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After 3, 6, 12 and 18 months of exposure, 6 animals
from each treatment group were sacrificed for interim
pathological studies. The lungs were fixed in formalin, embedded
in paraffin, sectioned, and stained for pathomorphological
examination. All lungs were scored for pathologlcal change
according to the Wagner Scale (McConnell et al., 1984 ) The
results are summarized below (See Table 1.)

RCC Table 1. Lung Histology Evaluation - Wagner Scores

MMVF22 s Crocidolite”
Concentration (mg/m’) Asbest%s
Time 3 16 30 Air Controls 10 mg/m
3 Mo 2.0 2.5 2.5 1.0 4.0
6 Mo 2.0 2.7 3.0 1.0 4.2
12 Mo 2.5 2.3 3.0 1.0 4.0
18 Mo 2.2 2.5 2.8 1.0 4.2

" Exposure was terminated at 44 weeks due to toxic reaction (i.e.
weight loss and death) of crocidolite-exposed animals.

After 3 months of exposure, a dose-dependent increase in
cellularity (pulmonary change grades 2.0 and 2.5 on the Wagner
Scale) was observed in all groups exposed to slag wool fibers.
Those cellular changes are thought to be reversible and to occur
to some extent when any particulate gains entrance into the deep
lung. Fibrosis (Wagner Grade 4) was noted in the lung tissue
samples taken from the six crocidolite-exposed animals. No
lesions were observed in lung tissues taken from the 6 control
animals, and these tissues received a Wagner Grade of 1.

Following 6 months of exposure, lung tissue samples
obtained from slag wool exposed animals showed minimal
progression of pulmonary alteratlons when compared to the 3-month
observations. The low dose (3 mg/m ) group showed no progression
from 3 to 6 months. The mid and high dose groups showed a small
dose~dependent increase in reversible cellularity (pulmonary
change grades 2.0 and 3.0 on the Wagner scale). Five of six lung
tissue samples obtained from crocidolite-exposed animals were
scored grade 4, and one sample was scored 5.

1McConnell, E.E.,Wagner, J.C., Skidmore, J.W., and Moore, J.A.
A comparative study of the fibrogenic and carcinogenic effects of UICC
Canadian chrysotile B asbestos and glass microfibre (JM100). In
"Biological Effects of Man-Made Mineral Fibers," Volume 2, World Health
Organization, 1984.
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After 12 months of exposure, little or no progression of
pulmonary alterations was observed in lung tissue samples
obtained from slag wool exposed animals when compared to the 6
month Wagner scores (Table 1). All lung tissues cbtained from
the crocidolite-exposed ( approximately 10 months exposure and 2
months recovery) rats received grade 4 scores, again indicating
irreversible fibrosis. Lung tissues from air control animals were
scored as Wagner Grade 1, indicating no lesions were observed.

Following 18 months of exposure, the lung tissues obtained
from slag wool exposed animals showed little change from those
from the 12 month sacrifice, suggesting that the reversible
progressive pulmonary changes seen at 3 and 6 months had stopped.
Lung tissues obtained from the crocidolite-exposed (approximately
10 months exposure and 8 months recovery) animals were scored
Wagner Grade 4.2, and the tissues obtained from the 6 air control
animals received Wagner Grade 1 scores.

The next scheduled sacrifice for this study will occur
after 24 months of exposure (October 5, 1992). We will continue
to provide your office with updates on new information from this
study as we receive it from RCC. Should you wish to discuss the
preliminary results of this study, please contact me at 203-324-
7533.

Sincerely,

FMBM

Frank J. Rauscher, Jr., Ph.D.
Executive Director
TIMA, Inc.
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but is consistent with grade 4.0 as long as oo jnterlobular linking of
the aforementicned lesions occucs. Grades 2.0 and 3.0 are conside
potentiaily ceversible, while gradss 5.0 to 8
raversible.

The cause of the intercurrent dagths was not daternined.

Interim sacrifice after ths 13.wesk exposure period (Kl):

POT T L L L L

Aftar 13 weeks of expostIe to MMVE21, fiber-containing alveolax macropht-
ges and micrograwalomss at the bronchiclo-alveolar jumctiocn were noted in
all dose groups. Alveelar bronchiolization was noted in 1 mid- and all
high~dose rats. collagen deposition at the bronchiolo-alveolar jonction

was noted in 3 highedose TBLS. *his was congistent with Vagner-grade 2
in the low-dose group, grads 2-3% in the mid-dose group, and grade 3-4 in
the high-dose group-

After 13 weeks of exposure to WUP22, fiber-containing alveolar macro-
phages ware noted in all dose gLrowps. Alveolss bronchiolization and
microgranulomas at the bronchiolo-alavolar junction were poted in the

mid- and high-dose groups. This was consistent with Wagner-grade 2 in
the low-dose grosp, and grads 2-3 in the mid~ and high-dosa groups.

Interim sacTtifice after the 26-week exposute period (B2):

After 26 weeks of exposure £O WVF2l, Eiber-containing aiveolar sacropha-
ges and microgranulomss at the bronchiolo-alveclar junctica wers poted in
all dose groups. Alveolar brenchiclisation was noted in 5 mid- and all

se rats. Collagen deposition st the bronchiolo-alveolss junction
was poted in 1 mid~ and & highedose rats. This was consistent with
Vagner-grade 2 in cthe low-dose group, grade 2-3 iz the midedose group.
andmdla-binthehizh-doumw.

After 26 weeks of exposure to uMYP22, fiber-containing alveolar macTo-
phages were moted in all dose groups. Alveolar bronchiolization and
microgsxnulcoas at ths bronchiolo-alsvolas junction were ncted in the
mid- and high-dose groups- Minimal collagen deposition st the bromehiplo-
slveolar jumction was noted in 8 high-dose rats, Thia was consistent with
Wagoar-grade 2 in the low-dose group, grade 2-3 in the mid-dosws group,
and grade 3 in the high-dose group.

