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 lChémicai Mutagens
-¢clastogenic (i.e.,

rials. Evidence of

can be readily deter:ed as -
‘Positive test resuli. are
of mutagenic potential

«dy was to determine whether
Lnducir.g micronuclei formation in mouse
2 , xposisd for six hours per day for two
Targe Xposure- concentraticus - were 500 and
: material in air. Actual mean exposure
_\overall mean of the individual samples) for each
-492.and 1,010 PPm, . respectively. Bone marrow samples
llected and prepared for evaluation for micronucleus
tion approximately 24 hours after dosing.

,studyfkas'initiated on July 25, 1990. The experimental start
;tengas:=ag§g © 71,1990 and the experimental termination date was
: 1995, & oo &S

j;;3¢bﬁtidiéne was used as the positive control. Tausget exposure

-concentration - was 1,000 ppm in air and the actual mean exposure
- concentration was 1,081 ppm. 1,3 Dbutadiene produced a
-~ statistically significant increase (P<0.01) in the number of

“~micronuclei when compared to the negative control (air).

Based on the overall information obtained from the two statistical
analyses, MRD-90-814 appears to induce a statistical increase
(P=0.05) in micronucleus formation in the bone marrow of B6C3F1

male mice at 500 and 1,000 ppm in air. 1In addition, a2 dose
~response (F<U.05) was observed for the mean micronucleated
polychromatic erythrocytes. A dose related statisticaily
significant decrease (P<0.01) in the mean percent of polychromatic
erythrocytes and a statistically significant difference (P<0.01) in
the mean percent of polychromatic erythrocytes at 1,300 ppm in air

~ when compared to the carrier control were also observed. This

decrease is considered to be an indication of bone marrow
~eytotoxicity. Although the positive results are marginal, under
the conditions of this test, MRD-90-814 is considered to be
clastogenic in bone marrow of B6C3F1 male mice at 500 and 1,000 PPN
in air when evaluated 24 hours after the last dosing.
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*. INTRODUCTION

This study was corducted for Exxon Chemical Company, Baytown,
Texas, in order to determine the potential of the test material,
-~listed below, to cause an increase in the number of micronuclei
observed in polychromatic erythirocytes of the bone marrow of B6C3F1
mice. Positive results in this assay, correlate well with the
ability of certain test materials to cause neoplasia or genetic
mutations in labcratory animals(l). Thus, positive results with a
compound of unknown activity in animals, are considered presumptive

evidence for mutagenic cor neoplastic potential of that compound in
animals.

The following compound was tested and is reported:
MRD-90-814

The animals used in this study were housed in Animal Room No. 408,
and the exposure procedure was performed in Room Nos. 413 and 414
0f the Toxicology Laboratory, Exxon Biomedical Sciences Inc., (an
ARALAC accredited facility), Mettlers Road, CN2350, East Millstone,
New Jersey 08875-2350. The study protocol, slides of bone mar ow
smears, all raw data, computer gJenerated listings of raw ilata,
study information and a copy of the final repo:z’ are maintained on
file in the Archives of the Laboratory.

\ ' Heddle, J.A., Hite, M., Kirkhart, B., Mavournin, K., MacGregor,

v .. Newell, G.W., Salamone M.F. “The induction of micronuclei as
i asure of genotoxicity - A Report of the U.S. Environmental
Frotection Agency Gene-~Tox Program". Mutation Research 123:61-118
{1883} .
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I',
Colorless Liquad

_Strength/purity - Mixture, considered 100%
L , R pure for test purposes

*,Ebatemréééived e : June 21, 1990

,”Date expzred SR June 30, 1995

=;Storage cond;t1ons . o o Room Temperature

Data on the stabilzty, strength, purity (other than that the
.material was to be considered approximately 100% pure),
_.composition and characterization are the respoasibility of the
- 'sponsoxr - and are located at Basic Chemicals Technology,
. ‘Baytown, Texas.

