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SUMMARY OF PEER REVIEW COMMENTS 
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 

HYDI$OQLJINONE 

Dr . Gallo, the second principal reviewer, agreed with the conclusions for female rats and for male and 
female mice but disagreed with the conclusion for male rats, suggesting that it be changed to some 
evidence of carcinogenic activity . He based this opinion on the presence of nephrcapathy in nearly all 

' male and most female rats in all dosed and vehicle control groups, on the possibility o£ products of re-
duction/oxidation cycling in the kidney as a function of pH and high renal concentrations o4° hydro-
qugnone, and on the activity of cysteine lyase in the kidney and the rote of thiol adducts in acute 
nephrotic syndrome as a precursor to hyperplasia. Dr . Gailm questioned the use of the oral route of ex-
posure in view of the fact that the major route of human exposure appears to be dermal . He said that 
a complete absorption, distribution, metabolism, and excretion profile should have been developed be-
fore 2-year studies were begun. He asked that the Report be deferred until chemical disposition data 
could be incorporated . Dr. Kari agreed that such data would be meaningful for interpretation but 
said that the lack of these data does not detract from the validity of the information obtained when 
the oral route was used. Further, lie said that there was no indication that the route of exposure 
would influence the, overall outcome. 

Dr . Itnirez-, the third principal reviewer, agreed with the conclusions for male rats and male mice . He 
argued for changing the conclusion for female mice to clear evidence of carcinogenic activity, based on 
highly significant dose-related increased incidences of hepaiocellular neoplasrns in both low and high 
dose groups. Dr . Kari mentioned that there was no clear dose-response relationship, the numbers 
were not overwhelming, and there was no supporting evidence in the other sex or the other species . 
Dr . Ashby commented that the high and quite variable historical vehicle control incidence of 
mononuclear cell leukemia was not supportive of a higher level of evidence in female rats . Dr. Mirer 
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SUMMARY OF PEER REVIEW COMMENTS (Continued) 

There was considerable discussion among Panel members and staff regarding the degree of correla-
tion between toxicity (nephropathy) and carcinogenicity (renal tubular adenomas) in male rats . Dr . 
Popp noted that the definition of clear evidence of carcinogenic activity called for dose-related in-
creased incidences in malignant neopiasms or a combination of malignant and benign neoptasms or 
in a marked increase in benign neopl:asms. He questioned whether eight adenomas in the top dose 

group constituted a marked increase . 

Dr. Gallo moved that the conclusion for male rats be changed to some evidence of carcinogenic activi-

ty . Dr . Psrpp seconded the motion, which was approved by five affirmative votes (Drs . Galio, Garman, 

Klaassen, Newberne, and P'opp) to four negative votes (Drs . Ashby, Gold, McIKnight, and Nlirer). Dr ., 

Gallo moved that the conclusion be accepted as written for female rats, some evidence of carcinogenic 
activity . Dr. Popp seconded the motion, which was approved by seven affirmative votes to two nega-
tive votes (Drs . IVfcKnight and Mirer) . Dr . Gal3o moved that the conclusion be accepted as written far 

male mice, no evidence of carcinogenic activity . Dr . Popp seconded the motion, which was approved 

unanimously by the Panel. Dr . Gallo moved that the conclusion be accepted as written for female 
mace, sortie evidence of carcinogenic activity . Dr . Garman seconded the motion, which was approved 

by eight affirmative votes to one negative vote (Dr. Mie-er) . 
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1. INTRODUCTION 

CAS No. 123-3Y-s 
, 

C6F¬602 ; Molecular weight ' -110.1 

Synonyms: 1,4-berazenediol ; p-benzenediml ; benzmhyclroquinone; benzoquinal9 
1,4-dihydroxybenzerae ; ,v-dahydraaxybenzeraey p-dioxobenzerae9 p-dzoxybemiene ; hydroquinoI ; 
hydraquinole; a-hydroquirrone ; p-hydroquanone; p-hydroxyphenol ; quinml ; P-quinol 

Properties was estimated to be 34 million pounds (SRI, 
1984) . 

Synthesis, Production, and Use 

Hydroquirione is manufactured in the United 
States primarily by the aniline-oxidation proc-
ess (Varagnat, 1981). The process involves the 
oxidation of aniline with manganese dioxide to 
quinone followed by iron-catalyzed reduction to 
hyrlroqcainone . Quinone formed in the first step 
of the process is removed from the oxidation 
solution by steam stripping. The qczinone-steam 
mixture can he reduced with an aqueous suspen-
sion of iron or by catalytic hydrogenation. Tech-
nical-grade hydroquinone is prepared from the 
reaction solution by crystallization, centrifuga-
tion, and drying . Alternatively, hydroquinone is 
manufactured by the hydroperoxidation of diiso-
propylbenzene; the para isomer is isolated, oxi-
dized to the dihydropsroxide, and treated with 
sulfuric acid to produce hydroquinone and ace-
tone . In 19849 annual U.S . production capacity 

Fiydroquinone has been identified and quarati-
tated in mainstream smoke of nonfiitered ciga-
rettes in amounts ranging from 88 to 155 pg per 
cigarette (Wynder and Hofimann, 1967; Ishiguro 
et al ., 1976) . 
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1. INTRODUCTION 

Toxicity in Animals 

Short-term oral toxicity of hydroquinvrce has 

been studied in rats, mice, guinea pigs, rabbits, 
dogs, eats, and swine (Lehrnan et al ., 1951 ; Pat-
ty's, 1981 ; Stuart et ad ., I981) . The LaD5p values 
in-:thesespecies ranged from 0.2 to 0.5 g/kg, ex-
cept for cats, which had greater sensitivity, with 
I.D5p values of 0.07 glkg body weight . Hyperex-
citabality, tremors, convulsions, salivation, and 
einesis were observed within 90 minutes of ad-
ministration of lethal doses, and death occurred 
after -several hours. 

When fed to rats at 5°Io of the diet (50,000 pptn) 
for 9 .weeks, hydroquirione caused severe body 
weight loss, aplastic anemia, bone . marrow de-
pletion, liver atrophy, and ulceration and hem-
orrhage of the gastric xnucosa (Carison and 
Brewer ; 1953). Hydroquinone-induced axnmazna-
taxicity is well documented, and the. toxicity of 
hydroquinmne to bone marrow and lymphoid or-
gans cqrrelates well with its accumulation in 
these tissues (Greenlee.et al ., 1981). 

The skin-sensitization potential of hydroquinane 
far guinea pigs has been investigated (I3raize et 
al ., 1944 ; Draize, 1951 ; Goodwin et al., 1981). 
Generally, little potential for skin sensitization 
was observed . For example, a 2% solution of hy-
droquinone in dimethyl phthalate was given by 
intraderanal injection to guinea pigs three times 
per week for 10 weeks. Two weeks later, a chal-
lenge injection was made. Evaluations made 24 
hours later revealed no dermal sensitization 
(I)raize et al ., 1944 ; Dra.ize, 1951). However, 
guinea pigs sensitized to p-methoxy°phenoi cross= 
reacted to a challenge with hydroquinone (Van 
der Wa11e et al ., 1982). 

Interference with IVIelanogenesis 

concentration of melanin precursors (Usami et 
al ., 1980) . However, in other investigations, 
both activation and depression of tyrosinase ac-
tivity have been demonstrated in melanoma ex-
plants, depending on the source of the cells and 
the concentrations of hydroquirione (Abraano-
witz and Chavin, 1980)o Other investigators 
showed that hydroquinone causes; inhibition of 
both DNA and RNA synthesis and found greatiy 
different sensitivities between melanocytic and 
nanmelanocytic cell lines, suggesting that the 
depigrnenting effect of hydroquinone may be ex-
erted by selective toxicity to melanocytic cells 
(Penney et al ., 1984) rather than by direct effects 
on melanin biosynthetic: pathways. Since hydro-
quinone,fs a substrate for tyrosinase, it is con-
ceivable that cells containing tyrosinase are 
more capable of producing toxic metabolites of 
hydroquanone . 

Evaluation of Reproductive Function and 
'reratogeniciiy 

No chemical-related effects on reproduction, as 
shown by gestation lengthy mean titter size, fetal 
viability, and lactation index, were seen in two 
groups of 10 female rats fed diets containing 30 
or 3,000 ppm hydroquirione (Ames et al ., I956) . 

Groups of 10 nuIliparcsaas female rats (Walter 
Reed-Carworth Farms) were mated and then 
given a total of 0.5 g of hydroquirione in feed dur-
ing pregnancy (Telford et al ., 1962). Hydroqui-
none was not toxic for the dams. The rats were 
killed 22 days after mating, and uteri were ex-
amined. One or more resorptions were observed 
in 100% of the dosed rats, and 27% of all implan-
tations terminated in resorgtion . Corresponding 
control values in untreated pregnant rats were 
41% of the dams with resorptions and 11°l0 of the 
total implantations resorbed . 

The utility of hydroquirione as a skin-bleaching 
chemical stems from its ability to inhibit the 
production and accumulation of melanin when 
applied topically to skin . The biochemical basis 
for hydroquinone-induced disruption of melano-
genesis is not completely understood, but several 
hypotheses are being investigated . I-iydroqui-
none has been shown to inhibit tyrosine-
mediated conversion of tyrosine to dapa and 
dopa to dopaquinone, thereby decreasing the 

Absorption, Metabolism, and Excretion 

Early investigations of the metabolism and dis-
position of hydroquinone in humans and experi-
mental animals showed that the chemical is 
readily absorbed from the gastrointestinal tract 
and is eliminated primarily as sulfate and glucu-
ronide conjugates in the Urine, Male volunteers 
ingesting up to 0 .5 g of hydroquinone per day ex-
creted P%-15% of the dose unchanged and about 
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1. INTRODUCTION 

A complete perspective of hydroquinone bio-
ta°ansformatfori must include consideration of 
hydroquinone as a metabolite o£ benzene and 
phenol . The schematic in Figure 1 depicts the 
stepwise conversion of benzene to benzene oxide 
via epoxidation (Daly et al ., 1972), the sponta-
neous or protein-catalyzed rearrangement of 
benzene oxide to phenol (Jerina et al., 1968 ; 
Tunek et al ., 1978), and the subsequent conver-
sion of phenol to hydroqiainone, catechoi, and 
other hydroxyiated benzenes . 

Observations that benzene must be metabolized 
to exert its characteristic toxicity in bone mar-
row, combined with evidence that hydroquinone 
and catechol (or metabolites of these compounds) 
are taken up in bone marrow and lymphoid or-
gans against a concentration gradient (Greeniee 
et al ., 1981), implicate hydraquinone and other 
hydroxyiated benzenes as possible contributors 
to the hemotoxicity of benzene (Parke and Wil-
liams, 1953b; Tunek et al ., 1978; Sawahatia and 

NealY 1983) . Consistent with this idea are the 
observations that manipulation of benzene me-
tabolism alters benzene-induced hematotoxicity . . 
Andrews et al . (1977) showed that toluene is a 
competitive inhibitor of benzene metabolism and 
protects dosed animals against benzene-induced 
bone marrow depression . Furthermore, differ-
ing genetic susceptibility to be aze ne- induced 
bone marrow toxicity in mice is paralleled by al-
tered metabolism of benzene. ' Multiple-dose 
studies revealed that the more resistant 
C57BL16 mice had lower levels of water-soluble 
benzene metabolites in bone marrow, liver; kid-
ney, blood, spleen, and lung and of covalently 
bound metabolites in bone marrow, blood . 
spleen, and muscle than did DBA/2 mice (Long-
acre et a1.,1981). 

Evidence obtained in vivo and from various in 
vitro preparations demonstrate that hydroqui-
norae and other metabolites of benzene are capa-
ble of binding covalently to DIVA and other mac-
romolecules. For example, radiolabeIed benzene 
administered in viv¬s yielded covalently bound 
metabolites in mouse bone marrow (Gill and 
Ahmed, 1981) and to rat liver DNA (Luta and 
Schtatter, 1977). Additionally, mitachondrial 
preparations from rabbit bone marrow metabo-
lize benzene to products that bind td mitochon-
drial DNA (Itushmore et al ., 1984). Subsequent 
analysis following digestion of this mitmehon- 
drial DNA to nucleosides revealed the presence 
of at least six different adducts to guanosine . 
Cytor.hroarae P450-dependent (5awahata and 
Neal ; 1983) and cytochrome F'450-independent 
(WalIin et al ., 1985) metabolism of hydroqui-
none to reactive metabolites has also been 
shown. In vitro incubation of hydroquinone with 
polyguanosine yielded several adducts (Jowa et 
al ., 1986) . 

Although many studies implicate hydroquinone 
as a toxic metabolite 04° benzene, other evidence 
suggests that metabolites other than hydroqui-
nane contribute to the toxicity and genotoxicity 
o£ benzene. PeIlack-Walker and BIumer (1986) 
used a mouse lymphoma cell line to evaluate the 
DNA-damaging ability of benzene and a variety 
of hydroxylated metabolites over a 1,000-fold 
concentration range . Benzene, phenol, or cate-
chol at concentrations as high as 1.0 mM or 
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FIGURE 1. RELATIONSHIP BETWEEN BENZENE METABOLISM AND 
HYDR(}Qt3TN()NE METABOLISM 

tidapted from Parke and Williams, 1953a ; I.askin and GoIdstean, 1977; ("zaldstein et al ., 5982 ; Irons and F'feifer, 1982 ; Pf°ei1'er 
and Irons, 1983 ; Eregson et al ., 1985; Savvahata et a1., 1985 . Values in parentheses are percentages of metabolic products 
detected in urine of animals (rabbits, rats, mice, dogs) or humans . Asterisks (*) denote putative or demonstrated alkylating 
activity toward intracellular nucleophilea. A.FiF¬ _ aryl hydrocarbon hydroxyImse ; CTDPG = uriaiine dipEiosphaP.e gliacuronyl 
transfeease; ¬'APS = 3'-phospho-adenosine-5'-phospkosulfate. Dashed lines indicate putative pathways . trans, trarzs-
Itrduconafdehyde 4s a postulated intermediate (Gad-El-Karim et al., 19$5 ; L ..atriana et a1.,1986). 
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1. INTRODUCTION 

hydroqubnone at concentrations up to 0.1 mM 
did not increase the percentage of single-
stranded DNA as evidenced by alkaline elution. 
In contrast, micx'omolar concentrations of p-ben-
zoquinorae produced strand breaks, suggesting 
that quinones and semiquinones may be respon-
sible in part for the damage associated with ben-
zene . This is conceivable, since benzoquinones 

' serve as substrates for DT-diaphorase and Iipo-
arnide dehydrogenase (Smart and Zannoni, 
1984) and can therefore undergo one- or two-
electron reductions to their respective serrniqui-
none radicals . Autoxidation of these semiqui-
norres back to quiraones would be expected to 
form superoxide anion radicals, which may be 
cIastmgenic. Although it as generally agreed that 
the cytotoxicity, geraotoxicity, and covalent bind-
ing of benzene are dependent on its further 
metabolism, the complexity of its metabolism 
currently precludes a clear understanding of the 
requisite pathways (and hence the role of hydro-
quinone) in causing these toxic effects. 

Genetic Toxicology 

The genetic toxicity of hydroquinone has been 
extensively investigated in a variety of assays . 
Results of these are presented in Table 1 . 

Hydroquinone was generally negative in rnuta-
genicity tests conducted in several sr;rains of Sal-
monella. with or without exogenous metabolic 
activation (Florin et al ., 3980 ; IZapson et al ., 
1980 ; Hadvorth et al ., 1983 ; Sakai et at_, 1985 ; 
see Table 34). However, Gocke et al . (1981) re-
ported mutagenic activity in the absence of S3 in 
Salmonella typhimuriurrz Z'A1535A, a strain 
that the authors suggested might harbor an un-
defined genetic alteration from strain TA1535 
because of differences in length of storage. In 
addition, the mutagenic response was observed 
with the ZI,1VI medium only, not w:,th the stan-
dard Vogel Bonner minimal medium. Hydraqui-
raone did not induce sex-linked recessive lethal 
mutations when fed to adult male Drasophilcc 
melanagaster at concentrations of 50 or 100 mM 
(0.5-1 mg/ml) (Gocke et al ., 1981), nor did it in-
duce gene mutations in somatic cells of mice as 
measured in the mouse spot test (Gocke et, al ., 
1983). 

Hydroquinone has been shown to induce sister 
chromatid exchanges (SCEs) in both the 
presence and absence of S9 in Chinese hamster 
ovary (CHC)) cells (Galloway et al ., 198'7; see Ta-
ble 36)y Chinese hamster Don ,cells (Shimada et 
al ., 1988), and human lymphocytes (Morimoto et 
a1 ., 1983). Hydroquinone, with or without S9, 
induced a significant increase in trifluorothymi-
dine-resistant mouse I.5178Yd'FK lymphoma 
cells (IVIcGregor et a1.,19$8 ; see Table 35). It has 
also been shown to cause inhibition of DNA syn-
thesis in mouse lymphoma cells and HeLa cells 
in the presence and absence of S9 (Painter and 
Howard, 1982; Pellack-Walker et al ., I985): Al-
though Pellacx-Walker and Blumer (1986) did 
not demonstrate DNA strand breakage in mouse 
lymphoma cells in vitro, Shirriada et a1 . (2988) 
reported increased DNA strand breaks in DDY 
mouse bone marrow cells after exposure to 
hydroqczYnone. 

There is extensive evidence for the elasto-
genicity of hydroquinone in a variety of cells. In-
duction of mitotic segregation in Aspergillus 
nidulans diploid strain 13 by 1-3 mM hydro-
qaainone (up to 333 Vg/ml) without S9 was re-
ported by Crebelli et al . (1987) . Characteriza-
tion of the damage by complementarity studies 
with haploid strain 3 s indicated that this effect 
resulted from induction of structural chromoso-
mal aberrations rather than from aneuploidy . 
Induction of chromosomal fragmentation and 
chromatid bridge formation in the nuclei of 
antherrdial cells of the plant Chara zeylanica 
was rewrted after treatment with 1-50 mM hy-
droquinone (up to 5.5 mg/ml) for 3 or 24 hours 
(Chatterjee and Sharma, 1972) . 

There are numerous examples of hydroquinone-
indcaced clastogenicity in mammalian cells both 
in vitro and in viva . Galloway et al . (198'7) dem-
onstrated the induction of chromosomal aber-
rations in CHO cells by hydruquinone in the 
presence of S9 (see Table 37), and induction of 
micronuclei in bone marrow cells in vivo has 
been demonstrated in NMRI mice (Gocke et al ., 
1981 ; Tunek et al ., y982), CIla-1 mice (Gad-El-
Karim et al ., 1986), and DDY mice (Shimada et 
a1 ., 1988) . 
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TABLE 1. SUMMARY OF RESULTS OF GENETIC TOXICOLOGY STUDIES OF HYDROQUINONE 

Test System/References Endpoint Results 

Bacteria 
Salmonella typhimurium 

EpIer et a1.,1978 Gene mutation Negative 
Florin et a1.,1980 > Negative 
gta.pson et al . . 19801 Negative 
Gocke et al., 1981 Positive (m) 
Eiaworth et al . ; 1983 ((NTP) Negative 
5akai et a1.,1985 Negative 

i F ung . 
Aspergillus niduCans 

Crebeflii et al ., 1987 Chromosomal aberrations Positive 

` Higher plants 
ACliurn cepa 

ICeoguflevich and Stem, 1969 Chromosomal aberrations Negative 
Chromosomal thickening Positive 

CfaarazeyPanica 
' Ctnatterjee and Sharma, 1972 Chromosomal breaks Positive 

Callzsrafrezgrans 
Roy, 1973 Polyploidy Negative 

Insects 
CDrasaphiCa mel¢noguster 

Gocke et al., 19$1 Sex-linked recessive lethal mutations Negative 

Mammalian cells (in vitro) 
Mouse lymphoma cells 

I'ellack-Walker and Blumer, 1986 DNA strand breaks . Negative 
Pellack-Walker et a1 ., 1985 Inhibition of DNA synthesis Positive 

' McCxregor et al ., 1988 (NTP) Teiftuorothymidine resistance Positive 
. Chinese hamster ovary cells 

Galloway et al., 1987 (IV`i'P) Sister chromatid exchanges Positive 
Chromosomal aberrations Positive 

Chinese hamster Don cells 
Shimada et al ., 1988 Sister chroracatid exchanges Positive 

Human HeLa cells 
Painter and Howard, 1982 Inhibition of DNA synthesis Positive 

TCuraan lymphocytes 
Morimota et al ., 1983 Sister chramatid exchanges Positive 
ICnad[e, 1985 Positive 

Mammalian cells (in vivo) 
Mice (NPRRI) 

Goctze at al., 1981 Micronuclei Positive 
Mice (CW-1) 

Gad-El-Karim et al ., 2986 Micronuclei Positive 
Mice (DDY) 

Shimada et a1.,1988 Micronuclei Positive 
DNA strand breaks Positive 

Mice (C57BL) 
Gacke et al., 1983 Gene mutation Negative 

(a) Positive result was obtained with genetically uncharacterized strain in nonstandard medium . 
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Ia INTRODUCTION 

'Phe rnutagenic responses seen with hydroqui-
none parallel those observed with benzene, 
which is known to be metabolized to hydrmqui-
nane and which generally requires metabolic ac-
tivation to produce its effects. With the excep-
tion of in vieo mammalian studies, results with 

' benzene in genotoxicity .assays are mixed. Re-
sults of bacterial gene mutation studies were 
negative (Florin et al ., 1980 ; Flo et al .; 1981 ; 

I . Zeiger and Hawot°th; 1985), but results of tests 
II for DNA damage in bacteria induced by benzene 

were positive (NIcCarroYl et al ., 1981a,b) . Ben-
zene dad not induce gene mutations in mouse 
lymphoma cells (I.ebovvitz et a9 .,, 1979 ; 1Nlyhr et 

- al ., 2985) or sex-linked recessive lethal muta-
tions in 17 . melanogaster (NTP unpublished 

f results) . There was one report of gene mutation 
in Tradescantia plants after exposure to .benzerae 

; ; vapors (Schairer and Sautkulis, 1982), Positive 
responses were observed in in vitro mammalian 

'! cell assays far cytogenetic damage including in-
' duetaon of SCEs (I12ot°imoto et al ., 1983 ; Gulati et 

al ., 1985, 0$9) and. chromosomal aberrations 
i' (Kmizumi et al ., 1974 ; IVIorimoto, 1974) . 

