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Promishlenost,” Onkologiia Informatisionen Biuletin,
Prilozhenie, No. 3, 1970, pp. 24-28.




#11. INVESTIGATION OF THE BLASTOMOGENIC ACTION
OF POLYVINYL CHLORIDE RESIN USED IN THE FOOD INDUSTRY

M. Radeva and S. Dinoeva

Translation of: ‘Prouchvane Blastomogennoto deystviye

na Polivinikhloridpa plastmasa, izpolzuvana v Khranitednata
Promishlenost," Onkoloyiia Informatisionen Biulectin,
Prilozhenie, No. 3, 1970, pp. 24-28

A number of papers have been published in recent years on the development
of tumors in animals on subcutaneous implantation of polymer plastics. The
occasion for research in this direction was provided by the malignant tumors
obtained by P. Turner in subcutaneous introduction of bakelite discs. ,The
blastomogenic activity of synthetic polymers was subsequently confirmed in
experiments by Oppenheimer, Druckrey, Hueper, Benerjee, Bering, Laskin, Nothdurft,
N., Kogan, Shabad, and others.

The essential nature of the blastomogenic action of plastics has not
been clarified. Among the various hypotheses advanced regarding the mechanism
of such action we shall deal with the hypothesis of the chemical mechanism of
the blastomogenic action of polymers, since it provided us with the occasion for
the present study. According to this hypothesis a blastomogenic effect is
exerted by the active radicals separated from the implanted plastic or by the
active chemical centers formed after the separation. It is assumed that these
radicals, in penetrating the cells, cause.depolymerization of the nucleic
acids and modify the activity of certain enzymes. A blastomogenic effect is
also exerted by the depolymerization products separated from the macromolecular
component of the plastic. The hypothesis of a2 chemical mechanism of "polymer"
blastomogenesis is favored by the experiments of Oppenheimer with subcutaneous

implantation of labeled 14C polystyrene, polyethylene, and polymethylmethacrylate,
in which radioactive substances indicating depolymerization of the implanted
material involving separation of low molecular fractions appeared in the urine

of animals during the 21lst, 26th, and S4th week after introduction of these
materials.

It is known that depolymerization processes may occur in plastics in the
course of time as the result of "aging" and when they are used in the food
industry. In this connection the question arose of the possibility of blasto-
mogenic activity by depolymerization products when introduced into the organism
per os. Study of this possibility, along with study of plastic and polvmer
articles intecnded for the food industry from the toxicologic standpoint, is
necessary for the sake of more thorough characterization of such plastics.

12.60} S®H

~ The purpose of the present project was stydy of the action of polyvinyl
chloride plastic on the organism of white rats after subcutancous implantation
and administration per os in the form of an aquecus ecxtract.

Materials and Procedure

-

The cffect of the polyvinyl chioride plastic employed in the experinent
was ostudied with o whidto racs of o specific strain having an infviaf weoahe
of 120-130 y and Jdivided into 5 groups.
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Onc group of 30 animals was treated daily throupgh the drinking vessel, with
an aqucous extract in the amount of 10 ml per rat.

A sccond group of 30 animals, which scrved as the control, was given only
water. The treatment of the animals began with an extract prepared in advance _
with a plastic-water ratio of 10 cm2/ 1 ecm®, and the contact was continuecd for
a period of 8 months. This ratio was maintained until the end of the experiment,
by the daily addition of water in an amount equaling the amount of extract consumed
in treatment of the animals.

Extraction of the plastic was carried out under [Translator's Note: illegible
word] conditions to accelerate the 'faging'.

The weight, the blood picture, and the catalase activity of the blood
according to the Bach-Zubkova method were investigated in the course of the
experiments as indices of the action of the substances extracted from the
plastic on the organism of the animal.

The blastomogenic action of polyvinyl chloride plastics after subcutancous
implantation was studied with a group of 30 rats. The polyvinyl chloride discs,
having dimensions of 1.5/2 and a thickness of 1 mm, were introduced subcutaneously
on the right side of the back, under sterile conditions. The control was represented
by 30 rats in which glass discs had been implanted in the same manner and another
group of 20 in which no discs were implanted. The animals were observed for a
period of 10 months. All the animals which died during the experiment and those
killed after the experiment had been completed were analyzed from the patho-
morphological standpoint.

