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The carcinogenicity of asbestos (amosite and chrysotle) and zeolite (fibrous erionite,
mordenite, aad syathetic zeolite 4A) were studied n the pentoneum of 586 BALB/C male
auce after a single (ntrapentoneal or intraabdomunal wall injection. As coatrois, 182 ruce
mreated with and without saline solution were used. Both asbestos types and fibrous enonite
frequeatiy produced malignant pentoneal tumors after long fatency: tumors developed in
93 of 394 arumals (23.6%) treated with asbestos or fibrous enonite 7 months or more after

+  admumstraton. All of the induced pentoneal tumors were intimately associated with marked

pentoneal (tbrosis. in which asbestos or enonte (ibers were regularly detected. Histopath-
ologeally. 83 (73 fibrous, 9 biphatic, and 1 epithelial) of 93 were consistent with malignant
mesatheliomas. Other tumors consisted of 6 plasmacytomas. Y histiocytoma, | liposarcoma,
1 osteosarcoma, and | adenocarcinoma of the pancreas. Two of the cases of mesotheliomas
were associated with plasmacytoma. {n many instances. the primary site of the mesothes
Lomas seemed to be multiple, the favarite sites being the omentum, mesentery, serosae of
the gasurowtesunat and genital organs, the diaphragm. the capsule of the liver and spieen,
and the abdominal wall peritoneum. [n these cases, asbestos or erionite-ussue burden fol-
lowed by fibrosis was frequently observed. [n addition to the 93 peritoneal tumory, 3 ex-
Tapentoneal tumors ({ (ibrosarcoma and 2 rhabdomyosarcomas) were induced by amosits
sluch was probably accidentally injected into the extrapentonesi connecuve tissue and the
stated muscle tissue of the abdominal wall, respectively. These thres tumors were also
aumatels associated with focal fibrons in which amosite fibers were detected. Among the
three dufferent types of zeolite. only fibrous erionste showed stnking carcinogenicity and
marked fibrogenicity. The enonite-induced mesotheliomas wers similar to those induced by
asbestos in exhubiting long latency. in gross appearunce, in histology, and in ciosa associe
wnoa with fibrosis. Long-term persistence of asbestos or fibrous erionite around progenstor
zefls of the induced tumors and the consequent fibrosis seemed to be an impartant peecon-
Guoa of the malignant transformation of the progenitor ceils.

) INTRODUCTION

A single intraperitoneal administration of asbestos and other inorganic fibers
# known as an effective experimental method for the production of malignant
xritoneal mesothelioma in {aboratory animals, including the mouse and rat. This
wimal model was used to jnvestigate pathogenetic problems of malignant peri-
‘voeal mesothelioma, such as the development and course of the tumor after
exposure to asbestos and zeolite, the incidence and latency of the tumor, favorite
«es of the primary focus in the peritoneum, cell types of the tumor, and simi-
anties and differences between the induced tumor and human malignant meso-
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thelioma. Answers to these pathogenetic problems were possibie by com
of detailed anatomical and histopathologicat observation of the mouge

neums which were investigated between ¢ and 23 months after exposure to
bestos or zeolite.

MATERIALS AND METHODS

A. Asbestos and zeolite. As minerals, the following were used: Amosig"
(U.L.C.C., milled 120 sec) and two types of chrysotile [(i) U.I.C.C.. chrysotie §'
(milied 20 sec) and (ii) Calidria of Union Carbide Co.} were selected as nbesq
samples. Two types of fibrous erionite, (natural fibrous erionite from the Resoureg
International Company, Denver, Colo. and natural fibeaus, lcss-comammated
ionite taken from Needle Peak, Pershing County, Nev.), mordenite (a mixture
fibrous and granular types from the Resource Internationat Co.). and synthetie’
zeolite 4A (from Union Carbide Co.) were selected. In this paper, we cail the
former erionite Erionite [ and the latter erionite Erionite II.

