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HISTOUXICAL AND ULTRASTRUCTURAL OBSERVATIONS ON THE FERITO-
NEZAL CEANCES INDUCED BY THE ENDOABDOMINAL INOCULATION OF A SDN-
C1LX DPOST OF POLYVINYL CHLORIDE FOWDER (FVC) IN RATS,

SUMMARY — The inoculation into the addominal cavity of rats:
o] @ single dose of PVC powder causes a granulomalous non
phlugistic reaction of the peritoneum that histologically and ultre-
structurally appears pretty tipical and perhaps exclusive for this

‘sudstance. . v
Furthermore ¢ i3 pointed out that ofter seven monihs from

the inoculation no chznges even ullrastructural indicalive of a
possidle neoplastic evolution iwcare odserved in the examined rots.

L]

INTRODUCTION

As pe.rt of & broad programme of resea.'rch into the possible toxicity of

polyvinyl chloride which ha.s. already bee;a in progress for some time at
~our Ixistitutc:,_ and whose results have been pubiifhed in part (N. Frongia,

A. Spinaizola.. A. Bucarelll, 1972 and 1974; E. Dessy, A. Bucarelli,

A. Spinazzola, 1976), we now report morphological studies using optical

and electron microsopy in rats inoculated 1ntra.peritc;nea.11y with a single

cose of polyvinyl chloride powder ani szcrificed seven months later,
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In spite of the by now well known conclusions on the oncogenic nower of the
monomer (P.L. Viola, A. Bigotti, A. Caputo, 1971;. C. Kaltoni, G. Lefemine,
1975; 1.3, Thomas, H. Popper, 1975; etc) - on which no doubt seems.now to
persist, so much so that in the working environment its concentration has

been reduced to extremely low lé;els, deemed harmless to workers - there is

no corresponding agreement, even today, on the absolute harmlessness of polyvinyl
chloride, as would seen to be demonstrated - afte:ﬁa study by B. Szende et al
(19?0)‘on human"pnéumoconiosis" following inhalztion of polyvinyl chloridé
dust ;'by the results obtained from experimental studies up‘to now using
various administration routes (3.S. Oppenheimer e. al, 1955; F.J.C. Roe et al,
1967; J. Popow, 1969, etc) and; @ery.recently, by the ieport of a case of
diffuse 6arcinoma in the mouth of a subject of jﬁst 22 years who used to “"chew”™

polyvinyl chloride plastic material (C.L. Casterline & colleagues, 1977).

The intraperitoneal route we ﬁsed'in th.s stﬁdy, which isvbeing used for the
first time in this field, seens pérhaﬁs to 6ffer a more convenient way to
evaluate local tissue reaction, and abové all, given the very large absorption
area; to'asséss possiblé effecﬁs of vinyl polymer away from the inoculation
point.._“ o R |

MATTRIALS AND METHODS .

The eXpéiiments were carried out on 30 male Histar white rats, with initial
weighté 180-200g, which were given a single intreceritoneal injection of 0.5z
of pure PVC powder, diluted in 2cc of sterile physiological solution. This

powder was examined by electron microscope in order to establish its exact

m

granular composition, using the fcllowing msthod: small drops of z suspension,
in distilled water, of polyvinyl chloride powder in decreasing concentrations
were placa2d on g—atings coated with 2 thin film of Formver, 2nd, after dryins,

chadowes and exzminzd in the electron miscorcors, The powder was found to
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In addition, numerous portions were taken from the liver and from some nodules

or plagues foﬁ.nd on the epiploic, hepatic and 5p1énar surfaces, some of which
were used .for electron microscopy. These latter were reduced to a thickness
not greater than 1 mm, fixed in Karmovsky liguid for 1 hour and, after washing
with cold 0.1 M Millionig buffer, post-fixed for 14 hours in cold 1.5% 0s0,,,

buffered with Millionig, then dried and treated for setting in Epon.

Sections obtained using the Porter - Blum ultramicrotome, were treated with _
saturated aqueous uranyl acetate solution and by the Reynolds lead citrate
method, then examined on the Phillips 300 electron microscope at our

University's electron microscopy centre.

Semifine sections, 500-600 £ in thickness, were stained with Giemsa liquid or
1% toluidine blue and others were treated with Sudan ITI, then observed on the

optical microscope.

"' Lunes

' Ge;u-eml histotectonics quite easily recognisable, even though generally modified

by marked fhickéning of the peri- and intra-lobular septa by abundant lympho-
monocytic exuiation a.ndiconcbmitant moderate proliferztion of histial elements,

nany of them more or less activated.

