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BUTYLNITRONE CONTAINING COMPOSITIONS FOR INHIBITION OF CANCER DEVELOPMENT

CROSS-REFERENCE TO RELATED APPLICATIONS
Priority is claimed from provisional application U.S. Serial No. 60/193,572 filed on
March 30, 2000, and incorporated by reference herein.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

The federal government has rights in the present invention insofar as 1t was supported in
part by the National Institutes of Health Grants NS35747, PO1-AG05119, 5P50-AG05144 and
R0O1 CA82506.

BACKGROUND

Chronic feeding of a choline-deficient-L-amino acid-defined (CDAA) diet containing no
carcinogens exerts a strong hepatocarcinogenicity in rats through the development of apparently
preneoplastic, focal lesions in the background presence of repeating hepatocyte death and
regeneration as well as fibrosis. Oxidative stress appears to play major roles in its underlying
mechanisms in association with alteration on the status of various signaling molecules. Phenyl
N-tert-butyl nitrone (PBN), a radical trapper, has been shown to inhibit the development of
preneoplastic lesions in the early phase of this dietary hepatocarcinogenesis by apparently
inhibiting oxidative stress, inducible cyclo-oxygenase activity and fibrogenesis (Floyd et al.,
1998).

Reactive oxygen species (ROS) have been implicated in cancer development for many
years. A prime example where ROS are strongly implicated 1s the model system where feeding
a choline deficiency (CD) diet to rats leads to hepatocellular carcinoma (HCC) development, i.e.
in the complete absence of exposure to any exogenous known carcinogen. Utilizing this model,
the present invention concerns novel observations that make it possible to link ROS with key
signal transduction pathways that have been shown to be fundamental 1n cancer initiation and
development. The present inventors have shown that mitochondria from CD-livers are changed
such that they mediate a si gnificantly higher yield of H,O, production. Additionally, for the first
time the present inventors have shown that PBN («-phenyl-zeri-butyl nitrone) and its derivatives
are nitrone-based free radical traps and, significantly reduce prelj_eoplastic nodule development

as well as inhibit hepatocellular carcinoma (HCC) formation at very low levels of the compound.
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as well as inhibit hepatocellular carcinoma (HCC) formation at very low levels of the compound.
PBN and the like are the most potent anti-carcinogens ever studied 1n this model. To understand
these observations the inventors postulate that the CD-regiﬁen mediates changes in
mitochondrial membranes such that they produce enhanced levels of H,0, and that PBN and the
like significantly inhibit the excess H,O, production by acting at Complex 1. The present
inventors further postulate that excess HZOZ causes an enhanced 1nactivation of the PTEN tumor
suppressor protein, which causes a loss of its phosphatase activity and thereby mediates a shift
toward the activation of the AKT-kinase pathway resulting in a decrease in apoptosis-mediated
processes but an increase in oncogenic events. The inventors also propose that the cells n
preneoplastic nodules which develop in CD-livers are predisposed toward ontogenesis (as
opposed to apoptosis) because of the action of excess H,O, and certain growth factors (most
likely TGFf3,) and that PBN and the like alter these processes through both inhibition of excess
H,O, production and also by suppression of enhanced signal transduction processes. The
inventors believe that PBN and the like act to cause preneoplastic nodule cells to become
predisposed toward apoptic processes leading to imnhibition of tumor development.

Studies on_the pharmacological action of PBN - The compound PBN was first

synthesized in the 1950's, butin 1968 it was discovered to be very useful to trap and stabilize free
radicals in chemical reactions and hence it was termed a spin-trap (Janzen 1971). Although PBN
is the prototype spin-trap several other nitrones have been synthesized and found usetul to trap
and characterize free radicals in chemical reactions. These spin traps were used m chemical
reactions first, but in the mid-1970's they began to be used to trap free radicals in biochemical
and biological systems (Floyd et al. 1978; and Poyer et al. 1978, for example). Pharmacokinetic
studies have shown that PBN i1s readily and rapidly distributed almost equally to all tissues, has
a half-life in rats of about 132 minutes and is eliminated mostly in the urine. Relatively few
metabolism studies have been done, but it is known that some ring hydroxylation (primarily in
the para position) of the compound occurs 1n the liver. Novell1 first showed that PBN could be
used to protect experimental animals from septic shock ( Novelli et al. 1986), and indeed this was
later confirmed by other groups ( Pogrebniak et al. 1992). The use of PBN and derivations as
pharmacological agents began after discoveries 1 1988 that showed that PBN had
neuroprotective activity in experimental brain stroke models (Floyd 1990; Floyd et al. 1996; and
Carney et al. 1991). These results were repeated and extended, (i.e. see References Clough et

al. 1991; Cao et al. 1994; Folbergrova et al. 1995; Pahlmark et al. 1996, for example). The
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present inventors have summarized the extensive neuroprotective pharmacological research effort
on PBN and derivatives (Floyd 1997; Hensley et al. 1996). In addition to neurodegenerative
diseases, PBN has been shown to protect in other pathological conditions where ROS-mediated
processes are involved, including diabetes and many other conditions. The mechanistic basis of
why PBN and some of its derivatives are so neuroprotective in experimental stroke and several
other neurodegenerative models has not been completely elucidated yet. However, it is clear that
its action cannot stmply be explained by its ability to trap free radicals. In fact the present
inventors' research effort on the mechanistic basis of PBN’s action now shows that it is acting
by suppressing gene induction (Floyd 1997; Hensley et al. 1996, Miyajima et al. 1995;
Tabatabaie et al. 1996; and Hensley et al. 1997), most likely by acting on oxidation-sensitive
signal transduction processes (Robinson et al. 1999). In fact PBN seems to be acting by
suppressing signal transduction enhanced ROS formation by mitochondria (Hensley et al. 1998).
These findings and ideas have arisen from the study of neurodegenerative processes. It should
be emphasized, however, that PBNs action in preventing CD carcinogenesis may be different
than those found in the neurodegenerative disease models. A specific mechanism of action does
not limit the present invention. |

PBN is protective in choline-deficiency model

Earlier studies showed that PBN administered in drinking water was very protective in
the CD-model. The results were assessed after 12 weeks on the regime (Nakae et al. 1998). The
research brought out several important points (1) PBN, even at the lowest level, drastically
reduced the size of neoplastic nodules (from 1.92 mm’ in CDAA only to 0.33, 0.17 and 0.10
mm’ for the CDAA plus PBN treated at 6, 30 and 60 mg/kg-day respectively, see Table 1 of
Nakae et al. 1998).

There was less effect of PBN on nodule number, i.e. 190 per mm® for CDAA only to
170, 149 and 142 for the 6, 30 and 60 mg/kg- day respectively, (see Table 1 of Nakae et al.
1998). (2) PBN significantly reduced connective tissue proliferation. (3) Increasing
concentrations of PBN reduced 8-OHdAG content (a marker of DNA oxidation) in the CD-livers.
(4) PBN reduced the amount of PGE, 1n the CD-livers by about 50% at the highest dose but 1t
had no effect on COX-II expression, either the mRINA or protein level. In summary then the fact
that the very lowest level of PBN decreased the nodule size by 83% but only decreased the

nodule number by 11% indicates to us that nodule size is the most sensitive parameter to PBN
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treatment. There was some effect on PGE, levels but only at the highest levels of PBN and this
probably had to do with it acting as a catalytic inhibitor of the enzyme per se.

