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FVC DUST
Thank you very much for your letter of July 6.

I have pleasure in enclosing our translation of the paper by Popow which you
requested. I do not know whether this will be of any interest to you in the
liability case wvhich you have. As you will see when you read it, Popow's
experimental conditions were ytterly extreme. I think any bioclogical system
will be overwhelmed by 97 g/m”’ of FVC gr any other fine dust. These conditions
are a long way from our TLV of 10 mg/m”.,

I have just got back from my annual vacation and your letter was on the top

of my pile. I have not given copies of this Popow translation to Ted Torkelscn,
Maurie Johnson or any of my other American friends. It may be some little time
before I get around to doing this. If you could run off some quick copies for
them, I would be grateful.

With best wishes

Yours sincerely

J Stafford
Division Manager
Health and Environment Protection
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I. INTRODUCTION

The pathological changes occurring in the respiratory system under the
influence of inspiration of air contaminated with particles of various dusts
have been described for about 100 years as dust disease ~ pneumcconiosis.
Initially pathogenic.action was only ascribed to silicon dust. Therefore
the investigations ‘undertaken mainly concerncd silicosis. On the basis of
e¢linical studies (Levin [73], Sokoiow et al. [109], Vigliani et al. [122])
and experimental studies (Cabafisk{ et al. [13°, Gross et 3l. [37], Policard
et al. [95]) it was found that in the lungs silicon dust causes formation of
fibrous nodules, composed of thick strands of collagenous fibres, undergoing
hyalinization. Sometimes there are necrotic masses at the centre of such a
nodule. The discovery of the pathogenic properties of silicon dust had
the result that many authors turned their actention to the probleﬁ of dust
diseases. Clinical and experimental investigations made it possidle to
determine the action of individual types of dust. As a resuylt of this
research it was established that coal dust accumulates in the lungs, da:ageé
the pulmonary alveoli and causes formation of dust nodules with the character
of giant-cell granulomas. These nodules are of a constant character with
susceptibility to fibrous atrophy (Niepoio;ski et al. [80], Schepers [106],
Worth et al. [121], SOlninté et al. [110-112]). Hovever, talc dust causes
so=called intraparenchymatous focal pneumonia, in which collagenous fibres
appear at a vary lats stage in the inflammatory foci and there is no forma-
tion of pneumoconiotic nodules (Rakowski [100]). In the course of asbestosis
ve can distinguish an early stage, called the vaso-histiocytic stage, and a
late stage, called the fibroblastic-collagenic stage (Avril [3]). A charac-
- teristic feature of this conilosis is diffuse fibrosis and hyalinizati n

wvithout formation of nodular lesions. Sometimes so-called asbestos bodies
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can be detected among the striae of connective tissue (Hames [40]). Cotton
dust causes chronic bronchitis (Fetisova [25]), whereas cement dust causes
acute tracheitis and bronchitis, and then chronic atrophic inflammation £
these regions. In the lungs there is development of what is known as
catarrhal-intraparenchymatous inflammation, le;ding to atrophy of the inter-
alveclar septa. Fibrosis is not very pronounced and is of a constant nature
(Niepoiomski et al. [81]). Berylliosis is included among the toxic dust
diseases in view of the mechanism of its development, and in the early
stages there is exudative pneumonia, which quite quickly changes to a
productive phase. There is formation of nodules composed of histiocytes
and lymphocytes. These nodules are often surrounded by striae of collagenous
fibres, undergoing hyalinization. Sometimes giant cells, similar to
Langhans cells, are to be found in the centre of such a nodule (Marchand

[75], Riittner et al. [104], Stofer [114]).

There is no doubt concerning the existence of coniosis as a distinct

nosologic unit (Kleczefiski [61), Zahorski [123]). Research undertaken so
far has endeavoured to establish the mechanism of its genesis' (Amoudru (1},
Otzowicz [93]). Many authors (Ebert et al. [24], Hames et al. (40},
feppleston [44], Policard [95]) consider that pneumoconiotic changes in the
lungs only develop with participation of living cells. In the opinion f
the above authors these cells absorb many particles of dust and then carry
them to the connective tissue .nround the vessels, to the wall of the br nchi
and alveoli and to the lymphatic vessels. However, there are those (Gross
[36, 37]) who assert that the dust particles reach the connective tissue
without the participation of living cells, as a result of the respiratory
movetients of the lungs. In recent years the literature has contained
reports on the possibility of pathologic changes developing in the respira-

tory system reminiscent of coniosis, but caused by the action of plastics




(Boitsov [10], Roussel [102]). These reports drew my attention to plastics
which are now in general use and have entered many spheres of daily life
(Markiewicz [76], Kastierina et al. [57], Porejko er al. [97], Schildkneche
{107)). On account of their plasticity, resistance to the action of acids
and alkalies, e;sé_of shaping and relatively low production costs, plastics
products have also found application in biology and medicine [Frankowski [29],
Jasifiski et al. [53], Raweck{ [58], Kawecki et al. [59], Ku$ et al. [69, 79],
Nowak {83,.84, 85, 87), Olefiski et al. [89], Rob et al. [101), Rzepecki [105],
Staniszewska [113], Szymariska et al. [116], Grabowski et al. [35], Kedra [60],
Komczyfiski et al. [64]).

One of the most important and first synthetic thermoplastic macro-
molecular compound produced on an industrial scale was polyvinyl chloride’
(PVC) (Franty et al. [30], Wanderberg [119]). Pure polyvinyl chloride has
the form of a white, tasteless and odourless powder. In industrial produc-
tion, material made from it can be given various forms, with varying elasti-
city and hardness. Thersfore these polyvinyl chloride products have found
application in the meat industry (Bohosiewicz [9]), pharmaceuticals
(Chwiatkowska et al. [15]), in sport (Kopczyfski [65]) and in medicine
(Goetzen [34]), Homrowski et al. [47, 48], Jankowska [52] and others).

The introduction of various new chemicals and varlous products made
from them in daily use has given rise to the problem of the action of these
compounds on the human body, both of the producers and og the users. This
problem has been dealt with in many works in the national and foreign
literature (Cristea et al. [16], Bartenov et al. [4], Hervieux [45],

Kalinin [54], Kalifiska [56]; Koelsch [62], Lachnit [71], Lefaux [72],
Markiewicz [76], Moeschlin [78], Xowalska et al. [66], Kalinowska et al. [55],
© Smolik [108), TrosZin [117], Coiow et al. [17], Deyanova et al. [20]). The

problem of the toxicity of plastics, and especially polyvinyl chloride, is
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still open, despite the fact that various investigations in this direction
have been undertaken (Quooss [99], Russel [103], Pennarola et al. [94]).

The opinion expressed in the vast majority of published works is that
polymers are physiologically inert compounds, and the harmful effects are
caused by auxiliary chemicals in the polymer manufacturing proceas (initia~
tors, catalysts, emulsifiers) or taking part in forming the physical proper~
ties of the peclymers (stabilizers, plasticizers) (Danishevskii et al. [1%],
Nowak [S2]). Some authors (Filatova [26, 27], Gervais [32], Witnauer et

al. [120]) as~ribe harmful action to vinyl chloride, the toxic properties of
which are already recognized and measures to prevent poisoning have already
been taken in many factories (Beusnel (7], Broitman [11], Bugajska [12],
Daicrava [21], Gabor [31], Glnther [39], Krivoglaz et al. [63]). However,

many authors consider that certain plastics may have pathogenie properties

and as confirmation of their viewpoint they cite the harmful effects of

massive inhalation of polyamide dust. This dust causes acute catarrhal
pneumonia with formation of granulomas of the type around foroign bodies
(Giovacchini [33]), and sometimes even changes of the nature of storage
disease (Medve et al. [77]). There are also those who ascribe carinogeanic
action :fo plastics (Ficzhugh {28], Hueper [51], Nowak [88], Nesswetha et al.
[79], Oppenheimer et al. [90], Russel et al. [103], Bates et al. [5],
Druckrey et al. [22, 23], Oppenheimer et al. [89]). As a result of these
investigations it was found that after implantation of plates there igs
nearly always appearance of neoplasms [Guess et al. [38]), after implanta-
tion of a thresad they only develop occasionally (Kogan et al. {63]), and
neoplasms are never found after implantation of powder (Oppenheiwer et al.
[92]).

