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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department
of Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of
Health; the National Institute of Environmental Health Sciences (NIEHS), National Institutes of
Health; the National Center for Toxicological Research (NCTR), Food and Drug Administration; and
the National Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control. In
July 1981, the Carcinogenesis Bioassay Testing Program, NCI, was transferred to the NIEHS. The
NTP coordinates the relevant programs, staff, and resources from these Public Health Service agen-
cies relating to basic and applied research and to biological assay development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and
hazardous chemicals. This knowledge is used for protecting the health of the American people and for
the primary prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and
were conducted in compliance with NTP chemical health and safety requirements and must meet or
exceed all applicable Federal, state, and local health and safety regulations. Animal care and use
were in accordance with the Public Health Service Policy on Humane Care and Use of Animals. All
NTP toxicology and carcinogenesis studies are subjected to a comprehensive audit before being pre-
sented for public review. This Technical Report has been reviewed and approved by the NTP Board of
Scientific Counselors' Peer Review Panel in public session; the interpretations described herein rep-
resent the official scientific position of the NTP.

These studies are designed and conducted to characterize and evaluate the toxicologic potential, in-
cluding carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats
and mice). Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on
the bases of human exposure, level of production, and chemical structure. Selection per se is not an
indicator of a chemical's carcinogenic potential.

Anyone who is aware of related ongoing or published studies not mentioned in this report, or of any
errors in this report, is encouraged to make this information known to the NTP. Comments and ques-
tions about these Technical Reports on Toxicology and Carcinogenesis Studies should be directed to
Dr. J.E. Huff, NIEHS, P.O. Box 12233, Research Triangle Park, NC 27709 (919-541-5722).

These NTP Technical Reports are available for sale from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). A list-
ing of printed NTP Technical Reports appears on the inside back cover. Single copies of this Tech-
nical Report are available without charge while supplies last from the NTP Public Information Office,
NIEHS, P.O. Box 12233, Research Triangle Park, NC 27709 (919-541-3991).
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OCH3 
I 

8-METHOXYPSORALEN 

CAS NO. 298-81-7 

Cl 2 b 0 4  Molecular weight 216.2 

Synonyms: 9-methoxy-7H-furo[3,2-g]benzopyran-7-one; 6-hydroxy-7-methoxy-5-benzofuranacrylic 
acid &lactone; 8-MP; 8-MOP; 8-methoxy-(furano-3',2':6,7-coumarin); 8-methoxy-4',5':6,7- 
furocoumarin; 9-methoxypsoralen; 8-methoxypsoralene; methoxsalen; oxypsoralen 

Trade Names: Ammoidin; Meladinin (VAN); Meladinine; Meladoxen; Meloxine; Methoxa-Dome; 
Mopsoralen; Oxsoralen; Soloxsalen; Trioxun; Xanthotoxin; Xanthotoxine 

ABSTRACT 

Oral administration of 8-methoxypsoralen followed by exposure to longwave ultraviolet light (pri- 
marily ultraviolet A, 320-400 nm) is used in the treatment of vitiligo and psoriasis. 8-Methoxypsora- 
len also occurs naturally in a variety of vegetables. Toxicology and carcinogenesis studies of 8-meth- 
oxypsoralen without ultraviolet A were conducted by administering USP-grade 8-methoxypsoralen 
(99% pure) in corn oil by gavage to groups of F344/N rats once or for 16 days, 13 weeks, or 2 years. In 
vitro genetic toxicology tests were performed with bacteria and mammalian cells. 

Single-Administration, Sixteen-Day, and Thirteen- Week Studies: In the single-administration stud- 
ies, the chemical was administered at doses of 0 and 63-1,000 mg/kg. Four of five male rats and 5/5 fe- 
male rats that received 1,000 mg/kg 8-methoxypsoralen died within 2 days. 

In the 16-day studies, the chemical was administered at doses of 0 and 50-800 mg/kg. All rats re- 
ceiving 800 mg/kg died within 5 days, and one male and one female a t  400 mg/kg and one female a t  
200 mg/kg also died before the end of the studies. The final mean body weights of animals at 200 or 
400 mg/kg were 14% or 30% lower than those of vehicle controls. No compound-related effects were 
observed a t  necropsy. 

In the 13-week studies, the chemical was administered at doses of 0 and 25-400 mg/kg. Six of 10 male 
rats and 8/10 female rats that received 400 mg/kg died before the end of the studies. The final mean 
body weight of male rats that received 100,200, or 400 mg/kg was 12%, 22%, or 45% lower than that 
of vehicle controls. The final mean body weight of female rats that received 200 or 400 mg/kg was 
15% or 35% lower than that of vehicle controls. The liver weight to body weight ratios for all dosed 
groups of rats except the lowest (25 mg/kg),were greater than those for vehicle controls. Compound- 
related effects included fatty change in the liver in males and females and atrophy of the testis, semi- 
nal vesicles, and prostate. 

Based on these results, 2-year studies were conducted by administering 0, 37.5, or 75 mg/kg 8-meth- 
oxypsoralen in corn oil by gavage, 5 days per week for 103 weeks, to groups of 50 F344/N rats of each 
sex. 
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Body Weight and Survival in the Two-year Studies: The mean body weights of dosed male rats were 
generally 3%-14% lower than those of vehicle controls, and the mean body weights of high dose 
female rats were 5%-17% lower. The survival of both the low and the high dose groups of male rats 
was lower than that of the vehicle controls (male: vehicle control, 30/50; low dose, 16/50; high dose, 
16/50; female: 39/50; 33/50; 36/50), likely because of kidney toxicity and neoplasia. 

Nonneoplastic and Neoplastic Effects in the Two-year Studies: Mineralization of the renal papilla 
was observed in high dose male rats (vehicle control, 0/50; low dose, 0/50; high dose, 31/49). The se- 
verit,y of nephropathy was increased in dosed male rats. Focal hyperplasia of renal tubular cells was 
observed in dosed male rats (0/50; 8/50; 8/49). The incidences of tubular cell adenomas (1/50; 11/50; 
8/49], adenocarcinomas (0/50; 1/50; 3/49), and adenomas or adenocarcinomas (combined) (1150; 12/50; 
11/49) were increased in dosed male rats. Hyperplasia of the parathyroid glands (2/49; 22/47; 18/48) 
and fibrous osteodystrophy (2/50; 10/50; 12/49) in male rats were secondary to chronic nephropathy. 

The incidences of carcinomas or squamous cell carcinomas (combined) of the Zymbal gland were in- 
creased in dosed male rats (1/50; 7/50; 4/49). The mean historical incidence for carcinomas or squa- 
mous cell carcinomas (combined) in corn oil vehicle control male F344/N rats is 0.8% (16/1,949); the 
highest incidence in any one group is 4% (2/49). 

Fibromas of the subcutaneous tissue in male rats occurred with a positive trend (1150; 5/50; 7/49). An 
additional high dose male had a sarcoma. The mean historical incidence of fibromas or fibrosarcomas 
(combined) of subcutaneous tissue in corn oil vehicle control male F344/N rats is 9% (171/1,949). 

Alveolar/bronchiolar adenomas occurred with a positive trend in male rats (4/50; 9/50; 9/49). The 
mean historical incidence of alveolarhronchiolar neoplasms in corn oil vehicle control male F344/N 
rats is 3% (68/1,944); the highest observed incidence is 10% (5/50). 

Chronic inflammation, ulcers, and epithelial hyperplasia of the forestomach were observed a t  in- 
creased incidences in dosed male rats (chronic inflammation: 1/50; 6/50; 5/49; ulcers: 5/50; 13/50; 
11/49; epithelial hyperplasia: 4/50; 19/50; 20/49). Squamous cell papillomas were observed in two low 
dose male rats. 

Squamous cell papillomas were observed in the palate or tongue of one low dose and three high dose 
female rats; none was observed in vehicle controls. These papillomas were not considered to be relat- 
ed to chemical administration. 

Diffuse hypertrophy of the thyroid gland was observed at increased incidences in dosed male rats 
(2150: 31/50; 39/49). 

Genetic Toxicology: 8-Methoxypsoralen was mutagenic in Salmonella typhimurium strain TA104 in 
the presence and absence of activation and in strains TA98, TA100, and TA102 when tests were con- 
ducted with exogenous metabolic activation; 8-methoxypsoralen was not mutagenic with or without 
activation in strain TA1535. Treatment with 8-methoxypsoralen induced both sister chromatid ex- 
changes (SCEs) and chromosomal aberrations in Chinese hamster ovary (CHO) cells in the absence of 
exogenous metabolic activation; in the presence of activation, induction of SCEs occurred, but no sig- 
nificant increase in chromosomal aberrations was observed. 

Audit: The data, documents, and pathology materials from the 2-year studies of 8-methoxypsoralen 
have been audited at  the NTP Archives. The audit findings show that the conduct of the studies is 
documented adequately and support the data and results given in this Technical Report. 
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Conclusions: Under the conditions of these 2-year gavage studies, there was clear evidence of carcino- 
genic activity* of 8-methoxypsoralen (without ultraviolet radiation) for male F344/N rats, as shown 
by increased incidences of tubular cell hyperplasia, adenomas, and adenocarcinomas of the kidney 
and carcinomas of the Zymbal gland. Subcutaneous tissue fibromas and alveolarhronchiolar adeno- 
mas of the lung in male F344/N rats may have been related to chemical administration. Dose-related 
nonneoplastic lesions in male F344/N rats included increased severity of nephropathy and 
mineralization of the kidney and forestomach lesions. There was no evidence of carcinogenic activity 
of 8-methoxypsoralen for female F344/N rats given the chemical a t  37.5 or 75 mg/kg per day for 2 
years. 

SUMMARY OF THE TWO-YEAR GAVAGE AND GENETIC TOXICOLOGY STUDIES OF 
8-METHOXY PSORALEN 

Male F344/N Rats Female F344/N Rats 

Doses 
0,37.5, or 75 mg/kg 8-methoxypsoralen in corn oil, 5 d/wk 

Body weights in the 2-year study 
Dosed lower than vehicle controls 

Survival rates in the 2-year study 
30/50; 16/50; 16/50 (decreased survival of dosed groups probably 
due to kidney toxicity) 

Nonneoplastic effects 
Mineralization of the renal papilla (0150; 0/50; 31/49); increased 
severity of nephropathy; forestomach lesions 

Neoplastic effects 
Tubular cell adenomas (1150; 11/50; 8/49) and 
adenocarcinomas (060; 1/50; 3/49) of the kidney; 
carcinomas of the Zymbal gland W50; 7/50; 4/49); 
fibromas of the subcutaneous tissue (1150; 5/50; 7/49); 
alveolar/bronchiolar adenomas W50; 9/50; 9/49) 

Level of evidence of carcinogenic activity 
Clear evidence 

Genetic toxicology 

0,37.5, or 75 mg/kg 8-methoxypsoralen in corn oil, 5 d/wk 

High dose lower than vehicle controls 

39/50; 33/50; 36/50 

None 

None 

No evidence 

Salmonella 
(nene mutation) 

Positive with and without S9 

CHO cells in vitro 
SCE Aberration 

Positive with and without S9 Positive without S9; negative with S9 

+Explanation of Levels of Evidence of Carcinogenic Activity is on page 6. 
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 9. 
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY 

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of 
the evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence 
of neoplasia than control animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are 
conducted under a limited set of conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals 
under the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. 0 t h  
organizations, such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on 
an examination of all available evidence including: animal studies such as those conducted by the NTP, epidemiologic studies, 
and estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in labora- 
tory animals requires a wider analysis that extends beyond the purview ofthese studies. 

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evi- 
dence observed in each experiment: two categories for positive resulta (“Clear Evidence” and “Some Evidence”); one category 
for uncertain findings (“Equivocal Evidence”); one category for no observable effecta (“No Evidence”); and one category for ex- 
periments that because of major flaws cannot be evaluated (“Inadequate Study”). These categories of interpretative conclusions 
were first adopted in June 1983 and then revised in March 1986 for use in the Technical Reports series to incorporate more 
specifically the concept of actual weight of evidence of carcinogenic activity. For each separate experiment (male rats, female 
rats, male mice, female mice), one of the following quintet is selected to describe the findings. These categories refer to the 
strength of the experimental evidence and not to either potency or mechanism. 

Clear Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a dose-related 
(i) increase of malignant neoplasms, ( i i )  increase of a combination of malignant and benign neoplasms, or (iii) marked 
increase of benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress 
to malignancy. 

Some Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a chemically 
related increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less 
than that required for clear evidence. 

Equivocal Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a mar- 
ginal increase of neoplasms that may be chemically related. 

No Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing no chemically re- 
lated increases in malignant or benign neoplasms. 

Inadequate Study of Carcinogenic Activity is demonstrated by studies that because of major qualitative or quan- 
titative limitations cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity. 

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would ex- 
tend the actual boundary of an individual category of evidence. This should allow for incorporation of scientific experience and 
current understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be 
on the borderline between two adjacent levels. These considerations should include: 

The adequacy of the experimental design and conduct; 
Occurrence of common versus uncommon neoplasia; 
Progression (or lack thereon from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions; 
Some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it  
is impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent 
course is to assume that benign neoplasms of those types have the potential to become malignant; 
Combining benign and malignant tumor incidences known or thought to represent stages of progression in the same or- 
gan or tissue; 

0 Latency in tumor induction; 
Multiplicity in site-specific neoplasia; 
Metastases; 

0 Supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments 
(same lesion in another sex or species); 
The presence or absence of dose relationships; 

0 The statistical significance of the observed tumor increase; 
The concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm; 
Survival-adjusted analyses and false positive or false negative concerns; 
Structure-activity correlations; and * In some cases, genetic toxicology. 
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SUMMARY OF PEER REVIEW COMMENTS 
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 

8-METHOXYPSORALEN 

On April 18,1988, the draft Technical Report on the toxicology and carcinogenesis studies of 8-meth- 
oxypsoralen received public review by the National Toxicology Program Board of Scientific Counsel- 
ors’ Technical Reports Review Subcommittee and associated Panel of Experts. The review meeting 
was held a t  the National Institute of Environmental Health Sciences (NIEHS), Research Triangle 
Park, North Carolina. 

Dr. J.K. Dunnick, NIEHS, began the discussion by reviewing the experimental design, results, and 
proposed conclusions (clear evidence of carcinogenic activity for male rats, no evidence of carcinogenic 
activity for female rats). 

Dr. Gallo, a principal reviewer, agreed with the conclusions. He asked why the studies were not 
conducted with concurrent administration of ultraviolet (UV) light, since the Food and Drug Admin- 
istration (FDA) had approved use of this drug in humans only with exposure to UV light. He recom- 
mended that the conclusions state that the studies were performed without UV light. Dr. Dunnick re- 
ported that the chemical was nominated by the .FDA with the request that it be studied without UV 
light to determine if there were tumorigenic effects from 8-methoxypsoralen alone. She noted that 
there are appreciable concentrations of 8-methoxypsoralen in some vegetables, e.g., up to 1,000 ppm 
in parsnips. Dr. Gallo asked that more details on dermal effects be added to the discussion [page 531. 

Dr. Sivak, the second principal reviewer, agreed with the conclusions. He proposed that a description 
of the NTP short-term mouse studies with 8-methoxypsoralen and UV light be added to the discussion 
[see Appendix El. 

Dr. Chinchilli, the third principal reviewer, agreed with the conclusions. 

Dr. Lijinsky asked whether there was any indication of a2p-globulin involvement in the tumorigenic 
effects. Dr. Dunnick said that there was no evidence of kidney toxicity or hyaline droplet formation in 
the 13-week studies. Dr. J. Ashby pointed out that this was another chemical containing a furan moi- 
ety which was clearly genotoxic. 

Dr. Gallo moved that the Technical Report on 8-methoxypsoralen be accepted with the revisions dis- 
cussed and the conclusions as written for male rats, clear evidence of carcinogenic activity, and for fe- 
male rats, no evidence of carcinogenic activity. Dr. Hooper seconded the motion, which was approved 
unanimously with nine votes. 
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I, INTRODUCTION 

OCH3 
I 

8-METHOXYPSORALEN 

CAS NO. 298-81-7 

c 12H804 Molecular weight 216.2 

Synonyms: 9-methoxy-7H-furo[ 3,2-g]benzopyran-7-one; 6-hydroxy-7-methoxy-5-benzofuranacrylic 
acid &lactone; 8-MP; 8-MOP; 8-methoxy-(furano-3' ,2':6,7-coumarin); 8-methoxy-4',5':6,7- 
futocoumarin; 9-methoxypsoralen; 8-methoxypsoralene; methoxsalen; oxypsoralen 

Trade Names: Ammoidin; Meladinin (VAN); Meladinine; Meladoxen; Meloxine; Methoxa-Dome; 
Mopsoralen; Oxsoralen; Soloxsalen; Trioxun; Xanthotoxin; Xanthotoxine 

This report describes studies of the toxicity and 
carcinogenicity of 8-methoxypsoralen adminis- 
tered by gavage without concomitant ultraviolet 
radiation exposure. No 2-year studies on the 
toxicity or carcinogenicity of orally administered 
8nzethoxypsoralen in rodents have been re- 
ported in the literature. 

Production and Use 

Oral administration of 8-methoxypsoralen fol- 
lowed by exposure to longwave ultraviolet light 
(primarily ultraviolet A, 320-400 nm) is used to 
facilitate repigmentation in persons with vitili- 
go arid to treat skin disorders such as psoriasis 
and mycosis fungoidis (Swinyard and Pathak, 
1985'1. 8-Methoxypsoralen was licensed for use 
in the United States for vitiligo in 1981 (Fed. 
Regist., 1981) and for psoriasis in 1982 (personal 
communication from V. Glocklin, Food and Drug 
Administration, FDA, to J. Dunnick, NIEHS, 
198%). The recommended dose for the treatment 
of vitiligo is two 10-mg capsules taken 2-4 hours 
before ultraviolet radiation. For psoriasis, the 
recommended therapy is one 10-mg capsule for a 
patient weighing less than 30 kg to four 10-mg 
capsules for a patient weighing more than 66 kg, 
taken 2 hours before ultraviolet exposure. The 
daily dose of 8-methoxypsoralen could be up to 1 
mg/kg or a dose of approximately 37 mg/m2 
(Swinyard and Pathak, 1985; PDR, 1988). This 

treatment is usually given two or three times 
per week, with the ultraviolet A radiation vary- 
ing from 0.5 to 3.0 JIcm2, depending on skin 
type. More recently, 8-methoxypsoralen fol- 
lowed by ultraviolet A therapy has been used in 
the treatment of T-cell lymphomas (Edelson et 
al., 1987). It is estimated that 35,000 prescrip- 
tions were written for 8-methoxypsoralen in  
1986 (personal communication from C. Baum, 
FDA, to J. Dunnick, NIEHS, 1987). 

Exposure to psoralen derivatives also occurs 
through ingestion of foods such as parsnips and 
parsley (Pathak et  al., 1962; Ivie et al., 1981). 
The concentration of 8-methoxypsoralen in pars- 
nip root is reported to be between 26 and 29 ppm 
(Ivie et al., 1981) or up to 1,100 ppm (Ceska et 
al., 1986). 

The use of plant extracts that now are known to 
contain psoralen derivatives, including 8-meth- 
oxypsoralen, for the treatment of skin diseases 
dates back to 1200-2000 B.C. in Egypt and India, 
where boiled extracts from fruits (Ammi majus 
Linnaeus or Psorulea corylifolia L.) were applied 
to the skin or ingested, followed by exposure to 
the sun (Fitzpatrick and Pathak, 1984). 5-Meth- 
oxypsoralen (or Bergapten) may be used in sun- 
screen formulations produced in Europe but is 
not among those products approved for this use 
in the United States (Pathak, 1981). 
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Toxicity in Humans 

Oral administration of 8-methoxypsoralen fol- 
lowed by ultraviolet A radiation has been shown 
to clear general psoriasis (a disorder of epi- 
dermal cell proliferation of unknown etiology), 
and the mechanism for this effect is thought to 
be by inhibition of epidermal DNA synthesis 
(Parrish et al., 1974). Studies showed a dose- 
dependent increase in the development of cuta- 
neous squamous cell carcinomas after combined 
8-methoxypsoralen/ultraviolet A t rea tment  
(Stern e t  al., 1984). Other side effects from 
treatment with &methoxypsoralen and ultravio- 
let A radiation include erythema and impair- 
ment of the immune system (Morison, 1984; 
Kripke, 1984; Gange and Parrish, 1984). Toxic- 
ity from 8-methoxypsoralen alone has not been 
reported. 

8-Me thoxypsoralen with ultraviolet A radiation 
forms crosslinks with DNA (Song, 1984). This 
combined therapy (PUVA) is one of the few 
therapies that cause proliferation (melanogene- 
sis) and growth arrest (inhibition of cell growth) 
in the same tissue (basal layer of epidermis) at 
the samg time (Pathak et al., 1984; Wolff and 
Honigsmann, 1984). 

The international Agency for Research on Can- 
cer reports that the available data  are  inade- 
quate to make an  evaluation on the carcinogen- 
icity of 8-methoxypsoralen alone (or other  
psoralen or isopsoralen derivatives alone) in hu- 
mans or in animals (IARC, 1980, 1982, 1986, 
1987). There is sufficient evidence tha t  8- 
methoxypsoralen given in combination with 
longwave ultraviolet light is carcinogenic to the 
skin of mice and humans (IARC, 1982, 1987; 
Wilbourn e t  al., 1986). 

Tosicity in Animals 

The majority of studies on the toxicity of 8-meth- 
oxypsoralen have dealt with toxicity after expo- 
sure to a combination of 8-methoxypsoralen and 
ultraviolet A. Topically applied 8-methoxy- 
psoralen followed by ultraviolet A radiation pro- 
duces skin tumors in mice (Grube e t  al., 1977; 
Young et al., 1983). 8-Methoxypsoralen given 
orally a t  doses up to 50 mg/kg, 6 days per week, 
to hairless C3HMeN-hr mice for 8 months in 

conjunction with ultraviolet A radiation twice 
per week did not produce an  increase in skin tu- 
mors (skin, liver, kidney, and stomach were ex- 
amined histologically) (Langner e t  al., 1977). 
Earlier studies also showed that orally admin- 
istered psoralen a t  0.6-40 mg/kg body weight or 
200-400 ppm in feed for 4-12 months in combina- 
tion with ultraviolet A radiation (250-400 nm) 
did not produce skin tumors in mice (O'Neal and 
GrZin,  1957; Grflin e t  al., 1958; Pathak et al., 
1959; Langner et al., 1977). 

The oral LDso of micronized 8-methoxypsoralen 
in male Holtzman rats was reported to be 791 
mg/kg, and the oral LD50 in Swiss Webster mice 
was reported to be 449 mg/kg for males and 423 
mg/kg for females (Apostolou et al., 1979). After 
intraperitoneal injection, the LDSO of 8-meth- 
oxypsoralen in Swiss albino rats was 470 mg/kg 
(Hakim et al., 1961). 8-Methoxypsoralen was 
shown to inhibit the in vitro proliferative re- 
sponse of human lymphocytes to phytohemag- 
glutinin and concanavalin A (Cox et al., 1987). 

Metabolism and Distribution 

Maximum blood levels (3,000 ng/ml) occurred 2 
hours after oral administration of Oxsoraleno to 
patients with vitiligo a t  a level of 0.6 mg/kg body 
weight (Chakrabarti et al., 1986). The highest 
plasma level achieved in psoriatic patients after 
a topical dose of 0.32 mg/kg was 69 ng/ml, 4 
hours after application of the drug (Neild and 
Scott, 1982). The maximum plasma level after 
an  oral dose of 40 mg was greater than 1,000 
ng/ml (Busch et al., 1978). 8-Methoxypsoralen 
labeled with carbon-14 a t  the 8 position was ad- 
ministered at 40 mg per person. Sixty percent of 
the radioactivity was excreted in the urine with- 
in 8 hours; by 96 hours, 74% was excreted in the 
urine and 14% in the feces. The main metabolic 
transformation of 8-methoxypsoralen takes 
place at the 2',3' position of the furan r ing 
(Schmid et al., 1980). 

Maximum concentrations of [3HI&methoxy- 
psoralen were seen in serum 10 minutes after 
rats were administered [3H]8-methoxypsoralen 
orally a t  1 mg/kg; the peak serum level was 686 
ng/ml. Maximum concentrations were seen in 
the skin and liver from 30 minutes to 3 hours 
a f te r  chemical  adminis t ra t ion  (Wulf  and  
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Andreasen, 1981; Engel and Wulf, 1982). After 
Sprague Dawley rats were given an intravenous 
dose of [~4Cl8-methoxypsoralen (10 mg/kg), 71% 
and 26% of the dose was recovered in the urine 
and feces, respectively, within 72 hours (Mays et  
al., 1986). Metabolites in the urine identified by 
enzymatic hydrolysis were 8-hydroxypsoralen, 
5-hydroxy-8-methoxypsoralen, 5,8-dihydroxy- 
psoralen, 5,8-dioxopsoralen, and 6-(7-hydroxy- 
8-methoxycoumaryl)-acetic ac id ,  a n d  8- 
methoxypsoralen. 

Reproductive Toxicity 

No studies on the reproductive toxicity or the 
teratogenic potential of 8-methoxypsoralen have 
been located in the literature. 

Genetic Toxicology 

Results from in vitro DNA-binding studies dem- 
onstrated that approximately 2.5% of the availa- 
ble 8-methoxypsoralen (added a t  a ratio of one 8- 
methoxypsoralen molecule for every 30 DNA 
bast: pairs) intercalated with DNA in the ab- 
sence of ultraviolet light (Isaacs et al., 1984). In 
contrast, photoactivation by near (i.e., long- 
wave) ultraviolet light caused 68% of the added 
8-methoxypsoralen (initially present in a ratio of 
one 8-methoxypsoralen molecule for every 22 
DNA base pairs) to covalently bind to DNA. 
This demonstrated a greater than 25-fold in- 
crease in the binding of photoactivated 8-meth- 
oxypsoralen compared with the binding of 8- 
methoxypsoralen without ultraviolet radiation 
(0.82 molecules “dark bound” vs. 31 molecules 
covalently bound per 1,000 DNA base pairs). 
The covalent binding that occurs with photoac- 
tivation is an irreversible reaction that produces 
DNA monoadducts and crosslinks, whereas in- 
tercalation is a reversible association. 

The mutagenicity and toxicity of 8-methoxy- 
psoralen plus ultraviolet A radiation has been 
thoroughly documented in studies with phage 
(Esipova et al., 1978; Belogurov and Zavilgelsky, 
198111, bacteria (Igali et al., 1970; Townsend et 
al., 1971; Ashwood-Smith and Grant ,  1974; 
Bridges et  al., 1979; Peshekhonov and Tarasov, 
1981), fungi (Swanbeck and Thyresson, 1974; 
Averbeck e t  al., 1975; Simpson and Caten, 
1979a,b; Muronets e t  al . ,  1980), and algae 

(Schimmer, 1979). Schimmer and Fischer (1980) 
indicated that the addition of S9 to a culture 
would diminish the toxic and mutagenic proper- 
ties of 8-methoxypsoralen plus ultraviolet radia- 
tion; however, Kirkland et  al. (1983) demon- 
strated that very similar levels of reactivity 
were exhibited by 8-methoxypsoralen plus ultra- 
violet radiation in Escherichia coli WP2uvrA - 
with and without induced rat liver S9. Induction 
of gene mutations, as measured by increased re- 
sistance to thioguanine and azaguanine, was re- 
ported for Chinese hamster V79 cells after treat- 
ment with 8-methoxypsoralen plus ultraviolet 
radiation without S9 (Burger and Simons, 1979; 
Arlett et al., 1980; Frank and Williams, 1982). 
In vitro induction of chromosomal aberrations in 
human lymphocytes (Sasaki and Tonomura, 
1973; Swanbeck e t  al., 1975; Waksvik e t  al., 
1977) and human fibroblasts (Natarajan et  al., 
1981) has been reported, along with induction of 
sister chromatid exchanges (SCEs) (Carter et  al., 
1976; Shafer et al., 1977; Mourelatos e t  al., 
1977a; Abel and Schimmer, 1981; West e t  al., 
1982; Bredberg and Lambert, 1983) and DNA 
strand breaks (Bredberg et  al., 1982). Several 
additional studies with mammalian cells con- 
firmed the clastogenicity of 8-methoxypsoralen 
plus ultraviolet A radiation in vitro (Latt and 
Loveday, 1978; MacRae et al., 1980; Natarry‘an 
et  al., 1981; Ashwood-Smith et al., 1982; Hook et  
al., 1983). 

The in vitro mutagenic activity of 8-methoxy- 
psoralen without ultraviolet radiation (“dark” 
treatment) has been investigated by a number of 
researchers, with varying results. Induction of 
gene mutations by 8-methoxypsoralen alone has 
been reported in bacteria exposed during the 
growth phase when DNA replication was occur- 
ring (Bridges and Mottershead, 1977; Ashwood- 
Smith et al., 1982; Ellenberger, 1982; Kirkland 
et al., 1983). Bridges and Mottershead (1977) re- 
ported tnat 8-methoxypsoralen (30 pg/ml liquid 
preincubation concentration) without ul t ra-  
violet radiation was a frameshift mutagen with- 
out S9 activation in E. coli K12/ND160 and Sal- 
monella typhimurium TA98. Kirkland e t  al. 
(1983) reproduced the “dark” mutagenesis by 8- 
methoxypsoralen (5 pg/plate or 2.5 mg/ml) in E. 
coli WP2uurA-(pKM101) but only in the pres- 
ence of induced rat liver S9; they could not dupli- 
cate the positive response in S .  typhimurium 
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TA98, but this might be the result of the lower 
doses used. The activity observed in the pres- 
ence of S9, also demonstrated by Kirkland et al. 
with 8-methoxypsoralen plus ultraviolet A radi- 
ation, indicates that metabolism does not  
necessarily destroy the mutagenic potential of 
8-methoxypsoralen. Gene mutation, as mea- 
sured by increased asaguanine and thioguanine 
resistance, has been reported in Chinese ham- 
ster V79 cells treated with 8-methoxypsoralen 
alone (Arlett et al., 1980). Small increases in 
SCE frequency were reported for human lym- 
phocytes treated with therapeutically relevant 
doses of 10-6 M 8-methoxypsoralen (Wulf, 19781, 
and larger increases in SCEs were observed in 
human lymphocytes treated with 50-100 times 
the clinical concentration (0.4 pg/ml in the  
peripheral blood) of 8-methoxypsoralen (Faed 
and Peterson, 1980). Treatment of the Syrian 
hamster cell line, BHK-21 , with 22-220 pg/liter 
8-methoxypsoralen induced a marginal increase 
in SCEs which was related to the dose (MacRae 
et al., 1980). These same doses, in conjunction 
with ultraviolet radiation, produced a much 
greater increase in SCEs (at the high dose, 15 
SCEs per cell without ultraviolet radiation and 
106 SCEs per cell with ultraviolet radiation). 

Several studies have reported negative muta- 
genicity results after 8-methoxypsoralen treat- 
ment in the dark. Probst e t  al. (1981) observed 
no increase in revertant colonies in several  
strains of S. typhimurium after treatment with a 
10,000-fold concentration gradient of 8-methox- 
ypsoralen with and without exogenous meta- 
bolic activation. West e t  al. (1982) reported no 
induction of SCEs in human epidermal cells 
treated with up to 2.5 pg/ml 8-methoxypsoralen 
(similar to the serum concentration of the drug 
in patients treated with 8-methoxypsoralen plus 
ultraviolet A radiation), and Latt and Loveday 
(1978) observed no induction of SCEs in Chinese 
hamster ovary cells treated with 6 X 10-6 M 
(therapeutic dose) 8-methoxypsoralen. in the  
dark. Burger and Simons (1979) and Babudri et 
al. (1981) compared the effects of dark treatment 
with 8-methoxypsoralen versus 8-methoxypso- 
ralen plus ultraviolet A radiation in Chinese 
hamster cells; both studies reported induction of 
gene mutation by 8-methoxypsoralen plus ultra- 
violet A radiation but not by 8-methoxypsoralen 
alone. In the Babudri study, 5 pg/ml 8-methoxy- 
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psoralen in the dark produced no increase in 
gene mutation, but when the treatment was ac- 
companied by 2 minutes of ultraviolet radiation, 
a positive response was obtained. Washing of 
the cells to remove nonbound 8-methoxypsora- 
len followed by additional irradiation for up to 6 
minutes greatly increased both the cell killing 
and the mutation frequency, The authors specu- 
lated that the second radiation treatment con- 
verted monoadducts to crosslinks. Although 
both events lead to mutation, crosslinking re- 
sults in greater lethality to cells. In summary, 
the published reports of genetic effects induced 
in vitro by 8-methoxypsoralen alone generally 
indicate a lower level of activity than that seen 
when 8-methoxypsoralen exposure is in the pres- 
ence of ultraviolet radiation. 

