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BUTYLNITRONE CONTATHNING COMPOSITIONS FOR TNUIBITIGHN OF CANCER DEVELOEMENT

CROSS-REFERENCE TO RELATED APPLICATIONS
Priority is claimed from provisional epplication U.5. Secial Ne. 60/193,572 filed an

Mareh 30, 2000, and incorporated by reference herein.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

The federzl government has rights in the present invention insofar as it was supporiad in
part by the National Institutes of Health Grants N§35747, POL-AGU5118, SP50-AG035144 and
RO1 CAB2506.

BACKGROUND

Chronie feeding oCa choline-deficient- L-aminc acid-defined {CDAA} dict containing no
carcinogens exerts a strong hepatocarcinagenicity inrats through the developtnent oL apparenily
prenecplastic, 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 iv association with alieration on the statis of various signaling molecules. Phenyl
N-tert-butyl nitrone (PEN), a radical wapper, has been shown to inhibit the development of
preneoplastic leslons in the early phase of this dietary hepatocatcinogenesis by apparently
inhibiting oxidative stiess, inducible cyelo-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 is the model systom where feeding
acholine deficiency {CD) diet to rats teads to hepatocellular carcinoma (HCC) development, ie.
in the compleie absence of exposine to any exogenous known carcinogen. Utilizing this madel,
the prescut invenfion concetns novel observations that make it possible to tink ROS with key
signal transduetion pathways that have been shown to be fundamental in cuncer initiation and
development, The present invenlors have shown that mitochondria from CT-livers are changed
such that they mediate a significantly higher yield of HyO, production. Additionally, for the first
timetho present inventors have shown that PBN (¢-phenyl-ter-butyvl nifrone) and its denvatives
are pitrone-based free radical fraps and, significanily reduce preneoplastic nodule development

aswell 2s inhibit hepatocellulsr carcinoma (HCC) formation at very low levels of the compound.

JP 2004-500411 A 2004.1.8
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aswell as inhibit kepatocellular carcinoma (HCC) formation at very low levals ofthe compound.
PBN and the like are tie most potent anti-carcinagens ever studied in this model. To understund
these observations the inventors postulule that the CDfreg'in';en mediates changes in
pdtechondrial membranes such that they produce enhanced levels of H,0, and that PBN and the
like significantly inhikit the excess FLO, production by acting at Complex L The present
inventors further postulate that excess H,Q; causes an enhanced inaciivation of the PTEN turor
suppressor protein, which causes u loss of its phosphatase activity and thereby mediates a stuft
wward the activation of the AKT-kinase pathway rosulting in a decrersc in apoptosis-mediated
processes but an nercase in encogente eventa. The inventors also propose that the cells in
prencoplastic noduics which develop in CD-livers are predisposed toward ontogenssis {as
opposed to apopiasisy because of the action of excess 1,0, and certain growth factors (most
lilsely TGFP,} and that PBN and the like alter these processes (brough both inkibition ef excess
H.O, production and also by suppression of enhanced signal transduction precesses. The
Inventors believe that PRN apd the like act to cause prencoplastic nedule cells to hecome
predisposed toward apeptic processes leading to inhubition of hunor development.

Studies on ihe phamnacological action of PBN - The commpound PBN was first

synthesized in the 1 950's, but in 1968 itwas discovered to be very uscful fo trap and stabilize free
radicats in chemical reactions and hence it was tenmed a spin-trap (Janzen 1971). Although PBN
18 the prototypre spin-trap several other nitrones have been synihesized and found useful to trap
and characteries free xadicals in chemical reactions. These spin lzaps were vsed in chemical
reactions fivst, but in the mid-1970s they began (o be used 1o trap fres radicals in biochemical
and halogical systems (Floyd et 21, 1978; and Poyer et al. 1978, for example). Pirarmacokinetic
studies have shawn that PBI is readily and rapidly distributed 2lmost equally to all tissnes, bas
a half-life in rats of about 132 minutes and is eliminated mostly in ihe urine, Relatively few
melabolism sludies have been dome, but it is known that some rng hydroxylation {primeaily in
the para position) of the compound occurs in the liver. Novelli first showed that PEN could be
used fo protect experintental animals fiom septic shock { Novelli et al. 1986), and indecd this was
later confirmed by othar groups ( Pogrebniak et al. 1992). The use of PBN and derivations as
phannacolegical agents’ begen after  discoveries in 1988 thal showed that PBN had
neuroprotective activity in experimental brain stroke raodsls (Flovd 1990; Floyd et al. 1996; and
Carney et al. 1951}, These results were repsated and extended, (e see References Clough et
al, 1991; Cao et al. 1994; Folbergrova et al. 1993; Pablmark ot al. 1996, for exawople). The

JP 2004-500411 A 2004.1.8
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present inventors have surnmarized the exlensive neuroproteciive pharmacnlogical research of fort
on FBN and derivatives (Floyd 1997; Hensley et al. 1996). In addition to newodegenerative
diseases, PEN has boen shown to protect in other pathological conditions where ROS-ruediated
processes ars involved, including diabetes and many other conditions. The mechanistic basis of
why PBN and some of its denvatives are so newcoprotective i sxperimental stroke and several
ather nenrodegencrative snodels hasnot been completely clucidated yet. However, itis clear that
its action cannot simply be explained by its ability to trap fres radicals. In fact the present
inventors' research effort on the mechunistic basis of PBN’s action now shows that if is acting
by suppressing gene induclion (Floyd 1997; Honsley of al. 1996, Miyajima of al. 1995;
Tabalabaie et al. 1996; and Hensley et al. 1997), most likely by acting on oxidation-sensitive
signal transduction processes (Robinson et al. 1989). In fact PBN sccins to be acting by
suppressing signal transduction enhavced RS formation by mitochondria (Hensley ct al. 19498).
These findings and ideas have arisen from the study of newadegenscative processes. i should
be emphasized, however, that PBINs action m preventng CD catclpogenesis may be difforent
than thase found in theneurndegenerative discase inodels. A specific mechanizm of action does
not limit the prezent invention.

PEN is protective in chyline-deficiengy meodgl

Earlier studies showed that BN administered in deinking water was very protective in
the CD-model. The results were assessed wfter 12 weeks o the regime (MNaloe et 21, 1998). The
research brought out several important points (1} PBN, even al the Jowest level, drastically
reduced the stze of nsaplastic nodules (from 1.92 mm?® in CDAA oaly to 0.33, 0.17 and 0.10
mm? for the CDAA plus PEN treated at 6, 30 and 60 mg/kg-day respectively, ses Tahle 1 of
Makae et al. 1998).

