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NOTETOTHEREADER 

This study was performed under the direction of the National Institute of Environmental Health Sci- 
ences as a function of the National Toxicology Program. The studies described in this Technical Re- 
port have been 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 U.S. Public Health Service Policy on Humane Care and Use of Ani- 
mals. All NTP toxicology and carcinogenesis studies are  subjected to a data audit before being pre- 
sented for public peer review. 

Although every effort is made to prepare the Technical Reports as  accurately as  possible, mistakes 
may occur. Readers are  requested to identify any mistakes so that corrective action may be taken. 
Further, anyone who is aware of related ongoing or published studies not mentioned in this report is 
encouraged to make this information known to the NTP, Comments and questions about the 
National Toxicology Program Teohnical Reports on Toxicology and Carcinogenesis Studies should be 
directed to Dr. J .E. Huff, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 
27709 (9 19-541 -3780). 

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  available 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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PENICILLIN VK 
4-Thia- l-azabicyclo(3.2.0)heptane-2-carboxylic acid, 3,3-dimethyl-7-oxo-6- 

(2-phenoxy-ace tamidol-, monopo tassium salt 

CAS NO. 132-98-9 

c 16H17KN205S Molecular weight 388.5 

Synonyms: 

Penicillin V potassium 
Penicillin V potassium salt 

Trade Names: 

Antibiocin 
Apsin VK 
Arcacil 
Arcasin 
Aspin VK 
Beromycin 
Beromycin 400 
Betapen VK 
Calciopen K 

Cliacil 
Compocillin VK 
Distakaps V-K 
Distaquaine V-K 
Dowpen V-K 

Fenoxypen 
Icipen 
Isocillin 

DQV-K 

D-a-Phenoxymethylpenicillinate K salt PVK 
Phenoxymethylpenicillin potassium 

Ispenoral 
Ledercillin VK 
Megacillin oral 
Oracil-VK 
Orapen 
Ospeneff 
Pedipen 
Penagen 
Pencompren 

Pen-Vee K 
Pen-V-K powder 
Penvikal 
Wizerpen VK 
Qidpen VK 
Robicillin VK 
Rocillin-VK 
Roscopenin 
SK-Penicillin VK 

Stabillin VK Syrup 125 
Stabillin VK Syrup 62.5 
Sumapen VK 
Suspen 
Uticillin VK 
V-Cil-K 
V-Cillin K 
Veetids 
Vepen 

ABSTRACT 

Penicillin VK, a widely used antibiotic for treatment of gram-positive coccal infections, was nomina- 
ted for study by the National Cancer Institute because rodent carcinogenicity studies for this drug 
had not been performed. The chemical (94% or 98% pure, USP grade) was administered orally (by ga- 
vage in corn oil) because oral administration is the primary route used to treat infections in humans. 
Fourteen-day, 13-week, and 2-year studies were conducted in F344/N rats and B6C3F1 mice. Addi- 
tional studies were performed to evaluate the potential for genetic damage in bacteria and mam- 
malian cells. 

Fourteen-Day and Thirteen- Week Studies: In the 14-day studies, penicillin VK was administered a t  
doses of 150-2,400 mg/kg. No compound-related deaths or dose-related histopathologic lesions were 
seen in rats or mice. Final mean body weights of dosed male rats were 5%-17% lower than that of con- 
trols; weights of dosed and control female rats were comparable. Final mean body weights of dosed 
mice were 5%-9% lower than those of controls. Diarrhea was observed in all dosed groups of rats and 
mice. 

In the 13-week studies, male and female rats received doses of 180-3,000 mg/kg and male and female 
mice received doses of 250-3,000 mg/kg. No compound-related deaths were seen in ra ts  or mice. Final 
mean body weights of rats that received 3,000 mg/kg were 11% lower than those of the vehicle con- 
trols for males and 6% lower for females. For mice, mean body weights were comparable. Diarrhea 
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occurred in male ra ts  a t  doses of 750 mg/kg and above and in female rats a t  doses of 1,500 and 3,000 
mg/kg. Mucous cell metaplasia of the glandular stomach was observed in male and female rats re- 
ceiving 1,500 and 3,000 mg/kg. Lesions of the glandular stomach (inflammation, mucous cell 
metaplasia, and eosinophilic cytoplasmic change) and the forestomach (papillary hyperplasia and 
hyperkeratosis) were seen in all groups of dosed mice. The severity of lesions a t  1,000 mg/kg or below 
was considered minimal. Based on these results, doses selected for rats and mice in the 2-year studies 
were 0,500, or 1,000 mg/kg. 

Body Weight and Survival in the Two-year Studies: Mean body weights of dosed and vehicle control 
male and female rats  and male mice were comparable. Mean body weights of dosed female mice were 
4%-16% lower than those of the vehicle controls from week 28 to the end of the study. Diarrhea was 
observed for dosed male and female rats  and for dosed male mice. Survival of low and high dose male 
rats and high dose female rats was reduced (male rats: vehicle control, 34/50; low dose, 19/50; high 
dose, 16/50; female rats: 29/50; 26/50; 16/50). Survival of male and female mice was comparable to 
that of the vehicle controls (male mice: 24/50; 36/50; 26/50; female mice: 36/50; 32/50; 32/50). 

Nonneoplastic and Neoplastic Effects in the Two-year Studies: Nonneoplastic lesions occurred a t  low 
incidences in the nasal mucosa, lung, and forestomach of dosed male rats and in the nasal mucosa and 
lung of dosed female rats. Congestion and aspiration pneumonia occurring in dosed rats dying before 
week 104 was the principal cause of death in these animals. 

Nonneoplastic lesions of the gastric fundal gland (eosinophilic cytoplasmic change and dilatation) 
and glandular stomach (cyst, chronic focal inflammation, hyperplasia, fibrosis, and squamous meta- 
plasia) were seen in dosed male and female mice, and lesions of the gallbladder (eosinophilic cyto- 
plasmic change) were seen in male mice. 

Slight increases in the incidences of adenomas of the pituitary gland in high dose male rats and of fi- 
broadenomas or adenomas (combined) of the mammary gland in low dose female rats  were observed. 
These were not considered to be compound-related lesions. 

The incidence of hepatocellular adenomas was decreased in high dose male mice (14160; 15/49; 4/49), 
No compound-related neoplasms were wen in female mice. 

Genetic Toxicology: Penicillin VK was not mutagenic in Salmonella typhimurium strains TA98, 
TA100, TA1636, or TA1537 with or without exogenous metabolic activation. The chemical was muta- 
genic only with activation in the mouse lymphoma L5178YPTK+" forward mutation assay. Incuba- 
tion of Chinese hamster ovary cells with penicillin VK resulted in increased frequencies of sister 
chromatid exchanges and chromosomal aberrations in the absence of metabolic activation under con- 
ditions of delayed harvest to compensate for chemical-induced cell cycle delay; no effects from peni- 
cillin VK exposure were observed in these cells in the presence of S9. 

Audit: The data, documents, and pathology materials from the 2-year studies of penicillin VK were 
audited. The audit findings show that the conduct of the studies is documented and support the data 
and results given in this Technical Report. 

Penicillin VK, NTP TR 336 6 



Conclwions: Under the conditions of these 2-year gavage studies, there was no evidence of carcino- 
genic activity* of penicillin VK for F344/N rats or for B6C3F1 mice administered 500 or 1,000 mg/kg 
penicillin VK in corn oil by gavage, 5 days per week for 2 years. Nonneoplastic lesions were seen in 
the glandular stomach of dosed mice. Decreased survival of low and high dose male rats  and of high 
dose female rats  reduced the sensitivity of the studies for determining the presence or absence of a 
carcinogenic response in this species. 

SUMMARY OF THE TWO-YEAR GAVAGE AND GENETIC TOXICOLOGY STUDIES O F  PENICILLIN VK 

Male F344/N Rats Female F344/N Rats Male B6C3F1 Mice Female B6C3F1 Mice 

Dose 
0,500, or 1,000 mgkg penicil- 
lin VK in corn oil, 5 d/wk 

Survival rates in the 2-year study 
34/50; 19/50; 16/50 

Nonneoplastic effects 
None None 

0,500, or 1,000 mgkg penicil- 
lin VK in corn oil, 5 d/wk 

29/50; 26/50; 16/50 

Neoplastic effects 
None None 

Level of evidence of carcinogenic activity 
No evidence No evidence 

Other considerations 
Decreased survival in low and 
high dose groups dose group 

Genetic toxicoloev 

Decreased survival in high 

0,500, or 1,000 mgkg peni- 
cillin VK in corn oil, 5 d/wk 

24/50; 36/50; 26/50 

Gastric fundal gland- 
eosinophilic cytoplasmic 
change and dilatation; 
glandular stomach--cysts, 
chronic focal inflammation, 
epithelial hyperplasia, 
fibrosis, and squamous 
metaplasia; gallbladder-- 
eosinophilic cytoplasmic 
change 

None 

No evidence 

None 

0,500, or 1,000 mgkg peni- 
cillin VK in corn oil, 5 d/wk 

36/50; 32/50; 32/50 

Gastric fundal gland- 
eosinophilic cytoplasmic 
change and dilatation; 
glandular stomach-cysts, 
chronic focal inflammation, 
epithelial hyperplasia, 
fibrosis, and squamous 
metaplasia 

None 

No evidence 

Decreased body weight in 
dosed female groups 

Not mutagenic i n z .  typhimurium strains TA98, TA100, TA1535, or TA1537; mutagenic with but not without activation in 
mouse lymphoma assay: increased sister chromatid exchanges and chromosomal aberrations in Chinese hamster ovary cells in 
absence of S9. 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 8. 
A summary ofthe Peer Review comments and the public discpsion on this Technical Report appears on page 11. 
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY 
These studies are designed and conducted to characterize and evaluate the toxicologic potential, including carcinogenic activity, of 
selected chemical8 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. 
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 dem- 
onstrate 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. 

The National Toxicology Program describes the results of individual experimenta on a chemical agent and notes the strength of the evi- 
dence for conclusions regarding each study. Other 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 laboratory animals requires a wider analysis that extends beyond the purview of these studies. 
Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence ob- 
served in each experiment: two categories for positive results ("Clear Evidence" and "Some Evidence"); one category for uncertain find- 
ings ("Equivocal Evidence"); one category for no observable effects ("No Evidence"); and one category for experiments that because of ma- 
jor 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 Reporta 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 se- 
lected to describe the findings. These categories refer to the strength of the experimental evidence and not to either potency or 
mechanism. 

0 Clear Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as  showing a dose-related (i) in- 
crease of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked increase of be- 
nign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to malignancy. 
home Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a chemically related in- 
creased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that required 
for clear evidence. 

0 Equivocal Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a marginal in- 
crease of neoplasms that may be chemically related. 
No Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as  showing no chemically related in- 
creases in malignant or benign neoplasms. 
Inadequate Study of Carcinogenic Activity is demonstrated by studies that because of major qualitative or quantitative 
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 extend the ac- 
tual boundary of an individual category of evidence, This should allow for incorporation of scientific experience and current under- 
standing of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the borderline be- 
tween two adjacent levels. These considerations should include: 

0 The adequacy of the experimental design and conduct; 
0 Occurrence of common versus uncommon neoplasia; 

Progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic lesions; 
0 Some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it is im- 

possible 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 organ or 
tissue; 
Latency in tumor induction; 
Multiplicity in site-specific neoplasia; 

0 Metastases; 
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 ofdose relationships; 

0 The statistical significance ofthe 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 

0 In some cases, genetic toxicology. 

These considerations together with the definitions as written should be used as composite guidelines for selecting one of the five cate- 
gories. Additionally, the following concepts (as patterned from the International Agency for Research on Cancer Monographs) have been 
adopted by the NTPto give further clarification ofthese issues: 

The term chernrcal carcrnogenests generally means the induction by chemicals of neoplasms not usually observed, the induction by 
chemicals of more neoplasms than are generally found, or the earlier induction by chemicals of neoplasms that are commonly ob- 
served. Different mechanisms may be involved in these situations. Etymologically, the term carcrnogeneszs means induction of 
cancer, that is, of malignant neoplasms; however, the commonly accepted meaning is the induction of various types of neoplasms or 
of a combination of malignant and benign neoplasms. In the Technical Reports, the words tumor and neoplasm are  used 
interchangeably. 
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SUMMARY OF PEER REVIEW COMMENTS 
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 

PENICILLIN VK 

On July 14,1987, the draft Technical Report on the toxicology and carcinogenesis studies of penicillin 
VK received public review by the National Toxicology Program Board of Scientifc Counselors’ Tech- 
nical Reports Review Subcommittee and associated Panel of Experts. The review meeting was held a t  
the National Institute of Environmental Health Sciences, Research Triangle Park,  North Carolina. 

Dr. J.K. Dunnick, NIEHS, introduced the studies by reviewing the experimental design, results, and 
proposed conclusions (no evidence of carcinogenic activity for male or female rats or male or female 
mice). 

Dr. Capen, a principal reviewer, agreed with the conclusions. He asked for clarification of the signifi- 
cance of the eosinophilic cytoplasmic changes reported in the fundus of the stomach. Dr. S. Eustis, 
NIEHS, responded that the eosinophilic changes are believed to represent a potential secretory ma- 
terial in the epithelial cells lining the glandular stomach. 

As a second principal reviewer, Dr. Sivak agreed with the conclusions. He expressed concern about 
the selection of corn oil as  the vehicle for a water soluble substance, a s  this might influence the phar- 
macokinetics in relation to humans. Dr. Dunnick commented that a t  the time these studies were de- 
signed, ampicillin was also selected and because it was less water soluble, the vehicle chosen for both 
studies was corn oil. She said that an  aqueous gavage solution would have been appropriate and 
noted that NTP is monitoring blood levels on some of the newer studies on drugs. 

As a third principal reviewer, Dr. Popp agreed with the conclusions. 

Dr. Capen moved that the Technical Report on penicillin VK be accepted with revisions discussed and 
with the conclusions as  written for male and female rats  and mice, no evidence of carcinogenic ac- 
tivity. Dr. Sivak seconded the motion, which was approved unanimously with eight votes. 
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I. INTRODUCTION 

0 

C - 0 '  K +  
II 

PENICILLIN VK 
4-Thia-l-azabicyclo(3.2.0)heptane-2-carboxylic acid, 3,3-dimethyl-7-oxo-6- 

(2-phenoxy- acetamidol-, monopotassium salt 

CAS NO. 132-98-9 

C16H17KN205S Molecular weight 388.5 

Synonyms: 

Penicillin V potassium 
Penicillin V potassium salt 

Trade Names: 

Antibiocin 
Apsin VK 
Arcacil 
Arcasin 
Aspin VK 
Berornycin 
Berornycin 400 
Betapen VK 
Calciopen K 

Cliacil 
Compocillin VK 
Distakaps V-K 
Distaquaine V-K 
Dowpen V-K 

Fenoxypen 
Icipen 
Isocillin 

DQV-K 

D-a-Phenoxyrnethylpenicillinate K salt PVK 
Phenoxymethylpenicillin potassium 

Ispenoral 
Ledercillin VK 
Megacillin oral 
Oracil-VK 
Orapen 
Ospeneff 
Pedipen 
Penagen 
Pencompren 

Production, Use, and Human Exposure 

Penicillin VK (phenoxymethylpenicillin, potas- 
sium salt) was first introduced in the United 
States for use as an antibiotic in 1955 (personal 
communication to Dr. J.  Dunnick from V. 
Glocklin, Food and Drug Administration [FDA], 
March 7,1983). It is one of the most widely used 
drugs in the United States, with approximately 
23 million prescriptions being written per year 
for penicillin V or VK (FDA, 1986). The parent 
compound penicillin V was first prepared in 
1948 (Behrens, 1948) and became clinically im- 
portant when it was demonstrated to retain its 
antibiotic effects at  low pH (Brand1 et  al., 1953). 
Penicillin VK became the preferred form of the 
drug for oral administration because higher se- 
rum levels were obtained when the salt (penicil- 
lin VK) rather than the free acid (penicillin V) 
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Stabillin VK Syrup 62.5 
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was used (Kaipainen and Harkonen, 1956; 
Colquhoun et al., 1957). 

Like that of the other penicillins, the structure 
of penicillin VK consists of a thiazolidine ring 
connected to a j3-lactam ring. Penicillin VK has 
a unique side chain that differentiates it from 
the other penicillin antibiotics. Penicillin VK is 
a white, odorless, crystalline powder (Dunham, 
1972). P-Lactam antibiotics may be inactivated 
by p-lactamases (penicillinases) that open the j3- 
lactam ring or by amidases that split the side 
chain (Mandell and Sande, 1985; Herzberg and 
Moult, 1987). In the United States, penicillin V 
is produced by fermentation from cultures of 
Penicillin chrysogenum by adding phenoxyacetic 
acid to the medium (AICE, 1970; Selwyn, 1980). 
One milligram of penicillin VK is equivalent to 
1,530 international units (IU) (Dunham, 19721, 
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I. INTRODUCTION 

a n  IU being the specific activity contained in 0.6 
pg of crystalline sodium salt of penicillin G 
(Mandell and Sande, 1985). 

Penicillin VK is administered to patients as a 
solution or in tablet form for oral use. It is usu- 
ally given four times per day for the treatment of 
gram-positive cocci including streptococcal, 
pneumococcal, staphylococcal, and fusospiroche- 
tosis infections (Aronoff et al., 1984; Schwartz et 
al., 1981; PDR, 1986). Penicillin’VK is not ac- 
tive against penicillinase-producing bacteria. 
The recommended dose for adults and children 
over 12 years of age is 125-250 mg (200,000- 
400,000 IU) every 6-8 hours for 10 days (USP, 
1985; Remington’s, 1985). Thus, a 70-kg man 
taking 1,000 mg of the drug per day receives a 
dose of approximately 14 mg/kg per day. The 
recommended dose for children under 12 years is 
15-56 mg per day (PDR, 1986). Like the other B- 
lactam antibiotics, penicillin VK exerts its bac- 
tericidal effect by inhibiting the cross-linking 
step (transpeptidation) of bacterial cell wall bio- 
synthesis (Waxman and Strominger, 1983; 
Mandell and Sande, 1985; Kelly et al., 1982). 

Penicillin VK was evaluated for prophylactic 
use for the prevention of streptococcal infection 
in children with sickle cell anemia (Gaston et  
al., 19861, and the National Heart, Lung, and 
Blood Institute is planning a long-term followup 
study on the use of oral penicillin VK pro- 
phylaxis therapy in this population (personal 
communication to Dr. J .  Dunnick from M. 
Gaston, March 1987). To date, no reports have 
associated penicillin use in humans with any 
carcinogenic effect, although other toxic re- 
sponses have been reported as described below 
(PDR, 1986; personal communication to Dr. J .  
Dunnick from V. Glocklin, FDA, March 1983; 
Friedman and Ury, 1980). 

Toxicity 

The following LD50 values were reported for 
penicillin VK: 1,750 mg/kg in rats (strain un- 
specified) after intraperitoneal injection, and 
1,000 mg/kg in mice (strain unspecified) after in- 
travenous injection (Auhagen et al., 1962); 1,040 
mg/kg in Charles River CD rats after oral ad- 
ministration (Goldenthal, 1971); and 1,351 
mg/kg in  mice ( s t r a i n  unspecified) a f t e r  
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intraperitoneal injection (Drugs in Japan, 1982). 
At the time that this antibiotic was introduced 
into clinical use, comprehensive animal toxicity 
evaluation was not required or reported (per- 
sonal communication to Dr. J. Dunnick from V. 
Glocklin, FDA, March 1983). Exposure of SPF 
(CD-1) mice to penicillin G in the drinking water 
a t  500 U/ml reduces the number of anaerobic 
bacteria in the ceca (Berg, 1981). 

The most common side effects reported after 
penicillin treatment in humans are anaphylac- 
toid reactions. Other side effects reported (inci- 
dence not specified) include fever; gastrointes- 
tinal symptoms, such as nausea, vomiting, and 
diarrhea; skin rashes; and reversible effects on 
the hemic and lymphatic systems, including 
anemia, thrombocytopenia, and leukopenia 
(Erffmeyer, 1981; Norrby, 1986; Mandell and 
Sande, 1985; Alanis and Weinstein, 1983; 
Braver, 1983; Kitano et al., 1984). Penicillin 
and structurally related antibiotics elicit anti- 
bodies of all the major classes (IgE, IgA, IgM, 
IgG, IgD). A person with an allergy to one peni- 
cillin is assumed to be allergic to all penicillins 
(Erffmeyer, 1981). The prevalence of penicillin 
allergy in the U.S. population is estimated to be 
between 5% and 10% (Wendel et al., 1985). 

Reproductive a n d  Teratogenic Effects 

The penicillins are frequently prescribed during 
pregnancy (Ledger, 1977). Reproductive toxicity 
or teratogenic effects after penicillin use have 
not been reported (Erffmeyer, 1981; Mandell and 
Sande, 1985; Jick et  al., 1981). Penicillins have 
been reported to cross the placenta (Elek et al., 
1972; Charles, 1954) and to be transmitted in 
human milk (Wilson et al., 1980). 

Absorption, Distribution, a n d  Metabolism 

Penicillin VK is a biologically effective anti- 
biotic because i t  is stable in acidic medium and 
is well absorbed from the gastrointestinal tract, 
with an estimated 80% of the drug absorbed af- 
ter oral administration. Eighty percent of ab- 
sorbed penicillin V is bound to serum protein 
(Neu, 19771, primarily albumin (Rolinson and 
Sutherland, 1965). The serum half-life of peni- 
cillin V is estimated to be 1 hour (McCracken et 
al., 1978). 
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After an oral dose of 266 mg penicillin VK was 
administered to humans, the serum level of the 
antibiotic was 4.2 IU/ml serum (Colquhoun et 
al., 1957). Peak serum or plasma levels of peni- 
cillin VK after oral administration were seen 
one-half hour after administration (Juncher and 
Raaschou, 1957; Colquhoun et al.,  1957; Peck 
and Griffith, 1957-1958). After oral administra- 
tion of 500 mg penicillin V to humans, 26% was 
recovered in the urine as penicillin and 35% as 
penicillic acid (Cole et al., 1973). 

Recovery in the urine and bile 9 hours after in- 
travenous administration of penicillin VK to 
male Wistar rats was 101% (43% penicillin V, 
36% phenoxymethylpenicilloic acid, and 22% 6- 
aminopenicillanic acid and its corresponding 
penicilloic acid). The metabolic fate of penicillin 
VK is similar in a variety of animal species 
(Tsuji et al., 1983). 

Genetic Toxicity 

Published data on the mutagenicity of penicillin 
VK are very limited; however, several papers re- 
port results from tests with other or unspecified 
penicillins. For many studies, details of experi- 
mental conditions and complete data tables were 
not provided. Ostanina et al. (1977) reported 
that penicillin VK formed complexes in vitro 
with native and denatured Escherichia coli DNA 
and ribosomal RNA, inhibited nucleic acid syn- 
thesis in Micrococcus lysodeikticus and mouse 
lymphocytes, and blocked a DNA-dependent 
RNA polymerase system in vitro. When tested 
by the NTP, penicillin VK was not mutagenic in 
Salmonella typhimurium strains TA98, TA100, 
TA1535, or TA1537 with or without Aroclor 
1254-induced Sprague Dawley rat  or Syrian 
hamster liver S9 (Mortelmans et al., 1986; Ap- 
pendix E, Table El) .  

Penicillin VK was tested independently by two 
laboratories us ing  the mouse lymphoma 
L5178Y/TKf/- forward mutation assay (Ta- 
ble E2). Neither laboratory reported mutagenic 
activity without S9, but test results a t  both labo- 
ratories were positive in the presence of S9 from 
Aroclor 1254-induced F344 rat liver. One of the 
laboratories also tested penicillin VK in mouse 
lymphoma cells with S9 from noninduced rat  

liver, and it was mutagenic under those condi- 
tions as well. 

Treatment of Chinese hamster ovary cells with 
penicillin VK resulted in significantly increased 
frequencies of sister chromatid exchanges and 
chromosomal aberrations in the absence of 
metabolic activation under conditions of delayed 
harvest (to compensate for chemical-induced cell 
cycle delay); no effects from penicillin VK ex- 
posure were observed. in these cells with S9 (Ta- 
bles E3 and E4). Clastogenic effects by penicil- 
lin VK have also been reported by Parida (1972), 
who examined testicular tissue of the grass- 
hopper Phloeba antennula after administration 
of 5 mg “Crystopen V” in feed; chromosomal 
aberrations were observed in 63% of the cells 
studied. The author stated that stickiness and 
despiralization, which he attributed to drug in- 
teraction with chromosomal proteins, were the 
most frequent abnormalities observed and that 
they hindered the assessment of other types of 
structural aberrations. 

Literature reports on other penicillins indicate 
that these compounds do not inhibit growth due 
to DNA damage in Bacillus subtilis (Kada et al., 
1972; Suter and Jaeger, 1982) or E.  coli (Slater 
e t  al.,  1971; Rosenkranz, 1981). Suter  and 
Jaeger (1982) reported penicillin G-induced 
growth inhibition of E. coli rec/rec‘ in the spot 
test but not when exposure occurred via the 
plate incorporation method. In an NTP mouse 
lymphoma L5178Y/TK+/- assay, t reatment  
with penicillin V in the presence or absence of 
exogenous metabolic activation resulted in no 
significant increase in mutations (Table E2). 
Benzylpeniciliin, sodium salt, has been reported 
to induce chromosomal aberrations in the mei- 
otic cells of the grasshopper Poecilocerus pictus 
(Subramanyam and Reddy, 1975). A single in- 
jection of 50 mg/kg penicillin G induced chromo- 
somal aberrations in mouse bone marrow cells 
(Manna and Bardhan, 1973), but doses of 200 or 
800 mg/kg per day for 5 days to CFLP male mice 
did not produce increases in dominant lethal 
mutations in the offspring (James and Smith, 
1982). No sperm head abnormalities were ob- 
served in male CBA X BALB/c mice adminis- 
tered penicillin (type unspecified) by intraperito- 
neal injection at  doses up to 1,600 mg/kg per day 
for 5 days (Topham, 1980). 
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I. INTRODUCTION 

Study Rationale 

Penicillin VK was selected for study as a repre- 
sentative of the penicillin G- and V-type anti- 
biotics (antibiotics used in the treatment of 
gram-positive coccal infections) for which car- 
cinogenicity data were not available. Penicillin 
VK was selected as the representative compound 

because it was water soluble and acid stable and 
could be administered orally, as opposed to other 
members of this antibiotic class, such as peni- 
cillin G, which are primarily administered intra- 
muscularly. Corn oil was selected as the vehicle 
to allow for comparison of results with those of 2- 
year studies of ampicillin tr ihydrate (NTP, 
1987) (a compound only slightly water soluble). 
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II. MATERIALS AND METHODS 

PROCUREMENT AND 
CHARACTERIZATION OF 
PENICILLIN VK 

USP-grade, unformulated penicillin V potassi- 
um salt (penicillin VK) was obtained in two lots 
from Bristol Myers Company (Table 1). Purity, 
identity, and stability analyses were conducted 
a t  Midwest Research Institute (MRI) (Kansas 
City, Missouri). MRI reports on analyses per- 
formed in support of the penicillin VK studies 
are on file a t  NIEHS. 

The infrared and nuclear magnetic resonance 
spectra for both lots (Figures 1 to 4) were consis- 
tent with those in the literature (Sadtler Phar- 
maceutical Spectra; Wilson et  al., 1974). The ul- 
traviolet/visible absorption maxima observed for 
both lots were consistent with those obtained for 
a USP standard. 

Lot no. C9014 was obtained as  a colorless, fluffy 
solid with an  optical rotation [a], of + 219.9" f 
1.0" a t  26" C and a decomposition temperature of 
197"-202" C with a sharp exotherm a t  253.5"- 
260" C. Cumulative analytical chemistry data 
indicated that lot no. C9014 met all USP and 
Federal regulations requirements for potency 
and purity. The study material was determined 
to be approximately 94% pure. The results of 
elemental analyses of this lot were slightly high 
for oxygen, were low for sulfur, and agreed with 

the theoretical values for carbon, hydrogen, ni- 
trogen, and potassium. Water content by Karl 
Fischer titration was 0.91%. This lot had a po- 
tency of 1,493 penicillin V units/mg relative to a 
USP standard as  indicated by iodometric titra- 
tion (CFR, 1977). Lot no. C9014 was 102.5% 
pure by titration of the carboxylate group with 
0.1 N perchloric acid. Thin-layer chromatog- 
raphy on silica gel plates with ei ther  a n  n- 
butano1:water:glacial acetic acid (60:25: 15) or a 
chloroform: ace tone: glacial ace tic acid (3 0 : 6 5 : 5 )  
mobile phase and visualization by ultraviolet 
light (254 nm) and a chloroplatinic acid spray 
(Pokorny et al., 1973) detected one minor and 
one trace impurity in lot no. C9014, whereas the 
USP standard had a minor impurity only. Five 
impurities with a total peak area 5.4% that of 
the major peak were detected by high-per- 
formance liquid chromatography on a pBonda- 
pak C l 8  column with a 1% aqueous acet ic  
acid:methanol containing 1% acetic acid (70:30) 
mobile phase a t  a flow rate of 2 mllminute and 
ultraviolet detection a t  254 nm. Six impurities 
with a total area 5.8% that of the major peak 
were detected by a similar system with a 60:40 
solvent ratio. A single impurity with an  area 
0.2% that of the major peak was detected in a 
USP standard by this system. Major peak com- 
parison of lot no. C9014 with a USP reference 
standard by high-performance liquid chroma- 
tography gave a value of 92.0% relative to the 
standard. 

~ ~~~ 

TABLE 1. IDENTITY AND SOURCE OF PENICILLIN VK USED IN THE GAVAGE STUDIES 

Fourteen-Day 
Studies 

Thirteen-Week 
Studies 

Two-year 
Studies 

Lot Numbers 
C9014 

Date of Initial Use 
9/28/79 

C9014 C9014 and H1688 

12/21/79 Lot no. C9014--12/80: lot no. H1688--12/81 

Supplier 
Bristol Myers Co. (Syracuse, NY) Bristol Myers Co. (Syracuse, NY) Bristol Myers Co. (Syracuse, NY) 
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II. MATERIALS AND METHODS 

Cumulative analytical chemistry data indicated 
that lot no. H1688 also met the USP require- 
ments for potency and purity. The study materi- 
a l  was determined to be approximately 98% 
pure. The results of elemental analysis agreed 
with the theoretical values. The water content 
was 0.07%. Iodometric titration indicated a po- 
tency of 1,505 penicillin V units/mg relative to a 
USP standard. Lot no. H1688 was 105% pure by 
titration of the carboxylate group. One trace im- 
purity was detected by thin-layer chromatog- 
raphy by the same systems described for lot no. 
C9014 but with an  iodoplatinate spray (Pokorny 
et al., 1973). One impurity with a total peak 
area 1.1% that of the major peak was detected by 
the high-performance liquid chromatographic 
system described for the previous lot but with a 
67:33 solvent ratio and a flow rate of 1.5 ml/min- 
Ute. Major peak comparison of lot no. H1688 
with a USP reference standard by high-per- 
formance liquid chromatography gave a value of 
96.8% relative to the standard. 

Both lots of study material were analyzed for the 
presence of NJ-dimethylaniline by extraction 
of aqueous solutions of penicillin VK with meth- 
ylene chloride followed by high-resolution gas 
chromatography with flame ionization detec- 
tion. Results of these analyses indicated that 
N,N-dimethylaniline was not present in either 
lot of study material at a concentration of 1 ppm 
(w/w) or greater. 

Stability studies performed with the same high- 
performance liquid chromatographic system 
with a 55:45 solvent ratio indicated that peni- 
cillin VK was stable in the dark for 2 weeks at  
temperatures up to 60" C. The study laboratory 
stored several portions at  - 40" C to serve as ref- 
erence samples; the bulk chemical was stored at  - 4" C. Periodic reanalyses of the bulk chemical 
and reference samples were performed at the 
study laboratory. Iodometric t i tration with 
0.01 N sodium thiosulfate and the high-perfor- 
mance liquid chromatographic system previous- 
ly described except with a 60:40 solvent ratio in- 
dicated that no notable deterioration of the bulk 
chemical occurred over the course of the studies. 

Identity of the chemical a t  the study laboratory 
was confirmed by infrared spectroscopy. 

PREPARATION AND 
CHARACTERIZATION OF 
DOSE MIXTURES 

Stability studies of penicillin VK mixed with 
NIH 07 Rat and Mouse Ration indicated that 
penicillin VK at  a concentration of 1,000 ppm 
was unstable when stored for 2 weeks at temper- 
atures ranging from 5" C to 45" C. Recovery of 
penicillin VK after 2 weeks' storage, sealed and 
protected from air and light, was 85% a t  5" C, 
40% at 25" C, and 7% at  45" C. Because of the in- 
stability of penicillin VK mixed in rodent feed, 
corn oil was investigated as a possible vehicle for 
gavage studies. 

Penicillin VK and corn oil were mixed to give 
the desired concentrations (Table 2). Stability 
studies of a 10 mg/ml dose mixture stored for 2 
weeks at  room temperature or 6" C were per- 
formed by extraction with 0.01 M sodium dihy- 
drogen ph0sphate:methanol (1:4) and analysis 
by high-performance liquid chromatography on 
a Varian MicroPak Cl8 column with an aqueous 
0.01 M sodium dihydrogen phosphate:methanol 
(52:48) mobile phase a t  a flow rate of 1 ml/min- 
Ute and ultraviolet detection a t  254 nm. The 
concentration of penicillin VK was calculated 
from an acetanilide internal standard. 

Penicillin VK (10 mg/ml) in corn oil was found to 
be stable when stored at room temperature or 
5" C for 14 days. In the 13-week and 2-year stud- 
ies, dose mixtures were stored a t  4" C for no 
longer than 2 weeks. Formulations of penicillin 
VK in corn oil were periodically selected a t  ran- 
dom a t  the study laboratory, extracted with the 
same extraction solvent listed above, and ana- 
lyzed in duplicate by ultraviolet spectroscopy 
(269 nm) to estimate the accuracy with which 
formulations were prepared over the course of 
thg studies. Dose mixtures were analyzed once 
during the 13-week studies; the results ranged 
from 94% to 107% of the target concentrations 
(Table 3). During the 2-year studies, the dose 
mixtures were analyzed once every 2 months, 
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TABLE 2. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OF
PENICILLIN VK

Fourteen-Day
Studies

Thirteen-Week
Studies

Two-Year
Studies

Preparation
24% (wAr) stock suspension of
penicillin VK in corn oil prepared
every 2 d by blending at high speed
in Waring micro-blender; blending
repeated before dosing to obtain
uniform suspension

Maximum Storage Time
Id

Storage Conditions
4°C

30% and 20% suspensions prepared
by mixing corn oil and weighed
penicillin VK in Waring Blender until
thoroughly blended. Mixture trans-
ferred to volumetric flask, brought to
volume with corn oil, and thoroughly
mixed with stir bar and magna-stirrer.
Contents of volumetric flask further
mixed in beaker with magna-stirrer.
Lower concentrations prepared by seri-
al dilution of next higher concentration

2wk

4°C

Weighed amounts of penicillin VK
diluted to volume with corn oil to give 50,
100, or 200 mg/ml and mixed in a Waring
Blender or a Tekmer SD-45 homogenizer.
Stock suspensions divided into quantities
needed for each day of dosing; on day
of dosing, mixture warmed to room
temperature, reblended, and mixed
during dosing with magnetic stir bar

2wk

4°C

TABLE 3. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEEN-WEEK GAVAGE
STUDIES OF PENICILLIN VK (a)

Target
Concentration (mg/ml)

Determined
Concentration (mg/ml) (b)

Determined as a
Percent of Target

25
37.5
50
75
100
150
200
300

26.8
38.3
51.7
71.3
99.5
141.6
189.5
311

107.2
102.1
103.4
95.1
99.5
94.4
94.8
103.7

(a) Date mixed: 1/9/80
(b) Results of duplicate analysis

and concentrations ranged from 89% to 106% of
the target values (Table 4). Because 40/41 dose
mixtures analyzed were within +10% of the tar-
get concentrations, the dose mixtures were esti-
mated to have been within specifications 98% of

the time throughout the 2-year studies. Referee
analyses were periodically performed by the
analytical chemistry laboratory. The penicillin
VK concentrations in one referee sample were
outside of specifications (Table 5).
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TABLE 4. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF
PENICILLIN VK

Date Mixed

Concentration of Penicillin VK in Corn Oil for
Target Concentration (me/ml) (a)

50 100 200

11/21/80
01/15/81
03/12/81
05/07/81
07/07/81
09/01/81
10/28/81
12/22/81
02/17/82
03/31/82
06/02/82
08/25/82
09/22/82
11/09/82

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

48
48
47
53
50.2
48.9
48.6
47
50
49
49.4
47
50.3

49.0
1.69
3.4

47-53
13

101
100
92
95
95

103.1
99.9
98.2
97

101
99
97
99
97.4

98.2
2.90
3.0

92-103.1
14

204
206

(b) 178
181
194
205.5
198.9
200
199
202
199
197
198
197

197.1
8,20
4.2

178-206
14

(a) Results of duplicate analysis
(b) Out of specifications

TABLE 5. RESULTS OF REFEREE ANALYSIS IN THE TWO-YEAR GAVAOE STUDIES OF
PENICILLIN VK

Date Mixed
Target Concentration

(mg/ml)

Determined Concentration (mg/ml)
Study Referee

Laboratory (a) Laboratory (b)

11/21/80
03/12/81
10/28/81
03/31/82
09/22/82

200
50

100
50

200

204
48
99.9
50

198

195
55

(c) 11 7.7
44.7

197

(a) Results of duplicate analysis
(b) Results of triplicate analysis
(c) Out of specifications
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II. MATERIALS AND METHODS 

FOURTEEN-DAY STUDIES 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories and held for 14 days before the studies 
began. Doses selected for the 14-day studies 
were based on oral administration LD50 values 
for adult rats of 1,040 mg/kg penicillin VK 
(Goldenthal, 1971). The highest dose for the 14- 
day studies in rats was set a t  approximately two 
times the oral LD50 value. The highest dose for 
the 14-day studies in mice was also set a t  2,400 
mg/kg to allow expression of toxicity in rats and 
mice. Groups of five rats and five mice of each 
sex were administered 150, 300, 600, 1,200, or 
2,400 mg/kg penicillin VK in corn oil by gavage 
for 14 consecutive days. The controls were 
untreated. 