Although most authors are of the opinion that polyvinyl chloride is

a physiologically neutral compound, in recent years the literature has
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contained occasional reports on the occurrence of various bodily disorders
and changes in the organs of workers employed in factories manufacturing
polyvinyl chloride or products made from this material, viz: 1n the liver
(Pushin [98]), especially in older women (Troshina {117], in the phalangeal
bones of the hands and in the skin (Harris and Adams {42]), and {n the vas-
cular and nervous system (Suciu et al. [115]). Bugajska et al. [12] have
dravn attention to the possihility of toxic action of PVC. Roussel et al.
[102] found posthumgus atyplical changes in the lungs and were unable to
assign these changes to a se~ of known nosologic units. These authors
assume ch;: these changes slould perhaps be associated with work done for
many years by this worker in a PVC factory. In addition to descriptions of
clindcal observations, the literature also contains cxperincntal'works
conducted with polyvinyl chloride. Bernt (quoted by Danishevskii [6]), for
example, fed animals an olly suspension of groumnd PVC and showed that it
does not have any toxic properties, but he also ascertained that the zaterial
is soluble in the gastric and intestinal juice. Boitsov [10j, however,
mentions the possibility of development of coniosis 15 animals after iatra-
:rache#l adninistration of PVC resin. He found that in their lungs there is
thickening of the interalveolar septa and also peribronchial znd perivascular
inflamaation. My preliminary investigations on rats (Popow [96)) submitred
to the action of polyvinyl chloride also indicated that this dust is a
noxious agent for the lungs. Lymphocyte-like cells multiply under the
influence of inspiration of this dust. They accunulate in the form of cuffs
around the blood vessals, and there is also intumescence of the muscles and

proliferation of collagenous fibres in the wall of the bronchi, and pulmon-

ary emphysema.
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11, PURPOSE OF THE WORK AND ASSUMPTIONS

As follows from this review of the literature, the problem of the effect
of plastics ;n the living organism has not yet been solved completely.
Because polyvinyl chloride is one of the most frequently used plastics,
we decided to conduct investigations of the respiratory system after long-
term action of polyvinyl chloride and establish the nature nf the resulting
pathomorphological changes. Moreover, we tried to determine whether the
changes in the lungs after cessation of exposure to PVC dust recede, whather
they stop developing, or whether they still occur. Anothe' interesting
problem worthy of consideration is whether the changes occurring in the
lungs promote the development of complications, as occurs for example in
the course of silicosis. In the literature available to me I have not come

across reports on this kind of experimental investigations on animals.

ITII. RESEARCH TECHNIQUE

The eaxperiments were conducted on 60 white rats of both sexes of the
Wistar strain. A control group comprised 10 rats. The age of the animals
at the start of the experiment ranged from 3 to 4 months. The rats weighed
from 150 to 220 g. The animals remained in separate cages, in a well-1it
room which was aired every day, with its temperature maintained in the range
from 16° to 20°C. The animals were given mixed, nonstandard food regularly.
The- test animals were divided into three groups.

Group I comprised 16 animal: exposed to PVC dust from 1 to 4 months.

In this group I observed the picture of all pneumoconiotic lesions. Group
II comprised 22 rats, exposed to the dust from 5 to 12 months., 1Ia this
group I observed the picture of late preumoconiotic lesions. Group III
cumpriscd 22 rats which, after 12 montiis of exposure to the dust, were kept

under obsarvation for a period of 8 months. This group was employed for
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investigating the behaviour of the pathologic changes that arose under the
influence of polyvinyl chloride after its action had ceased. The control
group comprised 10 animals. They were kept under observation for 20 months,
2 rats being killed by decapitacion every 4 months.

Exposure to polyvinyl chloride dust was effected in the following way:
the rats were placed in a special chamber with dimensions 1.46 m x 0.56 m
x 0.38 m and vere submitted to the action of polyvinyl chloride dust every

day for 1 hour. A rubber hose was led into this chamber, and the other end

of the hose was in a glass vessel with capacity of 2000 ml (mixexr). Every
day 30 g of PVC powder was poured into the nixer once. The nixar wvas
connected by another rubber hose to an ealectric blower. When the blower was
switched on, the PVC powder was mixed with air. Then using the-autgoing‘
rubber hose, the PVC-air mixture was led into the chamber whevre the animals
were., The concentration and size of the PVC dust particles were monitored
with a Zeiss coniometer during exposure to tha action of the dust. At the
start of—the-experimcnt, on average about 9000 dust particles were found
in1l mm3. As time passad, this figure gradually fell, as follows (figures
given after rounding off): 7000 dust particlas after 15 minutes, 5000 dust
particles after 30 minutas and about 1000 dust particles in the final phase
of dust exposure. The size of the dust particles was as follows: smaller
than 1 um =« 1Z, less than 5 uym - 92X, from 5 um to 10 um - 4%, larger than
10 um - 3%. The concentration by weight was 97 glns. After exposure to
the dust for 1 hour the rats were put back in the cagca,-;here they rexmained
for the rest of the time. The control group of animala was placed in the
chamber for 1 hour every day and movement of air was created with the aid
of the electric blower, but PVC was not introduced. All the animals were

killed by decapication.
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Froo each animal lung segments were taken from the perihilar and
subpleural region for microscopic investigation. The segments taken were
fixed in Carnmoy fluid, embedded in paraffin blocks and stained: hematoxylin
and eosin, orcein according to Weigert's method for elastic fibres, accord-
ing to Gonori's method for argentaffine fibres, according to Heidenhain's
modification of Mallory's method (with "azan") for collagenous fibres,
according to Turnbull's wmethod for divalent iron and Perls' method for
trivalent iron and with mucicarmin for the presence of mucus. In addition
the following histochemical tests were effected: paS for neutral mucopoly-
saccharides (supplementing it with control acetylation according to Gersh
and employing blocking with dimedon), tripaS for acidic protein and Hale's
test for acidic mucopolysaccharides. In addition, staining with toluidine
blue at pH 3.4 and 5.6 was effected for the purpose of investigating meta-
chrorasia and detection of mast cells. Polyvinyl chloride, designated by
the syzbol ED, was obtained from the Zak:ady Chemiczny (Chemical Works) in
OSwiecin. fThe re;ults of the microscopie 1nvea:isation9 relate to lung
segments taken exclusively from animals that were killed at the scheduled

time.

IV. RESULTS OF INVESTIGATIONS

1. CONTROL GROUP

Macroscopic picture. The animals in this group were killed at 4-monthly
intervals. On dissection, in all the rats the lungs collapsed slightly
after opening the thorax, and they were pale pink and airy on the external

surface and on section. During cutting they crackle in the characteristic
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way. No bronchiectasia and no nodular focl were found in the lungs of

these anicals.

