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Abstract :  The present study examined effects of phenyl N -tert-butyl nitrone (PBN)
and 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 for 16 weeks without or with PBN or its derivatives admixed into the diet at
concentrations of 0.009, 0.045 or 0.0909%, and then sacrificed. The livers were assessed for
the induction of glutathione S-transferase placental form (GST-P)-positive lesions and
apoptosis, proliferation and oxidative injuries in hepatocytes. The numbers of GST-P-
positive lesions were decreased only by the high dose of PBN. In contrast, the lesion sizes
were decreased by all of the doses of 4~-OHPBN and the high doses of PBN and 3-OHPBN.
PBN, 4-OHPBN and 3-OHPBN inhibited the induction of the borderline cirrhosis, enhan-
ced hepatocellular apoptosis in GST-P-positive lesions, inhibited apoptosis in surrounding
tissue, and reduced the induction of oxidative damage on nuclear DNA and extranuclear
components of hepatocytes. In addition, 4-OHPBN inhibited proliferating activity of
hepatocytes both in GST-P-positive lesions and in surrounding tissue. Neither 2-OHPBN
nor 2-SPBN exerted any of the effects described above.

These results indicate that PBN, 4-OHPBN and 3-OHPBN inhibit the growth of putative
preneoplastic lesions induced in the livers of rats fed the CDAA diet by reducing oxidative
stress and liver injury. Among these, 4~-OHPBN, a major metabolite of PBN, can exert the
most superior effects because of the additional inhibition of hepatocyte proliferation. In
conclusion, PBN inhibits endogenous hepatocarcinogenesis in rats fed the CDAA diet
depending on its metabolic activation into 4-OHPBN, through antioxidative effects and
possibly by regulating the oxidative stress-related signal transduction.
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Fig. 1. Chemical structures and molecular weights of PBN deriva-
tives used in the present study.
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Table 1. Details of experiment

Effective Final body Relative liver Average Average
Group Treatment(s) number weight weight food intake exposu.re tf)
of rats (@] (g/100g body weight) (g/kg body weight/day) PBN derivatives
(mg/kg body weight/day)
1 CDAA 5 530£52Y 3.81£0.41 6312 0
2 CDAA-+PBN, low 5 50661 3.47£0.29 64+3 5.74%0.27
3  CDAA-+PBN, middle 5 511424 4.17+0.47 62+2 27.90+1.03
4 CDAA-+PBN, high 5 506445 3.99+0.54 62+2 56.08+2.09
5 CDAA+4-OHPBN, low 5 497+45 4.10%0.47 64+3 5.76+0.31
6 CDAA+4-OHPBN, middle 5 505+24 4.05+0.56 62+2 27.74%0.75
7 CDAA+4-OHPBN, high 5 509+11 3.91+0.52 65+2 58.50+1.89
8 CDAA-+3-OHPBN, low 5 517134 4.55+0.59 64+1 5.76+0.13
9 CDAA-+3-OHPBN, middle 5 504129 3.89+0.49 6314 28.33£1.74
10 CDAA+3-OHPBN, high 5 520+13 3.61+0.67 63+2 56.49+1.67
11 CDAA+2-OHPBN, low 5 564+57 3.53%0.35 6243 5.621+0.28
12 CDAA+2-OHPBN, middle 5 527138 3.97+0.32 6414 28.87£1.73
13 CDAA+2-OHPBN, high 5 524170 4.12+0.43 6213 56.06+£2.30
14 CDAA-+2-SPBN, low 5 522423 3.55+0.78 612 5.49+0.17
15 CDAA+2-SPBN, middle 5 533+10 4.00+0.38 61+1 27.59+0.47
16 CDAA+2-SPBN, high 5 513+40 3.92+0.46 63+2 56.43+1.82
17 CSAA 5 499+59 2.67+0.46% 6012 0
18 CSAA+PBN, high 5 511436 3.05%0.28 61+3 57.61£1.30
19 CSAA+4-OHPBN, high 5 512+33 2.56+0.19 62+1 56.42+2.48
20 CSAA+3-OHPBN, high 5 502+25 2.5940.27 602 57.75+3.46
21 CSAA+2-OHPBN, high 5 488+41 2.64+0.31 63+1 56.22+2.82
22 CSAA+2-SPBN, high 5 491+36 2.68+0.39 61+3 56.66+3.49

D The values are the means=standard deviations.
2 Significantly different from the group 1 value.



