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As a resul t  of cort isone t r ea tmen t ,  besides the  rise of 
the  n u m b e r  of m a s t  cells in the  per i tonea l  fluid, a decided 
shif t  to the  r ight  was observable  (Table II) ; th is  conf i rms 
our previous f indings 5. This Shift to the  r igh t  wi th  con- 
comi t an t  appearance  of damaged  m a s t  cells was found 
also in the  blood p ic ture  (Table I I ;  Figures  4 and  5). 
However ,  here  the  ra t io  of the  damaged  m a s t  cells is 
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much  less s ignif icant  t h a n  among  the  per i toneal  m a s t  
cells. Due to the  smallness  of the  to ta l  mas t  cell number ,  
the  rat io of the  deve lopmen ta l  forms could no t  be 
es tabl ished in the  blood of cor t i sone- t rea ted  animals.  

Thus,  u p o n  the  basis of the  exper iments ,  it  m a y  be 
es tabl ished t h a t  the  deve lopmenta l  forms of m a s t  cells 
and ma tu re  mas t  cells are p resen t  in the  blood of ra ts  and 
upon the  effect  of cor t isone t r e a t m e n t  t h e y  increase 
which,  in the  l ight  of our expe r imen ta l  system,  renders  
it p robable  t h a t  the  m a s t  ceils fo rmed ill the  t h y m u s  and  
l y m p h  nodes en te red  the  circulation.  Thus  the  t r anspor t a -  
t ion of m a s t  cells f rom the  site of genera t ion  to the  
pe r iphery  via  the  circulat ion seems to  be reasonable.  
Besides, numerous  signs 5 infer t h a t  m a s t  cells can dif- 
fe rent ia te  in loco f rom other,  p r imar i ly  f rom lymphat ic ,  
e lements ;  the  presence of qui te  young  m a s t  cell-forms 
in the  per i toneal  fluid also suppor t s  th is  assumpt ion .  
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Fig. 5. Effect of cortisone on mast cell proportion. Columns show 
the proportion of the blood and peritoneal fluid. Dark lines mark 
values in the peritoneal fluid of untreated animals. Normal blood 
values are not shown as, due to low values, the proportion could 
not be established. 

Fig. 2 Fig. 4 

Fig. 1. Young mast cell of mixed granulation in the blood. Aleian- 
blue-safrain, oil immersion. • 900. 
Fig. 2. Safranin positive mast cellin the blood. Alcian-blue-safranin, 
oil immersion. • 900. 
Fig. 3. Safranin positive mast cell in the blood. Alcian-blue-safranin, 
oil immersion. • 900. 
Fig. 4, Damaged mast cell in the blood. The halo of the cell is 
alcian-blue positive, oil immersion. • 900. 

Zusamme~/assung. U n t e r s u c h u n g e n  der  Gewebemas t -  
zellen im R a t t e n b l u t  e rgaben eine bedeu t ende  Z u n ah me  
der  Mastzel len nach  Behand lung  mi t  Cortison. E in  Trans-  
po r t  der Mastzel len yon  l y m p h a t i s c h e n  Organen  fiber den 
Blu tweg in die Per ipher ie  wie  s u c h  eine lokale U m w a n d -  
lung lympho ide r  E l e m e n t e  in Mastzel len wird  experi-  
mente l l  wahrschein l ich  gemacht .  
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Increased Lipid in Thymic Macrophages Parasitized by Mycobacterium lepraemurium 

Macrophages  engulf mycobac te r i a  in vivo and in vitro,  
and  lysosomal  enzymes  a t t e m p t ,  too of ten  unsuccess-  
fully, to  kill and  degrade  these  bacill i  1 (non-specific cell 
resistance).  In  mice, the  macrophage  is the  sole si te of 
prol i fera t ion  of the  ' ra t  leprosy '  bacillus (M. lepraemu- 
rium) which  therefore  is an obligate intracellular parasite, 
and has a genera t ion  t ime  of app rox ima te ly  7 days.  
E x p e r i m e n t a l  disease is chronic and the  macrophages  in 

a lmos t  all b o d y  tissues, including the  re t iculo-endothel ia l  
sys tem,  become heavi ly  involved.  Here,  in a p re l iminary  
inves t iga t ion  we found l ipid mater ia l  a b u n d a n t  w i th in  
paras i t ized  macrophages  in the  mouse  thymus ,  whereas  

1 G. B. MACKANESS, Am. Rev. resp. Dis. 97, 37 (1968). 
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s imi la r  cells in  l y m p h o i d  t i ssues  were r e l a t ive ly  un-  
affected.  