[TV
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znterim sacrifice after the 3é-week exposuce period (KA}t

— . o

After Se weeks of exposure to MMvE21, Eibes=containing alveolar macropha~
ges were noted in all growps. Micrograsulemas at the bronchiolo-alveclaz
juncticn were notsd in the mid- aud high-dose groups. Alveolar bronchioe

1ization was noted in 5 mid- and sll high-dase rats. Collagen deposition .

at the breachiolo-alveolar 4unction was noted in 3 mid- and 5 high-dose
rats. This was consistent with Vsgner-grade 2 in the low~dose group.
grade 2-3 in the mid-dose group, and grade 3.4 in the high-dose group.

After 54 wesks of szposurd to MMVF22, Eiber-containing alveclar maczo
phages wese noted ia sll dose groups. Alveolsr bronchiolization was
noted in 3 low=, 1 mid., and all highedose rats. Miczrogranulomas at the
broachiclo-alveolar juncticn were noted in the mid~- and high-dose groups.
¥ipimal collsgen depositiou at the bronchiolo-slveolar jumetion was noted
in 3 high-dose ratcs. ™his vas consistent with Wagner-grade 2-3 in the
Jow- and mid-dose groups, and grade 3 in the high-dose group.

meuzdo wewsifice ofscy the 76 -wmok exphanTR [lriod ({K5)s

-

After 78 wesks of exposure to MMVF21, fiber-containing slveclar macropha-
ges were noted in sll groups. Microgrnulomss a% the bronchiolo-alveolar
junction were noted in 1 low-dose and all mid- and high-dose rats. Alveo-
lar bzoachiolizaticn was noted in 2 low- and atl mid- and high-dose rats.
Collagen depositics at the bronchiolo-aiveolar junction was noted in 211
mid- and high-dose rats. This was consistent with Wagner-grade 2-3 in the
low-dose group. and grade & in the mid- and high-dose groups.

Aftez 78 weeks of exposure to M8IVF22, fibeg-containing alveolar macro-
phages waze noted In S low-dose and all mid- and high-dose rats. Alveo-
lar bronchiolization was acted in 2 low-, 3 mid-, sad 5 high-dose rats.
Microgranulomas at the brenchiclo-alveolar junction were noted in } low-,
2 mid-, and all high-dose rats. Minimal collagen deposition at the
bronchiolo-alveolar junction was poted in 4 highedoss zats. This was
comsistent with Wagoer-gzade 2-3 all gToups.

Pulmonary snd pleural aon-neoplastic and neoplastic proliferative lssions
were classified according to the following criterias

Bronchiolar-alveolar hyperplasis:
1. Retenticn of alveolar architecture
2. Adr spacas are linad by cuboidal cells, meinly single layered
3. Lack of cellular and mucleaz stypia
4. Prasencs or sbsence of f£idrosis.

L R RV E )
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Adencmas

1. Loss of pre-existing alveclar azchitecture

2. papillary formation into aix spacss

3. Nuclsar wiformity

4. Mpy or may oot be metaplasia to other cell types

5. Compression but no invasiocu of adjacent tissues.
Adenocarcinoms:

1. Expangion, compressicn, and invasion of adjscent tissues

2. Atypia - nuclear and/or cellular °

3. Plecmorphism

4. Metastases

5. Mptaplasia to other cell typss is often present.
Masothelial proliferaticn (hyperplasia):

1. Rounded enlarged mesothelial cells

2. villous, papillary, or bud«like proliferation of single-layered

mesathelial cells.

Masothelicmas

1. Dysplastic, emlarged mesothelial cells sometines showing vacuoles,

karyomsgaly, mitotic figures

2. Multilayered proliferation

3. Invasion

4. Sometimes sarcoma-like growth pattsrn.

Aftar 78 weeks of study duration, nom~neoplastic breachiolar-slveolar

lasiz was potsd in 1 rat sach exposed to filtered airz, the low dose
of MMVF 21, and the mid dose of MMVIZZ. An dGEnomA WXY uorEd—im 1 rat

each exposed to Crocidolite end the high dose of MNF 22.

..

doo4
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Group Design for Pathological Evalnation !
Dose Dose Pibers Mumber of .
Group (ag/cbm) . Males . - |
01 . 0 Neg. Contzol ' . 24
02 10 NIERS Crocidolite R+ '
03 3 Mvve 21 24
06 16 WT 21 24
05 30 MMVY 21 24
06 3 My 22 24 |
07 16 MWE 22 24
08 30 MMYE 22 24

..'.0.'0.'0"..0.'"Oo.‘..-...vl.l'....IQ...'I...’I‘...‘Ol."bl'..'l-..O-

These rats were sacrificed according to the following schedule:

gacrifice after [Sacrifice | Growp {
Weeks of t8eatus H ) H
Exposurs Recovery| !0%0{0}0&{05(06}07}08!
ftesssesonmevonn LR 2 --.....'.ll""l. TS e 00"“!0.]o-v-‘bo--‘Qltnionicl
3 tmu:un:azsls:egszstszo{
28 {Interim K2 | © 16 16} 6¢-16.16.}. .61 6 {
44 2 liInterim ¥8 1 O T R R H H §
4 "8 °  |Interim K& | - T SRR 4 ) A 1 H
&4 32 |Interim K5 } 18 1 -4 ! | H { ¢
54 ;m:mn:s: 2636{6}6}6]6{
78 11::1‘.01‘1!!5*6] ‘;6{5!6{6;6}61
.OOOOICOObhlldl.'l.ll'. 000000 0,‘0‘.'.-0.:1...’.'..:l.b‘:....:--..:‘-..t
Intercurrent deaths }20;2711“13;:.1(9{10; 1

Administration of the Test Article

The test arcicle was administered by seroscl for 6 hours daily, excluding
weskends. .

Neczopsy and HEistopathology
The rats wezs snesthetized by intraperitonesl injection of pentsbazbital
and then killed by exsanguination. )
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Necropsy was performed an all rats. AL postmories examinetion, all orgaus
ware examined and all findings recorded.

