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hexane  gave pure  1 while the  more  polar  f rac t ion  (con- 
ta in ing  2 - 2 f )  was  sub jec ted  to p repa ra t ive  gas-l iquid 
c h r o m a t o g r a p h y  z4 to  give pure  sample  of t he  t r ichloro-  
d i b r o m o m o n o t e r p e n e  2. 
Results and discussion. Compound  1, which  accounts  for 
ca. 80% of t he  t o t a l  ha logena ted  mono te rpenes  in 
A. l imacina  [~]D + 4.8~ (Lit + 5.1~ 11, ~ma~ 242 n m  
(e, 14, 550 in cyclohexane) ,  (Lit. 243 nm) 11, had  a MS wi th  
M + 306, 308, 310, 312 and  314 cor responding  to  Cz0HazC115 
and  major  peaks  a t  m/e  217, 219, 221, 223 (CnHsC14 +) and  
89.91 (base peak,  CaH6CI+ ). The II-I-NMR of th is  mate r ia l  
also fully conforms  w i t h  t h a t  of 3, 4-erythro-7-dichloro-  
methy l -3 -methy l -3 ,  4, 8-trichloro-1, 5(E), 7-octatr iene (1) 
prev ious ly  isolated f rom the  pacific red alga P locamium 
car t i l ag ineum z~. 

Table 1.13C-NMR chemical shifts for 1 and 2 ~' 

1 2 

C-1 116.4 116.5 
C-2 b 139.3 139.5 
C-3 71.7 71.7 
C-4 ~ 68.7 69.4 
C-5 a 119.0 123.2 
C-6 a 126.6 124.1 
C-7 137.6 137.0 
C-8 a 130.3 132.3 
CHX2 ~ 65.5 36.8 
CH 3 25,1 25.1 

Spectra were determined in [2H] chloroform at 25.20 MHz with a 
Varian XL-100 Fourier Transform spectrometer operating at both 
proton-noise decoupling and off-resonance modes; chemical shifts 
are given in ppm with respect to internal Me4Si. bAssigmnent based 
on selective decoupling. ~ 2 carbons were differentiated by se- 
lective decoupling, aAssignments may be reversed. 

Table 2.100 MHz 1H-NMR (CC14) data for 2 

(5 (ppm)/J (Hz) 
CH 3 HA HB HC H-4 H-5 H-6 CHX 2 H-8 

1.78 (s) 5 .37  5 .24 6.02 4.48 6 .54 6.58 6.76 (s) 6.30 (s) 
JAC = 16.5 J4,5 ---- 8 ~ 
JBC = 10.5 J5,6 = 16, 

�9 Coupling constants as measured from the spectrum run in enD6, in 
which the AMX system formed by H-4, H-5 and H-6 was susceptible 
to first order analysis with signals at 4.14 (H-4), 6.02 (H-6) and 
6.16 (H-5) ppm. 

