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A summary is given of the pathology results after intraperitoneal (i.p.) injection in rats of insu-
lation wool HT, representing the new biosoluble types. The pathology results are compared
with a previously conducted i.p. study with traditional stone wool D6 (with similar chemical
composition to MMVF21). The HT fibre is characterized by a relatively high content of
aluminium and a relatively low content of silica compared to MMVF21. HT has a higln vitro
dissolution rate at pH 4.5, a relatively low dissolution rate at pH 7.5 and is less biopersistent
than the MMVF21 fibre. Female Wistar rats received a dose of  10° WHO HT fibres by i.p.
injection. The fibres had been size-selected to be largely rat respirable. The negative control
group was exposed to saline. Following exposure, the animals were maintained until survival in
one group fell below 20%. At this time, all animals were killed. All animals were subjected to
a necropsy examination; any gross abnormalities observed at necropsy were subjected to
histopathological examination. In addition, histopathology was carried out on a predefined list
of tissues. The incidences of lesions and survival in the control and fibre dosed animals were
compared using appropriate statistical methods to determine whether the dosed animals
showed adverse effects on survival or a positive carcinogenic response. The main protocol for
the previously conducted study with D6 (MMVF21) was similar, but the animals were main-
tained as long as they survived, and the WHO fibre dose was lower. The results of the compar-
ative study showed a marked difference in the i.p. pathogenicity of D6 (MMVF21) and HT in
terms of their carcinogenic potential. D6 (MMVF21) caused a statistically significant increase
of mesotheliomas in the peritoneal cavity compared to the negative control, but the HT fibre
did not cause any mesotheliomas or any increase in other tumour types.
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INTRODUCTION able long-term inhalation test or no excess of carcino-
. . enicity after an appropriate intraperitoneal (i.p.) test.
Man-made vitreous fibres (MMVF)—synonymousg y bprop P (-p.)

with synthetic vitreous fibres (SVF) and manufac- It is generally accepted that results from well-

tured vitreous fibres (MVF)—with alkaline oxide and?emgncej.d,tllon%-tem |nf?alzt;1t|pnr'§ests are ?OSt rele\t/rz?nt
alkali earth oxide (ND + K,O + CaO + MgO + [oF predicting health effects in humans; however, the

: e . German authorities have a regulatory requirement for
BaO) content >18 % by weight are classified within o X
) o by Weld Med withi hronic i.p. studies (TRGS, 1994).

the European Union as ‘carcinogenic category ¥ -
(possibly carcinogenic) and as ‘irritant’ (irritating to 1 €re has been considerable debate on the appro-
skin) (European Commission, 1997b). According tdriateness of using results from i.p. injection studies
Nota Q in this directive, the classification as g0 Predict the potential carcinogenicity of airborne
carcinogen need not apply if certain conditions aribres following inhalation (McConnell, 1995; NRC,
fulfilled. Among these conditions are absence oR000). The main criticism of the inhalation method-

relevant pathogenicity or neoplastic changes in a suflogy is its alleged low sensitivity compared to the
i.p. test. When fibres are injected into the abdominal

cavity, naturally occurring mechanisms are unlikely
*Author to whom correspondence should be addressed. (0 P€ similar to those occurring in the lungs after
Tel: +45 46 56 03 00; fax: +45 46 56 43 33; inhalation and this calls into question the validity of
e-mail: ole.kamstrup@rockwool.com using i.p. tests to assess potential inhalation hazards.
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The i.p. test appears, however, to be very sensitivegs of the studies were considered in terms of
and able to detect a low carcinogenic potential gbossible adverse effects, the necropsy and histopatho-
fibres, but generally, any increase in sensitivity of éogical findings. The evaluations included tumour
test will decrease the specificity. incidence, survival analysis and comparison of body

In the following, a summary is given of theweights.
pathology results from an i.p. study of a newly devel-
oped stone wool fibre with increased biosolubility,Test substances
HT (high temperature) and the results compared to The i.p. studies included two different stone wool
the previously tested traditional stone wool (D6 wittfibre types: the HT fibre, CAS registry number
similar chemical composition to MMVF21). 287922-11-6—a newly developed commercial insu-

The objective of the Rockwool International (RI)lation wool product (Rox@)—and traditional stone
sponsored study with the HT fibre finalized in 2004wool. In the studies, the HT fibre was identified as
was to assess the potential carcinogenic effects aflelF39001 and the traditional stone wool fibre as D6,
i.p. injection of stone wool fibres in rats from aput they had similar chemical compositions to
detailed pathological examination on selected tissuggMVF34 and MMVF21, respectively, used in the
of each animal. A statistical analysis for differencegreviously conducted chronic inhalation studies with
in the number of abnormalities and in survival othese fibres, although they had different dimensions
disease incidence between fibre dosed group apébecifically shorter mean length). The negative
control animals was made. controls in both studies were saline.

