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INTRODUCTION

With increasing evidence of inter- and intra-species mast cell heterogeneity
(Enerback 1966 a, b, c; Steer, 1976; Strobel, Miller & Ferguson, 1981) human mast
cell function can no longer be inferred from studies using purified rat peritoneal mast
cells. Cyclical changes and patient variability have been observed by light microscopy
for mast cell numbers in the functional endometrium, basal endometrium and the
endometrial/myometrial border throughout the menstrual cycle (Drudy, Sheppard &
Bonnar, 1990 a). Mast cells were identified in all areas of the anterior wall of the corpus
uteri, having been stained by the uranyl nitrate metachromatic method following
fixation in 10% formalin. Although mast cells were not observed in every patient in
the functional endometrium they were present in the basal endometrium in all cases.
However, ultrastructural studies throughout the menstrual cycle have not previously
been undertaken. Mast cells are readily identified by light microscopy, although
electron microscopy is necessary to identify the pregranular and degranulating mast
cell. Fewer mast cells are present in the postmenopausal uterus (Drudy, Sheppard &
Bonnar, 1990b). The present study was undertaken to examine the mast cells in all
layers of the uterine wall throughout the normal menstrual cycle and in the
postmenopausal uterus.

MATERIALS AND METHODS

Biopsies were obtained from uteri at hysterectomy following the clinical diagnosis
of utero-vaginal prolapse and/or stress incontinence. Group 1, Table 1, contains
details of patients from whom biopsies were taken covering the full range of the
menstrual cycle and Group 2, Table 2, gives details of patients in their postmenopausal
years.

Immediately following hysterectomy, biopsies were taken from the anterior wall of
the upper uterine body incorporating both endometrium and myometrium. One part
of each biopsy was fixed in unbuffered 10% formalin for routine processing for light
microscopy for histological dating of the menstrual cycle according to the method of
Noyes, Hertig & Rock (1950) modified by Fox (1973). The second part was
immediately immersed in cold 0-067M sodium cacodylate-buffered 2-5% glutar-
aldehyde, pH 7-4, for 1N hours. Tissue was dissected into 1 mm cubes of known
orientation. In Group 1, samples were taken of functional endometrium, basal
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Table 1. Summary ofpatients with normal menstrual cycles having hysterectomy for
utero-vaginal prolapse and/or stress incontinence. (Group 1, n = 28)

Mean + S.D. Mean + S.D. Mean
Number Mean Age Duration of Duration of number of

Stage of menstrual of age range vaginal bleeding menstrual cycle pregnancies
cycle patients (years) (years) (range) (days) (range) (days) (range)

Menstrual 5 46 41-50 516+ 104 (4-6) 2883+076 (28-295) 5-5 (4-7)
Early proliferative 2 39 344 5.5 28 3-0 (0-6)
Mid-proliferative 4 38 28-49 675+ 176 (55-8) 2725+318 (25-29-5) 6-0 (4-9)
Late proliferative 4 44 41-49 6-66+ 1 52 (5-8) 24 50 + 3 27 (21-27-5) 6-0 (1-9)
Early secretory 4 38 31-44 3 33+ 1 25 (2-45) 30-66+3 78 (28-35) 3*5 (2-8)
Mid-secretory 5 36 27-43 483 +202 (25-6) 25-50+522 (22-315) 46 (3-7)
Late secretory 4 40 36-45 5 75+ 1 84 (3 5-75) 2862+094 (28-30) 3*5 (1-5)

Table 2. Summary ofpatients having hysterectomy for utero-vaginal prolapse and/or
stress incontinence in their postmenopausal years. (Group 2, n = 9)

Mean
Number Mean Age, number of

Years of age range pregnancies
postmenopausal patients (years) (years) (range)

1-5 years 3 54 53-66 36 (3-4)
6-10 years 3 61 56-64 63 (5-9)
11-20 years 3 63 62-66 63(2-13)

endometrium, endometrial/myometrial junction and the myometrium and from
patients in Group 2 samples were taken of endometrium, endometrial/myometrial
junction and the myometrium. The myometrial sample was always taken from the
area adjacent to the endometrium. The tissue samples were postfixed in 0067 M
sodium cacodylate-buffered 1-33 % osmium tetroxide, pH 7-4, for one hour at 4 °C,
stained in 0-25% uranyl acetate in 75 % ethanol and dehydrated through graded
ethanols prior to embedding in epoxy resin. One micrometre sections were stained
with a 1: 1 solution of 1% methylene blue and 1% azure II and examined for the
presence of mast cells. Ultrathin sections, cut with an LKB Ultratome III, were
stained with lead citrate (Reynolds, 1963) and examined with an Hitachi HU 12A and
a JEOL 100 CX electron microscope.