Animals were housed five per cage and received 
water and feed ad libitum. Details of animal 
maintenance are presented in Table 6. The rats 
and mice were observed two times per day and 
were weighed on days 0, 7, and 14. A necropsy 
was performed on all animals. Three males and 
three females of each species from the control 
and 2,400 mg/kg groups were examined histo- 
pathologically. 

THIRTEEN-WEEK STUDIES 

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

Five-week-old male and female F344/N rats and 
4- to 6-week-old male and female B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories and were observed for 15 days before 
the studies began. Rats and mice were housed 
five per cage in polycarbonate cages. NIH 07 
Rat and Mouse Ration pellets and water (half de- 
ionized/half tap) were available ad libitum. 

Groups of 10 rats of each sex were administered 
0, 180, 370,750, 1,500, or 3,000 mg/kg penicillin 
VK in corn oil by gavage, 5 days per week for 13 

weeks. The 3,000 mg/kg groups of rats were 
given two doses of 1,500 mg/kg, 5 hours apart. 
Groups of 10 mice of each sex received 0, 250, 
500, 1,000, 2,000, or 3,000 mg/kg on the same 
schedule. 

Animals were checked two times per day; mori- 
bund animals were killed. Individual animal 
weights were recorded weekly. At the end of the 
13-week studies, survivors were killed. A nec- 
ropsy was performed on all animals except those 
excessively autolyzed or cannibalized. Groups 
and tissues examined are listed in Table 6. 

TWO-YEAR STUDIES 

Study Design 

Groups of 50 rats and 50 mice of each sex were 
administered 0, 500, or 1,000 mg/kg penicillin 
VK in corn oil by gavage, 5 days per week for 
103 weeks (rats) or 104 weeks (mice). 

Source and Specifications of Animals 

The male and female F344/N rats and B6C3F1 
(C57BL/6N, female X C3H/HeN MTV-, male) 
mice used in these studies were produced under 
strict barrier conditions a t  Charles River Breed- 
ing Laboratories under a contract to the Car- 
cinogenesis Program. Breeding stock for the 
foundation colonies a t  the production facility 
originated a t  the National Institutes of Health 
Repository. Animals shipped for study were 
progeny of defined microflora-associated parents 
that were transferred from isolators to barrier- 
maintained rooms. Rats were shipped to the 
study laboratory a t  4 weeks of age and mice, at 
4-5 weeks of age. The animals were quarantined 
a t  the study facility for 18 days. Thereafter, a 
complete necropsy was performed on five ani- 
mals of each sex and species to assess their 
health status. The rats were placed on study at 7 
weeks of age and the mice, at 8 weeks of age. 
The health of the animals was monitored during 
the course of the studies according to the proto- 
cols of the NTP Sentinel Animal Program (Ap- 
pendix F). 
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF 
PENICILLIN VK 

Fourteen-Day 
Studies 

Thirteen-Week 
Studies 

Two-year 
Sludies 

EXPERIMENTAL DESIGN 

Size of Study Groups 
5 males and 5 females of each 
species 

Doses 
150,300,600,1,200, or 2,400 mg/kg 
penicillin VK in corn oil by gavage; 
dose vol: 10 mlkg; controls were 
untreated 

Date of First Dose 
9\28/79 

Date of Last Dose 
1011 1/79 

Duration of Dosing 
14 consecutive d 

10 males and 10 females of each 
species 

50 males and 50 females of each species 

Rats--0,180,370,750,1,500, or 
3,000 mg/kg penicillin VK in corn 
oil by gavage (3,000 mg/kg group 
received 1,500 mg/kg 2 X d, 5 h apart); 
mice--0,250,500,1,000,2,000, or 
3,000 mg/kg; dose vol: rats--5 mlkg; 
mice--10 mlkg  

0,500, or 1,000 mg/kg penicillin VK in 
corn oil by gavage; dose vol: rats-5 mtlkg; 
mice--10 mlkg  

Rats--12/1/80; mice--12/8/80 12/21/79 

3/20/80 Rats--1 1/21/82; mice--12/6/82 

5 d/wk for 13 wk 5 d/wk for 103 wk (rats) or 104 wk (mice) 

Type and Frequency of Observation 
Observed 2 X d; weighed on d 0,7, 
and 14 

Observed 2 X d; weighed 1 X wk 

Necropsy and Histologic Examination 
Necropsy performed on all animals; 
tissues from 3 animals per sex in 
the control and 2,400 mg/kg groups 
examined histologically 

Necropsy performed on all animals. 
Histologic exam performed on vehicle 
control and 3,000 mg/kg groups and on 
animals that died before the end of the 
studies; tissues examined include: 
adrenal glands, brain, esophagus, eyes 
(if grossly abnormal), gross lesions, 
heart, kidneys, large intestine, liver, 
lungs and mainstem bronchi, mam- 
mary gland, pancreas, parathyroids, 
pharynx (if grossly abnormal), pitui- 
tary gland, prostateltestedepididymis 
or ovaries/uterus, salivary glands, 
skin, small intestine, spinal cord 
(if neurologic signs present), spleen, 
sternebrae or femur or vertebrae in- 
cluding marrow, stomach, thymus, 
thyroid gland, tissue masses, trachea, 
and urinary bladder 

ANIMALS AND ANIMAL MAINTEKANCE 

Strain and Species 
F344/N rats; B6C3F1 mice 

Animal Source 
Charles River Breeding 
Laboratories (Portage, MI) 

F344/N rats; B6C3F1 mice 

Charles River Breeding 
Laboratories (Portage, MI) 
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Observed 2 X d; weighed 1 X wk for 12 
wk, 1 X 4 wk through wk 88, and 1 X 2 wk 
thereafter; palpated for tumors 1 X 4 wk 
after wk 41 

Necropsy and histologic exam performed 
on all animals; tissues examined include 
gallbladder (mice) and mandibular or 
mesenteric lymph nodes plus those tissues 
examined in the 13-week studies 

F344/N rats; B6C3F1 mice 

Charles River Breeding 
Laboratories (Portage, MI) 
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES O F  
PENICILLIN VK (Continued) 

Fourteen-Day 
Studies 

Thirteen-Week 
Studies 

Two-year 
Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Study Laboratory 
Springborn Institute for 
Bioresearch, Inc. 

Method of Animal Identification 
Ear notch and toe clip 

Time Held Before Study 
14 d 

Age When Placed on  Study 
Rata--6-7 wk; mice-6-8 wk 

Age When Killed 
Rats-8-9 wk; mice-6-10 wk 

Necropsy Dates 
10113179 

Method of Animal Distribution 
According to a table of random 
numbers 

Feed 
NIH 07 Rat and Moue Ration 
(Zeigler Bror., Gardnera, PA); 
available ad libitum 

Boddlnp 
Anlpadr (Ancare, Manhauet, NY) 

Water 
Tap wabr  in glans bottler; 
available ad libitum 

Cages 
Stainless she1 wire mesh 
(Shoreline, Kansas City, MO) 

Cage Filters 
None 

Animals per Cage 
5 

Springborn Institute for 
Bioresearch, Inc. Bioresearch, Inc. 

Springborn Institute for 

Ear notch and toe clip Ear notch and toe clip 

15 d 18 d 

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

Rats421 wk; mice--20-22 wk Rata--111 wk;mice--112 wk 

Same as  14-d studies 

Rats--l1/29/82-12/1/82; 
mice-- 1216182- 12/8/82 

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

Same aa 14-d studies Same as  14-d studies 

Ancubw (Ancare., Manhsuet, NY) Same as 13-wk studiei 

Automatic watering ryrtsm (Edrtrom Same as  13-wk rtudier but with Ormonic 
Indwtrier, Wabrford, WI) with half water 
taphalfdeionired water; available 
ad libitum 

Polycarbonate (Lab Producta, Inc., 
Rochelle Park, NJ) 

Same as 13-wk studies 

Polyester filters (Snow Filtration, 
Cincinnati, OH) 

Same as 13-wk studies 

5 5 

Other Chemicals on Study in  the Same Room 
None None None 

Animal Room Environment 
Temp-72.7' f 1.96' F; hum--69.5% 
f 7.07%; fluorescent light 12 h/d; 
12 room air changes/h changes/h changes/h 

Temp--68'-76' F; hum--38%-76%; 
fluorescent light 12 h/& 12 room air 

Temp-73.2' f 1.84'F; hum--56.9% f. 13.9%; 
fluorescent light 12 h/d; 12 room air 
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II. MATERIALS AND METHODS 

A quality control skin grafting program has 
been in effect since early 1978 to monitor the 
genetic integrity of the inbred mice used to pro- 
duce the hybrid B6C3F1 study animal. In mid- 
1981, data were obtained that showed incom- 
patibility between the NIH C3H reference colo- 
ny and the C3H colony from a Program supplier. 
In August 1981, inbred parental lines of mice 
were further tested for genetic integrity via iso- 
zyme and protein electrophoresis profiles that  
dembnstrate phenotype expressions of known 
genetic loci. 

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

Male mice from the C3H colony and female mice 
from the C57BW6N colony were used as parents 
for the hybrid B6C3F1 mice used in these stud- 
ies. The influence of the potential genetic non- 
uniformity in the hybrid mice on these results is 
not known, but results of the studies are not af- 
fected because concurrent controls were included 
in each study. 

Animal Maintenance 

Rats and mice were housed five per cage in poly- 
carbonate cages. Feed and water (Osmonic) 
were available ad libitum. Rack position was 
shifted once per week; cages were not rotated 
within racks. Details of animal maintenance 
are summarized in Table 6. 

Clinical Examinations a n d  Pathology 

All animals were observed two times per day, 
and clinical signs were recorded a t  least once per 
month. Body weights by cage were recorded 
once per week for the first 12 weeks of the 
studies and a t  least once per month thereafter. 
Mean body weights were calculated for each 
group. Animals found moribund and those sur- 
viving to the end of the studies were humanely 
killed. A necropsy was performed on all animals 
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including those found dead, unless they were 
excessively autolyzed or cannibalized, missexed, 
or found missing. Thus, the number of animals 
from which particular organs or tissues were ex- 
amined microscopically varies and is not neces- 
sarily 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 mi- 
croscopically are listed in Table 6. 

When the pathology evaluation was completed, 
the slides, paraffin blocks, and residual wet tis- 
sues were sent to the NTP Archives for inven- 
tory, slide/block match, and wet tissue audit. 
The slides, individual animal data records, and 
pathology tables were sent to a n  independent 
quality assessment laboratory. The individual 
animal records and tables were compared for ac- 
curacy, slides and tissue counts were verified, 
and histotechnique was evaluated. All tumor di- 
agnoses, all target tissues, and all tissues from a 
randomly selected 10% of the animals were eval- 
uated by a quality assessment pathologist. The 
quality assessment report and slides were sub- 
mitted to the 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 labo- 
ratory 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 
are  combined according to the guidelines of 
McConnell et al. (1986). 
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II. MATERIALS AND METHODS 

Slidedtissues 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 chemi- 
cals, animals, experimental design, survival, 
body weight, and individual pathologic 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 a t  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- 
related trend. When significant survival differ- 
ences were detected, additional analyses using 
these procedures were carried out to determine 
the time point a t  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 
a t  multiple s i tes  (e .g . ,  lymphomas) ,  t h e  

denominators 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 exactJCochran-Armitage trend anal- 
yses. Tests of significance include pairwise com- 
parisons of high dose and low dose groups with 
vehicle controls and tes ts  for overall dose- 
response trends. For studies in which adminis- 
tration of the test 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. The procedures described below also 
were used to evaluate selected nonneoplastic 
lesions. 

Life Table Analyses--The first method of analy- 
sis assumed that all tumors of a given type ob- 
served in animals dying before the end of the 
study were “fatal”; i.e., they either directly or in- 
directly caused the death of the animal. 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 a t  risk in each group. 
These results, including the data from animals 
killed a t  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. 

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 
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II. MATERIALS AND METHODS 

were merely observed a t  necropsy in animals dy- 
ing of an unrelated cause. According to this ap- 
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.) 

Fisher ExacVCochran-Armi tage 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 
and do not adjust for survival differences. 

Historical Control Data: Although the concur- 
rent control group is always the first and most 
appropriate control group used for evaluation, 
there are certain instances in which historical 
control data can be helpful in the overall as- 
sessment of tumor incidence. Consequently, 
control tumor incidences from the NTP his- 
torical control data base (Haseman et al., 1984, 
1985) are included for those tumors appearing to 
show compound-related effects. 
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III. RESULTS 

RATS 

FOURTEEN-DAY STUDIES 

THIRTEEN-WEEK STUDIES 

TWO-YEAR STUDIES 
Body Weights and Clinical Signs 
Survival 
Pathology and Statistical Analyses of Results 

MICE 

FOURTEEN-DAY STUDIES 

THIRTEEN-WEEK STUDIES 

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

FOURTEEN-DAY STUDIES 

One female rat that received 1,200 mg/kg peni- 
cillin VK died before the end of the study (Ta- 
ble 7). Final mean body weights of all groups of 
dosed males were 5%-17% lower than that of the 
controls. Final mean body weights of dosed and 
control female rats were comparable. Diarrhea 
was observed in all dosed groups of animals; the 
incidence increased with increasing dose. Ani- 
mals salivated excessively after they were dosed. 
No compound-related histopathologic effects 
were observed. 

Because of minimal response (no dose-related 
histopathologic lesions or deaths) of rats at 2,400 
mg/kg, the highest dose for the 13-week studies 
was set at 3,000 mg/kg. 

THIRTEEN-WEEK STUDIES 

No compound-related deaths occurred (Table 8). 

Final mean body weights of rats that received 
3,000 mg/kg were 11% lower than those of the 
vehicle controls for males and 6% lower for fe- 
males. Diarrhea was observed for males that re- 
ceived 750 mg/kg or more and for females that 
received 1,500 or 3,000 mg/kg. Minimal to mild 
mucous cell metaplasia of the glandular stomach 
was observed in 719 males and 818 females that 
received 1,500 mg/kg and in 416 males and 818 fe- 
males that received 3,000 mg/kg. This change 
occurred primarily adjacent to the junction of 
the glandular stomach and forestomach and con- 
sisted of a replacement of parietal and chief cells 
by a mucous cell type. 

Dose Selection Rationale: Because of body 
weight changes and clinical signs a t  the highest 
dose in the 13-week studies, doses selected for 
rats for the 2-year studies were 500 and 1,000 
mg/kg penicillin VK, administered in corn oil by 
gavage, 5 days per week. 

TABLE 7. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEEN-DAY GAVAGE 
STUDIES OF PENICILLIN VK 

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

(mg/kg) (percent) 

MALE 

0 
150 
300 
600 

1,200 
2,400 

FEMALE 

0 
150 
300 
600 

1,200 
2,400 

515 
515 
515 
515 
515 
515 

515 
515 
515 
515 

(d) 415 
515 

129 f 3 
127 k 3 
124 5 3 
123 f 2 
124 f 2 
124 k 2 

110 k 4 
1 1 4 k  1 
117 k 4 
117 f 2 
118 k 4 
112 f 3 

201 f 2 
191 k 5 
188 f 4 
188 f 3 
184 f 2 
166 f 2 

138 f 4 
142 f 3 
141 f 3 
143 f 3 
144 k 2 
137 f 4 

+72 f 3 
+64 5 4 
+64 f 5 
+65 f 3 
+60 f 3 
+42 f 2 

+28 f 1 
+28 f 2 
+24 f 0 
+26 f 2 
+23 f 1 
+25 f 2 

-_ 
95 
94 
94 
92 
83 

_ _  
103 
102 
104 
104 
99 

(a) Number surviving/number initially in group 
(b) Initial mean group body weight f standard error of the mean. Subsequent calculations are based on those animals 
surviving to the end of the study. 
(c) Mean body weight change of the swivors  f standard error of the mean 
(d) Day of death: 3 
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TABLE 8. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF PENICILLIN VK 

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

(mg/kg) (percent) 

MALE 

0 
180 
370 
750 

1,500 
3,000 

FEMALE 

0 
180 
370 
750 

1,500 
3,000 

10/10 
10/10 
10/10 
10110 
1011 0 
10110 

10/10 
10110 
1040 

(d) 9/10 
(d) 9110 
(e)9/10 

113 +_ 3 
117 f 1 
112 f 3 
115 f 3 
109 f 3 
114 k 3 

92 f 1 
89 f 2 
86 f 2 
90 f 1 
94 f 1 
92 f 1 

359 f I +246 t 6 
349 f 5 +232f4 
325f 10 +213 f 9  
347k 5 +232+7 
328 f 6 +219f6 
321 f 4 +207f5 

197 f 3 +lo5 f 2 
194f 3 +lo5 k 3  
197f 3 +11 1  f 4  
192 f 3 +lo2 f 3 
195k 3 +lo1 f 3  
185 f 3 +93 f 2 

-- 
97 
91 
97 
91 
89 

_- 
98 
100 
97 
99 
94 

(a) Number surviving/number initially in group; all deaths judged to be gavage related. 
(b) Initial mean group body weight k standard error of the mean. Subsequent calculations are based on those 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: 3 
(e) Week ofdeath: 4 

TWO-YEAR STUDIES and Figure 5). Diarrhea (male: vehicle control, 

Body Weights and Clinical Signs 0150; low dose, 15/50; high dose, 41/50; female: 
1/50; 5/50; 18/50) and excessive urination (male: 

Mean body weights of dosed and vehicle control 
male and female rats were comparable (Table 9 

0150; 9/50; 16/50; female: 12/50; 28/50; 43/50) 
were observed in dosed animals. 
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TABLE 9. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF 
PENICILLIN VK 

Weeks Vehicle Control 500 mg/kg 1.OOO m a g  
on Av. Wt. No. of Av. Wt. Wt. (percent of No. of Av. Wt. Wt. (percent of No. of 

Study (grams) Survivors (grams) veh. controls) Survivors (grams) veh. controls) Survivors 

MALE 
Cl 
1 
2 
3 
4 
5 
0 
7 
8 
9 
10 
11 
12 
18 
20 
25 
28 
32 
30 
40 
44 
48 
52 
50 
60 
e4 
88 
12 
70 
80 
84 
88 
92 
90 
100 
102 

FEMALE 

0 
1 
2 
3 
4 
5 
8 
7 
8 
9 
10 
11 
12 
16 
20 
25 
28 
32 
30 
40 
44 
48 
52 
50 
00 
e4 
88 
I2 
70 
80 
a4 
a8 
92 
90 
100 
102 

1% 
185 
210 
238 
258 
27s 
287 
298 
312 
321 
329 
335 
332 
380 
307 
388 
411 
429 
446 
402 
488 
409 
457 
489 
407 
401 
460 
489 
470 
458 
45s 
461 
443 
448 
436 
438 

121 
130 
149 
150 
188 
174 
186 
190 
198 
19s 
201 
UK) 
2as 
213 
218 
217 
228 
?Aa 
255 
261 
261 
279 
278 
275 
288 
297 
309 
311 
314 
322 
331 
332 
328 
398 
335 
336 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
47 
40 
42 
35 
34 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
so 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
47 
47 
47 
47 
43 
31 
29 

151 
184 
211 
238 
259 
270 
290 
304 
317 
327 
332 
344 
344 
372 
370 
380 
401 
432 
4.40 
445 
468 
407 
400 
454 
456 
455 
440 
401 
466 
449 
460 
444 
451 
441 
432 
421 

121 
130 
147 
155 
108 
176 
183 
189 
192 
196 
201 
205 
208 
215 
218 
225 
231 
253 
281 
289 
277 
203 
290 
284 
300 
308 
317 
323 
330 
333 
333 
34 1 
330 
342 
331 
340 

98 
99 
100 
100 
101 
100 
101 
102 
102 
102 
101 
103 
104 
103 
101 
99 
99 
101 
99 
90 
100 
100 
102 
98 
98 
99 
90 
100 
99 
98 
100 
90 
102 
100 
99 
90 

100 
99 
99 
99 
100 
101 
98 
99 
99 
101 
100 
103 
101 
LO1 
102 
104 
104 
102 
113 
101 
104 
104 
104 
103 
105 
104 
103 
104 
105 
103 
101 
103 
102 
101 
101 
101 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
48 
48 
48 
40 
48 
48 
48 
46 
46 
44 
42 
41 
37 
34 
33 
31 
27 
21 
20 

50 
50 
50 
50 
so 
49 
49 
49 
49 
49 
49 
49 
49 
4s 
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94 
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FIGURE 6. GROWTH CURVES FOR RATS ADMINISTERED PENICILLIN VK 
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III. RESULTS: RATS 

Survival 

Estimates of the probabilities of survival for 
male and female rats  administered penicillin 
VK at the doses used in these studies and for ve- 
hicle controls are shown in Table 10 and in the 
Kaplan and Meier curves in Figure 6. The survi- 
val of both the low (after week 71) and high (af- 
ter week 75) dose groups of male rats was signifi- 
cantly lower than that of the vehicle controls. 
The survival of the high dose group of female 
rats was significantly lower than that of the ve- 
hicle controls after week 82. 

Pathology and Statistical Analyses of 
Results 

This section describes the significant or note- 
worthy changes in the incidences of ra ts  with 
neoplastic or nonneoplastic lesions of the an- 
terior pituitary gland, thyroid gland, mammary 
gland, clitoral gland, nasal mucosa, lung, liver, 
and forestomach. 

Lesions in male rats are summarized in Appen- 
dix A. Histopathologic findings on neoplasms 

are summarized in Table A l .  Table A2 gives the 
survival and tumor status for individual male 
rats. Table A3 contains the statistical analyses 
of those primary tumors that occurred with an 
incidence of a t  least 5% in one of the three 
groups. The statistical analyses used are dis- 
cussed in Chapter II (Statistical Methods) and 
Table A3 (footnotes). Historical incidences of tu- 
mors in corn oil vehicle control male ra t s  a re  
listed in Table A4. Findings on nonneoplastic le- 
sions are summarized in Table A5. 

Lesions in female rats are summarized in Ap- 
pendix B. Histopathologic findings on neo- 
plasms are summarized in Table B1. Table B2 
gives the survival and tumor status for individ- 
ual female rats. Table B3 contains the statis- 
tical analyses of those primary tumors that oc- 
curred with an  incidence of a t  least 6% in one of 
the three groups. The statistical analyses used 
are discussed in Chapter II (Statistical Methods) 
and Table B3 (footnotes). Historical incidences 
of tumors in corn oil vehicle control female rats 
are listed in Table B4. Findings on nonneo- 
plastic lesions are summarized in Table B5. 

TABLE 10. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF PENICILLIN VK 

Vehicle Control 500 m m 3  1,OOO m e k e  

MALE (a) 

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

FEMALE (a) 

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

50 
16 
0 

34 
0 
0.001 

50 
21 
0 

1 
0.005 

28 

50 
30 

1 
17 
2 
0.002 

50 
23 

1 
26 
0 
0.461 

50 
26 

16 
0 
0.002 

a 

50 
30 
4 

16 
0 
0.004 

(a) Terminal-kill period: week 104 
(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 resulta of the life table pairwise comparisons 
with the vehicle controls are in the dosed columns. 
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III. RESULTS: RATS 

Anterior Pituitary Gland: Adenomas in male 
rats occurred with a marginal positive trend by 
the incidental tumor test; the incidence in the 
high dose group was slightly greater than that 
in the vehicle controls (Table 11). The incidence 

of hyperplasia was lower in high dose male rats 
than in vehicle controls. The incidences of 
adenomas or carcinomas (combined) in female 
rats were as follows: vehicle control, 24/48; low 
dose, 22/49; high dose, 20/48. 

TABLE 11. ANALYSIS OF ANTERIOR PITUITARY GLAND LESIONS IN MALE RATS IN THE TWO- 
YEAR GAVAGE STUDY OF PENICILLIN VK (a) 

~ ~ _____ ~ 

Vehicle Control 500 mg/kg 1,000 mg/kg 

Hyperplasia 
Overall Rates 

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

Carcinoma 
Overall Rates 

Adenoma or Carcinoma (b) 
Overall Rates 
Aqusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Testa 
Incidental Tumor Testa 

14/48 (29%) 

10/48(21%) 
29.2% 
9/33 (27%) 
100 
P = 0.007 
P=0.056 

0/48 (0%) 

10/48 (21%) 
29.2% 
9/33 (27%) 
100 
P=0.003 
P=0.033 

13/44 (30%) 

11/44 (25%) 
42.2% 
5/17 (29%) 
72 
P=0.075 
P=0.204 

0144 (0%) 

11/44 (25%) 
42.2% 
5/17 (29%) 
72 
P=0.075 
P=0.204 

7/48 (15%) 

13/48 (27%) 
59.2% 
8/16 (50%) 
83 
P = 0.007 
P = 0.040 

1/48 (2%) 

14/48 (29%) 
60.9% 
8/16 (50%) 
83 
P=0.003 
P = 0.023 

(a) The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix A, Table A3 (footnotes). 
(b) Historical incidence a t  study laboratory: 12/46 (26%); historical incidence in NTP studies (mean f SD): 47611,654 
(29% f 11%) 
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III. RESULTS: RATS 

Thyroid Gland: C-cell adenomas and C-cell 
adenomas or carcinomas (combined) in female 
rats occurred with s ignscant  positive trends; 
the incidence of adenomas or carcinomas (com- 
bined) in the high dose group was slightly 
greater than that in the vehicle controls (Ta- 
ble 12). The higher incidences were considered 
to be related not to chemical administration but 
to differing sectioning techniques used for dosed 
and vehicle control groups. More than 60% of 
the female rats  in the high dose group had 

longitudinal sections of the thyroid gland, in 
contrast to the vehicle control group, all of which 
had cross sections. Longitudinal sections in- 
clude a greater proportion of the thyroid gland 
than do cross sections; hence, a greater propor- 
tion of tissue was examined in the dosed females 
than in the vehicle control females. The inci- 
dences of C-cell adenomas or carcinomas (com- 
bined) in male rats were as  follows: vehicle con- 
trol, 2/48; low dose, 3/48; high dose, 3/48. 

TABLE II. ANALYSIS OF THYROID GLAND C-CELL LESIONS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK 

Vehicle Control 500 m a g  1,OOO me& 

Hyperplasia 

Adenoma 

O v e d  Rates 

Overall Rates 
Adjusted Rates 
Terminal Rates 
WeekofFirst Observation 
Life Table Testa 
Incidental Tumor Testa 

Overall Rates 

Overall Rates 
Adjusted Rates 
Tenninal Rates 
Weekof First Observation 
Life Table Testa 
Incidental Tumor Tests 

Carcinoma 

Adenoma or Carcinoma (a) 

8/49 (16%) 

6/49 (12%) 
16.4% 
2/29 (7%) 
98 
P=0.015 
P = 0.049 

0149 (0%) 

6/49(12%) 
16.4% 
2/29 (7%) 
98 
P = 0.007 
P = 0.033 

13/47 (28%) 

6/47 (13%) 
22.2% 
4/24(17%) 
97 
P = 0.481 
Pr0.288 

1/47 (2%) 

7/47 (15%) 
24.3% 
4/24 (17%) 
90 
P=0.356 
P=0.255 

16/47 (34%) 

10147 (21%) 
44.4% 
5/16 (31%) 
84 
P=0.020 
P=O.O91 

1/47 (2%) 

11/47 (23%) 
49.5% 
6/16 (38%) 
84 
P=O.O09 
P= 0.048 

(a) Historical incidence at study laboratory: 2/50 (4%); historical incidence in NTP studies (mean f SD): 186/1,668 
(11% f 7%) 
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III. RESULTS: RATS

Mammary Gland: Fibroadenomas and adeno-
mas or fibroadenomas (combined) in female rats
occurred with marginally increased trends; the
incidences in the low dose group were mar-
ginally increased, but this effect was not seen in
the high dose group and is not considered to be
chemically related (Table 13).

Clitoral Gland: Adenomas in female rats oc-
curred with a significant positive trend (vehicle
control, 0/50; low dose, 1/50; high dose, 3/50;
P< 0.025); the incidence of adenomas in the high
dose group was slightly greater than that in the
vehicle controls (P = 0.05). The incidences of
adenomas or carcinomas (combined) in dosed fe-
male rats were not significantly different from
that in the vehicle controls (1/50; 2/50; 3/50).

Nasal Mucosa: Suppurative inflammation oc-
curred at increased incidences (P< 0.01) in high
dose rats (male: vehicle control, 14/50; low dose,
17/50; high dose, 36/50; female: 7/50; 6/50;
21/50). These microscopic lesions were charac-
terized by the presence of acute inflammatory
exudate, hair or other foreign materials, and

sometimes yellow globular material that was in-
terpreted as corn oil.

Lung: Aspiration pneumonia was observed at
increased incidences (P<0.01) in high dose rats
(male: vehicle control, 2/49; low dose, 7/50; high
dose, 13/47; female: 0/49; 0/50; 7/50). It was
present in many rats that died before termina-
tion of the study, and it was considered to be the
primary cause of death in these animals.

Liver: Congestion was observed at an increased
incidence (P<0.05) in high dose male rats (male:
vehicle control, 1/49; low dose, 2/50; high dose,
8/49; female: 0/50; 1/49; 1/50). Centrilobular de-
generation was observed at increased incidences
(P<0.05) in dosed female rats (male: 0/49; 2/50;
2/49; female: 0/50; 6/49; 4/50).

Forestomach: Hyperkeratosis and acanthosis
were observed at increased incidences (P<0.05)
in low dose male rats but not in high dose male
rats (hyperkeratosis—male: vehicle control,
1/46; low dose, 7/49; high dose, 1/48; female:
0/49; 2/48; 3/47; acanthosis-male: 6/46; 15/49;
8/48; female: 8/49; 10/48; 8/47).

TABLE 13. ANALYSIS OF MAMMARY GLAND LESIONS IN FEMALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF PENICILLIN VK

Vehicle Control 500 rag/kg 1,000 mg/kg

Hyperplasia
Overall Rates

Fibroadenoma (a)
Overall Rates
Adjusted Rates
Terminal Rates
Week of First Observation
Life Table Tests
Incidental Tumor Tests

Adenoma
Overall Rates

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

1/50 (2%)

15/50(30%)
44.0%
11/29(38%)
98
P = 0.016
P = 0.043

2/50 (4%)

17/50(34%)
48.4%
12/29(41%)
98
P = 0.022
P = 0.057

0/50 (0%)

21/50(42%)
63.5%
14/26(54%)
91
P = 0.069
P = 0.016

0/50 (0%)

21/50(42%)
63.5%
14/26(54%)
91
P = 0.135
P = 0.038

4/50 (8%)

16/50(32%)
67.2%
9/16 (56%)
84
P = 0.024
P = 0.081

1/50 (2%)

17/50(34%)
68.4%
9/16(56%)
84
P = 0.030
P = 0.101

(a) Historical incidence at study laboratory: 16/50 (32%); historical incidence in NTP studies (mean ± SD): 436/1,700
(26% ± 7%)
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III. RESULTS: MICE 

FOURTEEN-DAY STUDIES 

All deaths were considered to be due to gavage 
error (foreign oily material was observed in 
lungs) (Table 14). Final mean body weights of 
males that received 600, 1,200, or 2,400 mg/kg 
were 5%-9% lower than that of the controls. 
Final mean body weights of dosed females were 

5%-8% lower than that of the controls. Diarrhea 
was observed in all dosed groups. No compound- 
related histopathologic effects were observed. 

Because of the minimal response (no dose-rela- 
ted histopathologic lesions or deaths) of mice at  
2,400 mgikg, the highest dose for the 13-week 
studies was set at  3,000 mg/kg. 

TABLE 14. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEEN-DAY GAVAGE 
STUDIES OF PENICILLIN VK 

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

hgntg) 

MALE 

29.6 -1: 1.5 +2.2 k 1.5 -- 0 515 27.4 f 0.5 
150 515 26.8 f 0.5 28.8 f 0.6 +2.0 f 0.5 97.3 
300 (d) 415 27.0 f 0.9 29.3 f 1.0 +1.8 f 0.3 99.0 
600 (e) 415 25.4 f 0.7 27.0 f 0.9 + 1.3 -+ 0.3 91.2 

1,200 5/5 25.6 f 0.7 27.0 f 1.0 +1.4 f 0.7 91.2 
2,400 5/5 26.4 f 0.4 28.2 k 0.6 +1.8 f 0.8 95.3 

FEMALE 

0 515 20.4 f 0.4 23.6 -+ 0.5 +3.2 k 0.4 _ _  
150 (0 2/5 20.4 f 0.2 22.5 f 0.5 +2.5 k 0.5 95.3 
300 515 20.6 f 0.2 21.8 f 0.8 + 1.2 f 0.6 92.4 
600 (g) 315 21.4 f 0.6 22.3 f 1.2 +0.7 f 0.3 94.5 

1,200 (h)3/5 21.2 f 0.4 22.0 f 0.6 +0.7 f 0.7 93.2 
2,400 (i) 215 20.6 f 0.2 22.0 f 1.0 +2.0 f 1.0 93.2 

(a) Number surviving/number initially in group; all deaths judged to be gavage related. 
(b) Initial mean group body weight f standard error of the mean. Subsequent calculations are based on those animals 
surviving to the end of the study. 
(c) Mean body weight change of the survivors k standard error of the mean 
(d) Day of death: 11 
(e )  Day of death: 4 
(0 Day ofdeath: 6,8,10 
(g) Day of death: 6,9 
(h) Day ofdeath: 4,6 
(i) Day of death: 1,10,10 
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III. RESULTS: MICE 

THIRTEEN-WEEK STUDIES 

*l* deaths were considered to be due to gavage 

dosed groups were not markedly different from 
those of the vehicle controls. 

Inflammation, mucous cell metaplasia of the 
glandular stomach, and papillary hyperplasia or 
hyperkeratosis of the forestomach were seen a t  
increased incidences in dosed groups (Table 16). 
The degree of severity was dose dependent. 