Except for lungs sud mediastinal lymph nodes, the tissuss ware fixed in
47 buffered formaldshyde solution. The lungs and mediastinal lymph nodes
wera f#ixed with Xarnowski's fixztive. The tissues ware embedded in paraf-
£in. Sections ware cut at an approximate thickness of 4 micrometars and
stained with hematoxylin and eosin. The lungs wers also stained with
Goldner's trichrome stazixm.

sectiocns of the following tissuss from sll rats killed on schedule were
exsmined micrescopically (number of ssctioms per tissue):

Fasal cavity (4), traches [imal. larynx] (1), lungs (2), lymph nodes

(medisstinsl. mesenteric] (2), livezr (2), spleen (1), kidneys (2), hesrt
(1), and all gross lesioms.

Data Campilation

The animal datz and macsoscopic findings wers transferred from RCC by
magnatic discette into the PDS PATHDATA SYSTEM.

The microscopie #£indings were recorded by the undarsigned patheiogist
using on-line input into the PDS PATHDATA SYSTEM.

All macroscopic and microscopic findings are given for each animal in
text form undar *Text of Gross and Microscopic Findings.® The incidence
of micreseopic findings is aiso presented in tabular form. Incidence
tables wers created by computer.

Tha slides wers evaluated in March 1991 (K1), April 1991 (X2), December
1991 (X3), May 1992 (K4, £8).

Histologic changes were dascrided, wherever possible, according to dia-
tribution, severity, and morphologic charactar, Severity scorss wers
assigned as given under "Explanation of Codes and Symbols.”

Iz addition, the following histologic grading systsm for the classifics-
tien of pulmonary chaunges related to the ishalation of £ibers according
to the criteria given by Wagnes et al.(1974) was used, Sese table on next
page.

L YRVIvES)
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Histologic Grading of Pulmouary Changes Related to Fiber Inhaslatiom

Cellular changet: Normal 1 Bo J.osi:on abserved. )

Minimal 2 A few macrophages in the lwmen of terminal .
bronchioles and alveoli.

Mild 3 Presence of cuboidal epithelium lining the
proeximel alvecli (bremchiolizatiom). N0 °
collagen, but rastigculin fibers msy be pres-
ent in the interstitium at ths bromchielo-
alveolsr juncticn. Luminal macrophages aze
mors conspicuous, mononuclear cells ey be
found in the interszitium.
ribrogis: Minimal 4 Minimal collagen depositicn at bronchiolo-
alveclar junction; increased bronchioliza-
tion; associated mucoid debris suggesting

glandular pattsrm.

Mild § Interlobular linking of lesion described in
grade 4 and increased severity of fibrosis.

Modarate 6 Barly consolidation; parenchymal decrease.
Severs 7 Marked fibroeis smnd comsolidationm.

8 Complete cbstruction of most airways.
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Pulmonary and plaural non-neoplastic and neoplastic proliferative lesions
were classified according to the following criteris:

Bronchiolar-alveolar hyperplasia (BAE)

3. Rcttnti;; of alvooll;‘ architectara ’

3. Air spaces are lined by cuboidal cells, mainly single-layered
3. Lack of cellular and nuclear atypisa T
4. Presenca or absence of significant Eibrosis

Adenoma

- e € D W o

1. Loss of pre-sxisting alwveolar architecture

2. Papillary formsticn into air spaces

8. Nuclear unifommity ’
4. Mxy or may 2ot be metaplasia to othsr cell types
5. Campression but no invasion of sdjacent tisguss.

Adenoesrcincoma

1. Expansicn, compzessicn, and invasion of adjacent tissues
2. Nuclear and/or cellular atypia

3. Pleomorphism
4. Metastases
S. Marsplasia to other cell types is oftes present.

Mascthelial proliferation/byperplasia

1. Rounded enlarged mesothelial cells
2. Villeus, pspillary or bud.like proliferatiocn of single-layered
mescthelial calls.

¥esothelioma

1. Dysplastic, snlarged mesothelial cells sopetimes showing vacuoles,
karyomegaly, mitotin figures

2. multilayersd proliferation

3. Invasion

4. Scmetimes sarcoma-like growth pattern. -

YRRV

//
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RESULTS )

Mortality

ERIREEINENEEE

A total of 118 rats died or were killed in a moribund state during the
first 78 weeks of the study:- 20 in group 01, 27 in group 02, 10 in group
03, 1S in group 04, 11 in group 05, 8 in group 086, 10 in group 07, and 13
in group 08.

Gross and Microsceopic Findings
TR EEEE Rt RS R S ————

Interim sacrifice afrer 13 wesks (X1)

Luongs:

Arwss of pon-collapsed alveoli wers noted in 3 rats each of groups 0Z and
0S, and 2 rats of group 08. Reddish foci were noted in 2 rats of grouwp
01, and 1 tat each of groups 03, 0S, and 08, Microscpoically, Wagner-
grade was noted in all rats of group Ol. _

Iz group 02, pulmonary change, grade 4 was noted in ail rats. This change
was characterized by alveolar macrophage sggregatiom, alvelelar bronchio-
lization, micrograsnlomas snd collagen deposition st the brouchiolo-
tlveclar junction. '

In group 03, polmonacy change, grade 2 was noted in 21l rats. This find-
iag wes chazscterized by fiber-containing slveolar macrophages. In addl-
tion, microgranulomss were 2oted at the bronchiolo-alveolar junetion,

In group 04, pulmonary change, grade 2 was noted in S rats, sad gzade 3
was noted in 1 rat. The grade 2 was characterized by f£iber-containing al-
veolar macrophages. The grads $ was characterized by alveclar bronchioli.
zation. In sddieion, microgranulomas at the bromchiolo-alveclar jumetion
were neted in & rats. _

In group 0S5, pulmonary changs, grade 3 was noted in S rats, and grade 4
was notsd in 1 rat. The grads 3 was characterized by fibsr-comtaining
alveolar macrophages and alveclar bremehiolization. Slight collagen depo-
gitior at the bronchiolo-alveolar junction was noted in the zat with pul~
mcnsry change, grade é. In 2 other rats, collagen depositicn waz alsc
acted. Since this collagen deposition was anly focel and minimal, the
pulmonary change was still graded 3, Micrograanicmas at the bronchiole-
alveclar junction wers noted In all rats.