Solubility

Mad ammiisakkla

= ::ém R o oadeadad T ]

Sample retention
' Archival retention samples of the carrier mixture of
MRD-90-814 and 1,3 butadiene were not taken as this wonld
represent a safety hazard.
 Carrier
Air
Vehicle

Not applicable.
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'MATERIALS AND METHODS

"~ Test Material (continued)

Control Mate«.rials

- 1,3 butadiene Purity: Considered to be 100% for testing

{MRD-89~362) purpose:
Batch No. I Expires: 4l-Nov-94

The positive control material was considered to have been
stable for the duration of the assay since it produced the
expected level of mutagenic activity and since no changes in
the chromatograms were observed over +the duration of the
study. Data on the strength, purity (other thai that the
matzrial was to be considered i00% pure for testing purposes),
composition and characterization are documented and are
located at Matheson Gas Products, 932 Paterson rlank Road,

East Rutherford, N.J. 07073.
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8 to 9 weeks of age

tween 24 and 30‘grams one day'prior to experimental

Shaver Road
g age, Michigan 49081

Charles River Portage

‘Quarantine and Acclimation Period

‘Animals were received on July 03, 1990, (Purchase Order Number

- XEM313112D, = Freight Reference Number 39031658), held in
- acclimation and observed for 29 days.

rbbservations During Acclimation

~ ALl animals were checked for viability once daily during the
Aacclimation period. -

rAnimal,Identification

1%f;f’“mwwu°hﬁl'ear'tags’and'corresponding cage identification.
. Justification

"~ This assay is designed to be a primary means of determining
‘the capacity of the test material to produce cytogenetic
- abnormalities in mammals by analysis of bone marrow cells of
~treated animals for the presence of elevated levels of
© 7 'micronucleated polychromatac erythrocytes.
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__MATERIALS AND METHODS

iTégtmsgstsm;icontinued;WW”;ufW”,ww

Selection

- More animals than required for the conduct of the study were
purchasea and acclimated. Animals determined €0 be unsuitable
for inclusion in this study because of poor health, outlying
body weights, or other abnormalities were excluded from
selection by the technical staff and were also examined by R.
L. Harris prior to selection. Study animals were selected
from the remaining animals using a computer generated, body
-weight sorting program.

Husbandrx

Housing (for both non-exposure and exposure periods)

After a week of greup housing all animals were then singl
housed.

Caging (for both non-exposure and exposure periods)
Suspended stainless steel
Bedding (for both non-exposure and exposure periods)

Indirect except ng exposure periods when +“here was no
bedding.

(available ad libitum during non-exposure periods)

Purina Certified Rodent 5002 Chow (pellets) ad libitum

Manufacturer: Ralston Purina Company —

Analysis: To be provided by the manufacturer.

Contaminants: This feed has had extensive use and has not, to
the best of our knowledge, adversely affected
studies of this nature.

Water (available ad libitum during non-exposure periods)

Automatic watering system, ad libitum

Supplier: Llizabethtown Wafer Company

Analysis: DProvided periodically by the supplier.

Contaminants: There are no known contaminants believed to
be present in the water at levels that may
interfere with this study.
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/- Water pressure . . ..
mo: ored in: accordance
d the Guide for the Care and

ained. between 68 and 76 degrees
e3sure was maintaired between 5-9 psi

27, 30 and 31, 1990. This is not believed
—-advers effect on the Study. Humidity was
40 and 70 humidity except on July
e had an adverse effect

frrmgtibnifébﬁce:ning temperatnzs, Lumidity and  animal
' ons_during exposure can be found in Appendix C.

A diurnal cycle of approximately 12 hours light and 12 hours
dark was maintained by aatomatic timer.

x‘ﬁéﬂ @ 'i’r satment

iﬁﬂi‘avAﬂa;sfwz‘; .ooated h@xa@gly as described in the Guide
‘o1 .the Care ‘and Use of Laboratory Animals(3). The study
- £ Lgr and -parsonnel training were 3sufficient to minimize

animal sufforing within the confines of the study objectives.

- -{2)CPR, Title 9 [Animals and Animal Products), Subchapter A-Animal
: Welfare Parts 12, r and 3. Animal Welfare Act of 1966 (P.L.
89-544), as amended by the AaAnimal Welfare Act of 1970 (P.L.
91-579), and by the 1976 Amendments io the Animal Welfare act (P.L.

94-279) .

~{(3)Guide for the Care and Use of Laboratory Ahimals, u.s.
Department of Health and Human Services, Public Health Services,
National Institutes of Health, NIH Publication No. 85-23, Revised
1985.
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 EXPERIMENTAL DESIGN

Preparation of Test Material

‘The test material was administered as received from the
- sponsor.