Another interesting observation concerns the pei'i- and para-bronchial lymphatic
fonxations—, quite voluminous and developed, especially at the level of the large
tronchi, whers considsrable guantities of elements are observed, :.nainly lympho-
cvtic, which, beside forming troad shezlhs covering the whole bronchial wall,

trotrule inio the lumen in the form of larce noiulez, raisine, detachi

3

sometines enveloping the epithelial 1lining.
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Vascular neoformation is rare; there were no exudative cells, nor foci of

necrosis,

In the semifine sections the structure of these cells is better discernible
and two aspects appear which could not be seen in the histological sections;
the first relates to the fact that the granulosity-and the vacuolisation of

" the cy"topla.gm in the above cells is due to the presence of minute spherules

which seem to £ill the cftopla.sm almost cdm'pletely; the second is the fact—

that numerous narrow vessels of capillary type are readily discernible (fig 3).

Electron microscopy allows full eiizcida_.tion of the naturé of the sPhefules which
occupy the greater part of the histial cell cytoplé.sm s they are aggrégates or
small groups of PVC granules, whose profile is mo;iifiéi, compared with that of
the powder granules inmu}ated R appea.ririg ﬁainly ovoid or spherical in shape,
dou‘btleé# through' modifications induced by the procedures used in Setting the

specimen in Epon. These granules are few in the context of the cytoplasm, or

packed in large aggregates or smell groups, or even Iisolated; and sometimes,

es.,pecially in the last case, seem to relate to the nuclear membrane (figs 4 & 5).
The granuies are almost always surrounded by ribosomes and often have about them
hyperosmiophile -a.rea.s of radial confomatién, which, at optimum resolving power,
are s’een-to consist of microfilaments amd micro'tubules: where the granule is
absolu'i:ely _aﬁjacen£ to the nucleus, the concentrations of the fundamental cyto-
plasmic substa.ncé give the impression that bridges or fusions with the nucleus
itself are forming :  in reality, oﬁ close inspection, it can 'pe seen that the

nuclear membrane is intact. (fig 6).
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The number of mitochondria in the different cells is hard to assess, since
the majority of the cytoplasmic structufes are swamped by thé enormous
number of PVC granules enclosed within the céll itself : the mitocﬁondria
_present appear varied in form, generally swollen, with.partial or total
disaﬁpearance of-the cristae, sometimgs with interrhptions in the external
membrane (fig 7).

No partichlar changes are observed in the nucleus, whose chromatinic inheritance

‘seems- also to remain normal.

Liver o - - . .
Lobular histotectonics substantially unchanged; +the hepatocytes a:§ rathexr
voluminous, especially because of a certain abundance of cytoplasm, which
appeérs uniforﬁly swollen, fineiy granular, and often vacuolised around the
nucleus; binucleate hepatocytes are common, with abundant cytoplasm, affected

by the same modifications observed in the other hepatic cells,

In th; sections coming from samples taken in the perihepatic region and, more
precisely, from the plagues or nodulés firmly adhering to the sufface of the
organ, a neoform tissue is seen, appare#tly.of mesenchymal nature, situated on
the fibrous éovering of the liver, detached at some points, and which, depending

on the éepta of the fibrous capsule itself, penetrates the structure of the

organ (fig 8).

This tissue is composed of cells of histial type, randomly aggregated, voluminous,
‘round or globular, with relatively small nuclei, round or ovoid, nucleated,

centrally and perirherally located, and with very abundant, élightly acidophiiic,
finely granular cytoplesm. Vascular neoformation is rare. Iﬁ this tissue,

which is traversed by fine bundles of collagen fidbres, neither elements of
cellular exudation nor foci of necrosis ars found, The hepatic
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varachyma adjacent to this neoform tissue shows no histotectonic alterziions,
and the hepatocytes show structural modifications quite anzlogous to those

observed in more distant parts of the rest of the pzarenchyma.

In the semifine sections the structure of the neoform tissue is’even betté:
distinguished : its cells have cytoplasm full c¢£ minute spherules; <the
vascular neofoimation seems more apparent compared with what could be seen
in the tréditional histological sectionS; the histological findings are in
subst;nce perfectly superimposable on those alrgaﬁy described in relation to

the neoform tissue found on the perisplenium (fig 9).

Semifine sections of the hepatic parenchyma show the swelling of the hepatocytes

even better, ani provide'the'exact size and'cqnfozmation of the apparent areas
of perinuclear rarefaction; in those treated with Sudan IIT a structurzl
nmodification of considerable interest is found, namely the presence of fat

droplets situzted at the periphery of the cell, sometimes in considerable

number, without any particular distribution in the context of the hepatic lobule,

occurring both in centro-medio-lobular and peripherzl locations.

