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Morphological Effects of the Secretion of His-  
tamine and Mucopolysaccharides  by Mast Cells 

c y t o p l a s m  of m a s t  cells, where  t he  g ranu les  have  
c o m p l e t e l y  lost  the i r  ab i l i ty  of m e t a c h r o m a t i c  s ta in ing ,  
m a k e  the  impress ion  of vacuoles,  t t e r e a f t e r  we shall  refer  

R e c e n t  s tud ies  have  p roved  t h a t  g ranu la  of mas t  cells 
contain h i s t a m i n e  as well as hepar in .  RILEY 1 s ta tes  t h a t  
the q u a n t i t y  of t i s s u e - h i s t a m i n e  co r r e sponds  to the  
number  of m a s t  cells in t h e  t i ssue  or o rgan  concerned .  
The a p p l i c a t i o n  of s u b s t a n c e s  l ibera t ing  h i s t amine  
results  in an  e x t e n s i v e  d e g r a n u l a t i o n  of n las t  ceils% For  
this reason,  deg ranu l a t i on  of m a s t  cells is genera l ly  
considered as a cy to logica l  p h e n o m e n o n  connec t ed  wi th  
the l ibera t ion  of h i s t a m i n e  3. 

P r e l i m i n a r y  e x p e r i m e n t s ,  in which  we s tud ied  the  
effect of non-spec i f ic  s t ress  on the  cy to logy  of m a s t  cells, 
made us real ize t h a t  d e g r a n u l a t i o n  is a s e c o n d a r y  process  
which does  no t  c o m m e n c e  before  t he  h i s t a m i n e  phase  
has been  comple t ed .  This  fac t  led us to a revis ion of t he  
present  v iews on cy to log ica l  changes  coex i s t ing  wi th  t he  
secret ion of h i s t amine .  The resul ts  of this  revis ion,  wh ich  
include ce r t a i n  fac ts  conce rn ing  ASBOE-HANSEN'S 4 
views a b o u t  the  r e l a t ionsh ip  of m a s t  ceils to  muco-  
po lysacchar ides  of t he  g round  subs t ance ,  are  p r e s e n t e d  
in th is  r epor t .  

The l ibe ra t ion  of h i s t a m i n e  f rom the  m a s t  cells of the  
mesen te ry  of ra t s  was  ach ieved  by  i n t r a p e r i t o n e a l  in- 
jection of s teri le  redis t i l led w a t e r  a t  b o d y  t e m p e r a t u r e ,  
at the  ra te  of 10 ml/100 g of weight .  Accord ing  to FAW- 
CETT 5 a n d  KELLER and  BURKARD% such in t e r fe rence  
produces t he  sec re t ion  of a g rea t  q u a n t i t y  of h i s t a m i n e  
into t he  pe r i tonea l  fluid resu l t ing  f rom t h e  d i s in t eg ra -  
tion of m a s t  cells. In  t h e  con t ro l  e x p e r i m e n t ,  T y r o d e ' s  so- 
lution was  s imi la r ly  appl ied .  Spec imens  of mesen t e r i e s  
were p r e p a r e d  in t he  fol lowing manne r .  The mesen te r i e s  
were carefu l ly  s t r e t c h e d  on glass slides, f ixed in m e t h a n o l  
for 30 min  and  s t a ined  in  0.01% alcoholic solut ion of 
toluidine blueL If  necessary ,  a w a t e r  so lu t ion  of to lu id ine  
blue of t h e  s ame  degree  of c o n c e n t r a t i o n  was  also used, 
in a 0-1 M c i t r a t e  bu f f e r  of p H  4-15, w h e r e u p o n  the  
me taeh roma t i c  changes  were  f ixed in a m m o n i u m  mo lyb -  
date s . 

Wi th in  5 rain a f t e r  t h e  i n t r a p e r i t o n e a l  in jec t ion  of 
redisti l led wa te r ,  s y m p t o m s  of a severe  shock  became  
noticeable:  loss of r eac t i venes s  to  ou t s ide  s t imuli ,  ac- 
celerated surface  b r ea th ing ,  m o t o r  s lowing down.  In-  
jection of T y r o d e ' s  soIut ion  did no t  r e su l t  in shock.  

