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EXECUTIVE SUMMARY

The effects of inhalation cf red phosphorus butyl rubber (RP/BR)
combustion products used as an obscurant smoke were evaluated in
two subchronic studies with the objective of determining the no-
measurable effect 1level and the lowest effective dose. Male
Sprague Dawley rats were expcsed for 2.25 hr/day, on 4 days/week
for 13 weeks to filtered air or RP/BR aerosols at concentrations
of 1.20, 0.75 and 0.30 mg/L in the first and 0.30, 0.18 and 0.05

ng/L in the second study.

Biological endpoints examined within 24 hr of the last exposure
and for selected treatment groups following an 8-week recovery
period were mortality, clinical signs, body weight, pulmonary
bactericidal activity and histopathology of the lungs for both
studies. In the first study, additional endpoints were food
consumption, pulmonary cellular responses, neurobehavioral
activity and histopathology of all major organs.

Aerosol mass concentrations were consistently within 3% of the
target values. Particle size analysis showed mass wmedian
aerodynamic diameters (MMAD) of 0.49 to 0.65 um with o0g’s of 1.56
to 1.83. Phosphorous acids in the test atmosphere ranged from 71

to 80%.
Statistically significant decreases in body weights and body

.
v
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weight gains were observed from weeks 1 through 13 in the 0,75-

and 1.20-mg/L-exposure groups. A significant decrease in food ,ﬁ
consumption was seen in these groups four weeks after initiation -2
of the exposures. In the first study 10.8% of the rats exposed b
to 1.20 mg/L of RP/BR smoke died spontaneously or were necropsied "y
in a moribund state. Rost of these animals died during the first Y
two weeks of the exposures, and had varying degrees of congestion gﬁj
and small amounts of hemorrhage in the lungs. No obvious cause 9
of death was apparent from the histopathological examination of }3

the 1lungs at this timepoint. Those RP/BR-exposed (0.75 and 1.20 -
mg/L) animals which died during the later parts of this study had v
terminal bronchiolar fibrosis and erosions of the laryngeal NG
mucosa with deposition of fibrin on the surface. These laryngeal ?Q
changes were probably contributory to their death. The presence <
of congestion, hemorrhage, and interstitial inflammation in the &
lungs of 1.20-mg/L-exposed rats which died during this experiment QA
strongly suggests that these effects were due to the RP/BR smoke.
This concentration obviously produces morbidity, since, in J
addition to these morphologic changes, decreased body weight and;~~~~3%

food consumption were measured. No exposure-related mortalities . ___°,
occurred in the 0.30-mg/L-exposure groups of the first study nor B
in any of the RP/BR exposed (0.30, 0.18 and 0.05 mg/u) rats of ry el
the second study. B :::
C N

Although positive antibody titers to PVM were found in rats from ~»«&:
the first study (including at quarantine sacrifice), no lesions y
characteristic of PVM infections were found in the lungs of the RN
v ‘ -‘\ i 3;“:
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rats that died spontaneously and their deaths were not due to
PVM. Also, such PVM-characteristic 1lesions are separate and
distinct from the changes which were found to be treatment~
related in animals at the terminal necropsy.

None of the neurobehavioral activity measurements conducted
according to the experimental protocol showed consistent or
significant changes.

Occasional statistically significant changes in pulmonary lavage
parameters found after termination of the exposures in the first
study were practically all absent after the recovery period,
indicating that alv~olar macrophages return to their normal state
within 8 weeks after the exposures. This was also evident from
the fact that a sign§§icant decrease in pulmonary bactericidal
activity to inhaled S- K. pneumoniae at all three exposure
concentrations (1.20, 0.75 and 0. mg/L) of the first study was
completely absent after the recovery period. 1In the second study
none of the RP/BR exposures (0.30, 0.18 and 0.05 mg/L), including
the previously positive 0.30 mg/L, produced an effect thus
indicating that the no-measureable effect level for pulmonary
bactericidal activity in male Sprague-Dawley rats wunder the
expcsure protocol used was < 0.30 mg/L of RP/BR aerosol.

Histologically no treatment-related changes were found in any of
the tissues examined outside of the respiratory tract. The
primary treatment-related change seen after termination of both
subchronic studies was in the lung and was diagnosed as "terminal
bronchiolar fibrosis", a lesion consisting of thickening of the
alveolar walls and of the most distal portions of the terminal
bronchioles at the point where they join the alveolar sacs. The
use of Masson’s trichrome stain showed strong evidence of
collagen deposition at these sites.

The results of the microscopic examinations of the lungs in the
first study showed that inhalation of RP/BR for 2 weeks produced
minimal bronchiolar fibrosis in 50% of rats exposed to 0.75 mg/L
RP/BR and minimal to mild fibrosis in all of the 1.2-mg/L-exposed
rats. All rats had fibrosis after 4 weeks of exposure to 0.75 or
1.2 mg/L of RP/BR. After completion of the 13-week studies 100%
of the rats exposed to 0.75 mwmg/L RP/BR or higher and
approximately 30% of rats exposed to 0.30 mg/L had terminal
bronchiolar fibrosis. Severity and frequency of the lesion
increased with the higher doses. 1In the second study there were
no interim examinations. Minimal terminal bronchiolar fibrosis
was found in less than 50% and 25% of the rats exposed to 0.30
and 0.18 mg/L of RP/BR, respectively. At 0.05 mg/L, the lowest
dose in this study, no changes were found. 1In both of these
studies following the eight-week recovery periods there was a
decreased incidence of the lesions, but they were still present.
Thus the no-measurable effect 1level for terminal bronchiolar
fibrosis wunder the exposure protocol described was 0.05 mg/L of
RP/BR and the lowest effective dose was 0.18 mg/L.
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A separate in vitro genetic toxicology study was conducted with
funds added to the contract for this purpose using condensates of
RP/BR combustion products generated with the methods described in
the in vivo studies. The results demonstrated that the
condensate does not cause point mutations of bacteria, primary
DNA damage in rat hepatocytes, or clastogenic damage in Chinese
Hamster Ovary cells under the conditions tested.
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FORWORD

This report, IITRI No. L06139, Phase IV (Final) Report describes
studies conducted by the Life Sciences Department, IIT Reseatch
Institute for the Health Effects Research Division, U.S. Army
Medical Bioengineering Research and Development Laboratory during
the period of July 1984 through May 1986. The studies were
carried out under contract No. DAMD17-82-C-2121,

Catherine Aranyi served as Principal Investigator and Study

Director. Stanley Vana was responsible £for the inhalation
exposure facilities and the aerosol generation and monitoring
throughout the studies. Jeannie Bradof and Marianna Furedi,

respectively, were 1in charge of the pulmonary cellular response
and general toxicology endpoints. The neurobehavioral activity
studies were designed and conducted by Maurlene Preache.
Necropsy procedures, tissue <collection and preparation for
histopathologic evaluation were under the supervision of
vladislava Rac and Donald E. Gordon (Consultant). Necropsy
reports were prepared by Pathologists Vladislava Rac and Allan

Hall, III. Histopathologic evaluation of the collected tissue
samples was performed by W.D. Iverson, Consultant Pathologist
from Experimental Pathology Laboratories, 1Inc., Herndon, VA.

Robert Gibbons, Consultant Biostatistician, was responsible for
statistical design and analysis. Robert Guerrero was responsible
for the separately conducted in vitro genetic toxicology studies.

.
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Catherine Aranyi
Scientific Advisor
Principal Investigator
Life Sciences Research

mes D. Fenters
ad, Microbiology and Toxicology
Life Sciences Research
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QUALITY ASSURANCE STATEMENT EE
.
Numerous laboratory 1inspections of all «critical phases of Eﬁ

operations were conducted and reported to management during the
course of the program between July 26, 1984 and January 3, 1985
1985 for SN80O and between July 24, 1985 and January 14, 1986 by
J.M. Reed. Data audits were performed February 15-18, June 4,
September 19 and October 29, 1985 and January 17 to 22, 1986 by
J.McPhillips. The final draft report was audited November 1 thru
4, 1986 by Josephine M. Reed. The studies were conducted
according to protocol and met IITRI Life Sciences Quality
Assurance criteria. Raw Data and specimens generated during the
course of the studies will be retained in the IITRI Life Sciences

Archives.
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1. INTRODUCTION

As part of an overall concern for personnel health and safety,
the U.S. Army Medical Research and Development Command was
seeking to evaluate the effects produced by inhalation of
combustion products from red phosphorus/butyl rubber used as an
obscurant smoke for troops and vehicles in tactical and training
environments. Laboratory rats, exposed in chambers, were used to -
provide a comprehensive definition of the biological effects of
red phosphorus smoke to mammalian systems under conditions which
approximate the potential troop exposure. The approach to this
research included range-finding acute studies to determine lethal
concentrations and influence of exposure duration on mortality;
repeated exposure studies to define time-concentration
relationcships as well as threshold levels, healing, and
adaptation in biological reactions; and subchronic exposure
studies with & recovery and observation period after the
experimental exposure., The principal biological response
criteria nmronitored included overt toxic signs, clinical and
morphological pathology, pulmonary bactericidal activity,
examination of the pulmonary lavage including alveolar macrophage
functional and biochemical responses, and neurobehavioral
activity. An in vivo genetic toxicology study on RP/BR
combustion product condensates was added to the program during
the final phase of the main in vivo studies.

2. OBJECTIVES

The objective of the Phase IV inhalation exposure studies was to
evaluate the biological effects and the reversibility of the
observed effects of subchronic RPF/BR aerosol expcsures on various
biological endpoints in male Sprague Dawley rats. 1In Phases I
through III of the studies, the aerosol exposure system was
characterized for homogeneity (Phase I), rangefinding acute and
repeated-dose exposures were conducted {(Phase II) and the
combination of the effects of exposure concentration, duration
and frequency on a series of biological endpoints were examined
in depth after a 4-week exposure and a 2-week recovery period,
respectively (Phase I1I). (See Section 3 of this report and for
more detail Phase Report I (ADA 157686, August 1983), Phase
Report II (ADA 158323, December 1983), and Phase Report III (ADA
1735493, December 1984). The primary objective of the Phase 1V
studies was to define the no-measurable effect level for the
biological response parameters assessed to be the most sensitive -
indicators of dysfunction.

HT RESEARCH INSTITUTE
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3. BACKGROUND: STUDY PHASES I, II, and III

3.1 PHASE I

The obiective of the Phase I studies was the establishment and
standardization of the 1inhalation exposure conditions. The
inhalation exposure facility built for this project consisted of
conditioned air supply and chamber air exhaust systems;
inhalation exposure chambers with air flow and differential
pressure controls and red phosphorus butyl rubber (RP/BR)
combustion generators. Seven one cubic-meter inhalation chambers
were available, five of which located in one laboratory were used
for exposure to RP/BR aerosols. To assure that no contact with
the experimental test atmosphere would occur, the two control
chambers for exposure to filtered air were maintained in a
separate room and connected to another air handling system that
provided the same environmental conditions. The combined exhaust
air from the five aerosol-exposure chambers was filtered through
a single-housing, 30-element coalescent filter and exhausted
above the roof of the building. To prevent corrosion, the filter
housing was built from acid-resistant polyvinyl chloride. A
pressure differential gauge installed across the filter monitored
filter saturation.

The aerosol was generated by burning RP/BR extruded through
specially designed hydraulic extrusion-combustion generators
provided by the U.S. Army Medical Bioengineering Research and
Development Laboratory through ©Oak Ridge National Laboratory
(ORNL). The RP/BR, softened with hexane and prepackaged in
stainless steel feed <cylinders (billets), was also supplied by
ORNL. The generator operates by exerting pressure through a
hydraulic pump on the RP/BR contained in the feed cylinder. The
material is forced by a piston to extrude from an orifice of the
feed cylinder extending into the burn chamber of the generator
and 1ignited by an electrically heated wire loop. The RP/BR is
burned in and the combustion products are mixed with conditioned
air and the aerosol 1is transported directly into the exposure
chamber inlet port. At a constant chamber air flow rate the
concentration of the aerosol is a function of the extrusion rate
of the RP/BR which is controlled by the automatic hydraulic pump
speed.

Throughout the studies temperature and relative humig'ty were
monitored continuously and maintained between 24 to 27 °C and 40
to 60 percent relative humidity. The aerosol was monitored for
mass concentration intermittently by filter samples and
continuously with pheotoelectric sensors, for particle size
distribution with a piezoeleclric microbalance-based cascade
impactor, and for total phosphorus content by chemical analysis
of the filter-collected aerosol samples. ©xygen concentration
determined in the chambers during each exposure was consistently
21 percent. Chemical analysis of the chamber atmosphere

IIT RESEARCH INSTITUTE
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indicated the absence of hexane, levels of less than 10 ppb of
phosphine, and variable, but relatively low, levels of carbon
monoxide that could not be correlated with the RP/BR aerosol
concentrations.

The objective of the Phase 1 studies was to evaluate spatial and
temporal homogeneity of the chamber atmosphere in a three-
dimensional array of points through a procedure of simultaneous
sampling with cages and animal surrogates in place. For the
pilot chamber, sufficient numbers of sampling points were
selected to allow for characterization of spatial aerosol
homogeneity within the chamber along with a series of sequential
samples that were taken from a single or from multiple randomly
selected fixed points to define temporal homogeneity for a period
corresponding to the duration of the longest exposure. The
aerosol was monitored for mass concentration, particle size and
total phosphorus content at three generator settings (aerosol
concentrations) replicating all tests at each generator setting
three times. The ultimate objective was to reduce the
variability of spatial and temporal homogeneity, with appropriate
chamber modifications if necessary, to + 20 percent of the mean
of each parameter throughout the chambers and the range of
concentrations tested.

Three test concentrations were selected on the following basis:
the 1lowest operational concentration of the RP/BR generators at
the 500 liter/min air flow rates used in our chambers (C,: 0.2-
0.3 mg/L); the highest concentration that could be mainta}ned for
the 4-hr testing periods using the larger 0.75 in-diameter RP/BR
billets (C,: approximately 1.0 mg/L) and an intermediate
concentratio chosen between <, and Cyq (Cy: approximately 0.5

mg/L).

After standardization of the pilot chamber was completed, a
single generator setting from those three evaluated for the pilot
chamber was randomly selected for -each of the four remaining
chambers and spatial and temporal homogeneity tests were
conducted in three replicate experiments for each chamber.

The statistical model wused was a three-factor mixed-model
analysis of variance., Concentration and location (shelf numbers
1,2,3,4 and center point) were considered to be the fixed
factors, whereas replication was considered random; hence the
term "mixed model". This model determines if between-location
differences are nonsignificant (there is spatial homogeneity) and
if differences between locations depend on concentration (there
is a concentration by location interaction). 1In the analysis of
temporal homogeneity time was substituted for location as the
second factor in the design. -

Shelf means and individual sampling location levels were reported
in percent mean deviation wunits from overall chamber means.
Between chamber comparisons were made by comparing overall means
and examining deviations between the parameters measured in the

T RESEARCH INSTITUTE
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pilot chamber and each of the other chambers at appropriate
concentrations.

The results demonstrated that the pilot chamber was spatially, as
well as temporally homogeneous in terms of aerosol mass
concentration and percent total phosphorus and that homogeneity
was not affected by concentration.

Particle size, expressed as mass mean aerodynamic diameter (for
the chamber homogeneity calculations only), appeared to increase
from top to bottom in each chamber (with aerosol residence time)
and also with increasing aerosol concentration. The chamber
gradient within each concentration, however, was generally within
the precision of the cascade impactor. 1In addition, the change
in particle size for the entire concentration range tested was
0.3 to 0.6 m mass mean aerodynamic diameter which represents
particles that can be inhaled and deposited in the deep lung and
thus this statistical significance was not Dbiologically
meaningful in terms of inhalation and deposition of particles.

To verify that the temporal and spatial homogeneity obtained in
the pilot chamber were consistent in the other four chambers,
statistical analysis for each was performed, In addition,
maximum ‘ocation deviations in terms of worst-case shelf means
were calculated for each of these chambers relative to the
overall chamber means of each of the chambers. Although several
of these statistical tests were significant, indicating
statistical heterogeneity, the worst-case deviation for all
chambers was 17 percent from the overall chamber mean. Because
of the large sample size the sensitivity of the statistical
evaluation was beyond what could be required with the given
physical limitations of the system. Thus under the 20 percent
variation 1limit set as our goal, the data represented adegquate
levels of homogeneity.

For inter-chamber comparisons, the overall means for each
parameter and for each chamber were compared to the overall means
of the pilot chamber for that respective concentration level.
The data demonstrated that all between-chamber comparisons were
within 16 percent of the pilot chamber for all measured
parameters; hence it was concluded that the targeted
concentration values were attained in the additional chambers.

Thus the extensive statistical analysis of the pilot chamber
revealed conditions of spatial and temporal homogeneity for RP/BR
aerosol mass concentration and for percent phosphorous acid
levels. Although a statistically significant spatial particle
size gradient was found, the wvariation was not significant
biologically in terms of inhalation and deposition into the
tracheobronchial region and the deep lung. Particle sizes were
homogeneous when measured ocver time. Inspaction of four
additional chambers revealed some statistically significant
differences; however, the worst-case deviations for each shelf
relative to 1its overall chamber mean and for each chamber
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relative to the pilot chamber were under the 20 percent variation
limits set for the homogeneity tests on the basis of overall X
pecrformance of the complex test article~generator-chamber system. -
Therefore it could be concluded that adequate levels of
homogeneity were attained in all chambers. (For further details
see Phase I Report, ADA 157686, August, 1983.)

3.2 PHASE II

The objective of Phase II was to conduct exploratory experiments
using range-finding mortality studies and selected pulmonary
response parameters to provide information on and the basis for
selection of the exposure conditions for the definitive studies
to follow in Phases III and 1V.

In early exploratory experiments, male and female Sprague-~Dawley
rats were exposed to various concentrations of RP/BR aerosols
ranging from 0.5 to 3 mg/L for durations of 1- to 4-hr. Highly
significagg decreases in pulmonary bactericidal activity to
inhaled S-K.pneumoniae were found in the exposed rats relative
to controls agter single as well as multiple exposures. The
higher exposure concentrations also produced significant
decreases in total cell counts in the pulmonary free cells
obtained by tracheobronchial lavage from the exposed rats
relative to those collected from controis.

In subsequent range-finding mortality studies male and female
rats were given single l-hr exposures to 2.00, 2.22, 2.62, 3.09
and 3.15 mg/L of RP/BR aerosols and observed for 14 days. Only
the exposures to >2.62 mg/L caused deaths. The maximum mortality
resulting from a single l-hr exposure to approximately 3 mg/L of
RP/BR aerosol (maximum generator capacity) was 20 to 25 percent,
whereas 2.62 mg/L resulted in 6 percent deaths. 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/L 1-hr studies caused no deaths, thereby
suggesting that exposure concentration is the determining factor
rather than duration. These experiments demonstrated that LC50
studies with single exposures at logarithmically-spaced
concentrations were not feasible in the range of aerosol
concentration levels physically attainable with the generators at
the air flow rates required in our inhalation exposure system.

CE T m VAT AL L AT O IG

In a follow-up multiple exposure study, rats inhaled RP/BR
aerosols for 1 hr daily on 5 consecutive days at concentrations
of 1.56, 1.99, 2.49 and 3.05 mg/L. Mortality rates, mean .
survival times, body weights and overall clinical ohservations
were made during the 5 exposure days and for a 14-day post-
exposure observation period. rlecropsies were done on all animals
that died during the study and on survivors on Day 19. Mortality
changes for the two sexes combined ranged from 5 to 90 percent. .
The estimated LCS0 value was 2.32 mg/L with 1.99 to 2.73 mg/L 95 o
percent confidence limits. ;
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When rats received five daily 4-hr exposures to 0.35 or 0.99 mg/L
of RP/BR aerasol only one died. Comparison of body weights and
of clinical observations for the 1- and 4-hr studies showed
markedly adverse effects after the 1-hr and practically
negligible ones after the 4-hr exposures. Thus the greater
influence of exposure concentration on toxicity over duration was
again demonstrated.

Based on the results of these initial range-finding experiments,
follow-up studies were conducted on male and female rats using
four daily exposures to 0.50 mg/L of RP/BR aerosol and comparing
1.0 and 3.5-hr exposure durations. Pulmonary free cell
parameters and structural changes, as evaluated by gross necropsy
and histopathology, were tested immediately following the last
exposure and after a l4-day recovery period. In an additional
study, rats were exposed to 0.50 mg/L of RP/BR for 3.5-hr daily 4
days per week for 4 weeks. Gross pathologic observations were
made after the 1last exposure and 2 weeks following the last
exposure. All studies includea daily clinical observations and
reqular body weight determinations.

No deaths occurred in any of the studies and generally no
treatment-related <clinical observations were seen. Statistical
analysis of body weights showed that exposure duration was not a
significant factor. When body weight changes were analyzed over
the entire period of exposure and recovery, the 4-day as well as
d-week exposures produced weight decreases in male and female
rats relative to controls that did not return to the normal
control level within the recovery period.

Exposure duration did not have a significant effect on the
pulmonary free cell parameters. Total and differential cell
counts in the pulmonary lavage were not affected. Cellular ATP
levels in the 1lavaged <cells were significantly decreased when
examined immediately after the fourth exposure; however, recovery
was complete after 14 days.

No compound-related gross patholongic lesions were observed during
necropsies immediately following the last exposure or after a 14-
day recovery period in either the 4-day or the 4-week exposure
group.

Microscopic examination of the tissues immediately following the
{-day exposure and after a 2-week recovery period 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 was
considered to be potentially treatment-related. These animals,
however, also had moderate to marked lymphoid hyperplasia cf
pulmonary 1lymph nodes which suggested that an infectious agent
may have produced the pulmonary lesions. (For further details
see Phase II Report, ADA 158323, December, 1983.)
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3.3. PHASE I1I1I

The objectives of the repeated exposure studies of Phase IIl were
to evaluate the interactive effects of exposure concentration,
duration and frequency conditions to select the most sensitive
biological response parameters for the subsequent subchronic
studies of Phase 1V, To accomplish these objectives, an
experimental design using response surface modeling was applied. .
This statistical approach allowed wus to examine multiple
biological response parameters under a large number of
experimental conditions and to select the most appropriate
combinations of these factors for testing in the final

experimental design. The experimental conditions included
various combinations of exposure concentrations, durations and
frequencies used over a four-week exposure period. The

experimental endpoints tested immediately after the last exposure
and after a two-week recovery period included pulmonary cellular
responses, neurobehavioral activity, genetic toxicology, clinical
and morphological pathology, as well as standard toxicologic
observations (body weights, food consumption and clinical
observations).

The investigation was divided into three main studies. The first
study was to define the experimental conditions in terms of
combinations of exposure concentrations, durations and
frequencies that produce maximal effects in the ©biological
response parameters selected for the project. Our statistical
approach made it possible to work with a low subject number (n=4)
for this initial study as necessitated by the complex
experimental design. This design consisted of four concentrations
(0, 0.40, 0.75 and 1.00 mg/L), two durations (1 and 3.5 hr) and
three frequencies. The frecuencies examined were exposures on
two consecutive days (Fl1), four consecutive days (F2), or two
days separated by two days of rest (F3). Maximally stressed
controls inhaling filtered air for 3.5 hr/day on four consecutive
days/week were used with all exposure combinations. The total
exposure period was four weeks with biological assays conducted
immediately after the last exposure and for two concentrations
(high dose and control), one frequency (F2) and one duration (3.5
hr) tested also after a two-week recovery period. Thus animals
exposed to the most stressful conditions were wused in the
recovery study.

with a sample size of four animals this design obviously is
inadequate to test the four-way interaction of concentration by
duration by frequency by recovery. This sample size is adeguate, .
however, for tests of main effects and two-way interactions. For
example, the main effect of concentration has a relative sample
size of 24 animals per dosage group and control (since the design
is completely balanced). The concentration by frequency and
concentration by duration interactions also have adequate sample
sizes. In light of this, the selected sample size in this first
study vyields more than adequate statistical power for an initial
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characterization of the response surface involving main effects
and all possible two-way interactions. Further studies using
more specific experimental conditions had appropriately increased
sample sizes.

The results of this first study showed relatively few compound-
related effects and those that were observed, in general, also
exhibited complete recovery. Although there were exceptions to
this rule, given the large number of parameters tested, these
effects could have occurred by chance. Furthermore, when
statistically significant interactions did occur, main effects
were, in general, absent. Conversely, strong main effects only
occurred for parameters which did not have interactions. These
findings further point to the fact that these observations were
spurious, and thus it could be concluded that duration and
frequency did not appear to produce major changes in the effects
of exposure concentration.

Based on these results, more specific conditions with increased
sample size were selected for the subsequent studies. In the
second and third extended studies with male and female rats,
respectively, more detailed examination of dose response
relations were made for a single duration and frequency
combination. Since the outcome of the first study showed that
frequency and duration did not affect results significantly,
exposure on four consecutive days per week (F2) was celected to
explore the "worst case" situation and 2.25 hr, the mean between
the previously tested 1 and 3.5 hr was chosen as the single
duration, The RP/BR exposure concentrations of 0.75, 1,00 and
1.20 mg/L were wused in the study with male rats and this range
was lowered to 0.40, 0.75 and 1.0 mg/L for the study with female
rats. The increased sample size of n=15 wused in these two
studies allowed for direct estimates of the recovery effect (i.e.
concentration by recovery interaction) and also for obtaining
multivariate test statistics in addition to the previously
reported univariate results.

Aerosol exposure monitoring data indicate that the target
concentrations were well maintained at each exposure level
throughout each of the three studies. Mear RP/BR mass
concentrations were consistently within 4% of the target value
when measured gravimetrically and within 3% of the required
concentration when determined using the 1light scattering

photosensor. Standard deviations of the daily mean
concentrations were below + 8% in every instance when calculated
for either sampling method. Excellent agreement between the

gravimetric and 1light scattering methods were demonstrated with
variations in mean daily concentration between each method being
approximately equivalent in magnitude to the deviations due to
actual concentration fluctuation measured within each method.
The particle size data indicate excellent aerosol stability
throughout the exposures with the mean ranging from 0.44 to 0.64
um and mean og from 1.66 to 1.97. Phosphorous acid levels ranged
from 61 to 74%. The variation from sample to sample is generally
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thought to include the inhetent errors due to sampling and
chemical analysis in addition to the actual fluctuaticn in
phosphorous acid levels in the chambers.

buring the exposure period, wheezing and labored breathing were
observed in male rats exposed to the high concentration level.
Decreased body weights, body weight gains and reduced food
consumption, seen in male rats only, at all concentration levels
during the exposures, returned to normal after the recovery
period. Although an overall mortality of 12.1% was observed in
male rats exposed to the high concentration level (1.2 mg/L) this
was due to a 70-minute concentration overrun to 1.55 mg/L in one
of the chambers on the first day of the exposures. The 5.2%
mortality value observed in a second chamber reflects the effect
of the exposure more realistically. In female rats only a single
death was observed during the entire study and this 0.8%
mortality occurred in the medium (0.75 mg/L) concentration level.

While many statistically significant main effects and
concentration by recovery interactions were determined for
individual response parameters in «clinical pathology, only a
small percentage were deemed to be biologically significant; the
remainder were judged to be biologically insignificant due to
their small change in absolute value relative to the control
value, the associated standard deviation and their absolute value
being within or «close to the published normal range for the
particular parameter measured. Among the prominent biological
effects of RP/BR aerosols on hematology values were, therefore,
decreased WBC counts in the male rats immediately after
termination in the 0.75~- and 1.0-m3y/L-treatment groups, and their
return to within-normal-limits at the end of the recovery period.
Increased lymphocytes were seen in the 0.75-mg/L-treated female
rats at both time periods in addition to a general and minimal
trend of increased lymphocytes in all female RP/BR-exposed
animals.

A greater number of clinical chemistry endpoints showed
statistically significant changes. Decreased cholesterol and BUN
values were seen in all RP/BR-exposed male rats at termination of
the exposures with a return of values to within-normal-limits at
recovery sacrifice for cholesterol, but not for BUN in the 1.0
mg/L treatment group. Treatment-induced decreases in cholesterol
and triglyceride levels were seen in all RP/BR-treated females at
termination. only female rats receiving 1.0 mg/L RP/BR showed
significantly decreased cholesterol and triglyceride levels after
the recovery period , whereas rats receiving 0.75 or 1.0 mg/L

.
i

showed decreased BUN levels at the same time point. The clinical &
chemistry data for both sexes suggest a forthcoming and total N
recovery in that the dose-response effect of treatment has )
diminished at recovery. A longer recovery period may have j%
allowed for the return-to-normal values of all individual vy
parameters. i,
@
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Statistical evaluation of the pulmonary response data showed
significant interactions and main effects in various categories
for which subsequently individual post hoc comparisons were made.
A review of the data demonstrates ~that in vivo bacterjgidal
activity of alveolar macrophages (AM) to inhaled S5-K.
neumoniae and the percentage of macrophages in the cellular
avage were not affected by the exposures in either of the sexes,
and phagocytosis was unaffected in female rats, Total cell
counts were significantly increased in the pulmonary lavage
from female rats immediately after exposure to 0.75 or 1.0 mg/L,
while differential counts remained unaffected. Since 97 to 99%
of the cells were macrophages, this indicates an increased number
of AM in the lungs following exposures. After the recovery period
the counts were no longer different from controls. The lack of
increase in total «cell counts for the expcsed male rats was
attributed to some high outlier values in the controls.

There were significant increases in cellular ATP levels of male
and female rats immediately after the last exposure at all
concentrations tested, except for the females exposed to 1.0
mg/L. After recovery only part of these values remained
elevated. Although the pattern of these changes is not entirely
clear, the general increase in cellular ATP levels indicates an
increased energy supply that may be responsible focr the
unimpaired phagocytic and bactericidal activity obscrved
immediately after these exposures. The most consistent finding
in AM of male and female rats from all treatment groups was
decreased activity of the plasma membrane-associated ectoenzyme
5'nucleotidase (5'-ND). 1In addition, alkaline phosphodiesterase
(APD1) activities were decreased in AM of male rats after
recovery. A decrease in 5'-ND activity is considered to be a
marker for a <change in the resident peritoneal macrophage (PM)
population in mice, while decreased activity of both 5'-ND and
ADPl in PM has been associated with enhanced in vitro anti-tumor
and antiviral activity. Although, to our knowledge, such changes
have not been interpreted vyet in a similar fashion for AM in
rats, these data suggest that there may be a change in AM
population induced by exposure to RP/BR and that these cells may
have been primed for activation or activated as evidenced also by
the significant increases in cellular ATP levels,

A significant 1increase in the protein level of the pulmonary
lavage fluid of rats of both sexes after exposures to the high
concentrations (1.2 and 1.0 mg/L for males and females
respectively), indicating pulmonary capillary fragility,
exhibited complete recovery in males.

of the neurobehavioral parameters, locomotor activity was
significantly affected by exposure to RP/BR aerosols. Male rats
showed increased motor activity at all concentrations and
incomplete recovery after two weeks at some concentrations. In
females there was a trend toward increased activity but no
evidence of effects after the recovery period. None of the
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other behavioral endpoints were altered by the exposures in a
consistent fashion,

A micronucleus analysis was petrformed on bone marrow
polychromatic erythrocytes and normochromatic erythrocytes and on
circulating red blood cells of female rats expcsed for two or
four weeks to filtered air or to 1.0 mg/L of RP/BR-smoke and
after a two-week recovery period following four weeks of
exposures. The results showed a significant clastogenic response
in both bone marrow and RBC’'s of female rats that were exposed
for two weeks to the RP/BR aerosol. However, no effects were
found after four weeks of exposures or after a two-week tecovery
period following the four week exposures. Thus these results
indicate that RP/BR aerosol is a weak clastogen for female
Sprague-Dawley rats. The negative results found after four weeks
of exposures and after the two-week recovery period suggest that
the rats recruit biochemical pathways to detoxify and clear the
genotoxic fractions and that under the exposure regimen used, an
adaptation is in effect after four weeks of exposures.

Histopathologically no treatment-related changes were seen in
tissue outside the respiratcry tract in any of the studies.
Changes were seen in the lung, where the primary lesion was
terminal bronchiolar fibrosis which first became evident when the
rats were exposed to 0.40 mg/L of aerosol for 3.5 hr/day for four
consecutive days. The lesion increased in incidence and severity
with increased concentrations and length of exposure and did not
exhibit rtecovery. The use of Masson'’s trichrome special stain
confirmed that part, but not all of the thickening of the
terminal bronchioles and associated alveoli was due to fibrosis -

the formation of the new collagen fibers in excess of what would
normally be present.

When male rats were exposed to 0.75, 1.0 or >1.2 mg/L and female
tats inhaled 0.40, 0.75, or 1.0 mg/L of RP/BR aerosols for 2.25
hr per day, on four consecutive days per week for four weeks,
all, except those exposed to 0.40 mg/L, had minimal to mild to
moderate terminal bronchiolar fibrosis after both the end of the
exposure and recovery periods, As the thickening which comprised
this lesion became more severe, incredsed amounts of collagen
were present in these areas as evidencea by Masson’s trichrome
stain. A treatment~related increase in peribronchiolar

eosinophilic infiltrate appeared to vegress during the recovery
perviod.

An additional study which compared rats from the Madison, WI and
Indianapolis, 1IN breeding colonies of Harlan-Sprague-Dawley,lInc.
was conducted in order to choose the most appropriate animals for
the upcoming subchronic exposures, Besed on the observations
made in these studies and the advisability of working with PVM-~
free animals in an inhalation exposure, the rats from the
Indianapolis breeding c¢olony were selected for the subchronic

exposures, (For further details see Phase II1 Report, December,
1984.)
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3.4 IN VITRO GENETIC TOXICOLOGY TESTING

———

Within the time frame of the main Phase IV in vivo studies and
with additional funds added to the contract Tor this purpose, a
separate in vitro study was conducted to determine the genotoxic
ptoperties™ of the condensates of RP/BR combustion products. The
organic and water soluble fractions from RP/BR aerosol generated
with the same methods described in the main in vivo studies were
¢ollected and the combined fractions were tested for genotoxic
properties in vitro in three short-term bioassays. The RP/BR
condensate was evaluated for its ability to cause point mutations
in bacteria with the Ames plate incorporation assay, for its
ability to cause primary DnA damage in the form of unscheduled
DNA synthesis (UDS) in primary rat hepatocytes, and to cause
clastogenic damage in the form of chromosome aberrations in
Chinese Hamster Ovary cells (CHO).

