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ABSTRACT

We investigated the mechanism of the hepatocarcinogenic action of
nafenopin (NAF), a nongenotoxic peroxisome proliferator. Croups of
male rats aged 13 Â«k(designated "young") or 57 wk (designated "old")

were fed NAF for 13 mo; additional groups received a basal diet or a
phÃ©nobarbital(PB)-containing diet as positive control.

The following results were obtained, (a) NAF produced numerous
hepatocellular adenomas and carcinomas in old animals but very few in
young animals. A similar result, although less pronounced, was seen with
PB. Adenomas of PB-treated groups mostly consisted of eosinophilic and
glycogen-storing cells. However, adenomas and carcinomas of NAF-
treated livers were composed of weakly basophilic cells, (b) Phenotypi-
cally altered foci, evaluated in hematoxylin:eosin-stained sections, ap
peared spontaneously in untreated livers. The majority of these foci was
either of the eosinophilic-clear cell or the tigroid cell type. In addition,
we identified foci which are characterized by weak, diffuse cytoplasmatic
basophilia. Their phenotype was similar to that of adenomas and carci
nomas in NAF-treated rats. The number and size of eosinophilic-clear
cell and of tigroid cell foci increased considerably with the age of the
animals. At the end of the experiment, approximately 2.4% of liver tissue
was occupied by focal cells. NAF, but not PB, treatment led to a selective
increase in number and size of weakly basophilic foci. This subtype has
previously been described as a likely precursor lesion for liver tumors
induced by an aflatoxin It, \Al initiation-promotion regimen (B.
Kraupp-Grasl et al.. Cancer Res., 50:3701-3708, 1990).

These findings suggest that the peroxisome proliferator NAF leads to
tumor development in aging rat liver by promotion of spontaneously
occurring preneoplastic lesions. The type of lesion appears to be different
from that promotable by PB.

promoting action has not been generally accepted. NAF2 (13)
and the uricosuric benzbromarone (10) failed to enhance he-
patocarcinogenesis initiated by /V-2-acetylaminofluorene or N-
nitrosomorpholine. In other studies the hypolipidemics WY-
14.643 (14, 15), clofibrate (16), and NAF (11, 17) enhanced
diethylnitrosamine-induced hepatocarcinogenesis.

Recently we described that NAF exerts a strong tumor-
enhancing effect in aflatoxin Bo-initiated rat livers, possibly
through promotion via a hitherto neglected subpopulation of
putative preneoplastic liver foci (18).

If peroxisome proliferators are tumor promoters, their he
patocarcinogenic action conceivably could be explained by pro
motion of preneoplastic foci occurring spontaneously in livers
of rats and mice during aging (19-21). Indeed, aged rats and
mice have been shown to be more susceptible than young
animals to the hepatocarcinogenic effects of the tumor pro
moter PB (22, 23). Hypothetically, therefore, if NAF were a
tumor promoter, it then should produce more tumors in livers
of aged than of young rats. The present study was designed to
evaluate this hypothesis. PB-treated young and aged rats served
as positive controls.

Alternatively, excessive H2O2 production through enhanced
peroxisomal enzyme activities has been suggested as the causal
mechanism of hepatocarcinogenesis by peroxisome prolifera
tors. In the subsequent paper, the possibilities of changes in
parameters representative for the discussed mechanism are
studied.'

INTRODUCTION

A great number of drugs that induce hepatic peroxisome
proliferation cause the emergence of liver cell carcinoma in
lifetime animal bioassays (1-6). This chemically heterogeneous
group of compounds includes widespread environmental pol
lutants, such as phthalates (2, 5-8), highly used hypolipidemic
(1-3, 5, 9) and uricosuric drugs (10), analgesics (2, 5), and
many others (2, 5). Carcinogens of this type have not displayed
genotoxicity or tumor-initiating capacity in various assays (2,
3, 5-8, 11, 12). Despite extensive investigations the precise
mechanisms of the hepatocarcinogenic action of peroxisome
proliferators have not been elucidated. For the assessment of
health risks to exposed humans, it is most important to clarify
these mechanisms.