In group 06, pulmonary, change, grade 2 was notad in all rats. This £ind-

il WUD .
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was characterized by fiber-containing alveclar maccophages.

In group 07, pulmonary change, grades 2 and § were noted in 3 rats esch.
These findings wers characterized By fiber-containing alveolar maczo=
phages in the rats with grade 2, and alveolar bremchiclization in those
with gaeds 5. Microgronulomas at the hremchiolowalveclar junction were
noted in & zats. ’ .

In group 08; pulmenary changa, grades 2 and 3 wers noted in 3 rats ssch.
These findings were characterized by Ziber-containing -alveclar macro-
phages in the rats with grade 2, snd alvsolar bronckiolization in those
with grads 3. Microgranulomas at the bronchiolo-alveolsr junction weze
noted in all rats.

Pleurz:
it;::;i.masothnlill proliferstion was noted in 1 rat of group 04, & Tats of
group 07, and 2 rats of group 08.

Other organs/tissuces:

“e ¢ I 0es e as acaase LI 4

A few lesicns were aoted which were aot cansidegsd to distinguish exposed
rats f£rom controls.

Interim sacrifice after 26 weeks (X2)

LR N

Areas of non-collapsed alveoli wers noted in all rats of group 02, 4 rats
of group 04, aad 3 rats of group 05. Discolored and/or vitrwous foci wers
noted in 4 rats of group 01, 1 rat each of groups 02, 04, and 07, 2 rats
each of groups 03, 0%, znd 08, and 3 rats of group 06, The lungs were in-
completaly collapsed in all zats of group 02. Miczoscopically, Wagner-
grade 1 was noted in all zats of group Q1.

In group 02, pulmonary change, gvade & was noted in 3 rats, and grads 5
was noted in 1 zmt. This change was characterized by alveclar macrophage
aggregation, alvelolar bronchielization, microgramulomss and collagen

deposition at the bronchiclo-alveclar junction. In sddition, the grade 3
was charactezized by interlobular linking of the aforementionsd lesions.

Iz group 03, puimonary change, grade 2 was noted in all rats. This find-
ing was characterized by fider-containing alveclar macrophages. In addi-
tion, microgranulamas wers noted at the bronchivlo-alveclar junction in

ol
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RESULTS )

1 zat.

In group 04, pulmonary change. grade 2 was noted in 1 rat, and grade 2
was noted ia 5 rats. The grade Z was charactevized by fider-containing

alveclar macrophages. In additicn, the gradé 3 was characterized by al-
veolar bronchiclizaticn. In additien, micrograuulamas at the broeachiolo-
alveolsr junction wers noted Iz 4 rats. .

In group 0S, pulmonary change. grade 3 was noted in 4 rats, and grade &
was noted in 2 rats. The grade 3 was characterized by £ibar-containing
alveolar macrophages and siveolar broachiolizatiom. Minimal to slight
collagen deposition at the bronchiolo-alveolar junctiocn was noted in the
rats with pulmonary chaoge, grade 4. Ia ) other rat, collagen depositica
was also noted. Sinee this collagen deposition was only focal and mini-
mal, the pulmomary change was still graded 3. Microgranulomas at the
bronchiclo-alveclar junction wers aoted in all rats.

In group 06, pulmonary change, grade I was poted in all rats. This find-
ing was chazacterized by fiber-comtaining alveolar macrophages.

In group 07, pulmonary change, grade 2 was moted in 2 rats, and grads 3
was poted in 4 rats. Grade 2 was characterized by fider-containing alveo
lsr macrophages. In additiom, grade 3 was cbaracterized by alweolar brom-
chiolization. Microgrammlicmas at the brogchiclo-alveclar junction were

noted in § rats.

In group 08, pulmenary changs, grade 3 was noted in all rats. This find-
ing was characterized by #¢bar-containing alveolar maczophages and alveo-
lar bronchiolization. Micrograntlomas at the bruachiolo-alveolar junction
were notad ic all rats.

Pleura:

Focal pleural collagen deposition was noted in 8 rats each of groups 02,
08, and 07, 4 rats each of groups 04 and 08, 5 rats of group 05, and 2
rats of group 06.

Pocal mesothelizl proliferstion was noted inm 1 rat each of groups 02, 03,
pa, and 06, snd 2 zats of group 03.

Interstitium:

Interstitial collagen depositicn was noted in all rats of growp 0z2.

Qull
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Other organs/tissuss:

A 7&W leuivus wese nosed which wewe not rmmeidawed to distinguish exposed
gats from controls. .
In group 0i. pulmepary change, grade 1 wes noted in all zats. .-

Taterim sacrifice after S& wasks (K&}

Lungs:

"reose

Areas of nom-collapsed alvecli were noted in all rats of groups 02 and
05, and & rats of group 0é. Discolored and/or vitrecus focl were noted in
2 rats esch of groups Ol and 03, 5 zats of group 02, and 1 zat esch of
groups 05, 06, snd 07. The lungs were incomplstely or not collapsed in
all rats of group 02, 5 rats of group 04, amd 3 rats of group 03. Micro-
scopically, Vsgner-grads 1 was noted in all rats of group Ol.

In group 02, pulmonary change, grads 4 was noted in all rats. This change
was characterized by alveolar macrophage aggregation, alvelolar bronchio-
lization, microgranclomss and collagen depowition at the bronchiolo-
alveolar junction.

In group 03, pulménary change, grade 2 was noted in all rats. This £ind-
ing was charseterized by fiber-containing alveclar macrophages. Focal
bronchiolar-zlveclar hyperplasiz was noted in 1 zat.