RESULTS

Mast cells were rarely seen in the functional endometrium but they were plentiful
in the endometrial/myometrial junctional region and in the myometrium. In the loose
connective tissue of the functional endometrium mast cells they were round or ovoid,
whereas in the fibrous connective tissue of the basal endometrium and myometrium
they were elongated; their shape often appeared to be dependent on the density of the
surrounding tissue. The presence of surface processes was not obvious when the mast
cell was surrounded by compact tissue.
A variety of granule structures was identified which was similar to those reported

in mast cells from other human tissues, such as skin (Hibbs, Burch & Philips, 1960;
Hibbs, Philips & Burch, 1960; Kobayashi, Midtgard & Asboe-Hansen, 1968),
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Fig. 1. Menstrual phase of the cycle, Day 2. Mast cell with particulate granules (G) in the remnants
of degenerating endometrium. Mitochondrion, MT; parallel lamellar structures, small arrow; mast
cell membrane, large arrows. x 28000.

bronchial mucosa (Brinkman, 1968), gastrointestinal tract (Steer, 1976; Fox et al.
1985), lung (Dvorak et al. 1983), rectum (Heatley et al. 1979) and nose (Freidman,
Metcalfe & Kaliner, 1986).
A gradation in granule substructure from the functional endometrium towards the

myometrium was observed in the majority of uteri from patients in Group 1. Although
no definite lines of demarcation could be drawn as to where mast cells with one type
of granule were located, mast cells with few faint particulate granules were only seen
near the endometrial surface (Fig. 1). Mast cells which contained more electron-dense
particulate granules were seen in the deepest layers of the endometrium. In the
myometrium mast cells were observed that were packed with electron-dense granules
(Fig. 2). Granules with a substructure of scrolls were mostly seen in mast cells in the
basal endometrium and in the endometrial/myometrial junction (Fig. 3).

53



LOUISE DRUDY, B. L. SHEPPARD AND J. BONNAR

< - z ; < ' t * < * b ~~~~ v i 5 g r g

Fig. 2. Menstrual phase of the cycle, Day 3. Mast cell with very electron-dense granules (arrow) in
the myometrium. Nucleus, N; mitochondrion, MT; collagen, C. x 14000.

Mast cells throughout the normal menstrual cycle
Considerable variability in mast cell ultrastructure, particularly in the endometrium,

was observed in biopsies, not only at the various stages of the menstrual cycle, but also
from patient to patient at any particular stage. More uterine mast cells were observed
in the menstrual and late secretory stages of the menstrual cycle and the pattern of
mast cell ultrastructure did not appear to be associated with a particular tissue
component in the uterine wall at any stage of the menstrual cycle.
On Day 2 of the menstrual cycle, mast cells contained granules with appearances

varying from a few particles to joined particles held together in a rope-like structure.
In the remnants of degenerating endometrium mast cells exhibited condensation of
granule contents (Fig. 4). During the final days of menstruation extensive invagination
(Fig. 5) of the mast cell membrane and mast cells containing many vacuoles were



Ultrastructure of mast cells in uterus

\:i~w d a @ '_ !,'

)'; ,; t i,_F P;,X,:

55

Fig. 3. Late secretory phase of the menstrual cycle. High magnification of mast cell granules
containing scrolls in the endometrial/myometrial junction. Dense particles (arrows) are scattered
along the central axis. Whorl, W; lamellar structures, L. x 144000.

observed (Fig. 6). A characteristic feature of mast cells in the early proliferative stage
of the cycle was the presence of many smooth-surfaced cisternae or vesicles in the
cytoplasm which appeared to be associated with the Golgi complex. Mast cells near
the regenerated endometrial surface contained particulate granules; vacuoles were not
in evidence. More mast cells with particulate granules and vacuolation were seen in the
mid-proliferative stage of the cycle. In the endometrial/myometrial junction oval mast
cells containing particulate granules and an invaginated cell membrane were observed
(Fig. 7).

