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EXECUIIVE SUMMARY

The USAMBROL has an interest in the potential inhalation toxicity of

yellow dye (SY) and a yellow/green dye mixture (SY/SG) used in colored smoke

munitions. The chemical name of the major component if the yellow dye is

2-(2'quinolyl)-l,3-indandione (QI) and the major component of the green dye is

1,4-di-p-toluidinoanthraqulnone (TA). SY contains only QI, while the SY/SG

dye mixture contains 30 percent QI and 70 percent TA. To test the inhalation

toxicity of these materials, exposure atmospheres of SY or SY/SG were

generated in a respirable particle size range and used for inhalation

exposures of F344 rats at three concentrations for 6 hr/day, 5 days/week for 4

weeks. The purpose of these studies was to determine the lowest air

concentration for each dye material that would produce pathological changes.

For these studies, the biological indicators of toxicity measured were gross

clinical observations, changes in body weight gain, respiratory function

measurements, biochemical and cellular analysis of bronchoalveolar lavage

fluid, lung tissue enzyme and connective tissue biochemistry, blood and serum

chemistries, skin sensitization, and histopathology of selected tissues. This

report describes the results of these investigations.

In the four-week inhalation exposure to SY dye, rats were exposed to

aerosols of SY dye at average concentrations of 10 t 5, 51 t 10 or 230 ±

30 mg/mi (X t SD). The average particle size of these aerosols ranged from

3.1 to 4.4 um (mass median aerodynamic diameter) with a geometric standard

deviation (a,) of approximately 2.0. After exposures, it was found that

very little SY dye (QI) was retained in the lungs, indicating the SY dye was

rapidly cleared. The body weights of the animals exposed to the highest

,.1
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concentration averaged 8 percent less than controls (p < 0.05) at the end of

the exposure. Respiratory function measurements were made on the control and

high dose groups only and showed mild respiratory function changes consisting

of reduced elastic recoil, increased resting lung volumes and reduced

expiratory flowrates in the exposed rats.

Rats were exposed to aerosols of SY/SG dye mixture having average

concentrations of 11 ± 5, 49 t 11 or 210 ± 50 mg/m3 (X t SO). The

average particle size of these aerosols ranged from 3.1 to 4.9 um (mass

median aerodynamic diameter) with a ag of approximately 2.0. As with the

studies on SY dye exposures, it was found that the Q1 component of the SY/SG

dye mixture cleared from lungs at a very rapid rate. However, the SG (TA)

portion of the SY/SG dye mixture was retained in lungs for a much longer

time. Rats exposed to the highest concentration of SY/SG dye mixture had a

significantly lower body weight after four weeks of exposure than controls,

approximately 7 percent less. Respiratory function measurements in high levelVI
exposed animals indicated a reduction of gas exchange efficiency and airflow

obstruction. Analysis of bronchoalveolar lavage fluid showed an influx of

neutrophils and increased enzyme activities indicating a mild pulmonary

inflammatory response occurred in high level SY/SG exposed rats. Increased

neutrophils were also seen in lavage fluid from the medium dose animals.

Exposure-related histopathological lesions consisted of minimal to slight Type

II pulmonary epithelial cell hyperplasia and proliferation of foamy alveolar

macrophages in rats exposed to the highest concentration of SY/SG dye. This

mild response was also seen in some of the medium dose animals, No other

adverse effects were observed in the various parameters measured In exposed

animals as compared to control rats.

2
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In summary, no histopathological lesions were observed in r3ts exposed

to up to 230 mg/mr3 of SY dye for 20 days over a 4 wecý v-riod. Ari 6 percent

difference in body weight and mild respiratory function changes were the only

toxic signs observed. In rats exposed to the SY/SG dye mixture, an exposure

concentration of 210 mg/m3 was sufficient to induce an inflammatory response

in the lung. Thus, the lowest toxic exposure concentration of SY is ý 230

mg/M3 and of SY/SG is 2 50 mg/r3 under the above exposure conditions.

It is apparent that the SY/SG dye mixture is more toxic to the lung than is

the SY dye. This is at least partially due to the longer retention time in

the lung for the SG portion of the dye mixture as compared to the SY.

3
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INTRODUCTION

The U. S. Army needs to obtain information on the inhalation toxicity of

the dyes present in colored smoke munitions. The major concern is for the

health of munition production workers who could be exposed to fine dusts

containing the dyes during production of the smoke munition. In the project,

"Studies on the Inhalation Toxicity of Dyes Present in Colored Smoke Munitions

(Project Order No. 83PP3807),m the Lovelace Inhalation Toxicology Research

Institute (ITRI) is studjing the inhalation toxicity of two dye materials: a

yellow dye (SY) and and yellow/green dye mix (SY/SG). The chemical name of the

yellow dye is 2-(2'-quinolyl)-l.3-indandione (QI). Various synonyms used for

the dye include C.I. solvent yellow 33, C.I. 47 000 and D & C yellow No. 11.

The green dye is 1,4-di-p-toluidinanthraquinone (TA) and has been called C.I.

solvent green 3, C.I. 61565 and D & C Green No. 6. The yellow/green dye mix

contains approximately 30 percent yellow dye and 70 percent green dye. The

smoke munitions will contain 42 percent by weight of the dyes. The munition

also contains potassium chlorate, magnesium carbonate and sucrose.

The work is being conducted in four phases. Phase I includes

standardization of methods for generation of aerosols of the test materials

and physical/chemical characterization of the aerosols. Phase II corsists of

range-finding experiments to determine acute tox'c effects from exposure to

high concentrations of the dyes and to select exposure concentrations for the

next two phases of the study. In Phaso III, four-week exposures of animals to

varying coticentrations of the dyes will be used to determine the lowest

exposure concentration that will produce pathological changes. Phase IV will

;- ,. ,.77.7•7T77,.. 7:-. -. I. •_



be a 90-day subchroniL study to determine a no-observable-ad6 se effects

level (NOAEL) of exposure.

This is a final report of the work completed in Phaie III of these

studies.
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FOUR-WEEK INHALATION UXPOSURE TO SY DYE

Nominal exposure concentrations selected for this study were 0, 10, 50,

3and 250 mg/mr given for 6 ;tours/day, 5 days/week, for 4 weeks. These 1'
concentrations were selected on the basis of several criteria. In the

range-finding studies (Phase II),1-3 we had no mortality and saw no
life-threatening lesions in tissues from rats exposed to 1300 mg SY/m 3 for 6

hours per day for 5 days with a particle size of 5.6 um (MMAD). We did

detect alterations in the histology of the upper respiratory tract. In the

lower exposure levels used for the 4-week exposure, the particle size would be

smaller (3-5 Am) resulting in a larger respirable fraction, so that a

120-hour exposure (6 hours/day, 5 days/week, for 4 weeks) to 250 mg/m3 was

estimated to be roughly equivalent to the total dye exposure in the 30-hr

range-finding study. Thus, at the high exposure level it was anticipated that

the pathological alterations would be approximately equivalent to those seen

in the range-finding studies without any expected mortality. The lower

exposure level of 10 mg/m 3 was selected because it is the cu'rrent ACG1H

nuisance dust threshold limit value (TLV). The intermediate level of 50

mg/m3 was selected because it is a factor of 5 between the high and low

levels.