The 13C-NMR-data of 1, collected in table  1, well s u p po r t  
th is  ass ignment .  The second major  ha logena ted  mono-  
terpene,  2, la in  - - 9 . 7 ~  (c, 0.4 in CHC13), ~max 252 
(e, 0.040 in cyclohexane)  did no t  show a molecular  ion, 
bu t  t he  presence  of f r agmen t s  a t  m/e  305, 307, 309 and  
311 (C6HsBr2C12 +) and  m/e  89, 91 (base peak) (C4HeCI+) 
sugges ted  the  molecular  formula  C10HnC13Br2 f rom anal-  
ogy w i t h  the  f r ag men t a t i o n  of the  re la ted  co mp o u n d  1. 
The ZH-NMR (table 2), also showed a s t r ik ing resemblance  
to those  of 1 and  al lowed only  2 gross s t ructures ,  2 or t he  
a l t e rna t ive  one hav ing  a b romoch lo rome thy l  group in- 
s tead  of the  d i b r o m o m e t h y l  group and  the  b romine  
ins tead  of the  chlorine a t  C-8, to  be assigned to the  new 
monote rpene .  Specific locat ion for the  halogen a toms  
followed f rom 13C-NMR-spectrum (table 1), which  was 
very  similar  to  t h a t  of 1 w i th  t he  only  notab le  excep t ion  
t h a t  t he  chemical  sh i f t  of the  d iha lome thy l  carbon is up-  
field shi f ted  b y  28.7 ppm.  This  is only cons is ten t  w i t h  a 
d i b r o m o m e t h y l  ca rbon  z5 and in addi t ion  r ep lacemen t  of 
the chlorine b y  a b romine  a t  C-8 should produce  a marked  
upfield shif t  (ca. 11-12 ppm) a t  the  a-carbon and  a down-  
field shif t  (4-5 ppm) a t  the  fl-carbon 15. The s te reochem-  
i s t ry  of 2 was  t e n t a t i v e l y  assigned by  using the  1H-NMR 
empir ical  rules developed by  Mynderse  and Fau lkne r  n 
for the  ass ignments  of s t e reochemis t ry  for P l o c a m i u m  
car t i lag ineum metabol i tes .  The chemical  shif t  of t he  
m e t h y l  signal sugges ted  the  th reo  conf igurat ion a t  car-  
bons  3 and  4 and the  chemical  shif t  of p ro t o n  H-6 
(d 6.58) ind ica ted  t h a t  the  7,8 double  bond  has  the  E 
geomet ry .  
An examina t i on  of the  gut  con ten t s  of A. l imacina  re- 
vealed t h a t  it  had  been  ea t ing  main ly  the red alga 
Gracilaria verrucosa.  E x a m i n a t i o n  of hexane  ex t rac t s  of 
sun-dr ied  Gracilaria ver rucosa  and  G. compressa  did no t  
reveal  the  presence  of ha logena ted  monoterpenes ,  b u t  1 
accompained  by  1 a has  been  de tec ted  by  GC-MS in 2 dif- 
fe rent  spec imens  of P l o c a m i u m  coccineum collected f rom 
di f ferent  h a b i t a t s  (Naples and  Catania).  This  m a y  indica te  
t h a t  the  an imals  have  s tored  in the  digest ive g land the  
metabo l i t e s  f rom Plocamium,  p robab ly  an occasional  
c o m p o n e n t  of the  sea hare ' s  diet,  and conf i rms the  
endear ing  abi l i ty  of the  sea hares  to  concen t ra te  t he  more  
in te res t ing  compounds  f rom the i r  d ie t  16. The algal source 
of t he  minor  ha logena ted  mono te rpenes  remain  to  be 
discovered,  a l though  the  failure to  locate  t h e m  in 2 
P locamium specimens  migh t  indicate  t r ans fo rma t ions  
wi th in  t he  digest ive gland.  

14 2 m X 0.5 cm packed with 10% SE. 30 on silanized chromosorb 
P 100-200 mesh, operated at 180~ N 2 flowed at 105 ml rain -1. 

15 J .B .  Stothers, Carbon-13 NMR Spectroscopy, p. 132 and 184. 
Academic Press, New York, London 1972. 

16 D.J .  Faulkner and C. Ireland, in: Nato Conference on Marine 
Natural Products Chemistry, p. 23. Ed. D. J. Faulkner and W. 
H. Fenical. Plenum Press 1977. 
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Summary. 4 types  of r ibof lavine an tagon i s t s  have  b ro ad - s p ec t ru m ac t iv i ty  in pou l t ry  coccidiosis. 5-Deazar iboflavine 
is mos t  effect ive.  10-Benzyl analogs of r ibof lavine  cont ro l  in tes t ina l  species of coccidia. 