In the late proliferative stage of the menstrual cycle, slight invagination of the mast
cell membrane and vacuolation were observed in mast cells containing particulate
granules; slight invagination of the mast cell membrane was also observed in the
endometrial/myometrial border. However, very electron-dense granules were also
observed in the cytoplasm of these mast cells, with few vacuoles.
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Fig. 4. Menstrual phase of the menstrual cycle, Day 5. Mast cell in the remnants of degenerating
endometrium showing granules containing compact granular material (arrows) located on the
periphery of the cell. Mitochondria, MT; microvilli, MV. x 24000.

Oedema was observed in the endometrium in the early secretory phase of the
menstrual cycle. Mast cells in the endometrium contained granules with a very dense
particulate structure. However, constriction of the particulate structures was a very
common finding. In the myometrium, invagination of the mast cell membrane was
rarely seen but mast cells contained many membrane-bound granules with fragments
of scrolls. In the mid-secretory phase mast cells in the endometrium contained
particulate granules with a varied substructure; mast cell granules with constriction of
particulate contents or partially full of particles or full of dense particulate material
were observed. In the endometrial/myometrial junction and in the myometrium,
granules containing fragments of scrolls were seen.

In the late secretory phase of the menstrual cycle the gradation in density of mast

56



Ultrastructure of mast cells in uterus

-i 'R8>s:;. :-CMw.i..;t'S...... ..:......................................,:.rzf"94A,7...................., .% eip ? msIP I'-RvSM h4 f.:11 "- R-Fq 1. s-I

Fig. 5. Menstrual phase of the menstrual cycle, Day 5. Mast cell in the remnants of degenerating
endometrium showing fragments of lamellae and scrolls (arrows) and invagination of the cell
membrane. x 63000.

cells with particulate granules in the endometrium was most striking, with mast cells
containing the most electron-dense particulate granules being observed in the basal
regions of the endometrium. Invagination of the mast cell membrane and constriction
of granular contents were observed in these mast cells. In mast cells in the
endometrial/myometrial junction and the myometrium, vacuoles with fragments of
whorls and lamellae were seen less frequently than swollen granules with condensed
contents (Fig. 9). A large number of mast cells with full-sized granules were also seen
(see Fig. 2). Swollen granules were also seen, without condensation of contents.
Invagination of the mast cell membrane was frequently seen in all types of mast cells.

Ultrastructure of mast cells in the postmenopausal uterus

By light microscopy cystic glandular enlargements were seen in most post-
menopausal uteri. Both intra- and extracellular inclusions of lipid were particularly
abundant in the uterine wall of the older postmenopausal women. Mast cells were
rarely seen in the endometrium. Large numbers of mast cells were seen in the
myometrial side of the endometrial/myometrial junction and in the deeper layers of
the myometrium. No distinct pattern of mast cell location was found. Mast cells with
particulate granules were not seen. Mast cells nearest to the endometrial surface were,
in general, rounded with few granules; the nucleus was large in relation to the rest of
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Fig. 6. Late menstrual phase of the menstrual cycle, Day 12. Mast cell in the endometnal/myometnial
junction containing particulate granules and many membrane-bound vacuoles (V). Nucleus, N, lipid,

L; microfilaments, MF; mast cell membrane, arrows. x 21000.

the cell. In the deeper layers of the myometrium mast cells were seen that were

elongated and had more numerous granules (see Fig. 2). Opaque areas, lipid-like in
appearance were seen in some granules. Invagination of the mast cell membrane, as

seen in specimens from Group 1, was not observed in the postmenopausal uterus.
Vacuoles were not frequently seen in mast cells; however, membrane-bound fragments
of scrolls were seen. In the older postmenopausal women (11-20 years post-
menopausal) all mast cells showed similar granules to those seen in Figure 2.

DISCUSSION

The presence of mast cells containing particulate granules has been associated with
mast cell degranulation both in the human rectum (Heatley et al. 1979) and in the
human nose and lung (Freidman et al. 1986). It has been suggested that the variety of
subgranular structures identified in human mast cells may be due to the handling of
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Fig. 7. Mid-proliferative phase of the menstrual cycle. Oval mast cell in the endometrial/myometrial
junction containing particulate granules (G) and an invaginated cell membrane (arrows). Nucleus, N;
lipid, L. x 16000.