Long-Term Toxicity and Carcinogenicity 

tissues were examined histologically . No 
chemical-related chronic effects or tumors were 
observed . 
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1. INTRODUCTION 

Study Rationale potential for exposure, and the lack of adequate 
carcinogenicity data . Since dermal exposure is a 

The National Toxicology Program studied by- major route of contact of this chemical with hu- 
droqtxinone to assess its long-term toxicity and mans, preliminary studies were undertaken to 
potential carcirtogenicity in F°344lN rats and compare the efficacy of dermal and oral routes of 
B6C3F1 mice . Hydroquinane was nominated for administration in assessing the systemic tox- 
Sttidy by the National Cancer Institute, Na- PClty and CaI°C1P1QbgG't12Clty of hydT'OqiIYIlOrie . 

tional Institute for Occupational Safety and' Based on the results of these studies, gavage was 
HealthH and Occupational Safety and Health Ad= , selected for evaluation in 13-week and 104-week 

. ministration, based on high levels of production, studies . 
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11. MATERIALS AND METHODS 

PROCUREMENT AND 
CHARACTERIZATION OF 
H-YDROQdJIIVONE 

Hydroquinone (Techquincol IG) was obtained in 
one lot (tot no. 56978)~ as a colorless, crystalline 
solid from Callahan Chemicals (Palmyra, NJ) ; 
Eastman Kodak Company, Eastman Chemical 
Products, Inc. (Krngsport, TN) was the manufac-
turer. Purity and identity analyses were con-
ducted at Midwest Research Institute (MRI) 
(Kansas City, MO). MRI reports on analyses 
performed in support of the hydroquinone stud-
ies are on £'11e at the National Institute of En-
vironmental Health Sciences : 

The study chemical was identified as hyda°aqui-
none by infrared, ultraviolettvisible, and nuclear 
magnetic resonance spectroscopy. The infrared 
spectrum (Figure 2) was identical to the litera-
ture spectrum, and the nuclear magnetic reso-
nance spectrum (Figure 3) was consistent with 
the literature spectrum (Sadtler Standard Spec-
tra) . The Amax andXmin of the ultraviolet/visible 
spectrum were similar to those 'of the literature 
spectrum, but the determined c value was 90% of 
the literature value at 292 nm arid 75% of the 
literature value at 224 nm; the difference in 
molar absorptivity was attributed to the instru-
mental parameters used and not considered to be 
significant in the absence of the use of a stan- 
dard of known purity . 

Purity of lot no . 56978 was determined to be 
greater than 99% by elemental -analysis, Karl 
Fiseher water analysis, titration with eerie 
We 4+) ion to oxidize both phenol groups, poten-
tiometric titration with tetrabutylammonium 
hydroxide of one phenolic hydrogen, thin-layer 
chromatography, and high-performance liquid 
chromatography. Thin-layer chromatography 
was performed an silica gel plates with two sol-
vent systems: toluene:acetone (70:30) and tolu-
ene:dioxane:glaciad acetic acid ('70 :25:4), with 
visualization at 254 nm and with 0.4°lo meth-
anolic 2,6-dibromaquinonechlmriniide spray fol-
lowed by a 10% aqueous sodium carbonate spray 
and exposure to ammonia vapor. High-per-
formance liquid chromatography was performed 
with detection at 280 nm, a liBondapak Cqg col-
umn, and a solvent system of water: acetonitrile 
(95:5) . 

The results of elemental analysis for carbon, hy-
drogen, and oxygen were in agreement with the 
theoretical values . Oxidation of both phenolic 
groups by eerie ions indicated a purity of 101.3%, 
and potentiometric titration of one phenolic hy-
drogen with tetrabutylammonium hydroxide in-
dicated a purity of 101 .2°l0. Only the major com-
ponent was detected by thin-layer chro-
matography and high- performance liquid 
chromatography. 

Stability studies were conducted on the hydro-
quanone study material . The stability was moni-
tored by an oxidative titration with eerie ion 
We 4+) and indicated that hyclroquinone is sta-
ble as the bulk chemical when stored in the dark 
far 2 weeks at temperatures up to 60° C. Peri-
odic reanalysgs by the study laboratory of the 
bulk chemical by infrared spectroscopy (replace d__ 
by ultraviolet spectroscopy at the end of 2980) 
and by oxidative titration indicated no degrada-
tion of the study material throughout the stud-
ies. The bulk chemical was stored at room tem-
perature under an inert atmosphere of nitrogen 
or argon throughout the studies. 

PREPARATION AND 
CHARACTERIZATION OF DOSE 
MIXTURES 

The dose mixtures were prepared by mixing ap-
propriate amounts of hydroquinone and vehicle 
to give the desired concentrations (Table 2) . For 
the 14-day studies, dose mixtures were prepared 
in 95% ethanol for dermal application and in 
corn ail for gavage administration . The highest 
dose mixture of hydroquinone in ethanol (480 
mg/ml) and all dose mixtures in corn oil formed 
suspensions, rather than true solutions, and 
were homogenized in a blender to reduce particle 
size . The 480 mg/ml ethanol mixture and the 
corn oil resuspensions used during the 13-week 
studies were stirred continuously during dosing . 

Stability of hydroquinone in corn oil and 95% 
ethanol was determined by performing flame 
ionization detection gas chromatography with a 
3% SP2y00 column with n=heptanol as an inter-
nal standard after extracting the corn oil sam-
ples or diluting the ethanol solutions with aceto-
niti°ile and preparing a hydroquinone derivative 
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TABLE 2. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE STUDIES OF 
EYYDi$,OQLJZNi3PdE 

-7- 
Fourteen-Day ' Fourteen-Day Thirteen-Week Two-Year Dermal Studies Gavage Studies Studies Studies 

Preparation 

Appropriate weight ofhy- Appropriate weight ofhydro- Appeopriateweight ofhy~dra- e~,ppropriateweight of 
' droquinane was dissolvesi quinane was mixed with appro- r~tzinone was mixed with mppz°o- hydroquinane was placed 
in appropriate volume of priate volume of corn oil. Sus- - priate volume of corn ail up to it! a volumetric flask and 
of 95% ethanol. Highest pensions were homogenized in 2 min with a Polytraaa'9 hoeaiog- dissolved in deionized 
dose mixture was hotnog- a Waring Blender. enizer. Air was removed under 

. 
water by stirring with a essized in a Waeing Blender . vacuum. Solutions were sealed magnetic stir bar . Solu- 

under argon . tians were diluted to vol- 
ume with deioniaed 
water and mixed with a 
magnetic stir bar. 

Maximum Storage Time 
7a iia 2id 

Storage Conditions 
Room temperature in Room temperature in tinfoil-
tinfoil-wrapped flasks in wrapped flasks in a closed box 
a closed box 

with N-0-bis-(trime£hylsilyl)-triflitoroaceta-
mide and a 1% trimethylchiorosilan,,,- catalyst . 
Hydroquin¬sne in a corn oil suspension at 50 mg/ 
ml or a 33% solution in ethanol was found to be 
stable at room temperature both in the dark and 
under normal lighting conditions for 7 days . 
During storage, the ethanol soluticns turned 
reddish brown, indicative of the formation of oxi-
dation products . However, analysis of these so-
lutions showed no decrease in hydroquinone con-
centrations, indicating that the conce:ntration of 
the decomposition products was below the 1% de-
tection limit of the method . The stability of hy-
droquinone in deionized water was also deter-
mined. The study material was mixed with 
water and stored for up to 21 days at room tem-
perature car 5° C. The samples were analyzed by 
dilution of aliquots with an aqueous resorcinol 
solution (an internal standard), filtration, and 
high-performance liquid chromatography with a 
Browniee RP-I4 column and a mobile phase of 
water: acetonitrile (95 :5) . Hydroquirzone at 5 
mg/ml in deionized water was found to be stable 
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Room temperature in the dark Room temperature fn 
in amber serum vials with amber serum vials with 
TeflorrO-lined seals Teflong-lined seals ; 

sparged with argon or 
nitrogen before sealing 

at room temperature in the dark for 21 days and 
for 3 hours at room temperature when exposed to 
light and air. Initially colorless solutions stored 
for 14 days or longer at room temperature 
turned pale brown, but no notable decrease in 
the Inydrcsquanone content was observed . 

Once before and once during the 13-week stud-
ies, analysis of hydroquinone dose mixtures by 
ultraviolet spectroscopy was conducted at the 
study laboratory by measuring the absorbance of 
acetonFtrile extracts at 295 nm and at the ana-
lytical chemistry laboratory by measuring the 
absot°baxsce of methanol extracts at 293 nm (Ta-
ble 39 . During the: 2-year studies, approximately 
every seventh preparation was analyzed ; for all 
of these samples, the hydroquinone mixtures 
were formulated within ± 10°lo of the target con-
centrations (Table 4) . Results of periodic referee 
analysis performed by the analytical chemistry 
laboratory indicated generally good agreement 
with the results from the study laboratory (Ta-
ble 5) . 
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06/23081--Mouse 80.0 (b) 82 .3 103.6 
06124/81--ltat 5A (c) 4.81 96.2 

(d) 5.02 100.4 
(e) 4.87 97 ..4 

10 .0 dc) 10.20 102.0 
(d) 928 92.8 

(e) 10.72 107.2 
24.0 (c) 18.10 90.5 

(d) 22.17 110.8 
(e) 20:36 101.8 

40.0 (c) 38.63 96.6 
(d)39.83 99.6 

_ (e) 38.65 96.6 
80.0 (c) 87.97 110.0 

(d) 84.11 : 105.1 _ 
(e) 84.90 106.1 

06/24J81--Mouse 2 .5 (c) 2.64 105.6 
(d) 2.73 109.2 
(e) 2 .81 112.5 

5 .0 (c) 6 .14 102.8 
(d) 6 .45 109.0 
(e) 5.15 103.0 

10.0 (c) 9.82 98.2 
(d) 8.02 802 . 
(e) 9.37 93.7 

20.0 (c) 20.38 101 .9 
(d) 18.62 93 .2 
(e) 26.38 131.9 

40.0 (c') 37.47 93.7 
(d) 35.69 892 
(e) 35.30 882 

08/17/81--Ftat 5.0 tcY 4.98 99.6 
(d) 4.93 98 .6 
(e) 5,07 101 .4 

10.0 (c) 9.57 95.7 
(d) 9.60 96.0 
(e) 9.67 96.7 

20.0 (c) 20.00 100 .0 
(d) 19.91 99.5 
(e) 19.56 97 .8 

40.0 (c) 40.00 100.0 
(d) 39.57 98.9 
(e) 35.66 992 

80.0 (c) 79.47 99.3 
(d) 78.34 97.9 
(e) 77.37 96.7 

08/17/81--Mouse 2.5 (c) 2.46 98.4 
(d) 2~43 97 .2 
(e ) 2 .58 103.2 

5 .0 (c) 4.58 91.6 
(d) 4.59 91.8 
(s) 4.50 90.0 

10.0 dc) 9 .73 97 .3 
(d) 9.80 98.0 
(e) 3 .83 98 .3 

20.0 (c) 20.11 100.6 
(d) 2027 101.4 
(e) 20.03 140 .2 

40.0 (c) 38.49 96.2 
(d) 39.57 98.9 
(e) 40.69 101 .7 

(a) Results of single analysis unless otherwise specified 
(b) Sample removed from top of dose mixture while it was being stirred 
(c) Sample removed from middle of dose mixture while it was being stirred 
(d) Sample removed from bottom of dose mixture while it was being stirred 
(e) Referee sample ; results of triplicate analysis. 
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TABLE 4 . RESULTS OF ANALYSIS OE' DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF 
EiYL)ROQYJfN0NE 

Concentration of HyflYOqi3BtflOT1e in I3eioxsflzed Water 
for Target Concentration (nig/ral) (a) 

Date Mixed 5 10 

08/27182 4.75 9.39 
09110182 4.91 10.19 
10129/82 4.95 9,61 

(b) 5.41 (b) 20.06 
12117/82 4.52 10.02 
03/25/83 5.09 10.25 
06/30/83 4.72 10 .01 

(b) 4.89 (b) 10.01 
10107/83 4.94 9.75 
01/13/84 4.74 9.64 
04120/84 : _ 4 .91 , 8.42 

(b) 5.14 tb9 9.61 
07I27184 4.89 9.59 

Mean (mg/ml) 4.88 9.75 
Standard deviation 0.115 0.312 
Coefficient of variation (percent) 2.4 3 .2 
Range (mg/ml) 4.72-5.09 9.39-1025 
Number of samples 10 10 

(a) Results of duplicate analysis 
(6) Animal room samples taken after dosing; not included in the mean. 

TABLE 5. RESULTS OF REFEREE ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE 
STUDIES OF HYDROQUINONE 

Determined Concentration (mg/ml) 

Target Concentration Study Referee 
Date Mixed (mg/ml) Laboratory ta> Laboratory cb> 

08127182 6 .0 4.75 4.98 
03/25/83 10.0 10.25 9.93 
10107/83 5.0 4.94 5.03 
04I20/84 5.0 4.91 5.04 

(a) Results of duplicate analysis 
(b) Results of triplicate analysis 

PRELIMINARY QUALITATIVE DERMAL 
ABSORPTION STUDY 

Groups of six 5- to 6-.week-old male F344/IV rats 
and B6C3Fg mice (obtained from Charles River 
Breeding Laboratories, Kingston, NY) were 
given dermal applications of 0 .2 ml of 0%, 2%, or 
20% solutions of hydroquinone (4 or 40 mg per 
animal) in 95% ethanol on the clipped inter-
scapular region far 3 consecutive days . The ani-
mals were housed in individual metabolism 
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weeks aldrvhen placed on study, araa mice were 
8-9 weeks old. , 

Groups of five rats of each sex were administered 
r) 9er) eRn AM 1 wn_ or 3.840 ma hvdraqui- 

FIF"TEEN-MONTH AND TWO-YEAR 
STUDIES 

THIRTEEN-WEEK STUDIES 

details and tissues ana groups examineu dLu 

given in Table 6. 

Thirteen-week studies were conducted to evalu-
ate the cumulative toxic effects of repeated ad-
ministration of hydroquinone and to determine 
the doses to be used in the 2-year studies . 

Four- to five-week-old male and female F3441N 

rats and 5- to 6-week-old male and female 

B6C3Fg mice were obtained from Charles River 
Breeding Laboratories, observed for 22 days 

(rats) or 21 days (mice), distributed to weight 
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EXPERIMENTAL DESIGN 

Size of Study Groups 
10 males and 10 females of each 64 or 65 males and 65 females of each 
species species 

0, 25, 50 :, 10(3, 200, or 400 mg hydroqui- Rats--0, 25, or 50 ing hydroquinonelkg none/kg =n corn oil by gavage ; dose vol-- in deionized water by gavage; mice--0, 
5 ml/kg (rats) or 10 ml/kg (mice) 50, or 100 mgAcg; dose vol--5 mUkg (ra6s) 

500 mg/kg or 10 ml/kg (mice) 

Doses : Dermal 
Rats--0,240,480,960,1,920, or 3,840 -
mg hydroquinone/kg in 95R'o ethanol 
to the clipped scapular area ; mice--0, 
300,600,1,200, 2,400, or 4,800 mg/kg ; 
dose vol--0 .2 ml (rats) or 0 .1 ml (mice) ; . 
high dose animals received 1,920 or 
2,400 mg/kg 2 X d 

5 males and 5 females of each 
species . 

Doses : Gavage 
Rats--O, 63,125, 250, 500, or 1,000 
mg hydroquinone/kg in corn oil by 
gavagea mice--0, 31, 63,125, 250, or 

Date of First Dose 
Gavage--812/79 ; dermal--811/79 

Date of Last Dose 
Gmvage--8/15179 ; dermal--8/14/79 

Duration of Dosing 
12 doses over 14 d 

Rats--6126/81 ; mice--6/25/81 

9/24191 

5 dJwk for 13 wk 

Type and Frequency of Observation 
Observed 1 X d; weighed 1 X wk Observed 2 X d; weighed initially and 

1 X wk thereafter 

Rats--9114I82 (male) or 9/21/82 (female) ; 
mice--8/34/82 (male) or 9/71$2 (female) 

Rats--8/31/84 (male) or 9/i0/84 (female) ; 
mice--6/17184 (male) or 8/27/84 (female) 

5 dlwk for 65 or 103 wk 

Observed 2 X d; weighed initially, 1 X 
wk for 23 wk, and then I X mo 

Necropsy, HIS$OlOgffC Examinations, and Supplemental Analyses 
Necropsy performed on all animals Necropsy performed on all animals; Necropsy performed on all animals; his- 

histologic exams performed an all vehi- toiogic exams performed on all rats (except 
cle controls, animals receiving 200 or for peeputial gland and thyroid gland for 
400 rssg/la:g, and animals dying before the low dose male rats) and vehicle control and 
end of the studies ; tissues examined high dose mice ; tissues examined include 
include adrenal glands, brain, colon, adrenal glands, brain, cecum, colon, duo- 
esophagus, gallbladder (mice), grass denuan, epididymfis/prostateltestes or ova- 
lesions and tissue masses, heart, kid- ries/uterus, esophagus, gallbladder (mice), 
neys, liver, lungs and mainstem bron- gross lesions and tissue masses, heart, 
chi, mammary gland, mandibular or ileum, jejunum, kidneys, liver, lungs and 
masenteric lymph nodes, pancreas, enainstem bronchi, mammary gland, man- 
parathyroid glands, pituitary gland, dibnTar or mesenteric lymph nodes, nasal 
prostate/testes or ovaries/uterus, sali- cavity and turbinates, pancreas, parathy- 
vary glands, skin, small intestine, spinal roid glands, pituitary gland, preputial or 
cord (rats), spleen, sterneurae and eerte- clitoral gland (rats only), rectum, salivary 
brae including marrow, stomach, thy- glands, skin, spleen, sternebrae and verte- 
mus, thyroid gland, trachea, and urf- brae including marrow, stomach, thymus, 
nary bladder. Tissues examined in 100 thyroid gland, trachea, and urinary blad- 
mg/kg groups included liver, kidneys, der. Tissues examined for low dose mice 
and stomach of male rats and kidneys include adrenal glands, gross lesions, liver, 
of female rats spleen, and thyroid gland for males and 

gross lesions, liver, lungs, ovaries, salivary 
glands, and thyroid gland for females . 
Hema4ologic and clinical chemical analyses 
performed at 15 mo; organ weights recorded 
at 15 mo and 2 y 
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' TABLE s. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE AND 
DERMAL STUDIES OF HYDROQUINONE (Continued) 

Fourteen-Day Thirteen-Week Fifteen-Month and 
Studies - , Studies Two-Year Studies . 

ANIMALS AND ANIMAL MAINTENANCE 

Strain anal Species 
F'344/N rats ; I36C3F1 mice F349:/N rats ; B6C3FI mice F3441N rats ; B6C3F1 mice 

Animal Source 
Charles River Breeding Laboratories Charles River Breeding Laboratories Charles River Breeding Laboratories 
(Portage, M3) (Kingston, NY: (Kingston, NY) 

Study Laboratory 
SRI International Bioassay Systems Corporation Bioassay Systems Corporation 

Method of Animal Identification 
Ear punch Ear punch and individual number Ear punch and individual number 

Time Held Before Study 
Dermal--13 d ; gavage--14 d Rats--22 d ; mice--21 d Rats--21 d (male) or 28 d (female) ; 

mice--18 d (male) or 26 d (female) 

Age When Placed on Study 
Rats--6 wk; mice--6-8 wk Rats--7-8 wk; mice--S-9 wk Rats--7-8 wk (male) or 8-9 wk (female) ; 

mice--8-9 wk (male) or 9-10 wk (female) 

Age When Killed 
Rats--8 wk; mice--B-YO wk 

Necropsy Dates 
Dermal--8/15/79; gavage--8/16/79 

Rats--20-21 wk; mice--21-22 wk 

Rats--9i25a8i-9i28i8i ; 
mice--9124/81-9/25/82 

Rats-- & 11-113 wk; mice--112-I14 wk 

2-Y--rats : 9/13/84-9/20184 ; mice: 8/27/84-
9/12/84;15-mo--male rats : 12/16/83 ; female 
rats : 12/22/83 ; male mice: 11/30/83 ; female 
mice : 12!'7/83 

Method of Animal Distribution 

Animals distributed to weight classes Same as l4-d studies 
and then assigned to cages by one ta- 
ble of random numbers and to groups 
by another table of random numbers 

Feed 
Purina Rodent Laboratory C9sowO NIB 07 Rat and Mouse Ration (Zeigler 
pellets; available ad libitusn Bra; ., Inc ., Gardners, PA) ; available 

ad libitum 

Bedding 
Hardwood chips (P.W .I ., Inc., 
L.ovaeville, NY) 

Water 
Automatic watering system ; 
available ad libitum 

Cages 
Podycarbanate 

Cage Filters 

Animals per Cage 
5 

Assigned to cages by one table of random 
numbers and then to groups by another 
table of random numbers 

Same as 13-wk studies 

Sani-Chips heat-treated hardwood chips Same as P3-wk studies 
(Old Mother Fdubbard, Lowell, MA) 

Automatic watering system (Hardco, Same as 13-wk studies 
Cincinnati, OH) 

F'olycarbonate (Hazleton Systems, Inc., Same as 13-wk studies 
Abe:rdeen, MD) 

Nonwoeen fiber filters (Snow 
Filtration, Cincinnati, OH) 

Same as 13-wk studies 

5 5 
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GA`i'AGE AND 
DERMAL STUDIES OF HYDROQUINONE (Continued) 

Fourteen-Day 
Studies 

Thirteen-Week 
Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

other Chemicals on Study in the Same Room 
None 

Animal Room Environment 
Temp-64°-8(}° F ; hum--50%-65°l0 ; Temp- -6W-76* F; hum--44%-84% ; 
fluorescent light 12 h/d ; fluorescent light 22 h/dg 
12-15 room air changes/h 10-12 room air change" 

S, ource and Specifications of Animals 

Animal Maintenance 

Animals were housed five per cage. 14"eed and 
water were available ad libitum. Cages and 
racks were rotated during these studies . Fur-
ther details of animal maintenance are given in 
Table 6. 

