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EXECUTIVE SUMMARY

The objective of these studies Is to develop a data base for
health hazard assessment of the ‘effects produced by inhalation of
combustlon products from red phosphorus/hbutyl rubber used as an
obscurant smoke tor ‘troops and. vehicles 1In tactical and training
environments. Laboratory rats exposad In Inhalation chambers are used
to provide a comprehensive deflnition of the blologlic 8ffects of red
phosphorus smoke to mammalian systems under condltions which
approximate +the potential troop exposure. Thls report summarizes the
Phase Il range find:.g studies,

in early exploratory expenfmenfs male and female Sprague-Dawley
rats . were exposed to varlous concentrations of RP/BR aesrosols ranging
from 0.5 to 3 mg/i for duratlons of 1- to 4-hr. Highly significant

ggcreases In pulmonary" bactericidal activity to Inhaled
S-K.pneumoniae were found In the exposed rats relative to controls
after single as' well as multiple exposures. The higher ‘exposure

concentrations also produced slignificant  decreases In total «cell
counts In the pulmonary free cells obtained by tracheobronchial lavage
frum the exposed rats relative to those collected from controis.

In subsequent range finding mortality studles male and female
rats we: 2 glven single 1-hr exposures to 2.00,.2.22, 2.62, 3.09 and
3.15 mg/! of RP/BR aerosols and observed for 14 days. Only the
exposures to >2.62 mg/! caused deaths. The maximum mortality
12sulting from a single 1~-hr exposure to approximately 3 mg/l of RP/BR
aerosol!  (maximum generator capaclty) was 20 to 25 percent, while 2.62
mg/! resulited in &6 percent deaths. A single 4-hr exposure to 0.88
mg/1 with a CxT value similiar to those in the 3.09 and 3.15 mg/1 1-hr
studies caused no deaths thereby suggesting that exposure
concentration s the determinling factor rather than duration. These
experiment: demcnstrated that LC studles wilth siigie exposures at
logarithmically spaced concentrations, were not feasible In the range
of aerosol . concentrations levels physically ~attainable with the
generators at the alr flow rates requlred In our lnhala+lon exposure

system.

“In & follou-up mdltiplq exposure _sthdy~ rats inhated RPYBR'
aerosols for 1 hr dally on 5 consecutive days at concentrations of

1,56, 1,99, 2.49 and 3.05 mg/i, Mortality rates, mean survival times,
body welghts and overall clinical observations wers made during the 5

exposure days and for 14-day observation perlod., Necropsies were done
on. all animals that died durlng the study and on survivors on Day 19.
Mortal ity rangad from 5 to 90 percent decreases in sufvival times.

.The estimated LC : value was 2.32 mg/! with 1;99 and 2.73 mg/|

conf ! dence Ilm!fs.

When rats received flve oa!ly 4~hr exposures to 0.35 or 0. 99 mg/ |
of RP/BR aserosol only one dled. Comparison of body welghfs and of
clinlcal observations for the 1= and 4~hr studies showed markedly
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adverse effects after the 1-hr and practically negligible ones after
the 4-hr exposures. Thus, the. greater Influence of exposure
concentration on toxiclty over duratlor was again demonstrated.

Based on the results of +these range finding experiments the
definitive studies were conducted on male and female rats using four
dally exposures to 0.5 mg/! of RP/BR aerosol and comparing 1.0 and
3.5=hr exposure duratlons. Puylmonary free cell parameters and

structural changes, as evaluated by gross necropsy and hlstopathology,"

_were tested Immediately following the last exposure and after a 14-day

recovery period. In an additional study rats were exposed to 0.5 mg/! -

of RP/BR for 3.5-hr dally 4 days per week for 4 weeks. Gross
pathologic observations were made after the Jast exposure and 2 werks
fol'lowing the last exposure. All studies included dally cllnlcal
observations and regular body welght defermlnafions.

No deaths occurred In any of "the studies and generally no
treatment~-related clinfcal observations were seen. Statistical
analysis of body welights showed that exposure duration was not a
signiflcant tacvor, When body welght changes were analyzed over the

entlire perlod of exposure and recovery, the 4-day as well as 4- week "

exposures produced welght decreases In male and female rats relative
to controls that did not return to the normal ‘control level within the
recovery perlod. '

Exposure duration did not have a slignificant effect on the
puimonary free cell parameters. Total and dlfferentlal cell couats In
the pulmonary lavage were not affected. Cellular ATP levels 1In the
lavaged cells were signiflcantly decreased when examined Immediately
after the fourth exposure, hLowever recovery was complete after 14
days. '

No compound- -related gross pathologlc leslors were observed during
necropsies Immedlately followlng the last exposure or after a 14~ day
recovery period In elther the 4-day or the 4~week exposure group.

Mlcroscoplc examination of the tissues Immediately following the
4-day exposure and after a 2-week recovery perlod did not reveal any

treatment~ related changes in kidneys,. trachea and nasal! turbinates.
However, lungs of several animals had focal areas of Interstitial
reaction with alveolar macrophages  which may be treatment-related.
These animals, however, also had moderate to marked |ympholid
hyperplasia of puimonary lymph nodes which suggests an Infectious
. agent may .have produced the pulmonary leslons.
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' FOREWORD

_ This report, IITRI No. LO06139, Phase |i Report cescribes studies
condu~ted by the LIife Sciences Divislon, 1!7T Re.zarch Institute for
the Heal th Effects Research Division, J.S. Army Medical

Bioengineering Research and Development Laboratory during the period’

of February through July 1983. The studies were carrled -out under
Contract No. DAMD17-82-C-2121. S

Catherine Aranyl 'served as Principal Investigator and James
Fenters was Co-lnvestigator. Princlpal professlonal assoclates were
Stanley Vana and Jeannle Bradof. Mr. 'VYana was. responsible for the
Inhalation exposure facilltles and the aerosol generation and
monitoring throughout the studies. Ms. Bradof was In charge of ail
pulmonary response studies and overall toxicologlic observations.
Necropsv procedures, t1ssue collection and preparation for

histopathologic evaluation were under the supervision of Viadislava

Rac and Carol Thompson. Percent phosphoric acld . analysis 1In .the
fliter-collected aerosol samples was performed under the supervision
of Alan Snelson. Rcbert Glbbons, Consultant Blostatisticlan performed
statlistlcal analysis .of the experimental data. Histopathologlc
evaluatlion of the collected tissue samples was performed by W¥. D.

lverson, consul tant pathologist from Exper imental Pathology’

Laboratories, Herndon, VA,

. Animal experiments were conducted according to the "Gulde for the
Care and Use of Laboratory Animals™ (1978), DHEW Pubiication No.
(NIH), 78-23 prepared by the Committee on Care and Use of Laboratory
. Animals of +the Institute of Laboratory Animal Resources, Natlonal
. Research Council: regulations and |standards of the Department of
Agriculture .and Publlic Law 91-579, "Laboratory Animal Welfare Act"
(1970). : '

Citation of commerclal organiz tions and trade names An  this

| .repdrf . does not constitute . an fficlal Department of the Army
" endorsement or approval of the |products of  services of ‘these -

organizations,

 vormgr—




QUALITY ASSURANCE STATEMENT

Laboratory operatlons were Inspected on May 16, 18, 19 and 24,

June 3 and September 28, 1983. Flnal draft reports were audited on

August 8 and December 9 to 14, 1983, Inspect'on and audlits were
performed by Josephine M., Reed, Julle McPhillps and Kirit Parikh.

The study was found to conform te 11TRI Life- Sclences Quality
Assurance criteria developed to meet FDA Good Laboratory Practice
Regulavrions (Fed. Reg. CFR, Part 58, 1978). Animal! experiments were

conducted according to vhe "Guide for the Care and Use of Lavoratory.

Animals" (1978), DHEW Pubi'lczs+ion No. (NIK) 78-2%3 oprepared by the
Commit.ee on Care and Use of Laboratory Anlimals of the Institute of
Laboratory Animal Rescurccs, Natlional Research Counclli; regulatlions
and standards of the Department ot Agriculture and Publlic Law 91-578,
"l aboratory Animal Wel fare Act" (1970). ‘

Raw data generated during the <course of the sfudy will be
retalned In the IITRI Life Sclences Archlves. :

/Josdphine M. Reed :
Supervisor, Quallty Assurance

R



Executive Summary . . .. .

Foreword .« . ¢ ¢ ¢ o o o o o o o o o o &
Qual ity Assurance Statewent . . . . . o
Table of Contents ¢ ¢« & 4 ¢ « o ¢ o « o
L‘Sf Of Tébles . . . . 3 . Yy . . . . . .
List of Flgures « v o ¢« o o ¢« s ¢ o o o« o

-----------------------------------

TABLE CF CONTENTS

INTRUBUCTION o v o o o o o o o o o o 4

MATERIALS AND METHODS « v v & « o o o o« .

“A.

B.

D.

A.

B.

"3, Mortallty and Cilinfcal Ooserva*laﬂs
sl

Animals . . . . . .

¢ e o & = o

Generatlon and Monlforlng of the Chamber

1. Red Phosphorus/Butyl Rubber (RP/BR)
2. Inhalation txposure Faclilities ., .

" 3. Aerosol Monlitoring . « ¢ &+ o + & .

Blologlcal Endpolints « . + & . .
. Putgonary Bacterlicldal Acf!vlfy
S-K.gneumoniae .

-2, Pulmonary Free Cefls . + « « & o &
3, Standard Toxicology « + v + &« & « &
s*af"SfICBI Methods 2 s s v s e ¢ »
RESULTS ¢« o e s « B2 8 2 8 ® s 6 » = e 8
Preliminary Sfudles o & e o s 2 s s
1. Pulmonary Bactericldal Activity . .,
2. Pulmonary free Cells . « ¢« &« & ¢

Range Finding Experiments
1. Single Expocsures . . .
2, Multipie Exposures . .
Definltive Studies ., + ,
1. Experimental Deslign ., . .
2. Exposure t¢ RP/BR Aerosol .

L]
»
*

. s e @
. - - *
£ 3 - - -

.
L]
L
[ ]
[

4, BOdY Welgh‘l's e+ % e s s _ e e o @

S. Pulmonary Free Cell Parameters ..
5. Gross Necropsy and Histepatholiogle
Observations . . & « « & o =« o+ .

CONCLUS‘ONS L L N .';'o..t .« » o -

LITERATURE CITED o v 4 o v v o o 4 0 o s

- - . .

s s e

L 4 . L L 4 L ] » L4 -

¢« & & 8 = s ¢ &

s & & o Tne e e & ¢« & o o

.

