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This paper is the fifth plot of the Carcinogenic Potency Datatase (CPDB) that first appeared in this journal in 1984 (1-5).
We report here results of carcinogenesis bicassays published in the general literature between January 1987 and December
1988, and in technical reports of the National Toxicology Program between July 1987 and December 1989. This supple-
ment includes results of 412 long-term, chronic experiments of 147 test compounds and reports the same information about
each experiment in the same plot format as the earlier papers: the species and strain of test animal, the route and dura-
tion of compound administration, dose level and other aspects of experimental protocol, histopathology and tumor in-
cidence, TDs+ {carcinogenic potency) and its statistical significance, dose response, author’s opinion about carcinogenicity,
and literature citation. We refer the reader 1o the 1984 publications (J,5,6) for 2 guide to the plot of the database, a com-
plete description of the numerical index of carcinogenic potency, and a discussion of the sources of data, the rationale for
the inclusion of particular experiments and particular target sites, and the conventions adopted in summarizing the
literature. The five plots of the database are to be used together, as results of individual experiments that were published
earlier are not repeated. In all, the five plots include results of 4487 experiments on 1136 chemicals.

Several analyses based on the CPDB that were published eariier are described briefly, and updated results based on all
five plots are given for the following earlier analyses: the most potent TDs, value by species, reproducibility of bicassay
results, positivity rates, and prediction between species. A new feature of this supplement is that Appendix 14 now pro-
vides a summary compendium of positivity and potency, as well as an index to all chemicals in the five plots of the CPDB.
It provides the following summary data for each chemical: (¢) whether it has been tested in each sex of rats and mice, and
positivity results in each group; () for positive chemicals, a summary of carcinogenic potency for rats and for mice; (c)
an index to the CPDB sorted by chemical name that reports synonyms, CAS number, and the plot numbers that include
experiments on the chemical, For readers using the CPDB mere extensively, a combined plot of all results from the five
separate plot papers, ordered alphabetically by chemical is available from the first author in printed form or on computer
tape or disketie. A SAS database is also available.

Background

The Carcinogenic Potency Database (CPDB) is a widely used,
standardized resource of results of chronic, long-term car-
cinogenesis bioassays. The CPDB has been published in plot for-
mat in this and four earlier papers. To facilitate its use by other
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researchers, we have prepared a printed version of a combined
plot that merges results from all five plots organized by chemical,
as well as a computer-readable (SAS) database. These are ob-
tainable from the first author.

In this paper we a) briefly describe the CPDB and the plot in-
cluded in this fourth supplement; b) refer the reader to our earlier
papers; ¢) update some of the earlier published findings using
results from all five plots; and d) report errata to earlier papers.

Our goal in developing the CPDB over the past 12 years has
been to provide a single, standardized and easily accessible
resource that includes sufficient information on each experiment
to permit investigations in many research areas of carcine-
genesis. Therefore, the CPDB provides both qualitative and



guantitative information on positive and negative tests (I-4), in-
cluding for each experiment, the species, strain, and sex of test
animal: features of experimental protocol such as route of ad-
ministration, duration of dosing, dose level(s) in mg/kg body
weight/day, and duration of experiment; histopathology and
tumor incidence; carcinogenic potency and its statistical
significance; shape of the dose-response curve, author’s opinion
as to carcinogenicity; and literature citation. All experiments in
the CPDB meet a specific set of inclusion criteria that are design-
ed to permit the estimation of carcinogenic potency; therefore,
reasonable consistency of experimental protocols is assured. Ro-
dent bioassays are included in the database only if the test agent
was administered alene, rather than in combination with other
substances; if the hioassay included a control group; if the route
of administration was diet, water, gavage, inhalation, IV injec-
tion or IP injection; and if the length of experiment was at least
1 year with dosing for at least 6 months. Many cancer tests do not
meet these rules and are not included, e.g., if route of administra-
tion was skin painting or SC injection, or if dosing was not
chronic. We do not evaluate whether the results in each experi-
ment provide evidence for carcinogenicity; rather, we report the
published opinions of the investigators and the statistical
significance of the dose response. The CPDB includes results of
all NCI/NTP technical reports published through 1989, with a
few exceptions where the chemicals were particulates or the route
of administration was skin painting.

A detailed guide to the plot of the database was included in the
first published plot in 1984 ({ ); it described the contents, field by
field, and discussed the sources of data, the criteria for the inclu-
sion of particular experiments and particular target sites, and the
conventions adopted in summarizing the literature. It is our in-
tention that readers who are not familiar with the CPDB will first
read the 1984 paper when using the plot in this paper.

The TDrso, our numerical index of carcinogenic potency, has
been fully described (7,5,6) and may be briefly defined as
follows: For a given target site(s), if there are no tumors in con-
trol animals, then TDse is the chronic dose rate in mg/kg body
weight/day that would induce tumors in half the test animals at
the end of a standard lifespan for the species. Because the
tumot(s) of interest often does occur in control animals, TDsy is
more precisely defined as the chronic dose rate that will halve the
probability of remaining wwmor-free throughout the standard life
span. One reason for choosing TDso 1s that it is easy to unders-
tand the concept, particularly because of the analogy to LDse.
Importantly, TDso is often within the range of doses tested; thus
the experimental results do not have to be extrapolated far to
estimate TDso. The TDso does not indicate anything about car-
cinogenic eftects at low doses because carcinogenesis bioassays
are generally conducted at doses at or near the maximum
tolerated dose (MTD). In the CPDB, the range of statistically
significant TDso values for chemicals that are carcinogenic in
rodents is more than 10 millionfold (7).

