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Tumorigenic Effect of Fibrous Dusts in Experimental
Animals SE e
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by £. Pott,* F. Huth,* and K. H. Friedrichs*

Fibraus dusts (chrysotils, glass fihers, nomalite, palygorscite, and gypoum) and gramuler
dusts (actinoiite, biotite, hemstite, pectolite, snnidine,. and talcum) were injected in-
traperitoneally into ruta. The Abrous dusts (other than (ypsum) resulted in a high incidence of
mesotheloma (30 — 67%). Gypsum prodocad only 6% and grarulir dusts none at al). It Is
suggested that the Gbroun ahape leads to a high m\utlpﬂcation Tate ofcells and predivponss ta
tumot formation. Fibrosls, In the other band, dees not g0 predirposd, Milled chrysotile with
99.8% fibers than 5 um In length are carcinogenic in our experisnce, The carcinogenicity of glase
fibers in our experiments may have significancs for uecupadand situntions.

The starting point of our investigations was Table 1, Estimation of fiber Jmgih of fibrous dust by
the question whether the tumorigenic effect of . Elsctron microscopy.
aghestos fibers depends on physicochemical T <

. " . *- Chemiexl Fiber length
properties of the fiber or the shape of the fibers D™ compaaition e
which are characteristic for all kinds of <2um, % <Sum,%
asbestos. For this purpose chemically different  Frememx g llicate T 989
fibrous forms were compared to chemically  Chrysotite (miiled) gsilicate 974 99.8
similar dusts having different forms. Glass Na, Ca borosiiicates 49.9 726

Gypsum Ca sulfate 86.0 %.0
b Nemalite Mg hydroxide 915 9.4
usts Tested Palygoraeite - Mg, Alailicates N5 70.0

Tables 1 and 2 list the dusts tested in the
animal experiments with respect to their

chemical composition, particle shape, fiber by alactron microscopy.
length, and particle size. The fiber length and Dust Chemical Parciele size
particle size were estimated by evaluation of camposition A eham %
electren micrographs. . i
, Actinolit Ca, Mg, Fe silicatea a a
Experimental Methods Biotite K. e, Mg, Al silicatas 865 6.3
Hematite  Fe oxide (precipitated} a a
The dusts were injected intraperitoneally in  Hematite  Fe oxide (mineral} a a
Wistar rats. We could not see any difference ls’uﬁg[!le ;9-33_5;;&?“ ggg 33';
atw ; 1 aniarne . :H £3 . B
batween the reaction of peritoneym and pleura. Tale - iz sificate . a

ir addition, the injection did not essentially dis-
urb che general status of the animals.

“Medizinizchea Institut {Ur Lufthygiene und Silikorafor-
“chuny, Universitst Oduseldorf, Ddaseldorf, Germany.
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Tahle 2. Batimation of pardcle aize of grain dusts,

3 No particie 3ize analyuta possible.

The best experimental method would be the
inhalatior of the dusts, but this method leads to
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cnormous technical difficulties. The time re-
quired to produce tumours following injection of
dusts is already long. This time would be
orolonged tremendously by an inhalation

method, since it takes months to get an effective.

dose at the vulnerable cell structures. The
necessary concentration time of the dusts and
the time to produce the tumors may even exceed
normal life span. .

The test dusts were suspended in saline solu-
ton at concentrations up to 25 mg/2 ml. For
higher dosages, the injections were repeated
once a week. The different teat groups consisted.
40 rats. Pure saline was injected in 80 confrol’
animals. The rats were observed until spon-
taneous death or sacrifice. All tumors were
studied histologically.

Results

The UICC standard asbestos as well as
palygorscite, nemalite, and glass fibers induced
tumors in the abdominal cavity of 30—67% of

the rats. Several dusts chemically closely -

related to chrysotile (like actinolite, biotite, pec-
tolite, taleum), but of granular or platy shape
with only a few fibers did not lead to the
development of tumors except for a few cases.
Caleium sulfate (gypsum) did show a fibrous
shape but disselved in the animal tiasue and in-
duced tumors only in 5% of the animals. Table 3
shows zhe fumor rate within the different ex:
perimental groups. Hiatologically nearly all the
tumors were sarcomatous mesotheliomata.

In current experiments the lowest effective
dosage of glass fibers was 2 mg/rat. The glass
fibers were uncoated. The average diameter of
the glass fibers was about 0.5 gum. With this
dosage the {irst mesotheliomata occarred at 17
months. [t seems of importance that 2 mg of
glass fibers induced only slight adhesions
around the liver lobes; 10 mg led to alight or
medium adhesions and fibrous alterations, es-
pecially around the liver and the stomach; 50 mg
of fiber dust induced tremendous adhesions on
al! abdominal organs with strong fibrosis. The
fibrotic alterstions generally could be differen-
tinted from the numerous tumors. With 100 mg
giass fiber only 6.5 months were necessary for
tumor induction in the first rat.

Activity of Fibers within the Tissues

We are confronted with the question: Why do
special shapes of particles lead to formation of
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Table 3. Tumoar vate after intraperitoneal injection of
fibrous snd granular dusts.

Time required to

Dust Doses(i,p.), ereduce fltst  Tumer rmte,
me tumor in animuls P
of group, days

Chryzotile A 6 348 6T.5
Chrysotile A %5 278 65
Chrisotile A 4 X 25 270 315
Chrysetile A

. {filled) 4x25 400 30
(Glass fibers 4 %25 197 1.5
Nemalite 4x25 249 2.5
Pilygoncite 3x25 257 65
Gypaum 4x25 546 [
Pectolite 4x25 569 2,5
Sanidine 4 X325 743 25
Taleum 4% 25 587 2.5
Actinolite ¢x 25 — -
Biotite 4x25 — -
Hematite 4% 25 — —

(precipitated)
Hematite 4% 25 - —~

{minecal)

NaCl {control) 4X2ml — —

tumors? We don't have a complete answer, bul,
we.now make the following speculation. Animal
¢xperiments and the histological investigation
showed formation of tumors in the mesothelium
in‘an overwhelming degree. Some authors have

‘reported lung tomors following asbestos

application. In our experiments subcutaneous
injection of chrysotile A in one case only led to
tumors in the subcutaneous connective tissue
space. In addition, the storage of fibers by the
lymph nodes never induced tumors of the
lymphatic system. These observations suggest
that tissues have different vulnerabilities to
fibrous dusts. Epithelial and epithelium-like
cells obviously conflict with fibrous dusts in an
intensive degree; this irtensive contact can pe
well ohserved in cell culturea. Beck and Bruch
(1) demonstrated by electron microscopy & par-
tial invagination of long asbestos and glass
fibers by fibroblasts (L-cells) of mice. Although
these cells can not phagocytose the fibers com-
pletely they remain dense around the foreign
bodies. Such a relation between fiber and cells
could support a chronically enhanced reproduc-
tion of cells within quickly regenerating
epithelial and mesothelial cells. For decades it
has been known that in epithelial organs Jike the
liver and the respiratory tract chronically
enhanced regeneration can change to abnormal
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