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Identification of Crystals of the Rimino-Phenazine Compound B663 (Lamprene: Clofazimine) in 
Mouse Spleen Macrophages by Thin Layer Chromatography and Mass Spectrum Analysis 

In  1944, a la rm over  the  increasing incidence of tuber-  
culosis in Ireland,  led t h e  Medical  Research Council to 
set up a scientific inves t iga t ion  a imed at  developing an 
effect ive drug against  this  disease. Al though  the  r imino-  
phenazine compound  B663 (Lamprene;  clofazimine) did 
no t  fulfill this  need, its d iscovery  by  BARRY Jn 1957 
provided  a drug considerable power  against  the  organism 
of murine leprosy (Mycobacterium lepraemurium) and 
against  the  bacillus causing h u m a n  leprosy, Mycobacletium 
leprae. The development ,  b iochemist ry ,  and therapeut ic  
potent ia l  of this  compound  have  been ful ly reviewed 1. 
Numerous  subsequent  papers  ~-10 have  pa id  t r ibu te  to the  
act ion of 13663 in the  rout ine  t r e a t m e n t  of leprosy, and 
also in the  managem en t  of var ious  forms of react ion during 
the  course of this disease. 

Fol lowing absorpt ion f rom the  gut, this  drug has the  
remarkable  p roper ty  of accumula t ing  in the  cy top lasm of 
macrophages,  and a simple ' squash '  p repara t ion  f rom liver, 
spleen, per i toneum,  or l y m p h  node reveals  large numbers  
of ful ly-formed crystals under  the  microscope (Figure). 
There is exper imenta l  work  n to suggest t ha t  the  drug 
enters macrophages  in solution, l inked to a l ipoprote in  
carrier, ' . . . w h i c h  is then  spli t  off, wi th  the  consequent  
intracel lular  fo rmat ion  of crystals  of B663 . . . ' .  E lec t ron  
microscope studies12, ~a have  confirmed the  locat ion of 
mature  crystals in macrophage  cy top lasm and these have  
more recent ly  been shown 1~ to be surrounded by a 
membrane  in s i tuat ions  s t rongly suggest ive of locat ion 
wi th in  the  lysosomal-vacuolar  system. In  bo th  these 
studies, the  ful ly-formed crystals  are represented as 
spaces conta ining only the  embedding  medium,  all 
crystal l ine substance hav ing  been dissolved out  dur ing 
processing. Electron,  and X-ray  dif f ract ion on these spaces 
is complete ly  negat ive.  F r o m  t ime  to t ime  the  acceptance 
of these spaces as represent ing the  original  r imino-  
phenazine as adminis tered  to the  exper imenta l  animal  
has been challenged. For  this  reason, and also because our 
previous inves t igat ions  have  occasionally suggested the  
presence of impuri t ies  in the  ba tch  of 13663 supplied, i t  
was decided to a t t e m p t  precise ident i f icat ion of the  
crystals  in splenic macrophages  of the  exper imenta l  
mouse, and to compare  findings wi th  crystals of drug 
adminis tered  in the  diet. 

Female  albino Parkes  s train mice were pu t  onto 0.01% 
of 13663 in thei r  diet, and killed 41/3 months  later. Tail  
and snout  were character is t ical ly  p igmented  a l ight  
reddish-brown by  the  drug. Subcutaneous  tissues and fat  
were reddish-orange,  and this  deepened wi th  exposure to 
air. In t e rna l  organs were typ ica l ly  red, and l ymph  nodes 
in the  abdomen  and thoracic  cav i ty  contained obvious 
refracti le  accumula t ions  of the  drug. Spleen, l iver  and 
var ious l y m p h  nodes were t aken  for examina t ion  by  l ight  
microscopy using a fresh ' squash '  p repara t ion  under  a 
coverslip, (Figure), and for chemical  inves t iga t ion  by  thin  
layer ch roma tog raphy  (TLC) and mass spec t rometr ic  
analysis. Tissue and crystals  for the  l a t t e r  were suspended 
in chloroform and homogenized pr ior  to analysis. Crystals 
of the  actual  drug adminis tered  to these animals  in the i r  
diet  were subjected to paral le l  examinat ions .  