Clinical Examinations and Pathology 

Ail animals were observed two times per day . 
Body weights were recorded once per week for 
the first 13 weeks of the study and once per 
month thereafter . Mean body weights were 

Fifteen-Month and 
Two-Year Studies 

None 

Temp--65°-80° I4 ; tatam--40%-79%D 
fluorescent light 12 h/d ; 
8-I3 room air changes/h 
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IIa MATERIALS AND METHODS 

Slides/tissues are generally not evaluated in a 
blind fashion (i .e ., without knorv;:edge of dose 
group) unless the lesions in questlvn are subtle 
or unless there is an inconsistent diagnosis of le-
sions by the laboratory patholog-ist . Nonraea-
plastic lesions are not examined routinely by the 
quality assessment pathologist or PWG unless 
they are considered part of the toxic effect of the 
chemical . 

Statistical Methods 

Survival Analyses : The probability of survival 
was estimated by the product-limit procedure of 
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11. MATERIALS AND METHODS 

tumors are incidental, this comparison of the 
time-specific tumor prevalences also provides a 
comparison of the time-specific tumor incidences 
(McKnight and Crowley, I984). 

Historical Control Data: Although the concur-
rent control group is always the first and most 
appropriate control group used for evaluation, 
there are certain instances in which historical 
control data can be helpful in the overa:il assess-
ment of tumor incidence . Consequently, control 
tumor incidences from the N°Z°P historical con-
trol data base (I-Iaseanan et al ., 1984, 1985) are 
included for those tumors appearing to show 
compound-related effects. 

Analysis of Continuous Variables: The statis-
tical analysis of organ weight, hematolagic, and 
clinical chemical data was carried out by using 
the nonparametrie multiple comparison proce-
dures of Dunn (1964) or Shirley (1977) to assess 
the significance of pairwise comparisons be-
tween dosed and vehicle control groups : ' Jonck-
heere's test (Jonckheere, 1954) was used to eval-
uate the significance of dose-response trends . 

GENETIC TOXICOLOGY 

Salmonella Protocol: Testing was performed as 
reported by Ames et al . (1975) with naadifica-
tions listed below and described by Ha.vvorth et 

A positive response was defined as a reproduci-
ble, dose-related increase in hist2dine-indepen-
dent (revertarat) colonies in any one strain/acti-
vation combination. An equivocal response wag 
defined as an increase in revertants which was 
not dose related, not reproducible, or of insuffi-
cient magnitude to support a determination of 
mutagenicity . A response was considered nega-
tive when no increase in revex°tant colonies was 
observed. after chemical treatment. 

Mouse Lymphoma Protocol : The experimental 
protocol is presented in detail by IVIcGregor et al . 
(1988) and follows the basic format of Clive et al . 
(1979) . All study chemicals were supplied as 
coded aliquots from Radian Corporation (Austin, 
TX). The highest dose of the study compound . 
was determined by solubility or toxicity and did: 
not exceed 5 mg/ml. Mouse lymphoma L5178Y 
cells were maintained at 37° C as suspension cul-
tures in Fischer's medium supplemented with 2 
MM L-giutamine, 110 Vg/ml sodium pyruvate, 
0.05% pluranie F6$, antibiotics, and heat-inac-
trvated horse serum; normal cycling time was 
about 10 hours. To reduce the number of sponta-
neously occurring trifluarothymidine (Tft)-resis-
tant cells, subcultures were exposed once to 
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11. MATERIALS AND METHODS 

All doses within 1T2 experiment, including con-
current positive and solvent controls, were repli-
cated. Treated cultures contained 6 x 106 cells 
in 10 ml of medium. This volume included the 
S9 fraction in those experiments performed with 
metabolic activation . Incubation with the study 
chemical continued for 4 hours; after which time 
the medium plus chemical was removed and the 
cells were resuspended in 2(3 ml of fresh medium 
and. incubated for an additional 2 days to express 
the mutant phenotype. Cell density was moni-
tored so that log phase growth was maintained . 
After the 48-hour expression period, 3 X 

106 

cells were plated in medium and soft agar sup-
plemented with Tft for selection of Tft-resistant 
cells (TK+'+), and 600 cells were plated in non-
selective medium and soft agar to determine 
cloning 'efficiency. Plates were incubated at 
37'C under 5% carbon dioxide for 10-12 days . 
A11 data were evaluated statistically for both 
trend and peak response . Both responses had to 
be significant (P < 0.05) for a chemical to be con-
sidered capable of inducing Tft resistance ; a 
single significant response led to an "equivocal" 
conclusion, and the absence of both L: trend and a 
peak response resulted in a "negative" call . 

Minimum criteria for accepting an experiment 
as valid and a detailed description of the statis-
tical analysis and data evaluation are presented 
in Myhr et al . (1985) . This assay was initially 
performed without S9; if a clearly positive 
response was not obtained, the experiment was 
repeated with induced S9 . 

Chinese Hamster Ovary C'ytogenetics Assays : 
Testing was performed as reported by Galloway 
et al . (1985, 1987) and is described briefly below. 
Chemicals were sent to the laboratories as coded 
aliquots from Radian Corporation (Austin, TX). 
Chemicals were tested in cultured Chinese ham-

ster ovary (CHO) cells for induction of sister 

In the chromosomal aberration test without 59, 
cells were incubated in McCoy's 5A medium 
with the study chemical far $ hours; colcemid 
was added, and incubation was continued for 2 

hours. The cells were then harvested by mitotic 
shake-off, fixed, and stained with Gzemsa . For 
the chromosomal aberration test with S9, cells 
were treated with the study chemical and S9 for 
2 hours, after which the treatment medium was 
removed and the cells were incubated for 10 
hours in fresh medium, with colcemid present 
for the final 2 hours. Cells were harvested in the 
same manner as fox the treatment without S9 . 

Far the SCE test, if significant chemical-induced 
cell cycle delay was seen; incubation time was 
lengthened to ensure a sufficient number of 
scorable cells. The harvest time for the chromo-
somal aberration test was based on the cell cycle 
information obtained in the SCE test; if cell 
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11. MATERIALS AND- METHODS 

cycle delay was anticipated, -the incubation peri-
od was extended approximately 5 hours . 

Statistical analyses were conducted on both the 
slopes of the dose-response curves and the indi-
vidual dose points . An SCE frequency 20% 
above the concurrent solvent control value was 
chosen as a statistically conservative positive re-
sponse . The probability of this level of difference 
occurring by chance at one dose point is less than 
0.04 ; the probability for such a chance occur-
rence at two dose points is less than 0.001 . Chro-
mosomal aberration data are presented as per-
centage of cells with aberrations. As with SCEs, 
both the dose-response curve and individual dose 
points were statistically analyzed . A statistical-
ly significant (1' < 0.003) effect on the slope of the 
curve or on a dose point (P < 0.05) was sufficient 
for a conclusion of positive for a test . 

Da°osopiaila ProtOcol : The assays for gene muta-
tion and chromosomal translocation induction 
were performed as described by Zirnmpring et al . 
(1985) . Study chemicals were supplied as coded 
aliquots from Radian Corporation (Austin, TX). 
Initially, study chemicals were assayed in the 
sex-linked recessive lethal (SLRL) test by feed-
ing for 3 days to adult Canton-S wild-type males 
that were no more than 24 hours old at the 
beginning of the treatment. If no response was 
obtained, the chemical was retested by injection 
into adult males. If either route of administra-
tion produced a positive result, the chemical was 
assayed for induction of reciprocal transioca-
tions (RTs) by using the same method of expo-
sure . If, because of the physical navure of the 
chemical, feeding experiments were not possible, 

injection was selected as the method of study 
chemical administration, and a positive result 
was followed by an RT test. 

Toxicity tests attempted to set concentrations of 
study chemical at a level that would produce 
30°lo mortality after 72 hours of feeding or 24 
hours after injection, while keeping induced 
sterility at an acceptable level, For the SLR,L 
test, exposure by feeding was done by allowing 
Canton-S males (10-20 flies per vial) to feed for 
72 hours on a solution of the study chemical in 
5°lo sucrose. In the injection experiments, 24- to 
72-hour-old Canton-S males were given a solu-
tion of the chemical dissolved in 0.7% saline or 
peanut oil and allowed 24 hours to recover_ Ex-
posed males were mated to three Bresc females 
for 3 days and given fresh females at 2-day inter-
vals to produce three rnatings of 3, 2, and 2 days; 
sample sperm from successive matings were 
treated as successively earlier postrneiotic 
stages . Fi heterozygous females were allowed to 
mate with their siblings and then were placed in 
individual vials. Fg daughters from the same 
parental male were kept together to identify 
clusters . (A cluster occurs when a number of 
mutants from a given male result from a single 
spontaneous prexneiotic mutation event and.is 
identified when the number of mutants from 
that male exceeds the number predicted by a 
Poisson distribution .) If a cluster was identified, 
ail data from the male in question were dis-
carded. After 17 days, presumptive lethal muta-
tions were identified as vials containing no wild-
type males; these were retested . At least two 
experiments were performed for each study 
chemical, resulting in the testing of some 5,000 
treated and 5,000 control chromosomes. The 
only exceptions occurred when the results of the 
first experiment were clearly positive (induced 
frequency of recessive lethal mutations equal to 
or greater than 1%); then, the second trial was 
run . 

Recessive lethal data were analyzed by the 
normal approximation to the bionomial test 
(Margolin et al ., I983). A test result was con-
sidered to be positive if the P value was less than 
0 .01 and the mutation frequency in the tested 
group was greater than 0.10% or if the I' value 
was less than 0 .05 and the frequency in the 
treatment group was greater than 0.15% . A test 
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was considered to be inconclusive :if (a) the P 
value was between 0.05 and 0.01 but the fre-
quency in the treatment group was between 
0.1 1o and 0.15% or W the 1' value was between 
0.10 and 0.05 but the frequency in the treatment 
group was greater than 0.10% . f1 result was con-
sidered to be negative if the P value was greater 
than 0.10 or if the frequency in the treatment 
group was less than 0.10% . 

For the RT test, the exposure regimen was the 
same as that for the SLItL test except that small 
mass matYngs were used (10 males and 20 
females) . Exposed males were mated to bvv;st or 
bw;e females for 3 days and discarded. The 
females were transferred to fresh medium every 

3-4 days for a period of about 3 weeks to produce 
a total of six broods . The results of the SL1ZL test 
were used to narrow the germ-cell stage most 
likely to be affected by the chemical ; for ex-
ample, if earlier germ-cell stages seemed to ex-
hibit increased sensitivity, mating of the males 
was continued and translocation tests were 
carried out from the offspring derived from these 
earlier germ cell stages . Fg males were mated 
individually to bw;st females and the progeny 
were examined for rnrssing .classes, which indi-
cate the occurrence of a translocation in the 
parental male. Suspected R"i`s . were retested. 
The translocation data were analyzed according 
to the conditional binomial test (Iiastenbaum 
and Bowman, 1970), 
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111. RESULTS: RATS 

PRELIMINARY QUALITATIVE DERMAL none from the skin of dosed animals could not be 
ABSORPTION STUDY ruled out, especially at the higher dose. 

Mean Body Veignts (grams) Final Weight Relative 
Dose Survival (a) Irlitaal W Final Change (c) to Vehicle Controls 

(mg/kg) (percent) 

MALE 

0 515 11:)4±3 153±4 +65 ~°1 
240 5i5 102 ± 3 157 -~ 3 +55 ~ 1 99 
480 5/5 404 ± 1 151 ~- 3 +47 ~ 2 95 
960 5l5 212 ± 2 162 -~ 4 +50 ~- 2 102 

1,920 5/5 Ill ± 2 163 ~ 3 +52 ± 2 103 
3,840 515 106 ± 4 150 ± 4 +44 ± 1 94 

FEMALE 

0 5/5 33± 2 108 ±3 +19~9 
290 5/5 94 ± 2 114 -!- 2 -3-20 ± 1 106 
480 5l5 90 ± 2 108 ± 2 +18 ±' 2 1o0 
960 6/5 89 ± 2 111 -!- 2 +22 ± 1 103 

1,920 5/5 36 ± 1 108 ~- 2 +22 ± 2 100 
3,840 5/5 31 ± 2 107 ± 3 +16 !- 2 99 

(a) Number surviving/number initially in group 
(b) initial group mean body weight ± standard error of the mean 
$c3 Mean body weight change of the group ± standard error of the mean 
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. RESULTS: RATS 

Cavage 

THIRTEEN-WEEK STUDIES 

All rats receiving 400 mg/kg and 3I10 female 
rats receiving 200 mg//kg died before the end of 
the studies, with most deaths occurring before 

TABLE 8 . SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEEN-DAY GAVAGE 
STUDIES OF HYDROQUINONE 

' Mean Body Weights (grams) Final Weight Relative 
Dose Survival (a) Initial N Final Change (c) to Vehicle Controls 

(percent) 

MALE 

0 5i5 103 ± 4 172 ± 5 +63 -~ 3 
63 5/5 109 ± 4 179 !' 5 + 70 ± 2 104 
125 5l5 114 ± 2 172 -?- 5 +58 ± 3 100 
250 5l5 107 ± 6 163 ~- 6 +62. ± 2 98 
500 (d) 4/5 104 3 157 ~- 3 +51 ± 5 91 

1,000 (e) 0/5 iio ± 4 M (f) (f) 
FEMALE 

0 5/5 95± 3 129 ± 2 +34 ~- 2 
'63 5i5 90 ± 2 126 ± 2 +36 ~- 0 98 
125 5l5 92 + 2 114 ~- 3 +22 ~- 2 88 
250 5/5 96 ± 2 127 ± 3 +31 ± 1 98 
500 (g) 115 98 ± 3 106 +14 82 

1,000 (h) 0/5 94 -?- 2 (~7 M (f) 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight ± standard error of the mean. Subsequent calculations are based on animals surviving to 
the end of the study . 
(e) Mean body weight change oFthesurvivors ± standard error of the mean 
(d) Dayof death: 10 
(e) Day of death : 1,1,1,4 ; one death accidental .. 
M No data are presented due to 100% mortality in this group . 
(g) Day of death: 3,5,5,13 
(h) Day of death : all 2 

41 HydY'oqt1ir10T2e, N"I`P ̀ rIt 366 



TABLE 9, SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF HYDROQUINONE 

Mean Body Weights (grams3 Necropsy Weight Relative 
Dose . Survival (a) Initial (b) Necropsy Change (c) to Vehicle Controls 

(-g/kg) " (percent) 

MALE, 

10110 159 ± 1 367 ± 7 +208 ± 6 
25 10110 162 ± 1 365 ¢ 3 +203 ± 3 99 
50 10J10 359 -!- 2 347 ± 6 +188 ± 5 95 
300 10/10 159 ± 2 338 ± 6 +179 ~- 4 92 
200 10/10 156 ± 2 333 ± 5 +177 -~ 4 91 
400 (d) Ql10 160 ± 2 (e) (e) (e) 

' FEMALE 

0 10110 1 l :5 ) ±2 201±3 +86 ?-3 
25 10/10 116 a- 1 202 ± 2 -h86 -~ 2 10¬1 
50 10120 115 ± 2 200 -~ 3 +85 ± 3 100 
200 10110 11`l ± 1 295 ± 3 +78 ± 3 97 
200 tfl7l10 113 ± 1 196 ~° 3 +81 ± 3 98 
400 (g) OfIO 114 ± I (e) (e) (°) 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight ± standard error of the mean . Sub sequent calculations are based on animals surviving to 
the end of the study . 
(c) Mean body weight change of the survivors ± standard error of the mean 
(d) Week of death: 8,2,2,2,2,2,2,2,7,13 
(e) No data are reported due to I00%a mortality in this group . 
(fl Week of death : all 11 
(g) Week of death : 1,1,2,2,4,5,5,6,7,7 

TABLE 10. LIVER WEIGHTS FOR RATS IN THE THIRTEEN-WEEK GAVAGE STUDIES OF 
HYDROQiTiNOIVE (a) 

Number Necropsy Liver Weight/ 
Dose Weighed Body Weight Liver Weight Necropsy Body Weight 

(-g/kg) (grams) (mg) (mg/g9 

MALE 

0 10 367 ± 7.1 15,708 ~ 652 42.9 ± 1 .77 
25 10 365 ~' 3 .4 **12,319 ~- 342 **33 .7 -~ 0.76 
50 10 **347 ± 5.6 *4'12,331 ~ 490 *35.5 ± 1 .41 
too 143 **338 ~ 62 '"'°11,227 ± 271 **33 .2 ± 0 .69 
200 10 **333 f 5.3 **13,653 ~ 456 40 .9 ~ 1.06 

FEMALE 

0 10 201 ~ 3.4 6,845 -~ 218 34.0 -~ 0 .68 
25 10 202 ± 2.4 6,924 ~- 203 34.2 ± 0.93 
50 10 200 ± 2.8 *7,611 ± 247 *'°38 .0 -~ 1 .06 
100 10 195 ~- 2 .9 *7,551 ± 224 **38.8 -~ 1 .12 
200 7 196 ± 3.1 -*7,990 ± 110 **40.9 ~- 0.89 

(a) Mean ± standard error; P values vs . the vehicle controls by I7unn's test (T3unn, 1964) or Shirley's test (Shirley, 1977). 
*P<0.05 
**F'<0.01 
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III. RESULTS: RATS 

Dose Selection Rationale: Because of deaths, re-
ductions in body weight gain, and forestomach 
and kidney lesions at higher doses in the 13-
week studies, doses selected for rats for the 2-
year studies were 25 and 50 mg/kg hydroqui-
nmne, administered in water by gavage 5 days 
per week . 

FIFTEEN-MONTH STUDIES 

TWO-YEAR STUDIES 

Body Weights, Organ Weights, and 
Clinical Signs 
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TABLE lf . RELATIVE ORGAN WEIGHTS FOR RATS IN "THE FIFTEEN-MONTH GAVAGE STUDIES OF 
HYI2RC3Qg7IlYC?riE (a) 

. . 
Organ ~ .. . . . . . Vehicle Control .. 25 m g 

. . . 
°~JO dHlgr"`g 

MALE . . . . 

Body weight (grams) 492 ± 9.5 504 ± 8.1 466 ± 10.3 

Brain 4.4 f 0.07 4.2 ± 0.10 4.6 ± 0.10 
Kidney 6.2 ± 0.22 6.6 ± 020 °*6.8 ± 0.14 
Liver . 33 .6 ± . 0 .65 33.7 ± 0.78 36.8 ~' 1 .29 

FEMALE 

' Body weight (grams) 312 -¢° 11 .6 307 ~' 8e2 303 ~' 7.9 

, Brain 6.3 ± 0.18 . 6.1 , -~ 0.17 6 .3 , ¢ 0.17 , 
Kidney . 6 .6 ± 0:52 6.0 ± 0.19 6 .0 ± 0.42 
Liver 29.~ ± 1.16 30.8 ± 0e79 31 .6 ~' 0.73 

(a) Mean ± standard error in milligrams of organ per gram body Weight for groups of 10 animals 
**P<0.01 by Shirley's test (Shirley, 1977) 

TABLE 12 . NUMBERS OF RATS WITH SELECTED LESIONS IN THE FIFTEEN-MONTH GAVAGE 
STUDIES OF HYDROQUINONE (a) 

Male Female 
Site/Lesion 0 mg/kg 2"s mg/kg 5¬i ataglsg 0 mg[kg 25 mg/kg 50 mg/kg 

Kidney 
Minimal nephropathy 0 fl d 4 1 3 
Mild nephrogathy 10 5 4 1 4 4 
Moderate nephropathq 0 5 6 Y 0 0 

Pituitary Gland 
paYS Q45t?IY$ E1yPCP}7i]SSIa 

P$r5 aastaiis adenoma 1 a 2 a s i 
PaPS dY5t.3123 carcinoma 0 d 0 1 O 

Pars intermedia adenoma ¬9 0 0 1. 0 0 

(a) Ten animals in each group were examined . 