Preparation of Animals

All animals were weighed the day prior to dosing and sorted
into groups. Target doses were 500 and 1,000 pPpm of test
material in air. Air was the negative control. The target
dose for the 1,3 butadiene, the positive control, was 1,000
ppm in air. .

Group Designation and Exposure Levels

Upon completion of the quarantine period, healthy mice were
randomly selected and placed into the following grouvps:

Material Number Number of Target Exposure
Group Description (Exxon Ccde) Aninals (male) Levels (ppm)
Control
Low" MRD-90-814 10 mice
High" MRD-90-814 10 mice
Positive 3 butadiene 10 mice
Control
" Doses based upon results of a rangefinding assay.
The experimental design and the exposure level for 1, 3 butadiene
were based on the study reported by Cunningham et al(4).

However, the method of dosing was modified from using nocse-only to
using whole body.

(4)Cunningham, M. J., Choy, W.M., Arce, G.T., M.J., Rickard, L.B.,
Vlachos, D. A., Kinney, L.A. and Sarrif, A.M. "In vivo sister
chromatid exchange and micronucleus induction studles with 1,3
butadiene in B6C3Fi mice and Sprague-Dawley ratc." Mutagenesis, 1:
449-452 (1938).
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cf test  material,
; atrosp! axre and

late roups were sacrificed Ly carbon
wiO¥iALely - 24 hours afte: lask dosing.
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. EXPERIMENT2L TVALUATION

. TOXICITY OF TEST MATERIAL

Two range finding studies were performed. The first range finding
study was performed using target doses of 1,000, 3,260 and 10,000

- -ppm of test material in air. Four male mice were used for each
dose group. Only the 4 mice comprising the low dose (1,000 ppm)
survived 24 hours after the last dosing.

The second range finding study (181430a) was performed using test
doses of 0.15 mi/kg, .75 ml/kg and 1.5 ml/kg administered by oral
gavage. Four male mice were used for each dose group. The 4 top
dose (1.5 ml/kg) mice, 1 mid dose (0.75 ml/kg) and 2 low dose (0.15
ml/kg) animals succumbed before 72 hours after dosing.

Target dose concentrations for the mutation assay were changed to

50C and 1,000 ppm of test material in air by request of the study
monitor.

MICRONUCLEUS ASSAY

Immediately following the sacrifice of the animals, both femurs
were removed. The bone marrow was then removed and suspended in
fetal bovine serum. After the suspension was centrifuged, the
pellet was resuspended and smears were prepared (two slides per
animal). Siides were labeled with animal identification number and
study number. Since animals are assigned to each dose group by
body weight, the animal numbers are not sequential for each group
and constitute a blind coding.

Prior to microscopic evaluation, slides were stained using acridine
orange. Polychrematic erythrocytes (PCE) stain fluocrescent
red/orange, normochromatic erythrocytes (NCE} are unstained or
stain a dull green, and micronuclei stain fluorescert bright
yellow. Additional criteria for scoring micronuclei are a circular
appearance and a diameter between 1/20 and 1/5 of the cell’s
diameter (5). 1000 polychromatic erythrocytes (PCE) from each
animal were examined for micronuclei, and the ratio of PCE’s to
NCE’s was determined for each animal by counting 1000 erythrocytes
(PCE’s and NCE'’s).

(5)Schmid, W. "The micronucleus test" Mutation Res. (1875)
31:9-15.
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est of equality of group

variance at each time

- When ~“the ANOVA was -
: .to . dosed group means
edecor and Cochran, 1971).

ciormed to test for a dose

1alyzed for normality by Wilk’s

1965) . The residuals were normally

r (val fere greater than 0.01 level of significance)

ore than 25% cf the analyses. Therefore nonparametric analysis
t performed. e :

REFERENCES
. M. 7and Wolfe, D.A., Nonparametric Statistical Methods,
y and Sons, New York, 1973.

r"t3shi§if6;’s;s; and Wilk, M.B., “An analysis of variance test for
. _normality (complete samples)", Biometrika, 52, 1v65.

