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X-Ray Microanalysis of Mast Cells in Rat's Muscle 

Mast  cells are charac ter ized  b y  numerous  large meta -  
chromat ic  granules which  appear  electron microscopical ly  
as dense, m e m b r a n e  enclosed, cy top lasmic  bodies. Their  
funct ion  consists  of e laborat ion and/or  s torage of several  
subs tances  which can be released rap id ly  and  which  
elicit powerful  pharmacologica l  effects. 

Al though  hepar in ,  h i s t amine  and several  o ther  com- 
pounds  have  been isolated f rom the  granules,  l i t t le is 
known  a b o u t  the i r  in v ivo compos i t ion  and  metabo l i sm ~ ~. 

Elec t ron  microscopic X - r a y  microanalysis  5 is par t ic -  
ularly well sui ted for the  s tudy  of m a s t  ceils in the i r  
na tura l  h a b i t a t  of connect ive  non-homogeneous  tissue. 
This t echn ique  provides  in format ion  on intracel lular  
chemis t ry  wi th  a high degree of u l t r a s t ruc tu ra l  and ele- 
men ta l  resolut ion 5. 

Tissues f rom tongues  of hea l thy  albino ra ts  weighing 
120 g were used. (In t he  course of ano the r  s t u d y  of tongue  
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muscula ture ,  th is  mater ia l  was found to conta in  m a n y  
mas t  cells). F ixa t ion  was by  a 10-min perfusion and  1 h 
immers ion  in 2.5% g lu ta ra ldehyde  buffered wi th  0.1 M 
cacodylate .  No pos t  f ixat ion was done, and  after  rapid  
alcohol dehyd ra t i on  and  propylene  oxide, the  t issues 
were e m b e d d e d  in Epon  812. The me tach romas i a  of the  
m a s t  cell granules faci l i ta ted selection of sui table areas 
for analysis  f rom 1 ~m th ick  to luidine  blue s ta ined sam- 
ples. 120 n m  th ick  sect ions (gold) were t hen  cut  and col- 
lected on fo rmvar  or collodion and carbon-coa ted  nickel 
grids. They  were examined  uns ta ined,  w i th  the  EMMA-4 
(AEI,  Manchester ,  UK) .  Crystal  d i f f ract ion (LiF for 
zinc and P E T  for calcium) and energy  dispersive de tec tors  
(Si/Li Kevex)  were used. The accelerat ing vol tage was 
40 kV. The beam cur ren t  was a round  200 nA. The 
probe d iamete r  was 200-300 nm. 

In  the  energy  dispersive analysis,  which was the  main  
de tec t ing  me t h o d  employed,  the  e lementa l  spect ra  of 
various spots  were pho tog raphed  af ter  50 see of probing.  
In tegra l  counts  of peak  and peak  minus  background  were 
recorded from m a n y  areas of in teres t  and the  re la t ive  
mass  fract ions of phosphorus ,  sulphur,  calcium and zinc 
could be calculated by  using the  'whi te '  radia t ion  coun t  
(from an X- ray  emission zone devoid of special peaks) as a 
relat ive measure  of specimen mass  (after mak ing  an 
a d j u s t m e n t  for suppor t ing  material) .  

The use of g lu ta ra ldehyde  as the  sole f ixat ive  resul ted  
in specimens of poor  con t ras t  bu t  the  120 nm sect ion 
th ickness  and the low accelerat ing vol tage made  visual 
or ien ta t ion  and probe localization possible. The var ious  
types  of cells, the i r  boundries ,  nuclei cy toplasmic  granules 
and o ther  organelles were easily recognizable.  

The mas t  cells varied in size and in n u m b e r  of the i r  
granules which were ve ry  electron dense. The granules 
differed sl ightly f rom each o ther  in size and opacity,  bu t  
even wi th  higher  magnif ica t ions  none showed any discern-  
ible s t ruc tura l  detai ls  in the  uns ta ined  sections.  

