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Transport of Mast Cells by the Blood Circulation 

Mast  cells appear  in a ve ry  great  n u m b e r  in the  sub- 
cu taneous  connect ive  t issue and per i tonea l  fluid of ra ts  1. 
In  our previous expe r imen t s  2-5 we have  es tab l i shed  - and  
i t  has  been  conf i rmed also b y  o the r  au thors  ~,~-s - t h a t  
mas t  cells form, p r imar i ly  t h rough  the  t r an s fo rma t i o n  
of l ym pho id  e lements  4, 9, in t he  t h y m u s  and l y m p h  nodes.  
The p ropor t ion  of young  m a s t  cells is decreased in the  
per i tonea l  fluid af ter  the  ex t i rpa t ion  of t he  t h y m u s  5 
which infers t h a t  the  m a s t  cell fo rma t ion  capac i ty  of the  
t h y m u s  influences also the  per iphery .  I t  is, however ,  no t  
clear w h e t h e r  t he  r emova l  of the  t h y m u s  effects a de- 
crease in t h e  per i tonea l  fluid of such lympho id  cells as 
are capable  of t r an s fo rma t ion  also on the  per iphery ,  or 
w h e t h e r  i t  br ings  abou t  a cessat ion in the  out f low of 
m a t u r e  m a s t  cells f rom t h y m u s  to  per iphery .  CosaBS, 
LAGUNOFF and  ]3ENDITT 10 as well as we ourselves s could 
es tabl ish  in the  per i toneal  fluid young  lympho id  m a s t  
cells, which  we have  descr ibed previous ly ;  thus  the i r  
t r ans fo rma t ion  in to  ma tu r e  m a s t  ceils seems to  be 
probable .  In  spi te  of the  poss ibi l i ty  t h a t  ma tu r e  m a s t  
cells m i g h t  also become t r a n s p o r t e d  to  the  pe r iphe ry  - 
par t i cu la r ly  if necess i ta ted  by  a rap id  reac t ion  - c an n o t  
be d iscarded,  W e  do not ,  however ,  know w h a t  could be 
the  rou te  of such t r anspor t a t ion .  Cells can reach o the r  
regions of the  organism f rom the  t h y m u s  and  l y m p h  
nodes pr imar i ly  t h rough  the  blood flow and  l ympha t i c  
vessels. The presence  of t issue m a s t  cells in the  blood 
of t he  ra t  has  so far  no t  been repor ted  1. We  p resume  t h a t  
t h e y  are p resen t  in such a low n u m b e r  t h a t  t h e y  have  so 
far  escaped the  a t t e n t i o n  of t he  invest igators .  Thus  we 
a t t e m p t e d  to  raise t he  n u m b e r  of m a s t  cells possibly 
p resen t  in t he  blood wi th  t he  aid of l igatures,  and  pa r t l y  
by  medic inal  t r e a t m e n t ,  in order  to make  possible the i r  
detec t ion.  

We  in jec ted  a r insing solut ion conta in ing  10 ml  0.7% 
NaC1 and  1.5% sodium ci t ra te  in to  the  abdomina l  cav i ty  
of rats.  Af te r  a 3 min  pause  - dur ing which  the  ra ts  were  
anaes the t i zed  wi th  e ther  - we opened  the  abdomina l  
cav i ty  and collected the  r ins ing fluid, d ropped  i t  on slides 
and let i t  d ry  a t  room tempera tu re .  Cont inuing the  
cu taneous  incision of t he  med ian  l a p a r a t o m y  - made  in 
t he  in te res t  of the  r emova l  of the  r insing fluid - on the  
thorax ,  we de tec ted  and  p repa red  the  axi l lary veins 
runn ing  below the  pec tora l  muscu la tu re  and  the  jugular  
veins  before the i r  en t rance  in to  t he  thorac ic  cavi ty,  
s l ipping surgical  seams under  them.  In  the  exposed 
abdomina l  cav i ty  the  inferior  vena  cava was  de tec ted  
a t  the  po in t  where  i t  leaves the  upper  marg in  of the  liver 
and  a loose loop placed on it. Then  the  d i a p h r a g m  was 
t r ansec ted  in a semi-circle and  the  thorac ic  cav i ty  
exposed.  A t  th is  po in t  t he  prep laced  seams were severed 
and  the  veins l igated.  Af te r  a per iod of abou t  20 sec, a 
few drops  of blood were d r a w n  wi th  a syr inge f rom the  
r igh t  p a r t  of t he  hear t .  Thus  we succeeded in ob ta in ing  
th is  blood conta in ing  cells ensuing pr imar i ly  f rom the  
t h y m u s  and  the  thorac ic  duct .  Smears  were made  and  
these,  as well as the  per i toneal  prepara tes ,  were s ta ined 
af ter  Carnoy f ixa t ion  wi th  i ron-alum-alc ianblue-safranin ,  
according to  Balogh ' s  modi f ica t ion  n of the  acidic muco-  
po lysacchar ide  s ta in ing  of SI'ICER 12. 

