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laboratory strains should be employed.
If other species are used, the tester
should provide justification/reasoning
for their selection.

(ii) Number and sex. (A) The number
and sex of animals used will depend on
the method employed.

(B) The females should be nulliparous
and nonpregnant.

(4) Control animals. (i) Periodic use of
a positive control substance with an
acceptable level of reliability for the
test system selected is recommended;

(ii) Animals may act as their own
controls or groups of induced animals
can be compared to groups which have
received only a challenge exposure.

(5) Dose levels. The dose level will de-
pend upon the method selected.

(6) Observation of animals. (i) SKin re-
actions should be graded and recorded
after the challenge exposures at the
time specified by the methodology se-
lected. This is usually at 24, 48, and 72,
hours. Additional notations should be
made as necessary to fully describe un-
usual responses;

(ii) Regardless of method selected,
initial and terminal body weights
should be recorded.

(7T) Procedures. The procedures to be
used are those described by the meth-
odology chosen.

(e) Data and reporting. (1) Data should
be summarized in tabular form, show-
ing for each individual animal the skin
reaction, results of the induction expo-
sure(s) and the challenge exposure(s) at
times indicated by the method chosen.
As a minimum, the erythema and
edema should be graded and any un-
usual finding should be recorded.

(2) Evaluation of the results. The eval-
uation of results will provide informa-
tion on the proportion of each group
that became sensitized and the extent
(slight, moderate, severe) of the sen-
sitization reaction in each individual
animal.

(38) Test report. In addition to the re-
porting requirements as specified under
40 CFR part 792, subpart J, the fol-
lowing specific information should be
reported:

(i) A description of the method used
and the commonly accepted name.

(ii) Information on the positive con-
trol study, including positive control
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used, method used, and time con-
ducted.

(iii) The number and sex of the test
animals.

(iv) Species and strain.

(v) Individual weights of the animals
at the start of the test and at the con-
clusion of the test.

(vi) A brief description of the grading
system.

(vii) Each reading made on each indi-
vidual animal.

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

(1) Buehler, E.V. “Delayed Contact Hyper-
sensitivity in the Guinea Pig,” Archives Der-
matology. 91:171 (1965).

(2) Draize, J.H. ‘“Dermal Toxicity,” Food
Drug Cosmetic Law Journal. 10:722-732 (1955).

(3) Klecak, G. ‘“Identification of Contact
Allergens: Predictive Tests in Animals,” Ad-
vances in Modern Toxicology: Dermatology and
Pharmacology. Ed. F.N. Marzulli and H.I.
Maibach. (Washington, D.C.: Hemisphere
Publishing Corp., 1977) 4:305-339).

(4) Klecak, G., Geleick, H., Grey, J.R.
‘“‘Screening of Fragrance Materials for
Allergenicity in the Guinea Pig.-1. Compari-
son of Four Testing Methods,” Journal of the
Society of Cosmetic Chemists. 28:53-64 (1977).

(5) Magnusson, B., Kligman, A.M. ‘“The
Identification of Contact Allergens by Ani-
mal Assay,” The Guinea Pig Maximization
Test. The Journal of Investigative Dermatology.
52:268-2176 (1973).

(6) Maguire, H.C. “The Bioassay of Contact
Allergens in the Guinea Pig”’ Journal of the
Society of Cosmetic Chemists. 24:151-162 (1973).

(7) Maurer, T., Thomann, P., Weirich, E.G.,
Hess, R. ““The Optimization Test in the Guin-
ea Pig. A Method for the Predictive Evalua-
tion of the Contact Allergenicity of Chemi-
cals,” Agents and Actions. (Basel: Birkhauser
Verlag, 1975) Vol. 5/2.

(8) Maurer, T., Thomann, P., Weirich, E.G.,
Hess, R. ““The Optimization Test in the Guin-
ea Pig: A Method for the Predictive Evalua-
tion of the Contact Allergenicity of Chemi-
cals,” International Congress Series Excerpta
Medica No. 376, (1975) Vol. 203.