A new compendium has been prepared for this paper in Ap-
pendix 14, which includes summary evaluations of positivity and
carcinogenic potency in rats and mice for each chemical in all
five plots of the CPDB. This tabulation can be used to investigate
associations between rodent potency and other factors such as
mutagenicity, teratogenicity, chemical structure, and human, ex-
posure, as well as 1o obtain summary information on individual

compounds. Methods are described in Appendix 14, and are the
same as were used in our earlier publication (7). Appendix 14
lists alphabetically the 1136 chemicals that appear in any of the
five plots and indicates which plot includes results of experiments
on each chemical. It also lists CAS (Chemical Abstracts Service
registry) numbers and common synonyms. In this Appendix 14,
four columns have been added that summarize for each chemical
whether there are tests in the CPDB in male rats, female rats,
male mice, and female mice; for each group we report the
strongest level of evidence for carcinogenicity as defined by the
opinion of the published author. For chemicals that are classified
as positive, two columns report the most potent TDso value in
each species that has a positive test in the CPDB. Several foot-
notes in Appendix 14 give additional information about in-
dividual chemicals: e.g. , that there is more than one positive test
in the species (footnote a); that the TDy, values from different
positive experiments of the chemical vary by more than 10-fold
from one another (footnote f); and that the CPDB includes results
in a species other than rats or mice and at least one test is positive
{footnote g) or that none are positive (footnote hy.

In each of the five plot papers, Appendices 1-13 are in the same
forinat and provide information for the data in that publication.
In this paper, Appendices 1-13 apply only to the plot presented
here. Appendix 1 lists alphabetically the compounds included in
the current plot, their common synonyms, and Chemical
Abstracts Service (CAS) registry number; Appendix 2 provides
a list of those same compounds ordered by CAS number. The
next several appendices provide codes and definitions required
for using the plot: strains of test animal (Appendix 3); routes of
administration (Appendix 4); sites of tumor induction (Appen-
dix 5); histopathology (Appendix 6); notecodes (Appendix 7);
dose-response curve symbols (Appendix 8); reference codes
(Appendix 9); NCI/NTP bioassays evaluated as inadequate (Ap-
pendix 10); and author’s opinion codes {Appendix 11). Appen-
dices 12 and I3 give full bibliographic information for all ex-
periments reported in this plot: a bibliography for the general
literature (Appendix 12); and a list of the NTP technical reports
(Appendix 13).

Plot in this Supplement

This fifth plot of the CPDB includes results of 412 long-term,
chronic experiments on 147 chemicals. It reports results for 47
compounds from technical reports of the NTP published between
July 1987 and December 1989, and results for 10] compounds
published in the general literature between January 1987 and
December 1988. Experiments in rats, mice, and hamsters are
reported here for compounds representing a variety of chemical
classes and a variety of uses. Some are naturally occurring
substances (e.g., catechol, B-methoxypsoralen, and
malonaidehyde); food additives (e.g., potassium bromate and
geranyl acetate); industrial chemicals (e.g., 1,3 butadiene,
styrene, and pentachlorophenol); and drugs (e.g., ciprofibrate,
salbutamol, and dipherhydramine » HC). Sixty-four of the 147
chemicals in this plot were also included in an earlier plot, and
we have flagged these names in this plot with a triple asterisk
(***). For some substances, only a few experiments are reported
here, but several experiments were reported in earlier plots (e.g.,
benzene and formaldehyde). The TDso values for the compounds
in this plot fall within the 10 million-fold range reported earlier.



Overview and Update of Our Papers
That Use the CPDB

The CPDB is exhaustive in that it includes all published tests
that meet a setof experimental criteria. There is great diversity
in the testing of chemicals reported in the database; while most
chemicals have been tested in rats or mice, some have been tested
in hamsters, dogs, or monkeys. Experiments with 101 different
mouse strains and 74 rat strains are included. For a given
chemical, the database may contain only a single experiment or
several experiments. For example, among the 857 chemicals
tested in rats, 29 % have only one rat test and 53 % have two tests;
however, 15 chemicals have more than 10 tests.

Our group has used the CPDB to address many issues relevant
to chemical carcinogenesis and interspecies extrapolation. Below
we refer the reader to the appropriate papers. Additionally,
because the CPDB now includes many more tests and chemicals
than were used in the earlier papers, we have updated several of
the original tables from our earlier analyses. Specifically, up-
dated results are reported for the proportion of chemicals that are
positive for several datasets, the association between mutagenici-
ty and carcinogenicity, prediction of positivity between species,
reproducibility of results in “near-replicate” experiments, car-
cinogen identification on the basis of two versus four sex~species
groups. In each case, the updated findings are similar to those
reported earlier, and we refer the reader to the carlier papers for
methods and discussion.

Carcinogenic Potency (TDg,)

With respect to the measurement of carcinogenic potency, two
methods for estimating TDse from animal bioassays were com-
pared, one based on lifetable data and one based on summary in-
cidence data (8). There is substantial agreement between these
two methods of analysis. Second, we have shown that the potency
calculated from experimental results {given the usual experimen-
tal design and the lack of 100% tumor incidence in dosed
animals) is restricted to an approximately 30-fold range surroun-
ding the maximum dose tested in a standard bioassay (9). Third,
correlation studies have been conducted of carcinogenic poten-
cy between rats and mice (9) and of mutagenic and carcinogenic
potencies (/). Fourth, we have shown that, with few exceptions,
among chemicals that are positive in more than one test in a
species, the most potent TDsq value from among all positive tests
is similar to other measures that average TDso values [harmonic
mean, geometric mean, or arithmetic mean] (7). Using the most
potent TDso in rats and in mice, we presented a concise tabula-
tion of TDsevalues for positive chemicals, which also includes
a summary of positivity in each sex-species group (7). These
results are updated in Appendix 14 of this paper and include
results for all five plots of the CPDB.