D6 (MMVF21) has previously been tested in @ The chemical compositions of the two MMVFs are
similar study at the same laboratory; the study Wagiven in Table 1. The specific gravity of the two
finalized in 1994, but only the preliminary findings fipres are very similar (2.8 g/é&n The new bio-
from that study have been published (Collier, 1995)%4|yple HT stone wool fibres are characterized by a
The data from that study are used in the preseffgher amount of alumina and a lower amount of
paper. In addition, MMVF21 has also been tested byjjica than the traditional stone wool fibres. Due to
i.p. injection at other laboratories and the resultgna|ytica| variation and minor differences in the
reported (Rolleet al, 1996; Milleret al, 1999). In  gjfferent batches used, variations may occur in

these studies the MMVF21 material was a sizeyyplished chemical compositions of these fibres.
selected preparation produced by the North American tq pyik products were produced without the add-

Insulation Manufacturers Association (NAIMA).itio of binder or oil. Bulk fibres were size-separated,
using a water-based process (D6) or in combination

MATERIALS AND METHODS with an air-based dry process (HT), to be largely rat
respirable.
Design of studies Prior to administration to animals, an initial assess-

The animal experimental work and pathomorphoment of the test materials was made. The bivariate
logical examinations in both studies were conductesize distributions were measured by phase contrast
at AEA Technology, Biomedical Research, Harwellpptical microscopy (PCOM) for D6 and scanning
UK. The study with HT fibre was carried out inelectron microscopy (SEM) for HT. The fibre
compliance with guidelines for good laboratorynumbers per milligram of material were determined.
practice. The fibre size selection in the studies waBhe measurements on the HT stock fibre were done
done by the Johns Manville Technical Centréy Fh-ITA and on the D6 stock fibres by AEA.

(JMTC), Littleton, CO, USA (D6 and HT) and by the Based on these measurements, trial suspensions of
Fraunhofer Institute of Toxicology and Aerosolthe fibres, identical to those to be used for the injec-
Research (Fh-ITA), Hannover, Germany (HT).

Laboratory r_ats W_ere exposed _by i.p. injection teape 1. Chemical composition of fibers by weight %
well-characterized fibre suspensions that had been

selected to be largely rat respirable. The rats wetd&'9nt% D6 HT
randomly assigned to the individual exposure groups©: 45.9 39.6
In both studies, rats were exposed at one nominalCs 13.8 215
exposure level aimed at ~0% 10° WHO fibres TiO, 3.0 2.0
administered as a single injection. A WHO fibre isFeO 6.2 6.4
defined as a fibre (length/widta3) with a length cao 17.0 15.4
>5 um and a diameter <gm. The negative control mgo 9.5 10.7
group was exposed to salir)e. The animals were.giv%‘zo 25 01
one |njec’glon.each. Fqllowmg exposure, the ammal,g20 13 08
were maintained until survival in one group fe_IIOther oxides 04 00
below 20% (HT study), or the animals were main-
tained as long as they survived (D6 study). The find§um 9.4 %.5
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Table 2. Total animal numbers per group killed because of clinical signs, found dead or killed at the termination of study

Animals dosed No. of animals Animals Animals enteringKilled as a resultFound dead Killed at end of
with dosed died/killed study of clinical signs study
within 16 days
of injection
D6 60 3 57 51 6 0
Control (D6) 96 4 92 87 5 0
HT 50 0 50 30 7 13
Control (HT) 50 0 50 40 1 9

tions, were prepared. Samples were taken from thegere conducted under optimum hygienic conditions
suspensions in an identical way to that used for tHeehind a barrier system.
injections and the measurements of fibre dimensionsThe rooms were air-conditioned and had ~20 air
and numbers were made. Based on data from thedganges per hour, with an approximate temperature
samples, the numbers and sizes of fibres injected inoé 17-25C and a relative humidity of 40—70%. The
the rats were determined for D6 and for HT. In th@nimals are maintained on a 12:12 h light/dark cycle.
case of the HT fibre, discrepancies were foundll environmental conditions were monitored and
between the numbers of fibres in the samples and trecorded. Pelleted standard rat maintenance diet and
expected numbers of fibres/mg measured in the sto€Rlorinated community tap water were suppléeti
fibres using the measurements carried out by Fh-ITAbitum during the study.
In order to ensure a sufficiently high dose and a valid
study, it was therefore decided to base the amourf&POSure
used for actual dosing on the measurements of thelntraperitoneal injection was used as the method of
stock fibres. administration. The nominal dosage of (x51(°