Therc was less offect of PBI¥ on nodule number , i.e. 190 per i’ for CDAA only to
170, 149 and 142 for the 6, 30 and 60 mp/liz- day respectively, {sce Table | of Nakae et al.
1998).  (2) PBN significantly reduced commective tissue prolifecation. (3) lucreasing
concentrations of PR reduced 8-OHAG content {a marker of DNA oxidation} in the CD-livers.
(4)PBN reduced the amount of FGE, in the CD-livers by about 50%, at the highest dose botit
had no effect on COZ-1T expression, sither the mRMA or protein level. [n summary then the fact
that the very lowest level of PBN deercased the nodule size by 83% but only decreased the

nodule nuwnher by [ 1% indicates to us that nodule size is the mast sensitive parameter to PBN

JP 2004-500411 A 2004.1.8
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treatment. Thers was some elfeet on PGE, levels but oaly at the highest Jevels of PBN and this
probably had to do with it acting #s & catalytic inlubitor of the enzyme per se.

To highlight the polency of PBN relative to other chemicals (hat have been testad in the
CDAA moedel, it 1s Instructive bo compare results, which were obtained by the Nakae-Konishi
group{see Mizumuoto et al. 1994; Endoh et al 1 996; and Nakac 1999). The data clearly show that
PEN is the most effective compound tested in the CDAA regimen in reducing the size ol the
prencoplastic nodules and in prevenfing an increase in the 8-OHdG content. The elfeciivensss
of PBN on nodule size is much more potent than comparable amounts of the other inhibitors,
wmost of which are free radical scavangers. The only other compounds that seemed to have some
effect, albeit at higher levels, were nordihydroguaiaric acid (NGDA) and CV3811. CV3611 is
the fatty acid ester of ascorbate. NGDA at the 0.1% level lowered nodule size, by 39% and
CV3611 atthe 0.03% level caused 2 44% lowering, In contrast, PBN ai the lowest level armount
siven {# mg/kg) docreased neduole size by 83%; aud by 45% at the kighest level. NGDA was
tested because of its known inhibition of lipoxygenase activity, but it has also been recently
shown to antagenize tyrosine kinases (Hensley 1998). BPR {p-bromophenocybromide) was used
as an inhibitor of phospholipase A, sctivity but as the data show, this compound had little
activity in suppressing the sizc of the nodules (Endoh 1996). Acetylsaticylic avid had some
effsct {but pet nearly as polent as PBW} on nodulc sive and nodule immber, 2s well as 8-OHAG
content {Eodal 1999). Alpha tocophora! and Ascorbate as well as trelox were studied by they
had very little effect on any of the paremeters (Mizumoto et al. 1994), It should also be noted
that none, if auy, of the inhibitors bave iny offect on faity liver development. The wide
variability in effecliveness of variovs antioxadants in this model and their lack of effect o fafty
liver development scems to be aconsistent finding. A siriking case in point involves antioxidant
effectivencss of compounds inhibiting lipid peroxidation in rat liver mocrosomes verxsus theiv
action in the C*AA model. Data collected by Janzen et al. 1994 denmzonstrate that Trolox and
BHT show guite striking activity in ability to inbhibit rat liver microsome peroxidation (IC,, of
40pM and SuM respectively} whereas PEN is about one thousand-fold less effeciive (IC,,= 3
mi). Yet PBN is very effective in the CDA A model (Nakae ot al. 1998) but BHT and Trolox
are oot (Ghoshal etal. 1990; Mizumoto ct al. 1994). This comparison amply iilustrates the point
that the astion of intubiters in the CDAA model cantot simply be explained by their untioxident

or radical scavenging properties alonc
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While earlier studies have indicated a possible connection belween the occurreace of
prencoplastic nodular lesions md the presence or absence o/ FEN in rats on 2 CDAA diet, those
of skill in the art understand that these preneoplastic rodelar Josions arc not dependently
prediclable of frank cancer development. The present invention cstablishes that pifrone
reductants such as PBN as its derivatives are in fact sffsctive in inhibiting the development of
actual ¢ancerous 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 of tumor development, The method comprises enterally adminjstering an cffective dose
ofanitrone free radicai trapping agent. The administering is preforably enteral by supplernenting.
foud or drink, A preferred nitrons is an aryl N-alky] nitrone. The aikyl is tertiary (terf) butyl
although other alkyls, cycloalkyls and the like may be used. Preferred aryls are phenyl, 3-
hydroxyphenyl and 4-hydroxypheny! und the like. Both new aryls and alkyls may be used once
one of skill in the art performs fests as described herein to idemtify cffective nitroncs, find
oplimal doses, delivery and Liming schedules. Dictarily administering an effective dose of a
nitrone frec radical trapping agent to a subject s & preferred administrative route glthough other
routes may be found offective in particular situations.

The presenl invenlion more preferably involves a method comyprising enteraily
administering an effective dose of 3-hydroxypheny| N-tert-butyluitrone or 4-hydroxyphenyl N-
text-butylnitrone to preveut or inhibit cancer, In most cases an effective dose ia from abowt 0.5
to about 60 mg/kg body wt, per day. In one preferred embodinient, the presentinventioninvelves
amethod for inhibiting heputocarcinogenesis, the method comprising dictarily administering to
a subject an effective dose of atleast one of phenyl N-tert-butylnitronc, 3-hydroxyphenyl N-tert-
butylnitone or 4-hydroxyphenyl N-tert-butytnitrone. Subjects to be ireated include those with a
family history of cancer such as prostate, breast, Iiver orother cancer, as well as subjects believed
to have been exposed to a carcinagenic environment such as excess UV irradiation, radiztion,
food contaminated with carcinogens, ete. In cuses where the dietary administration is through
supplementation of & fooid cornponent, the witrore content effective amount may be ftom about

0.805 wiw% to about 0.1 w/w % of the diet being administered.
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Other (umor models where PBIN and its chemical derivatives are likely to be aclive
include HCC development ceused by infection from hepatitis B v;Lrus and hepatitis C virus.
Many tumors that afflict hurpans progress theough a prengoplustic podular stage and evidence
indicates that ROS or conditions that exacerbaie ROS formation are important in fumor
developmenl. Therefors, we consider it likely that the developrient of many human tumors may
be held in check by daily administering of PEN or one of il effective chemical derivatives at
very low levels (perhaps at | mg or loss per day).

The present invention also invelves a nittone free radical trapping agent for use in the
preparation of an anti-carcinogenie diet and the preparation of such supplemented disis. Again
an acyl N-alkyl mtrone fieo radieal trapping agent is preferred for use in the preparation of an
anti-carcmogenic dict. The most preferred nitrones are 3-hydroxyphenyl N-teri-butylnitonc and
d-hydroxyphenyl N-tert-butylnitrone, individually or in combination for use in the preparation
of an anti-carcinogenic diel,

‘While earlier studies have indicated a possible connection between the oceurrence of
preneaplastic nadular lesions and tho prosence or absetce of PBN in rats on a CDAA diet, those
of skill in the art understand that those preneoplastic nodular lesions are nei dependently
prediciable of frank cancer development. The present invention establishes that nitrone
reductants such as PBN as its derivatives are in fugt offoctive tn inhibiting the developraent 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.