Fig. 2. Representative liver histology : A, group 1 (CDAA) ; B, group 7 (CDAA+4-OHPBN,
high) : H&E stain, X10.
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Table 2. Fibrotic changes and numbers and sizes of GST-P-positive lesions in the livers
Effective Fibrotic changes GST-P-positive lesions
Group Treatment(s) number (% area occupied by
of rats collagen fiber) Numbers(/cm?) Sizes(mm?)
1 CDAA 5 0.788+0.290 11.54+9.25Y 0.140+0.111
2 CDAA-+PBN, low 5 n.a.® 6.45+2.79 0.057+0.036
3 CDAA-+PBN, middle 5 n.a. 6.20+2.11 0.106+0.064
4 CDAA+PBN, high 5 0.402+0.0192 6.04+2.632 0.027%0.021?
5 CDAA+4-OHPBN, low 5 n.a. 13.58+5.19 0.033£0.034»
6 CDAA-+4-OHPBN, middle 5 n.a. 11.98+0.99 0.027+0.0112
7 CDAA+4-OHPBN, high 5 0.485+0.078% 9.91+7.57 0.025+0.010?
8 CDAA+3-OHPBN, low 5 n.a. 8.90+4.01 0.165%0.176
9 CDAA+3-OHPBN, middle 5 n.a. 7.84+2.81 0.067%0.036
10 CDAA+3-OHPBN, high 5 0.458+0.112% 9.39%4.60 0.013+0.0072
11 CDAA+2-OHPBN, low 5 n.a. 8.62+3.76 0.068+0.036
12 CDAA+2-OHPBN, middle 5 n.a. 11.52+3.63 0.144+0.147
13 CDAA-+2-OHPBN, high 5 0.62240.257 7.62+2.95 0.034+0.013
14 CDAA+2-SPBN, low 5 n.a. 11.46+5.72 0.064+0.094
15 CDAA+2-SPBN, middle 5 n.a. 9.38+1.61 0.187+0.131
16 CDAA-+2-SPBN, high 5 0.551+0.156 7.62+2.88 0.061+0.071
17 CSAA 5 0.347+0.0762 02 —
18 CSAA-+PBN, high 5 n.a. 0 —
19 CSAA+4-OHPBN, high 5 n.a. 0 —
20 CSAA-+3-OHPBN, high 5 n.a. 0 —
21 CSAA-+2-OHPBN, high 5 n.a. 0 —
22 CSAA+2-SPBN, high 5 n.a. 0 —

D The values are the means+tstandard deviations.
2 Significantly different from the group 1 value.
¥ not assessed
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% 75 s » 72(Table 3). 2- OHPBN & 2- SPBN i3,
CDAA R LA LTS TBARSEBEE Lk » i
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B L HFRECH L CHEDRERTS, BT
PBN 0% &M TH % 2-OHPBN & 2-SPBN 22D %)
RO ERBALMNERote. IHIL, FHENHIE
FRLI 3SEOWEDAHT, 4-OHPBN %, $ - & HEE
HieREER L. PBN OARE RN T 5 HIEI%E
1%, Nakae b X HBMED RIS DIDFEVD
DTH T, HLIFKFIET TPBN 25 L
DEHR L, AHETHREERGCTEREYT-> TR,
Z O ERBDEH PBN ORI ROBE DE KX
hicdorE2bhs. CDAA BOBEIC L VBERIA
7= GST-P BBHRZE D EH L, PBN 0EBEHARS D
T Licdy, 4-OHPBN % 7212 3-OHPBN o #f
ARG - THEI R hoTc. —F, Thb3BD
WEOMAESE, WThiFiiEREOAESYER
CHENUie. BEREHEZRTHFIEREOER & K& X
i, ThZhiEHMRRS ORELREDOREL S
T3 Z & X b, 4-OHPBN % X 08 3-OHPBN 3,
PBN 2B L CBEiC Nakae b DA @ CRB I T
WABIIK, AFERCBTBIFIEREORAEEL,
FORKREHLT, X RVWEEISREYRT OEE L
bbb, CDAARIZ XSS vy P FRERTE\T, 8-
OHdG £3% X 0" TBARS BEo#EmM% zh FhigE &L+
5FMilaO DNA ¥ X OB S OBLESE R, *
NZNEHE MRS ORA LRI LS, &5
w, FFIED 7 A+ — o R X BIE & BEFE IS X OSRHERS
£ LTHESh S EBRENFES D, EREORE
BE 35 D EHEIRTWB. ABFRIZI T
3, ThboFMkaRS OBREEGECHERFE RS
%, 3% %% L7 PBN «4-OHPBN »3-OHPBN 1=
IvHFIEhs—7, HFREBCEELKh o2
OHPBN % 2-SPBN i© X » Tl & iz oo, Lic
235C, PBN +4-OHPBN «3-OHPBN O FFFRE 3
HHHEZRE, FeRT5B{bHR b v R LIREED
PECENCREI Wb D ETRE IR B,

