t i ng  2-chloro-5, 6 - d i m e t hy l - 3 - n i t r opy r i d i ne  sa w i t h  
D - r i b i t y l a m i n e ,  accord ing  to  t h e  p rocedure  of I s rae l  2., to  
give 5, 6 -d ime thy l -3 -n i t ro -2 -D- r ib i t y l aminopyr id ine ,  m.p.  
140-142.5~ followed b y  h y d r o g e n a t i o n  (Pt ,  MeOH) of 

t he  n i t r o  g roup  a n d  c o n d e n s a t i o n  (C5H5N, 55~ 2 h) of 
t he  d i a m i n e  w i t h  5, 5 -d ich lo robarb i tu r i c  acid 25 
The  10-(3-chlorobenzyl)  ana log  (12) [m.p. 302-305~ 
UVmax (MeOH) 440 n m  (e 9800), 347 (8000), 265 (28,200)1 
was p r e p a r e d  f rom 4, 5-dini t ro-o-xylene ,  3-chlorobenzyl-  
a m i n e  and  a l loxan  b y  a s t a n d a r d  t h r ee - s t ep  p rocedure  ss, 27 
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Summary. The  an i l ine  h y d r o x y l a t i o n  in h u m a n  red  cells was  s tud ied  a n d  t h e  h y d r o x y l a t i n g  a c t i v i t y  was m u c h  accel- 
e r a t e d  in  t he  p resence  of m e t h y l e n e  blue.  

The  h y d r o x y l a t i o n  of such  d rugs  as ani l ine  h a s  been  
s h o w n  to  be  ca t a lyzed  b y  mic rosoma l  c y t o c h r o m e  P-450 
sy s t ems  in  a v a r i e t y  of m a m m a l i a n  t i ssues  s ince t h e  
d i scove ry  b y  E s t a b r o o k  e t  al. 1. However ,  t h e  c o n t r i b u t i o n  
of t h e  red  cells to  th i s  d rug  h y d r o x y l a t i o n  has  b e e n  con-  
s idered  to be  negl igible  because  of t he  def ic i t  of micro-  
some.  
R e c e n t l y  J u c h a u  a n d  S y m m s  showed  t h e  an i l ine  h y d r o x -  
y l a t i n g  a c t i v i t y  of h u m a n  h e m o g l o b i n  s. F u r t h e r m o r e  
Mieyal  e t a  !. i nd i ca t ed  t h a t  h e m o g l o b i n  can  be  s u b s t i t u t e d  
for  P-450 in an i l ine  h y d r o x y l a f i o n  b y  m i c r o s o m a l  m o n o -  
oxygenase  sy s t ems  s. 
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Aniline hydroxylation by red cells in the absence and presence of 
methylene blue. 