Results and Discussion

Our experiments confirm the data in the literature regarding the blasto-
mogenic activity of polyvinyl chloride when introduced subcutaneously. The first
tumor appeared during the 1lth month after implantation, the number of tumors
increasing to 5 by the 14th month (see table). The percentage of blastomogenesis
as calculated on the basis of the number of animals remaining alive after the
sixth month following implantation (which was adopted as the minimum latency .
period of tumor formation) is 27.7%. The tumors ranged in size from that of a
walnut to that of a goose egg, had rough surfaces, adhered to the skin and the
underlying tissues, and were of solid consistency. 1In the case of two rats
the skin covering the tumors was broken (2 tumors of a size of 0.5-1 cm, bleeding,

‘with uneven edges). Incision of the tumors revealed the cavities in which the

polyvinyl chloride discs had been situated. Microscopic examination of the
histological preparation revealed 3 fibroblastic sarcomata, one polymorphous
sarcoma, sund one adenocarcinoma.  No tumors wereé observed in the control animals.
The group of animals treated with an aqueous extract of polyvinyl chloride resin
gained less weight from the 3rd month to the end of the experiment than did the
control group (sce Figure 1), Investigation of the catalase activity of the
blood revealed lower values in the experimental group than in the control group,
the lowest values being reached in the third and 13th month after the beginning
of treatment (see Figure 2). This inhibition of catalase indicatecs suppression
of the oxidizing processes in the organism in consequence of introduction into
it of substances cextreeted from the resin., No tumors or changes in the internal
oryans were observedd in pathomorpholegica! examinagion of the animls treated
WITH The entragt por us, '
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Key: 1, Type of implantation; 2, number of animals in
experiment; 3, animals alive 6 months after implantation;
4, number of animals with malignant tumors; 5, percentage

of blastomogenesis; 6, PVC discs; 7, blast discs; 8,
control group.
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Figure 1.

Findings . ’
Polyvinyl chloride resin introduced subcutaneously into white rats in the
form of discs having the dimensions of 1.5/2.0 resulted in the formation of
malignant tumors in 27.7% of the experimental animals. An aqueous extract of
the same resin introduced per os over a period of 1§ months had no blasto-
mogenic effect, but the toxic action on the experimental animals is to be

emphasized; it was expressed in suppression of the activity of the blood
catalase and reduction in weight gain.
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THE DEVILOPMENT AND MALIGNANT
TRANSFORMATION OF CONNECTIVE TiSSUE
CAPSULES FORRMING AROUMD IMPLANTS OF

PLASTIC MATERIAL*

N. T. Raigrun and A, KH. Kocan
[:lk::a:or:-' of Pzchomorphology of the Institute of Experimencal and Clinical Ongology of the
3R Academy of Medical Sciences, and Deparzment of Pathological Physiology of the
Firzt Medical Insticure, Moscow

(Received 27 Auguit 1963)
.:“ pest of great interest in recent years in the sphere of cancer research
8 b-:‘cn the study of the blastomogenic action of a number of plastic
Rateriyly (cellophane, polvethylene, polyvinyl, chloridy, teflon, polymethyl-
:;:‘:;")‘34:?, _pol_\'st}'renc. nvlon, perlon, caprone, dacron, silastic, sarane,
e, pliofilm etc.). T :