Studies of the in vivo genetic effects of 8-meth- 
oxypsoralen and ultraviolet A radiation have, in 
general, been negative. Analysis of human 
lymphocytes obtained from psoriatic patients 
treated with 8-methoxypsoralen plus ultraviolet 
A radiation showed no increase in SCEs or chro- 
mosomal aberrations compared with controls 
(Wolff-Schreiner e t  al., 1977; Mourelatos e t  al., 
1977a,b; Lambert et al., 1978; Brogger e t  al.,  
1978a,b; Faed et al., 1980). However, Albertini 
(1979) reported an  elevated frequency of thio- 
guanine-resistant variants in lymphocytes from 
a group of psoriatic and vitiligo patients com- 
pared with controls, and Friedmann and Rogers 
(1980) observed inhibition of phytohemagglu- 
tinin-stimulated DNA synthesis in lymphocytes 
of psoriatic patients treated with 8-methoxy- 
psoralen plus ultraviolet A radiation. Shuler 
and Latt (1979) reported a dose-related increase 
in SCEs in Chinese hamster cheek pouch muco- 
sal cells after an  intraperitoneal injection of 0.5, 
1.0, 2.5, or 5.0 mg/kg 8-methoxypsoralenJ fol- 
lowed after 45 minutes by 5 minutes of ultravio- 
let irradiation of the cheek pouches, but they de- 
tected no increase in the bone marrow cell SCE 
frequency. No increase in SCEs was seen in ani- 
mals administered 8-methoxypsoralen alone 
(highest dose used was 2.5 mg/kg). 

Study Rationale 

8-Methoxypsoralen was nominated by the  
National Cancer Institute and the Food and 
Drug Administration in 1978 for toxicity and 

8-MethoxypsoralenJ NTP TR 359 



I. INTRODUCTION 

carcinogenicity studies in rats because no data 
were available on the carcinogenicity of this 
compound in rodents after oral administration. 
Orally administered 8-methoxypsoralen in com- 
bination with ultraviolet radiation was being 
considered for use in the treatment of psoriasis 
at the time of nomination. This report describes 
the studies of the toxicity and carcinogenicity of 

&Me thoxypsoralen, NTP TR 359 16 

8-methoxypsoralen alone. The oral route of ad- 
ministration was chosen because the drug is 
given orally to humans. The NTP also per- 
formed studies in HRNSkh mice in which 8- 
methoxypsoralen was administered orally in 
combination with ultraviolet radiation for 13- 
weeks (Dunnick et al., 1987; Appendix E) and for 
1 year (currently ongoing). 
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II.. MATERIALS AND METHODS -. - 

PROCUREMENT AND 
CHARACTERIZATION OF 
8-METHOXYPSORALEN 

8- Methoxypsoralen was obtained in two lots (lot 
nos. 21335 and 21784) from Elder Pharmaceu- 
ticals (Table 1). Purity and identity determina- 
tions on both lots were conducted a t  Midwest Re- 
se irch Institute (MRI) (Kansas City, Missouri). 
MR! reports on the analyses performed in sup- 
port of the 8-methoxypsoralen studies are on file 
a t  NIEHS. 

Both lots of the study chemical were identified 
as 8-methoxypsoralen by spectroscopy; the infra- 
red, ultraviolet/visible, and nuclear magnetic 
resonance spectra (Figures 1 to 4) were consis- 
tent, with those expected for the structure and 
wilh literature spectra (Sadtler Standard Spec- 
tra; Abu-Mustafa and Fayez, 1967; Lee and 
Soine, 1969) of 8-methoxypsoralen. 

Purity for both lots was determined by elemen- 
tal analysis, Karl Fischer water analysis, titra- 
tion for free acid with 0.1 N sodium hydroxide, 
thin-layer chromatography, and gas chromatog- 
raphy. Thin-layer chromatography was per- 
formed on silica gel plates with two solvent sys- 
tenas, 100% anhydrous diethyl ether (system 1) 
and hexanes:e thy1 acetate: methanol (65: 26:9) 
(system 2). Visualization was performed under 
visible light, under ultraviolet light at 254 and 
366 rim, and with a spray reagent of alkaline po- 
tassium permanganate. Gas chromatographic 
analysis was performed with flame ionization 
detection and a nitrogen carrier on a 1% SPlOOO 
column (system 1) and on a 3% SP2100 column 
(system 2). The results of the elemental analy- 
ses for carbon and hydrogen were in agreement 

with the theoretical values for both lots. The 
water content of both lots was less than 0.1%. 
Titration of free acid indicated concentrations of 
less than 0.1% for lot no. 21335 and 0.20% for lot 
no. 21784. Gas chromatography of lot no. 21335 
indicated one impurity with a n  area of 0.42% 
that of the major peak (system 1) or one impurity 
with a relative area of 0.28% (system 2); lot no. 
21784 also had one impurity by each system, 
with relative areas of 0.20% (system 1) and 
0.16% (system 2). Thin-layer chromatography 
detected only a single spot in both lots with sys- 
tem 1 and a major spot and a trace impurity in 
both lots with system 2. Comparison of the mo- 
lar absorptivity at 300 nm of the study chemical 
with a USP standard indicated a purity of 96.9% 
for lot no. 21335 and 99.5% for lot no. 21784. 
USP specifications are 98%-102%. 

Reanalysis of lot no. 21335 was conducted in 
September 1984 with the standard USP battery 
of tests. The study material met USP require- 
ments for the infrared spectrum, had a melting 
point of 144.9'-146.4' C, and contained 0.07% 
water; a 0.02% residue after ignition was ob- 
served. The material was within specifications 
for heavy metal content and showed a single spot 
by thin-layer chromatography with benzene: 
ethyl acetate (9:l) as a solvent system. Compari- 
son of the molar absorbance at 300 nm with a 
USP standard indicated a purity of 100.4%. Re- 
sults of all tests were within USP specifications. 

Stability studies performed by gas chromatog- 
raphy with the same system as described before 
for system 2 indicated that 8-methoxypsoralen 
was stable as the bulk chemical within the lim- 
i ts  of experimental error, when stored for 2 
weeks protected from light a t  temperatures up 

TAIISLE 1. IDENTITY AND SOURCE OF I-METHOXYPSORALEN USED IN THE GAVAGE STUDIES 

Single-Adminis tration Sixteen-Day Thirteen-Week 
Studies Studies Studies 

Two-year 
Studies 

Lot Numbers 
213351 21335 21335 21335;21784 

Date of Initial Use 
8/23/79 311 8/00 5/28/80 21335--5/28/81; 

21784-1 1/23/81 
Supplier 
Elder Pharmaceuticals Elder Pharmaceuticals Elder Pharmaceuticals 2 1335-Elder Pharmaceuticals 
(Brynn, OH) (Bryan,OH) (Bryan, OH) (Bryan, OH); 21784-Elder 

Pharmaceuticals (Covina, CA) 
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II. MATERIALS AND METHODS 

to 60" C. 8-Methoxypsoralen was kept protected 
from light in sealed plastic containers at room 
temperature. Periodic characterization of 8- 
methoxypsoralen by ultraviolet spectroscopy a t  
249 nm and with the same gas chromatographic 
system as described for system 1 detected no 
deterioration over the course of the studies. 

PREPARATION AND 
CHARACTERIZATION OF DOSE 
MIXTURES 

For the single-administration studies, 8-methox- 
ypsoralen was suspended in corn oil by homoge- 
nizing the mixture in a blender (Table 2). 8- 
Methoxypsoralen was difficult to mix with corn 
oil; in the rest of the studies, it  was dissolved in 
acetone and then mixed with corn oil; the ace- 
tone was then removed under vacuum at 40" C, 
leaving a milky suspension. The stability of 8- 
methoxypsoralen in corn oil (10 mg/ml) was de- 
termined by gas chromatography with flame 
ionization detection and a 5% NPGSB plus 1% 

phosphoric acid column with nitrogen as the car- 
rier, after extraction with acetonitrile, centri- 
fugation, and the addition of triphenylethylene 
as an  internal standard. The chemical, dis- 
persed in corn oil as a finely divided amorphous 
solid, exhibited a 2% decrease in concentration 
after 7 days' storage in the dark at room tem- 
perature. The dose mixtures were stored for up 
to 10 days in the dark at 5" C for the 16-day and 
most of the 13-week studies. For the remainder 
of the 13-week studies, they were stored a t  room 
temperature. For the 2-year studies, dose mix- 
tures were kept at room temperature usually for 
no longer than 13 days. The analytical chemis- 
try laboratory performed an additional study by 
high-performance liquid chromatography to de- 
termine the stability of 8-methoxypsoralen in 
corn oil; a Waters pBondapak Cl8 column with 
detection a t  254 nm and with a mobile phase of 
water:acetonitrile (55:45) was used. 8-Methoxy- 
psoralen in corn oil a t  a concentration of 3.5 
mg/ml was stable in the dark a t  room tempera- 
ture for 14 days. 

TABLE 2. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OF 
8-METHOXY PSORALEN 

Single-Administration Sixteen-Day Thirteen-Week 
Studies Studies Studies 

Two-year 
Studies 

Preparation 
Suspensions of 8-methoxy- 
psoralen were prepared by 
mixing the appropriate 
weight ofchemical with the 
appropriate volume of corn oil 
for 3 min in a Waring blender 

Maximum Storage Time 
Overnight 

Storage Conditions 
In refrigerator in the dark 

The chemical was dis- 
solved in acetone and 
mixed with corn oil; 
acetone was removed by 
rotary evaporation until 
constant weight was ob- 
tained. Samples were 
prepared under white flu- 
orescent light, but flasks 
were covered with tin foil 
during evaporation. The 
suspensions were kept in 
foil-wrapped round-bottom 
flasks and were stirred 
constantly with a magnet- 
ic stirrer during dosing 

Similar to 16-d studies except 
prepared under yellow fluo- 
rescent light 

10 d 10 d 

5" C in the dark 5OC in the dark until 6/16/80; 
room temperature thereafter 

Chemical dissolved in acetone 
and mixed with corn oil; ace- 
tone removed by rotary evap- 
oration at 40'C; all procedures 
conducted under yellow fluo- 
rescent light 

13 d (on two occasions stored for 
19-21 d) 

At room temperature in glass- 
stoppered, foil-wrapped flasks 
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II. MATERIALS AND METHODS 

F'eriodic analysis of formulated 8-methoxy- 
psoralen in corn oil was conducted a t  the study 
laboratory and at the analytical chemistry labo- 
ratory. For the 13-week studies, dose mixtures 
were analyzed three times by gas chromatog- 
raphy with flame ionization detection after the 
dose mixture was extracted with acetonitrile. 
The first analysis was performed with a n  ex- 
ternal standard and a 10% DC200 column with 
nitrogen as the carrier; the other analyses were 
performed with triphenylethylene as an  internal 
standard with the same column as described 
ahove. Samples mixed on July 17, 1980, were 
analyzed with both internal and external stand- 
ards; results ranged from 00% to 98.5% of the 
target concentrations (Table 3). Concentrations 
were consistently low, although generally with- 
in the & 10% limits, because of crystallization of 

8-methoxypsoralen on the wall of the flask 
during evaporation of the acetone in preparation 
of the dose mixtures. Samples were kept at room 
temperature protected from light to minimize 
the problem of crystallization. 

During the 2-year studies, the dose mixtures 
were analyzed at approximately 8-week inter- 
vals by gas chromatography or ultraviolet ab- 
sorption at 249 nm after extraction with aceto- 
nitrile. For the 8-methoxypsoralen studies, the 
mixtures were formulated within *lo% of the 
target concentrations 39/42 times (approxi- 
mately 93%) throughout the studies (Table 4). 
Results of periodic referee analyses performed 
by the analytical chemistry laboratory indicated 
agreement with the results from the study 
laboratory (Table 5 ) .  

TABLE 3. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEEN-WEEK GAVAGE STUDIES 
OF I-METHOXYPSORALEN 

Concentration of I-Methoxy~soralen in Corn Oil (mg/ml) Determined a s  a 
Date Mixed Target Determined (a) Percent of Target 

05/30/80 

0711 7/80 

08JZ1/80 

5.0 
10.0 
20.0 
40.0 
80.0 

10.0 
20.0 
40.0 
80.0 
10.0 
20.0 
40.0 
80.0 

10.0 
20.0 
40.0 
80.0 

(b,c) 4.7 
(b,d 9.0 

(b,c) 18.0 
(b,c) 36.0 
(b,c) 78.8 

8.8 
18.8 
38.8 
74.2 

(c) 8.8 
(c) 19.4 
(c) 36.9 
(c )  74.8 

(b)9.7 
(b) 19.4 
(b) 38.5 
(b) 73.8 

94 
90 
90 
90 
98.6 

(d) 88 
94 
97 
93 

(d) 88 
97 
92 
93.6 

96 
97 
96 
92 

(a 1 Resultsof duplicate anaiysis unless otherwise specified 
fb 1 Results of single analysis 
(cl Performed with external standard 
Id 1 Out of specifications 
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TABLE 4. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF 
8-METHOXY PSORALEN 

Date Mixed 

Concentration of 8-Methoxypsoralen in Corn Oil for Target 
Concentration (mg/ml) (a) 

7.5 15 

05/19/81 

06/26/81 

07/16/81 

09/22/81 

11/17/81 
0111 2/82 
03/16/82 
05/18/82 
07/16/82 
09/07/82 
11/02/82 
01/06/83 
01/25/83 
0211 6/83 
0311 1/83 
04/19/83 
06/12/83 

(b) 7.78 
(b) 7.98 

7.99 
7.82 
7.69 
7.98 
7.45 
7.34 

(d) 7.49 
(d) 7.42 
(d) 7.62 
(d) 7.17 
(d) 7.42 
(d) 6.92 
(d) 8.03 

7.67 
(e) 8.09 
(08.16 

7.50 
(c) 8.28 

7.82 

(b) 16.2 
(b) 16.0 

16.2 
(c) 16.9 

16.4 
16.0 
14.8 
14.8 

(d) 14.6 
(d) 14.4 
(d) 14.8 
(d) 14.8 
(d) 14.8 
(d) 14.3 
(d) 16.4 

15.7 
(e) 16.4 
(0 16.0 

15.3 
(c) 17.3 

16.0 

Mean (mg/ml) 
Standard deviation 
Coefficient of variation (percent) 
Range (mg/ml) 
'Number of samples 

7.70 
0.347 
4.5 

6.92-8.28 
21 

15.6 
0.87 
5.6 

14.3- 17.3 
21 

(:a) Results of duplicate analysis 
i:b) Results of reanalysis 1 week after original analysis; mixture not used in the studies. 
I:C) Outside of specifications; used in the studies. 
(d) Results of triplicate analysis 
[:e) Analysis performed on archival sample 1 month after mixing 
I:D Results of single analysis 

'FABLE 1. RESULTS OF REFEREE ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE 
STUDIES OF 8-METHOXYPSORALEN 

Date Mixed 

Determined Concentration (mg/ml) 

(mg/ml) Laboratory (a) Laboratory (b) 
Target Concentration Study Referee 

05/19/81 
07/14/81 
01/25/83 
0611 2/83 

7.4 
16.0 
7.5 

15.0 

7.78 
16.0 

(c) 8.09 
16.0 

7.70 
14.94 
7.74 

15.2 

fa) Results of duplicate analysis 
ifb) Results of triplicate analysis 
( I C )  Analysis performed on an  archival sample 1 month after the mix date 
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II. MATERIALS AND METHODS 

SINGLE-ADMINISTRATION STUDIES 

Male and female F344/N rats  were obtained 
from Charles River Breeding Laboratories and 
held for 14 days before the studies began. 
Groups of five males and five females were ad- 
ministered a single dose of 0, 63, 125, 250, 500, 
or 1,000 mg/kg 8-methoxypsoralen in corn oil by 
gavage. Rats were observed once per day and 
were weighed on day 1. Necropsies were not per- 
formed. Details of animal maintenance are  pre- 
sented in Table 6. 

SIXTEEN-DAY STUDIES 

Male and female F344/N rats were obtained 
from Charles River Breeding Laboratories and 
held for 12 days before the studies began. Ani- 
mals were 7 weeks old when placed on study. 
Groups of five males and five females were ad- 
ministered 0, 50, 100, 200, 400, or 800 mg/kg 8- 
methoxypsoralen in corn oil by gavage on 12 
days over a l 6 d a y  period. Rats were observed 
once per day and were weighed on days 0 ,7 ,  and 
15. A necropsy was performed on all animals. 
Details of animal maintenance are  presented in 
Table 6. 

THIRTEEN-WEEK STUDIES 

Thirteen-week studies were conducted to evalu- 
ate the cumulative toxic effects of repeated ad- 
ministration of 8-methoxypsoralen and to deter- 
mine the doses to be used in the 2-year studies. 

Four-week-old male and female F344/N rats  
were obtained from Charles River Breeding Lab- 
oratories, observed for 13 days, distributed to 
weight classes, and assigned to groups according 
to a table of random numbers. Groups of 10 
males and 10 females were administered 0, 25, 
50,100,200, or 400 mg/kg 8-methoxypsoralen in 
corn oil by gavage, 5 days per week for 13 weeks. 
Rats were observed once per day and were 
weighed on days 0,7, and 15. Moribund animals 
were killed. Individual animal weights were re- 
corded once per week. At  the end of the 13-week 
studies, survivors were killed. A necropsy was 
performed on all  animals  except those ex- 
cessively autolyzed or cannibalized. Tissues and 
groups examined are listed in Table 6. 
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TWO-YEAR STUDIES 

Study Design 

Groups of 50 male and 50 female rats were ad- 
ministered 0, 37.5, or 75 mg/kg 8-methoxy- 
psoralen in corn oil by gavage, 5 days per week 
for 103 weeks. 

Source and Specifications of Animals 

The male and female F344/N rats used in these 
studies were produced under strict barrier condi- 
tions at Charles River Breeding Laboratories 
under a contract to the Carcinogenesis Program. 
Breeding stock for the foundation colony at the 
production facility originated a t  the National In- 
stitutes of Health Repository. Animals shipped 
for study were progeny of defined microflora-as- 
sociated parents that were transferred from iso- 
lators to barrier-maintained rooms. Animals 
were shipped to the study laboratory a t  4-5 
weeks of age and were quarantined a t  the study 
facility for 2 weeks. Thereafter, a complete nec- 
ropsy was performed on five animals of each sex 
to assess their health status. The rats were 
placed on study a t  6-7 weeks of age. The health 
of the animals was monitored during the course 
of the studies according to the protocols of the 
NTP Sentinel Animal Program (Appendix Cl. 

Animal Maintenance 

Animals were housed five per cage. Feed and 
water were available ad libitum. Cages were ro- 
tated once per week. Further details of animal 
maintenance are  given in Table 6. Each dose 
group was housed on a separate rack. Each rack 
had five tiers (five cages per tier). Study groups 
were housed on the top four tiers, and sentinel 
animals were housed on the bottom tier. Once 
per week, all cages on the fourth tier were moved 
to the top tier and cages on the top three rows 
were moved down one tier. Special yellow flu- 
orescent lighting in animal rooms was on for 12 
hours (6:30 a.m.-6:30 p.m.1 and off for 12 hours. 
General Electric F40/GO (40 W yellow) bulbs 
were used to reduce exposure to ultraviolet radi- 
ation known to be emitted by conventional flu- 
orescent bulbs. The emission spectrum of 
F40/GO bulbs is about 500-700 nm, whereas that 



TABLE «. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF
8-METHOXYPSORALEN

Single-Administration
Studies

Sixteen-Day
Studies

Thirteen-Week
Studies

Two-Year
Studies

EXPERIMENTAL DESIGN

Size of Study Groups
5 males and 5 females

Doses
0,63,125,250,500, or 1,000
mg/kg 8-methozypsoralen
in corn oil by gavage; dose
vol-5 ml/kg; multiple
doses of 250 mg/kg were
given to the 500 and 1,000
mg/kg groups; vehicle con-
trols received 4 doses of 5
ml/kg corn oil

Date of First Dose
8/23/79

Date of Last Dose
N/A

5 males and 5 females

0,50,100,200,400, or
800 mg/kg 8-methoxy-
psoralen in corn oil by
gavage; dose vol-
5 ml/kg

3/18/80

4/2/80

10 males and 10 females

0,25,50,100,200, or 400
mg/kg 8-methoxypsoralen in
corn oil by gavage; dose vol-
5 ml/kg except for wk 6 when
all groups except 400 mg/kg
received 2.5 ml/kg

5/28/80

8/27/80

Duration of Dosing
Single dose 5 d/wk for 12 doses over 5 d/wk for 13 wk

16 d

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

thereafter

Necropsy and Histologic Examinations
No necropsy performed Necropsy performed on

all animals; histologic
exams not performed

Observed 1 X d; weighed
initially and 1 X wk
thereafter

50 males and 50 females

0,37.5, or 75 mg/kg 8-methoxy-
psoralen in corn oil by gavage;
dose vol-5 ml/kg

5/28/81

75 mg/kg groups-5/18/83;
37.5 mg/kg groups-5/23/83

5 d/wk for 103 wk

Observed 1 X d; weighed
initially, 1 X wk for 13 wk,
and then 1 X mo

Necropsy performed on all
animals; histologic exams per-
formed on the following tis-
sues of the vehicle control, 200
mg/kg, and 400 mg/kg groups:
adrenal glands, brain, colon,
esophagus, eyes, gross lesions
and tissue masses with region-
al lymph nodes, heart, kidneys,
liver, lungs and mainstem
bronchi, mammary gland,
mandibular or mesenteric
lymph nodes, pancreas, para-
thyroids, pituitary giand,
prostate/testes or ovaries/
uterus, salivary glands, small
intestine, spinal cord (if neu-
rologic signs present), spleen,
sternebrae or vertebrae or fe-
mur including marrow, stom-
ach, thymus, thyroid gland,
trachea, and urinary bladder;
liver examined for lower dose
groups; liver weighed at
necropsy

Necropsy and histologic exams
performed on all animals; the fol-
lowing tissues were examined:
adrenal glands, brain, cecum, clit-
oral or preputial glands, colon,
costochondral junction, duode-
num, esophagus, eyes, gross le-
sions and tissue masses with re-
gional lymph nodes, heart and
aorta, ileum, jejunum, kidneys,
larynx and pharynx, liver, lungs
and bronchi, mammary gland,
mandibular and mesenteric
lymph nodes, nasal cavity and
turbinates, oral cavity, pancreas,
parathyroids, pituitary gland,
rectum, salivary glands, sciatic
nerve, scrotal sac/tunica vagina-
lis/seminal vesicles/prostate/epi-
didymis/testes or ovaries/uterus,
spinal cord, spleen, sternebrae or
vertebrae or femur including mar-
row, stomach, thigh muscle, thy-
mus, thyroid gland, tongue, tra-
chea, urinary bladder, and
Zymbal gland
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES O F  
8-METHOXYPSORALEN (Continued) 

Single- Administration Sixteen-Day Thirteen-Week 
Studies Studies Studies 

Two-year 
Studies 

AMMALS AND ANIMAL MAINTENANCE 

Strain and  Species 
F 3 W  rats F344/N rats F344/N rats 

Animal Source 
Charles River Breeding Charles River Breeding Charles River Breeding 
Laboratories (Portage, MI) 

Study Laboratory 
SRI International SRI International SRI International 

Laboratories (Portage, MI) Laboratories (Portage, MI) 

Method of Animal Identification 
Ear punch Ear punch 

Time Held Before Study 
14 d < 12 d 

Age When Placed on Study 
6 wk 7 wk 

Age When Killed 
8 wk 9 wk 

Necropsy or  Kill Dates 
9rrn9 4/3/80 

Method of Animal Distribution 
Animals distributed to weight 
classes and then assigned to 
cages by one table of random 
numbers and to groups by 
another table of random 
numbers 

Feed 
k i n a  Rodent Laboratory 
Chow P5001' 

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

Water 
Automatic watering system 
deionized water, sterilized 
by UV; available ad libitum 

Cages 
Polyethylene (Lab Products, 
Inc., Rochelle Park, NJ) 

Cage Filters 
Nonwoven polyester fiber 
(Lab Products, Inc., 
Rochelle Park, N J )  

Ear punch 

13 d 

6 wk 

19 wk 

F344/N rats 

Charles River Breeding 
Laboratories (Kingston, NY) 

SRI International 

Ear punch 

14d 

6-7 wk 

110-113 wk 

Vehicle control--6/6/83-6/9/83; 
37.5 m@g--6/1/83-6/3/03; 
75 mglkg--5126/03-5/3 1/83 

Same as single-adminis- 
tration studies studies studies 

Same as single-administration Same as single-administration 

NIH 07 Rat and Mouse 
Ration (Zeigler Bros., Inc., 
Gardners, PA); available 
ad libitum 

Same as 16-d studies Same as 16-d studies 

Ab-Sorb-Dri (Lab Prod- Ab-Sorb-Dri (Lab Products, Ab-Sorb-Dri hardwood chips (Lab 
ucts, Inc., Maywood, NY) Inc., Rochelle Park, NJ )  Products, lnc., Maywood, NY) 

Same as single-adminis- Automatic watering system Automatic watering system (SRI 
tration studies (Systems Engineering, Napa, International and Systems 

Engineering, Napa, CAI; de- 
ionized, filtered, UV-sterilized 
water available ad libitum 

GA); available ad libitum 

Same as single-adminis- Polycarbonate (Lab Products, Same as 13-wk studies 
tration studies Inc., Rochelle Park, NJ) 

Same as single-adminis- Same as single-administration Polyester filter sheets (Snow 
tration studies studies Filtration, Cincinnati, OH) 
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF 
8-METHOXY PSORALEN (Continued) 

Single-Administration Sixteen-Day Thirteen-Week 
Studies Studies Studies 

Two-year 
Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Cage Rotation 
None None 1 x w k  1 x wk 

Animals per Cage 
5 5 5 5 

Other Chemicals on Study in the Same Room 
None None None None 

Animal Room Environment 
Temp-22' f 4' C; Temp-24" f 2'C; Temp-74'-78' F; Temp--68'-84" F; 

fluorescent light 12 Md; 
12-15 room air changes/h 

h~m--60%-65%; hum--40%-60%; yellow hum--46%-76%; h~m--20%-93%; 
fluorescent light 12 Md; yellow fluorescent light 12 h/d; yellow fluorescent light 12 h/d; 
12-15 room air changes/h 13-15 room air changed 13-6-15 room air changed 

of conventional white bulbs (F40 CW) ranges 
from 310 to 700 nm. No ultraviolet radiation 
was detected at the level of the top animal cages 
in the yellow-lighted room. 

Clinical Examinations and Pathology 

A11 animals were observed one time per day, and 
clinical signs were recorded a t  least once per 
month. Body weights were recorded once per 
week for the first 13 weeks of the studies and 
once per month thereafter. Mean body weights 
were calculated for each group. Animals found 
moribund and those surviving to the end of the 
studies were humanely killed. A necropsy was 
performed on all animals including those found 
dead, unless they were excessively autolyzed or 
c,annibalized, missexed, or missing. Thus, the 
number of animals from which particular organs 
or tissues were examined microscopically varies 
and is not necessarily equal to the number of 
animals that were placed on study. 

During necropsy, all organs and tissues were ex- 
amined for grossly visible lesions. Tissues were 
preserved in 10% neutral buffered formalin, em- 
bedded in paraffin, sectioned, and stained with 
hematoxylin and eosin. Tissues examined are  
listed in Table 6. 

When the pathology evaluation was completed, 
the slides, paraffin blocks, and residual wet 
tissues were sen t  to the NTP Archives for 
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inventory, slide/block match, and wet tissue 
audit .  The slides, individual animal da ta  
records, and pathology tables were sent to a n  
independent quality assessment laboratory. The 
individual animal records and tables were 
compared for accuracy, slides and tissue counts 
were  ver i f ied,  a n d  h i s t o t e c h n i q u e  w a s  
evaluated. All tumor diagnoses, a l l  target  
tissues, and all tissues from a randomly selected 
10% of the animals were evaluated by a quality 
assessment pathologist. The quality assessment 
repor t  and  s l ides  were submit ted to  t h e  
Pathology Working Group (PWG) Chairperson, 
who reviewed all target tissues and those about 
which there was a disagreement between the 
laboratory and quality assessment pathologists. 

Representative slides selected by the Chairper- 
son were reviewed by the PWG without knowl- 
edge of previously rendered diagnoses. When 
the consensus diagnosis of the PWG differed 
from that of the laboratory pathologist, the lab- 
oratory pathologist was asked to reconsider the 
original diagnosis. This procedure has been de- 
scribed, in part, by Maronpot and  Boorman 
(1982) and Boorman et al. (1985). The final di- 
agnoses represent a consensus of contractor pa- 
thologists and the NTP Pathology Working 
Group. For subsequent analysis of pathology 
data, the diagnosed lesions for each tissue type 
a re  combined according to the guidelines of 
McConnell et al. (1986). 
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II. MATERIALS AND METHODS

Slides/tissues are generally not evaluated in a
blind fashion (i.e., without knowledge of dose
group) unless the lesions in question are subtle
or unless there is an inconsistent diagnosis of le-
sions by the laboratory pathologist. Nonneo-
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

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

Survival Analyses: The probability of survival
was estimated by the product-limit procedure of
Kaplan and Meier (1958) and is presented in the
form of graphs. Animals were censored from the
survival analyses at the time they were found to
be missing or dead from other than natural
causes; animals dying from natural causes were
not censored. Statistical analyses for a possible
dose-related effect on survival used the method
of Cox (1972) for testing two groups for equality
and Tarone's (1975) life table test for a dose-re-
lated trend. When significant survival differ-
ences were detected, additional analyses using
these procedures were carried out to determine
the time point at which significant differences in
the survival curves were first detected. All re-
ported P values for the survival analysis are
two-sided.

Calculation of Incidence: The incidence of neo-
plastic or nonneoplastic lesions is given as the
ratio of the number of animals bearing such le-
sions at a specific anatomic site to the number of
animals in which that site was examined. In
most instances, the denominators include only
those animals for which the site was examined
histologically. However, when macroscopic ex-
amination was required to detect lesions (e.g.,
skin or mammary tumors) prior to histologic
sampling, or when lesions could have appeared

at multiple sites (e.g., lymphomas), the de-
nominators consist of the number of animals on
which a necropsy was performed.

Analysis of Tumor Incidence: Three statistical
methods are used to analyze tumor incidence
data: life table tests, incidental tumor analysis,
and Fisher exact/Cochran-Armitage trend anal-
yses. Tests of significance include pairwise com-
parisons of high dose and low dose groups with
vehicle controls and tests for overall dose-re-
sponse trends. For studies in which admin-
istration of the study compound has little effect
on survival, the results of the three alternative
analyses will generally be similar. When differ-
ing results are obtained by the three methods,
the final interpretation of the data will depend
on the extent to which the tumor under consid-
eration is regarded as being the cause of death.
Continuity-corrected tests are used in the analy-
sis of tumor incidence, and reported P values are
one-sided. For statistical purposes, all animals
that died or were killed after the first day of the
terminal kill were considered to have died on the
first day of the terminal kill. The procedures de-
scribed below also were used to evaluate selected
nonneoplastic lesions.

Life Table Analyses-The first method of anal-
ysis assumed that all tumors of a given type ob-
served in animals dying before the end of the
study were "fatal"; i.e., they either directly or in-
directly caused the death of the animal. Accord-
ing to this approach, the proportions of tumor-
bearing animals in the dosed and vehicle control
groups were compared at each point in time at
which an animal died with a tumor of interest.
The denominators of these proportions were the
total number of animals at risk in each group.
These results, including the data from animals
killed at the end of the study, were then com-
bined by the Mantel-Haenszel method (1959) to
obtain an overall P value. This method of ad-
justing for intercurrent mortality is the life table
method of Cox (1972) and of Tarone (1975). The
underlying variable considered by this analysis
is time to death due to tumor. If the tumor is
rapidly lethal, then time to death due to tumor
closely approximates time to tumor onset. In
this case, the life table test also provides a com-
parison of the time-specific tumor incidences.
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II. MATERIALS AND METHODS 
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Incidental Tumor Analyses--The second method 
of analysis assumed that all tumors of a given 
type observed in animals that died before the 
end of the study were “incidental”; i.e., they 
were merely observed at necropsy in animals dy- 
ing of an unrelated cause. According to this a p  
proach, the proportions of tumor-bearing ani- 
mals in dosed and vehicle control groups were 
compared in each of five time intervals: weeks 
0-52, weeks 53-78, weeks 79-92, week 93 to the 
week before the terminal-kill period, and the 
terminal-kill period. The denominators of these 
proportions were the number of animals actually 
examined for tumors during the time interval. 
The individual time interval comparisons were 
then combined by the  previously described 
method to obtain a single overall result. (See 
Haseman, 1984, for the computational details of 
both methods.) A recently developed method for 
the analysis of incidental tumors based on 
Logistic regression (Dinse and Lagakos, 1983) 
was also employed as  a supplemental test in 
some instances. This method has the advantage 
of not requiring time intervals in the statistical 
evaluation. 

Fisher Exact/Cochran-Armitage Trend Analy- 
ses--In addition to survival-adjusted methods, 
the results of the Fisher exact test for pairwise 
comparisons and the Cochran-Armitage linear 
trend test (Armitage, 1971; Gart et al., 1979) are 
given in the appendixes containing the analyses 
of tumor incidence. These two tests are based on 
the overall proportion of tumor-bearing animals 
rind do not adjust for survival differences. 