Size distribution and chemical analysis of ail but one sample (Calidria «:fx.w;g
sotile) were carried out by one of the authors (N.K.) by transmission elec
microscopy and analytical electron microscopy. Size distribution of these m.m:
samples can be summarized as follows: (1) Amosite. Length: 93% were shostess
than 7 um and 6% were longer than 7.5 um. Diameter: 99.9% were smailer th‘ﬁ
1 um in diameter. (2) U.L.C.C. chrysotile B, Length: 94% were shorter than 3«
um, Diameter: 98% were less than 0.1 wm. (3) Erionite . Length: 905 m
shorter than 8 um and 6% were longer than 9.5 um. Diameter: 825% were lest
than { pm and 8.7% were greater than 1.4 um in diameter. (4) Erionite [I. Length:
95% were shorter than 8 wm and 4% were longer than 9.5 um. Diameter: 2%,
were less than 0.5 um and 1009% were less than | um. (5) Mordenite. Leagths’,
94% were less than 3 um and 4% were longer than 38 um. Diameter: 899 were
less than { um and 6.25%5 were longer than 1.4 wm. (6) Synthetic zeolite $A. 2.4
rm in average length and 2.24 a1 average diameter. Details of size dzsmbuuou
in each of the samples are shown in Charts { 10 6.!

We did not characterize Calidria chrysotife. However, size distribution of this -
chrysotile has been reported by unger et al. (1) as 92% of the fibers shorter t.bllz
3 wm and 4.6% longer than $ wm in length, with almost ail of the fibers freely |
separated from each other (250 to 400 A in diameter). Chemical analysis of singie | .
fibers of the six samples was done by analytical electron microscopy. Results of
the chemical analysis are shown in Table {.

B. Doses of the mineral samples. Varicus doses of these mmeral samples were
used: 0.5 mg (Erionite II), 2 mg (amosite, U.1.C.C. chrysotile, Calidria chrysotile, ,
and Erionite {1), {0 mg (amosite, Erionite I, Erionite i1, mordenite, and synthetic -
Zeolite 4A), and 20 mg (amosite and U.1.C.C. chrysotile). These samples were
suspended in t mi saline solution to be given to animals. Type and dose of samples
which were used in each subgroup of animals are described in Table 2.

C. Animals. Seven hundred and sixty-cight male BALB/C mice were used u
this study, and consisted of 291 asbestos treated. 295 zeolite treated. and 182

! The shaded bary 1 Charts (. 3, 3, and $ are composites representing fibers of a diameter or lengts
greater than the number which appears above the barin each case.




AO=
(0 as.

Qs
NN
Myios

.

YA

“ac av
e o7

B I

*mar
anane e

-\

ASBESTOS- AND ZEOLITE-INDUCED MESOTHELRWA

L 8
- sem  SOIK
ook 3
;: (34 L} ] 200¢ averes
“$ANOARD CEVIANION -
“
LEWGTH l l_
N [
8 4 1004 l |
| i g
e | M ]
;.' I rare
£ ! .
e +
K { ] (1} [
& o
% [
b b
. t
&1 | \
& | 4 | | ,_.n—‘,_ R SN AN
i U )
Te .
N t 2 1 4 [} +
e
£ Caar |, Amosue tnulled). ¥ = 738,
o "
L o
Faow oW
"
R t4 a canc
. » e oa of. =
*7 TIAMGARGOLvIATION
M LAt
»
-
&
N4 (=
. ;
h ) D:::-
. -_1 ) 08 a1 =
N
. L,
- - - .
¥, v i :
m, Cranr 2. Chrysotife B (nulled), ¥ = 137.




=

280 SUZUKI AND KOHYAMA
(8 0 »
W (2 1 otda W 4
we W i N pp—
30° 10 . o
*STANGARD DEVIATION
L e
‘ "o %
K
04 e
vENQTH ~.~
4 Gamaan :
1 .
“ ) EX) 1] T
x4
]
204 » $4u i
h
-4
:
-
¢ 1 B ; ] s ‘6 ; 1 + e
.« CHART 3. Erionite [. N = 312. . ' 3

controls. Age of these animals was 5 to 6 weeks old when exposed to asbestos -
or zeolite. As shown in Tables 2 and 3, these mice were divided into 16 groups
including two controlled ones. Except animals of both Groups 7 and 8. treated
mice received a single intraperitoneal injection of asbestos or zeolite. Mice of
Group 7 recetved a double intraperitoneal injection (a single injection of 2 mg,
U.L.C.C. chrysotile and a single injection of 2 mg amosite). Mice of Group 8
received a single intraabdominal wall injection of 10 mg amosite: instead of the?
mesothelium. the submesothelial connective tissue of the abdominal wall was
selected as the site of exposure to amosite. Inspection of these animals was dooe
twice a day. To avoid postmortem changes, very sick animals were sacrificed.