ﬂdx\‘f}m“ the main attention of rescarchers [1-5, 7-14] has been fu‘.:usst:d on
~"‘;€)>n°f[,dw propertics of ?lasnc materials (chcm.w.\l structure, physical torm)
- xpl "' l? for thc_ causation of wmours, the tc.u‘urcs and patteri of the

es.0of chnnective tissue developing around the implanted plastics and the

e —

( Vore enlol 74 No. 9, 13417, 1951,
R .
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processes of their malignang transformation however have remained almoy,

entirely withoaut Investipation,
. Materiad and teddiqee. kxperinients were performed on white stockbred female .
weighing 122-120 5. A compresive capale of polyvinyl chloride was affized ary g d:'
kidneys, Tiwe rots wore sacefuoed an 3, 135, 15, 3%, 93, 195, 243, 359 and 383 days, g'.,g:,“;-'f
implantation, with 713 rais in cach of the zroups, A tatal of 83 animals were used. o, :.m:"
were fived in Carnov’s fluid and mounted in paraffin, Sections were stained with :'u:m.u,,“.v;' !
cosin and picrafuchin acearding to Van Gieson, and impreznated by Gomeari's m“%;;:'
" Polysaccharides (zlycoen, zlycoprotcins and mucopenteing were  demonserated by 5.5:1-;'
reapent after trearment of the sections with periodic acid with. cuntrol treatment-of !':cei—,.‘
with amylase, -and acid poly-accharides (muleprateids) were stained with toluiding Sl ,..;
alcian blue, For their furthier differentiation befure staining sections were treazed wish !c.:i\-u!;:
ard bacwrial (sereprezoccal; hralucoaidase, and aito with toluidine blue at various pig valys,
Collagenase was wied for idemtificarion of seleroproteia (procollagen). )
In addition, Feulgen's reaction was performed for Jesoxyribonueleic acid {D¥A;, s
ribonucicie acid (RNA) was “stained by Dra-h's method with pyronine-methyl green. S::Z-x::
was accompanicd by control treatmene of scetions with desoxyribonuclease and ril';u-.uduu‘

. Results of the investigation. The initial reaction zround the implant js ,,
aseptic inflammation. Phcnomena of proliferation rapidly start to predoming..
the voung fibroblasis being rich in ribonucicic acid. By the third day on. ca.-;
already observe in the capsule forming around the implant the appearsace o
fine arzyrophilic Schick-positive fibres. The reaction of metachromads 5
extremely weak during this period. '

At the 18-15th day there is 2 capsule rich in fibroblasts and consisting of

collanen fibres which s:ain intensely wizh picrofuchsin, are weak Sctis. .
. (-3 .

positive and do not give metachromasia at pH = 20, pH = 4.3 ,a.
pH = 6-0. At this stage the connective tissuc capsule has a non-homoganes:s
structure in various arcas. In some plices it consists entirely of collagen i
aligned along the implant (Fig. 1), the cell units being fairly regularly dispors:
and consisting of both young and mature fibreblasts. In other placys t:
selfsame capsule has’ 2 more complex structure and consists of no loss 14z
-three layers: external, middle and internal (Fig. 2). The external layer is n.s
in connective tissue cells. The middle layar consists of both thin and i
‘collagen fibres ruaning in various directions, sometimes Kaving the appaarea:
of dissociated bundles. These fibres stain irregularly with picrofuchsin, !
are sometimes markedly and sometimes feebly Schick-positive, withou: sz
of metachromasia at different pH values. Sometimes one finds amon;
fibres in the middle layer focal accumulations of Schick-positive noa-mes
.chromatic marterial. In the middle layer of cells, the vessels which as 2 it
are not numerous arc arranged irrcgularly. The inner layer consists of cel g
- fibres aligned alonyg the implant, feebly Schick-positive, and staining red v.2
picrofuchsin; it contains mature fibroblasts and fibrocytes located lengtiz»
along the fibres; thers are almose no vessels in this layer. The thickness of ¢4
layer can be exceedingly variable, but the middie layer is generally thiviz2
By the 3Cth day che capsule consists of fairly marture tissue.