The RP/BR aerosol extract was prepared by c¢ollecting the
condensate from 9000 1liters of both filtered air and of 1 mg/L
aerosol RP/BR in 1liquid oxygen-cooled Dewar traps. The organic
fractions were extracted with methylene chloride from both
samples and the residues then solubilized in DMSO. The aqueous
fractions were vacuum concentrated and then the organic and
agueous fractions were combined. The air control sample was used
as the solvent control in the in vitro assays. Since the RP/BR
condensate was 95% phosphoric acid, phosphoric acid pH controls
were included for each dose to correct for any genotoxic effects
caused by pH alone.

The Ames tests and UDS test results were both uneguivocally
negative and the results were not influenced by low ph
conditions. The chromosome aberration assay gave positive dose
responses with the RP/BR condensate; however, when the results
wvere corrected for pH effects, the clastogen damage due to the
condensate was not significant. Therefore, the pH gradient alone
caused the false positive dose response,

Thus based on the results of these studies, RP/BR condensate does
not cause point mutations of bacteria, primary DNA damage in rat
hepatocytes, or clastogenic damage in CHO cells undev the
conditions tested. The reports on these assays are inaluded in
toto in Appendix b.
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4. MATBERIALS AND METHODS

4.1. BANIMALS

Male Sprague-Dawley rats, 3 to 4 weeks-old were obtained from the
Indianapolis, IN breeding facility of Harlan/Sprague-Dawley,
Inc., for Dboth studies of Phase IV. Purina Certified Rodent
Chow 5002 and water were available to the rats ad libitum except
during the exposures.

The animals were observed daily during a l4-day quatrantine
period. Prior to assignment to treatment groups all rats were
subjected to physical examination and specimens were examined for
pathogenic bacteria, molds, yeasts, Mycoplasma pulmonis and
endoparasites. Serum samples from ten rats were sent to
Microbiological Associates, Bethesda, MD, to obtain virologic
antibody titers for Kilham rat virus, Toolan H-1, pneumonia virus
of mice (PVM), Sendai, rat coronavirus and sialodacryoadenitis
virus,

The rats were housed individually in stainless steel inhalation
cage compartments measuring 18.4 x 16.5 x 15.9 cm, Twenty-four
cage units, each containing four compartments, were attached to
each vack housing a total of 96 rats, When attached to the racks
the cayes were equipped with an automatic drinking water
distribution system and were suspended over excrement pans. Fov
exposure the cages were vemoved from the racks and the rats are
moved in their cages into the inhalation chambers. The animals
were transferred weekly to clean cages and deotizea absorbing
cage boards placed on the excrement pans were changed three times
per week.

The holding rtooms in which the test animals were housed during
non-exposure periods were monitcred each working day for
temperature and relative humidity (RH). The mean and stgndard
deviation for temperature and percent RH were 22 + 1.47C and
43 4+ 14% RH, The animal vooms were maintained on 12 hr ilight/
dark cycle.

Animals were randomized to treatment groups using a constrained
random process, stratified by weight, such that all groups were
comparable in pretest body weight, but assignment of individual
animals to groups was random. Each test animal was identified
with a unigque number by an ear tag,

NT RESEARCH INSTITUTE




4.2, GENERATION AND MONITORING OF THE TEST ATMOSPHERE

4.2.1. Red Phosphotrus/Butyl Rubbetr (RP/BR)

The test article, hexane-softened RP/BR, was supplied by the
Sponsor through ORNL in tightly capped 0.75 inch-diameter and 4.5
inch-long stainless steel feed cylinders (billets) and stored at
room temperature, A record of the test article was maintained
which included date of receipt, identification numbers of each
cylinder, and the date and study number for which it was used,

4.2.2. Inhalaticon Exposure Facility

The, rats were exposed to the test atmosphere in seven identical
l-m“=sized stainless steel inhalation chambers operating at an
airflow rate of 500 L/min. The five chambers used for exposure
to RP/BR aerosol and the two filtered aitv control chambers were
located in separate rooms.

The inhalation exposure chambers were coguipped with air flow and
differential ptessure c¢ontrols, conditioned air supply and
chamber air exhaust systems, ited phosphorus/butyl rubber
extrusion-combustion generators and various aerosol monitoring
systems.

Supply air to the inhalation exposure laboratory was conditioned
by assing through particulate prefilters, charcoal filters and
an alr conditioning unit. Automatically controlled heating and
humidifying units built into the supply air system maintaingd the
air temperature and RH at the specified ranges of 24 to 27°C and
40 to 60 percent, respectively. Prior to entering the exposure
chambets the conditioned air was further fil:ered through a
fiberglass coarse filter, a HEPA filter and a charcoal bed.

The combined exhaust air from the exposure chambers was filtered
through a single-housing, 3J0-element c¢oalescent filter and
exhausted above the <roof of the building. To prevent acid
corrosion the filter housing was built of polyvinyl chloride.
The control chamber exhaust was independent from that of the
experimental test chambers to avoid potential contamination from
the RP/BR aerosol. The negative chamber pressures and exhaust
filter loading were monitored using differential pressure gauges,
Chamber airflow rates were determined by measuring the pressure
differential across a calibrated in-line orifice meter.

The aeroscl was generated using specially-designed hydraulic
extrustion-combustion generators provided by the Sponsov through
ORNL. The generator operated by exerting hydraulic pressure on a
drive piston which compacted the RP/BR into a delivery cylinder,
forcing the material to extrude from a smaller diameter orifice
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into a burn chamber where it was ignited. The aerosol, resulting
from the combustion process, was transported either directly into
the exposure chamber inlet, or, to achieve lower concentrations,
thvough an aerosol dilution system. At a constant chamber
airflow rate the aerosnl mass concentration was & function of the
extrusion rate of the RP/BR, which was controlled using a
precision hydraulic metering pump.

To attain the lower concentrations (0.05, 0.18 and 0.30 mg/L)
used in the second subchronic study, an aerosol dilution system
was used, A schematic diagram of the design is shown in Figure
1. The system consisted of a slip stream section, for controlled
removal of a portion of the original high-concentration generator
effluent, and a dilution section which provides the necessary
make-up air. The two sections were connected by a smaller
diameter inner tube. The original aerosol-laden carrier stream
entered the system at Pl and was reduced in volume by directing a
portion of the aeroscl flow to the exhaust through valve V1.
Filtered dilution air entered the dilution section through V2.
The pressure at P2 was slightly less than at Pl1, so that the
remaining aerosol carrier stream was aspirated through the inner
connecting tube and dynamically diluted in the next section. The
required dilution ratio was achieved by balancing the flow rate
of the aerosol through the inner tube with that of the filtered
air through the dilution section. Aging of the aerosols was not
a problem as the original wundiluted aerosol flow rates and
velocities were maintained throughout the system.

4.2.3. Aerosol Monitoring

The RP/BR aerosol mass concentration was determined three times
in each chamber during the 2.25 hr exposure periods by
gravinetric filter collection, In addition, the aerosol
concentration 1levels were continuously monitored in real-time
using light-scattering photosensors equipped with strip chart
display of the amplifier signal outputs. An integrated average
of the photosensor reading was recorded simultaneously with the
gravimetric €ilter sample collection. Aerosol particle size was
determined with a Quartz Crystal Microbalance-based cascade
impactor (QCM}. The particle size was monitored in each chamber
once on each exposure day. Determination of total phosphorus was
conducted by spectrophotometric analysis of one solubilized
filter-collected sample per chamber per exposure week. All
coliected filters were recorded and stored in sealed containers
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until submitted for chemical analysis. Oxygen levels, supply air Ry
temperature and RH were monitored daily. These inhalation e
exposure facilities and aerosol monitoring methods have been

described in more detail in the Phase I Report of this project. &?
: \

;'.\

4.3. BIOLOGICAL ENDPOINT ASSAYS MY
\]

In the following sections the experimental methodology is o

described for all assays. Information on the -umber of rats used
for each assay 1is provided in the sub: :juent section on b_
"Experimental Design". 4

4.3.1. Pulmonary Response Parameters

-

4.3.).1, Pulmonary Bactericidal Activity to 355—5. pneumoniae

=2

o DT

=4
Aerosols of 3"S-Klebsiella pneumoniae disseminated with a Retec
X-70 disposable nebulizer were used for the bactericidal activity
assay, using a method previously described for mice (Aranyi et
al., 1983) and adapted for rats. Radiolabeled K. pneumoniae were
grown in a medium in which tag sulfate reguirement of the
bacteria was provided by (7S} sodium sulfate. Before -
aerosolization, the bacteria were washed repeatedly and L/
centrifuged for removal of wunattached radiolabel. Bacterial
counts were determined in a Petroff-Hausser counting chamber by
dark-field microscopy and by the culture plate technique.

P . M B
-2 ‘:-“57‘}’ <

Ey

Sy =y
]

]
Radioactive counts were measured in a Mark III Liquid .&
Scintillation System (Tracor Inc.). phe:
[ )
The radiocactiwve bacterial aerosol exposure chamber, installed in LQV
a glove box consisted of an 87-liter main compartment (adequate -
for exposure of 30 rats) that was accessible through appropriate N
airlocks through which the animals were moved. An additional i
small airlock provided entry into the glove box for the S
nebulizers and impingers. To prevent radioactive and pathogenic [
exposure hazard to laboratory persoanel, all air exhausted from 7y
the chamber was passed first through an absolute filter placed o
within the glove box and subsequently through a HEPA filter D,
located on the outside. ol
Pulmonary bactericidal activity was determined in the lungs of “;
tne individual animals from both exposed and control groups that N
simultaneously inhaled aerosols of the wviable radiolabeled =~y
bacteria. The ratio of the wviable bacterial counts to the ONY
radiocactive counts in each animal’s lungs provided the rate at ;l
which bacteria were destroyed 3 hr after infection. Thus, ﬁ“
@
=
2
:..'
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$ Bactericidal activity = (1- —=-=-- )y 100

Ko

3

where R is the ratio of bacterial to radioactive counts in the
lungs of " individual rats at 3 hr, and K_ is an average determined
from the same ratios in the lungs Of rats killed immediately
after inhaling the bacteria.

Thus some of the rats designated for the bactericidal activity
assay are killed immediately after the bacterial challenge for
determination of the K _ratio, i.e. the ratio of viable bacterial
counts to the radioacfive counts at time 0. Unlike the animals
that are held for 3 hr (and used in the calculation of R,), the
0-hr animals are only used as a factor in the calculatigns and
therefore are not included in the computation and statistical
evaluation of percent bactericidal activity. 1In addition, in a
few cases, contamination on the bacterial plates may prevent
evaluation o¢f the viable counts and calculation of bactericidal
activity for a given animal. Thus the n which appears in the
tables of the "Results" section is not always the same as the
number of rats designated for bactericidal activity in the
following "Experimental Design" section.

4.3.1.2. Pulmonary Free Cells and Lavage Fluid

Within 4 hr or 14 days after the last exposure, alveolar
macrophages (AM) were obtained by tracheobronchial lavage. The
rats were weighed, killed with an overdose of sodium
pentobarbital by intraperitoneal injection, and the lungs were
lavaged through a blunted 18 g needle inserted into an incision
in the trachea with nine consecutive 6-ml infusions of warm
saline. The AM were collected from the lavage fluids by
centrifugation and resuspended in Hanks’ balanced salt soluticen
(HBSS). The supernatant was saved for protein determination in
the lavage fluid.

Cell counts. Total cell counts were made in a
hemocytometer. For determination of the cellular
distribution (i.e., percent of AM, polymorphonuclear
leukocytes and 1lymphocytes), differential counts were
made on cytocentrifuge preparations of cells fixed in
methanol and stained with Wright's stain.

Cellular adenosine triphosphate (ATP) levels were
determined as previously described (Aranyi et al, 1981)
using a DuPont 760 Luminescence Biometer with the
procedure recommended for the instrument. The assay is
based on the principle that when a microsample containing
ATP is injected into a suitably buffered reaction mixture
of 1luciferase and 1luciferin, the peak intensity of the
resulting 1light flash 1is directly proportional to the
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concentration of ATP. ATP was extracted from aliquots of
the cell suspension cells by dimethyl sulfoxide (DMSO).
The DMSO extracts were diluted with a specially prepared
0.01 M morpholinopropane sulfonic acid (MOPS) buffer to
overcome the gquench effect of the high concentration of
DMSO 1in the agueous extract for the luciferase-luciferin
reaction.

S Phagocytosis. An in vitro phagocytosis agsay which
' measures the ability of51rat AM to engulf Cr-labeled
chicken red blood cells (" "CR~CRBC) was used (Smialowitz
et al, 1984). AM lavaged from the lgngs of exposed or
control rats were adjusted to 1x10 AM/ml in media
containing the maximum subagglutinating dilution of anti-
o CRBC antiserum and three 0.5 ml samples were placed in
1 12x75 mm sterile polypropylene tubes. Cr-CRBC at a
10:1 of CRBC to AM ratio are added in 50 ul volumes to
each tube. The assay tubes were placed in carrier tubes
to guard against possible radioactive leakags and
incubated for 1 hr on a tube rotator in a 37°C CO
incubator. After incubation, the tubes were centrifugea
and spontaneous release counts were made on the collected
supernatants. The pellets were then gfsuspended in
lysing buffer to 1lyse any nonengulfed Cr-CRBC. The
cell suspensions were centrifuged one nmore gime, the
supernatants discarded, and the AM-associated Cr--CRBC
were counted in the pellets in a gamma counter (Tracor
Inc).

Total cellular protein. For determination of total
cellular protein content, aliquots of the cell
suspensions were treated with 1 percent sodium
deoxycholate (SDC) and assayed by the Lowry method (Lowry
et al, 1951).

Lavage fluid proteins. Lavage fluids were assayed for
protein with the Lowry method without SDC treatment.

Ectoenzyme Activity. Alveolar macrophage plasma membrane
ectoenzyme activities were degermined on aliquots of AM

lysates. Approximately 2.5x10° AM per rat were lysed in X
0.05 percent Triton X-160 and frozen until used. o
Y

o Leucine aminopeptidase (LAP) activity was determined :i
according to the method of Morahan (1981). The AM W
lysate was placed in pH 765 phosphate buffer and b
incubated for 15 min at 37°C with 10 mM leucine p- 3y
nitro-anilide substrate. The amount of p-nitroaniline N
released was measured at 405 nm with a <

spectrophotometer.

o Alkaline phosphodiesterase (APDl). An aliquot of AM
lysate was mixed with Sorenson’s gIgcine 11 Buffer (pH
9.6) and incubated 30 min at 37°C to measure APDI
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activity according to the methc. of Edelson and Gass
(1981). The release of p-nitrophenol by APD1l was
guantitated by measuring optical density at 400 nm in
a spectrophotometer.

o 5’'-Nucleotidase (5'-N) activity was measured according
to the procedure of Edelson and Duncan (1981). The AM
lysate was mnixed with PH, 9.0 Tris-HCl buffer and
incubated with 25 nCi 5'["H]-AMP/ml, 0.15 mM 5’-AMP
ang 6 mM p-nitrophenylphosphate for 30 minutes at
37°C. The amount of tritiated 5-'AMP hydrolyzed was
measured with a liquid scintillation counter,.

For calculations of ectoenzyme activities, the protein
concentration of each AM lysate was determined according
to the method of Bradford (Edelson and Duncan, In Methods
for studying mononuclear phagocytes, Academic Press,
1981, pp. 339-343). Dilutions of AM lysates were mixed
with Bio-Rad Protein Assay Dye Reagent and the optical
density read at 595 nm in a spectrophotometer. Protein
concentrations of AM lysates were obtained by comparing
0.D. values with samples of known protein concentration

using reverse linear regression.

Expression of data: jBactericidal activity was expressed as the
percent of 1inhaled S-K. pneumonia killed in the lungs 3 hr
after challenge (% c). Total cells counts were §xpressed as
number of cells x 10 per rat or as total cells x 10~ per g body
weight (Totcell/g BW). The relative macrophage portion of the
differential cell counts was expressed as % macrophages5
Cellular protein content was reported as ug proteig per 105
cells. Cellular ATP contgnt was expressed as ATP fgxl0 pegllo

cells and as ATP fgxl0  per ug protein. Phagocytosis of Cr-
CRBC was reported as the mean radioactive count (CPM). Lavage
fluid protein was expressed as total ug protein recovered per g
body weight. The specific activity of each of the ectocnzymes
ALAP, APDl and 5'-N) was expressed as units of specific activity
(SA) where SA equals nmoles substrate hydrolyzed/min/mg protein.,
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4.3.2. Neurobehavioral Activity

Subsets of the rats were tested behaviorally on the day of the
last exposure, Separate groups of rats were evaluated for
recovery of behavioral indices 8 weeks after the last exposure.
The behavioral indices considered were fore- and hindlimb grip
strength and locomotor activity as measured in a figure-eight
maze. The tests were administered in the order listed above.

4.3.2.1. Locomotor Activity

The apparatuses for locomotor activity measurements were two
figure-eight mazes (Digiscan Animal Activity Monitors, Omnitech
Electronics, Columbus, OH) with an eight-channel printout counter
(pDatalogger 8000, Omnitech). 1In the figure-eight maze, activity
is measured as photobeam interruptions for 8 sets of photobeam-
sensor combinations spaced through the arms of the maze. Each
animal was placed individually in the fiqure-eight maze for a
period of 20 min and an interim count was printed after the first
10 min. Thus, the three activity counts analyzed were expressed
as: activity for the first 10 min, activity for the second 10
min and activity for the total 20 min.

4.3.2.2. Fore- and Hindlimb Grip Strength

The apparatus and procedures for fore- and hindlimb grip strength
were as described by Meyer et al (Neurobehav. Toxicol. 1, 233,
1979). Briefly, this test employed pull-push strain gauges
(Chatillon, Models DPP-1.0 kg and DPP-2.5 kg, J.A. King,
Greensboro, NC) to measure the grip force of the fore- and
hindlimbs. The animal was placed in a trough and allowed to grip
with its forepaws a triangular grasping ring which was attached
to the forward-mounted strain gauge. The animal was steadily
pulled by the tail away from the ring until the grip was broken.
Pulling was continued until the hindlimbs grasped a T-bar mounted
on a second strain gauge behind the trough, and further continued
until the grip of the hindpaws on the T-bar was broken. The
animal received three consecutive trials and fore- and hindlimb
grip strength (grams force) was recorded from the forward and
rear strain gauges. The fore- and hindlimb grip strength scores
for each animal were derived by averaging the results of the
three trials.
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4,.3.3. sStandard Toxicology

4.3.3.1. Mortality, Clinical Observations, Body Weights and
Food Consumption

All animals were observed daily in the morning for survival,
physical appearance, behavior and any pharmacologic and/or
toxicologic signs. All observations were recorded on an
individual test animal basis. In addition afternoon survival
checks were performed.

Each animal was weighed, using a Mettler PE 1600 balance with a
special animal weighing mode, at the time of test animal
selection, at the initiation of the study, weekly thereafter and
prior to the last exposure. For the rats designated for recovery,
the body weights were recorded at the aforementioned time points
and continued weekly until study termination.

During the first study average food consumption (FC) was measured
for individual rats over 24-hr periods every four weeks (Weeks 4,
8, 12, and during the recovery period at Test Weeks 16 and 20)
for animals designated for general toxicology (TOX) endpoint
parameters in the protocol.

4.3.3.2. Necropsy and Histopathology

Rats were killed with sodium pentobarbital and exsanguinated from
the abdominal aorta, either following 13 weeks of exposure or
after 8 weeks of recovery following the exposures, and necropsied
under the supervision of the staff pathologist. {Interim
necropsies were conducted following 2 and 4 weeks of exposure on
6 rats each of the medium and high dose and control groups in the
first study only to explore the onset of pulmonary fibrosis.)
The necropsy procedure included a thorough examination and
dissection of the animal viscera and carcass and collection and
fixation of all major tissues in 10% neutral buffered formalin
(NBF). All tissues and/or organs were examined in situ before
dissection from the carcass for individual examination. Tongue,
tracnea, 1lungs and pulmonary lymph nodes were removed intact.
The 1lungs and nasal passages were infused with and subsequently
submersed in NBF. Tissues were fixed not less than 48 hours
prior to trimming.

Tissue trimming (wet sectioning) was performed at IITRI under the
supervision and direction of the staff pathologist. Organs were
trimmed to allow the largest surface area possible for
examination. Each 1lung 1lobe was sectioned along its main
bronchus. Both a cross section and a longitudinal section of the
trachea were made. Two transverse sections of the skull through
the nasal turbinates were made at the incisor’s and the palatal
ridge level.
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For all 24 designated animals of the terminal (12) and recovery
(12) groups of the first study and all animals found dead or
killed in a moribund state the following tissues and/or organs
were microscopically examined: larynx, trachea, pulmonary lymph
nodes, each 1lobe of the 1lungs, and two levels of the nasal
turbinates. In addition esophagus, heart, 1liver, kidneys,
adrenals, duodenum, eyes, stomach, wurinary bladder and testes
were processed for all terminal and recovery animals from the
control and the 1.2 mg/L-treatment-groups. For rats killed in
the interim necropsies after 2 and 4 weeks of exposure, only the
lungs were processed and examined.

For the second study the necropsy procedure included examination
and collection of the following tissues from 20 rats designated
for pathology: tongue, larynx, trachea, thyroids/parathyroids,
lungs with respiratory 1lymph nodes, thymus, nasal turbinates,
heart, kidneys, liver, brain, gross lesions and tissue masses.

The following tissues and/or organs were examined
microscopically: Each 1lobe of the lungs with pulmonary lymph
nodes and gross lesions were prepared for all 20 necropsied
animals per treatment group. In addition, the trachea and one
transverse section of the skull thrcugh the nasal turbinates (at
the palatal ridge 1level) were examined in 10 selected animals
(even numbered) per concentration and time point.

Tissues in paraffin blocks were submitted to Experimental
Pathology Laboratories Inc¢. (EPL), Decatur, IL where hematoxylin
and eosin stained sections were prepared and examined. Selected
specimens from lung tissue were also examined by Masson’s
trichrome stain for demonstration of collagen fiber formation.

4.4. STATISTICAL METHODS

Two general statistical approaches to the analysis of these data
were taken. In terms of BC activity, a three factor mixed-model
analysis of variance was performed. The fixed effects in this
design were concentration (with 4 levels) and recovery (with two
levels) and the random factor was replication; hence the term
"mixed-model”. In the presence of a significant main effect of
concentration or concentration by recovery interaction, post hoc
comparisons were made using Dunnett’s test. Per cent BC data
were natural 1log transformed prior to analysis to better
approximate the assumed normality of these data.

The same statistical approach was used for the analysis of
continuous pulmonary response parameters (i.e. ATP, %
macrophages, total cell counts, lavage fluid protein,
phagocytosis and macrophage enzyme activities LAP, APD1l, and 5'N)
and neurobehavioral activity parameters (i.e. activity in first
10 minutes, second 10 minutes and total activity, and fore leg
and hind leg grip strength). These data were similarly
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transformed (o better approximate the assumed normality of the
statistical test.

In terms of the repeated body weight measurements, a so-called
growth curve model (Bock, 1975) was used to examine the effect of
concentration on the rate of body weight gain over time.

In the presence of a significant main effect or interaction, post
P hoc comparisons were conducted using Dunnett’'s test.

4.5. EXPERIMENTAL DESIGN

+ The design for the two subchronic studies was finalized in
consultation between the Principal Investigator, Dr. R. Finch,
COTR, Dr. M. Henry, former COTR, and Dr. R. Gibbons, IITRI's
consultant biostatistician. Dr. William 1Iverson, consultant
veterinary pathologist participated in the design of the second
study.

The experimental design and the exposure conditions for the first
subchronic study were developed based upon the results of the
Phase III studies and included exposures for 2.25 hr/day on four
{ consecutive days per week for a period of 13 weeks to 0.30, 0.75

and 1.20 mg/L (C,, C, and C,) of RP/BR aerosol, or for controls

exposure under tﬁe game cdnditions to filtered air (CO). The

experimental endpoints selected for evaluation of the effects
after 13 weeks of exposure and for the C,, C, and C, treatment
groups after an 8-week recovery peri%d ?ncludeg standard
toxicologic observations (body weights, food consumption, overall
observations), histopathology of the 1lungs and other major
organs, examination of the pulmonary free cells collected from
the lungs by lavage, measurement of in vivo pulmonary
bactericidal activity and evaluation of neurobehavioral activity
parameters. The biological and statistical evaluation of these
studies were expected to provide information on the no-measurable
effect level for the RP/BR exposures.

The results of these studies demonstrated that, although changes
in several of the parameters examined could be seen, the most
consistent effects were the terminal bronchiolar fibrosis found
in the lungs of all RP/BR treatment groups including the recovery
groups and the significangsdepression in pulmonary bactericidal
activity to inhaled S-Klebsiella pneumoniae measured
immediately after the exposures to all RP/BR levels,
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A second subchronic study therefore was conducted to determine
the no-measureable effect level in the most sensitive response
parameters. Three aerosol concentrations, 0.05, 0.18 and 0.30
mg/L, were selected (repeating the lowest concentration from the

first study as the highest in the second) to examine the fibrotic “
changes in the lungs and the changes in pulmonary bactericidal N
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activity after a 13-week exposure as well as after an 8-week
recovery period. The frequency and duration of the exposures
were maintained as in the first study at 2.25 hr/day on four
consecutive days/week.

The specific experimental design parameters selected for the two
studies are described in the following:

4.5.1. Experimental Design Parameters For Both Studies:

Animals: Male rats only

Exposure duration frequency and eriod: 2.25 hr/day on 4
consecutive days per week (FZ of Phase IIl) for a period
of 13 weeks followed for selected groups by 8 weeks of
recovery.

4.5.1.1. Experimental Design Parameters for the First Study

Exposure concentrations: Three RP/BR aerosol concentrations
. mg/L (Cl), 0.75 mg/L (Cz), 1.20 mg/L (C3) and filtered
aiv (CO)'

Biological endpoints: In vivo pulmonary bactericidal
activity (BC); Lavage: pulmonary free cell and lavage fluid
parameters (LAV); neurobehavioral activity tests (BEH);
general toxicology: clinical observations, body weights,
food consumption (TOX); morphological pathology (PATH).

Number of animals: Thirty-six or 32 (recovery) rats per
treatment group were assigned for BC and 24 for LAV, Twenty-
four animals from each treatment group were assigned to be
used jointly for BEH, food consumption (TOX) and 12 of these
were randomly selected for PATH, Not all endpoints were
measured in all treatment groups. (See following "Assay
Schedule".) All animals wunder test (612 initially) were
examined for the TOX endpoints of clin‘cal observations and
body weights, whereas, as stated above, food consumption was
determined on 24 animals per treatment group.

Assay Schedule: Biological endpoints were tested within 24
hr after the last exposure and for selected treatment groups
after an 8-week recovery period (R) as follows:
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BC, LAV, TOX, PATH: Cn, C., C.) Cai C.(R), C.(R), C,(R).
penl; cg, ct) cg, cg(n)9c3(n).2 3

For the TOX endpoint, food consumption was determined every four
weeks and body weights were determined weekly throughout the
study on all animals, In addition, interim necropsies were
conducted after 2- and 4-week periods on 6 rats per group exposed
to CO' Cye and Cy for respiratory tract histopathology.

4.5.1.2, Experimental Design Parameters for the Second Study

Exposure concentrations: Three RP/BR aerosol concentrations
0.05 mg/L (C,), 0.18 mg/L (Cz), 0.30 mg/L (C3\ and
filtered air (&0).

Biological endpoints: In vivo pulmonary bactericidal
activity (BC) and morphological pathology (PATH)

Number of animals per treatment group: PATH: 20, BC: 42

Assa schedule: Biological endpoints were tested within 24
Rr after the .ast exposure and also after an 8-week recovery

period (R) following the last exposure.

4.5.2. Execution of the Experimental Design

Because of the labor-intensive nature of the endpoint assays for
the number of rats required in the experimental design, the 13

weeks of exposures were staggered over a l4-week period for both
studies. In the first study, post exposure assays were conducted
on the days of the last exposures for BC, LAV and BEH, whereas
PATH was done the day following the last exposures. Recovery
experiments were conducted 8 weeks (56 days) after the last
exposure for LAV and BEH and %7 days after the last exposure for

BC and PATH.

1 Although not included 1in the experimental design, due to an
error in animal distribution logistics on one of the
experimental endpoint assay days following the recovery
period, a C,-treatment-group (from the additional RP/BR-
exposed animgls that were available) was submitted to and
consequently tested for BEH, thus resulting in an unplanned

C2(R) BEH group.
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In the second study, half of the animals for each parameter were
exposed to C,, C,, C,, and C, in the early morning and the other
half in the’latd mo%ning. ?For explanation of this arrangement
see Section 5.1. "Experimental test atmosphere".) Post exposure
experiments were conducted on the days of the last exposures for
BC and necropsies (PATH) were done on the day following the last
exposures, Recovery experiments were conducted 8 weeks (56 days)
after the last exposure for PATH and 57 days after the last
exposure for BC.

In addition, to utilize project personnel in conducting all
endpoint experiments most efficiently, on the week of the
endpoint assays the four daily exposures were also staggered by
conducting them for various treatment-groups from Monday through
Thursday and Tuesday through Friday, respectively. Details of
the exposure and assay dates for the different endpoints and the
actual animal numbers assigned for each group were summarized in
tables included in the experimental protocols filed with the
study records,
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5. RESULTS

5.1. THE EXPERIMENTAL TEST ATMOSPHERE

The data characterizing the experimental test atmosphere for the
two subchroni¢ studies (high and low concentration range) ace
summarized in Tables 1 and 2, respectively, and include overall
means and standard deviations of mass concentration, particle
size parameters and phosphorous acid levels for each chamber.
For each exposure period, the aerosol mass concentration was
determined by collecting three 20-min gravimetric filter samples
with an integrated average of concurrently recorded photosensor
concentration measurements., Aerosol particle size was determined
daily at each concentration. Phosphorous acids were analyzed
from one filter~collected sample per week for each chamber.
Oxygen monitored daily in each chamber was consistently 213.
Temperature and RH of the air supply were maintained at 24.-27°C
and 40~-60%, respectively.

The RP/BR  aerosol exposures were conducted at target
concentrations of 0.30, 0.75 and 1.20 mg/L in the first (Study
Number 80) and at 0.05, 0.18 and 0.30 wg/L in the second (Study
Number 82) subchronic study for 2.25 hr/day on four consecutive
days,/week {(Mondays through fThurasdays) for periods of thirteen
weeks.

In the first study, rats were exposed to the RP/BR nerosol in
five chambers. One chamber was used at the 0.,30-mg/L-, and two
each at the 0.75- and 1,20-mg/L levels and for the filtevred-air-
exposed controls. The additional chambers were needed because of
the space requirements for the additional animals included
according to the experimental protocol in these three treatment
groups (C2, C3 and Co) for the recovery studies.

The lower concentrations of 0,05, 0.18 and 0.30 mg/L of RP/BR
used in the second study were produced by using an aerosol
dilution system on three chambers as previously described (see

Methods). In this study, recovery groups were included for all
three aerosol exposure concentrations, as well as the filtered-
air controls. Since, again, it was not possible to accommodate

the total number of rats required at each concentration level in
one chamber and since only one dilution system was available for
each target concentration, it was necessary to conduct two 2.25-~
hr exposures daily in each chamber. The first exposure was
started at approximately 8:45 A.M. and the second around 11:30
A.M. immediately following completion of the first.

Thus, means of the test atmosphere chavracterization data were
calculated from the daily means for five ~hambers in the first
study (one at 0.30 and two each at 0.75 and 1.20 mg/L). In the
second (low concentration) study, two overall daily means were
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calculated for each of the three target concentrations measured
in the three chambers for the two sequential exposures.

To accommodate the experimental design defined in the protocols
with their extensive labor and animal reguirements for the
endpoint assays, the animals were divided into appropriate
subgroups and the l13-week exposures were staggered over l4-week
periods. In both studies at each target concentration all days
of exposure chamber operation were used in the calculaticn of the
overall concentration means. Therefore the number of daily means
for mass concentration in Tables 1 and 2 reflects the total
number of days each of the chambers were used for 2xposures
during each study.

The da*a shown in the tables indicate that the target
concentrations were well maintained at each of the exposure
levels throughout both studies. Close agreement between the
gravimetric and light-scattering methods were demonstrated at all
concentrations. In both studies the mean RP/BR aerosol mass
concentrations determined by the gravimetric method and by the
light~scattering photosensors were within 2.0 and 2.7 percent,
respectively of the target values. Relative standard deviations
of the daily mean concentrations were below + 7.1 percent in
every instance. The particle size data indicate aerosol
stability throughout the exposures with the MMAD ranging from
0.49 to 0.6S um, and the mean geometric standard deviations (gg)
from 1.56 to 1.83. Phosphorous acid levels ranged from 71.4 to
79.5 percent throughout the two studies,

5.2. PULMONARY CELLULAR RESPONSES

Male rats were exposed to filtered air or to RP/BR aerosol at
concentrations of 0.30, 0.75 or 1.20 mg/L (first study), or 0.05,
0.18 and 0.30 mg/L (second study) for 2.25 hr/day, 4 days/week

for 13 weeks. Pulmonary cellular responses were measured within
24 hr after the last exposure or after an B-week recovery period
fellowing the last exposure. (Only control, medium and high-

concentration exposure groups were included in the recovery
groups of the first study, whereas all groups were examined after
recovery in the second study.) In the first study, the endpoints
included pulmonary 1lavage parameters and pulmonary bactericidal
activity. Thus the rats were killed, pulmonary free cells and
lavage fluid were collected from their lungs by tracheobronchial
lavage and a series of assays were conducted on the separated
cells and the 1lavage fluid as described in Section 4.3.1.2. of
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"Materials and Methods". Other rats from each treatment group
were used for determination of in vivo pulmonary bactericidal

@ activity as described in Section 4.3.1.1. 1In the second study
only the pulmonary bactericidal activity assay was used.