Statistical Analysis

Where possible, computer software packages such as BMDP or RS1 were used

for data handling and analysis. Standard tests applied to the experimental

data were one-way analyses of variance, followed by tests for the equality of

WThe Threshold Limit Value - Time Weighted Average (TLV - TWA) is the time-
weighted average concentration for a normal 8-hour workday and a 40-hour
work week, to which nearly all workers may be repeatedly exposed, day after
day, without adverse effect.

10
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means, such as simple t-tests, multiple comparison t-tests,4 or

non-parametric Mann-Whitney U tests. Usually a confidence level of 0.05 was

used, although in some cases significance was expressed in much smaller or

much larger values.

Animals

Specific pathogen free, male and f. le Fischer-344 (F344/Crl Lov) rats,

15-20 weeks of age with an age range of ± 2 weeks, were used for this

study. The rats were obtained from an existing colony raised at the

Inhalation Toxicology Research institute. At the age for experimental use,

rats were moved to Hazleton 2000 exposure chambers in the Chronic Exposure

Laboratory. The animals were acclimated in exposure chambers for at least 2

to 3 weeks before use to acclimate them to that environment and to ascertain

their physical well being. After completion of the pre-exposure

acclimatization period, the rats were randomly assigned to experimental groups

Jby litter number and weight. Each rat was uniquely identified using ear

tags. During these studies all animals were given food and water ad libitum

except that food was withheld during exposure periods.

All rats were euthanized at the end of the studies by intraperitoneal

injections of T-61 euthanasia solution. The inhalation exposure chambers were

maintained at 75 t 30F and 35-70 percent relative humidity. This

temperature was above what is normally found in an animal room (72 t 20F) in

order to compensate for body heat loss due to chamber airflow. Chamber

airflow rate, temperature, humidity, and pressure relative to the room were

monitored throughout this study. Temperature and humidity measuring devices

were calibrated and checked before initiation of the study.

11
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Animal Exposures

Aerosols of SY dye material were generated using a Jet-O-Mizer air jet

mill as previously described. 5 ' 6  Four Hazleton 2000 chambers containing 6

tiers of animal cages (10-16 rats per tier) were used for these whole-body

inhalation exposure studies. Before the 4-week study began, all chamber

exposure systems were run for 6 hours as a final check of the stability of the

aerosol generation system. Results are shown in Table 1.

For these studies, 228 rats (114 males and 114 females) were entered

into each exposure chamber in three groups, which were staggered by one day.

Concentration and size characteristics of the exposure atmospheres for each of

the 22 exposure days are shown in Table 2. While this table indicates a

significant degree of variance in the daily concentration of SY dye,

particularly at the lowest concentration, the fluctuations were never so great

that the concentration overlapped the concentration of another exposure j
level. Thus, in terms of exposing animals to graded levels of SY dye,

acceptable separation among low, medium and high level exposure groups was

attained. Exposure group I was exposed on days 1-20, exposure group II on

days 2-21, and exposure group III on days 3-22. Table 3 summarizes the

average SY concentration experienced by each of these groups of animals, With

three data sets that fre the same. except for a day at each end of the

exposure period, it Is not surprising that no statistically significant

differences were seen between the three entry groups at each exposure

concentration. The SY aerosol size was measured with a Lovelace Multi-Jet

Cascade Impactor each day during the first week of exposure and at intervals

as shown in Table 2 thereafter. Table 4 shows the average mass median

aerodynamic diameter and average geometric standard deviation of these

12



TABLE 1

Concentretions and Particle Size of SY Dye Aerosols

Coefficient
Concentration8  of Variation MMADb

(mg/m ) (Percent) (Mm)

16 ± 2, n - 9 13 3.0 2.0

57 1 11, n - 6 19 4.0 2.0

250 1 30, n 9 12 4.6 2.0

'Samples taken at evenly spaced intervals during 6-hour period

(mean t SD).

bMMAD - mass median aerodynamic diameter (mean; n - 2).

Cog - geometric standard deviation.

13



TABLE 2

Daily Exposure Chamber Concentration and

Particle Size of SY bye Aeresols

Low Medium - High

Conc 3  MADa b Conel3  MMAD Cor,cn3  MMAD
("g/mn) (um) Oa (mg/mr) (um) fl (mg/mr) (Ur) _

Day 1 19.9 3.4 2.0 48.9 4.6 2.1 239 5.8 1.7

2 15.7 3.1 2.0 48.5 3.1 3.0 297 4.0 2.1

3 13.9 3.1 2.2 63.8 3.2 2.0 167 3.5 2.0

4 15.7 2.9 2.1 46.5 3.2 2.0 291 4.8 1.9

5 10.6 3.0 2.0 44.0 2.9 1.9 237 3.7 2.0

6 6.8 --- 49.8 --- 232 4.6 2.0

7 17.7 3.6 2.1 44.7 3.7 2.1 242 4.4 1.9

8 5.8 3.1 2.2 52.3 4.0 2.2 221 4.4 2.0

9 5.5 - --- --- 54.2 3.5 1.9 203 ... ...

10 9.5 2.7 2.0 58.5 -- --. 217

11 7 .5 --- . ..- 82 .8 3 .7 1 .9 2 16 ... . ..

12 5.7 48.0 ... .198 4.8 1.9
13 7.,9 .. . . 35.7 . . .. 234 ---. ...

14 6.2 3.0 2.4 48.7 --- 222 ... ...

15 6.3 . . . 36.1 232 - -232-
16 10.3 3.6 2.3 51.9 --- 220 ... ...

17 10.0 --- -- 44.5 --- 290 -- -----

18 3.6 44.4 --- 254 4.3 1.8

19 8 .7 48 .6 3.4 2.2 231 ... ...

20 9 .6 62 .5 --- 2 54 ... . ..

2 1 15 .3 --- 60 .8 --- 190 ... ...

22 16 .1 ... ... 53.0 252 --- 252-
10 3.2 2.1 51 3.5 2.0 230 4.4 1.9

S.D. ±5 0.3 0.1 ±10 0.5 0.1 ±30 0.7 0.1

Daily chamber concentrations were determined by the mean of 6 to 8 filter
samples taken at regular intervals during the day (High dose chamber, all
days; first 6 days in Low and Medium dose chambers) or by one 6-hour filter
sample (Low and Medium dose chambers, days 7-22). The average variance among
the daily filter sample collected from the low, medium and high dose chambers
was 32 percent, 9 percent, and 18 percent of the mean, respectively.

aMMAD - mass median aerodynamic diameter.
b - geometric standard deviation.