To highlight the potency of PBN relative to other chemicals that have been tested in the
CDAA model, it is instructive to compare results, which were obtained by the Nakae-Konishi
group (see Mizumoto et al. 1994; Endoh et al1996; and Nakae 1999). The data clearly show that
PBN is the most effective compound tested in the CDAA regimen 1n reducing the size of the
preneoplastic nodules and in preventing an increase in the 8-OHdAG content. The effectiveness
of PBN on nodule size is much more potent than comparable amounts of the other inhibitors,
most of which are free radical scavengers. The only other compounds that seemed to have some
effect, albeit at higher levels, were nordihydroguaiaric acid (NGDA) and CV3611. CV3611 1s
the fatty acid ester of ascorbate. NGDA at the 0.1% level lowered nodule size, by 39% and
CV3611 atthe 0.05% level caused a 44% lowering. In contrast, PBN at the lowest level amount
given (6 mg/kg) decreased nodule size by 83%; and by 95% at the highest level. NGDA was
tested because of its known inhibition of lipoxygenase activity, but it has also been recently
shown to antagonize tyrosine kinases (Hensley 1998). BPB (p-bromophenocybromide) was used
as an inhibitor of phospholipase A, activity but as the data show, this compound had little
activity in suppressing the size of the nodules (Endoh 1996). Acetylsalicylic acid had some
effect (but not nearly as potent as PBN) on nodule size and nodule number, as well as 8-OHdG
content (Endoh 1999). Alpha tocopherol and ascorbate as well as trolox were studied by they
had very little effect on any of the parameters (Mizumoto et al. 1994). It should also be noted
that none, if any, of the inhibitors have any effect on fatty liver development. The wide
variability in effectiveness of various antioxidants in this model and their lack of effect on fatty
liver development seems to be a consistent finding. A striking case in point involves antioxidant
effectiveness of compounds inhibiting lipid peroxidation in rat liver mocrosomes versus their
action 1n the CDAA model. Data collected by Janzen et al. 1994 demonstrate that Trolox and
BHT show quite striking activity in ability to inhibit rat liver microsome peroxidation (ICs, of
40uM and 6uM respectively) whereas PBN is about one thousand-fold less effective (IC;, = 5
mM). Yet PBN is very effective in the CDAA model (Nakae et al. 1998) but BHT and Trolox
are not (Ghoshal et al. 1990; Mizumoto et al. 1994). This comparison amply illustrates the point
that the action of inhibitors in the CDAA model cannot simply be explained by their antioxidant

or radical scavenging properties alone.
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While earlier studies have indicated a possible connection between the occurrence of
preneoplastic nodular lesions and the presence or absence of PBN inrats on a CDAA diet, those
of skill in the art understand that these preneoplastic nodular lesions are not dependently
predictable of frank cancer development. The present invention establishes that nitrone
reductants such as PBN as its derivatives are in fact effective in inhibiting the development of

actual cancerous lesions. Those of skill in the art will understand that this discovery has great

implications for one of the major health problems of our day.

SUMMARY OF THE INVENTION

The present invention involves a method for inhibiting initiation or development of
cancer or tumor development. The method comprises enterally administering an effective dose
of anitrone free radical trapping agent. The administering is preferably enteral by supplementing
food or drink. A preferred nitrone is an aryl N-alkyl nitrone. The alkyl 1s tertiary (tert) butyl
although other alkyls, cycloalkyls and the like may be used. Preferred aryls are phenyl, 3-
hydroxyphenyl and 4-hydroxyphenyl and the like. Both new aryls and alkyls may be used once
one of skill in the art performs tests as described herein to identify effective nitrones, find
optimal doses, delivery and timing schedules. Dietarily administering an effective dose of a
nitrone free radical trapping agent to a subject is a preferred administrative route although other
routes may be found effective in particular situations.

The present invention more preferably involves a method comprising enterally
“administering an effective dose of 3-hydroxyphenyl N-tert-butylnitrone or 4-hydroxyphenyl N-
tert-butylnitrone to prevent or inhibit cancer. In most cases an effective dose is from about 0.5
to about 60 mg/kg body wt, per day. In one preferred embodiment, the present invention involves
a method for inhibiting hepatocarcinogenesis, the method comprising dietarily administering to
a subject an effective dose of at least one of phenyl N-tert-butylnitrone, 3-hydroxyphenyl N-tert-
butylnitone or 4-hydroxyphenyl N-tert-butylnitrone. Subjects to be treated include those with a
family history of cancer such as prostate, breast, liver or other cancer, as well as subjects believed
to have been exposed to a carcinogenic environment such as excess UV 1rradiation, radiation,
food contaminated with carcinogens, etc. In cases where the dietary administration 1s through

supplementation of a food component, the nitrone content effective amount may be from about

0.005 w/w% to about 0.1 w/w % of the diet being administered.
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Other tumor models where PBN and its chemical derivatives are likely to be active
include HCC development caused by infection from hepatitis B Virus and hepatitis C virus.
Many tumors that afflict humans progress through a preneoplastic nodular stage and evidence
indicates that ROS or conditions that exacerbate ROS formation are important in tumor
development. Therefore, we consider it likely that the development of many human tumors may
be held in check by daily administering of PBN or one of its effective chemical derivatives at
very low levels (perhaps at 1 mg or less per day).

The present invention also involves a nitrone free radical trapping agent for use in the
preparation of an anti-carcinogenic diet and the preparation of such supplemented diets. Again
an aryl N-alkyl nitrone free radical trapping agent 1s preferred for use in the preparation of an
anti-carcinogenic diet. The most preferred nitrones are 3-hydroxyphenyl N—tert-butylﬁitone and
4-hydroxyphenyl N-tert-butylnitrone, individually or in combination for use in the preparation

of an anti-carcinogenic diet.

While earlier studies have indicated a possible connection between the occurrence of
preneoplastic nodular lesions and the presence or absence of PBN in rats on a CDAA diet, those
of skill in the art understand that these preneoplastic nodular lesions are not dependently
predictable of frank cancer development. The present invention establishes that nitrone
reductants such as PBN as its derivatives are in fact effective m inhibiting the development of
actual cancerous lesions. Those of skill in the art will understand that this discovery has great

implications for one of the major health problems of our day.

Examples where PBN (or its potent derivatives) are expected to be active in preventing
frank tumor development included in addition to those in the liver, those that develop 1n most '

organs including stomach, colon, breast, pancreas, prostate, skin, head and neck, as well as the

blood stream.