Exarples where PBH (or its patoni derivatives) are expectad to be active in prevenfing
frank tumor development inclunded in addition to those in the liver, those that develop in most
crgans including stomach, colon, breast, pancreas, prostate, skin, head and neck, as well as the

blood stream.

The present invenlion also involves a nitrone fiee radical trapping agent for use in the
preparation of an anti-carcinogenic dist and the preparation of such supplemented diets. Again
an aryl MN-alkyl nitromo free radical trapping agent is preferred for use in the preparation. of an
anti-carcinogenic diet. More preferred uilrones are 3-hydroxyphenyl N-tert-butylnitone, 2-
lydroxyphenyl N-text-butylnitone, 2-sulfoxyphenyl N-tert-butylnitone end 4-hydroxyphenyl N-
tert-butylnitrone, individually o i combination .for use in the preparation of an anfi-

carcinogenic diet.
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BRIEF DESCRIPTION OF THE DRAWINGS
TIG | is a table showing the offects of PEN on the induction of HCA, HCC and fibrosis
in tats fed the CDAA diet for 70 weeks.
FIG 2 is o tabie showing the results of CDAA & various amounts of nitrones,
FI3 3 Is & 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 2 tablc showing the results of apoptotic indices and grade of fibrosis In the livers

of rats.

DETAILED DESCRIFTION OF THE INVENTION

The present inventinn relates to inhibitors of PBIN and its derivatives on the development
of hepatocellular carcinoma (H€C), for example, iz animels fed a CDAA. diet. The prescot
invention also relates to a showing that PBN and ity derivatives effectively inhibit the
development ol ICT induced by 2 clivonde feeding of the CDAA diet, This chemopreventive
action of PBN and fts derivatives is suggested to result from both the disturbance of the
development of preneoplastic lesions including HCA, in the early phase and the prevention of
their progreszion to HCC In the late phase of the distary hepatocarcitogenesis.

Daula recently collected from & long-termm (70-weeld} study of the effectiveness of FBN
(when in drinking water) in the CD-model, demonsirated that it completely inhibited frank HCC
formation and was not carcinogenic itself. PBN s the wmost elfeclive anti-carcinogenic
compound tested thus fur in this specific model. In follow-up studies, the inventors found that
4-hydroxy PBN (4-QI1-PAN) when administered in the diet was cven a more effcctive anti-
carcinogen than, the parent compound. Accordingly, FBN, as well as 4-OH-PBN 3-OHPEN,2-
OHPBN and 2-SPBNM (2 sulfoxy PBN), inhibit CD-modiated hepatocellular carcinoma
development in rats when administered in the diet.

The abbreviations used herein are as follows: PBN, phenyl N-rerz-butyl nitrone; iNOS,
inducthle nitrfe oxide synthase; NF-kB, nuclear factor-kB; COX2, indueible cvclo-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,
cheline-suppiemented, L-amino acid-defined dict; iINGS, inducible nitric oxide synthase; COX,

cyclo-oxygenase.
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The following ¢xamnples further illusiraile model embodiments ef the present invention
including preferred versions and methads of making the same; bowever these examples are not
t0 be construed as limitations of this invention.

EXAMPLE 1

The present example shows effects of phenyl K-zerz-butyl nitrons (PBN), a radical
frapping agent, on hepatocarsinogenesis in male Wistar rats fed a choline-deficient, L-amine
acid-defined (CDAA} dist for 70 weeks. Hepémcollua.r adenoma (HICA) and carcinoma (FICC)
were induced with 57.1% incidences by continuous feeding of the CDAA diet for 70 weeks.
PBN, administered in the drinking water at a corceniration of 0.065% throughent the
expermental period with the CDAA diet, reduced HCA and HCC incidences, both o 25.0%.
When PBN for the first 26 wocks and then vehicle drinking water for 44 wecks werce
administered with the CI2A A dict, both [ICA and [ICC incidences were reduced io 28.6 and 0%,
respectively. In comirast, when velicls drinking water for 26 weeks and then PBN for the last
44 weeks were administered with the CIXAA diet, HOC imcidence was reduced to 0%, bot HCA,
mecidenee remained hugh as G2.5%.  These results indicate that PEN 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 developrment,

PBN is anitrone-basod radical trapping agent possessing potent anti-cxidative activity
(Kotake 1999). In addition, PBN has heen shown 1o exert anti-nitrosative effects by inhibiting
the induction ofiNOS and to prevent alterations on the status of various signaling molecules [ike
NF-xB, pro-inflammatory cytokines, COX?2 and pra-apoptolic gene producs in in vitro and/or
in vivo nocasions (Kotake 19993, Reflecting these properties, PRN is preventive against a variety
of animal disorders such as endotoxin shock, ischemia-reperfusion injuries, nerodegenerative
discascs and diabefes that are mediated by oxidative and nitrosative stresscs and altered sigpal
transduction (Kotake 1999).

Chromc feeding of the CDAA dietinduces a high incidence of HOC within a year (in the
absence of any lmown caroinogen) due to the endogenous mechanisms (Nakac ot al. 1992; Nalae
1999; Nakae 2000). Tn this model, ICC iz induced through GST-P-positive, foci of cellular
akteration and then HCA under the background presence of continuous death and proliferation
of hepatocytcs and fibrosis resulting in cirhosis (Nakac 1999).

In a previcus report, the present inventors demonstrated that PB inhibits the induciion
and growth of GS'T-P-positive loci of cellular alteration in the livers of rats fed a CDAA diet due
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1o the inhibition of oxidative injury on bepatocyte nuclear DNA and of COX2 activity at the
catalylic level (Nakae et al, 1998). Extending these findings, the presem study asscsses effects
of PBM o the eqtire hepatocarcinogenesis in rats fed the CDAA dict, using HCC as an cadpoint
marker.

