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NOTE TO THE READER 

These studies are desi . ed and conducted to characterize and evaluate the toxicologic potential, in- 

bases of human exposure, level of ro uction, and chemical structure. glection per se is not an indicator 
pf a chemical’s carcinogenic potenrial. Negative results,, in which the test animals do not have a greater 
incidence of cancer than control animals, do not necessarily mean that a test chemical is not a carcinogen, 
inasmuch as the experiments are conducted under a limited set of conditions. Positive results 
demonstrate that a test chemical is carcinogenic for animals under the conditions of the test and indicate 
that exposure to the chemical has the potential for hazard to humans. The determination of the risk to 
humans from chemicals found to be carcinogenic in animals requires a wider analysis which extends 
beyond the purview of this study. 
Five categories of interpretative conclusions were adopted in June 1983 fqr use in the Technical Reports 
series to specifically emphasize consistency and the concept of actual evidence of carcinogenicity. For 
each definitive stud reqult (male r+, female rats male mice female mice), one of the following quintet 
will be selected to &scribe the findin s. These categories ref& to the strength of the experimental evi- 

Cleq Evidence of Carcino enicit is demonstrated by studies that are inter reted as showin a 

stantially increased incidence of benign neoplasms, or studies that exhibit an increased incidence 
of a combination of malignant and benign neoplasms where each increases with dose. 

0 Some Evidence of Carcino qnicity is demonstrated by studies that are interpreted as shpwing a 
creases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in un- 
common malignant or benign neoplasms. 

0 Equiyocal Evidence of Carcinogen!city is demonstrated by studies that are interpreted as 
showing a chemically related margrnal increase of neoplasms. 

No Evidence of Carcinogenicity i s  demonstrated by studies that are interpreted as showing no 
chemically related increases in malignant or benign neoplasms. 

0 Inadequate Study of Carc@ogenicit demonstrates that because of major. ualitative or quan- 
titative limitations, the studies cannot %e interpreted as valid for showing ei&er the presence or 
absence of a carcinogenic effect. 

tterntyl from the Intgrnational A ency for Research on Cancer 

The term chemical carcinogenesis general1 means the induction by chemicals of neo lasms not 

the in&ction b Fhemical? of more neoplasms .than are generally found. Dlfferenr mechaqisms 

cancer, that is, of mall nt neoplasms; gowever, the commonly accepted meaning is the mducbon 
oqvarious t s of n e o c m s  or of a combination of mali ant and benign neoplasms. In the Tech- 
nical R e p o r r t h e  wods tumor and neophzm are used ingchangeably. 

This stud was initiated b the National Cancer Institute’s Carcinogenesis Bioassay Program now part 
of the Nagonal Institute of Environmental Health Sciences, National Toxicolo Program. The studies 
described in this Technical Report have been conducted in com liance with f i P  chemical health and 
safet yequirements and must meet or exceed all applicable F BB eral, state, and local health and safety 
reguctions. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being 
presented for peer review. 

Althou h every effort is made to prepare the Technical Re rts as accurately as possible, mistakes may 

make this information known to the NTb. Comments and uestions about the Rational Toxicolo 
Program Technical Reports on Toxicolo and Carcino enesis aud ie s  should be directed to Dr. J.E. H$ 
National Toxicology Program, P.O. Box%233, Resear& Triangle Park, NC 27709 (919-541-3780). 

These NTP Technical Reports are available for sale from the National Technical Information Service, 
U.S. De art.ment of Commerce, 5285 PoFt Royal. Road, Springfield VA 22161 j703-487-4650]. Sin le 

Public Informahon Ofice, rational Toxlcology Program, P%. Box 12233, Research Triangle Park, NC 
27709. 

{ cluding carcino enic ac Y ivit , of selected chemicals in laboratory animals (usuall two species, rats and 
mice). Chemica 5 s selected 6 r  testin in the NTP Carcinogenesis Pro am are c osen primarily on the $ 

dence and not to either potency or mec !i anism. 

chemically related increase8 inciznce of malignant neoplasms, studies t R at exhibit a s&- 

chemicaily related increase f incidence of benign neoplasms, studies .that qxhiblt margqal  in- 

Additionally the followin concepts (as 
Monographsj have been atopted by the d?P to gwe further clarrfication of tfese issues: 

usuall ob!erved, the e.arlier induction by c K emicals of neoplasms that are common1 o 1 served, or 

may be mvoive B in these situations. Et mologxally, the term curczmgenesrs means induction of 

occur. Seaders are re uested to identify any mistakes so t r at corrective action may be taken. Further 
anyone who is aware o P related ongoing or ublished studies not mentioned in this re rt is encouraged d 

copies OF this Tqchnical Re rt. are available without char e (and while supplies last) from the N 4 P 
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OH 

8-HYDROXYQUINOLINE 

(8-QUINOLINOL; OXINE; HYDROXYBENZOPYRIDINE) 

CASN0.148-24-3 

CgH7NO Mol. Wt. 145.15 
Melting Pt. 76" C Boiling Pt. 267" C 

ABSTRACT 
Carcinogenesis studies of 8-hydroxyquinoline (99% pure) , a metal chelator and antimicrobial agent, 
were conducted by administering the test chemical in feed to groups of 50 male and 50 female F344/N 
rats and B6C3F1 mice at concentrations of 0,1,500, or 3,000 ppm for 103 weeks. These concentrations 
were selected because the chemical a t  higher concentrations resulted in reduced feed consumption, 
decreases in mean body weights, and deaths in the 15-day and 13-week studies. The average daily 
doses were estimated to be 73 and 143 mg/kg for male rats, 89 and 166 mg/kg for female rats, 217 and 
396 mg/kg for male mice, and 349 and 619 mg/kg for female mice. 

Survival of dosed male and female rats and mice in the 2-year studies was comparable to that of the 
corresponding controls. The high dose rats and mice of each sex exhibited slight decreases in mean 
body weights and decreased feed consumption. 

Compound-related gross or microscopic pathologic effects were not observed in either species in the 
15-day or 13-week studies. In the 2-year studies, C-cell adenomadcarcinomas of the thyroid gland 
showed a positive trend (P = 0.03) for male rats (control, 1/50; low dose, 1/49; high dose, 6/47). The in- 
cidence of C-cell neoplasms in the high dose group was not significantly increased compared with the 
controls, and the occurrence of C-cell hyperplasia was not elevated (4/50; 3/49; 1/47). The incidence of 
alveolarhronchiolar adenomas or carcinomas (combined) in male rats occurred with a positive trend, 
and the incidence in the high dose group was greater than that in the controls (0/50; 3/50; 4/50). This 
marginal effect was not supported by a n  increase in epithelial hyperplasia (5150; 5/50; 3/50). These 
marginal increases in male rats were not regarded as being related to the administration of 8-hy- 
droxyquinoline. 

In in vitro tests, 8-hydroxyquinoline did not induce either unscheduled DNA synthesis in rat  hepa- 
tocytes or transformation of BALB/c-3T3 cells. 

An audit of the experimental data for these carcinogenesis studies on 8-hydroxyquinoline was con- 
ducted. No data discrepancies were found that significantly influenced the final interpretations. 

Under the conditions of these studies, there was no evidence of carcinogenicity* for male and female 
F344/N rats or for male and female B6C3F1 mice given 8-hydroxyquinoline in feed at concentrations 
of 1,500 or 3,000 ppm for 103 weeks. 

- 
*Categories of evidence ofcarcinogenicity are defined in the Note to the Reader on page 2. 
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SUMMARY OF PEER REVIEW COMMENTS 
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 

8-HYDROXYQUINOLINE 
On March 23,1984, the Technical Report on 8-hydroxyquinoline received peer review by the National 
Toxicology Program Board of Scientific Counselors' Technical Reports Review Subcommittee and 
associated Panel of Experts, The review meeting began a t  9:00 a.m. in the Hubert Humphrey 
Building in Washington, DC. 

Dr. Van Ryzin, a principal reviewer for the Technical Report on the carcinogenesis studies of 8-hy- 
droxyquinoline, agreed with the conclusions. He proposed that discussion of marginal effects be re- 
duced, noting that all of the statistical test results are available in the Appendixes. Dr. J. Huff, NTP, 
reminded the Panel that  incidence rates for neoplasms having a trend or pairwise statistic of P C0.05 
are placed routinely in the Results sections. For comparative purposes, the incidence of the same 
lesion for the other sex of that  species is also recorded. Ordinarily, marginal effects in a single group 
receive little mention in the discussion unless considered compound related. 

As a second principal reviewer, Dr. Kociba said he also agreed with the conclusions. He urged inclu- 
sion in future studies of routine measurements of hematology, urinalysis, serum chemistry, organ 
weights, and other parameters to allow for a more complete assessment of both chronic toxicity and 
carcinogenicity. Dr. E. McConnell, NTP, indicated that these indices are included in most current 
studies and in those designed during the past 2 years or so. Dr. Kociba asked that dietary exposure 
levels expressed as parts per million (ppm) also be expressed as milligrams per kilogram body weight 
(mg/kg) per day to aid in extrapolation. Dr. J. French, NTP, noted that this information is available 
in the food consumption appendix (Appendix L, page 161) but that these values often lack accuracy 
because of the group housing used and food scattering. He said the Program will include exposure 
levels as milligrams per kilogram in the text routinely. Dr. Kociba stressed the importance of in- 
cluding negative as well as positive data on chemicals because negative data are important in deter- 
mining which parameters to evaluate in safety assessment and health surveillance programs. 

As a third principal reviewer, Dr. Kotelchuck agreed in principle with the conclusions but noted a n  
apparent marginal increase in the rate of alveolarhronchiolar neoplasms among all exposed groups, 
although in no individual case was there statistical significance. He said, however, that aggregation 
of the incidence data from both sexes of rats or mice by Chi-square analysis suggested there was equi- 
vocal evidence for association of the lung tumors with exposure to 8-hydroxyquinoline. In discussion 
about the usefulness or appropriateness of grouping lesions across sexes and/or species for analysis, 
Dr. J. Haseman, NIEHS, said that although statistical procedures for pooling experimental test re- 
sults across sexes and/or species are available, the NTP does not consider this biologically appropriate 
and does not do such analyses routinely. Further, a previous Peer Review Panel recommended this 
not be done. Dr. Kociba observed that combining incidence data from both species may also cancel or 
diminish overall incidences as well as enhance them. Dr. Davis agreed and said that in view of endo- 
crinologic differences, there was no good biologic justification for combining results from both sexes. 
Dr. French stated that more clarification of the lung tumor data including the potential positive 
trends would be added to the Discussion section. 

Dr. Davis asked that more prominence be given to nontumor effects or lack of effects reported by 
others, including hepatic and neurologic toxicity, especially in view of 8-hydroxyquinoline's being 
used in preparations such as vaginal suppositories. Dr. Swenberg reiterated a previous Panel recom- 
mendation that non-NTP data should not be included in the abstract. 

Dr. Van Ryzin moved that the Technical Report on the toxicology and carcinogenesis studies of 8-hy- 
droxyquinoline be accepted with the modifications discussed. Dr. Slaga seconded the motion, and the 
Technical Report was approved unanimously by the Peer Review Panel. 
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I. INTRODUCTION 

OH 

8-HYDROXYQUINOLINE 
(8-QUINOLINOL; OXINE; HYDROXYBENZOPY RIDINE) 

CAS NO. 148-24-3 

CgH7NO Mol. Wt. 145.15 
Melting Pt. 76" C 

Chemical Identification 

8-Hydroxyquinoline is a white to off-white 
crystal or crystalline powder that is insoluble in 
water or ether and freely soluble in ethanol, ace- 
tone, chloroform, benzene, and aqueous mineral 
acids. I t  readily forms stable metal chelates, 
which are soluble or precipitable in organic sol- 
vents, depending on the pH of the solution (Hol- 
lingshead, 1954). Both technical and reagent- 
grade 8-hydroxyquinoline are available in the 
United States (IARC, 1977). 

Uses, Production, and Exposure 

8-Hydroxyquinoline has a wide variety of uses. 
Primarily because of their metal chelating prop- 
erties, 8-hydroxyquinoline and its salts, halo- 
genated derivatives, and metal complexes have 
been used as analytical reagents (Hollingshead, 
1954) and as antimicrobial agents in medicine, 
fungicides, and insecticides (Harvey, 1975). It is 
also used as a preservative in cosmetics and to- 
bacco, a chemical intermediate in dye synthesis 
(IARC, 1977), and a precipitating reagent for 
uranium and other radioactive metals in nuclear 
power plant liquid waste effluent. It is used in 
nuclear medicine with indium-111 (Davis et al., 
1978). 

The Toxic Substances Control Act (TSCA) 
inventory in 1977 listed U.S. production of 8- 
hydroxyquinoline at 170,000 pounds. In 1976, 
Japan produced 0.22-1.1 million pounds and 
western Europe 1.1-2.2 million pounds (IARC, 
1977). Imports to the United States totaled 
103,400 pounds in 1974 (IARC, 19771, 60,500 

Boiling Pt. 267" C 

pounds in 1977 (TSCA inventory), and 5,512 
pounds in 1983 (USITC, 1984). 

There is limited information available on hu- 
man exposure to 8-hydroxyquinoline. Approxi- 
mately 660 pounds of this chemical was esti- 
mated to be used per year in a wide variety of 
over-the-counter drugs (NCYSRI Data Base on 
Category E Drug Exposure, 1978). This com- 
pound is listed as an active ingredient in micro- 
bicidal skin ointments, rectal suppositories, and 
vaginal gels, creams, and douche powders 
(Federal Register, 1983). Workers who manu- 
facture or handle 8-hydroxyquinoline and its de- 
rivatives are presumed to make up the popula- 
tion a t  greatest risk. 

8-Hydroxyquinoline has been placed tentatively 
in Category III (i.e., information available is 
inadequate to show that a substance is safe or ef- 
fective) by the FDNOTC Advisory Review Panel 
on Contraceptives and Other Vaginal Drug 
Products, the FDA committee that reviews non- 
prescription drugs (Federal Register, 1983). The 
copper derivative of 8-hydroxyquinoline used as 
a fungicide in agricultural and industrial appli- 
cations was listed in the 1980 TSCA inventory 
(RTECS, 1980). 

Absorption and Excretion 

Both glucuronide and sulfate conjugates were 
formed in male Albino Donryu rats when either 
the parent compound or halogenated deriva- 
tives (5-chloro-8-hydroxyquinoline, 5,7-dichloro- 
8-hydroxyquinoline, or 5-chloro-8-hydroxy-7- 
iodoquinoline) were administered (3 m g h a t )  
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intravenously (Sawada et  al., 1978). Glucuro- 
nides of 8-hydroxyquinoline were excreted in 
both bile (9% total dose) and urine (60% total 
dose), whereas the sulfates were excreted only in 
the urine (23% total dose). 

In humans (six volunteers), 750 mg of orally ad- 
ministered 5-chloro-8-hydroxyquinoline was ab- 
sorbed, and up to one-fourth of this dose was ex- 
creted in the urine over 72 hours in the form of 
the glucuronide (Berggren and Hansson, 1968). 
Maximum plasma concentrations were reached 
approximately 4 hours after single oral adminis- 
trations of 250, 750, or 1,500 mg of 5-chloro-7- 
iodo-8-hydroxyquinoline to six volunteers each 
(Jack and Riess, 1973). The plasma half-life was 
estimated to vary between 11 and 14 hours after 
a single oral  administration. Steady-state  
plasma concentrations were reached after 5 days 
of a 7-day course of administration with three 
daily doses of 250 or 500 mg of iodochlorohy- 
droxyquinoline. No evidence of chemical ac- 
cumulation in the tissues was found; there was 
no mention of toxicity. 

Toxicity 

An LD50 value of 1,200 mg/kg was reported for 
oral administration of 8-hydroxyquinoline to 
rats (straidsex unspecified; AAPCO, 1966); a 
value of 48 mg/kg was reported for intraperi- 
toneal administration to mice (strain/sex un- 
specxed; Bernstein et  al., 1963). 

Starting at week 52, feed consumption was 
stated to have decreased in male and female 
F344 rats fed diets containing 1,000 ppm 8-hy- 
droxyquinoline (Fukushima e t  al., 1981). 
Administration of 8-hydroxyquinoline (8,000 
ppm in the diet) for 52 weeks to 6-week-old male 
F344 rats resulted in weight gain reduction (ap- 
proximately 22%) (Yamamoto et al., 1971). De- 
pressed final body weights also occurred in rats 
(strain unknown) fed 100-250 mg/kg 8-hydroxy- 
quinoline for 30-40 days (Galea and Popa, 1972). 

Hemosiderosis in the liver and spleen occurred 
in male F344 rats fed a diet containing 8,000 
ppm 8-hydroxyquinoline for 16 weeks (Yama- 
mot0 et  al., 1971). Liver toxicity, decreased 
hepatic vitamin C content, and kidney toxicity 
were observed in rats fed diets containing 100- 
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250 mg/kg 8-hydroxyquinoline for 30-40 days 
(Galea and Popa, 1972). 

Neurotoxic effects of halogenated 8-hydroxy- 
quinoline (5-chloro-7-iodo-8-hydroxyquinoline, 
5,7-dichloro-8-hydroxyquinoline, and 5,7-di- 
chloro-2-methyl-8-hydroxyquinoline) were re- 
ported in several species. Dose-related increases 
in mortality and paralysis occurred in 7-day-old 
chick embryos administered 20 or 30 mg 8-hy- 
droxyquinoline per egg (Preda et  al., 1974). 8- 
Hydroxyquinoline caused depletion of the ax- 
onal sheath in sciatic but not lumbar nerves in 
rats (strain undefined) when administered intra- 
venously (18 mg/kg) daily for 25 days (Muraya- 
ma et  al., 1974). In this study, 5-chloro-7-iodo-8- 
hydroxyquinoline (18 mg/kg per day for 25 days) 
caused some degeneration in lumbar and sciatic 
neurons when given orally and severe neuronal 
degeneration when given intravenously. 

In humans, 5-chloro-7-iodo-8-hydroxyquinoline 
(an antidiarrheal drug) was associated with an  
incidence of subacute myelooptic neuropathy 
(SMON) in Japan  between 1956 and 1970 
(Oakley, 1973). Recommended oral doses ranged 
from 250 mg up to 2 g per day (depending on the 
drug and the degree of halogenation). Neuro- 
toxic symptoms were reported to have increased 
with increasing doses above 750 mg per day and 
the length of time on medication. The incidence 
of SMON in Japan decreased when the drug was 
removed from the market in 1970. 

Mutagenicity a n d  Short-Term Tests 

8-Hydroxyquinoline was mutagenic in Sal- 
monella typhimurium strain TA100 only in the 
presence of ra t  liver S9 and was negative or 
weakly mutagenic in strain TA98 (Bowden et  
al., 1976; Sugimura et al., 1976; Talcott et al., 
1976; Epler e t  al., 1977; Nagao et al., 1977; 
Rasanen et al., 1977; Hollstein e t  al., 1978; 
Simmon and Peirce, 1980; Gocke et al., 1981). 
Although 8-hydroxyquinoline gave equivocal 
results for the induction of aneuploidy in the 
fungus Neurospora crassa (Griffiths, 19791, it 
did induce chromosomal aberrations in the root 
tips of the broad bean Vicia faba (Kihlman, 
1957). Gocke et al. (1981) reported that 8-hy- 
droxyquinoline failed to induce sex-linked 
recessive lethal mutations in Drosophila or 
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micronuclei in mice; however, the data were in- 
conclusive. Although 8-hydroxyquinoline was 
reported to induce DNA damage in Chinese 
hamster V79 cells in vitro (Hiss and Preston, 
1977) and chromatid aberrations in human leu- 
kocytes in vitro (Epler et al., 19771, analysis of 
the data indicated that neither finding was 
significantly (P <0.05) different from that ob- 
served in the controls. In summary, 8-hydroxy- 
quinoline was mutagenic in strain TA100 of 
Salmonella only in the presence of S9, caused 
chromosomal aberrations in the plant V. fubu, 
and gave equivocal or inconclusive results in a 
variety of other short-term tests. 

Carcinogenicity 

No compound-related histopathologic effects 
were observed in male and female F344 rats ad- 
ministered 1,000 ppm 8-hydroxyquinoline in the 
diet for 104 weeks (Fukushima et  al.,  1981). 
Similarly, no compound-related histopathologic 
effects were observed in male or female F344 
rats (age not specified) given 8-hydroxyquino- 
line (0, 0.1, 3, 10, or 30 mg per rat  per day) by 
gavage, five t imes per week for 52 weeks 
(Hadidian et al., 1968). 

Carcinoma, papilloma, and hyperplasia of the 
urinary bladder occurred in some of the sur- 
viving mice (sex and strain not stated) receiving 
implanted pellets of 8-hydroxyquinoline and  
cholesterol at tha t  site (Allen e t  al . ,  1957; 
Boyland and Watson, 1956). Boyland and  
Watson (1956) reported results of experiments 
using this route of administration: 4/13 dosed 
mice had bladder carcinomas and 2/13 had blad- 
der papillomas compared with 0/25 controls. 
Similar results were reported by Allen et  al .  
(1957): 3/16 surviving dosed mice had bladder 
carcinomas, 2/16 had bladder papillomas, and 
1/24 controls had a carcinoma. The source and 
purity of the 8-hydroxyquinoline were not stated 
in either study. Bryan et al. (1964) reported the 
results of experiments using 8-hydroxyquinoline 
and paraffin wax pellets implanted into bladders 
of mice (8- to 13-week-old female Swiss mice): 
1/36 surviving dosed mice had bladder carcino- 
ma and 1/35 had bladder papilloma; 1/47 sur- 
viving controls had bladder carcinoma, and 1/47 
had bladder papilloma. Chemical source and 
purity were not stated. 

Glandular or papillary hyperplasia of t he  
endometrium was seen in 7/30 and carcinoma of 
the uterus in 4/30 Bethesda black rats (3 months 
old) receiving a 20% suspension of 8-hydroxy- 
quinoline in 20% gelatin by intravaginal ad- 
ministration of 0.2 ml two times per week for 2 
years (Hueper, 1965). In this study, no effects 
were seen in 80 C57 black mice (2 months old) 
receiving the same dose for 2 years, but survival 
was reduced because of infection. Carcinoma of 
the vagina and  cervix were reported af ter  
vaginal instillation of 0 .1  ml of 8-hydroxy- 
quinoline in polyethylene glycol in 20 female 
mice (age and strain not given) two times per 
week for 18 months, but low survival (control, 
7/20; dosed, 2/20) precluded judging the results. 
In a later study, no compound-related cervical or 
uterine lesions occurred in  20 BALB/c mice 
receiving 0.1-ml intravaginal administrations of 
8-hydroxyquinoline (1%) in gum tragacanth two 
times per week for up to 50 weeks (Boyland et  
al., 1966). Inhibition of ovulation and "regen- 
erative nodes" in the uterus reportedly occurred 
in five CC-57 mice receiving 20% 8-hydroxy- 
quinoline in saline suspension by intravaginal 
instillation two times per week for 116 weeks; 
the size of the test  groups was not s ta ted 
(Volfson, 1976). 

Spermicidal preparations containing 0.02% 8- 
hydroxyquinoline benzoate, 2% boric acid, and 
0.02% phenylmercuric acetate in a n  emulsion of 
stearic acid, cetyl alcohol, glycerin, and perfume 
were tested in female Wistar rats by daily intra- 
vaginal swabbing or oral ingestion for 16-18 
months (Hoch-Ligeti, 1957). The rats were fed 
either a low-protein or regular diet (Purina dog 
chow). Compared with the controls fed a regular 
diet (1116 had a mammary tumor), the low- 
protein-diet controls had a significant increase 
in the incidence of tumors (liver, 2/39; mam- 
mary, 13/39; other, 2/39). The study of rats that 
received the regular diet and were administered 
the spermicidal cream by intravaginal swabbing 
was considered inadequate because only five 
rats survived to the end of the study. In the oral 
study, stomach neoplasms were observed at in- 
creased incidence in rats that received the low- 
protein diet and the cream as compared with the 
low-protein controls (3/29 vs 0/39). In the intra- 
vaginal study, uterine neoplasms were observed 
at increased incidence in rats that received the 
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low-protein diet and the cream as  compared with 
the low-protein controls (4/10 vs 1/39). Lack of 
information on the source and purity of the vag- 
inal cream and on experimental detail about the 
dose delivered by the two routes of administra- 
tion makes interpretation of that study difficult. 
These results are further complicated because a 
mixture of seven chemicals was contained in the 
spermicidal preparation. 

The International Agency for Research Against 
Cancer Working Group concluded that available 
data did not allow a n  evaluation of the carcino- 
genicity of 8-hydroxyquinoline (IARC, 1977). 

Quinoline, the parent compound of 8-hydroxy- 
quinoline, was found to be carcinogenic for male 
Sprague-Dawley rats, causing hepatocellular 
carcinomas and hepatic hemangioendotheliomas 
(Hirao et  al., 1976). At dietary concentrations of 
0, 500, 1,000, and 2,500 ppm (administered for 
up to 40 weeks, 20 animals per group), inci- 
dences of rats surviving 16-40 weeks with hepa- 
tic hemangioendothelioma were 0/6, 611 1, 12/16, 
and 18/19; the incidences of rats with nodular 
hyperplasia of the liver were 016, 6111,4116, and 
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0/19, and those with hepatocellular carcinoma 
were 016, 3/11, 3/16, and 0119. Since quinoline 
requires metabolic activation for conversion to a 
mutagen in the Ames Salmonella assay (Bowden 
et al,, 1976; Sugimura et al., 1976; Talcott et al., 
1976; Epler e t  al., 1977; Nagao et  al., 1977; 
Rasanen et al., 1977; Hollstein et al., 1978; Sim- 
mon et al., 1980; Gocke et al., 19811, metabolic 
activation in vivo may be required for carcino- 
genicity. 4-Nitroquinoline- 1-oxide also was 
found to be carcinogenic (Nakahara et al., 1957). 

Reason for Testing 

8-Hydroxyquinoline was tested by the NTP Car- 
cinogenesis Program because of its various uses 
and its proposed use as a dental antibacterial 
agent and because its parent compound quino- 
line and 4-nitroquinoline-1-oxide are carcino- 
genic to rodents. Previous long-term studies 
available when this study was initiated were 
considered to be inadequate. The dietary route 
was chosen to obtain a systemic exposure and 
not necessarily for i t s  relevance to human 
exposure. 
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II. MATERIALS AND METHODS 

PROCUREMENT AND 
CHARACTERIZATION OF 
8-HY DROXY QUINOLINE 

8-Hydroxyquinoline was obtained in one batch 
(Lot no. 7223-5) from Ashland Chemical Com- 
pany (Englewood, NJ). Purity and identity 
analyses were conducted at  Midwest Research 
Institute (Kansas City, MO) (Appendix G). 

The test chemical was identified as 8-hydroxy- 
quinoline by infrared, ultraviolet/visible, and 
nuclear magnetic resonance spectroscopy. Over- 
all data  indicated a purity of approximately 
99%. This conclusion was based on elemental 
analyses that agreed with theoretical values; a 
value of 0.58% water by Karl Fischer titration; a 
value of 101.6% for titration of the amine func- 
tion with perchloric acid; thin-layer chromatog- 
raphy, which detected one minor impurity by 
each of two systems; and gas chromatography, 
which detected impurities totaling 0.15% of the 
major peak area in one system and 0.07% in a 
second system. 

A chemical stability test performed a t  Midwest 
Research Institute indicated that 8-hydroxy- 
quinoline was stable at temperatures as high as 
60" C for 2 weeks (AppendixG). 8-Hydroxy- 
quinoline was stored in the dark a t  0" k 5' C. 
Results of periodic reanalyses of 8-hydroxy- 
quinoline by infrared spectroscopy and  gas 
chromatography indicated no notable chemical 
changes throughout the studies. 

PREPARATION AND ANALYSIS OF 
FORMULATED DIETS 

The appropriate amount of 8-hydroxyquinoline 
was weighed and then mixed with an  aliquot of 
feed in a mortar with a pestle. This premix was 
then layered between the remaining feed in a 
Patterson-Kelly(R) V-blender and mixed for 15 
minutes. 

Results of the initial stability study at the ana- 
lytical chemistry laboratory indicated that for- 
mulated diets were stable for 2 weeks at 5" C but 
not a t  25' or 45" C (AppendixH). Formulated 
diets were stored a t  5" C. 
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Analysis of dosed feed mixtures to confirm 
homogeneity of the feed blends was conducted a t  
both the testing and analytical chemistry labo- 
ratories (Appendix H). In addition, periodic 
analyses for 8-hydroxyquinoline in the feed mix- 
tures were performed by the testing and analyt- 
ical chemistry laboratories to confirm that the 
feed mixtures were administered to the animals 
at the correct concentrations. A recovery study 
indicated that 8-hydroxyquinoline was com- 
pletely recovered from freshly prepared feed 
blends when methanol was used; but when feed 
blends had been stored for a period of time, re- 
covery of the chemical was significantly reduced. 
Since 0.5% hydrochloric acid in methanol gave 
much greater recovery of test chemical from 
"aged" feed samples, it subsequently was used in 
the routine dose analysis procedure (Appendix 
I). The initial low recovery of 8-hydroxyquino- 
line in the stability study was attributed to poor 
extractability rather than chemical instability. 

Results of analyses of formulated diets at the 
testing laboratory indicated that all but one of 
the analyzed diets prepared during the 2-year 
studies were properly formulated (Appendix J ,  
Table 52). A summary of the analytical results 
is presented in Table 1 and Appendix J, Tables 
J 2  and 53. 

TABLE 1. ANALYSES OF FORMULATED 
DIETS IN THE TWO-YEAR FEED STUDIES 

OF 8-HYDROXYQUINOLINE 

Target Concentration 
1,500 ppm 3,000 ppm 

Experimental mean (ppm) 1,486 2,982 
Standard deviation (ppm) 89 132 
Coefficient of variation 

(percent) 6.0 4.4 
Range (ppm) 1,300-1,580 2,760-3,230 
Number of samples 13 13 

FIFTEEN-DAY STUDIES 

Male and female F344/N rats 
were obtained from Charles 

and B6C3F1 mice 
River Breeding 
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Laboratories and held for 20 days before the 
studies began. 

Groups of five males and five females of each 
species were fed diets containing 0,3,000, 6,000, 
12,000, 25,000, or 50,000 ppm 8-hydroxy- 
quinoline for 15 days. Animals were housed five 
per cage and received water and feed ad libitum. 
Details of animal maintenance are presented in 
Table 2. 

Animals were observed two times per day for 
signs of moribundity or mortality and weighed 
on days 0, 14, and 16. Necropsies were per- 
formed on all animals. 

THIRTEEN-WEEK STUDIES 

Thirteen-week studies were conducted to evalu- 
ate the cumulative effects of repeated adminis- 
tration of 8-hydroxyquinoline and to determine 
the concentrations to be used in the 2-year 
studies. 

Four- to 5-week-old F344/N rats and 5- to 6- 
week-old B6C3F1 mice of each sex were obtained 
from Charles River Breeding Laboratories, ob- 
served for 15 days, and then randomized by 
weight and assigned to test groups so that the 
average group weights were approximately 
equal for all animals of the same sex and species. 

Groups of 10 rats of each sex were fed diets 
containing 0, 800, 1,500, 3,000, 6,000, or 12,000 
ppm 8-hydroxyquinoline for 13 weeks. Groups of 
10 mice of each sex were fed diets containing 0, 
400, 800, 1,500, 3,000, or 6,000 ppm 8-hydroxy- 
quinoline. 

Rats and mice were housed five per cage in 
polycarbonate cages. Formulated diets, control 
diets, and water via an  automatic watering 
system were available ad libitum. Fur ther  
experimental details are summarized in Table 2. 

Animals were checked two times per day for 
mortality and signs of moribundity; moribund 
animals were killed. Feed consumption was 
measured weekly by cage. Animal weights were 
recorded weekly. At the end of the 13-week 
studies, survivors were killed. Necropsies were 
performed on a l l  a n i m a l s ,  except  those  
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excessively autolyzed or cannibalized. Tissues 
and groups examined are listed in Table 2. 

TWO-YEAR STUDIES 

Study Design 

Diets containing 1,500 or 3,000 ppm 8-hydroxy- 
quinoline were fed to groups of 50 rats or 50 mice 
of each sex for 103 weeks. Controls consisted of 
50 untreated rats and 50 untreated mice of 
either sex. 

Source and Specifications of Test Animals 

The male and female F344/N rats and B6C3F1 
(C57BU6N X C3H/HeN MTV') mice used in 
this study were produced under strict barrier 
conditions a t  Charles River Breeding Labora- 
tories under a contract to the Carcinogenesis 
Program. Breeding starts for the foundation 
colony a t  the production facility originated at 
the National Institutes of Health Repository. 
Animals shipped for testing were progeny of de- 
fined microflora-associated parents that  were 
transferred from isolators to barrier-maintained 
rooms. The rats were shipped to the testing 
laboratory a t  5 weeks of age and the mice at 4-6 
weeks of age. The animals were quarantined at 
the testingfacility (rats: 16 days; mice: 14 days). 
Thereafter, a complete pathologic examination 
was performed on a selected number of animals 
to assess their health. The rats were placed on 
study at 7 weeks of age and the mice a t  6-8 
weeks. The health of the animals was monitored 
during the course of the study according to the 
protocols of the NTP Sentinel Animal Program 
(Appendix K). 