¢ & 2 5 & e » =

. * & o o e

e o o ¢ J e o

.« 8 o

* * * - * L ] L3 -

* o &« o Te o

» * » e

* & 4 e & v &

» v & .

s » & ¥ * . ® w

PO -* L] *

» * » L] . - L d -

* & ® o .9 & » -

e & & o o 0

* o o

* 4 o & & o o »

* e o s e & »

W O~ W

—h ok —d ad b

-—
-—

-—
A% 2 Q% ) W

-t - o
o oONONON

—_—0 0 O0Ww'D

Page

22 s el wee e i,

PRIV § ¢

[ T A SR

<

PR ST P




TABLE OF CON7: .TS (continued)

APPENDIX LI . L} . . . . . . . . . . ; . . . . . .« e « o &
Tables ‘ol '0 . . . . L] L] . .’0 . . . . . - - . - c‘. L]

A-1. Mean Body Welghts of Male and Female Rets
Exposed One Time t. RP/BR Aerosols and

Mon‘fored fOr 14 Days . . . . . . . . . . . - L

A-2. Mean Bcdy Welights of Male an. Female Rats
Exposed Five Times to RP/BR Aerosol's and
Monitored fer 14 Days . ¢« & o ¢ o o« o & ¢ o o &

A-3. Mean Body Welghts of Male and Female Rats
During Fcur Dally Exposures to RP/BR Aerosol . .

A-4. Mean Body Weighis of Male and Female Rats
During Four Daily Exposures to RP/BR Aeroscl
and Followed by 14 Days of Recovery . . . . . .

A-5. Mean Body Welghts of Male and Female Rats
During Four Weeks of Exposure Four Days/Week
tc RP/BR Aerosol and Two Weeks of Recovery . . .

Pathology Report. Par+t I: Gross Observations(lITRI) .
Four-day Inhalation Toxiclity Study of RP/BR In Rats
Pathclogy and Pulmonary Lavage (Study 76/77) . . .
Four-week Inhalation Toxlclty Study of RP/BR

In Rats (Study 78) . « ¢« & o« ¢ & « o -

Pathology Report. Part 11: Hlsfopafhology (EPL) o o e
Four-day Inhaiation Toxiclty Study of RP/RR In Rats
Pathology and Puimonary Lavage (Study 76/77) . . .

PERSONNEL SUPPORTED BY THIS PROJECT DURING THE
PHASE i1l STUDIES L R '-. e e 4 e s e & a 8 s 3

D‘STR‘BUT‘ON L’ST . L] . . L . . . . ; . - L L4 . . » » . . *

.o

Page
. e 46
. . '“7
. . h8-49
o o 50-52
o 53
Ce e 54-55
. . 56
. 57
. . 58
. . 67
. . 70
. 71
. . 112
« . 113



Iable
Noa

10.

LIST OF TABLES

tffect of Exposure to RP/BR Aerosol on the Pulmonary
Bacterlclidal Activity of Rats ¢« ¢« ¢ ¢ ¢ o ¢ o 5 o« o &
Effects of Exposure to RP/BR Aeroso! on Free Cells

Lavaged from the Lungs of Rats . . . c o 4 e e
Mcrtallty and Mean Survival Time of Rafs efter Sing! e
Exposures to RP/BR Aerosol . . . . .

Mortal Ity and. Mean Surviva! Time of 6~ to 8-week-old
Male and Female Rats after 5 Dally Exnosutes to

RP/BR AerOSO' . L] < - - L] . * * .
Exposure Group Allocaflon for S+udy Nos. 76, 77
and 78 » * ® * L] L4 * . L] . * L L ] L] . L] [ 2 . L ] . L]

Aerosol Wass Concentration, particle Slze and Percent
H3P04 for Study Nos. 76, 77 and 78 . . . e s e e
Mean Body Welights of Male and Female Rats dLrIng Four
_ Days of Exposure to RP/BR Aerosols (Sfudy Nos. 76A
a']d 77A). [ ] [ ] . . . ] . » [ ] L) [ » . » . . * .
Mean Body Welghts of Male. and Female Rafs during
RP/BR Aeroscl Exposure and Recovery Days (Sfudy Nos.
768 and 178) 0 L] L] L ] L] * - L] . LI ) . . * L] » * L) [ ]
Mean Body W.ights of Male and Female Rats Durlng
Four Weeks of Exposure Four Days/Week to RP/BR
Aerosols and Two Weeks of Recovery ., . .
Effects of Four Days of Exposure to RP/BR Aerosois on
Pulmonary Free Cells Lavaged from the Lungs of Male

" and female Rats . . e s v . e e e e »

1.

Overai{l Mean values for Endpolnf Paramefers Measured
on Pulmonary Free Cells Lavaged from che Lungs of Rats
arter Exposure to RP/BR Aerosols . . « + 4 o v v o .

Page

17
19
.26
o3
30

32

34

35-36

37

39-40

b1

. V-

L v




LIST OF FIGURES

Elgure.

1._.

Mean Body Welghts of Wale and Female Rats Before and
after a Single 1-Hour Exposure on Day 1 to RP/BR

Aerosols 2,0 mg/l, 3.09 mg/l, or 3.15 mg/l. « o« « + =

Mean Body Welght Changes in Male and Female Rats
During and after 5 Dally 1-hr Exposures to RP/BR
Aerosols 1.99 mg/l or 3.05 mg/f « « ¢ ¢ s o o o o o« &
Mean Bodv Welght Changes in Male and Female Rats

.~ Durlng and after 5 Dally 1-hr Exposures to RP/BR
“Aerosols 1.56 mg/l, or 2.49 mg/i1, or to Filtered Alr,

Mean Body Welght Changes in Male and Female Rats
During and after 5 Daily 4-hr Exposures to RP/BR

- Aerosols 0.99 mg/l,_or 0.55 mg/1, or to Flltered Air.

Page

25

26

27

T e

v.»,

|

Ve telet e e

Tt

PR
LIRS L

MV

IR
IR T

o

an 15,0 Lt
'-'“ St

.

v .t P
ol e

L - Coe e
v e s el e
. vl e e e



—

IS

1. INITRODUCTION

As part of an overail concern for -personnel health and safety,
the U.S. Army Medical Research and Development Command Is seeking
10 evaluate the effects produced by Inhalatlion of combustion
rroducts from red phcephorus/butyl .rucber:  used as an c¢bscurant
smoke for troops and vehicles In tactlicai >+d " rralning
environments. Labor)rory rats, exposed In chambers w.:! be usec to
provide a comprshensive definli+lon of the blologlc effects of red
phosohorus smoke to mammalian systems :=:due «ondltlons which
approx!mate the potential troop expruure. The apprcach teo  this
rzsearch Includes range find!ny acute studlies to deternine leathal
concentrations and Influenss of exposure duration on mortality;

repeated exposure studles to defline time~concentration
relationshlips as »Z:1 as threshold levels, healling, and adaptation
In blologle .eactions; and a subchrinic exposure study with a

recoverv und observation period after th¢ experimental exposure.
The princlipal blologlic response criter a to be monitored include
svert toxlc signs, . clinlcal chemistry and hematology,
histopathology, alveolar macrophage defense functions, pulmonary
bacterlicldal artivity and neurobehavioral activity, The research
project 1Is set up to proceed In a phased manner. The Phase I|
blologlc range finding studles summarlized 1iIn this report. were
conducted to form .the  basis for the selection of exposure
concentration levels, durations and frequsacles to be used 1[In the
Phaze |1l Intermedlate~term multiple expc .uras.

11. -MATERIALS AND MEIHGDS
AL /nlmals

Male and female Sprague Dawley rats, 3- to 4 - weeks-old were
obtained from : srlan/Sprague-Dawliey, Inc,, Madlison, W1, The rats
were housed 3 per cage durling the quarantine period 'In: plastic

_cages wlth water bottles. Following test animal selection the rats

were ‘housed Individually 1In -stalnless steel Inhalation cages

- contalning four compartments, 'each <compartment measuring 18.4 x
. 16.5 x 15.9 cm. The <cages .were used for holding as wel!l as

expc-ure throughout 'the studles. When attached to the racks the.
cages are equipped with an autumatic drinking water dlstrlibution:

system and are suspended over excrement pans. For exposures the

cages are removed from the racks.. The animals  were transferred
weekly to clean cages and the deoflzed absorbing cage boards were
changed twice per week.

The animal rooms were mainrtained on 12 - hr (ight/dark éycle.

- Temperature and relative humidity we~e ragula?ed In such a manner
‘that extreme ¢tluctuations between the animal room and exposure
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chamber condltlons would be avolded; Purina Certified Rodent Chow

5002 and water were avallable to the rats ad llbitum except during
the exposures.

Animals were randomlzed by sex to treatment groups wusing a
constralned random process, stratifled by welght, such that all
groups tested werc comparabie In pretest body welght, but
asslignment of Individual anlmal to groups was random. Each test
animal was [dentlifled with a unique number attached through ear
tags. .

B. Genzratlon and Monltorlng of the Chamber Atmosphere
!. Red Phospiorus/Butyl Rubber (RP/BR)

The test article, RP/BR softened with hexane and prepackaged
in 0.75 in diameter 4.5 1In long stainless steel feed cylinders
(blllets) with end caps was supplled by the Sponsor through 0Oak
kidge National Laboratories (ORNL) and was stored at amblent
+emperature. A record of the test articie was maintalned which
Included date of recelpt wlth Identification -numbers of each
cylinder and the date and study number for which It was used.

2. lphalatlon Exposure facllity

Tre Inhalatlon exposure facllilties and 'methods have been
descrioed In ocetall 1In the Phase | Report (1). its major
components are the Inhalation exposure chambers with alr flow and
differentlial pressure controls; +he ¢ordlitloned alr supply and

" chamber air .exhaust systoams; the rea phosphorus/buty! rubber

combustion generators and the serosol monitoring systems.

Supbly alr to the Inhalatlion exposury {abcratory was
predondltioned by passing through prefliters, charcoal fllters and

an alr condltioning unit. Automatically controlied heating and

humidifying wunits bullt Into the supply alr system maintained the
alr |[temperature and relative humidity (RH) at the speclifled ranges

~of |24 to 27YC and 40 to 60 percent RH. Prior to entering the
expgsure chambers. the conditioner alr wes further fl|tered through

a flberglass coarse filter, a charcoal bez and HEPA filiter.