In group 04, pulmonary change, grade 2 was noted in 1 rat, and grade 3
was noted in S zats. The grade 2 was characterized by fibsr-containing
alveolar macrophages. In addition, the grade 3 was chsracterized dy al-
veolar Broenchiclization. Microgrannlomas at the bronchiclo-glveolar
junction were noted in all rats, and minimal focal collagen deposition
was notaed in 3 rats.

In group 05, pulmonary change, grade 3 was noted in 4 rats, and grade &
was noted in 2 rats. Tha grads 3 was charactesrized by fiber-containing
alveolar macrophages and siveolsr bromchiolization., Minimal to slight
collagez depositiom at the brenchiolo-alveolar junction was noted in tha
rats with pulmcnary change, grade 4. In 3 othar rats, collagen deposition
was z130 noted. Since this collagen deposition was only foczl and mini-
mal, the pulmonary change was still graded 3. Microgranulomas at the
brenchiolo-alveolar jumction were noted in all rats.

Iagroﬁp 06, pulmonary change, grades 2 and 3 were noted ln 3 rats each,
The grade 2 was charactecized by fiber-containing alveclar macrophages.

.-
. . v
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In addition, the grade 3 was characterized by alveolar bromchiolizatiom,

In group 07, pulmonary change. grede 2 was noted in 1 rat, and grade 3

was poted in 5 rats. Grade 2 ves characterized by fiber-containing alveo-
1ar macrophages. In addition, grade 3 was characterized by alveolar drom-
chiclization. Misrogranclomas at the bronchiclo-alveolar junetion wese ,
poted in S rats.

In group 08, pulmonary change, grads 3 was notad in all rats. fhis £ind-
ing was characterized by fiber-containing alveolar macrophages and alveo-
1ar broschioclization. Micrograzulosms at the bromchicio-alveclar junctiom
wors noted in all rats, and minimal focal coliagen depositiocn was noted
in 3 zats.

Pleura:

Focal pleural cocllagen deposition was noted in 5 rats of group 02, 1 rat
of group 03, 3 rats of group 04, and 2 rats of group 04.-

Interstitiums

"o S ewwroIrE

Interstitial collagen deposition was noted in 5 rats sach of groups 02
and 04, auratsofgrunpos.lnteachof.msoomdw, and 2 rats
of group 08.

Mediastinal lymph nodes:

ribers in macruphages were noted in 5 rats of group 07 and all rats of
group 048.

Othar organs/tissuew:

"o 0oassbdétrcass LA LA AN J .

A faw lesions were noted which wers not considered to distinguish exposed
rats fram controls,

Interin sacrifice after 78 wesks (X3)

ooooo

Areas of non-collapsed alveoli were moted in 1 rat of group 02, 4 rats of
gToup 04, all rats of group 05, and 1 rat rst each of groups 07 and 08.
Discolored and/or vitrsous foci wers noted in 2 rats of group Gl, 3 rats
of group 02. 1 rat of group 08, 3.rats of group 05, and 1 rat of growp
06. The longs wers incompletely or not collepsed in sll rats of group 02

013
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and 1 rat of group 05. Gray-white nodules were noted in 1 rat each of
groups 03, 07, and 08. Microscopically, Wagner-grade 1 was noted in all’
rats of group 0l.

In group 02, pulmonary change, grade & was noted in 5 rats, and grade 5 i
was noted {in 1 rat. These changes were characterized by alveolar macro-

phage aggregation, alveolar bronchiolization, microgranulomas and colla- :
gen deposition at the bronchiolo-alveolar junction. Grade 5 was charac- ;
terized by interlobular linking of the aforementioned lesions. !

In group 03, pulmonary change, grade 2 was noted in 3 rats, and grade 3
was noted in 3 rats. These findings were characterized by fiber-
containing alveolar macrophages in all rats and alveolar bronchiolization
in 3 rats. Microgranulomas were noted in 1 rat.

In group 04, pulmonary change, grade 3 was noted all rats. This finding
was characterized by fiber-containing slveolar macrophages and alveolar
bronchiolization. Microgranulomas and minimal collagen deposition at the
bronchiolo-alveolar junction were noted in all rats.

In group 05, pulmonary change, grade 3 was noted in all rats.This find-
ing was characterized by fiber-containing alveolar macrophages and alveo-
lar bronchiolization. Minimal to slight collagen deposition at the
bronchiclo-alveolar junction was noted in all rats. Microgranulomas at
the bronchiolo-.alveolar junction were noted in all rats.

In group 06, Wagner-grade 1 was noted in 1 rat, pulmonary change, grade 2
was noted in 3 rats, and grade 3 was noted in 2 rats. The grade 2 was
characterized by fiber-containing alveolar macrophages. In addition, the
grade 3 was characterized by alveolar bronchiolization.

In group 07, pulmonary change, grades 2 and 3 were noted in 3 rats each.
Grade 2 was characterized by fiber-containing alveolar macrophages. In
addition, grade 3 was characterized by alveolar bronchiolization. Micro-
granulomas at the bronchiolo-alveolar junction were noted in 2 rats.

in group 08, pulmonary change, grade 2 was noted in 1 rat, and grade 3
was noted in S rats., Grade 2 was characterized by fiber-contsining macro-
phages. In addition, grade 3 was characterized by alveolar bronchioliza-
tion. Microgranulomas at the bronchiolo-alveolar junction were noted in
all rats, and minimal focal collagen deposition.was noted in & ratas.

JN 12 '92 96:05 . ' 9241 P61 615521 PRGE . 0a2
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Pleura: -]
1 rat each of groups 01,

i;cal. pleussl collagen depositicn was noted in
03, and 3 rats of group 03.

02, and 06, 2 rats of growp Masopthelisl pzd-
1 zat of growp 03. .

Znterst;?.tinl collagen deposition wea noted in 3 rats each of groups 02
and 08, slIrsuoig:oumMnnﬁcS. and 1 zat of group 07-

veolar hyperplasia was noted in 1 zat ucﬁ

Non-uneoplastic bron
ef groups 01, 03, and 07 (noS- 100, 396, 938).