Matenials and Methods

Animals, diets and chemieal. The protocols were approved prior to the cxperinents by
the Animal Fxperimcolation cominittes at Nara Modical University aceording to the Guidelines
on Animal Experiments in accordance with Japenese Govemment Animal Protectivn und
Management Law Number 105 and Japanese Government Nofification en Feeding and
Safekgeping of Animals Mumber 6. Mule Wistar rats, 6 weeks oid, were purchased from
JapanSLC. Ing., Hamamatsu, Shiruoka, Japan. Rats were housed 5 cach to a plastic cage with
white flake bedding (Kansai Animal Corp., City of Kyoto, Kyoto, Japan) in an air-conditioncd
raom (25 £ 3°C temperature, 55 + 8% relative humidity, [0-12/h ventilation and 12-h darklight
cycle). Rats were used for the experimentation atler 4 1-week acclimation on a basal dist (CE-1,
Clea Japan, Meguro, Tokyo, Japan) and alloweil free access to food and tap water throughout the
acclimation and cxperimental periods. Body weight, foad consumplion and water intake werc
mmonitored weckly, The CDAA diet and & control CSAA diet werc obiaiucd from Diyets Inc.,
Bethichem, PA. PBN was synihesized and purified to 99.997% purity according to the method
of Janzen and Haire (Janzen ¢f al. 1990} in vur laboratories,

Pilotstudy, A pilotstudy was condueted to determined » time-point when the late phage
starts in hepatocarcinogenesis in rats fed the CDAA. diet. A proup of 20 vats were fed the CHIAA
diet for 16 weeks, aud 10 animais wers sacrificed. The remaining 10 rats were then fed the
C8ALA diet for 54 weelss and sacrificed 70 weeky afier the commencement by exsanguinaiion
undor light ether anesthesia. The other group of 20 rats wers fod the CDAA diet for 26 weeks,
and 10 animals were sacrificed. The remaining 10 rats were then fod the CSAA diet for 44
weeks and sacrificed 70 weeks atter the commencement. Upon the sacriffce, the livers were
iglen, and 4-pm-thick, 10%-neutrally-tuffered-formalin-fixed (for 24 h), paraffin-embedded
specimens were prepared wnd stained routinely by a H&E procedure. The liver specimens were
histologically examined according to the eriteria deseribed in the Jitorature (Maronpot et al.
19963,

Main study. A total of 60 rats were equally divided into 6 groups. Grouyp | received
the CDAA diet for 70 weels. Group 2 received the CTYAA diot with PBN at a concentration of
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0.065% in the drinking water for 70 weeks. Group 3 reccived the CDAA diet with PBN for 26
weeks and theti the CDAA. diet aloue for 42 wesks. Group 4 received the CDAA diet alooe for
26 weeks and then the CDAA with PRN (or 44 weeks. Groups 5 and 6 received the CSAA diet
alone and with PBK, respectively, for 70 weeks. The PBN dose was decided based on the
inventors' provious report (Makae et al. 1998). The time-point of 26 weeks afier the
corunencement, when ireatinenls were chatzed 1o groups 3 and 4, was decided according to the
results ol the pilet study (see the Results and scussion section below). All sarviving rats were
sacrificed 70 woeks after the cormmencement, and the livers were takon. Twao serial 4-pm-thicle,
10%-ncutrally-buffered-folmalin-fixed 9 for 24h), paraffim-embedded liver specimens were
prepared and stained routine H&E and Masson's trichrome procedures. The H&E-stained liver
specitnens were histologically examined according to the aforementioned criteria (Maronpot ct
al. 1986), and the incidences of HCA and HCC were determnined.  Grade of fibrosis were
svaluated by analyzing percentsreaoccupied by collagen fiber inthe Masson's trichrome-stained
liver specimens using an IPAP image analyzing sysiem (Sumtka Technaoservice. Corp., City of’
Osuka, Osaka, Japan).

Statistical analyses. Statistical analyses were carried out using an InStat softwars
(GraphPad Software, Tnc., San Dicge, CA). Fisher's oxact tost was uged to assess statistical
significance ofinter-group differences of'the lesion incidences. Student-Newman-Keuls multiple
compartson tesl was used 1o assess statistical stgnificance of inter-group differences of means
after one-way ANOVA to defermine variations among group meass, followed by Barlieft's test
to determine homogsneity of variance,

In the pilot study, faci of cellular alteration wexe induced in the livers of all rats fed the
CDAA diet for 16 weeks, and these lesions were persistent even after the following feeding of
the CSAA dist for 54 weeks. No HCAs or HCCs wers observed in any of these rats. Using male
Fischer 344 cats, it was similarly shown that foci of cellular alisration, but not HCAs or HCCs
are induced by foeding the CDAA diet for 24 wecks and then the CSAA diet for 28 weeks
(Makae et al. 1992). Tt is suggested that a peried of [ 6-24 weeks is not enough to induce HCAs
or HCCs but sufficient to induce foui ef celluler alteration msinfzining themselves persistent but
not have & poloncy fo be converled inte advaoued forms in the absence of the additional
carcinogenic siimuli. In conwast, HCAs were induced in 2 out of 10 rats (20% mcidence) alter
feeding the CDAA diet for 26 woecks. ‘When the CDAA diet for 26 weeks and then the CSAA
dist {or 44 weeks were fed, HCAs were observed in Z out of 10 rats (20% incidence). These
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results demousirate that chronic feeding of the CDAA diet for at least 26 weeks induces HCAs,
and that HOCs are later induced gven in the absepce of the additional carcinogente stimuli.
These results of the pilot study suggest that the late phase of rat hepatocarcinogencsis may start
26 weeks after the boginning of feeding of the CDAA diet.

The results of the main study are sumntarized in the table of FIG 1. Three, 2,3, and 2
rats died in groups I, 2, 3 and 4, respectively. Al rats survived in groups § and 6. There werc
no differences among groups in terms of fond consumption or water intake. The final body and
relative liver weights of proup 5 were higher and lower than those of group 1, respectively. The
administration of PEN did not affect the tinal body or relative liver weights in groups 2, 3, 4 and
6. In moup 1, the livers wers macroscopically vellowish-white and appeared cithotic in
ussociation with a few large tumors with turbid and dark coloy . Histologivalty, HCAs and HCCs
were both observed in 4 out of 7 rats (57.1% incidence), while all rats bared fatty liver and
cirrhosis, 13.32% of liver speeimen being ocoupied by collagen fiber. In group 2, thelivers wers
macrgsocipoally browmish-purple and with relatively stnooth surfuce. Histologically, HCAs and
HCCs wera both obscrved only in 2 out of 8 group 2 rais (25.0% mcidonce), these incidences
being significantly less than the group | values. While fatty liver was still cvidemt, fibrosis was
drastically reduced, only 9.95% of liver specimien being occupied by fiber, which was
significantly less than the sroup 1 value. in group 2, macroscopic and histological churacterislics
ofthe livers resembled those of group 2. HCAs und HCUs were observed in 2 (28.6% incidencs}
and 0 (0% incidence) out of 7 rats, respectively, and 8.71% of llver specimen was occupioed 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 macroscopicaily, similarly to those of group 1, but
lacked large tumers. Histologically, HCAs were observed io 5 oul of 8 rts {62.5% incidence)
weith fatty liver wnd cirhosis, 12.86% of liver specimen being esonpied by fiber. Thess were all
in the same range as group 1. HCCs, however, wore not histologically observed (0% incidence),
the incidence heing sigrificantly less than the group I value. Mo remarkable macroscapic or
histological changes were detected in the lvers of groups 5 or 6, and the inciderces of TICAs md
HCCs (both 09%) and prade of ibrosts (1.61%) were allsi phiflcantly less than the proup | values.
These results clearty show that PRM inhibits the induction of HCCs in ihe livers of rats (od the
CDAA diet. Such an inhibitory effect of PBN is suggested to he due to both the prevention of
the HCA developmenr, because of the reduced [ICA and no HCC development by PRN
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administersd only in the first 28 weeks, and of the conversion m.’ HCAs inte HCCs, because of
the no HCC development without altering HCA incidence.