The combined exhaust alr from the  axposure chambers was
filtered through a single-iousing, 30-element coalescent filter and
exhsusted above the roof of the bullding. The control chamber
exhaust was independent from that of the experimental test chambers
to avoid potential <contamination from the test serosol. The
negative pressure and alrflow rate In the chambers and exhaust
Lr loading were monitored by dlfferantisl pressure gauges.

The aerosol was generated by sbeclatly‘ designed hydraullc

,exfrhslon-cqmbusf}on generators provided by the Govornment through
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CRNL. The generator operates sy exerting hydraullc pressure on the
RP/BX . forclng It +tc extrude from an oriflce Into a burn chamber -
where It Is Ignited. The aerosol generated from the combustion
products 1Is transported dlirectly Into the exposure chamber inlet
port. At a constant chamber alrflow rate the concentration of +the
aercsol 1Is a functlon of the extruslion rate of the RP/BR which Is
controlled by a precislon hydraullc metering pump.

'The rats were exposed to the test atmosphere In Identical

3slzed stainless steel 'Inhalatlon chambers operating at a

{=-m

. total alrflow rate of 500 L/min. Aerosol exposure and flltered alr

control chambers were located In separate Iaboféforle;.

3. As;nsni Monitoring

The RP/BK aerosol was monitored within each‘ exposure chamber
for mass concentration by gravimetric fllter collection trree times
during the 1-hr exposures and four times durling 3.5-hr exposure

.duratlons.. In addition, mass concentration was monitored and

output contlinuously recorded with |light scattering photosensors.
An . Integrated average of the photosensors was recorded
simultaneousiy w!th +the gravimetric fllter sample collection.
Aerosol particle size was determined with a Quartz Crystai
Microbalance cascade impactor. The particle slze was monitored In
each. chambaer once on each exposure day. Determination of totai
phosphorus was conducted by spectrophotometric analys's of  the
collected fliliter samples on one fllter per chamber per exposure
week. ‘All cc!lec*ed fliters wers recorded and stored in sealed
contalners untl| submitted for chemical analysis. Oxygen levels In’
the chambers were spot checked during each sexperiment and were
consistently 21 percent.

C. Blologlcal Endpolnts ‘
1. Pulbonacy Basterlcldal Astlylty 1o;35S=K.ansumonise

Aerosols of [°S]Klebsiella pneumonlag disseminated with a
Retec X=-70 disposable nebulizer were used for the bacterlclda!

. actlvity assay, using a method previousiy descrlibed for mice and

adapted for rats (2). Radiolabeled K. gneumanlas were grown In a
cgs the sulfate requlremént of - the bacteria was
provided by L”°S]sodlum sulfate. -Bafore aerosolization, the
bacteria were washed repeatedly and centrlifuged for removal of-
unattached radiolabel. Bacterlal counts were determincd In'a
Petrc*f-Hausser counting chamber by dark-fleld microscopy and by
the culture plate technique. Radloactive counts were measured In a

“Mark 111 Liquld Scintillation System (Tracor Inc.).
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os In the lungs of rats killed Immediately after

- terla,, This assay was used only In preliminary



2. Pulmopary Free Cells

Within 4-hr (0 hr) or 114 days after the 1last exposure,
alveolar macrophages (AM) were obtalned from designated animals by
tracheobronchial lavage. The rats were weighed, killed with an
overdose of sodium pentobarbital by Intraperlitoneal Injection, and
the lungs were lavaged through a blunted 18-gauge neadle Inserted
Inte an Inclision In the trachea with 9 consecutive 6-m| infuslons
of warm saline. The AM were collected from the lavage flulds by
centrifugation and resuspended In Hanks!'! balanced salt solutlion
(HBSS) after the lavage flulds were collected for protein
- determination, Total <cell counts were made In a iiemocytometer.
For determination of the cellular distribution (l.e., percent o
AM, polymorphonuclear leukocytes and Ilymphocytes), differential

counts were made on cytocentrlifuge preparations of cells fixed In

methanol and stained with Wright's staln.

Cellular adenosine triphosphate (ATP) levels were determlined
using a ODuPont 760 Luminescence Blometer with the procedure
recommended for ~the Instrument, The assay 1Is based on the
principle that when a microsample ccntaining ATP Is injJected Into a
sultably buffered reaction mixture of luclferase and luciferin, the

_peak intensity of the resulting Illght flash 1Is directly
proportional to the concentration of ATP. ATP was extracted from
the cells by dimethyl sulfoxide (DMSO) from allquots of the cell
suspension. The DMSO extracts were dliluted with a speclally
prepared 0.01 M morpholinopropane sulfonic acld (MOPS) buffer to

overcome the quench effect of the high concentration of DMSO Ia the .

aqueous extract for the lucliferase~luclferlr reactlon.

For determination of total celiular protein contert, allquots
of +the cell .suspensions were <treated with .1 percert sodium
deoxycholate (SDC) and assayed by the Lowry method (3). Lavage
fiulds were assayed vlfgouf SOC treatment. Total cellular protein
values were glven per 107 AM, ATP levels, were expressed 1In
femtograms (fg) of ATP5 per ug of total protein (experimentally
determined), or per 10 AM  (calculated from Inltial ceil
counts), ‘ - ' e
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Mortailty was recorded dally and expressed as the percent of

~animals dylng ouT of the total nmimber of animals on fesf,

Mean surviyval tlme was esffmafed by the method of- ﬁorsfa11
(4), from the following equation:

S(AxB) + (dxL)
]

MST =

where, A was the last day on which any Individual rat was
allve, B was the number of rats surviving A days, d was
the last day. of observation, L was the number of rats
allve on dey d, and n was t:e number In the experimental
group. '

Clinlcal observations: All animals were observed dally
for survival, physical appearance, behavior and any '
pharmacologlc and/or toxicologic signs. All observations

were recorded on an Individual test animal basis.

Body welght: Each animal was welghed using a Mettler

PE 1600 balance with a speclial animal weighing mode at the
Initiation of the study and on exposure days dally before
exposursa., Initial preexposure welghts were recorded as
Study Day 1. Subsequent study days were numberec
consecutively through the recovery perfod.

Necropsy and Hlstopatholcgy: Rats were killed with
carbon dioxide elther within four hours or 14 days after
the |last exposure, bled from the dorsal aorta, and
necropsied under the supervision of the pathologist,

The necropsy procedure included a thorough, systemic
examination and dissection of the animal vlscera and

carcass and collection and fixation of ail major tissues,

Ail tissues and/or organs were examined lg sltu before
dissection from the carcass for indivldual examination.
Tongue, trachea, lungs and pulmonary lymph nodes were
removed intact. Following welghing the lungs were infused
via the endotrachea! route with 10 percent neutral buffered
formalin (NBF) before Immersion In NBF. The head was
removed and NBF was Infused Into nasal passages prlior to
submersion Ip NBF, All tissues were flxed not less than

24 hours prlor to. frimmlng.

Tissue trimming (wet secflon(ng) vas performed at iITél
under the supervision and dlirection of a veterinary
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pathologlst. Organs were trimmed to aliow the largest
surface area possible for examination. Each lung
lobe was sectioned along its maln bronchus.. Both a
cross section and a longltudinal section of trachea
was made. '

The following tlssues and/or organs were microscopically
examined: The entlre trachea, pulmonary lymph nodes, each
lobe of +he lungs, and two transverse sectlions of the skull
through the nasal turblnates. (The first section was

at the Incisor's level. The second sectlion was taken at
‘the palatal ridge level). Since gross examination of the
kidneys revealed mottiing, these organs wers also subjected
to histologlical examination.

Tissues In paraffin blocks were shipped to Experimental
Pathology Laboratories Inc. (EPL), Herndon, Virginia where
hematoxylin and eosln sfalned slldes .were prupared and
examined.

D. Statistical Methods

The LC concentration was calculated according to the
"method of ‘gyiler and Talnter by Ilnear regression analysis (5).
Comparisons made on the preliminary -puimonary lavage and
bacterlicldal activity data were dons using Student'’s t tests.

ror Study Nos. 76/77 a four-factor mixed-model ANOVA was used
to assess the effects of sex, exposure duration, treatment and
replication on lavage pai-ameters (cell count, cellular protein and
ATP, and ATP ‘per protein).. A multivariate ANOVA for repeated
measurements (growth curve mcdef) was used to determine the effects
‘of° sex, exposure durarion and treatment on repeated body weight
measurements cver time In Study Nos. 76/77 and 78, Thase models
used In conjunction with this experimental design allow us to
separate the effects of sex, exposure duration and treatment. B In
light of thls, overall differences between males and females iIn
body weight, for example, do not confound our estimation . of
treatment ' or duration effects. furthermore, we also eva!uafad
higher order. 1n*eracfions so that we may determine If, for examp!e.
a treatment effect 1s restricted to one sex group {i.e. sax by
treatment [nteractions). ~ S ’ : :

For the purpose of Interpretation, individual post=-ho¢
comparisons were performed oniy when a significant rmaln effect on
Interaction was tound, . This allowed us to control the false
positive rate and. not be subject to problems inherent in multiple
comparlisons, In terms of sufficlent statistics, means and standard
devliations for each experimental condition were provided. (n

addlf!on. combined mean values were provided for margins that were
not ~statisticaliy signiticant. For example, |f exposure duration

Yo o st amet
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was not a significant effect (l.e. no duration by treatment
Interactlion), combined means averaglng over duration conditlons
were provided. Combined standard deviations were not provided
because they are not particularly relevant and may be misleading.

111, RESULTS
As Prelimipnary Studles

In order to obtaln preliminary Information on +the type and
magnitude of the bliologlc responses produced by Inhalation of RP/BR
aerosols rats were placed Into the exposure chambers durlng some of
the exploratory aerosoi geaieration studles of Phase |I. These
animals were examined for the effects of the exposures on 11p yiyo
pulmonary bacterlicidal activity and for changes In the pulmorary

free cells obtained from their lungs by  tracheobronchial iavage.
Since the results of these experiments served as guldelines in Th:
planning of the exposure conditions for the Phase Il studiss they

-have been Included Into this, Instead of the Phase | repori. Some

of the rats used In these first exploratory experiments were kept
In quarantine for evaluation of the automatic drinking water supply
Iin the newly purchased cages and were ol der than usual.
Subsequently 6-to B-week-old rats were used In <+the remaining
studlies as required.

'.. Pulmonary Bacterlcidal Actlylty

Immediately followling exposure to RP/8R aerosol.  the
experimental andssconfrol rats were simultaneousiy challenged with
S-K.  pneumonlae. Pulmonary bactericldal
activity determined 3 hr after Inhalation of the bacteria was
signiflcantly depressed In the exposed compared to +the control

group 1In all but one of the exploratory experiments (Table 1).