14
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TABLE 3

Average SY Aerosol Concentrations Measured During the
4-Week Repeated Inhalation Exposure of Rats*

Exposure Chamber

Low Medium3 High 3
(IQ maim)0 / (250 ma/mr

Group I 9.8 t 1.0 50.7 t 2.3 235 1 7

Group II 9.6 ± 0.9 51.3 ± 2.4 232 1 7

Group IIl 9.6 1 0.9 51.5 ± 2.4 230 1 7

*Average Concentration of SY (mg/mr) ± SE (n - 20). Values were not found

to be statistically different between the three animal entry groups at each

exposure concentration using a multiple comparison t-teut of the means (for

the null hypothesis p > 0.2). Note, however, that the three data sets are

highly dependent between each other because they differ only by a few data

points.

15(
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TABLE 4

Average Particle Size of SY Aerosols Used in
the 4-Week Repeated Exposure of Rats

SY Exposure Concentrations

Low Melium High

Group IV

MNAD** 3.2 ± 0.3 3.5 t 0.5 4.4 1 0.7

2.1 ± 0.1 2.0 1 0.1 1.9 t 0.1

Group 11*

MHAD 3.1 ± 0.3 3.4 t 0.4 4.3 1 0.5

2.2 1 0.1 2.0±0.1 1.9 0.19i

Group III*

MMAD 3.1 t 0.3 3.5 t 0.3 4.3±0.5

*g 2.2 1 0.1 2.0 1 0.1 1.9 ± 0.1

*Multiple comparison t-tests between the 3 group means show no differences

of statistical significance (for the null hypothesis p > 0.2). The same

tests between the 3 exposure concentrations also show no significant

differences (for the null hypothesis p > 0.1).

**Average Mass Median Aerodynamic Diameter ± SD (n - 10).

***Average Geometric Standard Deviation t SD (n - 10).

16
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aerosols with respect to the different entry groups of animals and at each

exposure concentration. Again, no differences are evident between groups of

animals or between exposure groups, however, there may be a systematic trend

to higher particle diameters in higher SY exposure concentration groups. Also

during these exposures, one filter per week from each exposure level was

analyzed for QI to verify the aerosol concentrations determined by weighing

the filters and to ascertain the purity of the aerosol during the exposure.

These results, shown in Table 5, demonstrate that the characteristiLS of the

dye aerosol were stable during the study and concentrations based on the mass

of the filter samples were accurate. The variation in the data presented in

Table 5 can be attributed to experimental errors during these measurements,

since no statistical differences were found.

Clinical Observations

Clinical observations were performed on all animals before exposures to

ensure that they were in good health. Clinical observations were also done at

V 2 weeks after the initiation of exposures and at the end of the 4-week

exposures. In all observations, no adverse health conditions were noticed in

any of the animals.

Animal Body Weights

Table 6 summarizes the average weights of the male and female rats at

tho end of the 4-week repeated inhalation exposure to SY. Before exposure,

there was no statistical difference in the weights of the animals between the

various exposure groups. However, after the 4-week exposure period, animals

exposed to the highest concentration of SY dye aerosol (230 mg/m 3) weighed 8

percent less than the control animals (for the null hypothesis p < 0.01 in a

multiple comparison t-test).

17
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TABLE 5

Analysis of SY Dye Aerosols for QI* During the 4-Week Exposure

QI Content

Week (mass 01/mass dye)

1 0.90 t 0.02

2 0.97 t 0.07

3 0.95 t 0.10

4 0.92 t 0.01

Values are mean ± SE. n * 3. No statistical differences were seen between

the four groups in multiple comparison t-tests of the means (for the null

hypothesis p > 0.2).

*QI - 2-(21-quinolyl)-1,3-indandione. the major component of yellow dye

S18
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TABLE 6

Average Weights of Male and Female Rats Before and After
Repeated Inhalation Exposure to SY for 4 Weeksa

Exposure Chamber

controlQ Medium High

Male Female Male Female Male Female Male Female

Before

Exposure 276±3 166±2 269±5 168±2 273±4 167+2 274±3 166±3

After

Exposure 298±2 176±2 292+4 181±2 292±3 178±2 269±3b 166±1b

n - 30 n 20 n 20 n -30

aAverage animal weight (grams) i SE.

bstatistically different from controls in multiple comparison t-tests

(for the null hypothesis p < 0.01).
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Luna Content of 01 After Exposure to SY Dye

On the day after the last exposure day, lungs from six rats (three male

and three female) from each chamber (low, medium and high concentration) were

analyzed for QI content. Animals were sacrificed and lungs removed, with care

to avoid contamination with yellow dye on the pelt. Each lung was homogeniied

in 1.5 mL of acetonitrile and centrifuged, and the supernatant was removed.

The pellet was resuspended in 2 mL acetonitrile, centrifuged, and the

supernatant removed. This procedure was repeated three more times.

Preliminary experiments in which excised control lung lobes were directly

injected with a syringe with a known amount of SY dye dissolved in

acetonitrile prior to homogenization showed that this extraction procedure

removed 100 percent of the QI. The combined supernatants were diluted to 10

mL and analyzed for Q1 by HPLC using the following conditions:

reverse phase column (Alltech C-18, 10y; 25 cm x 4.6 mm)
9:1 acetonltrile:water mobile phase (1 mL/min)
UV detection at 435 nm

The results, shown in Table 7, demonstrate that very little QI was retained in

the lung. Thus, the majority of the Q1 deposited in lungs during exposures

was cleared at a rapid rate. Assuming 10 percent pulmonary deposition of

iahaled SY dye aerosol 7 and a minute volume of 200 mL/min, 1.8 mg of SY

dye/day should have been deposited in animals exposed to the high

concentration. Of the amount calculated to be deposited during only the last

day of exposure, only - 0.2 percent remained 16 hours after exposure.

Respiratory Function Measurements

The respiratory function of 16 control rats and 16 treated rats exposed

to the highest concentration of SY (230 mg/m3 ) was measured. The rats were

anesthetized with halothane and tested by plethysmography using methods

t 20



TABLE 7

Lung Concentrations of 0I* Following a 4-Week
Repeated Inhalation Exposure to SY Dye Aerosol

Exposure
Concentration Q1 Concentration in Lung

(m/ra3 ± SD: n - 22) 5ex (na/a lung ± SE: n 3)

10 ± 5 m 210t 80

F 230 ± 30

51 1 10 M 790 :L 200

F 1300 ± 1000

230 ± 30 M 3500 ± 1700

F 2300 ± 600

*01 2-(2'-quinolyl)-l,3-indandione.
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8
previously reported. Group mean values werE calculated for before-exposure

and after-exposure data. The significances of differences between mean values

for control and treated rats were estimated by a two-tailed Student's t-test.

A portion of the respiratory function data are presented in Table 8.