In addition to positivity and potency, other bicassay measures
of carcinogenic hazard that we have investigated are whether
tumors were induced at more than one site, whether tumors may
have caused the death of the animal or instead were found at sacri-
fice, and whether metastases of induced tumors occurred ({1,12).

Reproducibility

Reproducibility of results in animal bioassays has been in-
vestigated in *“near-replicate’”” comparisons consisting of two or

more tests of the same chemical administered by the same route
and using the same sex and strain of rodent (13). The updated
results continue to show good reproducibility. Among 132 com-
parisons 86 % (114/132) have concordant authors’ opinions about
whether tumors were induced in the individual experiments. In
all but 3 of the 69 positive comparisons, at least 1 target site is
identical, TDse values are within a factor of 2 of each other in
51% of the positive comparisons, within a factor of 4in 77 %, and
within a factor of 10 in 91%.

Positivity

In several papers we have shown that approximately half the
chemicals tested in rats or mice are positive in at least one test,
according to the opinion of the published author. Using all data
currently in the CPDB, positivity rates are reported in Table 1
separately for chemicals tested in NCI/NTP bioassays, in the
general literature, and in either of these sources. Table 2 reports
a similar positivity rate for several additional subsets of the
CPDB: naturally occurring chemicals, synthetic chemicals,
natural pesticides, mold toxins, and chemicals in roasted coffee.
We have discussed why it is unlikely that the 50% positivity rate
is due simply to selection of suspicious chemical structures
(14-16), and show in Table 2 that this rate is similar for chemicals
tested before 1979 by NCI and those tested later by NCI/NTP.

Mitogenesis

We have postulated that the high positivity rate is to be ex-
pected because the administration of chemicals at the maximum

Table 1. Proportion of CPDB chemicals tested in at least one species that
have been evaluated as carcinogenic, by species and reference source.”

Proportion car- Proportion car- Proportion car-

Refererence cinogenic inrats  cinogenic inrats  cinogenic in mice
source or mice (%) (%) (%)
NCI/NTPor 584/1117 (52%)  A24/857 (49%) 324/745 (43%)
literature ®

NCI/NTP 165/315 (52%) 119/303 (39%) 121/308 (39%)
Literature 448/894 (50%)  321/608 (53%) 216/498 (43%)

2A chemical is classified as positive if the author of at least one published ex-
periment has evaluated the compound as carcinogenic in that species.
®The number of chemicals in the “NCI/NTP cr literature” is smaller than the
sum of each source separately because some of the chemicals have been reported
by both scurces.
Table2. Proportion of chemicals evaluated as carcinogenic
for several datasets in the CPDB.*

Chemicals tested in both rats and mice
Naturally occurring chemicals tested in
both rats and mice
Synthetic chemicals tested in beth rats and mice
NCI/NTP chemicals®
NCI/NTP chemicals tested before 1979
NCI/NTP chemicals tested after 1979
Chemicals tested in at least | species
Natural pesticides
Mold toxins
Chemicals in roasted coffee

288/479 (60%)

36/101 (55%)
232/378 (61%)

60/117 (51%)
105/198 (53%)

29/57 (51%)
12/20 (60%)
19/26 (73%)

A chemical is classified as positive if the auther of at least one published ex-
periment evaluated resuits as evidence that the compound is carcinogenic.
B94% (296/315) are tested by NCI/NTP in both rats and mice.




tolerated dose (MTD) in standard animal cancer tests increases
cell division (mitogenesis), which in turn increases rates of
mutagenesis and thus carcinogenesis (/5,17). The high rate of en-
dogenous DNA damage contributes to the importance of
mitogenesis. A variety of studies on mechanisms of car-
cinogenesis are consistent with this explanation (/7-19). We con-
clude that at the low doses of most human exposures where cell
killing does not occur, the hazards to humans of redent car-
cinogens may be much lower than is commonly assumed. Thus,
understanding the role of mitogenesis in mutagenesis is critical
for clarifying the mechanisms of carcinogenesis and interpreting
the results of animal cancer tests (/517-19).

Mutagenicity

We have also examined mutagenicity rates in the CPDB (/4-16)
and have updated the results in Table 3. Of the 384 chemicals
tested in both rats and mice and for which mutagenicity data in
Salmonella are available, 72% are either mutagens or car-
cinogens or both. Overall, mutagens are more often carcinogenic
than nenmutagens; however 45% of carcinogens tested in rats
and mice are not mutagenic, suggesting the importance of
mitogenesis in animal tests at the MTD.

Interspecies Extrapolation

The issue of exrapolating carcinogenesis results from one
species to another has been addressed in analyses of prediction
between two closely relfated species, rats and mice (/2,/4). We
have examined how well one can predict carcinogenicity from
rats to mice and from mice to rats. The updated results in Table
4 indicate that among chemicals tested in both species, 74% of
rat carcinogens are positive in mice, and 72 % of mouse carcino-

Table 3. Comparison of mutagenicity and carcinogenicity for
384 CPDB chemicals tested for carcinogenicity in both rats and mice
and for mutagenicity in Salmonella.?

Carcinogenic

+ - Total

Mutagenic  + 131 38 169"
- 106 9 215

Total 237 7 384°

“A chemieal is classified as positive if the author of at least one published ex-
periment evaluated the results as evidence that the compound is carcinogenic.
Mutagens are more likely to be carcinogenic 78% (131/169) than nonmutagens
49% (106/215).

b Of 169 mutagens, 22 % are not carcinogenic 38/(131 + 38).

¢ Of 237 carcinogens, 45% are not mutagens 106/(131 + 106).

¢ Of 147 noncarcinogens, 26% are mutagens 38/(38 + 109),

¢ Of 384 chemicals. 44 % are mutagens, 62% are carcinogens, and 72% are
either mutagens or carcinogens or both (131 + 106 + 38)/384.