A quality control skin grafting program has 
been in effect since early 1978 to monitor the 
genetic integrity of the inbred mice used to 
produce the hybrid B6C3F1 test animal. In  
mid-1981, data were obtained that showed in- 
compatibility between the NIH C3H reference 
colony and the C3H colony from a Program 
supplier. In August 1981, inbred parental lines 
of mice were further tested for genetic integrity 
via isozyme and protein electrophoretograms 
that demonstrate phenotype expressions of 
known genetic loci. 
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TABLE 2. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE FEED STUDIES O F  
8-HYDROXYQUINOLINE 

Fifteen-Day Studies Thirteen-Week Studies Two-year Studies 

EXPERIMENTAL 
DESIGN 

Testing Laboratory 

Size of Test Groups 

Doses 

Date of First Dose 

Date of Last Dose 

Duration of Dosing 

Type and Frequency 
of Observation 

Necropsy and 
Histologic 
Examination 

ANIMALS AND 
ANIMAL 
MAINTENANCE 

Strain and S p c i e s  

Animal Source 

Terting Laboratory 

Animal Identification 

Time Held Before 
Start of Teat 

Aga When Placed 
on Study 

Age When Killed 

EG&G Mason Research 
Institute 

5 males and 6 females of 
eachspecies 

0,3,000,6,000,12,000, 

hydroxyquinoline in the 
&et 

26,000, or 60,000 Ppm 8- 

11/13/78 

11/27/70 

15 d 

Observed 2 X d for signs of 
moribundity and 
mortality; wei hed 
initially, on d f4, and on d 
16 

Necropsies performedon 
all animals 

EG&G Mason Research 
Institute 

10 males and 10 females of 
eachspecies 

6,000, or 12,000 ppm 8- 
hydroxyquinoline in the 
&et; mice--0,400,800, 
1,500,3,000, or 6.000 ppm 

MW9 

4i24fl9 

13 wk 

Observed 2 X d for signs of 
moribundity and 
mortality; weight and feed 
consumption measured 
1 X wk 

Necropsies performed on 
all animals. The following 
tissues were examined in 
the controls and 12,000- 
ppm ratsand6,OOO-ppm 
mice: gross lesions and tis- 
sue masses, mandibular 
lymph nodes, mammary 
gland, salivary glands, 
sternebrae, thyroid gland, 
skin, parathyroids, small 
intestine, colon, liver, 
prostatahstis or ovaries/ 
uterus, gallbladder (mice), 
lungs and bronchi, heart, 
brain, esophagus, stomach, 
thymus, trachea, pancreas, 
s leen, kidneys, adrenal 
gyand, urinary bladder, 
pituitary gland 

Rats--0,800, 1,500,3,000, 

EG&G Mason Research Institute 

M) males and 50 females of each 
species 

O,1,500,or 3,000 ppmd-hydroxy- 
quinoline in the diet 

Rats-- 12/2 1/79; mice- 12/5/79 

Rata-1 2/09/81; mice--1 1/25/81 

103 wk 

Observed 2 X d for signs of 
moribundity and mortality; weighed 
initially, weekly for the first 12 wka, 
and every 4 wks thereafter; feed 
consumption: 1 X 4wk 

Necro sy performed on all animals. 
The foiowing tissues were examined 
histologically: tissue masses, 
regional lymph nodes, skin, 
mandibular lymph nodes, mammary 
gland, salivary glands, thigh muscle, 
sciatic nerve, bone marrow, 
costochondral junction, thymus, 
larnyx, trachea, lungs and bronchi, 
heart, thyroid gland, parathyroids, 
colon, esophagus, stomach, 
duodenum, ileum, jejunum, 
mesenteric lymph node, liver, 
gallbladder (mice), pancreas, spleen, 
kidneys, adrenal glands, urinary 
bladder, seminal vesicles/prostate/ 
testis or ovaries/uterus, nasal cavity, 
brain,pituitary gland, eyes,external 
and middle ear, spinal cord 

F344/N rats, B6C3F1 mice 

Charles River Breeding 
Labs (Portage, MI) 

EG&G Mason Research 
Institute 

F344/N rate; B6C3F1 mice 

Same as  16-d Studies 

Same as 16-d studies 

F344/N rata; B6C3F1 mice 

Same as 15-d studies 

Same as  15-d studies 

Ear punch 

20d 

Ear punch 

16 d 

Ear punch 

Rats-16 d; mice--l4d 

7 wk Rats-6-7 wk; mice-7-8 wk Rats-7 wk; mice-6-8 wk 

9 wk 

&Hydroxyquinoline, NTP TR 276 

Rata-20-21 wk; mice-20- 
21 wk 

Rats-111 wk; mice--llO-l13 wk 
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TABLE 8. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE FEED STUDIES O F  
8-HYDROXYQUINOLINE (Continued) 

Fifteen-Day Studies Thirteen-Week Studies Two-Year Studies 

Necropsy Dater Rats--1 1/30-12/4/78; 
mice--12/4-12/5R8 

Rats- 1 2116- 12/22/81; 
mice- 12/02-12/08/81 

Method of Animal 
Distribution 

Assigned to y p s  so that  
all cage weig ts were 
a proximately equal (P 5g) 

Assigned to groups so that 
average body weight of 
each group was 
approximately equal 

Ground Wayne Lab-BloxO 
meal; available ad libitum 

Random numbers table used to 
determine placement 

Available ad libitum; 
ground Wa ne Lab Bloxa 
(Allied Mil%, Chicago, IL) 
Aspen Bed*(American 
Excelsior, Baltimore, MD) 

Same as 15-d studies Feed 

Aspen Bed@ (American 
Excelsior, Baltimore, MD) 
or Bettachipso (Agway, 
Northeastern Products 
Corp., Warrensburg, NY) 

Same as 15-d studies 

Same as 15-d studies Bedding 

Water Automatic watering 
system (Edstrom 
Industries, Waterford, 
W); freely available 

Polycarbonate (Lab 
Products, Garfield, NJ); 
changed 2 x wk 

Nonwoven fiber filters 
(Lab Products or Snow 
Filtration, Cincinnati, 
OH) 
5 

Same as 16-d studies 

Same as 15-d studies Same as 15-d studies Cages 

Same as 15-d studies Same as 15-d studies Cage Filters 

Animals per Cage 

Animal Room 
Environment 

5 

Temp- 15.6O-26.7OC; 
humidity--8%-68%, 
fluorescent light 12 hld; 
10 room air changes/h 

None 

5 

Temp--l7.2"-30.6'C; 
humidity-5%-78%; 
fluorescent light 12 Md; 
12 room air changedh 

None 

Temp--19°-270C; 
humidity--3%-39% 
fluorescent light 12 Wd; 
10 room air changedh 

None Other Chemicals on Test 
in  Same Room 

CHEMISTRY 

Lot Numbers Used 

Supplier 

CHEMICAWEHICLE 

Preparation 

Same as 15-d studies Same as 15-d studies 7223 J 

Ashland Chemical Co., 
(Englewood, NJ) 

Remix prepared with a 
mortar and pestle; final 
preparation mixed for 16 
min in an  8-qt Patterson- 
Kelly0 V-blender without 
intensiiler bar 

&Hydroxyquinoline and 
M aliquot of feed were 
mixed with a mortar and 
E t l e  to homogeneity. 

emix sandwiched 
between the remaining 
meal in an 8-qt Patterson- 
Kelly@ V-blender without 
an intensifier bar and 
mixed 15 min 

2 wk 

Same as 13-wk studies 

2 wk 2 wk Maximum Storage 
Time 

Storage Conditione Stored in double plastic 
bags at 4' C 

Same as 15-d studies Stored in double plastic ba 
covered plastic buckets at d f 5' C 

in 
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II. MATERIALS AND METHODS 

The C57BL/6 mice were homogeneous at  all loci 
tested. Eighty-five percent of the C3H mice 
monitored were variant a t  one to three loci, indi- 
cating some heterogeneity in the C3H lihe from 
this supplier. Nevertheless, the genome of this 
line is more homogeneous than that of randomly 
bred stocks. 

Male mice from the C3H colony and female mice 
from the C57BL/6 colony were used as parents 
for the hybrid B6C3F1 mice used in these 
studies. The influence of the potential genetic 
nonuniformity in the hybrid mice on these re- 
sults is not known, but results of the studies are 
not affected because matched concurrent con- 
trols were included in each study. 

Animal Maintenance 

Rats and mice were housed five per cage in poly- 
carbonate cages. Feed and water were available 
ad libitum. Details of animal maintenance are 
summarized in Table 2. Cage rotation was not 
carried out during these studies. 

Clinical Examinations a n d  Pathology 

All animals were observed two times per day for 
mortality and signs of moribundity. Clinical 
signs were recorded once per week. Body 
weights by cage were recorded once per week for 
the first 12 weeks of the study and once per 
month thereafter. Mean body weights were de- 
termined for each group. Moribund animals 
were killed, as were animals that survived to the 
end of the study. Necropsies were performed on 
all animals, including those found dead unless 
they were excessively autolyzed or cannibalized. 
Thus, the number of animals from which parti- 
cular organs or tissues were examined micro- 
scopically varies and is not necessarily equal to 
the number of animals that were placed on study 
in each group. 

Examinations for grossly visible lesions were 
performed on major tissues or organs. Tis- 
sueswere preserved in 10% neutral buffered for- 
malin, embedded in paraffin, sectioned, and 
stained with hematoxylin and eosin. Tissues 
examined microscopically are listed in Table 2. 

8-Hydroxyquinoline, NTP TR 276 24 

When  t h e  pa tho logy  e x a m i n a t i o n  w a s  
completed, the slides, individual animal data 
records, and summary tables were sent to an  in- 
dependent quality assurance laboratory. Indi- 
vidual animal records and tables were compared 
for accuracy, slides and tissue counts were veri- 
fied, and histotechnique was  evaluated. All 
tumor diagnoses, all target tissues, and all tis- 
sues from a randomly selected 10% of the ani- 
mals were evaluated by a quality assurance 
pathologist. Slides of all target tissues and those 
about which the original and quality assurance 
pathologists disagreed were submitted to the 
Chairperson of the Pathology Working Group 
(PWG) for evaluation. Representative coded 
slides selected by the Chairperson were re- 
viewed by PWG patho!ogists, who reached a con- 
sensus and compared their findings with the 
original and quality assurance diagnoses. When 
diagnostic differences were found, the PWG sent 
the appropriate slides and comments to the ori- 
ginal pathologist for review. This procedure has 
been described, in part, by Maronpot and Boor- 
man (1982) and Boorman et al. (1985). The final 
diagnoses represent a consensus of contractor 
pathologists and the NTP Pathology Working 
Group. 

Nonneoplastic lesions a re  not specifically 
examined routinely by the quality assurance 
pathologist or PWG. Certain nonneoplastic find- 
ings are reviewed by the quality assurance 
pafhologist and PWG if they are considered part 
of the toxic response to a chemical or if they are 
deemed of special interest. 

Statistical Methods 

Data Recording: Data on this experiment were 
recorded in the Carcinogenesis Bioassay Data 
System (Linhart et al., 1974). The data elements 
include descriptive information on the chemi- 
cals, animals, experimental design, survival, 
body weight, and individual pathologic results, 
as  recommended by the International C'nion 
Against Cancer (Berenblum, 1969). 

Survival Analyses: The probability of survival 
was estimated by the product-limit procedure of 
Kaplan and Meier (1958) and is presented in the 



II. MATERIALS AND METHODS 

form of graphs. Animals were censored from the 
survival analyses a t  the time they were found 
dead of other than natural causes or were found 
to be missing; animals dying from natural 
causes were not censored. Statistical analyses 
for a possible dose-related effect on survival used 
the method of Cox (1972) for testing two groups 
for equality and Tarone’s (1975) extensions of 
Cox’s method for testing for a dose-related trend. 
All reported Pvalues for the survival analysis 
are two-sided. 

Calculation of lncidence Rates: The incidence of 
neoplastic or nonneoplastic lesions is given as 
the ratio of the number of animals bearing such 
lesions a t  a specific anatomic site to the number 
of animals in which that site was examined. In 
most instances, the denominators included only 
those animals for which the sit,e was examined 
histologically. However, when macroscopic ex- 
amination was required to detect lesions (e.g., 
skin or mammary tumors) prior to histologic 
sampling, or when lesions could have appeared 
a t  multiple sites (e.g., lymphomas), the de- 
nominators consist of the number of animals on 
which necropsies were performed. 

Analysis of Tumor Incidence: Three statistical 
methods are used to analyze tumor incidence 
data. The two that adjust for intercurrent mor- 
tality employ the classical method for combining 
contingency tables developed by Mantel and 
Haenszel (1959). Tests of significance included 
pairwise comparisons of high dose and low dose 
groups with vehicle controls and tests for overall 
dose-response trends. 

For studies in which compound administration 
has little effect on survival, the results of the 
three alternative analyses will generally be 
similar. When differing results are obtained by 
the three methods, the final interpretation of the 
data will depend on the extent to which the 
tumor under consideration is regarded as being 
the cause of death. All reported P values for 
tumor analyses are one-sided. 
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Life Table Analyses--The first method of analy- 
sis assumed that all tumors of a given type ob- 
served in animals dying before the end of the 
study were “fatal”; i.e. , they either directly or in- 
directly caused the death of the animal. Ac- 
cording to this approach, the proportions of 
turnor-bearing animals in the dosed and control 
groups were compared at  each point in time at 
which an animal died with a tumor of interest. 
The denominators of these proportions were the 
total number of animals a t  risk in each group. 
These results, including the data from animals 
killed a t  the end of the study, were then 
combined by the Mantel-Haenszel method to 
obtain an  overall P value. This method of 
adjusting for intercurrent mortality is the life 
table method of Cox (1972) and of Tarone (1975). 

Incidental Tumor Analyses--The second method 
of analysis assumed that all tumors of a given 
type observed in animals that died before the 
end of the study were “incidental”; i.e., they 
were merely observed at  necropsy in animals dy- 
ing of an  unrelated cause According to this ap- 
proach, the proportions of tumor-bearing ani- 
mals in dosed and control groups were compared 
in each of five time intervals: 0-52 weeks, 53-78 
weeks, 79-92 weeks, week 93 to the week before 
the terminal kill period, and the terminal kill 
period. The denominators of these proportions 
were the number of animals on which necropsies 
were actually performed during the time inter- 
val. The individual time interval comparisons 
were then combined by the previously described 
method to obtain a single overall result. (See 
Haseman, 1984, for the computational details of 
both methods.) 

Unadjusted Analyses--Primarily, survival-ad- 
justed methods are used to evaluate tumor inci- 
dence. In addition, the results of the Fisher’s 
exact test for pairwise comparisons and the 
Cochran-Armitage linear trend test (Armitage, 
1971; Gart et al., 1979) are given in the appendix 
containing the analyses of primary tumor inci- 
dence. These two tests are based on the overall 
proportion of tumor-bearing animals and do not 
adjust for survival differences. 
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1II.RESULTS 

RATS 

FIFTEEN-DAY STUDIES 

THIRTEEN- WEEK STUDIES 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 
Survival 
Pathology and Statistical Analyses of Results 

MICE 

FIFTEEN-DAY STUDIES 

THIRTEEN-WEEK STUDIES 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 
Survival 
Pathology and Statistical Analyses of Results 
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III. RESULTS: RATS 

FIFTEEN-DAY STUDIES 

Two male rats that received 50,000 ppm 8- 
hydroxyquinoline died, one on day 12 and the 
other on day 13 (Table 3). One male rat  that 
received 25,000 ppm died during the necropsy 
period. None of the female rats died. Male rats 
that received 25,000 or 50,000 ppm and females 

that received 50,000 ppm lost weight during the 
study. Male and female rats that received 
50,000 ppm appeared emaciated. Although feed 
consumption was not measured, rats of each sex 
that received 12,000 ppm or more appeared to 
eat less than did the controls. 

TABLE 3. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FIFTEEN-DAY FEED STZ’DIES 
OF 8-HYDROXYQUINOLINE 

Mean Body Weights (mame) Final Weight 
Dose Survival (a) Initial (b) Final Change Relative to Controls 
(ppm) (percent) 

MALE 

0 
3,000 
6,000 

12,000 
26,000 
60,000 

FEMALE 

0 
3,000 
6,000 

12,000 
26,000 
60,000 

615 
616 
516 
616 
616 

(c) 316 

162 f 3 
161 f 3  
152 f 3 
162 f 4 
161 f 4 
162 f 6 

124 f 3 
123 f 3 
123 f 3 
124 f 3 
124 f 4 
123 f 4 

226 f 6 
222 f 4 
218 f 4 
192 f 6 
146 f 4 
106 f 6 

163 f 3 
149 f 3 
162 f 2 
162 f 3 
131 f 4 
103 f 6 

+ 7 3 f 3  
+ 7 1 f 3  
+ 6 6 f 3  
+ 4 0 f 2  - 6 f 3  
- 4 7 f 8  

+ 2 9 f 1  
+ 2 6 f 6  
+ 2 9 f 2  
+ 2 8 f 2  + 7 f l  
- 2 0 f 2  

_ _  
98.7 
96.9 
86.3 
64.4 
46.7 

.- 
97.3 
99.4 
99.2 
86.6 
66.9 

(a) Number surviving/number initially in the group 
(b) Initial body weight f standard error of the mean for all animals in the group. Subsequent calculations are based on 
tbose animals surviving to the end of the study. 
(c) Deatha occurred on days 12 and 13. 
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1II.RESULTS:RATS 

THIRTEEN-WEEK STUDIES 

None of the rats died (Table 4). Final mean body 
weights relative to those of the controls were de- 
pressed 18.0% for male rats that received 12,000 
ppm 8-hydroxyquinoline and 10.5% and 9.5% for 
female rats that  received 6,000 or 12,000 ppm, 
respectively. Feed consumption by male rats  
was unaffected by 8-hydroxyquinoline, but feed 
consumption by female rats that received 3,000, 
6,000, or 12,000 ppm was approximately 75% 
that of the controls. 

Necropsies were performed on all animals. No 

compound-related histopathologic lesions were 
found in the high dose (12,000 ppm) male rats. 
Lymphoid hyperplasia in the pancreatic lymph 
nodes was found in 2/10 females that received 
12,000 ppm and in none of the controls. This 
lesion w a s  not considered to be compound 
related. 

In the absence of either dose-related increases in 
mortality or compound-related histopathologic 
lesions, body weight data formed the basis for 
the selection of concentrations of 1,500 and 3,000 
ppm B-hydroxyquinoline in feed for rats in the 2- 
year studies. 

TABLE 4. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF RATS IN THE 
THIRTEEN-WEEK FEED STUDIES OF 8-HYDROXYQUINOLINE 

Final Weight 
Mean Body Weight (grams) Relative to Feed Calculated 

Dose Survival (a) Initial (b) Final Change Controls Consumption (c) Dose 
(ppm) (percent) (mg/kg/day) 

MALE 

0 
800 

1,500 
3,000 
6,000 
12,000 

FEMALE 

0 
800 

1,500 
3,000 
6,000 
12,000 

roll0 
10/10 
10/10 
10/10 
10/10 
10/10 

10/10 
10110 
10/10 
10110 
10110 
10/10 

181 * 4 
182 f 4 
183 f 4 
182 f 4 
181 f 4 
182 f 4 

135 f 3 
136 f 4 
135 f 3 
135 f 3 
136 f 3 
136 f 3 

344 k 5 
333 f 6 
338 f 8 
324 f 8 
327 f 6 
282 f 6 

210f 4 
207f 3 
203f 5 
198f 4 
l88f 3 
190f 3 

+163 f 5 _ _  
+151 f 7 96.8 
+ 155 f 6 98.3 
+142 f 7 94.2 
+146 f 4 95.1 
+lo0 f 6 82.0 

+ 7 5 f 2  -_ 
+71f4 98.6 
+68f3 96.7 
+63+22 94.3 
+52f1 89.5 
+54f3 90.5 

53 
80 
58 
56 
57 
55 

79 
83 
85 
60 
54 
55 

0 
48 
87 
168 
342 
660 

0 
66 
128 
180 
324 
660 

(a) Number surviving/number per group 
(b) Initial body weight f standard error of the mean for all animals in the group 
( c )  Grams per kilogram body weight per day during week 12 
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1II.RESULTS:RATS 

TWO-YEAR STUDIES 
Body Weights and Clinical Signs 
Throughout most of the study, mean body 
weights of high dose rats of each sex were 
slightly lower than those of the controls (Table 5 
and Figure 1). The average daily feed consump- 

tion per rat by low dose and high dose rats was 
93% and 88% that of the controls for males and 
89% and 78% for females (Appendix L, Tables L1 
and L2). Approximate chemical consumption for 
low dose and high dose rats (rats were group 
housed) was 73 and 143 mg/kg for males and 89 
and 166 mg/kg for females. 

TABLE L MEAN BODY WEIGHTS A N D , S , U ~ ~ ~ ~ A ~ L o ~ ~ ~ R ~ ~ ~ ~ ~ ~ N ~ E  TWO-YEAR FEED STUDIES 

0 
1 
2 

5 
6 
7 
8 
9 
10 
11 
15 
19 
23 
27 
31 

35-38 
39 
43 
47 
51 
55 
59 
63 
67 
71 
75 
79 
83 
87 
92 
95 
99 

104 

i 

FEMALE 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
16 
20 
24 
27 
32 
36 
40 
44 
48 
52 
56 
60 
84 
88 
72 
76 
E 
8 
06 
100 
104 

160 
180 
218 
238 
255 
269 
281 
293 
305 
313 
322 
329 
353 
380 
395 
403 
41 1 
417 
430 
438 
447 
482 
468 
476 
477 
480 
481 
477 
463 
472 
453 
462 
458 
450 
465 

125 
137 
148 
158 

177 
182 
187 
192 
195 
201 
21 1 
219 
227 
229 
235 
237 
248 
253 
260 
275 
288 
297 
307 
316 
324 
328 
3.34 
339 

%! 

2os 

E 
@ 
336 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

49 
49 
49 
49 
49 
49 
49 
48 
48 
47 
46 
46 
45 
42 
37 
35 
32 
28 

18 

50 
50 
50 
50 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 so 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
48 
47 
47 

37 

58 

3 

159 
176 
221 
242 
281 
289 
300 
312 
321 
329 
335 
357 
386 
401 
410 
417 
425 
434 
439 
454 
464 
472 
479 
484 
475 
487 
486 
480 
480 
468 
478 
460 
443 
443 

n 5  

125 
132 
147 
155 

175 
175 
183 
186 
190 
194 
196 
204 
215 
218 
223 
230 
230 

253 
268 
278 
288 
294 
302 
308 
317 

11s 

3; 

1% 
18 
8% 
344 

99.4 
97.8 
101.4 
101.7 
102.4 
102.2 
102.8 
102.4 
102.3 
102.6 
102.2 
101.8 
101.1 
101.6 
101.5 
101.7 
101.5 
101.9 
100.9 
100.2 
101.6 
100.4 
100.9 
100.6 
101.5 
99.0 
101.2 
101.9 
103.7 
101.7 
103.3 
103.5 
100.4 
96.4 
95.3 

100.0 
96.4 
99.3 
98.1 
98.8 
100.0 
96.9 
96.2 
97.9 
96.9 
97.4 
96.5 
96.6 
96.7 
98.2 
96.0 
97.4 
97.9 
97.0 
96.3 
96.8 
97.3 
97.5 
97.2 
96.3 
95.8 
95.6 
96.1 
96.6 
96.7 
97.1 
95.6 
93,7 
96.8 
102.4 
99.4 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

50 
50 
50 
49 
49 
49 
49 
48 
48 
48 

47 
46 
42 
40 
38 
34 

18 

B 

50 
M) 
50 
50 

50 
50 
50 
50 
M) 
50 
50 
50 
50 
50 
50 
M) 
Ml 
M) 
M) 
M) 
50 
50 
50 
50 
W 
49 
49 
49 
49 
49 
49 
45 
4s 
40 

!! 

159 
172 
219 
240 
257 
271 
286 
298 
310 
319 
325 
332 
355 
379 
388 
397 
407 
409 
422 
427 
435 
441 
448 
455 
452 
455 
454 
449 
438 
445 
440 
434 
428 
413 
418 

124 
129 
145 
151 

170 
175 
180 
185 
188 
191 
193 
200 
208 
210 
214 
219 
219 
225 
233 
238 
251 
260 
289 
273 
281 
286 
293 
296 
306 
305 
300 
301 
302 
308 

1% 

99.4 
95.6 
100.5 
100.8 
100.8 
100.7 
101.8 
101.7 
101.6 
101.9 
100.9 
100.9 
100.6 
99.7 
96.2 
98.5 
99.0 
98.1 
98.1 
97.5 
97.3 
95.5 
95.7 
95.6 
94.8 
94.8 
94.4 
94.1 
94.6 
94.3 
97.1 
93.9 
93.4 
91.8 
89.9 

99.2 
94.2 
98.0 
95.6 

96.0 
96.2 
96.3 
96.4 
96.4 
95.0 
95.1 
94.8 
95.0 
92.5 
93.4 
93.2 
92.4 
91.5 
92.1 
91.5 
91.3 
90.9 
88.9 
88.9 
88.3 
89.3 
88.6 
90.3 
89.7 
86.5 
87.5 
90.1 
91.7 

R8 

90.6 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
44 
41 
38 
37 
33 

50 
50 
50 
50 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

50 
50 
50 
49 
49 
48 
48 
48 
48 
46 
46 
44 
43 
40 
37 

!8 

88 

&Hydroxyquinoline, NTP TR 276 30 



w0.0- 

-0. 

e Q Q  9 8 '  
0 ............. &...A...& .... A .... A.. 
A A  

........................................................ 

........................................................ 

........................................................ 

........................................................ 

..................................................... ". 

....................................................................................... 

0.8:  A 
........................................... f....! .... !i. ....................... 

........................... 

-- 

.................. I. 

B 
..................................................................................... 

i 
LKS OM S T W Y  

...... .." 

............................................................... 
Q 
Ip 

m................... I ................................................. 

s 
-................... I ..... ........-........ I 

M O -  
a 

....................... 

..................................................... 

^ .................. 

...................................... 

n 

8 
8 .... * 6, ........... 
A 

....................... 

KS ON SN 

I-- 
0 
" 0  ............ .~ 8. ..................... 6""' 
A A  

A A  

A ........................................................ 

....................................................... 

........................................................ 

....................................................... 

....................... 

.......................... 

.......................... 

...................................................... 1 
FEMALE RATS 
.=UNTREATED 

............ 

n n 

I 

I 

FIGURE 1. GROWTH CURVES FOR RATS ADMINISTERED8-HYDROXYQUINOLINE IN 
FEED FOR TWO YEARS 

31 &Hydroxyquinoline, NTP TR 276 



III. RESULTS: RATS 

Survival 

Estimates of the probabilities of the survival of 
male and female rats fed a control diet and diets 
containing 8-hydroxyquinoline as described 
earlier a re  shown in the Kaplan and Meier 
curves in Figure 2. No significant differences in 
survival were observed between any groups of 
either sex (Table 6). 

Pathology and Statistical Analyses of 
Results 

This section describes significant or noteworthy 
changes in the incidences of animals with neo- 

plastic or nonneoplastic lesions. Histopathologic 
findings on neoplasms in rats are summarized in 
Appendix A, Tables A l  and A2; Tables A3 and 
A4 give the survival and tumor status for indivi- 
dual male and female rats. Findings on nonneo- 
plastic lesions are summarized in Appendix C, 
Tables C l  and C2. Appendix E, Tables E l  and 
E2, contain the statistical analyses of those pri- 
mary tumors that occurred with an incidence of 
at least 5% in one of the three groups. The sta- 
tistical analyses used are discussed in Chapter II 
(Statistical Methods) and Appendix E (foot- 
notes). 

TABLE 6. SURVIVAL OF RATS IN THE TWO-YEAR FEED STUDIES OF 8-HYDROXYQUINOLINE 

Control 1,900 ppm 3,000 ppm 

MALE (a) 

Animals initially in study 
Nonaccidental deaths before termination ( b  1 
Killed a t  termination 
Died during termination period 
Survival P values (c) 

FEMALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Killed at termination 
Died during termination period 
Survival P values (c) 

50 
21 
28 
1 
0.391 

50 
13 
36 
1 
0.935 

50 
16 
34 
0 
0.341 

50 
10 
39 
1 
0.706 

50 
17 
33 
0 
0.445 

50 
13 
37 
0 
0.851 

(a) Terminal kill period: males, week 104; females, weeks 104-105 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table trend test 1s in the control column, and the results ofthe life table exact pairwise comparisons 
with the controls are in the dosed columns. 
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FIGURE 2, KAPLAN-MEIER SURVIVAL CURVES FOR RATS ADMINISTERED 
&HYDROXYQUINOLINE tN FEED FOR TWO YEARS 

,33 &Hydroxyquinoline, NTP TR 276 



III. RESULTS: RATS 

Lung: Incidences of epithelial hyperplasia were 
not significantly different in dosed and control 
groups of male rats (Table 7). Alveolarhron- 
chiolar adenomas or carcinomas (combined) in 
male rats occurred with a statistically signifi- 
cant positive trend, and the incidence in the high 
dose group was significantly greater than that in 
the controls. The incidences of alveolarhron- 
chiolar adenomas in female rats were as follows: 
control, 1/50; low dose, 2/50; high dose, 2/50. No 
carcinomas were observed in female rats. 

Thyroid G l a d  The incidence of C-cell hyper- 
plasia was greater in the controls than in the 
male or female dosed groups (Table 8). Inci- 
dences of C-cell carcinomas and C-cell adenomas 

or carcinomas (combined) in male rats and C-cell 
adenomas in female rats were significantly in- 
creased by trend tests. The incidences in the 
dosed groups were not significantly different 
from those in the controls by either survival-ad- 
justed test. 

Other Tumor Effects: Marginal decreases were 
observed in the incidences of neoplastic nodules 
in the livers of dosed male rats (control, 6/49; low 
dose, 1/50; high dose, 3/48) and of mononuclear 
cell leukemia in male rats (control, 17/50; low 
dose, 8/60; high dose 9/50) (Appendix E, Table 
El). These differences were not considered com- 
pound related. 

TABLE 7. ANALYSIS OF LUNG LESIONS IN MALE RATS IN THE TWO-YEAR STUDIES OF 
8-HYDROXYQUINOLINE (a) 

Control 1.500 ppm (b) 3,000 ppm (b) 

Epithelial Hyperphi .  
OverallRatea 6/60 (10%) 

AlveolulBronchiolar Adeaonu 
OVedRatse OIW (0%) 
AdjurbdRabs 0.0% 
TerminalRatee om (0%) 
W e  Table Twta P=O.097 
Incidental Tumor Terrtr P=O.OM 

Overall &tee om0 (056) 

Overall Raba m (0%) 
Adjusted Ratea 0.0% 
Terminal Rates ons (0%) 
Life Table Testa P=O.061 
Incidental Tumor T e a  P=O.O18 

Alvetolprmmnchiolar Carcinoma 

AlveolarBronchiolar Adenoma or Carcinoma (c) 

am0 (4%) 
6.9% 
2/34 (6%) 
P=0.274 
P=0.274 

1/50 (2%) 

3/60 (6%) 
7.8% 
2/34 (6%) 
PsO.143 
PpO.142 

3/60 (6%) 

3/60 (6%) 
8.2% 
2/53 (6%) 
PaO.143 
P=0.131 

1/50 (2%) 

am0 (8%) 
10.1% 
2/33 (6%) 
P = 0.080 
P=0.037 

(a) The atatistical analyaes ueed are described in Chapbr II (Statistical Methods) and Appendix E (footnotes). 
(b) The equivalent doae in milligrams per kilograms per day is given in Chapter III (Body Weighta and Clinical Signa) 
and in Appendix L. 
(c) H h r i c d  incidence: testing laboratorg--13#96 (1.9%); NTP laborataries-d7/2,367 (2.4%) 
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TABLE 8. ANALYSIS OF THYROID GLAND LESIONS IN RATS IN THE TWO-YEAR FEED STUDIES OF 
8-HYDROXYQUINOLINE 

Control 1,500 ppm 3,000 ppm 

MALE 

C-cell Hyperplasia 
Overall Rates 

C-cell Adenoma 
Overall Rates 

C-cell Carcinoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

C-cell Adenoma or Carcinoma (b) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

FEMALE 

C-cell Hyperplasia 
Overall Rates 

C-cell Adenoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

C-cell Carcinoma 
Overall Rates 

C-cell Adenoma or Carcinoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Testa 
Incidental Tumor Tests 

450 (8%) 

1/50 (2%) 

0150 (0%) 
0.0% 
0129 (0%) 
P=0.018 
P=0.016 

1/50 (2%) 
2.5% 
0129 (0%) 
P=0.030 
P = 0.025 

9/48 (19%) 

1/48 (2%) 
2.2% 
0/37 (0%) 
P=0.054 
P=0.041 

2/48 (4%) 

3/48 (6%) 
7.5% 
2/37 (5%) 
P = 0.1 54 
P10.128 

3/49 (6%) 

1/49 (2%) 

0149 (0%) 
0.0% 
0134 (0%) 
(a) 
(a ) 

1/49 (2%) 
2.9% 
1/34 (3%) 
P=0.735N 
P=0.717 

6/50(12%) 

2/50 (4%) 
4.8% 
1/40 (3%) 
P=0.501 
P = 0.350 

0150 (0%) 

2/50 (4%) 
4.8% 
1/40 (3%) 
P = 0.485N 
P= 0.602N 

1/47 (2%) 

2/47(4%) 

447(9%) 
11.2% 
3/33 (9%) 
P=0.080 
P= 0.068 

6/47 ( 13%) 
17.1% 
5/33(15%) 
P=0.080 
P=0.062 

1/49(2%) 

5/49 ( 1 0% 1 
13.3% 
436 (1 1%) 
P=0.097 
P=0.076 

1/49(2%) 

6/49 ( 12%) 
16.0% 
5/36(14%) 
P=  0.227 
P=0.197 

(a) No Pvalue is presented because no tumors were observed in the 1,500-ppm and control groups. 
(b) Historical incidence: testing laboratory--54/664 (8.1 %);NTP laboratories--203/2,282 (8.9%). 
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III, RESULTS: MICE 

FIFTEEN-DAY STUDIES 

Al1 mice that received 25,000 or 50,000 ppm 8- 
hydroxyquinoline in feed died before the end of 
the study (Table 91, Four of five male mice that 
received 12,000 ppm lo#t weight, Although feed 
consumption was not meaeured, mice that re- 

ceived 12,000 ppm or more ate noticeably le06 
than did the controle, Five of five female mice 
that received 50,000 ppm and 415 female mice 
that received 25,000 ppm were emaciated ac- 
cording to necropey reports, 

TABLE B. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FIFTEEN-DAY FEED STUDIES 
OF &HYDROXYQUINOLINE 

Mean Body Weinhtr (morn r) Final Weight 
Dore Survlval (a) Initial (b) Final Change (c) Relatlve to Controlr 
(PP=) (percent) 

MALE 

0 
3,000 
6,000 

12,000 
26,000 
60,000 

FEMALE 

0 
3,000 
8,000 

12,000 

60,000 
as,ooo 

616 
616 
6i6 
616 

(d) 016 
(0 016 

26.6 f 0.6 
26.6 f 0.4 
26.4 k 0.8 
26.7 f 0.7 
26.6 f 0.4 
26.6 f 0.4 

19.8 f 0.7 
ao.2 f 0.6 
2o.a f 0.3 
20.1 f 0.4 
10.7 f 0.4 
lB.6 f 0.6 

29.0 f 0.8 
26.6 f 2.1 
26.8 f 0.7 
26.7 f 0.8 

(e) 
(e) 

21.6 f 0.6 

20.9 f 0,6 
20.8 f O b  

(e) 
(e) 

ai.4 0.7 

+2.4 f 0.6 
+o.o f 2.1 
+0.4 f 0.4 
-1.0 f 0.4 

(e) 
(e) 

+ 1.8 f 0,4 + 1.2 f 0,4 
+0.7 f 0,4 
t 0.7 f 0.1 

(e) 
(e) 

.. 
91.7 
92.4 
88.6 

(a) Number rwiving/number initially in the group 
(b) Initial body weight f rtandard error of the mean for all animalr in the group 
(c) Mean weight change of the rwivorr of the group f itandard error of the mean 
(d) Dsathr wore on day8 10,11,12,12. and 12. 
(e) No data are prerented due to the 100% mortality in thia group. 
(0 Deathr were on dayr 4,6,6,6, and 7. 
(g) Deathr were on dayr 11,11,11,11, and 12. 
(h) Dsathr were on day8 4,4,4,4, and 6. 
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III. RESULTS: MICE 

THIRTEEN-WEEK STUDIES 

No compound-related deaths occurred; all deaths 
were accidental (Table 10). Final mean body 
weights relative to controls were depressed 11% 
for male mice and 10% for female mice that  
received 6,000 ppm 8-hydroxyquinoline in feed. 
Feed consumption by mice that received 6,000 
ppm 8-hydroxyquinoline was 82% that  of con- 
trols for males and 74% that of controls for 
females. No compound-related histopathologic hydroxyquinoline in feed. 

effects were observed in the high dose (6,000 
ppm) male or female mice. Mice in lower dose 
groups were not examined. 