The potent hepatomitogenic and enzyme-inducing effects of
these nongenotoxic carcinogens led us and others to hypothe
size that they may be tumor promoters. However, the tumor-
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MATERIALS AND METHODS

Animals and Treatment. A total of 177 male specified pathogen-free
Wistar rats were obtained from "Kleintierfarm MadÃ¶rinAG," FÃ¼llins

dorf, Switzerland, at the age of 8 to 10 wk. Animals were randomly
assigned to experimental groups, kept under standardized conditions
(macrolon cages, 12-h light phase, 23 Â±2Â°Croom temperature, 40 to

70% relative humidity), and received water and food ad libitum. The
pelleted diet (produced by "Sandoz Forschungsinstitut GmbH," Vi

enna, Austria, according to Organization for Economic Co-operation
and Development (OECD) guidelines) was free of fish flour, was poor
in nitrosamines and toxic substances, and consisted of 20.9% protein,
5.3% fat, 51.9% carbohydrates, 3.4% crude fibers, 7.2% ash, and 11.3%
moisture. Three wk before treatment was started, animals were changed
to another pelleted diet of a nearly identical composition (fish flour
free, poor in nitrosamines and toxic substances, 19% proteins, 4%
lipids, 50.590 carbohydrates, 6% crude fibers, 7% ash, and 13.5%
moisture; Altromin 1324N, Lage, Germany). NAF, a kind gift of Ciba-
Geigy, Basel, Switzerland, was dissolved in 100% acetone (analytical
grade) and mixed into an unpelleted diet (Altromin 132 IN) of the same
composition as 1324N. Evaporation of acetone was achieved by agitat-

2The abbreviations used are: NAF, nafenopin; PB, phÃ©nobarbital.
'W. Huber, B. Kraupp-Grasl. H. Esterbauer, and R. Schulte-Hermann. The

role of oxidative stress in age-dependent hepatocarcinogenesis by the peroxisome
proliferator nafenopin in the rat, submitted for publication.
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Fig. 1. Experimental protocol. Young and old male rats were fed one of the
following diets: basal diet: PB-containing diet; or NAF-containing diet, lumbers
on the bars indicate sacrificed animals.

Table I Effect of PB and NAF on body and relative lirer weights of young and
old male rats

The significance of differences among the O-. PB-, and NAF-treated groups
of either young or old rats was determined by Dunnett's 1 test.

BodywtGroupStart

ofexperimentO
youngEnd

ofexperimentO
youngPB
youngNAF

youngStart
ofexperimentGoldEnd

ofexperimentGoldPB

oldNAF
oldNo.

of
rats1018281710292019Start

of
experiment328.9

Â±16.4Â°305.6

Â±13.8315.
6Â±21.33I8.8Â±

12.4524.3

Â±62.5542.2

Â±48.1544.5
Â±49.4528.2
Â±47.7End

of
experiment423.5

Â±36.2439.0
Â±56.4371.8Â±

38.6*482.4

Â±58.9476.3
Â±50.9393.3
Â±35.9*Relative

liverwt2.3

Â±0.12.2

+0.22.9
Â±0.3*4.9
Â±0.5*2.6

Â±0.22.4

Â±0.43.3
Â±0.3*5.5
Â±1.2*

â€¢Mean Â±SD (group).
'Significant for P< 0.01.

ing the chow in intervals during at least 1 day. The NAF-containing
diet was administered as powder. PB (Fluka AG, Buchs, Switzerland)
was mixed into a powdered diet (Altromin 132IN), which was pelleted
afterwards. Food consumption was determined by weighing food dishes,
and dietary NAF and PB concentrations were adjusted to provide the
planned dose (NAF, 100 mg/kg of body weight/day: PB, 50 mg/kg of
body weight/day). Body weights were recorded at regular intervals. The
animals were killed by decapitation under CO; anesthesia. Body and
liver weights were recorded, and relative liver weights were calculated.

Experimental Protocol. The experimental protocol is given in Fig. 1.
One group of rats was 13 wk old at the start of the treatment and is
designated "young" throughout the entire experimental period. Another

group aged 57 wk at the beginning of the experiment is designated
"aged" or "old." From each group 10 animals were killed immediately.