Statistical evaluation of the data of the first study showed a
significant {p<0.0001) multivariate treatment by recovery
interaction indicating differing responses in rats examined
® immediately after the last exposure and in those tested after an
8-week recovery period. In other words, generally there was a
recovery for effects observed initially in pulmonary cellular
responses. Significant univariate interactions were found fog
total cells (p<0.04), total cells/g body weight (p<0.02), ATP/10
cells (p<0.03), ATP/ug protein (p<0.001), and the ectoenzyme
. activities of LAP (p<0.001) and 5'N (p<0.001). In addition,
R significant main effects of concentration were found fcr total
cells (p<0.001), % BC (p<0.001), total «cells/g bodg weight
(p<0.003), % macrophages (p<0.001), ug protein/10 cells
(p<0.001), phagocytosis (p<0.001), lavage fluid protein (p<0.05),
and the ectoenzyme activities of LAP (p<0.005) and APD1l

URTI

(p<0.001). Individual post hoc comparisons were made
¢ subsequently for all parameters with significant interactions or

main effects. Significant differences (p<0.05) obtained by post
hoc comparisons of exposed to control groups are indicateg in
Tables 3 and 4 showing the means with associated standard
deviations for all pulmonary response parameters examined
immediately after the last exposure and after an 8-week recovery
[~ period, respectively.

A review of these data demonstrates a significant dose—rséated
decrease in pulmonary bactericidal activity to inhaled S K,
neumoniae at all three exposure concentrations (0.30, 0.75 and
E.ZU mg/L) tested immediately after the final exposure (Table 3).
Recovery from these efrfects was complete at 8 weeks after the
last exposure (Table 4). The data on the pulmonary cells
obtained by lavage immediately after the final exposure do not
show consistent changes (Table 3). The total number of freg
cells recovered from the }ungs (expressed as total cells x 10
and as total cells x 10°/g body weight) generally showed a
decreasing trend with significant decreases at the 0.30 mg/L
RP/BR level,. The increases seen in % macrophages determined by
differential counts are not considered biolngically meaningful.
Significant increases in cellular ATP levels, suggesting a change
in biochemical metabolism, were found in the AM lavaged from the
1.20-mg/L-exposure group when expressed as ATP/cells and in the
0.30- and 1.20-mg/L~exposure groups when expressed as ATP/
protein. Cellular protein levels, phagocytosis, and the protein
content of the lavage fluid showed only scattered changes. There
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was a significant decrease in cellular protein levels measured
after exposure to 0.75 mg/L of the aerosol. Although
iignificant main effect of exposure was seen in phagocytosis of
Cr-CRBC, none of the post hoc comparisons was significant.
Lavage fluid protein expressed as ug protein/g body weight was
significantly decreased only at the 0.30-mg/L-RP/BR level.

There were occasional changes in the plasma membrane-assnciated
ectoenzymes of AM obtained from RP/BR-exposed rats. Decreased
activities of LAP and 5'N were observed in rats that inhaled 0.75
or 1.20 mg/L RP/BR aerosol, however, APDI activity was not
affected at any of the exposure levels.

The results from the studies conducted in the recovery groups
shown in Table 4 demonstrate that practically all of the RP/BR-
induced changes in the pulmonary response parameters were
reversible. The two significant changes in total cell counts
were in a treatment group (0.75 mg/L) that did not show an effect
in the tests conducted immediately after the last exposure.
Thus, cessation of exposure to RP/BR for an 8-week period appears
to allow resident alveolar macrophages to return to their normal
state.

Statistical analysis of the bactericidal activity data obtained
from the second study showed no main effects, and therefore post
hoc comparisons were not applicable. The data for post-exposure
and the post-recovery experiments are summarized in Table 5. It
can be seen that ifor the 0.30 mg/L-treatment group tested
immediately after the 1last exposure there was a considerably
greater standard deviation than there was in the first study at
the same exposure concentration (See Table 3). This may explain
the fact that, whereas a significant decrease in bactericidal
activity was observed after exposure to 0.30 mg/L RP/BR aerosol
in the first study, this was not the case in the second study.
Thus, the no-measurable effect level was < 0.30 mg/L as
determined by pulmonary bactericidal activity, one of the two
most sensitive indicators of the potentially adverse effects of
RP/BR aerosol inhalation found in our studies.

5.3 NEUROBEHAVIORAL ACTIVITY

Neurobehavioral activity parameters were tested only in the first

study. The only significant effect was a decrease in hindlimb
grip strength measured at the end of the 8-week recovery period
for the rats exposed to 0.75 mg/L (Tables 6 and 7). (This 0.75-

mg/L-exposure group was not included at all for neurobehavioral
activity studies in the experimental protocol and the rats were
submitted for testing due to an error in logistics.) Since only
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the 0.75 mg/L recovery animals were used in this non-scheduled
experiment, this effect is considered gquestionable. 1In addition,
the rats exposed to the higher concentration of 1.20 mg/L showed
no performance decrease on the last day of the last exposure or
8 weeks later. In contrast to the evidence from 4-week exposures
(Phase III Report) that locomotor activity was increased by
exposure to RP/BR aerosols, male rats exposed to the test
aerosols at 0.3 or 1.20 mg/L for 13 weeks showed no alterations
in activity either on the day of exposure or 8 weeks later.
Although no final conclusion can be drawn as to the basis for the
dif ference between this study and those conducted previously,
several factors should be mentioned. In the subchronic study,
activity measures were made following, rather than prior to, the
grip strength tests. It is possible that the change in order of
testing interfered with finding an effect. In the subchronic
study, specifically with respect to the second 10-min of activity
testing, the within-group variability tended to be relatively
high. However, this was not the case for the first 10-min of
testing and the means across groups are comparable, suggesting
that the lack of effect in the later study was not due to altered
within-group variability. Other possibilities are that the
effect was adapted out with the longer exposure period of the
subchronic study or that the age of the rats at the time of
testing activity was critical. Rats in subchronic study were
older at the time of testing due to the longer exposure and
recovery periods.

5.4 STANDARD TOXICOLOGY AND PATHOLOGY SYNOPSISL

5,4.1, First Study

5.4.1.1. Spontaneous Deaths and Moribund Sacrifices

when male rats were exposed to RP/BR aerosols as previously
described, a total of 22 rats died spontaneously (18) or were
killed in a moribund state (4) prior to their scheduled
terminations during the first study (Table 8). At the 1.20-mg/L-
exposure 1level, 10.8% (19/176) died with one death each after 1,
2, 11, 30, 35 and 45 exposures, two deaths after 6, 7 and 8
(moribund) exposures and 7 deaths after 5 exposures (2 of the 7
were moribund). In addition, one control rat died after 40

! A detailed Pathology repert from EPL with histopathologic

incidence tables prepared by Dr. W. Iverson is included in the
Appendix.
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TABLE 8

DISTRIBUTION OF DEATHS DURI?G THE
FIRST SUBCHRONIC STUDY

Exposure Total
Cconc. Numbet 2 Number Number of Deaths
mg /L of Rats” of Deaths following (Number of Exposures)
1.20 176 19 1(1,2,11,30,35,4%); 2(6,7,8); 7(5)
0.75 176 1 1(R)
0.30 84 0
0 176 2 1040); 1(R)
1

There were 4 consecutive exposure days each week over a period
of 13 weeks followed by an 8-week recovery period (R).

2Total numbet exposed to that dose and designated for all

biologic endpoint determinations (including recovery animals).
For details see Experimental Design in Section 4.5.1.1,.
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exposures. During the recovery petriod, one rat from the 0.75-
mng/L-exposure group and one from the filtered air control group
died. Thus most, but not all, of these 22 mortalities were from
the high-~dose group and many occurred within the first two weeks
of the exposures. Tissues from these animals were submitted
after necropsy to EPL for histopathologic examination.

Frem these twenty-two animals, those sixteen that died d..ang the
first four weeks of the exposures prior to the second interim
necropsy had varying degrees of congestion and small amounts of
hemorrhage in the lung tissue. Other lesions seen were similarc
to those found in the interim-terminated animals (see Section
5.4.1.3.1.). No obvious cause of death was apparent from
examination of the lungs from these animals.

From the six animals which died during the later parts of the
study, four that had been exposed to RP/BR (three to 1.2 and one
to 0.75 mg/L) had terminal bronchiolar fibrosis. The three high-
concentration (1,20 mg/L) animals had mild to severe erosions of
the laryngeal mucosa with deposition of fibrin on the surface.
These laryngeal changes were probably contributory to the death
of these three animals (see also quoted statement of the study
pathologist in the following).

Since one of the ten rats tested from the quarantine animals of
this study had positive serum antibody titer to PVM, serum
samples were submitted to Microbiological Associates from five
rats (two of those found in a moribund state after 8 exposures to
1.20 mg/L and listed above and three rats from the 0.75-mg/L-
exposure group that were killed for this purpose without any
clinical sigus of disease). All five animals had highly positive
serum antibody titers to PVM,

At this point the question arose if the PVM infection could have
contributed to the mortalities, or its presence cause more severe
morphological changes, or if it could have been a contributing
factor to the fibrosis caused by the RP/BR exposures (see
histopathology observations described in following sections).
Dr. W. Iverson, Veterinary Pathologist in charge of evaluation of
the histopathology in these studies provided the following

opinion: "Pneumonia virus of mice (PVM) is a pneumovirus first
described in 1940. Recent studies have shown that it is of low
transmissability, even among animals housed together, and
extremely labile in the environment. Most laboratory rodents,
including rats, are susceptible, The characteristic lesions

agssociated with the virus are an acute vasculitis which develops
into patchy interstitial pneumonia. Perivascular and
peribronchiolar accumulations of lymphocytes are also present.
Fibrosis at the terminal bronchiole, which is the primary effect
of RP/BR exposures, has not been reported with PVM infections.
Therefore, the lesions produced by PVM infection are separate and
distinct from those which were treatment-related (Smith, et al.,
1984; vogtsberger, et al., 1982; Hunt, et ai, 1978).
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The combination of lesions produced by PVM was also not present
in the twenty-two rats which died spontaneously during the study.

b Their death was not due to PVM infection, Congestion and
hemorrhage of the 1lung were the most common findings in these
animals. The cause of death in most of these cases is not known,
but exposure to RP/BR may have been a contributing factor.

Three animals which died sYontaneously after day 51 had erosions

b of the laryngeal mucosa with deposits of fibrin on the surface.
This fibrin probably partially obstructed the larynx and may have
contributed to the death of these three animals. They were all
in Grtoup €3 and the lesion is considered related to RP/BR
exposure."

5.4.1.2, Clinical Observations, Body Weights and Food
Consumption

Prior to death several rats exposed to the high concentration
O exhibited labored breathing, wheezing, hunched posture and
' lethargy. The mest frequent clinical observation not associated
with lethality was discharge from the eye(s) with or without
crust formation and/or swollen eye lids. Other infrequent
findings included diatrrhea and discharge from the nose or mouth,
All these signs were considered to be not treatment-related based
on the frequency of occurrence and their distribution in all test
® groups during the exposure and during the recovery period.

Statistically significant (p<0.001) decreases in body weights
were observed from Week 1 through Week 13 (Table 9). This effect
was restricted to the (.75- and 1,20-mg/L exposure groups from
k Weeks 1 to 13, For rats from the recovery groups, statistically

significant (p<0.02) results were seen during Weeks 14 and 15
when the animals that had been exposed to 0.75 mg/L continued to
have decreased body weights. No significant differences were
found during Weeks 16 to 21 (Table 9). Additional post hoc
comparisons revealed similar results when these data were
! expressed as body weight gains. In this case Weeks 1 to 12 were

- decreased for the 0.75- and 1.20-mg/L-exposute groups and Week 14
rgmained decreased for the 0.75-mg/L-exposed animals only (Table
10).

A significant (p<0,001) effect of treatment on food consumption
was seen at Week 4. Post hoc comparisons revealed a significant
decrease at Week 4 In the 0.75- and 1.20-mg/L-exposute groups.
All other time points were non-significant (Table 11).
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5.4.1.3. Pathology

€.4.1.3.1. 1Interim necropsies

The primary exposure-related change seen histolegically in the
lungs of animals examined at the interim necropsies at Weeks 2
and 4 during this subchronic study was diagnosed as “terminal
bronchiolar fibrosis". The 1lesion consisted of a minimal
thickening of the alveolar walls where the terminal bronchiole
joins the alveolar sacs. The thickening consisted of a
heterogeneous eosinophilic material which contained small numbers
of cells. Masson’s trichrome stain demonstrated small amounts of
collagen in these areas which correlated with the degree of
fibrosis seen with H&E stain. All interim-terminated animals
exposed to 0.75 or 1.20 mg/L developed terminal bronchiolar
fibrosis by four weeks of exposure (Table 12). The change was
usually minimal in the 0.75- and moderate in the 1.20-mg/L-
treatment groups, suggesting a dose-response. After two weeks of
exposure all animals exposed to 1.20 mg/L had minimal to mild
fibrosis but only 3 of 6 rats at 0.75 mg/L level had detectable
thickening. In none of the animals that were exposed to 0.75
mg/L for two weeks could an increase in collagen be demonstrated
with the trichrome stain.

Interstitial inflammation of the pulmonary parenchyma was present
in more exposed animals that received 1.20 mg/L than in control
or 0.75-mg/L-exposed animals. Other changes in the necropsied
animals occurred in approximately equal frequency between exposed
and control animals.

5.4.1.3.2. Terminal and recovery necropsies

There were no exposure-related changes found in any of the
tissues which were examined outside of the respiratory tract.
Lesions 1in general were infrequent and occurred in approximately
the same incidence in animals exposed to the high concentration
as in control animals.

The primary exposure-related change seen histologically after
termination of this first subchronic study was in the lung and
was diagnosed as "terminal bronchiolar fibrosis"., The lesion
consisted of thickening of the alveolar walls and of the most
distal portions of the terminal bronchioles at the point where
the terminal bronchicle ends and joins the alveclar sacs. The
thickening consisted of a heterogeneous eosinophilic material
containing small numbers of cells. Staining with Masson's
trichrome stain showed strong evidence of collagen deposition.
The incidence of this lesion by severity, summarized for interinm,
terminal and recovery necropsies shown in Table 12 demonstrates
that inhalation of RP/BR for 2 weeks produced minimal bronchiolar
fibrosis in 50% of rats exposed to 0.75 mg/L and minimal to mild
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Table 12

INCIDENCE? OF TERMINAL BRONCHIOLAR FIBROSIS IN THE FIRST
SUBCHRONL{C STUDY

Exposure Periods and RP/BR Concentrations (mg/L) f';
Severity 2 Weeksb 4 Weeksb 13 weeks® Recover d
0f tesions TOTS) (1.707 T0-75) (1.207 T0-30T (0.75) (1207 T075) {T.307
_ Minimal 3/6 5/6 5/6 4,12 3,712 1/12 5/12
Mild 1/6 1/6 1/5 9/12 1/12 1/12 3/12 )
Moderate 4/5 6/12 7/12
Severe 4712 2/12

3Number of animals having 1lesion/total number examined in the exposure
group

bInterim necropsy

Crerminal necropsy after completion of last exposure

dTerminal necropsy after 8 weeks of recovery following last exposure

Il
-A.)-

R33N

»

i@

IlT RESEARCH INSTITUTE
56

B QSO DT e




fibrosis in all of the 1l.2-mg/L-exposed rats. All rats had
fibrosis after 4 weeks of exposure to 0.75 or 1.2 mg/L of RP/BR.
After completion of the 13 week study, 100% of the rats exposed
to 0.75 mg/L RP/BR or higher and approximately 30% of rats
exposed to 0.30 mg/L had terminal bronchiolar fibrosis. Severity
and frequency of the lesion increased with the higher
concentrations. The incidence of €£fibrosis in the recovery
animals was only slightly less than that of the animals killed
immediately after the exposure and does not suggest resolution of
the lesion with time.

5.4.2. Second Study

5.4.2.1. Spontaneous Deaths

No animals died during the exposure phase of the second study
(Weeks 1 to 13) but two died during the 8~week recovery period.
One rat from the 0.18-mg/L-exposure group developed a mass on the
hip which later spread to the leg. The mass was first apparent
at Test Week 10 and the rat died at Test Week 15, This animal
had a histocytic sarcoma, which was probably contributory to its
death. In addition, one rat from the 0.30-mg/L-exposure group
died during Test Week 18 following a marked body weight loss.
This animal had chronic hemorrhage and congestion of the lungs.
These mortalities and the development of a mass were considered
as spurious events and not a consequence of exposures to RP/BR.

5.4.2,2. Clinical Observations and Body Weights

The most frequently observed «clinical sign was red/crusted
eye(s). Other clinical signs sporadically seen included watery
eye(s), lesicns on head, neck, tail and extremities. None of
these signs were judged to be exposure-related based on their
distribution and frequency of occurrence.

Statistically significant increases in body weights were observed
for the 0.05-mg/L-exposure group relative to controls during
Weeks 4 through 12 (Table 13) (group by ¢time interaction
p<0.0001). In terms of body weight gains, rats from the 0.18-
and 0.30-mg/L-exposure groups showed significant decreases on
Test Week 1, whereas the 0.05-mg/L-exposed animals showed
significant increases on Test Weeks 3 to 12, 15 and 20 and rats
from the 0.18-mg/L-exposure group demonstrated significant
increases on Test Weeks 5 to 11, 20 and 21 (Table 14).
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5.4.2.3. Pathology

5.4.2.3.1. Post-exposure and post-recovery necropsies

The primary treatment-related change seen histologically in this
second (lower concentration-range) subchronic study was still
terminal bronchiolar fibrosis in the lung in rats from the 0.30-
and 0.18-mg/L-treatment groups. The lesion consisted of minimal
thickening of the alveolar walls and of the most distal portions
of the terminal bronchioles at the point where the terminal
bronchiole ends and joins the alveolar sacs. The thickening
consisted of a heterogeneous eosinophilic material containing
small numbers of cells. This material stained positively for
collagen with Masson’s trichrome stain. The incidence of this
lesion summarized in Table 15 demonstrates that minimal terminal
bronchiolar fibrosis was found in less than 50% and 25% of the
tats exposed to 0.30 and 0.18 mg/L of RP/BR, respectively, with a
total absence of the lesions in the 0.05-mg/L-exposure group.
Although the incidence of fibrosis was somewhat decreased after
the recovery period, it nevertheless did not disappear.

Other changes in the 1lung were wusually miniw2l or absent
altogether. Some animals had small numbers of alveolar
macrophages but they were wusually not associated with the
terminal bronchiolar fibrosis. Minimal to mild 1lymphocytic
hyperplasia occurred in many of the animals, both treated and
controls. Other changes were relatively infrequent.
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k Table 15

INCIDENCE® OF TERMINAL BRONCHIOLAR FIBROSIS IN THE SECOND
SUBCHRONIC STUDY

P Exposure Periods and RP/BR Concentrations (mg/L)
Severity 13-Week Ex osure® 8-Week Recovery®
0f Lesions “TU"G‘ST‘“T‘O‘?FT_TO"W ~{0.0%]) (0. 187 (0.30]
Minimal 0/20 4/20 9/20 0/20 3/20 4/20
? Mild - - - - - -
Moderate - - - - - -
Severe - - - - -~ -

%Number of animals having 1lesion/total number examined in the
exposure group

b b'I‘erminal necropsy after completion of last exposure

{ Crerminal necropsy after B8 weeks of vrecovery following last
- exposure
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6. SUMMARY DISCUSSION

In its concern for personnel health and safety, the U.S. Army
Medical Research and Development Command initiated a research
program to provide a comprehensive definition of the biological

effects of red phosphcrus/butyl rubber smoke on mammalian systems

under conditions which approximate the pci.ential troop exposure.
The studies used laboratory rats placed into controlled test
atmospheres in whole-body exposure chambers and were conducted in
four phases.

In Phase I inhalation exposure facilities with automatically
controlled conditioned air supply and exhaust systems were built
and specially designed RP/BR combustion generators provided by
the Government were installed. Aerosol sampling methods for
monitoring of mass concentration, particle size and percentage
phosphorous acids were established and used to characterize the
aerosol exposure system for spatial and temporal homogeneity.
Phase II consisted of range-finding acute and repeated-dose
exploratory studies to determine lethality (LCgq) and influence
of exposure duration on morbidity; whereas ?n Phase III the
combination of the effects of exposure concentration, duration
and freguency on a series of biological endpoints were examined
in depth after 4-week exposure and 2-week recovery periods, to
define time-concentration relationships as well as threshold
levels, healing, and adaptation in biological responses.

The objective of the Phase IV studies, the subject of the current
final report, was to evaluate the biological effects and the
reversibility of the observed effects in subchronic RP/BR aerosol
exposures on various biological endpoints in male rats. The
primary objective was to define the no-measurable effect level
for the biological response parameters assessed to be the most
sensitive indicators of dysfunction. The experimental design and
the exposure conditions were developed based upon the results of
the Phase 1III studies and included exposures for 2.25 hr/day on
four consecutive days per week for a period of 13 weeks to 0,30
(c,), 0.75 .¢,)and 1.20 (C,) mg/L of RP/BR aerosol, or to
filtered air Ch). The experimental endpoints selected for
evaluation of thg effects after 13 weeks of exposure and for the
C,, C and C, treatment groups after an 8-week recovery period
iacludgd morta?ity, clinical observations, body weights, food
consumption, histopathology of the lungs and other major organs,
examination of the pulmonary free cells collected from the lungs
by lavage, measurement of in vivo pulmonary bactericidal activity
and evaluation of neurobehavioral activity parameters. The
biological and statistical evaluation of this study showed that
the no—-measurable effect level had not been reached. The results
demonstrated that although some significant changes could be
observed for almost all parameters under some of the conditions
examined, the most striking and consistent effects found for all
three RP/BR concentration levels were the histopathonlogically
determined terminal bronchiolar fibrosis and the highly
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significant35decrease measured in pulmonary bactericidal activity
to inhaled S~Klebsiella pneumoniae.

Therefore, these two experimental parameters were used as major
biological endpoints in a second subchronic study conducted at
aerosol concentrations lowered to 0,05, 0.18 and 0.30 mg/L, (thus
repeating the lowest level from the previous study as the highest
concentration), to further explore the fibroti¢ changes in the
lungs and to examine the effects on pulmonary bactericidal
activity after a 13-week exposure and an 8-week recovery period.

Throughout the %two subchronic studies aerosol mass concentrations
were within 3% of the target values, MMAD’'s ranged from 0.49 to
0.65 um with 0g’'s of 1.56 to 1.83, while phosphorous acid levels
in the test atmosphere varied from 71 to 80%.

buring the first study 10.8% of the rats exposed to 1.20 mg/L
died spontaneousiy or were necropsied in a moribund state., 1In
addition statistically significant decreases in body weights and
body weight gains were observed from weeks 1 through 13 in the
0.75- and 1.20-mg/L-exposure groups. A significant decrease in
food consumption was only seen after four weeks of exposure in
these groups.

Although positive antibody titers to PVM were found in rats from
the first subchronic study, no lesions characteristic of PVM
infections were found in the 1lungs of the rats that died
spontaneously or in those examined at terminal necropsy and
neither the deaths nor the lesions found in the lungs were a
consequence of PVM infection.

Neurobehavioral activity measurements conducted according to the
experimental protocol did not show consistent or significant
changes. Statistically significant chang:s in pulmonary lavage
parameters found in the first study were sporadic and not
considered biologically significanu.

Significagg decreases in pulmonary bactericidal activity to
inhaled S~ K. pneumoniae at all three exposure concentrations
(1.20, 0.75 and 0.30 mg/L) of the first study were completely
absent after the recovery, whereas in the second study none of
the RP/BR exposures (0.30, 0,18 and 0.05 mg/L), including the
previously positive 0.30 mg/L, produced an effect. Thus the no-
measureable effect level for pulmonary bactericidal activity was
<0.30 mg/L of RP/BR aerosol,

Histologically no treatment-related changes were found in any of
the tissues examined outside of the respiratory tract. The
primary treatment-r.lated change seen after 13 weeks of exposure
in both suvuchronic studies was terminal bronchiolar fibrosis in
the lung. Strong evidence for fibrosis was the <collagen
deposition at the affected sites as shown by Masson’s trichrome
stain.

HT RESEARCH INSTITUTE
63

v

l“xl"“’_lx.l' X

¥

-~

£

o -

P R S R g T

=z

IJ'} .

--_--
2T,

sg Ty i

S ptyl et

i@ %

ed

’
AN

,.
X

r

Y T

_.- N o
. oy

®

)




Inhalation of RP/BR in male rats for 2.25 hr/day for 4 days/week
begins to produce fibrosis after two weeks in some of the rats
exposed to 0.75 mg/L and in all of those exposed to 1.2 mg/L.
All animals had fibrosis at both of these concentrations after
four weeks. At the end of 13 weeks, in addition to 100% of the
0.75- and 1.20-mg/L-treatment groups, less than 50% of those
exposed to 0.30 mg/L and less than 25% of those that inhaled 0.18
mg/L were also affected. Exposure to 0,05 myg/L did not produce
fibrotic changes at all, Some decrease 1in incidence of the
fibrotic 1lesions could be generally detected after the recovery
periods, but the lesions did not disappear.

An overall review of the results of the two studies demonstrates
that in the first study 10.,8% of the rats exposed to 1.20 mg/L of
RP/BR smoke died spontaneously or were necropsied in a moribund
state, Most of these animals died during the first two weeks of
the exposures, and had varying degrees of congestion and small
amounts of hemorrhage in the lungs. Those RP/BR-exposed (0.75
and 1.20 mg/L) animals which died during the later parts of the
study, had terminal bronchiolar fibrosis and erosions of the
laryngeal mucosa with deposition of fibrin on the surface. The
laryngeal changes were probably contributory to their death. The
presence of congestion, hemorrhage, and interstitial inflammation
in the 1lungs of 1.20-mg/L-exposed rats which died during this
experiment strongly suggests that these effects were due to the
RP/BR smoke. This concentration obviously produces morbidity,
since, in addition to these morphologic changes, decreased body
weight and food consumption were measured. At the terminal
necropsy all animals had terminal bronchiolar fibrosis in the
0.75~- and 1.20-mg/L-exposure groups and all three exposure groups
had significantly reduced pulmonary bactericidal activity.

In the second study at the concentrations of 0.30, 0.18 and 0.05
mg/L RP/BR there were no exposure-related mortalities and
neither pulmonary bactericidal activity nor body weights showed
significant dscreases, Terminal bronchiolar fibrosis was still
found in the lungs of rats exposed to the medium and high doses
but the lesions were minimal in severity and were totally absent
in the 0.05-mg/L-exposure group.

Thus, comparison of the findings of the two studies demostrates
that there 1is a steep dose response curve for the test material
upon repeated exposures: The responses at 1.20 and 0.75 mg/L
include lethality in addition to terminal bronchiolar fibrosis
and significantly reduced pulmonary bacterial activity, body
weights and food consumption whereas at approximately a tenfold
lower 1level (between 0.05 and 0.18 mg/L) there is no measurable
ef fect.

In summary, the results of these Phase IV studies demonstrate
that when male Sprague Dawley vrats inhaled RP/BR combustion
products for 2.25 hr/day on four days per week for 13 weeks, the
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lowest effective dose was determined as 0.18 mg/L and the no-
measurable effect level was identified as 0.05 mg/L through
evaluation of fibrotic changes in the lung.
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IIT PROJECT NUMBER L06139
PHASE IV STUDY NO. 80

THE EFFECTS OF SUBCHRONIC EXPOSURES TO )
RED PHOSPHORUS/BUTYL RUBBER (RP/BR) COMBUSTION PRODUCTS
ON VARIOUS BIOLOGICAL ENDPOINTS

IN MALE SPRAGUE-DAWLEY RATS

GROSS NECROPSY OBSERVATIONS
In accordance with experimental protocel, gross examinations cf organs
and tissues were performed on 141 (including 22 spontaneous deaths) male
Sprague-Dawley rats in the toxicology group of Project L0O6139 Study Number
80. The rats were divided into 13 groups each containing male rats. The
rats were exposed to various concentrations of RP/BR aerosol for 2.25 hours
per day for four consecutive days for two, four or 13 week periods. Ten of
the 13 groups of rats were sacrificed on the day of their last exposure
while the rats in the remaining three groups (the recovery groups) were
sacrificed 8 weeks following their last oxposure. The groups, treatment,

number of rats per group, and corresponding exposure concentration levels

are outlined below.

Exposure
Weeks Number of Concentration
Treatment Exposed Rats Levels (mq/1)
Filtered Air 13 132 0.00
RP/BR Aerosol 13 12 0.30
RP/BR Aerosol 13 12 0.75
RP/BR Aerosol 13 238 1.20
Filtered Air 13b 133 0.00
RP/BR Aeroso) 13b 132 0.75
RP/BR Aeroso) 13b 192 1.20
Filtered Air 2 6 0.00
RP/BR Aerosol 2 6 0.75
RP/BR Aerosol 2 6 1.20
Filtered Air 4 6 0.00
RP/BR Aerosol a4 6 0.75
RP/BR Aerosol 4 63 1.20

a

b Including spontaneous deaths.

Exposures followed by 8 weeks of recovery.
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MATERIALS AND METHODS

The rats were anesthesized with Nembutal, exsanguinated by way of the
atdominal aorta and necropsied. The organs were examined and fixed in 10%
neutral buffered formalin for a period of no lTess than 48 hours before
further processing. The lungs were fixed by intratracheal perfusion with
formalin.

The following tissues were collected at necropsy. Tissues marked with
an asterisk (*) in the list below were processed by the Histology
Laboratory embedded in pararfin and resulting blocks were sent to EPL for

further processing and microscopic examination.

Skin/Mammary Gland ITeum *Liver

Tongue Jejunum *Kidneys
*Larynx Mandibular Lymph Nodes *Adrenal Glands
Parathyroid/Thyroid *Eyes Spleen

*Trachea Brain Pancreas
*Esophagus Spinal Cord (Cervicai) Cecum

*Heart Pituitary Gland Colon

Thymus Ears (Tag) Mesenteric Lymph
*Lungs *Nasal Turbinates Nodes
*Urinary Bladder *Respiratory Lymph Nodes Skeletal Muscle
*Stomach Sternum Sciatic Nerve
*Duodenum *Testes Salivary Qlands
Femur/Bone Marrow Mandibular

A summary of gross observations is presented by groups in the Necropsy
Gbservation Tables (Tables 1 - V).

GROSS PATHOLOGY RESULTS

Treatment-related lesions were observed in rats that were exposed for
2 and 4 weeks to 1.2 mg/1 RP/BR and that died spontaneously during the
study, Treatment-related lesions seen in animals after 2 or 4 weeks of
exposure included red areas, dark red foc: or gray areas in the lung,
mottled red thymus, dark red mandibular lymph node and dark red focus in
the mesenteric lymph node. No substantial differences were seen in the

incidence of gross findings between control and treated animals sacrificed
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after 13 weeks of exposure or after the recovery period. The dilated
pelvis anc flaccid kidneys seen in two treated rats are spontaneous changes
L which are occasionally seen in rats of this strain and are not considered
treatment-related. Treatment-related changes which occurred in animals b
which died spontaneously included mottled dark red lungs, dark red fluid in

L the abdominal and thoracic cavities, intestine and brain, and dark red

livers and spleens.

SUMMARY AND CONCLUSIONS

F Treatment-related changes were observed primarily in the lungs of rats )
exposed for 2 and 4 weeks and those that died during the study. Changes in
color and abnormal accumulations of dark red fluid in body cavities were
additional lesions seen in occasional animals which may also be treatment- R

related. K
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PHASE IV STUDY NO, 80
THE EFFECTS OF SUBCHRONIC EXPOSURES TO
RED PHOSPHORUS/BUTYL RUBBER (RP/BR) COMBUSTION PRODUCTS
ON VARIOUS BIOLOGICAL ENOPOINTS
IN MALE SPRAGUE~DANWLEY RATS

PATHOLOGY REPORT
INTERIM SACRIFICES AND EARLY MORTALITIES
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QUALITY ASSURANCE
REPORT CERTIFICATION

Client Name: I1T Research Institute

Client Study Number: L06139, Phase IV, Study No. 80

Study Director: Dr. W.0. Iverson Pathologist: Dr. W.0. Iverson

Study Title: The Effects of Subchronic Exposure to Red Phosphorus/

Butyl Rubber (RP/BR) Combustion Products
Test Article: Combustion Product of Red Phosphorus/Butyl Rubber

Species: Sprague-Dawley Rat

A1l parts of the pathology phase of this study, including the
final renort, were vreviewed by Experimental Pathology
Laboratories Quality Assurance Unit on November 29, 1984. All

findings were reported to the Study Director and Management.