The present invontors' previous report demonstrates that PBN inhibits the induction and,
more preminently, srowtl of GST-P-positive foci of cellular alleration by a 12-week [reding of
the CDAA dict, which is attributed to its inhibition of axidative stress and COX2 activity (Nakae
et al. 1998). While the roles of reactive oxygen species and COX2 have been well indicated in
the early phase of hepatocarcinogenasis in rats fad the CDAA diet, varicus other factors have
also been suggested to participate (Nakae 1999, and Nakae 2080). Reactive nitrogen species and
transeription factors ke NTF -k may be involved, because 1'-acetoxychavicol acetaie and PBN,
bothirhibitors of iNOS induction and NF-xf activation (Kotake 1999; Ohata etal. 1998}, inbibit
the induciion of GST-P-positive foci of ecllular alteration (MNakae 1999; Malae 2000; and Nakae
1998). While a variety ofsignaling alterations are induced in the livers of rats fed a scmipurified
choline-deficient diet (Zeisel). The present invenlors have shown ihe accumulation or altered
statue of NF-xB, caspasc-1 and various cytokines zlso i the ivers of rats durmg a 12vweek
feeding of the CDAA diet (Nakac 1999). Such alterations may &lso take part in the early phase
of this hepatocarcinogenests, because PBN can normalize these alterations (Kotale 1999).
Siguals relating to fibrosts may also participate, because reaclive oxygen species and varicus
sighaling molecules avg involved In the activation, proliferation and {uncticning of Ever stellate
cells inhibit the induction of both fibrosis and GST-P-positive foci of cellular alteration jn the
livers of rats fed the CDAA diet (Sakaidz et al. [996; Sakaida el al. 1998). Nen-storoidal anti-
inflarmatory drugs, M-(4-hydrox yphenyl) retinamide and PBN inhibit the induction of fibrogiz
along with the inhibition of the induction and growth of GST-positive focl of cellular alteration
{Makae 1994, Nakae 2000; and Nakae of al, 1998). The present results suggest that the fibrotic
processes ars also involved in the induction of HCAs in the carly phase and can be inhibited by
PBN, but that the presence of cirrhosis itsslf 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 hepuatocarcinogencsis in rats fed the CNAA diet result fror its vegolation of a wids
range of signal transduction pathways.

Whereas litile has been elucidated abont the mechanisms underlying the late phase of
hepatocarcine genesis in rats fed the CDAA diel, hypomethylation of oncogenes has long been
considered as one of the critical factors in rat hepaiocarcinegenesis due to dietary deficiency in

choling and multiple methy] group doneis (lipotropes) (Poiricr ct al. 1994; and Christman 1995).
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The present inveniors have recently showy, that the 5%-flanking region of the c-rpe gene is
hypomethylated, resulting in overexprossion of its mRNA tn HCCs, but not HCAs, in rats fad
the CDAA dict (Tsujiachi ct al. 1995). If is conceivable that hypomethylation of the c-myc gene
play roles in the acquisition of the malignaney by HCC converted from HOCA. R.eaxt.ive DRYLED
species lead epigenetic alteration in DNA methylation patterns under the intervention of
transcription faciors (Chrismmn- 1995; and Cerdra et al. 1997). PEN may disturb the formation
of aberrant DMA methylation patterns by virtue of its inhibitory potency for oxidative stress and
the activation oftranscription factors (Kotake 1939, and in (urn prevent the conversion ol HHCAs
into HCCa. Furthermore, the transforming prowth factor-f§ signaling pathway is altered in HCCs
induced by ihe CDAA diet fecding (Sasaki et al. 2007). This nray be another factor involved in
the late phasc mechanisms of hepatacarcinogenesis in rats fed the CDAA diet, and PBN may
affect this process by its ability to normalize altered signa! transduction {Kotake 1999,

In conclusion, PEN is chemopreventive against the induction of HCCs in the livers of rats
fzd the CDAA diet by 1ntubition of not oaly the HCA mduchion but also the conversion from
HCAs to HCCs. Further studies are apparently demanded to evaluate chemopreventive cifects
of PBM against 2 widc vaviety of carcinogenic oecasions and to elucidate the mechanisims

underlying (he cancer chemepreventive effects of PBN.

BXAMPLE 2

The present exampie extends previous results (Nakae, I, et 2l. (1998)) showing the anti-
hepatocarcinogenic cffocts of a radical trapping agent, phenyl M-tart-butyl nitronc (PEN), by
examining the effects af its derivatives on the eaxly phuse of hepatocarcinogenesis in rats fed o
chaline-deficient, I -amine acid-defined (CDAA) diet. Male Wistar rats, 6 weeks old, were fed
the CDAA dict alone or containing PBN derivatives at concentraiions of ¢.009, 0.045 or 0.090%
for 16 weeks. The number of glutathione S-trunsferase placental form {GST-P)-positive,
putaiively prensoplastic lesions, were decreased only by the highest dose of PBN. However, the
size of the prencoplastic lesions 25 well as oxidative njury on hepatoeyte cxtia-nuclear
components were decreased by 2/l doses of &-hydroxy-PBN and the highest doses of PBW and
3-hydroxy-PBN. 4-hydroxy-FBN and 3-hydroxy-PBN cuhanced cellular apoptosis in the (757T-
P-positive Jesions, witheut inhibiting it in surrounding tissue. Only 2-hydroxy-FBN inhibited
hepatocyte proliferation both in GET-P-positive lesiens as well as in the sorrounding tissue.

Neither 2-hydroxy-PBN oor 2-sulfoxy-PBN cxerted any of these effecte. The presont results
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demonstrate that PBN, 4-hydroxy-PBN and 3-hydroxy-PBEN inhibit the growth of prencaplastic
lesions. d-hydroxy-PBN was more effective than PEN and 3-hydroxy-PEN. Tt is suggested that
the metabolic conversion of PBN to 4-hydroxy-FBN plays an important role in the anti-
hepatocarcinogenic effects of PBN, and that PBN, 4hydroxy-PBN and 3-hydroxy-PBIN may
gerve as Ussful cancer chemopreventive agents.

Chemaoprevention by natural ersynthetie chamicals has atiracted attention in the potential
control of cancers by delaying or mresting the carcinogenic (Chemoprevention Werking Group
1999; and Hursting et al. 1999). Carcmogenesis 1s 2 multi-step process and therafore, it has been
proposed that events occurtiug in each step can be targets for chemaprevontive chemicals.
Promising rosults have been obtained chicfly by investigations using appropriate in vivo animal
meodels {Chemoprevention Working Group 1999; and Hursting ci al. 1959).