9..601 SBH
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Devclupment and malignant tranvformation of connccuve tivwe capsules 1249
Afzer three months the collagen fibres in som: parts of the capuule acquire
*yeakedly metzshromatic reaction, more pronounced at pH = 2 and staining
.enich with 2lcian blue. The meachromasia is abolished by testicular and
gmtsted by streptococeal hyaluronidase. In parts of the capsule wich ir-
gz structure some of the fibres give a positive reaction of metachromasia,
wolithed by testicular hyaluronidase and unevenly atrenuaied by streptococcal
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h":‘ L Th: connective tissue capsule consists of Fic. 2. Capstle of complex structure, con-
edeollages fibres, Van Gieson, Magn. X 132, sisting of three layers: inrernal, middle and
) . . external. Macmatoxylin-vosin. Magn. X 132,

?:xfuronidasc,. while some arc not merachromatic. In addition to the fibres,
“__;':"““:hchromas.ia sometimes occurs m the forx.n of: irregular p..u'c'hcs in
muhmc-fchuc{n to hy::.lurom::!as;.‘: in chese sites is highly variable, the
agen {lirg..su being somcm:ucs aoohsh_cd a'nd sometimes attemfatcd. Th'e
- res and the amorphous areas likewise stain irregularly wich Schift’s
._;:::;";“d ‘“-:mc ol: .:hcm. are Schic.k-neg:zt.ivc. One dia:ccrns a variable rela-
3 the c"rc collagen fibres in areas with ordma.r_\' and with complc.\". structure

friens Fyme collagenase. Collagenase markedly attenuates the staining with.

';5.'“.“}“’3 of collagen fibres in arcas with complex structure, especially in
4.: ;:d::ef:}'ﬂ:. and -hardly affects staining with picrof.uchsin of collagcn"

with ordinary structure,

‘.‘3:2.:‘ tc:r ‘lhrce md.mhs one can observe in the caps.ule. in :tddition to hya-.
4 of n::‘ poor in cell elements, seattered areas of accumulation of young

Sl ‘n‘;urc fibroblasts, as well as small .cclls with round h.\-pcrc.hx;onu-: .
& mn.;ﬂ_ mase cf‘lls. The fnbrobl.zs:s. contain a mot.l;.-x-atc amount ot ]\‘N.-\,
mes their cytoplasm contains Schick-positive granules, abolished

-
-3y any} .
Yhse. Metachromasia is extremely variable in the arcas of proliferaton
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at this stage. Proliferation of the connective tiaae cells ovcur n o, in g,
of the capsula with irregelar iructure and eipocizlly in the entern. " varn
By 6!/« monihs the capoule reains 2 noa-hnmoygencous str‘.... e Ars
with ordinary structure are markedly hyvalinlzed, and a0 2 ruls worin
clements and vessels.-In some parts metach:omasia is fairly weli Jivemdl
Arcas with cemplex structure are in the main similar to thow dewribad =
thrce months. At the sizth month one con observe in the capsule &

“development of focal proliierazes (Fig. 3), consisting of polymorphozs e

nective tissuc cells rich in RiNA, and a few mast and lymphoid cals. One or
discern in the siructure of thesr areas a marked meztachromasiy, men
pronounced at pl{ = 2 and completely aboliskied by testicular and attenu:ie:
by strcptoco:cal hyaluronidase. Aleian blue stains these sices a green colos
which likewisc is abolished Ly testicular and s attenuated by strcptoco-x-
hyaluronidase. Co.lzgenase insome places comp! :tely abolishes the szt
with picrofuchsin and in othsr places attenuazes it. The Schick-reaction in tés
stroma of the focal proliferazes is unequally pronounced. On impregnate
onc finds an argyrophylic framuwork between the cells. Some focal prouferss
are clearly dem:rcated from the surrounding tissue, while ochers have i
indcfinite boundary. }

At the 9-12th onths some capsules show over their entire exteat a vt
pronounced hyalinosis and occasional fibrocytes in the field of view: In som
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Develupment and malignant transformation of conncotive tiviee capuules 1251