Electron microscopy, finally, removes all histological doubt, showing irrefutably

that the more or less broad perinuclear halo, observed under the optical -
microscope, is due to the pressnce of glycogen, both in the form of abundant
small granules (p particles) and less frequently_in larger aggregates (<
particles), sometimes forming cluster or rosette shapes; The nucleus is
volurinous, fairly homogeneous, and somstimes includes one or more nucleoli,
often of reticulated form. The nuclear mermbrane appears double, with 2 normzl

serinuclezr sracs, Mitoses are nob obzerved, The nitachondriz, zphexiczl ox

roilike in shape, show almost normal structures, ani the erioplasmic reticulun

iz guite well developed,

1]
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s observed,

PR — L e

Ultrastructural study confirms moreover the information obtained from the

senifine sections treated with Zudan III : slightly osziophile vacuo1e$ are
observed, variously distributed in the cytoplasm of the hepatocytes; in
addition many binuclear cells are observed,which display structures analogous
to those df.the other hepatocytes described above, with the exception of course,
of the presence of two large nuclei; in these cells also abundant glycogen

Visceral Peritoneun

In the adipose tissue of the epiploon small areas are seen, of varied shape
and size, of a neoform tissue very rich in cells of zpparent mesenchymal nature,
sometimes surrounded by a fine capsule of fibrous comnective tissue; the

structure is perfectly superimposable on that of the perihepatic and perisplenar

‘neoform tissue (fig 10). In fact this is a tissue made up of voluminous,

globular cells, without any particular distribution, hazving particularly

~ abundant cytoplasm,finely granular, and with a relatively small nucleus. In

this location also, the cellular proliferation is compénied by occasional

vascular neoformation, and no elements of cellular exudation or foci of necrosis

are observed, 3

SUFMARY AND CONCLUSIONS . -

Inoculation of PVC powder into the rat abdomen has produced modifications both
at the peritoneal level and at a distance even in extra-abdominal organs.
Ultrastructural research has, at least for the moment, been concentrated on the

periionsal lesions, although the hepatic, splerar ani pulmonary results even

[1

from the histological work, show z pattern of unieniable interest, so that they

=111 2z ths subjset of further work and more detailed precize stuily,
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In the peritoneum we observed a reactive process of essentially granulomatous
type, in the form of grznules, nodules or plaques of greyish-white colour,
dispersed on the epiploic and hepatosplenic serous membrane and partially
affecting also the liver jtself: these are agglomerates of histial cells,
voluminous, globular and with rather abuqdant cytoplasm, full of PVC granules,
without appreciable inflammatory or necrotic phenomenz, but ﬁith a certain

regular vascular neoformation. Electron microscopy confirms that the spheruies

of vinyl polymer injected are enveloped in the histial elements, in large

aggregates, small groups, or isolated, and appear slightly modified compared
with their originzl form, probably because of the Epon setting technique; when

isolated in the cytoplasm, these granules are surrounded by many ribosomes, as

~if they were contained in dilatations of the reticulum. HMoreover around the PVC

spherules there is nearly always an almost radial thickening of the basic
cytoplasﬁic substance, in the form of microtubules and microfilaments which,
when the tubules are in a perinuclear location, create striking impressions of
some kind of link with the nucleus itself; this is an observation which
undoubtedly merits mor:z p;ecise study ard detailed evaluation, taking account
’above all of the apparsnt integriity of the nuclear mémbrane. Thg mitochondria

often appeared swollen, with a sczreily of cristae, ani the externzl rembrane

sonetimes interrupted.

Concerning the lesions zway from the inoculation zone, in the liver an increase
in glycogen was observed, together with phenomena of fatty degeneration, as was

seen histochemically in semifine sections and in'partial studies on the electron
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sranules on the cytoplasmic structures of the histio-vhagocytic cells

and neither the rich vescular neoformation reported by many zuthors in

nor any cytocariological changes which could. in some way be considered

'v:.nyl chloride poisoning as a preclude to lesions of angiosarcomatous ty-e,

indicative of an actual or potential a.naplastic process, have been observed,
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"Fig 6  Polyvinyl chloride (FVC) granules in close proximity to the
. apparently intact nuclear membranes of 2 histial cell;

pronounced thickening of the base substance, in éhe fofm of
nicrotubules and microfilaments (peedles), =2rouni the

grénules themselves; N = nucleus _
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