The present invention also involves a nitrone free radical trapping agent for use in the
preparation of an anti-carcinogenic diet and the preparation of such supplemented diets. Agam
an aryl N-alkyl nitrone free radical trapping agent 1s preferred for use 1n the preparation of an
anti-carcinogenic diet. More preferred nitrones are 3-hydroxyphenyl N-tert-butylnitone, 2-
hydroxyphenyl N-tert-butylnitone, 2-sulfoxyphenyl N-tert-butylnitone and 4-hydroxyphenyl N-
tert-butylnitrone, individually or in combination .for use in the preparation of an anti-

carcinogenic diet.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG 1 is a table showing the effects of PBN on the induction of HCA, HCC and fibrosis

in rats fed the CDAA diet for 70 weeks.

FIG 2 is a table showing the results of CDAA = various amounts of nitrones.

FIG 3 is a table showing the results of the numbers and sizes of GST-P-positive liver
lesions and levels of oxidative hepatocyte injuries of rats.
FIG 4 is a table showing the results of apoptotic indices and grade of fibrosis in the livers

of rats.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to inhibitors of PBN and its derivativés on the development
of hepatocellular carcinoma (HCC), for example, in animals fed a CDAA diet. The present
invention also relates to a showing that PBN and its derivatives effectively inhibit the
development of HCC induced by a chronic feeding of the CDAA diet. This chemopreventive
action of PBN and its derivatives 1s suggested to result from both the disturbance of the
development of preneoplastic lesions including HCA in the early phase and the prevention of
their progression to HCC in the late phase of the dietary hepatocarcinogenesis.

Data recently collected from a long-term (70-week) study of the effectiveness of PBN
(when in drinking water) in the CD-model, demonstrated that it completely inhibited frank HCC
formation and was not carcinogenic itself. PBN is the most effective anti-carcinogenic
compound tested thus far in this specific model. In follow-up studies, the inventors found that
4-hydroxy PBN (4-OH-PBN) when administered in the diet was even a more effective anti-
carcinogen than the parent compound. Accordingly, PBN, as well as 4-OH-PBN 3-OHPBN,2-
OHPBN and 2-SPBN (2 sulfoxy PBN), inhibit CD-mediated hepatocellular carcinoma
development in rats when administered in the diet.

The abbreviations used herein are as follows: PBN, phenyl N-fert-butyl nitrone; iNOS,
inducible nitric oxide synthase; NF-kB, nuclear factor-kB; COX2, inducible cyclo-oxygenase;
CDAA diet, choline-deficient, L-amino acid-defined diet; GST-P, glutathione S-transferase
placental form; HCC, hepatocellular carcinoma; HCA, hepatocellular adenoma; CSAA diet,
choline-supplemen‘;ed, L-amino acid-defined diet; iNOS, inducible nitric oxide synthase; COX,

cyclo-oxygenase.



CA 02404291 2002-09-24
WO 01/74349 PCT/US01/10508

3

The following examples further illustrate model embodiments of the present invention

including preferred versions and methods of making the same; however these examples are not

to be construed as limitations of this mvention.
EXAMPLE 1
The present example shows effects of phenyl N-tfert-butyl nitrone (PBN), a radical

trapping agent, on hepatocarcinogenesis in male Wistar rats fed a choline-deficient, L-amino
acid-defined (CDAA) diet for 70 weeks. Hepe;tocelluar adenoma (HCA) and carcinoma (HCC)
were induced with 57.1% incidences by continuous feeding of the CDAA diet for 70 weeks.
PBN, administered in the drinking water at a concentration of 0.065% throughout the
experimental period with the CDAA diet, reduced HCA and HCC incidences, both to 25.0%.
When PBN for the first 26 weeks and then vehicle drinking water for 44 weeks were
administered with the CDAA diet, both HCA and HCC incidences were reduced to 28.6 and 0%,
respectively. In contrast, when vehicle drinking water for 26 weeks and then PBN for the last
44 weeks were administered with the CDAA diet, HCC incidence was reduced to 0%, but HCA
incidence remained high as 62.5%.  These resulis indicate that PBN inhibited
hepatocarcinogenesis in rats fed the CDAA diet. The inhibition by PBN of the conversion from
HCA to HCC in the late phase is especially important in the prevention of the HCC development.

PBN is a nitrone-based radical trapping agent possessing potent anti-oxidative activity
(Kotake 1999). In addition, PBN has been shown to exert anti-nitrosative effects by inhibiting
the induction of iNOS and to prevent alterations on the status of various signaling molecules like
NF-kB, pro-inflammatory cytokines, COX2 and pro-apoptotic gene products 1n in vitro and/or
in vivo occasions (Kotake 1999). Reflecting these properties, PBN 1s preventive against a variety
of animal disorders such as endotoxin shock, ischemia-reperfusion ijuries, nerodegenerative
diseases and diabetes that are mediated by oxidative and nitrosative stresses and altered signal
transduction (Kotake 1999).

Chronic feeding of the CDAA diet induces a high incidence of HCC within a year (in the
absence of any known carcinogen) due to the endogenous mechanisms (Nakae et al. 1992; Nakae
1999; Nakae 2000). In this model, HCC 1is induced through GST-P-positive, foci of cellular
alteration and then HCA under the background presence of contiﬁuous death and proliferation
of hepatocytes and fibrosis resulting in cirrhosis (Nakae 1999).

In a previous report, the present inventors demonstrated that PBN inhibits the induction

and growth of GST-P-positive foci of cellular alteration in the livers of rats fed a CDAA diet due
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to the inhibition of oxidative mjury on hepatocyte nuclear DNA and of COX2 acftivity at the
catalytic level (Nakae et al. 1998). Extending these findings, the present study assesses effects
of PBN on the entire hepatocarcinogenesis in rats fed the CDAA diet, using HCC as an endpoint

marker.

Materials and Methods

Animals, diets and chemical. The protocols were approved prior to the experiments by
the Animal Experimentation committee at Nara Medical University according to the Guidelines
on Animal Experiments in accordance with Japanese Government Animal Protection and
Management Law Number 105 and Japanese Government Notification on Feeding and
Safekeeping of Animals Number 6. Male Wistar rats, 6 weeks old, were purchased from
JapanSLC, Inc., Hamamatsu, Shizuoka, Japan. Rats were housed 5 each to a plastic cage with
white flake bedding (Kansai Animal Corp., City of Kyoto, Kyoto, Japan) in an air-conditioned
room (25 + 3°C temperature, 55 + 8% relative humidity, 10-12/h ventilation and 12-h dark/light

cycle). Rats were used for the experimentation after a 1-week acclimation on a basal diet (CE-1,
Clea Japan, Meguro, Tokyo, Japan) and allowed free access to food and tap water throughout the
acclimation and experimental periods. Body weight, food consumption and water intake were
monitored weekly. The CDAA diet and a control CSAA diet were obtained from Dyets Inc.,
Bethlehem, PA. PBN was synthesized and purified to 99.997% purity according to the method
of Janzen and Haire (Janzen et al. 1990) 1n our laboratories.