Table 4. Comparison of carcinogenic response in rats and mice for
479 CPDB chemicals tested in both species.

Rats
+ - Total
Mice + 165 64 2297
- 59 191 250
Total 224b 255 47

:Of 229 mouse carcinogens, 72% are rat carcinogens 165/(165 + 64).
"Cf 224 rat carcinogens. 74 % are mouse carcinagens 165/(165 + 59).
“0f 479 chemicals, 60% are positive in at least one test (165 + 59 + 64)/479.

Table 5. Predictive value of two sex—species groups for CPDB carcinogens
tested in both sexes of rats and mice.?

NCUNTP or literawure
experiments

NCI/NTP experiments

Number identified as
carcinogenic at least

Number identified as
carcinogenic at least

Sex-species groups
used to identify

carcinogens once (N=212)b< once (N=149)"

MM, MR 194 (92%) 135 (Y1%)

FM, MR 194 (92%) 136 (91%)

MM, FR 183 (86%) 122 (82 %)

FM, FR 184 (87%) 124 (83 %)

FM, MM 167 (719%) 112 (75%)

FR, MR 162 (76 %) 112 (75 %)

Abbreviations: FM, female mice, MM, male mice, FR. female rats. MR, male

rats.

A For chemicals tested in both sexes of rats and mice that were evaluated as car-
cinegenic in at least one experiment.

® The total number of positive chemicals for “NCI/NTP or literature™ in this
table is 212, while the number in Table 4 is 288. This difference is due to the fact
that 76 positive chernicals were tested in both rats and mice, but not in both sexes
of rats and mice.

¢ Percentage indicates the proportion that would be correctly identified as car-
cinogens using results from experiments only in the two sex-species groups, con-
sidering as positive an evaluation of carcinogenic in either sex—species group,

gens are positive in rats. We earlier discussed three factors that
affect the accuracy of prediction: chemical class, mutagenicity,
and the dose level at which a chemical is toxic (/4).

Target Organ

We have presented a compendium of bioassay results organiz-
ed by target organ for chemicals that are carcinogenic in at least
one species. This compendium reports on 35 target sites and can
be used to identify chemicals that induce tumors at particular
sites and to determine whether target sites are the same for each
chemical that is positive in more than one species (/2). Site-
specific prediction between rats and mice is less accurate than
overall prediction of positivity. Knowing that a chemical is
positive at any site in one species gives about a 50% chance that
it will be positive at the same site in the other species. Among
chemicals with a target site in common between rats and mice,
the liver is the most frequent site in common (/2). Because the
liver is the most common site in both species, we have studied
liver carcinogenesis in detail (//,12,14).

Carcinogen Identification by Two Versus Four
Sex-Species Groups

We have also addressed the question of how many rodent car-
cinogens currently identified by performing tests in four sex-’
species groups would be identified if tests were conducted in only
two sex-species groups. The updated results in Table 5 continue
to show that few carcinogens would be missed by testing one sex
of each species. The greatest number (91-92 %) would have been
identified by conducting tests only in male rats and male mice/or
in male rats and female mice.

Chemicals Selected for Testing

The natural world makes up the vast bulk of chemicals that
humans consume each day in both weight and number. Yet, the
natural chemicals have never been tested systematically; syn-
thetic chemicais account for 79 % (378/479) of the chemicals ade-
quately tested in both rats and mice (Table 2). Because about half
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Ficure 1. Corrected plot for bisphenol A.

of natural chemicals and half of natural pesticides are positive in
animal tests (Table 2), we conciude that our diet is filled with ro-
dent carcinogens as defined by high-dose tests. We have described
the concentrations in common foods of natural pesticides that are
rodent carcinogens {/6). Additionally, we have discussed the tox-
icological significance of exposures to synthetic chemicals in the
conitext of exposures 10 naturally occurring chemicals, and we
argue that animals have a broad array of inducible general
defenses that at low dose are effective against both natural and
synthetic toxins (/6,20,27). The relatively high and widespread
exposure to natural chemicals that are rodent carcinogens, and
the 50% positivity rate among natural chemicals that have been
tested, indicate that cancer-prevention strategies aimed at
chemical carcinogens need to take a broad overview of
chemicals, whether synthetic or natural,

Ranking Possible Carcinogenic Hazards

We have proposed a rough index of possible carcinogenic
hazard 1o humans, HERP (Human Exposure Rodent Potency).
HERP compares for a given chemical the chronic dose rate at
which humans are exposed (mg/kg/day) to the TDs, (mg/kg/day)
in rodents. To put possible carcinogenic hazards in perspective,
we have used the HERP index to rank a variety of man-made and
naturally occurring chemical exposures to humans (22). Ina
separate analysis a similar index, PERP (Permitted Exposure Ro-
dent Potency) was calculated by using the U.S. Occupational
Safety and Health Administration Permitted Exposure Limit
{OSHA PEL), and assuming a daily worklife exposure at that
limit {23). Permitted worker exposure levels for several rodent
carcinogens are close to the dose rate that induces tumors in half
the test animals. For high occupational exposures, comparatively
little extrapolation is required from the doses used in rodent
bioassays, and therefore assumptions about extrapolation from
high to low dose are less important.

Errata in Earlier Plots

Some errors and additional information about results reported
in earlier plots of the CPDB (/-4) have come to our attention. For
two NCI/NTP bioassays in the second plot {(2), the route of ad-
ministration was reported incorrectly: for cytembena the route
was reported as diet and should have been IP injection; for
vinylidene chloride the reported route was diet and should have
been gavage. All other information including dose rates and TDso
values was reported correctly for these two chemicals.

13.1gm * P<.05
41.4gm * PG

Citation or Pathology
Brkly Code

Liv:hpa,hpc,nnd.
lunta/a,afc.