Fo r  t h e  purpose  of q u a n t i t a t i v e  counts ,  the  blood was  
d r a w n  up in a me langer -p ipe t t e  used for whi te  blood cell 
counts,  was mixed  in 1 : 100 p ropor t ion  wi th  Tiirk solut ion 
conta in ing  a few drops  o f  s a tu ra t ed  solut ion of to luidine  
blue and  in a few minu te s  the  m a s t  cells, which  appeared  
in purple  colour, were coun ted  in the  h e m a c y t o m e t e r .  
F o r  the  eva lua t ion  of smears  m a s t  cells were counted  in 
1500 visual  fields in 600-fold magnif ica t ion.  

In  ano the r  expe r imen ta l  group each ra t  received 
5 mg/100 g body  weight  cor t isone (Adreson-Organon) for 
6 days.  On the  e ighth  day, examina t ions  were pe r fo rmed  
in the  above  descr ibed manner .  In  alI expe r imen t s  24 male  
Wis t a r  CB ra ts  of 170-200 g weigh t  were used. 

The resul ts  of the  expe r imen t s  (Table I) show t h a t  
t issue m a s t  ceils can be found in the  blood a l though  
only  in a small  number .  The pro longed cort isone t rea t -  
ment ,  however,  increased the  n u m b e r  of m a s t  cells in 
the  blood as it did in the  l ympha t i c  organs and  per i toneal  
fluidS. This increase  is abou t  the  tenfold  of the  original  
value, if we regard the  values ob ta ined  in the  hema-  
c y t o m e t e r ;  however ,  i t  is subs tan t i a l ly  grea ter  - a b o u t  
45-fold - if we examine  the  smears.  This  difference can 
be expla ined by  the  fact  t h a t  in the  h e m a c y t o m e t e r  only 
such m a s t  cells can be recognized which  suprav i ta l ly  
absorb  toluidine-blue,  whereas  the  a lc ian-blue-safranin  
me thod  - which is sui table  also for the  s ta in ing  of the  
juveni le  forms  - gives a be t t e r  resul t  5,n. The m a s t  cells 
found  in the  blood conform morphologica l ly  those  which 
are found also in the  per i tonea l  fluid and  the  develop-  
men t a l  forms are also p re sen t  (Figures 1, 2, 3). For  t h e  
appraisa l  of t he  deve lopmenta l  forms,  t h e  observa t ions  
of Cor~Bs et  al. 1~ and  the  classif icat ion which p roved  to  
be sui table  in our previous s tudies  a t  t he  eva lua t ion  of 
the  results  was t aken  into considerat ion.  

Table I. Quantity of mast cells in the blood 

Smears/ Blood 
1500 visual fields cell/ram 3 

Control 0.6 6.5 
Cortisone treated 27.2 67.4 
Significance p < 0.01 p < 0.01 

Table II. The proportion of mast ceils in the blood and peritoneal 
fluid in percent 

Lymphoid Mixed Mature Destroyed 

Blood of cortisone 8.1 18.4 45.5 28.0 
treated rats 
Peritoneal fluid of 6.2 12.0 11.0 70.8 
cortisone treated rats 
Peritoneal fluid 30.5 36.2 32.6 0.7 
of controls 
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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 

Fig. 1 Fig. 3 

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 .  

/ympiloid Nixed Mature Destroyed 

[ ]  After cortisone - -  Normal level 
treatment in the blood in the 

- ]Af ter  cortisone peritoneal fluid 
treatment in the 
peritoneal fluid 

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). 