Microscopic picture. The pulmonary alveoli are fairly regular, the

interalveolar septa are of identical thickness with occasional slender
elastic fibres (orcein staining). Around the thin-walled capillary veasels
in the interalveolar septa we observéd some lymphocyte-like cells (Fig. 1).
The baseme-.t membrane of the capillary wvessels contains sleander thread-like
collagenous fibres (staining with Azan) and slender argentaffine fibres
(staining "y Gomori's method), but do not contain paS-positive bodies, and
stain yel'.ow in the tripaS test.

The lobar bronchi are lined with simple cylindrical epithelium, which
is multirowed with occasional beaker cells, and the ciliary appafatus is -
retained. In the cytoplasm of the beaker cells there are occasional,
extremely minute mucus granules (staining pink with mucicarmin) and also
paS~positive bodies (staining reddish-violet). Neither the cytoplasm of
the cylindrical cells nor of the beaker cells contains gcidic mucopoly-
saccharides (Hale's test proves negative). In the wall of these bronchi
the zuscle fibres run across circuitously in bundles and are separated by
collagenous fibres (staining with Azan). The elastic fibres also run
circuitously, slightly undulating (staining wich orcein), and argentaffine
in the form of tangles (staining by Gomori's method). Furthermore, in the
wall of the bronchi there are a few lymphocyte-like cells and histiocytes.
In the submucous membrane we can observe occasional glandular tubes with
narrow luzen, containing neither mucus nor mucopolysaccharides (staianing
with muecicarmin; paS, tripaS and Hale's tests prove negative).

The lumen of the segmental bronchi and bronchioles is lined with
. eylindric c¢ells, but beaker cells are not found among them (Fig. 1l). The

eytoplasm of the cylindric cells sctains yellow in the tripaS test and does
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not contain any granules: neither of mucus, nor of mucopolysaccharides
(staining with mucicarmin and the paS and Hale's tests prove negative).
The wall of the segmental bronchi has structure similar to the lobar
bronchi.

No phagocytes with granules of haewosiderin were found in the cyroplasm
in the rats of the control group. Occasional mast cells appear under the
pleura (having fine-granular, reddish-violet cytoplasm when stained with

toluidine blue).

2. GROUP I. EARLY CHANGES (RATS Nos. .-16, PERIOD OF EXPOSURE TO

DUST - 4 MONTHS)

Acong the 16 animals in this group, 2 rats (Nos. 1 and 2) died at the
start of the 4th month of experiment. Pulmonary emphysema and a con~
siderable degree of passive congestion are found in all internal organs om
dissection. A further 2 rats (Nos. 3 and 4) died in the last days of the
4th month of exposure to the dust. The macroscopic picture was similar to
that of the 2 pravious rats. The surviving 12 rats (Nos. 5-16) were killed
at l-month intervals (3 rats at a time).

Macroncopic picture. After opening the thorax, in all the rats of this

group the lungs do not collapse but £f111 the whole thorax, and they ara
fluffy and pale. During cutting, they do not crackle as characteristically
as gor=al lungs. Oan tha cut surface they are pale pink and dry. A small

quantity of mucous mass is discharged from the large bromchi on compression.

Microscopic picture. Tﬁe pulmonary alveoli are inflated like balloons,

the scpta between them are of reduced thickness, are disrupted in places,
as a result of which there is formation of large cysts, and the residues

of the scpta project in the form of spines into their lumen. 1In the first




few months of experiment the interalveolar septa are found to have
aggrega:es'of histiocyte-like cells, the cytoplasm of which possesses ninute,
diffuse golden-brown granules of haemosiderin containing trivalent iron
{they stain greenish—bluelaccording to Perls' method, Fig. 2). Sometimes

in the vicinity of the blood vessels in the focally thickened interalveclar
septa there are aggregates of cells of this kind, profusely charged with
haemosiderin (Fig. ?). Towards the end of the 4th montt of exposure to
dust, cells with haemosiderin granules are seldom found. However, thicken-
ing of the septa persists.

In the first few wonths of this period the lobar bronchi, lined with
cylindrical epithelium, have an irregular lumen. On the surface of the
epitheliun there are scant, amorphous, pink mucous masses (which stain pidk
with mucicarmin), containing minute granules of uucopolysagcharidel (which
stain reddish-viclet in the paS test). Between the cylindrical cells th re
are occasional beaker cells, the cytoplasm of which contains mucus (which
stains pink with mucicarmin) with a few, fine granules of.neu:ral mucopoly~
saccharides (staining reddish-violet in the paS test). .In the £ina] phase
of this perind of the investigations the lumen of the lobar bronchi bec mes
roundish.

In some places the cylindrical epithelium undergoes flattening, and in
sone places thera is even complete destruction (Fig. 3). This destruction
is not restricted to the epithelium, but affects deeper layers of the
bronchus. Between the lymphocyte-~like cells £illing such a defect in th
bronchial wall there are no elastic fibres, or they have undergona frag-
mentasion and.havc the form of fine, very thin brown filaments in orcein
staininz. On the other hand the argentaffine fibres undergo thickening or

. fragmeatation as well (staining according to Gomori's method). The rather
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the initial phase increases as time passes, and by the end of the fourth
month such cells are quite numerous.

In this period there is also an increase in the number of beaker cells
among the cylindrical cells of the epithelium of the lobar bromehi (Fig. 4).
The cytoplasm of the beaker cells contains mucus in the form of spherical
pink granules when stained with mucicarmin. The composition of this mucus
includes neutral mucopolysaccharides (staining reddish-violet in the pa$
and tripaS test). Thess granules are located in the basal part of the beaker
cells, near the nucleus, In addition, the cylindrical cells lining the
lumen of the lobar bronchi undergo mucous degeneration and exfoliate into
the lumen of these bronchi, which is filled with mucous mass (Fig. 5). The
Ducous nasses mentioned above are stained pale pink by mucicarmii, but the
paS and tripaS test proves negative. In the submucous membrane there are
occasional glandular tubes, which have a narrow lumen and contain neither
mucus nor mucopoljsaccharides (staining with muticarmin, and the paS, tripa$
and Hale's teats prove negative).

In the initial phase of the period of investigation, with staining with
Azan, a szall number of slender, bluish collagenous fibres ara noted in the
wall of the lobar bronchi. The reddish-violet striae of muscle fibres are
fairly wide in comparison with tha control group. By the end of the f urth
month, here and there the bluish collagenous fibres in the wall of the
lobar bronchi hava Peconc "tcat:ltéd". and nearby there are agglomerations
of lymphocyta=like cells. On tha other hand the muscla fibres are tumefied.
The wall of the blood vessels located near thes lobar bronchi has focal
thickening as a result of coﬁsidcrabla swvelling of the muscle fibres, which
is revealed by intense reddish-violet coloration in staining with "Azan".
However, the adventitia appears as a very thin blue stripe. 1In places in

tha wall of these vessels we can see snall amorphous, viclet caleic larmellae.
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In the peripheral part of the lung just under the pleura, around the
capillary vessels with softened and thickened wall, we can detect "cuffs"
with numerous small, rounded cells with a dark nucleus and a narrow fringe
of cytoplasm (Fig. 6). The endothelium that was tumefied at the srart
exfoliates into the lumen of the vessels in the final phase, and sometimes
closes it coumpletely.

The cytoplasm of the cells lining the lumen of the segmental bronchi
and bronchioles, which for the most part is not widened, is not foynd to
contain granules of mucus, neither after 1 nor after 4 months of dust
exposure. Also no beaker cells appear between the cylindrical cells of
the epichelium of these bronchi, or of the bromchioles. In this peri d of
the investigations, under the pleura wa observe a few, isolsted mast cells,
which have reddish~violet, finme-granular cytoplasm in staining with toluidine
blue.