The possible effects of the size-selection procesyHO fibres was selected to be comparable to the
on the chemical and surface characteristics of the§é&her study on D6 done previously. In the D6 study,
fibres have been found to be insignificant. This i$he dosage of 0.8 10 fibres was selected based on
based on a comparison of the morphology of the ﬁbrzénother f|bre.def|n|t|on,. ‘critical flbres’. A ‘crlthal
surfaces of the bulk fibres and the size-separatigfre’ was defined as a fibre (length/width >5) with a
fibres using SEM, the chemical composition and th ngth >5um and a diameter 42m.

in vitro dissolution rates at pHs 4.5 and 7.5. The HT_The draft EU guideline ECB/TM/18(97) rev. 1

fibre is characterized as having a high dissolution rafguropean Commission, 1997a) “Carcinogenicity of

synthetic mineral fibres after intra-peritoneal injec-
atpH 4.5 (Knudsest al, 1996). tion in rats’, uses the number of WHO fibres as the
Test system basis of the choice of exposure condition. The guide-

Rat lected f iat . %Ee specifies a single dose ok11.(°® WHO fibres as
ats were selected for appropriate comparnson @he yose ang optionally defines two additional dosage
results from these studies with those from prewouar

O ) L -groups with 1x 10" and 1x 10 WHO fibres. In add-
I.p. |njef:t|on studies performed under similar Cond'ition, at least 20% of the WHO fibres in suspension
tions with other MMVFs. Female Wistar rats fromgpquid have a length >20m.

two different suppliers were used for the two studies The reported studies were conducted before these

(Harlan UK, Oxon and Charles River UK, Kent). Theg,jijelines were available, and to reduce cost, only

rats were 10-12 weeks old at injection and weigheghe dosage group was included in each of the studies.
"‘200_,230 g. The anlmgls in the D6 study were some- apparatus used in preparation and injection of
what lighter than those in the HT study. A total of 5Qy,6 5 spensions was purchased either sterile or steril-
HT-group and 57 Dé-group rats entered the studiegeq prior to use. The fibre samples were suspended
The HT control group comprised 50 animals, whilgn sajine (0.9 % NaCl in water). Pre-weighed fibre
the D6 control group comprised 96 animals. Followingamples were suspended in the saline and sonicated.
the exposure, the HT exposed animals were held forpyior 1o administration, each animal was examined
lifetime observation (until ~20% survived), whichig ensyre that it was fit to be included in the study.
occurred at ~26.5 months. In the D6 study, the\ny that were not were excluded from the study and
animals were maintained as |0ng as they survived. %p|aced with animals from a spare group. Each rat
account of all HT and D6 exposed animals in thguas lightly anaesthetized with halothane. The animal
studies is given in Table 2. was placed on its back and a 14G intravenous cath-

Unique numbers identified the rats. When notter inserted into the peritoneal cavity through the
being exposed, the rats were housed with a maximuabdominal wall. The needle was inserted so it was
of three animals per cage in plastic cages. The studigest inside the abdomen.
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The needle was withdrawn from the catheter andecorded to indicate whether any observed lesions
discarded. The instillation suspension was manuallywere thought to be incidental or causative.
shaken and vortex mixed for ~30 s. Two millilitres of From all animals the following tissues were
suspension were drawn into a 2 ml sterile polysampled for histology: diaphragm including the falci-
propylene syringe. The syringe was connected to tHerm ligament (if present); omentum; intestinal
catheter and the contents of the syringe injected intnesenteries including a segment of gut, liver, spleen,
the animal. The catheter was withdrawn carefully angancreas; and any lesions observed at necropsy. The
any bleeding or loss of suspension from the injectiotissues were removed and fixed in formalin. The
site was recorded. The peritoneal cavity was gentiyemaining carcass was stored in formalin until the
massaged to disperse the fibres whilst the animehd of the study to allow examination of other organs
regained consciousness. if requested by the pathologist. The falciform liga-

In the D6 study administration was similar, but anent atrophies with age; the region where the liga-
2.5 ml syringe connected to a 25G sterile needle wagent is normally found was examined, although the
used for injection. ligament may not have been present.