Mast  cells of t h e  m e s e n t e r y  d id  no t  r eac t  on  the  in- 
jection of dis t i l led w a t e r  by  osmot ic  d i s in t eg ra t ion ,  b u t  
by a change  in s t a in ing  the  granules .  I m m e d i a t e l y  a f t e r  
the in jec t ion ,  t he  granules  lose the i r  p r o n o u n c e d  da rk-  
violet m e t a c h r o m a t i c a l  s ta in ,  swell, and  become  less 
refractive.  Many  of t h e m  d isp lay  a g radua l  decolor iza t ion  
which is pa r t i cu l a r l y  no t i ceab le  in spec imens  s t a ined  in 
an a q u e o u s  so lu t ion  of to lu id ine  blue  (Fig. 1). I n  t he  
course of t he  deeotor iza t ion ,  the  m e t a c h r o m a s i a  of 
these g ranu les  loses i ts  a lcohol - res is tance .  Spo t s  in the  
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Mast cells wf the rat mesenterie, after intraperitotleal injeeti~m -f 
r~'di~tilled water. 'l'ohlidim, bhle ~taining. \ I;tOIL 

1;is. 1. hlum,(liately after iujeetiwn. Group deeolorization ~f gra- 
Illlle~; iu the courae of tile forlltati~ll of holteycIlltlb striic[Ilre (water 

~oluti,n of tohlidine blue}. 
Fig. o ._o rain after injeeti(m. The honeyc~mlb ,tructun. of the maat 
cell. In cytoplasm there are partly gaps (pseudovaeuoh, s), partly 

original granulati(m, no longer displaying signs of .~wrlling. 
Fig. ;1. 5 rain after injection. The hnneyeomb structures disappear, 

cell diminish ill size. 
t:ig..1.--15 rain after injertion. Nellie gramlles staiu full rrd, tile rest 
dark-violet. Spots where the rt'd staiuing gramlle~ are deposited 

appear lighter in the mieroplmtograph. 
Fig. 5. 90 rain after injection. In eytoplasnl partly a densely ac- 
cumulated original dark-violet granulatiou may be seen (in the lower 
portion of the cell), and partly a lighter, full red gramflation (2'). 

The red granula t ion  is being expelled front tile cell. 
Fig. 6.--4 h after injection. Gr.up of maerophages (/~) in whose cyto- 
plasm there is a phagocytized gramdation eft dark-vi~)let stain. The 
surrounding area is flooded with swollen expelled gr,muh.s which 

stain faiutly and are not phagoeytized. 
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to  t h e m  as to pseudovacu/) les .  The r e m a i n i n g  g r a m d e s  
re t a in  the i r  or iginal  a f f in i ty  to  to lu id ine  blue, b u t  t h e y  
are  smaller ,  The i r  swel l ing soon aba t e s .  F r e q u e n t l y  t l ley 
jo in  a n d  fo rm pedic les  and  t h u s  b o r d e r  t he  pseudo-  
vacuoles.  Af te r  t hese  t r a n s f o r m a t i o n s  m a s t  cells acqui re  
a s o m e w h a t  honeyc i )mb  s t r u c t u r e  (Fig. 2). 

C y t o p l a s m  condenses  a b o u t  5 rain a f t e r  the  in jec t ion  
so t h a t  the  pseudowmuoles ,  i.e. gaps  o r ig ina t ing  f rom 
group  decolor iza t ion  of granules ,  d i sappea r .  The whole  



396 Br~ves communications - Brevi comunieazioni [EXPER1ENTIA VOL, XlII]10] 

body of the cell is again evenly filled with fine granula- 
tion (Fig. 3). The size of these res t i tu ted ceils is on the 
whole smaller than before commencement  of the experi- 
ment. 

In the succeeding intervals, we could see another, 
quite different cytological process. I t  consists in an 
intracellular change of stuinabil i ty of the granules, the 
lat ter  being finally separated from the cytoplasm of the 
mast cells. The changes of the stainabil i ty are in this 
case different from the above-ment ioned decolorization. 
The deep dark-violet  metachromat ic  tone turns full red. 
This means tha t  granules do not  lose their  metachromat ic  
character, but  there is only a certain change in their  
staining properties and/or basophilia, resulting in the 
reduction of the affinity to toluidine blue. The full red 
granules at  first appear singly here and there (15 rain) 
(Fig. 4), but  gradually outnumber  the original granula- 
tion. At  certain stages (30-90 min) mast  cells contain 
two kinds of granules (Fig. 5). In  the end, all the  dark- 
violet  granules turn  full red. In  the course of these 
intracellular changes, the full red granules are being 
gradually expelled into intercellular spaces. Disintegra- 
tion of mast  cells does not  take place before all the 
granules have succumbed to the above-mentioned 
changes of stainabil i ty (1-2 h); prior to this the gra- 
nules are just  being expelled wi thout  disintegration of 
the cells. The extracellular  granules thereupon lose 
their  s ta inabi l i ty  and regular form; they  swell, turn  
amorphous, and disappear. The ground substance in 
places abounding part icularly in free granules stains 
metachromatical ly.  During the degranulation, however,  
some of the granules with unchanged stainabil i ty are 
also expelled. These granules are phagocytized and 
accumulate as coarse aggregates in the cytoplasm of 
macrophages. On the other hand, the red granules are 
not  phagocytized (Fig. 6). 

