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Miscellaneum.

Mast Cells in the Myocardium.
Pathophysiological result of the variation in the number of the mast-cells:

A geographic pathological approach.

By Michel Fernex.
Swiss Tropical Institute, Basle.

Mast cells or "Mastzellen" were first described in 1877 by EHRLICH (18, 19).
and are characterized by a protoplasma filled with basophil, metachromatic
granules. These cells vary from 7 lo 20m in diameter; they are more or less
round, with protoplasmic projections. The nucleus is round, centrally situated,
measures ou and is sometimes hidden by the metachromatic granules.

The mast cells make their appearance towards the end of embryonic life,
and are widely distributed throughout the connective tissues of the body. They
are found in the loose perivascular connective tissue, in greater numbers in
the digestive system, the bladder, the mammary gland, the uterus and
abundantly near the epithelium of the skin, in the lungs, pleura and joint capsules
(3, 3D. They are few in the parenchyma of organs, but are present, however, in
the capsules. Very exceptionally, in pathological states, they may reach the
blood stream (10). In laboratory animals, their distribution is quite variable.
The rat and mouse have an abundant quantity, wdiereas the guinea pig and
the rabbit possess very few (12. 74).

The mast cells seem to take Iheir origin in tlie proximity of the capillaries
from which vicinity they migrate as they grow older (47, 69). Mitoses have
been observed. They can also be derived from other conjunctive cells, particularly

mesenchymatous cells, and also from histiocytes or even-lymphocytes.

Functions of the mast cells.

Sixty years after their discovery, Ihe mast cells again became a matter of
interest, when some Scandinavian workers (32, 76), while studying the
anticoagulant properties of a dog liver's extract, noticed that the granules of the
mast cells, which are extremely abundant in that organ of the dog take the
same stains as heparin. JORPES (32) showed that the amount of heparin
extracted from the tissue is proportional to the number of mast cells which are
referred to as heparinocytes. These cells can fix injected heparin and their
study in animal tumours suggests that they synthétise this mucopolvsaccharide
(65. 34).

Experimentally, in dogs, a peptone shock produces a sudden degranula-
tion of these cells, with liberation of heparin, which inhibites blood clotting.
.Schilling (64) describes a similar phenomenon in man. after pulmonary
embolism or heart infarction.

Rocha e Silva (54) recorded, in 1952, the simultaneous liberation by the
mast cells of heparin and histamine during anaphylactic shock. It seems that
the granules of Ihe mast cells are composed of a complex of these two
substances 161). The introduction of "histamine liberators" (47, 49. 51. 52), which
cause a splitting of the heparin-histamine complex, and a destruction of a

large portion of the mast cells, apparently by holocrine secretion, has made
it possible to confirm the view that the mast cell is in fact the source of
histamine (62). The mast cell is capable of fixing circulating histamine, or
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syntl etising it from histidine, as can be demonstrated by the presence of
histamine decarboxylase within the cell (63).

It has also been shown that, in a given tissue, the level of histamine varies
with the number of mast cells (49). A few olher cells seem also to be able to
fix this tissue amine, for instance cells of the pyloric mucosa (50).

Tlie relationship between the mast cell and 5 hydroxy-tryptamine (serotonine)

has so far been only partly explained. In the rat and in the mouse, it is

generally accepted that mast cells produce serotonine (33. 41. 52. 75). In fact
they contain 5 hydroxytryptophane decarboxylase which is necessary for the
synthesis of this hormone. It is believed that, in man. circulating serotonine is

produced in the chromaffin cells of Ihe digestive tube, and liberated by the
platelets during the formation of a thrombus. The role of the mast cells in
the skin, in relation to this hormonal function is not generally accepted, and
still remains obscure for olher regions. In cardiac pathology, and especially
in endocardial lesions arising in cases of malignant carcinoid, where there is
an oversecretion of serotonine, there is an increase in the number of mast
cells which is considered pathognomic for Ihe disease (33).