Because of weight gain depression observed a t  
6,000 ppm, concentrations selected for mice for 
the 2-year studies were 1,500 and 3,000 ppm 8- 

TABLE 10. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF MICE IN THE 
THIRTEEN-WEEK FEED STUDIES OF 8-HYDROXYQUINOLINE 

Final Weight 
Mean Body Weight (grams) Relative to Feed Calculated 

Dose Survival (a) Initial (b) Final Change Controls Consumption (c) Dose 
(ppm) (percent) (mg/kg/day) 

MALE 

0 (d)9/10 
400 10110 
800 10/10 

1,500 10110 
3,000 10110 
6,000 10110 

FEMALE 

0 10/10 
400 10110 
800 loll0 

1,500 10110 
3,000 (d) 7/10 
6,000 10110 

24.4 f 0.8 
24.7 f 0.7 
24.3 f 0.5 
24.6 f 0.6 
24.8 f 0.8 
24.1 f 0.6 

18.6 f 0.4 
18.6 f 0.4 
18.7 f 0.4 
18.8 f 0.3 
18.8 f 0.4 
19.0 f 0.4 

35.4 f 1.1 
36.7 f 0.8 
35.6 f 0.9 
34.3 f 0.6 
34.8 f 0.7 
31.4 f 0.8 

26.9 f 0.7 
26.8 f 1.0 
27.2 f 0.9 
27.2 f 0.6 
26.3 f 1.1 
24.1 f 0.7 

+11.0 f 0.8 _ _  
+12.0 f 0.7 103.7 
+11.3 f 0.7 100.6 + 9.7 f 0.8 96.9 
+10.0 f 0.5 98.3 
+ 7.3 f 0.6 88.7 

+ 8.3 f 0.5 _ _  
+ 8.2 f 0.7 99.6 + 8.5 f 0.7 101.1 
+ 8.4 f 0.5 101.1 + 7.3 f 0.6 97.8 
+ 5.1 f 0.5 89.6 

157 
149 
141 
130 
135 
129 

200 
192 
207 
183 
392 
148 

0 
60 
113 
195 
405 
774 

0 
77 
166 
275 

1,176 
888 

(a) Number surviving/number per group 
6) Initial body weight f standard error of the mean for all animals in the group. Subsequent calculations are based on 
those animals surviving to the end of the study. 
(c) Grams per kilogram body weight per day duringweek 12 
(d) All deaths were accidental. 
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III. RESULTS: MICE 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of high dose male mice were 
slightly lower t h a n  those of the  controls 
throughout most of the study (Table 11 and 
Figure 3). Mean body weights of both low dose 
and high dose female mice were lower than those 
of the controls. The average daily feed consump 

tion by low dose and high dose male mice was 
81% and 72% that of the controls and by low dose 
and high dose female mice, 86% and 71% that of 
the controls (Appendix L, Tables L3 and L4). 
Approximate chemical consumption for low dose 
and high dose mice (mice were group housed) 
was 217 and 396 mg/kg for males and 349 and 
619 mg/kg for females. 

TABLE 11. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES 
OF &HYDROXYQUINOLINE 

MALE 
0 
1 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
18 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 
104 

FEMALE 

0 
1 
3 

8 
7 
8 
9 

10 
11 
12 
16 
20 
24 
28 
32 
38 
40 
44 
48 
52 
56 
Bo 
64 

76 
a0 
84 
88 
92 
96 

100 
104 

d 

% 

25 

29 
30 
31 
31 
32 
32 
33 
33 
34 
35 
36 
38 
39 
40 
41 
42 
41 
43 
43 
45 
45 
45 
45 
44 
45 
45 
44 
44 
44 
43 
42 
42 

2 

19 

22 
22 
24 
24 
2( 
25 
25 
28 
28 
28 
29 
31 
32 
34 
38 
37 
39 
41 
41 
44 
46 
47 
46 
49 
50 
50 
49 

48 
47 
46 

B 

3 

50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
48 
46 
45 
45 
45 
45 
45 
44 
44 
44 
44 
44 
40 
40 
40 
39 
38 
35 
33 
31 
29 

50 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 

48 
48 
47 
47 

39 
33 
29 
28 
24 

18 

3 

: 

25 
23 
28 
29 
30 
30 
31 
32 
32 
33 
34 
33 
35 
38 
38 
39 
40 
41 
41 
42 
43 
43 
43 
45 
44 
45 
45 
45 
44 
43 
4.4 
43 
41 
42 
41 

19 

22 
22 
23 
24 
24 
24 
25 
26 
28 
28 
30 
31 
32 
33 
34 
36 
37 
39 
39 
42 
43 
45 
46 
46 
46 
46 
46 
46 
46 
44 
44 
44 

8 

100.0 
86.2 

100.0 
100.0 
100.0 
96.8 

100.0 
100.0 
100.0 
100.0 
103.0 
97.1 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
97.6 

102.4 
100.0 
100.0 
96.6 

100.0 
97.8 

100.0 
102.3 
100.0 
97.8 
97.7 

100.0 
97.7 
95.3 

100.0 
97.6 

100.0 
105.0 
100.0 
100.0 
100.0 
95.8 

100.0 
100.0 
96.0 

100.0 
100.0 
100.0 
100.0 
103.4 
100.0 
100.0 
97. 1 
94.4 
97.3 
94.9 
95.1 
95.1 
95.6 
93.5 
95.7 
95.8 
93.9 
92.0 
92.0 
93.9 
95.8 
93.9 
91.7 
93.6 
97.8 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
48 
48 
48 
48 
48 
47 
45 

38 
35 

'ti 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
M) 
M) 
50 
50 
50 
50 
50 
50 
50 
50 

50 
50 
50 
50 
50 
47 
45 
43 
36 
30 
27 

B 

25 
26 
28 
29 
30 
30 
31 
32 
32 
32 
33 
33 
34 
36 
37 
38 
39 
41 
40 
41 
42 
42 
42 
43 
42 
43 
44 
43 
43 
43 
42 
41 
41 
41 
42 

19 

21 
22 
23 
24 
23 
24 
24 
25 
25 
27 
28 
29 
30 
31 
32 
33 
34 
35 
37 

41 
41 
41 
42 
41 
40 
41 
41 
40 
39 
40 

i! 

81 

100.0 
96.3 

100.0 
100.0 
100.0 
96.8 

100.0 
100.0 
100.0 
97.0 

100.0 
97.1 
87.1 

100.0 
97.4 
97.4 
97.6 

100.0 
95.2 

100.0 
97.7 
97.7 
93.3 
96.6 
93.3 
95.6 

100.0 
95.8 
95.8 
97.7 
95.5 
93.2 
95.3 
97.6 

100.0 

100.0 
100.0 
100.0 
95.5 

100.0 
95.8 

100.0 
96.8 
96.0 
96.0 
96.2 
96.2 
96.4 
96.8 
93.5 - 
93.8 
91.2 
88.9 
89.2 
87.2 
86.4 
90.2 
88.4 
87.0 
87.2 
86.4 
83.7 
81.0 
82.0 
81.6 
85.4 
83.7 
83.3 
83.0 
88.9 

50 

50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
48 
48 
44 
44 
44 
41 
41 
37 
36 
35 

88 

50 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
48 
48 
48 
45 
41 
41 
38 
37 
34 
30 

88 
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FIGURE 3. GROWTH CURVES FOR MICE ADMINISTERED&HYDROXYQUINOLlNE 
IN FEED FOR TWO YEARS 
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III. RESULTS: MICE 

Survival 

Estimates of the probabilities of survival of male 
and female mice fed diets containing B-hydroxy- 
quinoline at the concentrations used in these 
studies and those of the controls are shown in 
the Kaplan and Meier curves in Figure 4. No 
significant differences in survival were observed 
between any groups of either sex (Table 12). 

Pathology and Statistical Analyses of 
Results 

This section describes significant or noteworthy 

changes in the incidences of animals with neo- 
plastic or nonneoplastic lesions. Histopathologic 
findings on neoplasms in mice are summarized 
in Appendix B, Tables B1 and B2; Tables B3 and 
B4 give the survival and tumor status for indivi- 
dual male and female mice. Findings on nonneo- 
plastic lesions are summarized in Appendix D, 
Tables D1 and D2. Appendix E, Tables E3 and 
E4, contain the statistical analyses of those pri- 
mary tumors that occurred with a n  incidence of 
at least 5% in one of the three groups. The sta- 
tistical analyses used are discussed in Chapter II 
(Statistical Methods) and Appendix E (foot- 
notes). 

TABLE 12. SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES OF 8-HYDROXYQUINOLINE 

Control 1,500 ppm 3,000 ppm 

MALE (a) 

Animals initially in study 50 
Nonaccidental deaths before termination (b) 21 
Killed a t  termination 29 
Survival P values (c) 0.208 

FEMALE (a) 

Animals initially in study 50 
Nonaccidental deaths before termination (b) 26 
Killed at termination 24 

Survival P values (c) 0.181 
Died during termination period 0 

50 
15 
35 
0.171 

50 
23 
26 

1 
0.381 

50 
15 
35 
0.267 

50 
19 
29 

2 
0.236 

(a) Terminal kill period: weeks 104-105 
(b) Includes animals killed in a moribund condition 
(c) The result ofthe life table trend test is in the control column. and the life table exact pairwise comparisons with the 
controls are in the dosed columns. 
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FIGURE 4. KAPLAN-MEIER SURVIVAL CURVES FOR MICE ADMINISTERED 
8-HYDROXYQUINOLINE IN FEED FOR TWO YEARS 

41 %Hydroxyquinoline, NTP TR 276 



III. RESULTS: MICE 

Circulatory System: Hemangiomas and he- 
mangiomas or hemangiosarcomas (combined) in 
male mice occurred with significant negative 
trends, and the incidences in the dosed groups 
were significantly lower than those in the con- 
trols (Table 13). The incidence of hemangiomas 
or hemangiosarcomas (combined) in low dose 
female mice was significantly greater than that 
in the controls by the Fisher exact test, but the 
difference was not significant by methods that 
adjusted for survival. The incidences of circula- 
tory system tumors in the male control group 
were markedly greater than those observed in 
historical control groups, both a t  this laboratory 
and throughout the Program. 

Other Tumor Effects: Marginal decreases in 
malignant lymphoma (control, 12/50; low dose, 

6/50; high dose, 6/50) in dosed male mice and 
hepatocellular carcinomas (control, 3/49; low 
dose, 1/50; high dose, 0149) in dosed female mice 
were not considered to be chemically related 
(Appendix E, Tables E3 and E4). 

Multiple Organs: Necrotizing inflammation of 
the ovary, uterus, and thoracic or abdominal 
cavities was found in 20126 control, 11/24 low 
dose, and 10/21 high dose female mice that died 
before the end of the study, primarily aftar week 
80. The gross diagnosis of the necrotizing in- 
flammation was based on the presence of thick 
yellow fluid. A microscopic review indicated 
that these lesions were consistent with Kleb- 
siella infection, and overall 22/50 control, 13/50 
low dose, and 12/50 high dose female mice were 
infected. 
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TABLE 13. ANALYSIS OF CIRCULATORY SYSTEM TUMORS IN MICE IN THE TWO-YEAR FEED 
STUDIES OF 8-HYDROXYQUINOLINE (a) 

~ ~~ ~ ~~ 

Control 1,500 ppm (b) 3,000 ppm (b) 

MALE 

Hemangioma (c) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Testa 
Incidental Tumor Tests 

Hemangiosarcoma (d) 

Hemangioma or Hemangiosarcoma 

Overall Rates 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Testa 

FEMALE 

Hemangioma (e) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Testa 

Hemangiosarcoma (0 
Overall Rate8 

Hemangioma or Hemangiosarcoma 
Overall Rater 
AdjuetedRates 
Terminal Rates 
Life Table Testa 
Incidental Tumor Testa 

7/60 (14%) 
2 1 .O% 
4/29 (14%) 
P < 0.00 1N 
P = 0.002N 

3/60 (6%) 

10160 (20%) 
29.3% 
6/29 (21%) 
P < 0.001 N 
P = 0.002N 

0/60 (0%) 
0.0% 
On4 (0%) 
P = 0.467 
P = 0.361 

o/so (0%) 

0160 (0%) 
0.0% 
0/24 (0%) 
P = 0.487 
P = 0.384 

1/60 (2%) 
2.9% 
1/36 (3%) 
P=  0.019N 
P=0.026N 

1/60 (2%) 

2/60 (4%) 
6.1% 
1/36 (3%) 
P=0.007N 
P= 0.010N 

4160 (8%) 
11.6% 
1/27 (4%) 
P=O.O96 
P-0.132 

lmo (2%) 

am0 (10%) 
14.9% 
2/27 (7%) 
P=0.066 
Pt0.076 

0160 (0%) 
0.0% 
0135 P ~ 0 . 0 0 6 N  (0%) 

P = 0.010N 

1/60 (2%) 

1/60 (2%) 
OB6 2.1% (0%) 

P=0.003N 
P = 0.006N 

1/60 (2%) 
3.2% 
1/31 (3%) 
P =: 0.661 
P-0.661 

0160 (0%) 

1/60 (2%) 
3.2% 
1/31 (3%) 
P-0.561 
P=O.661 

(a) The statistical analyses used are described in Chapter II (Statistical Methods) and Appendix E (footnotes). 
(b) The equivalent dose in milligrams per kilograms per day b given in Chapter III (Body Weighta and Clinical Signs) and in 
Appendix L. 
(c) Historical incidence for hemangioma: testing laboratory--171746 (2.3%); NTP laboratories--34/!2,395 (1.4%) 
(d) Historical incidence for hemangiosarcoma or angiosarcoma: testing laboratory-31P146 (4.2%); NTP laboratories--66/2,396 
(2.7%) 
(e) Historical incidence for hemangioma: testing laboratory--l&748 (2.0%); NTP laboratories--39/2,637 (1.6%) 
(0 Historical incidence for hemangiosarcoma or angiosarcoma: testing laboratory--14/748 (1.9%); NTP laboratories--Sl/2,637 
(2.0%) 
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IV, DISCUSSION AND CONCLUSIONS 
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IV. DISCUSSION AND CONCLUSIONS 

Studies were conducted by administering 8-hy- 
droxyquinoline in feed to rats and mice for 15 
days (0,3,000-50,000 ppm) and 13 weeks (rats: 0, 
800-12,000 ppm; mice: 0, 400-6,000 ppm). The 
25,000- or 50,000-ppm diets produced emacia- 
tion, weight loss, and death. Weight gain de- 
pression and reduced feed consumption also oc- 
curred at the highest concentrations used in the 
13-week studies. Decreased feed consumption 
and body weight depression were previously re- 
ported for rats and mice given diets containing 
8-hydroxyquinoline (Yamamoto et  a l . ,  1971; 
Galea and Popa, 1972; Fukushima et al., 1981). 
No compound-related gross or microscopic 
pathologic lesions were observed in the studies. 

Administration of 8-hydroxyquinoline in feed for 
2 years (0, 1,500, or 3,000 ppm) did not affect 
survival of rats or mice. The slight reductions in 
mean body weight gains that occurred in the 
high dose groups were probably related to re- 
duced feed consumption. Results of the 13-week 
and 2-year studies indicate that higher concen- 
trations of 8-hydroxyquinoline in feed would not 
be palatable. 

No evidence of compound-related nonneoplastic 
or neoplastic lesions was found in female rats. 
In male rats, alveolarhronchiolar adenomas or 
carcinomas (combined) occurred with a positive 
trend in the dosed groups, and the incidence in 
the high dose group was significantly greater 
than that in the concurrent controls (Tables 7 
and 14). The proportion of high dose animals 
with lung tumors (8%) was above the average in 
controls at this laboratory (2%) and throughout 
the Carcinogenesis Program (2.4%); neither the 
individual nor the  combined incidences of 
adenomas and carcinomas were greater than 
those previously observed (Appendix F, Table 
F3). Most of these lesions did not appear to differ 
from lung tumors observed in control animals, 
and the adenomas were lesions that were border- 
line between focal epithelial hyperplasias and 
small adenomas. Epithelial hyperplasia was not 
increased in the dosed males. The difference be- 
tween this lesion and alveolarhronchiolar ade- 
noma is one of degree. Dosed male and female 
mice also showed increased incidences of lung 
tumors (Table 14); however, these increases 
were not statistically significant and were 

within the range of historical values. Hence, 
none of these marginal effects in the lungs of 
rats or mice was regarded as being associated 
with the administration of 8-hydroxyquinoline. 

Thyroid gland C-cell adenomas and  C-cell 
adenomas or carcinomas (combined) in male rats 
and C-cell adenomas in female rats  occurred 
with positive trends (Tables 8 and 14). The inci- 
dences of these neoplasms in the  high dose 
groups were not statistically significant com- 
pared with the controls. For both sexes, C-cell 
hyperplasia decreased with dose. Proliferation 
of C-cells in the thyroid gland of aging rats is not 
uncommon and appears to begin as mild, diffuse, 
or small focal collections of C-cells adjacent to 
the follicular epithelium. As the proliferation 
continues, the follicular epithelium is com- 
pressed and contiguous follicles become in- 
volved. Lesions smaller than three follicles are 
arbitrarily classified as hyperplasia. Lesions 
that are larger and restricted to one lobe are ade- 
nomas; and lesions involving the thyroid cap- 
sule, invading adjacent tissue, or having obvious 
malignant characteristics (such as metastases) 
are classified as C-cell carcinomas. Since these 
lesions occur in about 9% of F344/N rats (Appen- 
dix F, Tables F4 and F5) and the distinction be- 
tween hyperplasia and adenoma is one of degree, 
the marginally increased incidences of these 
neoplastic lesions a re  not considered to be 
chemically related. 

Neoplastic nodules or carcinomas of the liver de- 
creased in low dose male rats, but the incidence 
in the high dose group was not significantly dif- 
ferent from that in the controls. Mononuclear 
cell leukemia occurred with a negative trend in 
male rats, and the incidences in the dosed groups 
were lower than that in the controls. Neither of 
these decreases was considered to be related to 
administration of 8-hydroxyquinoline. Quino- 
line, the parent compound of 8-hydroxyquino- 
line, was found to produce increased incidences 
of hepatocellular carcinomas and hemangioen- 
dotheliomas when incorporated into the diet of 
male Sprague-Dawley rats at a concentration of 
500 ppm for 40 weeks (Hirao et al., 1976). No 
such effects were observed in the present study. 
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TABLE 14. INCIDENCES OF LESIONS IN RATS AND MICE IN THE TWO-YEAR FEED STUDIES O F  
8-HYDROXYQUINOLINE 

Control 1,500 ppm 3,000 ppm 
-_ 

MALE RATS 

Lung 
Epithelial Hyperplasia 
AlveolarBronchiolar AdenomdCarcinoma 

Thyroid 
C-cell Hyperplasia 
C-cell AdenomdCarcinoma 

Liver 
Neoplastic Nodule 
Carcinoma 

Hematopoietic System 
Mononuclear Cell Leukemia 

5/50 
0150 

4/50 
1/50 

6/49 
1/49 

17/50 

5/50 
3/50 

3/49 
1/49 

1/50 
0150 

8/50 

3/50 
4/50 

1/47 
6/47 

3/48 
0148 

9/50 

FEMALE KATS 

Thyroid 
C-cell Hyperplasia 
C-cell AdenomdCarcinoma 

MALE MICE 

Circulatory System 
Hemangioma 
Hemangiosarcoma 

Hematopoietic System 

Lung 

Malignant Lymphoma 

Epithelial Hyperplasia 
Alveolar/Bronchiolar AdenomdCarcinoma 

FEMALE MICE 

9/48 
3/48 

6/50 
2/50 

1/49 
6/49 

7/50 
3/50 

1/50 
1/50 

0150 
1/50 

12/50 6/50 6/50 

1/50 
6/50 

0149 
10149 

5/50 
10150 

Circulatory System 
Hemangioma 
Hemangiosarcoma 

Hematopoietic System 
Malignant Lymphocytic Lymphoma 
Malignant Lymphoma (all types) 

Carcinoma 
Liver 

4/50 
1/50 

1/50 
0150 

0150 
0150 

1/50 
13/50 

1/50 
13/50 

6/50 
12/50 

3/49 1/50 0149 

Lung 
Epithelial Hyperplasia 
Alveolar/Bronchiolar AdenomdCarcinoma 

1/49 
2/49 

0150 
5/50 

0150 
5/50 
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IV. DISCUSSION AND CONCLUSIONS 

In mice, incidences of hemangiomas and 
hemangiosarcomas or hemangiomas were 
decreasad in dosed males, The incidences in the 
control group were notably greater than the 
highert incidence previously observed in the 
historical controls (Appendix F, Table FBI, The 
combined incidence of these leeions wafi 
mnrginally increased in low dose female mice, 
and the incidence in the high dose group was not 
significantly greater than that in the controls. 
The decrease in circulatory system tumors in 
mice ir considered to be unrelated to &hydroxy- 
quinoline administration, No explanation is 
readily apparent for the increased incidence of 
circulatory system tumors in the concurrent 
controls relative to NTP historical control 
values. 

Marginal decreases were observed in malignant 
lymphoma in dosed male mice and hepatocellu- 
lar carcinoma in dosed female mice, but neither 
of these effects was considered to be chemically 
related. 

In female mice, the incidence of necrotizing 
inflammation of multiple organs (utero-ovarian 
and thoracic or abdominal cavities) correlated 
with Klebsiella infection. The lesions were 
similar to those found in female mice inother 

NTP studies in which a diagnosis of Klebsiella 
was made, 

Neurslaglic or neuropathologic lesions induced in 
humane or animals by halogenated derivatives 
of 8-hydroxyquinoline (Oakley, 1973; Muraya- 
ma et al., 1974) were not observed in this study 
with 8-hydroxyquinoline1 

8-Hydroxyquinoline is mutagenic in s t ra in  
TA100 of Salmonella typhimurim and causes 
chromosomal aberration8 in the bean plant 
Vicia faba; however, the compound gave equiv- 
ocal or inconclusive results in a variety of other 
short-term tests (see Introduction). In NTP in 
vitro tests, 8-hydroxyquinoline did not induce 
either unscheduled DNA synthesis in rat hepa- 
tocytes or transformation of BALBk-3T3 cells 
(Appendix M). These results are consistent with 
the lack of carcinogenicity in the present  
studies. 

Conclueiona: Under the conditions of these stud- 
ies, there was no evidence of carcinogenicity* for 
male and female F344/N rats or for male and fe- 
male B6C3F1 mice given 8-hydroxyquinoline in 
feed at  concentrations of 1,600 or 3,000 ppm for 
103 weeks. 

'Citrgorirr of rvidtncr ofcarcinogenicity are defined in the Nato to the Reader on page 2, 
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APPENDIX A 

SUMMARY OF THE INCIDENCE OF NEOPLASMS 

IN RATS IN THE TWO-YEAR FEED STUDIES OF 

8-HYDROXY QUINOLINE 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEARFEED 
STUDY OF 8-HYDROXYQUINOLINE 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*SKIN (50) (60) (60) 

SQUAMOUS CELL PAPILLOMA 1 (2%) 
SQUAMOUS CELL CARCINOMA 1 (2%) 
BASAL-CELL CARCINOMA 1 (2%) 1 (2%) 1 (2%) 
KERATOACANTHOMA 2 (4%) 

CARCINOMA, NOS 1 (2%) 
KERATOACANTHOMA 1 (2%) 
SARCOMA, NOS 2 (4%) 1 (2%) 
FIBROMA 2 (4%) 4 (8%) 5 (10%) 
FIBROSARCOMA 1 (2%) 

*SUBCUT TISSUE (50) (50) (50) 

\ 

RESPIRATORY SYSTEM 
#LUNG (50) (50) (50) 

CARCINOMA, NOS, METASTATIC 2 (4%) 
HEPATOCELLULAR CARCINOMA, METAST 1 (2%) 
ALVEOLAR/BRONCHIOLAR ADENOMA 2 (4%) 3 (6%) 
ALVEOLAR/BRONCHIOLAR CARCINOMA 1 (2%) 1 (2%) 
C-CELL CARCINOMA, METASTATIC 1 (2%) 
SARCOMA, NOS, METASTATIC 1 (2%) 
SARCOMA, NOS, UNC PRIM OR META 
OSTEOSARCOMA, METASTATIC 1 (2%) 

1 (2%) 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS (50) (50) (50) 

MALIGNANT LYMPHOMA, NOS 1 (2%) 2 (4%) 1 (2%) 

MALIG. LYMPHOMA, HISTIOCYTIC TYPE 1 (2%) 1 (2%) 
LEUKEMIA,MONONUCLEAR CELL 17 (34%) 8 (16%) 9 (18%) 

MESOTHELIOMA, INVASIVE 1 (2%) 
MALIGNANT LYMPHOMA, NOS 1 (2%) 

SARCOMA, NOS, UNC PRIM OR META 1 (2%) 

MALIG. LYMPHOMA, LYMPHOCYTIC TYPE 1 (2%) 

#SPLEEN (50) (49) (47) 

#MANDIBULAR L. NODE (48) (48) (48) 

CIRCULATORY SYSTEM 
#SPLEEN (60) (49) (47) 

#LUNG (50) (50) (50) 

#LIVER (49) (50) (48) 

HEMANGIOSARCOMA 1 (2%) 2 (4%) 

HEMANGIOSARCOMA, METASTATIC 1 (2%) 

HEMANGIOSARCOMA, METASTATIC 1 (2%) 

DIGESTIVE SYSTEM 
#SALIVARY GLAND (49) (46) (49) 

#LIVER (49) (50) (48) 
NEUROFIBROSARCOMA 1 (2%) 

NEOPLASTIC NODULE 6 (12%) 1 (2%) 3 (6%) 
HEPATOCELLULAR CARCINOMA 1 (2%) 
SARCOMA, NOS, METASTATIC 1 (2%) 
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TABLE Al ,  SUMMARY O F  THE INCIDENCE O F  NEOPLASMS IN MALE RATS IN THE TWO-YEAR FEED 
STUDY OF B-HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#PANCREAS 

#STOMACH 
ACINAR-CELL ADENOMA 

MESOTHELIOMA, INVASIVE 
DIGESTIVE SYSTEM (Continued) 

#GLANDULAR STOMACH 
ADENOCARCINOMA, NOS 

(50) 

URINARY SYSTEM 
#KIDNEY 

TUBULAR-CELL ADENOMA 
(50) (50) 

1 (2%) 
(48) 

ENDOCRINE SYSTEM 

ADENOMA, NOS 
#PITUITARY 

#PITUITARY INTERMEDIA 
ADENOMA, NOS 

CORTICAL ADENOMA 
PHEOCHROMOCYTOMA 

#ADRENAL 

#THYROID 
C-CELL ADENOMA 
C-CELL CARCINOMA 

#PARATHYROID 
ADENOMA, NOS 

#PANCREATIC ISLETS 
ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

(48) 

(48) 
18 (38%) 

(50) 

(50) 

(50) 

17 (34%) 

1 (2%) 

8 (16%) 

1 (2%) 

1 (5%) 

5 (10%) 

(49) 

(20) 

(48) 

(47) 

(47) 
12 (26%) 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND 

FIBROADENOMA 
*PREPUTIAL GLAND 

CARCINOMA, NOS 
ADENOMA, NOS 

#TESTIS 
INTERSTITIAL-CELL TUMOR 

(50) (50) (50) 

(50) (50) (50) 

(47) (50) (48) 

2 (4%) 3 (6%) 4 (8%) 

1 (2%) 3 (6%) 1 (2%) 
1 (2%) 1 (2%) 

39 (83%) 42 (84%) 44 (92%) 

NERVOUS SYSTEM 
#BRAIN 

CARCINOMA, NOS, INVASIVE 
ASTROCYTOMA 

(50) 

SPECIAL SENSE ORGANS 
+ZYMBAL GLAND (50) (50) (50) 

CARCINOMA, NOS 1 (2%) 1 (2%) 
SQUAMOUS CELL CARCINOMA 1 (2%) 

MUSCULOSKELETAL SYSTEM 
*SKULL 

OSTEOSARCOMA 
(50) 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMSIN MALE RATSIN THE TWO-YEAR FEED 
STUDY OF &HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

BODY CAVITIES 
*ABDOMINAL CAVITY (50) (50) (50) 

*TUNICA VAGINALIS (50) (50) (50) 
OSTEOSARCOMA 1 (2%) 

MESOTHELIOMAl NOS 1 (2%) 
MESOTHELIOMA, MALIGNANT 1 (2%) 