Eosinophilic cytoplasmic change, characterized 
by the accumulation of eosinophilic material in 
the cytoplasm of glandular epithelial cells near 

stomach, occurred in dosed mice, 

Dose Selection Rationale: Because of the inci- 
dences and severity of stomach lesions, doses se- 
lected for mice for the 2-year studies were 500 
and 1,000 mg/kg penicillin VK, administered in 
corn oil by gavage, 5 days per week. 

error (Table 15). The final mean body weights Of the junction of the glandular stomach and fore- 

TABLE 16. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN*WEEK GAVAGE 
STUDIES OF PENICILLIN VK 

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

(mg/kg) (percent) 

MALE 

0 
250 
500 

1,000 
2,000 
3,000 

FEMALE 

0 
250 
500 

1,000 
2,000 
3,000 

10110 
10110 
10110 
10110 

(d) 9/10 
10110 

loll0 
10110 
1011 0 
loll0 
10/10 

(e) 7110 

24.2 f 0.5 33.6 f 1.1 +9.4 f 0.9 
24.2 f 1.2 38.5 f 1.0 +14.3 f 1.2 
23.3 f 1.2 36.2 f 0.8 +12.9 f 1.1 
25.8 f 0.4 35.6 f 0.9 +9.8 f 0.7 
25.5 f 1.2 37.6 f 0.9 +12.3 f 1.3 
25.4 f 0.3 34.1 f 0.6 +8.7 f 0.5 

20.5 f 0.6 28.0 f 1.0 +7.5 f 1.1 
15.1 f 0.2 26.6 f 0.4 C11.5 f 0.3 
18.4 f 0.9 28.2 f 0.7 +9.8 f 1.1 
19.6 f 0.4 27.1 f 0.7 +7.5 f 0.5 
20.1 f 0.3 26.7 f 0.4 +6.6 f 0.3 
18.6 f 0.8 27.0 f 0.6 +7.9 f 1.0 

-_ 
114.6 
107.7 
106.0 
111.9 
101.5 

_ _  
95.0 
100.7 
96.8 
95.4 
96.4 

(a) Number sw<vinglnumber initially in group; all deaths judged to be gavage related, 
(b) Initial mean group body weight f standard error of the mean. Subsequent calculations are based on those animals 
surviving to the end of the study. 
(c) Mean body weight change of the survivors f standard error of the mean 
(d) Week ofdeath: 10 
(e) Week of death: 7,9,11 
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TABLE 16. INCIDENCE AND SEVERITY OF STOMACH LESIONS IN MICE IN THE THIRTEEN-WEEK 
GAVAGE STUDIES OF PENICILLIN VK 

Glandular Stomach Forestomach 
Dose Eosinophilic Cytoplasmic Mucous Cell Inflammation Papillary Hyperkeratosis 

(mgflrg) Change a t  Junction Metaplasia Hyperplasia 

MALE (a) 

0 
250 
500 

1,000 
2,000 
3,000 

FEMALE (a) 

0 
250 
500 

1,000 
2,000 
3,000 

017 
018 
1R 

4/10 
6/7 
3R 

018 
2/10 
217 
118 
218 
619 

019 
7/9 (1.6) 
919 (2.1) 

10110 (2.2) 
9/10 (2.4) 
ai8 (2.6) 

019 
10/10(2.1) 
7/10 (2.6) 

l o l l 0  (2.2) 
818 (2.5) 
818 (3.2) 

0110 
419 (2.0) 
119 (2.0) 

2/10 (2.0) 
4/10(1.7) 
718 (1.6) 

019 
8110 (1.7) 
4/10 (1.5) 
7/10 (2.3) 
9110 (2.2) 
7/10 (2.6) 

OR 
O f 7  
1/9 (1.0) 

3/10 (1 .O) 
618 (2.2) 
6M (2.7) 

018 
0110 
OR 
016 
11'7(1.0) 
519 (1.8) 

OR 
517 (1.6) 
618(1.7) 

8/10 (2.0) 
9/9 (2.7) 
ai8 (2.9) 

118 (1.0) 
6/10 (1.8) 

4R (1.2) 
6/6(1.8) 
6R (1.8) 
9/9 (2.3) 

(a) Number of animals with lesiodnumber of animals with tissue sections satisfactory for evaluation. Number in 
parentheses = average degree of severity of lesion; degree of severity scored as: 1 (minimal), 2 (mild), 3 (moderate), 4 
(severe). 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 
were 4%-16% lower than those of the vehicle 
controls from week 28 to the end of the study. 
Diarrhea was observed a t  increased incidences 

Mean body weights of dosed and vehicle control 
male mice were comparable (Table 17 and Fig- 
ure 7). Mean body weights of dosed female mice 

for dosed male mice (vehicle control, 0150; low 
dose, 15/50; high dose, 31/50) but not for dosed 
female mice (3150; 0150; 0/50). 
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TABLE 17. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES 
OF PENICILLIN VK 

~ 

Weeks Vehicle Control 500 mnnta 1,OOO m a g  
on Av: Wt. No. of Av. Wt. Wt. (percent of No. of Av. Wt. Wt. (percent of No. of 

Study (grams) Survivors (grams) veh. controls) Survivors (grams) veh. controls) Survivors 

MALE 

0 
1 
2 
3 
4 
5 
0 
7 
0 
9 

10 
11 
12 
10 
20 
24 
28 
32 
30 
40 
40 
48 
52 
50 
00 
e4 
88 
I 2  
70 
80 
84 
88 
92 
98 

100 
102 

FEMALE 
0 
1 
2 
3 
4 
5 
8 
7 
8 
9 

10 
11 
12 
10 
20 
24 
28 
32 
30 
40 
40 
48 
52 
50 
00 
64 
88 
72 
70 
80 
84 
88 
92 
90 
100 
102 

25.2 
25.0 
27.3 
28.5 
29.9 
30.1 
30.3 
31.3 
33.0 
32.2 
33.1 
35.6 
34.1 
33.7 
38.4 
41.2 
40.4 
41.0 
43.0 
44.0 
43.5 
44.3 
45.1 
44.4 
44.8 
45.4 
44.4 
44.5 
45.5 
43.0 
44.8 
43.2 
42.8 
40.7 
41.8 
41.5 

19.2 
19.9 
20.8 
21.9 
22.4 
22.0 
23.1 
22.9 
24.1 
24.1 
24.1 
25.8 
24.5 
23.9 
27.8 
28.9 
31.8 
32.3 
34.3 
35.0 
35.7 
37.1 
37.0 
37.2 
37.9 
38.2 
39.0 
39.0 
41.4 
41.2 
42.0 
42.1 
42.2 
43.2 
42.5 
43.3 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
48 
40 
48 
40 
47 
47 
40 
45 
45 
45 
45 
44 
43 
39 
39 
38 
34 
29 
26 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
so 
50 
50 
48 
48 
40 
48 
48 
48 
48 
47 
47 
47 
47 
47 
47 
47 
47 
40 
45 
43 
43 
43 
40 
38 
36 

25.2 
25.3 
20.0 
27.8 
27.9 
29.2 
28.8 
31.0 
32.0 
32.0 
32.2 
34.1' 
34.1 
35.8 
39.8 
40.8 
39.4 
40.9 
42.4 
41.4 
42.7 
42.8 
43.8 
43.0 
44.7 
43.2 
45.0 
43.4 
45.6 
45.5 
45.0 
44.5 
44.0 
44.8 
43.7 
42.0 

19.4 
20.0 
21.5 
22.0 
22.7 
23.8 
22.8 
23.0 
24.4 
24.0 
24.0 
25.1 
25.7 
24.3 
27.1 
29.3 
28.1 
30.3 
30.3 
29.8 
32.0 
32.2 
32.8 
33.0 
33.3 
34.3 
34.4 
34.5 
37.0 
37.2 
37.7 
38.1 
40.1 
39.0 
38.3 
38.0 

100 
99 
95 
98 
93 
97 
95 
99 
97 

101 
97 
90 

100 
100 
104 
99 
98 
98 
99 
94 
98 
90 
97 
98 

100 
95 

101 
98 

100 
104 
102 
103 
103 
110 
105 
103 

101 
101 
104 
103 
101 
105 
99 

103 
101 
102 
100 
98 

105 
102 
97 

101 
88 
94 
88 
84 
90 
81 
89 
89 
88 
90 
88 
88 
89 
90 
90 
90 
95 
90 
90 
89 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
48 
48 
48 
48 
48 
48 
48 
48 
48 
47 
47 
48 
40 
45 
45 
44 
44 
43 
43 
38 
30 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
48 
48 
48 
48 
47 
40 
45 
44 
40 
39 
33 
32 

25.3 
25.3 
20.8 
28.1 
28.4 
29.0 
29.1 
30.3 
31.5 
33.1 
32.0 
34.7 
33.9 
33.4 
38.1 
40.7 
38.7 
41.3 
42.2 
41.1 
42.9 
41.9 
42.2 
43.9 
43.4 
43.8 
45.5 
45.1 
45.9 
45.1 
40.5 
40.3 
45.0 
40.4 
45.4 
44.9 

19.0 
20.2 
21.5 
22.9 
22.7 
23.5 
23.0 
23.7 
24.1 
24.8 
24.0 
25.5 
25.0 
24.2 
26.7 
29.2 
28.9 
31.1 
32.0 
30.9 
32.7 
32.8 
33.7 
34.0 
33.9 
35.1 
35.4 
38.0 
38.0 
39.1 
39.9 
39.4 
40.0 
40.8 
39.0 
38.9 

100 
99 
98 
99 
95 
98 
90 
91 
95 
103 
97 
97 
99 
99 
99 
99 
90 
99 
98 
93 
99 
95 
94 
98 
97 
90 

102 
101 
101 
103 
104 
107 
105 
114 
109 
108 

102 
102 
104 
105 
101 
104 
100 
103 
100 
103 
102 
100 
104 
101 
90 

101 
91 
90 
93 
87 
92 
88 
91 
91 
89 
92 
91 
92 
92 
95 
95 
94 
95 
94 
92 
90 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
48 
48 
48 
48 
47 
47 
42 
42 
41 
38 
37 
37 
30 
30 
30 
34 
32 
31 
28 
20 

50 
50 
50 
50 
49 
40 
40 
48 
48 
48 
48 
48 
48 
48 
48 
46 
46 
48 
48 
48 
45 
45 
45 
45 
45 
44 
43 
43 
43 
42 
40 

37 
38 
33 
33 

38 
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FIGURE 7. GROWTH CURVES FOR MICE ADMINISTERED PENICILLIN VK 
IN CORN OIL BY GAVAGE FOR TWO YEARS 
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III. RESULTS: MICE 

Survival 

Estimates of the probabilities of survival for 
male and female mice administered penicillin 
VK at the doses used in these studies and for ve- 
hicle controls are shown in Table 18 and in the 
Kaplan and Meier curves in Figure 8. The survi- 
val of the low dose group of male mice was signif- 
icantly greater than that of the vehicle controls 
after week 103. No other significant differences 
in survival were observed between any groups of 
either sex. 

Pathology and Statistical Analyses of 
Results 

This section describes the significant or note- 
worthy changes in the incidences of mice with 
neoplastic or nonneoplastic lesions of the stom- 
ach, gallbladder, skin, hematopoietic system, 
and liver. 

Lesions in male mice are summarized in Appen- 
dix C. Histopathologic findings on neoplasms 
are summarized in Table Cl. Table C2 gives the 

survival and tumor status for individual male 
mice. Table C3 contains the statistical analyses 
of those primary tumors that occurred with an 
incidence of at least 5% in one of the three 
groups. The statistical analyses used are  dis- 
cussed in Chapter II (Statistical Methods) and 
Table C3 (footnotes). Historical incidences of tu- 
mors in corn oil vehicle control male mice are 
listed in Table C4. Findings on nonneoplastic le- 
sions are summarized in Table C5. 

Lesions in female mice are summarized in Ap- 
pendix D. Histopathologic findings on neo- 
plasms are summarized in Table Dt. Table D2 
gives the survival and tumor status for individ- 
ual female mice. Table D3 contains the statisti- 
cal analyses of those primary tumors that oc- 
curred with an incidence of a t  least 5% in one of 
the three groups. The statistical analyses used 
are discussed in Chapter II (Statistical Methods) 
and Table D3 (footnotes). Historical incidences 
of tumors in corn oil vehicle control female mice 
are listed in Table D4. Findings on nonneo- 
plastic lesions are summarized in Table D5. 

TABLE 18. SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF PENICILLIN VK 

Vehicle Control 500 mg/kg 1,000 mg/kg 

MALE (a) 

Animals initially in study 50 50 50 
Nonaccidental deaths before termination (b) 24 13 24 
Accidentally killed 2 1 0 
Killed at termination 24 36 26 
Survival P values (c) 0.839 0.034 0.865 

FEMALE (a) 

Animals initially in study 50 50 50 
Nonaccidental deaths before termination (b) 12 18 11 
Accidentally killed 2 0 7 
Killed at termination 36 31 32 
Died during termination period 0 1 0 
Survival P values (c) 1.000 0.328 0.977 

(a) Terminal-kill period: week 104 
(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: MICE 

Stomach: Chronic focal inflammation, epitheli- 
al hyperplasia, cysts, dilatation (high dose only), 
fibrosis (high dose only), squamous metaplasia 
(high dose only), and eosinophilic cytoplasmic 
change occurred a t  increased incidences in the 
glandular stomach of dosed mice relative to 
those of vehicle controls (Table 19). These le- 
sions were characterized by accumulations of 
mononuclear inflammatory cells with variable 
numbers of neutrophils in the lamina propria 
and submucosa, increased depth of the mucosal 
epithelium including the lamina epithelialis of 
the gastric pits, the mucous neck cells, and the 
parietal cells in the fundic glands (hyperplasia), 
greatly dilated glands lined by cuboidal cells 
t h a t  ex tended  in to  t h e  s u b m u c o s a  a n d  

occasionally through the muscularis (cysts), and 
accumulation of homogeneous eosinophilic ma- 
terial within the cytoplasm of epithelial cells lin- 
ing the gastric glands. An adenoma occurred in 
the fundic region of the glandular stomach of one 
high dose female mouse, and an adenomatous 
polyp occurred in the pylorus of another. Benign 
epithelial tumors of the glandular stomach are 
rare in female B6C3F1 mice. Only one adenoma 
and one adenomatous polyp were observed in the 
glandular stomach of 1,709 historical corn oil ve- 
hicle control female B6C3F1 mice; one adenoma- 
tous polyp in the pylorus was observed in 1,709 
historical corn oil vehicle control female B6C3F1 
mice. 

TABLE 19. NUMBER OF MICE WITH LESIONS OF THE STOMACH IN THE TWO-YEAR GAVAGE 
STUDIES OF PENICILLIN VK 

Vehicle Control 500 mg/kg 1,000 mg/kg 

MALE 

Number examined 

Gastric fundal gland 
Eosinophilic cytoplasmic change 
Dilatation 

Glandular stomach 
cyst 
Chronic focal inflammation 
Fibrosis 
Epithelial hyperplasia 
Squamous metaplasia 

FEMALE 

Number examined 

Gastric fundal gland 
Eosinophilic cytoplasmic change 
Dilatation 

Glandular stomach 
cyst 
Chronic focal inflammation 
Fibrosis 
Epithelial hyperplasia 
Squamous metaplasia 

46 

2 
3 

0 
1 
0 
1 
0 

44 

3 
1 

0 
0 
0 
0 
0 

47 

(a) 32 
3 

(b) 8 
(c) 11 

1 
(a) 26 

1 

45 

(a) 34 
5 

(b) 5 
(Cl 10 

2 
(a) 19 

1 

46 

(a) 43 
(a) 16 

(a) 20 
(a) 21 
(a) 13 
(a) 34 
(b) 7 

47 

(a) 41 
(a) 13 

(a) 15 
(a) 30 
(a) 11 
(a) 38 
(b) 5 

(a) P<O.OOl vs. vehicle controls 
(b) P<0.05 vs. vehicle controls 
(c) P<O.O1 vs. vehicle controls 
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III. RESULTS: MICE 

Gallbladder: Eosinophilic cytoplasmic change of 
the mucosal epithelium of the gallbladder was 
observed at increased incidences in dosed male 
mice (vehicle control, 1/50; low dose, 15/50; high 
dose, 15/50; P<O.OOl). This change was similar 
to that occurring in the epithelium of the glan- 
dular stomach and consisted of the accumulation 
of homogeneous eosinophilic material within the 
cytoplasm. 

Skin: Epithelial hyperplasia was observed a t  an 
increased incidence (P < 0.05) in high dose male 
mice (vehicle control, 2/50; low dose, 5/50; high 
dose, 11/50). 

Hematopoietic System: Lymphoid hyperplasia 
was observed a t  increased incidences in  the 
spleen, lymph nodes, mandibular lymph nodes, 
and mesenteric lymph nodes of low dose male 
mice (spleen: vehicle control, 8/48; low dose, 
17/50; high dose, 12/48; lymph nodes: 3/48; 8/48; 
3/44; mandibular lymph nodes: 3/48; 12/48; 4/44; 
mesenteric lymph nodes: 4/48; 15/48; 9/44). 

Liver: Hepatocellular adenomas and adenomas 
or carcinomas (combined) in male mice occutred 
with significant negative trends; the incidences 
in the high dose group were significantly lower 
than those in the vehicle controls (Table 20). 

TABLE 20. ANALYSIS OF HEPATOCELLULAR TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF PENICILLIN VK (a) 

Vehicle Control 900 m g k g  1,000 mg/kg 

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

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

Adenoma or Carcinoma (b) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

14/50 (28%) 15/49 (31%) 4/49 (8%) 
46.4% 38.0% 15.4% 
9/24 (38%) 12/36 (33%) 4/26 (15%) 
73 91 104 
P = 0.006N P=0.258N P = 0.008N 
P = 0.015N P = 0.561N P-0.012N 

6/50(12%) 7/49 (14%) 4/49 (8%) 
15.6% 18.6% 11 -0% 
1/24 (4%) 6/36 (17%) 1/26 (4%) 
80 97 62 
P=  0.343N P=0.531N P = 0.441N 
P=0.344N P=0.340 P=0.373N 

19/50 (38%) 18/49 (37%) 8/49 (16%) 
52.8% 44.6% 25.2% 

5/26 (19%) 9/24 (38%) 14/36 (39%) 
73 91 62 
P = 0.012N P=0.138N P = 0.022N 
P = 0.019N P = 0.582N P-0.014N 

(a) Tde statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix C, Table C3 (footnotes). 
(b) Historical incidence a t  study laboratory: 9/50 (18%); historical incidence in NTP studies (mean f SD): 56911,736 
(33% k 9%) 
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IV. DISCUSSION AND CONCLUSIONS 

Penicillin VK has been used in  the United 
States for over 30 years, but the drug’s toxicity 
and carcinogenicity in rodents had not been pre- 
viously studied. Because of this, 14-day, 13- 
week, and 2-year studies were performed by ad- 
ministering penicillin VK to F344/N rats and 
B6C3F1 mice by gavage. The oral route was 
chosen because the drug is used orally in the 
t-eatment of infectious diseases in humans. 

In the 14-day studies, penicillin VK was admin- 
istered at  doses up to 2,400 mg/kg. No dose-re- 
lated deaths or histopathologic lesions were ob- 
served in these studies. Final mean body 
weights of dosed male rats and male and female 
mice were lower than those of vehicle controls, 
and diarrhea was seen in all groups of dosed 
animals. 

In the 13-week studies, penicillin VK was ad- 
ministered at doses up to 3,000 mg/kg. The gas- 
trointestinal tract was the site primarily af- 
fected, with glandular stomach and/or forestom- 
ach lesions observed in dosed rats and mice. No 
dose-related deaths occurred; the extent and 
severity of gastrointestinal lesions and body 
weight data were the primary factors used to se- 
lect doses for the 2-year studies. 

In the 2-year studies, penicillin VK was admin- 
istered 5 days per week a t  doses of 0, 500, or 
1,000 mg/kg. Survival of low and high dose male 
rats and high dose female rats was reduced to- 
ward the end of the studies. Survival in all 
groups of rats was 50% or greater until week 92, 
and although the reduced survival in dosed rats 
reduced the sensitivity of the studies for detect- 
ing a carcinogenic response, survival was con- 
sidered adequate for a meaningful evaluation. 
There was no decrease in survival in  mice. 
Mean body weights of dosed female mice were 
lower than those of corresponding vehicle con- 
trols; mean body weights of other dose groups 
were comparable to those of corresponding vehi- 
cle controls. Diarrhea was seen for dosed male 
and female rats and for dosed male mice. 

The incidence of adenomas of the pituitary gland 
was marginally increased in the high dose group 
of male rats, but hyperplasia of the pituitary 
gland was decreased. Hyperplasia and ade- 
nomas of the pituitary gland a r e  par t  of a 

morphologic continuum, and the combined inci- 
dence of hyperplasia and adenomas in high dose 
male rats was not increased. For these reasons, 
this lesion is not considered to be related to ad- 
ministration of penicillin VK. 

Penicillin VK administration was associated 
with a reduced incidence of hepatocellular ade- 
nomas in male mice. The mechanism for this 
cannot be determined from the results of these 
studies. 

Increased incidences of suppurative inflamma- 
tion of the nasal mucosa and of aspiration pneu- 
monia occurred in male and female rats. The 
pathogenesis of the inflammation in the nose is 
uncertain. It is possible that penicillin VK al- 
tered the bacterial population in  the nose of 
dosed rats, providing a suitable environment for 
opportunistic bacterial infections. Alterna- 
tively, poor gavage technique may have resulted 
in deposition or aspiration of material into the 
nasopharynx. The pneumonia in rats was asso- 
ciated with foreign material that  had the ap- 
pearance of lipid droplets believed to be corn oil. 
The aspiration pneumonia was probably the re- 
sult of poor gavage technique and deposition of 
the penicillin VK/corn oil mixture into the lung. 

The slightly increased incidences of hyperkera- 
tosis and acanthosis in the forestomach seen in 
low dose but not high dose male rats may not be 
a direct effect of penicillin VK, since the inci- 
dences were not dose related. This type of lesion 
may result from irritation or trauma, and the 
mechanical irritation by the gavage tube may be 
a contributing factor. 

Increased incidences of a variety of nonneo- 
plastic lesions occurred in the stomach of male 
and female mice. The spectrum of lesions indi- 
cates that the long-term administration of peni- 
cillin V K  was i r r i ta t ing to the  g landular  
mucosa, producing inflammation, fibrosis, and 
degenerative and hyperplastic changes of the 
glandular epithelium. Two benign tumors of the 
stomach (an adenoma in the fundic region of the 
glandular stomach and an adenomatous polyp of 
the pylorus) occurred in high dose female mice. 
These tumors occur rarely in female B6C3F1 
mice. Only two glandular stomach tumors and 
one benign tumor of the pylorus have been 
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IV. DISCUSSION AND CONCLUSIONS 

observed in over 1,700 corn oil vehicle control fe- 
male B6C3F1 mice. Because of their low inci- 
dence, these tumors were not considered to be 
clearly related to compound administration. 

Results of %year toxicology and carcinogenesis 
studies on another penicillin, ampicillin trihy- 
drate, have been reported (NTP, 1987). Ampi- 
cillin trihydrate was administered by oral ga- 
vage in corn oil, 5 days per week for 103 weeks, 
to F344/N rats a t  doses of 0, 750, or 1,500 mg/kg 
and to B6C3F1 mice at doses of 0,1,500, or 3,000 
mg/kg. There was equivocal evidence of carcino- 
genicity for male rats, as indicated by marginal- 
ly increased incidences of pheochromocytomas of 
the adrenal gland medulla and of mononuclear 
cell leukemia. There was no evidence of carcino- 
genicity for female rats or for male or female 
mice. 

In both the 13-week and 2-year studies of peni- 
cillin VK in F344/N rats and B6C3F1 mice, the 
gastrointestinal tract was a primary site for tox- 
icity. In the ampicillin trihydrate 2-year stud- 
ies, gastrointestinal toxicity also was seen in 
F344/N rats and B6C3F1 mice (NTP, 1987). In 
rats administered ampicillin trihydrate, diar- 
rhea and hyperkeratosis and acanthosis of the 
forestomach were seen for dosed animals. Mice 
administered ampicillin trihydrate had dose- 
related forestomach lesions (not glandular stom- 
ach lesions as seen in the penicillin VK study), 
including inflammation, hyperkeratosis, acan- 
thosis, and ulcers. D-Lactam antibiotics have 
been shown to cause gastrointestinal toxicity in 
humans (Kitano et  al.,  1984; Braver,  1983; 
Norrby, 1986) and in rodents (Murakami, 1971; 
Berg, 1981). Oral penicillin administration al- 
tered the population of enteric bacteria in mice, 
decreased the total anaerobe population, and al- 
lowed an overgrowth of gram-negative enteric 
bacilli in the ceca (Berg, 1981). 

Although penicillin is an antimicrobial agent, 
Salmonella can be used to assay its mutagenic 
activity because an end point other than cell 
death is monitored; the mutagenic activity of 
penicillin was measured a t  doses that did not 
produce excessive toxicity. The presence of the 
plasmid pKMlOl in strains TA98 and TA100 
confers resistance to penicillin but not total im- 
munity. Therefore, the doses of penicillin VK 

tested in these two strains are almost 100-fold 
higher than the highest nontoxic dose tested in 
strains TA1535 and TA1537; in all cases, no evi- 
dence for mutagenicity was observed before toxic 
concentrations were reached. Penicillin VK, 
other penicillins, and penicillin analogs are con- 
sistently nonmutagenic when tested in bacteria. 

Penicillin VK is genotoxic and clastogenic in  
cultured Chinese hamster ovary cells, inducing 
both sister chromatid exchanges and chromoso- 
mal aberrations. However, the doses at  which 
positive responses were recorded in these assays 
were unusually high, particularly in the chro- 
mosomal aberration tests, suggesting that the 
ionic effects due to high potassium concentration 
in the medium or similar indirect activity might 
play an important role in the effects observed 
(Ashby and Ishidate, 1986). In contrast to the 
positive results in the mouse lymphoma L5178Y 
cell assay with penicillin VK in the presence of 
S9, no signifcant increase in mutations was ob- 
served when penicillin V was tested in this assay 
in either the presence or absence of exogenous 
metabolic activation (Appendix E, Table E2). 
This further indicates that ionic influences may 
be an important factor in the observed responses 
to salts in in vitro mutagenicity tests. 

The sodium salt of benzylpenicillin has induced 
chromosomal aberrations in the meiotic cells of 
the grasshopper, Poecilocerus pictus (Subraman- 
yam and Reddy, 1975). A single injection of 50 
mg/kg penicillin G induced chromosomal aberra- 
tions in mouse bone marrow cells (Manna and 
Bardhan, 1973), but penicillin G a t  doses of 200 
or 800 mg/kg per day for 5 days to CFLP male 
mice did not produce increases in dominant 
lethal mutations in the offspring (James and 
Smith, 1982). No sperm head abnormalities 
were observed in male CBA X BALB/c mice ad- 
ministered penicillin (type unspecified) by intra- 
peritoneal injection a t  doses up to 1,600 mg/kg 
per day for 5 days (Topham, 1980). 

The experimental and tabulated data for the 
NTP Technical Report on penicillin VK were ex- 
amined for accuracy, consistency, and compli- 
ance with Good Laboratory P r a c t i c e  r e -  
quirements. As summarized in Appendix H, the 
audit revealed no major problems with the con- 
duct of the studies or with the collection and 
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documentation of the experimental data. No dis- 
crepancies were found that influenced the final 
interpretation of the results of these studies. 

Conclusions: Under the conditions of these 2- 
year gavage studies, there was no evidence of 
carcinogenic activity* of penicillin V K  for 
F344/N rats or for B6C3F1 mice administered 

500 or 1,000 mg/kg penicillin VK in corn oil by 
gavage, 5 days per week for 2 years. Nonneo- 
plastic lesions were seen in the glandular stom- 
ach of dosed mice. Decreased survival of low and 
high dose male rats and of high dose female rats 
reduced the sensitivity of the studies for deter- 
mining the presence or absence of a carcinogenic 
response in this species. 

'Explanation of Levels of Evidence of Carcinogenic Activity is on page 8. 
A summary of the Peer Review commenta and the public discussion on this Technical Report appears on page 11. 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK 

Vehicle Control Low Dose High Dose 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Papilloma, NOS 
Keratoacanthoma 

*Subcutaneous tissue 
Sarcoma, NOS 
Fibroma 
Fibrosarcoma 
Myxosarcoma 
Lipoma 
Liposarcoma 
Neurilemoma 
Neurilemoma, malignant 

(50) 
3 (6%) 

f 2  (4%) 
(50) 

3 (6%) 
2 (4%) 

1 (2%) 

4 (8%) 2 (4%) 

RESPIRATORY SYSTEM 
#Lung (49) (50) (47) 

Alveolar/bronchiolar carcinoma 1 (2%) 
Pheochromocytoma, metastatic 1 (2%) 1 (2%) 
Osteosarcoma, metastatic 1 (2%) 
Chordoma, metastatic 1 (2%) 1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs (50) (50) (50) 

Malignant lymphoma, NOS 1 (2%) 
Malignant lymphoma, undifferentiated type 1 (2%) 
Leukemia, mononuclear cell 12 (24%) 8 (16%) 6 (.lo%) 

Osteosarcoma, invasive 1 (2%) 

Leukemia, mononuclear cell 2 (4%) 1 (2%) 

#Bone marrow (46) (50) (60) 

#Splenic red pulp (49) (49) (48) 

CIRCULATORY SYSTEM 

Neurilemoma 
#Heart (49) 

1 (2%) 

DIGESTIVE SYSTEM 
#Salivary gland 

Fibrosarcoma, invasive 
Neurilemoma 

Hepatocellular carcinoma 
Sarcoma, NOS, unclear primary or metastatic 

Adenoma, NOS 

Leiomyosarcoma 

Leiomyosarcoma 

Leiomyoma 

#Liver 

#Pancreas 

#Stomach 

#Small intestine 

#Cecum 

(46) 

(49) 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

URINARY SYSTEM 
None 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Carcinoma, NOS 
Adenoma, NOS 

#Adrenal medulla 
Pheochromocytoma 
Pheochromocytoma, malignant 

Follicular cell adenoma 
C-cell adenoma 

#Pancreatic islets 
Islet cell adenoma 

#Thyroid 

(48) 

10 (21%) 

13 (27%) 
2 (4%) 

2 (4%) 

2 (4%) 

(48) 

(48) 

(49) 

(44) 

(50) 
11 (25%) 

14 (28%) 
1 (2%) 

(48) 

3 (6%) 

5 (10%) 
(48) 

(48) 
1 (2%) 
13 (27%) 

13 (27%) 
(49) 

(48) 
2 (4%) 
3 (6%) 

4 (8%) 
(48) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Adenocarcinoma, NOS 
Fibroadenoma 

Carcinoma, NOS 
Adenoma, NOS 

Interstitial cell tumor 

*Preputial gland 

#Testis 

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

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

1 (2%) 
(50) (49) (50) 
48 (96%) 42 (86%) 34 (68%) 

NERVOUS SYSTEM 
#Brain 

Granular cell tumor, benign 
Astrocytoma 

Oligodendroglioma 
#Brain stem 

(49) 

(49) 

SPECIAL SENSE ORGANS 

Adenoma, NOS 
*Zymbal gland (50) (50) 

1 (2%) 
(50) 

MUSCULOSKELETAL SYSTEM 
*Boneflower extremity 

Osteosarcoma 
(50) 

BODY CAVITIES 
*Anterior mediastinum (50) (50) (50) 

*Peritoneum (50) (50) (50) 

*Mesentery (50) (50) (50) 

*Tunica vaginalis (50) (50) (50) 

Alveolar/bronchiolar carcinoma, invasive 1 (2%) 

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

Sarcoma, NOS, unclear primary or metastatic 1 (2%) 

Mesothelioma, NOS 2 (4%) 2 (4%) 2 (4%) 

ALL OTHER SYSTEMS 
*Multiple organs 

Neurilemoma, metastatic 
(50) 
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TABLE Al.  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

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

50 50 
7 16 
9 17 

34 17 
1 

50 
19 
7 

16 
3 
5 

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 uncertain- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

benign or malignant 
Total uncertain tumors 

Total animals with tumors uncertain- 
primary or metastatic 

Total uncertain tumors 

50 
118 
49 
93 
21 
23 
4 
5 

2 
2 

46 
112 
45 
87 
19 
20 
4 
4 

2 
3 

1 
2 

39 
87 
39 
76 

7 
8 

2 
3 

* 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 a t  this site 
## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
t Multiple occurrence of morphology in the same tissue; tissue is counted once only. 
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TABLE AB. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF PENICILLIN VK: VEHICLE CONTROL 

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

WEEKS ON 
STUDY 

Skin 
Papilloma NOS 
Kentoac~nthoma 

Subcutaneous t iuue  
Fibroma 
Fibrosarcoma 
Lipoma 
Neurihmoma 

Lungs and bronchi 
Alveolarhmnchiolar carcinoma 
Pheochromocytoma. metastatic 
Osteosarcoma, metastatic 
Chordoma, metastatic 

Trachea 

Bona marrow 
Osteosarcoma, invasive 

SeieeLnia,  mononuclear cell 
L mphnodes 
Tgymus 

Heart 
Neurilemoma 

Salivary gland 
Liver 
Bile duct 
Pancreas 

Adenoma, NOS 

Leiomyosarcoma 

Leiomyosarcoma 

E%"' 
Small intestine 

Lam intestine 

Kidnay 
Urinary bladder 

Pituitary 
Manoma, N08 

A d ~ n d  
Pheochromoeytom 
Phephmmooytorm, malignant 

Th mid 

Parathyroid 
Pancnatic isletr 

&ell a d m o m  

Islet nll adenoma 

Memmary pland 
Tastis 

Intrnti t ial  cell tumor 
PmlitfltO 
P n  utiaVclitonl gland 

A&noma. NOS 

Brain 

Bone 
Osteosarcoma 

Mediastinum 

Tunica va 'nalia 
Alveolarhmnchiolar carcinoma, invasive 

Meaothefoma, NOS 

Multiple organa 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  
Malignant lydphoma undflerentiated type X 
Leukemia, mononucl$r cell x x  x x x x  X x x  

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

+ + + + + N N + + + + + + + + + + + + + + + N + +  
X X 

X @X 

X X 
+ + + + + N N + + + + + + + + + + t t + + + N + +  

X X 
X 
X X X X 

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

X 
X 

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

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

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

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

X 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + - + + + + + + + + + t + t + + + t + + +  

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

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

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

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

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

e + + + + - + + + + + + + + + + + + + + + + + - +  
X x x  x X 

+ - + + + - + + + + + C + + + + + + + + + + + + +  

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

X 

X 

X X x x  

X 

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

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 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  

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

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 

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 

I 

I I 
+ : Tissue examined micmclcopically -. Requind tissue not examined microscopically 
Xi Tumor incidence 
N: Necmpiy, no autolysis, no microscopic examination 
S Animal miamxed 

@. Multiph occurrence of morpholow 

Penicillin VK, NTP TR 336 

. No tissue information submitted 
CI Necropsy. no histology due to protocol 
A. Autolysis 
M: Animal missing 
B: No necropsy performed 
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ANIMAL 
NUMBER 

WEEKS ON 
STUDY 

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

Skin 
Papilloma, NOS 
Keratoacanthoma 

t 

Subcutaneous tissue 
Fibroma 
Fibrosarcoma 
Lipoma 
Neurilemoma 

I- 

M 
Lungs and bronchi 

Alveolar/bronchiolar carcinoma 
Pheochromocytoma, metastatic 
Osteosarcoma, metastatic 
Chordoma, metastatic 

Trachea 

/ +  + + + + + + + + + + + + + + + + + + + + + + + + 
X 

Bone marrow 

Spleen 

L mphncdes 
Tgymus 

Osteosarcoma, invasive 

Leukemia. mononuclear cell 

I '50 
3 

Heart 
Neurilemoma 

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  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

Salivary gland 
Liver 
Bile duct 

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

X 

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

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

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

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

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

X 

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

Leiomyosarcoma 

Leiomyosarcoma 
Small intestine 

Large intestine 

49 
1 
1 
1 
1 

48 

46 
1 

49 
x 2  

48 
38 

49 
1 

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

N + + + N N + + + + + + + + + + + N N + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  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  

X 

2 
38 
49 

2 

'50 
50 
48 
45 

'50 
1 

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

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 

49 

' 5 0  
1 

'50 
3 
2 

$50 
3 
2 
1 
4 

Tunica va nahs 
Mesotheroma. NOS 

I 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  '50 

. . . . . . . . . . . . . . . . . . . . . . . . .  '50 i :  X 

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

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

48 
49 
49 
49 

2 
48 
48 

1 . . . . . . . . . . . . . . . . . . . . . . . . .  45 
1 + + + + + t + + + + + + + + + + + + + + + + + 5 + 1 48 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  Kidney 
Urinary bladder 

I l- 
Pituitary 

Adenoma, NOS 
Adrenal 

Pheochromocytoma 
Pheochromocytoma, malignant 

Th mid 
C!hl adenoma 

Parathyroid 
Pancreatic islets 

Islet cell adenoma 

Testis 
Interstitial cell tumor 

Prostate 
Pra utiaUclitora1 gland 

A&noma, NOS 

Brain 

Bone 
Osteosarcoma 

Mediastinum 
Alveolar/bronchiolar carcinoma. invasiv 

S 
Multiple organs, NOS 

Malignant lymphoma, undifferent type 
Leukemia, mononuclear cell 

* Animals necropsied 

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  
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF PENICILLIN VK: LOW DOSE 

0 0 0 0 0  
NUMBER 

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

o o o o o o o o o o u o o o o o o o o o o o o o o  
i 3 5 6 ~ ~ ~ 7 7 7 ~ a a ~ a a ~ a a 9 9 9 9 9 9  
3 1 a 0 7 a 9 2 4 7 9 0 0 2 2 3 7 a 9 3 4 4 8 7 7  

WEEKS ON 
STUDY 

Slun 
Keratoacanthoma 

Subcutaneous tissue 
Sarcoma. NOS 
Fibroma 
Fibmenrcoma 
Myxonarcoma 
Liposarcoma 
Neunlemoma 
Neunlemoma, malignant 

Lunga and bronchi 

Trachea 

Bone m r m w  

S C L n i a ,  mononuclmr coil 
L mphnodec 
Thy mu, 

Haart 

Salivary gland 
Fibmurcorna, invawa 
Neurilemoma 

Livrr 
Hapatomllular camnoma 
Sarcoma, NOS, unclear pnmary or metaatatic 

Bile duct 
Pancreas 

Small intestine 
Larp intestine 

Leiomyoma 

Phwhmmocytoma metastatic 
Chordoma, m e t a i t a h  

:oIeglll 

TEM 
Kidney 
Urinary bladder 

Pituitary 
Adenoma, NOS 

Adrenal 
Pheoehromoeytoma 
Pheochromocytoma, malignant 

Th mid dyzeU adenoma 
Parathyroid 
Pancreatic islets 

Islet cell adenoma 

Mammary gland 
Adenocarcinoma. NOS 
Fibroadenoma 

Teatia 
Interstitial cell tumor 

Prolltote 
PreputiaUclitoral gland 

Carcinoma. NOS 

Brain 
Granular cell tumor, benign 
Astrocytoma 

A N S  
Zymbal gland 

Adenoma, NOS 

Peritoneum 

Tunica va 'nalis 

MeMntery 

Msmthelioma. NOS 
Mssatkefoma, NOS 
Sarcoma. NOS, unclear primary or metastatic 

Multiple organs, NOS 
Neunlamoma, metastatic 
Leukemia, mononuclear cell 

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

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

X 
X 

X 

X 
X 

~ ~~ 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + e + + + + - + + + + + + + + +  
+ - t + + + + + + + + + + + + + + t + + t + t + +  
+ - + + + + t + + - + + + + + + + - -  t t - -  + -  
t + t + + + + t + + + + + + + + + + + + t + + + +  

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

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

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

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  

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

0 1 1  1 1  1 1  1 1  1 1  1 1  1 1  
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 1 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

ANIMAL 
NUMBER 

TOTAL: 
1 1  1 1  1 1  1 1  1 1  TISSUES 

0 0 0 0 0 0 0 0 0 TUMORS 
WEEKS ON 
STUDY 

+ + + + + + + + + + + + + + + + N + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

x x  x x  

X 

+ + + + + + + + + + + + + + + + + + + + + + + + + . s o  
X 

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

Skin 
Keratoacanthoma 

Subcutamus  tissue 
Sarcoma, NOS 
Fibroma 
Fibroeamma 
Myxosarcoma 
Liposarcoma 
Neurilemoma 
Neurilemoma, malignant 

Lungs and bronchi 

Trachea 

Bone marmw 
Spleen 

L m p h d ; s  

Pheoehmmocytoma, metastatic 
Chordoma, metastatic 

Leukemia mononuclear cell 

TiYlUUS 

'50 
1 

'50 
1 
5 
1 
1 
1 
1 
1 

1 
1 

49 

Heart 

Salivary gland 
Fibroaareoma. invasive 
Neurilemoma 

Livar 
Hepatocellular carcinoma 
Sarcoma. NOS, unclear primary or meta 

Bile duct 
Pancreas 

Small intestine 
Large intantine 

Leiomyoma 

2::P 

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 

Kidney 
Urinary bladder 

1 
49 
42 
44 

'50 
2 

C-cell a e o n m a  
Parathymid 
Pancreatic islets 

Islet cell adenoma 

m 
Menmaminoma. NOS 
Fibroadenoma 

Testis 
Intentitial cell tumor 

Prostate 
PreputiaYclitoral gland 

Carcinoma, NOS 
M 

Brain 
Granular cell tumor, benign 
Astmcybma 

ANS 
Zymbal gland 

Adenoma, NOS 

Peritoneum 

Tunica va 'MIIS 
Mesentery 

Mesotheliomq. NOS 
Mesothefoma, NOS 
Sarcoma, NOS, unclear primary or meta 

S 
Multiple organs, NOS 

Neunlemoma. metastatic 
Leukemia, mononuclear cell 

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

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

X 
50 
49 
1 

49 
28 

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

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

X 

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

46 
1 
1 

50 
1 
1 

50 
48 
47 
49 
49 
49 

1 

50 
48 

. . . . . . . . . . . . . . . . . . . . . . . . .  44 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 x I l1 14 l x  x x x x x x  x x x x x -  
x x x x  X 