D. Pathological analyses of the animals. All animals sacrificed or found dead ’
between 0 and 23 months after the injection were systematically necropsied. ¢
Gross anatomical and histological observation were done in all of the animals
including the controls. In addition to hematoxylin eosin, Masson's tnchrome,
Prussian blue, and Van Gieson were used for staining. Histochemistey (colloidal
iron with and without hyaluronidase and periodic acid Schiff with and without

diastase) and electron microscopy were also used to investigate the induced peri-
toneal tumors.

RESULTS

As shown in Table 2, peritoneal tumors were not induced by asbestos or zeolit¢
before 7 months after exposure to these minerals. Before 7 months. a large
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number of treated animals (192 of 586) were found dead or very sick. Pentoaea
fibrosis, followed by intestinal obstruction, were the most common disease re
sponsible for death of these treated animals. As shown in Table 2. signuficas
incidence of death or serious sickness was seen in animals exposed to high dose
of amosite (43 of 58 in Group 1 and 11 of 28 in Group 2), U.L.C.C. chrysoude (2
of 55 in Group 4) and Erionite II (67 of 75 in Group 0. Since mineral fibers wer
histologically identified in the fibrotic peritoneum, peritoneal fibrosis seemed &

TABLE {
CHEMICAL ANALYSIS BY ANALYTICAL ELECTRON MICROSCOPY OF SOME ASBESTOS AND ZEOUITE*
uvicc
chrysotile UICC amotts  Enoaite { Enoruts {f Mordenite Zacute 4A
N e N =) N - N =9 N =4 el
5‘06 42.5020.8 @.50206  6LI(=21  610(=07Y 08 (=21 b NIl
ALO; I3 =02 tii=od 46(=0.9 146(=05 12.1(z06 $ cz0d
Fe,0, 0 0 [} [} 0 N
FeQ td =01 113(=0.8 0.7(=0.2} 0.4 (=0.) 060204 -
MnO - L1(=0.2 - - - -
MgQ 199(=03 19¢(=0MN 07¢(=0.2 41=049 03(=0)h -
Ca0 - - J1t=09 12(=021  LO(=0m0 —~
N1,0 - -— — — — TN RIS
K.0 - - [REEDT ] Li=04 02(=0.0 -
HO [ts1 31 [§H]] 1t} {83} ]
Tutag 351 %9 2.1 8.0 6.0 Yy
¢ Values regresent percentages,
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HistuLouwscat CriTexia
Inducesd extrapentoacal
nduced pentoacal tumoss (N = Y3) Tomors (N ~ 3)
Ttald
peniuacal Plasma Ostew- Hustar Lapo- Pancicatic Rhabdo- Fibeo-
Lzuup Sainry Mesuihel o yi Cytome  Saftoms camces MYyOLNCOmA  LMCOMA
3 Amwsite—20 mg 4 “H [ [ ° [ . t
1 Amustc— 10 my 4 d0F + 18y [ [ [ ] [ ] []
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4 Uysolic—N g . 4 ] [ | Q [4
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¥ I Abd Wall— LU mg [ 0 13 [ [ . 4 1
9 Eooade 118 mg 2 156 + 38 ¢ 1E) 2 [ [ . ¢
10 Ersone fl— W my ) IQF + [] [ [ L4 ¢
It Lowomie 2 myg b 2L sk + IB) 2 -} L] [ ]
12 Lwsmac 11—0 5 my N 5 (F) ! . . ¢ u
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pe caused by fibrogenic effects of the asbestos and zeolite. Fibrogenic effect of
syathetic Zeolite A (Group 14) seemed to be muldest since perttoneal fibrosis
was minimal in animals of this group. Mordenite-treated mice (Group 4) aiso
suffered from petitoneal fibrosis followed by intestinal obstruction. However,
severity of fibrosis seemed to be milder than that of asbestos and fibrous erionite.