Isolation of pigment. The tissue obta ined was blended in 
chloroform (10 ml) for 3 min  (MSE Homogenizer)  and the  
red-orange solut ion separated by  decanting.  This  extrac-  
t ion was repea ted  3 t imes.  The resul t ing solution was 
concent ra ted  and examined  on TLC (Table). Two major  
components  were present ;  a ve ry  intense l ipid zone 
and an orange red zone at  an equ iva len t  Rf  to t h a t  of 
B663. Iso la t ion  of the  p i g m e n t  by  p repara t ive  TLC 
afforded, af ter  r emova l  of the  solvent,  a small  q u a n t i t y  
(3 mg) of an amorphous  red orange powder  which was 
chromatographica l ly  ident ical  to B663, 

Mass spectral analaysis. Mass spectra  were recorded on 
an A.E.I .  MS9 mass spec t rometer  and were measured using 
a direct  insert ion probe. Spect ra  of pure  compounds  were 
de termined  at  a probe t empera tu re  of 210~ Those 
f rom biological  sources were obta ined  after  pre-evapora-  
tion, a t  100-150~ of t race l ipid con taminan t s  f rom the  
probe in the  mass spectrometer .  

Results. The th in  layer  chromatograph ic  behav iour  of 
the  purif ied red-orange p igment  isolated f rom the  spleen, 
l iver  and var ious  l y m p h  nodes of mice fed on B663 was 
ident ical  to t ha t  of pure  B663 (Table). Similar ly  the  mass 
spec t rum was ident ical  in every  respect,  isotope pat tern ,  
and f ragmenta t ion  pa t t e rn  to t h a t  of pure  B663. The  
mass spectral  f r agmenta t ion  of r imino-phenazines  will  be 
discussed in a subsequent  paper.  

Fully-formed crystals of B663 (Lamprene: clofazimine) expressed 
from maerophage cytoplasm in a simple 'squash' preparation between 
coverslip and microscope slide. Mesenteric lymph node of mouse. 
Original magnification • 500. Unstained. 
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Compound Rf 

Isolate 0.39 
B 663 : 3-(p-chloroanilino)-10-(p-chlorophenyl)-2,10-dihydro-2-(isopropylimino)-phenazine 0.39 
B 1865 : 3-anilino-7-chloro-2,10-dihydro-2-(isopropylimino-10-phenyl-phenazine 0.27 
B1911: 3-anilino-7-fluoro-2,10-dihydro-2-(isopropylimino)-10-phenyl-phenazine 0.18 
B 1811 : 3-anilino-7-ethoxy-2,10-dihydro-2-(isopropylimino)-10-phenyl-phenazine 0.02 
B1739: 3 -anilino- 7-methoxy-2,10-dihydro-2 -(isopropylimino)- 10-phenyl-pbenazine 0.02 
B 1912 : 3-anilino-7-ehloro-2-(cyclohexylimino) 2,10 dihydro-10-phellyl-phenazine 0.55 

Silica gel type H plates contaiuing 0.1 NKOH, two elutions in 10% EtOAc/Benzene. 

W h i l e  p i g m e n t a t i o n  of t h e  sk in  of leprosy p a t i e n t s  
t a k i n g  13663 ha s  been  well  documented15,1~ t h e  occur-  
rence  of c rys ta l s  in h u m a n  t i ssues  ha s  rece ived  m u c h  less 
a t t e n t i o n  ~,  is. I t  h a s  occas iona l ly  been  sugges ted  t h a t  t he  
r ed  c rys ta l s  seen u n d e r  l igh t  microscopy,  and  t h e  ' s p a c e s '  
seen on  e lec t ron  mic roscopy  m i g h t  r ep re sen t  a me tabo l i t e ,  
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or a n  i m p u r i t y .  Our  resul t s  in  t he  mouse  show t h a t  c rys ta l s  
o b t a i n e d  f rom m a c r o p h a g e  c y t o p l a s m  are in  eve ry  way  
iden t i ca l  w i t h  those  in t h e  d rug  used for oral  feeding of 
t he  a n i m a l s ;  i t  is conc luded  t h a t  c rys ta l s  seen in t he  
t i ssues  r ep re sen t  those  of t he  u n a l t e r e d  drug.  

Zusammen/assung. Die R i m i n o - P h e n a z i n - V e r b i n d u n g  
(Pr / ipa ra t  B663 - L a m p r e n  | Clofazimine)  m i t  s t a rke r  
W i r k u n g  gegen Mycobacterium leprae wurde  41/2 M o n a t e  
all  Mguse ve r f i i t t e r t .  L i ch tmik roskop i sch ,  d i innsch ich t -  
c h r o m a t o g r a p h i s c h  u n d  m a s s e n s p e k t r o m e t r i s c h  wurde  
fes tgestel l t ,  dass  die B663-Kr i s t a l l e  im C y t o p l a s m a  der  
M a k r o p h a g e n  m i t  den  in der  G r u n d s u b s t a n z  v o r h a n d e n e n  
i den t i s ch  s in& 
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The Dyson Perrins Laboratory, Ox/ord (England), and 
Department o/Human Anatomy, Ox/ord University, 
South Parks Road, Ox/ord 0321 3QX (England), 
27 September 1974. 