Issues related to the purity of test compounds have resulted in
some name changes. For two NCI/NTP bioassays, we have add-
ed “technical grade™ to the chemical name in the CPDB (Appen-
dix 14) because of impurities in the test agent: 1,1,1-trichloroe-
thane and trifluralin. For 2,3,4,56-pentachlorophenol two papers
reported results for the technical grade {cited in the plot as Innes
et al., 1968/1969 and Schweiz e1 al., 1975) . We now report
2,3,4,5,6-penmachlorophenol (Dowicide EC-7) in Appendix 14
for these papers. The chemical name for the paper of Boberg et
al., 1983, remains 2,3,4,5,6-pentachlorophenol.

Two other errors in chemical names have been corrected.
Nitro-4-hydroxyphenylarsonic should have been reported as
3-nitro-4-hydroxyphenylarsonic acid (CAS number 121-19-7).
Cadmium sulfate should have been reported as cadmium sulfate
{L:I} hydrate (3:8).

CAS numbers have been changed for a few chemicals. The
CAS number for sodium hypochlorite phosphate has been
changed by the American Chemical Society to 11084-85-8. The
corrected CAS number for DL-c-tocopheryl acetate 15 58-95-7,
and the corrected synonym is vitamin E acetate. The corrected
CAS number for 1,2-di-N-butylhydrazine «2HC) is 78776-28-0.
The corrected CAS number for propanolol *HCl is 525-66-6.

For several NTP chemicals in the third plot listed below,
evaluations for some target tissues were reported as “a.” and we
have re-assigned the evaluation as *‘p”* indicating the NTP
category, “‘some evidence of carcinogenicity,” which NTP
defines as a positive category. Our earlier assignment of *a” had
been made before current descriptions of the evaluation
categories were published by NTP. These sites with opinion “p”
should be interpreted as positive. For the chemicals in italics, “p”
is the highest level of evidence in the NTP evaluation: benzene,
HC Blue No. \, chlorobenzene, chlorodibromomethane,
decabromodiphenyl oxide, dimethyl morpholinophosphorami-
date, isophorone, methylene chloride, 1,2-propylene oxide,
Telone 11, tetrachloroethylene, tris(2-ethylhexyl)phosphate.

For bisphenof A in female mice, the dose used was incorrect.
Therefore, other values such as the TD ¢, were also incorrect. The
corrected plot for this experiment is shown in Figure 1.
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no dre
31.3mg *
1.49mg Z
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ne dre
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132.mg
no dre
25_2mg
10.6mg
Fy 19.1mg *
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P<.1
P<.3
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RefNum

1863
1863
1863
1863
1863
1863

1853
1853

LoConf UpConf

EHYDE#**

75-07-0

85.3mg 288.mg
110.mg 439.mg
234.mg 38.9gm
S4.4mg 157.mg
102.mg 710.mg
105.mg 463.mg

107-29-9

100.mg n.s,s.
323.mg n.s.s.

2-ACETYLAMINOFLUDRENE**+

& 1876 345.mg n.s,s. B/96
5 1874 50.émg 444.mg 0/95
] 1874 521.mg n.s.s. 0/96
7 1874 25.%mg n.s.s. 1796
ACROLEIN 107-02-8
8 1853 30.8mg n.s.s. 1,20
a 1853 39.2mg n.s.s. 220
b 1853 48.5mg n.s.s. 2720
c 1853 70.4mg n.s.s. 0/20
9 1853 7.3émg 55.4mg Gs20
a 1853 57.7mg n.s.s. 020
b 1853 12B.mg n.s.s. 1720
c 1853 64.1mg n.s.s. 2,29
d 1853 52.1mg n.s.s. 2720
ACROLEIN DTETHYLACETAL  3054-95-3
10 1853 47.6mg n.s.s. 2720
a 1853 50.7mg n.s.s. 2720
b 1853 129.mg n.s.s. 1420
[4 1853 197.mg n.s.s. Q720
11 1853 79.3mg n.s.s. 020
a 1853 42.émg n.s.s. 2;20
b 1853 €0.%mg n.s.s. 2720
< 1853 49.9mg n.s.s. 1,20
ACROLEIN OXIME 5314-33-0
12 1853m  11.3mg n.s.s. 2720
a 1853m 45.9mg n.s_s. 1420
13 1853n 10.4mg n.s.s. 2720
a 1853n 25.7mg n.s.s. 0s20
b 1853n 13.8mg n.s.s. 2720
c 1853n 6&b.2mg n.s.s. 1/20
14 1853m 5.80mg n.s,s. 220
a 1853m 12.5mg n.s.s. qs20
b 1853m 7.88mg n.s.s. 2/20
¢ 1853m 19.2mg n.s_s. 1/20
15 1853n 17.8mg n.s,s. 0/20
a 1853n 9.61mg n.s.s. 2/20
b 1853n 13.5mg n.s.s. 2/20
¢ 1853n 46.0mg n.s.s. 1/20
ACRYLONITRILE**~ 107-15-1
16 1881 14.5mg 77-Smg 0,18
a 1881 33.6mg 591.myg ¢/20
b 1881 15.4mg n.s.s. 5/18
'3 1881 12.6mg n.s.s 3118
17 bt201  .679mg n.s.s 1730
a bt201 f0.1mg n.s.s 0/s30
b bt201 .893mg n.s.s /30
c bt201 .623mg n.s.s. /30
d bt201 4.00mg n.s.s. 3730
18 bt203 &.83mg n.s.s. 9/75
a bt203 .782mg n.s.s. 3%/75
b bt203 2.33mg r.s.s. 17/75
19 pt4003 5.82my 75.7mg 24760
a bt4a003 40.1mg n.s.s- 0760
b bt4003 123.mg n.s.s, 0/60
¢ bt4003 11.7mg 495.mg 9760
d bt4003 4.69mg n.s.s. 35,60
20 bt201 5.77mg n.s.s. 0/30
a bt201 .425mg n.s.s. 4/30
b bt201  .674mg 6.77mg  8/30
c bt201 .565mg n.s.s. 3730

