








Fixation of human mucosal mast cells
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Fig. 2e Only occasional mast cells are found in villus
core and around the crypt (arrow), although submucosal
mast cells (arrow) are well stained. MMC count:
68/mm2; 10% bufferedformalin, toluidine blue x 190.

present in samples fixed in any of the formalin-
based fixatives. Mast cell counts were comparable
whether sections were stained with astra-blue or
toluidine blue, except where the tissues were fixed
in formalin-based fixatives where counts tended to be
lower with astra-blue staining, and this difference
was significant (p < 0025) in the 10% buffered
formalin-fixed tissues.

Discussion

This study demonstrates unequivocally that the
preservation of MMC in human intestinal mucosa
is a function of the type of fixative employed. Thus,
significantly more MMC were detected after
fixation in Carnoy's or BLA than in fixatives
containing 10% formalin. These observations may
explain the widely discordant reports of intestinal
MMC counts in human disease (Table).'3-18 Most
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Fig. 2f Ao higher magnification few poorly preserved
MMC (arrow) are demonstrated, whereas the submucosal
mast cells are well preserved and stained x 375.

published studies have been performed in formalin-
fixed preparations, and this study has demonstrated
that fivefold higher mast cell counts can be obtained,
in normal tissues, if Carnoy's is used as the fixative.
Although the composition of human MMC

granules has not been examined in detail they are
likely to have many features in common with the
granules of rat mucosal mast cells. The latter
contain monoamines,1 3 basic protein,' a protease,19
and acid mucopolysaccharides (glycosylamino-
glycans, GAG).3 In the rat, MMC GAG are less
strongly sulphated than connective tissue mast cell
GAG.1320
The staining methods used to demonstrate mast

cells by light microscopy depend on the affinity of
cationic dye for the mast cell granule GAG. Optimal
fixation will result in precipitation of GAGs leaving
polyanionic sites available for binding of dye.
Failure to demonstrate mast cells in fixed tissues may
be due either to dissolution of nonprecipitated
GAG,3 or to blocking of polyanions by cationic
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Fig. 3 Influence of eight fixatives and two stains on the
MMC count in operative biopsies of normal human
jejunum. With astra-blue/safranin stain, mean MMC
count was highest for Carnoy's-fixed specimens. In
tissues fixed with IFAA, Baker's, Bouin's and the three
10% formalin based fixatives, MMC counts were

significantly lower (p < 0 001) than in Carnoy's-fixed
tissues. With toluidine blue stain, mean MMC
count was again highest in Carnoy's fixed
specimens. In tissues fixed with Baker's, Bouin's, and the
three 10% formalin-based fixatives, MMC counts were

significantly lower (p < 0 001) than in Carnoy's-fixed
tissues. With this stain the difference between IFAA-fixed
specimens and Carnoy's was significant at p < 0 05.
With astra-blue and toluidine blue stains, MMC counts
in BLA-fixed preparations were lower than in Carnoy's-
fixed preparations, but the differences were not
significant.

Comparison between the two stains showed that values
for MMC counts were higher in toluidine blue stained
sections, in those specimens which had been fixed in the
formalin-based fixatives. This reached significance
only for 10% buffered formalin (p < 0 025).

proteins.' Experimental data favour the latter
hypothesis since rat mucosal mast cells can be
demonstrated in formalin-fixed intestine by the
critical electrolyte concentration technique.' Carnoys
and lead-based fixatives penetrate tissues rapidly, and
precipitate both GAG and proteins; also the acidity
of Carnoy's may facilitate ionic linkages between
GAG and basic cationic dyes.21

In virtually all of the specimens examined, as is
illustrated in Fig. 2, submucosal mast cells werefound
to be much less sensitive to the effects of fixation
lhan were MMC. Such differences between mucosal

Fig. 4 MMC counts in 11 operative biopsies of normal
human jejunum, fixed in Carnoy's, Bouin's, and
buffered formalin and stained with toluidine blue. All
specimens showed the same pattern, with MMC counts

being consistently lower in Bouin's and buffered formalin-
fixed preparations.

and submucosal mast cells have long been recognised,
one of the first reported observations being by
Maximow22 in 1906 (for review23). However, it is
not known if human MMC, like those of the rat,'
differ from submucosal or connective tissue mast
cells in their response to amine-releasing stimuli.