tissue or to different fixation times (Freidman et al. 1986). All the tissue biopsies in the
present study underwent the same preparative procedures for examination by
transmission electron microscopy.
The observations of Brinkman (1968), in his study of mast cells in the human

bronchial mucosa and submucosa, and those of Steer (1976) in his study of mast cells
of the human gastric mucosa were similar to the results presented here for mast cells
in the human endometrium. Mast cells with particulate granules were absent in the
postmenopausal uterus which suggests a function associated with that of the
functional uterine mucous membrane.
The present study indicates that a certain amount of secretion of the contents of

mast cell granules occurs throughout the menstrual cycle in the functional and the
basal endometrium and to a lesser extent in the endometrial/myometrial border and
the myometrium when the appearances are compared with model in vitro studies on
human lung mast cells where mast cell degranulation or development were observed
(Caulfield, Lewis, Heun & Austen, 1980; Dvorak et al. 1985). Total degranulation of
uterine mast cells was rarely seen.
As well as having pathophysiological functions mast cells also have physiological

roles in normal body processes (Riley, 1963; Norrby, Enerback & Franzen, 1976;
Padawer, 1979; Azizkhan, Azizkhan, Zetter & Folkman, 1980). In the late secretory
phase, although considerable functional activity is present, a large number of mast
cells is also seen in the endometrial/myometrial junction and in the myometrium;
these did not show signs of degranulation by electron microscopy.
A characteristic feature of mast cells at the early proliferative stage was the presence
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Fig. 8. Early secretory phase of the menstrual cycle. Mast cell in the functional endometrium.
Constriction of contents of particulate granules are seen (arrows). Lipid, L. x 35000.

of many smooth-surfaced cisternae or vesicles in the cytoplasm which appeared to be
associated with the Golgi apparatus. Holm Nielson, Bytzer, Clausen & Chakravarty
(1981), in a study of rat mast cell recovery, observed that the dominant feature of the
Golgi apparatus was the presence of small vesicles which they suggested could be used
in new membrane formation. Invaginations of the mast cell membrane, which was
observed to a lesser extent than the smooth-surfaced cisternae or vesicles in the
endometrial/myometrial junction and in the myometrium, could also suggest that
recovery of mast cells was taking place due to the presence of internal villous
projections.
The constriction of mast cell particulate contents observed in the early secretory

phase of the menstrual cycle could be compared to the condensation of granule
contents described by Dvorak et al. (1986) for mast cell granules containing scrolls
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Fig. 9. Late secretory phase of the menstrual cycle. Mast cell in the basal endometrium showing
granules with condensed contents (arrows). x 18000.

which are undergoing recovery from degranulation. Brandon & Evans (1983)
observed a decrease in mast cell numbers in the Syrian hamster before ovulation in the
endometrium and myometrium, followed by an increase after ovulation. They
reported that the increased numbers were not due to de novo synthesis of mast cells.

Total degranulation of mast cells was not observed during menstruation. In the late
menstrual phase, degranulation by vacuolation and extensive invagination was
observed in the endometrial/myometrial junction and in the myometrium. With
sufficient tissue disruption, mast cell granules may reach the intravascular com-
partment. However their persistence within this compartment may be limited by their
uptake and degradation by the endothehal cells that line large vessels (Atkins,
Freidman & Metcalfe, 1985). The presence of endogenous heparin anticoagulating
activity in the blood is rarely detected (Engelberg, 1977; Campbell, Hector & Gossain,
1979). Lindahl, Pertoft & Seljelid (1979) showed in the mouse that mast cell granules
were phagocytosed by macrophages.

Available evidence suggests that mast cells of different animals and mast cells of
different tissues of the same animal may be morphologically distinct (Maximow, 1906;
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Enerback, 1966 b; Enerback & Lundin, 1974; Collan, 1972; Steer, 1976; Brinkman,
1968). It cannot be shown from the present in situ study whether the presence of
granules of differing ultrastructure represent stages in the functional activity of the
granules or a developmental stage, or both. However, the results show that mast cell
ultrastructure is dependent on the site of sampling within the uterine wall.

SUMMARY

During the menstrual cycle a gradation in mast cell granule ultrastructure was
observed from the functional endometrium towards the myometrium of the uterus.
Mast cells with particulate granules were present in the functional endometrium and
those with granules containing identifiable scrolls in the basal layer of the endometrium
and in the myometrium; mast cells containing very electron-dense granules were
present in the deeper layers of the myometrium. The secretory activity of mast cells
throughout the menstrual cycle is described. Mast cell secretion was observed to a
lesser extent in the postmenopausal uterus. Mast cells with particulate granules were
absent in the postmenopausal uterus and many very electron-dense granules were
observed in mast cells in the myometrium.

The study was supported by grants from the Adelaide Hospital Research
Foundation and the Medical Research Council of Ireland.
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