Betty L. Plankenhorn
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11T PROJECT NUMBER L06139
PHASE IV STUDY NO. 80
THE EFFECTS OF SUBCHRONIC EXPOSURES TO
RED PHOSPHORUS/BUTYL RUBBER (RP/BR) COMBUSTION PRODUCTS
ON VARIQUS BIOLOGICAL ENDPOINTS
IN MALE SPRAGUE-DAWLEY RATS
PATHOLOGY SUMMARY
INTERIM SACRIFICES AND MORTALITIES
"~ Microscopic examinations were performed on selected tissues from male
Sprague-Dawley rats. The purpose of this study was to evaluate the effects
of exposure concentration and recovery time of the repeated exposure of
rats to combustion products of Red Phosphorus/Butyl Rubber (RP/BR) on
various biologic endpoints. This report contains the histopathologic
findings for the interim sacrifices and mortalities. The experimental

design for this study was as follows:

T.6. EXPOSURE CONCENTRATION  ANIMAL

NO. CODE RECOV. mg/L NUMBERS* DISPOSITION

41 co - 0.00 529-540 Final Sac

42 Cl - 0.30 541-552 Final Sac

43 c2 - 0.75 553-564 Final Sac

44 €3 - 1.20 565-576 Final Sac

45 co - 0.00 577-588 Final Sac

46 C1 - 0.30 589-600 Final Sac

47 C2 - 0.75 601-612 Final Sac

48 c3 - 1.20 613-624 Final Sac

49 co + 0.00 625-636 Recovery Sac

50 c2 + 0.75 637-648 Recovery Sac

51 €3 + 1.20 649-660 Recovery Sac

52 co + 0.00 661-672 Recovery Sac

53 c2 + 0.75 673-684 Recovery Sac

54 C + 1.20 685-696 Recovery Sac

67 co - 0.00 817-822 2-Week Interim Sac
68 Cc2 - 0.75 823-828 2-Week Interim Sac
69 €3 - 1.20 829-834 2-Week Interim Sac
70 co - 0.00 835-840 4-Week Interim Sac
71 ce - 0.75 841-846 4-Week Interim Sac
72 C3 - 1.20 847-852 4-Week Interim Sac

T.G. NO. = Treatment group number
* Six selected rats from Treatment Groups Numbers 41-54 will be
used for the necropsy and histopathology.
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A11 animals were exposed for 2.25 hours per day for four consecutive days

for two, four, or thirteen weeks. Recovery animals were then untreated for
an additional eight weeks. Ril rats were necropsied and gross and
histologic evaluations of the respiratory tract were conducted. According
to protocol the lung from all animals was trimmed and processed to paraffin
blocks.  The paraffin blocks were then shipped to Experimental Pathology
Laboratories, Inc. where hematoxylin and eosin stained slides were prepared
and examined. Additional sections of all lungs from animals sacrificed at
two and four weeks were also prepared and stained with Masson's trichrome

stain to demonstrate collagen.

RESULTS

The microscopic changes found in all lung lobes examined are listed in
the Histopathology Incidence Table. The primary treatment-related change
seen histologically in the sections of lung examined from the interim
sacrifice animals was diagnosed as "terminal bronchiolar fibrosis". The
lesion consisted of a minimal thickening of the alveolar walls where the
terminal bronchiole joins the alveolar sacs. The thickening consisted of a
heterogeneous eosinophilic material which contained small numbers of cells.
Masson's Trichrome stain demonstrated small amounts of collagen in these
areas which correlated with the degree of fibrosis seen with H&E stain.
Most animals exposed to 0.75 or 1.2 mg/1 developed terminal bronchiolar
fibrosis by four weeks of exposure. The change was usually minimal in
Group 71 and moderate in Group 72, demonstrating a dose-response. After
two weeks of exposure all animals exposed to 1.2 mg/1 had minimal to mild
fibrosis but only 3 of 6 rats at 0.75 mg/]1 had detectable thickening. In

all of these Group 68 animals, an increase in collagen was not demonstrable

with the trichrome stain.




Interstitial inflammation of the pulmonary parenchyma was present in
; E more treated animals that received 1.2 mg/1 than in CO or (€2 animals.
™ Other changes in the sacrificed animals occurred in approximately equal
1 i frequency between treated and control animals.
z A total of sixteen animals died sponianeously or were sacrificed in a
fﬁt”’ - moribund condition prior to their scheduled termination. Most animals had
. varying degrees of congestion and small amounts of hemorrhage in the lung
tissue. Other Jlesions seen were similar to those found in the interim
ré sacrificed animals. No obvious cause of death was apparent from
- examination of the lungs from these animals.
!
)
& CONCLUSION
- The results of these microscopic examinations indicate that the 4
; | administration of RP/BR to male rats for 2.25 hr/day for four consecutive '{
* days begins to produce terminal bronchiolar fibrosis after two weeks of '
' exposure at .75 mg/1. A1l animals exposed to 1.2 mg/1 for two weeks had I
l minimal fibrosis and most animals had fibrosis at both of these j“
@ concentrations after four weeks. Interstitial inflammation was a dose- }
! related lesion which occurred in some animals in the high dose group. A 1
number of animals died or were sacrificed in a moribund condition during ]
(., the first few weeks of the study. The cause of death could not be
determined from examination of the lung tissue. ‘
_ r~ LE LS
: .0, Iverson, D.V.M,
' Diplomate, ACVP
L &

. Lot 29, L 2
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Client Name: 1IIT Research Institute

Client Study No.: L06139, Phase IV, Study No. 80

Study Director: Dr, W.0. Iverson

Pathologist: Dr. W.0. Iverson

Study Title: The Effects of Subchronic Exposures to Red Phosphorus/Butyl
Rubber (RP/BR) Combustion Products on Various Biological
Endpoints in Male Sprague-Dawley Rats

Test Article: Combustion Products of Red Phosphorus/Butyl Rubber

Species: Sprague-Dawley Rat

A1l parts of the pathology‘phase of this study, including the final report,
were reviewed by Experimental Pathology Laboratories Quality Assurance Unit
on February 21, 27, and March 4, 1985. All findings were reported to the

Study Director and Managemznt.

Be¢jtty L. Plankenhorn

XNancl 4 1985
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IIT PROJECT NUMBER L06139
PHASE IV STUDY NO. 80
THE EFFECTS OF SUBCHRONIC EXPQSURES TO
RED PHOSPHORUS/BUTYL RUBBER (RP/BR) COMBUSTION PRODUCTS
ON VARIOUS BIOLOGICAL ENDPOINTS
IN MALE SPRAGUE-DAWLEY RATS

PATHOLOGY SUMMARY

TERMINAL SACRIFICE, RECOVERY SACRIFICE,
AND MORTALITIES DAYS 61-125

Microscopic examinations were performed on selected tissues from male
Sprague-Dawley rats. The purpose of this study was to evaluate the effects
of exposure concentration and recovery time of the repeated exposure of rats
to combustion prbducts of Red Phosphorus/Butyl Rubber (RP/BR) on various
biological endpoints. This report contains the histopathologic findings for
the terminal sacrifices, recovery sacrifices, and the animals which died
spontaneously between 51 and 125 days on test. The experimental design for

this study was as follows:

T.G. START  ENDPT. EXPO. DOSE EXPOSURE ASSAY NO. OF
NO. CODE GROUP  CONC. (mg/1) RECOV. START END DATE ANIMALS

41 1 PATH co 0.0 - 8/13 11/8 11/9 12
42 I PATH Cl 0.3 - 8/13 11/8 11/9 12
43 I PATH c2 0.75 - 8/13 11/8 11/9 12
44 ) PATH €3 1.2 - 8/13 11/8 11/9 12
49 I-R PATH co 0.0 + 8/13 11/8 174 12
50 I-R PATH C2 0.75 + 8/13 11/8 1/4 12
51 I-R PATH ¢3 1.2 + 8/13 11/8 1/4 12

T.G. NO. = Treatment group number

A11 animals were exposed for 2.25 hr/day on four consecutive days per week.
The animais sacrificed on 11/9 were designated the terminal sacrifice.

Animals sacrificed on 1/4 were designated the recovery sacrifice. Total days

on test were calculated for each animal with the exposure start day counted

as day one. The day of death was counted as the Tast day on test. Actual
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exposure days were always less than the days on test since the animals were
only exposed four days each week, Some animals were substituted into the
above treatment groups from other groups to replace animals which died
spontaneously. These animals had received exposures equivalent to the

animals which they replaced.

~ Complete gross necropsies of all rats designated for pathology were

conducted. The following tissues were processed to paraffin blocks for all
animals which died or were sacrificed and designated for pathology: two
levels of nasal turbinates, trachea, larynx, pulmonary lymph node and lung.
Additional tissues processed to paraffin blocks for the sacrificed CO and C3
animals were heart, eye, kidney, adrenal, liver, esophagus, stomach,
duodenum, urinary bladder and testis., All paraffin blocks were then shipped
to Experimental Pathology Laboratories, Inc. where hematoxylin and eosin
stained slides of the appropriate tissues were prepared and examined.
Additional lung sections from selected animals were stained with Masson's
trichrome stain to demonstrate collagen or Von Kossa's stain to demonstrate
calcium salts.
RESULTS

The microscopic changes and a detailed listing of all tissues evaluated
are presented in the Tabulated Animal Data Tables. Results of the special
stains performed are listed in the Histopathology Incidence Table. All
lesions are summarized by treatment group and presented in the Project
Summary Tables. A correlation of lesions observed at necropsy with the
corresponding microscopic observation, where possible, is presented in the
Correlation of Gross and Micro Tables. The gross observations in these
tables were transcribed from the necropsy sheets provided with the paraffin
blocks. Animal dispositions were listed as final sacrifice or spontaneous

death as they were indicated on the necropsy sheets.
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There were no treatment-related changes found in any of the tissues
which were examined outside of the respiratory tract. Lesions in general
were infrequent and occurred in approximately the same incidence in C3
animals as in CO animals.

_ The primary treatment-related change seen histologically in this study

was in the lung and was diagnosed as "terminal bronchiolar fibrosis". The

i;;isaﬁé;ﬁsisted ofrthgckéniné éfitﬁe a1veoi;;”;;ii§ én&rof theﬁhégirdistal
portions of the terminal bronchioles at the point where the terminal
bronchiole ends and joins the alveolar sacs. The thickening consisted of a
heterogenous eosinophilic material containing small numbers of cells. This

material stained positively for collagen with Masson's trichrome stain. The

incidence of this lesion, by severity, is shown in the following table:

INCIDENCE OF TERMINAL BRONCHIOLAR FIBROSIS

Number of Animals

Terminal Sac. Recovery Sac.
Severity Group: CO Cl1 C2 C3 C0 C2 ¢C3
Minimal - Grade 1 4 3 1 5
Mild - Grade 2 9 1 7 3
Moderate - Grade 3 6 7
Severe - Grade 4 4 2

A crystalline, basophilic character to the fibrous tissue was seen in
some animals on the H&E sections. Staining with Von Kossa's method for
calcium salts gave a strongly postitive reaction around many of the terminal
bronchioles in the three animals selected for staining. The staining was
even more extensive than with the Masson's trichrome stain. The incidence of
fibrosis in the recovery sacrifice animals was only slightly less than that
of the terminal sacrifice animals and does not suggest resolution of the

lesion with time.
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Six animals which died spontaneously during the study had their
respiratory tracts examined microscopically. All four animals which had been
exposed to RP/BR had terminal bronchiolar fibrosis. The three C3 animals had
mild to severe erosions of the laryngeal mucosa with deposition of fibrin on
the .surface. These laryngeal changes were probably contributory to the death

of these three animals.

CONCLUSION

The results of these microscopic examinations indicate that the exposure
of male Sprague-Dawley rats to the combustion products of-RP/BR- for 2.25-
hr/day for four consecutive days per week preduced terminal bronchiolar
fibrosis in 100% of the animals after three months of exposure at both 0.75
and 1,2 mg/1. The severity of the lesion increases with the higher dose.
Approximately 30% of the animals exposed to 0.3 mg/1 for three months under
similar conditions developed minimal terminal bronchiolar fibrosis, The
lesion was demonstrated to contain both increased amounts of collagen as well
as calcium salts. Three animals expused to 1.2 mg/1 died during the study
with erosions and/or inflammation of the laryngeal mucosa which is considered

treatment-related. No other changes found in the other tissues examined

&C" b& 'z@,},A’// .
W.0. Iverson, D.V.M. ’¢§7

Diplomate, ACVP

itk 4 19PS

appeared treatment-related,
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS

Reports Code Table

N Tissues within normal histological limits

A Autolysis precluding adequate evaluation

Y Tissues unsuitable for complete evaluation
S Tissues not applicable to animal
i * Tissues unavailable for evaluation E
1 minimal :
2 mild é
3 moderate 5
4 severe
) focal
] locally extensive
) multifocal
P Present
B Neoplasm, Benign
M Neoplasm, Malignant without Metastasis
C Neoplasm, Malignant with Metastasis
X Metastatic Site (+)
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ABBREVIATION LIST

o e e o Fibpro = Fibrosis o o e e "7
LN - Lymph Node

Lympho - Lymbhocytic
MAN - Mandibular .
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THE EFFECTS OF SUBCHROMIC EXPOSURES
10 BED PHOSPHORUS/BUTYL RUBEEF
FF/Bk: COMBUSTION PRODUCTS

Froject Summary Table
SUMMARY: Incidence of NEOPLASTIC armd NON-NEOPLASTIC Microscopic Findings

PROJECT ID. NO: 221-010 FATES: FINAL SACRIFICE

DAYS: 89-89 SEX: MALE
GROUP: ce Cl s c3
NUMBER OF ANIMALS: 12 12 12 12

NASAL TUREBINATE-LEVEL i Ne Er 12 12 12 12
NASAL TURBINATE-LEVEL C No E 1 12 12 12
TRACHEA M: E L2 12 12 12
Erosion ¢ s § i 4 (33
LARYNX No B 12 12 12 12
PULMONAEY LYMFH NODE Ne £ 12 il 12 12
Hesorrhage 5 (42 KO L § (33 v (42)
Lyaphocytic Hyperplasia 1¢ (83" 2 (17 1 (8 3 (25
Macrophaze Hyperplasia ¢ (0 1 (@& 2 7 3 2R
Pigment Y 1 8 1 (8 0
Edes3 { 1 (& 0 (0 ()]
Lymphocytic Infilirste BEEETK G i ¢ (O 1 (®)
LUNG Mo E: 1C 12 12 12
fAitelectasis (4 4 (3D 1 (8 v (42)
Focal Lyaphocyte Aggreqate ) 2 {17 1 (8 0 (0
Alveolar Macrophages g (67) 2 172 1 (8 1 (8
Interstitial Inflammation 7 (58) 1 (8 1 @ 0 (0)
Terminal Bronchiolar Fibro 0 (0 4 (33 12.(100) 12 (100)
Mineralization ) 9 [ (1)) 7 {38)
HEART No E: 12 ) 0 12
Inflanmation 2 AN ¢ 0 0 (O
Lymphocytic Infiltrate 1 6 0 0 2 .17
EYE Mo E 12 0 B 12
Corneal Anosaly 1 & 0 0 ()]
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THE EFFECTS OF SUBCHRONIC EXPOSUKES
10 RED FHOSFHORUS/BUTYL RUEBER
(KP/KE! COMBUSTION PRODUCTS

Froject Sumnmary Table
SUMRAEIY  Incadence of NEGPLASTIC and NON-NEOPLASTIC Microscopic Eirdings

;

o
K FROJECT 1D, NO: 221-010 FATES: FINAL SACKIFICE
DAYS: B9-89 SEX: MALE
 GROUE: ¢ o ¢ ¢
NUKKEE OF ANIMALS: 12 12 12 12
p.
s v b +
O KIDNEY Mo B 12 ( K 12 :
i Hyaline Cast: 16 ey . ¢ 8 (67} {
' Tutular Hyperplasiz 9 (75 0 ¢ g {87) ;
: Piauent 1 i) 0 0 3 (7N 4
. B
' {
R ADRENAL Ne B 12 ¢ ¢ 12 ;
]
e LIVER do Ex 12 ¢ 0 12 :
: Inflansation 1 0 0 1o :
Lymphacytic Infiltrate & (50 d 0 & (50 [
' K
: ESOFHARLS Ne £ 12 o ¢ 12
-
STOMACH He E. 12 i ¢ 1 }
Exfoliated Cell: 1 (& { ¢ 2 (n
Rl
] DUOIEM Me £ 12 b & 12
y
UK INARY FLADDER Ne Ex 12 0 0 12
i Concretion 1 (& 0 0 v ()
3 Lyaphocytic Infiltrate o 0 0 0 1 (@
]
TESTIS ' No Ex 12 0 0 12
L4
.
-f
|
|
. |
> ‘
‘4] ‘\
o4 |
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ﬁw Froject Summary Table
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PROJECT 1ID. NO: 221-010 FATES: FINAL SACKIFICE

DAYS: £9-89 SEX: MALE

£ L
B 1 — 1 ¢ c3

K NUHBER -OF ANIMALS: 12 12 12 12
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b v S S T o
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5 g 1 g @ 0 (0
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HAN LN-Hemarrhage (g 1
THYNUS~Heaorrhaqe 1

(g 1 g {8 0 ()
(g ¢ e (82 ¢ W@

LS Do
¢

(o2

s

B /SN S e P g
FIURA RS R it

s "

) 00 WL 20 oo

e

@

o
L]
'~|
]
d
Dy
pect
L

o 121




o

4l

Sy e Dok

Pty i s B

N

N
X
N

B W XY o

oo ol oo e e

122




PROJECT SUMMARY TABLES |
'RECOVERY- SACRIFICE R

123



124



THE EFEECTS OF SUBCHRONIC EXPOSURES
10 RED PHOSFHORUS/BUTYL RUBBEK
(RF/BR} COMBUSTION PRODUCTS
PECOVERY SACRIEICE GROUP

Froject Summary Table
SUMMART:  Incidence of NEOPLASTIC and NON-NEOPLASIIC Microscopic Findings

PROJECT ID. NO: 221-01C FATES: FINAL SACRIEFICE

DAYS: 14%-14% SEX: NALE
GROUP: o €l e €3

NUMBER OF ANIMALS: 12 ¢ 12 1

-
*e
L]
>2
-
»
-
e

NASAL TUKBINATE-LEVEL i Ne E. 1 ¢ 12 12
Hemarrnage DI i ¢ 2 (17
Autolysis ¢ 0 1 (8 ¢
Eosinophilic Globulets: DO Y T ¢ 1 & ¢ (e

NASAL TUREIMATE-LEVEL T Mo B L2 ' 12 12
Hemorrhaae 3 12k X ¢ (O I )
Autolysis ¢ (e 0 1 (B ¢ (0

TRACHEA Mc B iC ¢ 12 12
Autolysiz IOt ¢ 1 (& 0 (0

LARYN: No B 12 i 12 12
Mineralization ¢ G (O 1 (8
Autolysis Tk g 1 (#& 9 (0

PULMONARY LYNPH NODE Mo B 12 { 12 12
Hemorrhaqe o4 g 3 (42) 7 (58)
Lysphocytic Hyperplasis 7 (58 ¢ 3 2D & (56)
Macrophase Hyperplasia 0 0 ¢ 1 (8 3 (25)
Figuent 0 (0 ¢ 2 (17 0 (0
Edesa 5 (42) ¢ 5 (42) 4 (33)
Lysphocytic Infiltraie 1 (@ ¢ ¢ (0 0 (0
Autolysis ¢ (0 4 1 (8) 0 (0
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THE EFEECTS OF SURCHKONIC EXPOSUKES
10 RED PHOSPHORUS/BUTYL RUEBEK
(kP/Bk) COMBUSTION PKODUCTS
RECOVERY SACKIFICE GKOUP

Project Summary Table

SUKHARY:  Inciderce of NEOPLASTIC and NON-NEQPLASTIC Microscopic Findings
PROJECT ID. NO: 221-010 FATES: FINAL SACRIFICE
DAYS: 143-145 SEX: MALE
eROPE 0 o e ca
NUNBER OF ANTNALS: 12 0 12 12
2 t 1 I | t 1
~LUNG No Ex 12 0 12 12
Atelectasis 6 (30 0 3 29 2 (7
Hemorrhsz2 1 (8 0 e UM 1 (8)
Focil Lympnocyte Aaaresate 1 (@ 0 1 (§) 0 (0
Alveolar Macrophages B (67 0 4 (33) ¢ ()
Interstitial Inflsumation 5 (D ¢ 1 @ 0 (0)
Termnsl Bronchiclar Fibro 0 (0 0 12 {100) 12 (100}
Eosirepnilic Infilirate 2 Un ) 1 (@) 0 (0)
Mineralization 0 (® 0 (1)) 6 (50)
Autolysi: 2 an 0 1 (8 0 (0
HEAKT Mo Ex 12 0 ] 12
Lveprocytac Infiltrate 4 (33 9 0 (C) 0 (0)
EYE Mo E: 12 0 ¢ 12
KIDNEY No E: 12 0 0 12
Hy3line Casts 119 ¢ 0 10 (83)
Tubular Hypetplicls i 8 0 9 9 (70
Lymphocytic Infiltrate ¢ (0 0 0 1 (8)
ADRENAL No E: 12 0 0 12
Accessory Cortical Tissue (U1} 0 0 3 (25)
LIVER No Ex 12 0 0 12
Inflamation 0 W 0 0 2 17)
Lysphocytic Infiltrate 1@ 0 0 3 (2%
ESOFHARUS No Ex 13 0 ¢ 12
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THE EFFECTS OF SURCHRONIC EXPOSURES
10 KED PHOSPHOKUS/BUTYL KURBER
(RF/ER) COMBUSTION PRODUCTS
KECOVEKY SACKIFICE GROUP

0.

Froject Summary Table

SUMMAET:  Incidence of MEQOPLASTIC ard NON-NEOPLASTIC Wicroscopic Findings

T

PROJECT ID. NO: 221-0i0

e
GROUP:
NUNBER OF ANINALS:

FATES: FINAL SACRIEICE
DAYSY 14%-145 SEX: MALE

4 SIONACH
Exfolisted Cell:
Cystic Glands

UKINAKY ELABRER

By

L)

K

o

.‘

E_ B DUODENUM
5

2

5

%) Coneretion

~ JESTIS

- 7
- g

T SR I
-2

D
o

Ne £ 12 4 0 12
1 (& ¢ 0 l
1@ 0 0 1

(8)
(8)

No E: 12 0 0 12

Ne B 12 ¢ 0 l
' {8

No Ei 12 ‘ 0 0 12
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THE EFEECTS OF SUKCHKONIC EXPOSUSRES
T0 KED PHOSPHOKUS/BUTYL RUKKER
(RP/BR) COMBUSTION PRODUCTS
KECOVERY SACRIFICE GROUY

Froject Summary Tabkle :
SURHAKY: Incidence of NEOPLASTIC and NON-NEQFLASTIC Microscopic Findings :

PROJECT ID. NO: 221-010 FATES: FINAL SACRIFICE
,,,,,,,,, ~ DAYS: M4c-)45 Xt MAE
GROUP: o cl €2 €3

NUMBER OF ANINALS: 12 0 12 12

OTHER TISSUES AND LESIONS:

PREPUTIAL GLAND-Inf13smation ¢ () 0 () 0 ({0 I (8
FAT-Inflameation 0 (0 0 (0) 1 (& ¢ (0
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THE EEFECTS OF SUBCHRONIC EXPOSURES
10 EEL PHOSKHORUS/BUTYL KUBRER
(RP/Bk) COMRUSTION PROIUCTS

e

Froject Summary Table
SUHNARY: Incidence of NEOPLASTIC and NON-NEOFLASTIC Microscopic Findinge

PROJECT 10, NO: 221-010 FATES: SHONTANEOUS DEATH :
WiS: S1-128 SEX: MALE ;
B Y TS S S~ S

NUNBEK OF AN TMALS: ) o ) 3

NASAL TURRINATE-LEVEL ] Mo B 2 0 1 3 E
NASAL TURBINATE-LEVEL o N B2 ¢ ) 3
Autolysis 1 (50 0 (N1} 0 (0)
IRACHEN No B 2 ¢ 1 3
Autolyas 2 (e { 1 {100) (1))
LARYNY he & 3 0 l 3
Autolysts o e 0 1 (1o ¢ {0
Erosion D)) 0 0 (0 3 (100)
Ing 1 mnataon () 0 ¢ 1 3%
PULMONARY LYMFH NORE Fo .. 2 b 1 3
Hemorthige S aee 0 1 1100) 3 (100)
Piasent W) 0 1 (100, | O KKY]
Edeows IO { 0 W) 1 (33)
LUNG No B 2 0 1 3
Hemorthyne 150 0 1 {100) 2 (67
Alveclst Macrophiqes 1 (50 ) 0 (0 1 3
Terminyl kronchiolar Fibro (1)) 0 1 (100) 3 (100)
Conqestion 2 (100) 0 1 (1000 3 (100)
Autolysis 150 0 0 (0 0 (0
HEAKT Mo E: O 0 0 0

EE NoE: O 0 0 0
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TABULATED ANIMAL DATA
TERMINAL SACRIFICE

133




LA BAA BRA AL A LA Site Jola JLA bl bibih st bl A TR SRS AR ST LAV RV RN

B

134



v S Fpll Cath SaW
a0 T T L PR T T IR LU LA O T T TR U W S S WA N U W R W W ST VN U LN AT TUR RUALCLATRRE WA WU IO OUTWY AT WS YU WO A RV RGSOTERS

THE EFFECTS OF SUBCHEONIC EYPCSURES
10 KEIv FHOSPHOKUS/BUTYL RUEEBER
P (RP/ER) COMEUSTION PEODUCTS

Tatiuwlated Amnimal Data

| PHECT 10220010 B CO SECMALE o DAYSTEEY
EATES: EINAL SACKIFICE A

ANIMAL 10, NO: Te 530 831 532 %23 9M S/ 3 B 538
F’  NASAL TURRINATE-LEVEL 1 N N N N N N N N N N =
NASAL TURBINATE-LEVEL t N N N N N N N N N
oY TRACHEA N N N N N N N N N N
LARYRX N N N N N N N N N N
P PULMGNARY LYNPH MOLE N H
Heaorrhase - - - - - 1 2 1 -
Lyaphocytic Hyperpliz:a 1 1 2 - 1 1 2 - 2
LUNG
Atelectasis 3 - - - 1 1 - - 1
Alveclar #icrophases - 1 1 1 1 - 1 | - 2
Interstitazl Inflawmstion - 2 - 1 - 1 1 - 2
HEART N u N N N N N
2 Inflameation - - - - - - 1 1
Lyspnocytic Irfiltrate - - - 1 - - - - - -

EYE N N N N N N N N N N
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; THE LEFECTS OF SUBCHKONIC EXPOSURES
d T0 KEL FHOSPHORUS/KUTYL KUEKER
s (EP/BK) COMBUSTION PRODUCTS
- Tatulated Amnimal Dats
K] -
FROJECT JD: 221-010 GROUP: CO SEX: MALE DAYS: £9-89 e
i FATES: FINAL SACKIFICE— —— — " T T o E
L
ANINAL ID. NO: 520 §3¢ 531 92 33 534 W 53 9¥7 G538
3 KIDNEY N B
R Hyaline Casts . 1 - 1 1 I 1 1 1 1 1
Tubular Hyperplasia - - 1 1 1 1 - 1 1 1

; Fiqment - - - - - - - 1 - -
h:
. ADRENAL A4 N N N KN N KN K N
L)
LIVEK ’ b N
o Inflameation - : - - - - - - -
R Lyapnocytic Infiltzate - - - ! - - i 1 - i
A

ESOPHABUS N N N N N N N N N N
8
) STONACH {i H N N N N N N
; Exfoliated Cells - - . - - - - - : -
; DUGDENUS i ¥ N N N N N N N N
d
URINARY ELADDER H N p N N N N N N N
[
b TESIIS W8 N N N N N N NN
i
3
'
3
g
)
4
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THE EEEECTS OF SUBCHRONIC EXPOSUKES
10 RED PHOSPHORUS/BUTYL RURKEK
(kp/BR) COMBUSTION PRODUCTS

Tabthaslated Amnimal Dats

PROJECT ID: 221-010 GkOUP: CO SEX: RALE DAYS: 89-8%
F,,,,,,) . EAIES: FINAL SACKIECE

ANIMAL 1D, NO: 929 530 531 §32 %32 S35 S 8 538
OTHER TISSUES AND LESIONS:
L MAN LN-Nacroghage Hyperplasis - - - - -3 - - - -
MAN LN-Lympho hyperplasia - - - - - 2 - - - -
MAN LN-Heworrnaqe - - - - - 2 - - - -
THYNUS-Heworrhyae - - - 2 - - - - - -
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THE EEFECTS OF SUBCHRONIC EXPOSURES
10 KED PHOSPHORUS/EUTYL RUBKER
(RP/ER) COMBUSTION PROIUCTS

Tatulated Ariimal Data

PROJECT I0: 221-010  GROU: CO SEX: MALE DAYS: 89-89 s
o~ PAYESU FINAL SACRIFICE — — o — :

ANIGAL 10, NO: 539 40
NASAL TURBINATE-LEVEL ] NN )
NASAL TURKINATE-LEVEL 2 NN
TRACHEA # N
LARYNX [ N

PULNGNARY LYMPH NODE

Hesorrnase i 1
Lysohooytic Myperclasay ] 1

LUNG N
Alveolar Macrophages -
Interstitial Inflammsticn

ta t)

HEART f N
EYE "
Corneal Anomaly ] -
K IDNEY
Hyalire Casts 1 -

Tutular Hyperplasiy 1 ]




IHE EFFECTS OF SUBCHKONIC EXPOSUKES
10 RED PHOSPHORUS/BUTYL RUKKEE
(RP/BR) COMBUSTION FKOTUCTS

P‘ "

Tabulated Arnimal Data

+ TESTIS N ]

Yype

A\

i
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PROJECT ID: 221-010 QkOUP: CO SEX: MALE PAYS: B89-89 :
F ,,,,,,, L  BATES: FINAL SaCRIFICE - I — S
ANIMAL 1D, MNO: 929 540
ADRENAL N N
+ L IVER
Lyaphocytic Infiltrate ) 1
F ESOPHASUS N N
STOMACH i N
P DUODENIA N N
URINAKY BLALLER N
Concretion - )3




THE EEFECTS OF SURCHXONIC EXPQSUKES
T0 EEL PHOSPHORUS/BUTVL KUKBER
{(kP/KR) COMBUSTION PRODUCTS

Tatwglated Animal Data

- PKOJECT Ip: 221-010- - GROUP: €l — — — SEX: MALE— — ———— —— ~[AYS: 89-8% — —  ——— -
: FATES: EINSL SACRIEICE :

ANINAL ID. NO: 60 S41 %42 543 SM4 T 546 S47 48 549
NASAL TURBINATE-LEVEL | N N N N N N N N N N —
NASAL TURRINATE-LEVEL 2 N N N N N N N N N N
TRACHEA N ] N N N ] N N N N
LAKYNX N N N N N N N N N N
PULMOHARY LYMFH NODE N N N N N N N N
Heaorrhaae - - - - 2 - - - -
Lysphocytic Hyperpissla - - - - 2 - - - : -
Fiamert - - - - - - - - 1 -
LUNG N N N
Atelectssas - - . l - - 1 - l
Focal Lympnocyte Agsreqste - - 1 - - - - - ] -
Alveolar Macropnanes - - - - - - 1 - 1 -
Interstitial Inflsamatien - - - - - - - - 1 -
Termna)l Bronchiolsr Eibro - - - - - - 1 - ] 1




THE EEFECTS OF SURCHRONIC EXPOSUKES
10 KEL PHOSPHORUS/BUIYL RUBKEK
{KP/BR) COMBUSTION PRODUCTS

Tabulated Animal Data

PROJECT ID: 221-010 GkoUP: C1 SEX: NALE DAYS: 89-89 S
T T T BATES: FINAL SKCRIFICE —— E—
ANINAL 1D, NO: 260 541  S42 543 SM4  G45  S46 547 S48 B9

OTHER TISSUES AND LESIONS:
MAN LN-Macropnaqe Hyperplasis - - - - - - - 1 - -
MAN LN-Hesorthiae - - - - - - - ] - .
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THE EFFECTS OF SUBCHEONIC EXPOSURES
10 REDL FHOSPHORUS/BUTYL RURKEK
¢kP/KR) COMBUSTION PRODUCTS

Tabulated Animal Data

PRUECT [D: 221-00  GROUP: C1 SEX: HALE DAYS: 89-89
e o EATES:-FINAL-SACRIFICE — R

AND:AL 10, NO: %1 5%
NASAL TURRINATE-LEVEL 1 N N
NASAL TUKRINATE-LEVEL 2 N N
TRACHEA N N
LARYNX N N

PULKONARY LYNPH NODE

Henor rhige 1 1
Microphaze Hyperplasia . l
Edena 1 -
LUNG N
Atelectasic - )

ferminal Eroncnialsr Fitro - l




v

THE EEEECTS OF SUBCHRONIC EXPOSURES

10 RED PHOSPHORUS/BUTYL RUBKER

{RF/KR) CORBUSTICN PRODUCTS

Tabtulsted Amimal Llatas

. _PROJECY Ibs 221-010-- - GEOUB:C2—
EATES: EINAL SACRIEFICE

o SEXT MALE—-

e DAY B89

ANINAL 1D. NO:

NASAL JUKRINATE-LEVEL |

NASAL IURBINATE-LEVEL 2

TRACHEA

LARYNX

PULMONARY LyrPH NODE
Hemorrhiqe
Lyaphocytic Hyperalas:a
H3crophase Hvperpiasiy
Fiauent

LUNG
Atelectasis
Focal Lvapnhocyte Azaresste
Alveolsr f3crepniqes
Interstitial Inflimsation
teranal kronemglar Eibro

S

3

598

cn
<n
<«
w
n
o~
w
<
~3

==
=
x=
x=

G N N N
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THE EEFECTS OF SUBCHRONIC EXPQSUFES
10 KED PHOSFHORUS/BUTYL RUKKEK
(kP/BR) COMBUSTION PRODUCTS

Tabiuslated Armimal Data

PROJECT 1ID: 221-010 GROVP: €2 SEX: MALE TAYS: 89-89
FATES! EINAL SACRIFICE

ANIMAL ID. NO: 563 554 S35 %% 597 588 559 560 %61 @2
OTHER TISSUES AND LESIONS:

HAN LN-Macroghaqe Hyperolasiy . - - . - . . . 1 - =
HAN LN-Lympho Hyperplasiy - - - - - - . - 2 -
HAN LN-Hesorthase - - . . . - - - 1 -
THYNUS-Hemorrhage - - - . - . 1 . . -
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THE EFFECTS OF SURCKPONIC EXPOSURES
10 RED PHOSPHORUS/BUTYL FUBEER
(RP/RK) CONKUSTION PRODUCTS

Tabulated Arimal Data

PROJECT ID: 221-010 GkouP: C2 SEX: MALE DAYS: 89-89
FATES: FINAL SACKIFICE

ANIMAL 10, NO: %3 564
NASAL TURRINATE-LEVEL | N N
NASAL TURBINNTE-LEVEL 2 N N
TRACHEA N L]
LARTNX N N

PULNINARY LYNPH NOLE
Hesorrnase . 3
Macrophage Hyperplisiy

L]

LUNG
Terminal Eronehidlyr Eitro

to
to




THE EFFECIS OF SUKRCHRONIC EXPGSURES
10 KE( FHOSPHORUS/BUTYL RUBRSK
(RF/Bk) COMBUSTION PRODUCTS

Tabwu]l ated Amnimal Diata

PROJECT 1b: 221-010 G¥OUF: C3 SEX: MALE bAYS: 689-89 K

— s FATES-FINSL -SACRIPICE - - - e s S e *"'*'”**'*‘4‘*‘i
ANIMAL I, NO: 95 565 Y66 567 S56B %69 570 90§43 574

NASAL TURBINATE-LEVEL 1 N N N N N N N N N N i

NASAL TURKINATE-LEVEL 2 N N N N N N N N N N

TPACHEA B N N N M N

Erosion - - 1 - . 1 \ . "

LARYNX ] N N o N N i N [ N

FULNONARY LYRPH NODE N N

Hesorthize 3 K] - 2 1 - 2 - - -

Lympnoeytic Ryperplae:s l - . - - l - - - .