-yles however one still detects signs of proliferation of connzctive titue
% and the formation of focal proliferates. In six out of 16 znimal, which
vived for 9Y/2=121/2 months sarcomas were discovered (Fig. 4).
" Discussion. As is seen from our data, in the period preceding the appearance
fthe twmour in the connective tissue capsule, one observes profound
tinges with proliferation of cell elemen:s. For example, by the third month
;e is 2 marked change in the polvsazcharide merabolisin of the connective
e capsule, and one obzerves a marked increase in metachromasia. The
"2ding of most pronounced metachromasia at pH=2 znd the least at pH:-6,
amplete abolizion of the reaction by testicular hyvaluronidase and its attenua-
a by sireprococeal hyaluronidase, and the resulis of staining with aician
Hue énable one to state that in this period there occurs a racher disorderly
wumulation of acid polysaccharides (mucoproteids) both suiphurerced and
fose containing carboxyl groups. The irregularity of accumulation of acid
uwopolysaccharides continues right into the late stages. The reacrion of
“=etachromasia is especially intensive in focal {presarcomatous) proliferates.
.4 the tumours the mucoproreids accumulate mainly ac the periphery. It is
iowible that the abundant accumulation of mucoprozeids is due to their
wperfect elaboration and urilization. The irregular and temporaily unusual
"#emulation of mucoproteids points to a deranged collagen formation in the
. “Ganecrive - tissue capsules forming around the implanc of plastic material.
Y ko pointing to an abnormal collagea formation is the action of coilagen-
i 1 ¢ which abolishes in some areas of the capsule the staining with picrofuchsin
!'Pn‘dﬁc for precollagen, which suggests that these collagen fibres are of
{ ®normal structure and diiferent from normal fibres.
: § ..Stress must be laid on the non-hemogencous structure of the connective
} taue capsules forming following implanration of the plastic material: more

6..601 S8H

i
*mple, reminiscent of the structure of the capsules around foreign bodies
A some zreas and complex irregular structure in others. These atvpical areas
¢ characterized by a complex structure uneven and unusual in time and
Mount, by accumulation of sulphurctted and non-sulphurested acid paly-
“ifharidcs {mucoproteids), by the characteristic relation of the fully formed
‘_g:;‘%tn fibres to the enzyme collagenase, and by the development of unalizned
:' ‘:Efn fibres and of extensive ficlds of hyalinosis. .-\mi_\'sxs_ of the ditferent
5% of the development of the capsule shows thar the focal proliferates
“¢*elop most intensively in those very areas of thé capsule which have an
::‘:_“11 and irregular structure. This face emphasises the importance of the
“um surrounding the cell for the onser of malignant transtormanon,
. Asscen from the results of the investigation, the development and matura-
Uan of e connzetive tissue capsule around the implant and the origination
the tumour o through a scries of suceessive stages which are indissolubly
0? 1:d to vach .o:hc‘r. These stages are similar to :hc: stages of dg.-vclopxm-nt
mours which Shabad (6] singles our on the basis of conclusions drawn
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from a hr;,c cxp"nmcmal material on the rcprozh.ruon of tumours via the
agency of various carcinngens. Four stages are m1p">"d out. The fisst Stage
-(up to 15-30 days) is chnr‘u.u.nr»d by the formion of granula;mn titsye
which in some arcas matures in the usual way and in other arce; lead. to
abnormal collagen formation and the development of irregulaciy and
comp]c‘b constructed arcas of the capsule. The second stage (up 0 3¢
- months) is characterized by the formating of diffusely sea Ltcrcd accuinulation,
- 6f conncctive usnue cells and a pronounced wave of irpegular nrcurm,'rm.‘
of mucoproteids containing sulphate and cnxno-.)l groups. The third .,
«(from 6'/2 months onward) is the formation of focal proliferates (presarco hag)
with increase of the irregular accumulation of zcid mucopolyszccharie,,
(mucoproteids). The fourth stage (from 9'/2 months onvward) Is the formag,
. of malignant tumours, nzmely sarcomas.

It must be stressed that odr- findings of morphological and histochamigy

investigation do no: point to any extinction of cellular activity in a lapey,

-period at the 5-6th month, zs was found by Oppenheimer et al. [14).

SUMIMARY .

1. The connective tissue capsule forming around the u'nplam: has 2 2 nog-
homogeneous structure,

2. Histochemical investigation indicates an abnormal course of che pro-
cesses of collagen formarion in the developing capsules,
, 3. The de\'elopmcnt around the imp‘.m: of a connective tissuc capsule,
its further maruration and the formation of a tumour pass through a sery
of stages closely interlinked with each ocher. .

Tranilaicd by L. Sumserreey
. .
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