Between 7 and 23 months after exposure, malignant peritoneal tumors devel-
oped in animals of all but 6 groups, the U.L.C.C. chrysotile 2 mg (Group $). the
iatraabdominal wall amosite {0 mg (Group 8), the mordenite 10 mg (Group (3),
the synthetic zeolite 4A (Group 4), the satine control (Group (5), and the un~
geated control (Group 16). Malignant peritoneal tumors developed in 93 of 385
weated mice 124.29) which were sacrificed or found dead between 7 and 23
moaths. Incidence of peritoneat tumor production varied among the treated
goups. As indicated in Table 2, the order of incidence was as follows: (1) 60%
i the double treated (2 mg U.LC.C. chrysotile and 2 mg amosite; Group 1), (2)
$4.5% in the erionite 1I 2 mg (Group 1), (3) 50% in the erionite [ 10 mg (Group
9, (4) 40.5% in the amosite 2 mg (Group 3), (5) 37.5% in the erionite [T (0 mg
(Grotp 10}, (6) 33.3% in the erionite £ 0.5 mg (Group 12), (7) 26.7%% in the amosite
¥ mg (Group 1), {8) 15% in Calidria chrysotile (Group 6}, (9) 23.5% in the amosite
19 mg (Group ), and (10} 18.2% in the U.L.C.C. chrysotile 20 mg (Group 4).
* [t was noteworthy that unlike asbestos or fibrous erioaite (Erionite { and i),
soth mordenite and synthetic zeolite 4A did not induce peritoneal tumor sug-
gesting that those subtypes of zeolite lacked carcinogenic effect for the peritoneal
tssue.

Gross anatomically, hemorrhagic ascites were almost constantly observed in
the induced mesothelioma cases. As shown in Fig. 1, neoplastic nodules of var.
us sizes seen in the peritoneum were usually multiple at the site of fibrous or

acoplastic adhesion. Since these macroscopic findings were also observed in the -

peritoneal tumors other than mesothelioma, diagnosis of the induced tumor
Jould be confirmed by histopathological investigation.

There were certain **favorite' sites of tumor production in the peritoneum; the
Wdominal wall peritoneum corresponding to the site of the injection, the dia-
-hragm, the capsule of liver and spleen. the connective tissue of pancreatic cap-
e, the omentum, the mesentery, serosa of the stomach and intestine, the fatty
apsule of the kidney, the tunica vaginalis of the testis, and serosa of the seminal
vesicle,

As shown in Table 3, histopathologicaily these 93 peritoneal tumors were clas-
«fed as 83 malignant mesothelioma, 6 plasmacytoma, ! histiccytoma, i liposar-
woma, | extraskeletal osteosarcoma, and t adenocarcinoma of the pancreas. The
=& type of these 83 malignant mesotheliomas was divided into 73 fibrous, 9
“phasic, and 1 epithelial forms. Coexistence of fibrous malignaat mesotheli-
?w with plasmacytoma was*recognized in two cases in the Erionite [ 10 mg

p 9.

Figures 2, 3. and 4 represent fibrous, biphasic and epitheliai forms seen in the
aduced mesotheliomas, respectively. Unlike human epithelial mesothelioma, ep-
Helia] cells seen in this study did not show tubulopapillary or cord-like fashioas.
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addition to the 93 peritoneal tumors, 3 extraperitoneal tumors, which were
30 assumed to be induced by asbestos (by amosite), were observed. These three
_tumoss consisted of one fibrosarcoma in the subcutaneous connnective tissue of
3 mouse (Group {: amosite 20 mg) and two rhabdomyosarcomas in two mice of
the intraabdominal wall 10 mg (Group 8). Since these three tumors contained
coated and uncoated amosite fibers and the peritoneum of those three animals
was completely free of fibrosis, it was strongly suggested that the injected amosite
fibers were accidentally administrated into either the subcutaneous connective
dssue or the striated muscle of the abdominal wall resuiting in malignant trans-
focmation of local cells such as a fibroblast and a striated muscle cefl. [n Fig. S,
ag asbestos body (arrow A) and partiaily coated asbestos fibers (arrows) are
shown in a part of the subcutaneous fibrosarcoma tissue, and in Fig. 6, an as-
bestos body (arrow A) is seen in rhabdomyosarcoma tissue in which bizarye
.gop!zsu'c cells with large vesicular nuclei are present.
¥ Histochemically, a large majority of the induced mesotheliomas did not show
Tet pmducuvny of hya!uromc acid. It is known that the hyaluronic acid pro-
‘dactivity is usually poor in human fibrous mesothelioma; accordingly, mouse
Sbrous mesothelioma seen as a major cell type in this study may also be not
rnﬂv active in producing the substance.