Kacrophase Hyperplaziy - - - - 1 - - 1 ] -

Lysphotstie infiltrate - . - - - - 1 - - -

LUNG

Atelectasis - . - } - i - 1 - }

Alveolar Macrophiqes . - . 1 - - - - . -

Terainal kroncniolsr Fitro 4 2 1 3 3 4 4 3 3 3

Hineralization - - - - i i 1 } ]

HEART N N N N N N N N

Lyaphocviic Infiltrate - - - - 1 1 - - - -

31 N N N N N N N N N N
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THE EEFECTS OF SUBCHRONIC EXFOSURES
10 KED PHOSFHORUS/BUTYL RUBKER
(R¥/BR) COMBUSTION PRODYCTS

+ Tatglated Armimal Data

PKOJECT Ib: 221-010 GROUF:Y €3 SEX: NALE DAYS: 89-89
F FATES: EINAL SACRIEICE :

ANINAL 1D, NO! 5% S5 56 567 S8 oY §70 wu 73 &

KIDNEY N 7
] Kyaline Cists - 1 ] 1 1 1 1 1 . - :
» Tubular Hyperplacts - 1 1 1 1 1 ] . l . C

Proment - . - - - - . | 1 -
ADKENAL N N N N N N N N N N

LIVER N N N
Inf13mm3t10n - - - - 1 - - - . .
Lympnocytie Irfaltrate l ! - )\ - } - ] - -

F ESOPHAGLS N fl N N N N N N N N

STOMACH N N N N ] N N N
Eufolysted Cells - - - 1 - 1 - - - .
DUQRENUM N N N N N N N N N N
URINALY KLA[DEK N N N N N N N N N

) Lysphocytac Infaltrste - - - - - - - - 1

ILiss

TESITS i N N N N N N N N f
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THE EFEECIS OF SUBRCHRONIC EXFOSUEES
T0 RED PHOSPHORUS/BUTYL KUBBEK
(RP/BR) COMBUSTION PRODUCTS

Tatwmlated Arnimal LHata

PROJEC 10: 221-03¢  GROUP: C3 SEX: MALE LAYS: 89-89
BATES: FINAL S&CRIEICE s

ANINAL ID, NO: 575 576
NASAL TURBINATE-LEVEL 1 N ] j
NASAL TUKBINATE-LEVEL 2 N N
TRACHEA N W
LAKYNX N N
PULKCNARY LYRPH NODRE i
Lyepnocytic Hyperplasia - :
LUNG
Atelectasis ] -
Termnal Bronchiclar fitre 2 4
Hireralizaticn - 1
HEAKT N N
EYE f N
K IDNEY N
Hyaline Casts - 1
Tutular Hyperplasia - 1.

ADRENAL N N
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THE EEEECTS OF SUBCHRONIC EXPOSUKES
10 RED PHOSPHORUS/BUTYL PURRER
(kP/BR) COMBUSTION PROLUCTZ
®
Tabwlated Armimal Data
PXCJECT ID: 221.-010 GROUP: C3 SEX: MALE DAYS: 89-89
FATES: EmrathrAggxggz 777777777 e L .
¢« e —— f r
ANIMAL ID, NO: 978 976
LIVER N B
Lyaphoeytic Infiltrste - 1 7 , 7 o o ) . I
.t,,, [ . . .
ESOPHAGUS N H
ﬁ SIOMACH N o
DUODENUM N N
URINAKY BLADDEK f N

TESIIS f N




‘A AV A Ia A2 L bm Bdadia AV o 4
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TABULATED ANIMAL DATA
RECOVERY SACRIFICE
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THE EEFECTS OF SUBCHROMIC EXPOSURES
10 KED PHOSPHOKUS/BUIYL RUKBEK
(KP/BR) COMBUSTION PRODUCTS
KECOVERY SACKIFICE GkOUP

Tabuuulated Animal Data

CPROJECT Ib: 221-017  GROUP: €O SEX: KALE DAYS: 145-145
EATES: FINAL SACKIEICE

ANIMAL ID. NO: 626 627 628 629 630 631 632 633
NASAL TURKINATE-LEVEL 1 N N N N N N N N
NASAL TURRINATE-LEVFL 2 H N N N
Hesorrhage - 1 - - 1 - - -
TRACHEA N N N N M N N N
LAKYNX N ] N N N N N N
PULNONARY LYNPH NODE N N
Heaorrhage - 1 2 - - 1 1
Lyaphocytic Hyperplss:s 1 : - 2 - - 1 )
Edess - - 1 1 - - 1 -
Lyephocytic Infaltrate - - ] - - - - -
LUNG
Atelectssie - ! - - l ) 1 l
Hesorrhage - - 1 - - - - -
Alveolar Macrconives 1 2 1 1 1 - 1 -
Interstitial Inflanmstion 1 1 - 1 1 - 1 -
Eosirophilic Infiltrate - - - 1 1 - . -
Autolysis - l - - - - - -
HEAKRT N N N N N
Lyaphocytic Infiltrste 1 - - - - - 1 1
EYE ] (] N N N N N N
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THE EFFECTS OF SURCHKONIC EXPOSURES
10 RED PHOSPHORUS/BUTYL RUKREE
(RP/ER) COMBUSTION PRODUCTS
KECOVERY SACRIEICE GROUP

Tatwulated Armnimal Dlata

___PROJECT_ID: 221-000 GROUP: CO—- — ——SEX}-MALE — - —
FATZS: FINAL SACRIFICE

DAYSMSIME

......

ANIML 10, NO: 626 627 628 629 630 63l 632 633

KIDNEY

Hyalire Casts 1 l 1 1 ! 1 1 1

Tubulat Hyperplasts 1 1 1 1 1 1 1 1
ADRENAL N N N N N N N N
LIVER fl N N N N N N N
ESOPHAGLS N N N N N N N N
STOMACH N N N N N N

Exfoliated Cells - - - 1 - - - -

Cystic Glarde - 1 - - - - - -
[UODENUN N N N N N N N N
URINARY BLALDEK H N N N

Concretion | - - - - - - -
TESTIS N N N N N N N N
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THE EFFECTS OF SURCHRONIC EXPOSURES
10 RED PHOSPHORUS/BUTYL RUERER
(KP/BR) COMRUSTION FROTWCTS
# RECOVERY SACRIFICE GROUP 7
Tabuwlated Amimal Diata
 PROJECT_Ib: 221-010—— GROUP:-CO-— ——SEXs-MALE—————— —DAYSSMSeMS ;
» FATES: FINAL SACRIFICE
ANIMAL II'. WNO: 63 66l :
F __ NASAL TURBINATE-LEVEL i N N ' T
NASAL TURBINATE-LEVEL 2 N N
TRACHEA N ]
>
- LARYNY N N
PULKONARY LYMPH NOIE
P Lyaphocytic Hyperplasis ! 2
Edena 2 1
LUNG
Atelectasis i -
P Focal Lymphocyte Aqqreqate -
Alveolar Macrophaaes - 1
HEAKT N
r, Lyaphocvtic Infaltrate i -
EYE N f
. KIDNEY N
Hyaline Casts 1




ITHE EFFECTS OF SUBCHRONIC EXPOSURES
10 ¥ED PHOSPHORUS/BUTYL RUBKEK
{kP/BR) COMBUSTION PRODUCTS
KECOVERY SACKIEICE GROUE

Tabwulated Arnimal Data

 PROJECT Iz 2-010. GKOUPI GO SEN! MALE ——— — —— DAYSS MS-M§———
FATES: FINAL SACKIFICE ’ 3

ANINAL D, HO: 036 66l
~ ADRENAL N N h
LIVEER N
Lymphoctac Infaltrate - l
ESOPHAGUS N N
ST0MACH N N
DUCDENUN N N
URINAKY FLADDEX N
TESTIS N ¥
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PROJECT 10t 221-G1C

THE EFEECTS OF SUBCHKONIC EXPOSURES
T0 REDL PHOSPHOKUS/EUTYL RURREY
(RP/RR) COMRUSTION PRODUCTS
KECOVERY SACKIFICE GKOUP

(N

N TORIIN TR

Tabulated Arnimal Dats

__GROUP: €2

,,,,,, SEX: MALE __ DAYS: )4%=l45 - —— - -

ERTES: FINNL SACKIEICE

ANIMAL 10, NO:

NASAL TURBINATE-LEVEL ]
Eosinophilis Hlotwle(e!

NASAL TURRINATE-LEVEL o

TRACHER

LAkYNX

PULHONARY LYNPH HODE
Hesorrhage
Lynghocytic Hyperplisia
K3acropndys2 Hyperplasid
Pigment
Edem3

LUNG
Atelectacis
Hesorrhaqe
Focal Lyaphocyte Asgreqate
Alveolar Nacrophages
Interstitial Inflameation
Terminal Erorchiolar Eitro
Eosinopmilic Infaltrate

638 639 640 b4l 642 643 644 645 646

N

- - ) - l - -

S S R T

- l - - - - - - -
T T
e L O T
S T T S N
- - - - - - - 1 -
2 - - - - - - - -
A L L T R SR
S SR - T N A S
2 - - - - - - -

157

[ I ]

LI 2% 2 |



SO O SC TR

O

THE SEEECTS OF SUBCHRONIC EXPOSURES
10 KED PHOSPHOKUS/BUTYL RUKBER
(kp/BR) CONBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Tatulated Amnimal Dhatas

PROJECT Ip: 221-010 Gkouk: C2 SEX: hALE DAYS: 145-145

_ FWTES! FINAL SACRIFICE_ I

MNINAL 1D, NO: 633 639 640 oAl 6A2 643  bM 645 bAb

OTHER TISSUES AND LESIONS:

[ ]
L]
’
]

FAT-Inf13amation - - - . .
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¢
THE EFFECTS OF SUBCHKONIC EXPOSURES
10 KED PHOSPHORUS/RUTYL RURKEK
{kP/BR) COMBUSTIION PRODUCTS
) KECOVERY SACEIFICE GROUK
o _
Tabtulated Amimal [Data é
A PROJECT Ib: 221-010 6ROV €2 SEX! MALE DAYS: 145-14%
¢ C BATEST PINAL GACRIPTCE. . oo s
ANIMAL 1D, NO: 648 673
NASAL TURRINATE-LEVEL !
\ “Autolysis Poo-
NASAL TURRINATE-LEVEL 2 N
Autolyeis 14
L
TKACHER
Autolysis ] -
L LARYNX
Avtolysis P
PULMONAFY LYNFH H(DE
Hemorrhage - :
fdemy - S
r Autoil ;1 b -
LU
Terminal Bronchiolar Fitro 1 2
r‘- Autolysis F -
c.
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THE EEEECTS OF SURCNRONIC EXPOSURES
10 RED PHOSPHORUS/BUTYL RULER
(RP/BR} CONBUSTION PRODUCTS
RECOVERY SACRIEICE Group

Tatbulated Ariimal Data

~PROJECTID: 20010 —GROVPS €3 SERAMLE T T DAYSE WM

ANIRAL 10, MO 650 651 652 653 694 655 656 637 638 660 :
NASAL TURR INATE-LEVEL | ! N NN N N NN T
Hemorrniqe - 1 - 1 . - - . - - ’
NASAL TURRINATE-LEVEL 2 N N N N N N
Hesorthyae - - - 3 - l - - 2 -

y

IRACHER N N N N N N N N N N
LARINX N N N N N N N N N N
PULHONARY LYMEH NODE N
Heaorthage - - l 2 ) 3 - l - l
Lyaphocytac Hyperplasisy - . 1 - 2 - 1 . 1 .
#acrophaqe Hyperplas:s - - - - - ] - - | .
Edemy - 1 - 1 - - . . . -
LUNG
Atelectasis - - - - - . 1 1 - -
Heworghage 1 - - - - - - - - -
Terminal Bronchiodar Fitro 2 2 3 3 3 3 4 3 3 3
Mineralization - - 1 - - - 2 | l l
HEART N N N N N N N N N N
EYE N N N N N N N N N N
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THE EEFECTS OF SUKCHRONIC EXPOSURES
10 RED PHOSFHORUS/BUTYL RUBREK

(KP/ER) CONRUSTION PRODUCTS
+ RECOVEKY SACRIFICE GKOUP

Tabmlated Arniimal DNiata

, PROJECT 103 221-010 GrQUP: €2 SEX: MALE DAYS: 145-145 s
P PAIES: PINAL-SACRIFCE— s T T T
ANIMAL 10, ND: 650 651 692 653 654 655 656 637 698 6LD
KIDHEY N N
d _ Hyiline Casts - ] l ) l 1 l 1 - )
Tubular Hyperplisiy - 1 1 1 ] - 1 1 - 1
ADRENAL i N N N N N N
F? Accessory Cortieyl Tissye . ' . . - 3 . - 3 -

L IVER gi d N N f N
Inflyematron . - - l o - - .
Lyaphocvtac Indiltrste . - - 1 - 2 - i - -

+ ESOPHAGUS N N N N N N N N N N

STOMNCH # N N N N N N N

, Exfoliated Cells - - - 2 - - - -
Cystac Slan: - - 1 - . - . - - -

DUODENUR [ \ N N N N N N N N

N UKINGKY RLARDEK N NN NN NN NN
Concretion - 4 - - - - - - - -

TESIIS N N N N N N N N N N




IHE EEFECTS OF SUECHKUNIC EXPOSURES
10 REL PHOSPHOKUS/BUTYL RUEBER
(kp/BR) COMBUSTION PRODUCTS

KECOVEKY SACKIEICE GROUP

Tatiwalated Arnrimal Data

PKOJECT I0: 221-010  GROUP: C3 SEX: MALE DAYS: 145-145 1
[ FATES:-FINAL SACRIFICE ————— — —— T - b

ANINAL 10. NO: 650 851 652 653 654 655 656 637
OTHER TISSUES AND LESIONS:

PREPUTIAL GLAND-Inflammaticn - - .
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THE EEFECTS OF SUBCHRONIC EXPOSURES
10 RED FHOSPHOKUS/BUTYL RUBKER

(RE/BR) CONBUSTION PRODUCTS ]
P RECOVEEY SACEIFICE GROUP

Tabulated Arnimal Dats ?
PROJECT 1Ib: 221-010 GROUP: €3 _ SEXIMALE . DAYS: 14S-145
P'~vf ******* e EATEST EUAL SACRIFICE -
ANIMAL ID. NO: 825 692 !
E
F NASAL TURBINATE-LEVEL1 N N , ]
NASAL TURKINRTE-LEVEL 2 N N
# TRACHEA ! y
e
LAKYNX N
Mner alization - 1
F PULMONAKRY LYMPH NCIE
Hesorrhiqe - 2
Lysphocytic Hyperplagiz 1 1
Macropnaqe Hyperplisis 1 -
Eems 1 2
fd LUNG
Terainal broncniolsr Fitro 4 2
Nineralizstion 2 -
2
- HEART N N
1
EYE N N
)
f KIDNEY
Hyaline Casts 1 1
Tubular Hyperplasii 1 1
Lysphocytic Infiltrate 1 -
o 163
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THE EFFECTS OF SUBCHKONIC EXPOSUKES
10 KED PHOSPHORUS/BUTYL RUEKER
(kP/Bk} CONBUSTION PRODUCTS

KECOVERY SACKIFICE GROUP

Tabtwulated Amnimal Data

PROJECT IB: 221-010 GROUPY €3 SEX: MALE
T T U URATESUEINAL SACRIEICE

_ DAYS: 145-145 o , R

ANIML ID. M: 685 692

~ ADREML | | NN
LIVER NN
ESOPHAUS BN
STOMACH W
DUODENU NN
URINARY BLADUEK NN

TESTIS N N




4]

(.3

A - ERA R AR R A TR TR TR R TR TS T RS TR TRATART ALY A

TABULATED ANIMAL DATA
SPONTANEOUS DEATHS
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 PIOJECT 102 221-000
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THE SFEECYS OF SUBCHRONIC EXPOSURES
10 FER PHOSPHORUS/RUTYL RUEBEK
(kPBK) COMBUSTION PRODUCTS

Tabtislated Arnimal Data

" EATES: SPONTANEOUS DEATH

 GROUP: €0 SEXIMALE CPpAYSENS -

ANIMAL ID. NO: 85 160

NASAL TURBINATE-LEVEL 1 - N N L
NASAL TURBINATE-LEVEL 2 i

futolysic - P
TRACHEA

Autolysis P P
LAKTNX

futolysis P P

PULMONARY LYNFM NODE

Hemorrhase 4 1
LUNG

Hemorrhaqe - 2

Alveolar Macrophases 4 -

Congestion 4 3

Autolvsis - F




THE EFFECTS OF SUECHRONIC EXPOSUKES
T0 KED' PHOSFHORUS/BUTYL RUERER
(Kk/Bk) COMBUSTION PRODUCIS

Tabwalated Amimal Data

 FROJECY I0: 221-010  GROUF: €2

o SEX: MelE

FATES: SPONTAREQUS DEATH

ANIMAL ID. NOU

NASAL TURK INATE-LEVEL 1

NASAL TURRINATE-LEVEL 2

TRACHEA
Autolysic

LARYNX
Autolvels

PULMONARY LYMPH NODE
Hemorrhage
Piquent

LUNG
Heworrnaae
Terminal Bronchiolsr Eibro
Congestion

17

N

N

et

Lot to

o DAYS?107-k07____
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THE EEEECTS OF SUBCHRONIC-EXPOSURES
TC RED PHOSPHORUS,BUTYL RUEREK
(RP/BR) COMBUSTION PROIUCTS

Tatbulated Amnimal Datas

PEOJECT I, 221010 HRoUP: C3 SEX: NeLE DAYS: 51-78
fffffffffffff _ __FATES: SPONTNEOUS DEATH — —— —— —— ——— S
ANIMAL 1D, NO: 133 186 331
NASAL TURBINATE-LZVEL 1 N N N
NASAL TURKINATE-LEVEL 2 N N N
TRACHEA N N N
LARYNX
Erosion 2 3 4
Inf12mmation 3 -

PULNONARY LYMPH NODE

Hesorrhage o 4
Piqment - - 2
Edena - - 1
LUNG
Hesorrhise - 1 2
Alveolar Macrophaqes - - 1
Termin3al Bronchiolar Fitro 3 2 2
Conestion 2 2 2
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HISTOPATHOLOGY INCIDENCE TABLE
SPECIAL STAINS
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THE EFFECTS OF SUb HRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS

Correlation of Gross & Micro

PROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 89-8¢9
PAGE 1
FATES: FINAL SACRIFICE

ANIMAEL NO: 529 ' PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: - - RELATED HISTOPATHOLOGY:
YNO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
ANIMAL NO: 530 PATHOLOGIST: WOI

DAYS ON TEST: B89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROFSY RECCORD: RELATED HISTOPATHC™ " V:
>NO OBSERVABLE AENORMALITIES. NOT APPLICABLE
ANIMAL NO: 531 PATHOLOGIST: WOI

DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

] REFERENCE TO NECROPSY RECORD: RELATED HISTOFATHOLOGY:
I~ >NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
P ANIMAL NO: 532 : PATHOLOGIST: WOI
Fh DAYS ¥ TES : 89
ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECRCPSY REZORD: RELATED HISTOPATHOLOGY: )
e >THYMUS: Scattered Dark Red Foci THYMUS- Hemorrhage
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THE EFFECTS OF SUBCHRONIC EXPOSURES

TO RED PHOSPHORUS/BUTYL RUBBER
o (RP/BR) COMBUSTION PRODUCTS
55 7 , ,
? Correlation of Gross & Micro
% - PROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 89-89
¥ PAGE 2
3 FATES: FINAL SACRIFICE
' —_— — _—
[ ANIMAL NO: 533 PATHOLOGIST: WOI
i DAYS ON TEST: 89
X ANIMAL FATE: FINAL SACRIFICE
g REFERENCE TC NECROPSY RECORD: RELATED HISTOPATHOLOGY:
B SLUNG: Lert, Scattered Red Foci " NO COROLLARY CHANGE DETECTED
G
i
le
a
ANIMAL NO: S34 PATHOLOGIST: WOI
DAYS ON TEST: 3%
i ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECR(OPSY RECORD: RELATED HISTOPATHOLOGY:
>MANDIBULAR LYMPH NODE- Dk. Red MANDIBULAR LYMPH NODE-
| Hemorrhage
Y ANIMAL NO: 535 PATHOLOGIST: WOI
| DAYS ON TEST: 89
¥ ANIMAL FATE: FINAL SACRIFICE
' REFERENCE TG NECROPSY RECORD: RELATED HISTOPATHOLOGY :
g >0 OBSERVABLE ABNORMALITIES. NOT APPLICABLE
S— -
b
B ANIMAL NO: $3¢

DAYS ON TEST: 89
e ANIMAL FATF: FINAL SACRIFICE

8 R."FERENCE TO NECROPEY RECORD:
' >NO OBSERVABLE ABNORMALITIES.

>

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:

NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO0 RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS

Correlatiorn of Gross & Micro

DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD:

>NO OBSERVABLE ABNORMALITIES.

 RELATED HISTOPATHOLOGY:

PROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 89-89
PAGE 3
FATES: FINAL SACRIFICE

F ANIMAL NO: 537 PATHOLOGIST: WOI

NOT APPLICABLE

ANIMAL NO: 538

DAYS ON TEST: RS

ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROPSY RECCRD:

JLUNG: Scattered 0.1 To 0.5 cm
Grav Raised Foci

JBLADDER: Filled With Yellow .,"luid

PATHOLOGIST: WOI

RELATED HISTOPATHCLOGY:

LUNG- Interstitial Inflammation

NO COROLLARY CHANGE DETECTED

ANIMAL NG: 539

DAYS ON TEST: 89

ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROFSY RECORD:

>NO OBSERVABLE ABNORMALITIES.

PATHOLOGIST: WOI

RELATED HISTCPATHOLOGY:

NOT APPLICABLE




THE EFFECTS OF SUBCHRONIC EXPOSURES
N T0O RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS.

Correlation of Gross & Micryro

@ PROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 89-89
p FPAGE 4

5 FATES: FINAL SACRIFICE

X ANIMAL NO: 540 PATHOLOGIST: WOI E
4 DAYS ON TEST: 89 _
8 ANIMAL FATE: FINAL SACRIFICE ;

'REFERENCE TO NECROPSY RECORD: ~ RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED FHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS

Correlation of Gross & Micro

PROJECT ID: 221-010 GROUP: Cl SEX: MALE DAYS: 89-89
PAGE 1

ANIMAL NO: 260 PATHOLOGIST: WOI
DAYS ON TEST: 89

ANIMAL FATE: FINAL SACRIFICE

-~ REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
YNO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
ANIMAL NO: 541 PATHOLOGIST: WOI

DAYS ON TEST: 89 3
ANIMAL FATE: FINAL SACRIFICE :

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
>’NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
ANIMAL NO: 542 PATHOLOGIST: WOI

DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
ANIMAL NO: 543 PATHOLOGIST: WOI

DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

YNO OBSERVABLE ABNORMALITIES. NOT APPLICABLE




THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RF/BR) COMBUSTION PRODUCTS

Coxrrelation of Gross & Micro

B _ - - - I .

PROJECT ID: 221-010 GROUP: C1l SEX: MALE DAYS: 89-89
PAGE 2

ANIMAL NO: 544 PATHOLOGIST: WOI
DAYS ON TEST: 89

ANIMAL FATE: FINAL SACRIFICE

__ REFERENCE TO_NECROPSY RECORD: - _RELATED HISTOPATHOLOGY:  ~ ~ — — &
>NC 0BSERVARLE ABNORMALITIES. NOT APPLICABLE
ANIMAL BO: 545 PATHOLOGIST: WOI

DAYS ON TEZT: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TC NECROPSY RECORD: RELATED HISTOPATHOLOGY:
>NO ORSERVABLE ABNORMALITIES. NOT APPLICABLE
ANIMAL NO: 546 PATHOLOGIST: WOI

DAYS ON TEST: 89
ANIMAT, FATE: FINAL SACRIFICE

REFERFMCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
4 >NCG OBSERVABLE ASNORMALITIES. NOT APPLICABLE
k

DAYS ON TEST: 89

3
E ANIMAL NO: 547 PATHOLOGIST: WOI
| ANIMAL FATE: FINAL SACRIFICE

]

]

)

REFERENCE T0 NECROPSY RECORD: RELATED HISTOPATHOLOGY:

; >MANDTBOULAR LYMPH NODE- Red MANDIBULAR [YMPH NODE- Hemorrhage
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS

i Correlation of Gross & Micro ?
E gnoascr ID: 221-010 GROUP: C1 SEX: MALE DAYS: 89-89 -
AGE 3 :
3 FATES: FINAL SACRIFICE ;
ANIMAL NO: 548 | " PATHOLOGIST: WOI o
DAYS ON TEST: 89 ;
ANIMAL FATE: FINAL SACRIFICE 3
o REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: . .
? )NO OBSERVABLE ABNCRMALITIES. NOT APPLICABLE ]
¢ ANIMAL NO: 549 PATHOLOGIST: WOI }
o DAYS ON TEST: 89 f
ANIMAL FATE: FINAL SACRIFICE
é REFERENCE TC NECROPSY RECORD: RELATED HISTOPATHOLOGY:
o )NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
3y ANIMAL NO: 551 PATHOLOGIST: WOI
A DAYS ON TEST: 89
: ANIMAL FATE: FINAL SACRIFICE
5 REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
>NO OBSERVABLE ABNOKMALITIES. NOT APPLICABLE
ANIMAL NO: 552 PATHOLOGIST: WOI
) DAYS ON TEST: 89
i ANIMAL FATE: FINAL SACRIFICE
i REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
j )NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
183

—



TN YW T \ba - e 3 r Y www wwY bav 0 AL by by g b sy A~ oA = 8
Fy it atl ekl SR 2 4a Ria Sanak M ata Abe Bk o ™Y WYY L Bat Bk Geh ¢ 2 AR L aasid ovb gid bt abA gbd AR AUATALALY SaR R A LA o
LY S

" THE EFFECTS OF SUBCHRONIC EXPOSURES

TO RED PHOSPHORUS/BUTYL RUBBER

) (RF/BR) COMBUSTION PRODUCTS

1 Correlation of Gross & Micro i

J

& EROJECT ID: 221-010 GROUP: C2 SEX: MALE DAYS: 89-89 ,
AGE 1

[l FATES: FINAL SACRIFICE S —

ANIMAL NO: 553 PATHOLOGIST: WOI
DAYS ON TEST: 89

o W)
%‘- ~ -

Ty
-,

§ ANIMAL FATE: FINAL SACRIFICE
@ REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: o
o YM0 OBSERVABLE ABNORMALITIES. NOT APPLICABLE
o :
2,
N -
ANIMAL NO: 554 PATHOLOGIST: WOI
ki DAYS ON TEST: 89
o ANIMAL FATE: FINAL SACRIFICE .
3:3‘ REFERENCE 10 NECROPSY RECORD: RELATED HISTOPATHOLOGY :
& YNO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
& .
t"'
oY)
Ag
o
) ANIMAL NO: 555 PATHOLOGIST: WOI
@  Davys ON TEST: 89
K ANIMAL FATE: FINAL SACRIFICE
)
. REFERENCE 1. NECKUFSY RECORD: RELATED HISTOPATHOLOGY:
N
yNO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
B
b
‘3 ANIMAL NO: 556 PATHOLOGIST: WOI
El DAYS ON TEST: 89
% ANIMAL FATE: FINAL SACRIFICE
e
& REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY :
B¥  >NO OBSERVABLE ABNORMALITIES, NOT APPLICABLE
.
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D THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS

F Correlation of Gross & Micro

PROJECT ID: 221-010 GROUP: C2 SEX: MALE DAYS: 89-89
PAGE 2

FATES: FINAL SACRIFICE :

F " ANIMAL NO: 557 PATHOLOGIST: WOI .
DAYS ON TEST: 89 '
ANIMAL FATE: FINAL SACRIFICE

 REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: - R
r YNO OBSERVABLE ABNORMALITIES. NOT APPLICABLE ;
F ANIMAL NO: 558 PATHOLOGIST: WOI ;
DAYS ON TEST: 89 |
ANIMAL FATE: FINAL SACRIFICE |
REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY : :
F YNO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
ANIMAL NO: 559 PATHOLOGIST: WOI
4 DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY :
JTHYMUS: Scattered Dark Red THYMUS- Hemorrhage
' Pinpoint Foci

A\ ANIMAL NO: 560 PATHOLOGIST: WOI
f DAYS ON TEST: 89

ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROFSY RECORD: RELATED HISTOPATHOLOGY:
3 >NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHCSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS

Correlation of Gross & Micro

i PROJECT ID: 221-010  GROUP: Ci SEX: MALE DAYS: 89-89
t  PAGE 3

FATES: FINAL SACRIFICE

I ANIMAL NO: 561 PATHOLOGIST: WOI
}  DAVS ON TEST: 89 ,
ANIMAL FATE: FINAL SACRIFICE

L

f  REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: 9

>MANDIBULAR LYMPH NODE: Dark Red MANDIBULAR LYMPH NODE-~ Hemorrhage

¥

R ANIMAL NO: S62 PATHOLOGIST: WOI
N DAYS ON TEST: 89
3

ANIMAL FATE: FINAL SACRIFICE

. REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
P ANIMAL HO: 563 PATHOLOGIST: WOI

DAYS ON TEST: 89
ANIMAL, FATE: FINAL SACRIFICE

E  REFERENCE T¢ NECROPSY RECORD: RELATED HISTOPATHOLOGY :

1]

f >NO OBSERVABLE ABNURMALITIES. NOT APPLICABLE

R} ANIMAL NO: 564 PATHOLOGIST: WOI

DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE




THE EFFECTS OF SUBCHRONIC EXFPOSURES
TO RED FHOSPHORUS/BUTYL RUBBER
(RF/BR) COMBUSTION PRODUCTS

- Correlation of Gross & Micro

PROJECT ID: 221-010 GROUP: C3 SEX: MALE DAYS: 89-~89 ;
PAGE 1
%,,,4ramzs : FINAL SACRIFICE ... :

ANIMAL NO: 55 PATHOLOGIST: WOl
DAYS ON TEST: 89

ANIMAL FATE: FINAL SACRIFICE
9 REFERENCE TO NECROPSY RECORD:

RELATED HISTOPATHOLOGY :

’NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
ANIMAL NO: 5&5 PATHOLOGIST: WOI
DAYS ON TEST: €9
ANIMAL FATE: FINAL SACRIFICE
o REFERENCE TO NECKOPSY RECORD: RELATED HISTOPATHOLOGY :
’NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE :
\d ANIMAL NO: 566 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROPSY KECORD: RELATED HISTOPATHOLOGY :
F YNO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
. ANIMAL NO: 5567 PATHOLOGIST: WOI

DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TC NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ix




THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS

Correlatiomn of Gross & Micro

PROJECT ID: 221-010 GROUP: C3 SEX: MALE DAYS: 89-89

i PACE 2
FATES: FINAL SACRIFICE

ANTMAL No: 568
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

- REFERENCE TO NECROPSY RECORD:-  -—=-RELATED -HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

. ANIMAL NO: 5e¢9 PATHOLOGIST: WOI
3 DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROFSY RECORD: RELATED HISTOPATHOLOGY:

>NG OBSERVABLE ABNORMALITIES. NOT AFPPLICABLE

ANIMAL NO: S$70Q PATHOLOGIST: WOI
DAYS ON TEST: 89
ANTMAL FATE: FINAL SACRIFICE

' REFEREVCE 40 NECROPSY RECORD: RELATED HISTOPATHOLOGY:
A

A ONO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
e .

