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The granules of the mast cells in the loose connective tissue, which stain
metachromatically with toluidine blue or thionine, are known to contain heparin
(Holmgren and Wilander, [12], Horvath, [13]). The functional réle which they
aresupposed to play in the regulation of blood coagulation seems probable on an
account of their heparin content and location around the capillaries. This func-
tion is also suggested by the observation (Jorpes et ah, [14] ) that blood will not
clot in the anterior chamber of the eye because of an inhibitory release of
heparin by the mast cells in the limbus corneae. Likewise the increase in the
number of the mast cells might be taken to explain why, in spite of its extremely
slow circulation, the blood fails to clot in hibernating frogs. (Snomalainen and
Henna, [22]). To the same cause may be ascribed the fact that in advanced
elephantiasis scroti no thrombosis develops despite the very marked local blood
stasis (Ehriech at al., [8] ). In peptone shock the decrease in the number of mast
cell granules has been observed to protract the clotting time (Wilander, [26]).
To the correlation between mast cells and heparin should also be referred Frik's
observation ([10] ) according to which intraperitoneally injected heparin finds its
way into the mast cells. There are several observations to show that, over and
above their supposed rdle in the regulation of blood clotting, mast cells may
also take part in some functions of the loose connective tissue. They are sup-
posed to play part in the formation ofthe ground substance (Asboe—Hansen, [4])
and in local detoxication processes (Stuart, [23] , Turchini et al., [25] ). Bloom [(6] )
and Asboe—Hansen ( [3] ) described changes in mast cells following administration
of cortisone and ACTH. In their opinion these changes reflect the action of the
pituitary-adrenal system on the connective tissue. According to Burkl and
Sonnenschein [(7] ), the mast cells, owing to their heparin content, show anti-
hyaluronidase activity and form an integral part of the protective mechanism
of the organism against noxious influences.

Accordingly, it would appear that in addition to their réle in the regulation
of blood clotting, the mast cells also perform some function in the protective
system of the organism, represented by the connective tissue. It is with regard
to these manifold and for the greater part as yet unclarified functions that a
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detailed study of the altered reactivity in the system of the mast cells has
seemed to be of interest.

In a previous study [15] the changes observed in the mast cells after X-ray
irradiation were discussed. One of them was the high sensitivity to X-rays of
the mast cells in the mesentery and subcutis of the rat. Irradiation was followed
by rapid clumping of the mast cell granules and a relatively short process of
regeneration.

Fig. 1. Membrane preparation from the mesentery. Toluidine blue. 24 hours after injection
of 100 y of colchicine. Clumped granules in the mast cells. (Appr. X300).
Fig. 2. Membrane preparation from the mesentery. Toluidine blue. 24 hours following the
injection of 300 y of colchicine. High degree of polymorphism of mast cells. (Appr. X 30).
Fig. 3. Membrane preparation from subcutis. Toluidine blue. 72 hours following injection of
100 y of colchicine. Mast cells with homogenous metachromatic cytoplasm marked by—(Appr.
X100).
Fig. 4. Membrane preparation from the mesentery. Toluidine blue. 24 hours following injec-
tion of 60 units of ACTH. Swollen, degranulated mast cells. Seat of the nucleus well discernible.
On the left: intact mast cell. (Appr. X1300).

The fact that ionising radiations and certain cytotoxic substances have
similar biologic and cytologic effects (Alexander, [1]), has also tempted us to
study the altered reactivity of the mast cells to cytotoxic agents.
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In our experiments, colchicine and nitrogen mustard and, for purposes
of comparison, ACTH were administered to 61 male and female albino rats
ranging in weight between 100 g and 250 g. Details concerning the number of
animals, doses and timing are given in Table 1. The drugs were administered
intravenously. The mast cells were studied in membranes prepared from the
subcutis and mesentery, and in bone marrow smears stained with 0,1 per cent
watery toluidine blue. AIll animals used in the experiments were kept under
identical environmental conditions and fed the same diet.

In the course of our experiments significant changes in the mast cells could
be observed. These alterations presented themselves in three morphological
forms corresponding also in order of time to three not sharply defined stages.

(i) In Phase I, the mast cell granules of the subcutis and the mesentery,
normally varying in size from 0,5 to 3 LU, fused into coarser granules of from 6
to 15 [r within 1 to 4 hours after the injection of 200 to 300 y of colchicine, and
in 4 to 12 hours following the administration of 100 y. This type of change may
generally be observed in the pronounced cases in about 50 to 70 per cent of the
mast cells, for from 24 to 36 hours after the administration of the drug (Fig. 1).
A remarkably high degree of polymorphism was seen in this phase (Fig. 2).
The changes, however, were found to differ in extent even when identical doses
were applied. The granules of the mast cells were frequently noticed to be
scattered, a fact which might be caused by undue interference during the
preparation of the membranes, since the same phenomenon was encountered
in mast cells of normal animals.

