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The intraperitoneal test developed in 1936 by Miller and Sayers [7]
for studies on the histopathological reactions of industrial dusts has stimulated
further, extensive investigations in this field. The numerous investigations
carried out during the past two decades clearly proved the significance and
simplicity of the intraperitoneal test as compared to the inhalation, intra-
tracheal and other similar techniques. The early trials on dusts by Miller
and Sayers [7] were soon extended to tridimite, crystobalite, talc, caoline,
aluminium phosphate, carborundum, beryllium oxide, tremolite, graphite,
diamond, metallic cobalt, tungsten carbide, titanium carbide, etc. [1, 5, s,
7, s, 9, 10, 12]. The investigations in various directions soon clarified the
criteria of the method : the choice of the experimental animal, the proper
method of treatment, the significance of the particle size, the quantity and
chemical nature of the dust injected, the role of the dust depot formed in the
abdominal cavity, and the size of the tissue nodule, the best time of testing,
the outlooks of gross and microscopic analysis [4, 5, s, s, 9].

The pertaining evidence in the literature, favourable [5, s, 9], or more
critical [3, s, 8], has induced us to regard the method of Mitter and Sayers
U] as suitable for histological studies on the fibrogenetic action of various
industrial dusts. On the basis of the afore-mentioned considerations we have
chosen this method for use in parallel, comparative investigations of the dead
rock dust of a coal mine of considerable size in Hungarian relations, on the
one hand, and on suitable control dusts, on the other, so as to determine
whether the former dust had any fibrogenic effect and eventually to extend
the applicability of the method.

Methods

104 normal guinea pigs of both sexes, weighing 350 to 400 g each, were used.

The dusts tested were dead stone from the coal mine in question ; chemically pure
quartz (Merck) ; brown coal ; and talc, the latter as specified in the Fifth Hungarian Phar-
macopoeia. The dead stone contained 77 per cent, the brown coal as little as 0.55 per cent
of quartz. The quartz content was estimated by the method of Taivitie [11].



426 L. TAKACSY, S. BORDAS and M. TIMAR

The single test materials were homogenized in a China mortar, separated by the sedi-
mentation method of Cummings [2], and the 1to 3 micron dust fractions thus obtained were
injected intraperitoneally into the animals, giving single doses of 75 mg in 2 ml distilled
water. The animals were kept in cages in groups of ten and were fed the usual grain and
mixed vegetable diet.

The nodules which had formed in the abdominal peritoneum, alongside the linea alba,
were examined 6 and 12 hours, then 1, 3, 5, 7, 10, 14, 20, 24, 30, 60 and 90 days following
'injection, always simultaneously, in 2 animals. At the proper points of time the animals
were taken out unselected and were killed with ether. The abdominal wall from the anterior
icostal arch to the bony pelvis was removed as completely as possible and was fixed in 4 per
cent formaldehyde, stretched on a glass plate with the peritoneal aspect outward. The so-
called "typical” nodules (measuring about 4 mm in diameter) were excised, embedded in
paraffine-celloidine, cut up in 6—10-micron sections, which were studied after staining with
haematoxyline-eosin, by van Gieson’s dye, azan, and by the silver impregnation method
of Pap, respectively.

Results
General considerations

The findings valid for all the dusts tested were the following.

Capsule. In every case the peritoneum crept as early as ¢ hours onto
the conglomerate composed of dust, fibrin, and leucocytes. Under the initial
perithelial cell layer the young fibrocytes developing in several rows and the
acidophilic collagen fibres soon form a capsule around the nodule. As the
nodule continues to develop, connective tissue bundles grow toward the centre
from the capsule, which increases in width, becomes poorer in cells and richer
in collagen fibres of increased thickness.

Cellular elements. W ithin the capsule the appearance of fibrocytes and
fibroblasts is followed by invasions with macrophages, and, subsequently,
with foreign body giant cells and giant cells of the Langhans-type. Finally, an
increasing number of endothelial cells, vascular buds and capillaries develop.