In the HT study, each animal in a group was dosed The sampled tissues were mounted in paraffin,
in an order randomized by cage number. Theectioned and stained with haematoxylin and eosin
randomization was achieved by having a randorrior to examination by the pathologist.
list of cage numbers generated for each day. In the .

D6 study, no formal randomization scheme wa®ata analysis
employed. The date and time of dosing were For each animal, survival in days from i.p. admin-
recorded for each animal. The animals were givenigtration was calculated. A Kaplan—Meier analysis

single injection each. was conducted to determine whether any statistical
differences in survival existed between the groups.
Observations, examinations and measurements The effect of exposure on weight was made by

The rats were examined once daily for clinicafmonitoring the change in weight over different
signs, morbidity and mortality. A detailed clinical Pe€riods (~50 days) during the growth period (up to
observation was given once per week during initiab00 days). This approach took into account the differ-
guarantine and acclimatization, at allocation to indi€NCes in original starting weights. A quadratic regres-
vidual groups, twice per day on administration daysSion was fitted to the growth data, and t.he intercepts,
once daily during the first 2 weeks after the end of theurvature and slopes of these functions between
administration phase, once weekly thereafter ar@foups were compared. _
immediately prior to the animals being killed. ~ For each group, the incidence of pathology find-

The rats were weighed on the first day of adminisnds (including specific neoplasms) was calculated.
tration, prior to administration start, once weekly!umour incidences in the exposed and the control
thereafter through to week 13 and once monthi§iMimals were compared usiggtests.
thereafter.

Following exposure, in the HT study the animals RESULTS
were maintained until survival in one group fell
below 20%; in the D6 study the animals were mainFibre suspensions
tained as long as they survived. The injection mass, mean number of fibres, WHO

Any moribund animals or those showing palpabldibres, fibres with a length >2m and the mean
abdominal masses >2 cm in diameter were killed. Adimensions of the fibres in the injection suspensions
mesothelioma metastasizes rapidly throughout thmeasured by AEA are presented in Table 3.
peritoneal cavity, ascites resulting in distension of the Differences in fibore measurements between PCOM
abdomen is frequently the first detectable symptonand SEM are known to exist, since the resolution of
Any animals showing signs of abdominal pain othe two methods is not the same. In consequence,
distension of the abdomen were also killed. Theomparative assessment of fibre sizes and numbers
animals in the HT study were killed by Gthhal-  should be considered with caution.
ation followed by exsanguination of the brachial As can be seen from Table 3, the HT fibres were
artery. In the D6 study, animala extremiswere thinner and longer than the D6 fibres. The number of
killed by CG, inhalation. The date and time of deathfibres injected in the HT group was approximately
was recorded in the study records. double that of the D6 group. The different size-selec-

A detailed necropsy examination was conductetion methods used may have contributed to the differ-
on all animals. All gross necropsy findings wereences seen in the mass injected.
recorded on a necropsy data sheet for the individual
animal. The necropsy included a detailed examirfclinical signs and mortality
ation of all peritoneal organs, and the thoracic cavity. There was no indication that the i.p. injection of
At necropsy, the cause of death/moribundity waBIT fibre had any effect on the health and survival
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Table 3. Total injection mass (mg) per animal, mean fibre numd&D®) @nd dimensiongyfn) in injection suspensions

Study Injection masBibres WHO Length > 20 Fraction WHO Geometric mearnym Median (um)

(mg) (x10°) (x10°) pum (x10°)  length > 20um
(%)
Diameter Length Diameter Length
D6 36 1.2 0.9 0.2 18 0.80 8.5 0.87 7.8
HT 9 2.6 2.1 0.6 28 0.65 10.7 0.67 9.9

Table 4. Number of fibre and saline injected animals dying, byTable 5. Results of Kaplan—Meier survival analysis on all

survival time animals, point estimate (days)
Survival HT Control D6 Control All animals HT Control D6 Control
interval (HT) (D6) (HT) (D6)
(days) Mean survival 646 672 474 536