The mast cells have a merocrine (67) or holocrine secretion during periods
of stress or anaphylactic shock. In experimental shock, the rapid désintégration

of a great number of mast cells liberates histamine into the blood stream,
and in some animal species even heparin and serotonine (75).

Besides their endocrine function, the mast cells take part in the regeneration

and healing of connective tissue after injury (3. 5). During the course
of scar formation, their number varies considerably (4). They are abundant
in oedematous connective tissue, rich in protein; for example, during inflammation

or lvmphoslasis, and at the beginning of fibrillogenesis. It has been
shown that the mast cell granules may be sometimes composed of hyaluronic
acid which is one of the mucopolysaccharides of the ground substance (71).
It is possible however that this is a question of reabsorption rather than
secretion of this mucopolysaccharide, which the mast cell is to transform into
mono-, di- and tri-phosphorylated heparin. The presence of mast cells in granulation

tissue of subacute and chronic inflammation is a certain sign of cellular
activity and appears to have some relation to fibrillogenesis and sclerosis
(3, 35)'.

Variation in the number of mast cells.

The number of mast cells in the connective tissue depends on the state of
reaction and imbibition of Ihe tissue (5). The proliferation of these cells may
take the form of a localised tumour (40), or even a benign or malignant
disseminated reticulosis (7. 11. 14. 16, 77).

The number and functions of the mast cells are influenced by various
hormones (14). One may consider all the mast cells together as a disseminated

endocrine system. The thyrotropic hormone and the estrogens (74)

appear to increase their number, while A.C.T.H. and cortisone reduce it (4. 17.
511. Diet seems to have some influence. High cholesterol intake reduces their
number in rat. and experimental scurvy in guinea pigs also creates a masked
reduction of these cells (45).

Mast cells and myocardium.
In man the mast cell has been the subject of far more investigations in the

skin (14. 16. 11) and bone marrow (35, 53) than in the heart. In the
myocardium, ttie increase in number of these cells has been observed in various
diseases: beri-beri (17. 20. 38). the early slages of scleroderma (73). morbus
Waldenstrom (29). certain cases of tuberculous cachexia (251 and some cases
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of acute rheumatic fever. An increase in the number of mast cells has also been
observed in cases of serous myocarditis (20, 21).

In human coronary sclerosis, and more distinctly in coronary arterio-sclero-
sis complicated by thrombotic occlusion, a reduction of these cells is observed
(12, 42). The number of mast cells seems to decrease slightly with age: for
example in the myocardium, the blood vessels and the skin (30),

Geographic cardiovascular pathology.

Cardiovascular pathology as seen in Dakar differs from that in Europe.
In Africa, coronary thrombosis is extremely rare (22, 60), whereas interstitial
non specific myocarditis is frequently encountered (15, 26, 43).

It is of interest to study the variation in the number of mast cells in the
myocardium of this African population when taking into account the pathology
and normal living conditions, which differ from those found in Europe, and
then to compare the level of mast cells in those two different groups.

We examined hearts obtained from 82 consecutive autopsies, performed
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Fig. 1. Comparative estimation of mast cell count in a scries of 39 Europeans
(Paris) tinti 82 Africans (Dakar).
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at Le Dantec Hospital in Dakar on a non selected series of Senegalese patients.
The European controls were provided from 39 non selected patients from the
Claude Bernard Hospital in Paris1.

The autopsies were performed shortly after death. The myocardial tissue is

always taken from the same region, that is, from the antero-lateral region of
the left ventricle. The tissue is fixed in formalin at 10%, embedded in paraffin,
cut at 7« and stained wilh toluidine blue 0.1%. The cells were counted in
40 microscopic fields of A.\ mm2. All the numbers listed on the following
graphic are given in mm2.

The above diagram shows that the average in the African series is almost
three times higher than that of the European.