ALL OTHER SYSTEMS 
BASE OF TAIL 

KERATOACANTHOMA 1 

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 

~~~ 

ANIMAL DISPOSITION SUMMARY 
ANIMALS INITIALLY IN STUDY 50 50 50 

NATURAL DEATH 10 11 12 
MORIBUND SACRIFICE 12 5 5 
SCHEDULED SACRIFICE 
TERMINAL SACRIFICE 28 34 33 
DOSING ACCIDENT 
ACCIDENTALLY KILLED, NDA 
ACCIDENTALLY KILLED, NOS 
ANIMAL MISSING 
ANIMAL MISSEXED 

TUMOR SUMMARY 
TOTAL ANIMALS WITH PRIMARY TUMORS** 47 60 49 

TOTAL PRIMARY TUMORS 120 112 113 
TOTAL ANIMALS WITH BENIGN TUMORS 44 46 47 

TOTAL BENIGN TUMORS 02 06 87 
TOTAL ANIMALS WITH MALIGNANT TUMORS 27 21 18 

TOTAL MALIGNANT TUMORS 32 22 23 
TOTAL ANIMALS WITH SECONDARY TUMORS## 2 3 3 

TOTAL SECONDARY TUMORS 3 6 4 
TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
BENIGN OR MALIGNANT 6 2 3 

TOTAL UNCERTAIN TUMORS 6 2 3 
TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
PRIMARY OR METASTATIC 1 

TOTAL UNCERTAIN TUMORS 2 

*+ PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
X I  SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN 
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TABLE AB. SUMMARY OF THE INCIDENCE OF NEOPLASMS I N  FEMALE RATSIN THE TWOSYEAR FEED 
STUDY O F  &HYDROXYQUINOLINE 

~ ~~~ ~~~~ 

CONTROL (UNTR) LOWDOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 

SARCOMA, NOS 
FIBROMA 
FIBROSARCOMA 
LEIOMYOSARCOMA 

*SUBCUT TISSUE (50) (50) (50) 
1 (2%) 

1 (2%) 1 (2%) 2 (4%) 
1 (2%) 

1 (2%) 

RESPIRATORY SYSTEM 
#LUNG (50) 

ALVEOLAWBRONCHIOLAR ADENOMA 1 (2%) 
SARCOMA, NOS, METASTATIC 
FIBROSARCOMA, METASTATIC 1 (2%) 

(50) (50) 
2 (4%) 2 (4%) 
1 (2%) 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS (60) 

MALIGNANT LYMPHOMA, NOS 

6 (12%) 
LEUKEMIA, NOS 
LEUKEMIA, MONONUCLEAR CELL 

(60) (60) 
1 (2%) 

3 (6%) 9 (18%) 
1 (2%) 

CIRCULATORY SYSTEM 
NONE 

DIGESTIVE SYSTEM 
#LIVER (60) (60) (49) 

#ILEAL SUBMUCOSA (49) (48) (47) 

#CECUM (46) (48) (48) 

NEOPLASTIC NODULE 3 (6%) 2 (4%) 4 (8%) 
HEPATOCELLULAR CARCINOMA 1 (2%) 

SARCOMA, NOS 1 (2%) 

SARCOMA, NOS 1 (2%) 

URINARY SYSTEM 
#KIDNEY (50) 

#URINARY BLADDER (50) 
SARCOMA, NOS, METASTATIC 

TRANSITIONAL-CELL PAPILLOMA 

ENDOCRINE SYSTEM 
#PITUITARY 

CARCINOMA, NOS 
ADENOMA, NOS 

CORTICAL ADENOMA 
CORTICAL CARCINOMA 
PHEOCHROMOCYTOMA 
GANGLIONEUROMA 

XADTZENAL 

#THYROID 
C-CELL ADENOMA 
C-CELL CARCINOMA 

XPARATHY ROID 
ADENOMA, NOS 

(47) 

(49) 
23 (49%) 

1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 

(48) 

(27) 
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TABLE AB. SUMMARY OF THE INCIDENCE O F  NEOPLASMS IN FEMALE RATSIN THE TWO-YEAR FEED 
STUDY OF 8-HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND (50) (50) (50) 

ADENOMA, NOS 2 (4%) 
FIBROADENOMA 19 (38%) 15 (30%) 13 (26%) 

ADENOMA, NOS 3 (6%) 3 (6%) 

ENDOMETRIAL STROMAL POLYP 11 (22%) 13 (27%) 14 (29%) 
ENDOMETRIAL STROMAL SARCOMA 1 (2%) 

GRANULOSA-CELL TUMOR 1 (2%) 1 (2%) 
SERTOLI-CELL TUMOR 1 (2%) 

"CLITORAL GLAND (50) (50) (50) 

#UTERUS (49) (49) (49) 

#OVARY (49) (49) (49) 

NERVOUS SYSTEM 
#BRAIN (49) (50) (50) 

ASTROCYTOMA 2 (4%) 

SPECIAL SENSE ORGANS 
*EAR 

FIBROSARCOMA 
(50) 

MUSCULOSKELETAL SYSTEM 
NONE 

BODY CAVITIES 
NONE 

ALL OTHER SYSTEMS 
NONE 

X NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
NUMBER OF ANIMALS NECROPSIED 
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TABLE AO. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR FEED 
STUDY OF B-HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ANIMAL DISPOSITION SUMMARY 
ANIMALS INITIALLY IN STUDY 

NATURAL DEATH 
MORIBUND SACRIFICE 
SCHEDULED SACRIFICE 
TERMINAL SACRIFICE 
DOSING ACCIDENT 
ACCIDENTALLY KILLED, NDA 
ACCIDENTALLY KILLED, NOS 
ANIMAL MISSING 
ANIMAL MISSEXED 

50 
5 
9 

36 

50 
7 
4 

39 

50 
8 
5 

37 

TUMOR SUMMARY 
TOTAL ANIMALS WITH PRIMARY TUMORS** 

TOTAL ANIMALS WITH BENIGN TUMORS 

40 
TOTAL PRIMARY TUMORS 79 

37 
TOTAL BENIGN TUMORS 62 

12 
TOTAL MALIGNANT TUMORS 13 

TOTAL ANIMALS WITH MALIGNANT TUMORS 

TOTAL ANIMALS WITH SECONDARY TUMORS## 1 
TOTAL SECONDARY TUMORS 1 

TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
BENIGN OR MALIGNANT 3 

TOTAL UNCERTAIN TUMORS 4 
TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
PRIMARY OR METASTATIC 

TOTAL UNCERTAIN TUMORS 

44 
76 
40 
65 
9 
9 
1 
2 

2 
2 

45 
90 
41 
71 
13 
14 

5 
5 

** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
X I  SECONDARY TUMORS METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
FEED STUDY OF &HYDROXYQUINOLINE: UNTREATED CONTROL 

LYWM NODE5 

r u m 5  

HEAR1 

rr1n 
54UAUOU5 CELL CbRCIIIoIIA 
BAlAL-CELL CbRCIN011A X 

. . . . . . . . . . . . . . . . . . . . . . . . .  ......................... 

......................... 

. . . . . . . . . . . . . . . . . . .  . - 4 .  . . . . . . . . . . . . . . . . . . . . . . . . .  
KIDNEY .......................... 

r u a u m - c e i i  ADCMONI 
URIMARY BLbODCR ~ . . . * . * . . * . * * . * * . * . . . . * * * *  

I 
n I 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS UNTREATED CONTROL 
(Continued) 

ARCI I IU lA .  RETA¶TA 

scLco( nerotnarxmr. IwvhsIve 
M U l A I M I O ¶ A R C M A  

seumoous c e L L  CARCINOMA 
I 

sone / I I  II II II II II II II II II II II II II II II II II Y II M M II II R 
O ¶ I E O ¶ A R C O ~ A  I 

E¶ 

I U I I I C A  V A O l N A L I ¶  ~ r . r . r r . r r . l . * ~ . . r r + r . r r r .  
n e s o r m I o m ,  .wiwwr X 

I 

O L I V A R Y  OLAIID 
I ICUROCIBROIARCOIIA 

so. 

s o y [  

ADRENAL 
CORTICAL ADCI IMA Pncocnionocyrom 

TI IYROID 

PARIT I IYRO10 

C-CELL A D C I I M A  
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
FEED STUDY OF 8-HYDROXYQUINOLINE: LOW DOSE 

ANIMAL 
IIUMICR 

YCCKI OM 
SlUOY 

-vs--- I 
SRXM * + * * * * * * * + * * * * * + * . . * + * * * +  

SPumus CCLL CACXLLWA 
BASAL-CELL CARCXWWA X 

CARCINOMA, NO¶ 
F I I R W A  

¶UICUTANCOUS TXSSUI 
X 

X X *I * * * + + . * * * + * * * * ~ + * * * * * * + *  

+ + * * + + + . . * * + * + * * * + + + * * * * *  
x x  

X 

X 
1 + 

* * e * + * + * * * *  * * * + +  * . * . + * * * *  
SALIVARY OLAMD * * - + + *  * + . * - * * * + * * + * * * * * * *  

I , . . .  + * + + + + + + + * *I 

L. 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS LOW DOSE (Continued) 
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TABLE AS. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
FEED STUDY OF &HYDROXYQUINOLINE: HIGH DOSE 

SKIN 
BASAL-CELL CARCINOMA 
KERATOACANTHO~A 

SARCORA. NOS 
CIlROMA 
CIBROSARCOMA 

SUICUTANEOUS TISSUE 

* + + c * + + + + + , + + + , t + + + + + , r , n  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

iunoa AND BRONCHI 
ALVEOLAR/lRONCHIDLAR ADCNOMA 

AR/BRONCNIOLAR CARCINONA 
CARCINOMA. MCTASTATIC 

A .  NOS,  METASTATIC 
ARCOMA, IICTASTATXC 

S?LELN 

S A L I V A R V  OLAND 

L I V C R  
N l Q f L A l r X C  NOWLl 
SARCOMA, NOS, MITASTATXC 

111a DUCT 

QALLILADDCR C O m O N  B I L E  DUCT 

PANCREAS 
ACINAR-CELL ADENOMA 

lIDNET + + * * * + * L  

URINARY lLAODER + * + + , , + + , - + + + * + + + + * * - + + + -  
M 

LYMIAL'S OLANO 
CARC1NOMA.NOS 

A L L  o w e m  

?ITUITARY 

ADRENAL 

THYROID 

ADENOM?. NOS 

PHEOCHROMOCTTOMA 

C-CELL AOCUOPlA 
C-CELL CARCINONA 

N N ~ N N N N N N N R N N N N N N N N N N N N N N  

MULTIPLE OROANS NOS 
nALIONANT LYHCHOHA, NOS 
RALIO.LYHPHOnA. l4ISTlOCYTIC TYPE 

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE (Continued) 

C I T U I T A R Y  

ADRENAL 

T M Y R O I D  

ADENOMA. NO¶ 

?NCDCMROnOCYTOllA 

C-CELL AOCMOMA 
C-CELL CARCINOMA 
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TABLE A 4  INDIVIDUAL AMMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
FEED STUDY OF I-HYDROXYQUINOLINE: UNTREATED CONTROL 

SUICUIANEOUS TIliUE 
t 1110111 
CIIROSARCORA 

SCLEtw 

L Y R N  Moots 

LASTIC NOWLC 
WECATOCCLLULAR CARCINORA 

BILE DueT 

OALL#LADDR J CDmoW )ILL DUCT 

PANCREAS 

ESO?+IAOUS 

KIDNCY 

ADRENAL 
CORTICAL AOLWONA 
CORTICAL CARCINOIIA 
?WEOCNROMOCYTONA 

C-CELL AOLWMIA 
C-CELL CARCINOlU 

TNYROID 

PARATNYROIO 

UAMARY OLANO 
FIIROAOLNONA 

PRECUTIAC/CLITORAL OLANO 

UTERUS 
ADENOMA. NOS 

ENDOIICTRIAL STRORAL COLT? 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: UNTREATED CONTROL 
(Continued) 

SUBCUTANEOUS T I S S U E  
FIBROMA 
FIBROSARCOMA 

. . . . . . . . . . . . . . . . . . . . . . . . .  son 
X 1 

t 

X 
LUNQS AND ORONCHI , + t , + * , + * + + + + * + + + + + + + + + + ~  

ALVEOLAR/BRONCHIOLAR ADENOMA 

L I V E R  
NEOPLA9TIC MODULE 
HECATOCELLULAR CARCINOMA 

B I L E  DUCT 

QALLBLADDER 8 C n m ) N  B I L E  WCT 

CANCREAS 

ESOCNAQUS 

STOMACM 

SnALL INTESTINE 

LARQE I N T C S T I N E  

I 

KIONEY 

U R I N M Y  BLADDER 

-1NE SYSTEM 

P I T U I T A R Y  

AOREHAl 

ADENOMA. NOS 

CORTICAL AOENOMA 
CORTICAL CARCINOMA 
PMEOCMROMOCYTOMA 

C-CELL ADENOMA 
C-CELL CARCINOMA 

TMYROIO + + + + + - - + + + + + + + + + + + e  

P R C W T X A L I C L I T O R I L  QLAND 
ADENOMA, NOS 

MCTRIAL STROMAL ?OLY? 

0 4NXMAlS HECROCSIED 

+ . , + + * + + + + , + + + * * +  + + * + + + + + I  ¶ I .  

. . . . . . . . . . . . . . . . . . . . . . . . .  II 

I 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
FEED STUDY OF 8-HYDROXYQUINOLINE: LOW DOSE 

SUBCUTANEOUS TISSUE 
SARCOMA, MOS 
FIBROMA 
LEIOMYOSARCOW 

Bone MARROW 

S r L e c N  

IILL DUCT 

OALLBLAOOCR 8 CoI111oN B I L E  W C I  

CANCRLIS 

EIOPN AOUS 

STOMACH 

SMALL I N T I S T I N E  

S I  R I T A S T A T I C  

L-CELL ? M I L L O M A  

AORCHIL 

lnYROl0 

PARATHYROID 

PHCOCHR0PK)CYTOMA 

C-CELL ADENOMA 

UTERUS 
EWOORETRIAL STROMAL ?OLYC 

N N M N H H N M M M  
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS LOW DOSE (Continued) 

K I C O T K E K  SYSTEMS 

R U L I I P L E  OROAWS NOS 
M A L I O W A M T  LYMPHOMA. NOS 

CELL 

S U I C U t A n C O U I  T I S I U C  
SARCOflAr NOS 
CIBROflA 
LEIOMYOSARCOflA 

n n N N n n n n n n N n n W N n n n n n n n n n H SO'$ 

X Y Y  3 

L u n o a  Ano sroncnr 
ALVCOLAR~BROWCHIOLAR AOCNOflA 
SARCOflA. NOS, M C T A S T A I I C  

P I T U I T A R Y  
CARCINOflA.NOS 
ADENOMA. NOS 

PHEOCHROMOCYTOflA 

C-CELL ADlnOf lA 

AORENAL 

THYRO IO 

UTERUS 
E N O O f l C l R I I L  STROPIAL ?OLY? 
ENOOPIETRIAL STROflAl  SARCOflA 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
FEED STUDY OF8-HYDROXYQUINOLINE: HIGH DOSE 

WEART 

MULTIPLE OROANS NO¶ 
L E U R E M I A ~ N O S  

D I O ~ O I X V I  aiiim 
SALIVARY OLAND 

LIVER 

BILE DUCT 
OALLILADDER i C O m O W  IXLL DUCT 

CANCREA$ 

NEOPLASTIC NOWLL 

RIDNCY 

N N N N N N N N N N N N N N N N N N N N N N N N N  

X x x  X 

PITUITARY 

ADRENAL 

ADENOMA. NOS 

CORTICAL ADENOMA 
PMEOCMROROCllOMA 
GANOLIONEUROMA 

C-CELL AOENOMA 
C-CELL CARCINOMA 

THYROID 

MAFNIARY OLAND 
ADENOMA, NOS 
FIBROADENOMA 

AOENOMA~ NOS 

ENDOMETRIAL STROI1hL POLYP 

PRCPUIIAL/CLITORAL OLAND 

UTCRUS 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS HIGH DOSE (Continued) 

BONE MARROU 

SCLEEM 

L I V E R  

B I L C  DUCT 

OALLBLAOOER 1 C O m O M  B I L E  DUCT 

PAMCREAS 

ESOPMAOUS 

STOIIACH 

SMALL IMTESTIME 
SARCOMA. NOS 

NEOPLASTIC MODULE 

P I T U I T A R Y  
AOEMOMA. NOS 

AOREMAL 
C O R T I C A L  AOEMOMA 
PMEOCHROMOCYTOMA 
OAMGLIONEUROMA 

T M Y l O I D  
C - C E L L  ADlMOMA 
C - C E L L  CARCIMOMA 

AOEWOMA. NOS 
PLRATNYRQID 

MAmARY CLAM0 
AOEMOMA e. NOS - FIBROAOEMOMA 

P R E ? U T I A L I C L I T O R A L  GLAND 
AoEnOnA, NOS 

UTERUS 
EWOOllElRIAL STROMAL POLYP 

I l U L T l P L E  ORGANS NOS 
L E U K E i l I A . I O 9  

AMIMALS IWROCSIED 
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APPENDIX B 

SUMMARY OF THE INCIDENCE OF NEOPLASMS 

IN MICE IN THE TWO-YEAR FEED STUDIES OF 

8-HYDROXYQUINOLINE 
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TABLE Bl. SUMMARY O F  THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR FEED 
STUDY O F  &HYDROXYQUINOLINE 

CONTROL (UNTI)  LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*SKIN 

KERATOACANTHOMA 
SARCOMA, NOS 

SARCOMA, NOS 
FIBROMA 
FIBROSARCOMA 

*SUBCUT TISSUE 

RESPIRATORY SYSTEM 
#LUNG (50) (49) (50) 

NEOPLASM, NOS, METASTATIC 1 (2%) 
NEOPLASM, NOS, UNC PRIM OR META 1 (2%) 
HEPATOCELLULAR CARCINOMA, METAST 1 (2%) 2 (4%) 
ALVEOLAR/BRONCHIOLAR ADENOMA 5 (10%) 9 (18%) 9 (18%) 
ALVEOLAR/BRONCHIOLAR CARCINOMA 1 (2%) 1 (2%) 1 (2%) 
SARCOMA, NOS, METASTATIC 1 (2%) 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS 

MALIGNANT LYMPHOMA, NOS 
MALIC. LYMPHOMA, UNDIFFERTYPE 
MALIC. LYMPHOMA, LYMPHOCYTIC TYPE 
MALIC. LYMPHOMA, HISTIOCYTIC TYPE 

MALIGNANT LYMPHOMA, NOS 

HEPATOCELLULAR CARCINOMA, METAST 
MALIGNANT LYMPHOMA, NOS 

MALIGNANT LYMPHOMA, NOS 

#SPLEEN 

#LYMPH NODE 

#LIVER 

#GASTRIC SEROSA 

PPEYERS PATCH 

#THYMUS 

MAST-CELL TUMOR 

MALIGNANT LYMPHOMA, NOS 

MALIGNANT LYMPHOMA, NOS 

(50) 
7 (14%) 

(50) 
3 (6%) 
1 (2%) 

(50) 

(42) 

CIRCULATORY SYSTEM 
*ABDOMINAL CAVITY (50) (50) (50) 

*SUBCUT TISSUE (50) (50) (50) 
HEMANGIOMA 1 (2%) 

HEMANGIOMA 1 (2%) 
HEMANGIOSARCOMA 1 (2%) 

HEMANGIOMA 3 (6%) 
HEMANGIOSARCOMA 1 (2%) 1 (2%) 1 (2%) 

HEMANGIOMA 1 (2%) 

ALVEOLARIBRQNCHIOLAR CA, METAS'I'A 1 (2%) 

HEMANGIOMA 2 (4%) 
HEMANGIOSARCOMA 2 (4%) 

#SPLEEN (49) (48) (50) 

#LYMPH NODE (44) (45) (42) 

#HEART (50) (50) (49) 

#LIVER (50) (50) (50) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEARFEED 
STUDY OF 8-HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM 
#LIVER 

HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 

(50) 
9 (18%) 
5 (10%) 

SARCOMA, NOS, UNC PRIM OR META 

HEPATOCELLULAR CARCINOMA, METAST 
HEPATOCELLULAR CARCINOMA, INVASIVE 

ADENOCARCINOMA, NOS 

ADENOCARCINOMA, NOS 

#STOMACH (47) 

#GLANDULAR STOMACH (47) 

#JEJUNUM (43) 

URINARY SYSTEM 
#KIDNEY (50) 

ALVEOLAR/BRONCHIOLAR CA, METASTA 
TUBULAR-CELL ADENOCARCINOMA 

ENDOCRINE SYSTEM 

ADENOMA, NOS 

ADENOMA, NOS 
CORTICAL ADENOMA 1 (2%) 
PHEOCHROMOCYTOMA 2 (4%) 

ADENOMA, NOS 1 (2%) 

#PITUITARY (39) 

#ADRENAL (49) 

XADRENAUCAPSULE (49) 

#THYROID (60) 
FOLLICULAR-CELL ADENOMA 
FOLLICULARCELL CARCINOMA 

REPRODUCTIVE SYSTEM 
#TESTIS 

INTERSTITIALCELL TUMOR 
(47) 

NERVOUS SYSTEM 
#BRAIN 

ASTROCYTOMA 
(50) 

SPECIAL SENSE ORGANS 
*HARDERIAN GLAND 

ADENOMA, NOS 
CYSTADENOMA, NOS 

MUSCULOSKELETAL SYSTEM 
NONE 

BODY CAVITIES 
*ABDOMINAL CAVITY 

SARCOMA, NOS 
(60) (50) (50) 

1 (2%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS I N  MALE MICE IN THE TWO-YEARFEED 
STUDY OF &HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS 

LEG 
SARCOMA, NOS, METASTATIC 

SARCOMA, NOS 
NEUROFIBROSARCOMA 

(50) (50) 

1 

(50) 
1 (2%) 

1 

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 

ANIMAL DISPOSITION SUMMARY 
ANIMALS INITIALLY IN STUDY 50 50 50 

NATURAL DEATH 19 12 12 
MORIBUND SACRIFICE 2 3 3 
SCHEDULED SACRIFICE 
TERMINAL SACRIFICE 29 35 35 
DOSING ACCIDENT 
ACCIDENTALLY KILLED, NDA 
ACCIDENTALLY KILLED, NOS 
ANIMAL MISSING 
ANIMAL MISSEXED 

TUMOR SUMMARY 
TOTAL ANIMALS WITH PRIMARY TUMORS** 35 35 35 

TOTAL PRIMARY TUMORS 56 67 55 
TOTAL ANIMALS WITH BENIGN TUMORS 25 21 26 

TOTAL BENIGN TUMORS 29 34 31 
TOTAL ANIMALS WITH MALIGNANT TUMORS 22 22 21 

31 
4 
8 

TOTAL MALIGNANT TUMORS 27 
2 

TOTAL SECONDARY TUMORS 2 
TOTAL ANIMALS WITH SECONDARY TUMORS## 

TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
BENIGN OR MALIGNANT 

TOTAL UNCERTAIN TUMORS 
TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
PRIMARY OR METASTATIC 

TOTAL UNCERTAIN TUMORS 

1 
1 

1 
1 

23 
1 
1 

1 
1 

** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
# W  SECONDARY TUMORS METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN 
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TABLE B2. SUMMARY O F  THE INCIDENCE O F  NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF 6-HYDROXYQUINOLINE 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 

SARCOMA, NOS 
*SUBCUT TISSUE 

RESPIRATORY SYSTEM 
#LUNG 

NEOPLASM, NOS, UNC PRIM OR META 
HEPATOCELLULAR CARCINOMA, METAST 
ALVEOLAR/BRONCHIOLAR ADENOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 
ADENOSQUAMOUS CARCINOMA, METASTA 
PHEOCHROMOCYTOMA, METASTATIC 
SARCOMA, NOS, METASTATIC 
OSTEOSARCOMA, METASTATIC 

(49) (50) (50) 
1 (2%) 

1 (2%) 
1 (2%) 5 (10%) 4 (8%) 
1 (2%) 1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS (50) (50) (50) 

MALIGNANT LYMPHOMA, NOS B (16%) 10 (20%) 6 (12%) 
MALIG. LYMPHOMA, UNDIFFER-TYPE 2 (4%) 
MALIG. LYMPHOMA, LYMPHOCYTIC TYPE 1 (2%) 1 (2%) 6 (12%) 
MALIG. LYMPHOMA, HISTIOCYTIC TYPE 1 (2%) 1 (2%) 

MALIGNANT LYMPHOMA, NOS 1 (2%) 

MALIG. LYMPHOMA, HISTIOCYTIC TYPE 1 (2%) 

#SPLEEN (49) (48) (47) 

#UTERUS (50) (47) (49) 

CIRCULATORY SYSTEM 
'SUBCUT TISSUE (50) (50) (60) 

#LYMPH NODE (42) (47) (44) 

#LIVER (49) (60) (49) 

#OVARY (43) (46) (43) 

HEMANGIOSARCOMA 1 (2%) 

HEMANGIOMA 1 (2%) 

HEMANGIOMA 1 (2%) 1 (2%) 

HEMANGIOMA 2 (4%) 

DIGESTIVE SYSTEM 
#SALIVARY GLAND 

#LIVER 
SARCOMA, NOS, INVASIVE 

HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 
LIPOMA 

#DUODENUM 
ADENOMATOUS POLYP, NOS 

URINARY SYSTEM 
#KIDNEY 

TUBULAR-CELL ADENOMA 
SARCOMA, NOS, METASTATIC 
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TABLE BB. SUMMARY O F  THE INCIDENCE O F  NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF 8-HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 

ADENOMA, NOS 

PHEOCHROMOCYTOMA 
PHEOCHROMOCYTOMA, MALIGNANT 
GANGLIONEUROMA 

#PITUITARY 

#ADRENAL 

#THYROID 
FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 

#PANCREATIC ISLETS 
ISLET-CELL ADENOMA 

(40) 

(49) 
12 (30%) 

1 (2%) 

(44) (37) 

(48) (47) 
14 (32%) 11 (30%) 

1 (2%) 
I (2%) 

2 (4%) 2 (4%) 

1 (2%) 

(48) (47) 

(47) (45) 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND 

ADENOCARCINOMA, NOS 
ADENOSQUAMOUS CARCINOMA 

ENDOMETRIAL STROMAL POLYP 

CYSTADENOMA, NOS 
PAPILLARY CYSTADENOMA, NOS 

#UTERUS 

#OVARY 

GRANULOSA-CELL TUMOR 

NERVOUS SYSTEM 
#BRAIN 

MENINGIOMA 
(47) 

SPECIAL SENSE ORGANS 
*HARDERUNGIAND (50) (50) (50) 

*EAR (50) (50) (50) 
ADENOMA, NOS 1 (2%) 1 (2%) 

SQUAMOUS CELL PAPILLOMA 1 (2%) 

MUSCULOSKELETAL SYSTEM 
NONE 

BODY CAVITIES 
NONE 

ALL OTHER SYSTEMS 
LEG 

OSTEOSARCOMA 1 

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 
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TABLE B2. SUMMARY O F  THE INCIDENCE O F  NEOPLASMS I N  FEMALE MICE IN THE TWO-YEAR 
FEED STUDY O F  8-HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ANIMAL DISPOSITION SUMMARY 
ANIMALS INITIALLY IN STUDY 

NATURAL DEATH 
MORIBUND SACRIFICE 
SCHEDULED SACRIFICE 
TERMINAL SACRIFICE 
DOSING ACCIDENT 
ACCIDENTALLY KILLED, NDA 
ACCIDENTALLY KILLED, NOS 
ANIMAL MISSING 
ANIMAL MISSEXED 

50 
25 

1 

24 

50 
22 
2 

26 

50 
21 

29 

~~~ ~ ~ 

TUMOR SUMMARY 
TOTAL ANIMALS WITH PRIMARY TUMORS** 33 30 26 

TOTAL PRIMARY TUMORS 46 49 41 
TOTAL ANIMALS WITH BENIGN TUMORS 19 22 17 

TOTAL BENIGN TUMORS 26 29 26 
TOTAL ANIMALS WITH MALIGNANT TUMORS 19 17 15 

TOTAL MALIGNANT TUMORS 21 18 16 
TOTAL ANIMALS WITH SECONDARY TUMORS## 2 3 

TOTAL SECONDARY TUMORS 4 3 
TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
BENIGN OR MALIGNANT 1 

TOTAL UNCERTAIN TUMORS 1 
TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
PRIMARY OR METASTATIC 1 

TOTAL UNCERTAIN TUMORS 1 

** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
## SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN 
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TABLE 53. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
FEED STUDY OF 8-MYDROXYQUI~OLINE: UNTREATED CONTROL 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: UNTREATED CONTROL 
(Continued) 

L b R O l  IIIlCSllIIR 

. . . . . . . . . . . . . . . . . . . . .  . * * *  I* 

U R I N A R T  warm 
KIONCY 

URIHARY I L b D O a  

II II H II II II H II tl I ' M  W II II II. H II H I( II N II H II N ! X 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
FEED STUDY OF 8-HYDROXYQUINOLINE: LOW DOSE 

1RACHEA 

BONE MARROY 

wccem 
U U A N O I O ~ A R C O ~ A  

¶KIN 
KERATOACANTNOWA 
IARCOnA. NOS 

.......................... 
I . . . . . . . . . . . . . . . . . . . . . . . . .  ......................... 

JALIVARY OLANO 

t ......................... . . . . . . . . . . . . . . . . . . . . . . . . .  ......................... 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE (Continued) 
;nnRn 

NUMSCR 

W C K 5  O I I  
SlUDY 

, .  
SKIII 
KERATOACAWlMOMA 
SARCOMA. UOS 

S I I C O M I .  no5 
PIIROIAICOMI 

¶UICUlAWCOUS TIS5UE 

H ~ I W O I D ~ A I C D ~ I  
I t 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
FEED STUDY OF &HYDROXYQUINOLINE: HIGH DOSE 

LOYCR LEO nos I 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE (Continued) 

SARCOMI. M05 

~UICUIAWKOU5 TX55UL 
SARCOMA. II05 
PIIRORA 
PI IRO~ARCOCIA 

L I V C R  
MSPATOCCLLULAR APnbrrI 
MCPATOCllLULAR CARCIMOIIA 

P I I U I I A R Y  
AOCMOMA~ M05 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF 8-HYDROXYQUINOLINE: UNTREATED CONTROL 

SUICUTANEOU5 TI5SUE 
SARCOMA, NOS 

, METASTATIC 

WLLEN 

AOENOMA 
CARCINOMA 

t t t t + + t *  

X 

t t t t  t t t t t  
X L Z W R  

HEPATOCELLULAR 
He?ATOCCLLULAR 
LIPOMA 

B X L C  DUCT 

OALLILAODER L COICION B I L E  DUCT 

PANCREAS 
E5O?HAOUS 

ITOMACH 

W A L L  INTESTINE 

MA, NOS, MCTASTATIC 

P I T U I T A R Y  

A DR EN A L 

TNYROID 

AOLNOUA, NOS 

PHLOCHROIIOCYTOMA 

COLlICULAR-C€LL ADCNOCIA 
FOLLICULAR-CELL CAECINOMA 

S CARCINOMA 

UTERUS 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: UNTREATED CONTROL 
(Continued) 

X X 
THYROIO . . . . . . . . . . . . . . . . . . . . . . . . .  

FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCIHORA Y 

SUBCUTANEOUS T I S S U E  + , + , * + + + , + * * * + + * + + + + + , + , ~  I(II 
SARCOMA. NOS I 

“4 

SALIVARY OLAND 
SARCOMAr NOS. 

U T I I U S  + + + + + + + + + + + + + + + , +  + + + + + + + + + 
EHOOMETRIAL 51RORAL POLYP 
MALIO.LYM?NORA. R I 5 T I O C Y T I C  TYPE 

I N V A S I V E  

I 8  
I 
I 

E S O P H A W I  

STOMACN 

SMALL INTESTINE 

LAROE 1WTESTINE 

MAMMARY OLAND 
AOEHOSOUAMOUS CARCINOMA 

HAROERIAN OLAND 
40ENOMAp NOS ~ ~ ~ ~ ~ N N ~ ~ N N N ~ ~ ~ N ~ ~ N ~ N N N N N N  I ’ ( 7  I 

I I I 

N ANIMACS NCCROPSICD 
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TABLE 84. INDIVIDUAL AMMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO*YEAR 
FEED STUDY OF 8.HYDROXYQUINQLINE: LOW DOSE 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE (Continued) 

TOCELLULbR bDEWONb 
TOCELLULbR CbRCIl(0Nb 

89 &Hydroxyquinoline, NTP TR 276 



TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF8-HYDROXYQUINOLINE: HIGH DOSE 

L I V E R  
HEPAlOCELLULAR ADLI(ORA 
H E n A n o I o n A  

l I l E  DUCT 

GALLILAODER 8 COIWON I l l E  W C T  

PAnCREAS 

E5OPHAOUl 

S T O ~ A C ~  

111~1~  I n w s T i n E  

LAROE I n T t s T i n E  

ADENORATOUS POLYP. NOS 

URINARY SYSIEN 
KIDNEY 

ADREIIAL 
PHEOCHROMOCYTOMA. n u i o n i n i  
GANGLIDNEURORA 

MAtlf4ARY GLAND 

UTERUS 

ADENOSPUAROUI CARCII(DllA 

HARDERIAN OLAND 

LEG no, 
X 1 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE (Continued) 

LUNOS AN0 lRONCM1 
ALVEOLARlIRONCMIOLAR AOCNOUA 
ALVCOLARIIROMCMIOLAR CARCIMOMA 

PMIOCHROUOCYTOUA, METASTATIC 
OSTEOIARCOML. f lCTASrATIC 

~oEnosawnous CARCINOMA, METASTAT 

SALIVARY OLAMO 

L I V C R  
HCPhTOCElLULAR AOCNOPIA 
HEUINOIOUA 

B I L E  DUCT 

OALLBLAOOER 8 COWPION B I L L  DUCT 

PAMCREAS 

CSOPMIOUS 

STOMACH 

SMALL I M T E S T I N C  
ADENO~AIOUS POLYP, NOS 

IHYROIO 
FOLLICULAR-CELL AOEMOUA 

UTERUS 

I AMIMALS MECROPSIED 
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APPENDIX C 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 

LESIONS IN RATS IN THE TWO-YEAR FEED STUDIES OF 

8-HYDROXY QUINOLINE 
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TABLE Cl .  SUMMARY OF THE INCIDENCE O F  NONNEOPLASTIC LESIONS I N  MALE RATS IN  THE 
TWO-YEAR FEED STUDY O F  8-HYDROXYQUINOLINE 

~~ ~~ ~~ _ _ _ _ _ _ ~ ~  

LOW DOSE HIGH DOSE CONTROL (UNTR) 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
60 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*SKIN (50) 

EPIDERMAL INCLUSION CYST 1 (2%) 
INFLAMMATION, NOS 2 (4%) 
HYPERKERATOSIS 1 (2%) 
ACANTHOSIS 

MINERALIZATION 
INFLAMMATION, NOS 1 (2%) 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, GRANULOMATOUS 
NECROSIS, NOS 
HYPERPLASIA, BASAL CELL 
HYPERKERATOSIS 
METAPLASIA, OSSEOUS 

*SUBCUT TISSUE (50) 

(50) (50) 
1 (2%) 

6 (12%) 3 (6%) 
3 (6%) 1 (2%) 

1 (2%) 
1 (2%) 1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 

(50) (50) 

1 (2%) 
1 (2%) 

RESPIRATORY SYSTEM 
#LUNG/BRONCHUS (50) 

INFLAMMATION, NOS 1 (2%) 
INFLAMMATION, FOCAL 
FIBROSIS, DIFFUSE 
INFARCT, NOS 
ALVEOLAR MACROPHAGES 

MINERALIZATION 1 (2%) 
HEMORRHAGE 1 (2%) 
INFLAMMATION, NOS 6 (10%) 
INFLAMMATION, FOCAL 
INFLAMMATION, MULTIFOCAL 1 (2%) 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE/CHRONIC 1 (2%) 
INFLAMMATION, FOCAL GRANULOMATOUS 
ALVEOLAR MACROPHAGES 4 (8%) 
HYPERPLASIA, EPITHELIAL 5 (10%) 
METAPLASIA, SQUAMOUS 

#LUNG (50) 

(50) 
3 (6%) 

1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 

1 (2%) 

3 (6%) 
1 (2%) 
1 (2%) 
1 (2%) 
5 (10%) 
1 (2%) 

(60) 

a (16%) 

(50) 

1 (2%) 

(60) 
2 (4%) 

s (10%) 
5 (10%) 

2 (4%) 
3 (6%) 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS 

#SPLEEN 
HEMATOPOIESIS 

HEMORRHAGE 
FIBROSIS 
FIBROSIS, FOCAL 
NECROSIS, NOS 
INFARCT, NOS 
LYMPHOID DEPLETION 
ANGIECTASIS 
MASTOCYTOSIS 
HEMATOPOIESIS 