Pilot study. A pilot study was conducted to determined a time-point when the late phase |
starts in hepatocarcinogenesis in rats fed the CDAA diet. A group of 20 rats were fed the CDAA
diet for 16 weeks, and 10 animals were sacrificed. The remaining 10 rats were then fed the
CSAA diet for 54 weeks and sacrificed 70 weeks after the commencement by exsanguination
under light ether anesthesia. The other group of 20 rats were fed the CDAA diet for 26 weeks,
and 10 animals were sacrificed. The remaining 10 rats were then fed the CSAA diet for 44
weeks and sacrificed 70 weeks after the commencement. Upon the sacrifice, the livers were
taken, and 4-um-thick, 10%-neutrally-buifered-formalin-fixed (for 24 h), paraffin-embedded
specimens were prepared and stained routinely by a H&E procedure. The liver specimens were
histologically examined according to the criteria described in the literature (Maronpot et al.
1996).

Main study. A total of 60 rats were equally divided into 6 groups. Group 1 received
the CDAA diet for 70 weeks. Group 2 received the CDAA diet with PBN at a concentration of
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0.065% 1in the drinking water for 70 weeks. Group 3 received the CDAA diet with PBN for 26
weeks and then the CDAA diet alone for 44 weeks. Group 4 received the CDAA diet alone for
26 weeks and then the CDAA with PBN for 44 weeks. Groups 5 and 6 received the CSAA diet
alone and with PBN, respectively, for 70 weeks. - The PBN dose was decided based on the
inventors' previous report (Nakae et al. 1998). The time-pomnt of 26 weeks after the
commencement, when treatments were changed in groups 3 and 4, was decided according to the
results of the pilot study (see the Results and Discussion section below). All surviving rats were
sacrificed 70 weeks after the commencément, and the livers were taken. Two serial 4-um-thick,
10%-neutrally-buffered-folmalin-fixed 9 for 24h), paraffin-embedded liver specimens were
prepared and stained routine H&E and Masson's trichrome procedures. The H&E-stained liver
specimens were histologically examined according to the aforementioned criteria (Maronpot et
al. 1986), and the incidences of HCA and HCC were determined. Grade of fibrosis were
evaluated by analyzing percent area occupied by collagen fiber in the Masson's trichrome-stained

liver specimens using an IPAP mmage analyzing system (Sumika Technoservice, Corp., City of

‘Osaka, Osaka, Japan).

Statistical analyses. Statistical analyses were carried out using an InStat software
(GraphPad Software, Inc., San Diego, CA). Fisher's exact test was used to assess statistical
significance of inter-group differences of the leston incidences. Student-Newman-Keuls multiple
comparison test was used to assess statistical significance of inter-group differences of means
after one-way ANOVA to determine variations among group means, followed by Bartlett's test
to determine homogeneity of variance.

In the pilot study, foci of cellular alteration were induced 1n the livers of all rats fed the
CDAA diet for 16 weeks, and these lesions were persistent even after the followihg feeding of
the CSAA diet for 54 weeks. No HCAs or HCCs were observed 1n any of theserats. Using male
Fischer 344 rats, 1t was similarly shown that foci of cellular alteration, but not HCAs or HCCs
are induced by feeding the CDAA diet for 24 weeks and then the CSAA diet for 28 weeks
(Nakae et al. 1992). It is suggested that a period of 16-24 weeks is not enough to induce HCAs
or HCCs but sufficient to induce foci of cellular alteration maintaining themselves persistent but
not have a potency to be converted into advanced forms in the absence of the additional
carcinogenic stimuli. In contrast, HCAs were induced in 2 out of 10 rats (20% incidence) after
feeding the CDAA diet for 26 weeks. When the CDAA diet for 26 weeks and then the CSAA

diet for 44 weeks were fed, HCAs were observed in 2 out of 10 rats (20% incidence). These
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results demonstrate that chronic feeding of the CDAA diet for at least 26 weeks induces HCAs,
and that HCCs are later induced even in the absence of the additional carcinogenic stimuli.
These results of the pilot study suggest that the late phase of rat hepatocarcinogenesis may start
26 weeks after the beginning of feeding of the CDAA diet.

The results of the main study are summarized in the table of FIG 1. Three, 2, 3, and 2
rats died in groups 1, 2, 3 and 4, respectively. All rats survived in groups 5 and 6. There were
no differences among groups in terms of food consumption or water intake. The final body and
relative liver weights of group 5 were higher and lower than those of group 1, respectively. The
administration of PBN did not affect the final body or relative liver weights in groups 2, 3, 4 and
6. In group 1, the livers were macroscopically yellowish-white and appeared cirrhotic 1n
association with a few large tumors with turbid and dark color. Histologically, HCAs and HCCs
were both observed 1n 4 out of 7 rats (57.1% incidence), while all rats bared fatty liver and
cirrhosis, 13.32% ofliver specimen being occupied by collagen fiber. In group 2, the livers were
macrosocipcally brownish-purple and with relatively smooth surface. Histologically, HCAs and
HCCs were both observed only in 2 out of 8 group 2 rats (25.0% incidence), these incidences
being significantly less than the group 1 values. While fatty liver was still evident, fibrosis was
drastically reduced, only 9.95% of liver specimen being occupied by fiber, which was
significantly less than the group 1 value. In group 3, macroscopic and histological characteristics
of the livers resembled those of group 2. HCAs and HCCs were observed in 2 (28.6% incidence)
and 0 (0% incidence) out of 7 rats, respectively, and 8.71% of liver specimen was occupied by
fiber. These incidences and the grade of fibrosis were all significantly less than the group 1
values. In group 4, the livers almost appeared macroscopically, similarly to those of group 1, but
lacked large tumors. Histologically, HCAs were observed in 5 out of 8 rats (62.5% incidence)
with fatty liver and cirrhosis, 12.86% of liver specimen being occupied by fiber. These were all
in the same range as group 1. HCCs, however, were not histologically observed (0% incidence),
the incidence being significantly less than the group 1 value. No remarkable macroscopic or
histolo gical changes were detected 1n the livers of groups 5 or 6, and the imncidences of HCAs and
HCCs (both 0%) and grade of fibrosis (1.61%) were all significantly less than the group 1 values.
These results clearly show that PBN inhibits the induction of HCCs in the livers of rats fed the
CDAA diet. Such an inhibitory effect of PBN is suggested to be due to both the prevention of
the HCA development, because of the reduced HCA and no HCC development by PBN
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administered only 1n the first 26 weeks, and of the conversion of HCAs into HCCs, because of
the no HCC development without altering HCA incidence.

