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§79.65 In vivo sister chromatid ex-
change assay.

(@) Purpose. The in vivo sister chro-
matid exchange (SCE) assay detects
the ability of a chemical to enhance
the exchange of DNA between two sis-
ter chromatids of a duplicating chro-
mosome. The most commonly used as-
says employ mammalian bone marrow
cells or peripheral blood lymphocytes,
often from rodent species.

(b) Definitions. For the purposes of
this section, the following definitions
apply:

C-metaphase means a state of arrested
cell growth typically seen after treat-
ment with a spindle inhibitor, i.e., col-
chicine.

Sister chromatid exchange means a re-
ciprocal interchange of the two chro-
matid arms within a single chro-
mosome. This exchange is visualized
during the metaphase portion of the
cell cycle and presumably requires the
enzymatic incision, translocation and
ligation of at least two DNA helices.

(c) Test method—(1) Principle of the test
method. (i) Groups of rodents are ex-
posed by the inhalation route for a
minimum of 6 hours/day over a period
of not less than 28 days to three or
more concentrations of a test sub-
stance in air. Groups of animals are
sacrificed at the end of the exposure
period and blood lymphocyte cell cul-
tures are prepared from study animals.
Cell growth is suspended after a time
and cells are harvested, fixed and
stained before scoring for SCEs. Re-
searchers may need to run a trial at
the highest tolerated concentration of
the test atmosphere to optimize the
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sample collection time for second divi-
sion metaphase cells.

(ii) This assay may be done sepa-
rately or in combination with the sub-
chronic toxicity study, pursuant to the
provisions in §79.62.

(2) Description. (i) The method de-
scribed here employs peripheral blood
lymphocytes (PBL) of laboratory ro-
dents exposed to the test atmosphere.

(ii) Within twenty-four hours of the
last exposure, test animal lymphocytes
are obtained by heart puncture and du-
plicate cell cultures are started for
each animal. Cultures are grown in
bromo-deoxyuridine (BrdU), and then a
spindle inhibitor (e.g., colchicine) is
added to arrest cell growth. Cells are
harvested, fixed, and stained and their
chromosomes are scored for SCEs.

(3) Species and strain. The rat is the
recommended test animal. Other ro-
dent species may be used in this assay,
but use of that species will be justified
by the tester.

(4) Animal number and sex. At least
five female and five male animals per
experimental and control group shall
be used. The use of a single sex or dif-
ferent number of animals shall be justi-
fied.

(5) Positive control group. A single con-
centration of a compound known to
produce SCEs in vivo is adequate as a
positive control if it shows a signifi-
cant response at any one time point;
additional concentration levels may be
used. To select an appropriate con-
centration level, a pilot or trial study
may be advisable. Initially, one con-
centration of the test substance may
be used, the maximum tolerated dose
or that producing some indication of
toxicity as evidenced by animal mor-
bidity (including death) or target cell
toxicity. Intraperitoneal injection of
1,2-dimethyl-benz-anthracene or ben-
zene are examples of positive control
exposures. A concentration of 50-80 per-
cent of an LD50 would also be a suit-
able guide.

(6) Inhalation exposure. (i) All data de-
veloped within this study shall be in
accordance with good laboratory prac-
tice provisions under §79.60.

(ii) The general conduct of this study
shall be in accordance with the vehicle
emissions inhalation exposure guide-
line in §79.61.

562



Environmental Protection Agency

(d) Test performance—(1) Treatment. At
the conclusion of the exposure period,
all test animals are anaesthetized and
heart punctures are performed.
Lymphocytes are isolated over a Ficoll
gradient and replicate cell cultures are
started for each animal. After some 21
hours, the cells are treated with BrdU
and returned to incubation. The fol-
lowing day, a spindle inhibitor (e.g.,
colchicine) is added to arrest cell
growth in c-metaphase. Cells are har-
vested 4 hours later and second-divi-
sion metaphase cells are washed and
fixed in methanol:acetic acid, stained,
and chromosome preparations are
scored for SCEs.

(2) Sstaining method. Staining of slides
to reveal SCEs can be performed ac-
cording to any of several protocols.
However, the fluorescence plus Giemsa
method is recommended.

(3) Number of cells scored. (i) A min-
imum of 25 well-stained, second-divi-
sion metaphase cells shall be scored for
each animal for each cell type.

(ii) At least 100 consecutive meta-
phase cells shall be scored for the num-
ber of first, second, and third division
metaphases for each animal for each
cell type.

(iii) At least 1000 consecutive PBL'’s
shall be scored for the number of meta-
phase cells present.

(iv) The number of cells to be ana-
lyzed per animal shall be based upon
the number of animals used, the nega-
tive control frequency, the pre-deter-
mined sensitivity and the power chosen
for the test. Slides shall be coded be-
fore microscopic analysis.

(e) Data and report—(1) Treatment of
results. In addition to the reporting re-
quirements specified under §§79.60 and
61, data shall be presented in tabular
form, providing scores for both the
number of SCE for each metaphase.
Differences among animals within each
group shall be considered before mak-
ing comparisons between treated and
control groups.