Highiy signlificant decreases In bactericlidal activity were found In
lungs of 12~ to 20-week~old male and female rats exposed to 1.88
mg/1 of RP/BR serosol for 1.5 hr, as well as In +the lungs of
5-week-old male rats expcsed to 1.08 mg/! RP/BR for 2.3 hr. The
results after inhalation of approximately 0.5 mg/l of RP/BR In

6-week~old rats varled. Female rats exposed for 2.8 hr to 0.52
mg/| showed signlflicant reduction In - bactericldal activity. -

However when male and female rats were exposed to RP/BR at 0.63
mg/! for 3.0-hr pulmonary bactericidal activity, although reduced
In both sexes, was 'signlficantly depressed In male rats only. In
another exploratory experimert 7-week-old female rats were exposed
1.0 hr/day for 4 days to RP/BR ae osol at 0.54 mg/!. After 3 days
rest, they were exposed for éga for . additionai days
followed by aerosol- chailenge wtfh S=Ka nnaumgnlga after the

last exposure., Pulmonary bactericidal activity was significantly '
decreased In ‘the exposed rats. Thus, repeated 1=-hr Inhalation
exposures to approximately 0.5 mg/) of RP/BR aercsol, even when

16
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Interrupted with recovery days, resulted In significantiy depressed

‘pulmonary bactericidal activity.

2. Pulmonary Free Cealls

In other exploratory experiments 11-to 13-week nld male and/or
female rats Jsere exposed one time for 1 or 4 hr to RF/BR aerosols
at 0.88, 2.22, or 3.!8 mg/l, or for 4 dally 1-hr perlods to 0.55
mg/ 1. Within 2 hr after the exposure the animals were killed with
scdium pentotarbital, and pulmonary free cells were coilected by In
sltu tracheobronchial flavage. Total and differential cell counts
wer2 made and total cellular proteln levels were determined. The
results summarized 1In Table 2 show consistently decreased total
free cell ylelds and generally lIncreased cellular proteln levels 'In
all groups of RP/BR-exposed animals compared to controls exposed to
fiitered air. The changes were statistically signlificant at +the
higher aeroscol concentrations -with 1 hr exposure durations (2.22

and 3.18 mg/!) and also in male rats exposed 4 times to daily 1 hr
concentrations of 0.55 mg/1. Differential counts demonstrated that

96 to 100 percent of the celis were macrophages wlth occaslional
lymphocytes (not shown 1In +the Table) present. No slignlficant
effects of ' Rr/BR 1Inhalation could be detected Iin cellular
distribution. '

B. Range=Flinding Experiments

Range-finding experiments were conducted to provide the baslis
for +the cholce of the exposure corcantrations to be tested In the
definitive Inhalat'on studies of Phase 1|1, Mortaiity, survival
time, body welights and In some axperiments clinicai observations
were used to monitor the effects of Inhalation oy +t+he RP/BR
aerosol s, '

1. Slingle Exposurss

‘In the first series of experiments maie and female rats
ranging In age from 6 to 13 weeks were gliven single exposures for
approximately 1 hr to RP/BR aerosols ranging In concentration from
2.00 to 3,15 mg/! and mortallty, survival time and body weight data
were recorded over a l14~-dey perlod. As shown ‘In Table 3, only
exposure to 3.09 mg/! for over 1 hr caused deaths In male rats,
Female rats died after single exposures to 2.62, 3.09 and 3.15 ag/!
RP/BR., 'Mortality Increased from 11 perceat to 40 percent while
mean survival time decreased from a 14.1 to 10.4 days with
increasing RP/BR aerosol concentration, . The maximum mortality
resulting from a single 1«hr exposure to approximately 3 mg/l ot
RP/BR aercsol (maximum generator capacity) was 30 to 40 percent In
female rats and 20 to 25 percent for both sexes comblned. Results
of a single 4=hr e pasure to 0.88 mg/| with a CxT value similar to
those In the 3.09 and 3.15 mg/l 1-hr studies caused no deaths In
elther sex, thereby suggesting that exnosure concentration, rather
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than duration, Is the determining factor.

Body welghts of the survivors were monitored at varlous +times
for 14 days after the single expo ures to 2.00, 2.22, 2.62, 3.09 or
3.15 mg/! of the aerosol. Mean body weights are recorded In Table
A-1  of the Appendix. Figure ! shows the mean body welghts of male
and female rats which survived the exposures to 2.00, 3.09 and 3.15
mg/ ! as recorded over a 14-day perlod. Thaere were marked decreases
In body welights of both sexes Immediately af*er the single exposure
with gradual recovery ot the star-ting weight range after about 9
days and continued fncreasss fhereaf?er. No control animals were
Included In any of these studies.

Thus although these preliminary mortallty experiments . ware
conducted with rats of varlous ages they daomonstrated that LC
studles wilth single exposures .at logarfthmically spaged
concentrations, as required 1In +twhe contract, were not feaslble
within our system because of the nature of the blologic responses
{20 to 25 percent mortallty} In the range of aerosol concentration
levels physlically attainable with the generators (maximum capaclfy
at our standardlzed 500 I/min airflow rates approx!mafely mg/ |
for 1 hr).

2. Multiple Exposures

A serles of multiple exposures ware therefore .conducted In
which 6= t¢ B8-week~old male and female rats !nhaled RP/BR aerosol
for 1 hr per day on 5 consecutive days at concentrations ranging
from 1,56 to 3.05 mg/1. |In another study rats recelved five dally
4«hr exposures to 0.35 and 0.99 mg/! of RP/BR aeroscl. The results
from . these experiments are shown In Table 4, With four of the
experiments (Nos. 65A and B, and 57A and B) control groups exposed
to filtered alr were also Included. Mortaiity rates, mean survival

times, body welights and overall clinical observations were made for

a total of 19 days. (during the 5 exposure days anad for an
zdditional 14~day observation perlod, Necropsles were done on all

animals that died spontaneocusly during the study. Survivors were

necropsied on Day 19,

Mortal ity and mean survival data show that for the Ilehr -

exposures, mortallty Increased from 0 and 10 percent  1.56 mg/|
to 80 and 100 percent at 3.05 mg/! tor male : and 1 .wale , ats
resepctively. The overalil change Ia mortallity of the two sexes
combined was 5 to 90 percent. Mean  survivai times were
correspendingly decreased or unchanged. Iln the 4-hr axposures,
only one female rat died In the entire study and that was at the
fower exposure concentration, Observations from +the follow~up
gress necropsy dld not axp!ala the unoxpec?ed death of this snimal.

The LCg, value catculated trom the mor?al!fy data of the 5
dallv lehr exposure dose rosponso stucl 2s shown In Table 4 for the
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" Mean Body Weight, g.

Mean Body Weight, g

MALE

240 4

120 <
o 1 Ky s | i 4 b T
! 35 7. 9 n a3 a5
TEST DAYS
FEMALE
210 1

4 2 . 1 i 2 1 4

T3 5 7 9 a3 s
' TEST DAYS
FIGURE 1: MEAN BODY WEIGHTS OF MALE AND FEMALE RATS BEFORE AND

AFTER A SINGLE 1~MR EXPOSURE . ON DAY 1 TO RP/BR AEROSOLS
2.0 mg/1 (e-e), 3.09 mg/1" @-W), or 3.15 mg/l (Vv-v).
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because of a non-aligned feeder.

aerosol concentrations of 0, 1.56, 1.99, 2.49 -+and 3.05 mg/l was
2.32 mg/l with 95 percent confidence intervals of 1.99 and 2.73
mg/ | respectively. ‘

Filgures 2 and 3 show the mean body welghts 1In the survivors
from these 5 dally 1~hr exposure studies. (The data are recorded
In Table A-2 of the Appendix.) It can be seen that ot all four
concentrations there are marked decreases In body welghts of both
male and female rats durlng the exposure period. Although no
controls were ‘'included with +the exposures at 3.05 and 1.99 mg/l
(Flgure 2) it appears that survivors of +the 3.0J mg/l| exposure
concentration did not even recover their starting welght durlng +he
14-day observation perlod. The second set of experiments (Figure
3) show definite weight losses after 1.56 and 2.49 mg/! exposures
relatlive to alr-exposed conrols with a more marked effect after the
exposure to the higher concentration. Although the rate of welght
gain appeared to be simllar In exposed and control rats after the
inltlal welght 1loss In the RP/BR exposure groups, the exposed
animals never attained the weight of the controls.

The corresponding mean body welights for the 4-hr exposcre
studies are shosa In Flgure 4 znd recorded In Table A-2 of the
Appendix. It appears that for both concentrations there was only a
slight inlitial weight Iloss 1In exposed female rats relat.ve to
controls and recovery was complete by the end of the observation
perlod. In males +there appeared to be a somewhat more marked
effect during and after exposure to 0.99 mg/! of the aerosol. The
single "dipping™ polnt observed on Day 8 In the 0.35 mg/| exposure
group was the result of Ilimited food avallab!llfy over the week-end

!
Clinical observations were made twice dally In |all sIx studles

during the five exposure days and In the 14-day obgervation perliod

. that followed. Contro! animals apneared normal hroughout. An
“occasional, incidence of crusted eye was observed In |5 to 10 percent .

of all groups including the controls. As the RP/B concentration
was Increased In the four 1=-hr exposure experimsnts from 1.56 to
3.05 mg/! the fraction of animais shoiilng labored brieathing at some
time durlng the observation perliod Increased rom 20 percent
(occaslonal iIncidence) to 100 percent (through the éntire 19 days).
The fraction ot animals which were letharglc at some time Increased
from 20 percent to 60 percent. Reddlish discharge from the nose was
observed in 30 percent of the animals exposed to 3.05 mg/1 of the
aerosoil only, :

"In.the experiments in which the rats were expossd five times
for 4 hr to fliltcred air, 0.35 mg/V RP/BR or to 0.99 mg/! RP/BR, a
crusted eye was occaslionally seen In 5 to 10 percent of the
t mals, Ten percent of the controls and 20 pergent of the .0.35

'mg/ | group were hyperreactive at some time. Ten percent of the

T RESEARCH INSTITUTE
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animals exposed to 0.99 mg/| were lethargic at some time during
observation.