On t h e  o t h e r  h a n d ,  h u m a n  red  cells seem to h a v e  a n  
in t r ace l lu l a r  c i r c u m s t a n c e  s imi la r  to  microsome.  The  
N A D H -  a n d  N A D P H - d e p e n d e n t  d i aphorases  a n d  cy to-  
ch rome  b s, w h i c h  are c o m p a r a b l e  to  those  of mic rosome  
w i t h  r ega rd  to  func t i on  a n d  s t ruc tu re ,  h a v e  been  recog-  
n ized  in h u m a n  red  cells b y  m a n y  a u t h o r s  ,-6, t h o u g h  i t  is 
unc lea r  w h e t h e r  these  p ro t e in s  are der ived  f rom the  
mic rosome  in  t h e  s tages  of t h e  e ry th rob l a s t s .  These  resu l t s  
sugges t  t h e  poss ib i l i ty  t h a t  red cells are  c apab l e  of 
h y d r o x y l a t i n g  drugs  such  as ani l ine.  
In spi te  of these  possibi l i t ies ,  t he  de ta i l ed  s t u d y  for  
an i l ine  h y d r o x y l a t i o n  b y  i n t a c t  red cells ha s  n o t  been  
repor ted .  Th i s  p a p e r  deals  w i t h  t h e  an i l ine  h y d r o x y l a t i o n  
in h u m a n  red  cells a n d  t h e  effect  of m e t h y l e n e  b lue  as an  
a c t i v a t o r  for  the  pen tose  p h o s p h a t e  shun t ,  w h i c h  is 
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k n o w n  to  be  N A D P H  g e n e r a t i n g  sys t ems  in r ed  cells 7, 8. 
Methods. ACD blood was w a s h e d  3 t imes  w i t h  isotonic  
sal ine a f t e r  r e m o v a l  of s e rum a n d  b u l l y  coats.  Tile red  
ceils t h u s  o b t a i n e d  were  s u s p e n d e d  in a so lu t ion  con-  
t a i n i n g  110 mM NaC1, 10 m M  glucose, 30 m M  sod ium 
p h o s p h a t e  (pH 7.0), 5 m M  KC1, 1 m M  MgCli a n d  10 m M  
ani l ine  h y d r o c h l o r i d e  ( H e m a t o c r i t  va lues  are 35%),  a n d  
i n c u b a t e d  a t  p H  7.0, 37~ for 4 h  w i t h  or w i t h o u t  
10 txM m e t h y l e n e  blue.  T he  samples  were t a k e n  ou t  for 
ana lyses  of p - a m i n o p h e n o l  a n d  depro te in ized  w i t h  4 .6% 
t r i ch lo roace t i c  acid.  T h e  d e t e r m i n a t i o n  of p - a m i n o p h e n o l  
was  followed in acco rdance  w i t h  t he  m e t h o d  of Mieyal  
a n d  B l u m e r  9. 
Results and discussion. T he  f igure  shows t he  an i l ine  
h y d r o x y l a t i o n  b y  h u m a n  red  cells for 4 h. The  p r o d u c t i o n  
of p - a m i n o p h e n o l  was  l inear i ly  increased  w i t h  t i m e  in t h e  
absence  a n d  presence  of m e t h y l e n e  blue.  Especia l ly ,  in  
t he  p resence  of c a t a ly t i c  a m o u n t s  of m e t h y l e n e  b l u e  
(10 ExM), t h e  an i l ine  h y d r o x y l a t i o n  b y  red  ceils was i n u c h  
accelera ted .  F r o m  th i s  figure,  t he  r a t e  of an i l ine  h y d r o x y l -  
a t ion  in r ed  cells suspens ion  was ca lcu la ted  to  be  0.9 a M / h  
in the  absence  of m e t h y l e n e  blue.  I n  t h e  presence  of 
m e t h y l e n e  blue,  t h e  an i l ine  h y d r o x y l a t i n g  a c t i v i t y  was 
acce le ra ted  as m u c h  as 33 t i m e s  a n d  t he  r a t e  of an i l ine  
h y d r o x y l a t i o n  was  ca l cu la t ed  to be  30 aM/h.  Th i s  va lue  
is c o m p a r a b l e  to  t h e  r a t  l iver  mic rosoma l  ani l ine  h y d r o x -  
y l a t i n g  activity3,1~ t h o u g h  a d i r ec t  compar i son  of t h e  
a c t i v i t y  is diff icul t .  
The  s t i m u l a t i o n  of m e t h e m o g l o b i n  r educ t i on  b y  N A D P H -  
d e p e n d e n t  d i a p h o r a s e  h a s  been  s h o w n  in t he  presence  of 
m e t h y l e n e  blue  n .  Th i s  p h e n o m e n o n  is cons idered  to be  
due  to  t he  c o n t i n u o u s  s u p p l y  of N A D P H  b y  m e t h y l e n e  

blue  t h r o u g h  a c t i v a t i o n  of t h e  pen tose  p h o s p h a t e  s h u n t  
of red  cells. T a k i n g  a c c o u n t  of t h i s  fac t  a n d  t he  r epo r t s  
m e n t i o n e d  above*,  8, t he  fol lowing scheme,  as one pos-  
sibi l i ty,  m a y  be  p roposed  for t h e  an i l ine  h y d r o x y l a t i o n  
b y  red  cells. 