Electron microscopically, fibrous cells of the induced mesotheliomas were sim-
h to those of human mesothelioma; as shown in Fig. 7, the cell to cell attach-
ment of two adjacent cells and well-developed rough-surfaced endoplasmic retic-
sums were frequently seen in this cell type. Rarely, numerous microvilli were
shown in epithelial cells as seen in Fig. 8, aithough well-differentiated epithelial
cells were not seen in the induced mesothelioma. To differentiate plasmacytomas
%om mesothelioma, electron microscopy seemed to be a useful method; ultrs-
structure of the former was similar to that of plasma cells with frequent presence
of C particles. ‘

0. 1. A macroscopic photograph showing an abdominal cavity in which peritoneal tumors were
adaced. talen from an animat of the amosite 20 mg group (Group 1), Neoplastic nodules were formed
£ vanious sites of (he peritoneum. Large tumacrs were seen on the surface of both the liver (arrow §)
«d the omentum farrow 2). Arrow 3 indicates marked expansion of the ntestine, caused by severe
eote and neoplasuc adhesions of the peritoneum,

Fuo. 1. Showang a relativety early stags of peritoneal mesothelioma (fibrous form). Spindle-shaped
mopdastic cells are seen 1n the omentum which adhered to the fibratic pancreatic capsule. Taken from
s souse of the Calidna chrysotile 2 mg group (Group 6). Hematoxylin eosin. x 30S.

.3, Showing the biphasic form of malignant masothelioms. Both poorly differentiated eprihelial
s (showa m the upper part of this picture) and fibrous cells (in the lower part) coexisted in 2 tumor
<mme. Tiken from 2 mouse of the amosite 2-mg group (Group 3). Hematoxylin cosin. x 490,

. 4. Eputhclial mesothelioma ceils are shown. The cells are poor in polecization. These cells are
frming 2 oest of sheet-like fastuon, Taken from a mouse of the Erionute [ 10-mg group (Group 9).
Seamtarylin eonia. x 308,

P, 5. A part of an extrapesitones} jumor (fibrosarcoma) induced in 2 mouse of the amosite 20-mg
woup (Group 1), An asbestos body (arrow A) and aggregated asbestos {ibers (uTows) are seen in the
mor ussue. Collowdal iron stain. x 490.

a6 Shawing 3 part of a rhabdomyotarcoma ussue seen in the abdomunai wall of a mouse of the
Wwabdomunal wall amosite (0-mg group (Group 9). A short asbestos body tarrow A) 15 seen. Giant

amplainic cells wath vesicular auclei are shown. Hematoxylin eosin. x 490Q.

ot
ﬁ Yz
~'_.




288 SUZUKI AND KOHYAMA

2 X

5 T bf" "" TS T ;
,‘.',,.Q -‘S'. [ N y h
SR &5“' - 4y

. )

& Yo
"

Wy To-3 DRESAE bt

l3 .
Var - : AN

r-%.-«f&{."%- RO < \Ga' \.a. trﬂ“-‘d

Fig. 7. Ultrastructure of (ibrous mesothelioma cells seen in a mouse of the amosite 20 mg gev?
(Group {). Well-developed endoplastic retuculum, direct contact of a cell with another cetl. cloagted
nucleoli, and lipid granules are seen. x 4260,

Fic. 8. Epithelial mesothehal cells. equipped with numerous microvilli are seen. Takea from 28
animal of the Enonite [ 10 mg group (Group 9). x 9300.
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COMMENTS

- Carcinogenic and fibrogenic effects of asbestos and zevlite and the W oe ™~
and course of malignant Mesothelioma induced by these miners <\~ -
studied in the mouse peritofieum, A single peritoocal adaunistrans

toneum. This animal mode} was relatively simple to use and it prnees
reproducibie results in the induction of tumors and fibrosis.