1-100 0 0 1 25% quartle 564 573 424 468
101-200  © 0 1 3 50% quartile 691 717 480 553
201-300 O 0 2 0 75% quartle  n.c. 776 547 607
301-400 6 2 11 6
401-500 2 4 18 20 n.c. = not calculated.
501-600 6 9 23 37
601-700 16 7 18 loma formation. These long standing granulomata
701-800 20 28 1 7 become fibrotic and sclerosed, effectively isolating
n 50 50 57 92 mineral fibres from the surrounding environment. At

post-mortem examination of HT exposed animals
and control animals, a low incidence of macroscopic
compared to the control group. Survival of D6nodules was found (three animals and one animal,
injected animals was significantly less than that ofespectively). Pathological examination showed these
their comparative control®(< 0.0001; Table 4). The to be cellular in nature, having no fibres associated
difference seems to be caused by a significant drop{ith them. Whilst no macroscopic fibrous nodules
survival at ~350 days. were observed in the HT or control animals, at micro-
The survival in days of each animal was used tgcopic examination one animal injected with HT
conduct a Kaplan—Meier analysis. The mean, medigibre was found to have a nodule of fibres<@ mm).
and 25 and 75% quartile values are given in Table Bhis had an incomplete connective tissue capsule
and the survival curves plotted in Fig. 1. containing a mass of fibres and cellular debris. There
The life expectancy of mesothelioma bearingvas no evidence of an ongoing cellular reaction.
animals in the D6 group was significantly lower There was also evidence of fibrosis in the periton-
compared with those animals not dying of mesoeal cavity of some of the animals, with adhesions
thelioma. formed between some organs. This occurred almost
There is no apparent reason for the differences &xclusively in the fibre injected animals. A principal
survival between the two control groups, but twasite for this type of finding was between the liver and
different suppliers of rats were used in the twaliaphragm, which frequently involved the complete

studies. fusion of the liver to the diaphragm. Other sites for
) adhesion included the loops of the small intestine,
Body weights between the stomach and other organs, and between

In the study with HT, body weight gains werethe adipose tissue and other organs.
comparable to the control group. In the study with The individual incidences of macroscopic nodules
D6, the animals showed some reduction of growthnd adhesions are given in Table 6.

compared to the control. Three tumour types showed significantly different
incidences in fibre injected animals compared with
Pathology concurrent controls (Table 7). The highest tumour

At necropsy, numerous macroscopic nodules in thacidences in control animals were for benign pitu-
peritoneal cavity were observed in the majority of Détary adenomas (42-54%) and mammary adenocarcin-
(88%) exposed animals and further smaller nodulezma (40-46%). These are very common tumours in
were found associated with the abdominal orgarthis strain of rat and the finding is not unexpected. In
during microscopic examination. These were founthe D6 injected animals, mesothelioma was the most
to be clumps of fibres, either adherent to the surfaa®mmon tumour type (56%). This tumour was not
of the viscera or free in the abdominal cavity. Theréound in any other group (control or HT injected)
was evidence of a foreign body response with granand as such was a highly significant finding. The
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Kaplan Meier Plot (all animals)
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Fig. 1. Survival of all animals (Kaplan—Meier plot).

Table 6. Occurrence of macroscopic nodules and adhesions Table 7. Summary incidence of tumours showing significant
differences from concurrent controls

Group n Fibrous nodules Adhesions
n % n % Group n Mesothelioma Pituitary  Mammary
tumour
D6 57 50 88 53 93 n % "% = %
Control (D6) 91 1 1 5 5 D6 57 32 56 9% 16 7 21
HT 0 3 6 29 58 Control(D6) 91 0 0 38 42 36 40
Control (HT) 50 1 2 1 2 HT 50 0 0 22 a4 20 40

Control (HT) 50 O 0 27 54 23 46
mesotheliomas pro_duced. by the injections of DQStatisticaIly significant compared to concurrent contxdl,
showed the usual histological patterns that have beggts p < 0.05).
well documented from studies involving i.p. injection®Lower incidence attributed to the premature death of the
of mineral fibres in rats (Rollest al, 1996; Milleret ~mesothelioma bearing animals.
al., 1999). Significantly lower incidences of pituitary
and mammary tumours were found in the D6 injectetp. carcinogenicity assay. The HT fibre is a newly
animals compared with controls. This was as a resuleveloped stone wool with increased biosolubility.
of mesothelioma acting as a competing cause &fong-term inhalation studies have been done with
death. both the HT fibre and the traditional stone wool fibre