3 ANIMAL NO: $72 PATHOLOGIST: WOI
) DAYS ON TEST: 89

% ANIMAL FATE: FINAL SACRIFICE

N

% REFERENCE T0 NECROPSY RECORD: RELATED HISTOPATHOLOGY:
ﬁ >NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

B

Al

A
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS B

Correlation of Gross & Micro

giOJECT ID: 221-010 GROUP: C3 SEX: MALE DAYS: 89-89
GE 3
FATES: FINAL SACRIFICE

2

ANIMAL NO: 573 PATHOLOGIST: WOI
DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

| REFERENCE T0 NECROPSY RECORD: RELATED HISTOPATHOLOGY : o
>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
ANIMAL NO: 574 PATHOLOGIST: WOI

DAYS ON TEST: 89
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROFSY RECORD: RELATED HISTOPATHOLOGY:

JLUNG: Mottled, Gravish LUNG- Terminal Bronchiolar
Fibrosis

ANIMAL NO: 5785 PATHOLOGIST: WOI

DAYS ON TEST: 82
ANIMAL FATE: FINAL SACRIFICE

REFERENCE T0 NECROPSY RECORD: RELATED HISTOPATHOLOGY :

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 576 PATHOLOGIST: WOI
DAYS ON TEST: 89

ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

189




D TURF IR BT U TR TAN AT ¥ - FORNY

THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Correlation of Gross & Micro

PROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 145-145
PAGE 1 E:
— - FATES: FINAL -SACRIFICE - - ' S o - "”””‘*:

-

ANIMnL NO: €26 PATHOLOGIST: WOI
DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
;URINARY BLADDEX: Calculi In URINARY BLADDER- Concretion
Bladder
IMAL NO: 627 PATHOLOGIST: WOI

DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
ANIMAL NO: 628 PATHOLOGiST: WOI

DAYS CN TEST: 145
ANIMAL, FATE. ¥FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
»1i0 OBSERVABLE ABNORMALITIES. NOT APPLICABLE
ANIMAL NO: 629 PATHOLOGIST: WOI

DAYS ON TEST: 145
ANIMAL FATE: F'INAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
>NC OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GRQUP

Correlation of Gross & Micro

gROJECT ID: 221-010 GROUP: CO SEX: MALE DAYS: 145-145
AGE 2

_ . _FATES: FINAL SACRIEICE o ,,,,,H%{

ANIMAL NO: 630 PATHOLOGIST: WOI
DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE

E REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
>)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

b K
ANIMAL NO: 631 PATHOLOGIST: WOI

DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

F REFERENCE TC NECROPSY RECOKD: RELATED HISTOPATHOLOGY:
YNO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
p ANIMAL NO: 632 PATHOLOGIST: WOI

DAYS ON TEST: 145
ANIMAL FATE: FINAL SACKIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
i >NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
% ANIMAL NO: 633 PATHOLOGIST: WOI

i DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY :
>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

7
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

AN LI AW ETUFUN Y TR W IR W INEATW T AW wis W s megsw-w |wm e

Correlation of Gross & Micro

PROJECT 1ID: 221-010 GROUP: CO SEX: MALE DAYS: 145-145

PAGE 3
FATES: FINAI. SACRIFICE.

ANIMAL NO: 634 PATHOLOGIST: WOI
DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

»NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: ©35 PATHOLOGIST: WOI
DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NEZCROPSY RECORD: RELATED HISTOPATHOLOGY:

'NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANITMAL NO: 636 PATHOLOGIST: WOI
DAYS ON TEST: 145

ANTMAL FATE: INAL SACRIFICE

REFERENCY. TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

*NO OBSERVASLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: o661 PATHOLOGIST: WOI

DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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THE EFFECTS OF SUBCHRONIC EXPOSURES
T0 RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Correlation of Gross & Micro

PROJECT ID: 221-010
PAGE 1 -
FATES: FINAL SACRIFICE

GROUP: C2

SEX: MALE DAYS: 145-145

ANIMAL NO: 638

DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROPSY RECORD:

>NO OBSERVABLE ABNORMALITIES.

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:
NOT APPLICABLE

ANIMAL NO: 639

DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROPSY RECORD:

JLUNG: Right Posterior, (Small
Foci)

JLUNG: Lert Lung, (Small Foci)

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:
NO COROLLARY CHANGE DETECTED

NO COROLLARY CHANGE DETECTED

ANIMAL NO: 640

DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROPSY RECORD:

>NO OBSERVABLE ABNORMALITIES.

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:

NOT APPLICABLE




THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Correlation of Gross & Micro

PROJECT ID: 221-010 GROUP: C2 SEX: MALE DAYS: 145-145
PAGE 2

 FATES: FINAL SACRIFICE

ANIMAL NO: 641 PATHOLOGIST: WOI
DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
ANIMAL NG: o642 PATHOLOGIST: WOI

DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO HNECROPSY RECORD: RELATED HISTOPATHOLOGY:
SN0 OBSERVARBLE ABNORMALITIES. NOT APPLICABLE
ANIMAL NO: 643 PATHOLOGIST: WOI

DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE, TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>FAT: Abdominal Necrotic Fat FAT- Inflammation
Body, 0.2 x 0.2 2z 0.1 cm

ANIMAL NO: 644 PATHOLOGIST: WOI
DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE

KEFERENCE TO0 NECROPSY RECORD: RELATED HISTOPATHOLOGY:
>TESTIS: Right, Small, 0.3 x 0.2 No Section
X 0.1 c¢cm
194
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L THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

r Correlation of Gross & Micro

PROJECT ID: 221-010 GROUP: C2 SEX: MALE DAYS: 145-145
PAGE 2

FATES: FINAL SACRIFICE

ANIMAL NO: 645 PATHOLOGIST: WOI
DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE

r REFERENCE T0 NECROPSY RECORD: RELATED HISTOPATHOLOGY:
>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
p
ANIMAL NO: 646 PATHOLOGIST: WOI

DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

L REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
L ANIMAL NO: 647 PATHOLOGIST: WOI

DAYS ON TEST: 145
ANIMAL FATE: FINAL SACKIFICE

REFERENCE T0 NECROPSY RECORD: RELATED HISTOPATHOLOGY:
p >NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
g ANIMAL NO: 648 PATHOLOGIST: WOI

DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO0 NECROPSY RECORD: RELATED HISTOPATHOLOGY:

3 >NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE




THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
{RP/BR) COMBUSTION PRODUCTS

RECOVERY SACRIFICE GROUP

Corrvrelation of Gross & Micro

PROJECT 1D: 221-010 GROUP: C2 SEX: MALE DAYS: 145-145
PAGE 4
FATES: FINAL SACRIFICE

ANIMAL NO: 673 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE




THE EFFECTS OF SUBCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Correlation of Gross & Micro

PROJECT 1ID: 221-010 SEX: MALE DAYS: 145-145

PAGE 1

GROUP: C3

-FATES : FINAL -SACRIFICE-

ANIMAL NO: 650

DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROPSY RECORD:

>NO OBSERVABLE ABNORMALITIES.

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:
NOT APPLICABLE

ANIMAL NO: 651

DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROPSY RECORD:

>NO OBSERVABLE ABNORMALITIES.

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:
NOT APPLICABLE

ANIMAL NO: 652

DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECRCPSY RECORD:

>NO OBSERVABLE ABNORMALITIES.

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:
NOT APPLICABLE

ANIMAL NO: 653

DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROPSY RECORD:

>NO OBSERVABLE ABNORMALITIES.

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:

NOT APPLICABLE




THE EFFECTS OF SUBCHRONIC EXPQOSURES
TC RED PHOSPHORUS/BUTYL RUBBER

(RP/BR) COMBUSTION PRODUCTS
RECOVERY SACRIFICE GROUP

Correlation of Gross & Micro

PROJECT ID: 221-010 GROUP: C3
PAGE 2

FATES: FINAL SACRIFICE

SEX: MALE DAYS: 145-145

-

ANIMAL NO: 54

DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROPSY RECOKD:

>NU OBSERVABLE ABNORMALITIES.

LY SN,

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:
NOT APPLICABLE

ANIMAL NO: 855

DAYS ON TEST: 145 7
ANIMAL FATFE: FINAL SACRIFICE
REFERENCE TO NECROPSY RECORD:

PKIONEY: Flacceid

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:
NO COROLLARY CHANGE DETECTED

ANIMAL NO: oZo
CAVS ON TCOT: 145

ANIMAL FATE: FINAL SACRIFICE
REFERENCE ‘U'¢ NECFOFSY RECORD:

SOURINARY BLADDER: Yellow Fluid In
Bladder

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:
NO COROLLARY CHANGE DETECTED

ANIMAL NO: 657

DAYS ON TEST: 145

ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROPSY RECORD:

>KIDNEY: Dilated Pelvis: Flaccid

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:
NO COROLLARY CHANGE DETECTED
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THE EFFECTS OF SUBCHRONIC EXPOSURES
T0 RED PHOSPHORUS/BUTYL RUBBER
(RF/BR) COMBUSTION FRODUCTS
RECOVERY SACRIFICE GROUP
@ Correlatiorn of Gross & Micro
ggggagr ID: 221-010 GROUP: (3 SEX: MALE DAYS: 145-145
N FATES: FINAL SACRIFICE
ANIMAL NO: 658 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE
* REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
YPREPUTIAL GLAND: Abscess PREPUTIAL GLAND- Inflammation
@
ANIMAL NO: 660 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE
. REFERENCE TO NECROFSY RECORD: RELATED HISTOPATHOLOGY:
YNO OBSERVABLE ABNGRMALITIES. NOT APPLICABLE
- ANIMAL NO: 685 PATHOLOGIST: WOI
DAYS ON TEST: 145
ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROFSY RECORD: RELATED HISTOPATHOLOGY :
v YNO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
¢ ANIMAL NO: 692 PATHOLOGIST: WOI
DAYS ON TEST: 146
ANIMAL FATE: FINAL SACRIFICE
REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY :
YNO OBSERVABLE ABNORMALITIES. NOT APPLICABLE




THE EFFECTS OF SUBCHRONIC EXPOSURES
10 RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS

a3 G G AT m -

Corvrelation of Gross & Micro

™~ = - - - R —

s PROJECT ID: 221-010 GROUP: CoO SEX: MALE DAYS: 71-125
S PAGE 1

FATES: SPONTANEQUS DEATH

1 ANIMAL NO: 85 PATHOLOGIST: WOI :
DAYS ON TEST: 71 E
ANIMAL FATE: SPONTANEOUS DEATH '

REFERENCE T¢ NECROPSY RECORD:

RELATED HISTOPATHOLOGY:

sHEART: Enlarged; Firm No Section

B >LUNG. Dark Red LUNG- Congestion
: >LIVER:

Dack Red

No Section

YADRENAL: Eclarged, 0.4 x 0.4 cm No Section

>JEJUNUM: Modevately Autolysed No Section

> ILEUM: Moderately Autolysed No Section

b ANIMAL NO: 160 PATHOLOGIST: WOCI
* DAYS ON TEST: 125
ANIMAL FATE: SPONTANEOUS DEATH

REFERENCE 7¢ NECROFSY RECORLD: RELATED HISTOPATHOLOGY :

oy AL

Y YHANDIBULAR SALIVARY GLAND: Dark No Sec¢tion
Red

>MANDIBULAR LYMPH NODE: Dark Red No Section

>THYMUS: Motitled Dark Red No Section

W7o £ TR "5 JdJoA JuV et KO £V 4 i I

>LUNG: Mottled Dark Red LUNG- Congestion
; >LIVER: Dark Red No Section
é >XIDNEY: Mottled Dark Red No Section
? >ADRENAL: Red No Section

>SPLEEN: Dark Red No Section
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i ¢ THE EFFECTS OF SUDCHRONIC EXPOSURES
TO RED PHOSPHORUS/BUTYL RUBBER
(RP/BR) COMBUSTION PRODUCTS

Correlation of Gross & Micro

PRCJECYT ID: 221-01¢C GROUP: CO SEX: MALE DAYS: 71-125
PAGE 2
FATES: SPONTANEOUS DEATH

~ ANIMAL NO: 160 | | PATHOLOGIST: WOI
DAYS ON TEST: 125
ANIMAL FATE: SPONTANEOUS DEATH

REFERENCE TO NECROPSY RECORD: RELATED HISTQPATHOLOGY :
YINTESTINAL TRACT: Slightly No Section
Autolysed
>CECUM: Gas Filled No Section
@ YMESENTERIC LYMPH NODE: Dark Red No Section
>BRAIN: Slightly Autolvsed No Section
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f THE EFFECTS OF SUBCHRONIC EXPOSURES

) TO RED PHOSPHORUS/BUTYL RUBRER

i: (RP/BR) COMBUSTION PRODUCTS

3

O

“ Correlation of Gross & Micro

&

) PROJECT ID: 221-010 GROUP: C2 SEX: MALE DAYS: 107-107
R PAGE 1

FATES: SPONTANEQUS DEATH

¥l ANIMAL NO: 172 PATHOLOGIST: WOI
bl DAYS ON TEST: 107
k) ANIMAL FATE: SPONTANEOUS DEATH

R
REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
SE >THORACIC CAVITY: Fool Of Dark Mo Section
i Red Fluid
S
[ JLUNG: Multiple Dark Red Areas LUNG~ Hemorrhage

Especiallvy The Posterior Ends Of
The Right Posterior And Left
Lobes

[
1
A |

=¥

>HEART: Very Firm No Section

[

>KIDNEY: Scfter No Section

Farad”
v

A o I

>URINARY BLADDEER: Contained No Section
Calculi

CECUM: Moderately Bloated No Section

YRS,
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THE EFFECTS OF SUBCHRONIC EXPOSURES
TO KRED PHOSPHORUS/BUTYL RUBBER

(RP/BR)

COMBUSTION PRODUCTS

Correlation of Gross & Micro

PROJECT 1ID:
PAGE 1

FATES: SPONTANEGUS DEATH

221-010 GROUP: C3

SEX: MALE DAYS: 51-78

ANIMAL NO: 135

DAYS ON TEST: 51

ANIMAL FATE: SPONTANEOUS DEATH
REFERENCE TO NECROPSY RECORD:
YLUNG: Mottled Dark Red

YLIVER: Dark Red

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY: o
LUNG- Congestion

No Section

ANIMAL NO: 186

DAYS ON TEST: 78

ANIMAL FATE: SPONTANEOUS DEATH
REFERENCE TQ NECROPSY RECORD:
JLUNG: Mottled Red

>LIVER: Dark Red

»STOMACH: Distended And Gas Filled

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:
LUNG- Congestion
No Section

No Section

ANIMAL NO: 331
DAYS ON TEST: 59
ANIMAL FATE: SFONTANEOUS DEATH

REFERENCE TO NECROPSY RECORD:
>LUNG: Moderately Dark Red
>LIVER: Dark Red

YHEART: Firm

PATHOLOGIST: WOI

RELATED HISTOPATHOLOGY:
LUNG- Congestion
No Section

No Section
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IIT FROJECT NUIBER 106139
PHASE IV STUDY NO. 80
THE SFFECTS COF SUBCHRONIC EXPOSURES TO
RED PHOSPHORUS/BUTYL RUBBER (RP/BR) COMBUSTION PRODUCTS
ON VARIOUS BIOLOGICAL ENDPOINTS
IN MALE 3PRAGUE-DAWLEY RATS

PATHOLOGY REPORT
ADDENDUM

Pneumonia virus of mice (PVIi) is a pneumovirus first described
in 1940. Recent studies have shown that it is of low
trancmissability, even among animals housed together, and
extremely labile in the environment. FKost laboratory rodents,
including rates, are susceptible. The characteristic lesions
associated with the virus are an acute vasculitis which
develops into satchy interstiti- pneumonia. Perivascular
and peribroachiolar accumulat. = of lymphocytes are also
present. Fibrosis at the term . bronchiole, which is the
primary effect of RP/BR exposur< = has not been reported

with FVii infections. Therefor.. the lesions produced by

PVM infection are separate and distinct from those which

were treatment—-related.

The combination of lesions produced by PVM was also not
present in the twenty-two rats which died spontaneously
during the ctudy. Their death was not due to PVM infection,
Congestion and hemorrhage of the lung were the most common
findings in these animals. The cause of death in most of
these cases is not knowvn but exposure to RP/BR may have been
a contridbuting factor.

Three animals which died spontaneously after day 51 had
erosions of the laryngeal mucosa with deposits of fibrin on
the surface. This fibrin probably partially obstructed the
larynx and may have contributed to the death of these three
animals. They were all in Group C3 and the lesion is con-
sidered related to RF/BR exposure.

W.0, Iverson, D.V.M.

Diplomgate, ACVP
Best Availeble Copy W
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Smith, A.L., Carrano, V.A., and Brcwnstein, D.G.,
Response of Veanling Random=3red ilice to Infection
with Fenumonia Viruc of liice (PV4). Lab Anim. Sci.

Vogtsberzer, L.I., Stromberg, P.,C., and Rice, J.l.,
Histological and Serological Response of B C}F Mice
and F344 Rats to Experimental Pneumonia Virus 3f IMice
Infection. Lab Anim. 3Sci. 32(4): 419, 1382,
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Disezses in Patholoxv ol Laboratory Animals, Benirschke,
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Veriag, dew Yorik, 127¢, p. 1321,
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EXPERIMENTAL PATHOLOGY LABORATORIES. INC.
1800 EAST PERSHING ROAD. DECATUR. ILLINOIS 62526 (217) 875-3930

September 17, 1985

Ms. Catherine Aranyi
I[IT Research Institute
10 West 35th Street
Chicago, IL 60616

Dear Catherine:

Please find enclosed a recent article about the Von Kossa stain
we used on some of the lung sections for your Project Number
LO6139. Von Kossa is apparently not specific for calcium, but
will stain phosphates and carbonates or organic material in
general. I suggest that we do some staining with Alizarin Red S
which is specific for calcium on our next batch of lung tissue.
We will work up a per slide cost for you if you would Tike. It
would, of course, be done on a selective basis.

Best Regards,

W.0. Iverson, D,.V.M.

WOl/jcs
Enclosure
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Von Kossa's Technique: What von Kossa Really Wrote

s eiw W AR W eI AT W L@ LeTw STW ey Csmm T
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Chemical‘Mechanisms of Staining
Methods

and a Modified Reaction for Selective Demonstration of
Inorganic Phosphates

Susan N. Meloan, HT (ASCP!, and Holde Puchtler, M.D.

Abstract

It is generally beiieved that in von Kossa's technique
siiver cations react with pnosphates and carbonates in
calcium deposits and are then reduced to black metallic
silver by strong light. Perusal of von Kossa's paper
show:d that he was aware of signiticant differences be-
tween reactions of siiver pnosphate in vitro and in
calcium deposits. He regarded only the veliow coiora-
tion of caicium deposiis during eariyv stages of the reac-
tion as diagnostic for caicium phosphate and ascribed
the blackening to organic matter. Efforts to prevent this
blackening were unsuccesstul. Von Kossa's experiments
were reproducible in our hands. Further studies showed
that bright light, generally regarded as essential for von
Kossa's reaction. only causes the irreversibie blackening
of organic matter that masks the veliow silver phos-
phate. When the reaction is pertormed in subdued light,
veliow to veliowish brown siiver pnosphate is visualized
sciectively. Silver carbonate dissoives in thiosuitate and
cannot be demonstrated with von Kossa s technigue.

Introduction

In discussions of von Kossa's technigue. it is usually
stated that silver cactions react with phosphates and
carbonates in calcium deposits and are then reduced to
black metallic silver by light or a photographic
developer. During histochemical studies of this reac-
tion.' it became clear that von Kossa's’ concepts have
not been rendered correctly in recent histochemical and
histological treatises. In contrast to current hypotheses,
von Kossa's’ interpretation of his observations was
based on chemical data and contemporary silver tech-
niques. Since this knowiedge is no longer readily avail-
able, major findings will be reviewed briefly.

From the Department of Pathology Meaical Coiiege or Georgia. Augusta
GA 309012

Submitred tor publication Apni 2¢ 1984 accepred lune 22 1984

Journa: o Mistoteennotegy/Ve: € No 1/Marcn 1985

Terminology — The term "calcium deposits” will be
used in the morphologically descriptive sense without
any chemical impiications. Such deposits are known to
contain organic matter and probably cations other than
calcium.

Historical Review

Early chemists knew that alkali carbonates and
organic compounds reduce silver nitrate to black
metallic silver, but silver phosphate remains yvellow.’
During much of the 19th century silver nitrate was
prescribed tor internal use in the treatment of various
diseases. The reduction of ingested silver to metallic
silver caused grav to bluish-black discoloration
(argvria) of skin.* * Light was not necessary for reduc-
tion. Virchow* described blue-black coloration of renal
glomeruli and interstitial collagen. Riemer’ found black
silvered connective tissue fibers in many organs and
arteries, except in central nervous tissue.

In 1844 silver nitrate was introduced into histology
for blackening of cell borders of epithelium.* This
technique is still used in arteriosclerosis research for
visualization of cell borders of endothelial cells, though
it has been the subject of much controversy since the
1860's. Harpeck,* Hartmann?® and Schweigger-Seidel®
regarded the supposed cell borders as artifacts; similar_
patterns were obtained on substrates that lacked cells,
e.g.. collodium fiims.!? 3 ¢ Histochemical studies
showed that silver was reduced by proteins and alkali
chlorides in tissue sections,*® !* * This process could be
speeded up by exposure to light.!* ** These studies were
carried out on fresh tissues: fixation and other reagents
interfered with the reduction of silver nitrate.*

Von Kossa's Studies

Von Kossa: investigated experimentally induced
calcifications in kidneys. Chemical analyses demon-
strated calcium phosphate in such lesions, but required

n
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destruction of tissues. Specal stains for calcium were
not yet available. Von Kossa. therefore. searched for a
histochemical technique. In in vitro experiments. silver
nitrate solutions colored “caicium phosphate crvstals
vellow without dissolving them. Von Kossa® then
treated tissue sections with silver nitrate and obtained
yeliow coloration of deposits. Further chemical tests
proved that the reactive material was indeed calcium
phosphate. However, the veliow color in tissue sections
was not permanent, but changed to gray and black. In
this respect, calcium deposits in tissues differed from
calcium phosphates in in vitro experiments: silver phos-
rhate formed in the latter retained its bright vellow col-
or for days and was not reduced by exposure to light. In
vitro blackening could be obtained by addition of egg
albumen or solutions containing proteins. Von Kossa®,
therefore. conciuded that calcium deposits in tissues
contain organic material that can reduce silver.

However, he regarded only the vellow coioration,

observed in early stages of the reaction. diagnostic for
calcium phospnate. This precise chemical distinction
was overlooked by later authors and has apparently
peen los: from curren: literazure.

Cieariv, von Kossa's® technigue :s a two-step reac-
tion. In the first step. siver cations react with com-
ponents of calcium deposits. In the second step. bound
silver is reduced to black metaliic siiver by organic
material with the aid of light or by pnotographic
developers. Traditionai histoiozical procedures do not
record the vellow coioranion during eariy stages of the
reaction. and it is 'mpossibie to disttnguish in the final
black product betwean siiver bounc to phosphates and
silver bound directiv by other material.

Zill'" searched unsuccesstuily for methods to prevent
blackening of silver in yon Kossa s reacticn. Apparent-
ly. this probiem was not soived during the following
decades. We. thererore. reinvestigatec von Xossa's’ and
Zill's*” work.*

Histochemical Studies

In Vitro Experimraents — Addition of siiver nitrate
solutions to reagent grade caicium carbonate and
calcium phosphaie vieidec white silver carbonate and
yellow silver phospnate. The former became deep gray
when exposed to sunlight for 1.5 hours. In contrast,
silver phosphate rernained yellow during exposure to
strong light on a sunny window sill for several davs. In-
rerestingly, silver carbonate prepared from the sodium
{Na} salt became deep brown in dim light and black in
strong illumination: i.e., von Kossa's reaction does not
necessarily indicate calcium salts.

Because tissue sections are treated with sodium
thiosulfate (Na,5;0;) to remove unreacted silver, this
reagent was added also in in vitro experiments. Silver
phosphate was unaffected and remained yellow, but
blackened silver carbonates dissolved in sodium
thiosulfate. This observation is in agreement with
chemical data by Hodgman et al.}* It seems probable
that silver carbonates in calcium deposits are also sub-
ject to the laws of chemistry and dissolve in the sodium
thiosulfate bath.

Upon addition of solutions of egg albumen or gelatin

12
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to vellow silver phosphate crystals, the whole solution
became dark brown to blackish, as described by von
Kossa.: However, examination of smears of such
material by polarization microscopy demonstrated vir-
tually coloriess crystals embedded in an amorphous
brownish mass. Apparently, the protein solution did
not reduce the silver phosphate to black silver, but
available silver cations reacted with proteins, imparting
a deep brown to black coloration. This process is
analogous to familiar reactions when silver nitrate is
spilled on skin or clothing and produces black discolora-
tion without the benefit of calcium phosphate. Accord-
ing to Lillie*, the same reaction is given by soaps.

Studies of Tissue Sections — Because strong light is
required for blackening of silver by organic material,
but is not necessary for formation of yellow silver
phosphate, it seemed sensible to perform von Kossa's?
reaction in the absence of strong light. Four series of sec-
tions were placed in a 2% aqueous silver nitrate solution
for one hour. Series I was exposed to sunlight as recom-
mended by textbooks. Series 1l was kept in a shaded
area of the laboratory. Series IIl was placed in a dark
cabine:. and Series [V was wrapped in aluminum foil to
exciude light. Sections were then rinsed in distilled
water, piaced in a 5% agueous solution of sodium
thiosulfate for five minutes. rinsed in distilled water,
dehvdrated. cleared and mounted as usual. In dupiicate
series. treatment vith sodium thiosulfate was omitted.

Without exposure to sodium thiosulfate. sections
from all four series contained black calcium deposits:
i.e.. reduction to metallic silver occurs also in the
absence of light. These findings confirm observations by
Pizzoiato and McCrory.2® After treatment with sodium
thiosulfate. only sections of Series I, which had been ex-
posed to sunlight. contained black material. In the other
three series, the black coloration had vanished. Calcium
deposits varied from vellowish brown to vellow to col-
orless: the latter could be identified by their refringence.
There was no significant difference between Series II, 111
and IV. Thus, staining jars can be conveniently placed
in a shady corner of the laboratory; special precautions
to exclude light are not necessary. Treatment with
sodium thiosulfate is essential to remove black material
and to prevent gradual darkening of tissues. No darken-
ing has been observed in sections stored for approx-
imately 15 years.

The yellow to brownish-vellow color of many
calcium deposits in Series II, Il and IV corresponds to
that of silver phosphate in in vitro experiments; other
tissue structures remain unstained. Thus, the modified
von Kossa's reaction can be regarded as a histochemical
test for phosphates, However, the reaction seems to be
limited to inorganic phosphates; nuclei and other sites
known to contain nucleic acids are colorless, and it can-
not visualize carbonates. As already mentioned, silver
carbonate is soluble in sodium thiosulfate.® Von
Kossa’s technique and its modifications are not reac-
tions for calcium. Part of the phosphates in calcium
deposits may be associated with cations other than
calciumn, therefore, reactions for calcium (for example,
Alizarin Red S) and for phosphates may not always
yield identical pictures, e.g., in arteriosclerotic lesions.

Chemical Mechamsms of Staining Mathoas/Metoan et al
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Furthermore, chemical studies of calcification indicate

that calcium is deposited first; phosphates appear some
time later.®

Conclusion

As emphasized aiready by von Kossa,? the black
deposits formed in his reaction are due to reduction of
silver by organic material. This artifact occurs only
when sections are exposed to strong light as recom-
mended in textbooks. When von Kossa's reaction is car-
ried out in subdued light. vellow to vellowish-brown
silver phosphate is visualized selectively. Silver car-

_ bonate _cannot be_ demonstrated with _von Kossa's .

technique because it dissolves in sodium thiosulfate
solutions. Phosphates and carbonates in calcium
deposits may be associated, at least in part, with cations
other than calcium. Calcium can be identified with
Alizarin Red S or other suitable mordant dyes.
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RED PHOSPHORS/BUTYL RUBBER (RP/BR) COMBUSION PRODUCTS

A summary
this study

Tabl
Tabl
Tabl

Examination
dependent
interpreted

GROSS NECROPSY OBSERVATIONS

I1ITRI PROJECT NUMBER LO6139

_ PHASE 1V STuDY NO. 82 o -

THE EFFECTS OF SUBCHRONIC EXPOSURES TO

ON VARIOUS BIOLOGICAL ENDPOINTS
IN MALE SPRAGUE-DAWLEY RATS

of gross observations seen at necropsy in animals on
follows:

e 1 Terminal sacrifice animals
e 2 Recovery sacrifice animals
e 3 Spontaneous death animals

of ‘Tables 1, 2, and 3 fails to reveal a dose
compound induced lesion. All gross lesions seen are
as incidental findings or agonal changes.

)
2z
QZ? < I3 ngﬁf"

Allen Hall, YII, D.V.M.,
Diplomate, ACVP

Date
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ITTR] PROJECT NUMBER L06139
PHASE IV STUDY NUMBER 82
THE EFFECTS OF SUBCHRONIC EXPOSURES TO LOW CONCENTRATIONS OF
RED PHOSPHORUS/BUTYL RUBBER (RP/BR) COMBUSTION PRODUCTS
ON HISTOPATHOLOGICAL CHANGES IN THE LUNGS AND ON
PULMONARY BACTERICIDAL ACTIVITY OF MALE SPRAGUE-DAWLEY RATS
FINAL SACRIFICE, RECOVERY SACRIFICE, AND TWO MORTALITIES
PATHOLOGY SUMMARY
Microscopic examinations were performed on selected tissues from male :
. Sprague-Dawley rats._  The purpose of this study was to-evaluate the effects - *“”*"z
of exposure concentration and recovery time of the repeated exposure of
rats to combustion products of Red Phosphorus/Butyl Rubber (RP/BR) on E
histopathological c¢hanges in the 1lungs and on pulmonary bactericidal '%
activity, This report contains the histopathologic findings for the
terminal sacrifices, recovery sacrifices, and two animals which died

spontaneously. The experimental design for this study was as follows:

! Freq/ ! ! ! ! ! ! !
T.G. ! Start ! Endpt.! Expo. ! Expo. ! ! Exposure ! Exper.! Animal
No. ! Code ! Group ! Freq. ! Conc. ! Recov. ! Start Endg% Date ! Numbers
] | ) ] I ] ] { [}

17 V1 ' PATH! F2 } ¢CO ! = ! 8/12 1177 ' 11/8 | 337-346
18 ! 1 ! PATH! F2 ' €1 ! 1 8/12 1177 ' 11/8 ! 347-356
19 | 1 ! PATH! F2 '} ¢2 ! - ! 8/12 1177 ' 11/8 | 357-366
20 ! 1 ! PATH ! F2 ! ¢3 ! - ! 8/12 1177 ' 11/8 | 367-376
21 bl ! PATH! F2 ' co ! - ! 8/19 11/14! 11715 ) 377-386
22 ' 1 VOPATH Y F2 0l €1l . 1 8/19 11/714! 11/15 ! 387-396
23 ! Il ) PATH! F2 } C2 - ! 8/19 11/714! 11/15 ! 397-406
24 PoTt ! PATH ! F2 ! €3 ! - 1 8/19 11/714! 11/15 ! 407-416
25 ! IR U PATH ' F2 O o R + 1 8/12 11/7 ' 172 ) 417-426
26 I T-R ! PATH ! F2 ! €1 ' 4+ ! 8712 1177 )Y 172 ! 427-436
27 ' (=R ! PATH ! F2 ! C2 ' + ! 8712 11/7 ' 172 | 437-446
28 I I-R ! PATH ! F2 ' C3 ' + 1 8/12 1177 'V 172 ) 447-456
29 ! fI-R ! PATH ! F2 t CO ! + ! 8/19 11/14) 1/9 ! 457-466
30 !Il-R Y PATH ! F2 ! €1 t+ + ! 8/19 11/714! 1/9 ! 467-476
31 P J1-R ! PATH ! F2 ! C2 ! + ! 8/19 11/714! 1/9 | 477-486
32 )V {1-R t PATH! F2 ! €3 ' + ! 8/19 11/714! 1/9 ! 487-496

T.G. NO. = Treatment group number

A1l animals were exposed for 2.25 hr/day on four consecutive days per week.
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Doses administered were as shown below:

CO = Filtered air control
Cl = 0,05 mg/1)
€2 = 0,18 mg/
€3 = 0,30 mg/

The animals sacrificed on 11/8/85 and 11/15/85 were designated the
final sacrifice. Animals sacrificed on 1/2/86 and 1/9/86 were designated
the recovery sacrifice. Animals 323 and 311 were not part of the
designated evaluation group but did die and are reported here, 7

Complete necropsies of all rats designated for pathology were
conducted. The following tissues were processed to paraffin blocks for all
animals which died or were sacrificed and designated for pathology: one
level of nasal turbinate, trachea, pulmonary lymph node, 1lung and gross
lesions. A1l five lobes of the lung were processed and examined, Al
paraffin blocks were then shipped to Experimental Pathology Laboratories,
Inc. where hematoxylin and eosin stained slides of these tissues were
prepared and examined for all even animal numbers. All odd animal numbers
had all blocks except the nasal turbinate and trachea sectioned and
examined. Additional 1lung sections from all animals were stained with

Masson's trichrome stain for demonstration of collagen,

RESULTS

The microscopic changes and a detailed listing of all tissues
evaluated are presented in the Histopathology Incidence Tables, Al
lesions are summarized by treatment group and presented in the Summary
Incidence Tables, A correlation of lesions observed at necropsy with the
corresponding microscopic observation, where possible, is presented in the

Correlation of Gross and Microscopic Findings Tables. The gross

observations in these tables were transcribed from the necropsy sheets
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provided with the paraffin blocks. Animal dispositions were listed as
final sacrifice or spontaneous death as they were indicated on the necropsy
sheets,

The primary treatment-related change seen histologically in this study
was in the lung and was diagnosed as "terminal bronchiolar fibrosis", The
lesion consisted of minimal thickening of the alveolar walls and of the
most distal portions of the terminal bronchioles at the point where the
. . termina! -bronchiole -ends and joins the ~alveolar 'sacs. The thickening
consisted of a heiterogenous eosinophilic material containing small numbers
of ¢ells. This material stained positively for collagen with Masson's
trichrome stain, The incidence of this lesion is shown in the following
table:

INCIDENCE OF TERMINAL BRONCHIOLAR FIBROSIS
Number of Animals

~ Fina) sacrifice Recovery sacrifice
Severity ~_Group: C0 cl1 C2 (3 ) [§) (W3 C3

Minimal - Grade 1 0720 0/20 4720 9/20 0720 0/20 3/20 4&/20

Other changes in the lung were usually minimal or absent altogether,
Some animals had small numbers of alveolar macrophages but they were
usually not associated with the terminal bronchiolar fibrosis. Minimal to
mild lymphocytic¢ hyperplasia occurred in many of the animals, both treated
and controis, Other changes were relatively infrequent.

Two animals which died spontaneously were submitted for examination.
Animal 323 had chronic hemorrhage and congestion of the lung. Animal 3]]
had a histocytic sarcoma on one leg, which was probably contributory to its

death.