(2) statistical evaluation. Data shall be
evaluated by appropriate statistical
methods.

(3) Interpretation of results. (i) There
are several criteria for determining a
positive result, one of which is a statis-
tically significant dose-related in-
crease in the number of SCE. Another
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criterion may be based upon detection
of a reproducible and statistically sig-
nificant positive response for at least
one of the test concentrations.

(ii) A test substance which does not
produce either a statistically signifi-
cant dose-related increase in the num-
ber of SCE or a statistically significant
and reproducible positive response at
any one of the test concentrations is
considered not to induce rearrange-
ments of DNA segments in this system.

(iii) Both biological and statistical
significance shall be considered to-
gether in the evaluation.

(4) Test evaluation. (i) A positive re-
sult in the in vivo SCE assay for either,
or both, the lung or lymphocyte cul-
tures indicates that under the test con-
ditions the test substance induces re-
ciprocal interchanges of DNA in dupli-
cating chromosomes from lung or lym-
phocyte cells of the test species.

(ii) Negative results indicate that
under the test conditions the test sub-
stance does not induce reciprocal inter-
changes in lung or lymphocyte cells of
the test species.

(5) Test report. In addition to the re-
porting recommendations as specified
under §§79.60 and 79.61, the following
specific information shall be reported:

(i) Test concentrations used, ration-
ale for concentration selection, nega-
tive and positive controls;

(ii) Toxic response data by concentra-
tion;

(iii) Schedule of administration of
test atmosphere, BrdU, and spindle in-
hibitor;

(iv) Time of harvest after administra-
tion of BrdU;

(v) Identity of spindle inhibitor, its
concentration and timing of treatment;

(vi) Details of the protocol used for
cell culture and slide preparation;

(vii) Criteria for scoring SCE;

(viii) Replicative index, i.e., [percent
1st division+(2xpercent 2nd division) +
(3xpercent 3rd division) metaphases]/
100; and

(ix) Mitotic activity, i.e., # of meta-
phases/1000 cells.

(f) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted.

(1) 40 CFR 798.5915, In vivo Sister
Chromatid Exchange Assay.
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§79.66 Neuropathology assessment.

(a) Purpose. (1) The histopathological
and biochemical techniques in this
guideline are designed to develop data
in animals on morphologic changes in
the nervous system associated with re-
peated inhalation exposures to motor
vehicle emissions. These tests are not
intended to provide a detailed evalua-
tion of neurotoxicity.
Neuropathological evaluation should
be complemented by other
neurotoxicity studies, e.g. behavioral
and neurophysiological studies and/or
general toxicity testing, to more com-
pletely assess the neurotoxic potential
of an exposure.

(2) [Reserved]

(b) Definition. Neurotoxicity (NTX) or
a neurotoxic effect is an adverse
change in the structure or function of
the nervous system following exposure
to a chemical substance.

(c) Principle of the test method. (1) Lab-
oratory rodents are exposed to one of
several concentration levels of a test
atmosphere for at least six hours daily
over a period of 90 days. At the end of
the exposure period, the animals are
anaesthetized, perfused in situ with fix-
ative, and tissues in the nervous sys-
tem are examined grossly and prepared
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for microscopic examination. Starting
with the highest dosage level, tissues
are examined under the light micro-
scope for morphologic changes, until a
no-observed-adverse-effect level is de-
termined. In cases where light micros-
copy has revealed neuropathology, the
NOAEL may be confirmed by electron
microscopy.

(2) The tests described herein may be
combined with any other toxicity
study, as long as none of the require-
ments of either are violated by the
combination. Specifically, this assay
may be combined with a subchronic
toxicity study, pursuant to provisions
in §79.62.

(d) Limit test. If a test at one dose
level of the highest concentration that
can be achieved while maintaining a
particle size distribution with a mass
median aerodynamic diameter (MMAD)
of 4 micrometers (um) or less, using the
procedures described in paragraph (a)
of this section, produces no observable
toxic effects and if toxicity would not
be expected based upon data of struc-
turally related compounds, then a full
study using three dose levels might not
be necessary. Expected human expo-
sure though may indicate the need for
a higher dose level.

(e) Test procedures—(1) Animal selec-
tion—(i) Species and strain. Testing
shall be performed in the species being
used in other NTX tests. A standard
strain of laboratory rat is rec-
ommended. The choice of species shall
take into consideration such factors as
the comparative metabolism of the
chemical and species sensitivity to the
toxic effects of the test substance, as
evidenced by the results of other stud-
ies, the potential for combined studies,
and the availability of other toxicity
data for the species.

(ii) Age. Animals shall be at least ten
weeks of age at the start of exposure.

(iii) Sex. Both sexes shall be used un-
less it is demonstrated that one sex is
refractory to the effects of exposure.

(2) Number of Animals. A minimum of
ten animals per group shall be used.
The tissues from each animal shall be
examined separately.

(3) Control Groups. (i) A concurrent
control group, exposed to clean, fil-
tered air only, is required.
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