7AE - A, FERBCHT B AEFERIED O
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Lo LCHIESMBRS 2R T2 REIZ R LY,
At s X OB O EfF ERRICH - TiE, L
ELIET A b = ZAO{RHE L B 5% > 7 s
BERCEEIRE I 552759, —F, 78— 2BE
Y FNMEERIEEBEY LAV F A v 2V Sy —0D
VEDEL, 7R ROBEEIMAR X CESOR
LETRBICR S FEIN B2, CDAARK IS S
y MTRERC R T, BEER% 3 H0RIL D

TBARS B0 in% 15 & 3 % k& B4 D ER{L
MEEOHFRLERC T AP — v ANBRIN, BN
Xy #ind 525 GST-PBHHRERNIC R\, Bl
BT T AP = ROFREIFI I hTB 2 &
PHE IR TWB, Lichis T, ARBRICEWT, B
ANV ADFER I BT A b —v AB#HY 7 F L E
FEROFEC X - THES % 3o B2 23
5l oBR BB I b —7, —IBOREMEIT R
13, TOYISFAMEERDEILRBEFCL Y, CDAA
ARG OB L > CHEORH T ABLER v ric
FREREINDT7 A - AT IEELZESL, B
REEDOREEZEREL T, ERENERETSD
DEEZBLNRS. TDZ kX, {WEREHE X S
FEREORR EERDOBERO O &0 & T 5 R
RS DFEYB OB T 2 B OKEED® LH
OB, CDAA BRIZ X 5 ARMEOFIEEE T 5\ T
YFRINDC L 2RETH. KRBT, PBN-
4-OHPBN+3-OHPBN %, GST-P BEHHREN D 7 & b
— Y AREERZRCRET B0 ST, AEFERD
ThziEl L. LT, ThboBlx, B
MIRARL S & IR R RS e U C R 1R B
L, BIEOHRERET S L3, BEYHREL (FE
i %, FBREOCHBEXZHEH L0 EE2bh 5.
PBN (%, 4 D in vitro B X O in vivo DEBRRITE
T, FOHBLIEM X, tumor necrosis factor-a+
interleukin-1a *interleukin-14 *interferon-y * c-fos 7x
EEx Dy 7 FMEERFO mRNA -3 EABOR
Bl Rp04-%9 activator protein-1 « nucluar factor (NF)-
®Biclobrs5vrz) 7y s vRFOERARZE
Hlee-6n 35 L 3kic, NF-xB O TIRICAIET 5 caspase 3
R fas-A OBEEFRAXZ DI T2 0 LH;E IR T
WS, ZhbOHRTFIE, 7oA - ABHY 7 F AR
R H BFL L 47-5157-6269-72 7 1 5 D—#Ri1, CDAA
ABEZLY, Ty VFERWTRBE I ERLLI R
BAEHIVREN TV B3, Lichio T, AT ORER D
A, P &b GST-PBMHREC AEFAKCR TS
7 R b —> 20#HIE, PBN + 4-OHPBN - 3-OHPBN
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CXHZhbDOERTORE % I EH LIz Z
TWwabDEELZbIADA, HiEEMRCETST7 R

— Y ZDREOEFIZOWTIL, SBROMRRETHS.