Both dynamic and quasistatic lung compliance were greater in treated than in

control rats after the exposure. Quasistatic compliance (both chord and

maximum) was slightly greater in treated than in control rats before exposure,

and the difference was significant after exposure. Total lung capacity was

not different before or after exposure; however, the total lung capacity of

control rats increased 0.7 mL during the 5 weeks and that o~f treated rats

increased only 0.4 mL. Because of the body weight difference, the total lung

capacity/kg body weight of treated rats after exposure was higher than that of

control rats. Ihe functional residual ýapacities of the two groups were

similar before exposure, but the functional residual capacity of the treated

group was larger than that of the control group after exposure. There was a

trend toward a higher functional residual capacity/total lung capacity ratio

in the treated group after exposure. The forced vital capacity of treated

rats was larger than that of control rats after exposure. The fraction of

forced vital capacity expired in 0.1 sec increased during the 4 weeks in

control rats, but decreased slightly in treated rats, although the difference

after exposure was not statistically significant. Similarly, the peak

expiratory flowrates were not significantly different between the two groups

before or after exposure, but this parameter increased in control rats during

the 5 weeks while it did not in treated rats. None of the absolute forced

expiratory flowrates were significaiucly different between groups after

exposure. However, since the forced vital capacity of treated rats was

22
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greater, the volume-normalized flowrates (flows/forced vital capacity) were

significantly lower in treated rats. The CO diffusing capacity of treated

rats was slightly higher than that of control rats both before and after

exposure, and the CO diffusing capacity of both groups increased during the 5

weeks between tests. Because of the weight difference, the CO diffusing

capacity/kg of treated rats was higher than that of control rats after

exposure. The volume-normalized CO diffusing capacity was slightly lower in

treated rats after exposure.

Yhe changes caused by dye exposure can be summarized as a decreased lung

elastic recoil, and increased resting lung volume and slight forced airflow

obstruction. This pattern of differences was consistent with mild

emphysematous changes iA the lung. The degree of abnormality observed in

treated rats was slight compared to that seen in established emphysema induced

experimentally In rats. 8 Emphysema is usually a chronic, progressive

process. It can be expected that if this high concentration of inhaled

solvent yellow dye does result in morphologic changes of emphysema in rats, a

longer exposure might be needed to see the effect histologically.

Lung Biochemistry

Lung damage following the 4-week SY inhalation exposure was evaluated by

analysis of bronchoolveolar lavage (BAL) fluid. Previous studies have shown

this to be a useful method to detect an inflammatory response in lungs

following inhalation of toxic materials. 9 Results from those analyses did

not show any dose-related statistically significant changes in any of the

exposure groups as compared to controls (Table 9). There was a slight

increase in the number of neutrophils in BAL from exposed animals, but the

increases were not dose-related. Only the BAL from control and high level

24j
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exposed rats were analyzed for protelnase activity to avoid analyzing all

samples if no response was seen at the highest exposure level. The slightly

elevated alkaline phosphatase in BAL from control animdls is unexplained.

Historical control values from this laboratory indicate a 95 percent

confidence interval for control values of 231 to 265 mIU/g lung for this

parameter (range of individual values - 95-480 mlU/g lung).

Lung tissue proteinolytic activity was also measured in the control and

high level exposed rats (Table 10). Increases in tissue ncid proteinase

activity were observed whi'ch is consistent with an influx of inflammatory

cells or an MactivationO of cells already present. The major increase in acid

proteinase activity was associated with the activity inhibited by leupeptin

(i.e., Ocathepsin B-likem activity).

Luna Connective Tissue Biochemistrv

Total lung and airway fluid hydroxyproline content was measured in six

control rats and six rats exposed to the highest level (230 mg/m3 ) of SY for

4 weeks. In the lung tissue, hydroxyproline content can be converted to

collagen content, because hydroxyproline represents 13 percent of collagen by

weight. This was expressed as mg collagen/gram control lung so that Increases

in wet weight of exposed lungs from injury or inflammation processes would not

mask any increase in lung collagen. No increase or decrease in total lung

collagen content was seen in SY-exposed animals as compared to control rats,

as judged by a two-tailed Mann-Whitney U statistical test at a significance

level of p S 0.05 (Table 11).

Hematoloav and Serum Clinical Chemistries

Blood was obtained by cardiac puncture following halothane anesthesia,

and cervical dislocation of O1x male and six female rats at each exposure

26



TABLE 10

Lung Proteinolytic Activity in Rats After a
4-Week Repeated Inhalation Exposure to SY .ea

Control

Lung Tissue:

Total Acid Protelnase 18 1 2 32 ± 3f

Cathepsin Db 12 1 1 16 i I

Cathepsin Bc 6 t 3 16 2 f

Total Neutral Proteinase 0.7 t 0.1 1.3 1 0.5

Macrophage Elastased 0.0 t 0.2 0.7 ± 0.4

Cathepsin G + 0.8 1 0.2 0.6 1 0.1

Neutrophil Elastasee

a6qean t SE (n - 6) proteinase activity as mg protein released per

hour and normalized to the average lung weight from control animals.

b ad inhibited by Leupeptin.

cInhibited by Leupeptin.

dInhibited by 1,10 phenanthroline.

e &U inhibited by 1,10 phenanthroline.

fSignificantly different from controls by the 14ann-Whitney U statistic

(for the null hypothesis p < 0.05).

27
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TABLE 11

Total Lung Collagen Levels in Rats Exposed to
SY Dye Aerosol for Four Weeks

Total Collagen Content

Lung Collagen Lavage Fluid Peptidesb

(ma/a control luna)c (ma/a control ]unalc

Control 8.3 t 0.4 56 t 14

SY Exposed (High Level) 9.1 t 0.7 44 ± 8

aMean t SE (n - 6).

b Determined by analysis of broncheoalveolar lavage fluid.

C The amount of lung collagen or lavage fluid peptides normalized to the

average lung weight from control animals. No differences were found using

the Mann-Whitney U statistical test (p > 0.05 for the null hypothesis in

all comparisons).

28
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level after completion of the 4 week exposure. One mL of whole blood in

anticoagulant (oxalate) from each rat was prepared for hematology. An

additional 5 mL of blood was processed for serum clinical chemistry

measurements by centrifugation at 1000 x G for 20 minutes and the

non-hemolyzed supernatant serum analyzed. Table 12 lists the hematology and

serum clinical chemistry variables that were measured. The values obtained

from the three levels of dye exposure were compared to those of the control

group. Serum electrolyte analysis showed that the total CO2 in rat sera was

statistically different from controls in all three levels of exposure.

inorganic phosphorus, cholesterol, and glucose were also modestly increased in

an exposure-level related manner (Table 13). However, the importance of

these small increases is unknown. No other exposure related differences in

blood chemistry parameters were noted between exposed and control rats (lable

13).