Phenyl A-fert-butyl nitronc (PBN) is a nifronc-based free radical trapping egent thaf has
been used in the detection of radical species by the spin-trapping techuiqus. [ has been shown
to be patently effeciive in inhibiting in vitro aud in vivo oxidative and nitrosative stress and
signal transduction shnonmalities (Ketake 1999). PBN admimsiration to rats yields 4-hydroxy-
PBN (4-OHPBM) as the single predominate metabolite (Reinite 2000). When PBN is
administered o rats in vive, fiee and conjugated fonns of 4-OHPBN are detected n hepatic
tissue, as well as o the bile, urine, and bleod plasma (Redrke 2000), 4-CHPBN is, thorefore,

considercd the major metabolilc of PBM formed iothe liver mierosemal system and it is thoupght

to play crucial roles in the pharmacological action ofthe parent corpound (Kotake 1994, Reinke:

2000). Little iz kmowm, however, about the biological effects of 4-OHPBN.

The present inventors huve previously demonstrated that PBN inhibits the induction and,
more prominently, the growth of glatatbione S-transferase plasental form (GST-P)-positive,
putaiively proncoplastic lesions, in the livers ofrats fed a cheline-deficient, L-amino acid-defined
(CDAA) diet. PBN inhibits oxidative damage to hepatooyte nuclear DNA and suppresses
inducible cyclo-oxygenase activity (Makae et al 1998), The specific action of the anti-
hepatocareinegenic mechaniso of PBN, however, stillremain largely obsente, The present study
was eonducted to extend our carlier findings on the anti-hepatocarcinogenic effects of PBI, by
examining the effect of 4-0HPBN, and other related derivatives on the carly phase of rat
hepatocarcinogenesis by chrouvic fecding of the PRI and derivatives in the CDAA diet.
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Materials and Methods

Amnimals. A rotal of 110 male Wistar rats were obtained at 5 weeks of uge from Chavles

River Japan, Inc., Atsugi, Kanagawa, Japan, Bxperimentalion began afler a 1-wesk acclimation

on a basal diet (CE-2 diet, Clea Japan, Meguro, Tokyo, Japan). Rats were housed 5 cach in
phastic cages with white flaks bedding {Kagsal Aninal Cotp., City of Kyoto, Kyots, Tapan) in
a standard atnosphere {temperature, 25 + 3°C; relative humidity, 55 + '8$%,; ventilation, 10-
15Mour; and & 12-hour dark/lighl cyele). Free access to [pod and tap water was allowed
throughoul the acclimalion and experimentul periods.

Diets and chemicals. The CDAA dict and its control, acholine-supplemented, L-amine
acid-defined (CS.AA) dist (Wakac et al. 1992; and Nakae et al. 1990} were obtained from Dyets,
Inc., Bethlehem, PA. PBN, 4-OHPBN, 3-hydroxy-PEN (3-OHPBN) and 2-hydroxy-PBN (2-
GHEBIN) were synthesized and purified to 29.997% purity in our luboratories ( Janzen et al.
1990). Z-5ulfoxy-P BN (2-SPBN} was purchased from Aldrick Chernical Co. {Milwaukes, WI}.

Animal experiment. After acclimation, rats were divided equally into 22 groups
consisting of 3 animals each. Animals in group [ received the CDAA diet alone. Groups 2, 3,
and 4 received the CDAA diet containing PBN at concentrations of 4.009, 0.045, aud 0.090%
(bereafter referved as low, piiddle and high doses, respectively). Groups 5-7, 8~10,11-13 and 14-
16 received the CDAA dict containing the low, raiddle, and high doses af 4-OHPBIY, 3-OHPBN,
2-OHPEN and 2-SPBN, respectively. Group 17 received the CSAA diet alone. Groups 18, 19,
20,21, and 22 received the CSAA dict containing the high doses of PEN, 4-OHPBN, 3-OHPBM,
2-OHPBN, and 2-PBN, respectively. The doses of compuunds were decided ucoording to our
previous report in which PBN was administered in the drinking water (Nakae et al. 1998).
However in the present experiment we administered the compotnds in the diet beeause of the
Limited solubility of the hydroxy-derivatives of PBN. All animals were sacrificed by
exsanguination under fight ether anesthesia 16 weelks after conumencement, and the livers
excised. Slhices 5-mm-thick were taken from the lefi lateral, median and fght lateral lobes of the
livers, fized tn 10% neutrally-buffered formalin for 24 hours and then embedded in paraffin.
Five serial 4-gin-thick sections were preparced from each fixed liver slice snd used for
histological and imumunehistecherival assessment as described below. The remaining portions
of the livers were iunediately frozen under liquid mitrogen aod stored at -8$0°C until use,

Body weight and food and water intake were monitored weekly, and the average dosapes
of PBN and its derivatives were then caloulated.
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Histological and immunelistechemical assessments, Histological assessment was
performed using sections routinely stined with bematoxylinfeosin and Masson’s ticlrome
procedures. Gradation of fibrosis was quantitatively evaluated in groups 1, 4,7, 10,13, 16 and
17 by calorlating the percent area occupisd by cellagen fiber stainad blue by Masson’s trichrome
method using an IPAP image analyzing systam {(Sumika Tachnoservice Comp., City of {)saka,
Oeaka, Japan). ‘ GST-P-positive lesions were visualized immunchistochemically. Lesions
consisting of mere than & cells were quantified using the IPAP system as described elsewhere
(Kashuda et al. 2000). The amount of apoptosis and the cellulax prohferative activity wete
determined in groups 1, 4, 7, 10, 13, 16 and 17, using the double siaining techniques by
combination of the (ST-P immunohistochemisiry as sbove with the iw sifi temuinal
deoxynucleotidyl transferase-mediated dUTP-biolin nick exd-lebeling method (Gold el al. 1994}
and the <nhanced polymer one-step staining method for proliferating cell nuelear anfigen {
Teatsumi et al. 1895), ruspectively. Numibers of apoptotic and proliferatiug hepatocytes among
the 1000-5000 hepatoeytes in GS'T-P-positive lesions and 5000 hepatocytes in sumounding tissue
were counted under light microscopy to obtain percentages that are hereafter referred as apoptoiic
and proliferative indices, respectively.

Determination of exidative hepatocyte injuries. Levels of oxidative damage to the
hepatocytes were dotermined on frozen Liver samples. Oxidative damage to nuclear DNA was
assessed as previously described, using the 2mount of 8-hydroxydeoxyguanosine (3-OHdAG) to
18° deoxyguanosine (G} ratio as a parameter {Nalae ef al. 1993}, Oxidative infury to extra-

nuclear componcnis was assessedd as described elsewhere, by defermining precomole

malondialdehyde cquivalent {MDA cq} Tevels of 2-thiobarbiturfe acid-reacting substances

(TBARS) per milligram protein (Nakac et al. 1990).