MR IR OB, BORELERTE TS
BELREROOLDOTH A, JiEiiias X 0%
Mk, LU SRR T R T I R
®EL, BENOD HBEOHIEEME LR T4, —
H, Ty PERFHREN=) VRZE, FeHERIh
HEEWHRE L o ABERCE T, B v R
DBEDO T, B4 DEERTER X O LOZHREOLEE)
FRUD LT HEERBHENEE Y 7 F VEEROBiY
FET 5277, CDAA &L, EHEE -BHEER-NF
-kBBIVEADY A+ h A4 vOREET Sy 7 FAE
BRI VFEINB-COX 2 #HELD, FiER
ZHRWTE, BH X b transforming growth factor-4
O mRNA BE R IhsZ b REEhoobh 5.
AR, BEBIAS 1 Himk\ TR X h 5 i
D% DNA 351} % 8-OHAG B i &k %, 2
HURAE c-myc 8 X O c-Ha-ras ® mRNA R o #
5%, 3 HLM# X TBARS Eo#Ein & 3tic frifa o1
TERFE IS, E5IL, GST-PBHRERNI BT
FrtifagEEt 1y, BEFERCRTsEhI v EET
BB, Lichio T, KFFERICETE, BbtER b v
ADBED T, MHEEREEEETOREREY LM
fagewc X 5 BAEEERNBICI T, RO HEIE S F
BIhH50EE2bRS. Ibi, BEEFERES
DHEFEIRMEE, MIRESEEE O X v, FAk
DRI D HIC X B IERTEEFTF MRS OBEFE X b BE T
HBHHDEHEINS. Nakae Hbix, CDAA BRI L VS
HXh5COX2DEMNPBN I X hillflshsz &
FRHL, Zh2PBN &k 2FFRE 0 IEIcEBR L <
WBEHELTWBED. Lal, KB R T, b0

FI T PBN 12 X 5 Fr B IEI s R 2358 b o 7o
L & HBIEL T, PBN i3, 3-OHPBN &#ic, CDAA &
X hFEIhHFHREECEE L khst. Zhic
L C, 4-OHPBN %, GST-P BHRE AR X O FHET
HBOFF I\, FHBEOBEEREMNE LRI LD,
ZOHRIIBICAERENC IS W TERTH . 20D
Z &%, 4-OHPBN @ PBN $ X 0'3-OHPBN X hEh
RS RENAT 2 ER]O O LD v B3,

PBN X, NADPH £RRFE TS v bfF3 7 r Y
—AEERIEEED E, —DRBYE L T4
OHPBN #E4£$5%5%, F4-, PBN L, in vivo I TT
v b5 L Ch, FHERE R - R - M,
&7 13AEE D 4-OHPBN »iHE L 5%, Zh b

fa =

DEIRIHE X, 4-OHPBN i3, PBN 0X 7= 5R84 & L
T, ZTOEBEHORBECEERRELRETIDLE X
bR T35, KpFgeic st 5 4-OHPBN o PBN X
DERVCHFRBIHSRS, ZOBSA»DE L THYRRE
Rodhb. AL, 38D PBN KB(bFHEME D KERE
DONEBIZ X ) FFRBEIHHROMENR D, Hic2-
OHPBN C THERHREOB LRV EXH LM E
Lic. LaLiehb, TOBHIARETHY, SHBOWF
FHRBHETHS. ChEH LT, 2-SPBN i oWTORF
FEMEHDROKINE, = DOFEMAN PBN % DKE
ELFEGE L D EVCKBRAEEZRTY S L X VPP TES
THA 5. 2-SPBN 0 5 & » MiGHRIEAOEE 1L, PBN
DENECHEERT, KERET T LAEGY. ki,
2-SPBN &, KBFMEFIRIC BT BBER v 2O¥
B\ WE « OBLEBEEERRIC R W CERE IR
BEIRTI-, —7, leistk O W HEMLEI T H 5 NN’
-diphenyl-p-phenylenediamine 1%, CDAA BICX v
RIh b GST-PBEHREOBERICHET S Lk,
ZDOKEIEMINTH LB EIN T B9, AR,
JEtED € 3 v CHEMLTH B 2-0-octadecylascor-
bic acid 1%, CDAA &I L %5 v B LT, XK
¥t L-ascorbic acid i L, X b &\ ISR 2R
T, Liclis T, AMFEORKERIEL, CDAAARK LSS
v FRRERBCR TS, REEAGARCEE IR
BALHER P v AOBEERETETSHLDTH 5.