Many  B-complex  v i t a m i n  an tagon i s t s  are effect ive for t he  th is  purpose .  Likewise,  ant icoccidial  ac t ion  has  been  ob-  
p r even t ion  of coccidiosis in pou l t ry  and  o t h e r  species, se rved  w i t h  an tagon i s t s  of nicot inic  acid ~, choline 5 and  
Sulfa-ant i fol  combina t ions  1, a non-sulfa  P A B A  an tago-  py r idox ine  6. 
n is t  2 and  an t i - t h i amines  s are used as feed addi t ives  for 
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No. X Y R7 R s Rio 

MED a 
feed level in ppm 
E. tenella E. aeervulina 

1 N CH CH~ CHz 1-D-ribityl 
2 N CH CH s CH 3 C2Hs . . . . . . . . .  b . . . . . . . . . .  
3 N CH CH s CH 3 n_CsHn . . . . . . . . .  b . . . . . . . . . .  
4 N CH C1 C1 CH~CH~CH~N(C~Hs) ~ . . . . . . . . . . . . . . . . . . . .  
5 N CH C1 H 1-D-ribityl 250 250 
6 N CFI CH 3 CH3NH 1-D-ribityl 60 125 
7 N CH CH 3 NH~ 1-D-ribityl 60 125 
8 N CH CHo (CHs)~N 1-D-ribityl >125 a > 250 a 
9 N N CH 3 CH 3 1-D-ribityl 125 125 

10 CH CH CHz CH 3 1-D-ribityl 5 50 
U CH CH CH 3 CHz 1 -D-ribityl-5-phosphate 10 50 
11 N CH CH 3 CH 3 3-C1C6H~CH 2 > 500 125 
1;3 Pargyline 1000 > 1000 

*The test method employed is described by E. C. McManus, W. C. Campbell and A. C. Cuckler, J. Parasit.  54, 1190 (1968). bSee Ball et al. s. 
cSee Ryley et a13. aCompound toxic at this level. 