3. CGROUP II. LATER CHANGES (RATS Nos. 17-38, PERIOD OF EXPOSURE TO

DUST - 8 MONTHS)

Among the 22 rats in this group, 2 died (Nos. 17 and 18) in 6 months
of exposure to PVC dust. On dissection they were found to have pulmonary
exphyse=a and bronchiectasia in a suppurative state, and in a further 4
rats which died in 7, 8, 9 and 10 months of exposure to the dust (Nos. 19-22)

there were soall, scattered foci of suppurative prewmonia. Two rats died

in each of the llth and 12th months of exposurs to che dust (Nos. 23-26)

as a result of bronchiectasia and pulmonary suppuration. The surviving

rats were killed in two's at monthly intervals, starting fron the 5th month

of obscrvation.
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Macroscopic picture. In the rats after 5 and 6 months of exposure to

the dust (Nos. 27 to 30), after opening the thorax the lungs do oot collapse
but protrude from the thérax, they are moderately f£luffy but do not crackle
during cutting as markedly as normal lungs. Minute slate-like specks sh w
through the pleura. On cutting the lungs are pale pink, and dry. Bronchi
with widened lumen protrude from the cut surface, and on compression the
Topy contents are discho:ged from them. In the lungs of rats after 7, 8,

9 and 10 months of observation we found nodular foei protruding above the
surface, which had a horeycomb appearance on the cut surface. These foci
contain a ropy, milky-ojalescent fluid. In addition to these foci there
were large formations, with the features of singla~cell cysts filled with
mucoatheromatous mass. These large cystold formations were surréunded by -
a distinet undulant reddish fringe. Sometimes the cystoid formations were
so large that they occupied the entire lobe of the lung. 1In rats after 11
and 12 rmonths of exposure to PVC dust the nodular foci had enlarged to such
an extent that sometinmes they occuﬁied the entire lobes. On the other hand
there were fewer large cystoid formations, and they were also smaller.

Microscopie picture. Marked pulmonary emphysema is noted, more pro—

nouaced than in the animals of group I. However, in places the interalve lar
septa are thick, and the blood vessels in them have irregularly thickened
wall and tumefied endothelium. In the wall of these vessels, after 9 months
of exposure to the dust, collagenous fibres appear instefd of the muscle
fibres, which is indicated by blue coloration of the vcigcl walls as a result
of the action of Azan and orange coloration when the tripaS teat iz carried
out. Cuff-like aggregationi of lymphocyte-like cells and histiocytes are
observed around these vessels. Soretimes these aggregations are connected

to the aggregations of such cells around the segmantal dbronchi, forming a

single cormplex. The lobar bronchi have a widened lumen and are filled with
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- .dilated, cyst-like tubes are filled with paS-positive masses located

mucous masses with numerous granulocytes submerged in them. The nucous

masses give 3 strongly positive paS reaction (intense reddish-violet

staining) and are closely adjacent to the surface of the epithelium. Between

the cylindrical cells lining the lumen of these bronchi there are very many
beaker cells. fheir cytoplasm gives a weak reaction with mucicarmin: pal
pink, but the reaction of pasS and tripaS is very strong: 4intense reddish~
violet. After blocking with dimedon, there was no change in the coloration
of these masses in the pa$S test. Furthermore, in the cytoplasm of the
cylindrical cells there are minute paS-positive granules. As time passes,
the collagenous fibres in the wall of the lobar bronchi become thicker and
thicker (staining blue with Azan), and the elastic fibres undergo fragmenca-
tion and are visible as short, thin brown filaments (staining uith orc in).
In addition, in some bronchi there is metaplasia of the cylindrical epi-
thelium to stratified pavement epithelfum (Figs. 7 and 8).
In the immediate vicinity of the bronchi we can see aggregations of
lymphocyre~like cells and histiocytes. Sometimes we ggin the impression
that the cylindrical epithelium of the lobar bronchi forms in layers or
grows in the shape of a tongue deep into the wall (Fig. 9).
In 11 and 12 months of exposure to PVC dust, the epithelium of the
dilacted lobar bronchi is low and flattened. The collagenocus fibres in tit
wall of these bronchi have the appearance of thick, broad, uniform blue
stripes (stained with Azan). The submucous membrane is greatly widened.
The glandular tubes located in it are either dilated like cysts (Fig. 1
and filled with pale-pink contents, giving a weak reaction with mucica:
and stronger paS rzaction, or have the appearance of solid tubular foe

withoutr a lumen, composed of malleolar epithelium (Fig. 8). Sometime:

under che metaplastic, stratified squamous epithelium, into which zhe

sy ger (Fig. 7).
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Betwaen these tubes we find quite numerous scattered lymphocyte-like
cells and histiocytes (Figs. B and 10) and quite wide bands of collagenous
fibres, which stain blue with Azan. The changes described above are
observed starting from 7 months of exposure to the dust. The segmental
bronchi undergo dilatation after 8 months of experiment. In this period
the cells of their epithelium undergo flattening, and beaker cells appear
betwaen :heﬁ. The cytoplasm of these beaker cells gives very weak reaction
with mucicarmin, but the paS test is strongly positive - there i{s intense
reddish-violet coloration of the cytoplasm. paS-positive granules also
appear in the cytoplasm of the cylindrical cells., In addition the ep’thelium
of these bronchi becomes stratified (Fig. 1l), and sometimes even underg es
metaplasia into stratified squamous epithelium (Fig. 12). Then in the
icmediate vicinity we can see aggregations of histiocyte~like cells and
occasional bands of hyalinizing connective tissue.

As time passes, the collagenous fibres in the wall of the segn;n:al
bronchi become thicker and thicker and have the appearance of broad blue
;:ripes in staining with Azan. By the end of 12‘monchs‘o£ experiment, the
collagerous fibres undergo hyalinization (Fig. 13), and the epithelium
undergoes atrophy. There is also atrophy of the glands located in the sub-
mucous membrane. Siarting fromva months of exposure to the dust, round
sone segmental bronchi we observe profuse cuff~like aggregations of
lyzophocyte-like cells.

Pathologic changes do not appear in the bronchioles ;ntil 9 months of
experirent. They result from enlargement of histiocytic and lymphocyte-like
cells towards their lumen and intussusception in the wall of the bronchiole
in the form of warts. Soma wart-like formations are deprived of bronchial
epithelium. As time passes, around the bronchiolas there is accumulation

of more and more lyuphocyte~like cells and hisctiocytes (Fig. 14), which




£ill defects in the epithelium of the bronchioles (Fig. 15). The elastic
fibres in the wall of the bronchioles in defective regions undergo dis-
integration, and when stained with orcein they are visible as slender,
short, isolated brown filaments.

The microstructure of the nodular foel with honeycomb appearance, which
was found in rats after 7-12 months of eaxposure to PVC dust, can be
described as follows: thef contain cystoid formations lined with cylindrical
epithelium. 1In places we can see wart-like protuberances, compoéed f
connective-tissue stroma (thick blue stripes when stained with Azan) covered
with c&lindrical epithelium, which creates the impression of focal strati-
ficarion or undergoes metaplasia into stratified squamous epithelium (Figs.
16 and 17). Squamous-epithelial metaplasia of this kind also occurs in
lobar and segmental bronchi. Between the cylindrical cells without cilia
there are quite numerous beaker cells, the cytoplasm of which gives a
strongly positive paS reaction - it has intense reddish-violet staining.
paS-positive masses also f£ill the lumen of these cystqid formations and
are stained pale pink by mucicarmin.