:.f?ffféh§&ccot and Cochran, Statistical Methods, 6th Edition, 7 2 1Iowa
State Press, Ames, Iowa, 1.
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.TAN BONE MARROW MICRONUCLEUS ASSAY
ING METHOD: MRD-90-£14, 161430

- RESULTS

The results for this study are presented in a series of tables in
Appendices A and B. First in the series is a summary (Table 1)
found in Appendix A which condenses the data for the 24 hour
sacrifice time point by listing the means and standard deviations
of the micronuclei data for each dose group. Next in the series is
a listing of the raw data (Tables 1-4) fcund in Appendix B, listed
by dose group.

Target exposure concentrations for MRD-20-814 were 500 and 1,000,
ppm in air, and actual mean exposure concentratioas (overall mean
of the individual samples) for each group were: 492 and 1,010 ppm,
respectively. Methods of inhalation exposures and a presentat.on
of exposure results are in Appendix C.

Micronucleus Assay

Two statistical analyses were performed. The initial analysis
demonstrated that the positive control, 1,3 butadiene, produced a
statistically significant increase (P<0.0l) in the mean number of
microuuclei in polychromatic erythrocytes. 1,3 butzdiene also
produced a statistically significant decrease (P<0.0l1) .n the mean
percent of polychromatic erythrocytes which is a measure o<
toxicity. The test material, MRD-90-814, also  produced a
statistically significant decrease in the mean percent of
polychromatic erythrocytes (P<0.0l) which was also dose related
(regression coefficient at (P<(0.0l1). MRD-90-814 alsc produced a
dose related increase (P<0.05) in the mean number of micronuclei in
polychromatic erythrocytes, but none of the test material dose
groups were statistically different from the air control.

Since the positive control value may prevent the detection of a
weak mutagenic response produced by the test material and since the
test material did produce a statistically significant increase in
micronuclei, a second statistical analysis was performed which
excluded the positive control. 1In this second anzlysis, MRD-90-814
did induce a statistically significant increase (P=0.05) in the
mean number of micronucleated polychromatic erythrocytes at 500 and
1,000 ppm in air when compared to the air control. This increase
was also dose related (regression coefficient at (P<0.05). The
test materiai also produced a statistically significant decrease
(P<0.01) in the mean percent of polychromatic erv-hrocytes at 1,000
ppm in air which was also dose related (regression coefficient at
P<0.01).
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design émpioyed by
n5dified from using

~dinclude increasing

'£0. 10 and increasing the
ed from 500 to 1,000.

jou was  tested for the

~ following in vivo exposure

- obtained : statistical

ppears . to induce a statistically

g 0%} “in . micronucleated polychromatic

ocytes a -900-and 1,000 ppm in air which is also dose

ed (P<0.05 A statistically significant decrease {(P<0.01) in

, mean percent of polychromaiic erythrocytes was also observed.

This decrease which was dose related (regression coefficient at

<0.01), dis an indication of bone marrow cytotoxicity. The
Lve control, 1,3 butadiene, and the negative - control, i

esponded in an appropriate manner consistent with results from

:' ?rprovious studies. Therefore, under the conditions of this assay,

‘MRD-90-814 may be marginally clastogenic in bone marrow of B6C3F1
ale mice at 500 and 1,000 ppm in air when evaluated 24 hours after
dose administration.

GLP DEVIATIONS

A Single protocol was used to define two test systems, one using
‘mice and one using rats. Two Sseparate reports were prepared, one
for the mice and one for the rats.

(6)Cunningham, M. J., Choy, W.M., Arce, G.T., M.J., Rickard, L.B.,
Vlachos, D. A., Kinney, L.A. and Sarrif, A.M. "In vivo sister
chromatid exchange and micronucleus induction studles witp 1,3
butadiene in B6C3Fl mice and Sprague-Dawley rats." Mutagenesis, 1:

- 449-452 (1986).
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LEUS ASSAY;  181430; MRD-90-814

S APPENDIX A
~_DATA REPORT SUMMARY S

Males

SACRIFICE :
TIME DOSE N MEAN PCE  STD PCE STD MNE

24 hours Air Control 10 55.82 R 3.15693 AR 1.52388
500 ppm MRD-90-814 10 53.36 2.72527 . 2.35702
1000 ppm MRD-90-814 10 49.08 ** 2.72103 . 2.21359
1000 ppm Butadiene 10 42.03 ** 4 47935 . 3.90014

N = Number of animals in dose group

MEAN PCE = Mean % PCE for dose group

STD PCE = Standard deviation of mean % PCE

MEAN MNE = Mean micronuclei per 1,000 polychromatic erythrocytes
STD MNE = Standard deviaticn of mean micronuclei