§798.4350 Inhalation
toxicity study.

(a) Purpose. In the assessment and
evaluation of the toxic characteristics
of an inhalable material such as a gas,
volatile substance, or aerosol/particu-
late, determination of the potential de-
velopmental toxicity is important. The
inhalation developmental toxicity

developmental
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study is designed to provide informa-
tion on the potential hazard to the un-
born which may arise from exposure of
the mother during pregnancy.

(b) Definitions. (1) Developmental tox-
icity is the property of a chemical that
causes in utero death, structural or
functional abnormalities or growth re-
tardation during the period of develop-
ment.

(2) ‘““‘Aerodynamic diameter’ applies
to the behavioral size of particles of
aerosols. It is the diameter of a sphere
of unit density which behaves aero-
dynamically like the particles of the
test substance. It is used to compare
particles of different sizes, shapes, and
densities and to predict where in the
respiratory tract such particles may be
deposited. This term is used in contrast
to ‘‘optical,” ‘‘measured” or ‘geo-
metric’”’ diameters which are represen-
tation of actual diameters which in
themselves cannot be related to deposi-
tion within the respiratory tract.

(3) ‘“Geometric mean diameter’” or
“median diameter’’ is the calculated
aerodynamic diameter which divides
the particles of an aerosol in half based
on the weight of the particles. Fifty
percent of the particles by weight will
be larger than the median diameter
and 50 percent of the particles will be
smaller than the median diameter. The
median diameter and its geometeric
standard deviation are used to statis-
tically describe the particle size dis-
tribution of any aerosol based on the
weight and size of the particles.

(4) ““Inhalable diameter’” refers to
that aerodynamic diameter of a par-
ticle which is considered to be
inhalable for the organism. It is used
to refer to particles which are capable
of being inhaled and may be deposited
anywhere within the respiratory tract
from the trachea to the deep lung (the
alveoli). For man, the inhalable diame-
ter is considered here as 15 microm-
eters or less.

(5) ‘““Concentration” refers to an ex-
posure level. Exposure is expressed as
weight or volume of test substance per
volume of air (mg/l), or as parts per
million (ppm).

(6) ‘“No-observed-effect level’” is the
maximum concentration in a test
which produces no observed adverse ef-
fects. A no-observed-effect level is ex-
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pressed in terms of weight or volume of
test substance given daily per unit vol-
ume of air.

(c) Principle of the test method. The
test substance is administered in grad-
uated concentrations, for at least that
part of the pregnancy covering the
major period of organogenesis, to sev-
eral groups of pregnant experimental
animals, one exposure level being used
per group. Shortly before the expected
date of delivery, the pregnant females
are sacrificed, the uteri removed, and
the contents examined for embryonic
or fetal deaths, and live fetuses.

(d) Limit test. If a test at an exposure
of 5 mg/1 (actual concentration of res-
pirable substances) or, where this is
not possible due to physical or chem-
ical properties of the test substance,
the maximum attainable concentra-
tion, produces no observable develop-
mental toxicity, then a full study using
three exposure levels might not be nec-
essary.

(e) Test procedures—(1) Animal selec-
tion—(i) Species and strain. Testing
shall be performed in at least two
mamalian species. Commonly used spe-
cies include the rat, mouse, rabbit, and
hamster. If other mamalian species are
used, the tester shall provide justifica-
tion/reasoning for their selection. Com-
monly used laboratory strains shall be
employed. The strain shall not have
low fecundity and shall preferably be
characterized for its sensitivity to de-
velopmental toxins.

(ii) Age. Young adult animals (nulli-
parous females) shall be used.

(iii) Sexr. Pregnant female animals
shall be used at each exposure level.

(iv) Number of animals. At least 20
pregnant rats, mice, or hamsters or 12
pregnant rabbits are required at each
exposure level. The objective is to en-
sure that sufficient pups are produced
to permit meaningful evaluation of the
potential developmental toxicity of the
test substance.