Catrl

0/18
/18
0/18
/1%
0719
/1%

2/20
120

{N-2-flucrenylacetamide)

1Dose

50.1mg
50.1mg
50.1mg
35.1mg
35.7mg
35.1mg

19.5mg
19.5mg

19.5mg
4.80mg
13.0mg
2.40mg

20.1ng
20. 1mg
20.1mg
20.1mg
2.64mg
2.64mg
2.64mg
2.64mg
2.64mg

15.4mg
15.4mg
15.4mg
15.4mg
10.8mg
10.8mg
10.8mg
10.8mg

7.%6mg
7.96mg
10.4mg
10.4mg
10.4mg
10.4mg
5.57mg
5.57mg
5.57my
5.57mg
7.37mg
7.37mg
7.37mg
7.37mg

1.00mg
1.00mg
1.00mg
1.00mg
.271mg
L271mg
.27mg
.27 1mg
.271mg
1.07mg
1.07mg
1.07mg
11. Img
11.1mg
1. 1mg
11.1mg
11.1mg
. 1%0mg
.190mg
. 120mg
.190mg

1Inc

1720
0720
1/20
2720
2720
0,20

3/20
1,20

2/96
4/94
0/96
0/96

5/20
4420
3720
1720
5720
2/20
1420
6/20
B/20

5/20
4/20
3720
1/20
1/20
5/20
2720
0/20

3/20
0720
8720
2/20
6/20
0s20
T/20
2720
5/20
1720
z2/20
6720
4720
0/20

0/20
0/20
3720
1/20
3/30
0/30
0/30
23430
12/30
0/40
25740
/40
37/54
3/54
0/54
20/54
43/54
/30
0/30
7/30
0/30

2bose

100.mg
100.mg
100.mg
70.1mg
73. 1mg
70.7mg

50.3mg
50.3mg

53-96-3
26.0mg
7.20mg
16.2mg
4.80mg

6.81mg
6,81mg
6.81mg
6.81ng
6.81mg

39.5mg
39.5mg
39.5mg
39.5mg
27 .émg
27.6mg
27 .6mg
27.6mg

5.00mg
5.00mg
5.00mg
5.00mg
.542mg
.542mg
.542mg
.542mg
-542mg

.37%mg
.37%mg
. 37%mg
.379%mg

2Inc

7/18
T7/18
2/18
8720
6/2¢
2/20

4720
0/20

1796
5796
1/96
0/96

7/20
0/20
0/20
0/20
0/20

7120
7/20
1720
0/20
2/20
4720
4720
0/20

1719
0s20
1419
8720
7/30
0730
0730
15730
6730

0730
0r30
19730
10730

149 _mg
14%.mg
149 _mg
104 .mg
104._mg
104 . mg

32 5mg
9.60mg
19.5mg
7.20mg

{14, img
14, 1mg
T4, img
14, 1mg
14, Img

25.0mg
2%_0mg
(25.0mg
25.0mg
{1.08mg
1.08mg
1.08mg
1.08mg
1.08mg

.75%mg
L759mg
.15%mg
{.75%9mg

11417
817
5/17
15/22
6/22
11722

3796
6/96
0/96
0796

37200
1420
0/29
2720
3r20

9/18
4/20
0/18)
8/18
2/30
1/30
0/30
17/30
7/30

1/39
0/30
15/30
9/30

Citation or Patholagy
grkly Code

Woutersen;txcy,47,295-305; 1987/ 1986/pers. comm,

Lijinsky;txih,3,6337-345;1987 /pers. comm.

Nonoyama;pavt,25,286-296; 1988/pers. comm.

Lijinsky;txih,3,337-345;1987 /pers. comm.

Lijinsky;txih, 3,337-345; 1987 /pers. comm.

Lijinsky;txih,3,337—345;1987/pers.comm.

Gallagher;jact,7,603-615; 1988

2.17mg 0/30) Maltoni;anya,534,179-202; 1988
2.17mg 1730
2.17mg  0/30
(2.17mg  10/30)

2.17mg  6/30

1.52mg 2/30
1.52mg  0/30
1.52mg  19/30
1.52mg  10/30)
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21 R m sda gav |iv hpt 12m24 .2 no dre

a R m sda gav tba mix 12m24 5.59mg

b R m sda gav tha mal 12m24 33.4mg
AFLATOXIN Bi#»+ 100ng. ... : (V7 PR . | IR B 100....0..0mg. .. a 200 1..A00... PR [ P 10
22 R f 34 eat Lliv hpc 24m24 er . F 52,7ug *
23 R om f34 eat liv hpc 24m24 er > 49 %ug *
ALLYL ALCOHDL 100ng..:.. lug RS | R B {11 I JAmg. ..oz 30000 100....:..2g. ... 1..10
24 R f 34 wat Liv hpc 25m29 e + 64.2mg

a R f f34 wat liv mix 25m29 e 41.5mg

b R f 734 wat liv hnd 25m2% e 182.mg

c R f f34 wat adr cca 25m29 e ne dre
25 R m f34 wat Liv mix 25m29 e .2 128.mg

a R m 34 wat liv hpc 25m29 e 142.mg

b R m f34 wat Liv hnd 25029 e no dre

¢ R m f34 wat adr cca 25m29 e no dre
2-AMIND-3,B-DIMETHYLIMIDAZO[4,5-f1QUINOXALINE I | I EIPE (4] DR DR, | T TP SN [ JR SO 11| PR S T PR :..10
26 M f cdf eat liv mix B4wdd ¢ . * 14, 2mg