Bronchiclar-alveclsar adencaas wers noted ia 1 pat each of groups 02 and
08 (hﬂl- m‘ 1“‘)'
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At all given time points, a dose-relationship of the saverity of
pulmonary alterations in the rats exposed to MMVF 21 and MMVF 22 was
noted,

At all given time points, the severity of pulmonary alterations is con-
sidered to be more pronounced in the rats exposed to MMVF 21 than in
those exposed to MMVF 22.

Between the interim cacrifice intervals of 13 and 26 weeks, the severity
of pulmonary alterations is considered to be minimally increased in the
groups exposed to 16 and 30 mg/cbm MMVF 21 and 22 (mid- and high-dose).
This increase is considered to represent a minimsl progression of the
pulmonary alterations. A slight progression of pulmonary change was noted
between 54 and 78 weeks in the rats exposed to MMVF 21, whereas no pro-
gression of pulmonary change was noted batween the intervals of 26 and 54
weeks, and 34 and 78 weeks in the rats exposed top MMVF 22,

JUN 12 '92 9e:@S 9241 @61 615521 PARGE. a3
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Ernest E. McConnell, D.V.M., M.S. w

Consultant in Toxicology and Pathology

3028 Ethan Lane
Office Telephone Laurdane Est.
(919) 848-1576 Raleigh, NC 27613

CONTAINS NO CBs

RECEIVE]

JUN - 2 1992

May 28, 1992

To: Dr. Frank J. Rauscher

TIMA Fr 7l Ting
29 Bank St. TiIMA___
Stamford, CT 06901 o

o

From: Dr. McConnell
Subject: Mineral Wool Rat Study - 18 Month Pathology Review

Following is my interpretation of the pathology (slides) from the
18 month sacrifice of the rats in the RCC Rock (RCC #21) and Slag
wool (RCC #22) multidose studies.

CHAMBER CONTROLS - (Animal #95, 96, 97, 98, 100 and 102) - The
negative control animals show no lesions. There is no concurrent
pulmonary disease. The rats in this group qualify as Wagner
grade 1.

POSITIVE CONTROLS (CROCIDOLITE) - (Animal #250, 251 and 252) -

The rats in this group are fairly uniform in their response. A
minimal amount of macrophage infiltration in the area of the
terminal bronchioles and proximal alveoli was observed; of
approximate severity to that observed at 12 months. A moderate
degree of bronchiolization was clearly evident in these same
areas and may have been more severe than at 12 months. Typical
microgranulomas and a number of larger granulomas containing a
significant amount of collagen (fibrogranulomas) were observed.
A moderate amount of well defined fibrosis was present in the
wallc cf thes pronimal alwvecli. It appeared te ke more condensed
(mature) than at 12 months and in one rat I observed a fair
amount of interlobular linking of the collagen (Grade 5).
Overall, the above lesions were a little more severe than those
observed at 12 months and were consistent with an average Wagner
grade 4.5. Definitive focal pleural fibrosis (minimal) was
observed in the pleura of 1 of 3 rats. '

ROCK WOOL, 3 mg/m’ - (Animal #378, 379, 380, 381, 382 and 384) -
Occasional macrophages containing fibers were observed but the
number was not much above the background level. One rat showed a
few microgranulomas in the walls of the proximal alveoli. There
was no progression from 12 months. The lungs from these rats
would be classified as Wagner grade 1.5. No fiber related
lesions were observed in the pleura.

ROCK WOOL, 16 mg/m’ - (Animal #519, 520, 521, 522, 523 and 524) -
1



There is a mild amount of macrophage infiltration (some in
clumps) in the area of the terminal bronchioles and proximal
alveoli, some of which contained an occasional fibers. Variable
numbers of microgranulomas were also observed. A minimal amount
of bronchiolization was observed in all 6 rats. There was clear
evidence of early fibrosis in the walls of the proximal alveoli
in 4 of 6 rats and was suspected in another. The overall lesion
averaged Wagner grade 3.8, although 4 of the animals would have
to be classified as grade 4.0. This represents a distinct
progression from the 12 month time point. No treatment related
lesions were observed in the pleura.

ROCK WOOL, 30 mg/m’ - (Animal #658, 660, 661, 662, 663 and 664) -

The lesions are clearly mcre apparent than in the 16 mg/x’

exposed animals. In addition to increased numbers of macrophages
and microgranulomas an increased amount of bronchiolization was
observed. Fibers were easily identified within the macrophages
and microgranulomas. All six rats showed a minimal to mild
amount of fibrosis in the walls of the proximal alveoli. The
overall lesion averaged Wagner grade 4.2, which shows that there
was some progression from the 12 month time point. Two of 6 rats
showed a minimal amount of focal pleural fibrosis but I am not
sure that it is treatment related because similar lesions are
occasionally observed in control rats of this age.

SLAG WOOL, 3 mg/m’ - (Animal #799, 800, 801, 802, 803 and 804) -
Although there were a few alveolar macrophages, most of which
contained fibers, it was difficult to differentiate the lungs
from the controls. There was no progression from the 12 month
time point. The average was Wagner grade 1.2.

SLAG WOOL, 16 mg/m’ - (Animal #938, 939, 940, 941, 942 and 944)
I felt that there was a minimal increase in the number of

macrophages in 5 of 6 rats. Most of the macrophages contained
fiberz. Therc was no progrezsizn froem 12 months. Overall, the
lesion averaged Wagner grade 1.5. One rat (#938) showed a focal
area of bronchoalveolar hyperplasia (BAH). No treatment related

lesions were observed in the pleura.