A high incidence of peritoneal tumors {mainly malignant meswson=
observed in animals injected with either asbestos or tibroes erane N\ *
10d 23 months after CXposure; 39 of 192 (20.35%) 1n the ashestus grows s N
{12 ($8.2%) in the fibrous erionite §roup. It is noteworthy that the o v *°
of the induced peritoneal tumors did not seem to e refated to either =5 -
fbers or the dose: regardless of the type or doses no rumor ws wee * °
soaths afler exposure. This is different from Of the motne SN
feor, which can be induced at a high rate by chemical canvinogens, sa: &N
ewtier cither whep 2 stronger chemical carcinogen was used amive wiv
e nemical carcinogen was langer (2. 5. Tt asbesinmant o
Soatas were similar o those induced by fibrous encaite in exhibiting vag OV
& gross appearance, in histology, and in close asvwciation with e >
'duced mesotheliomas were aiso similar to human malignant mesocdoimwn N
& exhibiting fong fatency and iq #7033 appearance. A distint differemce N
the 20imal and human mesothelioma, however, is the cell type of 2 Mo N
pesoshelioma. The ratio of epithelial, biphasic. and (oo forms was > v NN
# the induced mouse mesothelioma, while it 'was 67:36:7 in human e
sesothelioma (4), It is not known why, unlike human meswthelioma. i eﬁ"’t_’

1% 30 rare and the fibroyg form so common in the induced mueee oe N

Soma, although the severe focal fibrosis which ceastantly occurmed AN
esothelium might be related to the high incidence of fibrous malyman &

Both asbestos and fibrous erionite were.able to induce tumors o e N
Imnt mesothelioma, [n the present study. plasmucytomy, liposasvms N
WCOmA, histiocytoma, pancreatic cancer, subcutaneous fibrosaroams, 4y
Layosarcoma aif were induced peritoneally or etrapentuneally M thew N
Bese tumors have not been reported to occur 4s SPORIAneoUs mNNSSTS
BA{.B:C male mice, C-particies were frequently seen in the nevetsstn N
3 iduced plasmacytomas, [t g Possible that both C-particles and N = ™
’ p:uc?ated in the induction of the plasmacy tomas as coca-\‘m::\",, ~

o A human osteogenic Sarcomas rarely developed extrashoietd
~teoid matrix of the metaplastic connective t};ssue- AP?nﬂe cawe F“"\“\:
; ©oma induced by amosite (Group 3) may be classified ax this &N ‘“
o, since osteoid romutio.u_ Was 0ot rare in fibrotic lesions induced ™ ‘“\w:nc
¥ orous erionite. Another single case of pancreatic cancer (Groap L1) wa &
_Resied to be erionite-related since focal scarring assoviated with crvaN R

was seen in the pancreatic Parenchyma. The subcapsular pamresy
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renchyma was frequently involved in a fibroplastic process induced bg
and fibrous erionite which were intraperitoneally administered. .

Our study strongiy suggested that asbestos and fibrous erionite had the ¢
tiality for inducing neoplasms in various tissues other than the mesotheliumg
lung, if these fibers could reach the various tissues and remain there for
periods. .

Epidemiological studies have shown that, in addition to lung cancer and
nant mesothelioma, various cancers such as cancer of the larynx, renal ceil e
cinoma, and gastrointestinal cancer are present with increased frequeacy tmq
asbestos insulation workers (5, 6). To confirm whether individual human casesy
these various cancers are caused by asbestos or not, the detection of both o
bestos fibers and tissue response (such as focal fibrosis) should be attempted}
the primary neoplastic focus of the individual cases. There is good reasos &
supporting this approach; in our study using the mouse as an experimental mody
toth of these conditions are met in all of ashestos- or erionite-induced tumory

The mineral fibers which were intraperitoneally injected were located in ty
animal peritoneum in certain *‘favorite’ sites. Subsequently, peritoneal fibros
followed by the induction of malignant mesothelioma occurred in these **favocita
sites. The diaphragmatic peritoneum, one of the favorite sites, is known to hay
microvilli-rich mesothelium and .well-developed stomata through which forei
substances can be drained out from the peritoneal cavity into the tymphat
system of the diaphragm (7). Wang (8) has described a similar anatomical cha
acteristic in the parietal pleura, known to be the original site of pleural mesoth
lioma. What is not known, however, is whether all of these **favorite' sites
equipped with such a unique physico-anatomical characteristic. This may be
key question as to why tumors develop in certain “*favorite’ sites of the perit
aeun.