The macrophages present two forms. One type has a basophilic cyto-
plasm and a mostly eccentric, small, dark-staining nucleus without nucleoli.
The other has a pale pink cytoplasm containing small and medium-sized
granules staining with Sudan. The nucleus is bigger than with type 1, is oval
in shape, shows a loose chromatin structure and contains a brightly staining
nucleolus.

The foreign body giant cells contain s to 20 round nuclei, which mostly
stain dark, are rich in chromatin and contain no nucleolus. The nuclei usually
appear crowded in that part of the cytoplasm which contains no foreign sub-
stance. The cytoplasm stains dark and contains many dust granules. The giant
cells ofthe Langhans-type have s to 20 round nuclei which usually stain slight-
ly, are poor in chromatin and contain nucleoli. The nuclei are usually in the
light-staining, marginal part ot the cytoplasm, forming a halo around the
incorporated mass of dust particles.

Dust. The granules of dust that at first are situated extracellularly, in
the centre of the nodule, appear in ever increasing numbers in the later stages
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of the development of the nodule intracellularly, in the macrophages and
giant cells characteristic of the single types of dust.

Fibres. In a manner characteristic of the different types of dust, the
nodule as a whole is interwoven by argyrophilic reticular fibres, collagen
fibres, then by hyalinizing fibres which grow in from the margins and corners.

Specific changes

W ithin the just described general process, the single types of dust give
rise to the following specific histological changes.

Quartz. As the first change taking place at about 3 days after injection,
macrophages with acidophilic cytoplasm appear. Their number exceeds
throughout that of the basophilic macrophages, which appear later. From the
7th day on, Langhans-type giant cells, and in smaller numbers, foreign body
giant cells present themselves. They soon show toxic nuclear lesions and
aggregation of the nuclei. After the 14th day increasing numbers of endothelial
cells, vascular buds and capillaries can be found. The number of capillaries
continues to increase until the 60th to 90th day (Fig. 1).

The reticular fibres appear as early as after 7 days and, growing from
the margin toward the centre of the nodule, can be seen as a rich, continuously
progressing reticular network in the specimens taken on the 14th, 30th and
60th days. Conversion to collagen starts at the 14th day, from the margins.
Collagenization progresses at a considerably slower rate than the formation
of the reticular network and thus after 90 days it is still the formation of reti-
cular fibres that dominates the picture (Fig. 5).

Dead rock. Basophilic macrophages appear at 7 days and their number
remains higher than that of the acidophilic cells. The foreign body giant cells
and (in smaller numbers) the giant cells of the Langhans-type make their
appearance at 10 days. From the 14th day on endothelial cells, vascular buds
and capillaries are also present, though in considerably smaller numbers than
in the case of quartz dust (Fig. 2).

The reticular network develops from the margins, but not before the
10th day. Although it becomes more abundant in 30, 60 and 90 days, at the
corresponding points of time it is still less than in the case of quartz dust.
In this case, too, collagenization begins from the periphery, after the 14th
day, but it is not so abundant as in the case of quartz dust (Fig. s).

Talc. The first cells to appear (at 7 days) are the eosinophilic macro-
phages and the giant cells of the Langhans-type. Basophilic macrophages and
foreign body giant cells are present in smaller numbers throughout. An abun-
dance of endothelial cells, vascular buds and capillaries can be observed after
the 14th day. Their number, however, is smaller than in the quartz and dead
rock specimens of corresponding age (Fig. 3).
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Fig. 1. 30-day tissue nodule of intraperitoneally administered quartz dust. Many Langhans-
type giant cells, macrophages and endothelial cells. The grave toxic lesion is indicated by
the very marked aggregation of nuclei. Haematoxylin-eosin. X 750

Fig. 2. Nodule 30 days after the intraperitoneal administration of dead rock dust. Many
macrophages and, above, a foreign body giant cell. Haematoxylin-eosin. X 750

In the case of talc the formation of reticular fibres starts at 10 days,
from the periphery. By the 30th, 60th and 90th days a network with few
ramifications, leaving free the site of giant cells, develops. There is no sub-
stantial difference in collagenization from the former dusts (Fig. 7).