A . . . . . . . . . . . . . . . . . . . . . . . . .  48 

+ + + + + - - + + + - + - - + + t + - - + + + + +  X X I ;  29 . . . . . . . . . . . . . . . . . . . . . . . . .  x x x  X 

+ N N + + N + + + + + + + + N + N + + + + + + + +  
X 

48 
5 

'50 
1 

~ ~~~ ~~ ~~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

X I :  
+ N N + N + + N N N N N N N N N N N N + N N N N N  '50 

1 1  

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 

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  

$50 
1 

* 50 
2 

*50 
1 

*50 
1 
8 

* Animals neempsied 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF PENICILLIN VK: 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 0  
0 2 4 3 0 0 1 3 4 1 3 2 5 1 3 3 4 0 3 2 3 2 4 1 4  
9 4 2 4 6 2 0 9 1 6 8 3 0 1 6 7 9 4 2 8 1 5 4 4 0  

ANIMAL 
NUMBER 

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

Skin 
Keratoacanthoma 

Subcutaneous tissue 
Neunlemoma 

Lun s a n d  bronchi 
Tracaea 

Bone marrow 
Spleen 
L mphnodes 
TKymus 

Heart 
Neunlemoma 

Salivary gland 
Liver 
Bile duct 
Pancreas 

Small intestine 
Large intestine 

Kidney 
Unnary bladder 

Pituitary 
Carcinorna,NOS 
Adenoma. NOS 

Adrenal 
Pheochromocytoma 

Thyroid 
Follicular cell adenoma 
C-cell adenoma 

Parathyroid 
Pancreatic islets 

Islet cell adenoma 

2lkY 

Mammary gland 
Testis 

Prostate 

Brain 

Interstitial cell tumor 

Oligodendroglioma 

Peritoneum 

Tunica va 'nalis 
Mesothelioma. NOS 

Mesothaforna. NOS 

Multiple organs, NOS 
Malignant lymphoma NOS 
~e*mia, mononudar  cell 

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

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

+ + + - + * + + * + + + + + + - + + * + * + * + *  + + + - * * + + + * + + + + * + + + * + + + + + +  

+ * + + + + + + + + * + + * * * + * + * * * * * +  
* + + - + + + + + + + + + - + + + * + + + + + + +  + + + - * + * + + * + + - + + + * + * + + + + + +  + + * - + + * * * * * * - - - - -  + - * + * - - -  

+ * + - * * + + + + + + + * + + + + + + * + + + +  + + * - + * * + + * + * + + * + + + * + + * + + *  + + * - + * + + + + + * + + * + * * + + + + + + *  - * * - + + + + * + + + + * + + + * + + * + + + +  + * + - * + + + + + + * + - * + + + * + + + + + +  * + + - + * + + * * + * + + + + - * + + + * * * +  + + * - + * * + + + + + + + + + - + + + * + * + *  + + + - + * + + + * + + + + + * - + * + + * * + *  

* + + - + + + + + + + + + + + * * + * * + + + + +  
+ + + + + + + - + + + + + * + * - + i f + * + * +  

+ + + - + + + - * + + + + * + + + + * + + + + + *  
X x x  

x x  + * * - + + + + + + + + + + * + + + + + * + * * *  
+ + + - + * + + + + + - + * * + * * + + * + * + +  

X 
+ + + - - t + - t + + - - - + - - + + + * + * - +  - + + - + + + + + + + + + * + + + * + * + + * + +  

X 

X x x  

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

+ + + - + + + + + + + + + + + + + * + + * + + * +  

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 

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 
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TABLE AX. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEOUMENTARY SYSTEM
Skin

Keratoacanthoma
Subcutaneous tissue

Neurilemoma

KESHBATORV SYSTEM
Lungs and bronchi
Trachea

HEMATUKllVl'lC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus
CIRCULATORY SYSTEM
Heart

Neurilemoma

DIGESTIVE SYSTEM
Salivary gland
Liver
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Pheochromocytoma

Thyroid
Folhcular cell adenoma
C-cell adenoma

Parathyroid
Pancreatic islets

Islet cell adenoma

REPRODUCTIVE SYSTEM
Mammary gland
Testis

Interstitial cell tumor
Prostate

NERVOUS SYSTEM
Brain

Ohgodendroghoma

BliljY cAvfflkS
Peritoneum

Mesothelioma. NOS
Tunica vaginalis

Mesothelioma, NOS

ALL OTHER S7STEMS
Multiple organs, NOS

Malignant lymphoma, NOS
Leukemia, mononuclear cell

oi oi oi oi oi oi oi oi oi oi oi oi oi oi oi o oi oi oi oi o 01 oi oi o
1 4 3 2 2 4 0 0 4 0 0 0 1 1 1 1 1 2 2 2 2 3 3 4 4
S| 6| 3] l| 6| S| l| 8| 8| 3| S| 1\ 2\ S\ 7\ 8 9| o| 2| 1) 9 o| 5| 5| 7

9 9 9 9 9 9 9 9 0 0 0 0 0 0 ffl 0 0 0 0 0 0 0 0 0 0
3\ 4| S| 6| 6| 6| 9| 9| 0| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4

X X X X

X

+ - + + + --- + + - + - + + - + + + + 1 + + + -

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 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

X X X X

TOTAL:
TISSUES
TUMORS

•50
4

•SO
2

47
49

SO
48
48
32

49
1

49
49
49
48
48
48
48
48

49
47

48
1

13
49
13
48
2
3

39
48

4

•50
SO
34
47

49
1

•50
1

•50
2

•SO
1
5

* Animals necropsied
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
PENICILLIN VK 

Vehicle Control SO0 mgkg 1,OOO m a g  

Skin: Papilloma 
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) 

Skin: Keratoacanthoma 
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) 

Subcutaneous Tissue: Fibroma 
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) 

3/50 (6%) 0150 (0%) 
8.6% 0.0% 
2M4 (6%) 0119 (0%) 
101 
P=0.109N P=0.237N 
P= 0.087N P = 0.196N 
P = 0.037N 

P=0.121N 

2/50 (4%) 1/50 (2%) 
4.8% 5.3% 
0134 (0%) 1/19 (5%) 
92 104 
P=0.067 P=0.662N 
P = 0.154 P=0.476N 
P=0.238 

P=0.500N 

3/50 (6%) 5/50 (10%) 
7.9% 20.1% 
2/34 (6%) 2/19 (11%) 
92 80 
P = 0.390N P = 0.142 
P=0.190N P = 0.302 
P = 0.133N 

P = 0.357 

Subcutaneous Tissue: Sarcoma, Fibrosarcoma, o r  Myxosarcoma 
Overall Rates (a) 2/50 (4%) 3/50 (6%) 
Adjusted Rates (b) 5.1% 6.8% 
Terminal Rates (c) 1/34 (3%) 0119 (0%) 
Week of First Observation 95 67 
Life Table Tests (d) P=0.340N P=0.370 
Incidental Tumor Testa (d) P=0.028N P = 0.302N 
Cochran-Armitage Trend Test (d) P=0.202N 
Fisher ExactTest (d) P=0.500 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates(a) 5/50 (10%) 6/50 (12%) 
Adjusted Rates (b) 12.8% 22.0% 
Terminal Rates (c) 3/34 (9%) 2/19 (11%) 
Week of First Observation 92 74 
Life Table Testa (d) P = 0.217N P=0.217 
Incidental Tumor Tests (d) P = 0.050N P=0.548 
Cochran-Armitage Trend Test (d) 
Fisher ExactTest (d) P = 0.500 

P = 0.042N 

Subcutaneous Tissue: Fibroma, Sarcoma, 
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) 

Penicillin VK, NTP TR 336 

Fibrosarcoma, or  Myxosarcoma 
5/50 (10%) 8/50 (16%) 
12.8% 25.5% 
3/34 (9%) 2/19(11%) 
92 67 
P = 0.257N P=O.O91 
P = 0.024N P = 0.548 
P = 0.055N 

P = 0.277 

76 

0150 (0%) 
0.0% 
0116 (0%) 

P = 0.286N 
P=0.244N 

P=0.121N 

4/50 (8%) 
19.9% 
1/16 (6%) 
96 
P=0.095 
P = 0.260 

P = 0.339 

0150 (0%) 
0.0% 
0116 (0%) 

P=0.267N 
P =0.128N 

P=0.121N 

0150 (0%) 
0.0% 
0116 (0%) 

P=0.403N 
P=0.357N 

P = 0.247N 

0150 (0%) 
0.0% 
0116 (0%) 

P=0.131N 
P=0.056N 

P = 0.028N 

0150 (0%) 
0.0% 
0116 (0%) 

P=0.131N 
P = 0.056N 

P = 0.028N 



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

Vehicle Control 500 mg/kg 1,OOo m*g 

Subcutaneous Tissue: Neurilemoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 11.1% 
Terminal Rates (c) 3/34 (9%) 
Week of First Observation 98 
Life Table Testa (d) P =0.537N 
Incidental Tumor Testa (d) P=0.355N 
Cochran-Armitage Trend Test (d) P=0.238N 
Fisher Exact Test (d) 

Subcutaneous Tissue: Neurilemoma or  Malignant Neurilemoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 11.1% 
Terminal Rates (c) 3/34 (9%) 
Week of First Observation 98 
Life Table Testa (d) P=0.557N 
Incidental Tumor Testa (d) P =0.309N 
Cochran-Armitage Trend Test (d) P = 0.252N 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 14/50 (28%) 
Adjusted Rates (b) 32.8% 
Terminal Rates (c)  7/34 (21%) 
Week of First Observation 81 
Life Table Testa (d) P =0.303N 
Incidental Tumor Testa (d) P=0.046N 
Cochran-Armitage Trend Test (d) P =O.O15N 
Fisher Exact Test (d) 

Anterior Pituitary Gland: Adenoma 
Overall Rates (a) 10/48 (21%) 
Adjusted Rates (b) 29.2% 
Terminal Rates (c) 9/33 (27%) 
Week of First Observation 100 
Life Table Testa (d) P=0.007 
Incidental Tumor Testa rd) P=0.056 
Cochran-Armitage Trend Test (d) P=0.276 
Fisher Exact Test (d) 

Anterior Pituitary Gland: Adenoma or Carcinoma 
Overall Rates (a) 10148 (21%) 
Adjusted Rates (b) 29.2% 
Terminal Rates (c) 9/33 (27%) 
Week of First Observation 100 
Life Table Testa (d) P=0.003 
Incidental Tumor Testa (d) P = 0.033 
Cochran-Armitage Trend Test (d) P=0.205 
Fisher Exact Test (d) 

Adrenal Gland: Pheochromocytoma 
Overall Rates (a) 13/48 (27%) 
Adjusted Rates (b) 37.0% 
Terminal Rates (c) 12/34 (35%) 
Week of First Observation 99 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.013 
P = 0.044 
P =0.521N 

77 

1/50 (2%) 
3.7% 
0/19 (0%) 
97 
P=0.371N 
P = 0.296N 

P=0.181N 

2/50 (4%) 
6.3% 
0/19 (0%) 
82 
P= 0.574N 
P = 0.409N 

P = 0.339N 

9/50 (18%) 
33.1% 
4/19 (21%) 
72 
P=0.555 
P=0.195N 

P-0.171N 

11/44 (25%) 
42.2% 
5/17 (29%) 
72 
P=0.075 
P = 0.204 

P=0.410 

11/44 (25%) 
42.2% 
5/17 (29%) 
72 
P = 0.075 
P = 0.204 

P=0.410 

14/50 (28%) 
59.8% 
10119 (53%) 
94 
P = 0.037 
P=0.067 

P = 0.550 

2/50 (4%) 
8.8% 
0/16 (0%) 
86 
P = 0.667 
P = 0.476N 

P=0.339N 

2/50 (4%) 
8.8% 
0/16 (0%) 
86 
P=0.667 
P = 0.476N 

P = 0.339N 

5/50 (10%) 
26.9% 
4/16 (25%) 
74 
P=0.332N 
P=0.069N 

P =0.020N 

13/48 (27%) 
59.2% 
8/16 (50%) 
83 
P ~ 0 . 0 0 7  
P = 0.040 

P =0.3 17 

14/48 (29%) 
60.9% 
8/16 (50%) 
83 
P = 0.003 
P=0.023 

P=0.240 

13/49 (27%) 
57.2% 
7/16 (44%) 
90 
P=0.025 
P=0.096 

P = 0.566N 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
PENICILLIN VK (Continued) 

Vehicle Control 500 mg/kg 1,000 mg/kg 

Adrenal Gland: Pheochromocytoma or Malignant Pheochromocytoma 
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) 

Thyroid Gland: C-cell Adenoma 
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) 

Pancreatic Islets: Islet 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) 

Testis: Interstitial Cell Tumor 
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) 

All Sites: Benign 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: 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) 

Penicillin VK, NTP TR 336 

15/48 (31%) 
42.7% 
14/34 (41%) 
99 
P10.027 
P=0.082 
P=0.345N 

2/48 (4%) 
5.0% 
1/34 (3%) 
88 
P-0.148 
P= 0.328 
P=0.412 

2/49 (4%) 
5.9% 
2/34 (6%) 
104 
P=0.066 
P=0.244 
P = 0.273 

48/50 (96%) 
100.0% 
34/34 (100%) 
81 
P=0.014 
P= 0.071N 
P <O.OO 1N 

49/50 (98%) 
100.0% 
34/34 (100%) 
81 
P = 0.001 
P = 0.428N 
P= 0.001N 

21/50 (42%) 
46.6% 
11/34 (32%) 
81 
P = 0.260N 
P=0.004N 
P=0.002N 

78 

15/50 (30%) 
64.3% 
11/19 (58%) 
94 
P=0.041 
P=0.074 

P=0.534N 

3/48 (6%) 
13.8% 
2/19 (11%) 
97 
P = 0.279 
P = 0.422 

P = 0.500 

5/48 (10%) 
22.5% 
3/19 (16%) 
89 
P = 0.059 
P=0.106 

P = 0.209 

42/49 (86%) 
97.6% 
17/18 (94%) 
58 
P=0.005 
P=0.685 

P=0.075N 

45/50 (90%) 
100.0% 
19/19 (100%) 
58 
P = 0.003 
P = 0.500 

P =0.103N 

19/50 (38%) 
56.0% 
7/19 (37%) 
67 
P=0.152 
P=0.265N 

P =0.419N 

13/49 (27%) 
57.2% 
7/16 (44%) 
90 
P=0.052 
P = 0.167 

P=0.386N 

3/48 (6%) 
13.3% 
1/16 (6%) 
92 
P = 0.236 
P = 0.545 

P=0.500 

4/48 (8%) 
15.6% 
1/16 (6%) 
84 
P=0.113 
P =0.392 

P-0.329 

34/50 (68%) 
97.0% 
15/16 (94%) 
55 
P=0.017 
P =0.231N 

P<O.OOl N 

39/50 (78%) 
100.0% 
16/16 (100%) 
55 
P=O.OOl 
P = 0.688 

P=0.002N 

7/50 (14%) 
32.1% 
4/16 (25%) 
74 
P=0.204N 
P= 0.015N 

P =0.002N 



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

Vehicle Control 500 m g k g  1,000 mg/kg 

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) 

50150 (100%) 46/50 (92%) 39/50 (78%) 
100.0% 100.0% 
34/34 (100%) 19/19 (100%) 16/16 (100%) 
81 58 55 
P = 0.002 P=0.003 
P-0.091N (e) P = 0.718N 
P<O.OOlN 

P < 0.00 1 N 

100.0% 

P=O.O02 

P = 0.059N 

(a) Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidences a t  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 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 tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) No Pvalue is reported because all low dose animals dyingafter the first death in the vehicle controls had tumors. 
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TABLE A4. HISTORICAL INCIDENCE OF ANTERIOR PITUITARY GLAND TUMORS IN MALE F344/N 
RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence in Vehicle Controls 

Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence at Springborn Institute for Bioresearch, Inc. 

Ampicillin trihydrate 11/46 (23.9%) 1/46 (2.1%) 12/46 (26.1%) 

Overall Historical Incidence 

TOTAL 
SD (d) 

Range (e) 
High 
Low 

(b) 444/1,654 (26.8%) (c) 33/1,654 (2.0%) (b,c) 476/1,654 (28.8%) 
10.52% 2.66% 10.71% 