10 y e a r s  ago  E .  W .  W a r r e n  d e m o n s t r a t e d  t h a t  d i e t a r y  
r i b o f l a v i n e  (I) is  r e q u i r e d  fo r  t h e  n o r m a l  d e v e l o p m e n t  o f  
t h e  p a r a s i t i c  c o c c i d i a  E i m e r i a  a c e r v u l i n a  a n d  E .  t e n e l l a  
in  t h e  c h i c k e n  7. T h i s  c o n c l u s i o n  w a s  s u p p o r t e d  b y  t h e  
o b s e r v a t i o n  t h a t  p a r t i a l  c o n t r o l  o f  a n  E .  a c e r v u l i n a  c h a l -  
l e n g e  is  a c h i e v e d  o n  a d m i n i s t r a t i o n  o f  t h e  r i b o f l a v i n e  
a n a l o g s  1 0 - e t h y l -  a n  d 1 0 - n - p e n t y l - 7 ,  8 - d i m e t h y l i s o a l l o x a -  
z i n c s  (2, 3).  T h e  a c t i v i t y  a n d  a c c o m p a n y i n g  h o s t  t o x i c i t y  
o f  t h e s e  c o m p o u n d s  a r e  r e v e r s e d  w i t h  r i b o f l a v i n e  s. L a t e r  
7, 8 - d i c h l o r o -  1 0 - ( 3 - d i e t h y l a m i n o p r o p y l ) i s o a l l o x a z i n e  (4) 
w a s  f o u n d  e f f e c t i v e  a g a i n s t  E .  b r u n e t t i  b o t h  in  t i s s u e  
c u l t u r e  a n d  b i r d  e x p e r i m e n t s L  b u t  s i n c e  r e v e r s a l  w i t h  
r i b o f l a v i n e  w a s  u n s u c c e s s f u l ,  t h e  s t a t u s  of  4 a s  a v i t a m i n  
a n t a g o n i s t  is u n c e r t a i n .  W h i l e  t h e r e  h a s  b e e n  c o n t i n u e d  
g e n e r a l  i n t e r e s t  in  r i b o f l a v i n e  a n t a g o n i s t s  10, n o  f u r t h e r  
r e p o r t s  h a v e  a p p e a r e d  c o n c e r n i n g  t h e i r  u s e  in  cocc id io s i s  
o r  o t h e r  p r o t o z o a n  d i s e a s e s .  
D u r i n g  a n  e x t e n d e d  s t u d y  of  t h i s  a r ea ,  we  h a v e  d i s c o v e r e d  
4 d i s t i n c t  t y p e s  of  r i b o f l a v i n e  a n t a g o n i s t s  w h i c h  h a v e  
s u b s t a n t i a l  b r o a d - s p e c t r u m  a n t i c o c c i d i a l  a c t i v i t y ,  n o t a b l y  
7 - c h l o r o - 1 0 - D - r i b i t y l i s o a l l a x o z i n e  (5) 11 8 - m e t h y l a m i n o -  
8 - n o r r i b o f l a v i n e  (6), 9 - a z a r i b o f l a v i n e  (9) a n d  5 - d e a z a r i b o -  
f l a v i n e  (10) 13. T h e  r e s u l t s  o f  c o c c i d i o s i s  a s s a y s  o n  c h i c k s  
a r e  g i v e n  in  t h e  t a b l e  18. D a t a  a r e  p r e s e n t e d  a s  m i n i m u m  
e f f e c t i v e  f e e d  l eve l s  r e q u i r e d  t o  c o n t r o l  E .  t e n e l l a ,  t h e  
m a j o r  c e c a l  spec i e s ,  a n d  E .  a c e r v u l i n a ,  a r e p r e s e n t a t i v e  
i n t e s t i n a l  spec i e s .  M o s t  r e m a r k a b l e  is  t h e  f i n d i n g  t h a t  
5 - d e a z a r i b o f l a v i n e  p r o t e c t s  b i r d s  a g a i n s t  E .  t e n e l l a  i n fec -  
t i o n  w h e n  a d m i n i s t e r e d  a t  a f e ed  l eve l  o f  o n l y  5 p p m .  
S i n c e  t h e  r i b o f l a v i n e  c o n t e n t  o f  t h e  f e e d  u s e d  is  4.8 p p m ,  
t h e  i n h i b i t i o n  i n d e x  of  5 - d e a z a r i b o f l a v i n e  in  t h i s  a s s a y  is  
n e a r  u n i t y !  I n  a r e v e r s a l  e x p e r i m e n t ,  i t  w a s  f o u n d  t h a t ,  
w h i l e  10 p p m  of  t h e  c o c c i d i o s t a t  a f f o r d s  p r o t e c t i o n  
a g a i n s t  a n  E .  t e n e l l a  c h a l l e n g e  w h e n  t h e  r i b o f l a v i n e  f eed  
l eve l  is  9.6 p p m ,  t h e  e f f e c t  o f  10 p p m  o f  d r u g  is  a b o l i s h e d  
w h e n  t h e  v i t a m i n  i n t a k e  is  i n c r e a s e d  t o  16.8 p p m .  T h e  
s i n g u l a r  p r o p e r t i e s  o f  5 - d e a z a r i b o f l a v i n e  in  f l a v i n e  e n -  
z y m e  s y s t e m s  h a v e  a t t r a c t e d  m u c h  a t t e n t i o n  a l r e a d y  li, 
b u t  t h e s e  a r e  t h e  f i r s t  i n t e r e s t i n g  i n  v i v o  r e s u l t s  o n  t h e  
c o m p o u n d .  I t s  Y - p h o s p h a t e  d e r i v a t i v e  ( 5 - d e a z a F M N ,  
11) 11~, l is a p o t e n t  c o c c i d i o s t a t  a]so.  

E f f e c t i v e  c o n t r o l  of  i n t e s t i n a l  c o c c i d i a  is o b t a i n e d  w i t h  
v i t a m i n  a n a l o g s  in  w h i c h  t h e  1 0 - r i b i t y l  g r o u p  is  r e p l a c e d  
b y  b e n z y l  o r  s u b s t i t u t e d  b e n z y l .  T h e  t a b l e  g i v e s  d a t a  o n  
1 0 - ( 3 - c h l o r o b e n z y l ) - 7 ,  8 - d i m e t h y l i s o a l l o x a z i n e  (12), a n  e l -  

1 R . E .  Lux, Antibiot. Chemother. 4, 971 (1954). 
2 E . F .  Rogers, R. L. Clark, H. J. Becker, A. A. Pessolano, W. J. 