Nistorical 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 overall assess- 
ment of tumor incidence. Consequently, control 
tumor incidences from the NTP historical con- 
trol data base (Haseman et al., 1984, 1985) are 
included for those tumors appearing to show 
compound-related effects. 

GENETIC TOXICOLOGY 

liadmonella Protocol: Testing was performed as 
rbeported by Ames et al. (1975) with modifica- 
tions listed below and described in greater detail 
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by Haworth et al. (1983) and Mortelmans et al. 
(1986). All tests were performed under yellow 
light to eliminate interaction of 8-methoxy- 
psoralen with ultraviolet radiation. Chemicals 
were sent to the laboratories as coded aliquots 
from Radian Corporation (Austin, Texas). The 
study chemical was incubated with the Salmo- 
nella typhimurium tester strains (TA98, TA100, 
TA102, TA104, and TA1535) either in buffer or 
S9 mix (metabolic activation enzymes and cofac- 
tors from Aroclor 1254-induced male Sprague 
Dawley rat or Syrian hamster liver) for 20 min- 
utes at 37” C before the addition of soft agar sup- 
plemented with L-histidine and D-biotin and sub- 
sequent plating on minimal glucose agar plates. 
Incubation was continued for an additional 48 
hours. 

Chemicals were tested in a hierarchy, with ini- 
tial screening performed in TA98 and TA100. 
Because the positive responses obtained in these 
two strains were not particularly strong, addi- 
tional tests were conducted with TA1535. The 
negative results in this strain prompted further 
testing with TA102 and TA104. 

1 

Each test consisted of triplicate plates of concur- 
rent positive and negative controls and of a t  
least five doses of the study chemical. The high 
dose was limited by toxicity or solubility but did 
not exceed 10 mg/plate. All negative assays 
were repeated and all positive assays were re- 
peated under the conditions that elicited the 
positive response. 

A positive response was defined as a repro- 
ducible, dose-related increase in histidine-inde- 
pendent (revertant) colonies in any one strain/ 
activation combination. An equivocal response 
was defined as an  increase in revertants which 
was not dose related, not reproducible, or of in- 
sufficient magnitude to support a determination 
of mutagenicity. A response was considered ne- 
gative when no increase in revertant colonies 
was observed after chemical treatment. 

Chinese Hamster Ouary Cytogenetics 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,  
Texas). Chemicals were tested in cultured 
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11. MATERIALS AND METHODS -- 

Chinese hamster ovary (CHO) cells for induction 
of sister chromatid exchanges (SCEs) and chro- 
mosomal aberrations both in the presence and 
amence of Aroclor 1254-induced male Sprague 
Dawley rat liver S9 and cofactor mix. Cultures 
were handled under gold lights to prevent photo- 
lysis of bromodeoxyuridine (BrdUI-substituted 
DNA. Each test consisted of concurrent solvent 
arid positive controls and of a t  least three doses 
01’ the study chemical; the high dose was limited 
by toxicity or solubility but did not exceed 5 
mg/ml. 

Ir, the SCE test without S9, CHO cells were incu- 
brtted for 26 hours with the study chemical in 
McCoy’s 5A medium supplemented with 10% fe- 
tal bovine serum, L-glutamine (2 mM), and anti- 
biotics. BrdU was added 2 hours after culture 
initiation. After 26 hours, the medium contain- 
ing the study chemical was removed and re- 
placed with fresh medium plus BrdU and colce- 
mid, and incubation was continued for 2 more 
hcIIiirs. Cells were then harvested by mitotic 
shake-off, fixed, and stained with Hoechst 33258 
and Giemsa. In the SCE test with S9, cells were 
incubated with the chemical, serum-free medi- 
um, and S9 for 2 hours. The medium was then 
re nioved and replaced with medium containing 
BrdU and no study chemical; incubation pro- 
ceeded for an additional 26 hours, with colcemid 
present for the final 2 hours. Harvesting and 
staining were the same as for cells treated with- 
out s9. 

In the chromosomal aberration test without S9, 
cells were incubated in McCoy’s 5A medium 
with the study chemical for 8 hours; colcemid 
was added, and incubation was continued for 2 
hours. The cells were then harvested by mitotic 
shake-off, fixed, and stained with Giemsa. For 
thc 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 for the treatment without S9. 

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

Cells were selected for scoring on the basis of 
good morphology and completeness of karyotype 
(21 f 2 chromosomes). All slides were scored 
blind, and those from a single test were read by 
the same person. For the SCE test, 50 second- 
division metaphase cells were usually scored for 
frequency of SCEs per cell from each dose; 100 or 
200 first-division metaphase cells were scored at 
each dose for the chromosomal aberration test. 
Classes of aberrations included simple (breaks 
and terminal deletions), complex (rearrange- 
ments and translocations), and other (pulverized 
cells, despiralized chromosomes, and cells con- 
taining 10 or more aberrations). 

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 
0.01; 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 statis- 
tically significant (P C 0.003) trend test: or a sig- 
nificantly increased dose point (P C 0.05) was 
sufficient to indicate a chemical effect. 
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IIX. RESULTS: RATS 

SINGLE-ADMINISTRATION STUDIES one female a t  400 mg/kg, and one female a t  200 
mg/kg died before the end of the studies (Ta- 

Of five males and five that ble 7). Rats that received 400 mg/kg lost weight. 
received 1,000 mg/kg 8-rnethoxpsoralen died by The final mean body weights of rats a t  200 or 
day 2. No COmVund-reIated clinical S ips  Were 400 mg/kg were 14% or 30% lower than those of 
observed. vehicle controls. Decreased activity was noted 
SIXTEEN-DAY STUDIES after rats were dosed with 200 mg/kg or more 8- 

methoxypsoralen. No compound-related effects 
A11 rats that received 800 mg/kg, one male and were observed at necropsy. 

TABLE 7. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE SIXTEEN-DAY GAVAGE 
STUDIES OF 8-METHOXYPSORALEN 

- 
Mean Body Weights (grams) Final Weight Relative 

Dose Survival (a) Initial (b) Final Change (c) to Vehicle Controls 
(mg/kg) (percent) 

- 
M ALE 

0 515 139f 6 214f 7 +75f 5 
50 5/5 138 f 13 212 f 16 +74f 2 99 
100 515 145f 7 208 f 7 +63f 2 97 
200 5/5 138f 8 185 f 14 +47 f 13 86 
400 (d) 4/5 144f 10 149f 6 -4f 4 70 
800 (e) 0/5 125 f 6 (0 (0 cn 

FEMALE 

0 515 113 f 4 151 f 3 +38f 3 
50 5/5 114f 6 145f 5 +31f 3 96 
100 515 114f 6 149f 6 +35f 1 99 
200 (g) 415 114f 6 130f 5 +llf 1 86 
400 (h) 415 110f 5 106 f 7 -7f 4 70 
800 (i) 015 115f 6 (0 cn (f) 

(a) Number surviving/number initially in the group. 
(bj Initial group mean body weight f 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 survivors f standard error of the mean 
(d) Day of death: 11 
(e) Day of death: 3,3,3,3,5 
(fl No data are reported due to the 100% mortality in this group. 
(g) Day of death: 15 
(hr Day ofdeath: 4 
( i )  Day of death: all 3 
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III. RESULTS: RATS 

THIRTEEN-WEEK STUDIES 

Six of 10 males and 8/10 females that received 
400 mgkgdied before the end of the studies (Ta- 
ble 8). The final mean body weight of male rats 
that received 100, 200, or 400 mg/kg was 128, 
228, or 45% lower than that of vehicle controls. 
The final mean body weight of female rats that 

received 200 or 400 mg/kg was 15% or 35% lower 
than that of vehicle controls. The liver weight to 
body weight ratios for all dosed groups of rats ex- 
cept the lowest (25 mg/kg) were significantly 
greater than those of vehicle controls (Table 9). 
Rats that received 400 mg/kg had rough hair 
coats and a hunched appearance; they appeared 
depressed after they were dosed. 

TABLE 8. SURVIVAL AND MEAN BODY WEIGHTS O F  RATS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES O F  8-METHOXYPSORALEN 

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

MALE 

0 
25 
50 
100 
200 
400 

FEMALE 

0 
25 
50 
100 
200 
400 

10110 
10110 
10110 
10110 
loll0 

(d) 4/10 

10110 
1 0110 
10110 
10110 
10110 

(e) 2/10 

176 f 5 
175 f 6 
174 f 6 
172 f 5 
176 f 5 
171 f 5  

132 f 3 
135 f 2 
131 f 2 
134 f 2 
135 f 2 
132 f 2 

352 f 8 
369 f 7 
361 f 5 
311 f 5 
275 f 10 
194 f 14 

210 f 6 
210 f 3 
205 f 3 
213 f 3 
179f 7 
136 f 8 

+176 f 6 
+194 f 7 
+187 f 6 
+139f 5 
+99f 9 
+14f 15 

+78f 5 
+75f 3 
+74f 1 
+79f 4 
+44f 6 
+3 f 12 

105 
103 
88 
78 
55 

100 
98 
101 
85 
65 

(8 )  Number surviving/number initially in the group. 
(b) Initial group mean body weight f standard error ofthe mean. Subsequent calculations are based on animals surviving to 
the end of the study. 
(c) Mean body weight change of the survivors f standard error of the mean 
(d) Week of death: 2,2,2,2,8,9 
(e) Week ofdeath: 1,1,2,2,2,2,2,2 
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TABLE 9. LIVER WEIGHTS FOR RATS IN THE THIRTEEN-WEEK GAVAGE STUDIES OF 
8-METHOXYPSORALEN (a) 

Number Necropsy Liver WeightJ 
Dose Weighed Body Weight Liver Weight Necropsy Body Weight 

(mg/kg) (grama) (mg) (mgle) 

M ALE 

0 
25 
50 

100 
200 
400 

FEMALE 

0 
25 
50 

100 
200 
400 

10 
10 
10 
10 
10 
4 

10 
10 
10 
10 
10 
2 

344.8 f 8.33 
364.2 f 5.73 
350.9 f 4.10 

(d311.2 f 4.53 
(c) 271.8 f 8.83 
(c) 188.3 f 18.26 

206.2 * 5 . o ~  
203.0 f 3.07 
202.4 f 2.35 
209.7 f 3.10 

(c) 175.8 f 6.14 
(c) 129.5 f 12.50 

11,739 f 529 
(b) 13,970 f 354 
(c) 15,008 f 526 
(c) 14,877 f 603 
(c) 16,437 f 420 
(c) 15,198 f 848 

6,722 f 322 
7,243 f 171 
7,715 f 242 

(c)9,741 f 215 
(c) 11,315 f 293 
(c) 12,885 f1,735 

34.0 f 1.04 
38.4 f 0.90 

(c) 42.8 f 1.35 
(d47.7 f 1.48 
(c) 60.8 f 1.55 
(d82.3 f 6.27 

32.5 f 1.11 
35.7 f 0.72 

(c)38.1 f 1.00 
(c) 46.5 f 0.81 
(c)64.7 f 1.51 
(cb99.1 f 3.83 

(a 1 Mean f standard error; P values vs. the vehicle controls by Dunnett's test (Dunnett, 1955). 
(ti) P<0.05 
(c) P<O.Ol 

Compound-related histopathologic effects were 
observed in the liver, adrenal glands, testis, 
seminal vesicles, and prostate. Minimal-to-mild 
fatty changes in the liver were observed in 9/10 
males and 10/10 females tha t  received 400 
mg/kg and in 6/10 males and 8/10 females that 
received 200 mg/kg but not in any vehicle con- 
trols. Fatty changes in the adrenal glands were 
ohserved in 7/10 females tha t  received 400 
mg/kg. Atrophy of the testis, seminal vesicles, 
arid prostate was observed in 9/10 male rats that 
received 400 mg/kg and 2/10 male rats that re- 
ceived 200 mg/kg. Because kidney neoplasms 
were seen in male rats in the 2-year studies, the 
kidney slides from the 13-week studies were re- 
examined, and this reexamination confirmed 
that there was no evidence of toxicity or hyaline 
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droplets in the kidney of male rats after 13 
weeks of dosing with 8-methoxypsoralen. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

The mean body weights of dosed male rats were 
generally 38-148 lower than those of vehicle 
controls from week 5 to the end of the study (Ta- 
ble 10 and Figure 5) .  The mean body weights of 
high dose female rats were 5%-17% lower than 
those of vehicle controls from week 5 to the end 
of the study. Mean body weights of low dose and 
vehicle control female rats were generally simi- 
lar. No compound-related clinical signs were 
observed. 
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TABLE 10. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES 
OF 8-METHOXYPSORALEN 

Weeke Vehicle Control 37.5 m a g  75 mg/kg 
on Av. Wt. No. of Av. Wt. Wt. (percent of No. of Av. Wt. Wt. (percent of No. of 

Study ( g a m s )  Survivors ( g a m s )  veh. controls) Survivors (grams) veh. controls) Survivors 

MALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
17 
21 
25 
30 
34 
37 
41 
47 
50 
56 
Bo 
85 
W 
73 
77 
81 
84 
88 
94 
97 

109 

FEMALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
17 
21 
25 
30 
34 
37 
41 
47 
50 
W 
80 
85 
69 
73 
77 
81 
a4 
88 
94 
97 

103 

122 
149 
187 
224 
24a 
270 
286 
300 
313 
326 
334 
346 
355 
360 
388 
402 
422 
447 
462 
471 
480 
493 
503 
513 
517 
522 
527 
529 
528 
524 
527 
517 
516 
505 
492 

110 
125 
143 
154 
165 
173 
180 
185 
189 
193 
194 
197 
199 
204 
214 
226 
228 
232 
238 
239 
242 
252 
258 
268 
276 
283 
291 
298 
301 
305 
310 
316 
320 
323 
326 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
47 
47 
47 
47 
47 
44 
43 
36 
36 
30 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
47 
47 
47 
47 
46 
41 
39 

120 
147 
185 
220 
241 
257 
270 
282 
291 
298 
303 
307 
313 
317 
338 
376 
399 
425 
443 
453 
462 
475 
488 
496 
498 
500 
508 
507 
499 
500 
506 
498 
472 
470 
431 

110 
125 
143 
154 
162 
169 
176 
181 
185 
189 
193 
194 
198 
199 
201 
212 
217 
225 
23 1 
234 
236 
243 
250 
259 
266 
270 
280 
286 
291 
299 
305 
310 
915 
322 
324 

98 
99 
99 
98 
97 
95 
94 
94 
93 
91 
91 
89 
88 
ea 
88 
94 
95 
95 
96 
96 
96 
96 
97 
97 
96 
97 
96 
96 
95 
95 
96 
96 
91 
93 
88 

100 
100 
100 
100 
98 
98 
98 
98 
98 
98 
99 
98 
99 
98 
94 
94 
95 
97 
97 
98 
98 
96 
97 
97 
96 
95 
96 
96 
97 
98 
98 
98 
98 

LOO 
99 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
47 
46 
46 
45 
45 
42 
38 
36 
31 
25 
20 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
48 
48 
45 
44 
43 
40 
38 
36 
33 

122 
148 
182 
213 
23 1 
245 
259 
288 
277 
285 
291 
300 
307 
312 
338 
369 
393 
413 
428 
432 
437 
451 
459 
463 
468 
470 
471 
470 
464 
469 
465 
467 
452 
447 
437 

109 
122 
139 
147 
156 
163 
170 
172 
180 
182 
184 
186 
188 
188 
194 
206 
213 
219 
224 
224 
224 
232 
234 
239 
241 
246 
249 
254 
257 
261 
265 
268 
270 
269 
282 

100 
99 
97 
95 
93 
91 
91 
89 
88 
87 
87 
87 
86 
87 
88 
92 
93 
92 
93 
92 
91 
91 
91 
90 
91 
90 
89 
89 
88 
90 
88 
90 
86 
89 
89 

99 
98 
97 
95 
95 
94 
94 
93 
95 
94 
95 
94 
94 
92 
91 
91 
93 
94 
94 
94 
93 
92 
91 
89 
87 
87 
86 
85 
85 
86 
85 
85 
84 
83 
87 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
47 
47 
47 
47 
47 
47 
46 
44 
43 
43 
42 
41 
41 
39 
38 
35 
26 
23 
16 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
48 
48 
48 
46 
41 
40 
36 
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FIGURE 5. GROWTH CURVES FOR RATS ADMINISTERED 
8-METHOXYPSORALEN IN CORN OIL BY GAVAGE FOR TWO YEARS 
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III. RESULTS: RATS 

Survival 

Estimates of the probabilities of survival for 
male and female rats administered 8-methoxy- 
psoralen at the doses used in these studies and 
for vehicle controls are shown in Table 11 and in 
the Kaplan and Meier curves in Figure 6. The 
survival of both the low (after week 96) and the 
high (after week 97) dose groups of male rats 
was significantly lower than that of the vehicle 
controls. No significant differences in survival 
were observed between any groups of female 
rats. 

Pathology and Statistical Analyses of 
Results 

This section describes the statistically signifi- 
cant or biologically noteworthy changes in the 
incidences of rats with neoplastic or nonneo- 
plastic lesions of the kidney, parathyroids, bone, 
Zymbal gland, subcutaneous tissue, lung, oral 
cavity, forestomach, thyroid gland, preputial 
gland, eye, anterior pituitary gland, and testis. 

Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary tu- 
mors that occurred with a n  incidence of at least 
5% in at least one animal group, and historical 
control incidences for the neoplasms mentioned 
in this section are presented in Appendixes A 
and B for male and female rats, respectively. 

TABLE 11. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF 8-METHOXYPSORALEN 

Vehicle Control 37.5 mg/kg 75 mg/kg 

MALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Accidentally killed 
Killed at termination 
Died during termination period 
Survival Pvalues (c) 

FEMALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Accidentally killed 
Killed at termination 
Died during termination period 
Survival Pvalues (c) 

50 
16 
4 

30 
0 
0.005 

50 
10 
1 

38 
1 
0.560 

50 
31 
3 

14 
2 
0.005 

50 
15 
2 

33 
0 
0.286 

50 
29 

5 
16 
0 
0.007 

50 
13 
1 

36 
0 
0.607 

(a) Terminal-kill period: weeks 104-106 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controls are in the dosed columns. 
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III. RESULTS: RATS 

Kidney: A spectrum of degenerative and pro- 
liferative changes in the kidneys of male ra ts  
was associated with the administration of 8- 
methoxypsoralen (Table 12). Nephropathy oc- 
curred in nearly all male rats, but the average 
severity and extent of this spontaneous disease 
were greater in dosed rats. Nephropathy con- 
sisted of degeneration and regeneration of the 
tubular epithelium with dilatation and atrophy 
of tubules, formation of hyaline and granular 
casts, thickening of basement membranes, inter- 
stitial fibrosis, and glomerulosclerosis. Linear 
accumulations of mineral within the inner me- 
dulla and papilla occurred only in high dose 
male rats. 

Hyperplasia, adenomas, and adenocarcinomas of 
tubular epithelial cells are part of a morphologic 
continuum. Focal hyperplasia of the renal tubu- 
lar epithelium occurred in dosed male rats but 
not in vehicle controls (Table 12). The lesion 
consisted of focally enlarged individual tubules 
tilled with epithelial cells. The epithelium was 
obviously stratified, and cells showed loss of 
basement membrane dependency. Tubular cell 
crdenomas, adenocarcinomas, and adenomas or 
adenocarcinomas (combined) in male rats occur- 
red with significant positive trends; the inci- 
dences of tubular cell adenomas and adenomas 
or adenocarcinomas (combined) in dosed male 
rats were significantly greater than those in ve- 
hicle controls. Tubular cell adenomas generally 
were distinguished from hyperplasia by loss of 
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tubular structure and larger size. These adeno- 
mas consisted of circumscribed masses of poly- 
hedral epithelial cells arranged in solid masses, 
in small clusters separated by scant fibrovascu- 
lar stroma, or in papillary formations. The ade- 
nocarcinomas were less well circumscribed and 
exhibited greater cellular atypia. 

Parathyroids and Bone: Parathyroid hyper- 
plasia was increased in dosed male rats (vehicle 
control, 2/49; low dose, 22/47; high dose, 18/48). 
Fibrous osteodystrophy of bone was also in- 
creased in dosed male rats (2150; 10/50; 12/49) 
and is considered to be secondary to the renal 
disease and parathyroid hyperplasia (renal 
secondary hyperparathyroidism). 

Zymbal Gland: The incidences of carcinomas or 
squamous cell carcinomas (combined) in dosed 
males were increased relative to that in vehicle 
controls (Table 13). (The Zymbal gland is a 
modified sebaceous gland located adjacent to the 
external ear canal.) These neoplasms consisted 
of interconnecting masses or cords of stratified 
epithelial cells exhibiting glandular or squa- 
mous differentiation and invading the adjacent 
connective tissue. 

Subcutaneous Tissue: Fibromas in male rats 
occurred with a significant positive trend; the 
incidences in dosed males were significantly 
greater than that in vehicle controls (Table 14). 
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TABLE 18. RENAL LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
8-METHOXYPSORALEN (a) 

Vehicle Control 37.5 mg/kg 75 mg/kg 

Mineralization of Renal Papilla 

Focal Hyperplasia of Renal Tubule 

Nephropathy (b) 

Overall Rates 

Overall Rates 

Overall Rates 
Grade 1 
Grade 2 
Grade 3 
Grade 4 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Testa 
Incidental Tumor Tests 
Logistic Regression Analysis 

Tubular Cell Adenocarcinoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 
Logistic Regression Analysis 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 
Logistic Regression Analysis 

Tubular Cell Adenoma 

Tubular Cell Adenoma o r  Adenocarcinoma (c) 

0150 (0%) 

0/50 (0%) 

48/50 (96%) 
10/50 (20%) 
28/50 (56%) 
9/50 (18%) 
1/50 (2%) 

1/50 (2%) 
3.3% 
1/30 (3%) 
106 
P = 0.003 
P=0.031 
P =0.008 

0/50 (0%) 
0.0% 
0/30 (0%)  

P=0.024 
P10.024 
Pm0.034 

1/50 (2%) 
3.3% 
1/30 (3%) 
106 
P <0.001 
P=O.O03 
P=O.OOl 

0/50 (0%) 

8/50 (16%) 

49/50 (98%) 
10/50 (20%) 
13/50 (26%) 
13/50 (26%) 
13/50 (26%) 

11/50 (22%) 
45.0% 
4/16 (25%) 
95 
P co.00 1 
P=0.004 
P<O.OOl 

1/50 (2%) 
6.2% 
1/16 (6%) 
105 
Pr0.375 
P = 0.375 
P=0.375 

12/50 (24%) 
49.6% 
5/16 (31%) 
95 
P<O.OOl 
P=O.OOl 
P co.00 1 

31/49 (63%) 

8/49 (16%) 

47/49 (96%) 
7/49 (14%) 
9/49 (18%) 
16/49 (33%) 
15/49 (31%) 

8/49 (16%) 
30.5% 
2/16 (13%) 
80 
P = 0.004 
P=0.026 
P = 0.009 

3/49 (6%) 
15.2% 
2/16 (13%) 
92 
P = 0.053 
P = 0.055 
P=0.078 

11/49 (22%) 
42.3% 
4/16 (25%) 
80 
P c 0.001 
P = 0.002 
P=O.OOl 

(B )The stetistical analyses used are discussed in Section II (Statistical Methods) and Table A3 (footnotes). 
(t') Grades of severity: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked 
(1:) Historical incidence in NTP studies (mean k SD): 10/1,943 (0.5% f 0.9%) 

TABLE 13. ZYMBAL GLAND CARCINOMAS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
8-METHOXY PSORALEN 

Vehicle Control 37.5 mg/kg 75 mg/kg 
- 
Carcinoma or  Squamous Cell Carcinoma (a) 

Overall Rates 1/50 (2%) 7/50 (14%) 4/49 (8%) 
Adjusted Rates 3.3% 29.1% 13.1% 

0/16 (0%) Terminal Rates 1/30 (3%) 2/16 (13%) 
Week of First Observation 106 83 78 
Life Table Tests P = 0.063 P = 0.008 P =0.104 
Incidental Tumor Tests P=0.229 P=0.051 P = 0.233 
Logistic Regression Analysis P =0.125 P = 0.018 P = 0.160 

- 
(a) Historical incidence ofZymbal gland tumors in NTPstudies (mean k SD): 16/1,949 (0.8% k 1.3%) 
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TABLE 14. SUBCUTANEOUS TISSUE TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF 8-METHOXYPSORALEN 

Vehicle Control 37.5 mg/kg 75 

Fibroma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Testa 
Incidental Tumor Testa 
Logistic Regression Analysis 

Overall Rates 
Sarcoma 

Fibroma or Sarcoma (a) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Testa 
Logistic Regression Analysis 

1/50 (2%) 
3.3% 
1/30 (3%) 
106 
P=0.004 
P = 0.01 2 
P =0.012 

0/50 (0%) 

1/50 (2%) 
3.3% 
1/30 (3%) 
106 
P=0.002 
P = 0.009 
P=O.O11 

~ ~ ~~ 

5/50 (10%) 
24.1% 
2/16 (13%) 
100 
P= 0.029 
P=0.115 
P = 0.040 

0/50 (0%) 

5/50 (10%) 
24.1% 
2/16 (13%) 
100 
P = 0.029 
P-0.115 
P = 0.040 

7/49 (14%) 
30.9% 
4/16 (25%) 
57 
P=0.006 
P = 0.009 
P=O.O22 

1/49 (2%) 

8/49 (16%) 
32.3% 
4/16 (25%) 
13 
P = 0.003 
P=O.OOS 
P=0.024 

(a) Historical incidence of integumentary system fibromas, neurofibromas, neurofibrosarcomas, sarcomas, or fibrosarcomas 
(combined) in NTP studies (mean k SD): 17111,949 (9% f 4%) 

Lung: Alveolar epithelial hyperplasia occurred 
in 5/50 vehicle control, 7/50 low dose, and 9/49 
high dose male rats. Hyperplasia of the alveolar 
epithelium consisted of alveoli lined by in- 
creased numbers of cuboidal or columnar epithe- 
lial cells. Alveolar structure was generally in- 
tact but often distorted by the increased number 
of cells. Alveolar/bronchiolar adenomas occur- 
red in 4/50 vehicle control, 9/50 low dose, and 
9/49 high dose male rats; an  alveolarhronchio- 
lar carcinoma occurred in one low dose male rat  
with an adenoma (Table 15). Hyperplasia, ade- 
nomas, and carcinomas are part of a morphologic 
continuum. The adenomas were distinguished 
from hyperplasia primarily on the basis of a 
greater degree and extent of the loss of normal 
alveolar structure. Alveoli were effaced by ir- 
regular branching or papillary formations con- 
sisting of columnar cells overlying a scant fibro- 
vascular stroma. The carcinoma exhibited 
greater cellular atypia. 
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Oral Cavity: Squamous cell papillomas were ob- 
served in the palate or tongue of 1/50 low dose 
and 3/50 high dose female rats. None was found 
in controls. These papillomas were less than 1 
mm in size and were not considered to be related 
to chemical administration. The mean historical 
incidence of squamous cell neoplasms of the oral 
cavity in corn oil vehicle control female F344/N 
rats is 6/1,950 (0.3%); the highest observed inci- 
dence is 2/50. 

Forestomach: Chronic inflammation, ulcers, 
and epithelial hyperplasia were observed at in- 
creased incidences in dosed male rats (Table 16). 
Two squamous cell papillomas were observed in 
low dose male rats. The mean historical inci- 
dence of squamous cell neoplasms of the stomach 
in corn oil vehicle control male F344/N rats is 
7/1,924 (0.4%); the highest observed incidence is 
1/49. 
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TABLE 15. ALVEOLAWBRONCHIOLAR ADENOMAS IN MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF 8-METHOXYPSORALEN (a) -- 

Vehicle Control 37.5 mg/kg 75 mg/kg 
-- 
Overall Rates 4/50 (8%) (b) 9/50 (18%) 9/49 (18%) 
Adjusted Rates 12.0% 37.4% 35.8% 
Terminal Rates 3/30 (10%) 4/16 (25%) 3/16 (19%) 
Week of First Observation 84 87 68 
LfeTable Testa P = 0.015 P = 0.022 P = 0.022 
Incidental Tumor Tests P = 0.075 P = 0.077 P=0.131 
bgistic Regression Analysis P = 0.048 P = 0.075 P=0.069 

(a 1 Historical incidence of adenomas or carcinomas (combined) in NTP studies (mean f SD): 68/1,944 (3% k 3%) 
(b) An alveolarlbronchiolar carcinoma was observed in an animal with an adenoma. 

- 

TABLE 16. NUMBER OF RATS WITH SELECTED FORESTOMACH LESIONS IN THE TWO-YEAR 
GAVAGE STUDIES OF 8-METHOXYPSORALEN 

Male Female 
Vehicle 37.5 mg/kg 75 mg/kg Vehicle 37.5 mg/kg 75 ~ g / k e  

Lesion Control Control 
- 
No. examined 50 50 49 50 50 50 

Chronic inflammation 1 6 5 1 0 0 
Ulcers 5 13 1 1  1 3 0 
Epithelial hyperplasia 4 19 20 1 0 3 
&parnous cell papilloma (a) 0 2 0 0 0 0 

(a) Historical incidence of stomach squamous cell papillomas or carcinomas (combined) in male F344/N rats in NTP studies 
(mean f SD): 7/1,924 (0.4% f 0.8%) 

Thyroid Gland: Dif'fuse hypertrophy was ob- 
served at increased incidences in dosed male rats 
(male: vehicle control, 2/50; low dose, 31/50; 20149). 

increased incidence in high dose male ra t s  
(vehicle control, 6/50; low dose, 4/50; high dose, 

hif!h dose, 39149; none observed)* Fol- Eye: Hemorrhage was observed a t  increased in- licular cell adenomas or carcinomas (combined) 
were seen in 1/50 vehicle control, 3/50 low dose, 
anid 3/49 high dose male rats; because ofthe low 
incidences, these neoplasms were not considered 
to Ibe related to chemical administration. 

cidences in dosed male rats (male: vehicle con- 
trol, 1/50; low dose, 14/50; high dose, 9/49; fe- 
male: 1/50; 1/50; 2/50). Cataracts were Seen in 
all groups (male: 44/50; 40150; 36/49; female: 
47/50; 41/50; 47/50); this lesion may have been 
related to the yellow fluorescent lighting used in 

Preputial Gland: Cysts were observed a t  an  the animal rooms. 
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III. RESULTS: RATS 

Anterior Pituitary Gland: Adenomas in male 
rats occurred with a significant negative trend; 
the incidences in the dosed groups were signifi- 
cantly lower than that in vehicle controls by the 
incidental tumor test (Table 17). Adenomas 
were seen in 24449 vehicle control, 24/49 low that in vehicle controls (Table 18). 

dose, and 15/49 high dose female rats. 