All animals which died were necrcpsied and observations were

.made of lungs, trachea, ' esophagus, liver, stomach, Intestines,

cecum. No contr¢l animals were Included for experiments 52A and
52B° (3.05 mg/! and 1.99 mg/! aerosol for flve 1=-hr exposures). In
general, the observatlons on these spontaneous deaths Inc!uded
overal | mottied red lungs with occasional dark red focl, occasional
tan focl on the liver, and gas-filled stomach. Intestines and
cecum, Controls Included 1In other studies and all surviving
animals were kilied by CO Inhalation and exsanguination at the

conclusion of the observaglon perlod. Control animals (Experiments
5/ and 65) exhibited the same mottled red lungs with occasional
pinpolnt or larger red focl and an occasional tan focus on the.
liver as observed In the exposed groups (0.35 mg/l and 0.59 mg/l
RP/BR for flve 4-hr exposures for Experiments 57A and 57B
recpectively), Observations In necropslies of animals exposed +to
1.56 mg/l RP/BR showed a greater Incldence of red mottling and red
focl In the lungs. Necropsles of animals exposed to 2.49 mg/!
RP/BR (Experiment -65B) ylelded similar obsarvations with the
addition of occasional necrotic focl on the liver 1In spontaneous
deaths, ' , ‘

This comparlison of the t=-hr and 4-hr studies In terms of body
weight <changes and of clinical observations demonstrated marked
toxic effects on both parameters after the 1-hr exposures . but
negliglble effects after 4-hr exposures to lower concentrations of
the RP/BR. These results agaln . indicate 'the Importance of the
exposure concentration relative to duration since for similar or
hnigher CxT values In the 4~hr stiudles there were minimal effects
compared to the |-hr exposure. . : ,

C. Deflpltive Studles

These preliminary range finding data were used as a basis for
the final design foi the Phase 1| definifive studies. These
studies were conducted to provide Information on selected . biologic
response parameters after four dally exposures tc 0.5 mg/l of RP/BR
serosol and comparing the effects at 1.0-and 3.5 - hr exposure
durations, The blologlc endpoints selected for this study wera
pulmonary free cell parameters (total and differential ceill counts
and cellular protein and ATP levels In the free ceils obtained by
tracheobronchial lavage), body welights and potential structural
changes {gross necropsy and histopathology). Pulmonary
bactericldal activity was not chosen. for this study because of +the.
very high sensitivity of thls assay. The selected parameters were
tested Immedlately following the last exposure and after a8 1{4-day
recovery period. In an additional study rats were exposed to 0.5
mg/! ot RP/BR for 3.5 hr dally 4 days/week for 4 weeks and examined

~for histopathologlc changés with and wlthout recovery.

HT RESEARCH INSTITUTE.




!. Experimental Design

The experimental deslign with exposure group allocations for
study Nos, 76, 77 and 78 Is shown in Table 5. In Study Nos. 76
and 77 four groups of 14 male and 14 female rats were exposed for
1.0 or 3.5 hr dally, four times per week for one week to 0.5 mg/|
of RP/BR aerosol. Four groups were exposed to flltered alr.: In
Study Nos. 76A and B, two RP/BR and two alr-treatment groups (|
and ll: V and VI) were exposed for 1.0 hr per day on 4 consecutive

days. - In Study Nos. 77A and B, the remaining four treatment
groups (!l1ll and ' IV; Vil and VIIl) recelved 4 dally 3.5 hr
exposures to ‘RP/BR or alr. One RP/BR and one air group from each
exposure duration (treatment groups | to V) were sacrificed

subsequent to the last exposure. Pulmonary lavages with total and
differential cell counts, cellular protein and ATP levels were done
for 10 male and 10 female rats from each group. The remalning 4
males and 4 females were killed, necropsied and tlissues from 2 rats
of each sex were processed for histopathologlc examination of the
resplratory tract. The other RP/BR and alr freatment groups from
each exposure duration were maintained for a 14-day recovery perlod
{(treatment groups V to Y!il) at the end of which the same numbers
of animals from.each group as listed above were used for pulmonary
lavage, necropsy and histopathology.

Study No. 78 was conducted to determine {if any' ‘gross
structural changes 1in the respiratory tract could be discovered
relative to controls from I|.halation of 0.5 mg/1 of RP/BR aerosol,
3.5 hr dally, four days per week over a four=-week period at the
completion of the exposures and after a l4-day recovery period.
Pulmonary lavage parameters were not examined In this study,

A:imals In all three! studies were weighed on a regular
scheduie and clinical observations for toxlc signs were made twice
dally exceépt for weekends and hol {days.

2. Exposure ta BP/BR Asrosol.

o RP/BR aeroso!l or fiitered alr ‘In

The rats wers exposed

1em’=sized Inhalation chambers as described In  the methods

section. For animals race ving the same exposure ragimep but

different post-exposure treatments {that Is, with or wlthout
- recovery; such as treatmen

groups 11 and VI aad 1Y  and Vi1,
respectiveiy), common chambers were uysed and, therefore, commén
exposure cohcentrations wer calcyiated. However, iIn order fto
faciiitate the time-consuming and I|abor-intensive processes of
puimonary lavage and necropsy of the test animatls, the exposures
were staggered. Exposure| of 5 mate and 5 female rats from each .
group for lavage and 2 of each sex for necropsy were started one
dav and the remaining (5+2) rats per sex per group were started on
the noxt day (Monday through Thursday and Tuesday through Ffrilday,
respectively), Theretore, there were actually five days of
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multliple dally chamber readings from which the means and standard
deviatlions (SD) for aerosol! mass concentration and particle size
values for the entlre four exposure day study wvere calculated.

Thus, iIn Study Nos. 76 and 77, for the 1.0-and 3.5- hr aerosoi

exposures, 15 (3 per day on 5 days) and 20 (4 per day on 5 days)
filter and integrated photosensor sanples, respectively, were
col lected. For Study No. 78, 64 filter and photosensor samples (4
per day on 16 days) were taken. Aerosol mass concentration and

particle size data for the varlous exposure perlods were calculated

as overall means from the multiple dally means averaged over the
entlire exposure perlod. Percent phosphorlic acld was determined:
from one fllter~collected sample per week, The aerosol mass
concentration and particle sfize data for Study Nos. 76, 77 and 78
are summarized in Table 6. - ' -

The mass median aerodynamic dlameters (MMAD) shown In the

. table for Study Nos. 76 and 77 were higher than the values we

usually observed (0.45 to 0.63 wum). In reviewing the origlinal
Quartz Crystal Microbalance Impactor data for these studies It was
found that for all replicate samples impactor stage No. 7 (cut
diameter * 0.84 .m) collected between 45% and 60% of the total
particle mass, while stage No. 6 (cut diamater = 1.69 um)
collected nothing. Thus, the resulting aerosol slize distribution
was one talled, and, because the mass median aerodynamic dfameter
!s a single point property of the distribution, the median particie
size appears markedly differoent frcm the expected value. The mass
mean ~ aerodynamic dlameter, being a property of +the overall
distribution, was not as severely affected with values (0.61, 0.57

-and 0.54 for Study Nos. 76, 77 and .78) which were escentially

equivalent to mean values 'previously determined under simiiar
conditions during the aerosol homogenity studies of Phase |.

3. Mortallty and Cllipnlcal Qbseryvatlions

No deaths occurred in any of +he 'studlies, All animals

'appeared normal duriny  the exposure Interval and 14-day recovery
perlod except ftor 2 males for which rcrusted eyes wers recorded

during the recovery period. No other treatmenterelated changes
vere seen. - . T

4. Body Helghbts:
' Accard!ng to the experimental design for Study Nos, 76 and 77

"only . the arimals deslgnated for lavage wera weighed before each of

the four exposures and at .predetermined Intervals during the

- recovery period, Mean body weights are summarized for treatment

groups | through VIill for the four exposure days In Tabla A=3 and
those for recovery animals (treatment groups V through Viil) taken
over an 18-day perlod In Table A~4 of the Appendix. Two separate
analyses were conducted, one on the rosuits of the 4 exposurs days
and one over the entire 18-day perliod Including 4 exposure and 14

\:
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recovery days.' The data were .apalyzed for between timepoint
differences as well as |Inear trends In welght gain over time.

A multivariate ANOVA of the 4-day exposure perlod revealed
tnat exposure curation was not a slgnificant factor (there was no
treatment by duration Interaction) and that the average level of
body weights over the four-day perlod was not significantly
affected. However, a significant exposure by sex Interaction

)] (F=5.46, df=4/149, p<0.0004) was found. Table 7 displays the dally
body weight means averaged over both durations for control ' and
exposed male and female rats. Inspection of the data demonstrated
signlflcant (p«<0.05) differences for Indlividual time points between
exposed and control male but not female rats and that the exposure
had a significant effect on the |Ilnear rate of weight ‘Increase In

® male but not In female rats.

. Analysis of the recovery animals over the entire 18-day period

revealed that tha previously noted sex by exposure Interaction for

days 1 to 4 was absent., Agaln, exposure duration was not found ¢to

be a signiflicant factor. A signiflicant overall exposure effect was

t found (F=8.63, df=4/68, p<.0001). Inspection of the average dally

‘ body weight means for control and exposed animais (Table 8)

revealed that the average level of body welchts was signiflicantly

decreased over the entire 18-day period In exposed animals

{(p<0.008) and that Individual +timepoint comparlisons were also

significant .(p<0,05), However, the rate of body welght galn was

® not significantly different between exposed and control animals.