Various other tumours were observed; however, aMMVF21 and have shown no excess of tumours
were at low incidences and showed no significamtompared to control; however, some fibrosis was
differences between treatment groups. seen with MMVF21 (Kamstrupt al, 2001). There
has been considerable debate on the appropriateness
of using results from i.p. injection studies to predict
the potential carcinogenicity of airborne fibres follow-

The primary objective of the present study was ting inhalation. The long-term inhalation model has
assess the pathological effects of the HT fibre in ate advantage of simulating the situation that occurs

DISCUSSION
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following actual workplace exposure. The main criti-higher biosolubility of the HT fibre compared to tradi-
cism of the inhalation methodology is its alleged lowional stone wool. Much lower maximum lung burdens
sensitivity, which requires prolonged administratiorwere found with the HT fibre at comparable exposure
of high doses of fibres to give a significant number ofevels. In addition, the significance of biopersistence
tumours. When fibres are injected into the peritonealas also confirmed, as the pathology after 3, 6, 12, 18
cavity, naturally occurring mechanisms are unlikelyand 24 months exposure showed minor histopatho-
to be similar to those occurring in the lungs aftefogical changes with HT compared to MMVF21. The
inhalation. However, the i.p. test appears to be ve®T showed minimal collagen deposition, similar to
sensitive and therefore able to detect a low carcing@ghat would be expected for any biologically inert
genic potential of fibres. This means that negativgyst at this exposure level, while MMVF21 resulted
results obtained using this assay can be interpretedias fiprosis. For both fibre types, there was no
reflecting an absence of carcinogenic potential.  evidence of carcinogenic activity in either the lungs
The nominal dosage of 0:61(° WHO fibres was or pleura (Kamstrupt al, 2001).
selected in order to be comparable to the other AEA | 5 previously conducted comparative study

study done previously with the traditional stone Woohetween HT and MMVF21 (Collier, 1997), bio-
(D). The draft EU guideline (European Commisyersistence was determined up to 6 months after
sion, 1997a) on i.p. carcinogenicity studies withhgministration by either intratracheal instillation or
mineral fibres in rats specifies that dosages to whlqr_b_ injection. For both fibre types, significant differ-
the animals are exposed in the highest dose should 4i¢:os in the biopersistence of fibres in the lung and
at least 1x 10° WHO fibres. The nominal fibre .o iioneal cavity were found. For MMVEF21, no fibre

dodsage in tr]le stugévwztheng ﬁbLe was Iowg—,\r, Wcijﬂ‘Elearance from the diaphragm occurred following i.p.
a dosage of 0.3 O fibres. However, base . injection, compared with measurable clearance from
on the measurements by the laboratory conductlur%

the stud the fib . qf { e lung following intratracheal instillation. For HT
€ study on fthe fibre Suspensions used for ac res, long fibres cleared twice as quickly from the

dosing, the achieved dosage was *2.0° WHO . . e
fibres for the HT fibre. The D6 dosage, measured bdlaphragm as from the lung. This suggests differ

the same laboratory, was Gxa.® WHO fibres. The dnces in dissolution behaviour in the peritoneal
dose proposed by the German authorities for i.

injection of fibres for regulatory testing is>610° differences in the physiology of alveolar and periton
WHO fibres (TRGS, 1994). physiology and p
. . . eal macrophages in their response to inflammatory
While the failure to calculate the dose of fibres ta,. . . . .
- stimuli and mineral fibres, but the mechanisms
be injected more accurately was unfortunate, the

error did in fact make the testing of HT fibres by i'p_behmd the observed differences in the biopersistence