Testis: Interstitial cell tumors occurred with a 
significant positive trend; the incidences in the 
dosed groups were significantly greater than 

TABLE 17. ANTERIOR PITUITARY GLAND LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF B-METHOXYPSORALEN 

Vehicle Control 37.5 mg/kg 75 mglkg 

Hyperplasia 
Overall Rates 7/49 (14%) 7/50 (14%) 5/48 ( 10% ) 

Adenoma (a) 
Overall Rates 24/49 (49%) 12/50 (24%) 12/48 (25%) 
Adjusted Rates 59.0% 39.0% 45.2% 
Terminal Rates 14/30 (47%) 2/16 (13%) 4/16 (25%) 
Week of First Observation 62 70 84 
Life Table Tests P= 0.231N P = 0.242N P=0.298N 

P = 0.003N P=0.018N Incidental Tumor Tests P = 0.007N 

(a) Historical incidence of anterior pituitary gland tumors in NTP studies (mean f SD): 556/1,898 (29% f 10%) 

TABLE 18. TESTICULAR INTERSTITIAL CELL LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF B-METHOXYPSORALEN 

Vehicle Control 37.5 mg/kg 75 w k e  

Hyperplasia 

Tumor (a) 

Overall Rates 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

7/50 (14%) 1/48 (2%) 3/49 (6%) 

38/50 (76%) 44/48 (92%) 43/49 (88%) 
90.2% 95.6% 97.7% 
26/30 (87%) 14/16 688%) 15/16 (94%) 
62 49 54 
P < 0.00 1 P <o.oo 1 P<O.OOl 
P = 0.006 P-0.017 P = 0.007 

(a) Historical incidence in NTP studies (mean f SD): 1,674/1,944 (86% f 9%) 
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III. RESULTS: GENETIC TOXICOLOGY - 

8-Rlethoxypsoralen was mutagenic in four of five 
strains of Salmonella typhimurium when tested 
in a preincubation protocol with doses up to 
3,333 &plate in the presence and absence of 
Aroclor 1254-induced male Sprague Dawley rat 
or Syrian hamster liver S9 (Table 19). A clearly 
positive response was obtained in strain TA104 
in the presence of S9, and a weaker positive re- 
sponse occurred in the absence of activation; mu- 
tagenic responses were also recorded for strains 
TA98, TA102, and TA100 in the presence, but 
not in the absence, of S9. 8-Methoxypsoralen 
was not mutagenic in TA1535 with or without 
S9 8-Methoxypsoralen was tested for chromoso- 
mal effects in cultured Chinese hamster ovary 
(CHO) cells in both the presence and the absence 
of ,4roclor 1254-induced male Sprague Dawley 
rat, liver S9. A highly significant, dose-related 
increase in sister-chromatid exchanges (SCEs) 

was observed over a concentration range of 3.3- 
100 pg/ml 8-methoxypsoralen in the absence of 
S9; a significant increase in SCEs was also ob- 
served in the presence of S9 a t  concentrations of 
33-333 pg/ml of the study chemical (Table 20). 
In the test for chromosomal aberration induction 
in the absence of S9, an  extended incubation pro- 
tocol was used to offset chemical-induced cell 
cycle delay; treatment with up to 250 pg/ml 8- 
methoxypsoralen produced a significant in- 
crease in aberrations (Table 21). In the aberra- 
tion test with S9, CHO cell cycle time was not 
delayed, and no significant increase in aberra- 
tions was observed with doses up to a maximum 
of 600 pg/ml8-methoxypsoralen. This lack of an  
effect may have been due to the shorter exposure 
time (2 hours with S9 compared with 10 hours 
without S9) of the cells to the study chemical. 
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TABLE 19. MUTAGENICITY OF 8-METHOXYPSORALEN IN SALMONELLA TYPHlMURlUM (a) 

Revertants/Plate (b) 
Strain Dose -S9 +S9 (hamster) t S 9  (rat) 

(Wplate) 5% 10% 30% 5% 10% 30% 

~~ 

TA102 0 2 8 4 f  16.0 
0.3 .- 
1 
3 

-. _ _  
10 313 f 7.0 
33 304 f 2.6 
66 237 f 13.3 

100 307 f 15.6 
166 283 f 6.7 

Trial summary Negative 

Positive 
control(c) 586 f 43.9 

~ ~ 1 0 4  o 316 * 18.5 
0.3 -_ 
1 .- 
3 .- 

10 378 f 12.0 
33 424 f 16.0 
66 405f 33.1 

100 4 7 4 f  42.4 
166 389 f 48.8 

Trial summary Weakly 
positive 

Positive 
controlk) (d)308 f 9.5 

460 f 10.6 622 f 40.2 387 f 21.9 _ _  _ _  468 f 6.4 _ _  _ _  445 f 3.2 
512 f 6.0 665 f 5.5 427 f 20.3 
517 f 16.7 623 f 31.0 427 f 14.6 
592 f 22.5 687 f 34.0 453 f 33.7 

744 f 35.2 699 f 14.1 682 f 15.3 
1,002 f 28.4 820 f 30.4 653 f 27.9 

_- _ _  575 f 3.2 

Positive Equivocal 

1,677 f 103.0 1,990 f 48.3 

539 f 14.8 538 f 3.8 

_ _  _ _  
605 f 8.0 633 f 28.6 
662 f 21.4 767 f 14.7 
834 f 35.2 842 f 54.5 

976 f 46.4 909 f 26.6 
1,059 f 59.6 1,046 f 83.3 

Positive Positive 

_ _  _ _  

Toxic Toxic 

TA100 0 137 f 4.9 133 f 
10 -. _ _  
16 123 f 6.6 _- 
33 1271: 13.7 141 f 
66 145 f 9.0 .. 

100 125 f 8.7 162 f 
166 120 f 8.1 _ _  
333 _- 249 f 
666 _- 363 f 

1,000 _- 321 f 

Positive 

600 f 9.2 

376 f 1.5 
414 f 8.5 
447 f 11.4 
457 f 4.7 
459 f 9.5 
522 f 19.5 
667 f 21.8 
769 f 3.5 
807 f 18.7 

Positive 

661 f 26.4 

8.6 122 f 6.6 95 f 3.5 

_ _  _ _  
5.8 138 f 5.8 114 f 3.7 

15.0 125 f 16.7 122 f 10.6 

13.4 179 f 10.4 168 f 11.4 
3.3 284 f 13.5 184 f 14.7 
19.6 317 f 13.9 190 f 30.0 

_ _ _ _  ____  
_ _  _ _  

Trial summary Negative Positive Positive Positive 
Positive 

controlk) 376 f 5.9 645 f 26.0 466 f 23.8 642 f 12.3 

47 

405 f 13.5 

_. 
478 f 13.7 
530 f 6.4 
510 f 14.0 
659 f 30.3 
831 f 25.8 

489 f 11.1 373 f 39.0 
327 f 14.3 _ _  341 f 23.1 _ _  316 f 13.6 

585 f 24.8 352 f 22.2 
601 f 8.8 406 f 31.1 
595 f 19.4 522 f 11.7 
755 f 28.8 590 f 23.2 
595 f 73.1 716 f 42.8 

_ _  

Positive Weakly Positive 
pos'itive 

971 f 34.5 1,324 f 59.1 1,487 f 26.6 

450 f 15.2 

_ _  
725 f 26.1 
865 f 20.6 
989 f 18.6 

1,061 f 23.2 
1,157 f 59.6 

515 f 12.4 

-_ 
843 f 20.5 
974 f 24.9 

1,087 f 8.7 
1,206 f 31.7 
1,242 f 13.0 

359 k 20.5 
369 f 7.0 
428 f 9.2 
424 f 17.5 
539 f 21.8 
615 f 12.0 
833 f 16.7 
972 f 9.3 
911 f 63.5 

Positive Positive Positive 

690 f 35.5 827 f 16.0 808 f 34.2 

128 f 11.5 137 f 10.9 131 f 13.9 
186 f 7.0 145 f 9.8 163 f 7.4 

154 f 12.1 163 f 4.4 191 f 27.7 
134 f 9.3 167 f 10.3 213 f 4.8 
141 f 9.7 154 f 4.4 229 f 9.7 

138 f 13.0 147 f 8.8 256 f 4.3 

_ _  _ _  _ _  

_ _  _ _  _ _  
-_ .. .- 

Equivocal Negative Positive 

396 f 20.2 324 f 6.2 263 f 5.8 

8-Methoxypsoralen, NTP TR 359 



TABLE 19. MUTAGENICITY OF 8-METHOXYPSORALEN IN SAfMON€fLA rYPH/MUR/UM (Continued) 

RevertantsPlate (b) 
Dose - s9 +S9 (hamster) t S 9  (rat) 

(pddate) 30% 30% 

TA1535 0 
10 
33 
66 

100 
166 
333 

1,000 
3,333 

Trial summary 

Positive control (c) 

TA98 0 
10 
33 
66 

100 
166 
333 

1,000 
3,333 

Trial summary 

Positive control (c) 

20 f 1.2 
14 f 0.9 
17 f 2.9 
17 f 4.4 
21 f 2.3 
15 f 2.0 
14 f 3.6 
12 f 2.6 _ _  

Negative 

349 f 2.6 

15 f 2.6 
32 f 3.6 
13 f 1.3 

18 f 3.5 

20 f 1.5 
17 f 1.8 

_ _  
_ _  
_ _  

Negative 

619 f 16.5 

8 f 1.2 
11 f 2.7 
8 f 0.3 
8 f 0.0 

10 f 1.2 
7 It 1.5 
8 f 1.2 
9 f 0.7 _ _  
Negative 

356 f 11.8 

29 f 4.4 

29 f 6.6 

31 f 3.6 

35 f 6.8 
34 f 3.3 

(e)14 f 1.0 

Negative 

487 f 27.5 

_- 

_ _  
_ _  

25 k 5.0 
28 f 3.2 
26 f 2.6 
21 f 2.3 
12 f 1.6 
13 f 1.9 
12 f 2.3 
11 f 2.0 _ _  
Negative 

87 f 6.1 

46 f 3.2 
40 f 2.6 
46 f 1.2 
66 f 1.9 
65 f 0.9 
75 f 0.6 
60 f 3.2 

(d)21 f 2.6 _ _  
Weakly positive 

166 f 3.2 

(a I Study performed a t  SRI International. The detailed protocol is presented by Haworth e t  al. (1983). Cells and study com- 
pound or solvent (dimethyl 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 Dawley rat liver. High dose wa8 limited by toxicity or 
80 lubility but did not exceed 10 mg/plate; 0 &plate dose is the solvent control. 
(b.1 Revertants are presented as  mean f standard error from three p la t s .  
(c) Positive control. In the absence of metabolic activation, 4-nitro-o-phenylenediamine was used with TA98, sodium azide was 
wed with TA100 and TA1535, and mitomycin C wa8 used with TA102 and TA104. In the presence of S9,2-aminoanthracene 
ww used with TA100, TA1535, and TA98 and sterigmatocystin was used with TA102 and TA104. 
(d 1 Slight toxicity 
(e) Precipitate on plate 
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TABLE 80. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY 8-METHOXYPSORALEN (a) 

Relative 
Total Chromo- No. of Chromo- SCEs/ Hours SCEs/Cell 

Dose Cells somes SCEs some Cell in BrdU (percent) 

No. of SCEs/ 

(b) 
Compound 

(pdml) 

.--s9 (c) 

Trial 1--Summary: Positive 

Dimethyl sulfoxide 

8-Methoxy psoralen 3.3 
10 
33.3 

100 
333.3 

Mitomycin C 0.001 
0.01 

Trial 2--Summary: Positive 

Dimethyl sulfoxide 

8-Methoxypsoralen 20.2 
50.5 

100.5 
150 

Mitomycin C 0.001 
0.01 

.CS9 (d) 

Summary: Positive 

Dimethyl sulfoxide 

8-Methoxy psoralen 33.3 
100 

(e) 333.3 
1,000 

2 
Cyclophosphamide 0.4 

50 

50 
50 
50 
9 
0 

50 
5 

25 

25 
25 
5 
0 

25 
5 

50 

50 
50 
50 
0 

50 
5 

1,046 

1,048 
1,034 
1,028 

189 

1,046 
106 

526 

515 
515 
103 

519 
104 

1,047 

1,044 
1,047 
1,046 

1,036 
104 

413 

593 
581 

1,207 
259 

877 
230 

167 

387 
410 
101 

284 
198 

39 1 

553 
61 1 
910 

644 
180 

0.39 

0.57 
0.56 
1.17 
1.37 

0.84 
2.17 

0.32 

0.75 
0.80 
0.98 

0.55 
1.90 

0.37 

0.53 
0.58 
0.87 

0.62 
1.73 

8.3 

11.9 
11.6 
24.1 
28.8 

17.5 
46.0 

6.7 

15.5 
16.4 
20.2 

11.4 
39.6 

7.8 

11.1 
12.2 
18.2 

12.9 
36.0 

25.7 

25.7 
25.7 
25.7 
25.7 

25.7 
25.7 

25.7 

25.7 
25.7 
25.7 

25.7 
25.7 

25.7 

25.7 
25.7 
25.7 

25.7 
25.7 

_ _  
143.4 
139.8 
290.4 
347.0 

210.8 
554.2 

_ _  
231.3 
244.8 
301.5 

170.1 
591.0 

_ _  
142.3 
156.4 
233.3 

165.4 
461.5 

( R )  Study performed at Litton Bionetics, Inc. SCE = sister chromatid exchange; BrdU = bromodeoxyuridine. A detailed de- 
scription of the SCE protocol is presented by Galloway et  al. (1985). Briefly, Chinese hamster ovary cells were incubated with 
study compound or solvent (dimethyl sulfoxide) as described in (c) or (d) below and cultured for sufiicient time to reach second 
metaphase division. Cells were then collected by mitotic shake-off, fixed, air-dried, and stained. 
(b) SCEs/cell in treated culture expressed as a percent of the SCEs/cell in the control culture 
(c) In  the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent for 2 hours a t  37'C. Then 
BrdU was added, and incubation was continued for 24 hours. Cells were washed, fresh medium containing BrdU 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 a t  37'C. Then cells were washed, and 
medium containing BrdU was added. Cells were incubated for a further 26 hours, with colcemid present for the final 2-3 hours. 
S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rats. 
( W )  A slight precipitate observed at this concentration 
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TABLE 21. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY I-METHOXYPSORALEN (a) 

Trial 1 Trial 2 

(pg/ml) Cells Abs Cell Cells (pg/ml) Cells Abs Cell Cells 
Dose Absl Percent  Dose Total No. of Absl Percent  

with Abs with Abs 

-. S9 (b)--Harvest time 20.0 h (c) 

Climethy1 sulfoxide 
200 3 

8.Methoxypsoralen 
100 200 21 
150 200 22 
200 100 42 

Summary: Positive 

Mitomycin C 
0.05 200 39 
0.08 25 20 

+ S9 (d)--Harvest time 12.0 h (c) 

Dimethyl sulfoxide 
200 5 

8. Methoxypsoralen 
101 200 6 
252 200 8 
502.5 200 14 

Summary: Negative 

Cm yclophosphamide 
7.5 200 26 

37.5 25 14 

0.02 

0.1 1 
0.11 
0.42 

0.20 
0.80 

0.03 

0.03 
0.04 
0.07 

0.13 
0.56 

1.5 

9.5 
10.5 
35.0 

14.5 
52.0 

2.5 

3.0 
3.5 
6.5 

10.5 
44.0 

- S9 (b)--Harvest time 20.2 h (c) 

Dimethyl sulfoxide 

8-Methoxypsoralen 

100 1 0.0 1 1 .o 

200 100 19 0.19 15.0 
225 100 15 0.15 15.0 
250 100 33 0.33 29.0 

Summary: Positive 

Mitomycin C 
0.05 100 34 0.34 26.0 
0.08 25 29 1.16 52.0 

t 99 (d)--Harvest time 12.0 h (c) 

Dimethyl sulfoxide 
100 2 0.02 2.0 

8-Methoxypsoralen 
498 100 9 0.09 8.0 
552 100 7 0.07 7.0 
600 100 9 0.09 9.0 

Summary: Negative 

Cyclophosphamide 
7.5 100 11 0.11 11.0 

37.5 25 11 0.44 32.0 

(a)  Study performed a t  Litton Bionetics, Inc. Abs = aberrations. A detailed presentation ofthe technique for detectingchromo- 
sc mal aberrations is presented by Galloway et al. (1985). Briefly, Chinese hamster ovary cells were incubated with study com- 
pound or solvent (dimethyl sulfoxide) as indicated in (b) or (d). Cells were arrested in first metaphase by addition of colcemid 
aiid harvested by mitotic shake-off, fixed. and stained in 6% Giemsa. 
(b) In the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent (dimethyl sulfoxide) for 8- 
10 hours a t  37" C. Cells were then washed, and fresh medium containing colcemid was added for an additional 2-3 hours fol- 
lowed by harvest. 
(c I Because of signifcant chemically induced cell cycle delay, incubation time before addition ofcolcemid was lengthened to pro- 
vide sufficient metaphases at harvest. 
(d) In the presence of S9, cells were incubated with study compound or solvent (dimethyl sulfoxide) for 2 hours a t  37'C. Cells 
were then washed, medium was added, and incubation was continued for 8-10 hours. Colcemid 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. 
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IV. DISCUSSION AND CONCLUSIONS - 
I)-h[ethoxypsoralen, administered orally and fol- 
lowed by ultraviolet A radiation, is used in the 
treatment of psoriasis and vitiligo. This com- 
pound is also found in a variety of vegetables as 
a natural product. Previously, no long-term ro- 
dent studies had been performed to characterize 
the toxicity and carcinogenicity of orally admin- 
istered 8-methoxypsoralen without ultraviolet 
radiation (IARC, 1987). Thus, single-adminis- 
tration, 16-day, 13-week, and 2-year studies 
were conducted by administering 8-methoxy- 
psoralen to F344/N rats by gavage. In addition, 
short-term in vitro genetic toxicology studies 
were performed. 

In the single-administration studies, 8-methoxy- 
psoralen was administered at doses up to 1,000 
mg/kg. Male and female rats that received 1,000 
mg/kg died, but rats at the next lower dose (500 
mg/kg) survived administration of the chemical. 
In the 16-day studies, rats received doses up to 
800 mg/kg. All rats a t  800 mg/kg and one male 
and one female a t  400 mg/kg died. 

In the 13-week studies, 8-nethoxypsoralen was 
administered at doses up to 400 mg/kg; most rats 
that; received 400 mg/kg died before the end of 
the studies; no deaths were seen a t  lower doses. 
Mean body weights of male rats a t  100 and 200 
mg/kg and female rats a t  200 mg/kg were more 
than 10% lower than those of vehicle controls. 
Fatty changes in the liver were seen in males 
and females at 200 and 400 mg/kg. Because of 
the liver lesions, effects on weight gain, and sur- 
vival, doses selected for the 2-year studies were 
0, 3'7.5, and 75 mg/kg (or 0, 195, and 390 mg/m2 
body surface area, based on calculations of Frei- 
reich et al., 1966). 

The average therapeutic dose of 8-methoxy- 
psor alen for humans is up to 1 mg/kg per day (37 
mg/m2 per day body surface area) given three 
times per week, depending on size and skin type. 
The doses used in the current studies in rats (37 
and 75 mg/kg per day or 195 and 390 mg/m2 per 
day: were therefore up to approximately 37-75 
times the dose for humans per day, when com- 
pared on a milligram per kilogram basis, and 
5.3-10.5 times the dose for humans per day, 
when compared on a milligram per square meter 
surface area basis. An estimate of human con- 
sumption of 8-rnethoxypsoralen can also be 

made. If, for example, humans were to consume 
100 mg of vegetables per day containing 8-meth- 
oxypsoralen at a concentration of 100 ppm (100 
mg/kg vegetable), the intake of 8-methoxypsora- 
len for a 70-kg man would be 0.1 mg 8-methoxy- 
psoralenlkg body weight. 

In the 2-year studies, survival of low and high 
dose male rats was reduced toward the end of the 
study, but survival was greater than 70% in all 
groups at week 88. The decreased survival in 
dosed male rats was probably a result of kidney 
toxicity, an  effect of compound administration 
which was apparently absent in the 13-week 
studies. Survival of vehicle control and dosed fe- 
male rats was comparable; no kidney toxicity 
was seen in females. 

The kidney was the principal target organ in 
dosed male rats; the incidences of both nonneo- 
plastic lesions and neoplastic lesions were in- 
creased in the 2-year studies. Mineralization of 
the kidney papilla and increased severity of ne- 
phropathy were observed in dosed males, and 
the incidences of tubular cell hyperplasia, ade- 
nomas, and adenomas or adenocarcinomas (com- 
bined) were increased in dosed male rats. Com- 
pound-related nonneoplastic and neoplastic 
lesions of the kidney were seen only in males, 
which suggests that these effects may be a sex- 
influenced phenomenon, as has been observed 
with other chemicals such as dimethyl methyl- 
phosphonate (NTP, 1987a), petroleum hydrocar- 
bons (Short et al., 19871, and 1,4-dichloroben- 
zene (NTP, 1987b). In contrast to these studies, 
however, an increase in hyaline droplets and as- 
sociated changes were not observed in the kid- 
ney of male rats in the 13-week studies of 8- 
methoxypsoralen. Further studies are necessary 
to elucidate the cause or causes of sex-influenced 
toxicity of the kidney in F344 rats. In humans, 
males also develop a higher incidence of kidney 
neoplasms than do females (Page and Asire, 
1985; Pickle et al., 1987). 

Secondary effects of nephropathy seen in kid- 
neys were parathyroid gland hyperplasia and f i -  
brous osteodystrophy of bone, a response seen in 
other 2-year studies. Renal disease may lead to 
a decreased plasma calcium level; to compensate 
for this imbalance, the parathyroid gland re- 
sponds by secreting parathyroid hormone, and 
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parathyroid hyperplasia may result from pro- 
longed stimulation by low concentrations of 
serum calcium ions. Mobilization of calcium 
from the bone and increases in urinary phos- 
phate excretion and calcium ion reabsorption 
may help restore the plasma concentrations of 
calcium and phosphate to normal levels. In the 
current studies, calcium levels were not mea- 
sured, although mineralization was observed in 
the kidney. 

A dose-related carcinogenic effect was seen in 
the Zymbal gland of male rats, where a n  in- 
crease in carcinomas or squamous cell carcino- 
mas occurred (vehicle control, 1/50; low dose, 
7/50; high dose, 4/49); the incidences of these 
neoplasms were above the mean historical inci- 
dence of 16/1,949 (0.8%). Increased incidences of 
subcutaneous tissue fibromas or sarcomas (com- 
bined) in dosed male rats also occurred (1150; 
5/50; 8/49) and, because the incidences in dosed 
animals were somewhat greater than the his- 
torical incidence of 17111,949 (9%), these neo- 
plasms may have been related to chemical ad- 
ministration. Similarly, the increased inci- 
dences of alveolarhronchiolar adenomas seen in 
dosed male rats ( 4 5 0 ;  9/50; 9/49) were above the 
historical incidence of 68/1,944 (3961, and thus 
this neoplasm may have been related to chemi- 
cal administration. 

No increased incidences of neoplasms in dosed 
female rats were observed; the different carcino- 
genic response in the kidney, Zymbal gland, sub- 
cutaneous tissue, and lung indicates a sex differ- 
ence in response to 8-methoxypsoralen exposure. 
No toxicity was seen in these organs in the 13- 
week studies. 

8-Methoxypsoralen has been shown to be a mu- 
tagen in Salmonella (see below), and, in a review 
of 222 National Cancer InstituteINational Toxi- 
cology Program rodent carcinogenicity studies 
(Ashby and Tennant, 19881, positive results in 
Salmonella have been shown to correlate with 
the presence of tumors in the Zymbal gland, 
lung, and subcutaneous tissue of rats. 

In contrast to the results seen when 8-methoxy- 
psoralen is given alone, when 8-methoxypsora- 
len is administered in combination with ultravi- 
olet A radiation in HRA/Skh mice for 13 weeks, 
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the primary target organ is the skin. This toxici- 
ty to the skin is the limiting factor in selecting 
doses of 8-methoxypsoralen for longer term stud- 
ies. Eye lesions were associated with 8-meth- 
oxypsoraledultraviolet A radiation, but  no 
other target organs were seen (Dunnick et al., 
1987; Appendix E). 

8-Methoxypsoralen has been shown to inter- 
calate with DNA in vitro (Isaacs et al., 19841, 
and this intercalation has been proposed as a 
possible mechanism for mutagenicity of 8-meth- 
oxypsoralen (Dall’Acqua et al., 1978). In NTP 
bacterial mutagenicity tests conducted under 
yellow light to eliminate interaction of the 
chemical with ambient ultraviolet A radiation, 
8-methoxypsoralen produced a positive response 
in four strains of Salmonella typhimurium in the 
presence of S9 (see Table 19). Results of NTP- 
sponsored cytogenetics tests in cultured Chinese 
hamster ovary cells showed induction of both 
chromosomal aberrations and sister chromatid 
exchanges (see Tables 20 and 21). Other reports 
in the literature indicate no mutagenic activity 
by 8-methoxypsoralen in the absence of ultra- 
violet radiation. 8-Methoxypsoralen without 
ultraviolet A radiation has not been tested ade- 
quately for in vivo mutagenic effects. 8-Methox- 
ypsoralen alone generally has a much lower 
level of genetic toxicity than 8-methoxypsoralen 
given in combination with ultraviolet radiation. 

Psoralens have been found to bind to mam- 
malian cells, and psoralens in combination with 
ultraviolet A radiation have been found to in- 
hibit epidermal growth factor activity (Laskin et 
al., 1985, 1986). Psoralens alone also a re  re- 
ported to d e c t  the activity of epidermal growth 
factor and may stimulate cell growth (personal 
communication from M. Gallo, UMDMJ-Rutgers 
Medical School to J. Dunnick, NTP). 

The experimental and tabulated data for the 
NTP Technical Report on 8-methoxypsoralen 
were examined for accuracy, consistency, com- 
pleteness, and compliance with Good Laboratory 
Practice regulations. As summarized in Appen- 
dix F, the audit revealed no major problems with 
the conduct of the studies or with collection and 
documentation of the experimental data. No dis- 
crepancies were found that influenced the final 
interpretation of the results of these studies. 
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Under the conditions of these 2-year gavage 
sfudies, there was clear evidence of carcinogenic 
activity* of 8-methoxypsoralen (without ultra- 
violet radiation) for male F344/N rats, as shown 
by increased incidences of tubular cell hyper- 
p lasia, adenomas, and adenocarcinomas of the 
kidney and carcinomas of the Zymbal gland. 
Subcutaneous tissue fibromas and alveolar/ 
bronchiolar adenomas of the lung in male 

F344/N rats may have been related to chemical 
administration. Dose-related nonneoplastic le- 
sions in male F344/N rats included increased se- 
verity of nephropathy and mineralization of the 
kidney and forestomach lesions. There was no 
evidence of carcinogenic activity of 8-methoxy- 
psoralen for female F344/N rats given the chem- 
ical a t  37.5 or 75 mg/kg per day for 2 years. 

-- 
*E;xplanation of Levels of Evidence of Carcinogenic Activity is on page 6.  
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 9. 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF 8-METHOXYPSORALEN 

~ -~ 

Vehicle Control Low Dose High Dose 

Animals initially in study 
Animals removed 
Animals examined histopathologically 

50 
50 
50 

50 
50 
50 

50 
49 
49 

I 

INTEGUMENTARY SYSTEM 
*Skin (50)  (50) (49) 

Squamous cell papilloma 2 (4%) 2 (4%) 
Squamous cell carcinoma 1 (2%) 1 (2%) 
Basal cell tumor 1 (2%) 2 (4%) 1 (2%) 
Basal cell carcinoma 1 (2%) 
Sebaceous adenoma 2 (4%) 
Keratoacanthoma 3 (6%) 3 (6%) 
Malignant melanoma 1 (2%) 

Sarcoma, NOS 1 (2%) 

Lipoma 1 (2%) 

+Subcutaneous tissue (50)  (50) (49) 

Fibroma 1 (2%) 5 (10%) 7 (14%) 

RESPIRATORY SYSTEM 
#Lung (50)  (50)  (49) 

Carcinoma, NOS, metastatic 3 (6%) 1 (2%) 
Squamous cell carcinoma 1 (2%) 
Alveolar/bronchiolar adenoma 4 (8%) 9 (18%) 9 (18%) 
Alveolar/bronchiolar carcinoma 1 (2%) 
Tubular cell adenocarcinoma, metastatic 2 (4%) 
Pheochromocytoma, metastatic 1 (2%) 1 (2%) 1 (2%) 

IIEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, lymphocytic type 
Leukemia, mononuclear cell 

Tubular cell adenocarcinoma, metastatic 
Sarcoma, NOS 
Lipoma 

#Lymph node 
Tubular cell adenocarcinoma, metastatic 

#Spleen 

(50) (50) (49) 

(50) (50)  (49) 

1 (2%) 
12 (24%) 7 (14%) 5 (10%) 

1 (2%) 
1 (2%) 

1 (2%) 

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

CIRCULATORY SYSTEM 
*Skin 

#Heart 
Hemangiopericytoma, NOS 

Carcinoma, NOS, metastatic 

(50) 

(50) 

(49) 

(49) 

DIGESTIVE SYSTEM 
"Oral cavity 

'Palate 

*Lip 

*Tongue 

#Pancreas 

Carcinoma, NOS, metastatic 

Squamous cell papilloma 

Squamous cell papilloma 

Squamous cell papilloma 
Squamous cell carcinoma 

Carcinoma, NOS. metastatic 
Acinar cell adenoma 

(50)  

(50)  

(50) 

(50)  

1 (2%) 

1 (2%) 

(50)  

2 (4%) 

65 

(50)  

(50 ) 
1 (2%) 

1 (2%) 
3 (6%) 

(50)  

(49) 

(49) 

(49) 

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

(49) 

4 (8%) 
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TABLE: A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF 8-METHOXYPSORALEN (Continued) 

Vehicle Control Low Dose High Dose 

DIGESrIVE SYSTEM (Continued) 
#Forestomach 

#Duodenum 
Squamous cell papilloma 

hhcinous adenocarcinoma 

(50) 

(50) 

(50) (49) 

(50) (49) 
2 (4%) 

1 (2%) 

URINARY SYSTEM 
#Kidney 

Carcinoma, NOS, metastatic 
Tubular cell adenoma 
Tubular cell adenocarcinoma 
Fiarcoma, NOS 

#Urinary bladder 
Leiomyosarcoma 

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

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

1 (2%) 

8 (16%) 1 (2%) 11 (22%) 

(50) (48) (49) 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Adenoma, NOS 
#Adrenal 

Carcinoma, NOS, metastatic 
#Adrenal cortex 

Adenoma, NOS 
#Adrenal medulla 

Pheochromocytoma 
I?heochromocytoma, malignant 

Tubular cell adenocarcinoma, metastatic 
IFollicular cell adenoma 
lFollicular cell carcinoma 
C-cell adenoma 
C-cell carcinoma 

#Pancreatic islets 
Islet cell adenoma 

%Thyroid 

(49) 

(50) 

(50) 

(50) 

24 (49%) 

1 (2%) 

13 (26%) 
1 (2%) 

(50) 

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

4 (8%) 
(50) 

(50) 

(50) 

(50) 

(50) 

12 (24%) 

1 (2%) 

11 (22%) 
3 (6%) 

(50) 

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

(50) 
1 (2%) 

(48) 

(49 ) 

(49) 

(49 ) 

12 (25%) 

9 (18%) 
1 (2%) 

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

1 (2%) 

(49) 

(49) 

RE PRODUCTIVE SYSTEM 
*Mammary gland 

Papillary carcinoma 
Adenoma, NOS 
Fi broadenorna 

Carcinoma, NOS 
Squamous cell carcinoma 
Adenoma, NOS 

Interstitial cell tumor 

"Preputial gland 

#Testis 

(50) 
1 (2%) 

2 (4%) 

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

38 (76%) 

(50) 

(60) 

(50) (49) 

NERVOUS SYSTEM 
#Brain 

Carcinoma, NOS, metastatic 
Glioma, NOS 
Astrocytoma 
Neurilemoma 

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

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

1 (2%) 

SPECIAL SENSE ORGANS 

Carcinoma, NOS 
Squamous cell carcinoma 

*Zymbal gland (50) (50) (49) 
7 (14%) 4 (8%) 

1 (2%) 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF 8-METHOXYPSORALEN (Continued) 