Three further subgroups were fed either a basal diet (Group 0 young
and Group 0 old) or a PB-containing diet (Group PB young and Group
PB old) or a NAF-containing diet (Group NAF young and Group NAF
old). The experiment was scheduled such that the young and aged
animals were treated in a parallel fashion at the same time for 55 to 59
wk until sacrifice.

Morphology. After sacrifice, livers were first examined macroscopi-
cally on the surface and in cross-sections of 2 mm for visible lesions.
Macroscopic lesions were divided into three categories according to
their size (smaller than 3 mm, 3 to 8 mm, and larger than 8 mm).
Specimens of all lesions larger than 2 mm in diameter were sampled
for microscopy. In addition, liver samples of equal size bearing no
visible lesion were taken from the left, median, and right lobes of each
animal. Tissue slices of about 2 mm in thickness were fixed in Carnoy's

solution and embedded in Paraplast. Sections were stained with he-
matoxylin:eosin.

Evaluation of Preneoplastic and Neoplastic Lesions. Liver foci, hepa-
tocellular adenomas, and hepatocellular carcinomas were identified
according to published criteria (18, 24-26). Liver foci were distin
guished from adenomas by the absence of strong compression of the

surrounding tissue and a size of less than one liver lobule. Liver tumors
were independently examined by two pathologists. For quantitative
evaluation of foci, 10 animals were randomly chosen from each treat
ment group. Foci number and size (area of cross-section) were deter
mined by means of a semiautomatic image analyzer (VIDS IV; Ai-
Tektron GmbH, Meeibusch, Germany) and were calculated per cm2 of
tissue section. An average of 1-cm2 section area per liver was evaluated

quantitatively. Numbers and volumes of foci per liver were determined
according to Saltykow (27). This conversion of data appeared justified,
because the great majority of foci were of circular shape.

Statistics. There was no difference in the formation of preneoplastic
or neoplastic lesions in the livers between 55 and 59 wk of treatment
(data not shown). Therefore animals sacrificed at these time points
were assigned to one group. Wherever indicated, standard deviations
are given. The significance of differences between all experimental
groups of the same age was calculated by means of Dunnett's t test.
The Student's / test was performed for analysis of differences between

pairs of groups, i.e., young and aged animals treated with the same
diet. The significance of differences in tumor incidences was checked
by 95% and 99% confidence limits.

RESULTS

Effects of Treatment on Survival and on Body and Relative
Liver Weights. Except for 10 young and 10 aged animals which
were killed at the beginning of the experiment, 63 of the 65

Table 2 Effect of PB and NAF on the incidence of tumors in livers of young and
aged rats

Incidences(%)"Group<3mM

3-8 mM>8 HIM All sizesNo.

/tumor-
bearing liver,

allsizes*Macroscopical

lesionsStart
ofexperiment0

youngEnd
ofexperiment0

youngPB
youngNAF

youngStart
ofexperimentOoldEnd

ofexperimentOoldPB

oldNAF
old067188072004240(a)

4100
(a) 45(b)10089

(a)0001204053067194072

(a)1001000Â±0C0Â±07

Â±13.69.1
Â±6.70Â±02.9

Â±2.5(d)30.4
Â±35.9(d)59.1

Â±44.8(c)Hepatocellular

adenomaStart
ofexperiment0

youngEnd
ofexperiment0

youngPB
youngNAF

youngStart
ofexperimentOoldEnd

ofexperimentOoldPB

oldNAF
old00441035590000600(a)

3063
(b)00000000004410355

(a)90
(b)0Â±00Â±01

Â±11.1
Â±0.40Â±01

Â±1(c)2.7
Â±2(c)6
Â±4.9(c)Hepatocellular

carcinomaStart
ofexperiment0

youngEnd
ofexperiment0

youngPB
youngNAF

youngStart
ofexperimentOoldEnd

ofexperimentOoldPB

oldNAF
old000600037000180006300012030530003503090 (b)0Â±00Â±00Â±01.2

+0.50Â±01

Â±10
+06.4
Â±7.7 (d)

" The significance of differences in tumor incidences between young and old

animals treated with the same diet was determined by confidence limits: (a),
significant for 99% confidence limits; (b), significant for 95% confidence limits.