Broivn coal. Macrophages can be observed from the 7th, foreign body
giant cells from the 10th day onward. At the same time the number of
eosinophilic macrophages and Langhans-type giant cells are small. The
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Fig. 3. Nodule 30 days after the intraperitoneal administration of talc. Foreign body giant
cells, Langhans-type giant cells and smaller number of macrophages. Haematoxylin-eosin
X 750

Fig. 4. Nodule 30 days after the intraperitoneal administration of coal dust. A foreign body
giant cell and many macrophages containing coal granules. Haematoxylin-eosin. X 750

number of macrophages is less and increases at a slower rate than
in the case of the former dusts. From the 24th day on a few endothelial cells
appear. There are also less vascular buds and capillaries than in the other
specimens (Fig. 4).

Fibre formation is restricted throughout to collagen which forms the cap-
sule and the wall of minor compartments. There is no appreciable reticular
fibre formation (Fig. s).
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Fig. 5. Very rich, reticular network demonstrated by silver impregnation in a 30-day nodule
of quartz dust. Pap's silver impregnation. x 350

Fig. 6. Scarce reticular network in a 30-day nodule of dead rock dust. Pap's silver impreg-
nation. x 350

Histological phases

The tissue nodules formed in response to the dusts tested show 3 histo-
logically different phases.

Phase 1 (the phase of non-specific inflammation caused by the foreign
body) lasts from s hours until 4 days. In this phase no definite differences can
be detected between the four dusts, except that in the case of quartz dust
the macrophages appear as early as at 3 days. Thus, phase 1, which ends on
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Fig. 7. 30-day nodule of talc, showing argyrophilic fibres of “storing character”. Pap's silver
impregnation. X 350

Fig. 8. No appreciable reticular fibre formation can be seen in the 30-day old nodule of coal
dust. Pap's silver impregnation. X 350

the 4th day, does not facilitate a classification of different dusts on the basis
of their fibrogenic properties.

Phase 2 (the histioid phase of nodule formation) lasts from the 5th day
until the 20th. In this phase the quartz dust nodule shows the earliest appear-
ance, the greatest number and the greatest accumulation of mononuclear and
polynuclear phagocytes. The time of appearance, distribution and relation
to one another of the macrophages foreign body giant cells and Langhans-
type giant cells exhibit specific features characteristic the different dusts and
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may thus serve as the basis of distinction. Reticular fibre formation and the
course of collagenization also show well appreciable differences.

The formation of reticular fibres begins the earliest in the case of quartz
dust, at 7 days. It gradually increases and at 14 days it is definitely more
intensive than in the dead rock or talc specimens of comparable age. In the
latter two cases reticular fibres do not appear until the 10 th day and even
then their formation is less intense than in the case of quartz dust. At the
same time, only encapsulating, dividing collagen fibres can be seen in the
nodule produced by coal dust, with a very small amount of reticular fibres
among them.

Phase 3 (phase of collagenization) begins with the 20th day. In this
phase the connective tissue involved in encapsulation becomes more and more
poor in cells. The multiplying and thickening collagen fibres enclos and
divide into an increasing number of compartments the cellrich nodule. Inside
the nodule the connective tissue cells, the endothelial cells, the vascular buds,
and capillaries, as well as the typical mononuclear and polynuclear phagocytes
dominate. The latter have mostly incorporated the particles of dust.

Throughout the observation period reticular fibre formation was the
most intensive and most progressing in the case of quartz dust. Though it
was considerable also in the case of dead rock, it lagged behind the former
both quantitatively and in the rate of development. In the case of talc, fibre
formation was of a peculiar “storing”-type, different from what occurred with
the other dusts. On the other hand, the nodules of the brown coal dust did
not show any appreciable reticular fibre formation in this phase, either..
Thus, phase 3 offers an even more definite possibility to distinguish the dif-
ferent kinds of dust on grounds of their fibrogenic property.

Discussion

The findings suggest that the detailed histologic study of the nodules;
formed in the peritoneum of guinea pigs present a reliable method for the
experimental demonstration of differences in the fibrogenic properties of
different dusts.