~ 
~~~~ ~~ 

Vehicle Control Low Dose High Dose 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
+Peritoneum (50) (SO) (49) 

+Pericardium (50) (50) (49) 

+Tunica vaginalis (50) (50) (49) 

Mesothelioma, metastatic 1 (2%) 

Alveolar/bronchiolar carcinoma, metastatic 1 (2%) 

Mesothelioma, NOS 1 (2%) 1 (2%) 
Mesothelioma, malignant 1 (2%) 

ALL OTHER SYSTEMS 
Orbital region 

Carcinoma, NOS, metastatic 1 

A.NIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 
Dosing accident 
Accidentally killed, NOS 

50 
5 

11 
30 
4 

so 50 
6 9 

27 20 
14 16 
2 4 
1 1 

TUMOR SUMMARY 
Total animals with primary tumors++ 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total animals with tumors- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

uncertain benign or malignant 
Total uncertain tumors 

48 
133 
48 

108 
19 
24 

1 
1 

1 
1 

47 
149 
47 

118 
23 
30 
6 

12 

1 
1 

~ 

45 
130 
45 

109 
18 
20 
5 
9 

1 
1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
*+ Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
IY # Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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INDIVIDUAL AN 
STUl 

:MAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
1Y OF 8-METHOXYPSORALEN: VEHICLE CONTROL 

NUMBER 

WEEKSON 
STUDY 

Squamous eel: papilloma 
B a d  cell tumor 
Basal call carnnoma 
Sebatsous adenoma 
Berataacanthoma 
Malqmnnt melanoma 

Subcutaneous tlssue 
Fibroma 
L,iporna 

REPI- 
Lungs and bronchi 

Nv6ular/bmnch1olar adenoma 
Phecrchromocvtoma. metastatic 

Trachea * 

Nasal ~ r n t y  

IT666il-~~ 
Bone marmw 
Spleen 
L mph nodes 
~ x y m w  

rn- 
Oral cllnty 

Iquamous cell papilloma 
Salivary gland 
Liver 
Bile duct 
Pancmas 
briar cell adenoma 

%'%Y 
Sroall intestme 
Large ~ntest lne 

m- 
Kidney 

'lubillar cell adenoma 
Ur~nary  bladder 

m- 
Pi t.uitary 

.Menoma. NOS 
Admaal 

Adsnoma. NOS 
Phec~hromocytoma 
Pheochmmocytoma, malignant 

Thymid 
Foll~cular call carnnoma 
iC:sell adenoma 
C cell carnnoma 

Parathymd 
Pancreatic islets 

Islet cell adsnoma 

KEPI;- 
Maminary gland 

Papdlary carcinoma 
Fibrvadenoma 

 test^!; 
Interstlt~al cell tumor 

Prostate 
Preput~aUclitoral gland 

Camnoma. NOS 
liquarnous cell carnnoma 
Adenoma. NOS 

Gllcana, NOS 
lVeunlemoma 

SPEC-ANS 
Zymbal gland 

Squamous cell carcmorna 

R U F W  
7'11ni1:a vaynalif 

Ye!iothe loma NOS 

? L ; I ; I ; P  

Multl le organs. NOS 
~eLk)emla, mononuclear cell 

4 T~ssue examined m~croscopically - Requ~red tlasue not examined micmscopically 
>C Tumor inc~dence 

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

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

X  X X X  X  

. . . . . . . . . . . . . . . . . . . . . . . .  
X  X X  X X X  X X X X X X  X X X X X  
. . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N  

X  

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

Y N N N N N N N N N N N N N N N N N N N N N N N N  
X  X  X  X  X  X  

: No tissue informat~on submitted 
C: N & ~ S Y ,  no histologydue Lo protocol 
A: Autolysis 
M: Ammal missing 
B: No necmpsy performed 

14. Necmpsy, no autolyss, no microscopic examinat~on 
'j An~mal m~ssexed 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS VEHICLE CONTROL 
(Continued) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 ~ 0 ~ ~ ~ ~ ~ ~ ~  
1 1 1 1 1 1 2 2 2 2 2 2 2 3 3 3 3 3 3 4 4 4 4 4 5  
3 4 5 7 8 9 0 1 2 3 5 7 8 0 1 2 4 6 7 1 4 5 8 9 0  
1 1  1 1  1 1  1 1  I i i  1 1  1 1  1 1  1 1  1 1  1 1  1 1  
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 
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

ANIMAL 
NUMBER 

TOTAL: 
TISSUES 
TUMORS 

Skin 
Squamous cell papilloma 
Basal cell tumor 
Basal call camnoma 
slbaaous adenoma 
Kentancanthoma 
U p a n t  melanoma 

Subcutaneous tissue 
hbmma 
LWm 

Lunp and bronchi 

Trachea 
Nasal a n t y  

Bone marmw 

Alvoolarhmnchiolar adenoma 
Pheochromocytoma, metastatic 

M 
on1 canty 

Sahsarg gland 
Liver 
Bib duct 
Paacnas 

S t O m r C  
Small intartine 
hrp intartine 

Kdney 

Unnay bladder 

Rhlitarg 

Sqnamous cell papilloma 

Annar cell adenoma 
E - P Y  

TuboLr call adenoma 

Menoma, NOS 

Adenoma. NOS 
Pluoehmmocytoma 
Pluoehmmocytoma. malignant 

dllicutar cell carcinoma 
Call adenoma 
C a l l  carcinoma 

Paratby mid 
F b m a h c  islet8 

U t  cell adenoma 

A d n d  

Th m d  

Mammary gland 
P.plll.ry camnoma 
R b d e n o m a  

Testla 
htardit lal  cell tumor 

PlUtdta 
PnpuWcl i to ra l  land 

camnoma.  NO# 
2? enoma. NOS 

mous cell carcinoma 

B m n  
Glioma. NOS 
Neunhmoma 

A N S  
Zymbal gland 

Squamous cell carcinoma 

Yecothefoma. NOS 

Ydh le organs, NOS 
t % m l a ,  mononuclear cell 

T u c a v a  nalis 

S 

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

X 

X X 

X 
X X 

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

*50 
2 
1 
1 
2 
3 
1 

*50 
1 
1 

I I- 

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

X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  + - + + + + - - + + - - -  + + + + + + + + + + + +  

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

I I- 

50 
4 
1 
50 
48 

I I- 

I ii 

. . . . . . . . . . . . . . . . . . . . . . . . .  x x  x x x x x x x  x x  x x  x . . . . . . . . . . . . . . . . . . . . . . . . .  
x x x  x x  X X X 

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

X X 

X 

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

.. 
4 1  

49 
24 
50 
1 
13 
1 
50 
1 
5 
3 
49 
50 
4 

~~ 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + + + + t t + t  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X X 

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

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

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

X 
X 

X 

*50 
2 
50 
50 
50 
50 
2 
50 
50 
50 
50 

*50 
1 
2 
50 
30 
50 
*50 

1 

+ + + + + + + + + + + + + + + + + + + + + t + + +  

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

I 1 
X 1 l- 

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

X 

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

I I- 
. . . . . . . . . . . . . . . . . . . . . . . . .  ‘50 l- 1 

I N N N N N N N N N N N N N N N N N N N N N N N N N  X x x  x x X 

I I- 

* b m a l s  necropsied 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF I-METHOXYPSORALEN: LOW DOSE 

~ O O O O O O O O O O O O O O O O O O O O O O O O  
2 3 3 0 3 4 1 1 4 4 2 4 2 3 3 4 1 4 2 2 0 2 3 2 0  
9 1 3 4 5 3 1 9 5 6 3 0 0 9 4 4 7 9 8 4 8 8 8 2 8  

--- 
NUMBER 

WEEKS ON 
STUDY 

~ O O O O O ~ O O O O O O O O O O O O O O O O O O  
0 4 5 6 7 7 7 6 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9  
9 9 8 0 0 8 9 0 3 3 4 4 7 7 9 9 0 1 2 4 5 5 5 6 7  

P- 
Sqtumoui cell papilloma 
Squamarui ~ l l  earnnoma 
Bau1 ml1 tumor 
Kara$oaannthoma 
Hemanpopneytoma, NOS 

S U b e u t a a n I u r  tinlu* 
Fibmma 

R-EsPml- 
Lungs and bronchi 

Camnoma, NOS, metastatic 
uamou8 cell earnnoma 

Alvaolar/bmnchiolar camnoma 
Pheochmmwytoma. metastatic 

3 veolrlbmnchiolar adenoma 

Trachsn 
Nasal icavl1.y 

FlEmlm- 
Bone marrow 
Splnen 

L mph notlar 
d y m n a  

c I R r m . x m  
Heart 

IxGEF;T1TI- 

Sarcoma, NOS 

Camnonta. NOS. metastatic 

On1 CHVlt)f 
Carnnonta. NOS. metastatic 
Squamous call papilloma 

Salivary gland 
Liver 
Bile duct 
Pancrnas 

Carcinoma, NOS, metastatic 
Annvlr ail1 adanoma 

Squamous call papilloma 

Mum nous adenocarcinoma 

E::Y 
Small intmtine 

Large intestine 

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

X 
X 

+ + + + + + F T + + + + + + N + + + + + + + + + + +  

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

X x x  X 

X X 
X 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  + + + - + + + + + + + + - + + - + - + - -  + + + +  
X 

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

N N N N N N N N N N N N N N N N N N N N N N ~ N N  

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

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

+ + + + + + + + + + + + + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 

X 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE 
(Continued) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ ~ ~ 0  
2 0 1 1 1 1 2 3 4 3 0 0 0 0 0 1 1 1 2 3 3 4 4 4 5  
7 7 4 8 0 6 1 2 1 6 1 2 3 5 9 2 3 5 5 0 7 2 1 6 0  

1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1  1 1 1  

.- 
NUMBER 

1 1 1 1 1  WEEKS ON 
STUDY 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

B O 0 0 3 3 3 3 3 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

:I- 
13kD 

Wiamous call papilloma 
Squamoua cell camnoma 
Basal cell tumor 
Keratoacanthoma 
Wemanglopeneytoma. NOS 

Subvutaneous t m u e  
Fil)roma 

L u n p  and bronchi 
Camnoma. NOS, metastatic 

ubmous cell camnoma 2 veolarbronchiolar adenoma 
Alveolar/bronchiolar camnoma 
Pheochmmoeytorna. metastatic 

Trachea 
Vagal cavity 

Bone marrow 
Spleen 

L mphnodes 
&us 

Heart 

Sareoma. NOS 

Cmmoma, NOS, metastatic 

Oral cavity 

Salivary gland 
Liver 
Bils duct 
Pancreas 

Ewpha K 
stomact'  

Small intestine 

Large intestine 

Camnoma NOS metastatic 
Syuamour la11 pipiplllorna 

Camnoma, NOS metastatic 
Annar cell adendma 

Squamous cell papilloma 

Munnous adonocamnoma 

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

X 

x x  X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X x x  

~~ 

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

x x  X 

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

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

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

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

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

X 

x x  
X 

X 

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

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

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

X 
X x x  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

IOTAL: 
'ISSUES 
UMORS 

*50 
2 
1 
2 
3 
1 

'50 
5 

50 
3 
1 
9 
1 
1 

50 
48 

50 
50 

1 
50 
39 

50 
1 

'50 
1 
1 

50 
50 
50 
50 

1 
3 

50 
50 

2 
50 
1 

50 

* Animals necropsied 
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TAIBLtE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS LOW DOSE 
(Continued) - 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 3 3 0 3 4 1 1 4 4 2 4 2 3 3 4 1 4 2 2 0 2 3 2 0  
9 1 3 4 5 3 1 9 5 6 3 0 0 9 4 4 1 9 6 4 8 8 8 2 8  

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

--- 
NUMBER 

m m  
Kid.ney 

Carnnoma, NOS, metastatic 
Tulbuliir cell adenoma 
Tubular cell adenocarcinoma 
Sarcoua, NOS 

Urinary bladder 

m m  
Pltu 1tary 

Adrmnal 
Manoma. NOS 
Carnroma, NOS, metastatic 
Phroe nmmocytoma 
Pheochromocytoma, malignant 

Follicular cell adenoma 
Follinilar cell carnnoma 
C cell adenoma 

Parathyroid 
Parii:ntitic islets 

Islet cell adenoma 

Thyroid 

m- 
Mammuy gland 

kdrnoma. NOS 
Testis 

Ieilaratitial cell tumor 
Prostate 
PnputraVchtoral gland 

Carnnoma, NOS 
Adenoma, NOS 

RElW-M 
Brain 

Carnnoma. NOS, metastatic 
Glioma, NOS 
Astrocytoma 

S P T C I m A N s  
Carnnoma. NOS 

H O m m  
Pe I-icaidium 

x1x-s 
Multiple organs, NOS 

Orbita I recon 

Zymbal gland 

Alvec~larbmnchiolar carcinoma. metastatic 

Mahipant lymphoma, lym hocytic type 
Laukamia, mononuclear c81 

Camnoma, NOS, metastatic 

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

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

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

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

X 
X 

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

X 
X X X 

......................... . . . . . . . . . . . . . . . . . . . . . . . . .  I 
+ + + + + + + + N + + + + + t + t + + + + + t + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
x x x x x  x x x x x x x x  x x x x x x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  X + I  
X 
X 

N N N N N N N N N N N N N N N N N N N N N N N N N  
X X 

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

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

X x x  X X 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE 
(Continued) 

X x x  x x  x X x 
X X . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 

X x x  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + + + + + t + +  

X 

---v 
WEEK5 ON 
STUDY 

ii 
3 

50 
1 
2 
6 

61 
50 
1 

Kidney 
Cnrcinoma. NOS. metastatic 

+ + + + + + + + + + + + + + + t + + + + t t t + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  x x x x x x x x x x x x x x x x x x x  x x x  x 
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6.cell adenoma 

Parathyroid 
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PreputiaUclitord land 
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PnJSbb 

Brain - ._ 
Carnnoma NOS, metaatatic 
Glioma, N ~ S  
htmcytoma 

Zymbal gland 
Camnoma, NOS 

Pancardium 
hlvrolarlbronchiolar carnnoma, meta 

Malignant lymphoma, lym hocytic type 
I A h m i a .  mononuclear c31 

Orbital repion 
Carnnoma, NOS. mahstatic 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF 8-METHOXYPSORALEN: HIGH DOSE 

~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 1 4 2 2 3 4 3 2 3 3 4 0 1 0 3 3 4 0 2 2 1 2 2 0  
9 0 5 1 2 S O 8 8 1 0 3 2 2 8 6 9 8 1 0 6 5 5 7 8  

NUMBER 

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

WEEKSON 
STUDY 

m- 
Skin 
Squamous cell carnnoma 
Rami cell tumor 

Subcutaneous tissue 
hrulma, NOS 
Fibmrna 

R E S p 1 7  
Lunga and bronchi 

Camnoma. NOS, metastatic 
Alva)lar/bmnchiolar adenoma 
Tubular cell adrnocarcinoma, metastatic 
F'hwchmmocytoma, metastatic 

Tmchna 
N n d  cavity 

Bone IMITOW 
Spleen 

Lymph nodes 

Th imiu 

m- 
Heart 

m>- 
Orrll aanty 

Salivary gland 
Liver 
Bile duct 
Pnncmas 

m- 
Tubular cell adenocarcinoma. metastatic 
Llpoima 

Tubular cell adenocarcinoma. metastatic 

Squamous cell papilloma 
Squamous cell carcinoma 

Ac~narcell adenoma :::::rs 
Small intestine 
Large intestine 

m- 
Kidney 

Unnary bladder 

m- 
Pl1uitary 

Mmnrl 

Thymid 

' hb i ik r  cell adenoma 
' hb i ik r  cell adenocarcinoma 

ltsiomyosarcoma 

.Meiioma. NOS 

Phaochmmocytoma 
Pheochromocytoma. malignant 

'Tubuler cell adenocarnnoma. metastatic 
F'oll a l a r  cell adenoma 
F'ollialar cell carcinoma 
C-cell adenoma 
C:-cell mrnnoma 

Parathyroid 
Pancreatic inlet6 

Islet call adenoma 

KEFii- 
Mamlnarygland 

Fibroadenoma 
Tustii 

Intarstttial cell tumor 
ProStlb 
Pre ntlal/clitoral gland 

J e n o m a ,  NOS 

m n  
Brain 

Camnoma. NOS, metastatic 

m's 
Zymbal gland 

Camnoma, NOS 

Brnpc;IVITIFs 
Panb,neum 

Tunica va nalis 
Merothelioma. metastatic 

Mewth8oma.  NOS 
Merothelioma, malignant 

d m i a .  mononuclear cell 

AJX-MS 
Multr le organs, NOS 
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TABLE Ae. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 
(Continued) 

TOTAL: 
'ISSUES 
'UMORS 

.- 
NUMBER 

Skin 
Squrmous call a rnnoma 
B a u l  cell tumor 

S ~bcutaneour turua 
Sarcoma. NOS 
Fibmma 

R- 
Lungs and bmnchi 

Camnoma NOS metartatic 
~lveolarhknchiblar  adsnoma 
Tubular cell denwarnnoma, metastatic 
Pheochmmagtoma, metastatic 

Trachea 
Nasal canty 

Bone marrow 
Spleen 

Tubular cell donocarcinoma, metastatic 
Lipoma 

L rn h nodes 
$uEular cell adenocarcinoma. metastatic 

Thymus 

Heart 

N N N N N N N N N N N N N N N N N N N N N N N N N  Oral cavity 
Squamous call papilloma 
Squamour wll caranoma 

Liver 
Bile duct 
Pancmas 

Annar cell donoma 
Esopha s 
~tomac%U 
Small intestine 
l a rge  intestine 

1- 
Kidney 

Tubular cell adsnoma 
Tubular cell denwarcinoma 

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

X  X  X X X  X  X  

Pituitary 
Manoma. NOS 

M m n a l  
Pheochmmagtoma 
Pheochmmoytoma, malignant 

Thyroid 
Tubular cell denoearcinoma, metastat~c 
Follicular all rdenoma 
Follicular all carnnoma 
C-cell adenoma 

X  
X  

X X X  X  
X  

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

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

C a l l  carcinoma 
Parathyro~d 
Pancnatic isbta 

Islet call adsnoma 

Mammary gland 
Fibmadenonu 

Testis 
Intentltial a l l  tumor 

P m t a t e  
P m  utiallclitonl gland 

J e n o m a .  NOS 

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

X X X X X X X X X X X X  X X X X X X X X X X X X  
. . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N N  

Bram 
Carcinoma. NOS. mstastatlc 

Zymbal gland 
Carcinoma. NOS 

- - - 

N N N N N N N N N N N N N N N N N N N N N N N N N  
X  

Piritonium 
Meaothahoma. metastatic 

'Tunics va 'rulis 
~esothefoorm. NOS 
Mesothqlioorm. mahgnant 

Multi la organa. NOS 
Ladamis.  mononuclear call 

P N N N N N N N N N N N N N N N N N N N N N N N N  
X  X  X  

* Animals nwmpsied 
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TABLE A3. ANALYSIS O F  PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
8-METHOXY PSORALEN 

Vehicle Control 37.5 mg/kg 75 mg/kg 

Skin: Keratoacanthoma 
Overall Rates (a) 
Adjusted Rates (b) 
'Terminal Rates (c) 
'Week of First Observation 
L i f t ?  Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Pisher Exact Test (d) 

Skin: Squamous Cell Papilloma or Carcinoma 
Overall Rates (a) 
Adjiusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
[.if0 Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

3/50 (6%) 3/50 (6%) 
10.0% 11.1% 
3/30 (10%) 0116 (0%) 
104 91 
P=0.226N P=O.449 
P=0.123N P-0.666N 
P= 0.104N 

P=0.661 

2/50 (4%) 3/50 (6%) 
6.7% 14.4% 
2/30 (7%) 1/16 (6%) 
104 100 
P=0.562 P=0.279 
P=0.406N P = 0.489 
P-0.407N 

P = 0.500 

Skin: Basal Cell Tumor or  Sebaceous Adenoma 
Overall Rates (a) 3/50 (6%) 2/50 (4%) 
Adjusted Rates (b) 10.0% 10.2% 
'Terminal Rates ( c )  3/30 (10%) 1/16 (6%) 
Week of First Observation 104 100 
Life Table Tests (d) P =0.453N P=0.618N 
incidental Tumor Tests (d) P=0.383N P=0.650N 
Cochran-Armitage Trend Test (d) P=0.228N 
Fisher Exact Test (d) P = 0.500N 

Skin: Basal Cell Tumor, Sebaceous Adenoma, or Basal Cell Carcinoma 
Overall Rates (a )  4/50 (8%) 2/50 (4%) 

12.6% 10.2% Adjiusted Rates (b) 
'Terminal Rates ( c )  
Week of First Observation 
L& Table Tests (d) 
incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma 
Ovierall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma o r  Sarcoma 
Overall Rates (a )  
Adjusted Rates (b) 
'reiminal Rates ( c )  
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisber Exact Test (d) 

8-lMethoxypsoralen, NTP TR 359 

3/30 (10%) 
98 
P=0.308N 
P = 0.193N 
P=0.122N 

1/50 (2%) 
3.3% 
1/30 (3%) 
104 
P=0.004 
P= 0.012 
P= 0.023 

1/50 (2%) 
3.3% 
1/30 (3%) 
104 
P=O.O02 
P = 0.009 
P = 0.012 

76 

1/16 (6%) 
100 
P=0.593N 
P = 0.387N 

P-0.399N 

5/50 (10%) 
24.1% 
2/16(13%) 
100 
P10.029 
P=0.115 

P=0.102 

5/50(10%) 
24.1% 
2/16 (13%) 
100 
P = 0.029 
P=0.115 

P=O.102 

0/49 (0%) 
0.0% 
0/16 (0%) 

P=0.250N 
P=0.250N 

Px0.125N 

1/49 (2%) 
4.8% 
0116 (0%) 
101 
P=0.693N 
P=0.559N 

P=0.508N 

1/49 (2%) 
6.3% 
1/16 (6%) 
104 
P=0.547N 
P=0.547N 

P =0.316N 

1/49 (2%) 
6.3% 
1/16 (6%) 
104 
P=0.395N 
P=0.288N 

P= 0.187N 

7/49 (14%) 
30.9% 
4/16 (25%) 
57 
Pr0.006 
P = 0.009 

P=0.028 

8/49 (16%) 
32.3% 
4/16 (25%) 
13 
P = 0.003 
P=O.O08 

P = 0.01 4 



TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
8-METHOXYPSORALEN (Continued) 

Lung: Alveolar/Bronc hiolar Adenoma 
Overall Rates (a)  4/50 (8%) 
Adjusted Rates (b) 12.0% 
Terminal Rates (c) 3/30 (10%) 
Week of First Observation 84 
Life Table Tests (d) P = 0.015 
Incidental Tumor Tests (d) P=0.075 
Cochran-Armitage Trend Test (d) P=0.094 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 12/50 (24%) 
Adjusted Rates (b) 32.2% 
Terminal Rates (c) 6/30 (20%) 
Week of First Observation 88 
Life Table Tests (d) P = 0.21 7N 
Incidental Tumor Tests (d) P=0.057N 
Cochran-Armitage Trend Test (d) P=0.042N 
Fisher Exact Test (d) 

Oral Cavity: Squamous Cell Papilloma or Carcinoma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 6.7% 
Terminal Rates (c) 2/30 (7%) 
Week of First Observation 106 
Life Table Tests (d) P=0.247 
Incidental Tumor Tests (d) P=0.422 
Cochran-Armitage Trend Test (d) P=0.391 
Fisher Exact Test (d) 

Pancreas: Acinar Cell Adenoma 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Kidney: Tubular Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

2/50 (4%) 
6.7% 
2/30 (7%) 
106 
P = 0.073 
P = 0.1 25 
P = 0.255 

1/60 (2%) 
3.3% 
1/30 (3%) 
106 
P=0.003 
P = 0.03 1 
P = 0.025 

Kidney: Tubular Cell Adenocarcinoma 
Overall Rates ( a )  0150 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0130 (0%) 
Week of First Observation 
Life Table Tests (d) P=0.024 
Incidental Tumor Tests (d) P=0.024 
Cochran-Armitage Trend Test (d) P=0.058 
Fisher Exact Test (d) 

77 

(e) 9/50 (18%) 
37.4% 
4/16 (25%) 
87 
P = 0.022 
P = 0.077 

P=0.117 

7/50 (14%) 
23.4% 
2/16 (13%) 
78 
P = 0.464N 
P=0.160N 

P=0.154N 

1/50 (2%) 
4.2% 
0/16 (0%) 
100 
P=0.678N 
P=0.545N 

P = 0.500N 

3/50 (6%) 
16.7% 
2/16 (13%) 
103 
P = 0.252 
P=0.350 

P=0.500 

11/50 (22%) 
45.0% 
4/16 (25%) 
95 
P <0.001 
P = 0.004 

P = 0.002 

1/50 (2%) 
6.2% 
1/16 (6%) 
105 
P=0.375 
P=0.375 

P=0.500 

9/49 (18%) 
35.8% 
3/16 (19%) 
68 
P = 0.022 
Pr0.131 

P=0.109 

5/49 (10%) 
20.0% 
1/16 (6%) 
80 
P = 0.275N 
P=0.063N 

P = 0.059N 

3/49 (6%) 
10.7% 
0116 (0%) 
91 
P = 0.318 
P=0.515 

P=0.490 

4/49 (8%) 
23.0% 
3/16 (19%) 
102 
P = 0.109 
P = 0.168 

P = 0.329 

8/49 (16%) 
30.5% 
2/16 (13%) 
80 
P = 0.004 
P=0.026 

P = 0.014 

3/49 (6%) 
15.2% 
2/16 (13%) 
92 
P = 0.053 
P=0.055 

P = 0.1 17 
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TABLE A3. ANALYSIS O F  PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY O F  
I-METHOXYPSORALEN (Continued) 

Vehicle Control 37.5 mg/kg 75 wk3 

Kidn.ey: Tubular Cell Adenoma or Adenocarcinoma 
Overall Rates (a)  1/50 (2%) 
Adjusted Rates (b) 3.3% 
Terminal Rates (c) 1/30 (3%) 
Week of First Observation 106 
Li.fe Table Tests (d) P< 0.00 1 
Incidental Tumor Tests (d) P = 0.003 
Cochran-Armitage Trend Test (d) P = 0.004 
Fkher Exact Test (d) 

Anterior Pituitary Gland: Adenoma 
Overall Rates (a) 24'49 (49%) 
Amdjusted Rates (b) 59.0% 
Terminal Rates (c) 14430 (47%) 
Week ofFirst Observation 62 
Life Table Tests (d) P=0.231N 
Incidental Tumor Tests (d) P = 0.007N 
Cochran-Armitage Trend Test (d) P =0.008N 
Fisher Exact Test (d) 

Adrtrnal Medulla: Pheochromocytoma 
Overall Rates (a) 13/50 (26%) 
Adjusted Rates (b) 41.9% 
Terminal Rates (c) 12/30 (40%) 
Week ofFirst Observation 102 
Life Table Tests (d) Pr0.316 
Incidental Tumor Tests (d) P=0.491N 
Cochran-Armitage Trend Test (d) P =0.214N 
Fisher Exact Test (d) 

Adrenal Medulla: Malignant Pheochromocytoma 
Overall Rates (a)  1/50 (2%) 
Adjusted Rates (b) 3.3% 
Terminal Rates (c) 1/30 (3%) 
Week of First Observation 106 
Life Table Tests (d) P = 0.428 
Iricidental Tumor Tests (d) P = 0.599 
ClDchran-Arrnitage Trend Test (d) P =  0.603 
Fisher Exact Test (d) 

Aldrcrnal Medulla: Pheochromocytoma or Malignant Pheochrom 
Overall Rates (a) 14/50 (28%) 
Adjusted Rates (b) 45.1% 
Terminal Rates (c) 13/30 (43%) 
Week of First Observation 102 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
C'ochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.262 
P = 0.498N 
P =0.227N 

Thyroid Gland: Follicular Cell Adenoma or Carcinoma 
Overall Rates (a)  1/50 (2%) 

Terminal Rates (c) 1/30 (3%) 
Week ofFirst Observation 106 
L:ife Table Tests (d) P=0.107 
Incidental Tumor Tests (d) P=0.314 
C'ochran-Armitage Trend Test (d) P =0.231 
Fisher Exact Test (d) 

Adjusted Rates (b) 3.3% 

12/50 (24%) 
49.6% 
5/16 (31%) 
95 
P<O.Ool 
P = 0.001 

P<O.Ool 

12/50 (24%) 
39.0% 
2/16 (13%) 
70 
P = 0.242N 
P = 0.Oo3N 

P = 0.009N 

11/50 (22%) 
46.0% 
5/16 (31%) 
87 
P = 0.215 
P = 0.550 

P-O.408N 

3/50 (6%) 
12.9% 
1/16 (6%) 
84 
P = 0.169 
P = 0.281 

P=0.309 

iocytoma 
14/50 (28%) 
54.6% 
6/16 (38%) 
84 
P = 0.082 
P=0.344 

P = 0.588 

3/56 (6%) 
13.7% 
1/16 (6%) 
95 
P=0.166 
P=0.340 

P = 0.309 

11/49 (22%) 
42.3% 
4/16 (25%) 
80 
P < 0.00 1 
P = 0.002 

P = 0.002 

12/48 (25%) 
45.2% 
4/16 (25%) 
84 
P = 0.298N 
P = 0.01 8N 

P=0.013N 

9/49(18%) 
41.5% 
5/16 (31%) 
90 
P=0.392 
P=0.588 

P= 0.251N 

1/49 (2%) 
3.8% 
0/16 (0%) 
94 
P =0.652 
P=0.759N 

P = 0.747 

10149 (20%) 
43.8% 
5/16 (31%) 
90 
P = 0.352 
P = 0.592 

P=0.259N 

3/49 (6%) 
12.6% 
0/16 (0%) 
94 
P=0.166 
P = 0.456 

P = 0.301 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
8-METHOXYPSORALEN (Continued) 

Vehicle Control 37.5 mg/kg 75 mglkg 

Thyroid Gland: C-Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

5/50 (10%) 
16.7% 
5/30 (17%) 
106 
P = 0.242 
Pt0.412 
P=0.551 

Thyroid Gland: C-Cell Carcinoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 9.6% 
Terminal Rates (c) 2/30 (7%) 
Week of First Observation 102 
Life Table Testa (d) P=0.334N 
Incidental Tumor Testa (d) Pr0.171N 
Cochran-Armitage Trend Test (d) P = 0.180N 
Fisher Exact Test (d) 

Thyroid Gland: C-cell Adenoma or Carcinoma 
Overall Rates (a) 7/50 (14%) 
Adjusted Rates (b) 22.5% 
Terminal Rates (c) 6/30 (20%) 
Week of First Observation 102 
Life Table Tests (d) P = 0.425 
Incidental Tumor Testa (d) P = 0.46 1 N 
Cochran-Armitage Trend Test (d) P=0.336N 
Fisher Exact Test (d) 

Pancreatic Islets: Islet Cell Adenoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 11.3% 
Terminal Rates (c) 2/30 (7%) 
Week of First Observation 84 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.245N 
P=  0.180N 
P = 0.1 O4N 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

2/50 (4%) 
6.7% 
2/30 (7%) 
106 
P=0.118 
P = 0.206 
P = 0.216 

Mammary Gland: Adenoma or Fibroadenoma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 6.7% 
Terminal Rates (c) 2/30 (7%) 
Week of First Observation 106 
Life Table Tests (d) P=0.124 
Incidental Tumor Testa (d) P=0.251 
Cochran-Armitage Trend Test (d) P=  0.231 
Fisher Exact Test (d) 

79 

6/50 (12%) 
22.6% 
2/16 (13%) 
78 
P-0.213 
P = 0.346 

P = 0.500 

0150 (0%) 
0.0% 
0/16 (0%) 

P=0.237N 
P=  0.129N 

P=0.121N 

6/50 (12%) 
22.6% 
2/16(13%) 
78 
P-0.386 
P=0.612 

P = 0.500N 

1/50 (2%) 
6.3% 
1/16 (6%) 
104 
P = 0.345N 
P = 0.223N 

P=O.l8lN 

0/50 (0%) 
0.0% 
0/16 (0%) 

P=0.384N 
P = 0.384N 

P= 0.247N 

1/50 (2%) 
3.3% 
0116 (0%) 
95 
P=0.663N 
P = 0.545N 

P=0.500N 

5/49 (10%) 
23.2% 
2/16 (13%) 
86 
P= 0.279 
P = 0.439 

P ~ 0 . 6 1 7  

1/49 (2%) 
4.8% 
0/16 (0%)  
101 
P = 0.518N 
P=0.271N 

P= 0.3 16N 

5/49 (10%) 
23.2% 
2/16 (13%) 
86 
P=0.468 
P=0.549N 

P = 0.394N 

1/49 (2%) 
6.3% 
1/16 (6%) 
104 
P=0.360N 
P = 0.253N 

P =0.188N 

4/49 (8%) 
14.5% 
1116 (6%) 
13 
P = 0.176 
P = 0.330 

P = 0.329 

4/49 (8%) 
14.5% 
1/16 (6%) 
13 
P=0.176 
P = 0.330 

P = 0.329 

8-Methoxypsoralen, NTP TR 359 



TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
8-METHOXYPSORALEN (Continued) 

Vehicle Control 37.5 mg/kg 75 me/kg 

Mammary Gland: Adenoma, Fibroadenoma, or Papillary Carcinoma 
Owerall Rates (a) 3/50 (6%) 1/50 (2%) 
Adjusted Rates (b) 10.0% 3.3% 
Terminal Rates (c) 3/30 (10%) 0/16 (0%) 
Week of First Observation 106 95 
Life Table Testa (d) P = 0.228 P=0.501N 
Incidental Tumor Tests (d) P~0.393 P=0.390N 
Cochran-Armitage Trend Test (d) P=0.402 
Fisher Exact Test (d) P=0.309N 

Preputial Gland: Adenoma 
Olverall Rates (a) 
A.djusted Rates (b) 
Terminal Ratas (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher ExactTest(d1 