' This Indicates that +treatment produces a decrease In body weight

that does not return to within the normal conatrol limits Ian the
recovery perlod. '

The mean body welghts measured In Study No. 78 In which rats

-9 recelved 16 exposures of 3.5-hr dally duration for 4 days per week

are summarized In Table A=5 of the Appendix, The rats were weighed
before the first exposure and then weoekly on Fridays for the four
exposure weeks and two recovery weeks. Statistical analysis of the
body velght data was c¢onducted for both between timepoint
' differences and trends In body welght measurements over +time. No
¢ significant treatment by sex Interaction was found. The average
body welights of exposed animals over time were significantly lower
than those of. controls (p<0.002)., However, RP/BR exposure did. not
affect the overall rate of body welght galins relative to those In
. controls, As shown In 'Table 9 significantiy lower body weights
were seen In exposed rats at ail timepoints after the Initlal
preexposure welghing on Day 1: Day 5 (p<0.0002), Day 12
(p<0.000008), vay 19 (p<0.0002), Day 26 (p<0.008), Day 33
(p<0.002), 'and Day 39 (p<0.,02). The attenuation of the probadlility
values on Day 33 and Day 39 Indicates a recovery effect In which
treated animals return to within the 92 percent iimits of controls.
. These body weigh* measurements are, however, still sigalficantly
t - different (p<0.02) from controls.
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5. Pulmonary Free Cell Eanzmmz_ﬁ

Results of the pulmonary lavage experiments are summarized In
Table 10 showing total cell counts, percent macrophages determined
from differential counts and total proteln and ATP levels 1In the
lavaged cells. Statlistical analysls of these data revealed no
difference between the effects of 1.0~ and 3.5~ hr - exposures (no
duration by exposure Intercaction) over the entire exposure and
observatlion gpsriods. In the macrophages of rats examlned
immediately after the fourth exposures a slgnlf!canf gxposure by
sex interactlion was fouad for ug total protein per cells
{(p<0.001). For females, averaging over exposure duraflon PP/BR
aerosol Inhaiation exposure produced an Increase in ;al proteln
(control = 25,23 and exposed = 28.09 ug protein per 10 cells),
whereas males exhibited a dgcrease (control = 25.24 and exposed =
22.99 ug proteln . per cells). In the absence of other
treatment by sex lnferacflons the data obtalned from the two sexes
were combined for al'l other parameters In Table 11, in additlon,
In. the absence of an exposure by duration Interaction the
exper imental observations were also averaged over the two exposure
durations. when examined Immedlately after the last RP/BR
exposure, (treatment groups %‘ through V) signiflcant overall
decreases In ATP content per 10 cel!l (p<0.,002) and In ATP per
ug proteln . (p<0.008) were observed. Statistlical analysis of the
data obtalned after the recovery perlod (treatment groups ¥V through
Vil) revealed no significant -exposure-related effacts; hence
recovery from these exposure effects was complete within 14 days.

6. Gross Necropsy and Hlstopathologlc Qbservatlons -

Gross observatlons made on the rats durling necropsy for. the
4~day and the 4-week exposure studles are summarlzed 1In_ the
Appendix In "Pathology Report, Part I". After the 4-day exposure
study mottied red lungs were found In many of the rats In both the
treated and flitered alr  groups and In both +the exposure .and
recovery groups. ~ The small number of animals per group makes It
difficult to determine the signiticance of thils leslon.  Other
leslons which occurred with some frequency were urinary calcull In
males especlally Iin the recovery group, mottied brown kldneys,  and
distended wuterl, These' and the remalining leslons observed were
regarded as Incidental findings and were presenf In bofh the
con*rol and fraafed animals., '

_ No compound related gross pa?hologlc leslons vere observed In
rats from the experimental group sacrificed after the 4-week
exposures, nor In rats sacrificed after two weeks of Trecovery
period. All lesions observed at necropsy were consldered to be
spontaneous In nature and unrelated to Inhalation of RP/BR
aerosols. : ' :

From ?ho‘44day exposure studies two rats per st per group
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were submitted for hlsfologic evaluatlions of the respiratory tract.
Because gross examination of +the kidneys from several animals
revealed mottling, the followlng tissues were trimmed and processed

to paraffin blocks: trachea, pulmonary IJymph nodes, each lung
lobe, nasal turbinates, and kldneys. The paraffin blocks were then
shipped ' to Experimental Pathology Laboratories, Inc, where
hematoxylIin and eosin stalined sllides were prepared and examined.
The results are summarized  In "Pathology Report, Part 1I" and
Intluded In the Appendix.

The microscoplic changes and a detalled Iisting of all tlssues
evaluated are presented In +the Histophatology Incidence Tables.
Al] leslons are summarlized by sex and treatment croup and presented

In the Summary Incldence Tables. A correlation of fesions observed
at necropsy with the corresponding microscopic observation, where
possible, 1|Is presented In the Correlation of Gross and Microscopic
Findings Tables. The gross observatlions In these tables were
transcribed from -the necropsy sheets provided with the paraffin
blocks.

‘A summary of the results of +the microscopic examinations

'lndlcafe that administration of RP/BR at the concentrations and for

the duration of exposure wused 1In -this study did not oproduce
treatment-related changes In +the kldney, trachea, or the nasal
turbinates at the levels examined.

Several animals which recovered for 14 days following elther a

 1.0 - hour or 3.5-hour exposure (for four days) to RP/BR combustlion

products had focal areas of Interstitial reactlon with alveolar
macrophages which may be treatment related. However, these animals
2l1so had moderate to marked lymphold hyperplasia of pulmonary lymph
nodes which suggests an infectious agent such as. Sendal vlirus,
Mycoplasma puimopls or pneumonia virus of mice (PYM) may have
produced these leslons, Al though Inquirles - to
Harlan/Sprague~Dawley, Inc., suppllier of the rats Indicsated that

" results of viral serology and bacterloiogy assays of this rat

shipment showed Sendal and Mygoplasma sp to be negative there'was a
posltive PYM. titer,. : :

l¥. CONCLUSIONS

Exploratory experiments with male and female Sprague~Dawley
rats exposed to RP/BR aerosols ranging from 0.5 to 3 mg/l for
durations of 1 to 4 hr . showed highiy lslgnliécan? decreases In
pulmonary bactericldal activity to Inhaled ““S~K.pneumonliag In
exposed relative to control rats atter single as well as muyltiple
exposures, the higher exposure concentrations also .produced

~sligniflcant decreases In total cell counts in the pulmonary free

cells obtalned by tracheobronchial lavage from the exposed rats.




The subsequent mortality studlies with exposures to RP/BR
aerosols ranging from 2.00 to 3.15 mg/l mass concentration
demonstrated that the maximum mortallty resuiting from a single
1-hr exposure to approximately:- 3 mg/l of the aerascl (maximum
generator capaclty) was 20 to 25 percent, whlle 2.62 mg/i rasulted
in 6 percent deaths. Thus It became evident that LC studlies
with single .exposures at logarithmically spaced concentrations,
were not feaslble 1In the range of aerosol concentration levels
physically attainable with the . generators at the alr flow rates
required in our Inhalatlon exposure system. :

. A single 4-hr exposure to 0.88 mg/l with a CxT value similar
to those In the 3.09 and 3.15 mg/| 1-hr studies caused no deaths

. thereby suggesting that exposure concentration is the determining-
factor rather than duration.

A follow-up multiple exposure study with rats Inhaling RP/BR
aerosols for l-hr dally for 5 consecutive days at concentrations of
'1.56, 1.99, 2.49 and 3.05 mg/| showed mortallity rates ranging from
5 to 90 percent with an estimated LC value of 2.32 mg/l. In
contrast, when rats recelived five dally 4~hr exposures to 0.35 or
G.99 mg/! of RP/BR only one dled and comparison of body weights and
of clinical observation for the 1- and 4-hr studies showed markedly
negative effects after the 1-hr and practically negligabie ones
after +the 4-hr exposures. Thus the Importance of exposure
concentration over duration In  terms of producing effects at
comparable CxT values became evident agalin, '

. In the definltive studles male and female rais received four
dally exposures to 0.5 mg/l of RP/BR aerosol for 1.0 or 3.5 hr
durations. In an additlonal experiment rats were exposed to 0.5
.mg/t of RP/BR for 3.5 hr dally 4 days per week for 4 weeks.

No deaths occurred in any of. the studles and. generally no
treatment~ralated ciinjcat observations were seen during any of the
exposuyres on the following 14-day. recovery periods. ‘Statistical
anatysis. of body weights showed that exposure duratiszn was not a
significant factor., When examined over the exposure and recovery
periods comblined, the 4-day as well as the 4-week~RP/BR exposures

- produced signiticant welght decreases In rats of both sexes and the
welghts ~did not return t0 the normal control levels within tha
recovery pariod. o -

No compgondfrgiated grbés pafholoé!c '!oslons vere obsérved

during necropsies Immediately following the iast epxosure, or after

" a 14~day recovery period in either the 4-day or the 4-week exposure
group. . ‘ L b ' '

Exposure duration did not have a significant effect on the
free cells |avaged from the lungs. Total and differential cell
counts were not aftected. Cellular ATP levels were signiticantiy
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decreased when examlnedv Immedlately after fhé fourth exposure,
however recovery was complete after 14 days.

Microscopic examination of the tissues Immecliately following
the 4-day exposure and after 'a 2~-week recovery period did not
reveal any freatment-related changes In kidneys, trachea and nasal

turbinates. The lungs of several animals had focal areas of
Interstitial reaction with alveolar macrophages which may have been
treatment-related. However, In the opinion of the pathologlist, the

presence of a possible reaction of marked lymphold hyperplasia of
pulmonary lymph nodes which suggests an Infectlious agent and the
Informat’on recelived from the animal supplier about a positive PVM
tl1ter in the breeding colony Indicates no compound-related effect.

: Thus these range findlng studies have demonstrated that
inhalation of C.5 mg/1 RP/BR aerosol for 1.0 and 3.5 hr dally for 4
days, or for 3.5 hr 4 +times weekly for 4 ‘weeks resuited In
decreased bcdy weights relative to control animals, but the
exposures dic not produce gross pathologlc changes and the
microscoplc changes observed In lung tissue could not be considered
compound- related. The <changes found In pulmonary l avage
parameters after four @exposures were no longer present after the
recovery perlod. Since the concentration level, 0.5 mg/i, used |In
these studies produced minimal toxiclty, the Phase Il studles will
use concentration levels at and above thls level,.

IV
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PATHOLOGY -REPORT -
PART |: GROSS OBSERVATIONS (LITRI)
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FOUR-DAY INHALATION TOXICITY STUDY OF RP/BR IN RATS:

Pathology and Pulmonary Lavage (Study 76/77)

PATHOLOGY SYNOPSIS

No compound-related gross pathologic lesions were observed
In Sprague-Dawley rats from the experimental groups sacrificed
after treatment which they recelved and sacrificed 14 days afier
thelr last exposure. . ‘

Microscopic examination of .the tissues dld not reveal any
treatment-rel ated changes In kldneys, trachea and nasal
turbinates. However, lungs of several animals had focal areas of
Interstitial reaction with alveolar: macrophages which may be
treatment-reiated. It Is not clear at thls study perlod whether
there was a posslible reaction of marked lymphold hyperplasia of

pulmonary lymph nodes which suggests an Infectious  agent.

Vodihon ) Dae

Viadislava S, Rac, D.V.M,, M,S,
‘Head, Pathology

Pathology Section

Life Sclences Research

NECROPSY OBSERVATIONS
dntroduction

In accordance with the experimentail protocol, examination of
organs was performed on 64 (32 male and 32 female) Sprague-Dawley
rats for |ITRI Project L6139, Study Number 76 A and B Phase 11,

The rats were . divided Into eight groups according to treatment
recelved, length of exposure, and time of sacriflice.