Bewaver, the large cystoid formations filled with "mashy' nasses, in
rats with the same period of exposure to dust, have a different microstrue-
ture. These are large thin-walled cavities, and the wall is composed of
hyalinized connective tissue, without cpithelial ependyma. In the lumen of
these cavitias there are amorphous, fine-granular masses, and granulocytes
are only seen among them in a few places. Hale's test proved negative in
all the animals. The number of mast cells, the cytoplasm of which is
stained reddish-violat by ':oluidine blue, does not increase; only a few of
them arc encouncered under the pleura or near cthe dilated bronehi. The
granules in the cytoplasm of the phagocytes, located in the interalveolar
septa neny the blood vessels, contain neither divalent nor trivalent ir n

(staininp accoreing to the method of Turabull and Pferls proves nevative).
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4. GROUP III. CHANGES AFTER CESSATION OF EXPOSURE TO PVC DUST

(RATS Nos. 39-60, OBSERVATION FROM 1 TO 8 MONTHS)

Of the 22 rats in this group, by the end of the first month of
observation after cessation of exposure to PVC dust, 6 rats died (Nos. 39
to 44). Upon dissection, in the lungs of all the rats in addicion to
. emphysema and bronchiectasia we detected the presence of numerous nodular

or ¢, stold formations filled with thick, creamy, ropy contents mixed with

"mashy” masses. Sometimes the entire lung was composed of thin-walled,
cysto .d formations. The surviving 16 rats (Nos., 45-60) were killed at
wmont!ly intervals (2 rats at a time).

Macroscopic picture. Among the surviving 16 rats, during dissection
of 8 animals killed at the scheduled time we determined the presence of
apneumatic, fine-lobular, hard nodular foci (Fig. 18), as in the lungs of
the animals in Group II. In addition, we observed large, quite soft cystoid
formations (Fig. 18), and when cut they were found to have a thin wall and
were filled with "mashy” masses mixed with mucilaginous, partially creamy
contents.

The changes described above were observed in rats both 1 month and
8 months after cessation of exposure to the dust. In the other 8 rats, after
opening the thorax the lungs do not collapse, they are excessively fluffy,
pale pink, and during cutting they do not crackle as characteristically as
notmal lungs. The surface of the cut is pale pink, and dry. Bronchi with
widened lumen and roller-shaped wall project from the cut surface. Mucila-
ginous contents ars discharged from them on compression. Scattered slate-
like and dot-like foeci show through the pleura.

Microscopic picture. Pulmonary emphysema is found in all the animals

in this group, though with less inrensity than in the rats of Croup II.

As tima passes, blood vessels surrounded by a cuff of lvmphocvte=like cells
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are observed less and less frequently in the interalveolar septa. In the
eighth month of observation after the end of the experiment, only isolated
lymphocyte~like cells are to be seen around the blood vessels. The lumen

of these vessels is broad, the endothelia are flattened. 1In the wall we can
see thinner (in comparison with Group II) thread-like blue collagencus fibres
(staining with Azan). The lobar bronchi have a much widened lumen and for
the most part fil ed with coagulated albuminous, acidophilic fluid, mixed
with numerous neutrophilic granulocytes. The albuminous fluid contains
wucus (distinctly . ink in staining with mucicarmin) and a much smaller amount
of paS-positive s bstances in comparison with group II (in the paS test it
is pale reddish-violet). These bronchi are lined by a low cylindrical
epitheliun with numerous beaker calls, 1 month aftar cessation of cxposuf;
to the dust. Minute pas-positivg granules appear in the cytoplasm of the
cylindrical cells. As time passes there is a gradual decrease of the number
of beaker cells, and there are only isolated ones by the end of 8 months of
observation. At first the cytoplasm of the beaker ccl;s contains very little
oucus (it is stained pale pink with mucicarmin), but a large amount of paS-
rosicive substances (it is stained intense reddish-violet). However, by the
end of observation there is a pronounced mucus reaction, whereas the pa$
reaction 13 weakly positive (staining pale reddish-violet). At this time
the minute paS-positive granules also disappear from the cytoplasm of the
cylindrical cells, and theair squamous—epithelial metaplasia is rarely
encountered. In two rats (Nos. 59 and 60) killed 8 wonths after ceasation

of sxposure to tha dust, it was found that there wers numerous greanish-blue

granules of acidic mucopolyéaccharidcs (Hale's test) in the eytoplasa f

the cells of the epithelium of the lobar and segmental bronchi and also in
the glandular zubes of the submucous membrane of these bronchi. Similar
granules were present in the epithelium of the microlobular nodular foei.

i2le's test proved negacive inm the other animals.
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The collagenous fibres in the wall of the lobar bronchi are thick,
homogeneous, and stain dark blue with Azan throughout the period of observa~-
tion. Staining according to Gomori's method indicates inspissation of
argentaffine fibres - thick black bands. On the other hand there are few

elastic fibres, in the form of thin, discontinuous brown threads (staining

with orcein), or thay are completely lacking in the regions of defects in

the bronchial wall.

The submucous membrane 1s wide, in it there are numerous glandular tubes
with a wide lumen, filled w#ch contents giving a weik reaction with muci-
carmin, and strongly paS-positive (staining intens: reddish-violet). Batween
the glandular tubes there are extremely numerous lymphocyte=like cells.
After 5-8 months from the time of cessation to exposure to the &ust, the
lumen of the glandular tubes seems to collapse. Cells of new connective
:issdc and nurerous c¢ollagenous fibres appear between the tubes (with Azan,
staining in the form of broad blue bands, which surround thesaz tubes) (Fig.
19). In ﬁlaces the connective tissue grows as broad bands, and between then
there are numerous lymphocyte-like cells and histiocytes, either scattered
or in a;;regates. Among the bands of connective tissue there are argent-
affine fibres (staining black according to Comori's method), and there are
no elastic fibres (staining with orcein). Some glandular tubes are enlarged
in cystoid manner and filled with pale pink, homogeneous masses, giving a
weak positive reaction with mucicarmin (they stain pale ?ink). and negative
paS reaction (they do not stain). One month nf:e; ceasation of dust
exposure, the rounded or oval lumen of the segmental bronchi is lined with
¢ylindrical epithelium withlquitc nunerous beaker cells, indicating excessive
secration of mucus. This mucus contains a large amount of neutral aucopoly-
saccharides (intense reddish-violet staining in the paS reacticn). There

are alzo minute paS-positive granules in the c¢ytoplasm of the eylindrical




cells. A broad band of fibrosing connective tissue is evident in the wall
of the segmental bronchi (stains blue with Azan, and black accord;ng to
Cozori's method) (Fig. 20).

As time passes, in the epithelium of the segmental bronchi there 1is a
fairly rapid decrcas; of the number of beaker cells containing paS-positive
bodies; these cells are no longer visible 4 months after cessation of
exposure to the dust. At this time the minute paS-positive gran-.ies also
disappear from the cytoplasm of the cylindrical cells. Eight months after
cessation of dust exposure, the broad band of connective tissue I; still
present in the wall of the segmental bronchi and does not displar signs of
hyalinization. Between the cylindrical cells of the epithelium, the
cftoplasa of which is stained yellow {n the tripa$ test, only isolated
beakar cells are visible, with their cytoplasm containming mucus (stains
pink with mucicarmin), but not containing paS-positive bodies. In 1 rat
(No. 53) we observed several segmental bronchi alongside one another with
cystolid enlargement, which were lined with considerably flattened epithelium.
Around these bronchi there was growth of fibrous conn.c;ivc tissue, still
containing quite a number of lymphocyte-like cells and histiccytes. The
lumen of these bronchi is empty. The pulmonary alveoli in the vicinity ¢
these enlarged bronchi are apneumatic, often copiously infilcrated with
granulocytes, sometimes occupying soce 10~20 alveoli each. Decay is found
in the centre of these infiltrates.