26/48 
5/50 

4/47 
0/50 

26/48 
6/50 

(a) Data as of August 7,1986, for studies of a t  least 104 weeks 
(b) Includes 34 chromophobe adenomas and 1 acidophil adenoma 
(c) Includes two adenocarcinomas, NOS, and four chromophobe carcinomas 
(d) Standard deviation 
(e) Range and SD are presented for groups of 35 or more animals. 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK 

~~~ ~ 

Vehicle Control Low Dose High Dose 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 

Epidermal inclusion cyst 
Inflammation, chronic focal 
Acanthosis 

Hemorrhage 
Inflammation, suppurative 
Inflammation, acute suppurative 
Inflammation, chronic 
Inflammation, chronic suppurative 
Inflammation, granulomatous 
Granuloma, NOS 
Granulation tissue 
Necrosis, fat 

+Skin 

+Subcutaneous tissue 

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

1 (2%) 

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

1 (2%) 
1 (2%) 

1 (2%) 1 (2%) 

1 (2%) 

(50) (50) (50) 

RESPIRATORY SYSTEM 
*Nasal mucosa 

Lymphocytic inflammatory infiltrate 
Inflammation, suppurative 
Metaplasia, squamous 

Inflammation, suppurative 
Inflammation, acute 
Inflammation, acute diffuse 
Inflammation, acute suppurative 

Inflammation, acute suppurative 
Inflammation, chronic focal 
Metaplasia, squamous 

Foreign body, NOS 
Congestion, acute 
Hemorrhage 
Lymphocytic inflammatory infiltrate 
Inflammation, interstitial 
Pneumonia, aspiration 
Inflammation, chronic focal 
Inflammation, granulomatous focal 
Necrosis, focal 
Infarct, NOS 

Edema, NOS 
Histiocytosis 

#Trachea 

#Lung/bronchus 

#Lung 

#Lung/alveoli 

(50) 
38 (76%) 
14 (28%) 

(48) 

(49) 

(49) 
1 (2%) 
3 (6%) 
1 (2%) 
6 (12%) 
1 (2%) 
2 (4%) 
4 (8%) 

1 (2%) 
1 (2%) 

(49) 

7 (14%) 

(50) 
37 (74%) 
17 (34%) 

(49) 

(50) 
1 (2%) 

(50) 

7 (14%) 
1 (2%) 

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

(50) 

(50) 
38 (76%) 
36 (72%) 
2 (4%) 

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

1 (2%) 
1 (2%) 

(49) 

(47) 

(47) 

12 (26%) 

2 (4%) 
3 (6%) 

13 (28%) 
1 (2%) 

(47) 
3 (6%) 

HEMATOPOIETIC SYSTEM 
*Blood erythrocytes 

Reticulocytosis 
Erythroblastosis 
Normoblastosis 

Necrosis, focal 
Myelofibrosis 
Hyperplasia, erythroid 
Hyperplasia, granulocytic 

#Bone marrow 

(50) 
4 (8%) 

6 (12%) 

1 (2%) 
1 (2%) 

14 (30%) 
11 (24%) 

(46) 

4 (8%) 11 (22%) 
7 (14%) 11 (22%) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Spleen 

Infarct, NOS 
Depletion, lymphoid 

#Splenic red pulp 
Congestion, NOS 
Congestion, acute 
Hemosiderosis 
Atrophy, NOS 
Hematopoiesis 

Cyst, NOS 
Hemorrhage 
Hyperplasia, focal 
Plasmacytosis 
Hyperplasia, lymphoid 

Hemorrhage 

Hemorrhage 
Necrosis, NOS 
Hemosiderosis 
Depletion, lymphoid 
Histiocytosis 
Plasmacytosis 
Hyperplasia, lymphoid 

Hematopoiesis 

Hemorrhage 
Hemosiderosis 
Depletion, lymphoid 
Hyperplasia, lymphoid 

Hyperplasia, lymphoid 

Hematopoiesis 

Hyperplasia, lymphoid 

Hematopoiesis 

Hemorrhage 

#Mandibular lymph node 

#Bronchial lymph node 

#Mediastinal lymph node 

#Pancreatic lymph node 

#Mesenteric lymph node 

#Lung/bronchus 

#Liver 

#Peyer’s patch 

#Adrenal cortex 

#Thymus 

(49) 

(49) 

1 (2%) 
3 (6%) 

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

5 (10%) 

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

10 (21%) 

1 (2%) 

2 (4%) 

(48) 

(48) 

(48) 

2 (4%) 
1 (2%) 

1 (2%) 

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

(48) 

(48) 

(49) 

(49) 

(45) 

(48) 

(35) 

2 (4%) 

5 (11%) 

7 (15%) 

1 (2%) 
8 (16%) 

2 (4%) 
(49) 

1 (2%) 
7 (14%) 

(49) 

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

1 (2%) 

3 (6%) 
(49) 

(49) 
1 (2%) 

3 (6%) 

1 (2%) 
2 (4%) 

2 (4%) 
11 (23%) 

(48) 

(48) 

(48) 
5 (10%) 

1 (2%) 
1 (2%) 

(47) 

(49) 

(48) 

(49) 

(32) 

1 (2%) 

1 (2%) 

3 (6%) 

4 (13%) 

CIRCULATORY SYSTEM 
#Heartlatrim 

#Myocardium 
Thrombosis, NOS 

Inflammation, granulomatous focal 
Degeneration, NOS 

#Endocardium of left atrium 
Fibrosis 

#Pancreas 
Periarteritis 

#Adrenal medulla 
Thrombosis, NOS 

#Thyroid 
Periarteritis 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

DIGESTIVE SYSTEM 
+Oral mucosa 

Hyperkeratosis 
'Palate 

Epidermal inclusion cyst 
#Salivary gland 

Cyst, NOS 
Lymphocytic inflammatory infiltrate 
Inflammation, chronic focal 
Fibrosis 
Fibrosis, focal 
Degeneration, NOS 
Nuclear size alteration 
Atrophy, focal 
Regeneration, NOS 

Mineralization 
Congestion, NOS 
Inflammation, suppurative 
Inflammation, chronic focal 
Inflammation, granulomatous focal 
Necrosis, NOS 
Cytoplasmic vacuolization 
Basophilic cyto change 
Focal cellular change 
Eosinophilic cyto change 
Clear cell change 
Angiectasis 
Regeneration, NOS 

Degeneration, NOS 
Cytoplasmic vacuolization 
Angiectasis 

#Liver/periportal 
Lymphocytic inflammatory infiltrate 

#Liverhe patocytes 
Cytoplasmic vacuolization 

#Bile duct 
Hyperplasia, NOS 
Hyperplasia, focal 

Cyst, NOS 
Lymphocytic inflammatory infiltrate 
Fibrosis, focal 
Hemosiderosis 
Atrophy, NOS 
Atrophy, focal 
Hyperplasia, focal 

#Stomach 
Granulation tissue 

#Gastric mucosa 
Hemorrhage 
Ulcer, NOS 
Fibrosis 
Fibrosis, focal 
Fibrosis, diffuse 
Necrosis, focal 

#Glandular stomach 
Dilatation, NOS 

#Forestomach 
Ulcer, NOS 
Inflammation, suppurative 

#Liver 

#Liver/centrilobular 

#Pancreas 

(50) 

(50) 

(46) 

1 (2%) 
1 (2%) 

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

1 (2%) 
1 (2%) 

(49) 

7 (14%) 
2 (4%) 

18 (37%) 
4 (8%) 
1 (2%) 
2 (4%) 
2 (4%) 
1 (2%) 

(49) 

1 (2%) 
1 (2%) 

2 (4%) 

6 (12%) 

(49) 

(49) 

(49) 

32 (65%) 
(49) 

16 (33%) 

(46) 

(46) 

30 (65%) 
5 (11%) 
1 (2%) 
1 (2%) 

1 (2%) 
(46) 

(46) 

a3 

(50) 

(60) 

(46) 

1 (2%) 

1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 

(50) 

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

3 (6%) 
1 (2%) 

12 (24%) 
8 (16%) 
1 (2%) 

(50) 
2 (4%) 

(50) 

(50) 

(50) 
4 (8%) 

15 (30%) 
(48) 

1 (2%) 
4 (8%) 

15 (31%) 

(49) 

(49) 
1 (2%) 

1 (2%) 
33 (67%) 

(49) 

(49) 
2 (4%) 
3 (6%) 

(50) 

(50) 

(49) 
1 (2%) 

1 (2%) 

(49) 

8 (16%) 

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

16 (33%) 
2 (4%) 

2 (4%) 

(49) 
2 (4%) 

(49) 

(49) 

(49) 

1 (2%) 

1 (2%) 
15 (31%) 

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

(48) 

2 (4%) 
1 (2%) 

(48) 

(48) 
1 (2%) 

31 (65%) 
2 (4%) 
1 (2%) 
1 (2%) 

(48) 

(48) 

1 (2%) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

DIGESTIVE SYSTEM 
#Forestomach (Continued) 

Inflammation, chronic 
Inflammation, chronic suppurative 
Hyperkeratosis 
Acanthosis 

#Small intestine 
Congestion, NOS 

#Small intestine/serosa 
Inflammation, suppurative 

#Colon 
Distention 
Congestion, NOS 
Parasitism 

Hemorrhage 

Distention 

#Cecum 

*Rectum 

(46) 

1 (2%) 
6 (13%) 

(45) 

(45) 

(48) 

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

15 (31%) 
(49) 

(49) 

(49) 
1 (2%) 

3 (6%) 
(49) 

(50) 

(48) 

1 (2%) 
8 (17%) 

1 (2%) 

1 (2%) 

1 (2%) 
2 (4%) 

1 (2%) 

(48) 

(48) 

(48) 

(48) 

(50) 

URINARY SYSTEM 
#Kidney 

Hydronephrosis 
Multiple cysts 
Congestion, acute 
Inflammation, suppurative 
Nephrosis, NOS 

#Kidney/tubule 
Dilatation, NOS 
Pigmentation, NOS 

#Urinary bladder 
Distention 
Hemorrhage 

Hemorrhage 
#Urinary bladderhubmucosa 

(50) 

1 (2%) 

45 (90%) 
(50) 

(44) 

(44) 

1 (2%) 

2 (5%) 

1 (2%) 

(50) 

1 (2%) 
1 (2%) 

38 (76%) 

1 (2%) 
2 (4%) 

1 (2%) 

(50) 

(48) 

(48) 

(49) 
1 (2%) 

3 (6%) 
1 (2%) 

32 (65%) 
(49) 

1 (2%) 
(47) 

2 (4%) 
(47) 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Cyst, NOS 
Congestion, NOS 
Hemorrhage 
Hyperplasia, focal 
Hyperplasia, diffuse 

#Adrenal cortex 
Hamartoma 
Cytoplasmic vacuolization 
Hypertrophy, focal 
Hyperplasia, focal 

Hyperplasia, focal 

Follicular cyst, NOS 
Lymphocytic inflammatory infiltrate 
Inflammation, chronic 
Fibrosis, focal 
Hyperplasia, C-cell 
Hyperplasia, follicular cell 

Hyperplasia, NOS 

#Adrenal medullb 

#Thyroid 

#Pancreatic isleta 

(48) 
2 (4%) 

2 (4%) 
12 (25%) 
2 (4%) 

(48) 

5 (10%) 
1 (2%) 
8 (17%) 

11 (23%) 

2 (4%) 

(48) 

(48) 

9 (19%) 

(49) 

(44) 
1 (2%) 

13 (30%) 

(50) 

4 (8%) 

8 (16%) 

1 (2%) 

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

(50) 

(48) 

(48) 

(48) 
2 
1 

7 

(49) 
1 
1 

9 
1 

(48) 
1 

(4%) 
(2%) 

(15%) 

(2%) 
(2%) 

(8%) 

(10%) 

(19%) 
(2%) 

(2%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

REPRODUCTIVE SYSTEM 
*Mammary duct 

Distention 
*Preputial gland 

Retention of content 
Inflammation, suppurative 
Inflammation, chronic 
Inflammation, chronic focal 
Inflammation, chronic diffuse 
Hyperkeratosis 

Lymphocytic inflammatory infiltrate 
Inflammation, suppurative 
Inflammation, acute suppurative 
Abscess, NOS 
Inflammation, chronic 
Inflammation, chronic focal 
Hyperplasia, focal 

*Seminal vesicle 
Distention 
Atrophy, NOS 
Atrophy, diffuse 

Inflammation, granulomatous focal 
Atrophy, NOS 
Atrophy, focal 
Atrophy, diffuse 
Hyperplasia, interstitial cell 

Dysplasia, NOS 

Inflammation, suppurative 
Degeneration, NOS 
Cytoplasmic vacuolization 

#Prostate 

#Testis 

#Spermatid 

*Epididymis 

(50) 

(50) 
3 (6%) 

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

20 (40%) 
1 (2%) 

(45) 
1 (2%) 

1 (2%) 

3 (7%) 
12 (27%) 
2 (4%) 

1 (2%) 

3 (6%) 

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

14 (28%) 
2 (4%) 

4 (8%) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 
10 (20%) 

(50) 

(50) 

1 (2%) 
2 (4%) 

16 (32%) 

(44) 

2 (5%) 

1 (2%) 

15 (34%) 

2 (4%) 

4 (8%) 
(49) 

(50) 

5 (10%) 

(50) 

(50) 
2 (4%) 

2 (4%) 
3 (6%) 
5 (10%) 

15 (30%) 

1 (2%) 

1 (2%) 
1 (2%) 

(47) 

19 (40%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

7 (14%) 
4 (8%) 
3 (6%) 
5 (10%) 

(50) 

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

NERVOUS SYSTEM 
#Brain 

Congestion, NOS 
Congestion, acute 

Hemorrhage 
#Brain stem 

(49) (49) (49) 

(49) (49) (49) 

1 (2%) 
1 (2%) 

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

SPECIAL SENSE ORGANS 
*Eye 

Hemorrhage 
Inflammation, chronic 
Phthisis bulbi 

Lymphocytic inflammatory infiltrate 
Inflammation, chronic focal 

Lymphocytic inflammatory infiltrate 

*Harderian gland 

*Ear canal 

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

1 (2%) 

1 (2%) 
1 (2%) 

9 (18%) 9 (18%) 9 (18%) 

(50) (50) (50) 

(50) (50) (50) 

MUSCULOSKELETAL SYSTEM 
None 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

BODY CAVITIES 
'Mediastinum (60) (50) (50) 

*Anterior mediastinum (50) (50) (50) 

*Mesentery (50) (50) (50) 

Hemorrhage 1 (2%) 

Lymphocytic inflammatory infiltrate 1 (2%) 

Inflammation, suppurative 1 (2%) 
Necrosis, fat 4 (8%) 7 (14%) 1 (2%) 

ALL OTHER SYSTEMS 
*Multiple organs 

Inflammation, chronic focal 
(50) (50) (50) 

1 (2%) 
Hyperplasia, focal 1 (2%) 

Tail 
Healed fracture 1 

SPECIAL MORPHOLOGY SUMMARY 
None 

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

Vehicle Control Low Dose High Dose 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 

Squamous cell carcinoma 
Basal cell carcinoma 
Keratoacanthoma 

*Subcutaneous tissue 
Fibroma 
Fibrosarcoma 
Lipoma 
Neurilemoma 
Neurilemoma, metastatic 

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

1 (2%) 
1 (2%) 

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

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

(50) (50) (50) 

RESPIRATORY SYSTEM 
#Lung (40) (60) 

Adenocarcinoma, NOS, metastatic 1 (2%) 
Alveolar/bronchiolar adenoma 1 (2%) 

(60) 

1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

#Splenic red pulp 
Leukemia, mononuclear cell 

Leukemia, mononuclear cell 

(50) (50) (50) 

(49) (49) (48) 
12 (24%) 14 (28%) 9 (18%) 

1 (2%) 

CIRCULATORY SYSTEM 
None 

DIGESTIVE SYSTEM 
*Tongue (50) (50) (50) 

#Liver (50) (49) (50) 
Papilloma, NOS 1 (2%) 

Bile duct adenoma 1 (2%) 
Neoplastic nodule 1 (2%) 

Endometrial stromal sarcoma, metastatic 1 (2%) 
#Duodenam (49) (48) (47) 

URINARY SYSTEM 
None 

ENDOCRINE SYSTEM 
#Pituitary intermedia 

Adenoma, NOS 
#Anterior pituitary 

Carcinoma, NOS 
Adenoma, NOS 

Cortical adenoma 

Pheochromocytoma 
Pheochromocytoma, malignant 

#Adrenal 

#Adrenal medulla 

(48) 

(48) 
1 (2%) 

23 (48%) 

2 (4%) 

3 (6%) 

(49) 

(49) 

(49) (48) 

(49) (48) 
1 (2%) 

3 (6%) 
19 (39%) 20 (42%) 

(49) (49) 

(49) (49) 
5 (10%) 5 (10%) 
2 (4%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM (Continued) 
#Thyroid (49) (47) (47) 

Follicular cell adenoma 2 (4%) 
Follicular cell carcinoma 1 (2%) 
C-cell adenoma 6 (12%) 6 (13%) 10 (21%) 
C-cell carcinoma 1 (2%) 1 (2%) 

Islet cell adenoma 1 (2%) 1 (2%) 
#Pancreatic islets (48) (46) (49) 

REPRODUCTIVE SYSTEM 

Adenoma, NOS 
Adenocarcinoma, NOS 
Fibroadenoma 

Carcinoma, NOS 
Adenoma, NOS 

Endometrial stromal sarcoma 

Endometrial stromal polyp 
Endometrial stromal sarcoma 

#Uteruslendometrium 
Papillary adenoma 

#Ovary 
Thecoma 
Granulosa cell tumor 

*Mammary gland 

*Clitoral gland 

*Vagina 

#Uterus 

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

15 (30%) 

1 (2%) 
(50) 

(48) 
1 (2%) 

(50) 

2 (4%) 
21 (42%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

(47) 
3 (6%) 

(47) 

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

16 (32%) 

1 (2%) 
3 (6%) 

(50) 

(50) 

(49) 
10 (20%) 
2 (4%) 

1 (2%) 
(49) 

(49) 

1 (2%) 

NERVOUS SYSTEM 
#Brain 

Choroid plexus papilloma 
Astrocytoma 

#Braidthalamus 
Carcinoma, NOS, invasive 

(49) 

1 (2%) 
(49) 

(50) 

(50) 
1 (2%) 

SPECIAL SENSE ORGANS 

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

1 (2%) 

MUSCULOSKELETAL SYSTEM 
*Mandible 

*Scapula 
Ameloblastoma 

Osteosarcoma 

BODY CAVITIES 
*Peritoneal cavity 

Neurilemoma, malignant 
6 0 )  

ALL OTHER SYSTEMS 
None 
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

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

50 
7 
15 
28 

50 
9 
14 
26 

1 

50 
15 
15 
16 
3 
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 uncertain- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tilmors 

benign or malignant 
Total uncertain tumors 

44 
92 
39 
65 
22 
27 
1 
1 

45 
85 
37 
60 
21 
24 
2 
2 

1 
1 

38 
94 
36 
75 
17 
18 
1 
1 

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 a t  this site 
## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK: 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  
3 3 3 1 2 4 0 0 2 2 2 2 4 1 1 1 2 3 4 0 3 0 0 0 0  
2 4 9 4 5 2 2 6 2 4 9 7 5 0 3 6 1 1 6 1 5 3 4 5 7  

D o o o o o o o o o o o o l l l l l l l l l l l l  
7 7 7 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0  
8 9 9 3 4 4 5 8 8 8 8 9 9 0 0 0 0 0 0 1 1 4 4 4 4  

ANIMAL 
NUMBER 

WEEKS ON 
STUDY 

Skin 
Basal cell carcinoma 
Keratoacanthoma 

Subcutaneous tissue 
Fibroma 
Fibrosarcoma 
Lipoma 

Lungs and bronchi 

Trachea 

Bone marrow 
Spleen 

L mphnodes 
TKymus 

Heart 

Salivary gland 
Liver 

Bile duct 
Pancreas 

Small intestine 
Large intestine 

Kidney 
Unnary bladder 

Adenocarnnoma NOS metastatic 
Alveolarhronch~olar abenoma 

Leukemia. mononuclear cell 

Bile duct adenoma 

%%r 
- 

C-cell adenoma 
Parathyroid 

Mammary gland 
Adenoma, NOS 
Adenocarcinoma, NOS 
Fibroadenoma 

PreputiaVclitoral gland 
Carcinoma, NOS 

Vagina 
Endometrial stromal sarcoma 

Utelus 
Endometrial stromal polyp 

Ovary 
Thecoma 

EM 
Brain 

Astrocytoma 

Bone 
Osteosarcoma 

Ledemia,  moionuclear cell 

S 
Multi leorgans NOS 

~ ~ 

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

+ + + + + + + + + N + + + + + + + + + + + + + + +  
X 
X 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
- 

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

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

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

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

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  + + - - + + + + - + + + + + + - - + + + - + + + +  
~~ ~~ 

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

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

x x  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X x x x  X - - _ - -  + + + - -  - + + - - + + - - + + + + + +  

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

h 
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 

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

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  X 

' No tissue information submitted 
Ci Necropsy. no histology due to protocol 
A: Autolysis 
M Animal missing 
B No necropsy performed 
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TABLE BB. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS VEHICLE CONTROL 
(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 0  
0 0 1 1 1 1 1 1 2 2 2 2 3 3 3 3 3 4 4 4 4 4 4 4 5  
8 9 1 2 5 7 8 9 0 3 6 8 0 3 6 7 8 0 1 9 4 7 8 9 0  

NUMBER 

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  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
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  

WEEKS ON 
STUDY 

Skin 
Basal cell carcinoma 
Keratoacanthoma 

Subcutanaoue tissue 
Fibroma 
Fibrosarcoma 
Lipoma 

L u n e  and bronchi 

Traphea 

Bone marrow 
Spleen 

L mphnodes 
Txyrnus 

Adenocarcinoma, NOS, metastatic 
Alveolar/bmnchiolar adenoma 

Leukemia, mononuclear cell 

Heart 

Salivary gland 
Liver 

Bile duct 
Pancreas 

Small intestine 
Large intestine 

Bile duct adenoma 

:;::W 

Kidney 
Urinary bladder 

Pituitary 

Adrenal 

Thyroid 

Parathyroid 

Carcinoma, NOS 
Adenoma, NOS 
Cortical adenoma 
Pheochromocytoma 

Follicular cell camnoma 
C-cell adenoma 

Mammary gland 
Adenoma, NOS 
Adenocamnoma, NOS 
Fibroadenoma 

PmputiaUcIitoral gland 
Camnoma, NOS 

Vagma 
Endometnai stromal sarcoma 

uterus 
Endometnal stromal polyp 

Ovary 
Thecoma 

Brain 
Astrocytoma 

Bone 
Osteosarcoma 

Multi le organs NOS 
Leuiemia, nohonuclear cell 

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

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

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  
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 

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 

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 

pTAL:  
ISSUES 

'UMORS 

'50 
1 
1 

'50 
2 
1 
1 

49 
1 
1 

46 

49 
49 
1 

41 
40 

50 

47 
50 
1 

50 
48 
49 
49 
49 
49 

49 
42 

48 
1 

23 
49 

2 
3 

49 
1 
6 

34 

* 50 
2 
5 

15 ' 50 
1 

'50 
2 

7 
48 
1 

48 

49 
1 

'50 
1 

'50 
12 

* Animals necropsied 
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TABLE B$. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK: 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  
1 2 1 5 4 3 2 1 4 4 2 1 3 1 0 4 0 0 3 4 0 4 2 1 0  
8 8 6 0 8 3 4 2 2 1 7 9 1 1 6 9 1 3 2 5 8 7 9 3 2  

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

NUMBER 

WEEKS ON 
STUDY 

Subcutaneous t iuue 
Neurilamoma 
Neurilemoma, metastatic 

Lun and bronchi 
Tracyea 

Bone marrow 
Spleen 
L mphnodes 
Txymus 

Hqart 

Salivary gland 
Liver 

Bile duct 
Pan c re a 8 

Small intestine 
Large intestine 

Kidney 
Unnary bladder 

Pituitary 
Carnnoma, NOS 
Adenoma. NOS 

Adrenal 
Pheochromocytoma 
Pheochromocytoma, malignant 

Th roid 
&cell adenoma 
C-cell carcinoma 

Parathyroid 
Pancrsatic iahts 

Islet cell admoma 

Neoplastic nodule 

E:kr 

Fibmadanomr 

Carcinoma NO# 
Manoma, kOS 

Endomatrial stmmd polyp 

PnputirUclltonl land 

Utarus 

Ovary 

Brain 
Carcinoma, NOS, invasive 

Bone 
Ameloblaatoma 

Pentoneum 
Neurilemoma, malignant 

Multi le organs NOS 
Ledernia, mohonuelear cell 

+ + + + + + + + + + N + + + + + + + + + + + + + +  
X X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
~ ~ ~ ~ ~ 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  - -  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

X 

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

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

x x  

X X 

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

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

+ + + + + + + + N + N N t + + + + + + + + + + + +  

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  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + - + + + + + + + + + e + + + - +  

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 

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  
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE 
(Continued) 

T 

ANIMAL 
NUMBER 

TOT& 
1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 1  TISSUES 

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  TUMORS 
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

Subcutaneous tissue 
Neurilemoma 
Neurilemoma. metastatic 

Lun and bronchi 
Trac%a 

Bone marrow 
Spleen 
L mphnodes 
d y m u s  

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

Heart 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  + + + + + + + + * + + + + - - + - - - + + - + + -  

M 
Salivary gland 
Liver 

Bile duct 
Pancreas 

Small intestine 
Large intestine 

Neoplastic nodule 

E t Z Y  

50 
50 

50 
49 
50 
38 

Kidney 
Urinary bladder 

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

Pituitary 
Carcinoma NOS 
Adenoma. NOS 

Adrenal 
Pheochromocytoma 
Pheochmmoeytoma, malignant 

Th roid 
&cell adenoma 
C-cell caminoma 

Parathyroid 
Pancreatic islets 

Islet cell adenoma 

50 
1 

*50 
1 

Mammary gland 
Adenocarcinoma, NOS 
Fibroadenoma 

PreputiaYclitoral land 
Carcinoma NO# 
Adenoma, NOS 

UteruS 
Endometrial stromal polyp 

Ovary 

Brain 
Carcinoma, NOS, invasive 

Bone 
Ameloblastoma 

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 

Peritoneum 
Neurilemoma, malignant 

'50 
1 

'50 
14 

A- 
Multi le organs NOS 

Ledemia .  mohonuclear cell 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  46 . . . . . . . . . . . . . . . . . . . . . . . . .  I- 49 

* * * * + + + + * + + + + + + + + + + + + + + + +  * + * * + + + + * + - + + * + + + + + + + + + + +  
+ + * + + + t + + + + * - * + + + + + + + + + + *  . . . . . . . . . . . . . . . . . . . . . . . . .  + * + + + + + + + + + + * + * + + + + + + + + * +  . . . . . . . . . . . . . . . . . . . . . . . . .  

1 
49 
46 
48 
48 
48 
41 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  45 
~ ~~ ~~ ~~ ~ 

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

X X X 

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

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

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

49 
3 

19 
49 

5 
2 

47 
6 
1 

28 
46 

1 

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

'50 
2 

21 
'SO 

1 
1 

41 
3 

46 

* Animals necropsied 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF PENICILLIN VK: HIGH DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Squamous cell carcinoma
Subcutaneous tissue

Fibroma
Neunlemoma

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Tnymus

CIRCULATORY SYSTEM
Heart

OIUESTIVE SYSTEM
Oral cavity

Papilloma., NOS
Salivary gland
Liver
Bile duct
Pancreai
Ewphagui
Stomach
Small mteitme

Endometrial itromal sarcoma, metattatic
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Pheochromocytoma
Thyroid

Folhcular cell adenoma
C-cell adenoma
C-cell carcinoma

Parathyroid
Pancreatic islets

Islet cell adenoma

REPRODUCTIVE SYSTEM
Mammary gland

Adenoma, NOS
Adenocarcinoma, NOS
Fibroadenoma

Preputial/chtoral gland
Carcinoma, NOS
Adenoma, NOS

Uterus
Papillary adenoma
Endometnal stromal polyp
Endometnal stromal sarcoma

Ovary
Granulosa cell tumor

NERVOUS SYSTEM
Brain

Choroid plexus papilloma

SPECIAL SENSE OROANS
Zymbal gland

Carcinoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Leukemia, mononuclear cell

01 01 0 0 01 01 0 0 Of 0| 0| 0 61 0 0 Ol 0| 0| 0) 01 0 0 0 0
1 4 3 1 4 3 0 3 2 4 0 1 2 2 3 2 3 0 4 3 0 1 1 4
7| 6| 3 3 4| 6| 3] 9| 8\ 0\ s| 9 4J 3 5 7| 2| 7| 7\ 7\ 4 4 5 5

01 0 OJ 01 0 0 0 0 0 0 0 01 01 0| 0 0 0 0 0 01 Of 01 01 0
0 0 0 3 4 4 5 5 5 7 7 7 8 8 8 8 8 8 8 8 9 9 9 9
5| 5 8| 7| 7 8 5 5 9 5 7 9| 0| 2| 3 4 4 8 8 9| 2| 3| 3| 3

X

+ + + + + + + + + + + + + + + + + + + + + + + +
X+ + + + + + + + + + + + + + + + + + + + +

+ + + + - + + + + - + - + + + + -- + - + + + -

0
1
2

1 0
!

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

+ + + + + + + + + + - + + + + + - + + + + + + + ++
+
+

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 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 +
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

N

N
X
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TABLE 82. 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 0  
2 0 3 2 2 0 2 3 4 0 0 0 1 1 1 1 2 2 3 3 4 4 4 4 5  
0 1 0 6 9 9 2 4 8 2 6 8 0 1 6 ~ 1 5 1 8 1 2 3 9 ~  

0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

ANIMAL 
NUMBER 

4 5 5 1 7 9 0 1 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

WEEKS ON 
STUDY 

Skin 

S u h t a n e o u s  tissue 
Squamous cell carcinoma 

Fibroma 
Neurilemoma 

Lunga and bmnchi 

Trachea 

Bone marrow 
Spleen 
L mphnodes 
Tgymus 

Alveolar/bronchiolar adenoma 

Heart 

Oral cavity 

Salivary gland 
Liver 
Bile duct 
Pancreas 

Small intestine 

L a m  intestine 

Papilloma, NOS 

E%Y 
Endometrial stromal sarcoma, metastat 

Kidney 
Urinary bladdar 

Pituitary 

Adrenal 

Thyroid 

Adenoma, NOS 
Phwchmmocytoma 

Follicular cell adenoma 
C a l l  adenoma 
C a l l  carcinoma 

Parathyroid 
Pancreatic islets 

Islet cell adenoma 

Pituitary 

Adrenal 

Thyroid 

Adenoma, NOS 
Phwchmmocytoma 

Follicular cell adenoma 
C a l l  adenoma 
C a l l  carcinoma 

Parathyroid 
Pancreatic islets 

Islet cell adenoma v 
Adenoma, NOS 
Adenocarcinoma. NOS 
Fibroadenoma 

PreputiaUclitoml gland 
Carcinoma, NOS 
Adenoma, NOS 

Utam. - ... _. 
Papillary adenoma 
Endometrial stromal polyp 
Endometrial stromal aanoma 

Brain 
Choroid plexus papilloma 

Zymbal gland 
Carcinoma. NOS 

S 
Multi le organs, NOS 

LeuLmia, mononuclear cell 

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  

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

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

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

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

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

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 

. . . . . . . . . . . . . . . . . . . . . . . . .  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 i  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 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 

$50 
1 

$50 
1 
1 

50 
1 

46 

50 

45 
41 

4a 

50 

$50 
1 

50 
50 
49 
49 

48 

47 
47 
1 

47 

50 
45 

48 
21 
49 

5 
47 
2 

10 
1 

49 
1 

'50 
1 
3 

16 
'50 
1 
3 

49 
1 

10 
2 

49 
1 

37 

50 
1 

$50 
1 

* 50 
9 

* Animals necropsied 
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY O F  PENICILLIN VK 

Vehicle Control 500 mg/kg 1,000 mg/kg 

Subcutaneous Tissue: Fibroma or  Fibrosarcoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 8.9% 
Terminal Rates (c) 2/29 (7%) 
Week of First Observation 94 
Life Table Tests (d) P= 0.310N 
Incidental Tumor Tests (d) P=0.297N 
Cochran-Armitage Trend Test (d) P=0.176N 
Fisher Exact Test (d) 

Subcutaneous Tissue: Neurilemoma 
Overall Rates (a) 0/50 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0129 (0%) 
Week of First Observation 
Life Table Tests (d) P=0.235 
Incidental Tumor Tests (d) P = 0.359 
Cochran-Armitage Trend Test (d) P=0.378 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 13/50 (26%) 
Adjusted Rates (b) 35.0% 
Terminal Rates (c J 
Week of First Observation 93 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

7/29 (24%) 

P = 0.348 
P = 0.345N 
P = 0.206N 

Anterior Pituitary Gland: Adenoma 
Overall Rates (a) 23/48 (48%) 
Adjusted Rates (b) 64.7% 
Terminal Rates (c) 17/29 (59%) 
Week of First Observation 94 
Life Table Tests (d) P=0.071 
Incidental Tumor Tests (d) P = 0.290 
Cochran-Armitage Trend Test (d) P=0.303N 
Fisher Exact Test (d) 

Anterior Pituitary Gland: Carcinoma 
Overall Rates (a) 1/48 (2%) 
Adjusted Rates (b) 2.3% 
Terminal Rates (c) on9 (0%) 
Week of First Observation 98 
Life Table Tests (d) P=0.571N 
Incidental Tumor Tests (d) P=0.522N 
Cochran-Armitage Trend Test (d) P=0.378N 
Fisher Exact Test (d) 

Anterior Pituitary Gland: Adenoma or  Carcinoma 
Overall Rates (a) 24/48 (50%) 
Adjusted Rates (b) 65.6% 
Terminal Rates (c) 17/29 (59%) 
Week of First Observation 94 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) P=0.237N 
Fisher Exact Test (d) 

P = 0.084 
P = 0.323 

0150 (0%) 
0.0% 
0126 (0%) 

P= 0.1 55N 
P = 0.184N 

P=0.121N 

3/50 (6%) 
9.4% 
1/26 (4%) 
82 
P=0.111 
P=0.127 

P=O.121 

14/50 (28%) 
36.1% 
4/26 (15%) 
76 
P=0.321 
P=0.457 

P=0.500 

19/49 (39%) 
55.0% 
11/25 (44%) 
69 
P = 0.512N 
P = 0.373N 

P = 0.241 N 

3/49 (6%) 
10.6% 
1/25 (4%) 
101 
P = 0.259 
P=O.121 

P=0.316 

22/49 (45%) 
6 1.2% 
12/25 (48%) 
69 
P=0.468 
P=0.528 

P=0.382N 

1/50 (2%) 
3.4% 
0/16 (0%) 
93 
P=0.519N 
P = 0.479N 

P = 0.309N 

1/50 (2%) 
4.2% 
0116 (0%) 
95 
P = 0.379 
P = 0.435 

P = 0.500 

9/50 (18%) 
35.1% 
2/16(13%) 
88 
P = 0.391 
P = 0.590N 

P = 0.235N 

20148 (42%) 
78.1% 
11/16 (69%) 
83 
P = 0.048 
P=O.190 

P= 0.341N 

0148 (0% ) 
0.0% 
0/16 (0%) 

P=0.653N 
P= 0.569N 

P=0.500N 

20148 (42%) 
78.1% 
11/16 (69%) 
83 
P = 0.066 
P-0.248 

P=0.270N 
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TABLE 83. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF PENICILLIN VK (Continued) 

Vehicle Control 500 mg/kg 1,OOO mg/kg 

Adrenal G l a n d  Pheochromocytoma 
Overall Rates (a) 
Adjustad 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) 

3/49 (6%) 5/49 (10%) 
8.7% 17.2% 
1/29 (3%) 3/26 (12%) 
100 96 
P = 0.076 P=O.289 
P=O.112 P=0.154 
P-0.297 

P = 0.357 

Adrenal Gland: Pheochromocytoma or  Malignant Pheochromocytoma 
Overall Rates (a) 3/49 (6%) 7/49 (14%) 
Adjusted Rates (b) 8.7% 22.0% 
Terminal Rates (c) 1/29 (3%) 3/26 (12%) 
Week of First Observation 100 67 
Life Table Testa (d) P=0.079 P=0.123 
Incidental Tumor Testa (d) P=0.144 P = 0.061 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P=0.159 

Thyroid Gland: C-cell Adenoma 

P = 0.308 

Overall Rates (a) 6/49 (12%) 6/47 (13%) 
Adjusted Rates (b) 16.4% 22.2% 
Terminal Rates (c) 2/29 (7%) 4/24 (17%) 
Week of First Observation 98 97 
Life Table Testa (d) P=0.015 P = 0.48 1 
Incidental Tumor Testa (d) P = 0.049 P=0.288 
Cochran-Armitage Trend Test (d) P=0.141 
Fisher Exact Test (d) P = 0.590 

Thyroid Gland: C-cell Adenoma or Carcinoma 
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) 

Mammary G l a n d  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) 

Mammary G l a n d  Adenoma or Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terhinal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

6/49 (12%) 7/47 (15%) 
16.4% 24.3% 
2/29 (7%) 4/24 (17%) 
98 90 
P = 0.007 P=0.356 
P=0.033 P=0.255 
P = 0.093 

P = 0.467 

15/50 (30%) 21/50 (42%) 
44.0% 63.5% 
11/29 (38%) 14126 (54%) 
98 91 
P=0.016 P = 0.069 
P = 0.043 P=0.016 
P = 0.458 

P = 0.1 49 

17/50 (34%) 21/50 (42%) 
48.4% 63.5% 
12/29(41%) 14/26 (54%) 
98 91 
P=0.022 P=0.135 
P=0.057 P=0.038 
P=0.541 

P =0.268 

5/49 (10%) 
25.6% 
3/16 (19%) 
93 
P=0.103 
P = 0.154 

P = 0.357 

5/49 (10%) 
25.5% 
3/16 (19%) 
93 
P=0.103 
P=0.154 

P = 0.357 

10/47 (21%) 
44.4% 
5/16 (31%) 
84 
P=0.020 
P=O.O91 

P=O.181 

11/47 (23%) 
49.5% 
6/16 (38%) 
84 
P=O.O09 
P = 0.048 

P=O.122 

16/50 (32%) 
67.2% 
9/16 (56%) 
84 
P=0.024 
P = 0.081 

P=0.500 

17/50 (34%) 
68.4% 
9/16 (56%) 
84 
P=0.030 
P=O.101 

P = 0.583 
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY O F  PENICILLIN VK (Continued) 

Vehicle Control 500 mg/kg 1,000 mg/kg 

Mammary G l a n d  Adenocarcinoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 14.3% 
Terminal Rates (c) 3/29 (10%) 
Week of First Observation 94 
Life Table Testa (d) P = 0.563N 
Incidental Tumor Testa (d) P = 0.527N 
Cochran-Armitage Trend Test (d) P = 0.274N 
Fisher Exact Test (d) 

Mammary Gland: Adenoma or Adenocarcinoma 
Overall Rates (a) 7/50 (14%) 
Adjusted Rates (b) 19.6% 
Terminal Rates (c) 4/29(14%) 
Week of First Observation 94 
Life Table Tests (d) P = 0.499N 
Incidental Tumor Tests (d) P = 0.444N 
Cochran-Armitage Trend Test (d) P = 0.187N 
Fisher Exact Test (d) 

Clitoral Gland: 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) 

0150 (0% 1 
0.0% 
0129 (0%) 

P = 0.018 
P=0.023 
P=0.060 

Clitoral Gland: Adenoma or  Carcinoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 2.7% 
Terminal Rates (c) 0129 (0%) 
Week of First Observation 100 
Life Table Tests (d) P=0.080 
Incidental Tumor Tests (d) P=O.101 
Cochran-Armitage Trend Test (d) P = 0.222 
Fisher Exact Test (d) 

Uterus: Endometrial Stromal Polyp 
Overall Rates (a) 7/48 (15%) 
Adjusted Rates (b) 24.0% 
Terminal Rates (c) 6/28 (21 %) 
Week of First Observation 101 
Life Table Tests (d) P=0.045 
Incidental Tumor Tests (d) P=0.154 
Cochran-Armitage Trend Test (d) P =  0.244 
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) 

Penicillin VK, NTP TR 336 

39/50 (78%) 
90.6% 
25/29 (86%) 
94 
P = 0.002 
P=O.O19 
P=0.283N 

100 

2/50 (4%) 
7.7% 
2/26 (8%) 
104 
P = 0.290N 
P=0.351N 

P=0.218N 

2/50 (4%) 
7.7% 
2/26 (8%) 
104 
P=0.134N 
P=0.183N 

P = O.08ON 

1/50 (2%) 
3.8% 
1/26 (4%) 
104 
P = 0.478 
P=0.478 

P = 0.500 

2/50 (4%) 
7.7% 
2/26 (8%) 
104 
P=0.454 
P=0.384 

P=0.500 

3/47 (6%) 
10.0% 
2/25 (8%) 
69 
P = 0.202N 
P =0.168N 

P=0.167N 

37/50 (74%) 
92.3% 
23/26 (88%) 
69 
P=0.352 
P = 0.195 

P = 0.408N 

3/50 (6%) 
17.4% 
2/16 (13%) 
101 
P = 0.597 
P = 0.638N 

P=0.357N 

4/50 (8%) 
20.5% 
2/16 (13%) 
94 
P=0.593 
P=0.571N 

P = 0.262N 

3/50 (6%) 
16.1% 
2/16 (13%) 
95 
P = 0.040 
P=0.050 

P=0.121 

3/50 (6%) 
16.1% 
2/16 (13%) 
95 
P=0.124 
P=0.161 

P=0.309 

10149 (20%) 
44.3% 
6/16 (38%) 
75 
P=0.045 
P=0.201 

P=0.314 

36/50 (72%) 
100.0% 
16/16 (100%) 
75 
P = 0.002 
P=O.O19 

P=0.323N 



TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF PENICILLIN VK (Continued) 

Vehicle Control 500 mgkg 1,000 meflrg 

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 Testa (d) 
Incidental Tumor Teste (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

22/50 (44%) 
51.7% 
10n9 (34%) 
79 
P = 0.194 
P=0.372N 
P-O.179N 

44/50 (88%) 
93.6% 
26/29 (90%) 
79 
P = 0.007 
P = 0.1 40 
P=0.063N 

21/50 (42%) 
51.0% 
7/26 (27%) 
67 
P=0.402 
P = 0.548 

P = 0.500N 

46/50 (90%) 
97.8% 
25/26 (96%) 
67 
P=0.162 
P=0.074 

P = 0.500 

17/50 (34%) 
61 .O% 
6/16 (38%) 
82 
P=0.187 
P = 0.590 

P=0.206N 

38/50 (76%) 
100.0% 
16/16 (100%) 
75 
P-0.006 
P=O.O90 

P = 0.097N 

(a) Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidences a t  the end ofthe study after adjustingfor 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 P 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 teste compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE B4a. HISTORICAL INCIDENCE OF THYROID GLAND C-CELL TUMORS IN FEMALE F344/N 
RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence in Vehicle Controls 

Adenoma Carcinoma Adenoma or  Carcinoma 

Historical Incidence at Springborn Institute for Bioresearch, Inc. 

Ampicillin trihydrate 1/50 (2%) 2150 (4%) 2150 (4%) 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

13111,668 (7.9%) 5911,668 (3.5%) 18611,668 (11.2%) 
6.53% 3.09% 6.88% 

15/50 5/49 
0150 0150 

15/50 
0150 

(a) Data as of August 7,1986, for studies of a t  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 

TABLE B4b. HISTORICAL INCIDENCE OF MAMMARY GLAND FIBROADENOMAS IN FEMALE F344/N 
RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Study Incidence in Vehicle Controls 

Historical Incidence at  Springborn Institute for Bioresearch, Inc. 

Ampicillin trihydrate 16150 (32%) 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

436/1,700 (25.6%) 
7.49% 

20150 
6/50 

(a) Data as of August 7,1986, for studies of a t  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE B3. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK 

Low Dose High Dose Vehicle Control 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Hamartoma 
Epidermal inclusion cyst 

Inflammation, NOS 
Inflammation, suppurative 
Necrosis, fat 

*Subcutaneous tissue 

RESPIRATORY SYSTEM 
*Nasal mucosa (50) (50) (50)  

Foreign body, NOS 1 (2%) 

Inflammation, chronic focal 1 (2%) 

Inflammation, chronic focal 1 (2%) 

Inflammation, suppurative 1 (2%) 1 (2%) 
Inflammation, chronic 1 (2%) 

Fibrosis 1 (2%) 

Edema, NOS 1 (2%) 1 (2%) 
Hemorrhage 1 (2%) 
Lymphocytic inflammatory infiltrate 3 (6%) 3 (6%) 
Inflammation, interstitial 5 (10%) 4 (8%) 2 (4%) 
Pneumonia, aspiration 7 (14%) 
Inflammation, suppurative 1 (2%) 1 (2%) 3 (6%) 
Inflammation, chronic focal 2 (4%) 1 (2%) 
Inflammation, granulomatous 2 (4%) 1 (2%) 
Histiocytosis 1 (2%) 1 (2%) 

Lymphocytic inflammatory infiltrate 32 (64%) 36 (72%) 35 (70%) 
Inflammation, suppurative 7 (14%) 6 (12%) 21 (42%) 

*Larynx (50) (50)  (50) 

#Trachea (48) (50) (46) 

# Lungbronchus (49) (50) (60) 

#Lung (49) (50) (50) 
Congestion, acute 3 (6%) 6 (12%) 13 (26%) 

HEMATOPOIETIC SYSTEM 
*Blood erythrocytes 

Reticulocytosis 
Normoblastosis 

Myelofibrosis 
Hyperplasia, erythroid 
Hyperplasia, granulocytic 

Depletion, lymphoid 
Plasmacytosis 
Hyperplasia, lymphoid 

#Splenic follicles 
Atrophy, diffuse 

#Splenic red pulp 
Congestion, NOS 
Hemosiderosis 
Atrophy, diff'use 
Hematopoiesis 

#Bone marrow 

#Spleen 

(50) 

(49) 

7 (14%) 
6 (12%) 

8 (16%) 
9 (18%) 

2 (4%) 

1 (2%) 

(49) 

(49) 

(49) 
1 (2%) 
4 (8%) 
2 (4%) 
7 (14%) 7 (14%) 

(50) 
4 (8%) 
5 (10%) 

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

(50) 

(48) 

1 (2%) 

1 (2%) 

1 (2%) 

(48) 

148) 

9 (19%) 

103 Penicillin VK, NTP TR 336 



TABLE BS. SUMMARY O F  THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY O F  PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Mandibular lymph node 

Hemorrhage 
Inflammation, acute suppurative 
Plasmacytosis 
Hyperplasia, lymphoid 

#Cervical lymph node 
Hyperplasia, lymphoid 

#Mediastinal lymph node 
Hemorrhage 
Inflammation, granulomatous focal 
Hemosiderosis 
Histiocytosis 
Hyperplasia, lymphoid 

Edema, NOS 
Hemorrhage 
Hemosiderosis 
Histiocytosis 
Hyperplasia, lymphoid 

#Renal lymph node 
Hyperplasia, lymphoid 

XLunghronchus 
Hyperplasia, lymphoid 

#Liver 
Hematopoiesis 

XPeyer's patch 
Hyperplasia, lymphoid 

#Adrenal cortex 
Hematopoiesis 

#Adrenal medulla 
Hematopoiesis 

#Thymus 
Congestion, acuta 
Hemorrhage 
Hyperplasia, lymphoid 

#Mesenteric lymph node 

(47) 
1 (2%) 

5 (11%) 
7 (15%) 

(47) 

(47) 
5 (11%) 
1 (2%) 
3 (6%) 
1 (2%) 
2 (4%) 

1 (2%) 
1 (2%) 

2 (4%) 

(47) 

(47) 

(49) 

(50) 

(49) 

(49) 

(49) 

1 (2%) 

5 (10%) 

2 (4%) 

2 (4%) 

(40) 
1 (3%) 
1 (3%) 
1 (3%) 

11 (22%) 

1 (2%) 

2 (4%) 

(50) 

(50) 

1 (2%) 

1 (2%) 

(50) 

CIRCULATORY SYSTEM 
#Myocardium (50) (50) (50) 

Inflammation, chronic focal 1 (2%) 
Inflammation, granulomatous focal 1 (2%) 
Degeneration, NOS 22 (44%) 17 (34%) 16 (32%) 
Hemosiderosis 1 (2%) 

Thrombosis, NOS 1 (2%) 
'Hepatic vein (50) (50) (50) 

DIGESTIVE SYSTEM 
#Salivary gland 

Inflammation, chronic focal 
Atrophy, focal 
Regeneration, NOS 

Hemorrhage 
Inflammation, chronic focal 
Inflammation, granulomatous focal 
Necrosis, focal 
Cytoplasmic vacuolization 
Basophilic cyto change 
Focal cellular change 
Atrophy, focal 

#Liver 

Penicillin VK, NTP TR 336 

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

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

2 (4%) 
34 (68%) 
4 (8%) 
2 (4%) 

(50) 

104 

(49) (50) 

16 (32%) 
1 (2%)- 
1 (2%) 
3 (6%) 

26 (51%) 23 (46%) 
4 (8%) 6 (12%) 

23 (47%) 



TABLE BE. SUMMARY OF THE INCIDENCE OF NONNEOPLASTXC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

DIGESTIVE SYSTEM 
#Liver (Continued) 

Hyperplasia, focal 
Angiectasis 

XLiverlcentrilobular 
Congestion, acute 
Degeneration, NOS 
Necrosis, NOS 
Angiectasis 

#Liver/periportal 
Lymphocytic inflammatory infiltrate 

#Bile duct 
Hyperplasia, NOS 

#Pancreas 
Inflammation, chronic focal 
Atrophy, NOS 
Atrophy, diffuse 

#Pancreatic duct 
Hyperplasia, NOS 

#Esophagus 
Ulcer, NOS 

#Gastric mucosa 
Fibrosis 

#Forestomach 
Ulcer, NOS 
Lymphocytic inflammatory infiltrate 
Hyperkeratosis 
Acanthosis 

#Intestinal villus 
Atrophy, NOS 

#Jejunum 
Dilatation, NOS 

#Ileum 
Distention 

#Colon 
Parasitism 

#Cecum 
Hypertrophy, focal 

*Rectum 
Distention 

1 (2%) 
1 (2%) 

(50) 

(50) 

(48) 
20 (40%) 

12 (25%) 

(48) 

(49) 

(49) 

(49) 
36 (73%) 

2 (4%) 

(49) 

(49) 

1 (2%) 

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

1 (2%) 

7 (14%) 

1 (2%) 
14 (30%) 

(49) 

(49) 

(46) 

(46) 

(48) 

(48) 

(48) 
33 (69%) 

1 (2%) 
2 (4%) 

10 (21%) 
(48) 

(48) 

(48) 

(47) 

(47) 

(50) 

5 (11%) 

1 (2%) 

(50) 

2 (4%) 

1 (2%) 
4 (8%) 

1 (2%) 

(50) 

(50) 

(50) 

(49) 
6 (12%) 

13 (27%) 
1 (2%) 

1 (2%) 

1 (2%) 

31 (66%) 

(49) 

(49) 

(47) 

(47) 

3 (6%) 
8 (17%) 

(47) 

(47) 

(47) 

(47) 

(47) 
4 (9%) 

(50) 
1 (2%) 

URINARY SYSTEM 