Fig. 1. Elemental spectrum from a mast cell granule. (50 sec analysis). 
There are prominent peaks of sulphur (2.30 keV), chlorine (2.62 keV), 
calcium (3.69 keV) and zinc (8.63 keV). The other peaks are due to 
instrumentation and supporting materials. The abscissa shows the 
energy of the X-ray lines. 
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Fig. 2. Elemental spectrum fronl mast cell cytoplasm. Small sulphur 
and chlorine peaks are present, there are no visible ealcimn and zinc 
peaks. 
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Fig. 3. Elemental spectrum from mast cell nucleus. Phosphorus 
(2.01 keV) is the main peak. Sulphur, chlorine, calcium and a little 
zinc are also detected. 
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Relative concentrations (R • 10 a 4- SEM) of various elements in mast ceils 

EXPERIENTIA 31/11 

Zn Ca S P 

Mastcellgranules 456 4- 26 1117 4- 69 1200 ~ 81 0 
(8) (8) (8) 

Mast cellcytoplasm 57 • 40 275 4-167 384 -+-60 43 =k 32 
(3) (3) (3) (3) 

Mast cell nucleus 632 4- 190 1811 4- 414 170 4- 50 1558 4- 200 
(4) (4) (4) (4) 

Myofibre sareoplasm 0 120 234 0 

Erythrocyte 82 45 389 0 

Epon only 0 0 320 0 

In brackets are nunlber of spots analyzed. The readings of nearby areas areas are given for comparison. 

The  e l emen ta l  spec t ra  f rom var ious  in t r ace l lu la r  spots  
are shown  in F igures  1-3. The  X - r a y s  de t ec t ed  in in ter -  
s t i t i a l  a reas  devoid  of s t ruc tu re s  were m a i n l y  f rom 
i n s t r u m e n t a t i o n  and  s u p p o r t i n g  mater ia l s .  These  ex t ra -  
neous  r a d i a t i o n s  inc lude  t h e  l ines of silicon (1.74 keV), 
t i t a n i u m  (4.51 keV) and  nickel  (7.47 keV). W'hen t he  
p robe  was p laced  on a g ranu le  of a m a s t  cell, t h e  e l emen ta l  
s p e c t r u m  b e c a m e  v e r y  d i s t inc t ive  (Figure 1). H i g h  peaks  
of su lphur  (2.30 keV) chlor ine  (2.62 keV) ca lc ium (3.69 
keV) a n d  zinc (8.63 keV) appeared .  The  spec t ra  were 
s imi la r  in t he  n u m e r o u s  granules  of severa l  m a s t  ceils 
examined .  The  a b u n d a n c e  and  exac t  loca l iza t ion  of 
e l emen t s  in the  granules  was f u r t h e r  conf i rmed  b y  analyses  
of m a s t  cell cy top lasm,  nuclei  (Figures 2 and  3) and  n e a r b y  
s t r u c t u r e s  (Table).  I n  t he  cy top lasm,  t h e r e  were  smal l  
s u l p h u r  a n d  chlor ine  peaks,  while  in t he  nuclei  p h o s p h o r u s  
(2.01 keV) p r e d o m i n a t e d .  

The  Tab le  shows t he  re la t ive  c o n c e n t r a t i o n s  of va r ious  
e l emen t s  p r e sen t  in d i f fe ren t  areas  of a m a s t  cell and  
n e a r b y  s t ruc tures .  The  h i g h  su lphur ,  ca lc ium a n d  zinc 
c o n c e n t r a t i o n s  in  the  granules  are v e y  s t r ik ing  , the  sul- 
p h u r  especial ly  is n o t e w o r t h y  and  cons t an t .  The  ca lc ium 
a n d  zinc p r o v e d  more  var iab le ,  b u t  usua l ly  occured in 
c o n c e n t r a t i o n s  r e sembl ing  t h e  h igh  nuc lea r  c o n t e n t  of 
these  subs tances .  