T RESEARCH INSTITUTE

T




Thirty-two rats (16 males and 16 females) were exposed to
0.5 mg/! of RP/BR aerosol. Sixteen of the 32 rats (8 males and 8
females) were exposed for one (1) hour. The remaining 16 rats
were exposed for 3-1/2 hours. Both groups were exposed to the
aerosol once a day for fou~ consecutive days.

The remaining 32 rats (16 males and 16 females) were exposed>

to flltered alr. As with the aerocsol, sixteen of the 32 rats (8
males and 8 females) were exposed for one (1) hour, while the
remalning 16 were exposed for 3-1/2 hours. Both groups were
exposed to the flltered air once a day for four consecutive days.

Eight rats (4 males and 4 females) from each exposure group
(0.5 mg/! RP/BR and flltered alir) and at each time exposure (1-hr

and 3-1/2 hrs) were sacrificed and necropsied within four hours

(0 days) after the last exposure (Exposure Group). The remaining
32 rats were sacrificed and necropsied 14 days after their last
exposure (Recovery Group). ‘The group number, treatment, number

of animals per group per sex, corresponding exposure levels, time

of exposure, and ftime elapsed before sacriflice are outllned
below.

EXPOSURE ' NUMBER NUMBER EXPOSURE - EXPOSURE

GROUP TREATMENT MALES FEMALES LEVEL (mg/1I) TIME (hr)x TEBSH*®

| Filtered Air Contrel 4. 4 0.0 1 0 days

, i RP/BR Aerosol , 4 0.5 1 0 'days

RN Filtered Air Control 4 4 0.0 3 1/2 0 days

IV  RP/BR Aerosol 4 4 0.5 3 1/2 0 days

v Fittered Alr Control 4 4 0.0 1 14 days

Vi RP/BR Aerosol 4 4 0.5 1 14 days

Vil Filitered Alr Contro!l 4 4 0.0 3 1/2 14 days

Vit RP/BR Aerosol 4 4 0.5 3 1/2 .14 days
% Hours per day for 4 consecutive days T

#% TEBS « Time Elapsed Before Sacrifice

59
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PAGE 3

Materials and Methods"

"~ The rats were sacriflced with carbon dloxide elther wlithin
four hrs (0 days) or 14 days after the last exposure, bled from
the dorsal aorta, and necropsled. The organs were examined and
fixed In 109 neutral buffered formalin for a perlod no less than
48 hrs-before further processing. The select organs from 32 of
the 64 rats necropsied (2 males and 2 females from each of the
elght treatment groups) were submitted to the histology
laboratory and 'were processed according to the experimental
design.

Results and Dlscussion

Mottied red lungs were observed in many of the rats In both
the +treated and flltered alr control groups and in both the
exposure and recovery groups. The small number of animals per
group makes It difficult to defermlne fhe signif.cance of thls
leslon. ‘

Other leslions which occurred with some frequency were
urlnary calcull In males especlally 1In +the recovery group,
mottled brown klidneys, and distended uterl. These and the
remaining leslons observed were regarded as Incidental findings
and were present in both the cohtrol and treated animails.

i ’////67’

Carol A. Thompson, D.V. M., M, s.
Senlor Veterinary Patholeglst
Pathology Sectlion

Life Sclences Research
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INHALATION STUDY - RATS
Initial Exposure Group (0 hrs)

. s4noy T
L/bw g 0 ¥g9/dy

. SJNOH 5
I0YLN0D HIV QIYILTIS

- 4NOH 1
/6w .G°0 ¥8/dY

ANOH |
T0MLN0D ¥4IV Q3¥ILTL4

_—

NERVAEE

©SANO FE
1/0WGT) ¥8/dH

S4AN0H Sif
T04.1NOD ¥IY Q3¥3L114

AN04 T

ANOH {

ST

L/bw §°0 ¥3/4¥,

TOYINGD ¥IV Q343114

dnouy

ORGAN
tesion

JEYES

63




ar - ° . - .. . -~

ssey

T

UMo1q Pag33Iom

uel /uMouq dtegd |

AINGIN

130§ pay |

Ll s . P32 PALIION |
. o SOWARL.

-4

g

4NOH 1 <r.F<

/bW G°0 ¥8/dY
JNOYH 1

SUNOH %€
"10Y1INOJ ¥IV Q3¥31TI4

T0YLNCD ¥IV GWILTIS |
NERIAEE

/6w G0 ¥a/dY

PLIION

pas ajed/ated
A ] seaue passardag -
T 1 2 . 1 o o 1304 Py |
| . o . {asngytp) poy |

£ € i £ B pat patIIon
NNy

1

|

1
|
|
i

SNOTSIT SSOYI ON |
. GINIWYX SIVY 40 HITWON |

o - ¢ - - ] .
3 ST - uogsdy
W £ : - ~ NYIHO

h= =
=g =]
o | -
b

ANOH 1|

4NOYH 1
TOMLINQD ¥IV Q3Y3L714

SJUNOH ig
104LNOD ¥IV G3¥3LNI4
© /64 G0 Y¥8/dy

S4N0H %€
/04§70 48/4Y.

(sAep vwv dnouy »;w>cuum :
SIVH - AQNLS NOFLMIVHNG . 11 3ISYid 6£191

b4 -



7 . : | , 3LuM
- pabieu]
.. o et p—
, — (sayoied s,4343g) wnIl-
| e ] .
: i1 I 1 I - . i : i
) Lo . e3sabut anyq paurejuo) i
] L ; : o , - HovwoLs |
— - — —f
- - . , Pin{jy J4e3(d y1iM papuaistg
3 | W N T . : - SNYILN
] . t,lL | P ] ) ‘. . MO[{3A
SRS B S— . ) w4
SIVISIA WNIWIS
] f T T pingy Mok yIim papuassig
\ J 2 2 £ g7 L[N3{ed pautiejuo)
“4300Y18 ANYNTENn
w w ™M — —c - w o w T — —n -
n 2 = +3 x| RN il ol - [
. T W T S R R A T o T4 o wm o= o
o ™ om c o € m g3 o 0 m c cm 3 uot1s3
c c - < 0 e < - M uw R o - mm M 80
o A 2 o lm e w0 . o A * .
w = w + 11%2) n - w ™ -
2| — = — | ) 3 —
{a) - <3 0 oy o Wy x
~ ~ ~. ~~
- o — (o) ’ o — O
Q = o =
4 3 3 =
x3 X P x
Q- o - <. O -
~— [ - —
(SAPp p1) dnoan A13r0d0y : ) - .
SLVY = AUNLS NOTLYIVHNI o s 11 3SYHd 6€197 .




INHALATION STUBY - RATS
Recovery Group (14 days)

L6139 PHASE 1
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FOUR~WEEK INHALATION TOXICITY STUDY OF RP/BR IN RATS
(Study 78)

NECROPSY CBSERVATIONS

No compound related gross pathologlic lestons were. observed
In Sprague-Dawley rats from the experimental group sacrificed
atter 16 exposures at. 0.5 mg/l- for 3.5 hours, nor in  rats
sacrificed after two weeks recovery period. All lesions observed
at necropsy were considered Yo be spontaneous In nature and
unrelated to treatment wlth Red Phosphorus/Buty! Rubber
Combustion Products. . o :

Viadisliava S. Rac, D.V.M., M.S,
Head, Pathology :
Pathology Section

Life Sciences Research

HT RESEARCH INSTITUTE
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EXPERIMENTAL PATHOLOGY LABORATORIES, INC.

IITRI PROJECT NUMBER L06139
PHASE 11 STUDY 76/77
FOUR-DAY INHALATION TOXICITY STUDY OF RP/BR IN RATS:
PATHOLOGY AND PULMONARY LAVAGE

.PATHOLOGY'SUMMARY

Microscopic examinations were performed on selected tissues

from male and fema]e Sprague-Dawlev‘rats. The study was designed to

determine the tox1c1ty of RP/BR (Red Phosphorus/Butyl Rubber) conbustlon

products adn1n1steved by mu1t1p1e inhalat1on exposure as evaluatad by

h1stopathology and pulmonary lavage immediately and after a l4-day reco-

very period. This report contains the histopathologic Ffindings.

experimental design for this study was as follows:

The

No. Animals

Exposure Group Group Name- Conc. Exposure* Mile
I ~« 1hr., Filtered Air Cantro] 0 1 hour - 14 14
(0 hour) _ ‘ o

11 - 1hr. RP/BR (0 hour)'. .5 mg/1 1 hour 14 14

I1I - 3.5 hr. Filtered Air Control 0 ' 3.5 hour . 14

S {0 hour). S _

IV - 3.5 hr.' RP/BR (0 hour) 5 mg/t 35 hour - 14 14
¥ - 1he. Filtered Air Control 0 lhour + 14 . 14 14
T ' (14 day) . day recovery

VI - 1hr. RP/BR (18 day)” - .5mg/t lhour+ 14 14 14

- - day recovery
VII - 3.5 ne. Filtered Air Control 0  3.5hocr +14 14 18
. 114 day) . | day recovery
VIII - 3.5 hr. 'RP/BR (14 day) ‘.s-agfw' 3.5 hour # 14 14 18
: | L - day recavery ' -

*A11 exposures are far four (4) ceasecutm days. ,
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According to protocol, two rats per sex per group were
necropsied and gross andvhistologic evaluations of the respiratory tract
"." : were conducted. Gross examinétion of the kidneys from seQeré’l animal s'

revealed mottling. Therefore, the following tissues were trimmed and
% : processed.to paraffin brocks: trachea, pulmonary lymph nqdes, each 1ﬁng
i' "~ lche, nasal turbina"ces, and kidneys. The paraffin blocks were then.
shipped to Experimental Pathology Laboratories, Inc. where hematoxylin

and eosin stained slides were prepared and examined.

Lol L

-
: RESULTS
- | The microscopic chénges and a detafled listing of all tissues
i" ' evaluated are presented in the Histcpathology Incidence Tables. Al
' lesions are summarized by sex and treatment group and presented in'tﬁe
Summary Incidence Tables. JA correlation of_lesionslobserved at ne;ropsy'
]" ' with the corresponding microscopic observation, where possible, is pra-
N ' sented - in the Correlation of Gross and Microscopic Findings Tables. The.
gross observations fq these téd?es were transcribed from the necropsy
¢ shets provided with the paraffin blocks.
: | Sderal lesions were foynd fn the lung and pulmonar& 1ymph
? nodes of a few ma?eland female racb%eéy ahfmals that may'be treatment
o . related. No lesions at an were detected in the nasal turbinates and
| cnly a few anima1§ Had.focal areas of epithelial hyparplasia-in tha
. ” trachea. |
§<
'

s
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occurs in laboratory rats.

| EXPERIMENTAL PATHOLOGY LABORATORIES, INC.