Baris ef al. (9, 10) have suggested that fibrous erionite (a type of zeolite) is !
etiological factor in the development of malignant pleural mesotheliomas whk
occur endemically among inhabitants of se: - villages in south-central Turke
Later, Rohl et al. (11) reported that in adaiuon to the erionite, asbestos fibe
(chrysotite and tremolite) were found in both the environment and in lung tssu
of these mesothelioma patients. A question is raised therefore, whether the
mesotheliomas were induced by fibrous erionite or by asbestos or by both. O
present and preliminary (12) animal studies clearly indicate that, like asbestc
fibrous erionite is also clearly carcinogenic, inducing malignant mesothelioma
a high rate in animals. Accordingly, even if asbestos fibers coexisted with t
erionite in the lungs of the Turkish patients with mescthelioma, enorute can s
not be excluded as a sole or cocarcinogen responsible for the induction of hurn
mesothelioma.

Fibrosis was strongly suspected to be an important precondition for the ind
tion of the neoplasms by asbestos and fibrous erionite; all neoplasms nduced
these minerals (93 peritoneai tumors, 2 rhabdomyosarcomas of the abdomut
wall. and 1 fibrosarcoma of the subcutaneous connective tissue} were mtimatt
associated with tibrosis. This intimate relationship of the fibrogenicity wuth t
carcinogenicity was best shown in the zeolite samples: both Erionute [ and
showed striking carcinogenic and fibrogenic effects while mordenite and synthe
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reolite 4A did not induce-any tumors, and this was accompanied by mild and
minimal fibrogenicity. Another interesting finding was that animals receiving large
doses of asbestos or fibroug erionite died of peritoneal fibrosis followed by in-
testinal obstruction before the tumor was induced. To perform long-term obser-
vations of the development and course of experimental peritoneal mesothelioma,
doses of the carcinogenic mineral (ibers must be carefully chosen.

Stanton and Wrench (13) have hypothesized that the carcinogenicity of as-
bestos. fibrous glass, and brucite was due to the durability of those fibers within
a certain range of size distribution (8 um and fonger in length and 1.5 um and
smaller in width) and that the chemical nature of the fibers is not relevant for the
aduction of mesothelioma (13, 14). Similar resuits have been reported by Pott er
a (15, [6). Stanton's hypothesis, however, has been disputed by other investi-

(17). In the present study, for example, a large majority of asbestos and

gbrous erionite fibers were short and thin, as indicated in charts | and 6. However
3 is still aot known whether the short, thin fibers were responsible for the high
e of mesothelioma production or whether the long thin fibers present as a
gpEnority in the mineral sample played a role. To elucidate this, the range of size
&stribution should be studied in the fibers detected in the primary neoplastic
focus since this range may be different from the original sample.
“ pathogenetic mechanisms suggested by studies on experimentai mesothelioma
may not be directly applicable to human mesothelioma since there are some
Jifferences in pathogenetic conditions of the human tumor as compared with the
simal tumor. For instance, the life span of laboratory animals (mouse, rat, and
famster) is approximately 2 years, much shorter than that of humans. The long
time latent period (20~40 years) seen in the development of human malignant
sesothelioma (5. 6) cannot be reproduced in these animals. Therefore, to induce
mimal mesothelioma, larger doses of the mineral fibers must be used and on
;ny occasions, investigators must apply the artificial method of fiber exposure
axch as inoculation or injection (1216, 18~21). In addition, anatomicai differ-
saces, such as the widely differing range of the length and diameter of the respi-
nalory airway in humaa and animals, may also result in different data concerning
S critical size range of the fibers responsible for the induction of the tumor.

{a spite of these differences, however, animal experiments have provided vaiu-
ale information on the carcinogenicity of asbestos and other inorganic mineral
“bers as well as on histogenetic problems of malignant mesothelioma.
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