The control rats tha t  received Tyrode 's  solution were 
not  shocked. Even  in these cases, we could notice in 
short intervals after the injection (10 rain) single honey- 
comb mast  cells. The degree of changes in single cells 
and the number  of ceils reacting in this manner  are in- 
comparably smaller than  after the injection of the redis- 
tilled water.  El iminat ion of the granules from the cyto- 
plasm does not  take place. 

Coagulativeness of blood remained on the whole 
normal in the course of the experiment.  

Discussion. From the report  we may conclude tha t  
an injection of redistilled water  causes in the mast cells 
two independent  successive processes: first a group 
decolorization of granules resulting in the formation of 
honeycomb structures, and secondly an intracellular 
change of the stuinabili ty of granules and their  expulsion 
from the bodies of the cells. Immedia te ly  after the in- 
jection, i.e. at  the stage of shock, the honeycomb 
structures are formed. A curve denoting the histamine 
content  in peritoneal fluid, as shown by KXLLER and 
]3URKARD 6, reaches its max imum at this time. I t  i s  
therefore the honeycomb structure of mast  cells tha t  is 
related to the liberation of histamine, and not  degranula- 
tion, as authors have hi therto assumed 9. The degranula- 
tion take place after the disappearing of the honeycomb 
structure.  At this time, the signs of the shock, i.e. 
histamine phase, cease. According to "~VERLE and 

AMANN l°, histamine is bound up with the heparin 
component  of granula. Considering the fact that  the 
formation of a honeycomb structure is the result of 
decolorization of granula, we may  assume that  the 
liberation of histamine depends on the intracellular de. 
polymerization of the heparin component  of the granules. 

The honeycomb structure of the histamine phase was 
followed by the degranulation of mast  cells. Prior to 
degranulation, the mast  cells were rest i tuted ad normam. 
Degranulat ion cannot  be looked upon as a mere osmotic 
disintegration; i t  appears to be an active expulsion of the 
granules. According to \VEGELIUS and ASBoE-HANsEN 11, 
the stimulus of such expulsion is most likely the in- 
creasing quant i ty  of water  in the ground substance of 
the connective tissue. The intracellular change of staina- 
bi l i ty of granules may be due to the loss of the sulphate 
groups of heparin, with regard to the reduced affinity 
of granules to toluidine blue and to the preserved 
metachromat ic  qualities at  the same time. The assumed 
difference in the biochemical const i tut ion of the meta- 
chromatic  component  of the original granules and the 
altered ones is proved not only by the staining properties 
but  also by their  affinity to the macrophages : the original 
heparin containing granules are phagocytized, while the 
altered full red ones are not. Normal  coagulativeness 0I 
blood persists throughout  the whole experiment, in 
spite of u complete degranulat ion of mast  cells, as was 
pointed out also by othersX~; this is another  proof that 
the granules of the mast  cells in this case do not expel 
heparin but  mucopolysaccharide of the hyaluronate 
type, which is derived from the former. On the basis of 
the above-mentioned facts, we may conclude that the 
degranulat ion of mast  cells after intraperitoneal in- 
jection of redistilled water  is essentially an expression 
of the secretion of mucopolysaccharide of the hyaluron- 
ate type into the ground substance of connective tissue 
mediated by the expelled granules. This mucopolysac- 
charide originates through an intracellular process from 
the heparin component  of the granules. 

M. HILL 

tlistologic-Embryological Institute o[ the .Faculty o/ 
Medicine, University o/ Brno (Czechoslovakia), May 21, 
1957. 

Zusammen/assung 

Das morphologische Bild der Sekretion des Histamins 
und der Mukopolysaccharide vom Hyaluronattypus 
wird in den Mastzellen festgestellt. Die Histaminsekre- 
tion ~mssert sich im Verlust der metachromatischen 
Eigenschaften muncher Mastzellgranula und in der da- 
durch a u f t r e t e n d e n  Wabens t ruktur  der Mastzellen 
selbst, wS.hrend die Sekretion der Mukopolysaccharide 
durch die intrazellul~tre .~nderung der F~rbbarkeit  der 
Granuta and ihre darauffolgende Ausschii t tung aus dem 
Zytoplasma der Mastzellen charakterisiert  ist. 
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