#Kidney 

Cyst, NOS 
Congestion, acute 
Inflammation, interstitial 
F'yelonephritis, acute 
Nephrosis, NOS 
Infarct, healed 

Necrosis, NOS 

Pigmentation, NOS 
Hemosiderosis 
Hypoplasia, NOS 
Atrophy, diffuse 

#Urinary bladder 
Distention 
Hemorrhage 

#Renal papilla 

#Kidney/tutple 

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

1 (2%) 
42 (86%) 

(49) 

(49) 
1 (2%) 

1 (2%) 
1 (2%) 

(42) 
1 (2%) 
1 (2%) 

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

33 (67%) 
1 (2%) 

(49) 

(49) 
2 (4%) 

1 (2%) 
(45) 

(50) 
1 (2%) 

22 (44%) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Cyst, NOS 
Congestion, NOS 
Hemorrhage 
Hemosiderosis 
Hyperplasia, NOS 
Hyperplasia, focal 
Angiectasis 

#Adrenal cortex 
Cyst, NOS 
Congestion, NOS 
Necrosis, focal 
Cytoplasmic vacuolization 
Hyperplasia, NOS 
Hyperplasia, focal 

Hematoma, NOS 
Hyperplasia, focal 

Ultimobranchial cyst 
Hyperplasia, C-cell 

#Adrenal medulla 

#Thyroid 

(48) 
9 (19%) 

1 (2%) 

14 (29%) 

(49) 
9 

3 

(48) 
7 (15%) 
1 (2%) 
2 (4%) 
1 (2%) 

13 (27%) 

(18%) 

(6%) 

(20%) 
(2%) 
(2%) 

10 
1 
1 

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

19 (39%) 
(49) 

12 (24%) 

1 (2%) 
8 (16%) 

(49) 

(2%) 

(2%) 
(4%) 
(12%) 

(2%) 
(33%) 

1 

1 
2 
6 

(49) 
1 

16 
(47) 

13 

5 (10%) 
(49) 

8 (16%) 
(47) 

16 (34%) (28%) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Galactocele 
Inflammation, suppurative 
Inflammation, chronic focal 
Atrophy, NOS 
Hyperplasia, NOS 

*Mammary duct 
Distention 
Polypoid hyperplasia 

*Clitoral gland 
Retention of content 
Inflammation, suppurative 
Inflammation, chronic focal 
Hyperplasia, focal 

Inflammation, acute suppurative 

Hydrometra 
Hemorrhage 
Hematometra 

Cyst, NOS 
Inflammation, suppurative 
Hyperplasia, cystic 
Metaplasia, squamous 

Cyst, NOS 
Polyp, NOS 

*Vagina 

#Uterus 

#Uterudendometrium 

#Ovary 

(50) 
1 
1 
1 

1 
(50) 
11 
1 

(50) 
1 
2 
3 
1 

(50) 
1 

(48) 
2 

(50) (50) 

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

(2%) 

(22%) 
(2%) 

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

(2%) 

(4%) 

(4%) 

(2%) 
(8%) 

(14%) 

1 
4 

(50) 
7 

(50) 
16 (32%) 

(50) 
2 
1 
3 

(50) 

(47) 
6 
1 

(50) 
1 
1 
1 

(50) 

(49) 
1 

1 
(49) 

1 
6 
1 

(49) 
4 

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

(13%) 
(2%) 

(2%) 

(2%) 
(48) 

1 
(47) 

(2%) 

(19%) 
(2%) 
(12%) 
(2%) 

(8%) 

9 

(48) 
3 
1 

7 (15%) 

(15%) 
(48) 

7 (6%) 
(2%) 

NERVOUS SYSTEM 
#Brain 

Hydrocephalus, internal 
(49) (50) 

1 (2%) 
(50) 
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TABLE BS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

SPECIAL SENSE ORGANS 
*Eye 

Phthisis bulbi 
*E yeketina 

Degeneration, NOS 
*Harderian gland 

Lymphocytic inflammatory infiltrate 
Atrophy, NOS 

*Ear canal 
Lymphocytic inflammatory infiltrate 
Inflammation, suppurative 

(50) 

(50) 

(50) 

3 (6%) 

1 (2%) 

(50) 
12 (24%) 

1 (2%) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 

1 (2%) 

6 (12%) 
1 (2%) 

MUSCULOSKELETAL SYSTEM 
*Bone (50) (50) (50) 

*Mandible (50) (50) (50) 

*Carpometacarpal joint (50) (50) (50) 

*Tarsal joint (50) (50) (50) 

Osteosclerosis 1 (2%) 1 (2%) 

Abscess, chronic 1 (2%) 

Inflammation, chronic 1 (2%) 

Ankylosis 1 (2%) 

BODY CAVITIES 
*Mediastinum 

Necrosis, fat 
*Pleura 

Inflammation, chronic focal 
"Mesentery 

Necrosis, fat 

(50) (50) (50) 

(50) (50) (50) 

(50) (50) (50) 

1 (2%) 

1 (2%) 

12 (24%) 15 (30%) 5 (10%) 

ALL OTHER SYSTEMS 
*Multiple organs 

Inflammation, suppurative 
(50) (50) (50) 

1 (2%) 

SPECIAL MORPHOLOGY SUMMARY 
None 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically a t  this site 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK 

Vehicle Control Low Dose High Dose 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Nevus, NOS 
*Subcutaneous tissue 

Histiocytic sarcoma 
Sarcoma, NOS 
Fibroma 
Fibrosarcoma 
Lipoma 
Neurofibrosarcoma 

(50) (50) (50) 

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

1 (2%) 
6 (12%) 3 (6%) 5 (10%) 
3 (6%) 5 (10%) 1 (2%) 
1 (2%) 2 (4%) 3 (6%) 

1 (2%) 
2 (4%) 

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

Hepatocellular carcinoma, metastatic 4 (8%) 1 (2%) 1 (2%) 
Alveolar/bronchiolar adenoma 10 (20%) 9 (18%) 4 (8%) 
Alveolar/bronchiolar carcinoma 1 (2%) 2 (4%) 
Histiocytic sarcoma, metastatic 1 (2%) 
Sarcoma, NOS, metastatic 1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, NOS 
Mast cell sarcoma 

Malignant lymphoma, NOS 

Malignant lymphoma, NOS 

#Spleen 

#Thymus 

CIRCULATORY SYSTEM 
*Multiple organs 

#Spleen 

*Femur 

#Liver 

Hemangiosarcoma, unclear primary or meta 

Hemangiosarcoma 

Hemangiosarcoma 

Hemangiosarcoma 

DIGESTIVE SYSTEM 
#Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Mixed hepatokholangio carcinoma 

Squamous cell papilloma 
Squamous cell carcinoma 

Adenomatous polyp, NOS 

Adenocarcinoma, NOS 

#Forestomach 

#F'ylorus 

#Duodenum 

(50) 
14 (28%) 
6 (12%) 

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

1 (2%) 
(46) 

(42) 

(49) 
15 
7 
1 

(47) 

(47) 

(45) 
1 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

URINARY SYSTEM 
#Kidney 

#Urinary bladder 
Tubular cell adenocarcinoma 

Transitional cell carcinoma 

(50) 

(47) 
1 (2%) 

ENDOCRINE SYSTEM 
#Adrenaycapsule 

Adenoma, NOS 
#Adrenal medulla 

Pheochromocytoma 
#Thyroid 

Follicular cell adenoma 
#Pancreatic isle& 

Islet cell adenoma 

REPRODUCTIVE SYSTEM 

Interstitial cell tumor 
#Testis (47) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
*Harderian gland 

Adenoma, NOS 

MUSCULOSKELETAL SYSTEM 
*Skeletal muscle 

*Abdominal muscle 
Sarcoma, NOS, invasive 

Neurofibrosarcoma, metastatic 

(50) (50) 

(50) (50) 
1 (2%) 

1 (2%) 

(50) 

(50) 

BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
*Multiple organs (50) (50) (50) 

Tubular cell adenocarcinoma, metastatic 1 (2%) 
Sarcoma, NOS, metastatic 1 (2%) 1 (2%) 
Sarcoma, NOS, unclear primary or metastatic 1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 
Dosing accident 

50 
15 
9 

24 
2 

50 
9 
4 

36 
1 

50 
20 

4 
26 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

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 uncertain- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

primary or metastatic 
Total uncertain tumors 

36 
65 
26 
41 
21 
24 
9 
9 

35 
55 
29 
36 
15 
17 
2 
2 

2 
2 

29 
37 
15 
16 
20 
21 

2 
2 

* 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 
## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK: 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  
1 3 2 3 3 4 1 1 4 2 3 0 0 3 2 2 4 1 2 3 4 4 4 0 0  
5 2 0 4 7 0 2 7 3 2 3 8 5 8 7 9 2 6 6 1 8 1 9 1 2  
D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1  
1 3 4 5 6 7 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 0 0 0 0  
2 0 8 4 0 3 0 1 1 2 3 8 4 4 5 6 6 9 9 9 9 1 1 2 3  

ANIMAL 
NUMBER 

WEEKS ON 
STUDY 

S h n  
Nevus. NOS 

Subcutaneous tissue 
Histiocytic sarcoma 
Sarcoma, NOS 
Fibroma 
Fibrosamma 
Neurofibmsarcoma 

L u n e  and bronchi 
Hepatocellular camnoma. metastatic 
Alveolar/bronchiolar adenoma 
Histiocytic sarcoma, metastatic 

Trachea 

Bone marmw 
Spleen 

L mphnodea TK mus 

Malignant lymphoma, NOS 

dalignant lymphoma, NOS 

Heart 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Heman@osarcoma 

Bile duct 
Gallbladder EL common bile duct 
Pancreas 

:;:::ff.'" 
Squamous cell papilloma 

uamous cell camnoma 3 enomatous polyp 
Small intestine 
Larga intestine 

Kidney 

Unnary bladder 

Pltuitary 
Adrenal 

Thyroid 
Parathyroid 

Mammary gland 
Testis 
Prostate 

Brain 

HardeMn gland 
Adenoma, NOS 

Tubular cell adenocarcinoma 

Adenoma, NOS 
Phewhmmocytoma 

Bone 

Muscle 
Heman~osarcoma I 

Samma,  NOS, invasive 
Neurofibmsarcoma. metastatic 

S 
Multiple O ~ M  NOS 

Tubular cell adenocarnnoma, metastatic 
Sarcoma NOS metastatic 
Malignah lydphoma, NOS 
Mast cell m o m a  

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

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

X . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N + + N + N + N + N + N + + + N + + N +  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

+ - - -  + + + + - + - - -  + - + + + + + + + + + +  
+ - - + + + + + - t - + + + - + + + + + + + + - +  

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
~~ ~~ 

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  

c 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 

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 

+: Tissue examined microscopically -. Required tissue not examined micmscopically < Tumor incidence 
N: Necropsy, no autolysis. no microscopic examination 
S h m a l  missexed 

' No tissue information submitted 
CI Necropsy, no histology due to protocol 
A Autolysis 
M: Animal missing 
B No necropsy performed 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL 
(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 0  
0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 3 3 3 3 4 4 4 4 5  
3 4 6 7 9 0 1 3 4 8 9 1 3 4 5 8 0 5 6 9 4 5 ' 7 8 0  

NUMBER 

l l l l l l l l l l l l l l l l l l l l l l l l l  
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  
3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

WEEKS ON 
STUDY 

Fibroma 
Fibrosarcoma 
NeurofibroParmrna 

M 
L u n p  and bronchi 

Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Histiocytic sarcoma, metastatic 

Trachaa 

Bone marrow 
S laen 

Lymph ncdss 
&alignant lymphoma. NOS 

Th bus 
dal ignant  Lymphoma. NOS 

Heart 

M 
Salivary gland 
Liver 

Hepatocellular adenoma 
HeDatocellular camnoma 
Hemanposarcoma 

Bile duct 
Gallbladder & common bile duct 
Pancreas 

:;::W 
Squamous cell papilloma 

uamous cell carnnoma 
L o m a t o u s  polyp 

Small intestine 
Large intestine 

Kidney 

Unnary bladder 

Rtuitary 
Adrenal 

Thyroid 
Parathyroid 

Mammary gland 
Testis 
Prostate 

Brain 

Hardenan gland 
Adenoma, NOS 

Tubular cell adenocarnnoma 

Adenoma NOS 
Phewhm&ocytoma 

ANS 

ET- 
Bone 

Hemangiosarcoma 

Sarcoma NOS invasive 
Neurofidrosadoma. metastatic 

Muscle 

Masccell sakoka 

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

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

X 
X 

X 

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

- + + + - + + + + + - - t - + - + + - - - + - + +  

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + N N N + + + + N + + N + + + + N + +  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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 

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 

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 

TOTAL: 
TISSUES 
TUMORS 

*50 

* 50 
1 
6 
3 
1 
2 

50 
. 4  
10 
1 

34 

50 
48 
1 

48 
31 

1 

50 

49 
50 
14 
6 
1 

50 
*50 
48 
49 
46 

2 
1 
1 

42 
44 

50 
1 

46 

40 
49 

1 
4 

50 
26 

'50 
41 
46 

50 

'50 
5 

'50 
1 

'50 
1 
1 

* 50 
1 
1 
1 
1 

Animals necropsied 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK: LOW 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 0  
4 2 2 2 2 4 3 0 3 4 4 1 0 1 0 0 0 0 0 0 0 1 1 1 1  
7 3 6 9 0 1 6 3 3 2 5 7 5 2 1 2 4 8 7 8 9 0 1 3 4  

ANIMAL 
NUMBER 

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

WEEKS ON 
STUDY 

Subcutaneous tissue 
Sarcoma, NOS 
Fibroma 
Fibrosarcoma 
Lipoma 

Lungs and bronchi 
Hepatocellular camnoma, metastatic 
Alveolarhmnchiolar adenoma 
Alveolarhronchiolar carcinoma 
Sarcoma, NOS, metastatic 

Trachea 

Bone marrow 
Spleen 
L mphnodes 
Tiymus 

Heart 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular camnoma 
Mued hepatolchoianso camnoma 
Hemansosarcoma 

Bile duct 
Gallbladder & common bile duct 
Pancreas 

Small intestine 

Large intestine 

Kidney 
Unnary bladder 

PltUltary 
Adrenal 

E;::%- 
Adenocarcinoma, NOS 

M 

Adenoma. NOS 
Thyroid 

Parathyroid 
Follicular cell adenoma 

Mammary gland 
Testis 

Prostate 
Interstitial cell tumor 

Brain 

S 
Hardenan gland 

Adenoma. NOS 

SarcomafROd unclear nmary or metastatic 
Hemangioaarcbma un&r primary or metastatic 
Malignant lymptoka, NOS 

Multiple o ens 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 . . . . . . . . . . . . . . . . . . . . . . . . .  

N N + N N + N N N N N + + + + + + + + + + N + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

+ - - -  + + - - + + + + + + + + + + + + + + +  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 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  
X 

Penicillin VK, NTP TR 336 116 



TABLE C4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 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 0  
1 1 1 1 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 4 5  
5 6 8 9 1 2 4 5 1 8 0 1 2 4 5 7 8 9 0 3 4 6 8 9 0  

NUMBER 

l l l l l l l l l l l l l l l l l l l l  L 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  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

WEEKS ON 
STUDY 

Subnrtaneous )rlssu0 
Sarcoma. NOS 
Fibroma 
Fibrowcoma 
Lipoma 

L u n n  and bronchi 
Hepatocellular camnoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolarlbronchiolar camnoma 
Sarcoma. NOS. metastatic 

Trachea 

Bone marrow 
Spleen 
L mphnodes 
Tgymui 

Heart 

Salivary gland 
Liver 

M 

Hepatocellular adenoma 
Hepatocellular camnoma 
M ~ x d  hepato/cholanplo camnoma 
Hemauplosarcoma 

Bile duct 
Gallbladder 8 common bile duct 
Pancreas 

Small intestine 

Large intelltine 

Kidney 
Unnary bladder 

Rtuitary 
A d m ~ l  

Thyroid 

Parathyroid 

Mammary gland 
Testis 

Prostate 

Brain 

:E:kY 
Adenocamnoma, NOS 

M 

Adenoma. NOS 
Follicular cell adenoma 

Sntsstitial cell tumor 

Harderian gland 
Adenoma, NOS 

Multiple or DI NOS 
Sarcoma, PO$, unclear pnm or metastat 
Hemauplosarcoma unclear pnm or meta 
Malignant lymphoma, NOS 

* Animals necropsied 

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

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

X 
- + + + - + - + - + + + + + - + - - + + - + + + +  

X 

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

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

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

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

X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + N N + + + + + + + + + N + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  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  
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 

TOTAL: 
RSSUES 
PUMORS 

*50 
3 
5 
2 
1 

50 
1 
9 
1 
1 

35 

50 
50 
48 
31 

50 

49 
49 
15 
7 
1 
1 

49 * 50 
41 
46 
41 
45 

1 
42 

49 
43 

44 
48 

1 
41  
1 

27 

*50 
50 

1 
49 

50 

'50 
3 

'50 
1 
1 
1 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK: HIGH DOSE 

b o o 0  0 0 0 0 0 0  ANIMAL 
NUMBER 

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

WEEKS ON 
STUDY 

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

Subcutanrous t i m e  
Sarcoma, NOS 
Fibroma 
Fibrosarcoma 

Lunga and bronchi 
Hepatocrllular carcinoma matastatic 
Alvrolarfbmnchiolar adaioma 
Alveolarfbronchiolar carcinoma 

Trachea 

Bone qarrow 
Spleen 

L mphnodei 
TKymus 

Homangiosarcoma 

Hrart 

Salivary gland 
Liver 

Hepatocollular adenoma 
Hepatocellular carcinoma 
Hemanpjosarcoma 

Bile duct 
Gallbladder EL common bile duct 
Pancreas 

::::fiu' 
Squamous cell papilloma 

Adenocarcinoma. NOS 
Small intestine 

Large intestine 

Kidney 
Urinary bladder 

Transitional cell carcinoma 

Pituitary 
A d N d  

Thyroid 

Parathyroid 
Pancreatic islets 

Adenoma, NOS 
Follicular cell adenoma 

Islet cell adenoma 

Mammary gland 
Testis 
Proatate 

Brain 

Harderian gland 
Adenoma. NOS 

ANS 

Multiple or ans. NOS 
Sarcoma ROS. metastatic 
Malignaht lymphoma, NOS 

Penicillin VK, NTP TR 336 

+ + N + N + + + + + + + + + + + + + + + + + + + N  x x x x  
X 

X 

+ + - + + + t + + t + + + + + + t + + t + + + + +  
X 

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

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

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

+ + - + + + + - + - + + + + + t - - - + + + + + t  
+ - - - - - - - - + - + - - - - - - + + - + + + -  

. . . . . . . . . . . . . . . . . . . . . . . . .  
~ ~ ~~ ~~ ~ ~ 

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

X X 
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + N N N + N N N N N N + N + N N N + N + N + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + - + - + + + - - + + + + + - - - + - + + + + +  
+ + - + + + + + - -  + + + + + + - - + - + - + + t  

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  

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

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

T l l l i i l l l i l i i i i i i i i i i i i i 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  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

ANIMAL 
NUMBER 

WEEKS ON 
STUDY 

Subnttaneous tib8ue 
Sarcoma, NOS 
Fibroma 
Fibrosnrcoma 

Lungs and bronchi 
Hepatocellular carnnoma metastatic 
Alveolar/bronchiolar adeioma 
Alveolar/bronchiolar carnnoma 

Trachea 

Bone marrow 
Spleen 

L mphnodes 
TKymus 

Heart 

Salivary gland 
Liver 

Hemang~osarcoma 

M 

Hepatocellular adenoma 
Hepatocellular carcmoma 
Heman~osarcoma 

Bile duct 
Gallbladder & common bile duct 
Pancreas 

:::%Y 
Squamous cell papilloma 

Adenocarnnoma, NOS 
Small intestine 

Large intestine 

Kidney 
Unnary bladder 

Transitional cell carnnoma 

Pltuitary 
Adrenal 

Thymid 

Parathyroid 
Pancreatic islets 

Adenoma. NOS 
Follicular cell adenoma 

Islet cell adenoma 

Mammary gland 
Testis 
Prostate 

Brain 

A N S  
Harderian gland 

Adenoma, NOS 
ALL 
Multiple organs, NOS 

Sarcoma, NOS, metastatic 
Malignant lymphoma, NOS 

~ ~~ 

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

X X 

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

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

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

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

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

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

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

X 
x 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + N + + + + + + N + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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 

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

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 

TOTAL: 
TISSUES 
TUMORS 

'50 
5 
1 
3 

49 
1 
4 
2 

42 

49 
48 

1 
44 
26 

50 

49 
49 

4 
4 
3 

49 
*50 
46 
48 
46 
1 

42 
1 

42 

50 
47 

1 

41 
so 
1 

48 
1 

35 
46 
1 

* 50 
50 
50 

50 

'50 
3 

'50 
1 
1 

~~ 

* Animals necropsied 
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TABLE C3. ANALYSIS O F  PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY O F  
PENICILLIN VK 

Vehicle Control 500 mg/kg 1,000 mg/kg 

Subcutaneous Tissue: Fibroma 
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) 

Subcutaneous Tissue: Fibrosarcoma 
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) 

3/50 (6%) 5/50 (10%) 
10.1% 13.9% 
1/24 (4%) 5/36 (14%) 
96 104 
P = 0.245N P = 0.564 
P=0.370N P = 0.430 
P =0.264N 

P=0.357 

1/50 (2%) 2/50 (4%) 
3.4% 5.3% 
0124 (0%) 1/36 (3%) 
101 101 
P=0.221 P = 0.609 
P = 0.1 96 P=0.387 
P=0.222 

P=0.500 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 4/50 (8%) 7/50 (14%) 
Adjusted Rates (b) 13.3% 18.9% 
Terminal Rates (c) 1/24 (4%) 6/36 (17%) 
Week of First Observation 96 101 
Life Table Tests (d) P = 0.554N P = 0.488 
Incidental Tumor Tests (d) P = 0.446 P=0.260 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P = 0.262 

P = 0.566 

Subcutaneous Tissue: Sarcoma, Fibrosarcoma, or Neurofibrosarcoma 
Overall Rates (a) 9/50 (18%) 5/50 (10%) 
Adjusted Rates (b) 24.7% 12.8% 
Terminal Rates (c) 2/24 (8%) 3/36 (8%) 
Week of First Observation 54 97 
Life Table Testa (d) P=0.477N P=0.098N 
Incidental Tumor Tests (d) P=0.417 P = 0.360N 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P = 0.194N 

Subcutaneous Tissue: Fibroma, Sarcoma, Fibrosarcoma, or Neurofibrosarcoma 
Overall Rates (a) 12/50 (24%) 10150 (20%) 
Adjusted Rates (b) 32.7% 26.0% 
Terminal Rates (c) 3/24 (13%) 8/36 (22%) 
Week of First Observation 54 97 
Life Table Tests (d) P = 0.210N P=0.173N 
Incidental Tumor Tests (d) P =0.415N P =  0.53 1N 
Cochran-Armitage Trend Test (d) P=0.191N 
Fisher Exact Test (q) P = 0.405N 

P = 0.444N 

Lung: AlveolarlBronchiolar 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) 

Penicillin VK, NTP TR 336 

10/50 (20%) 9/50 (18%) 
30.6% 23.3% 
4/24(17%) 7/36 (19%) 
81 81 
P = 0.055N P =  0.237N 
P =0.139N P=0.584N 
P = 0.068N 

P = 0.500N 

120 

1/50 (2%) 
3.1% 
0/26 (0%) 
95 
P = 0.326N 
P =0.535N 

P = 0.309N 

3/50 (6%) 
9.7% 
2/26 (8%) 
51 
P = 0.319 
P=0.324 

P=0.309 

4/50 (8%) 
12.5% 
2/26 (8%) 
51 
P = 0.635 
P=0.496 

P=0.643 

8/50 (16%) 
23.3% 
3/26 (12%) 
51 
P = 0.551N 
P = 0.476 

P = 0.500N 

8/50 (16%) 
23.3% 
3/26 (12%) 
51 
P=0.289N 
P=0.497N 

P = 0.227N 

4/49 (8%) 
15.4% 
4/26 (15%) 
104 
P = 0.083N 
P = 0.175N 

P = O.08ON 



TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
PENICILLIN VK (Continued) 

Vehicle Control 500 mg/kg 1,000 mg/kg 

Lung: AlveolarlBronchiolar Adenoma or Carcinoma 
Overall Rates (a) 10150 (20%) 
Adjusted Rates (b) 30.6% 
Terminal Rates (c) 4/24 (17%) 
Week of First Observation 81 
Life Table Testa (d) P=0.157N 
Incidental Tumor Tests (d) P=0.308N 
Cochran-Armitage Trend Test (d) P = 0.185N 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 3/50 (6%) 

Terminal Rates (c) 1/24 (4%) 
Week of First Observation 88 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Adjusted Rates (b) 9.8% 

P = 0.186N 
P =  0.267N 
P = 0.202N 

Circulatory System: Hemangiosarcoma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 6.3% 
Terminal Rates (c) 1/24 (4%) 
Week of First Observation 60 
Life Table Testa (d) P=0.247 
Incidental Tumor Testa (d) P = 0.343 
Cochran-Armitage Trend Test (d) P=0.252 
Fisher Exact Test (d) 

Liver: Hepatocellular 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) 

Liver: Hepatocellular Carcinoma 
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) 

14/50 (28%) 
46.4% 
9/24 (38%) 
73 
P = 0.006N 
P= 0.015N 
P=0.013N 

6/50 (12%) 
15.6% 
1/24 (4%) 
80 
P=0.343N 
P = 0.344N 
P=0.331N 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 19/50 (38%) 
Adjusted Rates (b) 52.8% 
Terminal Rates (c) 9/24 (38%) 
Week of First Observation 73 
Life Table Testa (d) P=0.012N 
Incidental Tumor Testa (d) P = 0.019N 
Cochran-Armitage Trend Test (d) P =  0.013N 
Fisher Exact Test (d) 

121 

9/50 (18%) 
23.3% 
7/36 (19%) 
81 
P = 0.237N 
P =0.584N 

P =0.500N 

1/50 (2%) 
2.8% 
1/36 (3%) 
104 
P=0.209N 
P = 0.381N 

P = 0.309N 

(e) 2/50 (4%) 
5.6% 
2/36 (6%) 
104 
P-0.579N 
P = 0.581N 

P =  0.691 

15/49(31%) 
38.0% 
12/36 (33%) 
91 
P =  0.258N 
P =  0.561N 

P=0.474 

7/49 (14%) 
18.6% 
6/36 (17%) 
97 
P =  0.531N 
P=0.340 

P = 0.484 

18/49 (37%) 
44.6% 
14/36 (39%) 
91 
P=0.138N 
P=0.582N 

P = 0.53 1N 

6/49 (12%) 
23.1% 
6/26 (23%) 
104 
P = 0.209N 
P = 0.367N 

P=0.220N 

1/50 (2%) 
3.8% 
1/26 (4%) 
104 
P =0.306N 
P = 0.402N 

P = 0.309N 

4/50 (8%) 
13.9% 
3/26 (12%) 
73 
P=0.339 
P-0.470 

P = 0.339 

4/49 (8%) 
15,4% 
4/26 (15%) 
104 
P-O.OO8N 
P = 0.012N 

P = 0.010N 

4/49 (8%) 
11 .O% 
1/26 (4%) 
62 
P = 0.441N 
P=0.373N 

P=0.384N 

8/49 (16%) 
25.2% 
5/26 (19%) 
62 
P=O.O22N 
P =0.014N 

P=0.013N 

Penicillin VK, NTP TR 336 



TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
PENICILLIN VK (Continued) 

Vehicle Control 500 mg/kg 1,000 msflrg 

Forestomach: Sauamous Cell PaDilloma or  Carcinoma 
Overall ~ a t e s  (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) 

Adrenal Gland: Pheochromocytoma 
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) 

Harderian Gland: Adenoma 
Overall Rates (a )  
Adjusted Rates tb) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
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) 

All Sites: Malignant 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) 

All Sites: All 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) 

Penicillin VK, NTP TR 336 

3/46 (7%) 
11.5% 
2/24 (8%) 
101 
P=0.152N 
P=0.202N 
P =  0.175N 

4/49 (8%) 
14.2% 
2/24 (8%) 
99 
P = 0.01 2N 
P = 0.029N 
P = 0.015N 

5/50 (10%) 
16.1% 
1/24 (4%) 
96 
P = 0.294N 
P=0.572 
P =  0.283N 

26/50 (52%) 
71.1% 
14/24 (58%) 
73 
P=0.013N 
P = 0.061N 
P=O.O18N 

21/50 (42%) 
52.1% 
7/24 (29%) 
54 
P=0.493N 
P = 0.40 1 
P=0.459N 

36/50 (72%) 
81.3% 
16/24 (67%) 
54 
P = 0.126N 
P = 0.279N 
P=0.084N 

122 

0147 (0%) 
0.0% 
0136 (0%) 

P = 0.067N 
P=O.1 ION 

P=O.l17N 

0148 (0%) 
0.0% 
0134 (0%) 

P=0.035N 
P = 0.079N 

P=0.061N 

3/50 (6%) 
7.7% 
2/36 (6%) 
91 
P=0.220N 
P=0.536N 

P = 0.357N 

29/50 (58%) 
72.2% 
25/36 (69%) 
81 
P=0.165N 
P = 0.512 

P = 0.344 

15/50 (30%) 
37.0% 
11/36 (31%) 
81 
P=0.035N 
P=0.295N 

P = 0.1 49N 

35/50 (70%) 
83.2% 
29/36 (81%) 
81 
P=0.033N 
P = 0.484N 

P=0.500N 

1/46 (2%) 
3.8% 
1/26 (4%) 
104 
P = 0.288N 
P=0.349N 

P=0.308N 

0150 (0%) 
0.0% 
0126 (0%) 

P = 0.067N 
P=0.113N 

P=0.056N 

3/50 (6%) 
9.7% 
0126 (0%) 
85 
P=0.390N 
P=0.573 

P=0.357N 

15/50 (30%) 
49.5% 
11/26 (42%) 
85 
P=0.028N 
P=0.093N 

P =  0.021N 

20/50 (40%) 
53.5% 
10/26 (38%) 
51 
P=0.556N 
P=0.477 

P=0.500N 

29/50 (58%) 
75.7% 
17/26 (65%) 
51 
P=0.202N 
P =  0.31 1N 

P = 0.104N 



TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
PENICILLIN VK (Continued) 

(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 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 Pvalues 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. A negative trend or lower incidence in a dosedgroup is indicated by (N). 
(e) Includes one hemangiosarcoma, unclear primary or metastatic 
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TABLE C4. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence in Vehicle Controls 

Adenoma Carcinoma Adenoma or Carcinoma 
~ ~ ~ 

Historical Incidence at Springborn Institute for Bioresearch, Inc. 

Ampicillin trihydrate 3/50 (6%) 6/50 (12%) 9/50 (18%) 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

25U1.736 (14.6%) 347/1,736 (20.0%) 56911,736 (32.8%) 
6.55% 7.39% 8.52% 

14/50 
0150 

19/50 
3/49 

25/50 
7/50 

(a) Data as of August 7,1986, for studies of at least 104 weeks 
(b) Standard deviation 
( c )  Range and SD are presented for groups of 35 or more animals. 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK 

Vehicle Control Low Dose High Dose 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Ulcer, acute 
Inflammation, acute focal 
Inflammation, acute/chronic 
Inflammation, chronic focal 
Erosion 
Parasitism 
Alopecia 
Hyperplasia, epithelial 
Hyperkeratosis 
Parakeratosis 

*Subcutaneous tissue 
Inflammation, acute focal 
Abscess, NOS 
Inflammation, acute/chronic 
Inflammation, chronic focal 
Fibrosis, focal 
Fibrosis, diffuse 

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

1 (2%) 
1 (2%) 
8 (16%) 
5 (10%) 
2 (4%) 
5 (10%) 

(50) 

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

(50) 

2 (4%) 

6 (12%) 
1 (2%) 
5 (10%) 

(50) 

1 (2%) 

1 (2%) 
9 (18%) 

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

(50) 

1 (2%) 

RESPIRATORY SYSTEM 

Hemorrhage 
Inflammation, acute focal 
Inflammation, acutekhronic 
Fibrosis, focal 
Fibrosis, multifocal 
Foreign material, NOS 
Metaplasia, NOS 

Hyperplasia, epithelial 

Foreign body, NOS 
Congestion, acute passive 
Edema, NOS 
Hemorrhage 
Lymphocytic inflammatory infiltrate 
Inflammation, interstitial 
Inflammation, acute focal 
Inflammation, acute/chronic 
Inflammation, chronic focal 
Hyperplasia, alveolar epithelium 
Histiocytosis 

*Nasal cavity 

#Trachea 

#Lung 

(50) 
1 (2%) 

13 (26%) 
1 (2%) 
I (2%) 
1 (2%) 

15 (30%) 

(34) 

(50) 
1 (3%) 

1 (2%) 
2 (4%) 

1 (2%) 

1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 

(50) 

5 (10%) 

(50) 

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

1 (2%) 

2 (4%) 

(50) 

4 (8%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

HEMATOPOIETIC SYSTEM 

Hyperplasia, lymphoid 

Congestion, acute passive 
Hyperplasia, hematopoietic 

Atrophy, diffuse 
Leukemoid reaction 
Hyperplasia, lymphoid 
Hematopoiesis 

*Multiple organs 

#Bone marrow 

#Spleen 

(50) 

(50) 
1 (2%) 

30 (60%) 
(50) 

3 (6%) 
17 (34%) 
5 (10%) 

(50) 

(49) 

(48) 

1 (2%) 

26 (53%) 

2 (4%) 
12 (25%) 
10 (21%) 
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TABLE CS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Lymph node 

Inflammation, chronic focal 
Pigmentation, NOS 
Hemosiderosis 
Histiocytosis 
Hyperplasia, lymphoid 

#Mandibular lymph node 
Histiocytosis 
Plasmacytosis 
Hypdrplasia, lymphoid 

Hyperplasia, lymphoid 

Hemorrhage 
Inflammation, chronic focal 
Histiocytosis 
Leukemoid reaction 
Plasmacytosis 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 
Hematopoiesis 
Erythropoiesis 

#Thymic lymph node 
Hemorrhage 
Hyperplasia, lymphoid 

Hyperplasia, lymphoid 

Hematopoiesis 

Mastocytosis 

Hyperplasia, lymphoid 

Hyperplasia, lymphoid 

Inflammation, granulomatous focal 
Hyperplasia, epithelial 
Hyperplasia, lymphoid 

#Pancreatic lymph node 

#Mesenteric lymph node 

#Lung 

#Liver 

#Forestomach 

#Peyer’s patch 

#Kidney 

#Thymus 

(48) 

3 (6%) 
(48) 

(50) 

(31) 

8 (17%) 
(48) 

1 (2%) 

3 (7%) 

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

(44) 

(44) 

(44) 
1 (2%) 

9 (20%) 
4 (9%) 

(44) 

CIRCULATORY SYSTEM 
#Heart 

#Myocardium 
Degeneration, NOS 

Inflammation, acuta focal 
Inflammation, chronic focal 
Degeneratioq, NOS 

Pigmentation, NOS 

Inflammation, chronic focal 

#Tricuspid valve 

*Superior pancreaticoduodenal artery 

DIGESTIVE SYSTEM 
*Tooth (50) (50) (50) 

Deformity, NOS 1 (2%) 

Inflammation, acute focal 1 (2% 

Lymphocytic inflammatory infiltrate 1 (2%) 

Dysplasia, NOS 25 (50%) 43 (86%) 33 (66%) 
*Pulp of tooth (50) (50) (50) 

#Salivary gland (49) (49) (49) 
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TABLE C3. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

DIGESTIVE SYSTEM (Continued) 
#Liver 

Inflammation, acutehhronic 
Inflammation, chronic focal 
Necrosis, focal 
Necrosis, coagulative 
Necrosis, fat 
Amyloidosis 
Focal cellular change 
Eosinophilic cyto change 
Cell size alteration 

Cytoplasmic vacuolization 

Eosinophilic cyto change 

Cyst, NOS 

Dilatatiodducts 
Inflammation, chronic focal 

#Pancreatic acinus 
Atrophy, focal 
Atrophy, diffuse 
Hyperplasia, focal 

#Esophagus 
Dilatation, NOS 
Hyperkeratosis 

#Gastric fundal gland 
Dilatation, NOS 
Eosinophilic cyto change 

#Glandular stomach 
Cyst, NOS 
Ulcer, NOS 
Inflammation, acute focal 
Inflammation, chronic focal 
Fibrosis 
Hyperplasia, NOS 
Hyperplasia, epithelial 
Squamous metaplasia 

#Forestomach 
Ulcer, NOS 
Inflammation, acute focal 
Inflammation, chronic focal 
Hyperplasia, epithelial 
Hyperkeratosis 

Inflammation, chronic focal 

Hyperplasia, focal 

Hyperplasia, diffuse 

Cyst, NOS 

Cyst, NOS 

Cyst, NOS 

Hyperplasia, diffuse 

#Liver/hepatocytes 

"Gallbladder 

#Bile duct 

#Pancreas 

#Small intestineherosa 

#Colon 

#Colonic mucosa 

#Colonic submucosa 

#Colonic muscularis 

#Cecum 

*Rectum 

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

1 (2%) 

3 (6%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

(48) 

(48) 
2 (4%) 

2 (4%) 

1 (2%) 
1 (2%) 

3 (7%) 
2 (4%) 

(49) 

(46) 

(46) 

1 (2%) 

(44) 

(50) 

(49) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

15 (30%) 

(49) 

(50) 

(49 ) 

(47) 

(47) 
3 (6%) 

32 (68%) 

8 (17%) 
1 (2%) 

11 (23%) 
1 (2%) 

26 (55%) 
1 (2%) 

2 (4%) 
1 (2%) 

(47) 

(47) 

(49) 

5 (10%) 

(48) 

(46) 
16 (35%) 
43 (93%) 

20 (43%) 
1 (2%) 
1 (2%) 

21 (46%) 
13 (28%) 

1 (2%) 
34 (74%) 

7 (15%) 

(46) 

(46) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

~ ~~~~ ~ ~ ~~ ~~~ 

Vehicle Control Low Dose High Dose 

URINARY SYSTEM 
#Kidney 

Cyst, NOS 
Congestion, acute passive 
Hemorrhage 
Pyelonephritis, NOS 
Inflammation, acute focal 
Pyelonephritis, chronic 
Inflammation, chronic focal 
Nephropathy 
Infarct, healed 
Hyperplasia, tubular cell 
Metaplasia, osseous 

#Perirenal tissue 
Inflammation, chronic focal 

#Kidney/glomerulus 
Amyloidosis 

#Kidney/tubule 
Mineralization 
Dilatation, NOS 
Cytoplasmic vacuolization 
Atrophy, focal 

#Urinary bladder 
Cast, NOS 
Ulcer, acute 
Inflammation, acute focal 
Hyperplasia, epithelial 

Cast, NOS 
Hyperplasia, epithelial 

*Prostatic urethra 
Retention of content 
Cast, NOS 
Hemorrhage 
Hyperplasia, epithelial 

*Urethra 

(50) 
1 (2%) 

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

(50)  

(50) 

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

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

7 (14%) 

(46) 

(50) 

(50) 

3 (6%) 

(49) 

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

1 (2%) 

1 (2%) 

(49) 

(49) 

(49) 

1 (2%) 

1 (2%) 
(43) 

(50) 
4 (8%) 

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

(50) 

(50) 
1 (2%) 

1 (2%) 

(47) 
2 (4%) 

(50) 
4 (8%) 
2 (4%) 

3 (6%) 

(50) 

ENDOCRINE SYSTEM 

Cyst, NOS 
Hyperplasia, focal 

#Adrenal 
Cyst, NOS 

# AdrenaYcapsule 
Hyperplasia, focal 

#Adrenal cortex 
Hemorrhage 
Focal cellular change 
Cytoplasmic matrix alteration 
Hypertrophy, focal 
Hyperplasia, focal 

Cyst, NOS 
Hyperplasia, focal 

Follicular cyst, NOS 
Inflammation, acute focal 
Hyperplasia, focal 
Hyperplasia, follicular cell 

Hyperplasia, focal 

#Anterior pituitary 

#Adrenal medulla 

#Thyroid 

#Pancreatic islets 

(40) 

(49) 

(49) 

(49) 

2 (5%) 

3 (6%) 

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

(49) 

3 (6%) 

1 (2%) 
1 (2%) 

1 (2%) 

4 (8%) 

(50) 

(48) 

(44) 

(48) 

(48) 

(48) 

1 (2%) 
2 (5%) 

1 (2%) 

3 (6%) 

2 (4%) 

(48) 

(47) 
1 (2%) 

1 (2%) 
2 (4%) 

4 (9%) 
(47) 

1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(48) 

(46) 
3 (7%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

REPRODUCTIVE SYSTEM 
*Epididymal lumen 

Dilatation, NOS 
"Prepuce 

Polyp, NOS 
*Preputial gland 

Dilatation, NOS 
Abscess, NOS 
Inflammation, acute/chronic 
Inflammation, chronic 
Inflammation, chronic focal 
Inflammation, chronic diffuse 
Hyperplasia, NOS 
Hyperkeratosis 

Cast, NOS 
Lymphocytic inflammatory infiltrate 
Inflammation, acute focal 
Inflammation, acutekhronic 
Inflammation, chronic focal 

Mineralization 
Retention of content 
Cast, NOS 
Inflammation, chronic focal 

Lymphocytic, inflammatory infiltrate 

Inflammation, acute focal 
Hyperplasia, interstitial cell 

Atrophy, focal 

Inflammation, chronic focal 
Granuloma, spermatic 

#Prostate 

'Seminal vesicle 

#Periprostatic tissue 

#Testis 

#Testidtubule 

*Epididymis 

(50) 

(50) 

(50) 

1 (2%) 

4 (8%) 

2 (4%) 
5 (10%) 
1 (2%) 
6 (12%) 
1 (2%) 
5 (10%) 
3 (6%) 

1 (2%) 

2 (4%) 

2 (4%) 

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

(46) 

(50) 

(46) 

(47) 

(47) 

(50) 

2 (4%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 
2 (4%) 

2 (4%) 

15 (30%) 

12 (24%) 
1 (2%) 

(49) 

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

(49) 

(50) 
1 (2%) 

1 (2%) 
3 (6%) 

(50) 

(50) 
1 (2%) 

2 (4%) 

12 (24%) 

10 (20%) 
7 (14%) 

2 (4%) 
(50) 

(50) 

6 (12%) 

(50) 

(50) 

NERVOUS SYSTEM 
#Braidmeninges (50) (50) (50) 

#Braidthalamus (50) (50) (50) 

Lymphocytic inflammatory infiltrate 1 (2%) 
Inflammation, chronic focal 1 (2%) 

Mineralization 9 (18%) 12 (24%) 7 (14%) 

SPECIAL SENSE ORGANS 
*Eye 

Atrophy, diffuse 
*Eye/crystalline lens 

Cataract 
*Eye/lacrimal gland 

Inflammation, chronic focal 
*Nasolacrimal duct 

Hemorrhage 
Inflammation, acute 
Inflammation, acutekhronic 
Inflammation, chronic 

Hyperplasia, NOS 
Hyperplasia, focal 

*Harderian gland 

(50) 

(50) 

(50) 

(50) 

3 (6%) 

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

(50) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 

(50) 

~~ ~ 
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TABLE CS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

MUSCULOSKELETAL SYSTEM 
*Knee joint 

Ankylosis 
*Tarsal joint 

Ankylosis 
*Metatarsop halangeal 

Ankylosis 
*Skeletal muscle 

Inflammation, chronic focal 

(50) (50) (50) 

(50) (50) (50) 

(50) (50) (50) 

(50) (50) (50) 

26 (52%) 21 (42%) 20 (40%) 

11 (22%) 14 (28%) 9 (18%) 

1 (2%) 

1 (2%) 

BODY CAVITIES 

Hemorrhage 

Hermaphroditism 
Lymphocytic inflammatory infiltrate 
Inflammation, acutekhronic 
Inflammation, chronic focal 

Inflammation, acute focal 
Inflammation, chronic focal 
Necrosis, fat 1 (2%) 

*Mediastinum (50) 

*Abdominal cavity (50) 

*Mesentery (50) 

ALL OTHER SYSTEMS 
*Multiple organs (50) 

Lymphocytic inflammatory infiltrate 

SPECIAL MORPHOLOGY SUMMARY 
None 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically a t  this site 
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TABLE D1. SUMMARY O F  THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK 

Vehicle Control Low Dose High Dose 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Papilloma, NOS 
(50) 

RESPIRATORY SYSTEM 
#Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

(50) (49) (50) 
3 (6%) 1 (2%) 3 (6%) 
1 (2%) 2 (4%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, NOS 
Malignant lymphoma, histiocytic type 

Malignant lymphoma, NOS 

Malignant lymphoma, NOS 

Malignant lymphoma, NOS 

Malignant lymphoma, NOS 

"Subcutaneous tissue 

#Spleen 

#Jejunum 

#Ileum 

(50) 
15 (30%) 
1 (2%) 

(50) 

(50) 

(44) 

(44) 
1 (2%) 

(50) 
12 (24%) 
2 (4%) 

(50) 

(48) 

(40) 

(40) 
1 (3%) 

(50) 
14 (28%) 

(50) 

(50) 

(41) 

(41) 

1 (2%) 

1 (2%) 

CIRCULATORY SYSTEM 
#Liver 

#Uterus 
Hemangiosarcoma 

Hemangiosarcoma 

(50) 

(50) 

DIGESTIVE SYSTEM 
#Liver (50) (50) (50) 

Hepatocellular adenoma 2 (4%) 4 (8%) 4 (8%) 
Hepatocellular carcinoma 1 (2%) 1 (2%) 1 (2%) 
Alveolar/bronchiolar carcinoma, metastatic 1 (2%) 

Adenoma, NOS 1 (2%) 

Squamous cell papilloma 5 (11%) 1 (2%) 

Adenomatous polyp, NOS 1 (2%) 

Adenoma, dOS 1 (2%) 

#Glandular stomach (44) (45) (47) 

#Forestomach (44) (45) (47) 

#Pylorus (44) (45) (47) 

#Duodenal gland (44) (40) (41) 

URINARY SYSTEM 
None 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Adenoma, NOS 
#Adrenal 

Cortical adenoma 
#AdrenaUcapsule 

Adenoma, NOS 

Penicillin VK, NTP TR 336 132 



TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

~~ ~ 

ENDOCRINE SYSTEM (Continued) 

Follicular cell adenoma 

Islet cell adenoma 

#Thyroid 

#Pancreatic islets 

REPRODUCTIVE SYSTEM 
*Mammary gland 

#Uterus 
Squamous cell carcinoma 

Carcinoma, NOS 
Adenoma, NOS 
Adenocarcinoma, NOS 
Endometrial stromal polyp 

Granulosa cell tumor 
#Ovary 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 

Adenoma, NOS 
*Harderian gland (50) (50) (50) 

2 (4%) 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 
9 
3 

36 
2 

50 
15 
4 

31 

50 
8 
3 

32 
7 

~~ 

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 uncertain- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

benign or malignant 
Total uncertain tumors 

38 
52 
26 
29 
21 
23 

26 
32 
12 
15 
16 
16 

1 
1 

30 
40 
15 
19 
18 
20 

1 
1 

1 
1 

* Number of animals receiving complete pecropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically a t  this site 
##Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK: 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  
4 4 3 3 0 4 2 4 1 3 0 4 1 1 0 0 0 0 0 0 0 1 1 1 1  
9 4 9 3 1 6 4 7 6 4 8 5 9 4 2 3 4 5 6 7 9 0 1 2 3  

ANIMAL 
NUMBER 

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

Lung# and bronchi 

Trachea 

Bone marrow 
Spleen 
L mphnodes 
TKymus 

Heart 

Salivary gland 
Liver 

Alveolar/bmnchiolar adenoma 
Alveolar/bronchiolar carcinoma 

Hepatocdlular adenoma 
Hepatocellular carcinoma 
Hemangiosarcoma 

Bile duct 
Gallbladder & common bile duct 
Pancreas 

::C%:grl(l 
Squamous cell papilloma 

Menoma, NOS 
Malignant lymphoma, NOS 
Small intestins 

Larp intestine 

Kidney 
Urinary bladder 

Pituitary 
Manom. NOS 

Adrenal 
Thyroid 

Parathyroid 
Pancreatic i d e b  

Follicular call adenoma 

Islet cell adenoma 

Mammary gland 
UtsrUi 
Carcinoma NOS 
Adenoma kOS 
Manourhnoma, NOS 
Hemangiolamoma 

Ovary 

Brain 

Hardarian #land 
Manoma, NOS 

Multi 1eorg.ns NOS 
WaI&mnt lymphoma NOS 
Malignant lymphoma: histiocytic typa 

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

+ - - - + - - + + + + + + + + + + + + - + + + + +  

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

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

- -  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + N N N N + N + N + N + + + + + + + + + t N + +  
+ - - - -  + + + + + - - + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  + + - - -  + + - + - - + + + + + + + + + + + + + +  
+ + - - - + + - + + - - + + + + + + + + + + + + +  X X 

X . . . . . . . . . . . . . . . . . . . . . . . . .  
~~~ 