a M f cdf eat Liv hpa B4wB4 e 14.2mg

b M ¢ cdf eat Liv hpc B4wBé e 2v.8mg

c M f cdf eat Lun mix B4wS4 e 77.2mg

d M f cdf eat lun ade B4wB% e 143.my9

e M f cdf eat iun adc Bawdé e 257.mg

f M f cdf eat -~- mix B4wS4 e 6.82gm
27 M m cdf eat Liv hpa BiwB4 e . + Bé&.9mg

a Macdf eat tiv hpc 84wds e 102.mg

b M m cdf eat —~— mix B4wB4 e 109.mg

[ M m cdf eat Liv mix B4w84% e 83.8mg

d M a cdf eat lun mix 84wdd 2 134.mg

& M mcdf eat lun adc B4wB4 e 2356.mg

f Mmcdf eat lun ade B4wB4 e 262.mg
28 R f f3d eat cli sqc 61ué1 e + . 4.72mg

a R f f3d eat Liv nnd &1wé1 e 6.31mg

b R f f3d eat zym sqc &lwél ¢ 6.31mg

c R f f3d eat ski sqc 61ué1 e 87.2mg
2% R om f3d eat Liv mix 6wé1 e <+ neTRS0

a R m f3d eat Liv hpc 61w61 e 1.26mg

b Rm f3d eat zym mix 51w61 @ 2.72mg

c R m f3d eat zym sqc 61wb1 o 3.59mg

d R m f3d eat ski mix 61w61 & 8.76my

e R m f3d eat ski sqc 61w61 e 13.1mg

f R m f3d eat zym sqp HIwb) g 35.8mg

g R m t3d eat ski sqp 61wé1 e ?3.5mg

h  Rom f3d eat ski bee 61W61 e ¥3.5mg

i Rom f3d eat Liv nnd 61w6T e 73.5a9
2-AMSIND-4-NITROPHENOL 100ng. . 5. ug PEIS. [ JRUREDRD. [ ] IS [ .Y [PPSO (1 AR S, {1+ DRV . . PRV B {1 ]
30 M f b6c gav TBA MXB 24m24 > nho dre

a M f b6c gav Liv MXB 24m24 2.16gm *
b M f bée gav lun MXB 2im2é 2.18gm *
31 M m bbc gav MXA MXA 24m24 H - H H798.mg *
a M m béec gav TBA MXB 24m2¢4 582.mg *
b M m bb6c gav {iv MXB 24m24 no dre

¢ M m bbe gav lun MXB 24m24 no dre
32 R f 134 gav TBA MXB Z24m24 > no dre

a R f 34 gav Liv MXB 24m24 no dre
33 R om f34 gav tes ict 24m24 s F. H 68.2mg *
a R m f34 gav k/jc adn 24m24 s 839.mg *
b R m f34 gav sub MXA 24m24 s 458.mg *
c ® m f34 gav sub fib Zam24 s 584.mg *
d R m f34 gav Liv MXA Z4m24 s 1.30gm =
e R m f34 gav TBA MXB 24m24 s 84.1mg *
f  Rom f34 gav Liv MXB 24m24 s 1.30gm *
2-AMIND-5-NITRORHENOL 2
k13 M f bfic gav TBA MXB Z4m24 5.76gm *
a M f béc gav Liv MXB 24mZ4 ns no dre

b M f béc gav lun MX8 24m24& ns B807.gm +
35 M m bdc gav TBA MXB Z24m24 ns > no dre

a M m béc gav {iv MXB 24m24 ns no dre

b M mbéc gav Lun MXB 24m24 ns no dre
36 R f £34 gav TBA MXB 24m24 > no dre

a R f f34 gav Liv MAB 24m24 no dre
37 R om 34 gav tes ict 24m24 s HEC 28.6mg *
a R om f34 gav pan MXA 24m24 s 107.ag *

2Tailpvl
Aubp

P=1. -
<3 -
p<.8 -

P<.06 -
P<.3

[}

P<.04
P<.2
Pe.7
P=1.
P<.7
P<.3
P=1.
P=1.

P 0005+
P<.000%
P<.0005
P<. 002 +
P<.02
P<.1
p<h.
P<.01
P<.0005
P<, 006
P<.02 +
pe.2
PC. &
P<.2

P<. 0005+
P<. 0005+
P<.DDD5+
p<.3

P<. 0005+
P<.0005+
P, 0005+
P<. 0005+
P<.002 +
P<.008 +
P<.1
Pe.3
P<.3
P<. 3

P=1. -
P<.5
P<.5
P<.007 -
P<.6
r=1.
p=1.
p=1. -
p=1.
P<.003
P01 p
P<.05
P<.05
p<.G2
P<.02
P<.02
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bt293 4.83mg n.s.s.
1.55mg n.s.s.
bt203 3.14mg n.s.s.

bt203

AFLATOXIN Byw+s

22
23

ALLYL ALCOMOL

24

&
ST e Vv U o

2-AMINC-3,8-DIMETHYLIMIDAZO(4, 5-fJQUINOXALINE

26

n

—T®©e . a0 o Do Foo

2-AMINO-4~NITROPHENOL

30

- @& o0 oo

2-AMINO-5-NITROPHENOL

34
a
b

35
a
b

36
a

37
a

1162-65-8

1824 8.58ug n.s,s.
1824 6.83ug n.s,s.

1853
1853
1853
1853
1853
1853
1853
1853

1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1867
1867
1867
1867
1867
1867
1867
1867
1867
1867
1867
1847
1867
1867

c55958
¢55958
€55958
¢55958
c55958
¢55958
55958
c55958
55958
£55958
c55958
¢55958
c55958
c55958
€55958
£55958

c5597¢
c55970
£55970
¢55970
¢55%70
c55970
c55970
c55970
c55970
c55970

19.4mg
13.1mg
22.8mg
62.7mg
16.0mg
23.2mg
20,8mg
43,9mg n.s.s.