In all the animals we observed slight, gradual decreass of the number
of lympﬁécyte-likc cells surrounding these bronchi like a cuff. By the end
of the experiment (in 12 months of exposure to the dust), nunerous hiscio-
cytes and lymphocyte~like cells had accumulated round the bronchioles, ¢
" sych an extent that in places they intussuscepted the wall of the bronchiole
in the form of a wart. Two months after cessation of dust exposure, the
abnve-rongioned cells are still mulziplvins and now Intussussept tha wall
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of the bronchioles in numerous places (Fig. 21). Among the lymphocyte-like
cells and histiocytes there are occasional thin collagenous fibres (they
stain blue with Azan and brown according to Gomori's method). After 7 months
from the end of the experiment, the lumen of the bronchioles is markedly
constricted and distorted as a result of intussusception of the wart-like
formations described above. In their subepithelial layer the connective
tissue undergoes hyalinization (stains a uniform blue with Azan), and the
surface is partially covered with flattened epithelium.

In addition to the changes described above, 1 month after cessation of
exposure to the dust we may find bands of partially fibrosing connective
tissye around some bronchicles, with lymphocyte-like cells and histiocytes
betwaen these bands (Fig, 22), or profuse aggregations of lymphocyte-~like
cells filling the defect in their wall. Four months after cassation of the
experinent, sometimes the bronchioles have an irregular, stellate lucen and
are lined with 1ow epithelium (Fig. 23). Into these bronchioles there is
intussusception of bands of connective tissue containing collagenous fibres
(staining blue with Azan) and argentaffine (staining black according to
Gozori's method). Moreover, wa often observe proliferation of connective-
tissue fibres (staining blue with Azan) i{n the vicinity of the bronchioles,

By the end of 8 uon:?; from ceassation of the experiment, the picturs is
similar, but the new connective tissue gradually transforms into fibrous
tissue (uuifoém dark blue staining with Azan). The mictqs:ructure of the
microlobular nodular foci, observed both 1 wmonth and 8 months after cessa-
tion of exposure to PVC dust, is similar to that described in Group II,
and the lumen of these cys:éid formations is filled with granulocytes
immersed in mucus, which is stained pink with muci{carmin. However, the
nicrostructure of the large, soft cystoid formations and their contents are

the same as described in Group II.
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In the first month of observati n after cessation of exposure t the
dust, under the pleura there is accumulation £, in sach case, a few or
aboﬁ: a dozen large phagocytes with scattered golden-brown, minute granules
in the cytoplasm. These granules do not give positive paS and tripa$S reac~
tion, do not stain with mucicarmin, and also do not contain divalent or
trivalent iron (staining according to the method of Turnbull and Perls).
Orly toluidine bluc,stained them golden-~yellow. The appearance of fibro-
blasts and occasional very thin collagenous fibres (filaments staining blue
with Azan) between these phagocytes was only determined after 8 months of
ouservation. Throughout the period of observation the mast cells behave

as in Group 1I.

-

V. INTERPRETATION OF THE RESULTS AND DISCUSSION

The results obtained in uy investigations indicate that PVC dust is
not a phrsiologically neutral compound. Long-term inhalation of it leads
to the development of a variety of pathologic changes in the respiratory
apparatus. At the earliest, after just one month of exposure to this dust,
there is development of catarrhal inflammation of the lobar bronchi with
cucoid degeneration of the cells of the epithelium and focal pulmonary
emphyseza. The development of focal emphysema even in the first month of

exposura to PVC dust depends most ﬁ:obahly on machanical obstruction of the

shall bronchi in the form of a valve. The muscle fibres and collagenous

fibres of the bronchial wall undergo tumefaction, and the lyaphatic follicles
undergo focal hyperplasia. In this period the segmental broachi as well as
the bronchioles do not exhibit catarrhal lesions, but the basenent merbrane

of the capillary blood vessels in the interalveolar septa undergoes




thickening and softening, and the endothelial cells undergo tuczefaction.
Around the blood vessels there is accumulation of lymphocyte-like cells,
which surround them like a cuff. Here and there in the interalveolar septa
near the blood vessels we encounter isolated or small groups of phagocytes,
laden with granules of pigment containing trivalent iron.

After 2, 3 and 4 months of exposure to the dust we ob;arve greater
dilatation of the lumen of the lotar bronghi and intensification of the
degenerative changes of the epithelium than after ] month. The muscle
fibres of the bronchial wall are rire thickened and swollen than after 1
month, whereas the collagenous fibres undergo disintegration. Developz nt
of defects was observed in places in the wall of the lobar bronchi. Then
in this region there was intensive proliferation of lymphocyte-like cells
and histiocytes, which filled the defect. 1In this stage of the experim nt,
lyuphocyte=like cells accumulate in large foci around the segmantal bronchi.
The epithelium lining the segmental bronchi and bronchioles maintains its
height, but it is covered with a thin layer of mucus. In this period we
did not observe accumulation of lymphoeyte-like cells near the bronchioles.
However, they surround small blood vessels in the interalveolar septa like
a cuff. The excessively~-inflated pulmonary alveoli exhibit the typical
characteristics of emphysema.

On the basis of the picture of pathologic changes in the first 4 conths
of exposure to 3VC dust it can be stated that PVC dust reaching the respi-
racory system causes mucoid catarrh of the lobar bronchi-aud pulmonary
emphysery in the early stage. As time pagsses, mucold degeneration gradually
affects rhe segmental bronchi and bronchioles, but is only slighc. In
parallel with the degenerative changes in the bronchi, we observe a marked
reaction on the part of the lymphatic system. Lymphocyte~like cells
accutulate not only around the blood vessels in che interalveolar septa,

Lot ato- in tha bronchial wall.
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Anong the changes observed in animals exposed to PVC dust for a further
8 months on top of the first schedule, hyperplastic and metaplastic lesions
appear, in addition to intensification of the degenerative changes. They
affect the epithelium of the lobar bronchi and of the segmental bronchi,
and even appear in the epithelium of the bronchioles. Against a background
of hyperplastic lesions of components of the bronchus, there is development
of cystoid foei, with wart-like protuberances cgvercd with eylindrical r
squacmous epithelium. The epithelium lining these foel exhibits mucoid
degeneration. The excessive quantity of mucus iccunulates in the lumen of
these warc=like foci, often thara is secondary infection, which leads to
suppuration. The microscopic picture of these focl i3 similar to the pie-
ture of a cystoadenoma.

In the wall of the lobar and segmental bronchi, with widenad lumen,
we find broad bands of connective tissue with lymphoeyte-like cells betveen
its fibres. The muscle fibres in the wall of these bronchi undergo atrophy.
The reSulfing dilatation of the bronchi often leads to secondary infection.
Thnen their lumen 4s filled with mucopurulent fluid, and the epithelium
undergoes atrophy.