Histological analysis has revealed that the study at one single point
of time of cellular components, the collagen and hyalinizing fibres of the single
nodules furnished a rather unreliable and not too convincing basis for dis-
tinction. On the other hand, we advanced considerably when attention was
devoted also to the different macrophages among the cellular components
and when the reticular element among the fibres was included in the study.
However, experience has shown that a fully convincing distinction between
the single test dusts could not be made until the nodules were studied
in their development, as units. This was achieved by studying systematically
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in comparison with suitable control dusts the time of appearance, topographv,
peculiar qualitative and quantitative changes and the relation to one another
of all the cellular and fibrous elements contained in the nodules.

By this procedure (in which we compared the dusts to quartz dust)
the following evidence has been obtained. Although the dust of the dead rock
of the coal mine in question could be markedly differentiated from quartz dust,
it was very closely similar to, and in fundamental features it was identical
with, quartz, as far as the quantitative and qualitative aspects of the tissue
reaction are concerned. For this reason this dust had to be qualified as dan-
gerous as quartz dust from the point of view of fibrogenic effect and preven-
tion. At the same time, talc produced a fibrosis markedly different from that
produced by the other two kinds of dust. Finally, the brown coal dust tested
differed completely from the other test dusts in its fibrogenic property and
elicited merely a “foreign body” connective tissue response withoutany so-
called fibrosis.

Summary

1. 104 adult guinea pigs of both sexes were tested for response to chemically pure
quartz (Merck), to dead rock dust containing 77 per cent quartz obtained from a Hungarian
coal mine, to quartz-free brown coal dust, and to talc, respectively. The method of testing
was that described by Mirtter and Sayers.

2. 1to 3-micron fractions of the test dusts were injected intraperitoneally into guinea
pigs under sterile conditions, giving single doses of 75 mg suspended in 2 ml of distilled water.

3. The typical nodules developing in the abdominal peritoneum, alongside the linea
alba, have been studied histologically 6 and 12 hours, as well as 1, 3, 5, 7, 10, 14, 20, 24, 30,
60 and 90 days following injection.

4. The histological study of the nodules appears to be suitable for the demonstration
of the fibrogenic properties peculiar to different dusts, if the various cellular and fibrous
elements (mainly the macrophages, as well as the reticular fibres) are examined as inseparable
parts of a unit, in the process of their development.

5. The quartz-containing dead rock dust from the coal mine proved to be a fibrogenic
agent similar to quartz. Talc proved to produce a fibrosis of “storing” nature, different from
that caused by quartz. The quartz-free brown coal dust elicited merely a “foreign body”
connective tissue response.

6. The intraperitoneal test is recommended as a valuable procedure for the evaluation
of the fibrogenic properties of industrial dusts.
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WCCNEAOBAHWE METOAOM MW/ITEPA N CAVIEPCA JEVCTBWA KBAPLA, APOB-
JIEHHOIO MECKA C COJEPXAHWEM KBAPLA, BYPOrO Yl W TA/IbKA HA
COEAVNHUTE/NIbHYO TKAHb MOPCKUX CBUHOK