The present inventors' previous report demonstrates that PBN inhibaits the induction and,
more prominently, growth of GST-P-positive foci of cellular alteration by a 12-week feeding of
the CDAA diet, which 1s attributed to 1ts mnhibition of oxidative stress and COX2 activity (Nakae
et al. 1998). While the roles of reactive oxygen species and COX2 have been well indicated 1n
the early phase of hepatocarcinogenesis in rats fed the CDAA diet, various other factors have
also been suggested to participate (Nakae 1999; and Nakae 2000). Reactive nitrogen species and
transcription factors like NF-kB may be involved, because 1'-acetoxychavicol acetate and PBN,
both inhibitors of iINOS 1induction and NF-kB activation (Kotake 1999; Ohata etal. 1998), inhibit
the induction of GST-P-positive foci of cellular alteration (Nakae 1999; Nakae 2000; and Nakae
1998). While a variety of signaling alterations are induced in the livers of rats fed a semipurified
choline-deficient diet (Zeisel). The present inventors have shown the accumulation or altered
status of NF-kB, caspase-1 and various cytokines also in the livers of rats during a 12-week
feeding of the CDAA diet (Nakae 1999). Such alterations may also take part in the early phase
of this hepatocarcinogenesis, because PBN can normalize these alterations (Kotake 1999).
Signals relating to fibrosis may also participate, because reactive oxygen species and various
signaling molecules are involved in the activation, proliferation and functioning of liver stellate
cells inhibit the induction of both fibrosis and GST-P-positive foci of cellular alteration in the
livers of rats fed the CDAA diet (Sakaida et al. 1996; Sakaida et al. 1998). Non-steroidal anti-
inflammatory drugs, N-(4-hydroxyphenyl) retinamide and PBN inhibit the induction of fibrosis
along with the inhibition of the induction and growth of GST-positive foci of cellular alteration
(Nakae 1999; Nakae 2000; and Nakae et al. 1998). The present results suggest that the fibrotic
processes are also involved in the induction of HCAs in the early phase and can be inhibited by
PBN, but that the presence of cirrhosis itself may not affect the conversion of HCAs into HCCs
in the late phase. Taken together, it is suggested that the inhibitory effects of PBN on the early
phase of hepatocarcinogenesis in rats fed the CDAA diet result from its regulation of a wide
range of signal transduction pathways.

Whereas little has been elucidated about the mechanisms underlying the late phase of
hepatocarcinogenesis in rats fed the CDAA diet, hypomethylation of oncogenes has long been
considered as one of the critical factors in rat hepatocarcinogenesis due to dietary deficiency in

choline and multiple methyl group donors (lipotropes) (Poirier et al. 1994; and Christman 1995).
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The present inventors have recently shown that the 5'-flanking region of the c-myc gene is
hypomethylated, resulting in overexpression of its mRNA in HCCs, but not HCAs, 1n rats fed
the CDAA diet (Tsujiachi et al. 1995). Itis conceivable that hypomethylation of the c-myc gene
play roles in the acquisition of the malignancy by HCC converted from HCA. Reacﬁve oxygen
species lead epigenetic alteration in DNA methylation patterns under the intervention of
transcription factors (Christman. 1995; and Cerdra et al. 1997). PBN may disturb the formation
of aberrant DN A methylation patterns by virtue of its inhibitory potency for oxidative stress and
the activation of transcription factors (Kotake 1999), and in turn prevent the conversion of HCAs
into HCCs. Furthermore, the transforming growth factor-f signaling pathway is altered in HCCs
induced by the CDAA diet feeding (Sasaki et al. 2001). This may be another factor involved in
the late phase mechanisms of hepatocarcinogenesis in rats fed the CDAA diet, and PBN may
affect this process by its ability to normalize altered signal transduction (Kotake 1999).

In conclusion, PBN is chemopreventive against the induction of HCCs in the livers of rats
fed the CDAA diet by inhibition of not only the HCA induction but also the conversion from
HCAs to HCCs. Further studies are apparently demanded to evaluate chemopreventive effects
of PBN against a wide variety of carcinogenic occasions and to elucidate the mechanisms

underlying the cancer chemopreventive effects of PBN.

EXAMPLE 2

The present example extends previous results (Nakae, D., et al. (1998)) showing the anti-
hepatocarcinogenic effects of a radical trapping agent, phenyl N-tert-butyl nitrone (PBN), by
examining the effects of its derivatives on the early phase of hepatocarcinogenesis in rats fed a
choline-deficient, L-amino acid-defined (CDAA) diet. Male Wistar rats, 6 weeks old, were fed
the CDAA diet alone or containing PBN derivatives at concentrations 0of 0.009, 0.045 or 0.090%
for 16 weeks. The number of glutathione S-transferase placental form (GST-P)-positive,
putatively prencoplastic lesions, were decreased only by the highest dose of PBN. However, the
size of the preneoplastic lesions as well as oxidative mjury on hepatocyte extra-nuclear

components were decreased by all doses of 4-hydroxy-PBN and the highest doses of PBN and

- 3-hydroxy-PBN. 4-hydroxy-PBN and 3-hydroxy-PBN enhanced cellular apoptosis in the GST-

P-positive lesions, without inhibiting it in surrounding tissue. Only 4-hydroxy-PBN inhibited
hepatocyte proliferation both in GST-P-positive lesions as well as in the surrounding tissue.

Netther 2-hydroxy-PBN nor 2-sulfoxy-PBN exerted any of these effects. The present results
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demonstrate that PBN, 4-hydroxy-PBN and 3-hydroxy-PBN inhibit the growth of preneoplastic
lesions. 4-hydroxy-PBN was more effective than PBN and 3-hydroxy-PBN. Itis suggested that
the metabolic conversion of PBN to 4-hydroxy-PBN plays an important role in the anti-
hepatocarcinogenic effects of PBN, and that PBN, 4-hydroxy-PBN and 3-hydroxy-PBN may
serve as useful cancer chemopreventive agents.

Chemoprevention by natural or synthetic chemicals has attracted attention in the potential
control of cancers by delaying or arresting the carcinogenic (Chemoprevention Working Group
1999; and Hursting et al. 1999). Carcinogenesis 1s a multi-step process and therefore, 1t has been
proposed that events occurring in each step can be targets for chemopreventive chemicals.
Promising results have been obtained chiefly by investigations using appropriate in vivo animal
models (Chemoprevention Working Group 1999; and Hursting et al. 1999).

Phenyl N-tert-butyl nitrone (PBN) 1s a nitrone-based free radical trapping agent that has
been used in the detection of radical species by the spin-trapping technique. It has been shown
to be potently effective in inhibiting in vitro and in vivo oxidative and nitrosative stress and
signal transduction abnormalities (Kotake 1999). PBN administration to rats yields 4-hydroxy-
PBN (4-OHPBN) as the single predominate metabolite (Reinke 2000). When PBN 1is
administered to rats in vivo, free and conjugated forms of 4-OHPBN are detected 1 hepatic
tissue, as well as 1 the bile, urine, and blood plasma (Reinke 2000). 4-OHPBN 1s, therefore,
considered the major metabolite of PBN formed in the liver microsomal system and it 1s thought
to play crucial roles in the pharmacological action of the parent compound (Kotake 1999, Reinke:
2000). Laittle 1s known, however, about the biological effects of 4~-OHPBN.