G6P" / ( NADP ~/~Leuco-methylene blu% (MetHb~ ?~p-Aminophenol 
6PGr ~ NADPH] kMethylene blue r ~Hb0~ / \Aniline 

r 
NADPH-dependent diaphorase 

However ,  a n o t h e r  poss ib i l i ty  c a n n o t  be  e l imina t ed  t h a t  
an i l ine  h y d r o x y l a t i o n  m a y  be  coupled  w i t h  o t h e r  h e m o -  
p ro t e in s  such  as P-450,  t h o u g h  i t  h a s  n o t  b e e n  de t ec t ed  
in red  cells yet .  
The  p laus ib le  e x p l a n a t i o n  of t h e  acce le ra t ion  of an i l ine  
h y d r o x y l a t i o n  b y  m e t h y l e n e  blue  is p r o b a b l y  due  to  t h e  
s t i m u l a t e d  gene ra t i on  of N A D P H  coupled  w i t h  t he  well-  
k n o w n  a c t i v a t i o n  of t h e  pen to se  p h o s p h a t e  s h u n t  b y  t h i s  
dye.  T h u s  p r e s e n t  resu l t s  sugges t  t h a t  t h e  e l ec t ron  
t r a n s p o r t  sy s t ems  f rom N A D P H  to  an i l ine  are  o p e r a t i n g  
in red  cells, t h o u g h  t h e  de ta i l ed  i n f o r m a t i o n  for t he  in te r -  
m e d i a t e  s tep  is obscure  in  our  expe r imen t .  
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Summary. The  effect  of g r o w t h  t e m p e r a t u r e  on  t he  phospho l ip id  compos i t ion  of Noca rd i a  po lych romogenes  has  been  
examined .  W h e n  t he  g r o w t h  t e m p e r a t u r e  was decreased  f rom 37 ~ to  27 ~ t he re  was a large decrease  in p h o s p h a t i d y l  
e t h a n o l a m i n e  w i t h  a n  increase  in card io l ip in  a n d  phosphoinos i t ides .  These  changes  are d iscussed in c o n t e x t  w i t h  t he  
con t ro l  of m e m b r a n e  f lu idi ty .  

T h e r e  is n o w  s u b s t a n t i a l  ev idence  t h a t  phospho l ip ids  p l a y  
a m a j o r  role in  t he  s t r u c t u r e  a n d  func t i ons  of biological  
m e m b r a n e s  2, 3. The  i m p o r t a n c e  of t he  apo la r  po r t i ons  of 
m e m b r a n e  l ipids h a s  r e c e n t l y  been  e m p h a s i z e d  b y  in-  
ve s t i ga t i ons  w i t h  M y c o p l a s m a  la id lawi i  4 a n d  w i t h  m u t a n t s  
of E. coli 5 which  c a n n o t  syn thes i ze  u n s a t u r a t e d  f a t t y  
acids.  I n  con t r a s t ,  l i t t l e  i n f o r m a t i o n  is ava i l ab le  r ega rd ing  
t he  i m p o r t a n c e  of t he  po la r  moie t ies  of phospho l ip ids  to  
t h e  f luid p rope r t i e s  of t h e  cell m e m b r a n e .  W e  h a v e  n o w  
s tud ied  t h e  effect  of g r o w t h  t e m p e r a t u r e  on  t he  phos -  
pho l ip id  compos i t i on  of N o c a r d i a  po lychromogenes .  This  
o rgan i sm c o n t a i n s  cardiol ip in ,  p h o s p h a t i d y l  e t h a n o l a m i n e  
a n d  phospho inos i t i de s  as i ts  m a j o r  phospho l ip ids  6. Th i s  
r e p o r t  p e r t a i n s  to  t h e  changes  in  t h e  d i s t r i b u t i o n  of 
phospho l ip ids  in N o c a r d i a  po l ych r om ogenes  g rown a t  
37 ~ a n d  27 ~ 
Materials and methods. N o c a r d i a  po lych romogenes  were  
g rown in  a m e d i u m  c o n t a i n i n g  glucose, beef e x t r a c t  a n d  
p e p t o n e L  Cells i n i t i a l l y  g rown  a t  37.~ were Used as in-  
ocula  for  27 ~ cu l tures .  Cells were g rown  for  8 days .  E x -  
t r a c t i o n  a n d  pu r i f i c a t i on  of l ipids  were as descr ibed  

p rev ious ly  ~,~. The  sepa ra t ion ,  isolat ion,  c h a r a c t e r i z a t i o n  
a n d  q u a n t i t a t i o n  of phospho l ip ids  were as de ta i l ed  in 
p rev ious  pub l i c a t i ons  s, 9. 
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