Immunoloav (Skin Sensitivity)

SY is a known allergic sensitizer in humans. 1 0  Therefore, experiments

were conducted to evaluate if hypersensitive skin reactions occurred from

repeated SY exposures. Groups of eight control and eight high level exposed

rats (equally divided by sex) were injected intradermally in the ear with

either saline vehicle or the SY dye. In 4 rats from each group, injections

were 500 ug of SY, a dose which does not cause irritation. The remaining 4

rats in each group were injected with 0.1 mL saline. Injections were

completed within 24 hours after the end of the 4-week exposures. The

reactions in the ears injected with dye and saline were evaluated at 15-30

minutes, 8, 24, and 49 huurs after injection for the evaluation of Type I (IgE

mediated), Type III (Arthus), and Type IV hypersensitivity. Results indicated

29
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TABLE 12

Hematology and Serum Clinical Chemistry Measurements on Rats
Exposed by Inhalation to SY or SY/SG Dye Aerosols for Four Weeks

a. Hematology:o

1) Hematocrit

2) Hemoglobin concentration

3) Erythrocyte count

4) Erythrocyte indices (mean cellular volume, mean cellular

hemoglobin, mean cellular hemoglobin concentration)

5) Leukocyte count, total

6) Leukocyte count, differential

b. Serum Chemistr:

1) Total protein and albumin

Serum gamma-glutamyl transpeptidase

3) Serum glutamic pyruvic transamilnase

4) Serum alkaline phosphatase

5) Bilirubin (total)

6) Blood urea nitrogen

7) Creatinine

8) calcium

9) Phosphorus

10) Sodium

11) Potassium

12) Chloride

13) Glucose

14) Cholesterol

15) Thyroxine (14)
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no hypersensitivity reactions to have occurred in exposed rats as compared to

controls. However, it must be noted that the rat is not an ideal animal model

for studying skin sensitivities.

Histopatholo2U

Histopathological evaluations of tissues taken from control, medium and

high level exposure rats were done at Experimental Pathology Laboratories,

Inc. (Herndon, VA). Routine hematoxylin and eosin stained slides were

prepared from the lung (4), larynx, trachea, nasal cavity (4), skin,

tracheobronchial lymph node, popliteal lymph node, spleen, femur, heart,

stomach, duodenum, cecum, colon, liver, pancreas, kidney, urinary bladder,

epididymis, testis, prostate, uterus, ovary, adrenal, thyroid, brain,

pituitary, and eye for a total of thirty-two tissues for males and thirty-one

for females. These slides were examined microscopically, and histopathologic

evaluations were made for each animal.
/

Examination of tissues from ten male and ten female oats exposed by

Inhalation to either the medium or high dose of SY dye failed to reveal any

exposure-related effect when the findings were compared to those from a

similar set of male and female control rats. Most of the rats including the

controls had minimal to slight proliferations of lymphoid cells in pulmonary

* perivascular and peribronchiolar areas. No lesions were observed in the

larynx, trachea, or the anterior region (Level I) of the nasal cavity of any

of the rats. There were minimal to slight lymphoid Infiltrates under the

epithelium lining the dorsal meatus or around the nasolacrimal duct in some of

the other levels of the nasal cavities in all groups including the controls.

This finding was more common in the posterior region (Level III) of the nasal

cavity of both sexes. Other changes appeared to be spontaneous lesions or

32



Incidental findings for this group of rats, for example, thyroglossal thyroid

cysts, pituitary cysts, and intestinal nematodiasis. Therefore, it was

concluded that no exposure-related lesions were observed in tissues from rats

exposed to the medium or high dose of SY dye.
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FOUR-WEEK INHALATIJON-EXPOSURE TO SY/SG DYE

Nominal exposure concentrations selected for this study were 0, 10, 50

and 250 mg/m3 given 6 hours/day, 5 days/week, for 4 weeks. These exposure

concentrations were selected on the basis of the same criteria as the 4-week

SY dye exposure previously mentioned.

Statistical Analysis

Where possible, computer software packages such as BMDP or RSl were used

for data handling and analysis. Standard tests applied to the experimental

data were one-way analyses of variance, followed by tests for the equality of
4

means, such as simple t-tests, multiple comparison t-tests, or

non-parametric Mann-Whitney U tests. Usually a confidence level of 0.05 was

used, although in some cases significance was expressed in much smaller or

much larger values.

Animals and Animal Exposures

Specific pathogen free, male and female Fischer-344 (F344/Crl Lov) rats,

15-20 weeks of age with an age range of t 2 weeks, were used for this

study. These animals were obtained from an existing colony raised at the

Inhalation Toxicology Research Institute. Rats were then acclimatized in

exposure chambers, randomized into experimental groups, and cared for

similarly to that described previously in this report for the four-week

inhalation exposure study of SY dye.

Animals were exposed to 3 graded levels of SY/SG dye material generated

by a Jet-O-Mizer air jet mill as previously described. 5 ' 6 The arrangement

and entry groups of animals in the four Hazleton 2000 whole-body inhalation

chambers used for this study (3 exposure and 'I air control), and chamber

environment monitoring and iamintenance were as previously described in this

34
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report for the four-week inhalation study to SY dye. Concentration and size

characteristics of the exposure atmospheres for each of the 22 exposure days

are shown in Table 14. The SY/SG aerosol size was measured with a Lovelace

Multi-Jet cascade impactor each day during the first week of exposure and at

Intervals as shown in Table 14 thereafter. Table 15 shows the average SY/SG

concentration, while Table 16 shows the average mass median aerodynamic

diameter and average geometric standard deviation of these aerosols with

respect to the differevit,. entry groups of animals at each exposure

concentration. No statistical differences were seen between the three entry

groups for each of the exposure concentrations in each case. The systematic

trend to larger particle size with higher dye exposure concentration is again

seen. But this time the differences between the diameters of the high and low

exposure concentration groups are significant (p < 0.05 for the null

hypothesis). However, the effect of these small differences in particle size

on the fractional respiratory tract deposition of the inhaled SY/SG dye

aerosol would be minimal.7

ClInical Observations

Clinical observations were performed on all animals before exposures to

ensure that they were in good health. Clinical observations were also done at

2 weeks after the initiation of exposures and at the end of the 4-week

exposures. In all observations, no adverse health conditions were noticed in

any of the animals.

Animal Body Weiahts

As with the rats exposed for four weeks to SY, SY/SG exposed animals

showed weight differences after exposure as compared to controls, which were

not present before exposure. Table 17 shows that both male and female rats
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TABLE 14

Daily Exposure Chamber Concentration and
Particle Size of SY/SG Dye Aerosols

Chamber I Chamber 2 Chambgr 3

Conc• .1ADa b Conc 3  MMAD Cone3  MMAD
(mg/rn) (Um) (mg/rM) (0m) (mg/rm) (um) *a _

Day 1 9.9 3.6 2.0 53.5 4.1 2.1 191 4.4 1.8

2 14.0 3.8 2.3 54.5 4.1 2.0 180 4.8 1.9

3 29.9 3.2 2.0 39.3 4.2 2.0 208 5.4 2.0

4 9.9 3.0 1.9 42.8 3.0 1.8 305 5.3 2.0

5 10.5 2.9 '1.9 39.1 2.9 1.8 257 5.0 1.9

6 12.4 --- 24 .6 . . . 265 ... ...

7 6.9 --- 34.6 --.--- 192 4.3 1.8
8 8.6 3.0 1.9 39.5 186 ... ...