In the final stage of exposure to the dust, i.e. after 12 months,
. granulocytes and histiocytes accumulate around tha bronchioles. Sometimes
the granulocytes and histiocytes intussuscept the wall of the bronchioles
like warts into the lumen, distorting and constricting it. There is often
mucus with graoulocytes in the lumen. Pulmonary emphysema, developing in
the inieial period of axposure to the dust, most probably depends on
mechanical obstruction of the bronchi. The emphysena increasas as time
passes. Its development in the later stago is associatad with degenerative-
vinfla:matory lesions in the bronchi and bronchioles; large buliae fornm,

in which zn exudate accumulates, mainly composed of neutrophils. The walls
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of these large bullae undergo fibrosis, and then hyalinization, and the
ewudate zccumulated in their lumen undergoes decomposition ("mashy” masses).
In addicion to the hyperplastic and metaplastic lesions of the epithelium,
in this period we also observe growth of the glands in the wall of the

lobar bronchi. New so0lid glandular foci develop, containing high epitheliunm
or typical glandular tubea. Then some of these tubes underwent cystoid
dilatation. In their lumen we detected mucus containing neutral mucopoly-
saccharides. Between the glandular tubes there were disseminated inflamma-
tory cells, such as lymphocytes and histiocytes.

On the basis of analysis of the microscopic images of the lungs of
animals exposed to polyvinyl chloride dust from 5 to 12 months it can be
stated that the pathologie changes produced in this time are more intense .
than after 4 months of exposure to the dust. During exposure to the dust
from 5 to 12 months, bronchiectasia develops, with proliferation and meta-
plasia of the bronchial epithelium. These lesions are often suppiémen:ed
by an inflammatory reaction, which affects not only the dilared bronchi,
but also the bronchioles, and sometices even the pulmonary alveoli. To
conerziize, this period can be called the hyvparplastic-inflammatory stage.

The animals in Group III were kept under observation for S8 months froa
cessation of exposure to the PVC dust. (The animals in this group had
previously been exposed to the dust for 12 months). It was found that
despite cessation of exposure to the dust, the pathologie changes in the
respiratory system display varied development. Some of them continue
developing, but others recede. In the dilated bronchl the epithelium
undergoes atrophy, but the inflammatory process already in progress around
them does not recede. The thick bands of connective tissue in the bronchial
wall only undergo partial hyalinization, and the catarrhal lesions ia the

epitheliun lining their lumen remain even after 5 months of obsarvation.
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In the lumen of some dilated bronchi there are copious granulocytes,
sometices exhibiting signs of decay. The inflammatory process often also
affects the nearest pulmonary alveoli. 1In the wall of the dilated lobar
bronchi, the lymphocyte~like cells remain in the form of a fairly wide
ridge up to the .né of obsarvation. Only a few glands in the wall of the
lobar bronchi undergo atrophy and then connective tissue grows focally
between them, Inflammatory infiltrates mainly of histiocytes also remain
in the bronchial wall and betwaan the glandular tubes. The connective
tissue around the bronchioles behaves differently. In the first months of
observation this tissue grows repeatedly, leading to considerable constric-
tion of their lumen. It is transformed to fibrous connective tissue only
by zhe end of the 7th month of observation. However, the inflammatory
infiltrates mainly of histiocytes remain between the bands of connective
tissue. Moreover, bronchioles in a state of exfoliating catarrh are
observed.

After cessation of exposure to PVC dust, accumulation of a number of
phagocytes with golden-brown granules in the cytoplasm was observed under
the pleura. These granules contained neither divalent nor trivalent iron.
Toluidine blue stained them golden-yellow. It follows that these granules
are not haemosiderin in the strict meaning of this word. They can be
regarded as so-called old haemosiderin, which is not synonymous with true
haerosidarin. My opinion in thias matter is confirmed by the result of
staining with toluidine blue. By the end of 8 months of observation after
cessation of exposure to the dust, fibroblasts appear between the phago-
cytes. The following lesions undergo regression: disappearance of the
cuff-like aggregations of lymphocyte-like cells around the blood vessals

in the inrteralveolar septa, regression of mucoid degeneration of the bronchi,

disappearance of paS-positive granules from the cytoplasm of the beaker

-

v, 3evlinceical cells of the 1ot and sepmental hronchi, decrease
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of the number of beaker cells in the oucous membrane of these bronchi and
decline of metaplasia of the pavement epithelium.

Metaplasia of the pavenent epithelium deserves further consideration.
In the rats of Group II this metaplasia was very pronounced. In Group III,
however, either it was not very marked, or it was completely absemt. It
would be difficult to accept that the 16 rats in Group III would react so
very differentlvy to exposure to PVC dust, i.e. that thelr reaction charac-
teristics wouid differ markedly from the reactivities of the rats in Group
ITI. I assume that in these aninals, which after all are derived from
inbreeding, thr.re cannot be marked differences in reactions. Then we should
assume that metaplasia of the pavement epithelium also occurred in the
bronchi in these 16 rat;; but after cessation of exposureto PVC dust the
wmetaplastic epithelium gradually exfoliated and normal epithelium was com=-
pletely restored; The validity of this idea is supported by the fact that
:hére is metaplasia of the pavement epithelium fn 8 rats out of 16, though
this metaplasia was of a low level of intensity.

As follows from 8 months of observation after cess;tion of exposure
to PVC Just, some of the pathologic changes in the lungs recede, but sonme
show no significant signs of receding. It can therefore be concluded that
the pathozorphologic changes in the lungs, produced as a result of the
action of PVC dust, persist even after its action has ceased. We nust then

ask what happens to the PVC dust. Is it deposited in the lungs, or is it

dissolvad in the body fluids? It is not easy to answer this quesation, for

it turns out that PVC dust probably has the same refractive index as Canada
balsam and therefore it cannot be detected. Moreo#er, PVC dust particles
do not retain any pigments which are employed in the research. It could
be assumed that these dust particles dissolve in the tissue fluid in the
lungs. hat this possibility cannot be recjected i{s denmonstrated by the

ohservarions of ferat {6}, Cylwik [18), lachait [7)) and etk
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The results of iavestigations of rat lungs after exposure to PVC dust
indicate that this dust produces lesions of the nature of coniosis. Hazes
. {40) and Harris [41] consider that the type and nature of the pathomorpho-—
logic changes developing in the lungs during coniosis depend not only n
the biological activity of the dust introduced, but also on the size of the
dust particles. Khukhrina [14] proposed a classification of dusts into 7
types, placing highly toxiec dusts in first place. Danishevskii [19) con~
siders that primarily macromolecular compounds (polymers) are toxic to the
‘organisa. They are precisely characterized by biological activity. The
toxic action of polymers is a.so reported by Hopkins et al. [50]; Thease
authors described poisoning with acrylamide, which took place with symptoms
of toxic lesion of the nervous system. My investigations seem teo show
that particles of PVC dust, 92% of which are smaller than 5 um, reach the
respiratory system and alse have a toxdce effect, though an influence also
results from their mechanical action, by obstruction of the small bronchi.
The toxic action of PVC is mainly indicated by dilatation of the ééﬁnchz_
and their suppurative inflapmation. According to Ashbal [2], development
of dilatation of the bronchi and their suppurative inflarmation are charac-

teristic features of toxic conioses, defined by French authors as coxie

bronchopathies (Marchand [75]). The mechanism of the toxic action of

macrozolecular compoundd was explained by Hueper [51] in the following way:
after cozing in contact with body fluids a macromolecule may undergo
degradation (depolymerization -~ my comment) and then be incorporated in
protein or nucleoproteins as pathologic granules. A new polymer-protein
combination is formed, which way have toxic properties. On the other hand,

Fitzhuzh [28] associates the toxic action of polymers with frae radicals,

_ being the residues from initiators. These groups are able to combine with

protein. The resultant combination is toxiec and can even cause tissue to

undergo neoplastic proliferation. Such toxie properties of macromolecular
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compounds have been explained by Oppenheimer et al. [90]. ‘They consider
that free radicals are released and react with the cell constituents.