TABLE 13 . HEMAToiOGzC AND CLINICAL CHEMICAL ANALYSES FoRRATS IN THE FIFTEEN-MONTH GArrAGE STUDIES OF xYDROQuuINc3NE ca3 

Analysis Vehicle Control 25 mg/kg 50 mg/kg 

MALE 

Leukocytes (1,OOOIp1) 2 .6 ± 0.23 W3.2 ± ¬9.26 4.4 ± 1.58 Lymphocytes (1,000/ul) 42 ± 0.14 *(b) 1 .8 ± 0.15 1 .9 -d` 0 .37 Segmented taeutraphi2s (1,0001p1) E9 .70 ± O.Q1'P (b) 0.88 ± 0.1 14 0.74 ± 0.093 Nianocytes (1,000/pl) 0.02 ± 0.0t2 (b) 0.04 ± 0.012 U.03 ± 0.012 Eosinophils (1,000/Eal) 0.06 -4- 0.016 (b) 0.08 ± 0.01 1 0.06 ± 0.019 
Atypical lymphocytes (4,U00/jal) 0.07 ± 0.025 (b) 0 .1(9 ± 0.021 0.15 ± 0.059 Atypical mononuclear cells (1,0OOOjad) 0.35 -{- 0 .056 (b) 0.2! j- 0.036 1 .39 -{- 1 .17& Bands (1,000Jtl) 0.23 ~ 0.048 N0.19 ± 0.026 0.29 ± 0.078 diematocrit(percent) 372 ~ 1,15 35.3 ± 2.31 35.0 ± 2.92 Hemoglobin (gldD 13.4 ~- 0 .41 12.8 ± 0.83 12.6 ± 1.01 Mean corpuscular hemoglobin (pg) 18.0 i 0.21 17.8 t 0.24 18.6 ± 0.46 Mean corpuscular hemoglobin concentration (g/dl.} 36.2 ~ 0.45 38.2 ± 0.16 36,4 ± 0,44 
Mean cell volume (0) 50 .1 ± 6.23 49.5 ± 0.&2 50.8 ± 0.83 Erythrocytes (106/ja1) 7 .5 ± 0.21 7.1 ± 0.40 6.9 ± 0.60 Reticcalacyf.es (l Os/jaI) 0.39 ± 0.029 0.50 ± 0.113 0.34 ± 0.033 Albumin (g/dl) 4 .6 + 0.05 4.5 ± 0.04 4 .9. ± 0.07 Alkaline phosphatase (I[J/liter) 1 39 ± 4 ."1 3.33 ± 5.1 *13B ± 27.6 
AlarsineaminotransferaseOU/liter) 81.6 -~' 7,E.9 80,8 ± 6.65 125.! ± 34.54 Blood urea nitrogen (mg/dl) 20 .3 ± 1 .32 18.2 ± 1.00 19.6 ± 1.20 Cremtinine (mg/dl} 0.44 -~° f}.027 0.41 ± 0.018 0.42 ± 0.013 Sorbitol dehydrogenase (SUlml) 20 .0 -~ 1 .22 19.9 ± 1 .10 23.4 ± 2.92 'Fatal protein (gldl) 6.7 ± 0.35 6.6 -'_r 0 .07 6 .'7 ± 0.13 

FEMALE 

Leukocytes f1,000/ji1? 1 .9 ± 0.15 2 .1 ± 0.23 2.0 ± 0.14 Lymphocytes (1,OOOIla1) 1 .3 -fi- 0.08 1 .3 ± 0.16 1.2 ± 0.07 
Segmented neutrophils (1,OOO/p1) 0.34 -a- 0 .051 0.45 ± 0.072 0.44 -$ 0.067 Monocytes (1,0001ji1) 0.003 ± 0.003 0.007 ± 0.006 0.006 ± 0.004 EosinophiIs (1,400/p1) , 0 .02 ± 0.006 0.02 ± 0.006 8.02 ± 0e004 
Atypical lymphocytes (1,000/jZl) O .QS ± 0.011 0.07 ± 0.013 0.08 ± 0.010 Atypical mononuclear cells (1,000/pl) 0.07 -¢- 0 .013 0.11 --0- 0.017 0.14 i- 0.053 
Bands (10,0001p1) 0.15 ± 0.036 0.15 ± 0.023 0.14 ± 0.030 
Hem;stoceit (percent) 40.2 ~° 0.69 38.9 ± 0.89 *36.0 ± 1.74 
Hemoglobin (gldl) 14.8 f° 027 14 ..3 -d- 0.26 $13 .4 ± 0.62 
Mean corpuscular hemoglobin (pg) 20.2 ~' 0 .11 20 .2 ± 6.20 21 .1 ± 0.'T1 
Mean corpuscular hemoglobin concentration (gldl) 36.9 ± 027 36.8 ± 0.46 37.4 -±- 027 
Mean cell volume (g3) 54.9 ± 0.38 55 .1 ± 0.43 56 .'T ± 1 .83 
Erythrocytes (106/111) 7 .3 -~- 0 .13 7 .1 ± 0.15 *6.5 ± 0.40 
Reticulocytas(106/W) 0 .3.0 ± 0.019 0.13 ± 0.019 0.21 ± 0.117 Albumin (g/dl) 5 .1 ± 0.11 4.9 ± 0.07 5.1 ± 020 
Alkaline phosphatase (IU/lftee) 19.9 ± II .2 *15Q ± 4.6 142 -±- 5 .9 
Alanine aminotransferase (IU/liter) 48.9 ± 4.42 57.3 ± 4.83 61.9 ± 8.51 
Blood urea nitrogen (mg/dl) 19.0 ± 1 .(D5 20 .7 ± 1.02 19.4 ± 121 
Creatinine (mg/dl) 0.41 ± 0.023 0.42 ± 0.013 0.41 ± 0.028 
Sorbitol dehydrogenase (SLT/mI) 15.6 -?- 1 .33 17 .8 ± 1 .65 24.7 ± 325 
Total protein (g/dl) 7 .3 ± 0.16 7.0 ± 0.07 7.0 ± 0.27 

t a) Mean ± standard error for groups of 10 animals unless otherwise specified; F' values vs . the vehicle controls by L)ann's test 
(Dunn, 1964) or Shirley's test (Shirley, 1977). FU == international units-, SBJ = Sigma units. 
(h) Nine animals were examined . 
*P<0.05 
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TABLE 14 . MEAN BODY WEIGHTS OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF 
HYDROQiTINONE 

Weeks Vehicle Control 25 mg/kg 50 mg/kg 
on Av. Wt . Number liv. Wt : Wt. (percent of 1Turnber Av . Wt . Wt . (percent of Number 

Study (grams) Weighed (grams) veta< controls) Weighed (grams) veh. controls) Weighed 

MALE 

1 154 65 152 99 65 154 100 65 
186 65 186 100 65 185 99 65 

3 212 65 . . 217 202 65 212 
' 

100 65 - 
4 ` 232 65 237 ' 102 65 23i 100 65 
5 253 65 250 59 65 240 95 65 
6 270 65 268 99 65 258 96 65 
7 285 . 65 283 99 65 274 96 65 
8 298 65 295 99 65 288 97 65 
9 311 65 310 100 65 301 97 65 

10 325 65 323 99 65 312 98 65 
°1 331 65 333 101 65 325 98 65 

347 . 65 343 99 65 336 97 65 
i3 354 65 352 38 65 342 97 65 
17 384 ;, 55 382 V 89 E4 <' 373 94 65 
21 900 65 403 101 69 393 99 65 
25 418 65 426 100 64 406 97 65 
29 430 65 424 39 64 414 96 65 
37 449 . 64 450 100 63 436 97 65 
41- 454 64 458 101 62 441 37 65 
45 460 64 964 101 62 445 97 65 
49 470 64 470 100 62 454 97 64 
53 467 64 468 100 62 452 97 64 
57 479 62 472 99 62 452 94 64 
61 478 62 474 93 61 455 95 64 
65 485 62 487 100 59 466 96 64 
69 494 (a) 51 484 99 (a) 48 470 96 (a) 53 
73 499 50 487 38 47 471 95 52 
77 502 49 490 98 47 470 94 51 
81 499 47 492 99 45 466 93 49 
85 497 46 485 98 43 462 93 47 
89 499 41 474 95 39 482 92 41 
93 485 40 460 94 36 446 91 38 
97 .479 37 954 95- 29 429 90 31 
101 470 34 442 94 26 408 87 25 
104 466 30 426 91 22 409 88 18 

FEMALE . . 

1 133 65 131 98 65 13D 98 65 
2 142 65 143 101 65 140 99 65 
3 148 65 153 ' 103 65 150 101 65 

. 4 161 65 160 99 65 157 98 65 
5 267 65 166 99 65 165 - 99 65 
6 172 65 170 99 65 169 98 65 
7 177 85 176 99 65 176 99 65 

. 8 183 65 177 97 65 178 97 65 
9 189 65 185 98 65 185 98 65 
10 192 65 190 99 65 188 98 65 
21 194 65 191 98 65 132 99 65 
12 198 65 197 99 65 194 98 65 
13 199 65 200 101 65 203 102 65 
17 213 65 211 99 65 207 97 65 
23 219 65 221 101 65 218 100 65 
25 229 65 225 98 65 223 97 65 
29 237 . 65 232 98 65 230 97 65 

- 33 240 65 239 100 65 235 98 65 
37 245 65 293 99 65 2A1 98 65 
42 250 65 250 100 65 248 39 65 
45 260 65 257 39 65 255 98 . 65 
49 263 65 266 101 65 265 101 65 
53 270 65 272 101 65 265 98 64 
57 280 64 281 100 64 274 98 64 
61 391 64 294 102 63 288 99 64 
65 301 64 304 101 fi3 -294 98 64 
69 315 1a) 53 316 100 (a) 53 308 98 W53 
73 322 51 327 102 51 317 98 52 
77 330 51 332 101 51 324 38 52 
81 334 50 338 101 15 0 323 39 52 
85 341 49 345 101 49 339 . 98 51 
89 351 49 349 99 48 342 97 48 
53 348 49 348 99 44 336 97 46 
97 344 46 349 101 36 334 97 42 
101 347 42 341 98 33 333 96 (b) 36 
104 344 40 348 101 . 28 335 97 32 

(a) Interim kill occurred. 
(b) The number of animals weighed was tower than the number of animals surviving. 

H37dToq111Y7021e, NTP TR 366 46 



550 -

. . . . . . . . . . . 

e ---- 

5~D0 ---~--- . . . . . . . . . . :-~-- . . . . . . . . . . . . . . . . . . . . . . .. . : . . . . . . ._ . . . . . . . . . . . . ~ . ; .0 . . . . .. .. . . . . . . . .~ ._ :-- ~ . .~ . . 
0 . : 

°A ° .a aCa16:O~ " 
450 . . . . . . .. . . . . . . . . . . . :-- . . . . . . . . . . . . . . . _ . : . . . . . . . is ._ .~. ..~ ..~ .._~. . .~, ..~ . ._ . . . . . . . . . . . . . . ; . . . . ._ . . . . . . . . . . . .e . .~ ._ .0 . . . . . ~~ . 

400 . . . . . . . . . . . . . . . . . . . . . . . . . . . .~ . . . . . : . . ._ . . . . . .. . . . . . . . . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ; . . . . . . . ._ . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . 
. . . . . . 

. . . . . . . . . . . . . . ; . . . . . . . . . .. . . . . . . . . : . . : 350 ._ . ., . . . . . . . . . . . . . ._ . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : : . . . . : 
~' ' . . . . 

300 . . . . . . . . .~~ ' . . ._ . . . . . . . . . _ . . ._ ._ . . . . . . . . . . . . . . . . . . .. . . . 

. . a~o . . . . . ~ . : . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :_ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .~ . ~ . . . . . . . . .. . . . . . . . : : .-- : . . . 

200 MALE .RATS . . . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . . . . . . . . . . . . . ._ . . . . . ._ . . . .. . . .. . . . . . . . . . . . . . . . . . . . : . . . . : . . . . . . . . . . . . . . . . . . . . 
Vehicle 

O 25 mip/k4 

150 ------- . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . : . . . . . ._ ._ . . . ._ ._ ._ .: . . . . . . . . . . . . . . . .--- : . . ._ . . . . . . . . . .. .---~-~-- tl 58 m9/kg 

140 
15 30 45 60 75 90 105 

WEEKS ON STUDY 

550 

500 

450 

d 
400 

350 

&17 

300 

250 

m 
200 

'so 

'0a 

. . . . . . . . . . . ._ . . . . . . . . . .g . ._ . . . . . . . ._ .
.

. . . . . ._ . . . . . . . . . ._ . . . . . . . 

: 

. . . . . : . . ~ . . . . : ZX . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . ._ . . . . .__ . ... . . . . ._ . . . . . . 

FEMALE RATS . . . . . . . . . . . . _ . : . . . . . . . . . . ._ . . . . . . . :- .----- . . . ._ . . . . . . . : . . . . . . . . .--- . . . . . . . : . . . . . . . . . . . . . . . . . . . :_ . . . 
a Vehicle 

o xs mg/kg - . . . -- - ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . A so mg/k. s 

405 4 95 30 45 60 75 30 

WEEKS ON STUDY 

FIGURE 4. GROWTH CURVES FOR RATS ADMINISTERED HYI3ROI.TI1V"ONE 
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TABLE 15, RELATIVE ORGAN WEIGHTS FOR RATS IN THE TWO-YEAR G.AV'AGE STUDIES 
OF , ; 

HYI7Ftf)QUINOIeTE (a) 

Organ Vehicle Control 25 mg/kg 50 mg/kg 

MALE 

Number weighed 27 1s 18 

Body weight (grams) 464 ± 92 *434 -i- 8 .5 "*402, ± 11.9 

Brain 4.9 -1- 0 .11 , *5.2 -s' 0.12 **5.6 0.18 

Kidney 4.5 i' 0.12 4.7 ± 4.14 *'"(b) 6 .6 
'" 

-i' 0 .59 

Liver 46.6 ± 2.09 ' 47.6 ± 2 .76 53.9 ± 3.04 

FEMALE _ 

Number weighed 39 27 31 , 

Body weight (grams) 337 ± 7.1 360 ± 13.1 . 330 -~' 7 .4 

Brain 5.9 ± 0.16 5.6 ± 0.17 6.0 ~' 0 .15 

Kidney 3.9 ± 0.11 3.7 ± 4.12 4.0 ~' 0 .10 

Liver 372 ± 0.96 38.1 ± 1_25 41 .2 ~- 1 .21 

(a) Mean ± standard error in milligrams of organ per gram body weight; P values vs. the vehicle controls by Dunn's test (l3unn, 

1964) or Shirley's test (Shirley, 1977). 
(b) Seventeen were weighed. 
"P<0.Q5 
"*F'GO.OS 
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ve 
I~aplan and PJieie~° curves in Figure 5. No sim~.#- Summaries of the incidences of neoplasins arid 
gCaTqt differences in survival were observed be- nonneoplastic lesions, individual animal tumor 
tweeri any groups of eather, 'sex . diagnoses, statistical analyses of primary tu- 

mors that occurred with an incidence of at least . 
Pathology and Statistical Analyses off 5% in at least one animal group, and historical 
Results control incidences for the neaplasms mentioned 

in this section are presented in Appendixes A 
This section describes the statistically signifi- and B for male'and female rats, respectively : 

TABLE 16 . SURVIVAL OF RATS IN THE TWO-YEAR txAVAGE STUDIES OF HYDROQUINONE 

Survival 

Estimates of the probabilities of survival for 
mate and female rats administered hydroqui-
none at the doses used in these studies and for 

hicle controls are shown in Table 16 and in the 

Vehicle Control 25 mg/kg 50 mg/kg 

MALE (a) 

Animals initially in study 55 55 55 

Natural deaths 13 7 8 
Moribund kills 13 25 22 
Animals surviving until study termination 2? 1$ 18 
Accidentally killed 2 5 7 

Survival P values (b) 0.371 0.217 0.427 

FEMALE (a) 

Animals initially in study 55 55 55 

Natural deaths Z 6 6 
Moribund kills 14 19 14 
Animals surviving until study termination (c) 40 2'T 32 
Accidentally killed 0 3 (d) 4 

Survival P values (b) 0.35(Y (3 .067 0.380 

cant or biologically noteworthy changes in the 
incidences of rats with neoplastic or nonneo-
plastic lesions of the kidney, hematopaietic sys-
tem, adrenal gland, thyroid gland, and anterior 
pituitary gland . 

(a) First day of termination period: male--731 ; female--729 
(b) The result of the life table trend test is in the vehicle control column, and those of the life table pairwise comparisons with 
the vehicle controls are in the dosed columns . 
(c) One animal died or was killed in a moribund condition and was combined, for statistical purposes, with those killed at 
termination. 
(d) One animal was killed accidentally during the termination period and was combined, for statistical purposes, with those 
killed at termination . 
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111. RESULTS: RATS 

TABLE 17 . NUMBER OF MALE RATS WITH INDICATED SEVERITY OF NEPHROPATHY IN THE 
TWO-YEAR GAVAGE STUDY OF HYDROQUINONE 

Severity Vehicle Control 25 mglkg 50 mg/kg 

Number of rats examined 55 55 55 

No a'aephropathy :' 3 CD 
Minimal 3 1 3 
Mild 12 22 5 
Moderate 26 31 15 
Marked 12 8 32 

TABLE 18 . RENAL TUBULE LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
FIYDTtOQUINi7NE (a) 

Vehicle Control 25 mg/kg 50 mglkg 

Hyperplasia 
Overall Rates 0/55(0%) O/55(09'0) 2/55(4%) 

Adenoma (la) 
Overall Rates 0/55(0%) 4/55(7%) 8155(15%) 
Terminal Rates 0/27 (0%) 2/18(11%) 5/18(28%) 
Day of First Observation 392 598 
Logistic Regression Tests F'=0.OQ3 P=0.069 P=0.003 

(a) The statistical analyses used are discussed in Section IF (Statistical Methods) and Table A3 (footnotes). 
(b) Historical incidence of renal tubular cell neoplasens in water gavage vehicle controls (mean ± SD): 1/298 (0.3% ± 0.8%) ; 
historical incidence in untreated controls : 9/1,9:t8 (0.5% ± 4%) 
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Ill. RESULTS: RATS 

Stage 3 leukemia consisted of marked efface-
ment of the splenic. architecture and advanced 
infiltration o£ the liver or other organs with 

neoplastic cells . Stage 3 leukemia was con-
sidered the most probable cause of death in the 
animals affected . 

TABLE 19. IIE16RA'I'OPi9IE"I°'IC SYSTEM TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF HYDROQUINONE 

Vehicle Control 25 mg/!cg 5[b mWkg 

Mononuclear Leukemia (a) 
Overall Rates 9/55(16%) 15/55 (27%) 22/55(40%) 
Adjusted Rates 19.4% 37.9% 49.630 
Terminal Rates 4/40(10%) 6127(22%) 11/32(34%) 
Day of First Observation 553 576 492 
Life Table Tests P--0.003 F'=0.t}48 P=0.003 
Logistic Regression Tests P=0.004 P=fl.129 P=0.006 

(a) Historical incidence of leukemia in water gavage vehicle controls (mean ± SD): 75/299 (25% ± 15%); historical incidence 
of leukemia in untreated controls: 3831I,983 (39% ± 7%) 

TABLE 20 . NUMBER OF FEMALE RATS WITH VARIOUS STAGES OF MONONUCLEAR CELL 
LEUKEMIA IN THE TWO-YEAR Gt1VAGE STUDY OF HYDROQUINONE 

Stage (a) Vehicle Control 25 mg/kg 50 mg/kg 

1 
7 

1 4 

Total 15 22 

(a) Stage 1 leukemia probably was not a contributory cause of death ; stage 2 is more severe and was probably a contributory 
cause of death; stage 3 was considered to be the probable cause of death for most animals in this category . 
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. IIIo RESULTS: RATS 

Thyroid Gland: The incidence of C-cell adeno-
mas or carcinomas (combined) in tow dose fe-
male rats was significantly lower than that in 
vehicle controls (vehicle control, 13155 ; iow dose, 
4/54; high dose, 8155) (Table B3) . 

Anterior Pituitary Gland: Adenomas in made 
rats occurred with a significant negative trend; 
the incidence in the high dose group was 
significantly lower than in the vehicle controls 

TABLE 21 . ANTERIOR PITUITARY GLAND LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF HYDROQUINONE 

Adenoma or Carcinoma (a) 
Overall Rates 
Terminal Rates 
Day of First Observation 

Vehicle Control 25 mg/kg , 50 mgflcg 

12/54 (22%) 14l54 (26°l0) 11/54 (20%) 

13/54 (24%) 9/54(17%) 5/54(9%) 
6/27(22%) 3/17(18%) 1/18(6%) 
459 466 598 
P=0.031h7 P=0.3031V 1'=0.038N 

0/54(0%) 1/64(2%) Q/54(0%) 

13/54(24%) 10/54 (19%) 5/54(9%) 
6/27(22%) 3/17(18%) 1/18(6%) 
459 4&6 59$ Logistic Regression Tests P=b.033N P=0.392N P=0.038TQ 

(a) Historical incidence in water gavage vehicle controls (mean ± SD): 126/295 (43% ± 129'0); historical incidence in untreated controls: 459/1,836(25% ± ZO%) 

Hg perplasia 
Overall Rates 

Adenoma 
Overall Rates 
Terminal Rates 
Day of First Observation 
Logistic Regression Tests 

Carcinoma 
Overall Rates 
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. RESULTS: MICE 

PRELIMINARY QUALITATIVE DERMAL 
ABSORPTION STUDY 

quinone from the skin of dosed animals could not 
be ruled out, especially at the higher dose . 

FOURTEEN-DAY STUDIES 

Dermal 

TABLE 2'L, SURVIVAL AND MEAN 3i3i7DY WEIGHTS OF MICE IN THE FOURTEEN-DAY DERMAL 
STUDIES OF HYDROQUINONE 

Mean Body Weights (grams) Final Weight Relative 
Dose- Survival (a) Initial (b) Final Change (c) to Vehicle Controls 

(mg/kg) . (percent) 

MALE 

0 5/5 25.6 ~- 0 .2 24 .4 f 0.7 -1 .2 ± 0.6 
300 5/5 25.8 -~ 0 .7 24.2 ± 0.4 -1.6 ± 0.5 992 
600 5/5 26_4 ± 1 .3 24.4 ± 1.0 -2.0 ± 0.3 100.0 

1,200 5/5 25.8 ~' 1 .2 24.8 ± 1.4 - i .0 ± 0.9 101.6 
2,400 5I5 24.4 ± 0.5 23.4 ± 0.5 -1 .4 ± 0.8 94.3 
4,800 515 26.6 ± 0.7 25 .0 ± 0.3 -1 .6 ± 0.7 102.5 

FEMALE 

0 6/5 19.6±0.2 28 .8 ± 0.4 -0.8 ± 0.2 
300 5/5 20.6 ~ 0.5 20 .0 ± 0.4 -0.6 ± 0.2 106.4 
600 5f5 19.6 -~ 0 .5 18 .5 ± 0.4 -0.8 ± 0.2 109.0 

1,200 5/5 20.4 ~- 0 .6 19.4 ± 0.4 -1 .0 ± 0.6 103.2 
2,400 515 20.0 ± 0.3 19 .0 ± 0.3 -1 .0 ± 4.3 108. .1 
4,800 5l5 20.2 -~ 0 .6 19 .4 ± 0.6 -0.8 ± 0.2 103.2 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight ± standard error of the mean 
(c) Mean body weight change of the group ± standard error of the mean 
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III. RESULTS: MICE 

E 
: 
, 

Gavage 

THIRTEEN-WEEK STUDIES 

Eight of 10 male and 8/10 female mice receiving 
400 rnglkg and 2/1fl males receiving 200 mg/kg 
died before the end of the studies (Table 24). 
One death at 200 mg/kg was attributed to 

gavage error. Mean body weights of dosed and 
vehicle control mice were similar at necropsy . 
However, an unexplained drop in the mean body 
weight of the male vehicle control group was 
noted during weeks 12 and 13. 