SLAG WOOL, 30 mg/m’ - (Animal #1079, 1080, 1081, 1082, 1083 and
1084) - All rats in this group showed a minimal increase in the
number of pulmonary macrophages, which were concentrated in the
area of the terminal bronchiocles and proximal alveoli, although
there was no increase from the 12 month time point. Fibers were
clearly evident in most of the macrophages. An occasional
microgranuloma was observed. Fibers/fragments were observed in
the peribronchial lymphoid tissue. The overall lesion averaged
Wagner grade 1.7 which shows that there has not been demonstrable
progression from the 12 month time point. One rat (#1084) showed
a focal area of BAH. No lesions were observed in the pleura.

p.



SUMMARY - There appeared to be a definite dose response with both
types of fibers, but especially with the rock. Additionally, it
is now clear that the rock fiber causes significantly more of a
pulmonary response than the slag fiber. The of these lesions can
only be determined after further exposure; I do not think it
would be appropriate to predict what will happen at this time.

If you have questions please let me know.

Sincerely,

S5 e G MU
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DATE - May 28,

SUMMARY PATHOLOGY REPORT

A

STUDY - RAT MMVF #21 (Rock Wool)

MACROPHAGE BRONC FIBROSIS GRADE PLEURA OTHER

Macrophages with
0 fibers. A few
microgranulomas.

More fibers and
0 microgranulomas.

0 A few fibers in
macrophages

More fibers; giant
0 cells and
microgranulomas

0 - No lesion

1 - Minimal

2 - Mild

3 - Moderate

4 - Marked

GROUP

3 Month

Control 0
3 mg/m’ 0
16 mg/m’ 1
30 mg/m’ 1.5
6 Month

Control 0
3 mg/m’ 0.8
16 mg/m’ 1.0
30 mg/m’ 1.5

More fibers and
0 microgranulomas &
giant cells.




0 - No lesion

1l - Minimal HISTOPATHOLOGY

2 - Mild

3 - Moderate STUDY - RAT MMVF #21 (Rock Wool) Cont'd.

4 - Marked

DATE - May 28, 1992

GROUP MACROPHAGE BRONC FIBROSIS GRADE PLEURA OTHER

12 Month

Control 0 0 0 1.0 0

3 mg/m’ 0.3 1.0 0 1.3 0 A few fibers in
macrophages.
Macrophages with

16 mg/m’ 1.3 1.1 0 2.4 0 fibers. Also in lymph
nodes. Microgran.
More of same.

30 mg/m’ 1.9 2.0 0.2 3.5 0 Early fibrosis in
2/6 animals.

18 Month

Control 0 0 0 1.0 0

3 mg/m’ 0.3 ] 0 1.2 0 A few fibers in
macrophages.
Fibers in macrophages.

16 mg/m’ 1.7 1.1 0.8 3.8 0 Early fibrosis in 4/6

rats.

Fibers in macrophages.

30 mg/m’ 2.0 1.7 1.3 4.1 0.2 Fibrosis in 6/6 rats.

5
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0 - No lesion ‘SUMMARY PATHOLOGY REPORT
1 - Minimal
2 - Mild STUDY - RAT MMVF #22 (Slag wool)
3 - Moderate
4 - Marked DATE - May 28, 1992
GROUP MACROPHAGE BRONC FIBROSIS GRADE PLEURA OTHER
3 Month
Control 0 C 0 1.0 0
3 mg/m’ 0 0 0 1.0 0
| A few fibers in
16 mg/m’ 0.3 0 0 1.2 0 macrophages.
More macrophages and
30 mg/m’ 1.0 0 0 2.0 0 a few microgranulomas.
6 Month
Control 0 0 0 1.0 0
A few fibers in
3 mg/m’ 0.3 0 0 1.3 0 macrophages.
More macrophages and
16 mg/m’ 0.8 0 0 1.8 0 a few giant cells.
30 mg/m’ 1.0 0 0 2.0 0 More of the above.




0 No lesion

1 Minimal HISTOPATHOLOGY

2 Mild

3 Moderate STUDY - RAT MMVF #22 (Slag Wool) Cont'd.

4 Marked

DATE - May 28, 1992

GROUP MACROPHAGE BRONC FIBROSIS GRADE PLEURA OTHER

12 Month

Control 0 0 0 1.9 0

3 mg/m’ 0.3 0 0 1.3 0

16 mg/m’ 1.0 0 0 1.5 0 A few macrophages

containing fibers.
30 mg/m’ 1.5 0 0 2.0 0 A few macrophages
containing fibers.

18 Month

Control 0 0 0 1.0 0

3 mg/m’ 0.2 0 0 1.2 0
BAH - 1/6

16 mg/m’ 0.8 0 0 1.4 0 A few macrophages
containing fibers.
BAH -1/6

30 mg/m’ 0.9 0 0 1.6 0 A few macrophages

containing fibers.
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0 - No lesion SUMMARY PATHOLOGY REPORT
1 - Minimal
2 - Mild STUDY - CROCIDOLITE ASBESTOS
3 - Moderate
4 - Marked DATE - May 28, 1992
GROUP MACROPHAGE BRONC FIBROSIS GRADE PLEURA OTHER
3 Month
Control 0 0 0 1.0 0
Many macrophages
10 mg/m’ 2.0 2.0 2.0 4.0 0 & microgranulomas.
6 Month
Control 0 0 0 1.0 0
Fibrosis is more
10 mg/m’ 2.0 2.5 2.0 4.0 0 developed.
12 Month
Control 0 0 0 1.0 0

Mature fibrosis.
10 mg/m’ 1.1 2.5 3.0 4.2 1.0 Pleural fibrosis
in 3/6 rats.




0 - No lesion - SUMMARY PATHOLOGY REPORT
1l - Minimal
2 - Mild STUDY - CROCIDOLITE ASBESTOS (Cont'd)
3 - Moderate
4 - Marked DATE - May 28, 1992
GROUP MACROPHAGE BRONC. FIBROSIS GRADE PLEURA MISC.
18 Month
Control 0 0 0 1.0 G
10 mg/m’ 1.3 3.0 2.7 4.5 0.3
9
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PAUL KOTIN, M.D.
4505 S. Yosemite #339
Denver, Colorado 80237

(303) 770-6882 RECEIVED

1 June 1992
JUN - 5 1992
FREAL_TIMA ___ce

Frank J. Rauscher, Jr.,Ph.D.