(2) Control group. A concurrent con-
trol group shall be used. This group
shall be exposed to clean, filtered air
under conditions identical to those
used for the group exposed to the sub-
stance of interest. In addition, a vehi-
cle-exposed group may be necessary
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when the substance under study re-
quires a vehicle for delivery. It is rec-
ommended that during preliminary
range finding studies, air vs. vehicle
exposure be compared. If there is no
substantial difference, air exposure
itself would be an appropriate control.
If vehicle and air exposure yield dif-
ferent results, both vehicle and air ex-
posed control groups are recommended.

(3) Concentration levels and concentra-
tion selection. (i) At least three con-
centration levels with a control and,
where appropriate, a vehicle control,
shall be used.

(ii) The vehicle shall neither be de-
velopmentally toxic nor have effects on
reproduction.

(iii) To select the appropriate con-
centration levels, a pilot or trial study
may be advisable. Since pregnant ani-
mals have an increased minute ventila-
tion as compared to non-pregnant ani-
mals, it is recommended that the trial
study be conducted in pregnant ani-
mals. Similarly, since presumably the
minute ventilation will vary with pro-
gression of pregnancy, the animals
should be exposed during the same pe-
riod of gestation as in the main study.
In the trial study, the concentration
producing embryonic or fetal
lethalities or maternal toxicity should
be determined.

(iv) Unless limited by the physical/
chemical nature or biological prop-
erties of the substance, the highest
concentration level shall induce some
overt maternal toxicity such as re-
duced body weight or body weight gain,
but not more than 10 percent maternal
deaths.

(v) The lowest concentration level
should not produce any grossly observ-
able evidence of either maternal or de-
velopmental toxicity.

(vi) Ideally, the intermediate con-
centration level(s) shall produce mini-
mal observable toxic effects. If more
than one intermediate concentration is
used, the concentration levels shall be
spaced to produce a gradation of toxic
effects.

(4) Exposure duration. The duration of
exposure shall be at least six hours
daily allowing appropriate additional
time for chamber equilibrium.

(5) Observation period. Day 0 in the
test is the day on which a vaginal plug
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and/or sperm are observed. The expo-
sure period shall cover the period of
major organogenesis. This may be
taken as days 6 to 15 for rat and mouse,
6 to 14 for hamster, or 6 to 18 for rabbit.

(6) Inhalation exposure. (i)(A) The ani-
mals shall be tested in inhalation
equipment designed to sustain a min-
imum dynamic air flow of 12 to 15 air
changes per hour and ensure an ade-
quate oxygen content of 19 percent and
an evenly distributed exposure atmos-
phere. Where a chamber is used, its de-
sign should minimize crowding of the
test animals and maximize their expo-
sure to the test substance. This is best
accomplished by individual caging. To
ensure stability of a chamber atmos-
phere, the total ‘“‘volume” of the test
animals shall not exceed 5 percent of
the volume of the test chamber.

(B) Pregnant animals shall not be
subjected to beyond the minimum
amount of stress. Since whole-body ex-
posure appears to be the least stressful
mode of exposure, it is the method pre-
ferred. In general oro-nasal or head-
only exposure, which is sometimes used
to avoid concurrent exposure by the
dermal or oral routes, is not rec-
ommended because of the associated
stress accompanying the restraining of
the animals. However, there may be
specific instances where it may be
more appropriate than whole-body ex-
posure. The tester shall provide jus-
tification/reasoning for its selection.

(ii) A dynamic inhalation system
with a suitable flow control system
shall be used. The rate of air flow shall
be adjusted to ensure that conditions
throughout the exposure chamber are
essentially the same. Test material
distribution should be established be-
fore animals are committed to dosing.
Maintenance of slight negative pres-
sure inside the chamber will prevent
leakage of the test substance into the
surrounding areas.