Changes were fohnd in pulmonary 1ymph>nodes, lung, and kidney
in both contro]land treated animals. Minimal to mild lymphdcyte
hyperplasia and occasionally hemofrhage were found in the pulmonafy
1ymph nodes'of most animals. Moderate to marked lymphocyte hyperp1a51u
was usually seen in assoc1at1on with mu1t1foca1 accumulations of
macrophages lymphocytes, and 1nterst1t1a1 thwcken1ng in the lung.

These changes were more severe in one Group VI male and one Group VI
female and in both Group VIII females, but were also present in Group V
and Group YII (control) animals. This pulmonary interstitial reaction

could be related to the test substance, but the lesions are a1§o com-

patible with a subclinical Sendai virus or Mycoplasma pulmonis infec-
tion. The marked'lymphoid hyperplasia of the pulmonary lymph nodes is .
indicative of intense antigenic stimulation and makes the latter possi-

bility more likely. Renal changes seen in a few animals consisted of

“minimal to mild tubular hyperplasia, [dilatation, and/or lymphocytic

infi1trate. These changes are probaUIy the, very earTiest lesions of

chronic progressive nephropathy, 3 s&ontaaeous syndrome that common1y

One interesting renal finding was a nephrbb1a§tnm;, a malignant

“embryonal neoplasm, in rat Number 11§ which received four one-hour expo-

sures. to .5 mg/1 RP/BR and was then necropsied, This large tumor was core
tainly present bafore the {nitiation of the experiment and was ;rs&:biy

congenital. It is in no way treatmeﬂt related.
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-
CONCLUSION
The results of this microscopic.examinafion indicate thét admi-
- nisteration of RP/BR at the concentrafiqns and for the duration of expo;
sure used in this study did not produce tréatmeﬁt;reiated changes in,the
kidney, trachea, or the nasal turbinates ét the levels examined.

- Several animals which recovered for 14 days fo‘noﬁing either a
1 hour or 3.5 hour exposure (fof four days).to RP/BR combustion products
had focal arcas of interstitial reaction-with alveolar macrophages which

- may be treatment related. However, these animals also had moderate ta
marked lymphoid hyperplasia of pulmonary lymph nodes whvch suggests an
infectious agent such as Sendai virus or Mycoplasma pulmonis may have

- produced these lesions.
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- ‘ EXPERIMENTAL PATHOLOGY LABORATORIES, INC.
{
QUALITY ASSURANCE
REPGRT CERTIFICATION
v S ' » L06139 Phase 11
g Client Name 11T Research Institute Client Study No. 76/77 .
Study Director Dr. William 0. Iverson Pathologist Dr. William 0. Iverson
, @ ' Four-Day Inhalation Toxicity Study of RP/BR in Rats:
" Study Title Pathology and Pulmonary Lavage
Test Articie Red Phospﬁorus/sutyl Rubber Species ' Sprague-Dawley Rats
¢ ‘ |
All parts ovf the batho]ogy phase of this study, including the final report,
- were reviewed by Exper"imentﬂ Pathology Laboratories Quality Assuraice Unit
_on June 20 - September 9, 1983 . All findings were reported
. to the Study Director and Manajement. ‘
T ‘
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Study 76/77

4 Day Sacrifice
Male Rats

SUMMARY INCIDENGCE TABLE
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Group

Group
11

Group |

III

Group
IV

" TRACHEA (NO. EXAMINED)

L (2)

(2)

(2)

Focal Hyperplasia

(2)

PULMCNARY LYMPH NODES

| (NO. EXAMINED)

(2)

(2)

(2)

r

Lymphoid Hyperplasia
Hemorrhaée '

Macrophage Hyperplasia
Ecema |

—

(2)

(2)

|
| LUNG (NC. EXAMINED)
| __Hemorrhage

| __Atelectasis

\___Alveolar Macrophages

___Focal Lymphocyte Aggrecate

__Interstitial Thickening:

(2)

(2}

"NASAL_ TURBINATE (NO. EXAMINED)

(2)

KIDNEY_ (NO. EXAMINED) _
L ___Tubular_Hyperplasia

e (2) 4

(2

.{2)

| Tubular Dilatation
——Lymphocytic Infiltrate .

_Congestion _ _ .. .__.__.. .
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¢ SUMMARY INCIDENCE TABLE
B " LO6139 Phase 11
$3® - Study 76/77
N 14 Day Recovery Sacrifice
5 Male Rats ]
. Group | Group ~ Group Group
- y o ) VIl YIII
e ©
, TRACHEA (NO. EXAMINED) , (2) (2) (2) (2)
Focal Hyperplasia ' ' 1
2@ | PULMONARY LYM § NODES
(NO. EXAMINED) (2) (2) (2) (2)
Lymphoid Hyperplasia 2 2 2 2
\ Hemorrhage 1 1 1
'f;(; - | Macrophage Hyperplasia 1 2 1
|  Edema 1 2 1
| LUNG (NO. EXAMINED) (2) (2) (2) | (@)
> - i Hemorrhage 2 2 1 2 |
Lm_}telectasis 1 1 2 1
!ﬁ_ ATveolar Macrophages 1 1
_ Focal Lymphocyte Aggregate 1 1 L
h » © Interstitfal Thickening 1
MASAL TURBINATE (NO. EXAMINED) |  (2) (2) 2) | (2 S R
SR | KIDNEY (NO. EXAMINED) o ] (2) | 2y | (&) | . (2) N
g 3 | Tubular Hyperplasfa ~ | 1 2 | 2 A
|__Tubular Dilatation 1 1 | 1
| Lymphocytic Infilte e ! SN B
__Congestion o ] 1 R
— e ——— — ——— - — .- -—-—4-— - e i —— Ii
. — -. . - SR G
" - e e —d - 4 - ———— e —— - T mem—— - e | - e e
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L06139 Phase 11

Study 76/77

4 Day Sacrifice

Female Rats

SUMMARY INCIDENCE TABLE
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bGroup

Group

I1

1Group
111

Group
Iv

TRACHEA (NO. EXAMINED)

(2)

(2)

(2)

{2)

Focal Hyperplasia

PULMCNARY LYMPH NODES

(NO. EXAMINED)

(2)

(2)

(2)

(2)

Lymphoid Hyperplasia

Hemorrhage

Macrophage Hyperplasia

i . Edema

[ Yellow-Green Pigment

L

| LUNG (NO. EXAMINED)

[ Atelectasis’

' A1veolaf-ﬁq9£095;§§é;_A;

o Focéf_lymphocyte,Aggrégaie , | ‘ 1
T i B g4 AN SRS (U U SU. SSNMESE S
Interstitial Thickening ] '

NASAL TURBINATE (ND. EXAMINED) |  (2) | {2 (2) (2) A
e . - U U UUUY Uy _..ﬁ_ - . . ‘ P
CKIONEY (WO, Exavineo) |2 | @ | ey | @ |
___Nephroblastoma 1 S
| __Tubular Hyperplasia . L
~ Lymphocytic Infiltreate - | o | Lo 1o
e — e et e e - i s i cmm et i v — ...J i e —— P S, —— ' ) - N G- - - -
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SUMMARY INCIDENCE TABLE
LO6139 Phase Il
Study 76/77
14 Day Recovery Sacrifice
"Female Rats
' Group Group Group | Group
v oVl VIl VIII
TRACHEA (NO. EXAMINED) (2) (2) (2) (2)
Focal Hyperplasia ' 1
PULMONARY LYMPH NODES _
(NO. EXAMINED) (2) - (2) (2) (2}
Lymphoid Hyperplasia 2 2 2 2
Hemorrhage " 1 1
] Macrophage Hyperplasva 2 2
Edema 1 J
" Yellow-Green Pigment 1 1 J
e 0. ExeineD) | @ | (@ | @ | (@ N
| Atelectasis ' l 1 = J 2 _
“Alveolar Nacrophages l 1 | ‘J
~Foca) Lymphocyte Aggregatn I 1 - '_ l B
Interstitial Thickening 1 g B
[ WASAL TURBINATE (NO. EXAMINED) @ ] T (2) (2) |
LA R et G R s SELL-LAS U S
[ kixey o, exwnived) ] @ | @ | @ | (2 ]
_ Mephrodlastoma | | N 4.
Tubular Hyperplasia ] 1 1 _ '
Lvmphocxtac Infvltrate o _J:,J.na_w-_ 1 1 _~_“;
i . ——— - | -
; R N Y SRS S ] B}
—— —- e — \\ ' ..'-_ -
EPL |
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HISTOPATHOLOGY INCIDENCE TABLES
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Page 13
Exposure Group Group Name Conc. Exposure*
1 - 1hr, Filtered Air Control 0 1 hour
' (0 hour)
11 - 1hr. RP/BR (O hour) 5mg/1 1 hour
III - 3.5 hr. Filtered Air Control 0 3.5 hour
(¢ hour) T
IV - 3.5 hr. RP/BR (0 hour) 5 mg/1 3.5 hour
V - 1hr. Filtered Air Control 0 1 hour + 14
(14 day) day recovery
v - 1 hr. 'RP/BR (14 day) 5 mg/1 1 hour + 14
: gay recovery
VII - 3.5 hr. Filtered Air Control 0 3.5 hour + 14
‘ (14 day; day recovery
VIII - 3.5 hr.  RP/BR (14 day) 5 mg/1 3.5 hour + 14
day recovery’
*A11 exposures are for four {4) consecutive days. |
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Page 18

/
Exposure Group Group Name Conc. Exposure*
i - 1hr. Filtered Air Control ¢ 1 hour
- (0 hour) ‘
11 - 1hr. RP/BR (0 hour) 5 mg/1 1 hour
II1 - 3.5 hr.  Filtered Air Control 0 3.5 hour
- {0 hour) -
IV. -3.5hr.  RP/BR (O hour) 5mg/1 3.5 hour
- 1hr. Filtered Air Control 0 1 hour + 14
- (14 day) day recovery
vl - 1hr, RP/BR (14 day) 5 mg/1 1 hour + 14
day recovery
VII - 3.5 hr.  Filtered Air Control 0 3.5 hour + 14
(14 day) day recovery
VIIT - 3.5 hr. . RP/BR (14 day) 5 mg/ 3.5 hour + 14
' day recovery
exposures are for four {4) consecutive days.

*All
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