In the African, the cell number extends from 0.9 on the left to 17,4 per mm2
on the right. Therefore, the question arises as to the interpretation that can be

given of the extreme values obtained. In a simplified form, which are the cases
associated with hyperplasia or with hypoplasia of the mast cells?

Mast cell hypoplasia in the myocardium.
In animals, the number of mast cells is shown to diminish with age. In

man. however, this fall is not significant (18. 68).
There is no significant difference in the two age groups.

Number of cases

27 Senegalese between the ages of 12 and 29 ye

£L n2 3 4 5 6 7 8 9 10 12 14 16 18

rnast cells per mm in the left ventricle

41 Senegalese between the ages of 30 and 68 years

n123456789 10 12 14 16 18

cnast cells per mm- m the left ventricle

Fig. 2. Numerical variation in mast cell in the myocardium with respect to age.

1 We are very grateful to Professor P. Mollaret, Claude Bernard Hospital,
Paris, and to Professor M. Payet. Le Dantec Hospital. Dakar, who were kind
enough lo supply us with the material.
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A discrete reduction with age may be related to atherosclerosis, which
very often is more frequent in the aged (12). Comparing the cases with
important coronary atherosclerosis with those of normal individuals, whatever
their age. the difference becomes significant (42).

If in our African series we compare the number of mast cells of individuals
having a slight or marked atheromatosis of the coronary arteries with that of
those patients having no coronary atheromatosis, there appears an important
difference.

Coronary atheromatosis in Dakar in relation to age.

Stenosing atheroma 1 2 1

.Slight atheroma 1 2 5 4

Total (number of cases) 13 19 16 10 16

12 20 30 40 50 68 age
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Pig. 3. Xumericiil variation of mast cells in cases with or without any coronary
atheromatosis.
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In Africans with slight atherosclerotic coronary arteries, the average level
of the mast cells is nearly equal to that found in Europeans. Examining the
4 cases (fig. 3) with stenosing coronary atheromatosis, the average falls to 1.68

mast cell per mm2, an average lower than that of the European control series.
Note the rarity of stenosing atheromatosis.

Discussion.

There is some relationship between atheromatosis and mast cells. Watson
(72) and Coxstantinides (12) evoke the protective functions of mast cells in
experimental atherosclerosis. The high level of mast cells in rats seems to
make them resistant to induced arteriosclerosis by a cholesterogenic diet, while
the rabbit, poorly endowed with mast cells, is very susceptible. Watson,
indeed could only induce arteriosclerosis experimentally in rats, after he had
destroyed their mast cells. Identical results have been observed by treating
animals with corticostéroïdes or cold (66), both of which reduce the mast
cell number.

In man. coronary arteriosclerosis and especially its ischaemic complications
are somewhat related to modern civilization. Europeans seem to be predisposed

Number of cases
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I
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I
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Fig. 4. Xumerical variation of mast cells in different pathologic myocardial
lesions.
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perhaps by their diet and mode of life, and perhaps by their small number of
mast cells.

The protective function of the mast cell may be associated with the secretion

of heparin, the effects of which are multiple. This mucopolysaccharide
is especially important in fat metabolism. It liberates the clearing factor, which
reduces the chylomicrons (2, 8, 27, 28) and acts also on the vascular
endothelium (37). In high concentrations, it is well known to be an anticoagulant.

Mast cell hyperplasia in the myocardium.
In a previous examination of cases having a high mast cell count in the

myocardium, we showed the frequent association of "mastocytosis" with
interstitial edema, corresponding to a serous myocarditis. We called this mastocytic
serous myocarditis.

We will now distinguish several different types of myocardial alterations
as seen in our African series, and compare the variations in mast cell number
with relation to those lesions:

1. Serous myocarditis (22 cases).
2. Acute, subacute and granulomatous myocarditis (13 cases).
3. Degenerative disease of myocardial fibres (15 cases).
The figure 4 demonstrates the high mast cell level encountered in serous

myocarditis. Excluding the cases of uremic serous myocarditis—the three cases
on the extreme left of the figure with scanty mast cells—the average is even
higher.