107-18-6

Nn.5.5.
n.s.s.
n.s.5.
N.5.5.
n-s.s.
N.s5.5.
n-5.8.

Cntrl

0/75
13475
6475

0/ 144
1/ 144

0/20
2/20
2/20
1/20
2/20
0/20
2720
1720

7.95mg 25.6mg /39
?.95mg 25.6mg  0/39
16.6ng 50.3mg  0/39
3v.2mg 370.mg 4739
59.2mg n.§.s. 2139
83.2mg n.s.s. 2/39
83.2mg n.s.s. 11739
38.8mg 10.%9gm 5/36
49.6my 273.mg 0/36
48.9mg 1.23gm 2736
37.0mg n.s.s. 6436
42.9mg n.s.s. 10736
60.9mMg n.s.s. 7436
77.2mg n.s.s. 3/36
2.34mg 11.3mg 0420
3.00mg 16.4mg 0/20
3.00mg 14.4mg 0s20
14.2mg n.s.s.  0/20
n.s.s. 2.01mg  0/19
.518mg 2.88mg 0/19
1.39mg 6.00mg 0/19
1.82mg 8.30mg  0/19
3.75mg 34.%mg 0719
4,95mg 197.mg 019
§.79mg n.s.s. 0/19
12.0mg n.s.s. 0/19
12.0mg n.s.s. 0/19
12.0mg n.s.s. 0/19
99-57-0
181.mg n.s.s. 32,50
449.mg n.s.s. 2750
450.mg n.s.s. 2750
323.mg 2.80gm  0/50
103.mg n.s.s. 34750
292.mg n.s.s. 15/50
363.mg n.5.5. 9750
146.mg n.s.s. 42750
n.S-s. N.S.5. 0/50
35.2mg 387.mg 39,50
286.mg 62.3gm  0/5C
171.mg n.s.s.  2/50
213.mg n.s.s. 1750
368.mg n.s.s.  0/50
39.6mg 13.1gm  45/50
368.mg n.s.s.  0/50
121-88-0
364.mg n.s.s. 29/50
1.48gm n.s._s. 5750
1.14gm h.s.5. 4450
550.mg n.s.s. 31/50
497.mg h.s.s. 17/50
1.02gm n.s.s. 7450
10%.mg n.s.s. 44/50
N.$.s. N.s.s. 0/50
16.8mg 65.2mg 42/50
52.7mg 328.mg 1/50

1Dase

1.07mg
1.07mg
1.07mg

250.ng
200.nmg

10 4mg
10-4myg
10.-4my
10.4mg
7.26mg
7.26mg
7.26mg
7.26mg

78.0mg
78.0mg
78.0mg
78.0mg
78.0mg
78.0mg
78.0mg
72.0mg
72.0mg
72.0mg
72.0mg
72.0mg
72.0mg
72.0mg
20.0mg
20.0mg
20.0mg
20.0mg
16.0mg
16._0myg
16.0mg
16.0my
16.0mg
16.0mg
16.0mg
16.0mg
14.0mg
16.0mg

87.6mg
87.6mg
87.6mg
87.6mg
87.6mg
B7.6mg
87 .é6myg
87.6mg
87 .6mg
87 .6my
87 .6mg
87.6mg
87.6mg
87.6mg
87.6mg
B7.6mg

283 .mg
283.mg
Z83.mg
283.mg
283.mg
283.mg
70.7mg
70.7mg
70.7mg
70.7mg

1inc

0740
11740
4140

0724
¢/23

3720
6720
3720
/20
3720
1720
2/20
G/20

32435
32/35
25/35
15735
9135
6/35
10435
15/37
10437
11437
16/37
16437
11/37
7137
12719
10719
10/19
1719
20720
19720
15720
13720
77120
5/20
2720
1720
1/20
1/20

27/50
2/50
2/50
1/50

39450

18750
8/50

39,50
1450

39/50
1750
6450
5/50
0/50

43750
0/50

30/50
3450
4750

32/50

16/50
8/50

45/50
0/50

40/50

11450

2Dose

750.ng
600.ng

175.mg
175.my
175.mg
175.mg
175.mg
175.mg
175.mg
175.mg
175.mg
175.mg
175.mg
175.mg
175%.mg
175.mg
175.mg
175.mg

566.mg
566.mg
566.mg
566.mg
(566.mg
565.mg
142 .mg
142.mg
142.mg
142.mg

2Inc

0/24
0724

(Meldx) 77500-04-0

29450
4750
4750
5750

35/50

10/50
6/50

39/50
0/50

36/50
3/50
4450
3/50
3/50

37750
3/50

8/50
1750
1750
8750
1450)
2/50
38/50
0/50
3%/50
3750

2.25ug
1.80ug

Citation or Pathology
Brkly Code

1/24 Elashoff; jnci,79,509-526;1987
1/23

Lijinsky;txih,3,337-345;1987 /pers.coma.

Ohgaki;carc,8,5665-668; 1987

Kato;carc,?,71-73;1988/pers.comm.

tiv:hpa,hpc,nnd.
fun:a‘a,a/c.
abc:hem; livihes; mln:hes; pan:hem; spl:hes; sub:hem. §

Liv:hpa,hac,nnd.
lun:asa,a/c.

Liv:hpa,hpe,nnd.

sub:fbs, fib,nfs,srn. §

wv

Liv:hpe,nnd, §

Liv:hpa,hpc,nnd.

Liv:ihpa, hpe,nnd.
lun:a/a,a/c.

Liv:hpa, hpe,nnd.
lun:ata,afc.

Liv:hpa,hpe,nnd-
]
panzacc,ana. §