These free radicals repeatedly lead to depolymerization of nucleic acids

and so have an influence on the enzymatic processes of the cell. Hedri et
al. (ecited by Homrowski [43]) and Kowalski et al. {67] demonstrated that

1f dibutyl phthalate 1s used as a plasticizer inm the production of PVC,

the finished PVC has marked toxic properties, probably as a result of
ipsufficient polymerization. The investigations of Nowak [86] and Bober [8]
showed that dibutyl phthalate can cause inflammatory reacticrs. However,
Smolik [108] considers that the toxlc properties of macromol :cular coapounds
are associated with monomer residues. In his opinion they cause. acute and,
chronic disorders of the respiratory passages. On the basis of my research
I cannot say with complete certainty whether the PVC molecule undergoes
depolyrerization and becomes associated with protein, or whether free
radicals react with the constituents of the serous fluid of the bromchi,

or whether the residues of monomers perhaps exert an action. It is a fact,
however, that paS-positive bodies appear in the cells of the epithelim of
the brenchi, in their lumen and in the bronchial glands under the influence
of I'VC dust, and the number of such bodies increases as time passes. After
exposure to the dust has ceased, the paS-positive bodies gradually disappaar.
This might indicate that PVC dust irritates the bronchial epitheliunm,
causes an increase of the number of beaker cells and promotes their secre-
tion. This secretion does not have the typical nature of mucus (slightly
positive result of staining with mucicarmin), but it contains paS-positive
bodies. This is emphasized by the fact that with the passage of experiment
ziza, this secretion becones wore and more deprived of the constituents

that are characteristic of mucus (staining with oucicarmin 1{s almost nega-

zive), but it contains more and more paS-positive bodies. After cessation
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of exposure to PVC dust, the paS-positive bodies disappear quite quickly
from this secretion, and the constituents that are characteristic of mucus
appear instead (staining with mucicarmin is strongly positive). It is
significant that PVC administered perorally does not cause any symptoms
of toxie lesion of intermal organs (Homrowski et al. [46, 49]). Research
by Hervicux, Tessier [45] and Truffert [118] showed that pacromolecuylar
compounds that are derivatives of vinyl possess toxic propertiea. Toxie
action of polyvinyl chloride is indicated by investigarions of che liver
of rats exposed to inhalation of PVC dust, undertaken by Cylwik [18]. 1In
addition to far~advanced degenerative lesions of the liver cells and reac~
tive hyperélasia of the cells of the reticuloendothelial system, he noted
éhat paS-positive bodies appear in the liver cells during the experiment,
but disappear when exposyre to the dust ceases. Appearance of paS-positive
bodies in the bronchial epithelium and in the lymph nodes of test anipals
exposed £> polyvinylpyrrolidone dust (a vinyl derivative) is also described
by Lowsma et al. [74], who also note that these paS-positive bodies are
alaa found in the lymph nodes of people employed in the prodoaction of this
polymer. The reports of Lachnit [71] and Lefaux [72] show that nontoxic
cacromoliecular cozpounds administered perorally may prove highly toxic on
ighalation to the respiratory system. It seems that polyvinyl chloride
can be included among the macromolecular compounds with such properties.
Cozparing the morphologic pictures in coniosis caused by PVC dust with
the pictures of conioses that have already been described, it muat be
stated cthat the changes produced by polyvinyl chloride dust a;n somewhat
sicilar to the changes in berylliosis, though to a slight degree. This

comparison is based on identical cells in the inflamrmatory iafilcraces.

Bowever, in berylliosis there is formation of granulomatous nodules, but

pronounced granulomas were not observed in PVC coniosis. 1In IVC coniosis
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there is neither formation of fibrouu=hyaline nodules, a4 {5 ) crvcge $n
silicosis, nor formation of plont-cell pranuloran, undersafng fihroa!e and
atrophy, which are characteristic of anthracezis. We aluo did not oheerye

the diffuse fibrosis and hyalinfzation that occurs in asbesteain, After
long=-term application of PVC dust there is development of atrophle bLronchittn
like that observed in cement pneumoconiosis. Mention should also he made

of the differing behaviour of the pathomorphologic changes in the respira-
toTy system upon cessation of exposure to the dust. In pneumoconiosis
caused by polyvinyl chloride the connective tissue in the wall of the
dilated bronehi is not cicatrized, and does not hyalinize around the bron-
chioles. Infiltrates of lymphocyte-like cells and hintiorytess remain In

the wall of the lobar and segmental bronchi. All this indicates a repair
reaction. In pneumoconiosis caused by PVC dust, proliferation of lympho-
cytes and growth of bronchial glands is more intensive than in berylliosis.
It follows from all these comparisons that pneumoconiosis caused by PVC dust
has a distinet morphologic picture. This is further emphasized by the fact
that the pathomorphologic changes described in the respiratory system in
the course of pneumoconiosis caused by polyvinyl chloride dust develop more
slowly. According to Pushin [98], this is typical of diseases caused by
macromolecular compounds.

Comparing the results of the changes caused by PVC dust in the respira-
tory svstem of rats, the opinion may be expressed that this dust causes
pneumoconiosis of a toxic nature. It is also necessary éo discuss the
fairly large group of animals which died in the course of exposure to the
dust. Four rats died in Group I - in all of them, in addition to puleconary
emphysema and bronchial catarrh, we found a wmarked degree of passive hyper-
aemia in the internal organs. This might indf{cate circulatory insufficiency,

probably existing prior to the commencement of exposure to the PVC dust,
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which increased under the influence of the mechanical and toxic action

of this dust and led to the animals' deaths. Ten animals died in Group II.
In all of these, apart from the signs of circulatory insufficiency we
ascertained bronchiectasia in a suppurative state and pulmonary suppuration.
Io Group 111, six rats died in the f{;s: month after cessation of the action
of the dust. The pathomorphologicec changes in the lungs determined during
dissection sere similar to the changes described in Group II. All the
anicals still alive survived for a further 7 wonths. In my opinion the
death of ani.als before the intended time of observation can be explained
by the exis ence of lesions which were intensified under the influence of
the polyvinyl chloride dust. It would have been difficult for me to notice

these existing lesions priqr to commencement of the experiments.

VI. CONCLUSIONS

The following conclusions can be drawn on the basis of those experizents
and analysis of the pathomorphologic changes produced in the respiratory

systan of rats exposed to polyvinyl chloride dust:

1. Polyvinyl chloride dust introduced into the respiratory systea is
biologically active, exerting mechanical and toxic action, and producing
lesions of the nature of toxic pneumoconiosis.

2. Tha pneumoconiotic lesions are based on:

a) developnent of bronchial cacarrh and bronchiectasia with tha
appearance of paS-positive bodies in the cells of their epithelium,
5) ware-like hyperplasia of components of the bronchinl wall with

formation of nodular foci similar to ecystadenomas,

uceC
011064

. U ke m $h- m e, i e s o v v




¢) multiplication of lymphocyte=like cells and histiocytes in the
bronchial wall and aggregation of these cells in the form of cuffs
around the blood vessels in the interalveolar septa,

d) development of pulmonary emphysema and chronic inflzmmation

around the bronchioli.

3. Development of pneumoconiosis caused by polyvinyl chloride can be

divided into two stages: catarrhal-degenerative and hyperplastic~

inflamatory.

4. The pneumoconiotic lesions develop very slowly, are different fronm
other known conioses and create favourable conditions for suppurative
complications, which mainly affect bronchiectasia.

5. Some of the pathomorphologic changes in the lungs arising in the
course of experimental coniosis caused by polyvinyl chloride dust do not

display any marked tendency to recede after cessation of exposure to this
dust.
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VII. SUMMARY

(In Polish, English and Russian)
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FIGURE CAPTIONS are given in Polish and English.
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