* The significance of differences in the group means between young and old
animals treated with the same diet was determined by Student's t test: (c),

significant for P< 0.001; (d), significant for P< 0.01.
' Mean Â±SD (group).
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Fig. 2. Histology of prencoplastic and neoplastic hcpatocytcs in PB- and NAF-treated old rals. .-l (and detail in B). PB treatment, hepatocellular adenoma; (" to F,

NAF treatment; C and I), hepatocellular adenoma; E. hepatocellular carcinoma; F, weakly basophilic focus. Arrows, borders of the lesions. A, C. and F, x 125; A. D,
and Â£.x 320.

young and 68 of the 92 aged rats survived until termination
(Fig. 1). The most common contributing causes of death in
cluded pituitary tumors and soft tissue tumors. No relation of
premature deaths to any treatment could be observed (Fig. 1).
In Tables 1 and 2 and Figs. 3 to 5, only effective numbers of
animals are indicated.

The body weights and the liver weight/body weight ratios are
shown in Table 1. While young rats showed less body weight
gain than expected, old rats lost weight. As food consumption
was not affected (data not shown), this may be explained by the
change to a diet with a slightly lower amount in nutritive
substances. An even more pronounced reduction of body

weights was seen in the NAF-treated groups. Similar observa
tions have been reported on NAF (13) and other peroxisome
proliferators, such as di(2-ethylhexyl)phthalate (8), WY-14.643
(15). and clofibrate (16). Relative liver weights of rats from
NAF- and PB-treated groups were significantly increased (Table
1).

Quantitative Macroscopical Evaluation of Liver Tumors. No
major macroscopical abnormalities could be detected in livers
of rats (13 and 57 wk of age) killed at the beginning of the
experiment (Table 2). At the end of the experiment, however,
livers carried grayish-white lesions which appeared as tumors.
Their incidences and mean numbers per tumor-bearing liver
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Fig. ÃŒ.Effect of age on liver foci in untreated control animals. Foci numbers
and area per cm2 of tissue section and foci numbers and volume per liver are
given. Ten animals per age group were evaluated. Statistics were by the Student's

t test. Points, mean; bars, SD. Young animals, controls at Wk 13 versus controls
at Wk 68 to 72; old animals, controls at Wk 57 versus controls at Wk 110 to 114.
a, />< 0.001; e, P<0.0\;c, P < 0.05.
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Fig. 4. Effects of age. NAF. and PB on different subtypes of liver foci. Number
and total area (mm2) of foci per cm2 of tissue section and number and volume
(mm3) per liver are shown. Ten animals per group were evaluated. Groups 0
young and 0 old (FJ), PB young and PB old (Q). and NAF young and NAF old
(S5).The significance of differences in Groups 0. PB. and NAF of either young or
old animals was determined by the means of Dunnett's f test. Columns, mean:

bars. SD. a, P < 0.01 : h. P < 0.05.

were small in controls, yet higher in old than in young rats
(Table 2). Furthermore, all livers of the NAF- and PB-fed old
animals showed numerous macroscopical lesions. The inci
dence of lesions with diameters larger than 3 mm was much
higher than in treated young animals (Table 2). These differ
ences in incidences, size, and multiplicity of macroscopical
lesions between young and aged untreated, PB-treated, and
NAF-treated animals were highly significant.

Histology and Incidences of Liver Tumors. In PB-treated an
imals adenoma cells showed intense acidophilia and ground
glass appearance (Fig. 2, A and B) or had a "clear" cytoplasm.

Most cells were enlarged. Mitotic figures were infrequent.
In NAF-treated animals hepatocellular adenoma (Fig. 2, C

and D) and carcinoma (Fig. 2E) showed a distinct phenotype.
They consisted predominantly of weakly basophilic cells or of
a mixture of eosinophilic and basophilic cells which were ar
ranged mostly in trabecular patterns. In some adenomas and in
most carcinomas, mitotic figures were numerous and sometimes
abnormal.