* Significantly different from control at P=0.0S

bl Significantly different from control at P<0.01

R Significant regression coefficient at P<0.01

R+ Significant regression coefficient at P<0.05
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FCEsPolychromatic Erythrocyte, MNE=Micronucleated PCE, NCE=Normochromatic Erythrocyte,
BODY WT.=Body Neight, % MNE/PCE=[(MNE/1000 PCE)/1000)] x 100, %PCE=PCE/(PCE+NCE) x 100
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- -181430; HRﬁ« 90~814

. 'm Wim nzcmuus ASSAY
DATA REPORT
- - TABLE 2 -

- “NUMBER: ___] T T 0 TEST MATERIAL ;Eggzgg:gig”W”W” .
SEX: Males ' .

"% PCE | FHE/1000 PCE |

Hour
l 000 p
HRD-QO 814

PCE=Polychromatic Erythrocyte, MNE=Micronucleated PCE, NCE=Nermochromatic Erythrocyte,
BODY WT.=Body Weight, % MNE/PCE=[{MNE/1000 ?CE)/iBGO)] x 100, %PCE=PCE/{PCE+NCE} x 100
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PCE=Polvchromatic Erythrocyte, MNE=Micronucleated PCE, NCE=Normochromatic Erythrocyte,
BODY W7.=Body Weight, % MNE/PCE=[{MNE/1000 PCE)/1000)] x 100, %PCE=PCE/(PCE+NCE) x 100
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E MARROW nxcmuus nssuv '
~DATA REPORT ~
TABLE 4

srunv NUHBER ___13113!_____
SEX: Males

S—

‘ l:?ooAppn
Butadiene

Butadiene

28

PCE=Poiychromatic Erythrocyte, MNE=Micronucleated PCE, NCE=Normochromatic Erythrocyte,
BODY WT.=Body Weight, % MNE/PCE={(MNE/1000 PCE)/1000)] x 100, %PCE=PCE/ {PCE+NCE) x 100
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"Animal Procedures =

The experimental and control groups were each contained
in one cubic meter stainless steel and glass chambers. Each
~group was exposed for six hours per day (plus time for chamber
equilibration) for two ccnsecutive days either tc room air

(Group I) or to vapors of the test materials (Groups II, 1III,
and V). - ' :

During each exposure, in-chamber observations of each
group were recorded at hourly intervals.
Exposure Equipment and Procedures
MRD-90-814 (Groups II and III):

Figure 1 presents a schematic of the Groups II and III
exposure/generation system

The test material, MRD-90-814, was delivered from a
reservoir via a laberatory pump to the inside of a cylindrical
glass vapor generator. The glass vapor generator Was
impressed with a spiral indentation as a channel for the test
material. The spiral indentation was heated with heating

tape. The temperature of the vapor generator was regulated by
a variable autotransformer and monitored by an Omega
telethermometer with an iron-constantin probe. BAs it flowed
down the heated generator, the test material evaporated and
the resulting vapors mixed with room air as both were drawn up
through the generator and into a one cubic meter glass and
stainless steel exposure chamber. The exposure chambers
cperated at an exhaust flowrate of 200 1liters p2r minute
(measured by a calibrated orifice meter), providing one air
change every 5.0 minutes and a theoretical equilibration time
(T99) of 23.0 minutes.

Page 25 of 38




, Vapors were @ -
- Lhe "exposureé chamber .
ust  flowrate of 200
,ated'orifice—meter),
-and a " theoretical

was maintained slightly negative

~to ‘the id monitored continuously by Magnehelic gauge and
- ‘recorded .at approximately thirty minute intervals.
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_Exposure COHCEHtfatiOhsmwereﬁdegefmine§fcgwbcth,éﬁhbﬁiﬁgr~mwmwf—~"

and actual basis. - The nominal concentrations for Groups 11I
and III (MRD-90-814) were calculated by weighing the reservoir
containing the test material before and after exposure and
dividing the net loss in weight by the tota. volume of air
“Passing through the chamber during the exposure.

multiplying by
(one million ppm) .