`FABLE 23 . SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEEN-DAY GAVAGE 
STUDIES OF HYDROQUINONE 

Dose Survival (a) 

- 

Mean Body Weights ( 

Initial (b) Final 

grams) 

Change (c) 
Final Weight Relative 

to Vehicle Controls 

(percent) 

MALE 

0 5/5 252±1.2 282±0.9 +3 .0±0.3 
31 (d) 4/5 25 .2 ~- 0 .7 28 .0 ± 7 .1 +2 .3 ± 0.6 99.3 
63 5/5 26 .2 ~- 0 .8 28.0 ± 0.8 +1 .8 ± 0.2 99.3 
125 5/5 25 .2 ± 0 .7 28 .6 ± 0.9 +3 .4 ± 1.0 101.4 
250 (e) 2/5 24.4 ~- I .2 26.0 -!` 3 .0 +0.5 ± 0.5 922 
500 (f) 1/5 25 .6 ± 1 .1 27 .0 0 .0 95 .7 

FEMALE 

0 5l5 21 .0±0.3 22.2±0.5 -h12± 0 .4 
31 (g) 4/5 20.8 ± 0.4 21A ± 0.6 +1 .0 ± 0.4 982 
63 (h) 4/5 E8.8 ± 0.4 21 .3 ± 0.6 +2.3 ± 0.5 95.9 
125 5/5 24 .0±D.5 21.4±Q.7 +0.4±0.8 96.4 
250 5/5 21 .0 ± 3.6 22.4 ± 0.2 +1.4 ± 0.4 100.9 
500 (i) 0l5 . 19 .6 !' 0 .6 (j) v) (j) 

(a) Number surviving/number initially in group 
(b) initial group mean body weight ± standard error of the mean . Subsequent calculations are based on animals surviving to 
the end off the study. 
(c) Mean body weight change of the survivors ± standard error of the mean 
(d) Death due to gavage error 
(e) Day of death: 3,3 ; one death accidental . 
(f) Day of death : all I 
(g) Day of death : $ 
(h) Day of death : 3 
(i) Day of death : 1,1,1,1,2 
(j) No data are reported due to 1003'a mortality in this group. 
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TABLE 24 . SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF HYDROQUINONE 

Mean Body Weights (grams) Necropsy Weight Relative . 
Dose Survival (a) Initial (b) Necropsy Change (c) to Vehicle Controls 

(mg/kb) (percent) 

MALE ' 

0 10110 : 26.4~-0.3 30.5~-1.3 +4.1±1 .2 
25 10/10 26.6 ± 0.3 37.6 ~- 1 .3 +11.0 ± 1 .3 123.3 
50 10/10 26:3 -?0.3 35.7 ± 0.6 +9.4 ± 0.6 117A 
100 10/10 26.7 ± 0.4 (d) 37 .5 ± 0.8 +10.7 ~- 0 .8 123.0 
200 (e) 8A10 26.7 -~- 0 .4 35 .1 ± 0.7 +8.6 ± 0.7 415 .1 
400 (fl 2J10 26.2 ± 0.4 31.8 ± 1 .3 +6.6 ± 0.7 104.3 

FEMALE 0 
10110 19 .1 ± 0.2 25.Q ± 0.4 +5.9 ± 0.4 

25 10110 19 .1 ± 02 26.5 ± 0.4 +7.4 ± 0.4 106.0 
50 10I10 19.4 ± 0.3 26.9 ± 0.5 +7.5 ± 0.5 107.6 
100 10/10 19.4 ± 0.3 26.4 ± 0.6 +7.0+0.4 105.6 
200 10J10 28.9 -!' 0.2 25.3 ~ 0.4 +6.4 ± 0.4 101 .2 
400 (g) 2114 18 .3 ~ 0.1 26 .1 ± 0 .3 -F72 ± 0.1 104.4 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight ± standard error of the mean . Subsequent calculations are based on animals surviving to 
the end of the study . 
(c) Mean body weight change of the su rvivors ± standard error of the mean 
(d) One necropsy body weight was not recorded ; body weight change is ba sed on nine animals, 
(e) Week of death : 1,9 
(f)WeeBs of death : 1,1,1,1,1,1,2,13 
(g) FIJeek ofdeath : 1,1,1,1,8,9,10,12 

TABLE 25 . LIVER WEIGHTS FOR MICE IN THE THIRTEEN-WEEK GAVAGE STUDIES OF 
EiYDROQ[7INONE (a) 

Dose 
Number 
Weighed 

Necropsy 

Body Weight 
(grams) 

. Liver Weight 

(mg) 

Liver Weight/ 

Necropsy Body Weight 

(mg/g) 

MALE 

0 10 30.5 ± 1.33 1,253 ± 66 412 ± 1 .40 
25 10 **37.6 ± 1.30 '"*2,016 ± 79 *W54.0 ~ 2.38 
50 10 35.7 ± 0.53 *"`1,826 ± 46 **52 .2 ~ 1 .06 
100 (b) 9 *'"37 .5 ± 0.75 **1,818 ± 37 **4&9 ± 1 .35 
200 8 35.1 ± 0.67 **2,000 ¢ 132 **57 .1 ± 3.37 
400 2 31 .8 ± 1 .30 *1,750 -?` 120 **55 .0 ± 1 .53 

FEMALE 

0 10 25 .0 ± 0.41 1,230 ± 31 49 .1 ± 1.48 
25 10 26 .5 ± 0.42 1,331 ± 62 50.4 ± 2.47 
50 10 *26 .9 ± 0.61 1,309 ± 33 48_8 ± 1.02 
100 10 26.4 ~- 0 .55 *2,396 ± 60 52.8 ± 1.39 
200 10 25.3 ± 0.38 1,338 ± 47 '"52 .9 ± 1.25 
400 2 26.1 ± 0.35 *1,505 ± 85 *57 .8 ± 4.04 

(a) Mean -?' standard error; P values vs. the vehicle controls by E3unn's test (I3uon,1964) or Shirley's test (Shirley, 1977) . 
(b) .411 10 livers were weighed, but one body weight was not recorded at necropsy; ratio is based on remaining nine animals . 
*P<0.06 
*'"P<0.01 
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111. RESULTS: MICE 

Dose Selection Rationale : Because of deaths anti 
forestomach lesions at higher doses in the 13-
week studies ; doses selected for mice for the 2-
year studies were 50 and 100 mg/kg hydroqui-
none, administered in water by gavage 5 days 
per week. 

FIFTEEN-MONTH STUDIES 

Significant increases were observed for the he-
matoerit value, erythrocyte count, serum albu-
min concentration, total protein concentration, 
and serum alkaline phosphatase and sorbitol de-
hydrogenase activity for ° high dose rnale mice 

and for the serum albumin and total protean con-
centration for high dose female mice; signifi-
cantly lower activity was observed for alanine 
arnanotransferase and sorbitol dehy+3rogenase 
activity for high dose female mice (Table 26). 

The relative liver weights for high dose male 
and female mice, the relative kidney weights for 
dosed female mice, and the relative brain weight 
for high dose female mice were significantly 
higher than those for vehicle controls (Table 2'7) . 
Compound- related lesions were seen in the liver 
of male mice (Table 28). In dosed nnale mice, 
hepatocytes in the centrilobular areas contained 

multiple small, clear cytoplasra7ic vacuoles char-
acteristic of lipid. Hepatocytes in the periportal 
areas were large and had dense, finely granular 
eosinophiYic cytoplasm. These changes were di-
agnosed as centrilobular fatty changes and cyto-
megaly, respectively . Occasional hepatocytes 
had multiple nuclei (syncytzal cells) . These le-
sions were not observed in female mice . Several 
hepatoceliular neopiasrrss were observed in male 
and female mice but were too few for any conclu-
sion to be made regarding their relationship to 
administration of hydroquinone . 

TWO-YEAR STUDIES 

Body Weights, Organ Weights, and 
Clinical Signs 

Mean body weights of high dose male mice were 
5%-8% lower than those of vehicle controls from 
week 93 to the end of the study (Table 29 and 
Figure 10). Mean body weights of high dose fe-
male mice were 5%-H% lower than those of vehi-
cle controls from week 20 to week 44 and 10°l0-
14% lower thereafter . The relative liver weights 
were increased for dosed male and high dose fe-
male mice (Table 30) . No compound-related 
clinical signs were observed . 
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TABLE 26 . HEMA'I'OLOGIC AND CLINICAL CHEMICAL ANALYSES FOR MICE IN THE FIFTEEN-
MONTH GAVAGE STUDIES OF HYDROQUINONE (a) 

Analysis Vehicle Control 50 mg/kg 100 mg/kg 

MALE 

Leukocytes (1,OOOlpl) 3.5 ± 0.63 4_7 ± 0.72 3 .8 ±' . 0 .55 
Lymphocytes (1,OOd/Kl) 1 .7 ¢ 0.34 2 .6 ± 0.49 1 .7 ~' 023 
Segmented neutrophils (1,000/jiI) 1 .6 ± 0.36 . 3 .6 ± 0.41 1 .8 ~' 0 .65 
Monocytes(1,000JUI) , 0 .06 ± 0.011 0.05 ± 0.021 0.06 ~ 0.029 
Eosinophils(1,000lp1) 0.01 -a- 0 .006 0.01 ± 0.007 0.02 ± 0.008 
Atypical lymphocytes (1,000/pi) 0.0$ ± 0,031 0.22 ± 0.065 0.11 ± 0.030 
Bands(1,000/ul) 0.09 ± 0.029 4.41 ± 0.231 0.17 ~- 0.050 
HemaCocrit (percent) 36.5 ± 2.38 39.5 ± 1.27 *41 .3 ± 1.17 
Hemoglobin (gldl) y2.2 ± 0.75 13 .0 -¢' 0 .38 13.& ± 0.32 
Mean corpuscular hemoglobin (pg) 17.0 $ 0.47 16 .4 -±` 0 .17 16.4 -~' 0 .24 
Mean corpuscular hemoglobin concentration (g/d1) 33.6 ± 0.40 33.0 ± ¬b .24 32.9 ~- 0 .31 
Mean cell Volume (g3) 51.1 ± 0.92 49.7 ± 0.3E3 49.7 ~' 0 .60 
Erythrocytes(1061u1) 7.3 ± 0.52 &.0 ± 0.29 *$.3 ± 0.28 
E'tetaculoeytes(1061p1) 0.35 ± 0.149 0.20 ± 0.031 0.23 ~' 0 .035 
Albumin (g/di) 3 .3 ± 0.05 (b) 3 .5 -?' Oo08 *'°3 .8 ~' 0 .25 
Alkaline phosphatase (IU/liter) 38.4 -F 2.34 (c) 38.8 i' 1 .41 *54.0 ~- 3 .92 
Alanine aminotransferase (IU/liter) 39 .6 ± 3.97 (b) 39.6 ± 4.49 56.4 ± 9.34 
13lood urea nitrogen (mg/dl) 24.8 ± 1.41 26.2 ± t.$8 28 .1 ± 1 .00 
Creatininc (mg/d3) 0.2 ± 0.01 (b) 02 $' 0 .02 0.2 $- 0 .01 
Sorbitofl dehydrogenase (SU/ml) 35 .8 ± 124 (b) 35.6 ± 2.05 *'"43 .0 ~ 1 .79 
Total protein (g/dl) 5 .2 -!- 0 .04 (b) 5.4 ± 0.15 **5.9 -~' 0 .23 

FEMALE 

Leukocytes (1,000/pi) 5.7 ± . 1 .25 3 .7 ± 0.73 52 ± 0.89 
Heireatocrit(percent) 43 .8 ~' 0 .75 44.1 ± 0.60 43.6 ± 1 .86 
Hemoglobin (gJdl) 14.7 ± 0.16 14 .8 ± 0.13 142 -~- 0 .21 
Mean corpuscular hemoglobin (pg) 2&.Z ¢ 0.12 16 .7 ± 0.22 16.4 ~ 0.11 
Mean corpuscular hemoglobin concentration (g/dl) 33.6 ~ 0.33 33 .7 ± 028 32.9 ~' 0.79 
Mean cell volume (V3) 50.0 ~- 4.50 49 .7 ± 0.47 50 .2 ~ 1 .24 
Erythrocytes (lOslpl) 8 .8 ± 0.12 8 .9 ± 0.13 8 .7 ?- 0 .17 
Albumin (g/d]> 3 .5 -F 0 .06 3 .6 ± 0.10 **3 .9 ± 0.04 
Alkaline phosphatase (dIT/liter) 104 -~- 9,7 101 ± 9.9 102 ± 6.3 
f4ianine aminotransferase (IU/Iiter) 38.9 ± 6.62 31 .6 ± 6.19 *'"23 .? ± 1 .33 
Blood urea nitrogen (mg/dl) 23.5 ± 1 .92 22 .8 t 1 .27 26.0 -~- 2 .70 
Creatsnine(mg/dl) 0.2 ± 0.03 0 .2 ± 0.02 02 ± 0.01 
Sorbittsl dehydeogenase (SUlml) 35.5 ~' 1 .09 33 .7 } 1 .37 *32.4 ± 0.73 
Total protean (g/dI) 5 .3 ~' 0.07 5 .5 ± 0.12 **5.7 ~ 0.05 

(a) Mean ± standard error for groups of 10 animals unless otherwise specified ; P values vs. the vehicle controls by I)unn's test 
(%3unn, 1964) or Shirley's test (Shirley, 1977). IU = international units ; SL7 = Sigma units . 
(b) Nine animals were examined. 
(c) Eight animals were examined . 
°°P<0.05 
**P<0.01 
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TABLE 27 . RELATIVE ORGAN WEIGHTS FOR. MICE IN THE FIFTEEN-MONTH GAVAGE STUDIES 
OF HYiIROQITINONE (a) 

: Organ Vehicle Control 50 mg/kg - 100 mg/kg 

MALE 

Body weight (grams) 45.6 ±226 44.9 ±fl .34 46.9 ±1.01 

Brain 10.6 ± 0.41 11.0 ± 0.33 10.2 ± 0,21 
Kidney 18.0 ± 0.63 19 .6 $ 0.41 19 .2 ± 0.57 
Liver 44.6 ± 2.32 52.5 -F 5.35 **54:8 ± 3.58 

FEMALE 

Body weight (grams) 46.7 + 2.51 42.4 ± 2.54 40.6 -?- 1 .27 

Brain 10.7 ± 038 122 ± 0.74 *12.6 ± 0.35 
Kidney 11 .2 ± 0.30 **13 .1 -¢' 0 .44 *°13.3 ± 026 
Liver 40.5 ± 0.95 413 .9 ± 1.15 ' '"*45 .2 {' 125 

(a) Mean ± standard error in milligrams of organ per gram body weight for groups of Ifl animals ; F' values vs . the vehicle 
controls by Dunn's test (Dunn, 2964) or Shirley's test (Shirley, 1977) . 
'°P<0.05 
**P<0.01 

TABLE 28 . NUMBERS OF MICE WITH 3EI.EC'PEI9 LESIONS IN THE FIFTEEN-MONTH GAVAGE 
STUDIES OF HYDROQUINONE (a) 

Maze Female 
Site/Lesion . a rang/kb 50 mg/kg 100 mg/kg 0 mg/kg 50 mg/kg 100 mg/kg 

Liver 
Diffuse centrilobular 

fatty change Y 0 7 0 0 0 
Diffuse fatty change 0 0 0 1 3 0 
Diffuse cytomegaiy 0 8 1(3 (3 0 0 
Syncytiai cells 1 I 4 Q 0 0 
Basophilic focus 0 0 fl 0 0 0 
Clear cell focus 0 0 0 0 0 1 
I-Iepatocelitxlar adenoma fl , 1 4 Q 1 0 
Hepatocellularcarcinoma 2 l 1 0 0 0 
Hepatocellular adenoma 

or carcinoma 3 2 4 0 1 0 

Thyroid Gland 
Follicular cell hyperplasia 0 0 0 0 0 2 

(a) Ten animals in each group were examined . 
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TABLE 29 . MEAN BODY WEIGHTS OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF 
H'YDROQiTINC3AiE 

Weeks Vehicle Control 5C? mg/kg 100 mg/kg 
an tAv. Wt, Number Ae. Wk . Wt. (percent of Number Av. Wt : WE. (percent of Number 

Study (grams) Weighed (grams) vetao controls) Weighed (grams) veh. controls) Weighed 

MALE 

1 25 .9 ' 65 . . 25 .4 98 .1 65 . 25.3 - 97.7 65 
2 26.7 65 26 .6 99 .6 65 269 100.0 . 65 
3 28 .1 65 28 .3 - 100 .7 64 27 .5 97.9 65 
4 29.8 65 23 .3 98 .3 E4 28 .0 94 .0 65 
5 30.9 , 65 30 .2 ' 97 .7 . 64 25.7 96.1 65 
6 31 .5 65 92 .3 . 93 .4 64 30.7 97.5 65 
7 . 32.5 65 32 .6 100 .3 64 31 .8 97.8 65 
8 33.7 65 33 .2 98 .5 64 32 .0 95.0 65 
9 34.4 65 34 .0 98 .8 84 33 .3 96.8 65 
10 35.4 65 35.3' 99 .7 6<i 342 96.6 65 
11 35.7 65 35.2 98 .6 - 64 34 .7 97.2 65 
12 36.4 65 35 .8 98 .4 64 35 .3 97.0 65 
13 36.8 . 65 372 201 .1 64 36 .0 37.8 65 
17 39.3 65 39 .2 99.7 64 38 .2 36.9 65 

` 21 41.3 65 41.0 99 .3 64 40 .3 97.6 65 
25 42.9 65 42.4 98 .8 64 4P .5 96.7 65 
28 43,2 65 42.8 991 64 42 .7 98.8 65 
33 44.8 65 44.0 98.2 63 43 .6 97.3 65 
37 45.7 65 45.5 99 .8 63 44 .4 97.2 65 
41 47.4 65 47.4 100.0 .63 45 .8 96.6 65 
45 48.8 - 65 46.6 99.6 63 45 .8 97.9 65 
49 47.5 64 47.0 98.9 63 46 .0 96 .8 64 
53 48.4 63 47.7 98.6 63 47 .1 97 .3 64 
57 46.8 83 46.3 98.9 62 45 .5 98 .1 64 
61 46.9 61 46.2 98.5 61 45 .1 96.2 64 
65 46.7 61 45.9 98.3 60 4.5 .6 97 .6 64 
69 46.7 (a) 51 46.5 99.6 (a) 49 45 .5 97 .4 (a) 54 
73 47.3 5E 46.7 98.7 49 45 .9 97 .0 53 
77 46.7 51 47.0 100,6 43 45 .5 37 .4 52 
81 46.4 49 46.6 100.4 48 44 .4 95.7 52 
85 45.9 49 ' 45.3 98.7 48 44.1 96.1 50 
89 45.2 47 45.6 200.9 47 43.7 96 .7 50 

_ . 93 44.8 45 . 44.6 99.6 47 42.5 94 .9 46 
97 44.0 42 43.9 99.8 . 41 41 .1 93 .4 41 
141 44.8 (b133 43 .6 37.3 37 42.5 94 .9 36 
104 44 .5 33 42 .8 96.2 37 4,11 92 .4 . 36 

FEMALE - 

. 1 21 .5 65 221 102.8 65 21 .7 100 .9 65 
2 22 .9 65 22 .4 . 97.8 65 22.3 97 .4 (b) 60 
3 23 .4 65 23 .7 101 .3 65 23.3 99 .6 61 
4 23 .8 65 24 .4 102 .5 65 23.9 100 .d 61 
6 25 .0 65 25 .4 201 .6 65 24 .3 99 .6 61 
7 26 .4 65 26 .2 99.2 65 25.8 97 .7 61 
8 27 .2 65 27 .0 99 .3 (b) 64 26.4 97 .1 61 
9 26 .8 65 27 .2 101 .5 65 26.8 100 .0 61 
10 27 .6 65 272 98 .6 65 26.8 97 .1 61 
11 27 .9 65 28 .1 100 .7 65 272 97 .5 61 
12 28 .4 65 28 .8 101 .4 65 27.6 97 .2 61 
16 30 .6 65 30 .4 99 .3 65 23.5 96 .9 61 
20 33 .0 65 31 .9 96 .7 65 31 .6 93 .9 60 
25 33 .4 65 33 .4 100 .0 65 31 .8 95 .2 60 
28 35 .0 65 34.6 98 .9 65 32.9 94 .0 60 
32 36 .3 65 34 .9 96 .2 (b) 64 33 .8 93 .2 60 
36 37 .7 65 97.5 99 .5 65 35.7 - 94 .7 60 
40 40 .4 65 40.0 99 .0 65 38.0 94 .1 60 
44 41 .8 64 40.9 97 .8 65 38 .6 92.3 60 
48 43,9 84 43.2 98 .4 65 39 .4 89 .7 60 
53 46.6 64 44.4 95 .3 65 42 .3 88 .6 60 
56 45.6 (h) 62 45.1 98 .9 65 40.5 88 .8 59 
60 45.7 62 44.3 96 .9 64 40 .8 89 .3 59 
64 46.3 61 45.0 97 .2 63 41 .1 88 .8 59 
69 46.6 (a) 50 46.1 98 .9 - 53 41 .7 89 .5 49 
72 47.5 (b) 48 46.4 97 .7 59 42 .2 88.8 49 
77 49.0 49 . 48.4 98.8 (al 53 43 .8 89 .4 (a) 49 
80 49.8 - 47 49.7 99.8 52 43 .4 87 .1 48 
84 50.7 46 50.1 98.8 51 44_8 88.4 47 
88 51 .3 45 51 .0 99.4 49 44 .5 86.7 47 
92 52 .0 43 52.6 7012 47 46 .3 89.0 44 
96 51 .4 41 49 .2 95.7 44 44 .3 86 .2 41 
100 53 .4 37 51 .5 96.4 42 45.9 86 .0 39 
103 52_6 97 51 .1 97.1 40 45 .8 87.1 37 

(a) Interim kill occurred . 
(b) The number of animals weighed was lower than the number oFanimals surviving, 
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Organ - _ Vehicle Controt 50 mgld.g 100 mg/kg i 

MALE 

Number weighed 33 36 36 , { 

Body weight (grams) 44.0 ± 0.75 43.6 ± 0.72 42.0 ± 0.95 

- Brain 11 .7 ± 0.21 11 .9 ± 0.22 12.1 4' 028 

Kidney 11 .8 f 0.38 (b) 11 .7 ± 023 12.4 ± 0.32 
Liver 67.2 ± 4.80 *(b) 76.4 ± 4.82 *70.0 ~- 3 .17 

FEMALE ; . . . 
1 

Number weighed. 37 39 36 

Body weight (grams) 50 .'7 ± 1.65 51 .5 ± 1.46 4'T .II -!- 124 

Brain 10.7 ± 0.40 10.5 ± 0.38 11.0 -f' 029 

Kidney (c) 7 .5 ± 0.44 ?.4 ± 0.31 7.3 -¢' 0.22 

Liver (c) 52.0 ± 3.32 52.0 ± 2 .65 *55.1 ~' 2 .6.8 
( 

(a) Mean f standard error in milligrams of organ per gram body weight; P values vs. the vehicle controls by Duon's test (Dunn, 

1964) or Shirley's test (Shirley, d977) . i 
(b) Thirty-five were weighed . , 

t (c) Thirty-six were weighed . 
*P < 0.(35 i 
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x : 
; III. . RESULTS: MICE 

Estimates of the probabilities of survival for 
This section describes the statistically signifi -, 
cant or biologically noteworthy changes in thd 
incidences of mice with neoplastic or nonneo-
plastic lesions of the liver and thyroid gland. 