#SPLENIC FOLLICLES 
ATROPHY, NOS 

#LYMPH NODE 
ANGIECTASIS 
PLASMACYTOSIS 
HYPERPLASIA, LYMPHOID 
MASTOCYTOSIS 
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1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 
19 (38%) 

(50) 

(48) 
1 (2%) 
3 (6%) 

3 (6%) 
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27 (55%) 

2 (4%) 
(49) 

(48) 

1 (2%) 



TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS I N  MALE RATS I N  THE 
TWO-YEAR FEED STUDY OF &HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
XPEYER'S PATCH (49) (47) (44) 

#THYMUS (43) (43) (38) 
HYPERPLASIA, LYMPHOID 3 (6%) 12 (26%) 9 (20%) 

INFLAMMATION, ACUTWCHRONIC 1 (2%) 
NECROSIS, NOS 1 (2%) 
HYPERPLASIA, EPITHELIAL 1 (2%) 

~ 

CIRCULATORY SYSTEM 
#SPLEEN 

#LUNG/BRONCHUS 

#HEART 

THROMBOSIS. NOS 

THROMBOSIS, NOS 

THROMBOSIS, NOS 
INFLAMMATION, FOCAL 
FIBROSIS 

#MYOCARDIUM 
DEGENERATION, NOS 

+ARTERY 
PERIVASCULITIS 

*PANCREATIC ARTERY 
THROMBOSIS, NOS 
PERIVASCULITIS 

PERIVASCULITIS 

PERIVASCULITIS 

# PANCREAS 

"MESENTERY 

(47) 

(60) 

DIGESTIVE SYSTEM 
+ORAL MUCOUS MEMBRANE 

INFLAMMATION, NOS 
NECROSIS, NOS 
HYPERKERATOSIS 

ACANTHOSIS 

DILATATION. NOS 
INFLAMMATION, NOS 
FIBROSIS 
CHOLANGIOFIBROSIS 
DEGENERATION, NOS 
DEGENERATION, CYSTIC 
NECROSIS, NOS 
NECROSIS, FOCAL 
NECROSIS, ISCHEMIC 
METAMORPHOSIS FATTY 
BASOPHILIC CYTO CHANGE 
FOCAL CELLULAR CHANGE 
ANGIECTASIS 

XLIVEWHEPATOCY TES 
DEGENERATION, NOS 

#BILE DUCT 
FIBROSIS 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

HYPERPLASIA, FOCAL 

*GUM 

#LIVER 

#PANCREAS 

(50) 
1 (2%) 
1 (2%) 
1 (2%) 

(50) 

(49) 
1 (2%) 
2 (4%) 
1 (2%) 
4 (8%) 
2 (4%) 
1 (2%) 

5 (10%) 

22 (45%) 
3 (6%) 

25 (51%) 

(49) 

(49) 
1 (2%) 

40 (82%) 

(47) 
1 (2%) 

95 

(50) 

(50) 

(50) 

1 (2%) 

6 (12%) 

2 (4%) 
1 (2%) 
2 (4%) 
2 (4%) 

19 (38%) 
3 (6%) 

32 (64%) 

(50) 

(50) 
1 (2%) 

38 (76%) 
1 (2%) 

(48) 

(50) 

2 (4%) 

1 (2%) 
2 (4%) 

18 (38%) 
2 (4%) 

29 (60%) 
1 (2%) 

(48) 

(48) 

28 (58%) 
1 (2%) 

(45) 
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TABLE Cl. SUMMARY O F  THE INCIDENCE O F  NONNEOPLASTICLESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY OF 84iYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 
~ 

DIGESTIVE SYSTEM (Continued) 
#PANCREATIC ACINUS 

ATROPHY, NOS 
ATROPHY, FOCAL 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

HYPERKERATOSIS 

EDEMA, NOS 
INFLAMMATION, NOS 
INFLAMMATION, ACUTE/CHRONIC 
NECROSIS, NOS 
NECROSIS, FOCAL 
HYPERPLASIA, EPITHELIAL 
HYPERPLASIA, BASAL CELL 
HYPERKERATOSIS 
ACANTHOSIS 

#GASTRIC SUBMUCOSA 
INFLAMMATION, NOS 

#COLON 
PARASITISM 

#ESOPHAGUS 

#STOMACH 

(47) 
6 (13%) 
2 (4%) 

URINARY SYSTEM 
#KIDNEY 

MINERALIZATION 
INFLAMMATION, NOS 
FIBROgIS 
FIBROSIS, DIFFUSE 
NEPHROPATHY 

#URINARY BLADDER 
CALCULUS, MICROSCOPIC EXAMINATION 
HEMORRHAGE 
HYPERPLASIA, EPITHELIAL 

(50) 
4 (8%) 

21 (42%) 

24 (48%) 
48 (96%) 

2 (4%) 
1 (2%) 
1 (2%) 

(60) 

(50) (48) 
2 (4%) 1 (2%) 

32 (64%) 33 (69%) 
1 (2%) 

33 (66%) 30 (69%) 
47 (94%) 47 (98%) 

(49) (46) 

1 (2%) 

ENDOCRINE SYSTEM 
#PITUITARY 

MINERALIZATION 
DILATATION, NOS 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 
ANGIECTASIS 

MINERALIZATION 
HEMORRHAGE 
METAMORPHOSIS FATTY 
ANGIECTASIS 

#ADRENAL CORTEX 
HYPERTROPHY, FOCAL 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

#ADRENAL MEDULLA 
MINERALIZATION 
NECROSIS, NOS 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

#ADRENAL 

&Hydroxyquinoline, NTP TR 276 

(48) 

8 (13%) 
7 (16%) 
1 (2%) 
1 (2%) 

(60) 

2 (4%) 

2 (4%) 
3 (6%) 
3 (6%) 

1 (2%) 
1 (2%) 
9 (18%) 
2 (4%) 

(60) 

(60) 

96 

(60) 
1 (2%) 
7 (14%) 
3 (6%) 

(60) 

(50) 

11 (22%) 

(47) 

3 (6%) 
1 (2%) 
6 (13%) 

1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 

(48) 

(48) 

(48) 

14 (29%) 



TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN  THE 
TWO-YEAR FEED STUDY OF 8-HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM (Continued) 
#THYROID (50) (49) (47) 

FOLLICULAR CYST, NOS 1 (2%) 
INFLAMMATION, CHRONIC 1 (2%) 
HYPERPLASIA, C-CELL 4 (8%) 3 (6%) 1 (2%) 
HYPERPLASIA, FOLLICULARCELL 1 (2%) 

REPRODUCTIVE SYSTEM 

HYPERPLASIA, NOS 

MINERALIZATION 
GALACTOCELE 

*PREPUTIAL GLAND 
INFLAMMATION, NOS 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, NECROTIZING 
NECROSIS, NOS 
HYPERKERATOSIS 

INFLAMMATION, NOS 
INFLAMMATION, NECROTIZING 
INFLAMMATION, ACUTEKHRONIC 
FIBROSIS 
FIBROSIS, DIFFUSE 
HYPERPLASIA, NOS 
HYPERPLASIA, EPITHELIAL 
HYPERPLASIA,FOCAL 

MINERALIZATION 
INFLAM#ATION, NOS 
NECROSIS. NOS 

#PARATHYROID 

*MAMMARY GLAND 

#PROSTATE 

#TESTIS 

ATROPHY;NOS 
HYPERPLASIA, INTERSTITIAL CELL 

'EPIDIDYMIS 
SPERMATOCELE 
INFLAMMATION. ACUTE/CHRONIC 
FIBROSIS 
HYPERPLASIA, EPITHELIAL 

1 (2%) 

11 (31%) 

2 (4%) 
1 (2%) 
5 (10%) 

4 (8%) 

7 (11%) 
1 (2%) 
1 (2%) 

26 (63%) 
13 (28%) 

1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

(49) 

(47) 

(60) 

(60) 
6 (10%) 

1 (2%) 
22 (44%) 

(18%) 
(SO) 

1 (2%) 
4 (8%) 
1 (2%) 

2 (4%) 
(48) 

23 (48%) 
6 (10%) 

(60) 

NERVOUS SYSTEM 
#BRAINMENINGES 

INFLAMMATION, ACUTE 
#BRAIN 

HEMORRHAGE 
INFLAMMATION, NOS 
MALACIA 

#CEREBELLUM 
HEMORRHAGE 

SPECIAL SENSE ORGANS 

HYPERKERATOSIS 

INFLAMMATION, NOS 
NECROSIS, NOS 

+EAR 

*ZYMBAL GLAND 

HYPERKERATOSIS 
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TABLE Cl.  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY OF 8-HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

MUSCULOSKELETAL SYSTEM 
NONE 

BODY CAVITIES 
NONE 

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS 

OMENTUM 
INFLAMMATION, NOS 

MINERALIZATION 
NECROSIS, FAT 

(50) 

1 
1 

(50) 

1 

SPECIAL MORPHOLOGY SUMMARY 
NONE 

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 

&Hydroxyquinoline, NTP TR 276 98 



TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF 8-HYDROXYQUINOLINE 

~ ~~ 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 60 
ANIMALS NECROPSIED 60 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 60 

60 
60 
60 

60 
60 
60 

INTEGUMENTARY SYSTEM 

INFLAMMATION, NOS 
HYPERPLASIA, EPITHELIAL 

INFLAMMATION, NOS 
NECROSIS, NOS 

*SKIN 

'SUBCUT TISSUE 

RESPIRATORY SYSTEM 
#LUNGBRONCHUS 

#LUNG 
INFLAMMATION, NOS 

HEMORRHAGE 
BRONCHOPNEUMONIA, NOS 
INFLAMMATION, NOS 
INFLAMMATION, FOCAL 
INFLAMMATION, ACUTE 
ABSCESS, NOS 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, GRANULOMATOUS 
ALVEOLAR MACROPHAGES 
HYPERPLASIA, EPITHELIAL 

1 (2%) 

(60) (60) 

(60) (60) 
1 (2%) 

1 (2%) 
2 (4%) 

3 (6%) 2 (4%) 
1 (2%) 2 (4%) 
2 (4%) 

1 (2%) 
3 (6%) 
2 (4%) 
1 (2%) 
2 (4%) 

~ ~~ 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS (60) (60) (60) 

#SPLEEN (50) (SO) (47) 
HEMATOPOIESIS 2 (4%) 1 (2%) 

HEMORRHAGE 1 (2%) 
NECROSIS, NOS 1 (2%) 
INFARCT, FOCAL 1 (2%) 
FOCAL CELLULAR CHANGE 1 (2%) 
HEMATOPOIESIS 39 (78%) 40 (80%) 33 (70%) 

ATROPHY, NOS 1 (2%) 2 (4%) 6 (11%) 
#SPLENIC FOLLICLES (60) (60) (47) 

#LYMPH NODE (49) (48) (48) 
HYPERPLASIA, RETICULUM CELL 1 (2%) 
HYPERPLASIA, LYMPHOID 1 (2%) 2 (4%) 

HEMATOPOIESIS 1 (2%) 1 (2%) 

HYPERPLASIA, LYMPHOID 9 (18%) B (17%) 9 (19%) 

#LIVER (60) (60) (49) 

XPEYER'S PATCH (49) (48) (47) 

CIRCULATORY SYSTEM 
*MULTIPLE ORGANS (50) (60) (60) 

#HEART (49) (50) (50) 

#MYOCARDIUM (49) (50) (60) 

#PANCREAS (49) (46) (46) 

PERIVASCULITIS 1 (2%) 

FIBROSIS 1 (2%) 

DEGENERATION, NOS 37 (76%) 26 (52%) 31 (62%) 

PERIVASCULITIS 1 (2%) 
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TABLE CB. SUMMARY O F  THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY O F  &HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM 
#SALIVARY GLAND 

#LIVER 
HYPERTROPHY, FOCAL 

DILATATION, NOS 
INFLAMMATION, ACUTE 
CHOLANGIOFIBROSIS 
DEGENERATION, NOS 
NECROSIS, FOCAL 
METAMORPHOSIS FATTY 
BASOPHILIC CYTO CHANGE 
FOCAL CELLULAR CHANGE 
ANGIECTASIS 

#BILE DUCT 
HYPERPLASIA, NOS 

#PANCREATIC ACINUS 
ATROPHY, NOS 
ATROPHY, FOCAL 

HYPERKERATOSIS 

INFLAMMATION, ACUTWHRONIC 
NECROSIS, FOCAL 
HYPERPLASIA, EPITHELIAL 
HYPERKERATOSIS 
ACANTHOSIS 

PARASITISM 

INFLAMMATION, ACUTE/CHRONIC 

#ESOPHAGUS 

#STOMACH 

#COLON 

#CECUM 

(47) 

(50) 
3 (6%) 
1 (2%) 
1 (2%) 
2 (4%) 
2 (4%) 

18 (36%) 
25 (50%) 
18 (36%) 

(50) 

(49) 

(47) 

(48) 

12 (24%) 

1 (2%) 

2 (4%) 

3 (6%) 

(49) 

(50) 

1 (2%) 
2 (4%) 

13 (26%) 
16 (30%) 
32 (64%) 

(50) 

(46) 
14 (28%) 

1 (2%) 
2 (4%) 
9 (18%) 

20 (41%) 
24 (49%) 
1 (2%) 

11 (22%) 

3 (7%) 
1 (2%) 

1 (2%) 

(49) 

(45) 

(48) 

(49) 

URINARY SYSTEM 
#KIDNEY (SO) (60) 

MINERALIZATION 1 (2%) 6 (10%) 
HYDRONEPHROSIS 1 (2%) 
INFLAMMATION, NOS 13 (26%) 12 (24%) 
FIBROSIS, DIFFUSE 12 (24%) 9 (18%) 
NEPHROPATHY 46 (92%) 42 (84%) 
DEGENERATION, CYSTIC 1 (2%) 
HYPERPLASIA, TUBULAR CELL 1 (2%) 

MINERALIZATION 3 (6%) 

NECROSIS, FOCAL 

#RENAL PAPILLA (50) (60) 

#KIDNEY/rUBULE (60) (50) 

ENDOCRINE SYSTEM 
#PITUITARY (47) (49) 

DILATATION, NOS 16 (34%) 21 (43%) 
DEGENERATION, NOS 1 (2%) 
HYPERPLASIA, NOS 10 (21%) 2 (4%) 
ANGIECTASIS 1 (2%) 

DILATATION. NOS 1 (2%) 
1 (2%) 

#ADRENAL (49) (50) 

HEMORRHAGE 
DEGENERATION, NOS 
NECROSIS. HEMORRHAGIC 
METAMORPHOSIS FATTY 
HYPERTROPHY, NOS 

&Hydroxyquinoline, NTP TR 276 

1 (2%) 

100 

(49) 
2 (4%) 

12 (24%) 
9 (18%) 

37 (76%) 

(46) 

7 (15%) 
13 (28%) 

(49) 

1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 



TABLE CB. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN  THE 
TWO-YEAR FEED STUDY OF 8-HYDROXYQUINOLINE (Continued) 

~ 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM (Continued) 

DEGENERATION, NOS 
HYPERTROPHY, FOCAL 
HYPERPLASIA, NOS 

#ADRENAL MEDULLA 
HYPERPLASIA, NOS 

#THYROID 
FOLLICULAR CYST, NOS 
HYPERPLASIA, FOCAL 

#ADRENAL CORTEX 

HYPERPLASIA, C-CELL 
HYPERPLASIA, FOLLICULAR-CELL 

#PARATHYROID 
HYPERPLASIA, NOS 

(49) 
1 (2%) 
2 (4%) 

2 (4%) 

1 (2%) 

9 (19%) 

1 (4%) 

(49) 

(48) 

(27) 

(SO) (49) 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND (SO) (SO) (50) 

*CLITORALGLAND (50) (SO) (SO) 

GALACTOCELE 13 (26%) 9 (18%) 15 (30%) 
HYPERPLASIA, ADENOMATOUS 1 (2%) 

INFLAMMATION, NOS 1 (2%) 
INFLAMMATION, SUPPURATIVE 1 (2%) 
NECROSIS, NOS 1 (2%) 
HYPERKERATOSIS 1 (2%) 

POLYP 1 (2%) 

HYDROMETRA 2 (4%) 3 (6%) 2 (4%) 
INFLAMMATION, NOS 4 (8%) 1 (2%) 1 (2%) 
INFLAMMATION, ACUTE FOCAL 1 (2%) 
INFLAMMATION, ACUTE/CHRONIC 1 (2%) 
NECROSIS, NOS 1 (2%) 1 (2%) 

HYPERPLASIA, NOS 1 (2%) 1 (2%) 
HYPERPLASIA, FOCAL 1 (2%) 

HEMORRHAGE 1 (2%) 

VAGINA (50) (SO) (SO) 

#UTERUS (49) (49) (49) 

#UTERUS/ENDOMETRIUM (49) (49) (49) 

#OVARY (49) (49) (49) 

NERVOUS SYSTEM 
#BRAIN (49) (60) (SO) 

HEMORRHAGE 1 (2%) 

SPECIAL SENSE ORGANS 
*EAR (SO) (60) (SO) 

NECROSIS, NOS 1 (2%) 

MUSCULOSKELETAL SYSTEM 
NONE 

BODY CAVITIES 
NONE 
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TABLE CB. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF 8-HYDROXYQUINOLINE (Continued) 

~~ ~ 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ALL OTHER SYSTEMS 
FOOT 

INFLAMMATION, ACUTEKHRONIC 
FIBROSIS 
NECROSIS, NOS 

NECROSIS, FAT 
OMENTUM 

1 4 

SPECIAL MORPHOLOGY SUMMARY 
NONE 

X NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 

&Hydroxyquinoline, NTP TR 276 102 



APPENDIX D 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 

LESIONS IN MICE IN THE TWO-YEAR FEED STUDIES OF 

8-HYDROXYQUINOLINE 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO*YEAR FEED BTUDY OF 8-HYDROXYQUINOLINE 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

~~ 

INTEGUMENTARY SYSTEM 

INFLAMMATION, NOS 
FIBROSIS 
NECROSIS, NOS 
HYPERKERATOSIS 
METAPLASIA, OSSEOUS 

MINERALIZATION 
DILATATION, NOS 
INFLAMMATION, NOS 
ABSCESS, NOS 
INFLAMMATION, ACUTEEHRONIC 
GRANULOMA, NOS 
FIBROSIS 
INFECTION, FUNGAL 
NECROSIS, NOS 

*SKIN 

*SUBCUT TISSUE 
1 (2%) 

1 (2%) 
2 (4%) 

3 .  (6%) 

3 (6%) 

4 (8%) 

(50) 

(50) 
6 (12%) 

1 (2%) 
1 (2%) 

2 (4%) 

8 (6%) 
1 (2%) 
3 (6%) 
2 (4%) 
1 (2%) 
2 (4%) 
6 (12%) 

(50) 

(60) 
6 (12%) 

(50) 
1 (2%) 

5 (10%) 

4 (8%) 

4 (8%) 

7 (14%) 

RESPIRATORY SYSTEM 
ILUNGIBRONCHUS 

INFLAMMATION, NOS 
INFLAMMATION, ACUTE 

MINERALIZATION 
HEMORRHAGE 
INFLAMMATION, NOS 
INFLAMMATION, FOCAL 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE/CHRONIC 
ALVEOLAR MACROPHAGES 
HYPERPLASIA, EPITHELIAL 

#LUNG 

(50) (49) 

(49) 

3 (6%) 
1 (2%) 

2 (4%) 
11 (22%) 

1 (2%) 
6 (10%) 
6 (12%) 

(50) 
2 (4%) 

(60) 
1 (2%) 
2 (4%) 
7 (14%) 

3 (6%) 
4 (8%) 
4 (8%) 
6 (10%) 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS 

MASTOCYTOSIS 
HEMATOPOIESIS 

#BONE MARROW 
ANGIECTASIS 
HYPERPLASIA, HEMATOPOIETIC 

MINERALIZATION 
HEMORRHAGE 

#SPLEEN 

INFLAMMATION, NOS 
NECROSIS, NOS 
NECROSIS, FOCAL 
LYMPHOID DEPLETION 
ANGIECTASIS 
HYPERPLASIA, LYMPHOID 
HEMATOPOIESIS 

MINERALIZATION 
INFLAMMATION, NOS 

#LYMPH NODE 

&Hydroxyquinoline, NTP TR 276 

(60) 

(43) 

(49) 

10 (20%) 

1 (2%) 

2 (4%) 
1 (2%) 
1 (2%) 
1 (2%) 

19 (39%) 

1 (2%) 

(44) 
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(50) 

2 (4%) 

16 (30%) 

1 (2%) 

(42) 



TABLE D1, SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MfCE IN THE 
TWO-YEAR FEED STUDY OF &HYDROXYQUINOLINE (Conthued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#LYMPH NODE (Continued) 

FIBROSIS 
NECROSIS, NOS 
ANGIECTASIS 
PLASMACY TOSIS 
HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 
MASTOCYTOSIS 
HEMATOPOIESIS 

HEMATOPOIESIS 

HYPERPLASIA, LYMPHOID 

#LIVER 

IPEYER'S PATCH 

(44) 

2 (6%) 
11 (26%) 
1 (2%) 

2 (6%) 

9 (20%) 

2 (4%) 

8 (19%) 

(60) 

(43) 

(46) 
1 (2%) 
2 (4%) 

19 (42%) 
3 (7%) 
2 (4%) 
4 (9%) 
2 (4%) 

18 (38%) 

1 (2%) 

8 (18%) 

(60) 

(415) 

(42) 

16 (38%) 
1 (2%) 

1 (2%) 

19 (31%) 
(SO) 

1 (2%) 
(47) 
, 3 (6%) 

CIRCULATORY SYSTEM 
+SUBCUT TISSUE 

#HEART 
THROMBOSIS, NOS 

THROMBOSIS, NOS 
ENDOCARDITIS, BACTERIAL 
INFLAMMATION, NOS 
FIBROSIS 

THROMBOSIS. NOS 
#AURICULAR APPENDAGE 

#MYOCARDIUM. 
DEGENERATION, NOS 

THROMBOSIS, NOS 
#ADRENAL 

(60) 

(49) 

DIGESTIVE SYSTEM 
#SALIVARY GLAND 

#LIVER 
DEGENERATION, NOS 

MINERALIZATION 
HEMORRHAGE 
INFLAMMATION, NOS 
INFLAMMATION, ACUTE/CHRONIC 
FIBROSIS 
DEGENERATION. NOS 
NECROSIS, NOS 
NECROSIS, FOCAL 
NECROSIS, ISCHEMIC 
INFARCT, NOS 
METAMORPHOSIS FATTY 
CYTOPLASMIC CHANGE, NOS 
BASOPHILIC CYTO CHANGE 
HEPATOCYTOMEGALY 

INFLAMMATION, NOS 

INFLAMMATION, ACUTE 
NECROSIS, NOS 

INFLAMMATION, NOS 
INFLAMMATION. ACUTE 

*GALLBLADDER 

#PANCREAS 

#sTOMACH 

(SO) 

(60) 
2 (4%) 

4 (8%) 

1 (2%) 

3 (6%) 
3 (6%) 
4 (8%) 
1 (2%) 

10 (20%) 
2 (4%) 

105 

6 (12%) 
9 (18%) 
3 (6%) 

11 (22%) 

1 (2%) 

1 (2%) 
(60) 

(47) 

(49) 
3 (6%) 

1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 
9 (18%) 
2 (4%) 

10 (20%) 

(60) 
2 (4%) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF &HYDROXYQUINOLINE (Continued) 

~ ~~ ~ 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#STOMACH (Continued) 

INFLAMMATION, ACUTE/CHRONIC 
NECROSIS, NOS 
NECROSIS, FOCAL 
HYPERPLASIA, EPITHELIAL 
HYPERKERATOSIS 
ACANTHOSIS 

INFLAMMATION, ACUTE 
ABSCESS, NOS 
NECROSIS, NOS 

#JEJUNUM 

(47) (49) (50) 
2 (4%) 
1 (2%) 

1 (2%) 

4 (9%) 7 (14%) 5 (10%) 
1 (2%) 

2 (5%) 
1 (2%) 
1 (2%) 

1 (2%) 

(43) (45) (47) 

URINARY SYSTEM 
#KIDNEY 

MINERALIZATION 
INFLAMMATION, NOS 
INFLAMMATION. ACUTE 
ABSCESS, NOS 
INFLAMMATION, ACUTEKHRONIC 
NEPHROPATHY 
GLOMERULOSCLEROSIS, NOS 
INFARCT, NOS 

#RENAL PAPILIA 
MINERALIZATION 

IKIDNEYfIWBULE 
NECROSIS. FOCAL 

#URINARY BLADDER 
INFLAMMATION, NOS 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE/CHRONIC 
NECROSIS, NOS 

INFLAMMATION, NOS 
*PROSTATIC URETHRA 

ENDOCRINE SYSTEM 
#PITUITARY 

#ADRENAL 

#ADRENALlCAF'SULE 

#ADRENAL CORTEX 

HYPERPLASIA, NOS 

HYPERPLASIA, NOS 

HYPERPLASIA, NOS 

HYPERTROPHY, NOS 
HYPERTROPHY, FOCAL 
HYPERPLASIA, NOS 

#ADRENAL MEDULLA 
HYPERPLASIA, NOS 

(50) 
18 (36%) 
1 (2%) 
1 (2%) 

5 (10%) 

(50) 

(60) 

(46) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
(50) 

(50) 
21 (42%) 
1 (2%) 

(50) 
17 (34%) 

2 (4%) 
2 (4%) 
4 (8%) 

1 (2%) 

1 (2%) 
(50) 

(50) 

(48) 

(39) 

(49) 

(49) 

(49) 

1 (3%) 

10 (20%) 

2 (4%) 

(49) 
7 (14%) 

- 

REPRODUCTIVE SYSTEM 
*PENIS 

INFLAMMATION, NOS 
NECROSIS, NOS 1 (2%) 

MINERALIZATION 
HEMORRHAGE 
INFLAMMATION, NOS 

+#PREPUTIAL GLAND (50) (50) 

(60) 
1 (2%) 

1 (2%) 
1 (2%) 

2 (4%) 