The present inventors have previously demonstrated that PBN inhibits the induction and,
more prominently, the growth of glutathione S-transferase placental form (GST-P)-positive,
putatively preneoplastic lesions, in the livers of rats fed a choline-deficient, L-amino acid-defined
(CDAA) diet. PBN inhibits oxidative damage to hepatocyte nuclear DNA and suppresses
inducible cyclo-oxygenase activity (Nakae et al 1998). The specific action of the anti-
hepatocarcinogenic mechanism of PBN, however, still remain largely obscure. The present study
was conducted to extend our earlier findings on the anti-hepatocarcinogenic effects of PBN, by
examining the effect of 4-OHPBN, and other related derivatives on the early phase of rat
hepatocarcinogenesis by chronic feeding of the PBN and derivatives in the CDAA diet.
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Materials and Methods

Animals. A total of 110 male Wistar rats were obtained at 5 weeks of age from Charles
River Japan, Inc., Atsugi, Kanagawa, Japan. Experimentation began after a 1-week acclimation |
on a basal diet (CE-2 diet, Clea Japan, Meguro, Tokyo, Japan). Rats were housed 5 each 1n
plastic cages with white flake bedding (Kansai Animal Corp., City of Kyoto, Kyoto, Japan) in

a standard atmosphere (temperature, 25 + 3°C; relative humidity, 55 + 8% ventilation, 10-
15/hour; and a 12-hour dark/light cycle). Free access to food and tap water was allowed
throughout the acclimation and experimental periods.

Diets and chemicals. The CDAA diet and 1ts control, a choline-supplemented, L-amino
acid-defined (CSAA) diet (Nakae et al. 1992; and Nakae et al. 1990) were obtained from Dyets,
Inc., Bethlehem, PA. PBN, 4-OHPBN, 3-hydroxy-PBN (3-OI-IPBN) and 2-hydroxy-PBN (2-
OHPBN) were synthesized and purified to 99.997% purity 1n our laboratories ( Janzen et al.
1990). 2-Sulfoxy-PBN (2-SPBN) was purchased from Aldrich Chemical Co. (Milwaukee, WI).

Animal experiment. After acclimation, rats were divided equally into 22 groups
consisting of 5 amimals each. Animals 1n group 1 received the CDAA diet alone. Groups 2, 3,
and 4 received the CDAA diet containing PBN at concentrations of 0.009, 0.045, and 0.090%
(hereafter referred as low, middle and high doses, respectively). Groups 5-7, 8-10, 11-13 and 14-
16 recerved the CDAA diet containing the low, middle, and high doses 0f 4-OHPBN, 3-OHPBN,
2-OHPBN and 2-SPBN, respectively. Group 17 received the CSAA diet alone. Groups 18, 19,
20,21, and 22 received the CSAA diet containing the high doses of PBN, 4-OHPBN, 3-OHPBN,
2-OHPBN, and 2-PBN, respectively. The doses of compounds were decided according to our
previous report in which PBN was administered in the drinking water (Nakae et al. 1998).
However 1n the present experiment we administered the compounds 1n the diet because of the
limited solubility of the hydroxy-derivatives of PBN. All animals were sacrificed by
exsanguination under hight ether anesthesia 16 weeks after commencement, and the livers
excised. Slices 5S-mm-thick were taken from the left lateral, median and right lateral lobes of the
livers, fixed in 10% neutrally-buffered formalin for 24 hours and then embedded in paraffin.

Five serial 4-pm-thick sections were prepared from each fixed liver slice and used for

“histological and immunohistochemical assessment as described below. The remaining portions

of the livers were immediately frozen under liquid nitrogen and stored at -80°C until use.
Body weight and food and water intake were monitored weekly, and the average dosages

of PBN and its derivatives were then calculated.
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Histological and iinmunohistochemical assessments. Histological assessment was
performed using sections routinely stained with hematoxylin/eosin and Masson’s trichrome
procedures. Gradation of fibrosis was quantitatively evaluated in groups 1, 4, 7, 10, 13, 16 and
17 by calculating the percent area occupied by collagen fiber stained blue by Masson’s trichrome
method using an IPAP image analyzing system (Sumika Technoservice Corp., City of Osaka,
Osaka, Japan). | GST-P-positive lesions were visualized immunohistochemically. Lesions
consisting of more than 6 cells were quantified using the IPAP system as described elsewhere
(Kishida et al. 2000). The amount of apoptosis and the cellular proliferative activity were
determined in groups 1, 4, 7, 10, 13, 16 and 17, using the double staining techniques by
combination of the GST-P immunohistochemistry as above with the in sifu terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick end-labeling method (Gold et al. 1994)
and the enhanced polymer one-step staining method for proliferating cell nuclear antigen (
Tsutsumi et al. 1995), respectively. Numbers of apoptotic and proliferating hepatocytes among
the 1000-5000 hepatocytes in GST-P-positive lesions and 5000 hepatocytes in surrounding tissue
were counted under light microscopy to obtain percentages that are hereafter referred as apoptotic
and proliferative indices, respectively.

Determination of oxidative hepatocyte injuries. Levels of oxidative damage to the
hepatocytes were determined on frozen liver samples. Oxidative damage to nuclear DNA was
assessed as previously described, using the amount of 8-hydroxydeoxyguanosiné (8-OHAG) to
10° deoxyguanosine (dG) ratio as a parameter (Nakae et al. 1995). Oxidative injury to extra-
nuclear componenis was assessed as described elsewhere, by determining picomole
malondialdehyde equivalent (MDA eq.) levels of 2-thiobarbituric acid-reacting substances
(TBARS) per milligram protein (Nakae et al. 1990).

Statistics. Inter-group differences in quantitative data for multiple groups were
recognized to be significant, when p values smaller than 0.05 were obtained by the Dunnett
mﬁltiple comparison test employed after one-way analysis of variance to determine the variation
among the group means followed by the Bartlett’s test to determine the homogeniety of variance.
Inter-group differences in data for particular group pairs were considered significant, when p
values smaller than 0.05 were obtained by Student’s #-test or Welch’s #~test in cases where the

data showed Gaussian bell-shaped or non-Gaussian distributions, respectively.



CA 02404291 2002-09-24
WO 01/74349 PCT/US01/10508

17

Results

General findings. All rats survived throughout the experimental period. There were no
differences among groups in terms of final body weights or average food intake (the table of
FIG 2). Therelative liver weight of rats given the control diet, 1.e. group 17 was lower than those
oon the CDAA diet (group 1); but neither PBN nor any of its derivatives caused significant
alterations of the liver weight in animals receiving the control diet (the table of FIG 2). The
average dosage of PBN and 1ts derivatives closely correlated with their doses of administration
showing no differences among chemicals (the table of FIG 2).