Methods. Sys temic  in fec t ion  was p roduced  in female  
a lb ino  P s t r a i n  mice, 16-18 g, b y  i.v. i nocu la t i on  of a 
suspens ion  of v iab le  2V1. lepraemurium (Douglas  s t ra in) .  
D e a t h  resu l ted  5 -6  m o n t h s  later .  ,A t  va r ious  i n t e rva l s  
a f t e r  i nocu la t i on  mice  were killed, b o t h  lobes of t h e  
t h y m u s  a n d  t h e  p a r a t h y m i c  l y m p h  nodes  en  bloc 2, as 
well  as liver,  spleen a n d  ingu ina l  l y m p h  nodes  were 
r e m o v e d  for h i s t ochemica l  e x a m i n a t i o n .  

These  t i ssues  were f ixed for 3 h in  formol -ace t ic -a lcohol  
a n d  70% e thanol ,  a n d  p a r a f f i n - w a x  embedded .  I n  order  
to  d e m o n s t r a t e  l ipid mate r ia l ,  t i s sue  sect ions  (4 ~z th i ck -  
ness) were s t a i ned  b y  i m m e r s i n g  in 0.1% m e t h a s o l  fas t  
b lue  in 95% ethat~ol (6-18 h a t  60 ~ Slides were  r insed  
in 70% e t h a n o l  a n d  t r a n s f e r r e d  for 10 m i n  to 0 .5% 
l i t h i u m  c a r b o n a t e  solut ion.  Af te r  wash ing  t he  slides in  
water ,  baci l l i  were s t a i ned  3 m i n  w i t h  1% new fuchs in  
plus  5% p h e n o l  in  a so lven t  of 10% e thanol .  T h e n  t h e  
sect ions  were i m m e r s e d  1 m i n  in s a t u r a t e d  l i t h i u m  car- 

b o n a t e  so lu t ion  a n d  d i f f e ren t i a t ed  2-5 m i n  in 2 changes  
of 5% glacial  acet ic  acid in  abso lu t e  e thanol ,  d e h y d r a t e d ,  
c leared a n d  m o u n t e d .  Baci l l i  s t a ined  b r i g h t  red, macro-  
p h a g e  c y t o p l a s m  l igh t  blue,  l ip id  aggrega tes  b lue  to  
b lue-b lack .  E v i d e n c e  p r o v i d e d  b y  PEARS~ a, a n d  b y  
SALTHOUSE 4,5 s t rong ly  sugges ts  t h a t  t he se  aggrega tes  
are phosphol ip id .  

Results. In  compar i son  w i t h  l y m p h o i d  t i ssues  e n t r y  of 
baci l l i  i n to  t h e  t h y m u s  was de layed  a n d  occur red  a few 
weeks a f t e r  bac i l l a ry  m u l t i p l i c a t i o n  b e g a n  e lsewhere  in 
the  body .  There fore  i t  is l ikely t h a t  pa ra s i t i z ed  macro-  
phages  res ided in l y m p h o i d  masses  for  th i s  pe r iod  of t i m e  
pr io r  to  t h e i r  m i g r a t i o n  in to  t h e  t h y m u s .  Macrophages  

2 j .  N. BLAU and J. M. GAUGAS, Immunology ld, 763 (1968). 
a A. G. E. PEARSE, Histochemistry, 3rd edn (J. and A. Churchill, 

London 1968). 
T. N. SALT~OUSE, Nature 195, 187 (1962). 