Executive Director ’ nﬂu’+
TIMA, Inc. / ‘*)’Wkﬂﬁf L
29 Bank Street o Ve
Stamford, CT 06901 < TimA

L-5=P2

Dear Dr. Rauscher:

In accordance with your request I have reviewed the histologic
sections from the 18 month sacrifice of rats from TCC (Gemneva)
project 272204--inhalation carcinogenesis study MMVF #21 and
MMVE' #22.

Pathology Report

The lung sections were prepared in accordance with standard
protocol and were stained the H and E and with Masson Trichrome.
Six rats from each of the 3 dose levals were sacrificed as were 6
from the negative control group and crocidolite.

Group 1 —-Chamber Controls (Rats #95,96,97,99,100,102)

No changes were observed other than those attributable to the
aging process.

Wagner Grade 1

Group 2 —- Posatave Controls (Crocidolite) 10 mgm/cu.met.

{Rats#250,251,252) .

Minimal progression has accrued since the 12 month sacrifice.
Macrophage infiltration remains at a constant level when compared
to the 12 month findings. Focal areas of interstitial fibrosis
can be noted with slight increase in intensity and diffuseness.
Foci of pleural thickening, chiefly due to fibrosis rather than
celiular proliferation or hyperplasia is somewhat more prominent.

Wagner Grade 5
MMVE #21

Group 3 --Rockwool 3mg/cu.met =25f/cc.
{Rats # 378,379, 380,381,382, 3684)

There is clear evidence of progression of the pulmonary response
when compared with the 12 wonth findings. The parenchyma shows
numerous foci of fibrotic nodular thickening in the
peribronchiolar and alveolar duct areas. These areas vary in the
ratio of fibrosis to cellularity. The fibrosis in one or two
areas suggests involvement of the interstitium, though this is not




conclusive at this time. The pleura shows multiple foci of
pleural thickening, primarily fibrotic with some evidence of
cellular stimlation.

Wagner Grade 3.5

Group 4 —-Rockwool 16 mg/cu.met.(150f/cc)

{Rats #519,65230,521,6522,523,524)

Progression at this level since the 12 month sacrifice has been
vigorous. The parenchyma shows numerous foci of microgranuloma
formation. Fibrous nodules and fibrous caps over the epithelium
in the peribronchiolar, alveolar duct, and proximal alveol:i are
prominent. The aveolar duct and septa show early but clear
findings of interstitial fibrosis. Pleural thickening can be seen
in multiple areas with both collagen deposition and cellular
yperactivity.

Wagner Grade 4

Group 5 --Hockwool 30mg/cu.met. (300f/cc)
{Rats # 650,660 661, 662,663, 664)

The findings described in the lungs of rats from Group 4 are
slightly mere prominent in this high dose group. Parenchymal and
pleural changes are consistent with continuing progression as
there 1s little evidence of stabilization of findings. When
compared with the lungs at the 12 month sacrifice aill

elements, (macrophage presence, fibrosis, focal and interstitial
ana pieural changes) are advanced in intensity and areas of
involvement. Interlobular linking has not occurred to any degree,
nevertheless I do believe the fibrosis merits a grading of

Wagner 5 because of the frequent involvement of the fibrotic
process beyond the alveoclar ducts and proximal alvecli to the
entire alveolar unit.

Wagner Grade 5

Group 6 —- Slagwool 3 mgm/cu.met. (25f/cc)
{Rats #799, 800,801,802, 803, 804 )

Progression has been minimal 1f in fact at all real. I am
impressed with the absence of any major change since the 12 month
sacrifice. No evidence of fibroszis 1s discernable, the macrophage
infiltration may be somewhat increased.

Wagner Grade 2

Group 7 -- Slagwool 16mg/cu.met. (150f/cc)
(Rats #9386, 939,940,941,942, 944

Evidence of progression, though of a low level, 1s clearly
present. Microgranuloma and focal fibrosis in the peribronchiclar
area 15 occasionally observed, with little extension beyond the

3%



alveolar duct to the alveolar septa. Bronchioclization in rat #938
15 prominent in one area immediately underlying the pleura. Few
foci of pleural thickening can be observed in 3 of the 6 rats.

Wagner Grade 3.5

Group 8 -- Slagwool 30mg/cu.met. (300f/cc)
(Rats #107%,1080 1081,1082,1083,1084).

Progression has been minimal but real. Microgranuloma formation
15 somewhat more diffuse, but extension of the fibrosis to the
interstitium still cannot be observed. Macrophage presence is
prominent and fibers continue tc be “plentiful.” Pleural changes
have not progressed when compared with the 12 month sacrifice. A
single rat, #1084, has tlorid bronchioloalveclar hyperplasia
covering a relatively large area. I beliesve early adenoma
formation describes one focus within the area.

Wagner Grade 3.75

Conclusions

1, The changes observed are consistent with an exposure-response
pattern.

2. As 1in the past my Wagner grading is based on the most advanced
lesions within each group. However, in contrast to earlier
reports, the intragroup variation has narrowed.

3. The changes seen in rats exposed to Rockwool have now
progressed from reversible to irreversible and at the higher dose
levels I would predict continued progression. This in contrast to
Slagwool where the parenchymal changes are still essentially
within the reversible range, the very very early possible
bronchioloalveolar adenoma notwithstanding.

4. What was an earlier impression iz now, I believe, an
established reality -- Rockwool is more potent than Slagwool in
inducing parenchymal and pleural abnormalities.

5. Comparitive responses are as follows:

MMVF#21 -- Wagner Grade

6 mos. 12 mos. 18mos
Low Dose 2 2 3.5
Middle Deosze 3 3 4
High Dose 4 4 ]
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Low Dose
Middle Dose
High Dose

MMVE #22 -- Wagner Grade

Lo b

Very——tm-lgg yours,
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-

Paul Kotin M.D.
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