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

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

+ + - - -  + + + +  + - - + - - - - + + - + - + - -  
+ - - - - + + + + + - - + + + + + + + + + + + + +  

X 

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  
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 

+ : Tiuua e u m i n r d  micmlcopically -. h q u i m d  t iuua  not auminrd  microscopically 
i Tumor incidrnn 
N Necropsy, no autolyiis, no microscopic examination 
S: Animal missaxad 

: No tissua information submitted 
C Necropsy. no histology due to protocol 
k Autolyiii 
M Animal miiiing 
B: No necropny padormed 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma
Hemangiosarcoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Squamous cell papilloma
Small intestine

Adenoma, NOS
Malignant lymphoma, NOS

Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal
Thyroid

Folhcular cell adenoma
Parathyroid
Pancreatic islets

Islet cell adenoma

REPRODUCTIVE SYSTEM
Mammary gland
Uterus

Carcinoma, NOS
Adenoma, NOS
Adenocarcinoma, NOS
Hemangiosarcoma

Ovary

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Adenoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, NOS
Malignant lymphoma, histiocytic type

01 01 01 01 0 0 01 0 0 0 0 01 0 0 01 01 0 01 0 01 0 01 01 0 0
1 1 1 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 4 4 4 4 4 5
5| 7| 8| o| 1 2 3| 5 6 7 8 9| 0 1 2| 5| 6 7| 8 0| 1 2| 3| 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 4| 4 4| 4| 4| 4 4| 4| 4| 4| 4| 4| 4| 4 4 4 4 4 4 4 4| 4 4 4

- + + + - + + + - - + + + + + + -- + + - + + + +

-- + + + + + + - + + + + + + - + + - + + + + - +

X X

X

x x x
X

+ + + + + + + + + + + + + + + + + + + + + + + + +

X X X X X X

+ + + + + + + + + + + + + — + — — + + + + + + + +
X X X

X

+ + + + + + + + + + + + + + + + + + + + + + + + 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 X X

TOTAL:
TISSUES
TUMORS

50
3
1

37

49
50
45
37

50

47
50

2
1
1

50
•50
44
49
44
5

44
1
1

45

49
49

45
10
49
45
4

22
44
1

•50
49
1
1
1
1

47

49

•50
2

•50
15
1

* Animals necropsied
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK: LOW 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 0  
0 4 2 4 0 3 4 1 2 4 0 0 3 3 1 3 3 1 0 0 0 0 0 1 1  
3 8 5 3 5 9 5 1 6 1 2 7 1 2 0 0 8 8 1 4 6 8 9 2 3  

NUMBER 

a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1  
5 5 7 7 8 8 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0  
4 5 5 7 4 8 0 1 1 2 5 7 7 7 9 9 0 1 4 4 4 4 4 4 4  

Skin 
Papilloma. NOS 

Lunp and bronchi 

Trachea 
Alveolar/bronchiolar adenoma 

Bone marrow 
Spleen 
L mphnodes 
Ttyrnus 

Heart 

Salivary gland 
Liver 

Bile duct 
Oallbladder 8 common bile duct 
Pa n c re a s 

M 

Hepatocellular adenoma 
Hepatocellular camnoma 

2:;% 
Squamous cell papilloma 

Malignant lymphoma, NOS 
Small intastine 

Large intestine 

Kidney 
Unnary bladder 

Rturtary 

Mnnal 
Thymid 

Parathy mid 

Adenoma, NOS 

Follicular cell adenoma 

Mammary gland 
Utema 

?Zuloaa cell tumor 

Brain 

Harderian gland 
Adenoma, NOS 

ALL O T m E m m U s  
Multiple organs NOS 

ANS 

Malignant lymphoma, NOS 
Malignant lymphoma histiocytic type 

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

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

~ 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N + + N N N N + N N + + N + + + + + + +  
+ - - - + - + - - - + + + - -  + + + + + + + + + +  
+ + + - + + e + + + + + + + - + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

x x  

X 
+ - - + + - + - - - + - + + - + - + + + + + + + +  
- -  + + + - + - - - + + + + - + + + + + + + t + +  

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

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

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

X X 

X X 

+ + N N + N N + + + N + + + N N + + + + + + t i + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
- + + + + + + t + - -  + + + + + + + + + + + + + +  

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 

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 
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TABLE D% INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 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 0  
1 1 1 1 1 2 2 2 2 2 2 2 2 3 3 3 3 3 4 4 4 4 4 4 5  
4 5 7 8 9 0 1 2 3 4 7 8 9 3 4 5 6 7 0 2 4 6 7 9 0  

ANIWAL 
KUMBER 

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  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

WEEKS ON 
STUDY 

Skm 
Papilloma, NOS 

Lunp and bronchi 

Trachea 

Bane marrow 
Spleen 
L mphnodes 
TKyrnus 

Alveolar/bronchiolar adenoma 

Heart 

Salivary gland 
Liver 

Bile duct 
Gallbladder & common bile duct 
Pancmas 

Hepatocellular adenoma 
Hepatocellular carcinoma 

E:%r 
Squamous cell papilloma 

Malipant iymphoma. NOS 
Small intestine 

Largn intestine 

Kidney 
Urinary bladder 

Pituitary 

Thyroid 

Parathyroid 

Adenoma. NOS 

Follicular cell adenoma 

AdlWlAl 

Mammary gland 
Utenu  

%Zulosa cell tumor 

Brain 

ANS 
Harderian gland 
Adenoma, NOS 

Multi Isorgana NOS 
Malfananl lydphoma NOS 
Malignant lymphoma: histiocytic type 

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

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

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

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

X . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + N + + + + + N + + + + + t + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
- + - - - + + + + - - + + - - - + + t - - + + + -  

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  
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 

TOTAL: 
TISSUES 
RTMORS 

'50 
1 

49 
1 

30 

47 

47 
39 

50 

4a 

48 
50 
4 
1 

50 
'50 
41 
47 
45 
1 

40 
1 

42 

49 
45 

44 
4 

46 
43 

2 
22 

'50 
47 
45 
1 

50 

'50 
2 

'50 
12 
2 

Animals necropsied 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF PENICILLIN VK: 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 0  
0 4 1 2 1 4 3 2 2 3 0 1 3 0 1 1 0 3 0 0 0 0 0 1 1  
5 0 4 5 3 1 1 6 2 8 4 6 3 , 2 1 0 9 5 1 3 6 7 8 2 5  

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

NUMBER 

M 
Subcutaneous tissue 

Malignant lymphoma, NOS 
RESPIUTTFRTWPEM 
Lungs and bronchi 

Trachea 

Bone m a m w  
Spleen 

L mphnodes 
TKymus 

Heart 

Salivary gland 
Liver 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar camnoma 

Malignant lymphoma, NOS 

M 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Alveolarhronchiolar carcinoma. metastatic 

Bile duct 
Gallbladder 8 common bile duct 
Pancreas :;:::,, 

Adenoma, NOS 
Adenomatous polyp, NOS 

Small intestine 
Large intestine 

Kidney 
Unnary bladder 

PltUltary 

M 

Adenoma, NOS 
Adenoma, NOS 
Cortical adenoma 

Adrenal 

Thyroid 
Parathyroid 

Mammary gland 

Uterus 

%Loss cell tumor 

Brain 

Squamous cell carcinoma 

Endometnal stromal polyp 

A N S  
Harderian gland 

Adenoma. NOS 

Multiple organs. NOS 
Malignant lymphoma, NOS 

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

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

X + + - + - + + + + - + + + + + + + + - + - + - + -  

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

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

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

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

X . . . . . . . . . . . . . . . . . . . . . . . . .  
+ N N + + + N N N N N N N -t N + + + N + N + + i- N - + - + + + + - + - + + - -  + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
t - - + + + + + + - + + + + + + + t + t + + + + +  

X 

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

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

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

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

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

+ 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  x x x  X 

Penicillin VK, NTP TR 336 138 



TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 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 0  
1 1 1 2 2 2 2 2 2 2 3 3 3 3 3 3 4 4 4 4 4 4 4 4 5  
7 8 9 0 1 3 4 1 8 9 0 2 4 8 7 9 2 3 4 5 6 7 8 9 0  

&IblAL 
NUMBER 

r l l l l l l l l l l l l l l l l l l l l l l l l  
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 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

Subcutaneous tissue 
Malignant lymphoma, NOS 

L u n p  and bronchi 
Alveolar/bmnchiolar adrnoma 
Alveolar/bronchiolar carcinoma 

Trachsa 

Bone marrow 
Spleen 

L mphnodes 
TKymus 

Malignant lymphoma, NOS 

Heart 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Alveolar/bronchiolar carcinoma. metastr 

Bile duct 
Gallbladder 8 common bile duct 
Pancreas 
Esophagus 

Large intastine 

Kidney 
Urinary bladder 

Pituitary 

Adrenal 

Thyroid 
Parathyroid 

Mammary gland 

Uterus 

%Zulosa cell tumor 

Adenoma, NOS 
Adenoma NOS 
Cortical idenoma 

Squamous cell carcinoma 

Endometrial stromal polyp 

Brain 

Harderian gland 
Adenoma. NOS 

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

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

+ - + + + - + - - + + - + + + - + + + - + + - + -  X 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + - - + + + + - t - + + + - + + - + + + +  

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ N + + + N + + + + + + + + + + + + + + N + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

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 

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 
Multiple organa. NOS 

Malignant lymphoma. NOS 
I 

* Animals necropsied 

mu: 
'ISSUES 
'UMORS 

'50 
1 

50 
3 
2 

34 

50 
so 
1 

48 
35 

50 

49 
50 
4 
1 
1 

50 
'50 
43 
46 
47 
1 
1 

41 
46 

50 
50 

43 
6 

48 
1 
1 
43 
23 

'50 
1 

50 
1 

40 
1 

50 

*J0 
1 

'50 
14 
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TABLE D3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
O F  PENICILLIN VK 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 7.4% 
Terminal Rates (c) 0136 (0%) 
Week of First Observation 95 
Life Table Tests (d) P=0.540 
Incidental Tumor Tests (d) P=0.474 
Cochran-Armitage Trend Test (d) P = 0.593 
Fisher Exact Test (d) 

Lung: AlveolarlBronchiolar Adenoma or Carcinoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 9.9% 
Terminal Rates (c) 0136 (0%) 
Week of First Observation 95 
Life Table Tests (d) P=0.366 
Incidental Tumor Tests (d) P=0.340 
Cochran-Armitage Trend Test (d) P = 0.421 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 17/50 (34%) 
Adjusted Rates (b) 38.5% 
Terminal Rates (c) 10136 (28%) 
Week of First Observation 43 
Life Table Tests (d) P=O.479 
Incidental Tumor Tests (d) P = 0.382N 
Cochran-Armitage Trend Test (d) P=0.457N 
Fisher Exact Test (d) 

Liver: Hepatocellular 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%) 
5.6% 
2/36 (6%) 
104 
P = 0.222 
P=O.222 
P = 0.274 

Liver: Hepatocellular Adenoma or  Carcinoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 8.3% 
Terminal Rates (c) 3/36 (8%) 
Week of First Observation 104 
Life Table Testa (d) P=0.358 
Incidental Tumor Testa (d) P = 0.358 
Cochran-Armitage Trend Test (d) P = 0.424 
Fisher Exact Test (d) 

Forestomach: Squamous Cell Papilloma 
Overall Rates (a) 5/44 ( 11 %) 
Adjusted Rates (b) 13.1% 
Terminal Rates (c) 4/36 (11%) 
Week of First Observation 80 
Life Table Tests (d) P=0.015N 
Incidental Tumor Tests (d) P = 0.004N 
Cochran-Armitage Trend Test (d) P = 0.009N 
Fisher Exact Test (d) 
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1/49 (2%) 
3.1% 
1/32 (3%) 
104 
P=0.343N 
P=0.273N 

P = 0.316N 

1/49 (2%) 
3.1% 
1/32 (3%) 
104 
P=0.219N 
P =  0.139N 

P=O.l87N 

15/50 (30%) 
37.3% 
9/32 (28%) 
54 
P=0.51 €N 
P=0.290N 

P=0.415N 

4/50 (8%) 
12.5% 
4/32 (13%) 
104 
P = 0.283 
P=0.283 

P = 0.339 

4/50 (8%) 
12.5% 
4/32 (13%) 
104 
P-0.435 
P=0.435 

P = 0.500 

1/45 (2%) 
2.2% 
0132 (0%) 
84 
P =0.122N 
P = 0.084N 

P=0.096N 

3/50 (6%) 
9.4% 
3/32 (9%) 
104 
P=0.603 
P=0.501 

P=0.661 

5/50(10%) 
14.6% 
4/32 (13%) 
81 
P=0.433 
P = 0.386 

P = 0.500 

16/50 (32%) 
40.3% 
9/32 (28%) 
61 
P = 0.516 
P=0.452N 

P=0.500N 

4/50 (8%) 
12.5% 
4/32(13%) 
104 
P=0.283 
P = 0.283 

P=0.339 

4/50 (8%) 
12.5% 
4/32(13%) 
104 
P = 0.435 
P=0.435 

P = 0.500 

0147 (0%) 
0.0% 
0/32 (0%) 

P = 0.044N 
P=0.023N 

P=0.024N 



TABLE D3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF PENICILLIN VK (Continued) 

Vehicle Control 500 m g k g  LO00 mg/kg 

Anterior Pituitary Gland: Adenoma 
Overall Rates (a) 1014s (22%) 
Adjusted Rates (b) 29.4% 
Terminal Rates (c) 10/34 (29%) 
Week of First Observation 104- 
Life Table Testa (d) P= 0.271N 
Incidental Tumor Tests (d) P=0.224N 
Cochran-Armitage Trend Test (d) P=0.171N 
Fisher Exact Test (d) 

Overall Rates (a) 4/45 (9%) 
Adjusted Rates (b) 12.1% 
Terminal Rates (c) 4/33 (12%) 
Week of First Observation 104 
Life Table Tests (d) P = 0.047N 
Incidental Tumor Tests (d) P = 0.047N 
Cochran-Armitage Trend Test (d) P= 0.041N 
Fisher Exact Test (d) 

Thyroid Gland: Follicular Cell Adenoma 

Uterus: Adenoma, Adenocarcinoma, or Carcinoma 
Overall Rates (a) 3/49 (6%) 
Adjusted Rates (b) 8.3% 
Terminal Rates (c) 3/36 (8%) 
Week of First Observation 104 
Life Table Testa (d) P = 0.047N 
Incidental Tupor Tests (d) P = 0.047N 
Cochran-Armitage Trend Test (d) P=0.037N 
Fisher Exact Test (d) 

All Sites: Benign 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: 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 td) 
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 Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

26/50 (52%) 
64.8% 
22/36 (61%) 
80 
P =0.035N 
P=0.017N 
P =0.014N 

21/50 (42%) 
47.1% 
13/36 (36%) 
43 
P=0.466N 
P=0.237N 
P = 0.302N 

38/50 (76%) 
84.3% 
29/36 (81%) 
43 
P=0.241N 
P=0.053N 
P=0.061N 

141 

4/44 (9%) 
12.1% 
3/30 (10%) 
91 
P=O.lOSN 
P=0.072N 

P = 0.078N 

2/43 (5%) 
6.9% 
2/29 (7%) 
104 
P=0.397N 
P = 0.397N 

P=0.360N 

0147 (0%) 
0.0% 
013 1 (0%) 

P = 0.148N 
P =  0.148N 

P = 0.129N 

12/50 (24%) 
32.9% 
9/32 (28%) 
84 
P =0.012N 
P=0.002N 

P=0.004N 

16/50 (32%) 
40.1% 
10132 (31%) 
54 
P =0.319N 
P = 0.129N 

P = 0.204N 

26/50 (52%) 
63.6% 
18/32 (56%) 
54 
P = 0.075N 
P = 0.005N 

Pt0.011N 

6/43 (14%) 
22.2% 
6/27 (22%) 
104 
P=0.368N 
P=0.368N 

P =0.234N 

0143 (0%) 
0.0% 
0130 (0%) 

P = 0.075N 
P = 0.075N 

P = 0.064N 

0150 (0%) 
0.0% 
0/32 (0%) 

P=0.142N 
P = 0.142N 

P = 0.1 17N 

15/50 (30%) 
46.9% 
15/32 (47%) 
104 
P = 0.049N 
P=0.045N 

P=0.021N 

18/50 (36%) 
44.3% 
10/32 (31%) 
61 
P = 0.508N 
P=0.289N 

P=0.341N 

30150 (60%) 
74.7% 
22/32 (69%) 
61 
P =0.281N 
P=0.096N 

P=0.067N 
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TABLE D& ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF PENICILLIN VK (Continued) 

(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 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 P 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 
teat  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). 
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TABLE D4. HISTORICAL INCIDENCE OF GLANDULAR STOMACH TUMORS IN FEMALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence of Adenomas in Vehicle Controls 

Historical Incidence at Springborn Institute for Bioresearch, Inc. 

Ampicillin trihydrab 0147 (0%) 

Overall Historical Incidence 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

(b) 2/1,709 (0.1%) 
0.47% 

1/50 
0150 

(a) Data as of August 7,1986, for studies of at least 104 weeks 
(b) Includes one adenomatmu polyp; no malignant tumors have been observed; one adenomatous polyp of the pylorus was also 
observed. 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
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TABLE DS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK 

Vehicle Control Low Dose High Dose 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Ulcer, acute 
Inflammation, active chronic 
Inflammation, chronic focal 
Inflammation, chronic diffuse 
Fibrosis, focal 
Parasitism 
Pigmentation, NOS 
Hyperplasia, epithelial 
Hyperkeratosis 

*Subcutaneous tissue 
Foreign body, NOS 
Inflammation, acutehhronic 
Abscess, chronic 
Necrosis, fat 

(50) (50) 

1 (2%) 

(50) 

1 (2%) 

1 (2%) 

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

RESPIRATORY SYSTEM 
*Nasal cavity (50) (50) (50) 

Hemorrhage 3 (6%) 1 (2%) 
Inflammation, acute focal 18 (36%) 16 (32%) 9 (18%) 
Inflammation, acutekhronic 8 (16%) 3 (6%) 
Foreign material, NOS 23 646%) 17 (34%) 7 (14%) 

Dilatation, NOS 1 (2%) 

Hemorrhage 1 (2%) 
Crystals, NOS 1 (2%) 

Inflammation, acute focal 1 (3%) 

Lymphocytic inflammatory infiltrate 1 (3%) 
Inflammation, chronic focal 1 (3%) 

Congestion, acute passive 2 (4%) 2 (4%) 4 (8%) 
Edema, NOS 1 (2%) 
Hemorrhage 5 (10%) 1 (2%) 3 (6%) 
Lymphocytic inflammatory infiltrate 5 (10%) 2 (4%) 
Inflammation, acute focal 1 (2%) 1 (2%) 
Inflammation, acutekhronic 1 (2%) 1 (2%) 
Inflammation, chronic focal 2 (4%) 2 (4%) 
Inflammation, granulomatous focal 1 (2%) 
Foreign mgterial. NOS 1 (2%) 2 (4%) 
Hyperplasia, alveolar epithelium 1 (2%) 
Histiocytosis 1 (2%) 

*Nasal gland (50) (50) (50) 

*Nasal turbinate (50) (50) (50) 

#Trachea (37) (30) (34) 

#Tracheal submucosa (37) (30) (34) 

#Lung (50) (49) (50) 

HEMATOPOIETIC SYSTEM 
*Multiple organs (50) (50) (50) 

#Bone marrow (49) (47) (50) 
Hyperplasia, lymphoid 6 (12%) 7 (14%) 1 (2%) 

Hyperplasia, focal 1 (2%) 
Myelofibrosis 1 (2%) 
Hyperplasia, hematopoietic 21 (43%) 23 (49%) 13 (26%) 

Penicillin VK, NTP TR 336 144 



TABLE DS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Spleen 

Hemosiderosis 
Atrophy, diffuse 
Leukemoid reaction 
Hyperplasia, hematopoietic 
Hyperplasia, lymphoid 

#Lymph node 
Hyperplasia, lymphoid 

#Mandibular lymph node 
Inflammation, acutekhronic 
Plasmacytosis 
Hyperplasia, lymphoid 

Hyperplasia, lymphoid 

Hyperplasia, lymphoid 

Hemorrhage 
Inflammation, acute diffuse 
Abscess, NOS 
Inflammation, acutekhronic 
Amyloidosis 
Histiocytosis 
Hyperplasia, lymphoid 

#Renal lymph node 
Hyperplasia, lymphoid 

#Thymic lymph node 
Hemorrhage 
Inflammation, acutekhronic 
Histiocytosis 
Hyperplasia, lymphoid 

+Cortex of bone 
Myelofibrosis 

#Lung 
Hyperplasia, lymphoid 

#Salivary gland 
Hyperplasia, lymphoid 

#Liver 
Leukemoid reaction 
Hyperplasia, lymphoid 
Hematopoiesis 

ROvarylparovarian 
Hyperplasia, lymphoid 

#Adrenal 
Hematopoiesis 

#Thymus 
Inflammation, acute/chronic 
Hyperplasia, lymphoid 

#Bronchial lymph node 

#Pancreatic lymph node 

#Mesenteric lymph node 

a (16%) 
9 (18%) 

1 (2%) 

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

(45 ) 

(45) 

(45) 

(45) 

(45) 
1 (2%) 

1 (2%) 

(48) 
1 (2%) 
1 (2%) 
6 (13%) 
1 (2%) 
7 (15%) 

(47) 

(47) 
1 (2%) 
1 (2%) 
4 (9%) 

1 (2%) 
(47) 

(47) 

(47) 

1 (2%) 
1 (2%) 

(50) 

1 (2%) 
1 (2%) 

1 (2%) 

(50) 

(50) 

(47) 

(50) 

17 (34%) 

2 (4%) 

1 (2%) 
5 (10%) 

1 (2%) 

1 (2%) 

1 (3%) 
4 (11%) 

(47) 

(49) 

(37) 

2 (4%) 
(47) 

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

1 (2%) 

21 (42%) 
(50) 

(49) 

(48) 

(50) 
2 (4%) 

CIRCULATORY SYSTEM 
#Heart (60) 

#Myocardium (50) 

#Cardiac valve (50) 

+Pulmonary artery (50) 

Lymphocytic inflammatory infiltrate 

Inflammation, chronic focal 
Degeneration, NOS 2 (4%) 

Pigmentation, NOS 

Inflammation, acutekhronic 
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TABLE DS. SUMMARY OF THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

DIGESTIVE SYSTEM 
*Tooth 

Dysplasia, NOS 
*Pulp of tooth 

Abscess, NOS 
#Salivary gland 

Cyst, NOS 
Lymphocytic inflammatory infiltrate 
Inflammation, acute focal 
Fibrosis, multifocal 

Inflammation, acute 
Inflammation, chronic focal 
Necrosis, focal 
Basophilic cyto change 
Focal cellular change 
Cell size alteration 

Hyperplasia, diffuse 

Cytoplasmic vacuolization 
Hyperplasia, focal 

*Gallbladder 
Eosinophilic cyto change 

#Pancreas 
Ectopia 
Dilatatiodducts 
Cyst, NOS 
Lymphocytic inflammatory infiltrate 
Inflammation, chronic focal 

Cytoplasmic vacuolization 
Focal cellular change 
Atrophy, focal 
Hyperplasia, focal 

#Peripancreatic tissue 
Necrosis, fat 

#Gastric fundal gland 
Dilatation, NOS 
Eosinophilic cyto change 

#Glandular stomach 
Cyst, NOS 
Inflammation, acute focal 
Inflammation, chronic focal 
Fibrosis 
Hyperplasia, epithelial 
Squamous metaplasia 

Inflammation, acute focal 
Inflammation, chronic focal 
Hyperplasia, epithelial 
Hyperkeratosis 

#Jejunal submucosa 
Amyloidosis 

#Ileal mucosa 
Amyloidosis 

#Ileal submucosa 
Amyloidosis 

*Rectum 
Lymphocytic inflammatory infiltrate 

#Liver 

#Liver/Kupffer cell 

#Liver/hepatocytes 

#Pancreatic acinus 

#Forestomach 

(50) 

(50) 

(47) 

23 (46%) 

1 (2%) 
(50) 

7 (14%) 

3 (6%) 
(50) 

(50) 
1 (2%) 

(50) 

(44) 

1 (2%) 
1 (2%) 

1 (2%) 
3 (7%) 

(44) 

(44) 

(44) 
1 (2%) 
3 (7%) 

(44) 

(44) 

3 (7%) 
2 (5%) 

(44) 

(44) 

(44) 

(50) 

3 (7%) 

(50) 

(50) 

(48) 

31 (62%) 

1 (2%) 

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

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

1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

(41) 
2 (5%) 

1 (2%) 

(41) 

3 (7%) 
1 (2%) 

1 (2%) 

5 (11%) 
34 (76%) 

5 (11%) 
2 (4%) 

10 (22%) 
2 (4%) 

19 (42%) 
1 (2%) 

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

(41) 

(45) 

(45) 

(45) 

(40) 

(40) 

(40) 

(50) 

(50) 

(50) 

(49) 

27 (54%) 

2 (4%) 

(50) 

9 (18%) 
3 (6%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

1 (2%) 

2 (4%) 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(43) 

(43) 

(43 ) 

(47) 
13 (28%) 
41 (87%) 

15 (32%) 
2 (4%) 

30 (64%) 
11 (23%) 
38 (81%) 
5 (11%) 

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

1 (2%) 

2 (5%) 

4 (10%) 

1 (2%) 

(47) 

(47) 

(41) 

(41) 

(41) 

(50) 
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TABLE DI. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

URINARY SYSTEM 
#Kidney 

Lymphocytic inflammatory infiltrate 
Pyelonephritis, acute 
Inflammation, acutdchronic 
Pyelonephritis, chronic 
Nephropathy 
Infarct, healed 
Amyloidosis 

#Perirenal tissue 
Cyst, NOS 
Inflammation, acutelchronic 

# Kidneykubule 
Atrophy, focal 

#Urinary bladder 
Lymphocytic inflammatory infiltrate 

#Urinary bladderlmucosa 
Hyperplasia, diffuse 

(49) 
3 (6%) 

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

(49) 

(49) 

(45) 

(45) 
1 (2%) 

(50) 

(50) 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Hemorrhage 
Hyperplasia, focal 
Angiectasis 

#Adrenal 
Angiectasis 

# AdrenaUcapsule 
Hyperplasia, NOS 

#Adrenal cortex 
Focal cellular change 
Hypertrophy, focal 
Hyperplasia, focal 

#Adrenal medulla 
Amyloidosis 

#Thyroid 
Follicular cyst, NOS 
Inflammation, multifocal 
Inflammation, chronic focal 
Hyperplasia, follicular cell 

Ectopia 
Hyperplasia, focal 

#Pancreatic islets 

(45) 
1 (2%) 
9 (20%) 
3 (7%) 

(49) 

(49) 

(49) 
1 (2%) 

2 (4%) 
1 (2%) 

1 (2%) 
(49) 

(45) 

7 (16%) 

1 (2%) 
1 (2%) 

(44) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

*Vagina 
Hyperplasia, cystic 

Inflammation, acute focal 
Inflammation, chronic diffuse 
Hyperplasia, epithelial 
Dysplasia, NOS 

Abscess, NOS 
Angiectasis 

Inflammation, acutelchronic 
Inflammation, chronic focal 

XUterdendometrium 
Inflammation, acute focal 
Hyperplasia, focal 

#Uterus 

#Cervix uteri 

1 (2%) 
1 (2%) 

(49) 

2 (4%) 

1 (2%) 
(49) 

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

(47) 

(47) 
5 (11%) 

(50) 

(50) 
1 (2%) 

2 (4%) 
1 (2%) 

1 (2%) 

3 (6%) 
2 (4%) 

(50) 

Penicillin VK, NTP TR 336 



TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Ve h i d e  Control Low Dose High Dose 

REPRODUCTIVE SYSTEM 
XUterudendometrium (Continued) 

Hyperplasia, cystic 
Metaplasia, squamous 

#Endometrial gland 
Cyst, NOS 
Hemorrhage 

#Ovary/parovarian 
Lymphocytic inflammatory infiltrate 
Inflammation, acute diffuse 
Inflammation, granulomatous focal 

Cyst, NOS 
Parovarian cyst 
Hemorrhagic cyst 
Abscess, NOS 
Inflammation, chronic focal 
Necrosis, focal 
Angiectasis 

#Ovary 

(49) 
39 (80%) 

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

(47) 

(47) 
4 (9%) 
3 (6%) 

1 (2%) 

1 (2%) 
1 (2%) 

(47) 

(47) 

34 (72%) 
2 (4%) 

(45) 

1 (2%) 

9 (20%) 
2 (4%) 

7 (16%) 

(45) 

(50) 
32 (64%) 
1 (2%) 

(50) 

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

(48) 
7 (15%) 
6 (13%) 
2 (4%) 
1 (2%) 
1 (2%) 

NERVOUS SYSTEM 
#Brain/thalamus 

Mineralization 
*Facial nerve 

Inflammation, chronic 

(49) (50) (50) 

(50) (50) (50) 
14 (29%) 1 (2%) 18 (36%) 

1 (2%) 

SPECIAL SENSE ORGANS 
*Harderian gland 

Inflammation, chronic focal 
Hyperplasia, focal 

MUSCULOSKELETAL SYSTEM 

Inflammation, chronic focal 

Inflammation, acute focal 

*Knee joint 

*Abdominal muscle 

(50) 

(50) 

BODY CAVITIES 

Hemorrhage 
Lymphocytic inflammatory infiltrate 
Inflammation, acute focal 
Inflammation, acute/chronic 
Inflammation, granulomatous focal 
Foreign material, NOS 

Cyst, NOS 
Inflammation, acute focal 
Inflammation, acute/chronic 

Inflammation, acute focal 
Inflammation, acutekhronic 

Inflammation, chronic focal 

Inflammation, chronic focal 
Necrosis, fat 

*Mediastinurn 

'Abdominal cavity 

*Pleura 

*Pericardium 

*Mesentery 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

1 (2%) 

1 (2%) 
(50) 

(50) 

4 (8%) 

1 (2%) 
1 (2%) 

1 (2%) 

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

(50) 

(50) 

(50) 

(50) 

4 (8%) 

(50)  
1 (2%) 

2 (4%) 

(50) 

(50) 
2 (4%) 

(50) 

(50) 
1 (2%) 
4 (8%) 
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TABLE DS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF PENICILLIN VK (Continued) 

Vehicle Control Low Dose High Dose 

ALL OTHER SYSTEMS 
*Multipie organs (50) (50) (50) 

Lymphocytic inflammatory infiltrate 1 (2%) 1 (2%) 
Inflammation, acute focal 4 (8%) 1 (2%) 
Inflammation, acute/chronic 1 (2%) 1 (2%) 
Inflammation, chronic focal 2 (4%) 

SPECIAL MORPHOLOGY SUMMARY 
None 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically a t  this site 
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TABLE El .  MUTAGENICITY OF PENICILLIN VK IN SALMONELLA TYPHlMURlUM (a) 

Revertantslplate (b) 
Strain Dose - s9 t S9 (hamster) tS9 (rat) 

(pdplate) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 

TA100 0 
100 
333 

1,000 
3,333 

10,000 

Trial summary 
Positive 
control (c) 

TA1535 0 
10 
33 

100 
333 

1,000 
3,333 

10,000 

Trial summary 
Positive 
control (c) 

TA1537 0 
10 
33 

100 
333 

1,000 
3,333 

10.000 

Trial summary 
Positive 
control (c) 

TA98 0 
100 
333 

1,000 
3,333 

10,000 

Trial summary 
Positive 
control (c) 

197 f 13.9 
187 f 4.6 
177 f 9.9 
168 f 10.2 
164 f 2.9 
166 f 8.3 

Negative 

985 f 74.1 

4 f 1.2 _ _  
-. 