TABLE 31 . SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF HYDROQUINONE 

Vehicle Control 50 mg/kg 100 mg/kg 

MALE (a) 

Animals initially in study 65 55 56 

Natural deaths 10 7 14 
Moribund kills 12 10 5 
Animals surviving until study termination 33 37 36 
Animals missesed 0 1 0 

Survival P values (b) 0.649 0.494 0.?f3 

FEMALE (a) 

Animals initially in study 55 55 55 

Natural deaths 11 5 9 
Moribund kills 7 11 6 
Animals surviving until study termination 37 39 36 
Accidentally killed D Q 4 

Survival P values (b) 0.63$ 0.690 0.71& 

(a) First day of termination period: male--729 ; female--735 
(b) The result of the life table trend test is in the vehicle control column, and those of the life table pairwise comparisons with 
the vehicle controls are in the dosed columns . 
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III. RESULTS: MICE 

Foci of cellular alteration, such as the basophilic 
focus and hepatocellular adenoma, form a mor-
phologic continuum. The adenomas are larger 
than foci (e .g ., involve several or mare hepato-
ce1luPar lobules) and exhibit loss of lobu'.{ar arch-
itecture, with alteration in growth pattern of the 
hepatic plates, and greater cellular atypia . The 
incidences of hepatoceilutar adenomas were in-
creased in dosed male mice, but these increases 
were offset by decreases in iaepatocetlul,ar carci-
nomas. The incidences of adenomas or carcino-
mas (combined) in dosed male mice were not sig-
nificantly different from that in vehicle controls. 

The incidences of hepatocellcaiar adenarcsas were 
significantly increased in dosed female mice (Ta-
ble 32) . Hepatocellaalar carcinomas also occur-
red in one vehicle control, two low dose, and two 
high dose female mice . 

Thyroid follicular cell hyperpfasia varied in ex-
tent and severity among animals. In some mice, 
the lesion was focal and involved one or more ad-
jacent follicles, whereas in others, multiple, 
sometimes coalescing, foci involved much of the 
gland (Figure i2). The affected follicles had cu-
&saidal to columnar epithelial cells with papillary 
mfoldings into the lumen. The cells were hyper-
trophied with basophilic and occasionally eactto-
Iatied cytoplasm, and the nuclei were enlarged 
and contained abundant heterochromatin. 

The follicular cell adenomas were discrete 
masses displacing normal or hyperplastic folli-
cles_ The neoplastic epithelium was arranged in 
poorly defined, irregular tubular, Follicular, or 
papillary structures (Figure 13). The cells were 
enlarged with abundant basophilic cytoplasm 
and round hyperchromat'rc nuclei . Slight cellu-
lar pleomorphism and atypia were seen . The fol-
licular cell carcinoma was distinguished from 
the adenomas primarily on the basis of cytologic 
features, including cellular anaplasia and atypia 
(Figures 14 and 15). 
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i TABLE 32 . }IEPATOCELI.iJI.tlflt LESIONS IN MICE IN THE TWO-YEAR GAVAGE STUDIES OF 
F3YI9R(9QITI1V0NE (a) 

Vehicle Control 50 mg/kg 100 mglkg 

MALE 

Anesokaeyosis 
Overall Rates a/s5(0%} 

Syncytial Alteration 
Overall Rates 5/55(9%) 

! Basophilic Focus 
` Overall Rates 2/55(4%) 

Aelenoana 
Overall Rates 9/55(16%) 
Terminal Rates 7/33(21%) 
Day of First Observation 694 
Logistic Regression Tests P-0.018 

Carcinoma 
Overall Rates 13/55 (24%) 

Adenoma or Carcinoma (b) 
Overall Rates 20/55 (36%) 
Terminal Rates 11/33(33%) 
Day of First Observation 537 
Logistic Regression Tests P=0223 

FEMALE 

Basophilic Focus 
Overall Rates 2/55(4%) 

Adenoma 
Overall Rates 2/55(4%) 
Terminal Rates 2/37(5%) 
Day of First Observation 735 
Logistic Regression Tests P=0.007 

Carcinoma 
Overall Rates 1/55(2%) 

Adenoma or Carcinoma (c) 
Overall Rates 3/55(5%) 
Terminal Rates 3/37(8%) 
Day of First Observation 735 
Logistic Regression Tests P=0.Q09 

2/54(4%) 

3/54(6%) 

5/54(9%) 

21/54(39%) 
16137 (43%) 
441 
P = 0.008 

11/54(20%) 

29/54(54%) 
21/37 (57%) 
441 
P=0.053 

6/55(11%) 

15155(27%) 
13/39 (33%) 
634 
P=0.001 

2/55(4%) 

16/55(29%) 
13/39(33%) 
534 
P=0.002 

12/55(22%) 

25/55(45%) 

11/55(20%) 

20/55(36%) 
17/36(47%) 
661 
P=0.015 

7/55(13%) 

25/55 (45%) 
19/36(53%) 
526 
P=0.250 

3/55(5%) 

12/55t22%3 
9136(25%) 
656 
P=0.005 

2/55(4%) 

13/55(24%) 
10/36(28%) 
656 
P=0.007 

(a) The statistical analyses used are discussed in Section IT (Statistical Methods) and Table C3 (footnotes). 
(b) Historical incidence in water gavage vehicle controls (mean ± SD): 1061347 (31°l0± 63'0) ; historical incidence in untreated 

controls : 60912,032 (30% ± 8%) 
(c) Historical incidence in water gavage vehicle controls (mean ± SD): 29/348 (8% ± 5%); historical incidence in untreated 

controls : 184/2,032 (9% ± b%) 
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TABLE 33 . THYROID FOL.I,IC[TLt1Et CELL LESIONS IN MICE IN THE TWO-YEAR GAVAGE STUDIES 
OF HI'I)ROQTTIIdONE 

Vehicle Control 50 mg/kg 100 mg/kg 

MALE 

HyperpIasia 
Overall Rates 5155(9%) 15/53(28%) 19/54(35%) 

Adenoma 
Overall Rates 2/55 (4%) 1153(2%) 2154(4%) 

Carcinoma 

Overall Rates 0/55(0%) 0/53(0%) 0/54(0%) 

Adenoma or Carcinoma 
Overall Rates 2/55(4%) 1/53(2%) 2/54(4%) 

FEMALE 

HypL'Y'pti436'.a , 
Overall Rates 13155 (24%) 47/55(85%) 45/55(82%) 

Adenoma 
Overall Rates 3/65(5%) . 5/55(9%) 6/55(11%) 
Terminal Rates 2137'(5~'0) 4139(10%) 4/36(11%a) 
Day of First Observation 6&4 668 548 
Logistic Regression Tests E'=Q.186 P=0.397 P=0.233 

Carcinoma 
Overall Rates 0/55(0%) 0/55(0%) 1/55(2%) 

Adenoma or Carcinoma (a) 
Overall Rates 3/55 (5%) 5/55(9%) 7/55(13%) 
Terminal Rates 2/37(5%) 4/39(10%) 5/36(14%) 
Day of First Observation 664 668 549 
Logistic Regression Tests P=0.115 P=0.39? f'=0.152 

{a} Historical incidence in water gavage vehicle controls (mean --0- S£)) : 101337 (3% ± 2%) ; historical incidence in untreated 
controls : 49/fl,937 (3% ± 3%) 
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TABLE 34 . MiJ°I't1GE1VICI'I'Y OF HI'TSYtOQ[TINg3NE IN SALMONELLA TYPHIMURIUM (a) 

Strain Dose _S9 
(gtg/p1aEe) Trial 1 T 71 aU 2 1° 

+ 
fl 

"fl°A3{9O 0 100 ± 3.0 95 ~- a3 .6 116 ± 11 .2 90 ± 0A 124 
_- --- 
± 16.0 121 ± 9.7 10 97 ¢ 1 .5 91 ± 0.3 105 ± 8.2 122 ~- 16 .7 117 ± 5.7 122 ± 4.0 33 107 ± 6.7 

° 
115 ± 5.1 114 ± 6.3 108 ~- 15 .7 102 ~ 9.2 121 ± 7 8 100 108 ~- 3 .9 113 ~- 5 .3 9.22 ± 4.3 107 ± 10 .1 121 ± 8.0 92 ± 

. 
2 .6 , 333 Toxic Toxic 109 ' ?- 7 .0 122 ± 13.7" 103 ~- 8 .0 80 ± 5.5 666 Toxic Toxic 118 ± 11 .0 123 ± 16.0 116 -~- 4 .8 115 ± 13.3 

Trial summary Negative Negative Negative Negative Nega tive , Negative 

i Positive control (c) 1 ;447 9 .7 1,877 ± 37.6 L,499 +_ 64.7 1,334 -?` 40 .8 ' . 1,048 ~- 95.9 1,083 ± 48.8 
TA 153 s 0 18 ¢ 3.2 15 ± 1. .2 8 ± 3.5 7 ± 0.3 14 ?` 4 .3 7 ± 2.0 10 21 -_h 1 .0 15 ± 2.7 12 -± 4.6 9 ± 1.8 13 ± 4:2 11 $- 2 5 33 15 ± 2.3 9 ± 1. .2 to ± 1.5 8 ± 0e9 6 ± 1.5 11 ± 

. 
1 .3 100 13 ± 12 8 ± 12 9 ± 0.9 21 ~- 2.3 9 ± 2.7 7 ± 0.6 333 (d)fl1 ± 1 .7 Toxic 10 ± 2.3 11 ± 0.3 8 -?- 0.9 8 ~-. 1 .3 666 Toxic Toxic 10 ± 2.2 8 ± 2.1 10 -{- 1 .2 9 ± 1.2 

Trial summary Negative Negative N ega tive N egative N egative N ega tive 
Positive control (c) 1,1 10 ± 45.4 1,185 ± 20.7 107 ± 9.5 120 ± 10.9 7E ± 6.8 60 ± 2.7 
'Y°A1537 0 9 ± 0.3 8 ¢ 0.3 11 ± 0.9 8 ± 2.2 9 ± 1 .2 7 -!- 1 .5 10 9 ± 0.0 7 ± 0.7 6 ± 12 7 ± 2_0 6 ± 0.3 6 ± 2.0 

33 9 ± 1.8 6 ± 0.9 11 ± 1 .7 8 ± 0.7 9 ± 2.5 7 ~- 1 .2 100 (d)& ± 1.2 (d)5 ± 1 .8 10 ± 2.3 10 ¢ 2.7 7 ± 2.1 7 ± 1 .2 333 Toxic Toxic 8 ± 1.7 6 ± 1.5 8 ± 1.2 6 ± 12 666 Toxic Toxic 9 ± 7. .7 S ± 0.9 7 ± 1.0 3 ± 0.7 

Trial summary Negative Negative Nega tive Negative Negative Negative 

Positive control (c) 192 ± 20 461 ± 106.2 219 ± 19.2 150 ~ 11.9 95 ~' 4 .9 129 ~' 4.0 

0 20 ± 1.7 20 ± L5 28 ± 4.0 30 ± 0.9 25 ± 2.6 23 ~- 1 .7 
10 18 ± 2.5 19 ± ~ fl .7 24 ± 3.3 30 ± 1.0 25 ± 3 .3 25 ± 5.5 33 21 ± 0.9 22 ± 3.7 25 ± 12 29 ± 0.6 23 ± 3.5 26 ± 3.0 100 (d) 20 ± 6.7 19 ± 0.5 28 ± 2.8 25 ± 0.9 22 ± 1.2 21 ± 5_9 333 Toxic Toxic 24 ± 3.8 26 -i- 4.1 24 ± 0.3 25 ± 2.2 666 Toxic Toxic 22 ± 2.0 29 - -o- 1_2 24 ± 2.9 17 ± 2.6 

Trial summary Negative Negative Negative Negative Negative Negative 

Positive control (c) 1,549 ± 24.6 1,762 -4- 8 .3 2,003 ± 23 .1 1,415 ± 79.7 1,194 ± 30.1 950 ± 298_9 

(a) Study performed at EG&G Mason Research Institute. The detailed protocol is presented by Fiaworth et al. (1983) . Cells and 
study compound or solvent (dimethyi sulfoxide) were incubated in the absence of exogenous metabolic activation (-S9) or with 
Aroclor 1254-induced S9 from male Syrian hamster liver or male Sprague £3awley rat liver. High dose was limited by toxicity 
or solubility but did not exceed 10 mg/plate; O jig/plate dose is the solvent control. 
(b) ftevertants are presented as mean ± standard error from three plates. 
(c) Positive control; 2-aminoanthracene was used on ail strains in the presence of S9. In the absence of metabolic activation, 4-nitro-o-phenydenediamine was used with TA989 sodium azide was used with ̀ g'A100 and Ttti535, and 9-arninoacridine was used with 'PA153?. 
(d) Slight toxicity 
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TABLE 35. INDUCTION OF TRaFLuORoTHYMiDiNE RESISTANCE BY HYDROQUINONE IN MOUSE 
I..5178°Y LYMPHOMA CELLS (a,b) 

.. Cloning Relative Tft-Resistant Mutant 
Compound Concentration Efficiency Total Growth Cells Fraction (c} 

(PgJ'nfl) (percent) . (percent) 

_S9 

Trial 1 

Methanol (d) 78.8 ± 6.3 100.0 ~ 2.2 50.8 ± 3.5 22 .3 ~' 2 .3 

i-iydroqeainone 3.125 35.5 ±22.5 17.5 ±12.5 349.0 ± 123.0 (e)419.5 ± 145.5 
6.2; 42.5 ± 5.5 . 11 .0 ~- 2 .0 688.0 ~- 90.0 (e) 541 .5 ± 0.5 
12.5 26.0 ± 1.0 7 .6 -f' 0 .0 660.5 ± 36.5 (e) 857.0 ± 14.0 
25 29 .0 ± 1 .0 6 .5 ± 0.5 653.5 ± 52.5 (e) 773 .0 ~- 87.0 
50 L ethal 

Ethyl rnethanesulf"onate (fl 250 120 114 390 208 

Trial 2 

I3ime2hy2 sulFoxide (d) 74.3 ±10.2 100.0 -¢- 6 .'7 $2 .5 -~- 15.2 38.3 ± 6.5 

I-¬ydroquinone 0.625 91.5 ±10.5 69.5 -~ 1 .5 135.5 ± 20.5 49.0 ± 2.0 
1 .25 _32.0 ± 4.0 19.0 ± 3 .0 168.0 ± 7.0 (e) 179.5 ± 15.5 
2 .5 13 .5 -!' 1 .5 5 .5 ± 1.5 250.5 -d- 19 .5 (e) 624.5 -~ 17 .5 

(g) 5 13 1 718 1,915 
10 L ethal -- -- -- 

Ethyl eseethanesulfbreate 250 81.5 ±il."s 52 .0 -$ 4 .0 748.0 ± 125.0 (e)306:0 ± 7.0 

+ S9 (Fa) 

I3imethylsul4'oxide (d) 77.0 ± 52 99.8 ± 0.3 161 .3 f 10.6 69.8 ± 2.6 

Hydroquinone 0.625 92.0 ± 2.0 124.5 ± 8.5 138.5 ± 11.5 72.5 ± 5.5 
1 .25 77.0 ± 4.0 102.0 +_ 3.0 178.5 ± 9.5 77.5 ± 8.5 
2 .5 E6.5 ±11.5 87.0 ± 6.0 345.0 ~- 35_0 (e) 134.0 ± 4.0 
5 65.6 ± 4.5 19.0 ± 1.0 644 .5 ± 25.5 (e) 328.0 ± 10.0 
10 43.5 ~ 0.5 7 .0 ~ 0.0 606.0 ± 24.0 (e) 464.0 ± 21 .0 

1VIeLhylcholanth"rene 2.5 ` 50 .0 ± 5.0 52.0 ± 5.0 673.0 ± 20:0 (e) 451 .5 ± 28.5 

(a) Study performed at Inveresk Research International. The experimental protocol is presented in detail by McGregor et al. 
(1988) and follows the basic format of Clive et al . (1973). The highest dose of study compound is determined by solubility or 
toxicity and may not exceed 5 mg/ml . All 6oses are tested in duplicate except as noted ; the average for the two tests is presented 
in the table . Cells (6 X 105/ml) were treated for 4 hours at 37° C in medium, washed, resuspended in medium, and incubated for 
48 hours at 37° C . After expression, 3 X 10s cells were plated in medium and soft agar supplemented with trifiuorothymidine 
(TfL) for selection of 'Pft-resistanC cells, and 600 cells were plated in nonse)ectiee medium and soft agar to determine the cloning 
efficiency. 
(b) Mean ± standard error from replicate trials of approximately 1 X lOs cells each . Al! data are evaluated statistically for 
both trend and peak response (P<0.05 for at least one of the three highest dose sets). Both responses must be significantly 
(P<0.05) positive for a chemical to be considered capable of inducing Tft resistance. If only one of these responses is significant, 
the call is "equivocal"; the absence of both trend and peak response results in a "negative" call . 
tc) Mutant fraction (frequency) is a ratio of the Tft-resistant cells to the cloning efficiency, divided by 3 (to arrive at MF per 
1 X lOs cells treated); P/IF = mutant fraction . 
(d) Data presented are for four tests . 
(e) Significant positive response ; occurs when the relative mutant fraction (average MF of treated culture/average MF of sol-
vent control) is greater than or equal to 1.6 .. 
(f) Data presented are for one test. 
(g) Data presented are for one test ; the dose in one test was lethal. 
(h) Tests conducted with metabolic activation were performed as described in (a) except that S3y prepared from the liver of 
Araclor 1254-induced F344 rats, was added at the same time as the study chemical and/or solvent . 



TABLE 36 . INDUCTION OF SISTER cHRoMATaD EXCHANGES IN CHINESE HAMSTER OVARY CELLS BI'' Hl'IBROQtlIivONE (a) 

Compound Dose 
(!ag/m') 

No . of 
Total 
Cells 

Cieroma- 
saames 

SCEs/ 
No. of 
SCEs 

Chrmi'no- 
some 

SCEs/ 
Cell 

Relative 
Hours SCEs/Cell 

in Ba°diJ (percent) (b) 

-S9 (c)--Summary : Positive 

I7imethylsulfoxide $0 1,OI9 374 0.37 7.5 25.5 
Hydroquinoeae 0.5 543 1,022 545 0.53 10.9 25.5 _ 145 3 1.67 50 1,025 866 0.84 17.3 25.5 

. 
230 7 50 1,024 1,013 0.99 20 .3 25 .5 

. 
270.7 

Mif.omycin C 4,005 25 515 817 1 .59 32.7 25.5 436.0 
'i" 89 (!&) . d 

Trial 1--Summary: Positive 

17imethyl sulFoxide 50 1,045 461 0.44 9 .2 25.8 
Hydroquinone 50 50 1,036 559 0.54 1L2 25.8 121 7 167 50 1,040 593 0.57 11 .9 25.8 

. 
129 3 500 50 1,026 671 0.65 13.4 25.8 

. 
145 .7 

Cyclophosphamide 1 .5 25 524 1,032 1.97 41.3 25.8 448.9 
Trial 2--Summary: Positive 

Dimethyl sulfoxide 50 1,041 461 0.44 9.2 25.5 
Hydroqufnone 600 50 1,043 765 0.73 15.3 25.5 166 3 700 50 1,018 899 0.88 18.0 25.5 

. 
195 7 800 50 1,044 876 0.84 17.5 25.6 

. 
190.2 

Cyclophosphamide 1.5 25 530 634 1.20 25.4 25.5 276.1 

(a) Study performed at Litton Bionetics, Inc. SCE = sister chraartatid exchange ; $3rdU = broanoc3eaxyuridine . A detailed description of the SCE protocol is presented by Galloway et al . (1985, 1957), and the data are included in Galloway et al . (1987) . Briefly, Chinese hamster ovary cells were incubated with study compound or solvent (dimethyi sulfoxide) as described in (c) and (d) below and cultured for sufficient time to reach second metaphase division . Cells were then collected by mitotic shake-off, fixed, air dried, and stained. 
(b) SCEs/cell of culture exposed to study chemical relative to those of culture exposed to solvent fc) In the absence of 59, Chinese hamster ovary cells were incubated with study compound or solvent for 2 hours at 37° C . Then BrdU was added, and incubation was continued for 24 hours. Cells were washed, fresh medium containing BrdLJ and colcemid was added, and incubation was continued for 2-3 hours. (d) In the presence of S9, cells were incubated with study compound or solvent for 2 hours at 37° C . Celts were then washed, and medium containing BrdU was added . Cells were incubated for a further 26 hours, with coiceanid present for the final 2-3 hours . S9 was from the liver of Arocior 1254-induced male Sprague 1Jawley rats . 
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TABLE 37 . INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY IiYI)fdOQCJINOPIE (a) 

_ ~ S9 b ' -~ S9 ( ) Dose ota! i~o . o 
gIm1) C ( lt Ab 

A1~r~ . P~rcent 
c 

Dose Total l~o. ~~ Abs/ Percent e P s s Cell Cells W/mi9 Cells Abs Celt Cells 
with Ab9 . . . . . . 

with A}Ds 

Harvest time: 10.5 hours Harvest time: 10 .5 hours . , 

IJITT1etDlyfl SLIIFOXICIe . , . . . I)(HYYEtISyI SLIlPOxYde . ' 

100 3 0.03 3.0 100 1 0 .01 ' 1 .0 100 3 0.03 3.0 
FdydYoquinone 

5 100 2 0 .02 2 .0 I50 100 5 0.05 4 0 7 .5 100 2 0 .02 2.0 450 100 22 0.22 
. 

17 0 10 100 4 0.04 4.0 600 100 29 0.29 
. 

19 0 20 50 5 0.10 8.0 
. 

Summary: Negative Summary : Positive 

Mitoreaycin C Cyciophosphamide 

50 40 0.20 20.0 25 50 10 0.20 18.0 : 

(a) Study performed at Litton Bioneties, Inc . ; Abs = aberrations_ A detailed presentation of the technique for detecting chromo-somal aberrations is found in Galloway e¢ al . (1985, 1 J87), and the data are included in Galloway et al. (1987). Briefly, Chinese hamster ovary cells were incubated with study compound or solvent (dimethyl sulfoxide) as indicated in (b) and (c). Cells were arrested in first metaphase by addition o4 ccelcemid and harvested by mitotic shake-oft; fixed, and stained in 6% 6Xiemsa . (b) In the absence of 59, cells were incubated with study compound or solvent for 8-10 hours at 37° C . Cells were then washed, and fresh medium containing colcemid was added for an additional 2-3 hours followed by harvest. (c) In the presence of S9, cells were incubated with study compound or solvent for 2 hours at 37° C . Cells were then washed, me-dium was added, and incubation was continued for 8-i0 hours . Co&cemicP was added for the last 2-3 hours of incubation before harvest. S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rats . 