Leanza, E. C. McManus, F. J. Andriuli and A. C. Cuckler, Proc. 
Soc. exp. Biol. Med. 117, 488 (1964). 

3 E . F .  Rogers, R. L. Clark, A. A. Pessolano, H. J. Becker, W. J. 
Leanza, L. H. Sarett, A. C. Cuckler, E. C. McManus, M. Garzillo, 
C. Malanga, W. H. Ott, A. M. Dickinson and A. Van Iderstine, 
J.  Am. Chem. Soc. 82, 2974 (1960) ; E. F. Rogers, Meth. Enzym. 
18a, 245 (1970). 

4 S . J .  Ball, E. W. Warren and E. W. Parnell, Nature 208, 397 
(1965). 

5 E.C.  MeManus and E. F. Rogers, Fed. Proc. 28, 390 (1969). 
6 Y. Morisawa, M. Kataoka, T. Watanabe,  N. Kitano and T. 

Matsuzawa, J. med. Chem. 17, 1083 (1974). 
7 E . W .  Warren, M. Sci. Thesis, University of London (1966); 

Parasitology 68, 137 (1968). 
8 S . J .  Ball and E. W. Warren, Vet. Ree. 80, 581 (1967). 
9 J . F .  Ryley and R. G. Wilson, J.  Parasit. 58, 664 (1972). 
10 J . P .  Lambooy, in: Riboflavin, p. 303. Ed. R. S. Rivlin. Plenum 

Press, New York, N. Y. 1975. 
11 C.H.  Shunk, F. R. Koniuszy and K. Folkers, J. Am. Chem. Soc. 

74, 4251 (1952). 
12 D . E .  O'Brien, L. T. Weinstoek and C. C. Cheng, Chem. I n d ,  

Lond. 1967, 2044; J. Heterocyel. Chem. 7, 99 (1970). 
13 For these and other biological data  cited herein, we are greatly 

indebted to Drs George Olson, Edward C. MeManus, Brinton M. 
Miller and Ching Chung Wang of these laboratories. 

14 a) D. E. Edmondson,  B. Barman and G. Tollin, Biochemistry 11, 
1133 (1972); b) M. S. Jorns and L. B. Hersh, J.  Am. Chem. Soe. 
96, 4012 (1974); e) J. Fisher and C. Walsh, J. Am. Chem. Soc. 
96, 4345 (1974); d) B. A. Averill, A. Sehonbrunn and R. H. 
Abeles, J .  biol. Chem. 250, 1603 (1975); e) M. S. Jorns and L. B. 
Hersh, J.  biol. Chem. 250, 3620, 8728 (1975) ; f) T. H. Cromartie 
and C. T. Walsh, J. biol. Chem. 251,329 (1976); g) L. B. Hersh, 
M. S. Jorns, J. Peterson and M. Currie, J. Am. Chem. Soe. 98, 
865 (1976); h) M. S. Jorns and L. B. Hersh, J.  biol. Chem. 257, 
4782 (1976); i) R. Spencer, J. Fisher and C. T. Walsh, Bio- 
chemistry 15, 1043 (1976); j) J. Fisher, R. Spencer and C. T. 
Walsh, Biochemistry 15, 1054 (1976). 
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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 

15 C.H. Shunk, J. B. Lavigne and K. Folkers, J. Am. Chem. Soe. 
77, 240 (1955). 

16 K. Yagi, Meth. Enzym. 18b, 465 (1971). 
17 H.Y.K.  Chuang, D. R. Patek and L. Hellerman, J. biol. Chem. 

2d9, 2384 (1974). 
18 V. M. Berezovskii, L. S. Tul'chinskaya and N. A. Polyakova, 

Zh. obshch. Khim. 35, 673 (1965). 
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Anil ine  h y d r o x y l a t i o n  in the h u m a n  red cel ls  
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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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