injection much more rigorous. The present testing d . .
HT fibres was in fact undertaken at more than tWicgntly known. An important mechanlsm for the clear-
the EU recommended dose, which makes the neg%r-]ce of the HT fibres from thellung. is thought to be
tive findings particularly remarkable. An additionalmtracellular and extracellular digestion and fragmen-
factor was that the injected HT fibres were longer anfion by the pulmonary macrophages (Baieal,
thinner than the D6 used as comparison and thf900). ) o ) i
should have made them more carcinogenic, if the The dlﬁerence§ in blopers!stence.of fibres bgtween
biopersistence of the two fibre types had been equde lung and peritoneal cavity call into question the
HT fibres are, however, much more biosoluble thaialidity of using i.p. injection to assess potential
D6 and thinner fibres would be expected to dissolvéthalation hazards from MMVFs. However, the find-
faster than thicker ones. ings in this study indicate the significance of the
The HT fibre was developed recognizing that théligher biosolubility of the HT fibre compared to
potential pathogenicity of a given fibre type is mainlyiraditional stone wool (MMVF21), as the results of
dependent on the extent to which the fibres can g€ comparative study showed a marked difference in
inhaled and persist in the lung (Davis, 1991). A shorthe i.p. pathogenicity of the traditional stone wool
term (5 day) inhalation biopersistence study with th@nd HT in terms of their carcinogenic potential. D6
HT and MMVF21 fibres showed elimination half- caused a statistically significant increase of meso-
times for the HT fibre, calculated from the decreastheliomas, the tumour type most commonly associ-
of WHO fibres and long (>20m) fibres, of 25 and ated with the response of the peritoneal cavity to
6 days, respectively. The elimination of the tradifibres, compared to the concurrent saline control. The
tional stone wool (MMVF 21) was much slower, withHT fibre did not cause any mesotheliomas or any
elimination half-times of 65 days for WHO fibres andincrease in other tumour types. The significance of
92 days for long fibres (Kamstrugt al, 1998). In  biopersistence for the carcinogenicity of fibres after
long-term inhalation studies in rats, the lung burdenisp. injection has previously been recognized (Roller
of long fibres during the study also demonstrated thet al, 1996) and confirmed for the new generation of

cavity when compared with biosolubility in the lung.
Pnother study (Dérgeet al, 2001) found marked

p the peritoneal cavity and the lungs are not pres-
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fibres with increased biosolubility (Lambit al, Davis JMG, Addison J, Bolton RE, Donaldson K, Jones AD,
1998). Smith TJ. (1986) The pathogenicity of long versus short

The concept, that all respirable mineral fibres will fibre samples of amosite asbestos administered to rats by
) [ . inhalation and intra-peritoneal injection. Br J Exp Pathol; 67:

be carcinogenic if they are long, thin and durable 415_30.

enough to survive in the lung for long periods, is nowbavis JIMG, Brown DM, Cullen RT, Donaldson K, Jones AD,

supported by a considerable amount of experimentalMiller BG, Mcintosh C, Searl A. (1996) A comparison of

evidence. Very durable fibres such as asbestos, ceramiéethods of determining and predicting the pathogenicity of

fibres or silicon carbide have all proven carcinogeniBGTégf:\j‘l ‘;\'/ll)uer:;n'ghsalgf’mxg?r:fg\jmlzsmer K Krombach

in rat inhalation studies as well as in the more F. (2001) Differential responses of rat alveolar and periton-
sensitive i.p. injection studies (Wagreral, 1973; eal macrophages to man-made vitreous fidersvitro.
Davis et al, 1986, 1996; Mas¢t al, 1994). Tradi- Environ Res; A85: 207-14

tional insulation fibres such as stone wool, slag wodfuropean Commission. (1997a) Carcinogenicity of synthetic
and glass wool have proved insufficiently durable to mineral fibres after intraperitoneal injection in rats,

. . . . . ECB/TM/18 rev.l. Directorate General, Joint Research
cause tumours in rat inhalation studies, but do survive ~¢ e

long enoygh in the ra_t per_it(?ne_al cavity to produc@yropean Commission. (1997b) Commission Directive

mesotheliomas following injection (McConnedit 97/69/EC. Official Journal L; 343: 19.

al., 1996; Milleret al, 1999). Fibres with specially Kamstrup O, Davis JMG, Ellehauge A, Guldberg M. (1998)

reduced durability, such as the new HT fibre, have The biopersistence and pathogenicity of man-made vitreous

now proved unable to cause tumours following both zgfefgiffzr short- and long-term inhalation. Ann Occup Hyg;

inhalation and injection. It is plausible that organiGamstrup 0, Ellehauge A, Chevalier J, Davis JMG, McConnell
fibres will obey the same rules as inorganic ones andeg, Thévenaz P. (2001) Chronic inhalation studies of two
that long, thin, durable fibres will be carcinogenic. types of stone wool fibers in rats. Inhal Toxicol; 13: 603-21.