In NAF-treated, aged rats the incidence of adenoma and
carcinoma was far above that in young rats (Table 2). Under
PB application, exclusively benign liver tumors developed with
a higher incidence in old animals. Table 2 gives the mean
number of adenomas and carcinomas detected per tumor-bear
ing liver. In aged NAF-treated rats, each of the tumor-bearing
livers carried an average of 6 adenomas and 6 carcinomas, while
PB administration led to the development of approximately 3
adenomas/tumor-bearing aged rat. The means in all the other
groups were much lower.

Effect of Age and Treatment on Phenotypes and Growth of
Liver Foci. Recent reports indicate that many of the histolÃ³gica!
markers used to identify liver foci are poor markers in rats
treated with peroxisome proliferators (8, 10, 11, 13-15, 17,
28). Therefore we evaluated liver foci in hematoxylin:eosin-
stained sections. Eosinophilic-clear cell, tigroid, and weakly
basophilic cell foci were identified as described previously (18,
24-26) and were all found in the present study. These weakly
basophilic foci (Fig. 2F) resembled the phenotype of tumor
cells (Fig. 2, C to E) in NAF-treated young and old animals. A
similar phenotype was seen in foci of livers which were treated
with NAF subsequent to initiation with aflatoxin B, (18).

Livers from untreated rats contained almost no foci at Wk
13 (Fig. 3). The number and size of foci increased considerably
until Wk 68 to 72 and further until Wk 112 to 116, so that the
total area occupied by focal tissue expanded at least 600-fold
within the observation period. Then approximately 2.4% of the
section areas consisted of focal cells. These age-dependent
increases were highly significant. It should be noted that number
and size of foci were similar at Wk 68 to 72 in the group
designated "young" and at Wk 57 in the group of animals
designated "old."

The distribution of foci among the different phenotype and
size classes is shown in Figs. 4 and 5. At Wk 68 to 72 and 112
to 116 the vast majority of spontaneous foci were of the eosin-
ophilic-clear cell type. A smaller proportion was found to
belong to the subtype of tigroid foci. Weakly basophilic cell foci
were detected rarely. Small eosinophilic-clear cell and tigroid
foci predominated at all age groups studied, but larger foci
appeared with increasing age. This pattern is consistent with
the concept that, while new, small foci steadily were formed,
the older foci continuously grew. In PB-treated animals, foci
were found to be mostly of the eosinophilic-clear cell or of the
tigroid subtype. Somewhat unexpectedly, there was no clear-
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Fig. 5. Size distribution of foci of different sub
types. Ten animals per group were evaluated. Columns
are group means and are given per cm1 of tissue
section. Size classes arc the following: /. <0.008 mm2:
2. 0.008 to 0.016 mm2; 3, 0.016 to 0.032 mm2; 4,
0.032 to 0.064 mm:; 5. 0.064 to 0.128 mm2; 6. 0.128
to 0.25 mm2; 7, 0.25 to 0.5 mm2; 8, >0.5 mm2.
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cut increase in the number and size of these foci in PB-treated
rats of both age groups (Figs. 4 and 5).

NAF treatment in aged rats produced a slight, if any, increase
in the number and size of eosinophilic-clear cell foci, while
number and size of tigroid cell foci were definitely smaller than
in the untreated group of the same age (Fig. 4). Weakly baso-
philic cell foci showed a pronounced, statistically significant
increase in number and area in both age groups treated with
NAF.

Transformation of the data to number and volume per total
liver produced similar results (Fig. 4). NAF did not appear to
accelerate growth of eosinophilic-clear and tigroid cell foci
(Figs. 4 and 5); whether the dramatic expansion of weakly
basophilic foci was due to an increase in size or an increase in
number or both is hard to evaluate due to the small number in
the control groups (Fig. 5).