TABLE 38 . INDUCTION OF SEX-LINKED RECESSIVE LETHAL MUTATIONS IN DROSOPHILA BY 
FIYI}gt$9QLJINO1edE (a) 

Induced Induced 
Route of Incidence Incidence N0 . of I.ethal5lN0 . of X Chromosomes Tested Overall Exposure Dose of Deaths of Sterility atare~ at,ng ateng Total (Ppm) (percent) fpereeeetD (lb) 

Injection fl,50o 3 0 3/2,212 1/1,782 2/1,504 6/5,497(0.11%) 
3/2,211 011,&92 482,087 7/5,190(0.13%) Feeding 26,400 26 43 0/1,111 11874 2PT42 3/2,727(0.11%) 
2Jff,502 011,466 0/1,212 B14,i80(0.05%) Feeding 30,000 4 II6 111,665 3J783 1/955 5/3,403 (0 .1 5%) 
0/785 0i625 0l748 0A2,158 (0 .009'0) 

(a) Study performed at The University off V'Esconsin--Madison, A detailed protocol of the sex-linked recessive lethal assay is presented in Zimrneeing et al . (1985) . Exposure by feeding was done by allowing 24-hour-old Canton-S males to feed for 3 days on a solution of the study chemical dissolved in 5% sucrose . In the injection experiments, 24-hour-old Canton-S males were treated with a solution of the chemical dissolved in p .7°Jo saline and allowed 24 hours 2o recover. Exposed males were mated to three Basc females for 3 days and given fresh females at 2-day intervals to produce three broods of 3, 2, and 2 days ; sample sperm from successive raaatings were treated as spermatozoa (mating 1), sperreaatids (mating 2), and sperrnatocytes (mating 3). Fr heterozygous females were crossed to their siblings and placed in individual vials, Fi daughters from the same parental male were kept together W identify clusters; no clusters were found . After 17 days, presumptive lethal mutations were iden-tified as vials containing no wild-type males; these were retested . Results were considered to be equivocal (hRargolin et al, 1983). 
(b) Combined total of number of lethal mutationsinumber of X chromosomes tested for three mating trials 
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, IV. DISCUSSION AND CONCLUSIONS 

Hyda°oquinone has a high production volume and 
is either used directly as an antioxidant or pro-
cessed into derivatives that are used as antioxi-
dants. It is an effective antioxidant far non-food 
industrial fats and ails . F-iydroquznone is also an 
important commercial developing agent for pho-
tographic film. Minor uses are as a polymeriza-
tion inhibitor for vinyl monomers and as an in_ 
gredient in dermatologic preparations-.to bleach 
hyperplgmented skin . 

Two routes of administration were used in the 
14-day studies in rats and mice to assess the 
relative toxicity of hydroquinane by dermal ap-
plication and gavage . Mortality and body 
weight increases at 14 days were used as criteria 
of toxicity . in rats of each sex gavaged with hy-
droquinone at doses ranging from 63 to 1,000 
mg/kg body weight, chemical-related deaths 
were observed at the top two doses, but no sub-
stantial changes in weight gain occurred at 
lower doses. No deaths or notable differences in 
body weight gain Of rats were observed after der-
mal application of hydroquinone at doses rang-
ing from 24 to 3$4 mg per animal . 

Similarly, with gavage administration of the 
study chemical to mice at doses of 31-5fl0 mg/kg, 
most male mice in the top two dosed groups and 
all females in the top dosed group died before the 
end of the 44-day studies. Again, no substantial 
changes in weight gain occurred. When hydro-
qurnone was applied dermally to mice at doses of 
up to 96 mg per animal, no deaths occurred, and 
no toxic symptoms were observed . 

The preliminary qualitative dermal absorption 
studies indicated that applied doses of hydrmqur-
none, 4 or 40 mg per animal for rats and mice, 
resulted in the appearance of conjugsited (glucu-
ronide and/or sulfate) metabolites as soon as 2 
hours after dosing. Thus, dermal application of 
hydroquanoney at the doses bracketed in the 
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toxicity studies, resulted in systemic availability 
of the parent compound, as evidenced by excre-
tion of urinary metabolites. However, derma! 
application was accompanied by crystallization 
of hydroquinone on the surface of the skin, and 
since no toxic effects were seen, it was apparent 
that the dermal route was inappropriate for 
evaluation of the systemic toxicity o$' this com-
pound. Accordingly, gavage administration was 
employed in further evaluations. 

In the 13-week studies, some male rats at 200 
mg/kg hYdroqugnone were noted to be lethargic 
after 10 weeks of dosing, and females at this dose 
exhibited tremors and convulsions. However, no 
remarkable clinical signs were seen in the lower 
dosed groups . Absolute and relative liver 
weights were decreased in all groups of dosed 
male rats and were significantly increased in the 
three top dosed groups of female rats. The rea-
son for this apparent dichotomy is not known. 
Grossly discernible lesions were limited to the 
100, 26£D, and 400 mg/kg groups and included 
perioral staining, reddened mueosa in the stom-
ach, and intra-abdominal bleeding . Similarly, 
microscopically diagnosed lesions were also lim-
ited to the top three dosed groups and included 
inflammation and epithelial hyperpIasia of the 
£arestamach and toxic nephropathy. At those 
doses .showing same indication of toxicity, the 
central nervous system, liver, kidney, and fore-
stomach were identified as target organs . Thus, 
for rats of each sex, hydroquinone at doses of 50 
mg/kg and below had negligible effects on body 
weight gain, clinical signs, and gross and histo-
Pathmlogic findings . Doses of 0, 25, and 50 mg/kg 
were therefore chosen for the 2-year evaluation 
o£ hydroquinone in rats of each sex. 



a 
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IV . DISCUSSION CONCLUSIONS 

Itelative liver weights for dosed male mice in the 
13-week studies were higher than that for vehi-
cle controls (see Table 25). Ulceration, inflam-
mation, or epithelial hyperptasia of the fore-
stomach was observed in the top two dosed 
groups. These studies identified the liver, cen-
tral nervous system, and forestomach as target 
organs for hydroquinone-induced toxicity . With 
the exception of a moderate relative increase in 
liver weight for male mice, hydroquinone doses 
of 100 mg/kg and below resulted in no discerni-
ble indices of toxicity which would preclude 
long-term growth and survival . Accordingly, 
doses of 0, 50, and 100 mg/kg were chosen for the 
2-year studies of hydroquinane in mice of each 
sex. 

Results of the 15-month interim kill confirmed 
that the kidney of male rats was a target organ 
far the chemical-related toxicity . Although the 
kidney of both male and female rats was affected 
at the higher doses used in the 13-week studies, 
the lesions were less severe in females than in 
males at the same doses. This may explain the 
lack of chemical-related kidney toxicity in fe-
male rats at the 15-month observation. 

Mild regenerative anemia was also observed in 
female rats at the 15-month kill . This was evi-
dent from the slightly decreased hematocrit, he-
moglobin concentration, and erythrocyte count 
(see Table 13) and is consistent with the docu-
mented toxicity of hydroquinone toward bone 
marrow (Carlson and Brewer, 1953; Greeniee et 
al ., 198Y) . 

Centrilobular fatty change and cytmmegaly were 
observed in the liver of male mice at 15 months 
but not in the animals killed at 2 years. This 

In the 2-year studies, the survival of male and 
female rats exposed to hydroquinone was similar 
to that of vehicle controls for the first 90 weeks, 
after which survival was somewhat decreased 
(see Figure 5) . The number of animals killed in 
a moribund condition was greater for dosed male 
rats after 90 weeks, suggesting chemical-
induced morbidity in these groups . No statis= 
tically significant differences in the number of 
rats surviving to the terminal kill were observed 
between dosed rats and vehicle controls . Thus, 
although survival of dosed male rats was lower 
than typical, sufficient numbers of animals were 
at risk to permit adequate evaluation of long-
term toxicity and carcYncagenicity . Body weights 
of dosed male rats were similar to those of vehi-
cle controls for the first 73 weeks, and body 
weights of dosed and vehicle control female rats 
were similar throughout the study. The inflam-
mation and hyperptasia observed in the fore-
stomach of rats and mice in the 13-week studies 
were not observed at 15 months or at 2 years. 
However, other chemical -relatecl nonneoplastic 
and neopiastic lesions were observed . 

Results from these 2-year studies provide sub-
stantial evidence that long-term administration 
of hydroquinmne induced a variety o$° nonrteo-
plastic and neoplastic lesions in both rats and 
mice . Dose-related incidences of renal tubular 
cell adenomas were observed in dosed male rats, 
whereas none was observed in the vehicle con-
trols (see Table I8). The absence of this neo-
plasm in vehicle controls is consistent with his-
torical observations for this strain of male rats : 
the historical incidence of tubular cell adenomas 
of the kidney is less than 4.5% in both untreated 
(9/1,928) and water vehicle gavage (1/298) con-
trol male F344/I'3 rats . The incidences in both 
dosed groups exceed the highest historical inci-
dences of renal tubular cell neoplasms observed 
in either untreated (3150, 6°l0) or water gavage 
vehicle (1/50, 2%) controls (Table A4a) . The 
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IV. 'DISCUSSION AND CONCLUSIONS 

appearance of renal tubular cell hyperplasia in 
high dose male rats, combined with evidence of 
chemical-influenced nephropathy at 15 months 
(see Table 12) and 2 years (see Table 17); provide 
supportive evidence that the neoplastic lesions 
were chemically induced. There does not appear 
to be a relationship between the chemical-
related nephropathy observed in the 13-week 
studies and the hyperpIasia and tubular 
adenomas observed in the 2-year studies. The 
neoplasms occurred in male rats, and the 
nephropathy was seen in both male and female 
rats . 

Na hyaline droplet formation was seen in the 
kidney in rats in the 13-week studies, although 
it has been suggested that the likelihood of ob-
serving this might have been lessened by the 
fact that some necropsies were conducted as late 
as 72 hours after dosing (see Table 6) . Further-
more, the kidney in these studies revealed no 
evidence of granular cast formation in the loop of 
Herale or of linear mineralization . Considered 
together, this information indicates chat hydro-
quinane administration was not associated with 
hyaline droplet formation or with other aspects 
of the a21,-globulin nephx°otoxic syndrome (Short 
et a1.,1987) . 

Results from these 2-year studies provide evi-
dence that hydroquinane increased the inci-
dences of mononuclear cell leukemia in female 
rats . The incidence in the concurrent vehicle 
controls (16%) is somewhat lower than historical 
mean incidences in either untreated controls 
(19%) or water gavage vehicle controls (25%) . 
However, the incidences in both dosed" groups ex-
ceed the historical means observed in untreated 
or water gavage vehicle control groups . Fur-
thermore, the incidence in the high dose group 
(4t3%) exceeds the control incidences for this neo-
plasm in all but one of 46 studies that col-
lectively include almost 2,300 untreated or 
water gavage control female F344/IeT rats (Ta-
ble B4a) . No hrstapathologic evidence of mono-
nuclear cell leukemia was observed in the 15-
month interim-kill animals. 

These studies provide appreciable evidence for 
the induction of nonneaplastic and neoplastie le-
sions in the liver of dosed mice . Of particular 
significance are the increased incidences of 

hepatocelluIar adenomas in dosed female mice . 
The vehicle control incidence of 4% is within the 
historical range (2%-I8°lo) observed in approxi-
mately 40 other untreated control groups (about 
2,000 female mice) and in 7 water gavage vehi-
cle control groups (0%-12°10) containing nearly 
350 mice (Table I?4a)_ The incidences observed 
in bath dosed groups (2'7°lo and 22%a) are signifi-
cantly above the concurrent vehicle control in-
cidence, and values in both dosed groups exceed 
the highest incidence observed in control female 
mace in recent NTP experience . 

In contrast, hydroquinane did not influence the 
incidences of hegatocelIular adenomas and carci-
nomas ini male mice, although 8111SOkaTy0535y 
multinucleated hepatocytes, and basophilic foci 
(possible precursors an the development of hepa.-
tocelluYar° neoplasia) were all increased (see Ta-
ble 32) . 

Follicular cell hyperplasia of the thyroid gland 
was increased in dosed male mice and particu-
larly in dosed female mice compared with vehi-
cle controls. Iiyperplasia was also seen in two 
high dose females at 15 months . Although not 
statistically significant, a dose-related marginal 
increase in the incidence of neoplasms of the thy-
roid gland occurred in female mice, but the inci-
dence in the high dose group (13%) approximates 
the maximum observed incidence for untreated 
controls (15°I'o) in the historical data base . A re-
lationship between goitrogen-induced hyper-
plasia and a resultant increase in follicular cell 
neoplasi.a is well documented in rats and mice 
(Paynter et a1 ., 1888). Since the higher doses 
employed in the 13-week studies had no ap-
parent effect on the thyroid gland and thyroid 
and pituitary hormones were not assessed, con-
clusions regarding gaitrogenic activity of hydro-
quinone remain speculative. 

The metabolic interrelationship between hydro-
quinone and benzene (see Figure l ) invites com-
parisons between these studies of hydroquinone 
and those of benzene (NTP, 1986; Huff et al .,. 
1988) . Both compounds were evaluated by the 
gavage route and were studied in the same 
strains of rats and mice under similar experi-
mental protocols. All eight sex-species studies 
had at least one dose (50 mg/kg) in common. 
Although bath chemicals caused neoplasms in 
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, I'V. DISCUSSION AND CONCLUSIONS 

Hydroquinone is generally not rnutagenic in 
bacteria, but there is extensive evidence demon-
strating its clastogenicity with mammalian 
cells, both in vivo and in vitro. It induces chro-
mosomal aberrations in Chinese hamster ovary 
cells llowa~~t_al~,__1.~.~, and micronuclei in 
bone marrow cells o~' NIVIRI mice (Gc~cke et at ., 
1981 ; 'Punek et al ., 1982) . The rnutagenic re-
sponses seen with hydrcaquiraone parallel those 
observed with benzene, which is known to be, me-
tabcsizzed to phenol and hydroquinone and which 
generally requires the addition of exogenous 
metabolic activation to produce its gencatoxic ef-
fects. Quinanes and serniquinones, proposed as 
the ultimate binding species of metabolically 

activated phenol (Irons and Pfeifer, 1982; Smart 
and Zanraona, 1984), are probably involved in the 
DNA and protein binding properties of hqdro-
quinone as well. 

Reaction of semiquinone radicals with oxygin 

Administration of hyds°ackuinone was associated 
with thyroid follicular cell hyperplasia in both 
male and female mice and anisokaryasis, criulti-
nucleated hepatocytes, and basophilic foci of the 
liver in male mice . 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 7 . 
A summary of the Peer Review comments and the public discussion on this Technical Report appears on pages 10-11 . 
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ABLE Al. SUMMARY OF THE INCIDENC OF NEOPLASMS IN MALE HATS IN THE TWO-YEAR 
GAVAGE STUDY OF HYDROQUINONN 

Vehicle Control Low Dose High Dose 

, Animals initially in study 65 
. 

65 65 
Animals removed 65 65 65 
Animals examined histopathologically 55 55 55 

ALIMENTARY SYSTEM 
- 

Intestine large, cecum (50) (34) (50) 
Leukemia mononuclear 2 (4%) 2 (6%) 
Colon, serosa, rectum, mesotlaelioma maligna nt, 
metastatic t (3%) 

Intestine flargeycolon (5fl), (3>) (53) 
Leukemia mononuclear 5 (fl0%) 4 (11°la) 

s _ Serasa, tsistiocytic sarcoma, metastatic F (2%) , 
Intestine large,rectum (53) (32) (52) 

~ `q Leukemia mononuclear 5 (93b) 1 (3%)' 
Intestine small, duodenum (>2) (35) (56) 

Leukemia mononuclear fi (10%) 2 {6%} 1 (2%) 
Ileum, mesothelioma malignant, metastatic 1 (3%) 

t Serosa, mesothelioYna malignant, metastatic 1 (3%) 
aerosa, ileum, jejunum, histaocyY.ac sarcoma, 

"' metastatic 1 (2%) 
intestine small, ileum (4S) (33) (49) 

Leukemia mononuclear 4 (8~%'o) 2 (6%) 1 (2%) 
Intestine small, jejunum (44) (30) (48) 

Leiomyasaecoma 1 (2%) 1 (396) 
Leukemia mononuclear 

a 
i (2~/0) 1 (3%) 

n Liver tS53 (55) (55) 
F-IepatocelluTar adenoma 3 (5%) 1 (2%) 
Histiocytic sarcoma i (2%) 
Fiistiocytic sarcoma, metastatic 2 (49'0) P (2%) 
Leiomyosarcoma, metastatic, intestine small 1 (2%) 
Leukemia mononuclear 27 (49%) 26 (47%) 30 (55%) 
Mesothelaoma malignant 1 (2%) 

` Mesothelioaraa malignant, metastatic 2 (4%) 
Neoplastic nodule 2 (4%) Y (23'0) 
Bile duct, leioenyosarcoma, extension, 
anetastatic, intestine small 1 (2%) 

Mesentery '(55) *t5b) *(55) 
` F3istiocytic sarcoma, metastatic 2 (4~'0) 

Leiomyosareoma, extension, metastatac, 
intestine small Y (2%) fl (2%) 

Leukemia mononuclear 3 (5%) 4 (79'a) 6 (11%) 
" PeSesotheIimtns malignant 1 (2%) 1 (2°l0) 

TvlesothePiorna malignant, metastatic 1 (2%) 2 t4'%3 
Pancreas (53) (36) (54) 

I-disfaocytic sarcoma, metastatic 2 (49'0) 
Leukemia mononuclear 5 (9°Jo) 4 (i14'o) 5 (3%) 
R2esotfnelioma malignant 1 (2%) 
Mesathelioma malignant, metastatic 2 (6%) 

Pharynx *(55) *(5b) *(5i) - 
- Palate, carcinoma, extension, ITPBtaS$$t1C, . 

Zyrmbal gland (29b) 
Salivary glands (54) (37) (55) 

Leukemia mononuclear 5 (99'0) 1 (3%) 5 (9%) 
Stomach, forestomach (55) (36) (5b) 

Leukemia mononuclear 4 (7%) 2 (69'0) 
Mesothelioma malignant 1 (2%a) 
s~'set'oSH, glandular, t113t10CytFC sarcoma, . 

metastatic 1 (2%) 
Serosa, glandular, mesothelioma malignant, 
metastatic 

Stomach, glandular (54) 
2 (69°a) 

(34) t557 
Leukemia mononuclear 3 (6~'0) 5 (lv%) 1 (230) 
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TABLE Al . 'SUMMARY OF THE INCIDENCE OF NEOPLASMs IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF H YDROQUINONE (Continued) 

Vehicle Control Low Dose High Dose 

ALIMENTARY SYSTEM (Continued) 
Tongue *(55) *d55i *(65) 

Papilloma squamous 1 (23b) 
Tooth *(55) *(55) *(55) 

Pullp,leukemia mononuclear ~ (15%) 3 (163'0) 8 (1596) 

CARDIOVASCULAR SYSTEM 
Heart (55) (38) (55) 

Leukemia mononuclear 13 f24'Yo$ 17 (45Rb) 20 (36%) 
Schwannoma, NOS I (29b) 
Atrium, histiocyCie sarcoma, metastatic 1 (3%) 
Atrium right, lipossrCOSna, metasta9,icy skin 1 63909 
En¬locardfuan, schwannoma, NC1S 2 (49'0) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex (54) (37) (54) 

IiasLiocytic sarcoma, metastatic 1 (2%) 
Leukemia mononuclear 15 (283b) 14 (389'o) 19 (35%) 
Capsule, mesoY.heIioma malignant, metastatic I (34'a) 

Adrenal gland, medulla (55) (48) (55) 
Leukemia mononuclear 24 (25%) 13 (273'0) lfi (33%) , 
Ptaeochromocytoma malignant 1 (29°o) 2 (4%) 3 (5°Jo) 
&'heachromocytomabenign 9 (163'o) 14 (29%) 13 (249'0) 
Bilateral,pheochromocytomabenign - 4 (7%) 3 (6%) 6 (lf9b) 

Islets, pancreatic (54) (36) (54) 
Adenoma 1 (2%) 1 (3%) 

Parathyroid gland (54) (3Fs) (54) 
Leukemia mononuclear 1 (2%) 1 (2%) 

Pituitary gland (54) (b4) (54) 
Leukemia mononuclear 6 (11%) 9 (179b) 8 (35%) 
Parsdistalis,adenoma. 13 (249'o) 9 (17%) 5 (9%) 
I'ars dsstaIis, carcinoma 1 (2%) 

Thyroid gland t553 (38) (55) 
Hestiocytic sarcoma, metastatic 1 (29'0) 
Leukemia mononuclear 4 (7%) 3 (89'0) 3 (v%) 
(:-cell, adenoma 5 (9%) 2 (5%) 3 (5°10) . 
G-cell, carcinoma 2 (4%) 2 t5`Yo) 3 (5'Yo) 
Follicular cell, adenocarcinoma 2 (4%) 
Follicular cell, adenoma 1 (2%) 1 (29°0) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Coagulating gland *(55) *(55) *(55) 

Leukemia mononuclear 2 (2'%) 
Epididyrnis (53) (37) f55) 

Histiocytic sarcoma, metastatic 1 (29'0) 
Leukemia mononuclear 2 (4%) 1 (3%) 3 (5%) 
Adesothelioma malignant 3 (29'0) 
b4esotheliosna malignant, metastatic t (2%) 3 (3%) 

Penis *(56) *(55) *(55) 
Leukemia mononuclear 1 (2°k) 

Preputisfl gland (53) (3d) (54) 
Adenoma 1 1 (21%) 8 (2R%) 7 (13'3'0) 
Carcinoma 1 (2R'o) I (3%) 3 (6%) 
Histiocytic sarcoma, metastatic fl (2°!0) 
Leukemia mononuclear 6 (9%) '7 (21tYo) 7 (i3°1o) 
Mesotlaelioma malignant, metastatic 1 (2°l0) 
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r' TABLE A1. SUMMARY ()F THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
;~ GAVAGE STUDY OF H YDROQUINONE (Continued) 

Vehicle Control Low Dose High Dose 

GENITAL SYSTEM (Continued) 
' Prostate (53) (4Y) (b5) 

Adenoma 1 (2°l0) 
Leukemia mononuclear 

'' 
4 (8%) 4 (I0%) 5 (9%) 

Scrosa, histeocytic sarcoma, metastatic 1 (2%) 
Serosa, mesothelioma malignant, ariet.as$.atLc fl (29O) 

Seminal vesicle (53) (36) (55) 
Leukemia mononuclear 5 (3%) 6 (17%) 6 (l!°Jo) 
Seross, histiocytic sarcoma, metastatic 1 (23'a) 
Sea°osa, mesothelioma malignant, metastatic I (3%) 

Testes (54) C54) (65) 
fAtckemiamanonuclear 8 (15%) 9 (179'a) 6 (119°0) 
Bilateral, interstitial cell, adenoma 37 (G9%) 36 (67%) 43 (?8%) 
Interstitial cell,adenoma 3 (g79'o) 13 (24%) 6 (11%) 
Tunic; histiacytic sarcoma, metastatic 1 {2%) 
Tunic: mesothelioma malignant 1 (2%) , 3 (6%) 1 (295) 

FIEMATOPOTETIC SYSTEM - 
Blood *(55) *(b5) *(55) . 