Metachromatic granules are present in the
cytoplasm of many of the small intestinal intra-
epithelial lymphocytes of a variety of species. Some
authors indeed use the term "granular lymphocyte"
to describe the intraepithelial lymphocyte, and it has
been suggested that these cells are the precursors of
mast cells.7 An important finding in our study has
been the observation that a small proportion of
human mucosal intraepithelial lymphocytes do
contain metachromatic granules as has been
frequently found in rodents.2 6 7 Judging from their
staining properties, the granules of intraepithelial
lymphocytes are likely to contain GAG but, when
compared with MMC, lymphocytes contain smaller
and fewer granules which do not obscure the nucleus.
Whether these distinctive populations of granulated
lymphocytes in human gut represent, as is postulated
for rodents,6 7 a bone marrow-derived T cell-
independent or a T cell-dependent subpopulation
remains to be established.

Research on MMC in patients will probably be
pursued in conditions such as inflammatory bowel
disease, allergic intestinal disease and infectious
diseases. For such work the pathologist is likely to
include counts of eosinophils and of IgE-containing

Carnoy
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Fixation ofhuman mucosal mast cells

Published results of mucosal mast cell counts in human jejunum
Tissue preparation Counting technique

Selbekk BH"3

Kumar P, et al.'4

Walker-Smith J, et al."5

Kingston D, et al.1f6

Rohner HG, et al."'

Dollberg L, et al."8

Strobel S, et al.
(present study)

4% formaldehyde,
pinacyanol erythrosinate

fixative not stated
alcian blue

formalin
aldehyde fuchsin

fixative not stated
alcian blue

formalin
Giemsa

Bouin's fixative
astra-blue

Carnoy's fixative
formalin,
astra-blue

graticule (320x)

high power field
(size not stated)

computerised
tissue unit count

232 gm tissue unit

graticule

microscopic field

graticule (345x)
290 Mm length of side

100; range:
10-220/mm' (operative)

80; range:
10-180/mm2 (biopsy)

1/field normal
8/field untreated
4/field treated

171, 170, 80, 60 mm2
prechallenge

190, 100, 90, 50 mm2
post challenge

3, 10, 17, 3, 4 tissue unit
prechallenge

4, 9, 9, 6, 4 tissue unit
post challenge

< 80/mm'
> 80/mm'
6-8 ± 3-85/field
17-3 ± 5-33/field

268 ± 77; range:
140-490/mm' (Carnoy's)

47 ± 40; range:
23-138/mm2 (formalin)

normal jejunum

coeliac disease

CMPI*

CMPI

normal jejunum
systemic mastocytosis

coeliac disease
normal control

operative specimens
normal jejunum

*CMPI = cows' milk protein intolerance.

plasma cells-for example, by an immunoperoxidase
technique, in the protocol. Carnoy's fixed specimens
are unsuitable for the staining of eosinophils by
carbolchromotrop 2R, and immunoperoxidase
staining techniques are in general optimal in formol
saline or formol sublimate-fixed materials.24 Thus,
if light microscopic evaluation is to be used, there is
at the moment no alternative but to divide a biopsy
specimen for separate processing for mast cells and
for IgE/eosinophil counts.
We recommend that the standard method for

processing of human mucosal biopsies to evaluate
intestinal MMC should be by the use of Carnoy's
or BLA as fixative, and astra-blue/safranin or
toluidine blue as stain.
Not all commercially available batches of astra-

blue dye are suitable for staining of mucosal mast
cells. We have obtained excellent results with Gurr's
astra-blue (which is unfortunately no longer avai-
lable). Similar good results have been obtained with
astra-blue from E Merck, Darmstadt, FR Germany.
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Graham Wallace. We thank the surgeons of the
Western General Hospital for their collaboration
during this study, Mr James Paul for help with the
photography, the Medical Illustration Department
of the Western General Hospital for providing the
graphs and Mrs Doreen Orr who has prepared the
manuscript. Dr Strobel is in receipt of a grant from
the Deutsche Forschungsgemeinschaft DFG 210/1
STR.
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