Statistics. Inter-group differences in quantitative data for muitiple groups were
recognized to be significant, when p values smaller than 0.05 were obtained by the Dunuett
mﬁlﬁplecompmson test employed alter one-way analysis of vartance to determins 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 §.05 were obtuined by Student’s ¢-test or Welch’s i-test in cases where the

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

General findings. All rats survived throughout the experimental periad. There were no
Gifferences among groups in terms of final bady weights or average food intake (1he table of
FIGZ). Theretative liver weight of Tats given the control diet, i.e. group 17 was lower than those
on the CDXAA diet {group 1}, but nefther PBN nor any of its derivatives cawsed significant
alterations of the liver weight in animals receiving the control dist {the table of FIG 2). The
average dosage of FEN and its derfvatives closely corelated with their doses of administration
showing no differences among chemicals {the table of FIG 2}

Effects of PBN and itz derivatives on the numbers and sizes of GST-P-positive
lesions. The numbers and sizos of the preneoplastic lesions are summarized in the table of FIG
3. GST-P positive lesions wore observed in groups 1-16. There were no lesions in group 17-22
and thorctore they were significantly lower than that of group 1. PBN significantly deercased
the number of the lesions only at the highest dosage to 52% of the group 1 value. PEN and its
detivazive at the two lowest levels show no affect on the munber ol lesions. In contrast, the sizes

of the lesions were significantly desreazed to 19 and 9% of the group 1 value by the high doses

of PBN, 3-OHPBN and 4-OHPBM. 4-OHYBN exerted the greatest effect. The low, middle and’

kigh doses of 4-OIIPBN reduced lesion sizes 1o 24, 19 and 18% of the group I value,
respectively. The lowest dose of &OHPBN was as effective as its higher doses and also as
effective as the highest dose of PBIN and 3-OHPBN, Neither 2-OHTPBN nor 2-SPBN had any
affect on the number or sizes of the lesions.

Effects of PEN and its derivatives on the levels of oxidative hepatocyte injuries. 8-
OHAG and TBARS data are also presented in (he table of FIG 3. The quclear DINA content of
&-0HdG of group 17 was significantly lower than that of group 1. All doses of PBN, 4-O1IPBN,
and 3-OHPBN significantly inhibited the increased 8-QHdAG content cansed by the CDAA diet
feeding. These affects lacked dose-dependency, and the magnitudes wera not different amang
the three chemicals. Neither 2-OLPBN nor 2-8PBN decreased ihe 8-OHdAG levels [om those
of group 1. None of the chemioals had any affect an the 8-OHAG content of inimals on the
control diet.,

The TBARS tevel of group 17 was significautly lower than that of group 1. While only
the high dese of PBN and 3-OHPBN significantly inhibited the enhanced level caused by CDAA
feeding, ail three doses of 4-OHPEN signifcantly exerted an effect. The fow dose of 4-OFPRN
was as effective as its higher doses and of the high doses of PBN and 3-OHPEN. Neither 2-
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CHYEN nor 2-SPBN affected the TBARS levals. Nope of the chemivals bad any effect when
given in the CSAA control diet.

Etfects of PB and its derivatives on hepatocyte apoptosis and proliferation in GST-
P-positive fesions and surrounding tissue. Apoptotic and proliferative indices in GST-P-
positive fesions and the surmunding tissue are siamarized 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 indfces were significantly lower i the lesions than in the surrounding tissue in group
1. The high doses of PBN, 4-OHPEN, and 3-OHPBN significantly increased the apoptotic
indices mn the lesions approximately 3-4 fold over the group 1 valus, while sipnificanily
decreasing this index in the suirouncding tissue lo about 40%. As aresult, the apopiotic indices
became significantly higher in the lesions than in the surrounding tissoo of these groups. The
magnitude of the effect was not significantly differcnt among the threc chemicals. Neither 2-
CHYBN nor 2-SPBN altered the apoptotic indices.

The proliferative index in the surrounding fissue of group 17 was significantly less thaun
that of group 1. The proliferative indices wore significantly higher in the lesions than in the
surrounding fissuc in group 1. Only the high dose 4-OHPBN significantly decreascd the
proliferative indices both in the Iesions o approximately 31% of the group 1 valuc and in the
surroubding lissue to about 49%. As a result, (e proliferative Indices in the lesions were slill
significantly higher than, but became close to, thess in the surreunding tissug of group 17, Mone
of the other chemicals had any effeet on the proliferative indices in the control groups.

Effects of PBI and its derivatives ov histalogical [iver injury. In groupn 1, extensive
fibrosis was histologically observed in association with fatly liver. None of the chemicals had
any affect on fatty liver. PBN, 4-OIFBN and 2-OHPBX inlibited flbrosis, but peilber 2-

MFPRN nor 28R Aid net The, orades of fibrosic of orane |4 7 10 1% t6and (Fare
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4+ OHPBN exerts a preater effect than PBN and 3-GHEBN, Bven though the number of GST-P-
positive lesions were reduced to approximately halfof the positive control level by the high doze
of PBN, their sizes were dcoreased to around 20%, or less by PBN, 4-OHPBN and 3-O[IPBN.
Because the numbers and sizes of enzyme-altered liver lesions have been considered to reflect
the induction and growth of prencoplastic hepatecyte population {Pitot ef al. 1989), it s thus
suggested that 4-OTIPBN and 3-CIPEN mhibit the growih of prencoplastic liver lesions more
prominently than it does thelr induction. We have already noted this result for PBIN (Nakao et
al. 1998). Owidstive hepatocyte damage to both nuclear DNA and extra-nuclsur components
were inhibited by PBN, 4-OHPBN and 3-OHPBN, but not by 2-OHPBN or 2-SPBN. The
inbibition profile for TBARS was identical la that for the sizes of GST-P-positive lesions.
Because oxidative hepatecyte damage to nuclear DNA and extra-nuclear companenis are
involved respectively in the induction and growth of preneoplastic hepatacyte population in rats
fod the CDAA diet, (Nalas et al. 1994; and Kobayashi et al. 1998), it is conceivable that the
inbibition of oxidative stress 15 an iniportant clue for the anU-carcinogenic cffects of PBN, 4-
CHEBN and 3-OHPBN.