2 (4%) 
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TABLE D1. SUMMARY OF THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF 8-HYDROXYQUINOLINE (Continued) 

~~~~~~ ~ ~ - 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM (Continued) 
#PREPUTIAL GLAND (Continued) 

ABSCESS, NOS 
INFLAMMATION, ACUTEXHRONIC 
FIBROSIS 
NECROSIS, NOS 
HYPERKERATOSIS 

INFLAMMATION, NOS 
INFLAMMATION, ACUTEKHRONIC 
FIBROSIS, DIFFUSE 
HYPERPLASIA, NOS 

INFLAMMATION, NECROTIZING 
INFLAMMATION, ACUTEXHRONIC 
INFLAMMATION, CHRONIC 
FIBROSIS 
HYPERPLASIA, PAPILLARY 

MINERALIZATION 
ATROPHY, NOS 

YTESTIW'UBULE 
ATROPHY, FOCAL 

*EPIDIDYMIS 
INFLAMMATION, NECROT' ZNG 

#PROSTATE 

*SEMINAL VESICLE 

#TESTIS 

(60) 
2 (4%) 

(60) 

1 (2%) 

2 (4%) 

3 (6%) 

1 (2%) 

1 (2%) 

(48) 

(60) 

(48) 

(48) 

(60) 

1 (2%) 
1 (2%) 

2 (4%) 

1 (2%) 

(60) 

1 (2%) 

NERVOUS SYSTEM 
NONE 

SPECIAL SENSE ORGANS 
NONE 

MUSCULOSKELETAL SYSTEM 
NONE 

BODY CAVITIES 
'ABDOMINAL CAVITY 

MINERALIZATION 
HEMORRHAGE 

(60) 

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS 

INFLAMMATION, NOS 
INFLAMMATION, ACUTE 

MINERALIZATION 
INFLAMMATION, CHRONIC 
OSTEOARTHRITIS 
OSTEOCHONDROSIS 

MINERALIZATION 
NECROSIS, FAT 

LOWERLEG 

OMENTUM 

(60) (60) (60) 
4 (8%) 2 (4%) 2 (4%) 
1 (2%) 

1 

1 
1 

1 
1 
3 

1 

2 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF 8-HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

SPECIAL MORPHOLOGY SUMMARY 
NONE 

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 
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TABLE Da. SUMMARY O F  THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY O F  6-HYDROXYQUINOLINE 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 

NECROSIS, NOS 
+SUBCUT TISSUE (50) 

RESPIRATORY SYSTEM 
XLUNGlBRONCHUS 

INFLAMMATION, NOS 
#LUNG 

INFLAMMATION, NOS 
INFLAMMATION. ACUTE FOCAL 
INFLAMMATION; ACUTEICHRONIC 
ALVEOLAR MACROPHAGES 
HYPERPLASIA, EPITHELIAL 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS 

HEMATOPOIESIS 
#BONE MARROW 

ANGIECTASIS 
HEMATOPOIESIS 

HYPERPLASIA, LYMPHOID 
HEMATOPOIESIS 

INFLAMMATION, NOS 
NECROSIS, NOS 
LYMPHOID DEPLETION 
ANGIECTASIS 
PLASMACYTOSIS 
HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 
HEMATOPOIESIS 

HEMATOPOIESIS 

HYPERPLASIA, LYMPHOID 

HYPERPLASIA, LYMPHOID 

#SPLEEN 

#LYMPH NODE 

#LIVER 

#PEYER'S PATCH 

#THYMUS 

(60) 

(47 ) 

(49) 

(42) 

29 (58%) 

1 (2%) 

4 (8%) 
6 (16%) 

1 (2%) 
1 (2%) 
1 (2%) 
2 (6%) 
4 (10%) 

(60) 

(49) 
20 (40%) 

5 (11%) 
2 (4%) 
1 (2%) 

1 (2%) 

1 (2%) 

3 (7%) 

1 (4%) 

(50) 

(44) 

(26) 

(50) 

(45) 

(47) 

(44) 

23 (46%) 

1 (2%) 

3 (6%) 
16 (34%) 

2 (6%) 

CIRCULATORY SYSTEM 
*MULTIPLE ORGANS 

PERIVASCULITIS 

INFLAMMATION, NOS 

DEGENERATION, NOS 

#HEART 

#MYOCARDIUM 

DIGESTIVE SYSTEM 
#SALIVARY GLAND 

INFLAMMATION, NOS 
NECROSIS, FOCAL 
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TABLE DB. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN  THE 
TWO-YEAR FEED STUDY OF 8-HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#LIVER 

MINERALIZATION 
DILATATION, NOS 
DEGENERATION, NOS 
NECROSIS, NOS 
NECROSIS, FOCAL 
NECROSIS, ISCHEMIC 
METAMORPHOSIS FATTY 
CYTOPLASMIC CHANGE, NOS 

HYPERPLASIA, NOS 
+GALLBLADDER 

INFLAMMATION, NOS 
#PANCREATIC ACINUS 

ATROPHY, NOS 
HYPERPLASIA, NOS 

INFLAMMATION, NOS 
NECROSIS, NOS 
HYPERPLASIA, EPITHELIAL 
HYPERKERATOSIS 

WAR-CELL CHANGE 

#STOMACH 

(50) 

1 (2%) 
1 (2%) 
1 (2%) 

10 (20%) 

20 (40%) 

1 (2%) 

1 (2%) 
(60) 

(47) 

(48) 
1 (2%) 
2 (4%) 

7 (15%) 

(49) 

6 (12%) 
3 (6%) 

11 (22%) 

URINARY SYSTEM 
#KIDNEY 

MINERALIZATION 
HYDRONEPHROSIS 
INFLAMMATION, NOS 
NEPHROPATHY 
GLOMERULOSCLEROSIS, NOS 
NECROSIS, NOS 

#RENAL PAPILLA 
MINERALIZATION 

#KIDNEYRUBULE 
DEGENERATION, NOS 

#URINARY BLADDER 
HYPERPLASIA, EPITHELIAL 

(49) 
1 (2%) 

ENDOCRINE SYSTEM 
#PITUITARY 

. DILATATION, NOS 
HYPERPLASIA, NOS 

#PITUITARY INTERMEDIA 
HYPERPLASIA, NOS 

#ADRENAL 
NECROSIS, NOS 
METAMORPHOSIS FATTY 
HYPERPLASIA, NOS 

# ADRENWCAPSULE 
HYPERPLASIA, NOS 

#ADRENAL CORTEX 
HYPERPLASIA, NOS 

#ADRENAL MEDULLA 
HYPERPLASIA, NOS 

#THYROID 
HYPERPLASIA, FOLLICULARCELL 

(40) 

(40) 

(49) 

2 (6%) 
2 (5%) 

1 (2%) 
21 (43%) 

3 (6%) 

1 (2%) 

1 (2%) 

1 (2%) 

(49) 

(49) 

(49) 

(48) 

(37) 

(37) 

(47) 

7 (19%) 

1 (2%) 

26 (63%) 

3 (6%) 
(47) 

(47) 

(47) 

(47) 
4 (9%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE I N  ' HE 
TWO-YEAR FEED STUDY OF 8-HYDROXYQUINOLINE (Continued) 

- 
CONTROL (UNTR) LOW DOSE HIGH DOST 

~ -~ ~ 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND 

NECROSIS, NOS 
HYPERKERATOSIS 

HYDROMETRA 
INFLAMMATION, NOS 
INFLAMMATION, FIBRINOUS 
INFLAMMATION, NECROTIZING 
ANGIECTASIS 

XUTERUSENDOMETRIUM 
HYPERPLASIA, NOS 
HYPERPLASIA, CYSTIC 

MINERALIWITION 
HEMORRHAGE 
INFLAMMATION, NOS 
INFLAMMATION, NECROTIZING 
INFLAMMATION, ACUTE 
FIBROSIS 
NECROSIS, NOS 
ANGIECTASIS 

#UTERUS 

#OVARY 

(50) 

(50) 

1 (2%) 
1 (2%) 

9 (18%) 
2 (4%) 

10 (20%) 

1 (2%) 

(50) 

(43) 

16 (31%) 

(50) 

(47) 
1 (2%) 
2 (4%) 

4 (9%) 
1 (2%) 

(47) 

19 (40%) 

3 (7%) 
1 (2%) 
1 (2%) 
I (16%) 

(46) 

2 (4%) 

(50) 
1 (2%) 

(49) 

6 (12%) 
1 (2%) 
2 (4%) 

2 (4%) 
15 (31%) 

(49) 

(43) 

7 (16%) 
1 (2%) 
1 (2%) 

1 (2%) 

NERVOUS SYSTEM 
#BRAIN 

HEMORRHAGE 
(49) (60) (41) 

1 (2%) 

SPECIAL SENSE ORGANS 
'EAR 

NECROSIS, NOS 

MUSCULOSKELETAL SYSTEM 

MINERALIUTION 
INFLAMMATION, ACUTE 
ABSCESS, NOS 
NECROSIS, NOS 

*MANDIBLE (60) (60) (50) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

BODY CAVITIES 
'THORACIC CAVITY (60) (50) (50) 

*ABDOMINAL CAVITY (50) (60) (50) 
INFLAMMATION, NECROTIZING 3 (6%) 3 (6%) 2 (4%) 

INFLAMMATION, NECROTIZING I (14%) 6 (12%) 6 (12%) 
FIBROSIS 2 (4%) 

INFLAMMATION, NOS 3 (6%) 2 (4%) 
*PERITONEUM (60) (50) (50) 

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS 

INFLAMMATION, NOS 
INFLAMMATION, ACUTE 

NECROSIS, FAT 
OMENTUM 

(60) (50) (50) 
16 (32%) 12 (24%) 9 (18%) 

1 (2%) 

1 3 1 
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TABLE DS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF 8.HYDROXYQUINOLINE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

SPECIAL MORPHOLOGY SUMMARY 
AUTO/NECROPSY/HISTO PERF B 

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
NUMBER OF ANIMALS NECROPSIED 
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APPENDIX E 

ANALYSES OF PRIMARY TUMORS IN RATS AND MICE 

IN THE TWO-YEAR FEED STUDIES OF' 

8-HY DROXY QUINOLINE 
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TABLE El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED 
STUDY O F  8-HYDROXYQUINOLINE 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 6.9% 
Terminal Rates (c) 2/29 (7%) 
Life Table Tests (d) P=0.210 
Incidental Tumor Tests (d) P = 0.198 
Cochran-Armitage Trend Test (d) P= 0.169 
Fisher Exact Testa 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 6.9% 
Tenninal Rates (c) 2/29 (7%) 
Life Table Tests (d) P=0.132 
Incidental Tumor Testa (d) P=0.118 
Cochran-Armitage Trend Test (d) P = 0.099 
Fisher Exact Testa 

Lung: AlveolarlBronchiolar Adenoma 
Overall Rates (a) 0/50 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) on9  (0%) 
Life Table Testa (d) P=0.097 
Incidental Tumor Testa (d) P = 0.094 
Cochran-Armitage Trend Test (d) P = 0.082 
Fisher Exact Testa 

Lung: AlveolarlBronchiolu Adenoma or Carcinoma 
Overall Rates (a) OIM) (0%) 
Aajustea Rates (b) 0.0% 
Terminal Rater (c) on9 (0%) 
Life Table Testa (d) P10.061 
Incidental Tumor Testa (d) P =  0.018 
Cochran-Armitage Trend Terrt (d) P=0.049 
Fisher Exact Testa 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 17/60 (34%) 

Tenninal Rates (c) 8/29 (28%) 
Life Table Testa (d) P-0.026N 
Incidental Tumor Testa (d) P=0.042N 
Cochran-Armitage Trend Teat (d) P=0.037N 
Fisher Exact Testa 

Adjuated Rates (b) 43.3% 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 5/60 (6%) 
Adjuated Rates (b) 9.0% 
Terminal Rates (c) 2/29 (7%) 
Life Table Tests (d) P-0.373N 
Incidental Tumor Testa (d) P = O.488N 
Cochran-Armitage Trend Test (d) P = 0.41 2N 
Fisher Exact Testa 

Overall Rates (a) 6/49 (12%) 
Adjusted Rates (b) 18.7% 
Terminal Rates (c) 4/29 (14%) 
Life Table Testa (d) P-0.121N 
Incidental Tumor Tests (d) P=0.143N 
Cochran-Armitage Trend Test (d) P=O.l63N 
Fisher Exact Tests 

Liver: Neoplastic Nodule 
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4/50 (8%) 
11.1% 
3/34 (9%) 
P=0.411 
P=0.400 

P = 0.339 

4/50 (8%) 
11.1% 
3/34 (9%) 
P=0.411 
P = 0.400 

P=0.339 

2/50 (4%) 
5.9% 
2/34 (6%) 
P=0.274 
P = 0.274 

P = 0.247 

3/50 (6%) 
7.8% 
2/34 (6%) 
P10.143 
P=O.l42 

P30.121 

8/50 (16%) 
20.4% 
5/34 (16%) 
P=0.021N 
P = 0.048N 

P-0.032N 

3/50 (6%) 
6.4% 
OB4 (0%) 
P =  0.61 1 N  
P = 0.518 

P=0.661N 

1/50 (2%) 
2.9% 
1/34 (3%) 
P = 0.040N 
P = 0.054N 

P= 0.053N 

5/50 (10%) 
13.4% 
3/33 (9%) 
P = 0.267 
P = 0.250 

P = 0.218 

6/50 (12%) 
15.8% 
3/33 (9%) 
P=0.182 
P = 0.159 

P = 0.134 

3/50 (6%) 
8.2% 
2/33 (6%) 
P = 0.1 43 
P=0.131 

P=O.121 

4/60 (8%) 
10.1% 
2/33 (6%) 
P = 0.080 
P10.037 

P = 0.069 

9/60 (18%) 
22.9% 
4/33 (12%) 
P = 0.040N 
P = 0.055N 

P = 0.055N 

2/50 (4%) 
4.6% 
0/33 (0%) 
P=0.453N 
P = 0.498N 

P = O.6OON 

3/48 (6%) 
8.6% 
2/33 (6%) 
P=0.190N 
P = 0.223N 

P = 0.254N 



TABLE El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS I N  THE TWO-YEAR FEED 
STUDY OF 8-HYDROXYQUINOLINE (Continued) 

Liver: Neoplastic Nodule o r  Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Testa 

Pituitary: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Testa 

Adrenal: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rater (c) 
Life Table Teets (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Testa 

Overall Rater (a) 
A a u t a d  Rater (b) 
Terminal Rater (c) 
Life Table T e d  (d) 
Incidental Tumor T e d  (d) 
Cochran-Armitage Trend Teat (d) 
Fisher Exact Testa 

Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Testa 

Pancreatic Islets: Islet Cell Adenoma 

Thyroid C 4 a U  Carcinoma 

Thyroid: CCell  Adenoma or Carcinoma 

Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Testa 

7/49 ( 14%) 
20.4% 
4/29 (14%) 
P=0.067N 
P=0.085N 
P=0.093N 

18/48 (38%) 
52.1% 
13/29 (45%) 
P = 0.064N 
P = O.093N 
P =0.128N 

12/60 (24%) 
34.6% 
7/29 (24%) 
P=O.513N 
P = 0.486 
P=0.409 

OI60 (0%) 
0.0% 
OB9 (0%) 
P=0.018 
P=0.016 
P=0.013 

1/50 (2%) 
2.5% 
OD9 (0%) 
P = 0.030 
P = 0.025 
P=O.O19 

3/47 (6%) 
10.3% 
3/29 (10%) 
P = 0.216N 
P=0.243N 
P=0.280N 

Pancreatic Islete: Islet Cell Adenoma or Carcinoma 
Overall Rates (a) 4/47 (9%) 
Adjusted Rates (b) 12.5% 
Terminal Rates (c) 3/29 (10%) 
Life Table Testa (d) P=0.232N 
Incidental Tumor Testa (d) P=0.283N 
Cochran-Armitage Trend Test (d) P=0.301N 
Fisher Exact Testa 
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1/60 (2%) 
2.9% 
1/34 (3%) 
P=0.023N 
P=0.037N 

P = 0.028N 

17/50 (34%) 
40.9% 
10134 (29%) 
P = 0.306N 
P = 0.403N 

P = 0.440N 

8/60 (16%) 
20.6% 
4134(12%) 
P = O.144N 
P = 0.172N 

P=0.227N 

0149 (0%) 
0.0% 
0/34 (0%) 
(0) 
(9) 

(0) 

1/49 (2%) 
2.9% 
1/34 (3%) 
P = 0.736N 
P = 0.717 

P-0,747 

6/48 (10%) 
13.3% 
3/34 (9%) 
P=0.442 
P=0.403 

P=0.369 

5/48 (10%) 
13.3% 
3/34 (9%) 
P = 0.686 
P = 0.507 

P=0.514 

3/48 (6%) 
8.6% 
2/33 (6%) 
P = 0.122N 
P= O.151N 

P =  0.167N 

12/47 (26%) 
32.7% 
9/33 (27%) 
P = 0.074N 
P=O.lOON 

P=O.l51N 

13/48 (27%) 
35.9% 
10133 (30%) 
P=0.636N 
P = 0.166 

P = 0.463 

4/47 (9%) 
11.2% 
3/38 (9%) 
P = 0.080 
P =  0.068 

P=O.O61 

6/47 (13%) 
17.1% 
5/33 (15%) 
P = 0.080 
P = 0.062 

P=0.047 

1/45 (2%) 
3.0% 
1/33 (3%) 
P = 0.259N 
P = 0.259N 

P=0.325N 

2/45 (4%) 
6.4% 
1/33 (3%) 
P = 0.288N 
P=0.329N 

P =  0.359N 
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TABLE El.  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED 
STUDY OF 8-HYDROXYQUINOLINE (Continued) 

Control 1,500 ppm 3,000 P P ~  

Mammary Gland Fibroadenoma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 6.9% 
Terminal Rates (c) 2/29 (7%) 
Life Table Testa (d) P= 0.312 
Incidental Tumor Tests (d) P=0.294 
Cochran-Armitage Trend Test (d) P = 0.264 
Fisher Exact Testa 

3/50 (6%) 
8.2% 
2/34 (6%) 
P = 0.670 
P = 0.558 

P=O.SOO 

Preputial Gland Carcinoma 
Overall Rates (a) 1/50 (2%) 3/50 (6%) 
Adjusted Rates (b) 2.7% 8.4% 
Terminal Rates (c) 009 (0%) 2/34 (6%) 
Life Table Testa (d) P=0.566N P=0.364 
Incidental Tumor Tests (d) P=0.583N P=0.333 
Cochran-Armitage Trend Test (d) 
Fisher Exact Testa P = 0.309 

P = 0.61 0 

Preputial Gland Adenoma or Carcinoma 
Overall Rates (a) 2/50 (4%) 4/50 (8%) 

Terminal Rates (c) 1/29 (3%) 3/34 (9%) 
Life Table Testa (d) P=0.363N P=0.412 
Incidental Tumor Testa (d) P= 0.367N P=0.387 
Cochran-Armitage Trend Test (d) P=0.406N 
Fisher Exact Testa P=0.339 

Adjusted Rates (b) 6.1% 11.2% 

4/50 (8%) 
10.6% 
2/33 (6%) 
P=0.394 
P=0.370 

P=0.339 

1/50 (2%) 
3.0% 
1/33 (3%) 
P=0.734N 
P=0.746N 

P=0.753 

1/50 (2%) 
3.0% 
P=0.458N 1/33 (3%) 

P = 0.470N 

P= 0.500N 

Testis: Interstitial Cell Tumor 
Overall Rates (a) 39/47 (83%) 42/50 (84%) 44/48 (92%) 
Adjusted Rates (b) 88.6% 97.6% 100.0% 
Terminal Rates (c) 24129 (83%) 33/34 (97%) 33/33 (100%) 
Life Table Tenta (d) P=0.526 P=0.364N P=0.666 
Incidental Tumor Teste (d) P=0.284 P= 0.610N P =0.316 
Cochran-Armitage Trend Test (d) 
Fisher Exact Teste P= 0.564 P = 0.167 

P = 0.1 40 

(a) Number of tumor-bearing animalslnumber of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidence a t  the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence a t  terminal kill 
(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the 
P values corresponding to pairwise comparisona between that dosed group end the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test 
regarda these lesions as nonfatal. The Cochran-Armitage and Fisher’s exact test compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) No P value is presented because no tumors were observed in the 1,500 ppm and control groups. 
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED 
STUDY OF 8-HYDROXYQUINOLINE 

Control 1,500 ppm 3,000 P P ~  

Hematopoietic System: Mononuclear Cell Leukemia 
6/50 (12%) 
13.5% 

Overall &tea (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Testa 

Liver: Neoplastic Nodule 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Testa 

Liver: Neoplastic Nodule or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Testa 

Pituitary: Adenoma 
Overall Rates (a) 
Adjusted Rates 01) 
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Testa 

Pituitary: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Testa 

Adrenal: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Thyroid: C-cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Testa 

2/37 (5%) 
P=0.211 
P = 0.240 
P = 0.221 

3/50 (6%) 
8.1% 
3/37 (8%) 
P=0.415 
P = 0.415 
P=0.407 

4/50 (8%) 
10.8% 
4/37 (11%) 
P=0.581 
P-0.581 
P=0.569 

23/47 (49%) 
55.5% 
18/36 (50%) 
P = 0.356 
P = 0.246 
P=0.337 

23/47 (49%) 
55.5% 
18/36 (50%) 
P10.356 
P=0.246 
P = 0.336 

1/49 (2%) 
2.7% 
1/37 (3%) 
P = 0.402 
P = 0.451 
P=0.406 

1/48 (2%) 
2.2% 
0137 (0%) 
P=0.054 
P = 0.041 
P = 0.062 
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3/50 (6%) 
7.2% 
2/40 (5%) 
P=0.240N 
P=0.299N 

P =  0.244N 

2/50 (4%) 
5.0% 
2/40 (5%) 
P=0.464N 
P=0.464N 

P=0.500N 

2/50 (4%) 
5.0% 
2/40 (5%) 
P = 0.301N 
P = 0.301N 

P=0.339N 

27/49 (55%) 
59.9% 
22/40 (55%) 
P.rO.421 
P=0.271 

P=0.344 

28/49 (57%) 
62.1% 
23/40 (58%) 
P=0.354 
P30.209 

P = 0.274 

4/50 (8%) 
9.4% 
3/40 (7%) 
P=0.204 
P = 0.278 

P = 0.187 

2/50 (4%) 
4.8% 
1/40 (3%) 
P=0.501 
P = 0.350 

P=0.515 

9/50(18%) 
21.1% 
5/37 (14%) 
P = 0.276 
P = 0.345 

P = 0.288 

4/49 (8%) 
10.8% 
4/37 (11%) 
P=0.500 
P=0.500 

P = 0.489 

4/49 (8%) 
10.8% 
4/37 (1 1%) 
P = 0.645 
P = 0.645 

P = 0.63 1 

25/46 (54%) 
66.2% 
17/36 (47%) 
P = 0.392 
P=0.336 

P = 0.377 

25/46 (54%) 
56.2% 
17/36 (47%) 
P=0.392 
P=0.336 

P=0.377 

2/49 (4%) 
5.4% 
2/37 (6%) 
P = 0.600 
P = 0.600 

P = 0.500 

5/49 (10%) 
13.3% 
4/36 (11%) 
P= 0.097 
P=0.076 

P= 0.107 
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TABLE E2. ANALYSIS OF PRIMARY TUMORS I N  FEMALE RATS IN THE TWO-YEAR FEED 
STUDY OF 8-HYDROXYQUINOLINE (Continued) 

Control 1,500 ppm 3,000 ppm 

Thyroid: C-cell Adenoma or Carcinoma 
Overall Rates (a) 3/48 (6%) 
Adjusted Rates (b) 7.5% 
Terminal Rates (c) 2/37 (5%) 
Life Table Testa (d) P = 0.154 
Incidental Tumor Testa (d) P=0.128 
Cochran-Armitage Trend Test (d) P=  0.1 75 
Fisher Exact Testa 

Mammary Gland Fibroadenoma 
Overall Rates (a) 19/60 (38%) 
Adjusted Rates (b) 42.0% 
Terminal Rates (c) 11/37 (30%) 
Life Table Testa (d) P =  0.159N 
Incidental Tumor Testa (d) P=0.168N 
Cochran-Armitage Trend Test (d) P=O.l18N 
Fisher Exact Testa 

Clitoral Gland Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
W e  Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
&her Exact Teste 

U t e ~ r :  Endometrial Stromal Polyp 
Overall Rater (a) 
Irajuatad Rater 6) 
Terminal Rater (c) 
Life Table Tertr (d) 
Ilrcidental Tumor Tertr (d) 
Cochran-Armitage Trend Teat (d) 
M e r  Exact Testa 

3/60 (6%) 
7.7% 
2/37 (6%) 
P=O.696 
P = 0.673 
P=0.601 

11/49 (22%) 
26.8% 
8/37 (22%) 
P = 0.276 
P30.324 
P=0.282 

Uterue: Endometrial Stromal Polyp or Sarcoma 
Overall Rates (a) 11/49 (22%) 
Adjusted Rates (b) 26.8% 
Terminal Rates (c) 8/37 (22%) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Testa 

P = 0.276 
P = 0.3 16 
P = 0.284 

2/50 (4%) 
4.8% 
1/40 (3%) 
P = 0.485N 
P=0.602N 

P = 0.480N 

15/50 (30%) 
35.7% 
13/40 (33%) 
P= 0.232N 
P=0.391N 

P = 0.264N 

0/60 (0%) 
0.0% 
0140 (0%) 
P = 0.1 16N 
P=0.161N 

P=0.121N 

13/49 (27%) 
30.4% 
11/40 (28%) 
P = 0.474 
P = 0.430 

P=0.407 

14/49 (29%) 
32.0% 
11/40 (28%) 
P=0.387 
P10.316 

P=0.322 

6/49 (12%) 
16.0% 
5/36 (14%) 
P = 0.227 
P=0.197 

P = 0.264 

13/50 (26%) 
29.6% 
7/37 (19%) 
P30.200N 
P-0.178N 

P = 0.142N 

3/50 (6%) 
8.1% 
3/37 (8%) 
P=0.664 
P-0.686 

P=0.661 

14/49 (29%) 
34.4% 
11/37 (30%) 
P10.313 
P = 0.334 

P=0.322 

14/49 (29%) 
34.4% 
11/37 (30%) 
P =  0.3 13 
P = 0.334 

P = 0.322 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidence a t  the end of the study &r adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the 
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test 
regards these lesions as nonfatal. The Cochran-Armitage and Fisher's exact test compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY 
OF 8-HYDROXYQUINOLINE 

Control 1,500 ppm 3,000 ppm 

Subcutaneous Tissue: Sarcoma 
Overall Rates (a) 6/50 (12%) 
Adjusted Rates (b) 16.9% 
Terminal Rates (c) 2/29 (7%) 
Life Table Testa (d) P = 0.353 
Incidental Tumor Testa (d) P = 0.195 
Cochran-Armitage Trend Test (d) P = 0.240 
Fisher Exact Testa 

Integumentary System: Sarcoma 
Overall Rates (a) 6/50 (12%) 
Adjusted Rates (b) 16.9% 
Terminal Rates (c) 2/29 (7%) 
Life Table Testa (d) P=0.360 
Incidental Tumor Tests (d) P-0.197 
Cochran-Armitage Trend Test (d) P = 0.244 
Fisher Exact Testa 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 3.4% 
Terminal Rates (e) 1/29 (3%) 
Life Table Testa (d) P=0.239 
Incidental Tumor Testa (d) P = 0.213 
Cochran-Armitage Trend Test (d) P = 0.202 
Fisher Exact Testa 

Subcutaneous Tissue: Fibroma, Fibrosarcoma or Sarcoma 
Overall Rates (a) 7/60 (14%) 
Adjueted Rates (b) 20.0% 
Terminal Rates (c) 3/29 (10%) 
Life Table Tents (d) P=0.217 
Incidental Tumor T& (d) P=O.O96 
Cochran-Armitage Trend Teat (d) P-0.121 
Fisher Exact Testa 

Integumentary System: Fibroma, Sarcoma or Fibrosarcoma 
Overall Rates (a) 7/60 (14%) 
Adjusted Rates 6) 20.0% 
Terminal Rates (c) 3/29 (10%) 
Life Table T e a  (d) P=0.224 
Incidental Tumor Testa (d) P = 0 . O W  
Cochran-Armitage Trend Teat (d) P=0.124 
Fisher Exact Tests 

Lung: AlveolarlBronchiolar Adenoma 
Overall Rates (a) 6/50 (10%) 
Adjusted Rates (b) 16.8% 
Terminal Rates (c) 4/29 (14%) 
Life Table Testa (d) Px0.269 
Incidental Tumor Testa (d) P=0.217 
Cochran-Armitage Trend Test (d) P = 0.1 66 
Fisher Exact Testa 

Lung: AlveolarlBronchiolar Adenoma or Carcinoma 
Overall Rates (a) 6/50 (12%) 
Adjuaed Rates (b) 19.1% 
Terminal Rates (c) 6/29 (17%) 
Life Table Testa (d) P = 0.295 
Incidental Tumor Testa (d) P=0.243 
Cochran-Armitage Trend Test (d) P = 0.178 
Fisher Exact Testa 
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7/50 (14%) 
16.3% 
2/35 (6%) 
P = 0.568N 
P=0.581 

P = 0.500 

8/50 (16%) 
18.3% 
2/35 (6%) 
P=0.558 
P = 0.484 

P=0.387 

1/50 (2%) 
2.9% 
1/35 (3%) 
P=0.720N 
P = 0.720N 

P = 0.753 

8/60 (16%) 
18.8% 
3/36 (9%) 
P = 0.6UN 
P = 0.597 

P=O.600 

9/60 (18%) 
20.8% 
3/36 (9%) 
P=0.674 
P=0.607 

P = 0.393 

9/49 (18%) 
24.7% 
8/35 (23%) 
P = 0.312 
P = 0.250 

P = 0.183 

10/49 (20%) 
27.4% 
9/35 (26%) 
P=0.339 
P = 0.278 

P=0.194 

9/50(18%) 
23.0% 
6/35 (17%) 
P=0.419 
P = 0.282 

P=0.288 

9/50 (18%) 
23.0% 
6/36 (17%) 
P = 0.41 9 
P=0.282 

P=0.288 

3/60 (6%) 
7.5% 
1/36 (3%) 
P = 0.359 
P = 0.3 15 

P=0.309 

12/60 (24%) 
29.2% 
7/96 (20%) 
P = 0.276 
P=O.lSl 

P-0.164 

12/60 (24%) 
29.2% 
7/36 (20%) 
P = 0.276 
P=O.lSl 

P=0.154 

9/50 (18%) 
22.6% 
5/35(14%) 
P-0.305 
P=0.232 

P = 0.194 

10/60 (20%) 
25.1% 
6/35 (17%) 
P = 0.332 
P=0.261 

P=0.207 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY 
O F  8-HYDROXYQUINOLINE (Continued) 

Control 1,500 ppm 3,OOO ppm 

Hematopoietic Syrtem: Malignant Lymphoma, Lymphocytic Type 
Overall Rate8 (a) 0/60 (0%) 3/60 (6%) 
Adiwted Rater (b) 0.0% 
Teiminal Rate8 (4 On9 (0%) 
Life Table Testa (d) P=O.692N 
Incidental Tumor Testa (d) P30.692N 
Cochran-Armitage Trend Teat (d) P = 0.840 
Firher Exact Teats 

Hematopoiatlo Syrtem: Lymphoma All Malignant 
Overall Rater (a) 13/60 (24%) 
Adjurtsd Rater (b) 34.1% 
Terminal Rater (c) 7/29 (26%) 
Life Table Tertr (d) P 0,032N 
Incidental Tumor T a w  (d) P = 0,067N 
Cwhrm-Armikge Trend Tart (d) Pm0.067N 
Flrher Exact Trrtn 

Ovrrall Raten (a) 7/60 (14%) 
Aawt rd  Ratm (b) 21.0% 
Terminal Rater (c) 4/29 (14%) 
Life Table T a i l  (d) P<0.001N 
Inofdental Tumor Tertr (d) P=0.002N 
Cochran-Armitage Trend Tsrt (d) P 0.002N 
Firhrr Exact Tertr 

Overall Rater (11 3/60 (6%) 
Adjurkd Rater (k) 9.4% 

Life Table Teltr (d) P- 0.167N 
Incidental Tumor T a i l  (d) P=O.237N 
Coohraa-Anaitage Trrnd Teat (d) P O.202N 
Fbher Exact T a w  

Clroulatory Syakm: Hemandoma 

Clroulatory Syrkmr Homandoruaoma 

Terminal Rater (c) an9 (7%) 

Ciroulrtory Syrtrm: Hemangioma or iiemangiorucoma 
Overall Rater (a9 10/60 (20%) 
Adjutted Rater (b) 29.3% 
Terminal Rater (c) 6/29 (21%) 
Life Table Tertr (d) P<0,001N 
Inoldrntal Tumor Trrtr (d) P=0.002N 
Cochran-Armikge Trend Tort (d) P - 0.00 1 N 
Firher Exaot Tertr 

Overall Rater (a) 9/SO (18%) 
Adjutted Rakr (b) 27,9% 
Terminal R a k e  (c) 7/29 (24%) 
Life Table Teite (d) P - 0.24s 
Incldental Tumor Trite (d) P-0.176 
Cochran.Armltage Trend Tart (d) Pm0.133 
Firher Exact Teatr 

Overall Rater (a) 6/SO (10%) 
Adjutted Rater (b) 16.0% 
Terminal Rahr (c) 4/20 (14%) 
Life Tabb Trrtr (d) P-O.213N 
Incidental Tumor Torte (d) P = O.26ON 
Cochran-Armitage Trend Teat (d) P i  0.909N 
Firhrr Exact Teitr 

Liver: H~patoorilulu Adenoma 

Liven Hepatooeliulu Cualnomr 

8.6% 
3/36 (9%) 
P = 0.166 
P =  0.168 

P.30.121 

6/60 (12%) 
16.6% 
6/36 (14%) 
P10.046N 
P-O.OI5SN 

P=O.O87N 

1/so (2%) 
2.9% 
1/35 (3%) 
P=O.OlON 
P .p 0.026N 

P=0,030N 

1/60 (2%) 
2.3% 
oias (0%) 
P=O.233N 
Pm0.272N 

P o  0,309N 

2/60 (4%) 
Sal% 
1/36 (3%) 
Pr 0,007N 
PmO.OlON 

Pm0.014N 

8/SO (16%) 
21.7% 
7/3s (20%) 
Pm0.336N 
Pm0.477N 

P = 0.SOON 

7/60 (14%) 

7/96 (20%) 
P 0.614 
Fa0.473 

P - 0.380 

ao,o% 

0/60 (0%) 
0.0% 
0138 (0%) 

(e) 
(e) 

(e) 

6/50 (12%) 
16.3% 
6/3S(14%) 
P a  0,062N 
P = 0,073N 

P=O,O97N 

0/60 (0%) 
0.0% 
0/3s (0%) 
P - O.OO6N 
Pm0.010N 

P 0.006N 

1lSO (2%) 
2.1% 
0196 (0%) 
PaO.26lN 
P=0,843N 

P - O.SOBN 

lib0 (2%) 
2.1% 
o m  (0%) 
P=0,008N 
P - 0.006N 

P = 0.004N 

14/10 (28%) 
36,5% 
11/35 (81%) 
P-Oa319 

PmO.171 

3/50 (6%) 
7.7% 
1/36 (3%) 
P-O,273N 
P=0,348N 

P = 0.568N 

~ 1 0 . a 4 0  
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TABLE E& ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN "XE TWO*YEAR FEED STUDY 
OF 8-HYDROXYQUINOLINE (Contlnurdl 

Control 

ltlvrr~ Hrprtoarllulu Adonoma or aualnomr 
Ovtnll &tar (a) i u o  cas%, 
lrsfurtrd Ram (b) 49,146 
Trnnlnrl Rata (0) I ills (38%) 

Tablr TIM (d) P-0'609 
Inoidrntrl Tumor TOW (d) P ~ O . 3 0 1  
Coahnn-Amltap Trend Trrt  (d) P 5 0.294 
Fhhrr Erocf Tarb 

Ovrrrll Rater (a) 1/49 (2%) 
A a w k d  Raw (b) 3.6% 
Tormfad Ram (c) 1/28 (4%) 
Lift Trblr TaItr (d) P m 0.473 
1naidrnt.l Tumor Te la  (d) P50.473 
Coohnn.Amltage Trrnd Toat (d) Ps0.379 
F a r  E u c t  TI- 

Ovrmll Rater (a) 2/49 (4%) 
Adjurtrd Rakr (b) 7.1% 
TamInrrl h b 8  (Cl 2/28 (7%) 
Life Trblr Tertr (d) Pn0.612 
Incidental Tumor Terta (d) P = 0.512 
Cochran-Armitage Trend Teat (d) PpO.389 
Firher Exact TI- 

O v e d  Rater (a) 2/49 (4%) 
Adjwtrd Rater (b) 7.1% 
Tonakul Rakr (c) 2/18 (7%) 
W0 Trblr Tom (d) P=O.l6lN 
I d d a n k l  Tumor TOW (d) P10.178N 
Coohnn-Armitrp Trrnd Test (d) P -0.216N 
Firhrr Exact Tam 

Ovenl l  Rater (I) 1/50 (2%) 
Adjwtrd Rator (b) 3.4% 
Ttrmlnd Rator (c) 112s (3%) 
Llfa Tiblr T r h  (d) P 0.63lN 
Incldrntrl Tumor Trrtr (d) PmOJSIN 
Cwhmn4rmitago Trend Trrt (d) P-0.801 
Flrhrr Exaat T I M  

Ovrrrll Rakr (L) 2/60 (4%) 
AdJurkd k k r  (b) 6.9% 
Torminrl Rator (c) 2/20 (7%) 
We Tab10 Trrtr (d) PrO.506N 
Inoidrntal Tumor TOW (d) P = 0.626N 
Cochran-Armitage Trrnd Trrt (d) P = 0.688 
Fisher Exact T a m  

Adnarrlt Cortlcrl Adonoma 

AdnnJi  Adonoma or C0rtio.l Adonoma 

Adronrl:Phroobromoolto~ 

Budrrtur Gland! Adonoma 

Hudrrlan Gland! Adonoma or Cyrkdonoma 

13/80 (80%) 
41.8% 
14/96 (40%) 
P 0,438N 
P L 0,688 

PrO.600 

4160 (8%) 
11.4% 
a 5  (11%) 
P=0.2Sl 
P90.261 

P=0.187 

6/60 (12%) 
17.1% 
6/35 (17%) 
P=0.213 
Pm0.213 

PmO.141 

3/60 (6%) 
7.8% 
1/36 (3%) 
P10.600 
PtO.861 

P .L 0.610 

4/50 (8%) 
10.3% 
2/36 (6%) 

P 0,286 

P.tOJ81 

PI o m  

4/60 (8%) 
10.3% 
2/36 (6%) 
P * 0.438 
P = 0.478 

P -0.339 

17/50 (34%) 
4a'M 
11/86 (34%) 
P 0.668 
P m0,414 

Pmo.aa9 

2/46 (4%) 
6.1% 
2/33 (6%) 
P-0.668 
P-0.868 

P-0.176 

3/46 (7%) 
9.1% 
3/33 (9%) 
Pn0.675 
P = 0.676 

P = 0.470 

0146 (0%) 
0.0% 
OB3 (0%) 
P = O.202N 
P - O.2OlN 

P -0.263N 

1/50 (2%) 
2.9% 
1/36 (3%) 
P= 0,710N 
P m0,72ON 

P = 0,769 

2/60 (4%) 
6.7% 
2/36 (6%) 
P =O.BOBN 

' P=0.626N 

Pg0.691 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY 
OF 84iYDROXYQUINOLINE (Continued) 

(a) Number oftumor-bearing animaldnumber of animah examined a t  the site 
(b) Kaplan-Meier estimated tumor incidence a t  the end of the study aRer aqusting for intercurrent mortality 
(c) Observed tumor incidence a t  terminal kill 
(d) Beneath the control incidence are the P values associated with the trend test. Beneath the doaed group incidence are the 
P values corresponding to pairwise comparisons between that dosed group and the controt. The life table analysis regards 
tumors in animals dying prior to terminal kill an being (directly or indirectly) the cause of death. The incidental tumor test 
regards these ~ ~ U O M  an nonfatal. The Cochran-Armitage and Fisher’s exact test compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by IN). 
(e) No P value iu presented because no tumorn were observed in the 3,000 ppm and control groups. 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY 
OF &HYDROXYQUINOLINE 

Control 1,500 ppm 3,000 Ppm 

Lung: AlveolarAronchiolar Adenoma 
Overall Rates (a) 1/49 (2%) 
Adjusted Rates (b) 2.1% 
Terminal Rata (c) on3 (0%) 
Life Table Testa (d) P = 0.260 
Incidental Tumor Tests (d) P=0.210 
Cochran-Armitage Trend Teat (d) P ~0 .164  
Fisher Exact Teata 

5/50 (10%) 
17.0% 
4/27 (16%) 
P=0.146 
P=0.067 

P = 0.107 

Lung. AlveolnrBronchiolar Adenoma or Carcinoma 
Overall R a t a  (a) 2/49 (4%) 5/60 (10%) 
Adjusted Rater (b) 6.3% 17.0% 
Terminal Rates (c) 1/23 (4%) 4/27 (15%) 
Life Table Tea0 (d) P= 0.292 P = 0.286 
Incidental Tumor TS&I (d) P=0.261 P-0.161 
Cochran-Armitage Trend Teat (d) P-0.186 
Fisher Exact Testa P30.226 

Hematopoietic System: Malignant Lymphoma, Lymphocytic Type 
Overall Rater (a) 1/60 (2%) 1/60 (2%) 

Terminal Ratem (c) 1/24 (4%) 0/27 (0%) 
Life Table Testa (d) P10.039 P=0.731N 
Incidental Tumor Teata (d) P=0.039 P = 0.683N 
Cochnm-Armihge Trend Test (d) P10.023 
Fisher Exact Teats Ps0.753N 

Hematopoietic System: Lymphoma, All Malignant 

Adjuated Rater (b) 4.2% 3.4% 

Overall btes (a) 13/60 (26%) 13/60 (26%) 

Terminal Rabr (c) 9124 (38%) 7/27 (26%) 
Life Table Tea0 (d) P=0.241N P.rO.424N 
Incidental Tumor T e a  (d) P=0.389N P = 0.U8N 
Cochraa-Armitage Trend Tent (d) P=0.464N 
Fisher Exact Teats P = Od90N 

Adjuuhi Rater (b) 46.1% 37.5% 

Circulatory Sysbm: Hemangioma 
Overall Rates (a) Oh50 (0%) 

Terminal Rata (c) 0/24 (0%) 
Life Table Testa (d) P-0.467 
Incidental Tumor Tests (d) P = 0.361 
Cochran-Armitage Trend Test (d) P = 0.390 
Fisher Exact Testa 

Adjusted Rates (b) 0.0% 
4/60 (8%) 
11 5% 
1/27 (4%) 
P.cO.096 
P-0.132 

P =o.oss 

Circulatory System: Hemangioma or Hemangiosarcoma 
Overall Rates (a) Ob0 (0%) 5/50 (10%) 
Adjusted Rates(b) 0.0% 14.9% 
Terminal Retes (c) 0/24 (0%) 2/27 (7%) 
Life Table Testa (d) P = 0.487 P=0.056 
Incidental Tumor Testa (d) ~=0.384 P=0.076 
Cochran-Armitage Trend Test (d) P=0.399 
Fisher Exact Tests P = 0.028 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 2/49 (4%) 
Adjusted Rates (b) 6.6% 
Terminal Rata (c) 1/24 (4%) 
Life Table Testa (d) P=0.320 
Incidental Tumor Tests (d) P = 0.296 
Cochran-Armitage Trend Test (d) P30.238 
Fiaher Exact Testa 
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1/50 (2%) 
3.7% 
1/27 (4%) 
Pr0.457N 
P = 0.534N 

P=0.492N 

m o  (8%) 
12.4% 
3/31 (10%) 
P=0.264 
P-0.211 

p=o.i87 

6/60 (10%) 
16.6% 
4/31 (13%) 
Pt0.326 
pm0.283 

Pr0.226 

6/60 (12%) 
16.4% 
4/31 (13%) 
P-0.096 
P = 0.094 

P = 0.066 

12/50 (24%) 
32.7% 
8/31 (26%) 
Pm0.282N 
P = 0.407N 

P = O.6OON 

1/50 (2%) 
3.2% 
1/31 (3%) 
P=O.651 
P=0.651 

P = 0.600 

1/60 (2%) 
3.2% 
1/31 (3%) 
P = 0.661 
P=0.661 

P=0.600 

4/49 (8%) 
12.9% 
4/31 (13%) 
P = 0.441 
P=0.405 

P = 0.339 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY 
OF 8-HYDROXYQUINOLINE (Continued) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 3/49 (6%) 
Adjusted Rates (b) 10.6% 
Terminal Rater (c) 2/24 (8%) 
Life Table Testa (d) P=O.O43N 
Incidental Tumor Testa (d) P = O.055N 
Cochran-Armitage Trend Test (d) P = 0.Q60N 
Fieher Exact Testa 

Overall Rates (a) 5/49 (10%) 
Adjustad Rates (b) 16.8% 
Terminal Rates (c) 3/24(13%) 
Life Table Testa (d) P=0.310N 
Incidental Tumor Testa (d) P=0.354N 
Cochran-Armitage Trend Test (d) P = 0.424N 
Fisher Exact Testa 

Pituitup: Adenoma 

Liver. Hepatocellular Adenoma or Carcinoma 

Overall Rates (a) 12/40 (30%) 

Terminal Rates (c) 7/22 (32%) 
Life Table Testa (d) P=0.288N 
Incidental Tumor Testa (d) P = 0.461 N 
Cochran-Armitage Trend Test (d) P = 0.541N 
Fisher Exact Testa 

Tbyrokl: Follicular Cell Adenoma 

AdjPrrted Rates (b) 40.7% 

Owrall Rater (a) 4/48 (8%) 
AajUetea Rater (b) 15.7% 
Termid R a t a  (c) 2/23 (9%) 
Life Table Testa (d) P=O.lSSN 
Incidental Tumor Testa (d) P=0.190N 
Cochran-Armitage Trend Test (d) P = 0.260N 
Fisher Exact Testa 

Thyroid: Follicular Cell Adenoma or Carcinoma 
Overall Rates (a) 5/48 (10%) 
Adjusted Rates (b) 19.7% 
Terminal Rater (c) 3/23 (13%) 
Life Table Testa (d) P=O.O79N 
Incidental Tumor Testa (d) P=O.O%N 
Cochran-Armitage Trend Test (d) P =0.152N 
Fisher Exact Teats 

1/50 (2%) 
3.7% 
1/27 (4%) 
P = 0.266N 
P = 0.320N 

P -0.301N 

2/50 (4%) 
7.4% 
2/27 (7%) 
P=0.173N 
P= 0.241N 

P = 0.210N 

14/44 (32%) 
47.3% 
10R4 (42%) 
P = 0.560 
P = 0.524 

P=0.523 

2/48 (4%) 
7.4% 
2/27 (7%) 
P = 0.270N 
Ps0.219N 

P=0.339N 

2/48 (4%) 
7.4% 
2/27 (7%) 
P= 0.160N 
P=0.125N 

P = 0.218N 

0149 (0%) 
0.0% 
0/31(0%) 
P=0.094N 
P=0.113N 

P=0.121N 

4/49 (8%) 
12.9% 
4/31 (13%) 
P~0.376N 
P = 0.431N 

P= Od00N 

11/37 (30%) 
40.4% 
10/26 (38%) 
P = 0.346N 
P = 0.5 18N 

P = 0.589N 

2/47 (4%) 
6.6% 
2131 (6%) 
P-0.224N 
P=0.305N 

P-0.349N 

2/47 (4%) 
6.5% 
2/3 1 (6%) 
P-0.123N 
P= 0.176N 

P=0.226N 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidence at the end of the study aRer adjusting for intercurrent mortality 
(c) Observed tumor incidence a t  terminal kill 
(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the 
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test 
regards these lesions as nonfatal. The Cochran-Armitage and Fisher's exact test compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N). 
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APPENDIX F 

HISTORICAL INCIDENCES OF TUMORS 

IN F344/N RATS AND B6C3F1 MICE 

RECEIVING NO TREATMENT 

125 %Hydroxyquinoline, NTP TR 276 



TABLE F1. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN MALE F344/N 
RATS RECEIVING NO TREATMENT (a) 

Study 
Incidence of Leukemia 

in Controls 

Historical Incidence at EG&G Mason Research Institute (b) 

4,4'-Methylenedianiline - 2 HCl 12/50 
Monuron 5/50 
&Hydroxyquinoline 17/50 
Di(2-ethylhexy1)phthalate 13/50 
Di(2-ethylhexylladipate 9/49 
h r g u m  13/50 
Locust bean gum 21/50 
Gum arabic t o m  
Agar 9/50 
Tara gum 14/50 
2,6-Toluenediamine 2 HCI 9/50 
4,4'-Oxydianiline 23/50 
2-Biphenylamine a HC1 15/50 
Cinnamyl anthranilate (b ) 0150 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

Overdl Historical Incidence at All Laboratories 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

1701699 (24.3%) 
11.96% 

23/50 
(e) 0150 

23/60 
(0 0150 

(a) Data aa ofMarch 16,1983,for NTPcarcinogenesis studies of at least 104 weeka. 
(b) 7/50 malignant lymphoma were obsewed, possibly representing a difference in nomenclature. 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
(e) Second lowest: 9/50 
(0 Second lowest: 5/50 
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TABLE Ft. HISTORICAL INCIDENCE OF LIVER TUMOR8 IN MALE F344/N RATS RECEIVING 
NO TREATMENT(a) 

Study 

Incidence in Controls 
Neoplaotic Hepatocellular Neoplaetic Nodule 
Nodule Carcinoma or Hejxabcellular 

Carcinoma 

Historical Incidence at EG&G Mason Research Institute 

4,4'-Methylenedianiline .2HC1 1/50 (2%) 
Monuron 1/60 (2%) 
&Hydroxyquinoline 6/49 (12%) 
Di(2-ethylhexyl)p hthalate 2/50 (4%) 
Di(2-ethylhexylladipate 2/49 (4%) 
k r g u m  2/50 (4%) 
Locust bean gum 0150 (0%) 
Gum arabic 3/49 (6%) 
Agar 0/50 (0%) 
Tara gum 1/49 (2%) 
2,6-Tolusnediamine 2HC1 0/60 (0%) 
4,4'-Orydianiline 1/50 (2%) 
2-Biphenylamine - HC1 0149 (0%) 
Cinnarnyl anthranilate 1/48 (2%) 

TOTAL 
SD (b) 

W693 (3%) 
3.27% 

Range (c) 0%-8% 

Overall Historical Incidence at All Laboratories 

TOTAL 
SD (b) 

7812,308 (3%) 
4.47% 

Range (c) 0%- 12% 

0/60 (0%) 
W60 (0%) 
1/49 (2%) 
1/60 (2%) 
0149 (0%) 
1/60 (2%) 
1/60 62%) 
1/49 (2%) 
0/50 (0%) 
0149 (2%) 
0/50 (0% 1 
0/60 (0%) 
0149 (0%) 
0148 (0%) 

W693 (1%) 
1 .OO% 

0%-2% 

18/2,306 (1%) 
1.16% 

0%-4% 

1/50 (2%) 
1/60 (0%) 

7/49 (14%) 
3/50 (6%) 
2/49 (0%) 
3/50 (6%) 
1/50 (2%) 
4/49 (8%) 
0150 (0%) 
1/49 (2%) 
0/50 (0%) 
1/50 (2%) 
0149 (0%) 
1/48 (0%) 

25/693 (4%) 
3.93% 

0%- 14% 

96/2,306 (4%) 
5.06% 

0%-14% 

(a) Data as of March 16,1983,for studies of a t  least 104 week 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE l9. HISTORICAL INCIDENCE OF LUNG TUMORS IN MALS FgluN RATS RECEMNQ 
NO TREATMENT (a) 

Study Adonoma Adonoma OF Cuelnoma 

TOTAL 
SD (b) 

Rang. (c) 
High 
LOW 

Overall Hirtorlorl Inoldonor 

TOTAL 
SD (b) 

R.np (01 
High 
LOW 

1/50 
2/50 
W48 

18696 (1.7%) 
2.07% 

3/49 
W60 

3611,357 (1.5%) 
2.05% 

3/47 
o/BB 

0/60 
0150 
0150 
0/80 
0149 
1/50 
0150 
0160 
0160 
0150 
0149 
0/60 
0150 
014a 

11896 (0.1%) 
0.63% 

1/60 
0160 

23/2,357 (1.0%) 
1.71% 

3/50 
0150 

1/50 
1/50 
0160 
1/50 
0/49 
1/60 
0150 
0160 
OISO 
2/50 
3NB 
1/50 
2/50 
0148 

131696 (1.9%) 
2.01% 

3/49 
0160 

67/2,367 (2.4%) 
2.35% 

4149 
0150 

(a) DIU a0 of March 16,1983, for rtudirr ofrt lout  104 wrrkr 
(b) Standard drvbtion 
(c) Fkngr and SD rrr prrrrnkd for groupr of 35 or more mlmrlr, 
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TABLE F4. HISTORICAL XVCIDBNCE OF THYROID GLAND TUMORL3 IN MAL# F84UN RAT6 