1/50 (2%) 4/50 (8%) 
3.3% 18.5% 
1/30 (3%) 2/16 (13%) 
106 70 
P = 0.405 P = 0.073 
P=0.569 P = 0.150 
P = 0.593 

P=O.l8l 

Preputial Gland: Adenoma, Carcinoma, or Squamous Cell Carcinoma 
Owerall Rates (a) 3/50 (6%) 5/50 (10%) 
A.djusted Rates (b) 9.6% 24.3% 
Terminal Rates (c) 2/30 (7%) 3/16 (19%) 
Week of First Observation 102 70 
Life Table Testa (d) P = 0.519N P = 0.136 
Incidental Tumor Tests (d) P=0.320N P=0.302 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P = 0.357 

P= 0.272N 

Testis: Interstitial Cell Tumor 
Owerall Rates (a) 
A.djusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

38/50 (76%) 44/48 (92%) 
90.2% 95.6% 
26/30 (87%) 14/16 (88%) 
62 49 
PCO.001 PCO.001 
P = 0.006 P=0.017 
P = 0.066 

P = 0.033 

Zymbal Gland: Carcinoma or Squamous Cell Carcinoma 
Clwerall Rates (a) 1/50 (2%) 7/50 ( 14%) 
Adjusted Rates (b) 3.3% 29.1% 
Terminal Rates(c) 1/30 (3%) 2/16(13%) 
Week ofFirst Observation 106 83 
Life Table Testa (d) P=0.063 P=0.008 
Incidental Tumor Tests (d) P = 0.229 P=0.051 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P = 0.030 

P = 0.170 

A.11 Sites: Benign Tumors 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 
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48/50 (96%) 47/50 (94%) 
100.0% 
30130 (100%) 16/16 (100%) 
62 49 
P = 0.006 
P = 0.359 
P = 0.255N 

100.0% 

P = 0.006 
P = 0.626 

P = 0.500N 

80 

4/49 (8%) 
14.5% 
1/16 (6%) 
13 
P = 0.276 
P=0.451 

P = 0.489 

1/49 (2%) 
3.1% 
0116 (0%) 
92 
P=0.671 
P = 0.681 

P = 0.747 

1/49 (2%) 
3.1% 
0/16 (0%) 
92 
P = 0.489N 
P = 0.354N 

P=0.316N 

43/49 (88%) 
97.7% 
15/16 (94%) 
54 
PC 0.00 1 
P=0.007 

P=0.104 

4/49 (8%) 
13.1% 
0/16 (0%) 
78 
P=0.104 
P=0.233 

P=0.175 

45/49 (92%) 
100.0% 
16/16 (100%) 
13 
P=0.008 
P=0.387 

P = 0.329N 



TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
8-METHOXYPSORALEN (Continued) 

Vehicle Control 37.5 mg/kg 75 msflcg 
~ 

All Sites: Malignant Tumors 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: All Tumors 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

19/50 (38%) 
48.9% 
11/30 (37%) 
82 
P = 0.097 
P=0.518 
P=0.492N 

48/50 (96%) 
100.0% 
30/30 (100%) 
62 
P = 0.006 
P= 0.359 
P-0.255N 

23/50 (46%) 
72.8% 
9/16 (56%) 
78 
P = 0.021 
P=0.225 

P-0.272 

47/50 (94%) 
100.0% 
16/16 (100%) 
49 
P = 0.006 
P = 0.626 

P = 0.500N 

18/49 (37%) 
55.8% 
4/16 (25%) 
13 
P10.147 
P=0.486N 

P= 0.53lN 

45/49 (92%) 
100.0% 
16/16 (100%) 
13 
P = 0.008 
P = 0.387 

P = 0.329N 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence a t  terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to painvise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact testa compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) An alveolarhronchiolar carcinoma was observed in an animal with an adenoma. 
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TABLE A4a. HISTORICAL INCIDENCE O F  RENAL TUBULAR CELL TUMORS IN MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence of Adenomas or Adenocarcinomas 
in Vehicle Controls 

No '2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 

'WI'AL 
SD (c) 

Range (d) 
High 
Low 

(b) 1011,943 (0.5%) 
0.89% 

1148 
0150 

(a) Data as  of April 29,1987, for studies of at least 104 weeks 
(b) Includes three tubular cell adenomas, two adenocarcinomas, NOS, and five tubular cell adenocarcinomas 
(c) Standard deviation 
(d) Range and SD are presented for groups of 36 or more animals. 

TABL.E A4b. HISTORICAL INCIDENCE O F  ZYMBAL GLAND TUMORS IN MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence of Adenomas or Carcinomas 
in  Vehicle Controls 

~~ 

No :byear studies by SRI International are included in the historical data base. 

Ovsraill Historical Incidence 

(b) 1611,949 (0.8%) 
1.28% 

(e) 2/49 
0150 

(a) Data as of April 29,1987, for studies of at least 104 weeks 
(b) Includes two adenomas, NOS, three squamous cell carcinomas, one sebaceous adenocarcinoma, and one ceruminous 
carcinoma 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
(e) Carcinomas, NOS 
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TABLE A4c. HISTORICAL INCIDENCE OF INTEGUMENTARY SYSTEM TUMORS IN MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Fibroma Fibrosarcoma Fibroma or Fibrosarcoma 

No 2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (d) 

Itrlnge (e) 
High 
LOW 

(b) 12611,949 (6.5%) (c) 4711,949 (2.4%) (b,c) 17111,949 (8.8%) 
3.35% 2.65% 4.15% 

8/50 
0150 

6/50 
0150 

9/50 
1/50 

(a) Data as of April 29,1987, for studies of a t  least 104 weeks 
(b) Includes five neurofibromas 
(c) Includes 15 sarcomas, NOS, and 5 neurofibrosarcomas 
(d) Standard deviation 
(e) Range and SD are presented for groups of 35 or more animals. 

TABLE A4d. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS I N  MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Adenoma Carcinoma Adenoma or Carcinoma 

No 2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

4511,944 (2.3%) 25/1,944 (1.3%) 68/1,944 (3.5%) 
2.38% 1.62% 2.94% 

4/50 
0150 

3/50 
0150 

5/50 
0150 

(H) Data as ofApril 29,1987, for studies of a t  least 104 weeks 
(b) Standard deviation 

Range and SD are presented for groups of 35 or more animals. 
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TABLE Ale. HISTORICAL INCIDENCE OF STOMACH SQUAMOUS CELL TUMORS IN MALE F344/N 
RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence of Papillomas or Carcinomas 
in Vehicle Controls 

N o  2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD(d 

Range (d) 
High 
Low 

(b) 7/1,924 (0.4%) 
0.78% 

1/49 
0/50 

(ai 1 Dlata as of April 29,1987, for studies of a t  least 104 weeks 
(tl) Includes one papilloma, NOS, five squamous cell papillomas, and one squamous cell carcinoma 
( c  1 Siandard deviation 
(dl) Range and SD are presented for groups of 35 or more animals. 

TAB'LE A4f. HISTORICAL INCIDENCE OF THYROID GLAND FOLLICULAR CELL TUMORS IN MALE 
F344/N RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Adenoma Carcinoma Adenoma or Carcinoma 

N'o 2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

(b) 18/1,909 (0.9%) 28/1,909 (1.5%) (b)46/1,909 (2.4%) 
1.73% 1.85% 2.44% 

2/50 
0150 

4/50 
0150 

5/50 
0/50 

(a) Data as of April 29,1987, for studies of a t  least 104 weeks 
(b) Includes one cystadenoma, NOS 
(cli Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
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‘FABLE Alg. HISTORICAL INCIDENCE OF ANTERIOR PITUITARY GLAND TUMORS IN MALE F344/N 
RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in  Vehicle Controls 
Adenoma Carcinoma Adenoma or Carcinoma 

No 2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 
TOTAL (b) 51911,898 (27.3%) (c) 3811,898 (2.0%) (b,c) 55611,898 (29.3%) 
SD (d) 10.31% 2.61% 10.48% 

Range (e) 
High 
LOW 

26/48 
5/50 

4/47 
0150 

26/48 
6/50 

(a)DataasofApril29,1987,forstudiesofatleast 104 weeks 
(b) Includes 34 chromophobe adenomas and 1 acidophil adenoma 
(c) Includes three adenocarcinomas, NOS, and four chromophobe carcinomas 
(d) Standard deviation 
(e) Range and SD are presented for groups of 35 or more animals. 

TABLE Alh. HISTORICAL INCIDENCE OF TESTICULAR INTERSTITIAL CELL TUMORS IN MALE 
F344/N RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in  Vehicle Controls 

No 2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

(b) 1,674/1,944 (86.1%) 
9.42% 

48/50 
31/49 

(a) Data as ofApril 29,1987, for studies of at least 104 weeks 
(b) Includes two malignant interstitial cell tumors 
( c )  Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 

85 8-Methoxypsoralen, NTP TR 359 



TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF I-METHOXYPSORALEN 

Vehicle Control Low Dose High Dose 

Aniimrils initially in study 
Anlimrils removed 
Aniimrils examined histopathologically 

50 
50 
50 

50 
50 
60 

50 
49 
49 

INTEGUMENTARY SYSTEM 

Epidermal inclusion cyst 
Hyperkeratosis 

+Skin (50) (50) (49) 
1 (2%) 4 (8%) 2 (4%) 
2 (4%) 

RESPllRATORY SYSTEM 

Hemorrhage 
Inflammation, acute 
Inflammation, chronic 
Reaction, foreign body 
Infection, fungal 
Metaplasia, squamous 

#Accessory sinus 
Abscess, NOS 

ILunghronchus 
Inflammation, NOS 

Atelectasis 
Congestion, NOS 
Edema, NOS 
Hemorrhage 
Inflammation, NOS 
Inflammation, acute 
Abscess, NOS 
Inflammation, chronic 
Granuloma, NOS 
Hyperplasia, alveolar epithelium 
Metaplasia, osseous 
Histiocytosis 

Granuloma, NOS 
Histiocytosis 

#Nasal cavity 

XLIung 

X14ung/alveoli 

(48) 
1 (2%) 
2 (4%) 
6 (13%) 

1 (2%) 

(48) 

(50) 

(50) 
1 (2%) 
5 (10%) 

1 (2%) 
7 (14%) 
1 (2%) 
1 (2%) 

37 (74%) 
5 (10%) 
1 (2%) 

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

(48) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

(48) 

(50) 

(50) 

8 (16%) 

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

25 (50%) 
7 (14%) 
2 (4%) 
3 (6%) 

(50)  

(45) 
1 (2%) 

4 (9%) 

2 (4%) 
(45) 

(49) 

(49) 
1 (2%) 

1 (2%) 
12 (24%) 

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

1 (2%) 
1 (2%) 

25 (51%) 
9 (18%) 

(49) 
1 (2%) 

HE:MATOPOIETIC SYSTEM 

Hypoplasia, NOS 
Hyperplasia, NOS 

Congenital malformation, NOS 
Congestion, NOS 
Fibrosis 
Fibrosis, focal 
Infarct, NOS 
Hemosiderosis 
Metaplasia, myeloid 

Congestion, NOS 
Hemorrhage 
Inflammation, chronic 
Hemosiderosis 
Hyperplasia, NOS 
Histiocytosis 
Plasmacytosis 

#Mandibular lymph node 
Plasmacytosis 

XElone marrow 

#Spleen 

#Lymph node 

(50) 
4 

(50)  

3 
4 

4 
1 
3 

(50) 
1 

3 

8 
(50)  

1 

(8%) 

(6%) 
(8%) 

(8%) 
(2%) 
(6%) 

(2%) 

(6%) 

(16%) 

(2%) 

(50) 

1 (2%) 

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

(50) 

(50) 

1 (2%) 
1 (2%) 
1 (2%) 
5 (10%) 
9 (18%) 
7 (14%) 

(SO) 

(49) 
1 
1 

(49) 

6 
5 

1 

3 
(49) 

3 

8 

2 
(49) 

(2%) 
(2%) 

(12%) 
(10%) 

(2%) 

(6%) 

(6%) 

(16%) 

(4%) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF I-METHOXYPSORALEN (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Mesenteric lymph node (50) 

#Lung (50) 

#Thymus (41) 

Hyperplasia, NOS 

Leukocytosis, NOS 

Necrosis, focal 

(50) (49) 

(50) (49) 

(39) (41) 

1 (2%) 

1 (2%) 

1 (3%) 

CIRCULATORY SYSTEM 
#Lymph node 

LymphangieLZasis 

Thrombosis, NOS 

Abscess, NOS 
Inflammation, chronic focal 
Fibrosis 
Fibrosis, focal 
Endocardiosis 
Necrosis, focal 
Infarct, NOS 
Calcification, NOS 

#Heartlatrim 
Thrombus, mural 

+Blood vessel 
Calcification, NOS 

+Artery 
Inflammation, NOS 
Poly angiitis 

+Aorta 
Calcification, NOS 

+Coronary artery 
Inflammation, necrotizing 

+Hepatic artery 
Aneurysm 

+Mesenteric artery 
Aneurysm 

V e i n  
Thrombosis, NOS 

V e n a  cava 
Calcification, NOS 

+Portal vein 
Thrombus, organized 

#Testis 
Periarteritis 

#Lung 

#Heart 

(50) 

(50) 

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

17 (34%) 
11 (22%) 
1 (2%) 

10 (20%) 
1 (2%) 

1 (2%) 
2 (4%) 

(50) 

(50) 

(50) 
1 (2%) 

1 (2%) 
1 (2%) 

2 (4%) 
(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(48) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

14 (29%) 
1 (2%) 

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

(49) 

(49) 

(49) 

DIGESTIVE SYSTEM 
+Tongue 

Hyperkeratosis 
#Salivary gland 

Edema, NOS 
Idlammation, acute 
Fibrosis 
Atrophy, NOS 

Hernia, NOS 
Congestion, NOS 
Abscess, NOS 
Granuloma, NOS 
Fibrosis, focal 
Peliosis hepatis 

#Liver 

(50) 

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

(50) 
3 (6%) 
4 (8%) 

(50) 

(50) 

1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 

(50) 

1 (2%) 
5 (10%) 

(49) 

(49) 
1 (2%) 

(49) 
3 (6%) 
5 (10%) 

2 (4%) 

3 (6%) 
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TABILE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 8-METHOXYPSORALEN (Continued) 

Vehicle Control Low Dose High Dose 

DIGESTIVE SYSTEM 
#Liver (Continued) 

Degeneration, lipoid 
Necrosis, NOS 
Infarct, NOS 
Metamorphosis, fatty 
Basophilic cyto change 
Ground glass cyto change 
Clear cell change 
Hyperplasia, focal 

XEIile duct 
Hyperplasia, NOS 

XF'ancreas 
Hematoma, NOS 

#F'ancreatic acinus 
Atrophy, NOS 
Atrophy, focal 
Hyperplasia, NOS 

InfTammation, acute focal 

Calcification, NOS 

Ulcer, NOS 
Inflammation, acute 
Erosion 
Calcification, NOS 
Hyperplasia, epithelial 

#Forestomach 
Edema, NOS 
Ulcer, NOS 
Inflammation, acute 
Inflammation, active chronic 
Inflammation, acutekhronic 
Inflammation, chronic 
Erosion 
Fibrosis, focal 
Degeneration, NOS 
Calcification, NOS 
Hyperplasia, epithelial 

]Parasitism 

]Edema, NOS 

]Parasitism 
Necrosis, NOS 

#Elsophagus 

#Stomach 

#Glandular stomach 

CGolon 

#Cecum 

*Rectum 

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

11 (22%) 
4 (8%) 

1 (2%) 

(50) 

(50) 

(50) 

24 (48%) 

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

1 (2%) 
(50) 

(50) 

(50) 
2 (4%) 

1 (2%) 
9 (18%) 

5 (10%) 

(50) 

1 (2%) 

1 (2%) 

4 (8%) 
(50) 

(50) 

(50) 
1 (2%) 

(50) 

1 (2%) 
1 (2%) 

17 (34%) 
11 (22%) 

1 (2%) 

14 (28%) 

1 (2%) 

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

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

2 (4%) 
3 (6%) 

(50) 

13 (26%) 

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

1 (2%) 
2 (4%) 

19 (38%) 
(50) 

(50) 

(50) 

(49) 

1 (2%) 
17 (35%) 
10 (20%) 
1 (2%) 
3 (6%) 

(49) 

(49) 

(49 ) 

8 (16%) 

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

(49) 

(49) 

(49) 

1 (2%) 
1 (2%) 

6 (12%) 

4 (8%) 
11 (22%) 
1 (2%) 
1 (2%) 
1 62%) 
3 (6%) 
2 (4%) 

(49) 

20 (41%) 

1 (2%) 
(49) 

(49) 

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

URINARY SYSTEM 
#Kidney 

Hydronephrosis 
Cyst, NOS 
Abscess,NOS 
Nephropathy 
Calcification, NOS 

#Kiidney/cortex 
Cyst, NOS 

#Renal papilla 
Mineralization 

#Kidney/tubule 
Hyperplasia, focal 

(50) 

1 (2%) 
1 (2%) 

48 (96%) 

(50) 

(50)  

(50) 

(50) 

3 (6%) 

49 (98%) 
1 (2%) 

(50) 

(50) 

(50) 
8 (16%) 

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

47 (96%) 
1 (2%) 

1 (2%) 

31 (63%) 

8 (16%) 

(49) 

(49) 

(49) 
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‘FABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 8-METHOXYPSORALEN (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM 

Cyst, NOS 
Hyperplasia, NOS 
Angiectasis 

#Adrenal cortex 
Congestion, NOS 
Degeneration, lipoid 
Metamorphosis, fatty 
Hypertrophy, focal 
Hyperplasia, focal 
Hyperplasia, diffuse 

Hyperplasia, NOS 

Cyst, NOS 
Abscess, NOS 
Hypertrophy, diffuse 
Hyperplasia, C-cell 
Hyperplasia, follicular cell 

Hyperplasia, secondary 

#Anterior pituitary 

#Adrenal medulla 

#Thyroid 

#Parathyroid 

(49) 
6 (12%) 
7 (14%) 
1 (2%) 

(50) 

11 (22%) 
11 (22%) 
1 (2%) 
2 (4%) 
3 (6%) 

10 (20%) 

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

(50) 

(50) 

(49) 
2 (4%) 

(50) 
2 (4%) 
7 (14%) 

(50) 

9 (18%) 
16 (32%) 

1 (2%) 
2 (4%) 

10 (20%) 
(50) 

(50) 

31 (62%) 
6 (12%) 

(47) 
22 (47%) 

(48) 
2 (4%) 
5 (10%) 

(49) 
2 (4%) 

12 (24%) 
17 (35%) 

3 (6%) 
3 (6%) 

8 (16%) 

1 (2%) 

39 (80%) 
3 (6%) 
1 (2%) 

18 (38%) 

(49) 

(49) 

(48) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Hyperplasia, NOS 
Lactation 

*Preputial gland 
Cyst, NOS 
Abscess, NOS 
Hyperplasia, epithelial 

Edema, NOS 
Inflammation, acute 
Hyperplasia, NOS 

+Seminal vesicle 
Degeneration, NOS 
Atrophy, NOS 

Granuloma, foreign body 
Atrophy, NOS 
Hyperplasia, interstitial cell 

Degeneration, NOS 

Hematoma, organized 

#Prostate 

#Testis 

*Epididymis 

%permatic cord 

(50) 
2 (4%) 
6 (12%) 

6 (12%) 
(50) 

(50) 

5 (10%) 

(50) 
1 (2%) 
5 (10%) 

1 (2%) 
4 (8%) 
7 (14%) 

8 (16%) 

(50) 

(50) 

(50) 

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

4 (8%) 
(50) 

(48) 
1 (2%) 

(50) 

14 (28%) 
(48) 

5 (10%) 
1 (2%) 

(50) 

(50) 

(49) 

(49) 

1 (2%) 
2 (4%) 

20 (41%) 
1 (2%) 
1 (2%) 

3 (6%) 
1 (2%) 

(48) 

(49) 

12 (24%) 
(49) 

5 (10%) 
3 (6%) 

11 (22%) 

1 (2%) 

(49) 

(49) 

NERVOUS SYSTEM 
#Brain 

#Cerebral hemisphere 
Hydrocephalus, NOS 

Atrophy, NOS 

SPECIAL SENSE ORGANS 
*Eye 

Hemorrhage 
Cataract 
Phthisis bulbi 

(60) (50) (49) 
1 (2%) 14 (28%) 9 (18%) 

44 (88%) 40 (80%) 36 (73%) 
1 (2%) 
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TAHLIE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 8-METHOXYPSORALEN (Continued) 

Vehicle Control Low Dose High Dose 

SPECIilL SENSE ORGANS (Continued) 
*Eyelanterior chamber 

Hemorrhage 
Inflammation, acute suppurative 

*Eye/wrnea 
Inflammation, acute 

*Eyalretina 
Degeneration, NOS 

*Harderian gland 
Abscess, NOS 
Atrophy, focal 
ffyperplasia, NOS 

Inflammation, active chronic 
*Ear canal 

(50) (50) 

1 (2%) 
(50) 

(50) (50) 

(50) (50) 
46 (92%) 42 (84%) 

1 (2%) 

1 (2%) 
(50) (50) 

1 (2%) 

(49) 

(49) 

(49) 

(49) 

1 (2%) 

2 (4%) 

40 (82%) 

1 (2%) 

(49) 

MUSCULOSKELETAL SYSTEM 

Inflammation, acutdchronic 
Fibrous osteodystrophy 
Atrophy, NOS 

*Intervertebral disc 
Degeneration, NOS 

*Borne (50) (50) (49) 
1 (2%) 
2 (4%) 10 (20%) 12 (24%) 
3 (6%) 

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

BODY CAVITIES 
*Mediastinum 

Ifematoma, NOS 
Inflammation, acute 
Abscess, NOS 
Granuloma, foreign body 

Inflammation, acute 
Inflammation, chronic 
&antdoma, foreign body 

*Pericardium 

(50) (50) 

1 (2%) 
1 (2%) 

(50) (50) 
1 (2%) 

(49) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

(49) 

ALL, OTHER SYSTEMS 

Abscess, NOS 

Necrosis. fat 

Neck 

kdilpose tissue 
1 

8 1 

SPECIAL MORPHOLOGY SUMMARY 
Iiutolysidno necropsy 1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Nlumber of animals examined microscopically at this site 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF 8-METHOXYPSORALEN 

Vehicle Control Low Dose High Dose 

Animals initially in study 
Animals removed 
Animals examined histopathologically 

50 
50 
50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 

Squamous cell papilloma 
Basal cell tumor 
Trichoepithelioma 
Keratoacanthoma 

*Subcutaneous tissue 
Fibroma 
Lipoma 

*Skin (50) (50) (50) 
1 (2%) 

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

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

(50) (50) ' (50) 

RESPIRATORY SYSTEM 
#Lung 

Alveolar/bronchiolar adenoma 
C-cell carcinoma, metastatic 

(50) (50) (50) 
5 (10%) 2 (4%) 2 (4%) 
1 (2%) 

HEMATOPOIETIC SYSTEM 
+Multiple organs 

#Spleen 

#Liver 

#Thymus 

Malignant lymphoma, NOS 
Leukemia, mononuclear cell 

Leukemia, mononuclear cell 

Leukemia, mononuclear cell 

Thymoma, benign 

(50) (50) (50) 

(50) (50) (50) 

(50) (50) (50) 

(43) (43) (41) 

1 (2%) 
10 (20%) 8 (16%) 11 (22%) 

4 (8%) 1 (2%) 

2 (4%) 

1 (2%) 

CIRCULATORY SYSTEM 
None 

DIGESTIVE SYSTEM 
+Palate 

*Tongue 

#Liver 

#Pancreas 

Squamous cell papilloma 

Squamous cell papilloma 

Neoplastic nodule 

Acinar cell adenoma 

URINARY SYSTEM 
None 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Adenoma, NOS 
#Adrenal cortex 

Adenoma, NOS 
#Adrenal medulla 

Pheochromocytoma 

(49) (49) (49) 
24 (49%) 24 (49%) 15 (31%) 

(49) (50) (50) 

(49) (50) (50) 
2 (4%) 

2 - (4%) 1 (2%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF 8-METHOXYPSORALEN (Continued) 

Vehicle Control Low Dose High Dose 

EMLKZRINE SYSTEM (Continued) 
+'llhyroid 

Follicular cell adenoma 
C-cell adenoma 
C-cell carcinoma 

#Pancreatic islets 
Islet cell adenoma 

(60) (50) (50) 
1 (2%) 
8 (16%) 6 (12%) 2 (4%) 
1 (2%) 1 (2%) 1 (2%) 

1 (2%) 1 (2%) 
(60) (50) (50) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Adenocarcinoma, NOS 
Fibroadenoma 

Squamous cell carcinoma 
Adenoma, NOS 

Endometrial stromal polyp 
Endometrial stromal sarcoma 

Endometrial stromal polyp 

*Clitoral gland 

#Uterus 

#Cervix uteri 

(50) 
1 (2%) 

15 (30%) 

4 (8%) 

18 (36%) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

19 (38%) 
(50) 

3 (6%) 

14 (28%) 
(50) 

(50) 

(50) 
1 (2%) 

10 (20%) 

1 (2%) 
(50) 

(49) 
14 (29%) 

(49) 
1 (2%) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 

Carcinoma, NOS 
'Zymbal gland (50) (50) (50) 

2 (4%) 1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY' CAVITIES 
None 

ALL OTHER SYSTEMS 
None 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 
Dosing accident 

50 
6 
5 

38 
1 

50 
3 

12 
33 
2 

50 
5 
8 

36 
1 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF 8-METHOXYPSORALEN (Continued) 

~ ~~ 

Vehicle Control Low Dose High Dose 

TIJMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total animals with tumors- 

Total uncertain tumors 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

uncertain benign or malignant 

46 
107 
42 
a5 
20 
21 

43 
84 
41 
72 
11 
12 

37 
69 
31 
53 
15 
15 

1 
1 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TiQBLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF 8-METHOXYPSORALEN: VEHICLE CONTROL 

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  
2 3 0 1 0 4 0 4 0 1 2 4 4 0 0 0 0 0 1 1 1 1 1 1 1  
1 0 8 3 3 9 ' 2 4 4 8 8 8 2 1 5 8 7 9 0 1 2 4 5 6 7  

~ 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 l l l l l  
7 7 7 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
3 4 5 1 5 5 6 8 7 8 2 4 5 8 6 8 8 6 8 8 8 6 8 8 6  

NUMBER 

WEEKS ON 
STUDY 

m - M  
Skin 

Squarnoua cell papilloma 
Suhtanwur t l uue  

Fibroma 

mm- 
Lungs and bronchi 

Tmchea 
Nasal tavlty 

m- 
Bone marrow 
S men 

L mphnodes 
T% mus 

Alvec~krhmnchiolar adenoma 
C e l l  carnnoma. metaetatic 

teu!mrnia, mononuc~ear cell 

TKymoma. benign 

m m  
Heart 

rnms- 
Salivary gland 
Liver 

Bile duct 
Pa n m a s  

Neo lartic nodule 
LeuLmia, mononuclear cell 

Anna r cell adenoma 

2% r 
Small intartine 
Large intestine 

~ 3 m s v s F E I c t  
Kidney 
Urinary bladder 

m m  
Rturtaly 

Mnnal 
M e n m a .  NOS 
Adenma. NOS 
Pheochromocytoma 

Thymid 
Follicular cell adenoma 
C-cell adenoma 
C ml1 carnnoma 

Paiathyroid 

hddmmary gland 
Adentxamnoma, NOS 
Fibroadenoma 

Pm utlaUchtoral gland 
A&n,ma. NOS 

Uterus 
Endonntnal stromal polyp 
Endonetnal  stromal sarcoma 

mm- 

&W 

rn- 
Bniin 

SIrFJX-ANs 
Zymbal gland 

Carnnoma. NOS 

M u h  le organs, NOS 
LauLtmia. mononuclear cell 

Em- 

+'  Tissue examined microicopically - 
X. Tumor inndence 

Raquired tissue not examined microscopically 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ t + + t t t + t + + + + + + + + + + + + + + + t  

X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  x x  
X 

h . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

~~ ~~~~ 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
t + + + + + t + + + + + + t + + + + t + + t + t +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

~~ 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  x x  x X x x x x  x x  X 

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

X X X 
X 

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

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

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

x x x  x X x x  x X 

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

x x x x x x x  
X . . . . . . . . . . . . . . . . . . . . . . . . .  

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

N N N N N N N N N N N N N N N N N N N N N N N N N  
X X 

N N N N N N N N N N N N N N N N N N N N N ~ N N N  
x x  x x  

' No tissue information submitted 
CI Necropsy, no histology due to protocol 
A: Autolvsis 

N: Necropsy no autolysis, no 
S: Animal &ssexed 

microscopic examination 
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'TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: VEHICLE CONTROL 
(Continued) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
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  
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

--v 

Slun 
Suhtaneou: tissue 

Ssuamous eel1 papilloma 

Fibroma 

Lungs and bronchi 

Trachea 
Naml canty 

m- 
BOW marrow 
Spleen 

L mphnodes 
T$\mu: 

Aivwlarhonchiolar adenoma 
C cellcamnoma. metastatic 

hukemla,  mononuclear call 

ymoma. benign 

Heart 

M 
Salivary gland 
Liver 

Bilo duct 
Pancreas 

Neo lartic nodule 
bu&mm.  mononuclear call 

Annar cell adenoma 

EZkY 
Small intestine 
b r p  intestine 

Kidney 
Unnary bladder 

Pituitary 
Menoma. NOS 

Adrenal 

Thyroid 

Menoma. NOS 
Pheochromocytoma 

Follicular call adenoma 
C-cell adenoma 
C-call Earnnoma 

Parathyroid 

Msmmary gland 
Menocamnoma. NOS 
Fibroadenoma 

Prn utlaYclrtonr1 gland 

U t e m  

Ovary 

ABsnoma. NOS 

Endometnal stromal polyp 
Endornetnal stromal sarcoma 

Brain 

Zymbal gland 
C arnooma. NOS 

La&mia. mononuclear cell 

?z- 
Miilti le organs, NOS 

- 

0 0 0 0 01 0 0 0 0 0 0 0 0 0 0  0 0 0 0  0 0 0 0 0  
1 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 5  3 (II 1) 31 1 5 1  ?/ 4 91 II 2/ 3/ 41 51 gJ 7/  8) $ 4  II 31 5/ 7 )  8/ 0 

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X X . . . . . . . . . . . . . . . . . . . . . . . . .  + + + + + + + - - + + + + + + + - + + - -  + - + +  

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

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

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

X X 

+ I + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  x x x x  X x x x  x x x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

+ I + + + + + + + + + + + + + + + + + + + + + + +  

X X x x  X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + + + + + + N + + + + +  

X x x  X x x x x  
N N N N N N N N N N N N N N N N N N N N N N N N ~  
. . . . . . . . . . . . . . . . . . . . . . . . .  x x  x x x  x x  x x  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X X 

X 

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

~ ~ 

N N N N N N N N N N N N N N N N N N N N N N N ~ ~  
X x x x  X X 

'OTAL: 
ISSUES 
UMORS 

* 50 
1 

*50 
2 

50 
5 
1 

50 
50 

50 
so 

4 
50 
43 
1 

50 

50 
50 
1 
2 

50 
50 

2 
50 
50 
50 
49 

50 
48 

49 
24 
49 

2 
2 

so 
1 
8 
1 

47 

* 50 
1 

15 
'50 

4 
50 
18 
1 

so 

50 

'50 
2 

'50 
10 

* Animals necropsied 
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TABILE B% INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF 8-METHOXYPSORALEN: LOW DOSE 

b o o 0 0  0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0  
1 5 4 0 2 0 2 2 3 3 3 2 1 3 2 1 3 0 0 0 0 0 0 0 1  
1 0 5 5 0 2 9 7 7 1 5 3 8 8 4 4 3 1 3 4 6 7 8 9 0  

b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1  
6 6 1 7 7 7 8 8 8 8 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0  
1 5 4 6 6 7 3 1 1 8 1 3 5 6 9 2 2 5 5 5 5 5 5 5 5  

NUMBER 

WEEKS ON 
STUDY 

m- 
Skin 

B i d  cell tumor 

m- 
Luiip and bronchi 

Tnchect 
Nahal cavlty 

r n p  
Bone marrow 
Spleen 

L mphnodes 
TKymuii 

Alveolar/bronchiolar adenoma 

Leuk4~mm. mononuchar cell 

m- 
Heart 

On1 camty 

Salivary gland 
Liver 
Bile durt 
Pancram 
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TABLE B2. INDIVIDUAL AMMAL TUMOR PATHOLOGY OF FEMALE RATS LOW DOSE 

a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
i i i i 1 i 2 2 2 2 a s s s s s 4 4 4 4 4 4 4 4 4  
2 3 5 8 7 9 1 2 5 6 8 0 2 4 6 9 0 1 2 3 4 6 7 8 9  

NUMBER 

WEEKS ON 
STUDY 

Skin 
BSMI cell tumor 

Lungs and bronchi 

Tnchra 
Naul canty 

Alveohrhronchiohr adenoma 

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  
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 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