228




WATATAE AT AUV CUUR Y TEYITTN PRV RAYE O &M UITTIUR e TTRIFVIIY YO RN OV IRTUR WY [LHLETETR $.8 0,0 T8 F S B0 Lab lud b b a0 aU5 a8 all ol ALl ol atil Slh Ats ath Al )

| ® CONCLUSION

The results of these microscopic examinations indicate that the

exposure of male Sprague-Dawley rats to the combustion products of RP/BR

TN

v for 2,25 hr/day for four consecutive days per week produced minimal
: terminal bronchiolar fibrosis in less than 50% of the animals after three %
{ months of exposure at 0.30 mg/) and less than 25% of the animals after :
3 “ ;
v three months of exposure at 0.18-mg/1. The lowest dose; 0.05 mg/1, appears — .
§ =
‘ to be a no-effect level., Following an eight-week recovery period there is
L]
: a decreased incidence of the lesion, but it still is present. There were ;
2 0 B
| no other changes found in the tissues examined that were treatment-related. E
AL W
X W.0. Iverson, D.V.M,
4 Diplomate, ACVP
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LO6139 PHASE IV
STUDY NUMBER 82
FINAL SACRIFICE

SUMMARY INCIDENCE TABLE

Cl1

c?

C3

| (Number Examined)

(10)

(10)

(10)

| __Hemorrhage

Eusinophilic Globuies

TRACHEA

~(Number Examined)

(10)

(10)

(10)

PULMONARY LYi'PH NOSE

(Number Examined)

(20)

(20)

(20)

Hemorrha e

13

11

Lymphocytic Hyperplasia

| _Pigment

Edema

H I~ N

b

LUNG e
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N
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(20)
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| Atelectasis
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Interstitial Inflammation
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| _Eosinophilic_Infiltrate

Mineralization _
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L06139 PHASE IV
STUDY NUMBER 82
FINAL SACRIFICE

SUMMARY INCIDENCE TABLE

l Experimental Patholopy Laboratones Ing
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GROUP: co Cl c2 C3
JKIDNEY:- - — e e e B R
(Number Examined) (3) (2) (1) (2)
Hyaline Casts 2 2 1 2
Tubular Hyperplasia 2 0 0 1
Cyst 0 0 0 1
| TESTIS
(Number Examined) (0) 1) (0) (0)
Hemorrhage 0 1 0 0
SALIVARY LYMPH NODE
(Number Examined) (1) 0) (0) ( 0)
Hemorrhage 1 0 0 0
| Lymphocytic Hyperplasia 1 0 0 0
Pigment 0 0 ) 0_
LIVER
(Number Examined) (0) _(0) (0) (0)
hyperplasia 0 0 0 0
HEART
|_(Number Examined) ( 0) (. 0) ( 0) (0)
LACRIMAL GLAND
(Number Examined) ( 0) 0) (0) ( 0)
Infiammaticn 9] 0 0 0
PREPUTIAL GLAND
(Number Examined) (0) 0) ( 0) (0)
Abscess 0 2 0 0
Ept|




L0G139 PHASE IV
STUDY NUMBER 82
FINAL SACRIFICE

SUMMARY INCIDENCE TABLE

( Expenimiental Patholopy Laboratones In

234

GROUP: | €O cl 2 c3

{SALIVARY. GLAMD- — - S - — - - e
{Number_Examined ) (0) ( 0) ( 0) (0)

e

r_.-._ -

| -

.

EPL |




SUMMARY INCIDENCE TABLE

L06139 PHASE IV
STUDY NUMBER 82
RECOVERY _SACRIFICE

——-— —GROUP: |~ CO | Cl | €2 el
NASAL TURBINATE
(Number Examined) (19) (10) (10) (10)
Hemorrhage 1 1 0
Eosinophilic Globules 1 2 3 2
TRACHEA
(Number Examined) (10) (10) (10) (10)
PULMONARY LYMPH NODE
(Number Examined) (29) (20) (20) (20)
Hemorrhage 2l 2 6 3
Lymphocytic Hyperplasia 15 19 11 13
Pigment 3 2 3 6
Edema 3 4 2 0
LUNG
(Number Examined) (29) (20) (20) (20)
Atelectasis | 7 10 5 7
Hemorrhage 4 4 3 6
Focal Lymphocvtic Aggregate 5 3 0 4
Alveolar Macrophages 2 3 4 5
Interstitial Intflammation 2 0 0 2
Terminal Bronchiolar Fibrosis 0 0 3 4
fosinophilic Infiltrate 3 0 0 0
Mineralization 0 3 4 2
EPL

I Expenimencal Pathaology Laboratorees Ing
i
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L06139 PHASE 1V
STUDY NUMBER 82
RECOVERY SACRIFICE

SUMMARY INCIDENCE TABLE

i Expromental Pathology Laboratorwss 1

236

GROUP: Co Cl C2 c3

KIDNEY

(Number Examined) (0) (0) (0) (1)

Hyaline Casts 0 0 0 1

Tubular Hyperplasia Q0 0 0 1

Cyst N 0 0 0
TESTIS

(Number Examined) (0) ( 0) ( 0) ( 0)

Hemorrhaqe 0 0 4] 0
SALIVARY LYMPH NODE

(Number Examined) (1) (2) (1) ( 0)

Hemorrhage ] 1 0

Lymphocytic Hyperplasia 1 1 0

Pigment. i 0 0

(Number Examined) _ (1) (9) (1) (1)
|__Hyperplagia . _ . . B S ¢ 0 1 )]
| HEART - -
| (Number Examined) - { 0) {2 (1) (0)
I ACRIMAL GLAND .

(Number Examined) (0) (9 (1 ( 0)

Inflammation 0 0 1 0
PREPUTIAL GLAND :—,,

humber ¢ xamined) ( 0) ( 0) ( 0) (1)
EPL
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LO6139 PHASE 1V

STUDY NUMBER 82
RECOVERY SACRIFICE

____GROUP:! (€O ca | ¢ | e | |
SALIVARY GLAND
| (Nymber_Examined) , (0) (0) (1) (0)
EPL |
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[1TRI PROJECT NUMBER L06139
PHASE IV STUDY NUMBER 82

SPONTANEOUS DEATHS
HISTOPATHOLOGY REPORT

TISSUE

- ANIMAL NUMBER 323

LUNG

PULMONARY LYMPH NODE

Congestion, Moderate
Pigment, Mild

Atelectasis, Mild

Alveolar Macrophages, Mild
Hemorrhage, Moderate
Pigment, Moderate

HEART Normal

SPLEEN Pigment, Mild

PANCREAS Hemorrhage, Moderate

SALIVARY LYMPH NODE Congestion

KIDNEY Hyaline Casts, Mild

THYMUS Lymphoid Depletion, Moderate
Pigment, Moderate
Hemorrhage, Mild

TESTIS Normal

PROSTATE Normal

SEMINAL VESICLE Normal

STOMACH Normal

DUODENUM Congestion, Minimal

JEJUNUM Autolysis

ILEUM Autolysis

CECUM Autolysis

COLON Autolysis

ADRENAL Congestion, Mild

ANIMAL NUMBER 311

LUNG Congestion, Minimal

PULMONARY LYMPH NODE Lymphocytic Hyperplasia, Minimal
LIVER Normal

HEART Normal

SPLEEN Congestion, Minimal

KIDNEY Tubular Hyperplasia, Minimal

TISSUE MASS

Hyaline Casts, Minimal
Histiocytic Sarcoma
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APPENDIX B

IN VITRO GENETIC TOXICOLOGY TESTING OF RP/BR AEROSOL CONDENSATE

FINAL REPORTS

Prepared by

ROBERT R. GUERRERO

AMES SALMONELLA TYPHIMURIUM REVERSE MUTATION ANALYSIS OF AN EXTRACT
OF RED PHOSPHORUS/BUTYL RUBBER AEROSOL ' ONDENSATE

CHROMOSOME ABERRATION ANALYSIS OF AN EXTRACT OF RED PHOSPHORUS/BUTYL
RUBBER AEROSOL CONDENSATE

DNA REPAIR ASSAY IN PRIMARY RAT HEPATOCYTES ON AN EXTRACT OF RED
PHOSPHORUS /BUTYL RUBBER AEROSOL CONDENSATE
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FORWORD

These final reports on studies entitled "Ames Salmonella typhimurium

Reverse Mutation Analysis of an Extract of Red Phosphorus/Butyl

Rubber Aerosol Condensate", "Chromosome Aberration Analysis of an 3

Extract of Red Phosphorus/Butyl Rubber Aerosol Condensate", and DNA
Repair Assay in Primary Rat Hepatocytes on an Extract of Red
Phosphorus/Butyl Rubber Aerosol Condensate" were prepared by Robert
Guerrerc, Genetic Toxicologist. Methodology and personnel needed to
generate the RP/BR aerosol from which the "RP/BR Condensate Test
Article" for the genetic toxicology tests was produced were provided
through the main study. The work was supported with additional

funds provided wunder the main contract (No. DAMD17-82-C-2121)

specifically for these studies,

C;_ii@mm A&L»wgr‘:

~ Catherine Aranyi
Scientific Advisor
Inhalation Toxicologist
Principal Investigator
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AMES

FINAL REPORT

SALMONELLA TYPHIMURIUM REVERSE MUTATION ANALYSIS OF AN EXTRACT
OF RED PHOSPHORUS/BUTYL RUBBER AEROSOL CONDENSATE

IITRI Project No. LO6139L001

Study No. 81Aa

May 1985
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1. INTBODUCTION

The purpose of thls study was to assess the mutagenic properties of
en extract of red phosphorus/butyl rubber condensate and to determline
the Influence of pH on the mutegenlc response. The stucdy covers
protocols No. SN81A USA-0t and USA-02,

Red phosphorus butyl rubber (RP/BR) aserosol condensate is about 95%
phosphorlic eacld. Therefore,

— —to the bacterlal cultures constitutes a severe pH challenge to the
organlsms.

In a recent workshop on +the effects of Ilow pH @and high salt
concentrations on genotoxliclity 1In yltro (EMS workshop, Las Vegses,
Ne*sda, February 1985), It was reported that low pH &nd high osmeclallty -
cc ‘tlons <can induce false positive results In 1p ylitro systems.
Therefore, a preliminary round of testing was done wlth phosphoric acld
alone to determine the pH range the S. typhimurlup bacterie would
tolerate and to determine whether Jow pH alone would Induce ftalse
positive results and flnally whether neutralizing the acid to pH 7,0
wlth sodium hydroxlide would cause & false poslitive response due *to the
Increased osmolallty, Subsecuently the RP/BR test article was tested at
pH 1.9, 6.0 and 7.0 with phosphorlic acid pH controls for the three
doses. The USA-01 (RF/BR) sample &8nd the HzPO controls were '
dliluted with distilled water (pH 6.2) to achleve PpH rather than use cf
NaOH es In the dose range finding study. However, since *the water's pH
was 6.2, & nominal amount of NaOH was used to ralse the pH from 6 to 7
for the pH 7 dose. Use of H,0 Instead of N&OH to edjust pH tested the
osmolallty varieble. Thls s;udy design enabled us to control all the
known varlables yet stil| assay the test article (USA-Ci1) at the maximal
dose. '

The Ames test Is an In xltro test that detects mutegens by thelr
abitlity to cause Vbase-palr and fremeshlft mutations. fFive mutant
suxotrcphic strains of Spimonelila iyphimurlum, deflcient In the enzymes
necessary to synthesize histidine, are used to measure DNA damage. The
test measures point mutations at the hlstidline locus which revert the
streins back to the prototrophlic forms. As such, they regaln abillty to
synthesize histidine and can grow In histidine deflclent medlium.
Therefore, a test article's mutagenic potential cen be determined by the
numher of revertants that form followlng exposure to It. When coupled
with a rut llver microsomal fraction (S-9), the system simulates 1o xlixo
metabol lc activation and detox!flcation pathways. As such, the assay
provides a sensitive, fast and relatively Inexpensive system for
screoning mutagens.
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2. DATA ANALYSIS

test was considered poslitive If the number of revertants wes 22X

the spontaneous background level.

2

IEST ARIICLE AND CONTROL INEORMATION

a. Jest Article (USA-01): RP/BR was generated by burning RP/BR In

@ hydraulic drilven extruslon-combustion generator on February 12
and 13, 1985. The extrusifon/burning rate was adjusted to producg a

final concentration of approximately 1 mg/l Inside a 1 m
stalnless steel Inhalation chamber. The aerosol was collected by
condensation In 1llquld oxygen cooled Dewar +traps from 9x103
liters of aerosol. The samplling rate was approximately 10

IIters/min for a resldence time In the traps of 30 seconds. The
traps were opened and the Inner walls were rinsed with 30 ml of
methylene chloride (MC). The +traps were dralned into a 1 |lter
glass separatory funnel and the MC and the aqueous fractlons were
separated and transferred to 200 ml graduated cylinders. This
procedure resulted in approximately 150 ml MC fractlion and 105 ml
aqueous fraction. The MC was driven off to dryness with a stream
of dry nitrogen. The resultant yellow residue was dissolved in 2

ml DMSO.

The aqueous phase was transferred to a 150 m! round bottom flask.
The aqueous sample was concentrated over 2 2-day period to 7 ml
with vacuum pressure delivered by a mechanical vacuum pump equipped
with a liquid nitrogen cold trap. A 0.0304 g sample of the viscous
yel lowlsh-brown Ilqulid was diluted to 100 ml with distilled water
and three allquots were analyzed for phosphate content. The
resultant phosphorlc acld concentration was determined to be 90.6%

by welght.

For genotoxiclty testing, the remaining aqueous fraction (5.649)
was combined with the 2 m! of DMSO MC extract and the mixture was
dliuted to 14 m! with ASTM type | water on February 19, 1985, The
dllutlon was made +to provide enough sample for three ln yvliro
assays. The test article was stored at room temperature protected
from Ilght In a sterlle pyrex glass tube. The denslty of the test

article was 1.16 g/ml.
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§ b, Control Substances:
Non=Actlyated System (=-5-9)

Conc.

Straln Compound Source Solvent fug/plate)

p TA98 2-Nitrofluorene (2NF)  Aldrich NI, 675-4 DMSO 10 5

]  TAI00 Sodium Azlde (NAZ)  Tridom 71290 M0 0
TA1535 Sodium Azide (NAZ) Tridom 71290 Ho0 10

TA1537 9=Aminocridine (9A) SIGMA A0S510 Efhanol 100

J TA1538 2-Nltrotluorene (2NF) Aldrich NI, 675-4 DMSO 10

{

‘. Activated System (4S=9) )

> Conc.

; Straln Compound Source Scolvent (ug/plate)

Al 2-Anthram!ne “:x) Aldrich A3,880-0 DMS O 10

)

7 Bhosphorlc Acid pH Controls

e}

g Concg.

3 Airain 2H Acld Sou'ce Splvent {ul/plate)

4 ALY 1.87 Baker 1-0260 Distliled water 100

; Al 5.90 Baker 1-0260 Distllled water 100

;‘ Al 6.95 Baker 1=0260 Distilled water 100

‘ Distllied Water Control

:

g Straln pH Sourge Conc. (ul/plate)

:

b ALl 6.9 DIFCO 100

[

. .
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¢. Salmonella Jester Siralns

The Salmonella typhlmurlum strains used In this study were

TAS8, TA100, TA1535, TA1537 and TA1538. The stralns were

obtained from DOr. Bruce Ames In October 1975. All stralns

are histidine deficient varlants of the prototrophlic wild

type. Strains TA1537, TA1538 and TA98 detect frame shitt .
~—reverse —mutations-at the -hlstidine locus and-TA1535-and TA100 -

detect base-palr substitution reverse mutations at the same 3

locus. Stock cultures were grown and checked to confirm thelr

mutational characteristics on September 12, 1980. The stocks

were stored frozen at =70°C In nutrient broth/DMSO,

1) Siraln Characterlstics -4

Straln Gene Addltional Mutatlons Mutatlion Type
Deslignatlon Afifected LBS Bepalr R factor Detecied
TA9S8 hls D rta uyr 8 pKMIO1 Frameshlt¢
TA100 hls G rta uvr B pKM101 Base-palr
substitution
TA1535 his G cfa uyr B -- Base=-palr
substl tutlon
TA1537 his C cfa uvr B -- Fremeshl ¢t
TA1538 hls O ria uyr B -- Frameshift

2) Spontaneous Reverslion Rates

Occurrence of spontaneous revertants weas wused to assess tester
straln response. For the test to be consldered valid, the number
of spontaneous revertants had to fall within the range
characteristic for each strain.

Spontaneous Revertant Siandary Count wlthous S=9

Allowabie
Stcaln Reysrtants N
TA98 20~50
TA100 120-200
TA1535 10-35
TA1537 315
TA1538 15=35
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4. MEJIHODS

a. Experimental Deslign: The test article was tested for
toxiclty ageinst Salponella tester straln, TAS8, both wlith and
without S=~9 prlor to the mutageniclty test. The results of
the toxlcity test were used to establlsh the dosage range for
the mufagenlclf§ assay. For the mutageniclity test, <the test
article and 10 colony forming units (¢cfu) tester bacterlia

~----were-combined and poured over minimal agar —plates - andffafter~vawmfi‘

incubation at 37°C for 2 days hlistidine revertants were
scored. Appropriate solvent and positive mutagens served as
controls. Mutagenlicity tests were performed using triplicate
plates for each tester straln, with and without $-9, at each
dose level. Sterlllity tests were performed on each test dose,
as well &8s on the minimal medium, S-9 product, $S-9 mix and
over| ay agar. The sterlliity tests were done on the ssme day
the test was performed and under the same Incubatlion and +time
condli tions.

b. Dosage formulatlons: For the toxiclty “est a 100 mg/m!
stock solution was made by diluting 0.216 m! (250 mg) of the
test article to 2.50 ml with distilled water, For the
mutageniclty test a 50 mg/ml stock solution was made by
diluting 0.432 ml (500 mg) of the test article to 10 ml wlith
distilled water.

The dose levels tested for toxlclty were 5.0 mg, 2.5 mg, 1.25
mg, 0.50 mg, 0.05 mg and 0.005 mg per plate.

The dose levels tested for mutagenicity were 2.5 mg (pH 1,90),
0.119 wug (pH 6.0) and 0.119 ug (adjusted to pH 7.0 with O.1 N
NaOH) per plate.

c. Chemlical Handlling and Preparation: Upon receipt of the
test and control articles, the date of recelpt and quantities
were recorded and a reference sample was taken. Liquld test
articles were measured by weight. All test and control
substances were freshly prepared the dey of use and were
blended by vortex mixing for 1 minute. The control compounds
were stored according to manufacturers' recommendations
regarding temperature, humidlity and protection from |Ight.
Dllutlons of test and control compounds were prepared In
distlilled vater, ethanol (USt1) or Spectr=-AR™ gr ade
(Mal t inckrodt) dimethy isul foxide (DMSO) and were used 1In the
plete e8ssay within 1 hr of preparation. Unused pyrex glass
tubes were used for preparing all dilutions.

T RESEARCH INSTITUTE

276




d. Preparation of Liver Homogenates and Beactlon Mixture: A
9,000 xg mlcrosomal supernate isolated from |llvers of adult
male Flscher 344 rats Induced with Aroclor 1254 was used to

¢ ' activate promutagens. The S-9 was prepared as per Ames et eal,
(Myutation Research 31:347-364, 1975) and was purchased from
Litton Blonetics, Kenslington, MD (Lot No. 04142). Upon
recelpt the $S~9 was stored at -70°C unti! wused. Lot 04142
contalned 21.5 mg/m{ proteln and had p448/p450 activity :
equivalent to 5.9 nMol/mg protelin. Benzo( a )pyrene activated . -

@ " """ "py this S~9 Induced 757 and 814 revertants In stralns TA98 and
TA100 respectively, The reacting mixture wes prepared just
prior to wuse. The S-9 mix was sterlllzed by flltration
through a 0.45 uM membrane fllter then the llver fractlion was
8dded just prior to use. The $S-9 reaction mixture was
i ultimately comprised of 450 ul of the $-9 mix and 50 ul of rat
& I Iver homogenate.

e. Preparation of Minimal Agar Plates apd Iep Agarz: The
minimal medlum plates used throughout the study contalined 20
ml of Vogel=-Bonner medium E (Vogel and Bonner, J. Biol.
Chem. 218:97-106, 1956) with 2% dextrose. Top agar was
autoclaved, then L-histldine-HCL and blotin were added Just
prior to use. The Ingredients were mixed then 2 m! were added
to unused 16x150 mm disposable glass test tubes and al lowed to

equlllibrate to 45°C in a waterbath before addition of any
bacteria or chemicals,

f. Dose range tinding study: A spot test dose range flinding
study was performed using strain TAS8 only. The assay wds a
modiflcation of the standard disk susceptibllity assay @s
descrlbed by Bauer et al. in Amer, Jo Clin. Path.
45:493-496, 1966. Briefly, a 24 hr culture of TA98 was
® Inoculated onto Oxoid nutrient agar plates. The test article

vas appllied to sterlle fllter paper disks (S and S, 740-E) In
8 dose related manner up to 5 mg/dlisk. The disks were
transferred to the Iroculated plates and after a 15 mlnute
incubation period at room temperature they were Incubated for
24 hrs at 37°C. The test agent was tested with and without
$=9 8t six doses. After 24 hrs the plates were analyzed for
toxiclty. The zone of Inhiblton was estimated to the nearest
milllmeter wlith a hand held ruler. Any visible zone of
inhibltion was considered an indication of a toxi¢c response.
With toxlic agents, the hlgh dose was chosen for the
mutagenicity test +that caused a slight (<1 mm) 20ne of
& inhibltlon (Tablie 1).

&

g. Mutagenesls Assay: The assay was conducted March 6 and
17, 1985 using the methods of Ames et al as described in Mut.
Res. 31:347-364, 1975 and In thelr methods updete Issved In
May 1980, The detalled procegures are outilned Iin LITRI SOP
No. MB53, Brilefly, 0.1 ml (10° cfu) of an 16-18 hr culture

[ &
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0 of the tester straln was added to 2 ml top agar (45°C) in
) sterlle, unused 16x150 mm glass test tubes. This was followed
R\ by addition of 0.1 ml of the test article and 0.5 ml of the
) $-9 reaction mixture or test article alone for the non-S$-9
N treated cultures, The tubes were vortex mixed then poured

40 over minimal agar plates. Triplicate plates were made per
2 dose for flve doses, Control plates containing only the

0 bacterlal streins were also made to determine spontaneous
Qﬁ reversion rates as well as control plates to test for
% 4 sterillty of each of the systems components. The plates were
\ incubated fIn the dark at 37°C In an Inverted position for 2
%g days atter which they were evaluated for numbers of revertant
e colonles.
§¢ h. Colony Counting: The revertant colonles were scored wlth
' a Blotran™ |l colony counter. The counter was calibrated
9 against a callbration grid Just prior to use. The counts were
3 recorded In a |og book as they were generated. Plates with
#“ fewer than 50 colonles were hand counted. All plates were
N incinerated after the evaluation was complete.

s SUPERYISORY PERSONNEL INYOLYED IN IHE SIUDY

Peter W. Barbera Study Director
Robert R. Guerrero Program Director
James D. Fenters Head, Toxlcology and
Environmental Health
P 1 Josephline M. Reed Supervisor, Quallity
Eﬁ Assurance
3 L)
%ﬁ . SUMMARY OF DAIA
EPo¥
D) Tabie 1 = Dose range finding study for test articie USA-01
Q Table 2 - Mutageniclty results for positive controls
e Table 3 - Raw mutageniclty data for test article USA-O1
!5 and phosphoric acle
gq Table 4 ~ Summary mutageni.. .y results for test article
i USA-01 and phosphoric acid
L Teble 5 - Summary of background lawn toxliclty results
a8y on test article USA-01 and phosphoric acld.
o0
h\

o
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N
Table 1 B
DOSE RANGE FINDING STUDY FOR TEST AGENT USA-01
11TR! Project No. L06139-L00} :
HHTRI Study No. SNB1A :
“if, i il ,7,7:_
- inhibitory zoneA j
Test Conc. with Strain TA98 (mm) E
Agent pg/plate NA A Toxicity
*3 H, 0 50.0 0 0 - L
USA-01 5000.0 15 15 +
2500.0 13 13 *
1250.0 0 0 - :
B 500.0 0 0 -
50.0 0 0 -
5.0 0 0 -
W
NA= without $-9
A= with $-9 -
‘ A= Average for twr measurements ,,,
4 , ,
== Non-toxic .
+= Toxic 7
+= Slightly toxic
i‘? X
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Tatle § é

SUMMARY OF BACKGROUND LAWN TOXICITY RESULTS ON TEST

ARTICLE NO. USA-01 AND PHOSPHOKIC ACID ]

LITRI Project No. L06139-1001 E

11 TRI Study No. SNB1A ]

E

o

_ - - - - - - - — —;ﬁ
4

Reduction of Background Lawn 3

Test Conc. TA98 TAIOC  TJA1535  TAI537  TA1533
A

Agent pg/plate pH NA ¢ NA A NA A NA A NA A ]
USA-01 2500.00 1.9 S - - - - E
0.12 6.0t - - e - e . - - - - ]
0.12 7.0t - - - - . . - . . . E
H3 PO, 1180.00 1.9 R 3 2 % 2 2 2 3
1050.00 7.0 - - < - . . - . - . ;
500.00 7.0 - - < - . . - - - - i
0.03 6.00 - - . - - - - - - E
0.03 7.07 - - - - - - - - - ]
NA = Without $-9 3
A = With $-9
* = pH adjusted to 7 with 40% NaOH
e pH adjusted by dilution to pH 6 with pH 6.2 distilled water
= Same as O except pH adjusted from 6 to 7 with 0.1 N NaOH

- = Non-toxic

i ek maAeas

I+
]

Slightly toxic
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2. CONCLUSIQONS:

Joxlgliys: The results of the dose range flnding study (Table
1) Indlicate that test article USA-0t was slightly toxic to the
TA9S tester straln at the 2,500 wug/plate concentration and
toxlc at the 5000 ug/plete dose. It wes not toxic at any dose
below 2,500 ug/plate both with and without §-9,. The 2,500
_ ug/plate concentration wes chosen as the high dose for the
Ji,g_fw,,Wﬁ,,mufagonLcljy”tosthrﬂ,m”ﬁ, S e

The results shown In Table 5 tndicate that in the mutageniclty
assay nelther the test article nor the phosphoric acld
controls itnduced a toxlc response under any of the condltions
tested, except for a sllight reduction in background lewn
caused by the 1180 ug/control plate of phosphoric eclid at pH
1.9, The s'light toxlic response was observed (In all the
strains with and without $-9,

Mutagenliclity: In the mutagentclty test, the responses of all
the control compounds (Table 2), solvent c¢ontrols and
spontaneocus background revertants (Table 3) were within the
limlts set ftor the test, A!ll of the test system components
also tested sterlle, The assay was therefore judged vallid.

Table 4 shows a sumimary of the mutagenliclity results for all
the parameters tested In this study. The results show that
nelther test article USA-01 nor phosphorlic acld were mutagenic
under any conditions even those that maximlzed conditions for
8 poslitive response, l.e. high concentration (2,500 ug/plate)
and low pH (1.9) for USA=-01 and 1,180 ug/plate and pH 1.9 for
phosphoric aclds The negastive response observed wlth the
phosphoric eocld samples neutrallzed +to pH 7 with NaOH also
indlcate that high osmolallity caused by addition of Increased
amounts of sodium does not Induce » false positive response In
the Ames test., Treatment with $S~9 did not alter the mutsgenic
nor the tox!c response, Thls suggests that USA-01 does not
contaln promutagenic components nor toxlic detoxt flcation
products,

In 1 1ght ot the overall negative mutagenic response regardless
ot pH or concentration consliderations, the conclusion Is that
test article USA-01 |Is not mutagenic in the Ames test and that
the false positive resuits reported In mammallan cell systems
due to low pH or high osmolsl ity culture conditlions do not
appesr to apply to the Ames test.
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8. SIGNATURES OF SCIENTISTS INYOLYED AN IBE SIUDY

9. STORAGE OF DAIA AND REPORIS:
All raw data generated during the course of the study were retalned

regulations. The orlginal final report and six coples was
submitted to the sponsor and one copy of the report was retalned In

program dlrector.

Laboratory operations were Iinspected on March 5,6,8,12,26,27 and

and May 31, 1985, Inspections and audlts were performed by
Josephine M. Recd. Laboratory operations conformed with |ITRI
Life Sciences quallty assurance criteries and with GLP requirements
tor nonclinical ltaboratory studlies as outiined In 21CFR, Part 58, ;

Pet W. Barb ;
5‘:“3; D..-ez:o:ra %f/&% Mﬁk Date ‘/’2/’(?
Charles Gradle C}ngﬁ_jz;péé

Assistant Da+eé/2 75

Robart R. Guerrero, Ph.D. /w f M
' ' Date C /28X |

Program Director

James D. Fenters, Ph.D. N P Date -

Head, Toxlcology and Q}O/ms VG ‘/ll!g} :
Environmental Health ( | :

the II1TRI Life Sclences archlves as specified by government

IITRI archlives, one In the Department L flles and one by the

QUALITY ASSURANCE STATEMENI:

1985. The final draft report was audited on April 19 and 22

JoSephine M. Reed, M.M., M.S.
Supervisor, Quallty Assurance

7 Kol |
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FINAL REPORT

CHROMOSOME ABERRATION ANALYSIS OF AN EXTRACT
OF RED PHOSPHORUS/BUTYL RUBBER AEROSOL CONDENSATE

IITRI Project No. LO6139-L001
Study No. SN81-ABER TEST

July 1985
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'. lntroductlon

The purpose of thls study was to evaluate the genotoxlc
propertlies of an extract from red phosphorus/butyl rubber
condensate utillzing the Chinese Hamster Ovary Cell
(CHO)/Chromosome Aberration Analysis Jln xliro assay and +to
determine the Influence of pH on the genotoxlc response.

Red phosphorus/butyl rubber (RB/BR) aerosol condensate |Is
approximately 95% phosphorlc acld; thorefore, additlon of even
small amounts of the agent to the <cell cultures consistutes a
severe pH challenge.

In a recent workshop on the effects of Jow pH on genotoxiclty
In lnp yliro systems (EMS Workshop, Las Vegas, Nevada, February
1985), 1t was reported that Ilow pH can Induce false positive
results. To test and control for thlis phenomenon, the RP/BR test
article was tested a8t pH 6.0, 6.5 and 7.2 with concurrent
phosphoric aclid pH controls for the three doses. In this study,
both the test article and the phosphorlc acld controls were
diluted wlith McCoy's 5A Medlum Complete (3% FCS, 100 |U
penlicliitin, 100 ug/m! streptomycin, 25 mM L-glutamine &nd 3 mM

Hepes) to achleve the deslired pH.

2. Statlstlical Methods Used:

Twenty~five metaphases per duplicate cultures were scored,
tfor a total of ¢fifty metaphases per dose. Chromosome and
chromatid aberrations were converted to0 8 "breaks/cell™ value

reflecting the actual number of breaks that occurred. Gaps were

T RESEARCH INSTITUTE
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converted to a gaps/cell value and are p-osented as a separate

value. Other types of aberraticns which are .ot easily converted
@ to a breaks/cell value, such as, endoreduplication, aneuploldy and

pulverization are presented as a percentage of aberrant cells out

of the 50 scored., Means and standard deviations of the means were
" calculated for breaks/cell and gaps/cell.

A two-factor flxed-effects analysis of variance (ANOVA) was
used to determine the effects of compound (USA-01 and H3P04) and
& pH (pH 6.0, 6.5 and 7.2) on +he number of breaks/cell and

gaps/cell. The data were log-transformed prilor to analysis to
better approximate the assumed normallty of the statistical
2 procedure, A p<0.05 was conslidered signlficant. Although the ANOVA
was used for the overall analyslis, we acknowledge that the date
are not normally dlstributed. Therefore, the post hoc compar!sons
o used were Poisson t tests. The post hoc comparisons evaluatad the
signifticance of observed differences between two Polsson variables
using the method of E.S. Pearson and H.O. Hartley (Blometrlka
@ Tables__for _Statisticlans, Veol.1, Table 36, London, Cambridge

University Press, 1954). A p<0.05 was considered slignifilcant.

& 3, JIest Artlcle and Contrel Jlnformation

o Iest Actlcle
2. Praparatlon: USA-01 RP/BR was generated by burning RP/BR

< In a hydraulic driven extruslon-combustion generator on Feb.
12 and 13, 1985, The extruslion/burning rate was adjusted to
produce a flnal concentration of 1t mg/! Inslde a! m>
W stalnless steel Inhalatlion chamber. The aerosol was col lected
T RESEARCH INSTITUTE
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by condensation In liquid oxygen cooled Dewar traps from
9x103 fiters of aerosol. The sampl Ing rate was
approxlimately 10 |lters/min for a residence time In the traps
of 30 seconds. The traps were opened and the Inner walls were
rinsed with 30 ml of methylene chiorlide (MC)., The traps were
dralned Intc a 1 llter glass separatory funnel! and the MC and
the aqueous fractions were separsted and transferred to 200 mi
graduated cylinders, Thls procedure resulted In approximately
a 150 mi MC fractlon and 105 ml| aqueous fractlion. The MC was
driven off to dryness with a sftream of dry nltrogen, The
resultant yellow resldue was dlssolved in 2 ml DMSO.