RECEIWNQ NO TteXATMfENT(r) 

OF Cuelnornr 

Tirr gum 
2,6-Tolwnedirminr dihydrochloride 
4A'-Oxvdirniline 
2:Biph;nylrmine a HCl 
Cinnrmyl anthranilate 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

O w r d  Hlrtoriod Incidrnoe 

TOTAL 
SD (b) 

Range (c) 
Hi#h 
LOW 

1/49 
4/49 
1/60 
1/48 
1/49 
OJ80 
1 /49 
3/47 
0149 
3/46 
6/44 
3/46 
2/47 
2/42 

27/664f4.1%) 
3.31% 

6/44 
0/60 

121/2,282 (6.3%) 
4.49% 

9/60 
o m  

a49 
6/40 
W60 
4444 
a4s 
1/50 
4/49 
W47 
2/49 
1/46 
2/44 
2/46 
1/47 
W42 

271664 (4.1%) 
3.64% 

6/49 
0/60 

~ 2 , 2 8 2  (3.7%) 
3.31% 

6/49 
W62 

W40 
lON9 
1/80 
W40 
3/49 
1/60 
6/49 
3/47 
W49 
4/46 
7/44 
5/46 
3/47 
2142 

W664 (8.1 %) 
6,16% 

1 W49 
1/50 

1 0149 
W47 

(a) Data anofMarch 16,1988,forrtudfrrafatlerrt 104wrrkr 
(b) Standard doviation 
(c) Range arid SD are prrrented for poupr of 86 or more rnlmrlr. 
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TABLE FS. HISTORICAL INCIDENCE OF THYROID GLAND TUMOR8 IN FEMALE P'SIUN RAT8 
RECEIVING NO TREATMENT(a) 

~ 

Study 
Incidence in Controls 

CGeU Adenoma CCeII Carcinoma CCeU Adenoma 
or Carcinoma 

Historical Incidence at EGBG Mollon Research Inrtitute 

494'-Methylenedianiline a2HC1 
Monuron 
&Hydroxyquinoline 
Rutyl benzyl phthalate 
Bi(2-ethylhesyl)phthalate 
Di(2-ethylhexy1)adipate 
Guar gum 
Locust bean gum 
Gum arabic 
Agar 
Tara gum 
2,6-Toluenediamine dihydrochloride 
4,4'-Oxydianiline 
2-Biphenylamine HCl 
Cinnamyl anthranilate 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

0147 
2/49 
1/48 
0147 
0148 
1/50 
2/48 
1/60 
3/49 
0149 
3/46 
2/49 
2/49 
2/49 
2/46 

211724 (2.9%) 
2.22% 

3/46 
0149 

119/2,317 (5.1%) 
4.34% 

8/52 
0186 

1/47 
W49 
2/48 
2/47 
1/48 
3/50 
1/48 
5/60 
1/49 
4/49 
1/46 
1/49 
W49 
3/49 
W46 

2W24 (3.5%) 
3.01% 

N50 
W49 

81i2.317 (3.5%) 
2.99% 

6/48 
W52 

1/47 
2/49 
3/48 
2/47 
U48 
4/50 
3/48 
6/50 
4/49 
4/49 
4/46 
3/49 
2/49 
N49 
2/46 

W 2 4  (6.4%) 
2.88% 

6/60 
1/48 

197/2,317 (8.5%) 
4.74% 

9/50 
W50 

- 

(a) Data as of March 16,1983, for studiesof a t  least 104 weeh 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE F6. HISTORICAL INCIDENCE OF CIRCULATORY SYSTEM TUMORS IN MALE B6C3F1 MICE 
RECEIVING NO TREATMENT(a) 

Study 
Incidence in Control8 

Hemangioma Hemangiosarcoma Hemandoma or 
Hemangiosarcoma 

Historical Incidence at EG%G Muon Research lnstitute 

4 , 4 ’ - M e t h y l e a s e  2HC1 
Monuron 
&Hydroxyquinoline 
Butyl benzyl phthalate 
Di(2-ethy1hexyl)phthalate 
Di(2-ethylhe.yl)adipate 
-rgum 
Lacut bean gum 
Gum arabic 
Tara gum 
Agar 
2,6-Toluenediamine 2HC1 
4,4’-Oxydianiline 
2-Biphenylamine * HCl 
Cinnamyl anthranilak, 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

3/49 
0/50 
7/50 
0/50 
060 
0150 
1/50 
1/50 
0149 
3/50 
0149 
1/60 
0/50 
0150 
1/48 

171746 (2.3%) 
3.85% 

7/50 
0150 

(d) 3412,395 (1.4%) 
2.43% 

7/50 
0152 

5/49 
2/60 
3/50 
1/60 
1/60 
2/10 
4/50 
3/60 
2/49 
1/50 
1/49 
W50 
4/60 
W50 
2/48 

311746 (4.2%) 
3.0095 

5/49 
0150 

(el 65/2,395 (2.7%) 
2.55% 

5/49 
0150 

7/49 
2/60 
10/50 
1/50 
1/60 
2/50 
5/50 
4/50 
2/49 
4/50 
1/49 
1/50 
4150 
0/50 
3/48 

471746 (6.3%) 
5.36% 

1 o/so 
0/50 

98/2,395 (4.1%) 
3.89% 

10150 
Of60 

(a) Data as of March 16,1983, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
(d) Includes one diagnosis of angioma 
(e) Includes 17 diagnoses of angiosarcoma 
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TABLE F7. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN MALE B6C3F1 MICE 
RECEIVING NO TREATMENT(a) 

Incidence in Control8 
Study Malignant Lymphoma Lymphoma or Leukemia 

Historical Incidence at EG&G Mason Research Institute (b) 

4,4’-Methylenedianiline a2 HCI 
Monuron 
8-Hydroxyquinoline 
Butyl benzyl phthalate 
Di(2-ethylhexy1)phthalate 
Di(2-ethylhexy1)adipate 
Guar gum 
Locust bean gum 
Gum arabic 
Tara gum 
Agar 
2,6-Toluenediamine e2 HCl 
4.4’-Oxydianiline 
ZBiphenylamine . HCl 
Cinnamyl anthranilate 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

10149 
3/50 
12/50 
13/50 
8/50 
16/50 
7/50 
12/50 
9/49 
6/50 
2/49 
2/50 
9/60 
6/50 
448 

119I746 (16%) 
8.43% 

16/50 
2/50 

281/2,396 (11.7%) 
6.81% 

16/50 
1/52 

10149 
3/60 
12/50 
14/50 
8/50 
16/50 
7/60 
12/50 
9/49 
6/50 
3/49 
2/50 
9/50 
6/50 
4/48 

1211745 (16.2%) 
8.42% 

16/50 
2/50 

298/2,395 (12.4%) 
7.08% 

16/60 
1/52 

(a) Data as of March 16,1983, studies of a t  least 104 weeks 
cb) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE FS. HISTORICAL INCIDENCE OF CIRCULATORY SYSTEM TUMORS IN FEMALE B6C3F1 
MICE RECEIVING NO TREATMENT (a) 

Study 
Incidence in Controls 

Hemangioma Hemangiosarcoma Hemangioma or 
Hemangiosarcoma 

Hisbricd Incidence at EGBG Mason Research Institute 

4,4'-Methylenedianiline 2HC1 
Monuron 
&Hydroxyquinoline 
Butyl benzyl phthalate 
Di(Z-ethylhexyl)p hthalate 
Di(2-ethy 1heryl)adipata 
k r g u m  
Locurt bean gum 
Cum arabic 
Tara gum 
Agar 
2.6-Toluenediamine 2HC1 
4,4'-0xydidine 
2-Bipheylamine HCl 
Cinnamyl anthranilate 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

2/50 
1/50 
0150 
1/50 
3/50 
6/50 
3/50 
0/50 
1149 
1150 
0150 
2/50 
0/50 
0149 
1/50 

151748 (2.0%) 
2.14% 

3/50 
0150 

(d) 39/2,537 (1.5%) 
1.87% 

3/47 
0/5 1 

1/50 
1/50 
0150 
1/50 
Oi50 
3/50 
W50 
3/50 
0149 
1/50 
1/50 
0150 
0150 
0/49 
3/50 

l a 4 8  (1.9%) 
2.33% 

3/50 
0150 

(e) 5112,537 (2.0%) 
2.37% 

4/50 
0150 

3150 
2/50 
0/50 
2150 
3/50 
3/50 
3150 
3/50 
1149 
2/50 
1150 
2/50 
0150 
0149 
4/50 

29R48 (3.9%) 
2.56% 

4d50 
0/50 

90/2,537 (3.5%) 
2.61% 

5/49 
0150 

fa) Data as of March 16,1983, for studies of a t  least 104 weeks. 
(b) Standard deviation 
(CJ Range and SD are presented for groups of 35 or more animals. 
(d) Includes three diagnoses of angioma 
(e) Includes eight diagnoses of angiosarcoma 
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TABLE FB. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN FEMALE 
B6C3F1 MICE RECEIVTNG NO TREATMENTW 

Study 
Incidence in Controls 

Malignant Lymphoma Lymphoma or Leukemia 

4,4'-Methylenedianiline 2 HCl 
Monuron 
&Hydroxyquinoline 
Butyl benzyl phthalate 
Di(2-ethylhelyl)phthalate 
M(2-ethylhexy1)adipate 
k r g u m  
Locuet bean gum 
Gum arabic 
Tara gum 
M a r  
2,6-Toluenediamine 9 2 HC1 
4,4'-Orydianiline 
2-Biphenylamine HCl 
Cinnamyl anthranilate 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

Overall HSatorical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

13/50 
16/50 
13/50 
17/50 
1 0/50 
23/50 
19/50 
31/60 
18/49 
16/50 
9/60 
4/60 
15/60 
10149 
16/50 

232/748 (31%) 
12.78% 

3 1/60 
4/60 

637l2.537 (25.1 % 1 
10.03% 

3 1 J50 
4/50 

13/50 
lam0 
13mO 
1760 
lorn 
23AO 
l 9 r n  
3 1/50 
1 9/49 
16mo 
9/60 
4/60 
1 6mO 
10149 
1860 

233t748 (31.1%) 
12.85% 

3 1/60 
4/60 

689l2.537 (27.2%) 
9.87% 

3 1/60 
4/50 

(a) Data as of March 16,1983, for studies of at least 104 weeka 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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APPENDIX G 

CHEMICAL CHARACTERIZATION OF 

8-HYDROXY QUINOLINE 

135 &Hydroxyquinoline, NTP TR 276 



APPENDIX G. CHEMICAL CHARACTERIZATION 

I. Identity and Purity Brtmni.natioua of Lot No. 73334 Performed by the Andytlod 
Chad#@ Laboratory 

1, Appearmrecrr Cream-colored powder 

B. Spectral Data 

1. Infiared Determine$ 

a. Inotrument: Beckman IR- 12 

b. Phase: 2% Potassium 
bromide pellet 

c. Reeulte. See Figure 5 Consistent with literature 
spectrum (Sadtler Standard 
Spectra) 

2. Ultraviolet4Visible Determined -Q e 

Instrument: Cary 118 

b. Solvent: Methanol Cyclohexane 

c. Rerultr: No absorbance ~ e e n  in visible region (800-350 nm) at a concentration of 
3 mg/ml in methanol. Two muxima observed in ultraviolet region (350-228 nm) 

A mr (nm) e x 10'' A mrr (nm) e x loa3 - 
31 1 2.66 f 0.003 (8) 318 2.30 
241 40,OO f 0.02 (8) 243 43.04 

(Sadtler Standard Spectra) 
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FIGURE 5. iNFRARED ABSOHPTIQN SPECTRUM OF 8-HY DHOXYQUINOLINE (LOT NO. 7233-5) 



APPENDIX G. CHEMICAL CHARACTERIZATION 

3. Nuclear Magnetic Resonance 

Determined Literature Values 

a. Instrumenf: Varian EM 360-A 

b. Solvent: Methanol-d4 with 
internal tetramethylsilane 

c. Assignments: See Figure 6 Consistent with literature 
spectrum (Sadtler Standard 
Spectra) 

d. Chemical Shift (8): 

a l- rn,7.00-7.63ppm b 

c dd, 8.10ppm 
d dd,8.73ppm 

e. Coupling Constant: JM = 4 Hz 
J& = 8Hz 
Jd = 2Hz 

f. Integration Ratios: 

4.03 
C 1.0 
d 0.96 

C. Titration: Percent purity based on titration of one amine group per molecule with 
perchloric acid in an acetic acid medium, 101.6% f 0.2(6)% 

D. Water Analysis (Karl Fischer): 0.58% f 0.06(6)% 

E. Elemental Analysis 

Element C H N 

Percent DfI' 

&Hydroxyquinoline, NTP TR 276 

74.47 4.86 9.86 

74.67 4.79 9.61 
74.26 4.88 9.92 

99.9 99.6 1013 
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APPENDIX G. CHEMICAL CHARACTERIZATION 

F. Chromatographic Analyses 

1. Thin-Layer Chromatography 

a. Plates: Silica Gel 60, F254,0.25 mm layer 
b. Reference Standard: 2-Methyl, 8-quinolinol(2 p1 of a 10 pg/pl solution in 
chloroform) 
c. Amount Spotted: 100 and 300 pg (10 and 30 p1 of a 10 pg/pl solution in chloroform) 
d. Visualization: Ultraviolet light (254 and 366 nm) and iodine vapor 

System 1: Chloroform: methanol (9O:lO) 

(1) Rr: 0.60 (major), 0.40 (minor) 

(2) Rst: 0.74,0.50 

System 2: Toluene:methanol(80:20) 

(1) Re 0.43 (major), 0.33 (minor) 

(2) Rst: 0.69,0.53 

2. Gas Chromatography: 

a. Instrument: Varian 3740 
b. Detector: Flame ionization 
c. Inlet Temperature: 200" C 
d. Detector Temperature: 250" C 
e. Carrier Gas: Nitrogen 
f. Flow Rate: 70 cdmin 
g. Sample Injected: 4 p1 of a 10 mg/ml solution in methylene chloride to quantitate 
impurities and 4 pi of a 5 mg/ml solution in methylene chloride to check for detector 
overloading 

System 1: 

(1) Column: 3% OV-225 on 80/100 Supelcoport, 1.8 m X 4 mm ID, glass 

(2) Oven Temperature Program: 5 min a t  50" C; then 50'-220" C at 10" C/min 

(3) Results: Major peak and two impurities before the major peak with a combined 
area of 0.1596, relative to the area of the major peak 

RetentionTime Area 
Retention Relative to (percent of - Peak Time (min.) MaiorPeak . maior mak) 

1 13.3 
2 13.9 
3 16.3 

0.87 
0.91 
1.00 

0.09 
0.06 

100 
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System 2: 

(1) Column: 3% OV-17 on 80/100 Supelcoport, 1.8 m X 4 mm ID, glass 

(2) Oven Temperature Program: 5 min a t  50" C; then 50"-250" C a t  10" C/min 

(3) Results: Major peak and one impurity after the major peak with an area of 0.07% 
relative to the major peak. 

RetentionTime Area 
Retention Relative to (percent of - Peak Time (min.2 Maior Peak major D e s k 1  

1 15.8 
2 20.4 

1.00 
1.29 

100 
0.07 

- 

II. Heat Stability at the Analytical Chemistry Laboratory 

A. Sample Storage: Samples of 8-hydroxyquinoline were stored in glass vials with Teflon'-lined 
screw caps at - 20°, 5", 25", and 60" C for 2 weeks. 

B. Analysis: Samples from each storage temperature were weighed and dissolved in chloroform 
containing hexadecane as an internal standard, at a concentration of 5 pg/pl. The samples were 
analyzed on a gas chromatographic system, comparing the internal standard peak to the sample 
peak. The recovery of 8-hydroxyquinoline for each sample was compared with the recovery for 
the - 20" C sample. 

1. Instrument: Varian 3740 
2. Detection: Flame ionization 
3. Column: 3% OV-225 on 80/100 Supelcoport, 1.8 m X 4 mm ID, glass 
4. Inlet Temperature: 200" C 
5. Oven Temperature Program: 130°, isothermal 
6. Detector Temperature: 250" C 
7. Carrier Gas: Nitrogen 
8 Carrier Flow Rate: 70 cdmin 
9. Sample Injected: 5 p1 solutions of 8-hydroxyquinoline from each storage temperature 

10. Retention times: Hexadecane, 0.7 min; 8-hydroxyquinoline, 1.8 min 
(5 pg/pl) in chloroform containing 1.2 pg/pl hexadecane internal standard 

C. Results: 
Storage Temperature 

(degrees Celsius1 

- 20 
5 

26 
60 

Percent Purity 

100.0 f 2.9(8) 
103.1 f 2.9 (8) 
101.6 f 2.9W 
103.7 f 3.1 (6) 

D. Conclusion: 8-hydroxyquinoline is stable when stored as the bulk chemical at  temperatures 
up to 60" C for 2 weeks. 
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III. Test Chemical Stability at the Tesdng Laboratory 

A. Methods: 

1. Gar chromatography: 

a. Instrument: Varian 1440 or 3700 
b. Detection: Flame ionization 
c. Column: 3% SP2250 on 100/120 SupeIcoport, 6 ft X 2 mm ID, glass 
d. Inlet Temperature: 190'-250° C 
8, Oven Temperature Program: 7Oo-25O0 C at 6" C/min 
f. Detector Temperature: 230'-300" C 

2 Infrared Spectroscopy: 

Instrument: Perkin-Elmer Infracorda #137 
b. Phase: Potassium bromide 

B. Results 

1. Purity: 

Dab of 

10/06/79 
12/28/79 
02/26179 
06/12/80 

02/09/81 
06/16/81 
10/09/81 
12/30/81 

h d Y d Q  

iom9/8o 

Percent Purits 
Bulk Reference 

99.9 >99.9 
99.8 99.8 
99.6 99.6 
99.7 99.7 
99.8 99.8 
99.7 99.8 
99.8 99.8 
99.7 99.7 
m.8 99.7 

- 

2 Identity: Periodic reanalysis of test and reference samples of 8-hydroxyquinoline by 
infrared spectroscopy confirmed the identity of the chemical. 

C. Conclusion: No notable degradation occurred throughout the studies. 
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APPENDIX H. PREPARATION AND CHARACTERIZATION 

I. Studiea Conducted at the Analytical Chemiatry Laboratory 

A. Preparadon Procedure 

1. Premix: &Hydroxyquinoline (11.660 f 0.001 g for 8,000 ppm preparation) was added 
directly to 100 g of Wayne Lab-Blox@ rodent feed. This premixture was homogenized by 
rotating it in a 1-qt large-mouth glass jar for 15 min on a ball-mill type tumbler apparatus, 
with manual end-over-end tumbling every 6 min. 

a Bulk M m @  The above premix and 1,400 g more feed were mixed in a Patterson-Kelly* 
Twin Shell Blender for 16 min. The blender was loaded from the top of the shells aa follows: 
700 g of feed was poured in and allowed to settle and level at the bottom (vertex of the *‘V”); 
then the premix was poured in on top of the feed from each side; this layer was covered with the 
remaining 700 g of feed poured in from each side. After 10- and 15-min mixing times, duplicate 
B-g samples were removed from the top of each shell and the bottom trap of the blender for 
subsequent analysis" The target concentration of 8-hydroxyquinoline in feed was 7,770 f 60 
ppm. 

3, Extraution and Analyais: Each narnple was placed in a 200.ml centrifuge bottlo 
(quantitative transfer), and 50 ml of absolute methanol waa added. The mixture waa placed in 
an ultraeonic vibratory bath for 30 sec and centrifuged for 10 min. The supernatant solution 
(40 ml) was removed by pipette; the feed residue was mixed with an  additional SO ml of 
methanol and extracted again a13 described above. The combined supernatant solutions (80 ml) 
were diluted 10/100 and M O O  with methanol and then analyzed by ultraviolet abaorption 
upectroacopy a t  241.3 nm on a Cary 118 spectrophotometer. 

4 Quality Control : Blank (unclosed) feed samples and individual spiked (8,000 ppm level) 
mixtures were extracted and prepared for analysis in the game manner described for the test 
samplee above, Standard aolutione of 8-hydroxyquinoline in methanol (1.06, 1.48, 1.92, and 
2.1 1 Hg/ml) were ueed to determine the extinction coefficient for the compound a t  the analytical 
wavelength and to test the Beer-Lambert relationship. The system was found effectively linear 
with concentration, having a least-squarer correlation coefficient of >0,999. Blank sample 
absorbance values were 0.019 f 0.001 abaorbance unit, or 3.2% of sample abaorbance, and 
were substracted from the absorbance valuoe of sampler containing 8- hydroxyquinoline. 

B, Homogeneity 

I. Rerults: 
&mplr Tlmr (mln) Avrrrgr Peratnt Found 
P 

10, Right 
10, Loit 
10, Bottom 

:x: l!P 
16. Bottom 

0.76 k 0.03 o m  f 0,oa 
0.71 & 0,03 

0.70 f: o,oa 
0.68 f: 0.03 
0.74 f 0.03 

(8) Moan f ltandrrd doviation. Corroabd for a s p i k d  
m o v o y  yield of06,09L f 0.0% (ertnotion ofRctency, 102%; 
wlumo correatfon,B8.3%). 
(b) Throretio81 concentration of chemical In had, 0.777% f 0.0015% 
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a Conolurion: The mixture of 8-hydroxyquinoline in stock rodent feed at 8,000 ppm was 
homogeneous after 10 min and 15 min mixing in a Patterson-Kelleyo 4qt ,  twin-rrhell blender 
with intenrifler bar. The variations in the  sample^ of the mixtures were within 10% of the 
target concentration of chemical in the feed. 

C. Heat Eltabillty (Firrt Study: Extraction with Methanol) 

1. Sample Mixing and Btoraget Samples wero prepared by weighing S g of Wayne Lab-Bloxa 
rodent feed into 200-ml centrifuge bottles, 8-Hydroxyquinoline (40 mg, individual samples 
accurately weighed to k 0.1 mg) was added to each feed sample, and the contents of the bottles 
were mixed on a vortex mixer for 16 sec, Duplicate samples were used as spikes for recovery 
determinations and stored for 2 weeks at  -20°, 5 O ,  2S0, and 4s' C. No attempt WLUI made to 
protect the samples from light. 

Z Extraction and Analyrirr: Each 5-g sample was equilibrated a t  room temperature and 
triturated with 60 ml of methanol for 30 sec using a Brinkmann Polytron@ high-speed blender. 
The mixture was then placed in an ultrasonic vibratory bath for 30 sec and then centrifuged for 
10 min. A portion of the supernatant solution (50 ml) was pipetted into a separate flask. The 
feed residue was mixed with an additional 26 ml of methanol and extracted again as described 
above. An 8-ml aliquot of the combined supernatant solutions (7s ml total) was transferred to a 
10-ml volumetric flask, and 2 ml of a 2 mg/ml solution of 2-methoxy-naphthalene in methanol 
was added (as internal reference standard for chromatographic analysis). This solution w a  
then used for gas chromatographic analysis. 

a. 
b. 
0. 
d. 

f. 
89 

0. 

Inrtrumentr Bendix 2600 
Column: 3% OV-1 on 80/100 mesh Supelcoport; 1.8 m X 2 mm ID, glass 
Detector: Flame ionization 
Carrier Gar: Nitrogen 
Flow Rate: 30 cdmin 
Temperaturer: Oven, 130' C, isothermal; injector, 170' C; detector, 250' C 
Retention Timer: 8-Hydroxyquinoline, 2.8 min; internal standard, 4.6 min 

3. Quality Control: Analyses were performed in duplicate for each storage temperature. 2- 
Methoxynaphthalene was used as an  internal reference standard. Room temperature recovery 
studies were performed in duplicate at the 8,000-ppm level. Blank (undosed) feed samples were 
extracted and prepared for analysis in the same manner described above for the test samples. 
Blanks showed no interference from feed a t  the retention time of the major component. 
Detector linearity was established using methanolic standard solutions of 25.2,60.4, and 100.9 
&ml for the 8-hydroxyquinoline and 26.4, 50.8, and 101.5 for the 2-methoxynapththalene 
internal reference compound. Least-squares plot correlation coefficients for both compounds 
were >0.999 (effectively 1.0, linear). 
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4. Results. 

Storage Target Determined 
Temperature Concentration (a) Concentration (ab) Percent 

Spercmt wi/wtl (oercmt Wcrwt) of Theow (a) cc) 
- 20 

5 
25 
46 

0.81 f 0.01 0.80 f 0.03 99 f 3 
0.82 f 0.01 0.80 f 0.03 98 f 3 
0.81 f 0.01 0.64 f 0.03 79 f 3 
0.80 f 0.01 0.47 f 0.03 59 f 3 

(a) f Standard deviation 
(b) Corrected for spike recovery yield of 99 f 3% (extraction efficiency, 103.8%; 
volume correction, 96.2%) 

5. Conclusions: %Hydroxyquinoline mixed with stock rodent feed at 8,000 ppm was stable 
when stored for 2 weeks at temperatures of 5" C and below. Samples stored at  25" and 45" C for 
the 2-week period showed signifcant loss of the test chemical upon analysis. 

D. Stability (Second Study Extraction with AcidiAed Methanol) 

1. Preparation and Storage of Experimental Feed Blend A 1-kg batch of feed formulated 
with 8-hydroxyquinoline to a concentration of approximately 8,000 ppm was prepared for the 
new stability study and for evaluating the effectiveness of different extracting solutions to 
recover the chemical from aged feed blend. 8-Hydroxyquinoline (7.988 f 0.001 g) was 
transferred to a 600-ml beaker and mixed with approximately 8 g of feed (NIH 07 Rat and 
Mouse Ration). More feed was added in 15- and 30-g amounts with mixing between additions; 
then a final weight of feed was added and mixed in, making the total weight of the premix 
200.0 g. 

A 350-g portion of feed was layered evenly into the bottom of a stainless steel 4-qt capacity 
Patterson-Kelly@ twin-shell blender equipped with an intensifier bar. The 200-g premix was 
added in equal amounts to both sides of the blender; then the fine material adhering to the 
beaker walls was taken up by stirring 100 g of feed in the beaker for a few seconds and adding it 
to the blender. A W 350-g portion of feed was layered over the premix, and the blender ports 
were sealed. 

Blending was conducted with the intensifier bar turned ON for the first 5 min and turned OFF 
for the next 10 min of mixing. The outside of the blender was given a frrm tap periodically with 
a block of wood to dislodge any feed packed in the corners of the blender. At the end of the 15- 
min mixing period, the blend was divided equally into four screw-cap jars and tightly sealed. 
The individual jars were stored in the dark at -20°, 5", 25", or 45' C for the 2-week stability 
study. The target concentration of the &hydroxyquinoline in the feed blend was 7.99 mg/g. 

8-Hydroxyquinoline was completely recovered from freshly prepared feed blends using 
methanol alone as the extractant; however, when the feed blend had been stored for a period of 
time, recovery of the chemical was significantly reduced. Therefore, for evaluating the 
Werent extracting mixtures, the feed sample prepared above and stored 2 weeks at  45' C was 
used for the study. 

A series of methanol solutions containing 0.05%, 0.1%,0.5%, 1%, and 5% hydrochloric acid by 
volume were prepared and used for the analysis of the stored feed blend, following the 
procedure below. 
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2. Analysis Procedure: Feed samples (10.00 g in 200-ml centrifuge bottles) were extracted 
with 100 ml of the selected solvent mixture by shaking for 30 min on a Burrell Wrist Action@ 
shaker. 

Aliquots from the extracts (2 ml), clarified by centrifugation, were diluted to 200 ml with 
methanol-acetic acid solution (99:l). After thorough mixing, a few milliliters of the diluted 
solution were filtered through a 0.5-p Millipore" filter into 5-ml septum vials. The 8- 
hydroxyquinoline content of the solution was determined by the high-performance liquid 
chromatography system described below. 

a. Instrument: Varian 500 Liquid Chromatograph 
b. Column: Waters Associates pBondapak Cl& 300 mm X 4 mm ID 
c. Guard Column: Whatman CO:PELL, 72 mm X 4 min ID 
d. Detector: Waters Associates Model 440, UV at 254 nm 
e. Mobile Phase: 60% 2 mM ethylenediaminetetraacetic acid, disodium salt in water- 

f, FlowRate: 1mUmin 
g. Retention Time: 4.1 min 

acetic acid (99:l); 40 % methanol-acetic acid (99:l) 

3. Recovery Study Resulte: 

Hydrochloric Acid 
in Methanol 

Extracting Mixture &Hydroxyquinoline Percent Recovered 
(v/v) inFeed (rndg)  (DetectedtTarnet x 100)(a) 

0 
0.05% 
0.10% 
0.50% 
1.00% 
5.00% 

- 
6.15 
6.15 
6.7 
6.5 
5.9 

59 
77 
77 
84 
81 
74 

(a) Target concentration of 8-hydroxyquinoline in feed was 7.99 mg/g. 

4. Conclusions: Highest recovery of &hydroxyquinoline (approximately 84%) was obtained 
from the feed stored 2 weeks at 45" C when methanol containing 0.5% hydrochloric acid by 
volume was used as the extractant. This contrasts with the 59% recovery previously reported 
when methanol alone was used as the extractant. 
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APPENDIX I. ANALYSIS: METHODS 

I. Analysis at Analytical Chemistry Laboratory 

A. Preparation of Standard Spiked Feed 

Two working standard solutions of 8-hydroxyquinoline in acidified methanol (5 ml concentrated 
hydrochloric acid per liter of solution) were prepared independently at concentrations of 2.49 and 
1.97 mg/ml. These solutions were further diluted with acidified methanol to concentrations of 
1.25,0.99,0.62, or 0.49 mg/ml. Aliquots (20 ml) of the six standard solutions were pipetted into 
individual 200-ml centrifuge bottles containing 5 g of undosed feed to make spiked feed standards 
bracketing the specified dose range of the referee sample. One 200-ml centrifuge bottle 
containing 5 g of undosed feed was treated with 20 ml of acidified methanol for use as a blank. 
The spiked feeds and the feed blank were sealed and allowed to remain overnight a t  room 
temperature prior to analysis. 

B. Preparation of the Referee Sample 

Triplicate weights of the dosed feed sample (approximately 5 g weighed to the nearest 0.01 g) 
were transferred to individual 200-ml centrifuge bottles. Acidified methanol (20 ml) was pipetted 
on each sample; then the bottles were sealed and allowed to stand overnight at room temperature 
with the standards and feed blank. 

C. Analysis Procedure 

The next day, 80 ml of acidified methanol was pipetted into each blank, standard, and referee 
sample bottle. The bottles were sonicated in an ultrasonic vibratory bath for 1 min and shaken 
for 15 min at maxium stroke on a Burrell Model 75 Wrist-Action0 shaker. The extraction 
mixtures were centrifuged for 10 min; then 10-ml aliquots of the supernatant solutions were 
diluted to 100 ml with acidified methanol. A 5-ml aliquot of each sample was further diluted to 
100 ml with acidified methanol, and the absorbance of the solutions was read versus acidified 
methanol at 256 nm in l c m  quartz cells on a Cary 118 spectrophotometer. 

The total amount of &-hydroxyquinoline in the dosed referee feed samples was computed from the 
linear regression equation obtained by plotting the abeorbance of each spiked feed sample and 
blank versus the amount of chemical in the respective spiked feed sample and blank. 

D. Quality Assurance Measures 

The dosed referee feed sample was analyzed in triplicate, and the undosed feed sample was 
analyzed once. Individually spiked portions of undosed feed (six levels) prepared from two 
independently weighed standards were treated like the dosed referee feed samples for obtaining 
standard curve data. The linearity of the standard curve data was evaluated by the regression 
equation. 
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II. Analysis of Formulated Diets for Concentration of &Hydroxyquinoline at the 
Testing Laboratory 

A. Method Used Until June 1980 

Duplicate samples of 2 g each were extracted with 50 ml of absolute methanol in 100-ml 
ground-glass-stoppered graduated cylinders by repeated inversions of the cylinders for 
approximately 15 min. The feed particles were allowed to settle overnight in a refrigerator at 
4" C, and the absorbances of the supernatants were measured at 241.5 nm in a Beckman DU@ 
spectrophotometer after appropriate dilutions with methanol. Spiked .feed samples and blank 
feed were extracted and analyzed in the same manner to provide a calibration curve that was 
used to determine the concentration of test compound in the submitted samples. 

B. Method Used After June 1980 

In the revised method, feed samples were extracted with 50 ml methanol containing 0.5% 
hydrochloric acid, rather than with absolute methanol. 
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TABLE J1. ANALYSIS O F  FORMULATED DIETS IN THE THIRTEEN-WEEK FEED STUDIES O F  
8-HYDROXYQUINOLINE 

Target Concentration (ppm) Actual Concentration (ppm) Date Mixed 

1/19/79 

3/7/79 

(a) 400 
400 
400 
800 

1,500 
3,000 
6,000 

(a) 12,000 
12,000 
12,000 
(a) 400 

400 
400 

300 
460 
360 
980 

1,600 
2,800 
6,000 

12,000 
12,800 
11.600 

410 
410 
380 

(a) Samples of the 400- and 1.200-ppm dose mixtures were taken from three different areas of the blender to confirm 
homogeneity of feed blends. 

TABLE J% CONCENTRATIONS O F  6-HYDROXYQUINOLINE IN FEED IN THE TWO-YEAR STUDIES(a) 

Date Mixed 
Determined Concentration for Target Concentration of 

1,500 ppm 3,000 ppm 

12/18/79 1,550 3,000 
02/08/80 1,480 3,000 
041 8/80 1,480 2,950 
06/27/80 1,550 3,100 
07/18/80 1,350 2,830 
0911 9/80 1,400 2,850 
12/19/80 1,550 3,000 
01/23/81 1,560 3,050 
0311 318 1 1,500 2,850 
06/05/8 1 (b) 1,300 2,760 
06x)9/8 1 (c) 1,460 
07rn21ai 1,440 3,230 
0911 118 1 1,580 3,100 
11/06/81 1,570 3,050 

Mean (ppm) 1,485 2,982 
Standard deviation 89.0 131.6 
Coeficent of variation (percent) 6.0 4.4 
Range (ppm) 1,300-1,580 2,760-3.230 
Number of samples 13 13 

(a) The data presented are the average of the results of duplicate analyses. 
(b) Out of tolerance. Not used in study. 
(c) Remix. Not included in mean. 
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TABLE 53. REFEREE SAMPLE DATA FOR THE TWO-YEAR FEED STUDIES OF 8-HYDROXYQUINOLINE 

Determined (mm) 
Data Mixed Target Concentration (ppm) Testing Laboratory Analytical Laboratory 

04/18/80 
09l19l80 
06/011/81 
11/06/81 

1,600 
3,000 
1,500 
3,000 

1,480 
2,860 
1,300 
3,050 

1,460 
2.930 
1,510 
3,000 
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APPENDIX K. SENTINEL ANIMAL PROGRAM 

k METHODS 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in 
optimally clean facilities to eliminate potential pathogens that may afTect test results. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored 
via viral serology on sera from extra (sentinel) animals in  the test rooms. These animals are  
untreated, and these animals and the test animals are both subject to identical environmental 
conditions. The sentinel animals come from the same production source and weanling groups as the 
animals used for the studies of chemical compounds. 

Fifteen B6C3F1 mice and 15 F344/N rats of each sex are selected at the time of randomization and 
allocation of the animals to the various study groups. Five animals of each designated sentinel group 
are killed at 6, 12, and 18 months on study. Data from animals surviving 24 months are collected 
from 5/50 randomly selected control animals of each sex and species. The blood from each animal is 
collected and clotted, and the serum is separated, The serum is cooled on ice and shipped to Micro- 
biological Associates’ Comprehensive Animal Diagnostic Service for determination of the viral anti- 
body titers. The following tests are performed: 

Hemagglutination 
Inhibition 

Complement 
Fixation ELISA 

Mice PVM (pneumonia virus of mice) M.Ad. (mouse adenovirus) MHV (mouse 
Reo 3 (reovirus type 3) LCM (lymphocytic hepatitis virus) 
GDVII (Theiler’s choriomeningitis virus (24 months) 

Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai (12,18, and 24 months) 

encephalomyelitis virus) Sendai (6 months) 
MHV (6,12, and 18 months) 

Rats PVM 
KRV (Kilham rat virus) 
H-1 (Toolan’s H-1 virus) 
Sendai (12,18, and 24 months) 

B. RESULTS 

Results are presented in Table K1. 
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TABLE XI. MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE 
TWO-YEAR FEED STUDIES OF 8-HYDROXYQUINOLINE (a) 

Interval 
No. of 

Animal8 
Poeitive Serologic 

Reaction for 

RATS 

6 m o n t h  

12 months 

18 months 

24 months 

MICE 

6 months 

12 months 

18 months 

24 months 

loll0 
1011 0 

loll0 
911 0 
1/10 

W8 
8/8 
818 

9/10 
1011 0 

2/2 

8/10 

6/8 
1110 

2/10 
2/10 

6/10 
211 0 
1/10 
1/10 

PVM 
RCV 

PVM 
Sendai 
KRV 

PVM 
Sendai 
RCV 

PVM 
Sendai 
RCV 

PVM 

PVM 
Sendai 

PVM 
Sendai 

PVM 
Reo3 
Sendai 
MHV 

(a) Blood samples were taken from sentinel animals a t  6.12, and 18 months after the start of dosing and from the control 
animals just before they were killed; samples were sent tu Microbiological Associates, Inc. (Bethesda, MD)for the Animal 
Disease Screening Program. 
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FEED AND COMPOUND CONSUMPTION 

BY RATS AND MICE IN THE TWO-YEAR FEED STUDIES 

OF 8mHYDROXYQUINOLINE 
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TABLE L1. FEED AND COMPOUND CONSUMPTION BY MALE RATS IN THE TWO-YEAR FEED STUDY 
OF 8-HYDROXYQUINOLINE 

Con t r o 1 Low Dose High Dose 
Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose/ 
Feed/ Weight Feed Weight Control (b) Day (c) Feed Weight Control (b) Day (c) 

Week Day(a) (grams) Day(a) (grams) (grams) Day(a) (grams) (grama) 

3 
7 

11 
15 
19 
23 
27 
31 
39 
43 
47 
51 
55 
59 
63 
67 
71 
75 
79 
83 
87 
92 
95 
99 

Mean 
SD (d) 
CV (e) 

17.6 
20.0 
18.1 
19.1 
21.6 
25.9 
26.1 
27.3 
23.6 
22.6 
21.9 
21.6 
20.9 
20.7 
21.1 
20.7 
21.9 
41.4 
20.1 
20.6 
20.7 
22.4 
23.0 
21.6 

21.7 
2.3 

10.6 

238 
293 
329 
353 
380 
395 
403 
41 1 
430 
438 
447 
462 
468 
476 
477 
480 
481 
477 
463 
472 
453 
462 
458 
450 

425 

19.9 242 
19.9 300 
17.9 335 
'19.0 357 
2i.6 386 
22.9 40 1 
23.9 410 
26.9 417 
20.6 43 4 
20.7 439 
19.9 454 
19.9 464 
19.9 47 2 
19.4 479 
19.6 484 
19.6 475 
20.1 487 
18.9 486 
18.4 480 
18.9 480 
20.0 468 
18.1 478 
19.6 460 
20.6 443 

20.2 430 
1.9 
9.4 

1.1 123 
1 .o 99 
1 .o 80 
1 .o 80 
1 .o 84 
0.9 86 
0.9 87 
1 .o 97 
0.9 71 
0.9 71 
0.9 66 
0.9 64 
1 .o 63 
0.9 61 
0.9 61 
0.9 62 
0.9 62 
0.9 58 
0.9 58 
0.9 59 
1 .o 64 
0.8 57 
0.9 64 
1 .o 70 

0.9 73 
0.1 16 

11.1 21.9 

19.1 240 
20.1 298 
18.1 392 
18.7 365 
19.1 379 
22.1 388 
23.3 397 
23.9 407 
18.9 422 
19.4 427 
18.4 435 
18.3 441 
18.6 448 
18.9 455 
17.9 452 
18.6 456 
18.9 454 
17.9 449 
16.7 43 8 
16.9 445 
18.3 440 
16.3 434 
19.9 428 
19.9 413 

19.1 410 
1.8 
9.4 

1.1 239 
1 .o 203 
1 .o 164 
1 .o 158 
0.9 152 
0.9 171 
0.9 176 
0.9 176 
0.8 134 
0.9 137 
0.8 127 
0.8 124 
0.9 124 
0.9 124 
0.8 119 
0.9 122 
0.9 125 
0.8 119 
0.8 114 
0.8 114 
0.9 125 
0.7 113 
0.9 139 
0.9 144 

0.9 143 
0.1 32 

11.1 22.4 

(a) Grams of feed consumed per animal per day 
(b) Grams of feed per day for the dosed group divided by the same value for the controls 
(e) Milligrams of compound consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coefficient of variation = (standard deviatiodmean) X 100 
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TABLE L% FEED AND COMPOUND CONSUMPTION BY FEMALE RATS IN THE TWO-YEAR FEED 
STUDY OF 8-HYDROXYQUINOLINE 

Control Low Dose High Dose 
Grams Body Grams Body LOW/ Dose/ Grams Body High/ Dose/ 
Feed/ Weight Feed/ Weight Control (b) Day (c) Feed/ Weight Control (b) Day (c) 

Week Day(a) (grams) Day(a) (grams) (grams) Day(a) (grams) (grama) 

4 
8 

12 
16 
20 
24 
27 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 

Mean 
SD (d) 
cv (e) 

14.1 
16.1 
16.9 
16.1 
18.0 
17.6 
16.4 
16.0 
14.9 
16.9 
17.1 
17.6 
19.1 
19.3 
16.9 
17.1 
17.0 
17.9 
16.7 
15.7 
17.6 
17.4 
17.4 
18.3 
16.9 

17.0 
1.2 
7.1 

164 
187 
203 
21 1 
219 
227 
229 
235 
237 
246 
253 
260 
275 
286 
297 
307 
316 
324 
328 
334 
339 
340 
347 
344 
335 

274 

14.4 162 
14.4 183 
12.9 196 
14.3 204 
14.7 215 
14.4 218 
14.4 223 
16.4 230 
12.6 230 
13.3 237 
15.7 245 
14.9 253 
18.1 268 
19.6 278 
15.1 286 
16.0 294 
16.4 302 
16.0 308 
15.0 317 
15.4 323 
14.7 329 
14.4 325 
13.3 325 
16.4 333 
16.9 333 

15.2 265 
1.6 

10.6 

1 .o 134 
1 .o 118 
0.8 98 
0.9 106 
0.8 103 
0.8 99 
0.9 97 
1 .o 107 
0.8 82 
0.8 84 
0.9 96 
0.8 88 
0.9 102 
1 .o 106 
0.9 79 
0.9 82 
1 .o 82 
0.9 78 
0.9 71 
1 .o 72 
0.8 67 
0.8 67 
0.8 61 
0.9 74 
1 .o 76 

0.9 89 
0.1 18 

11.1 20.2 

12.4 
13.7 
12.1 
13.0 
12.9 
14.1 
13.3 
13.3 
11.1 
13.6 
13.0 
12.9 
14.3 
13.6 
13.3 
12.3 
14.3 
13.3 
13.6 
14.4 
14.1 
14.6 
12.4 
14.1 
14.9 

13.4 
0.9 
6.7 

169 
180 
193 
200 
208 
210 
214 
219 
219 
225 
233 
238 
251 
260 
269 
273 
281 
286 
293 
296 
306 
305 
300 
301 
302 

249 

0.9 
0.9 
0.7 
0.8 
0.7 
0.8 
0.8 
0.8 
0.7 
0.8 
0.8 
0.7 
0.7 
0.7 
0.8 
0.7 
0.8 
0.7 
0.8 
0.9 
0.8 
0.8 
0.7 
0.8 
0.9 

0.8 
0.1 

12.5 

235 
229 
189 
195 
185 
202 
186 
182 
163 
181 
167 
162 
171 
167 
148 
136 
163 
139 
139 
146 
139 
143 
124 
141 
148 

166 
29 
17.6 