Histiocytic sarcoma ; metastatic 1 (2%) 
Leukemia mononuclear 17 (3i3'o) 20 (364'0) 21 (38%) 

Bone marrow {55} (37) (55) 
Hl$t1oCytIC sarcoma, metastatic 1 (.̀Z%) , 
Leukemia mononuclear 11 (20%) 14 (38°l0) 1s (33%) 

Lymph node (55) (41) (55) 
- ry, leukemia mononuclear B. (2%) 

Bronchial, leukemia mononuclear 1 (24'0) 1 (2%) 
Deep cervical, leukemia mononuclear 1 (2%) a (2%) 
Iliac, leukemia mononuclear 1 (2~'0) i (2%) 
bnguinal, leukemia mononuclear 3 (5%) 1 f2969 2 (2%) 
Lumbar, leukemia mononuclear 4 (7%)- 4 (109'0) 2 (4%) 
Nied'sas8inal, histiocytic sarcoma, metastatic 1 (2%) 
Mediastinsl,leukemia mononuclear 6 (11%) 'l (1?%s) 9 (1696) 
Pancreatic, leukemia mononuclear 9 (16%) 3 (7'l0) 4 (7°Ro) 
Renal, leukemia mononuclear 4 (79o) 2 (2%) 

Lymph node, mandibuIar (52) f389 (54) . 
Leukemia mononuclear 35 (29'Yo) 14 (37%) 16 (30'Xn) 

Lymph node, mesenteric (53) (38) (54) 
Leukemia mononuclear 18 (34%) 15 (399b) 20 (37%) 
Mesot6eliaasea malignant, metastatic 2 (59'0) 
imguinal, lumbar, mediastinal, histiocytfic 
sarcoma, metastatic i (2%) 

IvYeaiiastinal, mandibular, histiocytic sarcoma, 
metastatic 1 (2%) 

Spleen (55) (52) (55) 
Histaocytic sarcoma, metastatic I (2%) 
Uiarrsyosarcoma, meLastatic, intestine small L (2%) 
Leukemia mononuclear 28 (5fl3'o) 26 (50%) 31 (56%) 
Capsule, histiocytic sarcoma, metastatic 1 (2%) 
Capsule, anesothelioms malignant 1 (2%) 
Capsule, mesothelioana malignant, metastatic 2 (4%) 

'Thymus (46) (35) (46) 
g-Yistiocytic sarcoma, metastatic 1 (2%) 
Leukemia mononuclear 10 (22%) 15 (43.4'0) 10 (2B%) 
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TABLE e11 . SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
, GAVE4GE STUDY OF HYDROQUINONE (Continued) 

Vehicle Control Low Dose High Dose 

INTEG N"CA1ZY SYSTEM - 
Mammarggland (49) (23) (53) Ade rciaaoma 

Adenoma 1 (2%) 
Fibroadetaoma 3 (69'o) 
HBStfocytic sarcoma, metastatic fl (29'0) 
Leukemia mononuclear 2 (4R'o) 

Skin 
' 

(55) (37) (54) 
Basa[ceil adenoma 2 (4%) = 
B aiamous tumor malignant : $ (3%) 
I{eratoacanthoms 2 (4'%) 2 (49'n) 
Hair follicle, leukemia mononuclear 1 (29a) 
Posterior, leukemia mononuclear 1 (2%) 
Subcutaneous tissue, fibroma 1 (2%) 1 (3%) 
Subcutaneous tissue, fibrosarcoma 1 (2R'm) 2 (3'~0) 
Subcutaneous tissue, histiocytic sarcoma 2 (4%) ; (3%) 
Subcutaneous tissue, leukemia mononuclear 6 (11°l0) 4 (11%) 2 (4%) 
Subcutaneous tissue, Iipoma Y (39'0) 
Subcutaneous tissue, lipasarcoena 1 (3g'm) 

MUSCULOSKELETAL SYSTEM 
Bone (55) (37) : (55) 

Rib,OS$k,'OS$PCOri18 - . 1 . (2c%) 
Vertebra, leukemia mononuclear 1 (2%) 

Skeletal muscle 
' 

*(55) *(55) *(55) 
i3 ° 'c sarcoma, metastatic 1 (2%) 
Leiamyosarcoma, mef.astatic, intestine small 1 (2%) 
Leukemia mononuclear 2 (4%) 2 (4%) 
Qs coma, extension, metastatic, bane g (2% 

IVEIZVOLdS SYSTEM 
Brain (55) t3?9 (56) 

Leukemia mononuclear 5 (9'Yo) 5 (14%) 3 (b%) 
h3e ' s, leukemia mononuclear 3 (5`%'o) 1 (3°9o) 5 (9%) 
M831111ge3 ; cerebrum, I218t10Cy'CIC sarcoma, , 
tYlC LdC . 1 (3%) . . 

Spinalcord *(55) °'(55) *(55) . 
Leukemia mononuclear 2 (4°l0) 1 (2%) 
Me ` es,leukemia mononuclear 6 (11%) 4 (7%) 7 (133'0) 

RESPIRATORY SYSTEM 
Lung t561 (38) (55) 

Alveolar/bronchiolar adenoma 1 (29'0) 
Carcinoma, metastatic, Zyrnbal gland 1 (3R'o~ 
&isstioxyticsarcoma 1 f2%! 
I-iistiocytic sarcoma, metastatic 2 (4°l0) 1 (3%) 
Leukemia mononuclear 21 (38%) 17 (45%) - 26 (479b) . . . 
Li coma9 metastatic, skin y (3%) 
t)steosarcoma, metastatic, bone Z (2oja) 
Ph omocytoiata malignant, anetsstatic, 
adrenal gland I (2%) 

Nose (55) (37) (55) 
Leukemia mononuclear 5 (9%) 11 g30%? 12 (22%) 

Trachea (53) t379 (65) 
Leukemia mononuclear 1 (2%) 
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TABLE A1. SUMMARY OF THE INCIDENCE OF NEOPLA51idS IN MALE RATS IN THE TWO-YEAR. 

dAAVE1GE STUDY OF d-iYDHiOQiTINONE (Continued) 

Vehicle Control Low Dose High Dose 

SPECIAL SENSES SYSTEM 
Ear *(55) *(55) ~(55) 

Canal, carcinoma, extension, Ynetastatic, 
Zymbal gland 1 (2%) 

Eye *(b5) *(b6) *(65) - 
Leukemia mononuclear. 1 (2%) 

Harderiaaa gland *(55) *(55) *(55). 
Leukemia mononuclear P (29b) 

Zymbal gland *(65) *f55i *(55) 
Adenoma 1 (2%) 
Carcinoma l (29b) ` 3 (5rYo) 1 (29'0) 

URINARY SYSTEM 
Kidney (55) (55) (55) 

I-iisCiocytic sarcoma 1 (2%) 
Leukemia mononuclear 16 (29%) 22 (4d~'o) 25 (4b%) 

1C Capsule, IYiS$lOC yC iCsarcoma, IT12t8StAt !. (2~0) ~ . A .. g,~y y y 

Capsule, $~ego~11eS1Qm8 malignant, 

4

L9 metastatic 

p 

Y 

/s~ry 

lGlO) ' . 

Renal tubule, adenoma 4 (7%) 8 (15%) 
Urinary bladder (51) (37)- (55) 

Leukemia mononuclear 5 (10%) 4 (31%) 6 (11%) 
Serosa, hnstiacytic sarcoma, metastatic 1 (2%) 
Serosa, mesothelioma malignant, metastatic 1 (2%) 2 (6%) 
Transitional epithelium, carcinoma, papillary b (3%) 

SYSTEMIC LESIONS 
Multiple organs 

Leukemia mononuclear 
Mesathelioms malignant 

*(55) 
28 (51°lo) 
1 (2~'0) 

*(55) 
26 (47%) 
3 (5%) 

"(55) 
31 (569'o) 
1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 65 65 65 
Terminal sacrifice 27 1$ 18 
Moribund 13 26 22 
Interval sacrifice 10 10 10 
Gawage death 2 5 7 
Dead 3.3 7 8 

TUMOR SUMMARY 
Total animals with primary neaplasm$ 53 53 54 

Total primary neoplasms 145 140 145 
Total animals with benign neoplasms 56 50 52. 

Total benign neoplasms 102 96 . 98 
Total animals with malignant neoplasYSas 35 37 38 

Total malignant neoplasms 41 44 46 
Total animals with secondary neoplasrns **"~ 5 6 2 

Total secondary neoplasms 37 34 3 
Total animals with neoplasms uncertain 

Benign or malignant 2 1 
Total uncertain neoplasms 2 Y 

~' Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
b'° Primary tumors : all tumors except secondary tumors 

Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF FIYDROQiTINONEs VEHICLE CONTROL 

WEEKS N 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 
STUDY 3 5 5 6 6 7 7 8 8 8 8 8 8 8 9 9 9 9 9 9 9 0 0 0 0 

9 3 5 6 9 4 8 0 2 5 6 6 6 8 2 3 4 5 7 8 8 2 2 2 3 

CARCASS 
ID 3 6 9 3 4 3 3 5 2 9 7 6 8 0 4 3 1 5 4 1 0 2 2 9 8 

1 2 5 4 5 3 2 4 4 4 3 5 5 3 4 5 4 3 3 3 2 4 3 3 4 

ALIMEFTARY SYSTEM 
Esopha~ns + + + + + + + + . + + + + + + + + + + + + + + + + + 
Yntestine Iarge + + + + + + + + + + + e$ + + t + + + + + + + d- + + 
intestine large, cecum + + + + + + + + . + -1- A + + + + + A A + + -h + + A 
Leukemia mononuclear X g 

Intestine Yarga, colon + + + + + + + t + + + A + + + + + A + + + + + + A 
Leukemia mononuclear- R X % R 
Serosa, histiocytic sarcoma, metastatic X 

Intestine large, rectum - + + + + + + t + + i- + A + + + . + + . + + + + + + 
Leukemia mononuclear , % X .X 

Intestine small - + + + + + + + + + + -F A + + + + +' A -i- + + + + ++ 
Intestine small, duodenum + + + + + 4 + + + + + A + + + -h + A + + + + + + + 
Leukemia mononuclear % A X X 
Serosa, ilenm, jejunum, histiocytic 
sarcoma, metastatic A 

Intestine small, ileum + + + + + + + + + + + A + + a- + A A + + + A + A 
Leukemia mononuclear X X X - 

Intestine small, jejunum A + A i- -1- + + + + + M t! + -I- + + A A + f + A + A 
Leiomyosarcoma A _ 
Leukemia mononuclear X 

Liver . + + t i- + t + fi + t t -+ . t t t + t + t + + t t t 
HepatoeelluIar adenoma g 
HistiocItic sarcoma, metastatic R % 
Leiomposarcoma, metastatic, intestine 
small X 

Leukemia mononuclear X % X X X % X X % % 
Mesentery + + . + i- + + 

H15t1DC,}t1C sarcoma, 818t25t3t1C 3 X $ . 
Loiomyosarcoma, extension, metastatic, 
intestine small . 7{ 

Leukemia mononuclear X . X 
MesotLeiioma malignant, metastatic 

Pancreas + i- f + + + + + + + -h A + + + + + A + + + + + + + 
I-Iistiocytic sarcoma, metastatic X 2i 
Leukemia mononuclear R YC X X 

Pharynx + 
-Palate, carcinoma, extension, . 

metastatic, Zymba! gland g 
Salivary glands + + + + + + + + -h . + + + + + + + + M + + . + + + 
Leukemia mononuclear R R X 

Stomach + t + -i- -i- + + + + + + + + + + + + + + + + + + + + 
Stomach, forestomach + + + + . ,- + + + + + + + + + + + + + + + + + + + + 
Leukemia mononuclear X , X - 
Serosa, glandular, histiocytic sarcoma, 
metastatic 

Stomach, glandular + + -i- + T + i- + . + + + + + + + + + + . + + + + 
Leukemia mononuclear X R 

Tongue -i- .-F _ 
Papilloma squamous R 

Tooth + + . + + + 
Pulp, leukemia mononuclear X R R R % 

CARDIOVASCULAR 6YNrk;M 
Heart + + + + . + + + + + + i- + + ?- + + + + + + + + + + 
Leukemia mononuclear X X R }C X X X 
Eadocardinm, schwannoma, NC)S R 

ENDOCRINE SYSTEM 
Adrenal gland + + + + + + + + + + . -F + + -s- + + + + + + + + t + 
Adrenal gland, cortex i- + + + + + + + + -F i- + + + + + + + + + + + + + + 
HisEiocytic sarcoma, metastatic . 
Leukemia mononuclear X R 8 X % % X X X 

Adrenal gland, medulla + + -1- + + + i + + + + + + + + + + + + + + + + + + 
Leukemia mononuclear X X R A X R R R 
Pheocbromocytoma malignant , . 
Pheochromoc,ytoma benign % R X 
Bilateral, pheocbromocytoma benign g 

Islets , pancreatic + + + + + + -F -F i- + + A . + + + + + . + + + + + + + 
Adenoma 2[ 

Parathyroid gland + + + i- + Psi + + + -t + + + + + + + + + + -t + + + + 
Leukemia mononuclear 

Pituitary gland M + + -F + + + + + + + + + + + + + + + + + + + + + 
Leukemia mononuclear X X R R 
Pars distalis, adenoma R $ X - R X R 

Thyroid gland + + + + i- + t + + + + + + + + + + + + + + + + + + 
Histsocytic sarcoma, metastaCic % . 
Leukemia mononuclear X R X 
Ccell, adenoma g 
C-cell, carcinoma 
Follicular cell, adenocarcinoma X 
Follicular cell, adenoma 

None 

+ : Tissue examined microscopically 
: Not examined 

- : Present but not examined microscopically 
I : Insufficient tissue 

M : Missing 
A: Autolysis precludes examination 
R: Incidence of listed morphology 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL 
(Continued) 

_ w~Exs arr 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
STUDY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 5 5 5 5 5 8 5 5 5 5 5 5 5 5 5 5, 5 5 5 5 5 5 5 5 

CARCASS 
YD 8 4 2 1 1 1 2 3 3 5 6 6 7 7 8 8 0 2 2 2 2 3 4 5 6 

3 2 2 1 2 3 4 3 4- 2 3 4 1 2 1 2 1 1 1 2 3 2 1 1 2 

Esophagus + -h + + + -1- + + t + + + + + + i- -i- + . + + + + . i- + 
Intestine large + f A . i- + . + f 'r . + f + i- i- '-'r + + + + + + + + . 
Intestine large, cecum i- + A + + + + + . + i- + t + + . + + + + + + + t + 
Leukemia mononuclear 

Intestine large, colon + t A + + + + . + + + t + . + ¢ + + + + + + + + . t 
Leukemia mononuclear 
Serosa, histiocytic sarcoma, metastatic 

intestine large, rectum + + A + + + + + + + + + + + 'r . + + + + a- t . + :- : + + . 
Leukemia mononuclear X 

Intestiae small + + A + + + + i- + + + i- + + + . -s- . + + + + + f: + 
Intestine small, duodenum + + A + + + i- + + + + + + + + + -i- + + + + 4- + + + 
Leukemia mononuclear X 
Serosa, ileum, jejuaum, histioaytic 
sarcoma, metastatie 

Intestine small, ileum + + A f + + + + + + + + + + + T . + + + + + + + . 
Leukemia mononuclear X 

Intestine small, jejunum . + + NL a- + + . i- + i- i- + + + + + . + + M + + + . + 
L'BSOR1y053CCOma ' .. 
Leukemia mononuclear 

Liver f -I- + + + + i- + + + + + + . - + + + + + + + + + ++ 
Hepatocellular adenoma X 
HistiocyCic sarcoma, metastatic . . . . 
Leiomyosamoma, metastatic, intestine 
smatS 

Leukemia mononuclear X X X X X }t FC R X X X X R X 
Mesentery + + 
Histiocytic sarcoma, metastatic . ' _ 
Leiomyosaraoma, extension, metastatic, . _ 
intestine small 

Leukemia mononuclear 
MesoLheHoma malignant, metastatic g . 

Pancreas t + + + + + + + t + + + + + 4 + + + + i- + + + + + 
Histiocyticsarcoma, metastatic . 
Leukemia mononuclear 

Pharynx 
Palate, carcinoma, extension, . 
metastatic, Zymbai gland 

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + + 
Leukemia mononuclear X X 

Stomach + + . . + + + + + + + + + + i- i- + i- + + + + + + + 
Stomach, forestomach + + + + t + + + + + + + + + + i- -t- + + + + i- + + + 
Leukemia mononuclear X 
Serosa, glandular, histiocytic sarcoma, 
meBastatic 

Stomach, glandular + t + i- + + . + . . + + + + + + . + + + + + + + + 
Leukemia mononuclear 

Tongue 
Papilloma squamous 

Tooth + f .. 
Pulp, leukemia mononuclear 

- 

X 

CARDIO CULAR SYSTEM 
Heart + + . + + i- + + . + + + + + f + + f + + + + + + + 
Leukemia mononuclear X % Y R R . 
Endocardium, schwannoma, NOS X 

ENDOCRINE SYSTEM 
Adrenal gland + + t + . + + t + + + 9- + . i- + + + + + + + + + + 
Adrenal gland, cortex + + + + + -F + + i- + a- + + + + + i- + + + + + -F + 
4-iistiocytic sarcoma, metastatic 
Leukemia mononuclear X X X X 

Adrenal gland, medulla + + + + + + + + + + t t- + + + + + . + + + t- + + + 
Leukemia mononuclear R R ; R X 
Phoochromceytoma malignant 
Pheochromocytoma benign % S % R X 
Bilateral, pheochromocytoma benign % R 

Islets, pancreatic + + + a- + + + + + + + t f + . + f i- i- + + + -t- . . . 
Adenoma 

Parathyroid gland . i- + + + + + + + + i- t- + + + + + + + + + +. . + -F + 
Leukemia mononuclear X 

Pituitary gland + + + + -F + + + + t i- + + . -s- + + + + -P- + + + + . + 
Leukemia mononuclear X 
ParsdisGalis,adenoma 7C X R X R 

Thyroid gland + + + + + + + . + + + + + + + + + + + + + + f + + 
Aistiocytic sarcoma, metastatic 
Leukemia mononuclear 
C-cell, adenoma 7L X R 
C-cell, carcinoma X 
Follicular call, adenocarcinoma X 
Follicular cell, adenoma 

None 

. . 
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TABLE A2 . INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL 
(Continued) ; 

W EEKS N 1 1 L ± 1 
STUDY 0 Q 0 0 0 

5 5 5 5 5 

- - - 
TOTAL: CARCASS a 0 f i. TISSUES 

ID 9 9 L 3 TUMORS 
1 2 I 2 1 ' 

Esophagus + i~ + + + 55 Intestine large + + + + + 53 
Intestine large, cecum + + -h + + 50 Leukemia mononuclear 
Intestine large,colon + + + + + 51 Leukemia mononuclear 
Sarosa, hisCiocytic sarcoma, metastatic 

Intestine large, rectum + + + + + 53 Leukemia mononuclear ;,( 
Intestine small + + + ~ + 52 Intestine small, duodenum + -t- -h + + 52 
Leukemia mononuclear 
Serosa,ileam,jejnnam,bistiocytic . 
sarcoma, metastatic 1 

Intestine small, ileum + + + -F + qg 
Leukemia mononuclear 

Intestine small,jejunum + -F + + + 44 Laiamyosarcoma 
Leukemia mononuclear 

Liver t t + -F + SS FIepatocellular adenoma R 3 Hist3ncytic sarcoma, metastatic 
Loiomgosarcoma, metastatic, intestine ly , . s 

Leukemia mononuclear X ?C X 27 
&Yeseatary + + + 12 Ristiocytic sarcoma, metastatic 
Leiomyossrcoma, extension, 
metastatic, intestine small 

Leukemia mononuclear ;{ 
hiaso2helioma malignant, metastatic 

Pancreas + + + -I- + 53 Histiocytic sarcoma, metastatic 
Leukemia mononuclear 'X 5 Pharynx L 
Palate, carcinoma, extension, 
metastaCic, Zymbal gland 1 

Salivary glands + + + -F + - yg 
Leukemia mononuclear 

Stomach . t + -F -F + 55 Stomach, forestomach . + + + + + 55 Leukemia mononuclear 
Serosa, glandular, histiocytic sarcoma, 
metastatic 

Stomach, glandular -h + -S -F r 5q 4 Leukemia mononuclear 
Tongue 2 Papilloma squamovs 
T h oot F 8 
Pulp, leukemia mononuclear � 

GARDIOV 
Heart + + + -F + 55 
Leukemia mononuclear .. 13 Endccardiam, schwanr.oma, NOS - 

Adrenal gland + + -F ~- + 55 
Adrenal gland, cortex + + + -s + 54 Hsstiocytic sarcoma, meCastatic 
Leukemia mononuclear :y 15 

Adrenal gland, medulla + + , -F + 55 Leukemia mononuclear ., . 14 
Phaochromooytoma malignant X 
Pfieochromocytoraa benign X y 
Bilateral, pheochromocy4oma benign ;v q 

islets, pancreatic + + k -i + 54 
Adenoma 

Parathyroid gland + + + + F 54 Leukemia mononuclear 
Pituitary gland + f + a. 54 Leukemia mononuclear 
Pam distalis, adenoma IC ); 13 Thyroid gland + + . + 55 
Histiocytic sarcoma motastatic . 
Leukemia moaonucfear � . ' 
C-cell, adenoma g 
C-call, carcinoma 
Follicular call, adenocarcinoma 
Follicular cell, adenoma 

Noee 
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