. TAKAYN, W. BOPOAW N M. TUMAP

ABTOpPbI NPOBOAWAM MCCefoBaHNS Mo MeTody Munnepa u Caliepca Hag 104 B3pocibIMu:
MOPCKMMW CBMHKaMn 060MX MOMOB ANA ONpefeneHns AeicTBUS KeBapua gupmbl Mepka, rnay-
XOW MopoAbl U3 OfHON KamMeHHOYro/fibHOW Konv B BeHrpum c 77%-bIM cofep>kaHneMm Ksapua,,
6ecKBapLLOBOro 6yporo yrns v TanbKoBOro nopowka. dpakuymm B 1—3 MUKPOHOB MCCNefyeMbIX
NMOPOLUKOB B3BELLUMBAIUCL B KOMUYECTBE 75 MUAUIPAMMOB Ha >KMBOTHOE B 2 M [eCTUNNNPO-
BaHHOM BOAbl W B CTEPWIbHOM COCTOSIHUM BHYTPUOPIOLIMHHO BMNPbICKUBA/IUCL XXUBOTHbLIM.
PasBuBaBLUMeCS Ha MepneTasibHOM OpIOWNHE TUNWYHBbIE TKaHEBble Y3/1bl MUKPOCKOMMYECKMU
nccnegosanncb Ha 6. 1 12. yvackl, a Takxe Ha 1, 3., 5., 7., 10., 14., 20., 24., 30., 60. n 90. gHn
nocne 06paboTKn. MMCTONONMYECKOe MCCNefoBaHMe 0Kasanocb — MpW paccMOTPeHUn o6paso-
BaHWSA MakpodaroB M BOSIOKHUCTbIX 3/1eMEHTOB B MPOLECCe PasBUTUN BO BCeli CBOW COBOKYI-
HOCTW — MNPUTrOAHbIM METOLOM A1 3KCNEPUMEHTA/IbHOIO BbISABIEHNUS (PUOPOreHeTUYECKNX
CBOICTB MCCNeA0BaHHbIX MOPOLUKOB. W3 nccnefoBaHHbIX MOPOLUKOB rfyxas mnopoga C cogep-
XaHWeM KBapLa M3 KaMeHHOYro/lbHOW KOMu oKasanacb — MoA06HO YMCTOMY KBapuy — Bbi3bl-
BaloLWnM (prbpo3 BewecTBOM. TasibK Bbi3Ba/l TaK Ha3. HaKoMAsOWMA ¢rbpos, a beckBapLeBblii
6ypbli yronb obycnasnuean Nulb COEAUHUTENIbHO-TKAHEBYIO peakumio «MHOPOLHOrO Tenax.
ABTOpbI TOF0 MHEHUS, YTO 3HAYeHWe BHYTPUOPIOLLMHHON MNpobbl 415 BbISIBNEHUS GubporeHe-
TUYECKNX CBOWCTB MNPOMbILL/IEHHbIX MOPOLIKOB HALUI0 NyTeM WX MCCnefoBaHWA HOBOe MNoj-
TBEPXAeHMe.

UNTERSUCHUNGEN DER WIRKUNG VON QUARZ, QUARZHALTIGEM REIBSAND,,
BRAUNKOHLE UND TALK AUF DAS BINDEGEWEBE VON MEERSCHWEINCHEN
MIT DER MILLER-SAYERSSCHEN METHODE

L. TAKACSY, S. BORDAS und M. TIMAR

Die Wirkung von Merckschem Quarz, eines 77% Quarz enthaltenden tauben Gesteins,
aus einer ungarischen Steinkohlengrube, von quarzfreier Braunkohle und Talkpulver wiirde
an 104 erwachsenen Meerschweinchen beiderlei Geschlechts mittels der Methode von Miller
und Sayers untersucht. 75 mg pro Tier der 1—3 /« Fraktionen der Pulver wurden in 2 ml
destilliertem Wasser suspendiert steril intraperitoneal eingespritzt. Die am Peritoneum ent-
stehenden typischen Gewebsknoten wurden in der 6., 12. Stunde, bzw. am 1., 3., 5., 7., 10,
14., 20., 24., 30., 60. und 90. Tage nach der Behandlung mikroskopisch untersucht. Die histo-
logische Untersuchung — die Entstehung der Makrophagen und von Fasernelementen als
zusammenhangendes Ganzes im Prozess der Entwicklung betrachtet — erweis sich als geeig-
netes Mittel zur Feststellung der fibrogenetischen Eigenschaften der untersuchten Pulver.
Aus den untersuchten Pulvern erweis sich das quarzhaltige taube Gestein der Steinkohlen-
grube fibrogenetisch, ahnlich dem reinen Quarz. Talk verursachte eine sog. Speicherungs-
fibrose, wahrend quarzfreie Braunkohle bloss eine »Fremdkdrper«-Bindegewebsreaktion
hervorrief. Die Bedeutung der zur Feststellung der fibrogenetischen Eigenschaft von indust-
riellen Pulvern gebrauchlichen intraperitonealen Methode wurde dadurch von neuem bestatigt.

Dr. Laszl6 TakACSY, Budapest, IX., allgi Gt 93.
Dr. Sandor Bordas,

Budapest, IX., Nagyvarad tér 2.
Dr. Miklés Timar, P gy
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