9 10.1 --- 65.0 236 ... ...

10 9.7 --- 60.5 3.8 1.9 199 ... ...

11 11.3 6-- -2.7 . . . 180

12 10.2 2.8 1.9 42.5 3.9 2.0 182 ... ...

13 8.2 --- 38.1 . .. 181 4.1 2.0

14 11.1 56.2 129 ... ...

15 I11 2 --- 40.0 1--- I72 ... ...

16 10.0 --- 43.8 188 5.6 2.0

17 10.8 --- 43.8 332 ... ...

18 8.8 3.1 2.0 55.1 3.9 1.9 159

19 10.4 --- 62.6 . ----- 20b

20 9.8 --- 64.6 144 ---

21 10.7 ... ...- 61.6 -- ---- 263 .---

22 5.8 --- 45.8 . . . 263 . . .

X11 3.2 2.0 49 3.7 1.9 210 4.9 1.9
S. D. ±5 0.4 0.1 il 0.5 01 ±50 0.6 0.1

Daily Chamber concentrations were determined by the mean of 6 to 8 filter
samples taken at regular intervals during the day. The 3verage variance
among the daily filter samples collected from the low, medium and high dose
chambers was 21 percent, 19 percent and 22 percent, respectively.

aMMAD - mass median aerodynamic dlamtter.
bo U geometric standard deviation.
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TABLE 15

Average SY/S6 Aerosol Concentrations Measured During the
4-Week Repeated Inhalation Exposure of Rats*

Exnosure Chamber

Jgw M.e. . High

Group I 11.2 t 1.0 48 ± 3 205 i 11

Group 11 11.2 ± 1,0 49 t 3 208 ± 12

Group II1 10.8 t 1.0 48 ± 3 212 t 12

*Average Concentration of SY/SG (mg/m 3 } ± SE (n - 20). Values wer.; not

found to bt statistically different between the three animal entry group at

each expost re concentration using multiple romparison t--tests of the means

(for the null hypothesis p > 0,I).

I
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TABLE 16

Average Particle Size of SY/SG Aerosols Used in
the 4-Week Repeated Exposure of Rats

jYýSG ExDosure Concentrations

Low Nediumn Hih

6roup I*

MMAO** 3.2 t 0.4 3.7 t 0.5 4.9 t 0.6

* 2.0 t 0.1 1.9 ± 0.1 1.9 ± 0.1

Group 11*

MMAD 3.1 t 0.3 3.7 ± 0.5 4.9 t 0.6

9 2)0 t 0.1 1.9 t 0.1 1.9 ±0.1

,Group III*

MMAD 3.0 ±0.1 3.6 t 0.5 4.9 ± 0.6

1.9 0. 1.9 0.1 1.9 ± 0.1

',Multiple comparison t-tests between the 3 group means show "o differences

of significance (for the nuil hypothesis p > 0.2). fowever, there is a

systematic trend to larger particle diameters with higher SY/SG exposure

concentration groups. The differences between the high and low concentra-

tion exposure groups are significant (for the null hypothesis p < 0.05).

**Average Mass Median Aerodynamic Diameter 1 SO (n - 8).

***Average Geometric Standard Deviation ± SD (n - 8).

I' i 8
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TABLE 17

Average Weights of Male and Female Rats Before and After
Repeated Inhalation Exposure to SY/SG for 4 Weeksa

ControlMedium High

Male 1 j e M ft_.ma Female Male Female

Before

Exposure 266±3 163±2 270i5 159±2 270±4 157±4 267±3 160±2

After

b bExposure 289±5 176±3 296±6 174+2 295±4 172±2 270±3 163+1

n -34 n 23 n 23 n 34

aAverage animal weight (grams ± SE).

bStatistically different from controls using multiple comparison t-tests

of the means (for the null hypothesis p < 0.05).

3
!
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exposed to the highest level of SY/SG gained weight at a significantly slower

rate as compared to the other animal exposure groups including controls.

Luna Content of 01 and TA After ExDosure to SY/SG Dye

Lungs from 3 male and 3 female rats from each chamber were analyzed for

the two components of green dye (QI and TA) by HPLC using the following

conditions:

reverse phase column (Al1tech C-18, 10 v; 25 cm x 4.6 mm)

95.5 acetonitrlle: water mobile phase, 1 mL/min

UV detection it 435 and 620 nm

Lungs were homogenized in acetonitrile, centrifuged, and the supernatant

removed. lhe pellet was repeatedly extracted with more solvent until no more

color was observable in the solvent. Little 0I was present in any group.

There appeared to be little difference between male and female rats in the

"amount of 7A retained. The amount of TA in the lungs increased with

* increasing aerosol concentration, but not in a linear relationship (Table 18).

* A significant amount (14-33 percent of the total TA that was inhaled was

still present in the lung at the end of the exposure. Table 19 compares the

amount of TA in the lung at sacrifice with the calculated amount deposited

during the 20 days of exposure. This is an important observation because

inhaled organic compounds are rarely retained Ur the lung, and studies have

shown that increased lung retention correlates with increased toxic effects in

the lung for certain compounds.

Respiratory Function Measurements

Sixteen control and 16 rats exposed to the highest level of SY/SG dye

(210 rg/mr) were evaluated by respiratory function tests before and after

the 4-week inhalation exposure as described previously for the SY exposures.

40
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TABLE 18

Lung Content of QI* and TA** After the Four-Week
Inhalation Exposure to SY/SG Dye

Aerosol Lung Concentration

Concentration (ua/a Luna ± SE. n - 3)

-(mQ/m31 01 1A

Male

Control < 0.1 1.0 ± 0.2

11 < 1 290 ± 20

49 < 5 740 ± 60

210 < 10 2110 ± 240

Control < 0.1 0.9 ± 0.3

11 < 1 250 ± 30

49 < 5 650 ± 90

210 < 10 2150 ± 80

*2-(2'quinolyl)- 1 ,3-indandione

**1.4-dl-p-toluidinoanthraquinone
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TABLE 19

Lung Deposition and Retention of IA

Amount Calculated
Aerosol Retained Amount

Concentration Mean ± SE Depositeda Fraction (%)

.. n)(Mg/Lung) (m!l Luna) Retained b

11 0.35 ± 0.04 1.0 33

49 0.89 ± 0.07 4.7 19

210 2.97 1 0.30 20 15

11 0.24 1 0.03 0.8 30

49 0.58 ± 0.09 3.5 16

210 2.08 ± 0.18 15 14

a Assuming 20 exposures at 6 hr per exposure. 200 mL minute volume for

males and 150 mL for females, 10 percent lung and bronchial deposition,

and 67 percent of SY/SG is TA.
bThe fraction retained compares the amount of TA in the lung at sacrifice

with the calculated amount deposited during the 20 days of exposure.