(iii) The temperature at which the
test is performed should be maintained
at 22 °C (x2°) for rodents or 20 °C (+3°)
for rabbits. Ideally, the relative humid-
ity should be maintained between 40 to
60 percent, but in certain instances
(e.g., tests of aerosols, use of water ve-
hicle) this may not be practicable.
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(7T) Physical measurements. Measure-
ments or monitoring should be made of
the following:

(i) The rate of airflow shall be mon-
itored continuously but shall be re-
corded at least every 30 minutes.

(ii) The actual concentration of the
test substance shall be measured in the
breathing zone. During the exposure
period the actual concentrations of the
test substance shall be held as constant
as practicable, monitored continously
or intermittently depending on the
method of analysis and measured at
least at the beginning, at an inter-
mediate time and at the end of the ex-
posure period.

(iii) During the development of the
generating system, particle size anal-
ysis shall be performed to establish the
stability of aerosol concentrations
with respect to particle size. During ex-
posure, analysis shall be conducted as
often as necessary to determine the
consistency of particle size distribu-
tion.

(iv) Temperature and humidity shall
be monitored continuously and be re-
corded at least every 30 minutes.

(8) Food and water during exposure pe-
riod. Food should be withheld during
exposure. Water may or may not be
withheld. If it is not withheld it should
not come in direct contact with the
test atmospheres.

(9) Observation of animals. (i) A gross
examination shall be made at least
once each day.

(ii) Additional observations should be
made daily with appropriate actions
taken to minimize loss of animals to
the study (e.g., necropsy or refrigera-
tion of animals found dead and isola-
tion or sacrifice of weak or moribund
animals).

(iii) Signs of toxicity shall be re-
corded as they are observed, including
the time of onset, the degree and dura-
tion.

(iv) Cage-side observations shall in-
clude, but not be limited to: Changes in
skin and fur, eye and mucous mem-
branes, as well as respiratory, auto-
nomic and central nervous systems,
somatomotor activity and behavioral
pattern. Particular attention should be
directed to observation of tremors,
convulsions, salivation, diarrhea, leth-
argy, sleep, and coma.
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(v) Measurements should be made
weekly of food consumption for all ani-
mals in the study.

(vi) Animals shall be weighed at least
weekly.

(vii) Females showing signs of abor-
tion or premature delivery shall be sac-
rificed and subjected to a thorough
macroscopic examination.

(10) Gross necropsy. (i) At the time of
sacrifice or death during the study, the
dam shall be examined macroscopically
for any structural abnormalities or
pathological changes which may have
influenced the pregnancy.

(ii) Immediately after sacrifice or
death, the uterus shall be removed,
weighed, and the contents examined for
embryonic or fetal deaths and the num-
ber of viable fetuses. Gravid uterine
weights should not be obtained from
dead animals if autolysis or where de-
composition has occurred. The degree
of resorption shall be described in order
to help estimate the relative time of
death.

(iii) The number of corpora Ilutea
shall be determined for all species ex-
cept mice.

(iv) The sex of the fetuses shall be de-
termined and they shall be weighed in-
dividually, the weights recorded, and
the mean fetal weight derived.

(v) Following removal, each fetus
shall be examined externally.

(vi) For rats, mice and hamsters, one-
third to one-half of each litter shall be
prepared and examined for skeletal
anomalies, and the remaining part of
each litter shall be prepared and exam-
ined for soft tissue anomalies using ap-
propriate methods.

(vii) For rabbits, each fetus shall be
examined by careful dissection for vis-
ceral anomalies and then examined for
skeletal anomalies.

(f) Data and reporting—(1) Treatment
of results. Data shall be summarized in
tabular form, showing for each test
group: the number of animals at the
start of the test, the number of preg-
nant animals, the number and percent-
ages of live fetuses and the number of
fetuses with any soft tissue or skeletal
abnormalities.