DISCUSSION

In the present experiment aged rats were found to be consid
erably more susceptible than young rats to liver tumor forma
tion by NAF. Similar observations have previously been made
with the well-established liver tumor promoter PB (22, 23) and
are confirmed in this experiment. Several explanations for the
enhanced tumor yield by NAF in old rats are possible.

(a) The concentration of NAF could reach different levels in
livers of young and old animals. However, we did not find any
significant difference between these two NAF-treated age
groups in any of the parameters studied so far: relative liver
weight; content of DNA per unit of liver weight and per unit of
liver protein4; activity of induced peroxisomal ÃŸ-oxidation;ac-

4 B. Kraupp-Grasl. W. Huber, and R. Schuhe-Hermann, manuscript in prep

aration.

tivity of glutathione peroxidase; and fatty acid profiles in liver
homogenates.1 Therefore differences in effective doses of NAF

between the livers of young and aged rats seem unlikely.
(b) Old rats could be more susceptible to the induction of

HiOrrgenerating peroxisomal enzymes and subsequent lipid
peroxidation according to the hypothesis raised by Reddy and
coworkers (1, 2). Biochemical analysis, however, did not reveal
significant age differences in parameters indicative for this
mechanism.' Therefore, this hypothesis does not seem appli

cable for the present experiment.
(c) NAF could possess weak initiating potential being below

the detection limit of presently available tests. If the mecha
nisms for DNA repair were less effective in old than in young
animals, then a faster accumulation of NAF-initiated lesions
should be seen in aged animals. This possibility seems unlikely
as the sum of all putative preneoplastic lesions did not differ
between aged NAF-treated animals and their controls.

(d) NAF could promote tumor development in aged rats.
Several observations in the present experiment support this
assumption. At the start of treatment, there were almost no
foci found in the young, but many in the old group. These
"spontaneously" formed lesions might have served as targets

for tumor promotion by NAF. Furthermore, NAF produced a
dramatic expansion of the subtype of weakly basophilic foci,
similar to a previous initiation-promotion study (18). The phe-
notype of these foci resembled that of tumors in NAF-treated
livers. The present findings support our hypothesis that NAF
leads to tumor development in rat liver by promotion of spon
taneously appearing foci involving a specific subtype, the hith
erto neglected weakly basophilic foci. These putative precursor
lesions of NAF-induced tumors may be different from lesions
promotable by PB.

Under the present experimental conditions NAF was more
potent than PB in producing tumors. In addition, aged rats
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showed a low susceptibility to PB as a promoting agent for
number and size of foci. A similar observation was reported
previously by Xu et al. (29) in aged male F344 rats applying
different histochemical markers. Ward (22), however, observed
a clear-cut effect of PB on foci development in aged rats. In
young rats PB was of the same or even higher effectiveness
than NAF when promotion followed initiation with aflatoxin
B, (18). The reasons for these differences in the promotional
activities of NAF and PB in various models are not known.
There are at least two possibilities, (a) Targets for NAF and
PB promotion may be different in type and in their occurrence
after genotoxic or "spontaneous" initiation, (b) For tumor

promotion NAF may require a further advanced stage of pre-
neoplastic development.

In view of the ubiquitous presence of a vast number of
carcinogenic factors in our environment, the formation of ini
tiated cells may be a frequent event in the liver and other organs
of aged organisms. In this context, and with respect to risk
assessment, the present findings raise some concern as hypoli-
pidemic drugs are preferentially administered to older people.
So far, however, no enhanced incidence of liver tumors has
been observed in persons treated with hypolipidemics (30, 31).

ACKNOWLEDGMENTS

The authors wish to thank Dr. Y. Meingassner, Sandoz Forschung
sinstitut GmbH, Vienna, Austria, for the generous supply of experi
mental animals. The excellent technical assistance of C. Rihs is grate
fully acknowledged.

REFERENCES

1. Reddy, J. K., Azarnoff, D. L., and Hignite, E. Hypolipidaemic hepatic
peroxisome proliferators form a novel class of chemical carcinogens. Nature
(Lond.), 283: 397-398, 1980.