The  e x a m i n a t i o n  of m a s t  ceils b y  c o m b i n e d  t r ans -  
miss ion  and  X - r a y  emiss ion e lec t ron  mic roscopy  p roved  
more  i n fo rma t ive  t h a n  t h e  p rev ious ly  r epo r t ed  X - r a y  
ana lys i s  in t he  surface scann ing  e lec t ron  microscope s . 
E l e m e n t s  localized precise ly  to  granules  Could be de t ec t ed  
a n d  the i r  c o n c e n t r a t i o n s  could be c o m p a r e d  w i t h  those  
inside and  outs ide  m a s t  ceils. The  good emiss ion peaks  
a f t e r  r e l a t ive ly  sho r t  p r o b i n g  t imes  (50 sec) were p r o b a b l y  
due  to  t he  h igh  b e a m  c u r r e n t  used, b u t  also to  the  min ima l  
process ing  of t he  m a t e r i a l .  

O m i t t i n g  buffer  r inses a n d  seconda ry  osmif ica t ion  
r ende red  v i sua l i za t ion  less sa t i s fac to ry  b u t  obv ious ly  
p r e v e n t e d  m u c h  of t i le 'wash -ou t '  of e lements .  Never -  
theless,  i t  r ema ins  u n c e r t a i n  w h e t h e r  t he  e l emen ta l  
concen t r a t i ons  recorded  here  r ep re sen t  in  v ivo  values,  
since, as p rev ious ly  repor ted ,  eveI1 b r i e f  f ixa t ion  w i t h  
g l u t a r a l d e h y d e  affects  cell compos i t i on  7, 8. 

The  su lphu r  emiss ion  f rom t he  granules  is u n d o u b t e d l y  
due  to  t he  s u l p h a t e d  po lysacchar ides  of h e p a r i n  t-3. The  
h i g h  level  of su lphur  ha s  also been  n o t e d  w i t h  s cann ing  
X - r a y  ana lys i s  an d  i t  h a s  even  been  sugges ted  as a 
' m a r k e r '  of m a s t  cells in a mixed  cell popu la t ion .  Zinc is 
k n o w n  to  occur  in  m a s t  cell granules ,  a n d  i t  h a s  been  
p rev ious ly  de t ec t ed  the re  b y  X - r a y  analysis% I t  a p p e a r s  
to  be  i nvo lved  in b i nd i ng  h i s t a m i n e  to  hepa r in  10. 

The  h igh  ca lc ium c o n t e n t  of m a s t  cell g ranules  has  been  
over looked b y  p rev ious  researchers  because  t h e y  used 
ca lc ium-r ich  glass as the  spec imen s u p p o r t  s . Calc ium has  
been  de t ec t ed  b y  microana lys i s  in severa l  k inds  of gra-  
nules  and  e lec t ron  opaque  areas  of d i f fe ren t  cells 8, n ;  i t  is 
of ten associa ted  w i th  phosphorus .  No p h o s p h o r u s  appea red  
here  which  m a y  ind ica te  t h a t  the  mode  of ca lc ium ac t i v i t y  
is d i f fe rent  in  m a s t  cell g ranules  t h a n  elsewhere.  I t s  
i n v o l v e m e n t  in h i s t a m i n e  release is k n o w n  b u t  incom- 
p le t e ly  u n d e r s t o o d  a, 4. 

F u r t h e r  E M M A  e x a m i n a t i o n s  would be  especial ly 
useful  in s tud ies  deal ing  w i t h  d y n a m i c  physiological  and  
pa tho log ica l  processes of g ranu le  release in m a s t  cells. 

Summary. Mas t  cells f rom r a t ' s  t o n g u e  muscles,  fixed 
w i t h  g lu t a r a ldehyde  only, were e x a m i n e d  w i t h  an  elec- 
t r o n  microscopic  mic roana lyze r  - t he  EMMA-4.  -With t he  
p r e p a r a t o r y  m e t h o d  used, h igh  emiss ions  of a n u m b e r  of 
e l emen t s  were o b t a i n e d  ill va r ious  in t r ace l lu l a r  spots. 
The  granules  of m a s t  cells were found  to  con t a in  s t r ic t ly  
localized h i g h  c o n c e n t r a t i o n s  of su lphur ,  ca lc ium and  
zinc. 
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