] B

F v FERIT B CDAA AL X 2 NREFRES Y H
VW, GST-P Bt~ aTERE O R4 1kt LT PBN
LEDFEEORITTHE L TOBF I OWTHRERL,
U FokERE2E ..

1. CDAABBERIVFRINIS GST-PBHRE
DFEMHFE, PBN 0 0.090 0 AR X 2EHAMKE
BEZX > THA L. PBNO L h{EVWEETOHRE
FMEA L PBN 840K 51, HREOERCEY
Lot

2. AREDOKE X1Z, 4-OHPBN @ 0.009, 0.045,
0.090 %o AR X 2RAHAREC X » CTREECHE
/NL7z. PBN & 3-OHPBN i, 0.090 %D HEEDZIC
<, AEDOPHELR L. 2-OHPBN % 7= 2-SPBN
13, REDOKE IFE L b,

3. PBN, 4-OHPBN, 3-OHPBN i}, CDAA B2 X %
BERAFEZEOFRELIH L. 2-OHPBN % 7oik 2-
SPBN (%, FFrc®5BMERMACEE L ko .
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4. PBN, 4-OHPBN, 3-OHPBN i, CDAA &z X b
FHEEhB GST-PBHEREN KT 5 F#lan 7 £ b
— v ARRETH—F, FERABERCST 2ha2l
# U7z, 2-OHPBN #7213 2-SPBN i, FFfifaD 7 4 b
—AREE L ithot.

5. 4-OHPBN %, CDAA RIZ X W FEFKEh5 GST-P
RN S X 0% o A BB 1) % Fr ke 2 3
#H L7, PBN #7132 0ffio PBN FEkix, FrAnfass
TEICE L Teh o T,

6. PBN, 4-OHPBN, 3-OHPBN %, CDAA &Iz X%
F#if 0% DNA & BARS BT 5BLEEEDH
wH4I L7, 2-OHPBN % 713 2-SPBN (%, FFiifak s
DB ECHE L k- T,

DEoERE XD, v KB\, PBN, 4-
OHPBN, 3-OHPBN %, CDAA AL X W BRIIBHF
IEREOREY, BLMER b v R & RIS O
CENEE T LB L. ThbOWE
DHT, PBN 0E5R#HWTHH 5 4-OHPBN 12,
FrfaEr s T s el b, o 2% EHL,
BhcFRENHDELR L. Licdi- T, PBN I,
R@ENL, WBMLIER & ThicBET 28B40 7 F
MEERFEOBER W LFARERCEWT, FRELZT
HBZ LBHAL, CoWERFECHT3ENRIL
FEFHWBEOERMELVBEIDEE LS.

APgen—iBiz, BEEEDPAMRIREC X 5%
ZH b0 THBI EHR T ZRMETS.

i F3

REK 25 Thich, KGHEEE, HAREE2EY L
RERETERAEMBRA € v & —[EERBEFHED
B —ER I FE e B ET T L3k, KR,
HEIS B2Vl & E LERERRIERAFE 3 ARSFH
FEH BEERD O 2 RESEHE BB
FHeLET. bR, FAROXRTCHA ) EiEEY
G-k AEEREEHEFL KBEES LI OCEERE
Ex 4 B & B BE#S \ 7o 75\ 7= Oklahoma Medical
Research Foundation @ Robert A. Floyd &+ & HE
BEELCRERSEHOBERLET. T, #HEI2 W
Tl E LIEEBEEE LA BEERITDET
S EERBEFHE OFLMCEH L ET.
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