Ins the Yivers of rats fod the CDAA diet, hepatocyte apoptosis is indueed and accumulates
in close association with oxidative damage to hepatocyte cxtra-muclcar components from 3 days
on {Yoshiji of al. 1992). This is the time when over preduction of hydrogen peroxide by
hepatovyte mitochondria occurs (Hensley 2000} It is closely associated with the increase of
TBARS levels (Yoshiji et ul. 1992). The present results show that apoptosis is suppressed in
ST-P-positive Jesions when compared with the situation in sunrounding tissne. Tt ig suggasted
that, whereas oxidative stress influences signaling inducing apoprosis (Nose Z000) to eliminate
altered bepatoeyies (Lowe et al. 2000, and Wyllie etal, 1999, L appears that apoptotic sipnaling
is dysregulated insome prensoplastic hepatocytes (Reed 1999) such thaf they acquire resistance
ta apoptosis ellowing these cells capeble of growing into preneoplastic lesions. The apoptotic
signalicg change In some prencoplestic cells is analogous to their acquirement of resistance to
chetical toxicily during exogenous hepatocarcinagenasis (Farker 1006). In this context, 1t is
conceivable that PRN, 4-OBPEN and 3-OHPBN mmay exert different effccts on oxidalive stress-
mediated apoptotic events in prencoplastic and non-prencoplastic hepatocytes, lading to
enhanced elimination of the former and maintenance of the latter, The inhibition of apaptosis
in the fissue surrounding GST-P-positive lesions may be due to the inhibitory effects of PBN on

pro-apopiotic. signaling factors, such as the over-expression of fumor necrosis factor-m,
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interlenian-1e and 1-f, interferon-y, e-fos, caspase-3 and fas-A (Pogrebmiak et al. 1991;
Rolbinson 1999; Sang et al. 1959; and Stewarl 1999). Tn contrast, it is unkmown and under active
investigation in cur laboratories as to why apoptosis was enhanced in GST-P-posilive lesions by
PBXN and its active derivatives. Onc of the possible ferget molecules is nuclear factor-kB,
because its activation is inhibited by PBN {Kotaks ot af. 1998).

Autonomous proliferation in (prejneoplastic cells is a result of various medifications of the
regulating system for eil proliferation, This sysiem has been considered as one of the most
imporlant targets fox chemoprevention (Krupp et al. 2000; and Meri et al. 1889}, In the liver of
ratg fot the CDAA diet, c-mye and ¢-Ha-ras e over-expressed within 2 days (1'sujiuchi el al.
1995), and then hepatocyte proliferation is ikluved in close association with the increasc of
TBARS from the third day {Yoskdji ¢t al. 1992). The hepatocyte preliferation activity is higher
in GST-D-positive lesions than in the surrounding cells as wedemaonstraied. [n the present study,
oy 4-OHPBN inhibited hepatoayte proliforation. The inhibition was more prominent in GST-
P-positive Tesions than in the surrounding cells. This is probably one of the major rewsuons why
the chemopreventive elficacy ol 4-OHPBN is greater than PBN or 3-OHPBN.

Very lillle is known about the biolegical effccts of the hydroxy-derivatives of PBN. We
demonstrated that, at least in the present mode] that 4-OHPBN, 3-OHPBN and 2-OLPBN wag
more effective than, equal to, or much less efléctive than PBN, respectively. Cleariy, the
position of the hydrexy-group s important in (he effectiveness of these PEN derivatives. Ttis
highly likely that mefabelic conversion to +OHPEN may play a significant role in the anti-
hepatocarcinngenic effect of PBM. In conlrast, the lack of the ehemopreventive effects of 2-
SPEN may he due to its hydrophilic property {Kotake 1999). The efficacy of the free radical
trapping of 2-SPEN is ag potent a3, or in a1 aqueous enviromment, even stronger than PEN
(Kotake 1999). Purthermore, 2-SPBN shows inhibitery 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. 1595). NN -diphenyl-p-phenylencdiamine , a lipophilic antioxidant, reduces the
sizes of G3T-P-positive lesions without affecting their nu;ubcrs in the livers of rats fed the
CHAA diet (Makee et al. 1994). Iz this manner, it is similar to 4-0HPBN and 3-OHPBN. A
lipophilic vitamin C derivative, 2-Orocladecylascorbic acid, inhibits cat hepatocarcinogenesis
by chromic faeding in the CDAA diet greater than its hydrophilic parent, L-ascorbic acld
(Mizwmoto et al. 1994).  The present results suggest that oxidative stress induced m the
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lipophilic layer is both an important mechanistic factor as well as a chemopreventive target in
hepatocarcinegenesis i1 rats ted the CDAA dict.
In conclusion, PBIN, 4-OHPBN, 2-OHEEN, 2-SOBPN and 3-OLIPBY serve as useful
cancer chstropreventive ageats possibly by inducing apoplosis selectively inprencoplastic cells

arkl inhibiting oxidative stress. Additionally, 4-OHPBN, a major metabolite of PHIN, may be
especially effective due to its additional ability to inhibit proliforation of preneoplastic cells.
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What Is Claimed Is:
1. A method for inhibiting fnitiation or development of cuncer, the method

comprising administering an effoctive dose of a nttrone free radical trapping agent 1o a subject,

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

admirdstering an effective dose of an aryl W-alkyl nitrone fres radical trapping agent to a subject.

3. A method for inhibiting initiation or development of cancer, the method
comprising dietarily administering an cffective dase of a nittone free radical trapping agent to

a subject.

4. The methed of claim 1, 2 or 3 where the agont 1s phouy] N-lert butylnitrone, 3-
hydroxyphenyt N-teri-butymitrone, 2-hydroxypheny! N-tert-butyIniione, 2-sulfoxyphenyl N-teri-
butylitone or 4-hydroxyphenyl N-tert-butylnitrone.

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

o has been exposed to & carcinogenic enyironnsnt.

a. A method for mhibiting tamor development, the method comyprising enterally
sdministering an effective dose of 3-hydroxypheyl N-teri-butylnitrone or 4-hydroxyphenyl N-
tert-butylnitrone.

7. Themethod of claim 6 where the effective dose is from ahowut 5 to abaut 60 mgikg

bedy wi. per day.

8. A method for mhibiting hepatacarcinogenssis , the method comiprising dietartly
administering to a subject an effective doss of at least one of phenyl N-tert-butyInitrone, 3-

bydroxypheny]l N-tert-butylnitone or 4-hydroxyphenyl N-tert-butylnitrone.

a. The method of claim 3 where the dietary administration is through

supplementation of a food component.
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10.  The method of claim 8 where the subject bas been exposed fo or infected with
hepatitis B vims or bepatitis C vims.

11.  The method of claim 8 where the eftective amount is from about 0.005 wiwis (o

about 0.1 wiw % of the diet being adminstersd.

12, A nitrone free radical trapping agent for use in the preparation of an anti-

carcinogenic diet.

13, Anary) N-alky] vitrone free radical trapping agent for use in the preparation of

an anti-carcitogenic digt.

4. A3-hydroxyphenyl N-tert-butylnitone or 4-hydroxyphenyl N-tart-butylniivone for

use i1 the preparation of an antr-carcinogenic diet.

15.  Atleast oneof phienyl N-teri-butylnitrone, 3-hydroxyphznyl N-tert-buryInitrone,
2-hydroxyphenyl N-tert-butylnitrone, 2-sulfoxyphenyl MN-tri-butylnitrone, or 4-hydroxypheoyl

N-tert-bulyletrone. for use in the preparation. of an anti-carcinogenis diet.
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