Bone marrow 
S loen 

L mphnodes 
Tiymus 
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Heart 
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Salivary gland 
Liver 
Bile duct 
Pancreas 

Small intestine 
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Er  

Kidney 
Urinary bladder 
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Fibmadenoma 

Pn utiaUchtonl gland 
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Multi Io organs, NOS 
ku&mia.  mononuclear cell 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF 8-METHOXYPSORALEN: HIGH DOSE 

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

-.- 
NUMBER 

0 0 0  

WEEKS ON 
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TABLE Be. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS HIGH DOSE 
(Continued) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 2 2 2 2 2 2 9 9 9 9 9 9 9 9 9 4 4 4 4 4 4 4 5  
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STUDY 
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TABLE 83. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF 8-METHOXYPSORALEN 

Vehicle Control 37.5 mg/kg 75 mg/kg 

Lung: AlveolarlSronchiolar Adenoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 12.1% 
Teriminal Rates (c) 4/39 (10%) 
We& of First Observation 74 
Life Table Testa (d) P-0.171N 
Incidental Tumor Testa (d) P = 0.130N 
Chlhran-Armitage Trend Test (d) P= 0.146N 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 16/50 (32%) 
Adjusted Rates (b) 37.6% 
Terminal Rates (c) 13/39 (33%) 
Week of First Observation 75 
Life Table Testa (d) P-0.210N 
Incidental Tumor Tests (d) P -0.170N 
C80ctwan-Armitage Trend Test (d) P = 0.146N 
Fisher Exact Test (d) 

Oral Cavity: Squamous Cell Papilloma 
Overall Rates (a) 0150 (0%) 
Adjcrsted Rates (b) 0.0% 
Terminal Rates (c) OM9 (0%) 
Week of First Observation 
Life Table Tests (d) P = 0.057 
Incidental Tumor Testa (d) P = 0.056 
Cochran-Armitage Trend Test (d) P = 0.060 
Fisher Exact Test (d) 

Anterior Pituitary Gland: Adenoma 
Overall Rates (a) 24/49 (49%) 
Adjusted Rates(b) 54.3% 
Ternrinal Rates (c) 19/39 (49%) 
Week of First Observation 74 
Life Table Testa (d) P = 0.103N 
Incidental Tumor Testa (d) P = 0.061 N 
Cochran-Armitage Trend Test (d) P=0.041N 
Fisher Exact Test (d) 

Thyroid Gland: C-cell Adenoma 
Overall R a t a  (al 
Adjusted Rates (b) 
Terminal Rata (c) 
Week of First Observation 
Life Table Testa (d) 
Incidlental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

8/50 (16%) 
19.8% 
7/39 (18%) 
96 
P = 0.056N 
P = 0.055N 
P = 0.037N 

Thyroid Gland: C-cell Adenoma or Carcinoma 
Overall Rates (a) 9/50 (18%) 
Adjwited Rates (b) 21.7% 
Terminal Rates (c) 7/39 (18%) 
Week of First Observation 96 
Life Table Tests (d) P=0.074N 
Incidental Tumor Testa (d) P=0.073N 
Cochran-Armitage Trend Test (d) P=0.049N 
Fisher Exact Test (d) 
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2/50 (4%) 
6.1% 
2/33 (6%) 
105 
P = 0.280N 
P =0.236N 

P=0.218N 

9/50 (18%) 
23.8% 
6/33 (18%) 
74 
P=0.177N 
P=O.l14N 

P-0.083N 

1/50 (2%) 
3.0% 
1/33 (3%) 
105 
P=0.467 
P=O.467 

P = 0.500 

24/49 (49%) 
60.6% 
17/32 (53%) 
61 
P = 0.279 
P = 0.455 

P = 0.580 

6/50 (12%) 
16.9% 
4/33 (12%) 
96 
P =0.518N 
P=0.517N 

P = 0.387N 

7/50 (14%) 
19.8% 
5/33 (15%) 
96 
P=0.534N 
P = 0.534N 

P=0.393N 

2/50 (4%) 
4.8% 
1/36 (3%) 
87 
P=0.242N 
Pe0.176N 

P=0.218N 

11mo (22%) 
26.9% 
7/36 (19%) 
87 
P = 0.267N 
P= 0.176N 

P = 0.184N 

3/50 (6%) 
7.8% 
2/36 (6%) 
94 
P = 0,109 
P = 0.105 

P=O.121 

16/49 (31%) 
36.0% 
10/36 (28%) 
91 
P=0.106N 
P = 0.059N 

P-0.049N 

2/60 (4%) 
6.0% 
0136 (0%) 
98 
P=0.064N 
P = 0.066N 

P = 0.046N 

3/50 (6%) 
7.6% 
1/36 (3%) 
98 
P = 0.085N 
P=O.O86N 

P= 0.061N 



TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF 8-METHOXY PSORALEN (Continued) 

Vehicle Control 37.5 mg/kg 75 mg/kg 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

15/50 (30%) 
37.5% 
14/39 (36%) 
102 
P = 0.234N 
P=O.156N 
P=O.l61N 

Mammary Gland: Fibroadenoma or Adenocarcinoma 
Overall Rates (a) 15/60 (30%) 
Adjusted Rates (b) 37.5% 
Terminal Rates (c) 16139 (36%) 
Week of First Observation 102 
Life Table Tests (d) P-0.312N 
Incidental Tumor Tests (d) Pe0.224N 
Cochran-Armitage Trend Test (d) Pe0.224N 
Fisher Exact Test (d) 

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

4/60 (8%) 
9.8% 
3/39 (8%) 
96 
P = 0.062N 
P = 0.038N 
P = 0.049N 

Clitoral Gland: Adenoma or Squamous Cell Carcinoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 9.8% 
Terminal Rates (c) 3/39 (8%) 
Week of First Observation 96 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Uterus: Endometrial Stromal Polyp 

P =0.158N 
P=  0.1 15N 
P = 0.133N 

Overall Rates (a) 18/60 (36%) 
Adjusted Rates (b) 40.4% 
Terminal Rates (c) 13/39 (33%) 
Week of First Observation 74 
Life Table Testa (d) P = 0.415N 
Incidental Tumor Testa (d) P=0.343N 
Cochran-Armitage Trend Test (d) P =0.318N 
Fisher Exact Test (d) 

All Sites: Benign Tumors 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

42/50 (84%) 
89.3% 
34/39 (87%) 
74 
P=0.085N 
P=0.008N 
P=0.007N 

103 

19/60 (38%) 
50.8% 
16/33 (45%) 
87 
P-0.112 
P=0.172 

P = 0.263 

2OlSO (40%) 
53.6% 
16/33 (48%) 
87 
PsO.075 
P=0.119 

P = 0.20 1 

3/50 (6%) 
8.2% 
2/33 (6%) 
83 
P = 0.582N 
P = 0.472N 

P=0.500N 

3/50 (6%) 
8.2% 
2/33 (6%) 
83 
P = 0.582N 
Pr0.472N 

P = 0.500N 

14/60 (28%) 
35.6% 
9/33 (27%) 
74 
P = 0.450N 
P 30.251N 

P-0.260N 

41/50 (82%) 
87.1% 
27/33 (82%) 
61 
P-0.223 
P = 0.564N 

P = 0.500N 

10150 (20%) 
26.6% 
9/36 (25%) 
91 
P=0.238N 
P = O.188N 

P=0.178N 

11/50 (22%) 
28.5% 
9/36 (25%) 
91 
P=0.322N 
P-0.269N 

P=0.247N 

0/50 (0%) 
0.0% 
0136 (0%) 

P=  0.075N 
P=0.078N 

P=  0.059N 

1/50 (2%) 
2.8% 
1/36 (3%) 
104 
Pr0.206N 
P=0.211N 

P=0.181N 

15/49(31%) 
41.3% 
14/35 (40%) 
87 
P = 0.464N 
P=0.370N 

P = 0.361N 

31/50 (62%) 
71.8% 
24/36 (67%) 
87 
P = 0.083N 
P = 0.012N 

P=0.012N 
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF 8-METHOXYPSORALEN (Continued) 

Vehicle Control 37.5 mg/kg 75 mg/kg 

All Sites: Malignant Tumors 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
C:ochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: All Tumors 
Overall Rates (a) 
Adjizpted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Teste (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test(d) 

20/50 (40%) 
45.0% 
15/39 (38%) 
76 
P=0.248N 
P = 0.158N 
P= 0.166N 

46/50 (92%) 
93.9% 
36/39 (92%) 
74 
P= 0.172N 
P = 0.009N 
P= 0.010N 

11/60 (22%) 
28.5% 
7/33 (21%) 
74 
P = 0.126N 
P =0.038N 

P = 0.042N 

43/60 (86%) 
89.6% 
28/33 (85%) 
61 
P=0.322 
P =0.287N 

P= 0.263N 

16/60 (30%) 
35.3% 
9/36 (26%) 
87 
P-0.296N 
P=O.l71N 

P = 0.201N 

37/60 (74%) 
78.7% 
26/36 (72%) 
87 
P=  0.184N 
P = 0.009N 

P=0.016N 

(a) N umber of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the F’ values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact testa compare directly the overall incidence 
rates. AL negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE B4. HISTORICAL INCIDENCE OF ORAL CAVITY SQUAMOUS CELL TUMORS IN FEMALE F344/N 
RATS ADMINISTERED CORN OIL BY GAVAGE 

Incidence of Papillomas in Vehicle Controls (a) 

No 2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

6/1,950 (0.3%) 
0.86% 

2/50 
0/50 

(3 Data as of April 29,1987, for studies of at least 104 weeks; no malignant tumors have been observed. 
('b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE 65. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 8-METHOXYPSORALEN 

Vehicle Control Low Dose High Dose 

Animrils initially in study 
Animals removed 
Animiils examined histopathologically 

50 
50 
50 

50 
50 
so 

50 
50 
50 

IN'IXXXJMENTARY SYSTEM 

Epidermal inclusion cyst 
Erosion 

+Skin (50) (50) (50) 
1 (2%) 

1 (2%) 

RESPIRATORY SYSTEM 

Hemorrhage 
Inflammation, acute 
Inflammation, chronic 
Infection, fungal 
Metaplasia, squamous 

PLunghronchus 
Foreign body, NOS 

Atelectasis 
(Congestion, NOS 
Hemorrhage 
llnflammation, acute 
Iheumonia, interstitial chronic 
Granuloma, NOS 
Hyperplasia, alveolar epithelium 
Metaplasia, osseous 
IHistiocytosis 

#Nasal cavity 

# L w  

(50) 

2 (4%) 
1 (2%) 

(50) 

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

1 (2%) 
13 (26%) 
2 (4%) 
1 (2%) 
4 (8%) 

(49) 
1 (2%) 

(50) 

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

4 (8%) 

3 (6%) 

(49) 

1 (2%) 
1 (2%) 

7 (14%) 

1 (2%) 
(50) 

(50) 

HEMATOPOIETIC SYSTEM 

(hanuloma, NOS 
Hypoplasia, NOS 
Atrophy, NOS 

Congestion, NOS 
Hematoma, NOS 
Ganuloma, NOS 
1"ibroris 
Hemosiderosis 
Myeloproliferative disorder 
Idetaplasia, myeloid 

Iiemorr hage 
(hanuloma, NOS 
Hemosiderosis 
Hyperplasia, NOS 
Angiectasis 
Histiocytosis 
Plasmacytosis 

Atrophy, NOS 
Plasmacytosis 

#Mesenteric lymph node 
Hyperplasia, NOS 

#Renal lymph node 
Granuloma, NOS 

#Liver 
Leukocytosis, NOS 
Metaplasia, myeloid 

#&)ne marrow 

#Spleen 

#Lymph node 

#Submandibular lymph node 

(50) 

5 (10%) 

(50) 

1 (2%) 
21 (42%) 

1 (2%) 
12 (24%) 

(50) 

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

4 (8%) 

1 (2%) 
2 (4%) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

(60) 

(50) 

(50) 

(50) 

(50) 

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

18 (36%) 

9 (18%) 
(50) 

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

4 (8%) 
3 (6%) 

(50) 

(49) 
2 (4%) 

1 (2%) 

3 (6%) 
(50) 

1 (2%) 
13 (26%) 

3 (6%) 

1 (2%) 

3 (6%) 
7 (14%) 

1 (2%) 
3 (6%) 

(50) 

(50) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 8-METHOXYPSORALEN (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Thymus (43) 

Cyst, NOS 
(43) (41) 

1 (2%) 

CIRCULATORY SYSTEM 
#Heart 

Inflammation, chronic 
Fibrosis 
Fibrosis, focal 
Infarct, acute 

+Artery 
Intlammatiin, NOS 

+Coronary artery 
Inflammation, focal 

+Uterine vein 
Thrombosis, NOS 

(60) (50) 
1 (2%) 

(50) 
1 (2%) 
6 (12%) 

DIGESTIVE SYSTEM 
'Palate 

+Tongue 

#Salivary gland 

#Liver 

Inflammation, active chronic 

Hyperplasia, epithelial 

Atrophy. NOS 
Metaplasia, squamous 

Hernia. NOS 
Congestion, NOS 
Inflammation, chronic focal 
Granuloma, NOS 
Peliosis hepatis 
Necrosis, NOS 
Infarct, focal 
Metamorphosis, fatty 
Basophilic cyto change 
Clear cell change 
Hyperplasia, NOS 
AngiWtaSis 

Dilatation, NOS 
Inflammation, acute 
Hyperplasia, NOS 

#Pancreas 
Edema, NOS 

#Pancreatic acinus 
Atrophy, NOS 
Hyperplasia, NOS 

#Esophagus 
Perforation, inflammatory 

#Periesophageal tissu 
Abscess, chronic 

#Stomach 
Edema, NOS 

#Fomtomach 
Ulcer, NOS 
Inflammation, chronic 
Hyperplasia, epithelial 

#Small intestine 
Uker, NOS 

#Colon 
Parasitism 

#Bile duct 

(50) 
10 (20%) 
1 (2%) 

9 (18%) 
2 (4%) 
1 (2%) 
1 (2%) 
3 (6%) 
4 (8%) 

1 (2%) 

(60) 

107 

(60) 
5 (10%) 

14 (28%) 

1 (2%) 

7 (14%) 
6 (12%) 

(50) 
1 (2%) 
1 (2%) 
4 (8%) 

(50) 

(60) 
2 (4%) 

(50) 

(50) 

(50) 

(50) 
3 (6%) 

(50) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 

2 (4%) 

1 (2%) 
1 (2%) 

2 (4%) 

1 (2%) 
11 (22%) 
1 (2%) 

(50) 

7 (14%) 

10 (20%) 
(50) 

(50) 
4 (8%) 
1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

(50) 

3 (6%) 

1 (2%) 
(50) 

(50) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 8-METHOXYPSORALEN (Continued) 

Vehicle Control Low Dose High Dose 

DI( XSTIYE SYSTEM (Continued) 
#Clecum 

Edema, NOS 
Hematoma, NOS 
Erosion 
Necrosis, NOS 

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

1 (2%) 

URI! N,4RY SYSTEM 
# Kidney 

Pyelonephritis, chronic 
Nephropathy 
Glomerulosclerosis, NOS 
ICalcScation, NOS 

#Urinary bladder 
Edema, NOS 

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

35 (70%) 28 (56%) 35 (70%) 
1 (2%) 

2 (4%) 2 (4%) 

2 (4%) 
(48) (49) (50) 

ENIDOCRINE SYSTEM 
R !interior pituitary 

Cyst. NOS 
Hemorrhage 
Hyperplasia, NOS 

Congestion, NOS 
Infarct, NOS 

XPdrenal cortex 
Metamorphosis, fatty 

#Thyroid 
Cyst, NOS 
Hyperplasia, C-cell 

#Adrenal 

(49) 
9 (18%) 
1 (2%) 
6 (10%) 

1 (2%) 
1 (2%) 

6 (12%) 

(49) 

(49) 

(50) 

12 (24%) 

(49) 
12 (24%) 
1 (2%) 
2 (4%) 

(60) 

(50) 

(50) 
3 (6%) 

7 (14%) 

(49) 
10 (20%) 
1 (2%) 
7 (14%) 

(50) 

(50) 

(50) 
5 (10%) 

1 (2%) 
7 (14%) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Cyst, NOS 
Hyperplasia, NOS 
Lactation 

*Cliimal gland 
Cyst, NOS 
Inflammation, acute 
.4bsceas, NOS 
Yletaplasia, squamous 

Cyst,  NOS 
15pidermal inclusion cyst 

Prolapse 
Dilatation, NOS 
Hydrometra 
Cyst, NOS 
Pyometra 

#(:ervix uteri 
Cyst, NOS 
Epidermal inclusion cyst 
Abscess, NOS 

Cyst, NOS 
Inflammation, chronic 

Cyst, NOS 

*Ve gina 

#Uterus 

# ~Jterdendometrium 

#Ovary 

(50) 

22 (44%) 

(50) 
13 (26%) 
1 (2%) 
1 (2%) 

(50) 

(50) 
1 (2%) 

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

1 (2%) 
1 (2%) 

(50) 

(50) 
1 (2%) 

(50) 
6 (12%) 

(50) 

12 (24%) 

(50) 
8 (16%) 

(50) 

(50) 

1 (2%) 

(50) 
5 (10%) 

(50) 
2 (4%) 
9 (18%) 
1 (2%) 

16 (32%) 
(50) 

1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(49) 

(49) 

2 (4%) 

(49) 

1 (2%) 

4 (8%) 
(49) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 8-METHOXYPSORALEN (Continued) 

Vehicle Control Low Dose High Dose 

NERVOUS SYSTEM 
#Brain 

Hemorrhage 
(50) (50) 

1 (2%) 
(49) 

SPECIAL SENSE ORGANS 
*Eye 

Hemorrhage 
Cataract 
Phthisis bulbi 

*E yeketina 
Degeneration, NOS 
Atrophy, NOS 

*Harderian gland 
Dilatation, NOS 
Cyst, NOS 
Inflammation, chronic focal 
Granuloma, NOS 
Hyperplasia, NOS 

Abscess, NOS 
*Ear 

(50) 
1 (2%) 

47 (94%) 

48 (96%) 
(50) 

(50) 

(50) 
1 (2%) 

41 (82%) 

(50) 
42 (84%) 

1 (2%) 
(50) 

1 (2%) 
1 (2%) 

(50) 

(50) 
2 (4%) 

47 (94%) 
1 (2%) 

46 (92%) 
(50) 

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

(50) 

MUSCULOSKELETAL SYSTEM 
'Bone 

Osteosclerosis 
(50) (50) 

4 (8%) 
(50) 

3 (6%) 

BODY CAVITIES 
*Mesentery 

Necrosis, fat 
(50) (50) (50) 

1 (2%) 

ALL OTHER SYSTEMS 
Adipose tissue 

Inflammation, chronic 
Necrosis, fat 

1 
15 11 13 

SPECIAL MORPHOLOGY SUMMARY 
None 

Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically at this site 
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APPENDIX C 

SENTINEL ANIMAL PROGRAM 
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APPENDIX C. SENTINEL ANIMAL PROGRAM 

I. ]Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in op 
timally clean facilities to eliminate potential pathogens that may affect study results. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored 
via viral serology on sera from extra (sentinel) animals in the study rooms. These animals are un- 
treated, and these animals and the study animals are both subject to identical environmental condi- 
tions. The sentinel animals come from the same production source and weanling groups as the ani- 
mals used for the studies of chemical compounds. 

Fifteen F344/N rats of each sex were selected at the time of randomization and allocation of the ani- 
mals to the various study groups. Five animals of each designated sentinel group were killed a t  6,12, 
and 18 months on study. Data from animals surviving 24 months were collected from 5/50 randomly 
selected vehicle control animals of each sex. The blood from each animal was collected and clotted, 
and the serum was separated. The serum was cooled on ice and shipped to Microbiological Associates’ 
Comprehensive Animal Diagnostic Service for determination of the viral antibody titers. The fol- 
lowing tests were performed: 

Hemagglutination Complement 
Inhibition fiation ELISA 

PVM RCV (rat coronavirus) RCV/SDA (sialodacryoadenitis 
KRV (Kilham rat virus) (6’12’18 mo) virus) (24 mo) 
H-1 (Toolan’s H-1 virus) 
Sendai 

II. Results 

No positive titers were observed in any rats at 6,12,18, or 24 months. 
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APPENDIX D 

INGREDIENTS, NUTRIENT COMPOSITION, AND 

CONTAMINANT LEVELS IN 

NIH 07 RAT AND MOUSE RATION 

Pelleted Diet: April 1981 to April 1983 
(Manufactured by Zeigler Bros., Inc., Gardners, PA) 

TABLE D1 

TABLE D2 

TABLE D3 

TABLE D4 

INGREDIENTS OF NIH07 RAT AND MOUSE RATION 

VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION 

NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION 

CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

PAGE 

114 

114 

115 

116 
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TABLE D1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) 
~ ~~ 

Percent by Weight 

Ground #2 yellow shelled corn 
Ground hard winter wheat 
Soybean meal (49% protein) 
Fish meal (60% protein) 
Wheat middlings 
Dried skim milk 
Alfalfa meal (dehydrated, 17% protein) 
Corn gluten meal (60% protein) 
(Soy oil 
Dried brewer's yeast 
Dry molasses 
Dicalcium phosphate 
{Ground limestone 
Salt 
Premixes (vitamin and mineral) 

24.50 
23.00 
12.00 
10.00 
10.00 
5.00 
4.00 
3.00 
2.50 
2.00 
1.50 
1.25 
0.50 
0.60 
0.25 

((a) NCI, 1976; NIH, 1978 
I(b) Ingredients ground to pass through a U.S. Standard Screen No. 16 before being mixed 

'TABLE D2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Amount Source 

Vitamins 

A 
D3 
K3 
d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 
B12 
Pyridoxine 
Biotin 

:Minerals 

Iron 
Manganese 
Zinc 
Copper 
Iodine 
Cobalt 

5,500,000 IU 
4,600,000 IU 

2.8 g 
20,000 IU 

560.0 g 
2.2 g 

30.0 g 
18.0 g 
3.4 g 

10.0 g 
4,000 pg 

1.7 g 
140.0 mg 

120.0 g 
60.0 g 
16.0 g 
4.0 g 
1.4 g 
0.4 g 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

Iron sulfate 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 

fa) Per ton (2,000 lb) of finished product 
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TABLE D3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION (a) 

Nutrients 
Mean k Standard 

D e vi at i o n Range Number of Samples 

Crude protein (percent by weight) 23.8 f 0.87 22.2-25.3 
‘Crude fat (percent by weight) 5.0 f 0.45 4.2-5.7 
Crude fiber (percent by weight) 3.3 f 0.23 2.9-3.8 
Ash (percent by weight) 6.4 f 0.37 5.7-7.1 

Amino Acids (percent of total diet) (a) 

Arginine 
Cystine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine. 
Phenylalanine 
Threonine 
Tryptophan 
Tyrosine 
Valine 

1.323 k 0.830 
0.310 f 0.099 
1.155 f 0.069 
0.572 f 0.030 
0.910 f 0.033 
1.949 f 0.065 
1.279 f 0.075 
0.422 f 0.187 
0.909 f 0.167 
0.844 f 0.029 
0.187 
0.631 f 0.094 
1.11 f 0.050 

Essential Fatty Acids (percent of total diet) (a) 

Linoleic 
Linolenic 
Arachidonic 

Vitamins (a) 

Vitamin A (IUkg) 
Vitamin D (IUkg) 
a-Tocopherol (ppm) 
Thiamine (ppm) 
Riboflavin (ppm) 
Niacin (ppm) 
Pantothenic acid (ppm) 
Pyridoxine (ppm) 
Folic acid (ppm) 
Biotin (ppm) 
Vitamin B12 (ppb) 
Choline (ppm) 

Minerals (a) 

2.44 
0.274 
0.008 

11,183 f 2,211 
4,650 
41.5.3 f 7.52 
16.4 f 2.17 
7.5 i 0.96 
85.0 f 14.20 
29.3 f 4.6 
7.6 f 1.5 
2.8 f 0.88 
0.27 f 0.05 
21.0 f 11.9 

3,302.0 k 120.0 

1.21 -1.39 
0.2 18-0.400 
1.06-1.21 
0.530-0.603 
0.881 -0.944 
1.85-1.99 
1.20-1.37 
0.306-0.699 
0.665-1.04 
0.824-0.886 
0.171-0.21 1 
0.566-0.769 
1.05-1.17 

2.37-2.52 
0.256-0.308 

8,400- 18,000 
3,000-6,300 
31.1-48.9 
13.0-21 .O 
6.1-8.2 
65.0-97.0 
23.0-34.0 
5.6-8.8 
1.8-3.7 
0.21-0.32 
11 .O-38.0 
3,200-3,430 

24 
24 
24 
24 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
4 
4 

3 
3 
1 

24 
2 
4 

(b) 23 
4 
4 
4 
4 
4 
4 
4 
4 

Calcium (percent) 1.22 f 0.11 1 .OS- 1.53 24 
Phosphorus (percent) 0.97 k 0.04 0.88-1.1 24 
Potassium (percent) 0.862 f 0.10 0.772-0.970 3 
Chloride (percent) 0.546 k 0.10 0.442-0.635 4 
Sodium (percent) 0.311 f 0.038 0.258-0.350 4 
Magnesium (percent) 0.169 f 0.133 0.151-0.181 4 
Sulfur (percent) 0.316 f 0.070 0.270-0.420 4 
Iron (ppm) 447.0 f 57.3 4 0 9 - 5 2 3 4 
Manganese (ppm) 90.6’f 8.20 81.7-99.4 4 
Zinc (ppm) 53.6 f 5.27 46.1-58.6 4 
Copper (ppm) 10.77 f 3.19 8.09- 15 -39 4 
Iodine (ppm) 2.95 f 1.05 1.52-3.82 4 
Chromium (ppm) 1.81 f 0.28 1.44-2.09 4 
Cobalt (ppm) 0.68 f 0.14 0.49-0.80 4 

( a )  One to four batches of feed analyzed for nutrients reported in this table were manufactured during 1983-85. 
(b) One batch (7/22/81) was not analyzed for thiamine. 
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TABLE D4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Contaminants 
Mean 5 Standard 

Deviation Range Number of Samples 

Arsenic (ppm) 
Cadmium (ppm) (a) 
Lead (ppm) 
Mwuiuy  (ppm) (a) 
Selenium (ppm) 

Aflatoxins (ppb) (b) 

Nitrate nitrogen (ppm) (c) 
Nitrite nitrogen (ppm) (c) 
BHA (ppm) (d) 
BHT (ppm) (d) 

Aerobic plate count (CFU/g) (e) 
Coliform (MPN/g) (0 
Coliform (MPN/g) (g) 

Total nitrosamines (ppb) (i, j) 
Total nitrosamines (ppb) (k, j) 
N- Nitrosodimethylamine (ppb) (1, j) 
N-Nitrosodimethylamine (ppb) (m,j) 
N- Nitrosopyrrolidine (ppb) 

Pesticides (ppm) 

a-BHC(a,n) 
B-BHC(a) 
y-BHC-Lindane (a) 
6-EIHC (a) 
Heptachlor (a) 
Aldrin (a) 
Heptachlor epoxide (a) 
DUE (a) 
DDD (a) 
DDT (a) 
HCB (a) 
Mirex (a) 
Methoxychlor ( 0 )  
Dieldrin (a) 
Endrin (a) 
Tellodrin (a) 
Chlordane (a) 
Toxaphene (a) 
Estimated PCB's (a) 
Roinnel (a)  
Ethion (a) 
Trithion ( a )  
Diazinon (a)  
Methyl parathion (a) 
Ethyl parathion (a)  
Malathion (p) 
Endosulfan I b ,q)  
Endosulfan II (a,q) 
Endosulfan sulfate (a,q) 

E. ,cob! (MPN/g) (h) 

%Me thoxypsoralen, NTP TR 359 

0.46 f 0.10 
co.1 

0.95 k 0.76 
< 0.05 

0.29 f 0.07 

< 10 

10.24 f 4.1 
2.0 f 1.6 
6.1 f 4.9 
3.3 f 2.6 

39,879 f 27,920 
15.5 f 22.7 
34.0 & 93.4 

<3 

3.7 f 2.7 
15.2 f 56.4 
2.7 f 2.5 

14.1 f 56.3 
1.2 f 0.5 

co.01 
C0.02 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
co.01 
<0.01 
CO.01 
co.05 
<0.01 
CO.01 
<0.01 
<0.05 
<0.1 
<0.2 
<0.01 
< 0.02 
e0.05 
<0.1 
<0.02 
<0.02 

0.09 f 0.06 
<0.01 
<0.01 
e0.03 

116 

<0.29-0.70 

0.33-3.37 

0.13-0.40 

C5.0- < 10.0 

3.8-22.0 
<0.4-6.9 

0.9-12.0 

4,900-88,000 
<3-93 
<3-460 

C0.4-17.0 

0.8-9.3 
0.8-279.5 
0.8-8.3 

0.8-278.0 
<0.9-2.9 

0.09 (8/26/81) 

<0.05-0.27 

24 
24 
24 
24 
24 

24 

24 
24 
24 
24 

24 
23 
24 
24 

23 
24 
23 
24 
24 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
18 
18 
18 



TABLE P(. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued) 

(a) All values were lem than the detection limit, given in the table as the mean. 
(11) The detection limit was reduced from 10 ppb to 6 ppb afbr 7/81. 
((9 Source of contamination: alfalfa, grains, and fwh meal 
((1) Source of contamination: soy oil and fmh meal 
( 0 )  CFU = colony-forming unit 
(17 Mean, standard deviation, and range exclude one very high value of 460 obtained for the batch produced on 9/23/82: MPN = 
niolrt probable number. 
(11) Mean, rtandard deviation, and range include the very high value given in footnote (0. 
(h) All values were lees than 3 MPN/g. 
(11) Mean, standard deviation, and range exclude one very high value of 279.6 obtained for the batch produced on 4/27/81. u) All values were corrected for percent recovery. 
(Ik) Mean, standard deviation, and range include the high value given in footnote W. 
(I) Mean, standard deviation, and range exclude one very high value of 278 obtained for the batch produced on 4/27/81. 
(ml Mean, standard deviation, and range include the high value liated in footnote (1). 
(n) BHC = hexachlorocyclohexane or benzene hexachloride 
(a) One observation was above the detection limit. The value and the date it was obtained are liated under the range. 
(p) Ten batches contained more than 0.06 ppm. 
(q) Sir batches were not analyzed for endosulfan I, endosulfan II, or endosulfan sulfate. 
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APPENDIX E 

TOXICITY OF 8-METHOXYPSORALEN9 

5-METHOXYPSORALEN, 3=CARBETHOXYPSORALEN, OR 

5-METHYLISOPSORALEN WITH ULTRAVIOLET 

RADIATION IN THE HAIRLESS (HRA/Skh) MOUSE 

Dunnick, J.K.; Forbes, P.D.; Davies, R.E.; Iverson, W.O. (1987) Toxicol. Appl. Pharmacol. 8933-80 

(Reproduced with permission of Academic Press, Inc.) 
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Toxicity of 8-Methoxypsoralen, 5-Methoxypsoralen, 
3-Carbethoxypsoralen, or 5-Methylisopsoralen with Ultraviolet 

Radiation in the Hairless (HRA/Skh) Mouse 

JUNE K. DUNNICK,* P. DONALD FOREES,? RONALD E. DAVIES,? 
AND WILLIAM 0. IVERSON~ 

*rVational Toxicology Program. National Institute of Environmental Health Sciences. Research Triangle Park, North 
Carolina 27709, t The Center for Photobiology. Skin and Cancer Hospital, Temple L'niversity Health Sciences 

Cenier. Philadelphia. Pennsylvania 19122, and $Experimental Pathology Laboratories. 
Inc , Herndon, Virginia 22070 

Received September 8. 1986; accepted February 4 ,  I987 

Toxicity of 8-Methoxypsoralen. 5-Methoxywralen. 3-Carbethoxypsoralen. or 5-Methyli- 
sopsoralen with Ultraviolet Radiation in the Hairless (HRA/Skh) Mouse. DUNNICK. J. K.. 
FOREES, P. D., DAVIES. R. E.. AND IVERSON. W. 0. (1987). Toxicol. Appl. Pharmacol. 89,73- 
80. An experimental design to simulate PUVA therapy (oral 8-methoxypsoralen followed by u v  
radiation) has been tested in a I3-week subchronic study to determine the relative toxicities of 
8-methoxypsoralen (8-MOP), 5-methoxyp~oralen (5-MOP), 5-methylisopsoralen (5-MIP). and 
3-carkthoxypsoralcn (3CEP)  in inbred hairless mice (HRA/Skh). Drug was administered by 
I-hr pulse feedings three times a week after mice were fasted overnight; individually housed 
animals were then exposed to uv radiation (320-400 nm; less than 2% output < 320 nm). 8- 
MOP or 5-MOP administered orally (at doses ofapproximately 2400r 480 mg/mz body surface 
area per week) followed one-halfhour later with uv radiation of 2 Jlcm' for I3 weeks were found 
to cause skin toxicity including inflammation, hyperplasia. ulceration, and cellularatypia. Dose- 
related toxicity was not Deen in other organ systems. Corresponding levels of 5-MIP or 3-CEP 
with uv radiation did not produce skin toxicity. These studies show that the psoralens with two 
potential DNA-binding sites (8-MOP and 5-MOP) were more toxic than psoralens with only 
one photoreactive site (5-MIP and 3-CEP). 0 1987 A d r n l c  ~ a r .  lnc. 

Oral administration of 8-methoxypsoralen 
(&MOP) followed by exposure to ultraviolet 
radiation (primarily UVA, 320-400 nm), re- 
ferred to as PUVA therapy, is used in the 
treatment of vitiligo and psoriasis (Kraning 
and Odland, 1979). Exposure to psoralen de- 
rivatives also occurs through ingestion of 
common vegetables such as parsnips, carrots, 
and parsley (Pathak et al., 1962; h i e  et al., 
1981). Clinical trials have reported an in- 
creased incidence in cutaneous squamous 
cell carcinoma in patients receiving PUVA 
therapy (Stem et al., 1979, 1984). Other psor- 
den or isopsoralen derivatives have been 

used in preliminary clinical trials in Europe 
for the treatment of psoriasis, including 3- 
carbethoxypsoralen (3-CEP; Dubertret et al., 
1978), 5-methoxypsoralen (5-MOP Honigs- 
mann et al., 1979), and 5-methylisopsoralen 
(5-MIP Bordin et al., 198 1). This paper de- 
scribes comparative toxicity from psoralen/ 
isopsoralen derivatives with and without uv 
radiation. 

Previous rodent studies have reported on 
the toxicity of topically applied psoralens in 
mice. 8-MOP with uv radiation (Grube et al., 
1977; Ljunggren et al., 1981; Young et al., 
1983), 5-MOP with uv radiation (Zajdela and 

13 0041M)8X/87 $3.00 
Coprryht 0 1987 by Acldernic Rep. Inc 
All @U of rrpoducUon in any form -d. 
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Bisagni, 198 1 ), and 5-MIP with uv radialion 