Effects of PBN and its derivatives on the numbers and sizes of GST-P-positive
lesions. The numbers and sizes of the preneoplastic lesions are summarized in the table of FIG
3. GST-P positive lesions were observed in groups 1-16. There were no lesions 1 group 17-22
and therefore they were significantly lower than that of group 1. PBN significantly decreased
the number of the lesions only at the highest dosage to 52% of the group 1 value. PBN and 1ts
derivative at the two lowest levels show no affect on the number of lesions. In contrast, the sizes
of the lesions were significantly decreased to 19 and 9% of the group 1 value by the high doses
of PBN, 3-OHPBN and 4-OHPBN. 4-OHPBN exerted the greatest effect. The low, middle and |
high doses of 4-OHPBN reduced lesion sizes to 24, 19 and 18% of the group 1 value,
respectively. The lowest dose of 4-OHPBN was as effective as its higher doses and also as
effective as the highest dose of PBN and 3-OHPBN. Neither 2-OHPBN nor 2-SPBN had any
atfect on the number or sizes of the lesions.

Effects of PBN and its derivatives on the levels of oxidative hepatocyte injuries. 8-
OHdG and TBARS data are also presented in the table of FIG 3. The nuclear DNA content of
8-OHAG of group 17 was significantly lower than that of group 1. All doses of PBN, 4-OHPBN,
and 3-OHPBN significantly inhibited the increased 8-OHAJG content caused by the CDAA diet
feeding. These effects lacked dose-dependency, and the magnitudes were not different among
the three chemicals. Neither 2-OHPBN nor 2-SPBN decreased the 8-OHAG levels from those
of group 1. None of the chemicals had any affect on the 8-OHdG content of animals on the
control diet.

The TBARS level of group 17 was significantly lower than that of group 1. While only
the high dose of PBN and 3-OHPBN significantly inhibited the enhanced level caused by CDAA
teeding, all three doses of 4-OHPBN significantly exerted an effect. The low dose of 4-OHPBN
was as etfective as its higher doses and of the high doses of PBN and 3-OHPBN. Neither 2-
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OHPBN nor 2-SPBN affected the TBARS levels. None of the chemicals had any effect when
given in the CSAA control diet.

Effects of PBN and its derivatives on hepatocyte apoptosis and proliferation in GST-
P-positive lesions and surrounding tissue. Apoptotic and proliferative indices 1n GST-P-
positive lesions and the surrounding tissue are summarized in the table of FIG 4. The apoptotic
index in the surrounding tissue of group 17 was significantly less than that of group 1. The
apoptotic indices were significantly lower in the lesions than in the surrounding tissue 1 group
1. The high doses of PBN, 4-OHPBN, and 3-OHPBN significantly increased the apoptotic
indices 1n the lesions approximately 3-4 fold over the group 1 value, while significantly
decreasing this index in the surrounding tissue to about 40%. As a result, the apoptotic indices
became significantly higher in the lesions than in the surrounding tissue of these groups. The
magnitude of the effect was not significantly different among the three chemicals. Neither 2-
OHPBN nor 2-SPBN altered the apoptotic indices.

The proliferative index in the surrounding tissue of group 17 was significantly less than
that of group 1. The proliferative indices were significantly higher in the lesions than 1n the
surrounding tissue in group 1. Only the high dose 4-OHPBN significantly decreased the
proliferative indices both in the lesions to approximately 31% of the group 1 value and in the
surrounding tissue to about 49%. As a result, the proliferative indices in the lesions were still
significantly higher than, but became close to, those 1n the surrounding tissue of group 17. None
of the other chemicals had any effect on the proliferative indices 1n the control groups.

Effects of PBN and its derivatives on histological liver injury. In group 1, extensive

fibrosis was histologically observed 1n association with fatty liver. None of the chemicals had

any affect on fatty liver. PBN, 4-OHPBN and 3-OHPBN inhibited fibrosis, but neither 2-
OHPRN nar 7.SPRN did nat The oradec of fihrocie af oranne 1 4 7 10 12 16 and 17 are
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4-OHPBN exerts a greater effect than PBN and 3-OHPBN. Even though the number of GST-P-
positive lesions were reduced to approximately half of the positive control level by the high dose
of PBN, their sizes were decreased to around 20% or less by PBN, 4-OHPBN and 3-OHPBN.
Because the numbers and sizes of enzyme-altered liver lesions have been considered to retlect
the induction and growth of preneoplastic hepatocyte population (Pitot et al. 1989), 1t 1s thus
suggested that 4-OHPBN and 3-OHPBN inhibit the growth of preneoplastic liver lesions more
prominently than it does their induction. We have already noted this result for PBN (Nakae et
al. 1998). Oxidative hepatocyte damage to both nuclear DNA and extra-nuclear components
were inhibited by PBN, 4-OHPBN and 3-OHPBN, but not by 2-OHPBN or 2-SPBN. The
inhibition profile for TBARS was identical to that for the sizes of GST-P-positive lesions.
Because oxidative hepatocyte damage to nuclear DNA and extra-nuclear components are
involved respectively in the induction and growth of preneoplastic hepatocyte population in rats
fed the CDAA diet, (Nakae et al. 1994; and Kobayashi et al. 1998), it 1s conceivable that the
inhibition of oxidative stress 1s an important clue for the anti-carcinogenic effects of PBN, 4-
OHPBN and 3-OHPBN.

In the livers of rats fed the CDAA diet, hepatocyte apoptosis 1s induced and accumulates
in close association with oxidative damage to hepatocyte extra-nuclear components from 3 days
on (Yoshiji et al. 1992). This 1s the time when over production of hydrogen peroxide by
hepatocyte mitochondria occurs (Hensley 2000). It is closely associated with the increase of
TBARS levels (Yoshiji et al. 1992). The present results show that apoptosis 1s suppressed in
GST-P-positive lesions when compared with the situation in surrounding tissue. Itis suggested
that, whereas oxidative stress influences signaling inducing apoptosis (Nose 2000) to eliminate
altered hepatocytes (Lowe et al. 2000; and Wyllie et al. 1999), it appears that apoptotic signaling

1s dysregulated 1n some preneoﬁlastic hepatocytes (Reed 1999) such that they acquire resistance

. to apoptosis allowing these cells capable of growing into preneoplastic lesions. The apoptotic

signaling change in some preneoplastic cells 1s analogous to their acquirement of resistance to
chemical toxicity during exogenous hepatocarcinogenesis (Farber 1006). In this context, it is
concelvable that PBN, 4-OHPBN and 3-OHPBN may exert different effects on oxidative stress-
mediated apoptotic events in preneoplastic and non-preneoplastic hepatocytes, leading to
enhanced elimination of the former and maintenance of the latter. The inhibition of apoptosis
in the tissue surrounding GST-P-positive lesions may be due to the inhibitory effects of PBN on

pro-apoptotic signaling factors, such as the over-expression of tumor necrosis factor-c,
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interleukin-1oc and 1-PB, interferon-y, c-fos, caspase-3 and fas-A (Pogrebniak et al. 1991;
Robinson 1999; Sang et al. 1999; and Stewart 1999). In contrast, it is unknown and under active
investigation in our laboratories as to why apoptosis was enhanced in GST-P-positive lesions by
PBN and its active derivatives. One of the possible target molecules 1s nuclear factor-xB,
because its activation is inhibited by PBN (Kotake et al. 1998).