(i) In Phase Il., the number of mast cells showing coarser granulation
gradually decreased and 36 to 96 hours after the application of colchicine a new
type of mast cells made their appearance, the plasma of which consisted, in
addition to some rough and few normal sized granules, of a homogenous bright
metachromatic halo (Fig. 3). Similarly to those which formed in Phase I|. by
the fusion of small granules into coarser ones, this new type of mast cells was
seen in 50 to 70 per cent too. This fact, besides of evidence of direct morpholo-
gical observation, seems to indicate that this new type with a metachromatic
halo develops from mast cells with clumped granules.

(iii) If the animal survived the colchicine injection by 72 to 96 hours, it
was found that the number of normal-sized granules in the man»t cells of the
second-phase type gradually increased and thus seemingly normal mast cells
were formed.

Bone marrow mast cells presented no significant change during the
experiments.

The applied doses of nitrogen mustard caused in the mast cells lesions
of the same character but a lesser degree. The excessive polymorphism usually
seen following the administration of colchicine could not be observed after nit-
rogen mustard injections.
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ACTH produced a different morphological picture. 24 hours after its
injection the mast cells in the connective tissue of both the subcutis and mesen-
tery were greatly swollen, the number of the granules staining with loluidine
blue decreased and the nucleus or its seat became well discernible (Fig 4).

These phenomena appeared within 4 to 36 hours of administration of
ACTH. 48 hours after the injection apparently intact mast cells were only
present. The changes just described were generally observed in 1 to 5 per cent
of mast cells. Morphologically they show a pattern that seemingly corresponds
to the slight initial changes of the mast cells seen in the early stages after local
X -ray irradiation. The view, that these changes are initial and only of reactive
nature, seems to be corroborated by the observations of Asboe—Hansen [3],
who found following large doses of ACTH, mast cells with clumped granules
in the subcutaneous connective tissue.

We have failed to observe any changes in the intensity of the periodic
acid-leucofuchsin reaction in connection with the above described changes of
the mast cells.

In addition to the alterations in the cytoplasm ofnhe mast cells it was
endeavoured to study the behaviour of the nuclei, all the more as Kellner and
Matké [17] had observed significant nuclear changes in various tissues upon
administration of colchicine and nitrogen mustard in doses similar to the ones
used in the present study. Isolated staining of the nuclei of the mast cells is,
however, hardly feasible, owing to the intensively staining mass of basophilic
granules. This is why nuclear conditions in the cells with clumped granules could
not be followed, and why it is not possible to form a definite opinion of the
nuclear damage in that type ofcells. In the swollen, degranulated and homo-
geneously metachromatic mast cells the nuclei appeared intact.

In examining the functional significance of the changes taking place in
the mast cells upon the action of the cytotoxic agents applied in the present
experiments, the conditions of blood clotting must be taken into account on
the one hand, and the rdle in connective tissue function on the other.

The effect of colchicine on coagulation has not yet been clarified. It is
known, however, from data published by Smith et al. [21], that on treatment
with nitrogen mustard clotting time becomes considerably protracted and also
that the protracted clotting time may be restored to normal by means of
toluidine blue. The observations made by Antaléczy, Komaromi and Selley [2]
also indicate that nitrogen mustard causes heparinaemia. There is no doubt
that in the course of the present experiments we encountered large numbers
of such mast cellswith a homogenously metachromatic cytoplasm which, accord-
ing to Lehner [18], release heparin. Yet careful observation of the sequence
of the cytologic changes of the mast cells has convinced us that homogeneously
metachromasia should not be interpreted as indicative of heparin release, as
the homogeneously metachromatic forms are gradually transformed into normal
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mast cells. Consequently they might have a regenerative character, and the
heparinaemia demonstrated by the above-mentioned authors on treatment with
nitrogen mustard might be correlated with the clumping observed in the early
phase.

The question still remains to be answered what relations exist between
the cellular changes observed in the mast cells and other functions of the loose
connective tissue. Considering the rdle that heparin as an acid mucopolysaccha-
ride is supposed to play in the formation of collagen fibres (Gross, [11] ), we may
safely assume that the changes in the mast cells as observed in our experiments
are in some way correlated with the fibrosis described by Holczinger and Kellner
(16) following the chronic administration of colchicine. It should also be taken
into consideration that désintégration of tissue components, such as nucleo-
proteins, may release a compound of basic nature (histone), which combines
with the acid mucopolysaccharides of the connective tissue, giving rise to for-
mation of fibres, as suggested by Beigebdck and Sickel [5]. The large number
of mast cells, usually occuring in fibrotic tissues, as in cirrhosis of the liver
fibrosarcoma, cirrhotic carcinoma, sclerosed angioma and chronic inflammations
( Morrione, [20]), supports some reasons to this view too.