2. Reddy, J. K., and Lalwai, N. D. Carcinogenesis by hepatic peroxisome
proliferators: evaluation of the risk of hypolipidemic drugs and industrial
plasticizers to humans. Crit. Rev. Toxicol., 12: 1-59, 1983.

3. De la Iglesia, F. A., and Farber, E. Hepatocarcinogenesis of hypolipidemic
agents. In: S. S. Brown and D. S. Davies (ed.). Proceedings of the Symposium
on Chemical Indices and Mechanisms of Organ-directed Toxicity, pp. 175-
182. New York: Pergamon Press, 1981.

4. Reddy, J. K., and Rao, M. S. Malignant tumors in rats fed nafenopin, a
hepatic peroxisome proliferator. J. Nati. Cancer Inst., 59: 1645-1650. 1977.

5. Stott. W. T. Chemically induced proliferation of peroxisomes. Regul. Toxi
col. Pharmacol., 8: 125-159, 1988.

6. Conway, J. A., Cattley, R. C., Popp, J. A., and Butterworth, B. E. Possible
mechanisms in hepatocarcinogenesis by the peroxisome proliferator di(2-
ethylhexyl)phthalate. Drug Metab. Rev., 21: 65-102, 1989.

7. Ward, J. M., Diwan, B. A., Ohshima, M., Hu, H., Schuller, H. M., and Rice,
J. M. Tumor-initiating and promoting activities of di(2-ethylhexyl)phthalate
in vivo and in vitro. Environ. Health Perspect., 65: 279-291, 1986.

8. Williams, G. M.. Maruyama, H., and Tanaka, T. Lack of rapid initiating,
promoting, or sequential syncarcinogenic effects of di(2-ethylhexyl)phthalate
in rat liver Carcinogenesis. Carcinogenesis (Lond.), S: 875-880, 1987.

9. Panimi, D. H., Reinicke, A., Sujatta, M., Yokota, S., and Ã–zel.M. The short
and long term effects of bezafibrate in the rat. Ann. NY Acad. Sci., 383:
111-135. 1982.

10. Parzefall, W., Schuppler, J., Barthel, G., Meyer-Rogge, B., and Schuhe-
Hermann, R. Toxicological studies on a benzofurane derivative. I. A com

parative study with phÃ©nobarbitalon rat liver. Toxicol. Appi. Pharmacol., in
press, 1990.

11. PrÃ©at,V., Lans, M., de Gerlache, J., Taper, H., and Roberfroid, M. Com
parison of the biological effects of phÃ©nobarbitaland nafenopin on rat
hepatocarcinogenesis. Jpn. J. Cancer Res. (Gann), 77: 629-638, 1986.

12. Cattley. R. C., Marsman. D. S., and Popp, J. A. Failure of the peroxisome
proliferator WY-14.643 to initiate growth-selectable foci in rat liver. Toxi
cology, 56: 1-7. 1989.

13. Numoto, S., Mori, H., Furuya, K., Levine, W. G., and Williams, G. M.
Absence of a promoting or sequential syncarcinogenic effect in rat liver by
the carcinogenic hypolipidemic drug nafenopin given after /V-2-fluorenyla-
cetamide. Toxicol. Appi. Pharmacol., 77: 76-85, 1985.

14. Glauert, H. P., Beer, D., Rao, M. S.. Schwarz, M., Xu, Y., Goldsworthy, T.
L., Coloma, J., and Pilot, H. C. Induction of altered hepatic foci in rats by
the administration of hypolipidemic peroxisome proliferators alone or fol
lowing a single dose of diethylnitrosamine. Cancer Res., 46: 4601-4606,
1986.

15. Cattley. R. C., and Popp, J. A. Differences between the promoting activities
of the peroxisome proliferator WY-14.643 and phÃ©nobarbitalin rat liver.
Cancer Res., 49: 3246-3251, 1989.

16. Mochizuki, Y., Furukawa, K., and Sawada, N. Effects of various concentra
tions of ethyl-alpha-p-chlorophenoxy-isobutyrate (clofibrate) on diethylni-
trosamine-induced hepatic tumorigenesis in the rat. Carcinogenesis (Lond.),
3: 1027-1029, 1982.