Teratogenicity Study in Rats given High Doses of Pyridoxine (Vitamin B 6) during Organogenesis 

The  p a t t e r n  of p y r i d o x i n e  or v i t a m i n  136 usage  in 
w o m e n  ha s  u n d e r g o n e  a m a r k e d  change  ill r ecen t  years .  
T h e r a p e u t i c  doses of 40-400 r a g / p e r s o n / d a y  are p resc r ibed  
to  c o u n t e r a c t  depress ive  cond i t ions  a r i s ing  f rom schizo- 
p h r e n i a  1 a n d  ora l  c o n t r a c e p t i v e s  2. A r o u t i n e  a d m i n i s t r a -  
t i on  of h i g h  doses of p y r i d o x i n e  to  al l  p r e g n a n t  w o m e n  
w i t h  a h i s t o r y  of depress ive  d isorders  ha s  been  sugges ted  a 
S i n c e  t h i s  m e g a v i t a m i n  t r e a t m e n t  f inds  all inc reas ing  
app l i c a t i on  in o r t h o m o l e c u l a r  p s ych i a t r y ,  t e r a t o g e n i c i t y  
s tud ies  are  needed  to  e v a l u a t e  t h e  sa fe ty  of h i g h  levels of 
p y r i d o x i n e  exposure  to  p r e g n a n t  women.  

Th i s  r e p o r t  p re sen t s  fe ta l  d a t a  on  r a t s  dosed ora l ly  w i t h  
20-80 m g  p y r i d o x i n e / k g  on days  6-15 of ges ta t ion .  

Materials and methods. R a n d o m l y  b red  female  (Wistar)  
rats ,  175-200 g b o d y  weight ,  were pa i r ed  o v e r n i g h t  w i t h  
males,  a n d  t h e  m o r n i n g  t h a t  a spe rm-pos i t i ve  v a g i n a l  
smea r  was observed ,  was  n o t e d  to  be  d a y  1 of p r egnancy .  
The  m a t e d  females  were r a n d o m l y  ass igned  to  exper i -  
m e n t a l  groups .  P y r i d o x i n e  h y d r o c h l o r i d e  o b t a i n e d  f rom 
N u t r i t i o n a l  B iochemica l  Corpora t ion ,  Ohio, was  ad-  
min i s t e red  ora l ly  in  single da i ly  doses on  days  6-15 of 
ges ta t ion .  The  doses g iven  were 0 (dist i l led water ) ,  20, 40, 
60 or 80 mg /kg /day .  So lu t ions  for t he  4 dose levels were 
p r e p a r e d  as 0.4, 0.8, 1.2 a n d  1.6%, respect ive ly ,  of 
p y r i d o x i n e  hyd roch lo r ide  in dis t i l led water .  P r e g n a n t  

rats were weighed  da i ly  in  o rder  to  p e r m i t  t h e  v o l u m e  
of so lu t ion  g iven  to  be  ad ju s t ed  to  c o n s t a n t  dose /body  
we igh t  r a t i o  for  t he  t r e a t m e n t  period.  

All female  r a t s  were ki l led on  day  22 of p r e g n a n c y  a n d  
t h e i r  v iscera  inc lud ing  u te r i  were examined .  The  fe tuses  
were removed ,  weighed a n d  e x a m i n e d  for v i a b i l i t y  and  
e x t e r n a l  ma l fo rma t ions .  E a r l y  r e so rp t ions  and  fe tuses  
d y i n g  la te  in  d e v e l o p m e n t  were recorded.  One-ha l f  of t he  
l ive fe tuses  f rom each  l i t t e r  were  s tud ied  for ske le ta l  
anoma l i e s ;  t he  r e m a i n d e r  were f ixed in Bou in ' s  f luid 
and  were inspec ted  for gross v iscera l  defects.  

N o r m a l  d i s t r i b u t i o n  fo rmed  t he  basis  for i n t e r g r o u p  
compar i sons  a n d  p robab i l i t i e s  were c o m p u t e d  for va lues  
Z 2. A 5% p r o b a b i l i t y  level  was  chosen  to  eva lua t e  dif- 
ferences.  

Results. There  was no  ev idence  of m a t e r n a l  t o x i c i t y  
associa ted  w i t h  p y r i d o x i n e  t r e a t m e n t .  P r e n a t a l  va lues  for 
l ive  fetuses,  dead  fe tuses  a n d  r e so rp t ion  sites, a n d  fe ta l  
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