42



a C0 N; 0; 0i ci 0 a a 0 0i c; P 4i~ 4 N; 41

ON -i - - 80 em4

ISO0 I0N . . . . . . .
0 a 0b a N 0 a 0 a 0 - %lI C 0 0

0 a- .b
Lh IN ei . . . . . . . . . .C;~ ~ P CZ NO 0 a a 0 I- *In r.61

4*1

L N r

1!1
us w

4 43



The significance of differences between control and exposed rat mean values

were estimated by a two-tailed Student's t-test. A portion of the summary

data are presented in Tble 20, a'ivng with results of the statistical tests.

The total lung capacity, vital capacity, and functional residual

capacity of the control rAts increased during the exposure period more than

those of exposed rats. This effect is consistent with a retardation of normal

growth in the exposed rats. The residual volume and residual volume/total

lung capacity of the treated rats were significantly lower than those of

controls after exposure. A reduction in alveolar-capillary gas exchange

ability of the exposed rats was reflected by their lower values for diffusing

capacity expressed per gram body weight and per mL lung volume. The forced

expiratory flowrates of the exposed rats were significantly lower than those

of the control rats at the end of the exposure. Volume-normalized flowrates

were also lower for the treated group, but not significantly.

In brief, the dye exposure caused a trend toward smaller lung volumes,

9 reduction of gas exchange efficiency, and slight airflow obstruction in rats

exposed to the highest concentration of dye.

Luna Biochemistry

Bronchoalvoolar lavage fluid (SAL) from the rats exposed to SY/SG dye

mixture idicated an inflammatory response in rats exposed to the highest

concentration (Table 21). The elevation in cytoplasmic enzymes in SAL

(lactate dehydrogenase (L0H), glutathion. reductase, and glutathione

Speroxidase) indicates the SY/SG dye mixture caused some cell damage. The

* Increased activity of the lysosomal enzyme, p-glucuronidase, is consistent

with what has been seen when other insoluble particles (quartz, fly ash.

diesel soot) are deposited in the lung. 1 1 "1 3 This enzyme is released from
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13-15
both macrophages and neutrophils upon appropriate stimulation. 1 3 1 5  Acid

phosphatase, another lysosomal enzyme, is not elevated and this is also

consistent with what has been observed in rats exposed to other insoluble

particles. Alkaline phosphatase activity in the BAL from control rats was

lower than our historical controls (see page 26) for unknown reasons. No

dose-related response was observed for this parameter.

There was increased acid proteinase activity in BAL. Again, changes

were noted only at the highest exposure level. The increase was mostly

resistant to inhibition by leupeptin, suggesting it to be Cathepsin D. This

increase suggested that an inflanmatory process was in progress in lungs of

rats which inhaled green munition dyeb. The mo;re moaest increase in Cathepsin

B suggested that the turnover of pulmonary architecture was less important

than the cleanup of cellular or particle debris which is indicated by an

incroase In Cathepsin D.

The neutrophil cell counts increased in a dose dependent fashion in the

' exposed rats. Macrophage counts were approximately doubled, but only in the

high level exposed animal. The combined increase in both cell types and in

protein content of BAL indicates an inflammatory response 'in the high level

exposed rats. The increase in neutrophils In medium level exposed rats

indicates a mild inflammatory response. These results are consistent wdth the

histopathology findings veported below.

Lung tissuw of r~tý expoid to the highest level of SY/SG for four weeks

were also analyzed and showed itncreased acid proteinase activities (Table 22)

relative to ýhosr of controls. Compaitons were made bitween tht means of

each of the three exposure groups and of 'chs control group using the

Pann-Whitney U statistical test. Inhibitor profiles indicated that most of
41
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the activity was Cathepsin D. This increase probably related to a pulmonary

inflammatory process resulting from the reaction of lung tissue to the dye.

The lack of response of Cathepsin B suggested that little turnover of the

pulmonary architecture had occurred,

Neutral proteinase activity in lung tissue was affected to a lesser

degree than was acid proteinase. At the high levels, only plasminogen

(stimulation of protelnase activity by streptokinase) and Cathepsin

6-polymorphonuclear leucocyte elastase (PMNLE) were increased, and only to a

modest degree. These fidings suggested that mostly lung tissue acid

proteinolytic activity was increased, which is consistent with an influx of

inflammatory cells.

Luna Connective ssue Biochemistry

Total lung collagen and airway collagenous peptides were measured in six
3J

control rats and six rats exposed to the highest level (210 mg/m 3 ) of SY/SG

for 4 weeks. Total collagen content of the lung and airway collagenous

peptidies did not increase or decrease in SY/SG-exposed rats as compared to

control animals, as judged by a two-tailed Mann-Whitney U statistical test at

a significance level of p e 0.05 (Table 23).

Hematology and Serum Clinical Chemistries

Clinical chemistry measurements were made on 12 control rats and 12 rats

at each exposure concentration (Tables 12 and 24). Comparisons were made

between each exposed group and the control group, using multiple comparison

t-tests. Results showed alkaline phosphatase and total bilirubin were

increased slightly to the same levels, but the normal glutamic pyruvic

transaminaee levels, along with a lack of histopathological findings,

indicates no hepatic necrosis was present. Changes in the other clinical

48
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TABLE 23

Total Collagen Levels in Control F344 Rats and Rats Exposed
to SY/SG Dye Mixture for 30 Daysa

Total Collagen Content

Lung Collagen Lavage Fluid Peptidesb

(ma/a control luna)c (ua/a control luna)c

Control 12.0 ± 1.0 72 1 17

SY/SG Exposed (High Level) 11.6 1 0.6 95 t 11

Mean ± SE (n - 6).

boetermined by analysis of bronchoalveolar lavage fluid.

Milligrams or micrograms of lung collagen or lavage fluid peptides,

respectively, normalized to the average lung weight from control animals.

No statistical differences were found using the Mann-Whitney U test

(p ? 0.05 for both comparisons).
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chemistry measur,'ments were not considered to be of biological significance

(Table 24).

Immunoloa (Sktin Sensitivitv)

The SY portion of SY/SG dye mixt•,ra is a known allergic sensitizer in

humans. 1 0 Therefore, experiments were conducted to evalu.te if

hypersensitive skin reactions occurred from repeated SY/SG exposures. Groups

w7 eight control and eight high level exposed rats (equally divided by sex)

were injected with 500 ug of SY/SG, a dos* wrich does not cause irritation.

In 4 rats from each group, dye injections were inradermal in the ear. The

refrainlng 4 rats in each group were injected with 0.1 mL saline. Injections

were completed within 24 hours after the end of the 4-week exposures. The

reactions in the ears injected with dye and saline were evaluated at 15-30

minutes, 8, 24, and 48 hours after injections for the evaluation of Type I

(IgE mediated), Type III (Arthus), and Type IV hypersensitivity. Results

itdicated no hypersensitivity reactions to have occurred in exposed rats as

compared to controls. However, it must be noted that the rat is not an ideal

animal model for Atudying skin sensitivities.