3 f 0.3 
4 f 0.6 

Toxic 
0 f 0.0 
0 f 0.0 

Negative 

961 f 154.4 

5 f 1.5 
-- 
-_ 

3 f 0.6 
3 f 0.6 

Toxic 
0 f 0.0 
0 f 0.0 

Negative 

176 f 25.7 

22 f 1.9 
24 f 0.9 
25 f 1.0 
17 f 2.3 
14 f 0.7 
16 f 3.5 

Negative 

311 f 13.8 

135 f 20.7 
111 f 13.1 
109 f 6.9 
98 f 9.5 
98 f 7.0 
93 f 10.5 

Negative 

650 f 34.8 

6 f 1.0 
7 f 0.7 
6 f 1.2 
3 f 0.9 
3 f 1.5 
0 f 0.0 

-_  
_ _  

Negative 

153 f 18.9 

4 f 1.2 
6 f 1.2 
3 f 0.9 
2 f 0.3 
3 f 0.9 
Toxic 

Negative 

43 f 2.3 

19 f 1.8 
15 f 2.6 
15 f 3.0 
12 f 1.2 
14 f 1.2 
10 f 2.2 

Negative 

309 f 16.2 

255 f 30.2 
265 f 8.7 
267 f 6.7 
246 f 14.5 
213 f 4.5 
190 f 9.2 

Negative 

2,292 f 47.1 

9 f 0.9 _ _  _ _  
8 f 0.9 
3 f 0.6 

Toxic 
0 f 0.0 
0 k 0.0 

Negative 

229 f 7.2 

6 f 0.3 _ _  _ _  
3 f 0.3 
2 f 0.3 

Toxic 
0 f 0.0 
0 f 0.0 

Negative 

131 f 14.6 

28 f 5.1 
27 f 1.5 
35 f 2.3 
37 f 3.7 
33 f 2.8 
35 f 4.7 

Negative 

1,882 f 152.6 

130 f 3.6 
144 f 5.5 
135 f 4.9 
111 f 6.9 
119 f 5.1 
102 f 3.3 

Negative 

2,474 f 27.6 

10 k 0.9 
11 f 0.7 
11 f 0.3 
8 f 0.7 
2 f 0.6 
0 f 0.0 _ _  _ _  

Negative 

81 f 4.2 

7 f 1.8 
9 f 0.7 
9 f 1.0 
6 f 1.7 
2 f 0.0 

Toxic _ _  
-_  

Negative 

87 f 4.6 

24 f 2.6 
21 f 1.2 
24 f 3.8 
26 f 4.5 
19 f 4.4 
11 f 1.9 

Negative 

1,729 f 65.6 

279 f 21.0 
272 f 19.5 
300 f 15.0 
244 f 9.7 
267 f 6.4 
267 f 14.0 

Negative 

1,509 f 48.0 

8 f 1.3 

7 f 0.6 
2 f 0.0 
Toxic 
0 f 0.0 
0 f 0.0 

Negative 

290 f 23.7 

6 f 0.7 _- _ _  
5 f 0.0 
2 f 0.6 
Toxic 
0 f 0.0 
0 f 0.0 

Negative 

148 f 11.9 

36 f 5.8 
32 f 4.8 
35 f 1.5 
37 1.8 
36 f 4.0 
30 f 2.8 

Negative 

827 f 37.6 

144 f 3.5 
135 f 3.8 
141 f 8.4 
116 f 6.8 
129 f 5.2 
118 f 10.5 

Negative 

808 f 59.0 

10 f 1.2 
7 f 0.7 
5 k 0.0 

12 f 1.7 
6 f 2.3 
2 f 0.3 _ _  _ _  

Negative 

36 f 7.5 

7 k 0.7 
11 f 0.3 
12 k 1.5 
11 k 2.7 
4 f 1.2 
3 f 1.5 _ _  

_- 

Negative 

40 f 5.8 

23 k 1.8 
23 f 2.7 
25 f 4.3 
20 f 2.2 
22 f 0.3 
20 f 1.5 

Negative 

466 f 47.6 

(a) Study performed a t  Case Western Reserve University. The detailed protocol is presented in Haworth et al. (1983). Cells and 
study compound or solvent (distilled water) 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 was limited by toxicity 
or solubility but did not exceed 10 mg/plate; 0 pg/plate dose is the solvent control. 
(b) Revertants are presented a s  mean f standard error from three plates. 
(c) Positive control; 2-aminoanthracene was used on all strains in the presence of S9. In the absence of metabolic activation, 4- 
nitro-o-phenylenediamine was used with TA98, sodium azide was used with TA100 and TA1535, and 9-aminoacridine was used 
with TA1537. 
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TABLE Ea. MUTAGENICITY OF PENICILLIN VK AND PENICILLIN V IN MOUSE L5178Y LYMPHOMA 
CELLS (4b) 

Cloning Relative Mutant Mutant 
Compound Concentration Efficiency Total Growth Count Fraction (c) 

(pg/ml) (percent) (percent) 

PENICILLIN VK-Study performed at Litton Bionetics, Inc. 

- 59 

Trial 1 

Distilled water (d) 

Penicillin VK 

Ethyl rnethanesulfonate 

Trial 2 

Distilled water (d) 

Penicillin VK 

Ethyl rnethanesulfonate 

+S9 (induced) (D 

Trial 1 

Distilled water (d) 

Penicillin VK 

Methylcholanthrene 

Trial 2 

Distilled water (d) 

Penicillin VK 

500 
1,000 
2,000 
3,000 
4,000 
5,000 

500 

500 
1,000 
2,000 
3,000 
4,000 
5,000 

500 

(g) 125 
(g) 250 
(h) 500 

1,000 
1,500 
2,000 
3,000 

5 

250 
500 

1,000 
1,500 

(i) 2;000 
2,500 

Methylcholanthrene 5 

99.0 f 5.8 

87.3 f 7.2 
91.3 f 3.8 
86.7 f 3.0 
83.0 f 6.4 
81.0 f 3.5 
92.7 f 6.1 

23.0 f 3.6 

101.5 f 6.2 

102.7 f 7.0 
88.7 f 1.2 

100.7 f 10.8 
95.3 f 9.0 

101.0 f 6.2 
92.7 f 7.5 

12.0 f 0.6 

87.5 f 2.6 

80.5 f 0.5 
76.5 f 4.5 
97 
75.7 f 3.3 
95.3 k 7.9 
76.0 f 4.7 

Lethal 

28.3 f 1.9 

102.3 f 4.2 

84.0 f 2.6 
74.0 f 3.8 
75.0 f 10.0 
76.0 f 7.0 
61 

Lethal 

23.0 f 0.6 

153 

100.0 f 6.7 

78.7 f 4.4 
68.0 f 6.0 
65.3 f 9.3 
73.3 f 4.4 
66.0 f 2.1 
69.0 f 3.5 

6.0 f 0.6 

100.0 f 8.2 

76.7 f 0.7 
77.0 f 2.5 
77.7 f 3.8 
84.7 f 4.1 
84.0 f 3.5 
71.3 f 5.8 

2.0 f 0.0 

100.0 f 7.1 

82.0 f 0.0 
84.5 f 11.5 
73 
67.7 f 7.2 
48.7 rt 6.4 
14.0 f 3.6 _ _  
2.7 f 0.3 

100.0 f 5.9 

65.0 f 7.1 
60.0 f 6.4 
48.0 f 6.8 
25.3 f 5.5 
10 

-- 

3.7 f 0.3 

66.3 f 2.6 

65.3 f 3.8 
69.3 f 4.9 
69.0 f 10.2 
53.3 k 6.2 
67.0 f 5.6 
75.0 k 7.2 

655.7 f 56.6 

116.8 f 6.7 

118.7 k 7.1 
108.0 f 6.6 
123.7 f 23.2 
92.0 f 4.6 

128.7 f 15.1 
105.3 f 15.2 

554.3 f 15.0 

123.5 f 10.0 

120.5 f 1.5 
129.5 f 3.5 
235 
214.7 f 20.0 
259.3 k 24.7 
245.3 f 15.0 _ _  

337.3 f 14.9 

110.3 * 16.1 

134.0 f 15.3 
123.3 f 17.7 
121.0 f 5.3 
218.3 f 23.4 
157 _ _  
203.3 f 14.3 

22.5 f 0.6 

25.0 f 1.2 
25.3 f 2.3 
26.3 f 4.1 
21.3 f 1.5 
27.3 f 1.2 
27.3 f 0.9 

(e)990.3 f 108.4 

38.5 f 1.9 

38.3 f 0.3 
40.3 f 1.9 
40.3 k 3.8 
33.0 f 2.0 
43.0 f 5.6 
39.3 f 8.0 

(e) 1,521.3 k 30.3 

47.5 f 4.8 

50.0 f 1.0 
57.0 f 2.0 
81 

(e)95.3 f 10.2 
(e)90.7 k 4.7 

(e) 108.3 f 7.3 _ _  
(e)394.7 f 9.3 

35.5 f 3.9 

(e)52.7 f 4.4 
(e)55.3 f 6.3 
(e)55.3 f 4.8 
(e)99.7 f 20.5 

86 _ _  

(e)294.3 f 29.0 
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TABLE E2. MUTAGENICITY OF PENICILLIN VK AND PENICILLIN V IN MOUSE L3178Y LYMPHOMA 
CELLS (Continued) 

Cloning Relative Mutant Mutant 
Compound Concentration Efficiency Total Growth Count Fraction (c) 

W m l )  (percent) (percent) 

+SD (noninduced) (i) 

Trial 1 

Distilled water (d) 100.3 f 0.9 

Penicillin VK 500 92.7 f 3.5 
1,000 84.3 f 5.8 

(g) 2,000 64.0 f 6.0 
3,000 77.0 f 7.4 
4,000 72.3 f 3.4 
5,000 53.0 f 18.0 

Methylcholanthrene 7 55.7 f 8.9 

Trial 2 

Distilled water (d) 81.8 f 1.8 

Penicillin VK 500 87.7 f 6.4 
1,000 84.0 f 1.5 
2,000 73.0 f 6.0 
3,000 75.3 f 6.4 
4,000 69.7 f 1.9 
5,000 Lethal 

Methylcholanthrene 7 64.3 f 6.1 

PENICILLIN VK--Study Performed a t  SRI International 

- s9 

Trial 1 

Distilled water (d) 

Penicillin VK (g)  

Ethyl methanesulfonate 

Trial 2 

Distilled water (d) 

Penicillin VK (g) 

Ethyl rnethanesulfonate 

1,640 
2,050 
2,560 
3,200 
4,000 
5,000 

500 

2,050 
2,560 
3,200 
4,000 
5,000 

500 

69.8 k 1.8 

74.5 f 16.5 
74.5 f 2.5 
80.5 f 3.5 
70.0 f 4.0 
67.5 f 4.5 
69.5 f 3.5 

42.0 f 2.6 

69.3 i: 2.4 

73.0 f 6.0 
66.0 f 11.0 
68.0 f 16.0 
64.0 f 1.0 
64.5 f 0.5 

41.7 * 2.3 

100.0 f 7.5 

57.0 f 4.2 
55.0 rt 9.1 
47.5 f 5.5 
37.0 f 5.0 
27.3 f 2.3 
10.3 f 4.1 

15.3 k 2.0 

100.0 f 3.3 

96.3 f 10.4 
75.3 f 6.2 
60.0 f 6.4 
43.0 f 2.1 
26.0 f 3.6 -- 
33.0 f 3.6 

100.0 f 2.7 

104.0 f 10.0 
100.0 f 5.0 
111.0 f 3.0 
90.5 k 11.5 
82.5 k 7.5 
79.5 f 4.5 

35.7 rt 2.2 

100.0 k 8.8 

83.5 f 12.5 
103.5 f 12.5 
114.5 f 19.5 
93.5 f 3.5 
80.5 f 12.5 

40.7 f 4.4 

178.8 f 17.8 

217.0 f 22.5 
200.0 f 12.3 
321.5 f 92.5 
399.3 f 40.8 
531.0 f 21.2 
329.3 f 94.1 

371.3 f 31.6 

170.3 f 12.0 

250.7 k 9.1 
241.3 f 12.3 
275.3 & 20.7 
404.3 f 31.2 
394.7 f 11.0 _ _  

512.7 f 3.8 

142.8 f 7.2 

208.5 f 47.5 
240.5 f 7.5 
258.5 k 11.5 
258.5 f 0.5 
240.5 k 7.5 
212.0 f 14.0 

1,003.0 f 26.1 

52.3 f 5.0 

62.5 f 0.5 
69.0 k 2.0 
61.5 f 16.5 
50.0 f 9.0 
58.0 f 11.0 

647.7 f 26.9 

59.5 f 6.2 

79.3 f 11.0 
80.0 f 6.4 

(e) 165.0 f 34.0 
(e) 173.7 f 11.6 
(e) 246.3 f 11.8 
(e)237.3 f 56.5 

(e)228.7 f 23.1 

70.0 _+ 4.7 

96.0 f 4.6 
95.3 f 3.9 

(e)126.3 f 9.4 
(e) 179.0 -+ 6.0 
(e)189.3 f 3.5 

-- 

(e) 270.7 f 26.2 

68.5 f 2.8 

92.5 f 0.5 
107.0 f 0.0 
107.5 f 9.5 

(e) 123.5 f 7.5 
(e) 119.0 f 12.0 

102.5 k 12.5 

(e1797.0 f 48.0 

25.3 f 3.2 

29.0 k 3.0 
36.0 f 7.0 
30.0 f 1.0 
26.0 f 4.0 
30.0 f 6.0 

(e)523.0 f 46.7 
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TABLE Ea. MUTAGENICITY OF PENICILLIN VK AND PENICILLIN V IN MOUSE L5178Y LYMPHOMA 
CELLS (Continued) 

Cloning Relative Mutant Mutant 
Compound Concentration Efflciency Total Growth Count Fraction (c) 

(pg/ml) (percent) (percent) 

+S9 (induced) (0 

Trial 1 

Distilled water (d) 78.5 f 2.6 

Penicillin VK (g) 840 77.0 f 2.0 
( g )  1,050 53.0 f 24.0 
(h) 1,310 65 
(g) 1,640 50.0 f 22.0 
(g) 2,050 52.5 f 1.5 

3,200 Lethal 

Methylcholanthrene 5 31.3 f 1.3 

Trial 2 

Distilled water (d) 70.8 f 3.1 

Penicillin VK (g) 838 68.5 f 0.5 
(g) 1,048 55.0 f 5.0 
(g) 1,310 55.0 f 5.0 
( g )  1,638 67.5 f 9.5 
(h) 2,048 32 

Methylcholanthrene 5 57.3 f 2.6 

PENICILLIN V--Study performed at Litton Bionetics, Inc. 

- 59 

Trial 1 

Acetone (d) 94.5 f 2.5 

Penicillin V (k) 250 86.3 f 1.5 
500 107.3 f 4.7 
750 104.3 f 3.5 

(1) 1,000 107.3 f 1.2 
(g) 1,500 104.0 f 10.0 
(g) 2,000 107.5 f 2.5 

Methyl methaneaulfonate 5 74.0 f 6.4 

Trial a 
Acetone (d) 92.0 f 9.0 

Penicillin V (e) 250 79.7 f 1.3 
500 90.7 f 2.4 
750 90.0 f 4.5 

(1) 1,000 93.7 f 10.9 
1,500 103.3 f 2.9 
2,000 92.3 f 7.8 

Methyl methanesulfonate 5 43.0 f 2.5 

155 

100.0 f 5.5 

62.0 f 2.0 
38.5 f 17.5 
43 
15.0 f 12.0 
8.0 f 1.0 

-- 

12.0 f 1.2 

99.8 f 6.1 

70.5 f 3.5 
51.5 f 4.5 
44.0 f 6.0 
33.5 f 2.5 

6 

58.0 f 2.5 

100.0 f 4.7 

88.7 f 1.2 
87.0 f 3.6 
71.0 f 2.3 
72.3 f 2.4 
53.0 f 6.0 
38.5 f 10.5 

59.0 f 1.2 

100.0 f 4.7 

85.3 f 2.3 
102.0 f 7.6 
84.3 f 4.7 
97.0 f 4.0 
86.3 f 9.0 
63.7 f 11.3 

27.3 f 4.8 

227.3 f 8.4 

560.5 f 24.5 
635.0 f 32.0 
587 
694.0 f 1.0 
742.5 f 17.5 _ _  
690.0 f 27.3 

122.0 f 10.1 

297.5 f 12.5 
299.0 f 3.0 
272.0 f 1.0 
323.5 f 6.5 
283 

434.7 f 15.9 

86.8 f 3.4 

58.7 f 10.8 
72.3 f 10.2 
81.3 f 6.7 
87.7 f 13.4 
71.5 f 5.5 

123.0 f 37.0 

527.0 f 29.5 

74.5 f 4.9 

59.7 f 1.2 
73.3 f 4.9 
67.0 f 7.2 
92.7 f 12.0 
92.0 f 7.8 
96.7 f 12.3 

467.7 f 40.7 

96.8 f 4.3 

(e)242.5 f 17.5 
(e)494.5 f 206.5 

(e)577.5 f 257.5 
(e)468.5 f 2.5 

302 

-_ 

(e1732.7 f 6.6 

57.3 f 2.6 

(e) 145.0 f 7.0 
(e) 182.5 f 14.5 
(e) 166.0 f 15.0 
(e) 162.0 f 19.0 

298 

(e)254.3 f 16.2 

30.8 f 1.7 

22.7 f 4.4 
22.7 f 3.5 
26.3 f 2.7 
27.3 f 4.6 
23.0 f 4.0 
37.5 f 10.5 

(e)240.0 f 19.1 

27.8 f 3.2 

25.0 f 0.6 
27.0 f 1.7 
24.7 f 1.7 
33.3 f 0.9 
29.7 f 2.8 
34.7 f 1.9 

(e)365.7 f 43.5 
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TABLE E2. MUTAGENICITY OF PENICILLIN VK AND PENICILLIN V IN MOUSE L5178Y LYMPHOMA 
CELLS (Continued) 

Cloning Relative Mutant Mutant 
Compound Concentration Efficiency Total Growth Count Fraction (c) 

(p&/ml) (percent) (percent) 

+ SB (induced) (D 
Trial 1 

Acetone (d) 

Penicillin V (k) 3b0 
400 
500 

(g) 600 
(1) 800 
1,000 

Methylcholanthrene 2.5 

Trial 2 

Acetone (d) 

Penicillin V (k) 300 
400 
500 
600 

(1) 800 
(g) 1,000 

Methylcholanthrene 2.5 

98.8 f 7.6 

80.0 f 3.5 
87.0 f 3.2 
90.7 k 3.4 
98.5 f 15.5 
81.0 f 3.2 
91.0 f 0.6 

48.3 f 3.4 

95.3 f 5.8 

84.3 f 1.2 
95.3 f 12.6 
87.7 f 9.8 

104.0 f 6.0 
97.0 f 11.7 

109.0 f 3.0 

33.3 f 6.6 

100.0 f 15.7 

83.3 k 7.7 
93.3 f 5.6 
83.7 f 6.1 
89.5 _+ 14.5 
90.0 f 9.6 
83.3 f 4.4 

17.3 -+ 0.7 

100.0 f 2.5 

115.3 f 0.9 
120.3 f 10.4 
105.3 k 14.4 
78.7 f 7.2 
80.3 f 14.6 
77.5 f 0.5 

7.3 f 1.8 

97.0 f 6.6 33.3 f 

93.3 f 13.9 38.7 f 
80.0 f 4.2 30.7 f 
84.7 f 5.0 31.0 f 
82.5 f 22.5 27.5 f 
76.0 f 3.0 31.3 f 
95.0 k 4.0 35.0 f 

741.7 f 47.1 (e)521.0 f 

76.0 f 9.3 26.8 f 

96.3 f 9.3 38.0 f 
69.0 k 0.6 25.3 f 
81.3 f 10.1 31.0 f 
97.7 f 7.3 31.7 f 
79.3 f 2.3 28.3 f 
80.5 f 3.5 24.5 f 

294.0 f 10.0 (e)316.7 f 

3.5 

5.5 
2.6 
1.5 
3.5 
1.9 
1.5 

58.1 

2.5 

3.1 
3.4 
4.0 
3.8 
3.8 
0.5 

54.0 

(a) The experimental protocol is presented in detail by Myhr et  al. (1985) and follows the basic format of Clive et al. (1979). The 
highest dose of study compound is determined by solubility or toxicity and may not exceed 5 mg/ml. All doses are tested in 
triplicate; the average for the three tests (unless otherwise indicated) is presented in the table. Cells (6 X lO5/ml) were treated 
for 4 hours a t  37" C in medium, washed, resuspended in medium, and incubated for 48 hours at 37" C. After expression, 3 X 106 
cells were plated in medium and soft agar supplemented with trifluorothymidine for selection of cells that were mutant a t  the 
thymidine kinase (TK) locus, and 600 cells were plated in nonselective medium and soft agar to determine the cloning 
eficiency . 
(b) Mean f standard error of replicate trials for approximately 3 X 106 cells each. All data are evaluated statistically for both 
trend and peak response (P<0.05 for at least one ofthe three highest dose sets). Both responses must be significantly (P<0.05) 
positive for a chemical to be considered mutagenic. If only one of these responses is significant, the call is "questionable"; the 
absence of both trend and peak response results in a *negative" call. 
(c) Mutant fraction (frequency) is a ratio ofthe mutant count to the cloning effciency, divided by 3 (to arrive at MF per 1 X 106 
cells treated); MF = mutant fraction, 
(d) Results presented are the average of four tests. 
(e) Significant positive response; occurs when the relative mutant fraction (average M F  of treated culturelaverage MF of 
solvent control) is greater than or equal to 1.6. 
(0 Tests conducted with metabolic activation were performed as  described in (a) except that S9, prepared from the liver of 
Aroclor 1254-induced F344 rats, was added a t  the same time as  the study chemical and/or solvent. 
(g) Results presented are the average of two tests. 
(h) Only one test was performed. 
(i) Data presented are the results of one test; doses in two tests were lethal. 
(i) Tests conducted with metabolic activation were performed as  described in (a) except that noninduced S9, prepared from the 
liver of untreated F344 rats, was added a t  the same time as the study chemical and/or solvent. 
(k) Acidic pH shiR a t  this and all higher doses 
( 1 )  Precipitation of penicillin V a t  this and all higher doses 
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TABLE E3. INDUCTION O F  SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY PENICILLIN VK (a) 

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

Compound Dose Cells somes SCEs some Cell in BrdU (percent) 
(pg/ml) (b) 

-s9 (c) 

Trial 1--Summary: Positive 

Medium 

Penicillin VK 

50 1,035 526 0.51 10.5 26.0 -- 

500 50 1,037 
1,667 50 1,037 
5,000 50 1,029 

538 
546 
759 

0.52 10.8 26.0 102.9 
0.53 10.9 26.0 103.8 
0.74 15.2 26.0 144.8 

Mitomycin C 0.001 50 1,036 
0.010 5 103 

828 
282 

0.80 16.6 26.0 158.1 
2.74 56.4 26.0 537.1 

Trial 2-Sumrnary: Positive 

Medium 

Penicillin VK 

50 1,046 468 0.45 9.4 26.5 _ _  
5,000 50 1,045 716 0.69 14.3 26.5 152.1 
6,000 50 1,047 812 0.78 16.2 (d)36.5 172.3 
7,000 50 1,044 83 1 0.80 16.6 (d)36.5 176.6 
8,000 0 

Mitomycin C 0.001 50 1,042 771 0.74 15.4 26.5 163.8 
0.010 5 104 217 2.09 43.4 26.5 461.7 

+S9 (e) 

Trial 1--Summary: Negative 

Medium 

Penicillin VK 

50 1,035 

1,043 
1,038 
1,03 1 

1,041 
105 

544 

610 
513 
564 

791 
169 

0.53 10.9 26.0 

0.58 12.2 26.0 
0.49 10.3 26.0 

26.0 0.55 11.3 

0.76 15.8 26.0 
1.61 33.8 26.0 

500 
1,667 
5,000 

50 
50 
50 

111.9 
94.5 

103.7 

50 
5 

145.0 
310.1 

Cyclophosphamide 0.4 
2 

Trial 2--Summary: Negative 

Medium 

Penicillin VK 8,000 
9.000 

10,000 

2 
Cyclophosphamide 0.4 

50 

50 
50 
50 

1,050 

1,046 
1,047 
1,049 

1,049 
104 

524 

504 
513 
509 

753 
186 

0.50 10.5 26.5 

0.48 10.1 26.5 
0.49 10.3 26.5 
0.49 10.2 26.5 

0.72 15.1 26.5 
1.79 37.2 26.5 

96.2 
98.1 
97.1 

143.8 
354.3 

50 
5 

(a) Study performed a t  Litton Bionetics, Inc. SCE = sister chromatid exchange; BrdU = bromodeoxyuridine. A detailed 
description of the SCE protocol is presented by Galloway et al. (1985). Briefly, Chinese hamster ovary cells were incubated with 
study compound or solvent (medium) as  described in (c) or (e) below and cultured for sufficient time to reach second metaphase 
division. Cells were then collected by mitotic shake-off, fixed, air-dried, and stained. 
(b) SCEs/cell in treated culture expresded as a percent ofthe 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 at 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) Because some chemicals induce a delay in the cell division cycle, harvest times are occasionally extended to maximize the 
proportion of second division cells available for analysis. 
(e) 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 furthet. 26 hours, with colcemid present for the final 2-3 hours. 
S9 was from the liver of Aroclor 1254-induced male Sprague Dawleykats. 
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TABLE E4. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY PENICILLIN VK (a) 

Trial 1 Trial 2 

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

with Abs with Abs 

- S9 (b) Harvest time 22.0 h (c) 

Medium 

100 2 
100 2 

Penicillip VK 

9,000 50 108 
9,500 50 109 

10,000 50 95 

Summary: Positive 

Mitomycin C 

0.025 100 25 
0.063 50 41 

t S9 (d) Harvest time 11.0 h 

Medium 

100 1 
100 1 

Penicillin VK 

9,000 100 3 
9,500 100 1 

10,000 100 2 

Summary: Negative 

Cyclophosphamide 

7.5 100 11 
37.5 50 34 

0.02 2 
0.02 2 

2.16 42 
2.18 50 
1.90 50 

0.25 18 
0.82 52 

0.01 1 
0.01 1 

0.03 2 
0.01 1 
0.02 2 

0.1 1 10 
0.68 38 

- $9 (b) Harvest time 2 1.5 h (c) 

Medium 

50 1 0.02 2 
50 2 0.04 4 

Penicillin VK 

9,000 50 18 0.36 20 
9,500 25 77 3.08 64 

10,000 25 28 1.12 40 

Summary: Positive 

Cyclophosphamide 

0.025 50 9 0.18 16 
0.063 25 23 0.92 48 

(a) Study performed a t  Litton Bionetics, Inc. Abs = aberrations. A detailed presentation of the technique for detecting 
chromosomal aberrations is found in Galloway et  al. (1985). Briefly, Chinese hamster ovary cells were incubated with study 
compound or solvent (medium) as indicated in (b) or (d). Cells were arrested in first metaphase by addition of colcemid and 
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 (medium) for 8-10 hours at 
37' C. Cells were then washed, and fresh medium containing colcemid was added for an additional 2-3 hours followed by 
harvest. 
(c) Because of significant chemically induced cell cycle delay, incubation time before addition of colcemid was lengthened to 
provide sflicient metaphases a t  harvest. 
(d) In the presence of S9, cells were incubated with study compound or solvent (medium) 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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APPENDIX F. 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 B6C3Fi mice and 15 F344/N rats of each sex were selected at the time of randomization and
allocation of the animals to the various study groups. Five animals of each designated sentinel group
were killed at 6, 12, and 18 months on study. 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 follow-
ing tests were performed:

Hemagglutination Complement
Inhibition Fixation

Mice PVM (pneumonia virus of mice) M. Ad. (mouse adenovirus)
Reo 3 (reovirus type 3) LCM (lymphocytic
GDVII (Theiler's choriomeningitis virus)

encephalomyelitis virus) MHV (mouse hepatitis
Poly (polyoma virus) virus)
MVM (minute virus of mice)
Ectro (infectious ectromelia)
Sendai

Rats PVM RCV (rat corona virus)
KRV (Kilham rat virus)
H-l (Toolan's H-l virus)
Sendai

II. Results

Results are presented in Table Fl.

Penicillin VK, NTP TR 336 160



TABLE Fl. MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE TWO-YEAR
GAY AGE STUDIES OF PENICILLIN VK (a)

No. of
Interval (months) Animals

RATS

6 10/10
10/10

12 10/10
10/10

MICE

6 3/10

12 9/9
1/9

18 5/5

Positive Serologic
Reaction for

PVM
RCV

PVM
RCV

PVM

PVM
MHV

PVM

(a) Blood samples were taken from sentinel animals at 6, 12, and 18 months after the start of dosing; samples were sent to
Microbiological Associates (Bethesda, MD) for determination of antibody liters.
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TABLE G1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 
~ 

Ingredients (b) Percent  by  Weight 

Ground X2 yellow shelled corn 24.50 
Ground hard winter wheat 23.00 
Soybean meal (49% protein) 12.00 
Fish meal (60% protein) 10.00 
Wheat middlings 10.00 
Dried skim milk 5.00 
Alfalfa meal (dehydrated, 17% protein) 4.00 
Corn gluten meal (60% protein) 3.00 
Soy oil 2.50 
Dried brewer’s yeast 2.00 
Dry molasses 1.50 
Dicalcium phosphate 1.25 
Ground limestone 0.50 
Salt 0.50 
Premixes (vitamin and mineral) 0.25 

(a) NIH, 1978; NCI, 1976 
(b) Ingredients ground to pass through a U.S. Standard Screen No. 16 before being mixed 

TABLE G2. 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 PB 

1.7 g 
140.0 mg 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

120.0 g Iron sulfate 
60.0 g Manganous oxide 
16.0 g Zinc oxide 
4.0 g Copper sulfate 
1.4 g Calcium iodate 
0.4 g Cobalt carbonate 

(a) Per ton (2,000 lb) of finished product 
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TABLE 63. NUTRIENT COMPOSITION OF M H  07 RAT AND MOUSE RATION (a) 

Nutrients 
Mean k Standard 

Deviation Range Number - Samples 

Crude protein (percent by weight) 
Crude fat (percent by weight) 
Crude fiber (percent by weight) 
Ash (percent by weight) 

Amino Acids (percent of total diet) 

23.91 f 0.79 
4.99 k 0.43 
3.32 f 0.23 
6.49 f 0.47 

Arginine 
Cystine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Tyrosine 
Valine 

1.260 
0.395 
1.176 
0.553 
0.908 
1.905 
1.250 
0.310 
0.967 
0.834 
0.175 
0.587 
1.086 

22.7-25.3 
4.2-5.7 
2.9-3.8 
5.7-7.43 

1.21-1.31 
0.39-0.40 
1.15-1.20 

0.530-0.676 
0 -88 1-0.934 

1.85-1.96 
1.20-1.30 

0.306-0.3 14 
0.960-0.974 
0.827-0.840 
0.171-0.178 
0.666-0.607 

1.06-1.12 

Essential Fatty Acids (percent of total diet) 

Linoleic 
Linolenic 
Arachidonic 

Vitamins 

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 B,, (ppb) 
Choline (ppm) 

Minerds 

Calcium (percent) 
Phosphorus (percent) 
Potassium (percent) 
Chloride (percent) 
Sodium (percent) 
Magnesium (percent) 
Sulfw (percent) 
Iron (ppm) 
Manganese (ppm) 
Zinc (ppm) 
Copper (ppm) 
Iodine (ppm) 
Chromium (ppm) 
Cobalt (ppm) 

2.37 
0.308 
0.008 

10,920 k 1,824 
6,300 
37.6 

17.2 k 1.8 
6.9 
75 

1) 30.2 
7.2 
2.1 
0.24 
12.8 

3,315 

1.28 f 0.18 
0.99 f 0.06 

0.809 
0.557 
0.304 
0.172 
0.278 
418 
90.8 
55.1 
12.68 
2.58 
1.86 
0.57 

8,300-15,000 

31.1-44.0 
14.0-21 .O 
6.1-7.4 
65-85 

29.8-30.5 
5.6-8.8 
1.8-2.4 

0.21-0.27 
10.6-15.0 

3,200-3,430 

1.08-1.69 
0.88-1.10 

0.772-0.846 
0.479-0.635 
0.258-0.349 
0.166-0.177 
0.270-0.285 

409-426 
86.0-95.5 
54.2-56.0 

9.65- 15.70 
1.52-3.64 
1.79-1.93 
0.49-0.65 

24 
24 
24 
24 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1 
1 
1 

24 
1 
2 

(b) 23 
2 
2 
2 
2 
2 
2 
2 
2 

24 
24 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

(a) One or two batches of feed analyzed for nutrients reported in this table were manufactured in January and/or April 1983. 
(b) One batch (7/22/81) waa not analyzed for thiamine. 
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Contaminants 
Mean k Standard 

Deviation Range Number of Samples 

Arsenic (ppm) 
Cadmium (ppm) (a) 
Lead (ppm) 
Mercury (ppm) (a) 
Selenium (ppm) 

Aflatoxins (ppb) (a,b) 

Nitrate nitrogen (ppm) (c) 
Nitrite nitrogen (ppm) (d) 
BHA (ppm) (d,e) 
BHT (ppm) (d) 

Aerobic plate count (CFU/g) (D 
Coliform (MPN/g) (g) 
Coliform (MPN/g) (h) 
E. coli (MPN/g) (i) 

Total nitrosamines (ppb) Q,k) 
Total nitrosamines (ppb) Q,l) 
N-Nitrosodimethylamine (ppb) Q,k) 
N-Nitrosodimethylamine (ppb) Q,l) 
N-Nitrosopyrrolidine (ppb) 

Pesticides (ppm) 

a-BHC (a,m) 
B-BHC (a) 
y-BHC-Lindane (a) 
8-BHC (a) 
Heptachlor (a) 
Aldrin (a) 
Heptachlor epoxide (a) 
DDE (a) 
DDD (a) 
DDT (a) 
HCB (a) 
Mirex (a) 
Methoxychlor (n) 
Dieldrin (a) 
Endrin (a) 
Telodrin (a) 
Chlordane (a) 
Toxaphene (a) 
Estimated PCBs (a) 
Ronnel (a) 
Ethion (a) 
Trithion (a) 
Diazinon (n) 
Methyl parathion (a) 
Ethyl parathion (a) 
Malathion (0) 
Endosulfan I (a) 
Endosulfan II (a) 
Endosulfan sulfate (a) 

0.44 f 0.19 
< 0.10 

1.00 f 0.73 
< 0.05 

0.31 f 0.07 

< 10 

8.70 f 3.67 
2.20 f 1.59 
6.02 f 4.57 
3.03 f 1.82 

35,950 f 27,857 
27.4 f 52.6 
90.0 f 237.9 

< 3  

6.48 f 5.82 
28.76 f 64.88 
5.24 f 5.66 
27.29 f 64.46 
1.23 f 0.79 

<0.05-1.06 

0.42-3.37 

0.14-0.52 

< 5.0-< 10.0 
2.1-17.0 
0.4-6.9 

<0.5-16.0 
0.8-7.0 

4,900-88,000 
<3-240 

< 3-1.100 

<0.8-18.5 
<0.8-273.2 
< 0.8-16.5 
<0.8-272 
<0.3-3.5 

<0.01 
<0.02 
<0.01 
<O.Ol 
<0.01 
<0.01 
<O.Ol 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.05 
<0.01 
<0.01 
eo.01 
<0.05 
<0.1 
<0.2 
co.01 
<0.02 
<0.05 
<0.1 
K0.02 
<0.02 

0.09 f 0.06 
<0.01 
<0.01 
<0.03 

0.09 (8/26/81) 

0.2 (4/27/81) 

<0.05-0.27 

24 
24 
24 
24 
24 

24 

24 
24 
24 
24 

24 
22 
24 
24 

21 
24 
21 
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 
24 
24 
24 
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued) 
~~ 

(a) All values were less than the detection limit, given in the table as the mean. 
(b) Detection limit reduced from 10 ppb to 5 ppb after 7/81 
(c) Source of contamination: alfalfa, grains, and fish meal 
(d) Source of contamination: soy oil and fish meal 
(e) Two batches contained less than 0.5 ppm. 
(0 CFU = Colony-forming unit 
(g) Mean, standard deviation, and range exclude one very high value of 1,100 obtained for the batch produced on 12/16/80 and 
one high value of 460 obtained for the batch produced on 9/23/82 (MPN = most probable number). 
(h) Mean, standard deviation, and range include the high values listed in footnote (8). 
(i) All values were less than 3 MPN/g. 
(j) All values were corrected for percent recovery. 
(k) Mean, standard deviation, and range exclude three very high values in the range of 115-273.2 ppb obtained for batches 
producedon 1/26/81,2/23/81, and 4/27/81. 
(1) Mean, standard deviation, and range include the very high values given in footnote (k). 
(m) BHC = hexachlorocyclohexane or benzene hexachloride 
(n) There was one observation above the detection limit; the value and the date it was obtained are given under the range. 
(0) Ten batches contained more than 0.05 ppm. 
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APPENDIX H. AUDIT SUMMARY 
~ ~ ____ ~~ 

The experimental data, documents, and pathology specimens for the 2-year toxicology and carcino- 
genesis studies of penicillin VK in rats and mice were audited for accuracy, consistency, complete- 
ness, and compliance with Good Laboratory Practice (GLP) regulations of the Food and Drug Admin- 
istration (fully implemented by the NTP on October 1,1981). The studies were conducted for the NTP 
by Springborn Institute for Bioresearch, Inc., Spencerville, Ohio, under a subcontract with Tracor Jit- 
CO, Inc., until May 2,1983, and then under contract with the NIEHS. Animal dosing began December 
1,1980, for rats and December 8,1980, for mice. The retrospective audit was conducted a t  the NTP 
Archives, Research Triangle Park, North Carolina, from March 2 to March 27,1987, by Program Re- 
sources, Inc. (W.L. Oller, Ph.D., Principal Investigator). Others involved in the conduct of the audit 
are listed in the full audit report, which is on file a t  the NIEHS. The audit included a review of: 

All chemistry records. 
All records concerning animal receipt, quarantine, randomization, and disposition prior to 
study start. 
Body weight and clinical observation data for 10% of the study animals. 
All inlife records concerning environmental conditions, masses, mortality, and animal 
identification. 
All postmortem records for individual animals concerning identification, disposition codes, 
condition codes, and correlation between gross and microscopic diagnoses. 
Residual formalin-fixed tissues from rats and mice to resolve potential noncorrelations be- 
tween gross observations and microscopic diagnoses, to confirm animal identification, and to 
detect untrimmed mtential lesions. 
Slides and blocks of tissues from all animals to verify proper match and accurate labeling. 

(9) Correlation between the data, results, and procedures presented in the preliminary Board 
Draft (July 1987) of NTP Technical Report 336 and the records available a t  the NTP 
Archives. 

1 Tabulated patholopy diagnoses for study animals to verify computer data entry. 

The audit of inlife toxicology documents and data showed that procedures were implemented per the 
Tracor Jitco Basic Ordering Agreement during the conduct of the studies. Seventeen rats and 30 mice 
were underdosed by 10%-21% one time during the study. Mean body weights for all study groups 
were recalculated and corrected as needed. 

The audit of the analytical chemistry documents and data showed that microfiche documentation 
from the Midwest Research Institute for purity, identity, stability, and chemicalhehicle referee anal- 
yses was present and complete. Records and raw data from Springborn Institute’s analyses of the 
bulk chemical and dose mixtures were present and complete. 

The audit of pathology documents, data, and specimens revealed 22 noncorrelations between gross ob- 
servations and microscopic diagnoses in nontarget organs in rats and 52 noncorrelations between 
gross observations and microscopic diagnoses in nontarget organs in mice. These were determined to 
have no impact on the interpretation of the pathology data. Wet tissues were examined for un- 
trimmed potential lesions. Those untrimmed potential lesions involving target organs were subse- 
quently trimmed, embedded, and examined microscopically, and the diagnoses were incorporated into 
the final pathology data. A random sample of wet tissues was examined for animal identification, 
and there was no indication that animals were exchanged among groups. Carcasses and/or residual 
wet tissues of one rat and two mice were incorrectly identified. 

In conclusion, the study records a t  the NTP Archives support the data and results presented in this 
Technical Report. 
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