~~~~~~ ~ ~~~~ 

(a) Grams offeed consumed per animal per day 
(b) Grams of feed per day for the dosed group divided by the same value for the controls 
(c) Milligrams ofcompound consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coefficient of variation = (standard deviatiodmean) X 100 
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TABLE L3. FEED AND COMPOUND CONSUMPTION BY MALE MICE IN THE TWO-YEAR FEED STUDY 
OF 8-HYDROXYQUINOLINE 

Control Low Dose High Dose 
Grams Body Grams Body Low1 Dose/ Grams Body High/ Dose/ 
F e e d  Weight F e e d  Weight Control (b) Day (c) F e e d  Weight Control (b) Day (c) 

Week Day(a) (grams) Day(a) (grams) (grams) Day (a) (grams) (grams) 
- 

4 
8 

12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 

Mean 
SD (d) 
CV(e) 

7.4 
7.1 
5.9 
6.6 
6.6 
6.1 
6.6 
6.6 
7.4 
7.4 
7.1 
6.6 
6.6 
6.6 
6.6 
6.9 
6.6 
6.9 
7.1 
6.9 
7.0 
7.6 

10.6 
8.4 
9.9 

7.2 
1.1 

15.3 

29 
32 
34 
35 
36 
38 
39 
40 
41 
42 
41 
43 
43 
45 
45 
45 
45 
44 
45 
45 
44 
44 
44 
43 
42 

41 

7.4 
5.7 
5.9 
6.1 
6.3 
5.4 
6.0 
5.7 
5.9 
5.9 
5.6 
5.7 
5.6 
5.9 
5.9 
5.4 
5.4 
5.6 
5.6 
5.3 
5.3 
4.9 
5.4 
6.3 
5.9 

5.8 
0.5 
8.6 

29 
32 
33 
35 
36 
38 
39 
40 
41 
41 
42 
43 
43 
43 
45 
44 
45 
45 
45 
44 
43 
44 
43 
41 
42 

41 

1 .o 384 
0.8 268 
1 .o 266 
0.9 263 
1 .o 262 
0.9 214 
0.9 23 1 
0.9 214 
0.8 214 
0.8 214 
0.8 199 
0.9 199 
0.8 194 
0.9 204 
0.9 195 
0.8 185 
0.8 181 
0.8 186 
0.8 186 
0.8 180 
0.8 184 
0.6 166 
0.5 189 
0.7 230 
0.6 209 

0.8 217 
0.1 45 

5.6 
5.7 
5.0 
5.3 
5.9 
5.0 
5.4 
5.6 
5.4 
5.9 
5.1 
5.6 
5.4 
5.0 
5.0 
4.9 
5.3 
5.1 
5.3 
4.6 
4.9 
4.4 
4.3 
5.0 
4.6 

5.2 
0.4 

29 
32 
33 
34 
36 
37 
38 
39 
41 
40 
41 
42 
42 
42 
43 
42 
43 
44 
43 
43 
43 
42 
41 
41 
41 

40 

0.7 
0.8 
0.9 
0.8 
0.9 
0.8 
0.8 
0.8 
0.7 
0.8 
0.7 
0.8 
0.8 
0.8 
0.8 
0.7 
0.8 
0.8 
0.7 
0.7 
0.7 
0.6 
0.4 
0.6 
0.5 

0.7 
0.1 

576 
536 
455 
466 
488 
405 
429 
429 
397 
439 
376 
398 
388 
357 
349 
347 
369 
351 
369 
319 
339 
316 
314 
366 
334 

396 
68 

12.5 20.7 7.7 14.3 17.2 

(a)Grams offeed consumed per animal per day 
(b) Grams of feed per day for the dosed group divided by the same value for the rontrols 
(c) Milligrams of compound consumed per day per kilogram ofbody weight 
(d) Standard deviation 
(e) Coefficient of variation = (standard deviatiodmean) x 100 
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TABLE L4. FEED AND COMPOUND CONSUMPTION BY FEMALE MICE IN THE TWO-YEAR FEED 
STUDY OF &HYDROXYQUINOLINE 

Control Low Dose High Dose 
Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose/ 
Feed Weight Feed Weight Control (b) Day (cb Feed Weight Control (b) Day (c) 

Week Day(a) (grams) Day(a) (grams) (grams) Day (a) (grams) (grams) 

4 
8 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 
100 

Mean 
SD (d) 
CV (e) 

8.1 
8.9 
8.1 
9.1 
8.6 
9.0 
9.7 
8.0 
8.1 
9.4 
9.7 
8.4 
10.3 
8.7 
9.9 
12.0 
9.4 
10.0 
9.4 
9.1 
11.3 
11.6 
12.6 
13.9 
13.0 

9.9 
1.6 
16.2 

22 
24 
26 
28 
29 
31 
32 
34 
36 
37 
39 
41 
41 
44 
46 
47 
48 
49 
50 
50 
49 
48 
49 
48 
47 

40 

8.0 22 
7.3 24 
8.0 26 
8.7 28 
8.9 30 
8.9 31 
9.1 32 
7.6 33 
7.1 34 
8.6 36 
8.6 37 
7.9 39 
8.1 39 
9.3 42 
8.9 43 
7.9 45 
8.1 46 
8.4 46 
7.9 46 
7.3 46 
9.1 46 
8.4 46 
8.6 46 
11.0 44 
10.4 44 

8.5 38 
0.9 
10.6 

1 .o 545 
0.8 455 
1 .o 462 
1 .o 467 
1 .o 443 
1 .o 429 
0.9 429 
0.9 344 
0.9 315 
0.9 357 
0.9 347 
0.9 302 
0.8 313 
1.1 332 
0.9 309 
0.7 262 
0.9 266 
0.8 275 
0.8 256 
0.8 238 
0.8 298 
0.7 275 
0.7 280 
08 375 
0 8  366 

0.9 349 
0.1 81 

11.1 23.2 

6.6 
5.9 
6.1 
6.0 
7.0 
7.4 
6.7 
5.7 
6.3 
7.1 
6.9 
6.6 
7.4 
8.3 
7.9 
7.0 
7.7 
7.9 
7.4 
6.7 
6.9 
7.3 
7.1 
8.0 
6.9 

7.0 
0.7 
10.0 

21 0.8 
23 0.7 
25 0.8 
27 0.7 
28 0.8 
29 0.8 
30 0.7 
31 0.7 
32 0.8 
33 0.8 
34 0.7 
35 0.8 
37 0.7 
38 1 .o 
40 0.8 
41 0.6 
41 0.8 
41 0.8 
42 0.8 
41 0.7 
40 0.6 
41 0.6 
41 0.6 
40 0.6 
39 0.5 

35 6.7 
0.1 
14.3 

939 
764 
737 
667 
750 
768 
67 1 
553 
589 
649 
605 
563 
602 
654 
589 
512 
564 
575 
53 1 
49 1 
514 
533 
523 
600 
527 

619 
106 
17.1 

-- - 
(a) Grams of feed consumed per animal per day 
(b) Grams of feed per day for the dosed group divided by the same value for the controls 
(c) Milligrams of compound consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coefficient of variation = (standard deviationhean) X 100 
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APPENDIX M 

GENETIC TOXICOLOGY OF 8-HYDROXYQUINOLINE 
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TABLE Ml. INDUCTION O F  UNSCHEDULED DNA SYNTHESISIN RAT HEPATOCYTESBY 
8-HYDROXYQUINOLINE 

Compound (a) Dose Net Grains per Nucleus f Standard E r r o r  

DMSO (percent) . 1 
2-Acetylaminofluorene (pg/ml) 10 
8-Hydroxyquinoline (&ml) 2.6 

5 
10 
25 

-4.99 f 0.23 

-3.19 f 0.21 
-3.43 f 0.21 
-3.42 f 0.22 

Toxic 

18.87 f 0.4a 

(a) Unscheduled DNA synthesis was determined eesentially by the method of Williams (1977). Hepatocyter 
from male F344/N rata were isolated according to the procedure of Williamr et  al. (1977); inoculated into 
Williamr Medium E supplemented with 2mM glutamine, 50 Mg/ml gentamicin, and 10% fetal bovine serum; 
and allowed to attach for 2 hours. ARer incubation, the cells were washed, and serum-free medium was added. 
Three cultures were used per dose of compound (and for controls), and cultures were exposed simultaneouly to 
the test compound and to tritiated thymidine (10yCUml for 18 h. ARer expomure, culturer were warhed, 
swelled in a hypotonic solution, fixed, and washed with water. The coverslips were mounted to slides, dipped in 
Kodak NTB-2 emulsion, and exposed at 20' C for 6 days. Cells were stained with methyl-free Pyronin. The 
p a i n r  over 60 morphologically unaltered cellr were counted, and the highest count fiom two nuclear-rized 
a r m s  over the most heavily labeled cytoplasmic areas adjacent to the nucleua war rubtractad from the nuclear 
count to obtain the net grains per nucleus. 

TABLE M2. TRANSFORMATION O F  BALWc-3T3 CELLS BY 8-HYDROXYQUINOLINE 

Compound (a) 

No. of 
Disher Total No. No. of 

Dose (b) With Foci of Foci FocUDish 

DMSO (percent) 0.5 - 1  1 
3-Methylcholanthrene (&ml) ' 5 14 22 
8-Hydroxyquinoline (Mg/ml) 0.031 0 0 

0.063 1 2 
0.125 0 0 
0.250 0 0 
0.500 0 0 

0.03 
1.1 
0 
0.12 
0 
0 
0 

(a) The protocol was based on that of Kakunaga (1973). Twenty-four houri before treatment, 60-mm dirher were 
inoculatad with 104 cellddirh and incubatad. Teat compound war then added, and the cellr were incubatad for 72 h. Cella 
were then warhed, fresh medium war added, and incubation continued for approximately 4 weekr with refeeding twice a 
week. Cell monolayerr were then fixed with methanol, rtained with Giemsa, and examined by eye and by microrcope to 
determine the number offoci of transformed cellr. 
(b) Before the transformation experiment, the cytotoxicity of the compound war determined by incubating 200 celld60-mm 
dLh for 24 h, adding var iou  dorer of teat compound, and incubating for 72 h, The cellr were then warhed, fterh medium 
w u  added, and incubation continued for an additional 3-6 days. The surviving coloniu were flred, rtrined, and counted. 
The relative rurvival obtainrd aftor treatment with 8-hydroxyquinoline war: 108% (0.008 w/ml), 03% (0.031 w/ml), 82% 
(0,083 -l),44% (0,126 pg/ml), and 4% (0.26 pg/mlh 
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APPENDIX N. DATA AUDIT SUMMARY 

The experimental data and tables of the draft NTP Technical Report on the Toxicology and Carcino- 
genesis Studies of 8-Hydroxyquinoline were examined for completeness, consistency, and accuracy 
and for compliance with Good Laboratory Practice during the period November 28-December 2,1983. 
The following persons were involved in the audit: National Toxicology Program--Ms. C. Davies, Dr. 
S. Eustis, Dr. J. French, Ms. A. Grant, Dr. B. Gupta, Dr. C. Lingeman, Dr. B. Schwetz, Dr. C. 
Whitmire, and Dr, M. Wolfe; Dynamac Corporation--Dr. H. Appleton, Mr. D. Dippel, Mr. C. Lunchick, 
Mr. J. Plautz, Dr. R. Schueler, and Ms. C. Synier. 

The full report of the audit of these studies on 8-hydroxyquinoline is on file at the National Toxicology 
Program, NIEHS. The audit consisted of (a) review of records for the inlife portion of the studies, 
including clinical observations and body weight data for 10% of the animals and all environmental 
and mortality records, (b) review of all chemistry data, and (c) review of pathology data, including all 
individual animal pathology records (IADRs), 100% slide/block match for all animals, and wet 
tissues for 10% of the animals in each group. 

There were no discrepancies or omissions that were considered of sufficient importance to affect the 
interpretation of the studies. Examples of discrepancies of lesser importance are as follows: Al- 
though environmental conditions were not considered adequately controlled compared with current 
standards, adverse effects observed during the course of the studies could not be related to any sig- 
nificant deviations in temperature or humidity. Another minor discrepancy was a lack of correlation 
between some of the grossly observed lesions and microscopic descriptions of the same lesions. For 
example, some of the fight wounds in male mice and some of the joint arthritides reported in mice 
grossly were not always described microscopically. Because these are common observations that are 
unrelated to the test chemical, the level of attention given to these lesions was not always as great a s  
for lesions that were more likely related to chemical exposure. 

In summary, there were no findings that were considered to have significantly influenced the final 
interpretation of these studies, Minor problems not mentioned here were likewise not considered to 
have affected the outcome of the studies. 
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