Actual exposure concentrations for all groups were
determined by on-line gas chromatography (GC) . A
Hewlett-Packard 5880A gas chromatograph, equipped to
sequentially sample up to 16 separate sample streams, was
programmed to analyze and report on samples hourly. Six
sample streams were actually used in this study, one to a 1600
ppm reference standard of the positive control (MRD-89-362)
vapor and one to each of the five exposure chambers. The
remaining unused streams were capped. All active streams were
updated continuously to provide fresh samples for analysis.

During the trials for this study, samples were drawn ‘rom
four points around the horizontal center plane of each of the
eéxposure chambers to determine the homogeneity of test
material distribution. On-line gas chromatography, as
described above, was used for this procedure.
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xéViettrﬁackardiééaéi:

:1iméfibnizationJ7 

8", 20% SP-2100,
Supelcopozrt

. 225°Cc
~750¢C
2 cc

1.0 em/min

2412

. Figure 3 presents a schematic of the test material
gali,ration systems used for this study.

- MRD-90-814 (Groups II and III):

The GC was calibrated with an AID Model 360 Standards
Generator. The standards generator provided a dynamically
Pprepared reference standard of the test material vapors in
air, Reduced to its basics, the device consists of a
_Cemperature controlled oven containing four glass diffusion
© tubes filled with the test material.

The diffusion tubes (glass bulbs with long narrow necks)
_evolve vapors at a stable rate controlled by the temperature
~..of the oven. A requlated source of compressed air dilutes the
vapors to the desired concentration and transports them to the

..GC for analysis.. B :
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o The 'diffusion tubes: are weighed before and after
~installation in the oven and the weight loss calculated. This
value, divided by the time spent in the oven, yields weight
loss .per unit time fug/min) - the basic measure of the vapor
generation. By varying the amount of dilution air introduced
_-with the vapors, a range of ccacentrations can-be produced. - -

To calibrate the GC, a series of four concentrations were
created which spanned the target exposure levels for the
study. Five replicate samples were taken at each level. The
mean -area counts of the five samples taken at each level and
the corresponding concentration were manually entered into the
GC’s External Standard calibration function. A multilevel
regression analysis was calculated by the GC and wused to
determine actual chamber concentrations.

MRD-89-362 (Group V;:

MRD-89-362 was delivered as a liquid from the tank to a
copper coil submerged in a slightly heated water bath. The
liquid volatilized within the heated copper coil. The test
material vapor, regulated by a calibrated rotameter, was
metered into a 2 liter glass mixing vessel. A constant source
of dilution air, regulated by a calibrated rotameter, was also
metered into the mixing vessel. The test material
concentration within the vessel was calculated by dividing the
test material flow (cc/min) by the total flow through the
vessel (cc/mirn} and multiplying by the concentration of the
pure test material (one miliion ppm).

By varying the flow ¢f the test material, a series of
test material concentrations were produced which spanned the
range of target concentrations for the study. Five replicate
samples were taken at each concentration by the GC. The mean
area counts of the five samples taken at each level and the
corresponding concentrations were manually entered into the
CC’'s External Standard calibration function. h multilevel
regression analysis was calculated by the GC and used tc
determine actual chamber concentrations.

Once established during method development, the response
of the GC was checked daily throughout the study period by
sampling a 1000 ppm certified standard of MRD-89-362. The
certified standard was prepared by MG Industries and served as
an external check on the GC’s stability during the study. The
standard was sampled hourly during each set of chamber samples
during the exposures.
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S. - (overall mean of
oup-were: 492 ppm (Group -
-ppm- - (Group V), This
of 500, 1000, and 1000

spectively. -

rnal reference standard of the

362) - varied no more than 8.3% from

e of 1000 -ppm. ~ This "demonstrates the
bration used during the study.

... Four distribution samples were taken at each exposure

. level during the trial fcr this ‘study. A summary of the

~distribution sample locations and concentrations is presented

in® “Table "3. ~The coefficients of variation (s.d./mean) for

‘Groups II, III, and V were 0.5%, 0.5%, and 5.4% respectively,

-~ demonstrating = that the test material was homogeneously
.- distributed throughout each chamber.

.%;iE§Ch§ﬁ5§?73hiﬁéi Observations

- ,Tﬁble 4 presents the in-chamber animal observations.

- \;"On»Day 1, all the mice in Groups I, 1II, III, and V
.;appeared normal.

On Day 2, all the Groups I and II mice appeared normal.
Some Group III and V mice exhibited decreased - activity

<hroughout the exposure.
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