Autonomous proliferation in (pre)neoplastic cells 1s a result of various modifications of the

regulating system for cell proliferation. This system has been considered as one of the most

" important targets for chemoprevention (Krupp et al. 2000; and Mori et al. 1999). In the liver of

rats fed the CDAA diet, c-myc and c-Ha-ras are over-expressed within 2 days (Tsujiuchi et al.
1995), and then hepatocyte proliferation is induced 1n close association with the increase of
TBARS from the third day (Yoshiji et al. 1992). The hepatocyte proliferation activity 1s higher
in GST-P-positive lesions than in the surrounding cells as we demonstrated. Inthe present study,
only 4-OHPBN inhibited hepatocyte proliferation.ﬂ The inhibition was more prominent in GST-
P-positive lesions than in the surrounding cells. This is probably one of the major reasons why
the chemopreventive efficacy of 4-OHPBN is greater than PBN or 3-OHPBN.

Very little is known about the biological effects of the hydroxy-derivatives of PBN. We
demonstrated that, at least in the present model that 4-OHPBN, 3-OHPBN and 2-OHPBN was
more effective than, equal to, or much less effective than PBN, respectively. Clearly, the
position of the hydroxy-group is important in the effectiveness of these PBN derivatives. It 1s
highly likely that metabolic conversion to 4-OHPBN may play a significant role in the anti-
hepatocarcinogenic effect of PBN. In contrast, the lack of the chemopreventive effects of 2-
SPBN may be due to its hydrophilic prpperty (Kotake 1999). The efficacy of the free radical
trapping of 2-SPBN 1is as potent as, or in an aqueous environment, even stronger than PBN
(Kotake 1999). Furthermore, 2-SPBN shows inhibitory effects on various disorders mediated
by oxidative stress induced in the hydrophilic layer (Fallon et al. 1997; Harkins et al. 1997; and
Schulz et al. 1995). N,N’-diphenyl-p-phenylenediamine , a lipophilic antioxidant, reduces the
sizes of GST-P-positive lesions without affecting their nu;nbers in the livers of rats fed the
CDAA diet (Nakae et al. 1994). In this manner, it 1s stmilar to 4-OHPBN and 3-OHPBN. A
lipophilic vitamin C derivative, 2-O-octadecylascorbic acid, inhibits rat hepatocarcinogenesis
by chronic feeding in the CDAA diet greater than its hydrophilic parent, L-ascorbic acid

(Mizumoto et al. 1994). The present results suggest that oxidative stress induced in the
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lipophilic layer is both an important mechanistic factor as well as a chemopreventive target iI{
hepatocarcinogenesis 1n rats fed the CDAA daet.

In conclusion, PBN, 4-OHPBN, 2-OHBPN, 2-SOBPN and 3-OHPBN serve as usetul
cancer chemopreventive agents possibly by inducing apoptosis selectively in preneoplastic cells
and 1nhibiting oxidative stress. Additionally, 4-OHPBN, a major metabolite of PBN, may be

especially effective due to its additional ability to inhibit proliferation of preneoplastic cells.
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What Is Claimed Is:

1. A method for inhibiting initiation or development of cancer, the method

comprising administering an effective dose of a nitrone free radical trapping agent to a subject.

2. A method for inhibiting tumor development, the method comprising enterally

administering an effective dose of an aryl N-alkyl nitrone free radical trapping agent to a subject.

3. A method for inhibiting initiation or development of cancer, the method
comprising dietarily administering an effective dose of a nitrone free radical trapping agent to

a subject.

4. The method of claim 1, 2 or 3 where the agent is phenyl N-tert butylnitrone, 3-
hydroxyphenyl N-tert-butylnitrone, 2-hydroxyphenyl N-tert-butylnitone, 2-sulfoxyphenyl N-tert-
butylnitone or 4-hydroxyphenyl N-tert-butylnitrone.

5. The method of claim 1, 2, or 3 where the subject has a famailial history of cancer

or has been exposed to a carcinogenic environment.

6. A method for inhibiting tumor development, the method comprising enterally
administering an effective dose of 3-hydroxyphenyl N-tert-butylnitrone or 4-hydroxyphenyl N-
tert-butylnitrone.

7. Themethod of claim 6 where the effective dose is from about 5 to about 60 mg/kg
body wt. per day.

8. A method for inhibiting hepatocarcinogenesis , the method comprising dietarily
administering to a subject an effective dose of at least one of phenyl N-tert-butylnitrone, 3-

hydroxyphenyl N-tert-butylnitone or 4-hydroxyphenyl N-tert-butylnitrone.

9. The method of claim 8 where the dietary administration 1s through

supplementation of a food component.
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10.  The method of claim 8 where the subject has been exposed to or infected with

hepatitis B virus or hepatitis C virus.

11. The method of claim 8 where the effective amount 1s from about 0.005 w/w% to

about 0.1 w/w % of the diet being administered.

12. A mnitrone free radical trapping agent for use in the preparation of an anti-

carcinogenic diet.

13.  An aryl N-alkyl nitrone free radical trapping agent for use 1n the preparation of

an anti-carcinogenic diet.

14. A 3-hydroxyphenyl N-tert-butylnitone or 4-hydroxyphenyl N-tert-butylnitrone.for

use in the preparation of an anti-carcinogenic diet.

15.  Atleast one of phenyl N-tert-butylnmitrone, 3-hydroxyphenyl N-tert-butylnitrone,
2-hydroxyphenyl N-tert-butylnitrone, 2-sulfoxyphenyl N-trt-butylnitrone, or 4-hydroxyphenyl

N-tert-butylnitrone.for use in the preparation of an anti-carcinogenic diet.
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Effects of PBN on the induction of HCA, HCC and fibrosis in rats fed the CDAA diet for 70 weeks

Group Treatments Inttial Effective  Final body Reltive liver
number number weight (g)  weight (g/100 g
First 26 weeks Last 44 weeks ofrats  ofrats body weight)

| CDAA CDAA 10 7 415 + 27" 445 + 0.26"
2 CDAA+PBN CDAA+PBN 10 8 408 * 34 4.52 * 0.07
3 CDAA +PBN CDAA 10 7 406 © S8 440 T 024
4 CDAA CDAA+PBN 10 8 399 |, 39 423 ., 0.63
S CSAA CSAA 0 10 475 + 31° 290 + 0.10°
6 CSAA+PBN CSAA +PBN 10 10 446 * |5 3.26 £ 0.26

a . e
Values arc presented as means + standard deviations.

° Signtficantly different from the group 1 value.

Number of

baring rats

o O WL NN S

HCA

(V)

57.1
25.0°
28.6”
62.5
Ob
0

Induction of neoplastic lesions

Incidence Number of
baring rats

o OO O N S

HCC

Incidence

(%0}

57.1
9 b

c:-t:-crb

d
0
0
0

0

Grade of
fibrosis
(Percent area
occupied by
collagen fiber
In the specimen)

1332 + 1.579
995 * 1.17°
8.7] f 1.12°
1286 , 1.65
161 + 022°
158 + 0.13
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