TABLE |

Distribution of animals according to doses and time of examination

Hours
1 4 12 24 43 72 96 Total
Colchicine
300 vy 2 3 3 9
200 y 2 — 3 — I — 1 7
100 y 2 | 1 6 3 3 1 17
Total 6 2 7 9 4 3 2 33
Nitrogen mustard
0,8 mg 1 2 2 5
0,4 mg 2 — 3 3 1 | — 10
Total 2 1 5 5 1 I — 15
ACTH
30 units - 11 2 1 1 2 -
60 units 1 1 1 1 2 1
Total 1 2 3 2 4 1 —
Sum total 61

Doses in the Table are given per 100 g of body weight.
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Summary

The effect of colchicine, nitrogen mustard, and ACTH on the mast cells of the subcuta-
neous tissue and the mesentery was studied in 61 albino rats in the period from the 1st to the
96th hour following administration. Clumping of the mast cell granules took place 4 to 36 hours
after treatment with 100 to 300 y of colchicine or 0,4 to 0,8 mg of nitrogen mustard per 100 g
body weight. After 36 to 72 hours, the mast cells with clumped granules decreased in number,,
and cell forms with a homogenous metachromatic cytoplasm developed. The number of gran-
ules subsequently increased in the cytoplasm of the mast cells and apparently normal cells were
formed. 24 to 36 hours after treatment with 30 to 60 units of ACTH, swelling of the cells with
a decrease in the number of the granules was observed. According to these, the mast cells of the
loose connective tissue undergo rapid changes not only following X-ray irradiation but also
on treatment with cytotoxicagents. These changes might play a part in blood coagulation as well
as in the development of connective tissue alterations.
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JENCTBVE LUMTOTOKCUUYECKUX BELLECTB
HA TKAHEBBIE TYUYHbIE KNETKW

. KeneHbun

Pestome

ABTOp uccnegoBan [eiCTBUME KOMXULMHAE, TOPYMYHOIO asoTa M afpeHOKOPTUKO-
TponHoro ropmoHa (AKTI) Ha Ty4Hble KNETKM NMOAKOXHOW 1 6pbhKeevHon KretyaTkm 61 6enoii
KpbICbl B TedeHre 1 96 4acoB nocre nofayvn YyNnoMsHYTbIX BeLLECTB.

Mo ncTeueHnto 4 36 yacoB Mocne Mnojayvn KonxuumHa u ropumyHoro asota (100 300
ramma mnm xe 0,4—0,8 mr Ha 100 rp. X1BOro Beca) HabntogaeTcsa rnblbyaTas arrnlTUHaLUA
3epeH Ty4yHbIX KETOK, a 4epe3 36- 72 yaca MOCTEMEHHO YMEHbLUIAEeTCA KONYECTBO TY4UHbIX
KNETOK C rNbl6yaToi arrnoTuHaumeld 3epeH. B To )Ke camoe BpeMs BO3HMKAIOT KIETKW, UMELD-
LWpe MeTaxpomaTUYecKyto NpoTonaasMy. B fanbHeilem B nnasMe TYUYHbIX KETOK MOCTENeHHO
YBENNYMBAEETCA YNCMO 3ePEH, Y BO3HUKAIOT KIETKM MOBUAVMOMY HOPMasibHOro Buia. B TeueHue
24 36 uacoB nocne nogaun AKTI (30 60 eanHWL) BO3HUKAKOT HabyXLinMe KNEeTKU C YMeHb-
LUEHHbIM KO/INYeCTBOM 3€peH.

Bce BbiLLeYNnOMsHYTble HabMOAEHNSA YKasblBalOT Ha TO, YTO 3TW CreunanibHble KNeTKW
PbIX10/ BOIOKHUCTON COEAUHUTENBHON TKaHW NPOABAAIOT ObICTPO pa3BMBAIOLLNECSH U3MEHEHNS,
He TO/IbKO NOCc/fe BO3LENCTBUSA PEHTTEeHOBCKMMU flydaMu, HO M MOC/e NPUMEHEHUS LIMTOTOKCU-
yeckmx BewlecTB. Mo Bceli BepOATHOCTM AaHHble W3MEHEHWS WrpalT pofib B HapyLleHUsX
CBEPTbIBAHUS KPOBU W APYIrUX peakuuii CoeanHUTENIbHON TKaHW.
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