Here, however, relatively little experimental workKnudsen T, Guldberg M, Christensen VR, Jensen SL. (1996)
has been done. One organic fibre, cellulose, has beereW Wpe of stone wool (HT fibres) with a high dissolution

f d to be durable i 9 tl M fdeal 1’997 rate at pH = 4.5. Glastech Ber Glass Sci Technol; 69: 331-7.
ound to be durable in rat lungs (Mu . al, ) . Lambré C, Schorsch F, Blanchard O, Richard J, Boivin JC,
gnd_c_ellul_ose has produced tumours in rats f_oIIowmg Hanton D, Grimm H-G, Morscheidt C. (1998) An evaluation

i.p. injection (Cullenet al, 2000); long-term inhal-  of the carcinogenic potential of five man-made vitreous

ation studies with cellulose and other organic fibres fibers using the intraperitoneal test. Inhal Toxicol; 10: 995—
are urgently needed. 1021. o

The results of the current studies suggest that trI}/IcConneII EE. (1995) Advantages and limitsrofivoscreen-
. . - 99 - ing tests. Ann Occup Hyg; 39: 727-35.

HT f'b.re' has |"tt|e or no e}dverse b'9|09'ca| aCt"/“VMcConnell EE, Hesterberg TW, Chevalier J, Thévenaz P,
when injected into the peritoneal cavity and confirms Kotin P, Mast RW, Musselman R, Kamstrup O, Hadley JG.
that the introduction of fibres with higher biosolu- (1996) Results of life-time inhalation studies of glass,

bility has increased the safety margins in manufac- mineral and slag wools and refractory ceramic fibres in

. . . . . rodents. Health Safety—Australia New Zealand;
turing and use of fibrous insulation material. odents. J Occup Health Safety—Australia New Zealand;

12: 327-32.
Mast RW, Hesterberg TW, Glass LR, McConnell EE,
REFERENCES Anderson R, Bernstein DM. (1994) Chronic inhalation and

biopersistence of refractory ceramic fiber in rats and ham-

Baier R, Meyer A, Glaves-Rapp D, Axelson E, Forsbherg R, Sters. Environ Health Perspect; 102 (suppl. 5): 207-9.
Kozak M, Nickerson P. (2000) The body's response tdMiller BG, Searl A, Davis JMG, Donaldson K, Cullen RT,
inadvertent implants: respirable particles in lung tissues. Bolton RE, Buchanan D, Soutar CA. (1999) Influence of
J Adhesion; 74: 103-24. fibre length, dissolution and biopersistence on the produc-

Collier CG. (1995) Preliminary experimental findings using tion of mesothelioma in the rat peritoneal cavity. Fibre char-
intraperitoneal assays to determine carcinogenic potential acteristics and mesothelioma. Ann Occup Hyg; 43: 155-66.
of man made mineral fibres: relevance to recent proposaluhle H, Ernst H, Bellmann B. (1997) Investigation of the
for classification testing (Letter). Occup Environ Med; 52: durability of cellulose fibres in rat lungs. Ann Occup Hyg;
700-1. 41 (suppl. 1): 184-8.

Collier CG. (1997) The biopersistence of stone wool fibres ifNRC. (2000) National Research Council: Review of the U.S.
the lung and peritoneal cavity, BR/JF/119, 1-51. AEA Navy's exposure standard for manufactured vitreous fibers.
Technology Biomedical Research, Harwell, Didcot, Oxon, Washington, DC: National Academy Press. pp. 1-63.

UK. Roller M, Pott F, Kamino K, Althoff GH, Bellmann B. (1996)
Cullen RT, Davis JMG, Miller BG, Clark S. (2000) Tumori- Results of current intraperitoneal carcinogenicity studies
genicity of cellulose fibres injected into the peritoneal Wwith mineral and vitreous fibres. Exp Toxicol Pathol; 48:

cavity, TM/00/01, 1-40, IOM Research Reports. Institute of 3-12.
Occupational Medicine, Edinburgh, UK. TRGS. (1994) TRGS Technische Regeln fiir Gefahrstoffe 905.

Davis JMG. (1991) Experimental studies on mineral fibre Ausgabe Juni 1994.
carcinogenesis: an overview. In Brown RC, Hoskins JAWagner JC, Timbrell V, Berry G. (1973) Mesotheliomata in
Johnson NF, editors. Mechanisms in fibre carcinogenesis. rats after inoculation with asbestos and other materials. Br J
New York: Plenum Press. pp. 51-8. Cancer; 28: 173-85.