The aqueous phase was transferred to a 150 ml round

bottom flask. The aqueous sampie was concentrated over a

2-day perlod to approximately 7ml with vacuum pressure -

del tvered by a mechanical vacuum pump equlpped with a liquid
nitrogen <cold trap. A 0.0304 g sample of the viscous
yel lowlish=brown liquld was dlluted to 100 ml with distillied
water and three allquots were analyzed for phosphate content.
For genotoxlicity testing, the remaining agueous fraction
(5.64 g) was comblined with the 2 ml of DMSO MC extract and the
mixture dliuted t0 14 mi with ASTM type 1! water. The dlilution
was made 1o provide enough sample for three ln yxltreo assays.
The test article was stored at room temperature, protected

from |lght In a sterile pyrex glass tube.

b. Physical Characterlstics: The test artlcle was a clear
amber colored non-viscous liquld comprised of @about 95%

phosphoric acld by welght and had a denslty of 1.16 g/cc.
11T RESEARCH IMSTITUTE
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X o Test Control Substances

BY

; Control Agents Sompound Source Lencentration
.i@ Med ! um McCoy's 5A Modlifled MA Bloproducts 12-6888 1008 v/v
; Poslitlive (+59) Cyclophosphamide SIGMA C-0768 2.8 ug/ml
; Posttlve(=S§9) Ethylmethanesul fonate SIGMA M=-0880 200 ug/ml
‘T pH 6 Phosphoric acld Baker 1-0260 4.4 mg/mi
g pH 6.5 Phosphoric acid Baker 1-0260 2.8 mg/ml
‘5 pH 7.2 Phosphorlc acld Baker 1-0260 1.0 mg/ml
B @

4. Methods

E The assay was performeg foliowing iiTRi Chromosome Aberration
)& Assay SOP No, MBGT-8. The methods conform to the recommendations

& of EPA Gene~-Tox Program as outllned In Latt et al., Mut. Res.
82:17-62, 1981,

‘T ‘ o Dosage Preparatjon: Dilutions of all components, Includling

s the positlive controls, test agents, pH controls and cell

Q control were prepared In unused pyrex glass tubes. The test
:w article was prepared on a wt/volume Dbasis. All test and

g controi substances were prepared on the day of +testing ond

; were blended by vortex mixing for 1 min. For thls study,

;6 dilutlions of all compounds were prepared In McCoy's 5A Medlum

é Complete with 3% FCS .

r

<
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o $=9 Homegepate:r A 9,000 x g mlcrosomal supernate lsolated
from llvers of adult male Flscher 344 rats induced with
Aroclor 1254 wes used to activate promutagens. The S$=9 was
prepared as per Ames et al. Mutation Research 31:347-364,
1§75 and was purchased from MA Bloproducts, Walkersville,
Maryland (Batch No. R137),

o Joxlalty Jastings Percent viablliity with and wlithout rat
ilver S=9 was performed to establ ish t+he dosage range for the
aberration assay. The test article was tested ot the
following concentrations: 100 mg/ml, 10 mg/ml, and | mg/ml,

o Chromosone Aberratlion Assay: Exponentially growling CHO=-KI
cells, obtalned from the American Type Culture Collection In

April 1982, were treated on April 4, 1985 with +the test

)

srtlclie 8t three concs

trations (4.4 mg/mi, 2.8 mg/m! and 1.0
mg/ml) tn duplicate cultures with corresponding pH vaelues of
6,0, 6.5 and 7.2, respectively., In addltion, phosphorlc acid
pH ¢entrol cultures were run simultaneously at the same welght
end corresponding pH values as those of the USA-0! treated
cultures. The cells were In contact with the test agent for
iZ hours (one time frame continuous exposure). The cells were
arrested In metephase with 0.05 vg/ml colcemlid during the last
2 hours of lIncubatlon, then processed for aberration analysis,
Twenty-flve metaphases from duplicate cultures were scored for

a total of fifty metaphases per dose.
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o Lell Preparation for Abercatlon Analysls: The method wused
ls devtalled In IITRI SOP MBGT=8, Briefly, cells arrested In
metaephase wlth colcemid were Jarred loose and ¢ollected In the
culture medium In +the mornling on Aprli 5, 1985, The cells
were pelleted with centrifugation for 7 min at 250 xg. The
cells were swollen by resuspenslion In 0,075 M potasslum
chloride while incubated for 30 min at 37°C in a water bath,
The cells were pelleted and fixed by resuspenslon In chilled
Carnoy's tixetive (3 parts methanol:l part glaclial acetic
acld), The fixatlen procedure was repeated two more times and
the cells resuspended In 0.5«1,0 ml of Carnoy's. Two c¢rops of
the suspenslon were dropped onto ¢clean, chlilled microscope

sl ldes wlth a disposable polypropylene plpet. The slldes were

.

alr dried, then stalned w!th 3% Glemsa In 1/15 M Sorenson's
buffer.,

o Seoring Aherratlonss Aberrations were scored with 100X ol
Immerston bright fleld optics from 25 metaphases per duplicate
culture. Aberrations were classitlied as chromatid, chromosome
or "other™ types of aberrations. Chromatid aberrations were
subdlvided into; chromatid breaks and gaps, Isochromatid
breaks and ga&aps and exchanges, Chromosome aberrations were
subdlivided Into dlcentrics, rings and acentric fragments,
"Other" clastogenic damage categorles were endoreduplication,
pulverized chromosomes and sticky chromosomes.

Endoredupl lcation, pulverli2zed and sticky chromosomes were

scored separately and presented as § of the total scored. The
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aberrations were converted to a breaks/cell value usling the
tollowlng criteria: |

Aperraztion® Achrevlarion Ereakslabercetion
Chromatld Aterratlonss

chromatld break cdb !
lso-chromattd bresk icdb 2
chromatlid gap cdg 0
Iso=chromatld gap icdg 0
exchange ex 2
Chromosomae Abecratlons:
Dicentrlc D 2
Rirg R 2
Acentrlc Fragment F 1
Qthec Abercatlonss:
Endoreduplication e 0
Pulverlzed chromosomes p 0
Stlcky chromosomes 3 0

—rom T T

* See Appendlx 1 for plctorlal description of scorlng system
used. Breaks and gaps were scored sepsrately and presented
as & mean number/cell * Standard Deviatlon,

o lnterpretailon of DRala: The wevaluation of genotoxlc

potential was based on the tollowing criteria:

1. Negative: No sltgnlflcant maln effect or
Interaction (p>0.,05) based on ANOVA compar tson of
data or no signlflcant Increase In abarrations over
background In post heg comparlsons In the presence
of slgniflicant ANOVA results,

2. Weak clastogen: Signlticant main effect or
Interaction (pg0.05} based on ANOVA comparlsons of

data. Signtficant aberration Increase over
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background (p<0.05) based on Rost hogc Polsson t
tosts, but not twlce background. These agents are
highly suspect and would requlire further testing.

3. Strong «clastogen; Signiflcant maln effect or
Interaction (pg0.05) based on ANOVA compar!sons of
deta. A 22X Increase In chromosome aberrations In
at least one dose or there Is a three polnt dose
response curve over background with at least one
dose with a p<0.001 based on post hoc Polisson t
tosts, These agents are considered strongly

clastogenle,

»+ duperylsery Perscnnel lnvelved ln the Study:

Juli: Harrlington Study Dlrector
Robert R, Guerrero Program Dlrector
James D, Fenters Head, Microblology and

Environmental Toxicology

Josephlne M, Reead Supervisor, Quality
Assurance

6. Summary and Analysls of Dataz

O Table 1 = Toxiclty Results wilth $=9

o Table 2 = Toxiclity Results wlthout $=9
o Table 3 = Chromosome Aberration Results with $=-9

o Table 4

Chromosomo Aberration Results without $-9
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USA=01
(mg/ml)
0

100.0
10,0
1,0

< Avg.
Avg.

¥ Avg.
Avg.

Total Ce
(10x1 mm

78
132
127

57
59
53

58
55

61
51
54

TABLE 1

TOXICITY TEST WITH $-9

%Is VlableA
) cells

68
117
107

55
50
50

55
49

61
49
54

viable cells control

f treated

f control

Viabl ity
)

87
89
84

96
85
94

95
89

100
96
100

HNT RESEARCH INSTITUTE

Avg. §
Viabl ity

87

92

92

99

% of
Control*

100

106

106

114 .
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Bo® Y36 vyl WAL SAT) Al Ale Rig @Ve dis A~ Ak ASgats =iA Ui SU A A%

USA-01 Total cells VlableA Viabitity
(mg/ml) (10x1 mm<) cells 4
133 123 92
158 140 89
122 108 89
1C0.0 - - -
40 4 10
32 3 9
10.0 36 35 97
43 39 91
59 16 217
1.0 - - -
58 52 90
102 95 93

~

TABLE 2

TOXICITY TEST WITHOUT S-9

Avg. viable cells treated
-------------------- c====- x 100
Avg. viable cells control

Avg. § treated

Avg. $ centrol
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Avg. %
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90

72

92
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£ of
Control®

100

11

80
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Dlscusslen and Ceoncluslons
o Toxlcliy Results: The data In Tables 1 and 3 suggest that
the RP/BR exitract was not toxic at any of the concentrations
tested with $-9, l.e. 114, 106 and 106% of control at the 1,
10 and 100 mg/ml concentrations, respectively. However, It
caused 8 dose related toxic response when tested wlthout S-9,
l.e. 102, 80 and 118 of controls at the same concentrations.
The data are deceptive In that although the cells were viable
by trypan blue exclusion measurements, the mltotic activity
was severely Inhibited by the 10 and 100 mg/ml expcsures. The
cells exposed +to the 100 mg/ml dose alsc appeared rounded up
yet firmly attached to the plastic surtaces to the extent that
it was Impossible +to remove them wlth 0.05% trypsin despite
repeated attempts. These results suggest that the Jlow pH
resulting from addition of 10 (pH 2.8) and 100 (pH 1.6) mg/ml
test article In culture medlium has a profound effect on the
cell membrane characterlstics and/or on the culture vessel's
growlng surfaces. The cells exposed to 1.0 mg/ml (pH 7.2)
concentration appeared normal,

Attempts to ralse the pH of the test agent or 95%
HyPO, to 7.2 wlth 40% sodlum hydroxide or with heavlly
buf fered medlum was unsuccessful because the resultant high
osmolallty In +the <culture medium caused the cells to detach
from the growlng surfaces. Detachment was presumably due *to

changes In cell membrane and/or growling surface
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characteristics.

As a result of the severe technical problems caused by
the Jlow pH exposures and because of a subsequent report that
low pH can result In false pcslitive cytogenetic results In
mammal lan cells, the declislon was made +to test the test
article at pH 6,0, 6.5 and 7.2 with the pH obtained by
dilution with compiete cul ture medlium. The resultant
concentratlions were 4.4, 2.8 and 1.0 mg/mi, respectively.
Concurrent phosphorlic acld controls were run at the same pH
ancd mg/ml concentration. The results of studies from two

protocols are thus belng presented In a single report.

o Aperration Results:

The aberration frequenclies are |isted Iin Tables 3 and 4.
The resuls indlcate that predominately chromatid type
aterrations were formed followlng the exposure. This Impllies
that most of the clastogenic damage occurred during "Late S"
and "GZ" phases of the cell cycle. In addlition, use of §-9
did not appear to alter the overall pattern of aberration
frequencles.

While the means for the S~9 treated groups show a generai
Increase In breaks and gaps with dose for both the USA-01 and
H3P04 exposures (Table 3), the ANOVA comparisons indicate that

for breaks there was no signlflcant main effect due to
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compound (p=0.325), dose (p=0.094), or compound by dose
(p=0.625). Therefore, post hoc comparisons were not performed.

For gaps, there were signiflicant ANOVA results for
compound (p=0.002), dose (P=0.001) and the compound by dose
Interaction (p=0.017). Post hoc comparisons indicate that all
three concentrations of +test article USA-01, pH 6.0 (4.4
mg/mt), pH 6.5 (2.8 mg/ml), and pH 7.2 (1,0 mg/ml), and the
top dose for H3P04, pH 6.0 (4.4 mg/ml), were signlficantly
different from +the medium control (pg£0.05). However, the
comparisons between the USA-01 groups and corresponding pH
groups for HyP0, [Indicate that only the pH 6.5 (2.8 mg/ml)
result was signiflcantly different (p<0.05) and the difference -
was due to the higher mean for the USA-Oi group.

For +the non-S-9 treated groups (Table 4), the means for
breaks and gaps also showed a general dose responsive Increase
for both the USA~01 and H3P04 exposures., The ANOVA Indlcated
that for breaks, there was a significant effect for dose
{ (p=0.00t), but not for compound (p=0.477) or the compound by
dose Interaction (p=0,681)., For gaps, there were significant
results for all three comparlisons (compound, p=0.018; dose,
p=0.001, and compound by dose, p=0.004).

Post hoc comparlsons Indlicate that for breaks, only the
USA~01! pH 6.0 (4.4 mg/ml) and pH 6.5 (2.8 mg/ml) doses and the
pH 6.0 (4.4 mg/ml) H

3PO4 dose were were significantly

different (p<0.05) from the medium control. However, there was
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& no significant dlfference between the USA=01 and corresponding
pH levels of H3PO4 (p>0.05).,
For gaps, +the post hoc tests Indicate that only the
9 USA=01 pH 6.0 and the H3P04 pH 6.0 doses were significantly
dl fferent (p<0.05) from the medium control and from each other
and the dlfference was due to +the hlgher mean for the
& H3 PO, group.
The conclusion Is, therefore, that while dose responsive
Increases In breaks were observed, the Increases were not
Q@ signlticant when compensation was made for the pH effect. The
Increase 1In breaks caused by the test article USA=-01 Is a pH-
Induced phenomenon caused by the high concentration of
D phosphorlc acld in the same (95%) and not by other clastogenic
components in the sample, Frrther, while gaps also Increased
with dose, correction for pH effects also negated Increases
SN in gaps due to USA-01 with the exception of the pH 6.5 (2.8
mg/ml) dose in the $S-9 treated group.
Gaps are controverslial leslons. They are by definition
T8 not breaks; however, they are useful as indlcators of trends
or patterns In clastogeni¢c responses since, In general,
Increases In both gaps and breaks are seen followlng exposure
2 to clastogenic agents. Since In thls study, with the one
exception, the Increase In gaps also appeared to be pH
related, the <conclusion 1Is that the positive gap results In
D the one instance was an Isolated event and, In the face of the
HT RESEARCH INSTITUTE
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negative break results, should not change the ultimate

conclusion that test article USA-01 Is non-clastogenic to CHO

‘cells at the concentrations tested.

The possiblility remalns, however, that the 4.4 mg/ml high
dose used In this study was below the level of sensitivity for
the system to detect gross clastogenlc damage and that testing
at higher concentrations would give a positive response. .
However, tTesting higher concentrations was Impossible due to
the prohibltively 1low pH conditions that resulted in the
culture medlium when higher concentrations of the test article

were used.

8. Jlgnature of Sclentists Involved ln the Study:

Jul le Harrlington )ﬁu&b Kz°¢¢43}¢;*’ 7741/7Qf
Study Dlrector

Date
A .
Robert R. Guerrero Aﬁ(;&;j7l?.Aéz? 4
Program Director / ‘ AT padte (a/fﬁ.l)/c""S
James D. Fenters éﬁ94L£Za.
Head, Microblology &nd
Environmenta! Toxlcolog Date 7/2 /K5

Josephline M. Reed

& Uit )7 2 /
Supervisor, Quallty urante 7/éz;‘£“ Date ;VQ =Y
9. Jtorage of Data and Reports:

All raw data generated durlng the course of the study
were retalined In the IITRI Life Sclences archives as speclfled
by government regulatlons. The orliginal flina! report was
submitted to the sponsor and one <copy of the report was

retalned In the IITRI archives, Dlivision L files and one by

the program director.
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10, Quallty Assurance:

o Qualliy Assurance Statement: Laboratory operations
were Inspected March 12 through 15, 1985 and Aprtl 3,4,5
and 8, 1985 by Josephine M. Reed. The flinal draft report

was aud!ted on June 26, to 27, 1985 by Josephline M. Reed.

A =AY,

Josefhine M., Reed, M.M,, M.S,

~~ Supervisor,
/ Qual ity Assurance
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1. Appendin = Ficterial interpretation of 'breaks" scorling syster used.

Breaksj

(hromoto=e-tvoe Aberrations (Gy or early $)
Ereak e = o= / ] Acentric frag. F ]
Exgharces
3.1 Bicentric + )
e Interchrorosomal .
—— 3. BDE™SES acentric frag. 0 )
e\t ASmeS : - .
= acentric frag.
o Inrtrathresas=a)
7N - 1 Ring + 2 acen-
... - teic frag. R by
N/
(recwstiget e frevrations (late S or Gy}
Break TP > 3. 1 break cdb )
- Sy
b. a2 b. 4 breaks 4 cgy 4
c. 0& c. isochromatid icdb
¢ break
Exchanges
o Interchromasamal =
B e ———
'\' 2
]S 3. a. 2 exchange 2 ex 4
— b. : d. ) exchange + ex
‘f % acentric frag. 2
¢ Intrachrormasomal ,
y 2 ) 8. 1 exchange ex ¢
( C/ A @ b. @/ b. 1 ¢hromatid )
ring + frag. R ¢
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FINAL REPORT
F DNA REPAIR ASSAY IN PRIMARY RAT HEPATOCYTES ON AN EXTRACT

OF RED PROSPHORUS/BUTYL RUBBER AEROSOL CONDENSATE

IITRI Project No. L0O6139L001
b Study No. 81-DNA-1

July 1985
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1.

2.

PURPOSE:

The purpose of this study was to assess the mutagenlc
properties of an extract of red phosphorus/butyl rubber condensate
and to determine the influence of pH on the mutagenic response.

Red phosphorus butyl rubber (RP/BR) aerosol condensate s
about 95¢ phosphoric acid. Therefore, addlition of even smali
amounts of the agent constitutes a severe pH challenge to the
cells.

In a recent workshop on the eftects of low pH snd high salt
concentrations on genotoxiclity Ip yltro (EMS workshop, Las Vegess,
Nevada, February 1985), It was reported +that J|low pH and high
osmol 8! ity condltlons <can Induce false positive results In 1n
yitro systems. Subsequently the RP/BR test article was tested at
pH 6.0 and 7.0 with phosphorlc aclg pH controls for the two doses.

The USAO1 (RP/BR) sample and the H controls were dlluted
with Williams E medlum, pH 7.2, to achleve pH 6.0.
STATISTICAL METHODS USED:

Fifty Interphase nuclel were evaluated per dose, Mean net

graln counts and standard devistion of the mean were calculated
for each dose. A test &sgent was consldered genotoxic it It
Induced a net grain count of 5 or more per nuclel In triplicate
coversilps when tested wlthin & nontoxic range (>10% survival).

JEST ARTICLE AND CONTROL INFORMATJON:

o Jlest artlcles 4
) Physlcal Characteristics: The test article USAO1, RP/BR was
generated by burning RP/BR In a hydraullc driven
extruslon-combustion generator on February 12 and 13, 1985.
The extrusion/burning rate was adjusted <to @ flgal
concentration of approximately 1 mg/} iInslide @ 1

stainiess steel Inhailation chamber. The aerosol was collected
by3condensa?lon in ilquld oxygen cooled Dewar traps from 9 x
10 | Iteres of aerosol, The sampling rate was approximately

10 |iters/min for a residence time In the traps of 30 seconds,
The +traps were opened and the Inner wails were rinsed with 30
m! of methylene chlorlide (MC). The traps were dralned Into & !
ilter gless separatory funne!l and the MC and the aqueous
fractlons were separated and transferred to 200 ml graduated
cylinders, This procedure resulted in approximateiy 150 mi MC
fraction and 105 m! aqueous fraction. The MC was driven off to
dryness with a stream of dry nltrogen. The resultant yellow
residue was dissolved In 2 ml of DMSO.
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The aqueous phese was treansferred to a2 150 m! round bottom
flask. The aqueous sample was concentrated over a 2-day perlod
to 7 mi with vacuum pressure dellvered by a mechanlical vacuum
pump equlpped with & |lquld nitrogen cold trap. A 0.0304 g
sample of the viscous yellowlsh~brown liquid was diiuted to 100
ml wlth dlistllled water and three alliquots were analyzed for
phosphate content. The resultant phosphorlic acld concentration
was determined to be 90.6% by welght.

For genotoxiclity testing, the remalning aqueous fraction
(5.64g) was combined with the 2 ml of DMSO MC extract and the
mixture was diluted to 14 m!l with ASTM type 1 water on February
19, 1985, The dilution was made to provide enough sample for
three In yitrp essays., The test article was stored at room
temperature protected from light In 2 sterlle pyrex glass tube.
The denslity of the test article was 1.16 g/ml.

b) Solvent: Concentrations of the test article and the alr
sample were prepared In Williams E medium containing 10 uCi/ml
of tritiated thymldine.

c¢) Dosage: For the test article, concentrations of 1,000
mg/mt, 0.333 mg/ml and 0.033 mg/ml| were prepared with & final
pH of 6.0, 7.0 and 7.0 respectively. Two dilutions of
phosphoric acid, with final concentrations of 1.000 mg/ml and
0.333 mg/ml end @ tinal pH of 6.0 and 7.0, respectively, were
aisc prepatred, The alr sample was dlluted <¢c glve an
approximately 10% solution.

o Loptrol Substances:

Control Lompound Source Conc.

Posltive 2-acetylamlino- Tridom-Fluka 100 nMol/m!
fluorene

Negative Biphenyl Aldrich Chemlcal Co. 100 nMol/ml

Cel | WME Gibco 100%

*Willlems medium + 20 mM glutamine + 50 ug/ml gentamycin

4,

METHODS:

The assay was performed followlng procedures outllined In
IITRI DNA Repalr SOP No., MBGT-2. .The methods are besed on those
outlined by Wililams |In Cancer Res, 37:1845-1851, 1977 and
Include the Improvements made by Willlams {In Cancer Letters
4:69-75, 1978 and by Williams et &l In 1lp Yitro 13:809-817, 1977,
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o Experimental Design: The test articie was tested for toxlclty
In rat hepatocytes prlior to the DNA repalr assay. The toxlclty
results were used to establ ish the dossge range for the DNA

repalr assay. In the repalr assay, hepatocytes on coversiips
were exposed for 18-20 hr to 5 concentrations In triplicete of
the test agent In the presence of tritliated thymidine

(°H-TdR), DNA damage caused by the exposure and repaired by
unscheduled DNA synthesls was measured with autoradlography.
Siiver gralns deposited over Interphase nuclel, indicating sltes
of DONA repalir, were counted in 50 nuclgl. The counts were also
corrected for nonspecific binding of H-TdR. A net grain
count of 5 or more was consldered & positive response.

o Preparatlion of Hepatocytes: A F344 Fisher male rat
(Harl an-Sprague Dawley) was anesthetlized with 50 mg/kg nembutal.
The liver was surglcally exposed then perfused ln sltu with 0.5
M ethylene glycol-bis-(B-aminocethylether) N-N'-tetracetic acld
(EGTA) fol lowed by 100 u/ml collagenase, type | (Sigma). The
| ilver was aseptically removed and placed In a sterlle pe tri
dlsh. In a laminar flow hood, the outer «capsule was removed
from +the Ilver and the hepatocytes were gently separated from
the organ. The cells were then collected iIn 37°C WMES medium
and assayed for density and vliabillity.

o Joxlclty Jesting: One million viable hepatocytes were seeded
Into T-25 flasks. Three flasks were prepared for each of flive
diluiions of the test article. The highest concentretion tested
did not exceed 10§ welght per volume. The cells were allowed to
attach for 2 hr and then were exposed to the +test article for
18-20 hr at 37°C on February 19, 1985. Trypan blue was added
(0.15 ml of & 0.4% solution) to each flask. After 5 min, the
cells were rinsed then fixed with I ml of 5§ formelin. The
cells were evaluzted for toxlcity using dye excluslon and cell
number @as endpolints., The determination was made by cslculaflng
the ratio of viable cells In 10 rfndomly selected 1 mm areas
of each flask wutitlzing a1 mm grid in the eyeplece of an
inverted microscope.

o DNA Repalr Iesting: On Mey 29, 1985, one million viable
hepetocytes were seeded onto 25 mm Thermonox coversl ips (M.A,
Bioproducts) housed In 34 mm 6-well tissue culture cluster
dishes (Coster). The cells were allowed to attech for 2 hr then
were rinsed with WME medium and treated with five concentrations
of the test agent 1In tripllicate, Inciuding aBtoxlc dose when
possible. The medium also contalned 10 mCi/ml H-TdR (60-80
Ci/mMole speciflic activity). Positlive, negative, solvent and
cell controls were tested In parallel. The cultures were
incubated for 18-20 hrs at 37°C In a humidified 5% CO,
incubator.
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o Coversllp Preparatlon: Following the exposure, the coverslips
were rinsed with +three changes of WME medlum, then the cells
were swollen In 1% sodium cltrate for 15 min. The <cells were
fixed in three changes of Carnoy's flixative (3 parts ethanol:1
part glaclal acetic acld). The coversllips were alr drled, then
attached to glass slldes, cell surface up, with permount
mounting medium,

o Autoradlography: On May 31, 1985, the <l ides were dipped 1In
Kodak NTB emulislon. They were alr dried overnight, then the
slides were placed In light tight siide boxes for 10 days et
45°C. The si ldes were developed wlth Kodak D-19 developer, alr
dried and stained with Harrlis' alum hematoxylin and eosin on
June 10, 1985. All procedures, up to the alr dryling of the
sl lides, were compieted in total darkness,

o Grain Lounts: Graln counts were made on 50 randomly selected
normal nuclel per siide (3 sllides/dose) with a New Brunswlick
Blotran Colony Counter., The counter intertfaced with a TV system
coupled to a compound Ight microscaope, The counts were
corrected for nonspeclfic “H-binding by subtracting from the
nucl ear count, the highest of three counts taken from
cytoplasmlc areas adjacent to the nucleus. Means and standard
deviations were calculated for each set of three sl ldes.

ROSAGE FREPARATION AND DRUG HANDLING:

Uporn recelpt of ail test and control materlials, the date of
receipt and approximzte quantlities were recorded. Liquid test
articles were measured on a welght to volume basis and dilutlons
of all compounds, Including the poslitive control and solvent
controls, were prepared In glass scintillation vials. All test
and control substances were freshly prepared the day of use and
were blended by vortex mixing for 1 min prior to testing. The

control compouhds were stor ed according to sponsor's
recommendatlions regarding temperature, humidity and protection
trom llght. The highest concentration used did not exceed 10%

welght per voiume and the solvent did not exceed 1% volume per
volume.
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6. Supervisory Persopopel lnvolyved In the Study:

Kathl een V. Ketels Study Director
Robert+ R. Guerrero Program Dlrector
James 0. fFenters Head, Toxlcology and

Environmental Hea!th

Josephine M., Reed Qual ity Assurance
Supervisor
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7. SUMMARY AND ANALYSIS QF DATA:

€

o Tabie 1 « Toxiclty Resuits

o Table 2 - DNA Repalr - Test Article and Control Results

o Table 3 ~ DNA Repalr - Alr Sample and Control Results
@
@
@
&
<
=
L
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IHHITR| Project No. LOA139L001
IITRI Study No. B1=DNA-1

TABLE 1

Toxliclty Results on
Test Article No. USAO1

Conec. , Cell Number ) ) Viabiiity?
mg/ mi pH Cells/cm Cells/flask(x10%)  Avg.2(x10%) g
2674 6.7
100.0 <1 2615 6.5 6.4 81.3
2394 6.0
3258 8.1
50 .0 1.5 1934 4.8 6.8 86.0
2929 7.3
2868 6.4
10.0 3.0 2108 5.3 5.3 67.0
1645 4.1
Toxic Toxlc¢
5.0 5.5 Toxlc Toxlc Toxlc
Toxlic Toxlc
2358 5.9
1.0 7.0 714 1.8 4.7 59,6
2557 6.4
Cel 7.0 3594 9.0
tontrol 3207 8.0
2972 7.4
3028 7.6 7.9 100.0
3196 8.0
2896 7.2

8 Each flask was Inltlaily seeded with 1x10% cells
b § viability: Avg number of celis In test ditutlon

e ceeeeecemecicecese X 100

Avg number of cells In cell control
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1) TRI Study No. 81-DNA=~]

Phospherle Acld,

Test Control Conc.
Sample.  veme Agent . ___ mg/ml
USAO01 1.000

0.333

0.033

Phosphorlc 1.000
Acld

0.333

Posltive Control 0.100

2=AAF

Negative Control
Biphenyl

Cel! Control

ITRI Project No. L061391001
|

0.200

+ Positlive genotoxic response
Negative genotoxic response

SD Standard devliation
*

Less than 50 nuclel counted
€ Incorrect concentration used due +0 dlilutlion error

ND Not done

TABLE 2
DNA Repaltr Results on Test Article No. USAQ1,

and Control

Net Grain Coun*tsb Genotoxiclty i

Agents

~pH. _Mean_ * __SD..

6.0

7.0

6.0

ND

ND

ND

0.38
1.04
0.84

2.63
2.48
1.20

1.40
0.68
0.64

0.88
0.60
0.46

1.18
0.52
1.08

10.26
14.68
13.64

1.00
0.58
0.42

Net graln counts from 50 nuclel per coversl|p
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1.02
2.85
1.93

4,61%
4.23
2.60

3.22%
2.,90%
1.93

2.14
1.70
2.02

2.90
1.54
3.06

10.43
12.12
15.71

1.85
1.45
3.06

2.04
1.81
1.40

~A¥Qa

0.75

2.06

0.84

0.65

0.93

12.86

0.71

0.67

tl=



| Project No, L061391001
| Study No. 81<=DNA=1

VITR
IITR
TABLE 3

DNA Repalr Results on Alr Sample°
and Control Agents

Test Control Conc, Net Graln Coun‘tsb Genotoxliclty
—~-Sample - Agant - hgiml _Mgan_ t __SD _ _Axg. /=
Alr Sample 1.14 2.9 %

0070 2034 0092 -

Posltive Control 0.200% 23.26 12.39

2-AAF 12,04 8.72 15.67 +
11.70 9.04

Negative Control 0,100 3.30 6.43
1022 3037 2.26 -
2.26 4,35

Cel | Control 1.64 3.88
1070 4.07 ‘044 - .
0,98 2.94

a

The Alr Sample was tested In a separate assay from the other Test
Samples.

Nefpgraln counts from 50 nuclel per coverslip

+ Positlive genctoxic response

- Negative genotoxlc¢ response

SD Standard deviation

@ \Incorrect concentration used due to dliutlion error

* Two sl ldes only
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CONCLUS I QNS

o Joxicltys The data In Tabie 1 indicate thet the RP/BR
extract was toxlc at the 5,0 mg/ml dose but only slightly
toxic at the 1.0 mg/ml and &ll doses above 5.0 mg/ml l.e. &
viabllity was 59,6, 0.0, 67,0, 86.0, and 81.3 for the 1.0,
5.0, 10.0, 50.0 and 100,0 mg/m! concentrations, respectively.
However, while the <celis exposed to concentrations higher
than 5.0 mg/m|l appeared vieble by trypen biue exclusion, they
were qulite abnormal metabollically and In appearance. They
were rounded up yet flirmiy otteched to the covers|ips and In
o preliminary ONA repalr trial run, unscheduled DNA synthesls
was totally suppressed Indicating that the hepatocytes were
severely offected by the higher doses. These secondary toxlc
effects most llikely retlect perturbances In ceéll membrane
permeabllity and In blopathways Involved In the repair
process, l.e., suppression of exonuclease, endonuclease and
| 1gase activities, caused by low pH condlitions, l.e. pH 3.0,
1.5 and <1.0 for the 10.0, 50,0 and 100.,0 mg/ml doses,
respectively.

For the reasons stated ebove It was felt that 5.0 mg/ml dose
reflected the top of the true toxiclty range for test article
USA=01 especlally since the pH for that dose fell within the
pH range known to be tolerated by cells 1n yliro (pH5.5) and
the morphology of the <cells In culture |ooked normal.
Therefore, 1 mg/mi was <chosen as the tcp dose for the DNA
repalr assasy.

o DNA Repalr: The DNA repalr results shown on Table 4
Indicate that test agent USA-01 was not genotoxic at any dose
tested l.e. 0.84, 2.06 and 0.75 average net grains/nucleus
tfor the 0,033, 0.333 and 1,000 mg/ml concentrations, The
phosphoric aclid pH controls were &l so negative i.e. 0,93 and
0.65 aversge net gralns/nuclieus for pH 7.0 (0.333 mg/m! eand
pH 6.0 (1,000 mg/ml) concentrations, respectively.

The positive and negative controls fell within the accepted
range &nd there was nc evidence cof microblal contamination,
therefore, the assay was consldered valld. Based on the
results of thls study the conclusion Is that test article
USA-01 does not cause an lIncrease In DNA repalr iIn primary
hepatocytes and therefore 1{s not genotoxic within the
concentration range tested, One can't discount the
possibillty that higher concentrations would glve a positive
response. However, testing hlgher concentrations was not
possibie slince they were toxic to the cells. Another
concluslon Is <+hat low pH (pH 6.0) does not <cause an
artitactual positive response In the primary rat
hepatocyte/DNA repair assay.

HT RESEARCH INSTITUTE

323




9. SIGNATURE QF SCIENTISTS INVOLYED IN IHE SIURXx

/ . .
Kathl een V. Ketels K oartd Lo U /Clxa4
Study Director

=
Date //f' J")/

/
Robert R. Guerrero !/
Progrom Director . [
&
Date 7‘//‘i‘i)/a (
James D. Fenters C e é&é.’m

Head, Toxlicology and
vc-)’/é 4

Environmental Heal th
$ =z
Sup&€rvisor

Date P/ 5/F5

Josephline M, Reed
Qual Ity Assuran

Date €7§f Py
10, SIQRAGE QF DATA AND REPOQRIS:

All raw data generpgted during the course of the study
wil! be retained In IITR! Life Sclences Archives as specifled
by governmen® regulatlons. The orilginal final report Is
submitted to the sponsor and one copy of the report will be
retalned In the |ITRI archlives,one In the Division L flles
and another by the program director.

11, QUALIIY ASSURANCE

o Qual ity Assurance Statement: Laboratury operations were
inspected on February 19, March 28 and 29 and May 20 and 31,
1985, The flnal draft report was audlted on August 23, 1985,
Inspections and audits were performed by Josephlne M. Reed.
The laboratory operatlons were found to conform with (iITRI
Lite Sclences quallty assurance criterla and with GLP

requlirements for Nonclinlcal Laboratory studies as outlined
in 21CFR, part 58,

2
oAl PO bffa¢£22;

Josefnine M. Reed, M.M., M,
Supervisor,
Quallty Assurance
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