(2) Evaluation of results. The findings
of a developmental toxicity study shall
be evaluated in terms of the observed
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effects and the exposure levels pro-
ducing effects. It is necessary to con-
sider the historical developmental tox-
icity data on the species/strain tested.
A properly conducted developmental
toxicity study should provide a satis-
factory estimation of a no-effect level.

(3) Test report. In addition to the re-
porting requirements as specified under
40 CFR part 792, subpart J, the fol-
lowing specific information shall be re-
ported:

(i) Test conditions. (A) Description of
exposure apparatus including design,
type, dimensions, source of air, system
for generating particulates and aero-
sols, methods of conditioning air, and
the method of housing the animals in a
test chamber when this apparatus is
used.

(B) The equipment for measuring
temperature, humidity, and particulate
aerosol concentrations and size shall be
described.

(ii) Exposure data. These shall be tab-
ulated and presented with mean values
and a measure of variability (e.g.,
standard deviation) and shall include:

(A) Airflow rates through the inhala-
tion equipment.

(B) Temperature of air.

(C) Nominal concentration—total
amount of test substance fed into the
inhalation equipment divided by vol-
ume of air (no standard deviation).

(D) Measured total concentrations
(particulate and/or gaseous phases) in
test breathing zone.

(E) Particle size distribution (e.g.,
median aerodynamic diameter of par-
ticles with geometric standard devi-
ation) including estimates of the per-
cents of inhalable and non-inhalable
portions for the test animals.

(iii) Animal data. (A) Toxic response
data by concentration.

(B) Species and strain.

(C) Date of death during the study or
whether animals survived to termi-
nation.

(D) Date of onset and duration of
each abnormal sign and its subsequent
course.

(E) Feed, body weight and uterine
weight data.

(F) Pregnancy and litter data.

(G) Fetal data (live/dead, sex, soft tis-
sue and sketetal defects, resorptions).
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(g) References. For additional back-
ground information on this test guide-
line the following references should be
consulted:

(1) Department of Health and Welfare. The
Testing of Chemicals for Carcinogenicity, Muta-
genicity and Teratogenicity. Minister of
Health and Welfare (Canada: Department of
Health and Welfare, 1975).

(2) National Academy of Sciences. ‘“‘Prin-
ciples and Procedures for Evaluating the
Toxicity of Household Substances.”” A report
prepared by the Committee for the Revision
of NAS Publication 1138, under the auspices
of the Committee on Toxicology, National
Research Council, National Academy of
Sciences, Washington, DC (1977).

(3) World Health Organization. Principles
for the Testing of Drugs for Teratogenicity.
WHO Technical Report Series No. 364. (Gene-
va: World Health Organization, 1967).

[60 FR 39397, Sept. 27, 1985, as amended at 52
FR 19076, May 20, 1987; 52 FR 26150, July 13,
1987; 54 FR 21064, May 16, 1989]

§798.4700 Reproduction and fertility
effects.

(a) Purpose. This guideline for two-
generation reproduction testing is de-
signed to provide general information
concerning the effects of a test sub-
stance on gonadal function, concep-
tion, parturition, and the growth and
development of the offspring. The
study may also provide information
about the effects of the test substance
on neonatal morbidity, mortality, and
preliminary data on teratogenesis and
serve as a guide for subsequent tests.

(b) Principle of the test method. The
test substance is administered to pa-
rental (P) animals prior to their mat-
ing, during the resultant pregnancies,
and through the weaning of their Fi
offspring. The substance is then admin-
istered to selected F; offspring during
their growth into adulthood, mating,
and production of an F., generation, up
until the F, generation is weaned.

(c) Test procedures—(1) Animal selec-
tion—(i) Species and strain. The rat is
the preferred species. If another mam-
malian species is used, the tester shall
provide justification/reasoning for its
selection. Strains with low fecundity
shall not be used.

(ii) Age. Parental (P) animals shall be
about 5 to 8 weeks old at the start of
dosing.
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