5 T. N. SALTHOUSE, Nature 199, 821 (1963). 

Fig. 1. A small area of the thymic cortex 2 
months after inception of infection showing 
2 adjacent macrophages in which the bacilli 
are almost obscured by tightly packed lipid 
granules (probably phospholipid). Methasol 
fast blue plus new fuchsin stains. • 1950. 

Fig. 2. A cluster of parasitized macrophages 
within the medulla of the parathymic node 
(same mouse) and free of lipid material, 2 
months after inception of infection. Some of 
the.bacilli are 'beaded' in appearance. Meth- 
asol fast blue plus new fuchsin stains. • 1950. 
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Fig. 3. Hassall's corpuscle containing lipid 
granules in the thymic medulla about 2 
months after inception of infection. Methasol 
fast blue plus new fuchsin stains, x 1950. 

carrying bacilli appeared to infiltrate into the thymic 
cortex by passing through the walls of blood vessels 
located in the intra- and inter-lobular septa. About 2 
months after inception of the infection t ightly packed 
lipid granules (or methasol fast blue positive material) 
appeared in parasitized thymic macrophages as shown 
in Figure 1, and in giant cells. Similar cells clustered 
together in the medulla of parathymic and other lymph 
nodes, as well as all other tissues examined, were without 
demonstrable lipid (Figure 2). Also at this stage it ap- 
peared that  macrophages occasionally passed from the 
thymic cortex and into the medulla, retaining their con- 
tent  of lipid. However, in the cortex of a lymph node only 
a few small parasitized ceils were found, although these 
contained lipid material the amount  was markedly less 
than that  in the thymus. The lipid material is probably 
phospholipid containing choline ~, and was easily demon- 
strated only before the entire cytoplasm of the host ceil 
was replaced by bacilli, which occurred by about 3 months. 

By 4--6 months later in the infection, macrophages 
preponderated and were slightly more heavily parasitized 
in the thymus than those in lymphoid tissues. Hence 
lipid material may somehow have enhanced bacillary 
multiplication. 

I t  is of interest that  only those parasitized macro- 
phages in contact with either lymph node lymphocytes, 
or more especially cortical thymocytes, produced lipid 
material. I t  is extremely doubtful whether the intra- 
cellular bacilli themselves are capable of producing this 
amount of lipid material and depositing it outside of 
their own bodies and phagocytic vacuoles. Hassall's 
corpuscles (or 'cysts') in the mouse thymus are invariably 
small and scanty. Vgtlen present by about 2 months 
in infected glands they contained fairly small deposits 
of lipid granules (Figure 3). 

Disc~ssion. There is no doubt that  development of 
the thymus gland precedes and influences tha t  of lymph 
nodes and is essential for the maturat ion of immune 
competence in both animals and man 7. Hence it is of 
considerable interest to the study of mycobacterial 
immunity  that, for example, after i.v. inoculation of 
M. tuberculosis a small proportion enter the mouse 
thymus s. Because the host soon dies of pulmonary com- 
plications these particular bacilli do not have much 

opportunity for proliferation and local dissemination 
throughout the gland itself. Thus M. lepraemurium, like 
the tubercle bacillus, ult imately penetrates the so-called 
' thymic barrier'  to antigens 9. In addition, KCLSCH 10 has 
recently reported that  macrophages carrying antigen 
migrate into the mouse thymus. 

Finally, the preceding findings give some support to 
the recent discovery by BLAU 11-14 in which an intimate 
though transient relationship was demonstrated between 
migrant macrophages, containing either particulate mat- 
ter or foreign protein, and Hassall's corpuscles in guinea- 
pigs during local and temporary irradiation induced 
involution of the thymus. Such involution is simulated 
by sickness, cortisone, sex steroids, or starvation. 

If the lipid material which is produced in macrophages 
is indeed important  for a defence mechanism reaction 
against bacteria its role is, so far, unknown. 

Zusammenfassung. Mycobacterium lepraemurium wird 
in vivo nur in Makrophagen der Maus gefunden. Diese 
parasitierten Makrophagen finden sich einige Wochen 
nach der Infektion im Thymus, wobei diese Zellen bald 
dicht bepackt mit  Lipidgranula sind. 
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