In cases of myocarditis with cellular exudation, the average number of
mast cells is still high, though less than in the preceeding group.

When disease affects the myocardial fibres, the number of mast cells is

not affected.

Physio-pathological function of the mast cell in the myocardium.

Mastocytic serous myocarditis is found to be tlie basic alteration in many
idiopathic myocarditis observed at Dakar (21).

In these cases, as well as in fibrous endomyocarditis, one is struck by the
appearance of a right side hypertension with dilatation of the pulmonary
arteries. The rise in blood pressure in the pulmonary circulation is not due to a
sclerosis of the pulmonary arterioles, but to a spasm, which Abrahams and
coworkers at Ibadan (1, 11) attribute to a chemical factor. This factor might
be Serotonine. In a recent paper, West (74) shows the rapid increase of
serotonine and histamine in the rat during lactation and weaning. This could be a

possible explanation of the idiopathic right side heart failure occurring in
Senegalese women during the post partum and lactation period (44). A similar
phenomenon might explain the pulmonary hypertension encountered in the
syndrome of malignant carcinoid, a disease in which the mast cells in the
endocardium are also increased (36).

The mast cell is certainly more than a mere indication of an increase in the
secretion of serotonine, as far as the pathogenesis of myocarditis is concerned.
In urticaria pigmentosa, a dermatitis in which there is a localized proliferation
of mast cells in the skin, a very slight irritation is enough to produce a secretion

of histamine with its consequences: dilatation of blood vessels, increase
in capillary permeability, apparition of an oedema rich in proteins. This
phenomenon corresponds to the first stage of an inflammation, referred to as

serous inflammation (55, 56).
In the heart, serous inflammation may resolve completely, or many progress

to a fibrous myocarditis (57), a condition met with very often in Africa: Senegal
(43) as well as South Africa (15, 26).
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Becent work suggests that heparin plays a part in the formation of fibrous
tissue. In vitro, heparin causes fibrillogenesis. starting from a hydrolysed collagen

(39). One must also lake into consideration the views put forward by
Asboe-Hansen (5) on the part played by mast cells in the variation in hyaluronic

acid content of ground substance.
The mast cell, by its secretion of heparin, may favour the formation of

collagen tissue. Thus, in the African heart, the numerous must cells, hy their
secretion of histamine cause serous inflammation to persist unduly, und hy
heparin secretion, favour the evolution from a serous to a fibrous myocarditis.

Experiments in laboratory animals tend to confirm this hypothesis. Studies
on the formation of fibrous tissue around foreign bodies can only be fructuous
when working with animals having a high mast cell count, for example the rat.
The rabbit and the guinea pig. which have few. do noi produce but a negligible
amount of collagen under similar conditions (58).

Conclusions.

Fibrous myocarditis, as a result of serous myocarditis, is a common
pathological process which may be compared with and placed in the same group
of other fibrosis frequently encountered in Africa, spoken of as the fibrogcnous
diathesis. This term indicates the tendency of the African to produce, under
certain conditions, an excessive amount of fibrous tissue. In the African, a

pseudo-arthrosis nearly never occurs afler bone fracture. On the contrary, the

complication met with most frequently is the formation of an excessive
hypertrophic callus.

In the skin of the African, the healing of a wound often results in the
formation of a cheloid. When a cheloid is formed, mast cells are known to be

very abundant in that area. Early radiotherapy prevents the formation of
cheloids in a patient who is predisposed, as X-rays are known to destroy the
mast cells (9. 45).

In a recent communication we demonstrated that the average number of
mast cells in the derma of an African series is one and half as high as that of
a corresponding European series (24).

The increased number of mast cells both in the myocardium and in the
skin of an .African population compared to an European control series together
with its consequences (protection against atherosclerosis and tendencies to
serous and fibrous inflammation), speak in favour of a generalized physio-
pathological process.
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