(Mullen et al., 1984) have been reported to be 
carcinogenic in mice after topical applica- 
tion. while 3-CEP with uv radiation (Duber- 
tret et al.. 1978 and Mullen et al.. 1984) was 
not carcinogenic in mice after topical appli- 
cation. The toxicity and carcinogenicity of 
psoralen. administered orally, followed by uv 
radiation has not been thoroughly studied in 
rodent systems (Langner et al., 1977; Griffin 
et al., 1958). 

The psoralen/isopsoralen and uv radiation 
treatments described in this report were de- 
signed to mimic the clinical treatment ofpso- 
riatic patients in which the drug is adminis- 
tered orally. The studies were conducted in 
the HRA/Skh mouse, an inbred hairless 
mouse strain developed at Temple University 
for the study of ultraviolet light effects 
(Mann. 1971a.b: Forbes, 1981, 1982: Smith 
et al., 1982). The four psoralen/isopsoralen 
drugs were given three times a week (at equi- 
molar concentrations) after overnight fasting 
in a 1-hr oral pulse feed dose followed 1/2 hr 
later by uv radiation. 

MATERIALS AND METHODS 

Chemrcabs. 8-Methoxypsoralen (CAS NO. 298-8 1-7: 
lot 2 1900) was obtained from Elder Pharmaceuticals 
(Bryan. OH): 5-methoxypsoralen (CAS NO. 484-20-8: 
lot TO 32681) was prepared by Memphis Chemical 
Company (Zeitoun. Egypt): 3-carbethoxypsoralen (CAS 
NO. 20073-24-9: lot TO 3268 I )  was obtained from Pro- 
fessor R. Latarjet. Fondation Curie. Institute du Radium 
(Pans, France): and 5-methylisop~oralen (CAS NO. 
I 59 12-88-6: lot H I 1038 I ) was synthesized by HRI Asso- 
ciates, (Emeryville, CA) (Fig. I) .  Chemical analyses of 
the psoralens were performed using a variety of tech- 
niques including thin-layer chromatography. gas chro- 
matography, and infrared and nuclear magnetic reso- 
nance. The purity of8-MOP. 5-MOP, 3-CEP. and 5-MIP 
was 99. 93, 97, and 99%, respectively (Jameson ei al., 
1984). 

8-MOP. 5-MOP. 3-CEP. and 5-MIP were mixed in 
NIH47 feed (Zeigler Bros. Inc.. Gardners, PA) using a 
Hobart C- 100 mixer and half-inch diameter pellets were 
made for each drug (Dyets Inc., Bethlehem, PA) to give 
the following concentrations: 8-MOP 50. 100. 625. and 
1250 ppm: 5-MOP: 50, 100,625. and 1250 ppm: 3-CEP: 

121 

OCH3 

8 -METHOXYPWRALEN 

C,sH,O, M.W. 216.18 

5-METHOXYPSORALEN 
%H, 0, MW. 216.01 

0 

m e ' O C H E  CH, 

3 - URBETHOXYPSORALE N 
$,H,& MW. 268.23 

0 h0 
5 -ME THY LISOPSORA4 EN 

C#, O3 M.W. 200:20 

FIGURE I 

60. 120. 750. and I500 ppm: and 5-MIP: 46. 92. 575. 
and I I50 ppm. These concentrations yielded equimolar 

.4nima/s. Male and female HRA/Skh mice were ob- 
tained from the Animal Services Division at the Skin and 
Cancer Hospital. Temple University Health Sciences 
Center (Philadelphia. PA). The animals were housed in- 
dividually in stainless steel wire mesh cages ( 3  X 3 X 34 
in. Harford Mfg. Co.. Aberdeen. MD) 72 mice per rack 
(Forbes. 1982). Animal cages were rotated one position 
clockwise on the rack each week. 

A 12-hr room light cycle was provided using gold tluo- 
rescent lamps. Temperature was maintained at 76-8O'F. 
and humidity was maintained at 50-70%. Tap water and 
NIH-07 chow (Zeigler Bros. Inc.) were available ad Mi- 
rum except during the treatments of mice described un- 
der the experimental design. All animals were checked 
twice daily for morbidity and mortality. Moribund ani- 
mals were killed and necropsied. Clinical signs. skin ap- 
pearance, and body weights wen  recorded weekly. 

E.rperirnenia/ groups. Animals were randomized into 
I of 27 experimental groups: each experimental group 
contained 12 male and 12 female HRA/Skh mice: each 

concentrations of drug in  feed. < 
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TOXICITY O F  PSORALENS 

TABLE I 

SLRVIVAL AND MEAN BODY WEIGHTS OF MALE AND FEMALE HRA/Skh MICE ADMINISTERED 
kORALEW/kOPSOR,4l.EN FOR 13 WEEKS WITH AND WITHOUT UV 

75 

Male mice Female mice 
mean body weights(g) mean body wcighu (g) 

Initial Final Change uv Initial Final Change Psoralen dose 
( m m o l / k g f d )  (Jlcm') Survival' (week I )  (week 12) (+I) Survival' ( w k  I )  (week I?) (+g) 

Common controls 
0 
0 
0 

0 46 
5 8  
2 9  
5 8  
0 23 
0 46 

0 46 
5 8  
2 9  
5 8  
0 23 
0 46 

0 46 
5 8  
2 9  
5 8  
0 23 
0 46 

0 46 
5 8  
2 9  
5 8  
0 23 
0 46 

8-Methoxywralen 

5-Methoxypronlen 

3-Carbethoxyproralcn 

5-Meth\Iisopsoralen 

0 
2 

48 

0 
0 
2 
2 

48 
48 

0 
0 
2 
2 

48 
48 

0 
0 
2 
2 

48 
48 

0 
0 
2 
2 

48 
48 

12/12 
12/12 
12/12 

12/12 
12/12 
10112 
l2ll2 
12/12 
11/12 

12/12 
12/12 
12/12 
l2ll2 
12/12 
12/12 

11/12 
I l l l 2  
12/12 
11/12 
12/12 
12/12 

12/12 
12/12 
12/12 
12/12 
12/12 
12/12 

3 l . O i  1.5 34.822.5 
31.7 1.0 34.7 i 2.5 
31.5 i 3.0 33.3 i 3.5 

31.62 1.7 34 .8 i  1.7 
32.3 2 2.3 35.7 i 1.8 
3 1 . 4 i  1.8 32.824.4 
31.3% 1.7 31.022.6 
31.822.4 35.52 1.6 
30.8f 1.8 34.1 i 1.4 

31.5i2.2 35.1 i 1.9 
28.1 i 1.2 32.1 f 1.3 
31.123.7 3 6 . 1 2 2 3  
31.4 i 3.5 32.9 i 3.3 
31. I t 2.3 34.4 i 3.0 
3 I .  I i 2.0 34.8 2 2.5 

30.8 2 2.0 34.8 f 1.4 
3 I .6 i 2.7 35.2 i 2.2 
31.4i2.8 34.1 f 2 . 6  
3 I .6 i 2. I 35.6 f 2.4 
30.7 f 2. I 34.2 i 1.8 
31.8 f 1.7 35.0 0.8 

3 1.7 i 2.5 34.9 i 2.2 
31.92 1.6 35.42 1.9 
3 I .4 i 2.2 34.2 2 2.7 
31.4i2.8 34.1 i 2 . 6  
30. I 2 2.1 33.8 2 2.3 
31.2 f 2.2 34.4 i 2.2 

+3.8 
+3.5 
+1.8 

+3.2 
+ 3.4 
+1.4 
-0.3 
+3.7 
+3.3 

+3.6 
+4.0 
t5 .0  
+IS 
+3.3 
+3.7 

+4.0 
+3.6 
+2.7 
+4.0 
+3.5 
+3.2 

+3.2 
+3.5 
+2.8 
+2.7 
+3.7 
+3.2 

12/12 
12/12 
12/12 

l2l l2  
12/12 
I l l l 2  
12/12 
12/12 
11/12 

12/12 
12/12 
12/12 
11/12 
12/12 
12/12 

11/12 
11/12 
12/12 
12/12 
12/12 
12/12 

12/12 
12/12 
12/12 
12/12 
12/12 
12/12 

28.2 i 2.3 31.1 i 2.6 
27.5 i 1.3 32.0 2 0.8 
27.6i  1.6 30.82 1.6 

27.0 i 2.0 30.8 i 2.2 
28.32 1.5 32.32 1.3 
27.5 i 2.6 29.5 i 2.3 
28.1 f 2.4 27.3 i 2.5 
27.2 i 3.0 30.4 i 2.8 
26.7 f 1.8 30.6 i 2.2 

27.2 i 1.6 31.4 i 1.7 
31.8 t 2.3 35.0 i 1.7 
28.022.3 31.52 1.7 
26.6 i 4.8 27.3 f 2.4 
27.7 i 2.1 31.5 t 2.3 
27.3 i 2.8 31.5 2 2.2 

27 .4 i  1.4 31.1 2 1.6 
26.8i2.0 31 .4 i  1.8 
26.0 2 2.3 30.4 i I .9 
27.42 1.4 31.0i2.2 
27.5 2 1.2 31.4 2 1.9 
2 6 . 9 i  1.6 29.1 2 1.7 

27.72 1.7 31 .7 i2 .1  
26.7 i 1.7 30.8 i 4. I 
26.3 f 2.8 30.6 i 2.1 
26.5 f 1.7 30.5 i 1.9 
26.7 f 2. I 30.6 i I .8 
25.9 i 2.4 29.2 f 1.3 

+2.9 
+3.5 
+3.? 

+3.8 
+4.0 
+2.0 
-0.8 
+3.2 
+3.9 

+4.2 
+3.? 
+3.5 
+0.7 
+3.8 
+4.2 

+3.7 
+4.8 
+4.4 
+3.6 
+3.9 
+2.3 

+4.0 
+4.1 
+4.3 
+4.0 
+3.8 
+3.3 

* Number surviving/number per woup I t  n m o p y .  

experimental group had four replicates of 3 males and 
3 females that started on the study 2 weeks apart. The 
experimental groups were as follows: (a) common con- 
trol groups ( 1-3); no psoralen, no uv; no psoralen. uv 2 
J/cm2: no psoralen, uv 48 J/cm2; (b) drug treatment 
groups (4- I 1 ) at uv 0 J/cm'; psonlen/isopsonlen levels 
of0.46 and 5.8 mmol/kg/fnd; (c) drug treatment groups 
( 12- 19) at uv 2 J/cm2: psoralen/isopsoralen levels of 2.8 
and 5.8 rnrnol/kg/feed: (d) drug treatment groups (20- 
27)  at 48 J/cm2: psoralen/isopsonlen levels of 0.23 and 
0.46 rnrnol/kg/feed. 

The study involved a total of 648 HRA/Skh mice: 162 
mice were in each of the four rtplicatcs. Every 2 weeks ani- 

8-Methoxypsoralen, NTP TR 359 122 

mals from the Temple breeding facility. 10- I2 wecks of 
agp, were randomized into I of the 27 treatment groups. 
Replicates w m  maJsitated because the maximum colony 
output was approximately 200 animals every 2 weeks. 

Treatment of animals. For the lint 2 meks of study ani- 
mals w i v e d  food pellets with or without the test anicle 
three times a week (Monday, Wednesday, and Friday). An- 
imals were fasted overnight for 16 hr and then all04 ac- 
CCIP to a prcwcighcd food pekt  for I hr. For tnatment 
mcks 3-1 3 the animals were "puW fed in the same man- 
ner f o U d  by 2 or 48 J/cm2 pr exposure and beginning 
1/2 hr later exposed to 0 and 2 J / m '  (5-min exposum) or 
48 J/cm' ( I2Gmin exposure) uv radiPtion. 
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TABLE 2 

RESPONSE OF HRA/Skh MICE ADMINISTERED PSORALENSOR kOF'SORALEM 
FOR I3 WEEKS WITH A N D  WITHOUT uvo 

Frequency of histopathologc findings' 
Average skin response by 

clinical observationb A l r p  

Week 3 Week 13 plasia mation ation nuclei 
Hypcr. Inflam- Ulcer- ical 

Pwralen dosc uv 
(mmol/knfecd) (J/cm') M F M F M F M F M F M F 

&MOP 
5-MOP 
3-CEP 
5-MIP 
8-MOP 
S-MOP 
3-CEP 
5-MIP 
8.MOP 
5-MOP 
3-CEP 
5.MIP 
&MOP 
5-MOP 
3-CEP 
5-MIP 
8-MOP 
5-MOP 
3-CEP 
5-MIP 
8-MOP 
5-MOP 
3-CEP 
5.MIP 

0 
0 
0 
0.46 
0.46 
0.46 
0.46 

5.8 
S.8 
5.8 
5.8 
2.9 
2.9 
2.9 
2.9 
5.8 
5.8 
5.8 
5.8 
0.23 
0.23 
0.23 
0.23 
0.46 
0.46 
0.46 
0.46 

0 0 0 0 0  0 0 0 0 0 0 0 0  
2 0 0 . 1 0  0 . 0 4 0  0 0  2 0 0 ' ) O  

48 0.1 1.6 0 2.1 I 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  0 0 0  1 0 0 0 0  
0 0 0 0 0  0 0 0  1 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  1 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 0 0 0 0 0  
0 0 0 0 0  0 0 0 0 0 0 0 0  
2 1.0 1.8 0.6 3.6 1 8 0 I 0 0 0 0 
2 0.9 1.2 0.7 1.4 0 4 1 0 0 0 0 2 
2 0 0 0 0  0 0 0 0 0 0 0 0  
2 0 0 0 0  0 0 0  1 0 0 0 0  
2 1.8 4.1 1.8 4.0 0 I I 5 I2 I 6 3 7 
2 1 . 1  3.2 1 . 1  3.6 7 7 I 5 2 4 6 9 
2 0 0 0 0  0 0 0  1 0 0 0 0  
2 0 0 0 0  0 0 0  ? O O O O  

48 0.3 1.8 0 2.0 I I I 2 0 0 0 0 
48 0 1 . 5 0  1.9 0 0 0  0 0 0 0 0  
48 0 1 . 4 0  1.8 0 0 0  0 0 0 0 0  
48 0 1 . 3 0  0.9 0 0 0  0 0 0 0 0  

48 0.2 1.4 0.1 2.6 1 5 0 4 0 2 0 I 
48 0 1 . 6 0  1.8 0 I O  0 0 0  0 0 
48 0 1 . 2 0  1.5 0 0 0  0 0 0 0 0  
48 0 1 . 1 0  1.4 0 0 0  0 0 0 0 0  

' Twelve animals in each group. 
* A v e w  clinical rnponv on the skin (back) gnded as 0. no mponse: I .  slight edema, dry flaking: 2. edema erythema. mild 

hyperplasia, and mild deaquamation; 3. edema. erylhema. moderate hyperplasia. and moderate desquamatis: 4. extensive edema. 
erythema. chronic inhmmation. and rvm hyperplasia: 5 .  severe edema. eryrhema. widespread inflammation and desquamation. 
generalized hyperpluia. and u h t i o n .  
' Histopatholo& analysis of skin (back): mulu $veri as number of animals out of I2 with histopathologic finding. 

Rodmion ireaimeni. Phototherapy lamps (blacklight 
fluorescent light. code No. FR74TI2 PUVA) were ob 
tamed from GTE Sylvania (Danven, MA). The spec- 
trum output was characteristic of near ultraviolet light. 
pnmarily 320400 nm (UVA) with a peak at 354 nm. 
and less than 2% radiation below 320 nm (Forbes et al.. 
1976 and Cole el al,  1984). Exposum were controlled 
by the Mu3 Dosimetry Systems (Model 2A. Solar Light 
Co.. Philadelphia. PA). During the uv exposure period. 

a rack of animal cages was placed in front of a venical 
bank of 36 lamps: animals were allowed to move freely 
during the radiation period. After uv treatment. animals 
were returned to food and water ad libitum. Treatment 
consisted of a total of 38 pulse feedings and 32 uv  radia- 
tions over a 13-week period. 

Pathology. Moribund animals and animals suwiving 
to the end of the study were killed with carbon dioxide 
gas and then necropsied. Examinations for grossly visible 
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TABLE 3 

COMPARISON OF ANIMAL AND HUMAN DOSE OF 8- 
METHOXYPSORALEN (&MOP) PER b L 0 G R A M  BODY 
WEIGHT OR SQUARE METER SURFACE AREA 

~ 

8-MOP dose 

m u m z  body 
Animal dose mg/kg body surface 

(mmol/Kg feed) wt/week ana/week' 

0.23 6 18 
0.46 12 36 
2.9l 80 240 
5 8  160 480 

Average human doseb 1.8 67.0 

a Calculations for body surface area based on Freinich 
el al., 1966. 

Physician's Desk Reference, 1983. 

lesions were performed on major tissues and organs. Tis- 
sues were pmerved in 10% neutral buffered formalin, 
embedded in paraffin. sectioned, and stained with herna- 
toxylin and eosin. The following tissues were examined 
microscopically: gross lesions and tissue masses. skin, 
mandibular and mesenteric lymph nodes. salivary 
glands. sternebrae and mmow. thyroids. parathyroids, 
small intestine. cecum, colon and rectum, liver. gallblad- 
der. prostate. testes. epididymis, ovaries, lungs and main- 
stem bronchi. nasal cavity and turbinates, heart. esopha- 
gus. stomach. utems, brain (three sections). thymus. tra- 
chea. pancreas, spleen. kidneys, adrenals. urinary 
bladder. pituitary. eyes. and mammary gland. 

Complete histopathology was performed on the three 
common control groups, drug treatment groups at 5.8 
mmol/kg and 0 uv radiation. 5.8 mmol/b and 2 J/cm' 
uv  libt. 0.46 mmol/kg and 48 J/cm* uv radiation. and 
on all animals dyingduring the course ofthe experiment. 
Histopathologic examination of skin alone was per- 
formed on all other animals. 

Body and organ weights (bnin, liver, thymus, right 
kidney. right testis, heon, lung, and brain) were taken at 
the time of sacrifice and the body-organ weight ritios 
were calculated. 

RESULTS 

Survival. Body Weight, and Food Consump- 
tion 

No dose-related mortality was seen in any 
treatment group. Dose-related body weight 
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effects were seen only in the high-dose 8- 
MOP and 5-MOP groups receiving uv radia- 
tion at 2 J/cm2 (Table l). No differences were 
seen in organ/body weight ratios (liver, thy- 
mus, kidney, testis, heart, lung, or brain) in 
treated and control groups. Treated and con- 
trol groups consumed similar amounts of 
feed during the pulse feedings, averaging 4 g 
of feed per animal per week during the three 
weekly pulse fetdings. An estimate of 6- 160 
mg psoralen/kg body wt was consumed per 
week (or 18-480 mg psoralen/m2 body sur- 
face area per week calculated according to 
procedures outlined by Freireich et al., 1966) 
for the 0.23-5.8 mmol/kg f e d  dose groups, 
respectively. 

Toxicity 

Skin toxicity was estimated by clinical ob- 
servation and histopathologic analyses of the 
tissues (Table 2). Both types of analyses 
showed similar results with skin toxicity be- 
ing most severe in the high dose 8-MOP and 
5-MOP groups with uv radiation (2 J/cm2). 
Skin toxicity was not seen after 3-CEP and 5- 
MIP dosing followed by uv radiation at 
2 J/cm2. 

No skin toxicity was seen in any group 
when the psoralen/isopsoralen was adminis- 
tered without uv radiation. Ultraviolet radia- 
tion with low-level 8-MOP or 5-MOP at 48 
J/cm2 produced some skin toxicity but this 
toxicity was milder than that seen with the 
higher level 8-MOP or 5-MOP plus uv radia- 
tion (2 J/cm2). Ultraviolet radiation at 2 J/ 
cm2 (no drug) did not produce skin toxicity. 
Treatment with psoralen with or without uv 
radiation produced no signs of toxicity to the 
internal organs. 

Characterization of Skin Toxicity 

The skin toxicity in the 8-MOP and 5-  
MOP groups with uv radiation was character- 
ized by clinical observations as erythema, 
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widespread inflammation with desquama- 
tion, parched-looking body skin, scarred ears, 
inflammed eyelids, generalized hyperplasia, 
and scattered small ulcerations. 

Pathologically the skin lesions were charac- 
terized by hyperplasia: increased thickness of 
the epidermis (up to 8- IO layers) over a back- 
ground of 2-3 cell layers thick; inflamma- 
tion: the presence of inflammatory cells in- 
cluding neutrophils, lymphocytes, and mac- 
rophages; ulceration: loss of epithelial cells 
with disruption of the adjacent basement 
membrane; hyperplasia in which there was a 
proliferative response with a loss of regular 
differentiation including cellular atypia and 
disorderly arrangement of cells; and atypical 
nuclei: large nuclei within hypertrophic squa- 
mous epithelial cells. 

DISCUSSION 

In these subchronic toxicity studies the pri- 
mary toxic response was in the skin, and this 
response was dependent on the type of psora- 
len used and dose of uv radiation. Toxicity to 
internal organ systems was not seen. Survival 
was comparable among treated and control 
groups of animals. Each dose group con- 
sumed approximately the same amount of 
psoralen (mmol/kg body wt) on treatment 
days. 

Skin toxicity was measured by clinical o b  
servations and histopathologic responses. 
Both measurements showed that skin toxicity 
was most frquent in mice receiving high 
doses of 8-MOP and 5-MOP (2.9 and 5.8 
mmol/kg feed) and ultraviolet radiation at 2 
J/cm'. Skin lesions were characterized histo- 
logically as hyperplasia, inflammation, ulcer- 
ation, and atypical nuclei. 3-CEP and 5-MIP 
given at the same dose levels with ultraviolet 
radiation did not cause skin toxicity. Ocular 
damage consisting of dense central corneal 
opacification after exposure to 8-MOP and 5- 
MOP and uv radiation was observed in these 
HRA/Skh mouse studies (Barker et al., 
1986). 

Psoralens alone did not cause any evidence 
of toxicity to the skin or other organ systems. 
Ultraviolet radiation alone at 2 J/cm2 pro- 
duced no sign of skin toxicity, but after ultra- 
violet radiation at 48 J/cm2 there was a skin 
toxic response characterized as edema or ery- 
thema. Ultraviolet radiation at 48 J with 8- 
MOP (0.46 mmol/kg feed) produced skin 
toxicity (hyperplasia, inflammation, and ul- 
ceration) that was more extensive in female 
mice than in male mice. Ultravidet radiation 
at 48 J/cm2 with 5-MOP. 3-CEP, or 5-MIP 
(0.46 mmol/kg feed) produced little or no in- 
crease in skin toxicity over the level of skin 
toxicity Seen with radiation alone. The 8- 
MOP data indicate that in general female 
mice had a more severe skin toxic response 
than did male mice at corresponding dose 
levels. 

8-MOP and 5-MOP have two photoreac- 
tive sites, at the 3,4 and 4.5'  double bonds, 
which allow formation of monoadducts 
which can crosslink with DNA. In contrast, 
the angular structure of 5-MIP creates steric 
constraints on interaction with DNA, and the 
substitution at the C-3 position in 3-CEP 
blocks the 3,4 reactive site, thereby prevent- 
ing the potential for crosslinking with DNA 
(Song and Tapley, 1979). Thus, in this study, 
skin toxicity correlated with the ability of the 
psoralen molecule to form DNA crosslinks. 
It is possible that at higher concentrations of 
3-CEP and 5-MIP skin toxicity might be ob- 
served. In other studies (Lowe et al., 1984) 5-  
MOP and 8-MOP with uv radiation have 
been shown to be good inducers of ornithine 
decarboxylase (OW) levels. Increases in 
ODC levels have been shown to accompany 
the onset of proliferative events (Luk and 
Baylin, 1984). In this study 8-MOP and 5-  
MOP produced phototoxicity while 5-MIP 
and 3-CEP produced little phototoxicity at 
corresponding dose levels. Other workers 
have shown that the carcinogenic potential of 
psoralens cannot be directly related to photo- 
toxic properties (Mullen et al., I984), and fur- 
ther studies are needed to determine poten- 
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tial carcinogenicity of these psoralen/isopsor- 
alen derivatives after oral administration. 

These studies used a “pulse feed“ method 
to deliver psoralen to fasting animals. fol- 
lowed 1/2 hr later by uv radiation. This treat- 
ment schedule enabled a large number of ani- 
mals to be treated on a carefully prescribed 
schedule that was designed to mimic PUVA 
therapy used in the treatment of psoriasis 
(Melski and Stem, 1982; PDR. 1983). Re- 
peated exposure of the HRA/Skh mouse to 
8-MOP or S M O P  followed by uv radiation 
leads to skin toxicity. This skin toxicity oc- 
curred at a uv exposure level (2 J/cm’) similar 
to that used in human therapy (Table 3) and 
at a psoralen dose level (240 mg psoralen/m2 
body surface area per week) approximately 
four times the weekly dose used in humans. 
A chronic study of 8-MOP and uv radiation 
is currently in progress in which the HRA/ 
Skh mouse is being dosed three times per 
week (at 0.0.46. 1.1, and 2.9 mmol psoralenl 
kg feed) followed by uv radiation at 2 J/cm’. 
This range of psoralen doses spans human 
dose levels when compared on a basis of mg 
drug/m’ body surface area. 
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AiPPENDIX F. AUDIT SUMMARY 

The pathology specimens, experimental data, study documents, and the NTP Technical Report No. 
359 for the 2-year studies of 8-methoxypsoralen in rats were audited for the NIEHS at the NTP 
Archives during July 1986, December 1987, and January 1988 by quality assurance support 
contractors. Complete reports are on file at the NIEHS. The audit included review of: 

All records concerning animal receipt, quarantine, randomization, and disposition prior to 
study start. 
All inlife records including protocol, correspondence, animal husbandry, environmental condi- 
tions, dosing, external masses, mortality, animal identification, and serology. 
Body weight and clinical observation data for a random 10% sample of the study animals. 
All chemistry records. 
All postmortem records for individual animals concerning identification, condition codes, dis- 
position codes, tissue accountability, correlation of masses or clinical signs recorded at the last 
inlife observation with gross observations and microscopic diagnoses, and correlation between 
gross observations and microscopic diagnoses. 
All wet tissue bags for inventory and wet tissues from a random 10% sample of rats in all study 
groups, plus other relevant cases to verify animal identification and to examine for untrimmed 
potential lesions. 
Blocks and slides of tissues from a random 20% sample of animals from each study group to ex- 
amine for proper match and inventory. 
Correlation between original microscopic observations and tabulated pathology diagnoses for a 
random 10% of study animals to verify computer data entry. 
Correlation between the data, results, and procedures for the 2-year studies presented in the 
draft Technical Report and the records available a t  the NTP Archives. 

The audit showed that inlife procedures and events were documented by the archival records with 
some exceptions: disposition of surplus animals, some standard operating procedures, frequency of 
cage! and rack changes, balance calibration, and light cycle checks. The archival records indicated 
that doses were prepared and administered to animals according to protocols, that group body weight 
nieasurements were computed accurately, and that clinical observations were recorded consistently 
throughout the study. Of the external masses noted inlife, 123/129 in rats were correlated with 
necropsy observations. The inlife mode and date of death records for all early-death animals were 
correlated with necropsy records. The analytical chemistry records from the study laboratory were 
present and accurate and documented procedures adequately. 

Inspection of residual wet tissues for individual animal identifiers (punched ears) showed that 12/75 
rats were identified correctly and 15/75 had only one ear, correctly punched, present. Although ears 
for the other animals were documented as not saved, examination of other toxicology and pathology 
records gave no indication that individual animals had been exchanged between or within groups. 
The audit found 20 untrimmed lesions in 75 rats examined, including 7 of the forestomach in dosed 
male rats (most of which occurred in rats for which other forestomach lesions has been sectioned and 
examined). The residual segments of the intestinal tract (2-10 cm) were not completely opened, but 
no potential lesions were visible by external examination during the audit. All Individual Animal 
Data Record forms were reviewed, and there were seven gross observations (nontarget organs) that 
1ack.ed a corresponding microscopic diagnosis. 

In conclusion, the data and results presented in the Technical Report for the 2-year gavage studies of 
8.-methoxypsoralen are supported by the records at the NTP Archives. 
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NATIONAL TOXICOLOGY PROGRAM TECHNICAL REPORTS
PRINTED AS OF JUNE 1989

TR No. CHEMICAL TR No. CHEMICAL

201 2,3,7,8-Tetrachlorodibenzo-p-dioxin (Dermal)
206 Dibromochloropropane
207 Cytembena
208 FD & C Yellow No. 6
209 2,3,7,8-Tetrachlorodibenzo-p-dioxin (Gavage)
210 1,2-Dibromoethane (Inhalation)
211 C.I. Acid Orange 10
212 Di(2-ethylhexyl)adipate
213 Butylbenzyl Phthalate
214 Caprolactam
215 BisphenolA
216 11 - Aminoundecanoic Acid
217 Di(2-ethy!hexyl)phthalate
219 2,6-Dichloro-p-phenylenediamine
220 C.I. Acid Red 14
221 Locust Bean Gum
222 C.I. Disperse Yellow 3
223 Eugenol
224 Tara Gum
225 D & C Red No. 9
226 C.I. Solvent Yellow 14
227 Gum Arabic
229 GuarGum
230 Agar
231 Stannous Chloride
233 2-Biphenylamine Hydrochloride
234 Allyl Isothiocyanate
235 Zearalenone
236 D-Mannitol
238 Ziram
239 Bis(2-chloro-l-methylethyl)ether
240 Propyl Gallate
242 Diallyl Phthalate (Mice)
244 Polybrominated Biphenyl Mixture
245 Melamine
247 L-Ascorbic Acid
248 4,4'-Methylenedianiline Dihydrochloride
249 Amosite Asbestos
250 Benzyl Acetate
251 Toluene Diisocyanate
252 Geranyl Acetate
253 Allyl Isovalerate
255 1,2-Dichlorobenzene
257 Diglycidyl Resorcinol Ether
259 Ethyl Acrylate
261 Chlorobenzene
263 1,2-Dichloropropane
266 Monuron
267 Propylene Oxide
269 Telone II«
271 HC Blue No. 1
272 Propylene
273 Trichloroethylene (Four strains of rats)
274 Tris(2-ethylhexyl)phosphate
275 2-Chloroethanol
276 8-Hydroxyquinoline
280 Crocidolite Asbestos
281 HC Red No. 3

282 Chlorodibromomethane
284 Diallylphthalate (Rats)
285 C.I. Basic Red 9 Monohydrochloride
287 Dimethyl Hydrogen Phosphite
288 1,3-Butadiene
289 Benzene
291 Isophorone
293 HC Blue No. 2
294 Chlorinated Trisodium Phosphate
295 Chrysotile Asbestos (Rats)
296 Tetrakis(hydroxymethyl)phosphonium Sulfate and

Tetrakis(hydroxymethyl)phosphonium Chloride
298 Dimethyl Morpholinophosphoramidate
299 C.I. Disperse Blue 1
300 3-Chloro-2-methylpropene
301 o-Phenylphenol
303 4-Vinylcyclohexene
304 Chlorendic Acid
305 Chlorinated Paraffins (C23,43% chlorine)
306 Dichloromethane
307 Ephedrine Sulfate
308 Chlorinated Paraffins (C12> 60% chlorine)
309 Decabromodiphenyl Oxide
310 Marine Diesel Fuel and JP-5 Navy Fuel
311 Tetrachloroethylene (Inhalation)
312 n-Butyl Chloride
314 Methyl Methacry late
315 Oxytetracycline Hydrochloride
316 l-Chloro-2-methylpropene
317 Chlorpheniramine Maleate
318 Ampicillin Trihydrate
319 1,4-Dichlorobenzene
320 Rotenone
321 Bromodichloromethane
322 Phenylephrine Hydrochloride
323 Dimethyl Methylphosphonate
324 Boric Acid
325 Pentachloronitrobenzene
326 Ethylene Oxide
327 Xylenes (Mixed)
328 Methyl Carbamate
329 1,2-Epoxybutane
330 4-HexyIresorcinol
331 Malonaldehyde, Sodium Salt
332 Mercaptobenzothiazole
333 AT-Phenyl-2-naphthylamine
334 2-Amino-5-nitrophenol
335 C.I. Acid Orange 3
336 Penicillin VK
337 Nitrofurazone
338 Erythromycin Stearate
339 2-Amino-4-nitrophenol
343 Benzyl Alcohol
345 Roxarsone
348 a-Methyldopa Sesquihydrate
349 Pentachlorophenol
350 Tribromomethane

These NTP Technical Reports are available for sale from the National Technical Information Service, U.S. Department of
Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single copies of this Technical Report are avail-
able without charge (and while supplies last) from the NTP Public Information Office, National Toxicology Program, P.O.
Box 12233, Research Triangle Park, NC 27709.
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