17. PrÃ©at,V., de Gerlache, J., Lans, M., Taper, H., and Roberfroid, M. Com
parative analysis of the effect of phÃ©nobarbital,dichlorodiphenyltrichlore-
thane, butylated hydroxytoluene, and nafenopin on rat hepatocarcinogenesis.
Carcinogenesis (Lond.), 7: 1025-1028, 1986.

18. Kraupp-Grasl, B., Huber, W., Gerbracht, U., Putz, B., and Schuhe-Hermann.
R. Tumor promotion by the peroxisome proliferator nafenopin involving a
specific subtype of altered foci in rat liver. Cancer Res., 50:3701-3708, 1990.

19. Schuhe-Hermann, R., Timmermann-Trosiener, I., and Schuppler, J. Pro
motion of spontaneous preneoplastic cells in rat liver as a possible explana
tion of tumor production by nonmutagenic compounds. Cancer Res., 43:
839-844, 1983.

20. Ward. J. M., Goodman, D. G.. Squire. R. A., Chu, K. C., and Linhart, M.
S. Neoplastic and nonneoplastic lesions in aging (C57BL/6N x C3H/HeN)
F, (B6C3F,) mice. J. Nati. Cancer Inst., 63: 849-854, 1979.

21. Popp. J. A., Scortichini, B. H., and Garvey, L. K. Quantitative evaluation of
hepatic foci of cellular alteration occurring spontaneously in Fischer-344
rats. Fund. Appi. Toxicol., 5: 314-319. 1985.

22. Ward, J. M. Increased susceptibility of livers of aged F344/NCr rats to the
effects of phÃ©nobarbitalon the incidence, morphology, and histochemistry
of hepatocellular foci and neoplasms. J. Nati. Cancer Inst., 71: 815-823,
1983.

23. Ward, J. M., Lynch, P., and Riggs, C. Rapid development of hepatocellular
neoplasms in aging male C3H/HeNCr mice given phÃ©nobarbital.Cancer
Lett., 59:9-18, 1988.

24. Squire, R. A., and Levitt. M. H. Report of a workshop on classification of
specific hepatocellular lesions in rats. Cancer Res., 35: 3214-3223, 1975.

25. Stewart, H. L., et al. Histologie typing of liver tumors in the rat. Washington,
DC: Institute of Laboratory Animal Resources National Research Council.
J. Nati. Cancer Inst.. 64: 178-198, 1980.

26. Bannasch, P., Benner, U., Enzmann, H., and Hacker, H. J. Tigroid cell foci
and neoplastic nodules in the liver of rats treated with a single dose of
aflatoxin B,. Carcinogenesis (Lond.). 6: 1641-1648, 1985.

27. Saltykow, S. A. The determination of the size distribution of particles in
opaque material from a measurement of the size distributions of their
sections. In: H. Elias (Ã©d.),Proceedings of the Second International Congress
for Sterology, pp. 163-173. Berlin: Springer Verlag, 1967.

28. Gerbracht, U., Bursch, W., Kraus, P., Putz, B., Reinacher, M., Timmermann-
Trosiener, L, and Schuhe-Hermann, R. Effects of hypolipidemic drugs na
fenopin and clofibrate on phenotype expression and cell death (apoptosis) in
altered foci of rat liver. Carcinogenesis (Lond.), //: 617-624, 1990.

29. Xu, Y., Maronpot, R., and Pilot, H. Quantitative stereologic study on the
effects of varying the time between initiation and promotion on four histo
chemical markers in rat liver during hepatocarcinogenesis. Carcinogenesis
(Lond.), //: 267-272, 1990.

30. WHO cooperative trial on primary prevention of ischemie heart disease with
clofibrate to lower serum cholesterol: final mortality follow-up. Lancet, 2:
600-604. 1984.

31. Frick, M. H., et ai. Helsinki Heart Study: primary prevention trial with
gemfibrozil in middle-aged men with dyslipidemia. N. Engl. J. Med., 317:
1237-1245, 1987.

671

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/2/666/2445758/cr0510020666.pdf by guest on 19 M

ay 2023