Histopatholoiv

The histopathology evaluations were done at Experimental Pathology

Laboratories, Inc., Herndon, VA. Based on early damage indicators in the

lavage fluid, only tissues from control, medium, and high level exposure rats

were examined. Routine 5-mm hematoxylin and eosin stained slides were

prepared from lung, larynx, trachea, and nasal turbinates and cavity from the

rats. Four sections of the rat nasal cavity were prepared as per protocol.

In addition, the following slides from all rats were prepared: %kin,

tracheobronchial &"d popliteal lymph nodes, spleen, femur. . stomach,



duodenum, cecum, colon, liver, pancreas, kidney, urinary bladder, epididymis,

testis, prostate, uterus, ovary, adrenal, thyroid, Srain, pituitary, eye, and

gross lesions.

Microscopic examination revealed i mild reaction around the terminal

airways of the lungs from animals exposed to the highest dose of the

yellow-green dye mixture. This exposure-related lesion consisted of minimal

to slight proliferation of foamy alveoli, macrophages and minimal to slight

hyperplasia of Type 1I pulmonary epithelial cells. In some animals,

especially the males, there were a few scattered polymorphonuclear

leukocytes. This reaction was observed around most of the terminal airways

and was more obvious in males than in females. Although mild in the high-dose

animals, It was also observed in somne of those exposed to the medium dose.

Exposure-related particles were not obsorved in the lungs. Most of the rats

had minimal to slight proliferations of lymphoid cells in perivascular and

peribronchiolar areas. This change was seen in controls as well as exposed

animals.

In the tracheobronchial lymph nodes, clusters of reticuloendothelial

cells with lymphoid hyperplasia were observed in the animals exposed to the

highest concentration of the dye. Although phagocytized particles were not

visible, the clusters of reticuloendothelial cells suggest that foreign

particles have been moved from the lungs to the tracheobronchial lymph nodes.

A yellowish-brown pigment was seen below the respiratory epithelium of

the nasal septum and turbinates which was apparently exposure related. This /
was seen only in the high level exposure group of rats for both sexes. No
such pigments were found in the larynx, trachea or bronchi. Minimal to slight

lymphoid infiltrates under the epithelium lining, the dorsal meatus or around

52
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the nasolacrimal duct was also seen in some of the nasal cavities in all

groups, including the controls. This was usually more noticeable in males

than in females.

An isolated finding unrelated to treatment was mycotic rhinitis in one

rat from the highest exposure group. The organism, visible microscopically,

resembled Aspergillus. Other changes appeared to be spontaneous lesions in

this group of rats, for example, dilated gastric mucosal glands, a renal

infarct, and testicular atrophy.

In brief, a mild exposure-related lesion was observed around the

terminal airways in the lungs of all rats exposed to the highest dose of-

solvent yellow-green dye mixture for four weeks. This exposure-related

lesion, consisting of Type IT pulmonary epithelial cell hyperplasia and

proliferation of foamy alveolar macrophages, was more noticeable in rats I

exposed to the highest concentration of dye than in rats exposed to the medium

concentration, and was also more apparent in males than in females. Lymphoid

hyperplasl& and clusters cf reticuloendothelial cells, seen in the

tracheobronchial lymph nodes, also appeared to be exposure-related. No

exposure-related lesions were observed in sections of trachea, larynx, and

nasal cavity. Changes in other organs appeared to be Incidental and unrelated

to treatment.

I'5
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SUMMARY OF THE FOUR-WEEK REPEATED

INHALATION EXPOSURE OF RATS TO DYE AEROSOLS

Nale and female F344 rats were exposed by inhalation to 10 t 5, 51 1

10 or 230 t 30 mg/m3 (mean t SD) of SY dye aerosol for 6 hr/day, 5

days/wk for 4 weeks. The average particle size of these aerosols ranged from

3.1 to 4.4 um (mass median aerodynamic diameter). Following exposures, lung

concentrations of QI were measured, which indicated that very little SY dye

was retained in lungs and thus the amount deposited had cleared at a very

rapid rate. Exposed animals were also evaluated by a number of parameters for

changes in respiratory function, biochemical indications of lung tissue

damage, changes in blood chemistries, ifmunological responses and

histopathological lesions. Respiratory function measurements indicated trends

consistent with emphysematous changes in the lungs of rats exposed to highest

level of SY dye, but no histologlual evidence of emphysema was found. Longer

exposure times at this concentration would be needed to confirm this effect.

Increases in tissue acid proteinase activity were seen. The major increase

was associated with the activity inhibited by leupeptin (i.e., "cathepsin

B-like* activity). The increase is consistent with the turnover of pulmonary

connective tissue, and thus with the larger and more compliant lungs of rats

exposed to the SY dye material. No other adverse effects were observed in the

various parameters measured in exposed animals as compared to control rats.

The only togicological observation that arose from this study was that, at the

end of the exposure, both male and female rats exposed to the highest

concentration of SY dye had significantly lower body weights than the other

exposure groups of animals including controls. Therefore, it appears that the

lowest SY inhalation exposure level that will result in pathological

alterations is Z 230 mg/m 3 In this particular exposure regime.
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Male and female F344 rats were also exposed by inhalation to 11 1 5,

49 t 11 or 210 ± 50mg/m3 (mean ± SD) of SY/SG dye aerosol for b

hr/day, 5 days/wk for 4 weeks. The average particle size of these aerosols

ranged from 3.2 to 4.9 um (mass median aerodynamic diameter). After

exposures, it was found that the major component of the SY portion of this dye

mixture (QI) cleared from lungs at a very rapid rate, but that substantial

amounts of the major component of the SG portion of this dye mixture (TA)

remained in lungs after the exposure. As in the four-week exposure study to

SY dye, rats exposed to the highest concentration of SY/SG dye mixture gained

weight at a significantly slower rate than the other experimental groups of

animals. Respiratory function measurements demonstrated minor changes in lung

volume subdivisions, a reduction of gas exchange efficiency, and mild airflow

obstruction in high level exposed animals, Analysis of bronchoalveolar lavage

fluid showed a mild pulmonary inflammatory response to have occurred in high

level SY/SG exposed rats. Exposure-related histopathological lesions

consisted of Type II pulmonary epithelial cell hyperplasia and proliferation

of foamy alveolar macrophages. These latter observations were more noticeable

in rats exposed to the highest concentration of SY/SG dye than in the modium

level exposed animals, and in males than in females. Lymphoid hyperplasia and

clusters of reticuloendothelial cells were seen in the tracheobronchial lymph

nodes, but only in the high level exposed animals. No other adverse effects

were observed in the various parameters measured in exposed animals as

compared to control rats. Therefore, it appears that the lowest SY/SG

Inhalation exposure level that will result in pathological alterations is

Z5O mg/t3.
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GLOSSARY

Green component of yellow/green dye: green dye, solvent green, SG

Major compound in yellow dye: 2-(2'-quinolyl)-l,S-indandione, Q1

Major compound in green dye: l.4-dl-p-toluidinoanthraquinone, TA

Stock yellow dye: yellow dye, solvent yellow, SY

Stock yellow/green dye: yellow/green dye mix, SY/SG

I
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