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SCE
Brdl
PBS
H&E
LPS
AST
ALT
GGT
fice
PHA-M
DMA
NDHA
G6Pase

ATPase

2-acetylaminofluorene
N-hydroxy-2-acetylaminofluorene
N-nitroso-2-acetylaminofluorene
sister chromatid exchange
O-bromodeoxyuridine

phosphate buffered saline
hematoxylin and eosin
lipropolysaccharide

asparate aminotransferase (GOT)
alanine aminotransferase (GPT)

r-glutamyltranspeptidase

~hepatocellular carcinona

phytohemagglutinin M
dimethylamine

nitrosodimethylamine
glucose-6-phosphatase

adenosinetriphosphatase
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2-Acetylaminofluorene (2-AAF) MmE  sodium
nitrite, EHBMHERET, WF{EEﬁftf’FFﬁf‘E N-Nitroso-
2-acetylaminofluorene ( N-NO-AAF ), BEB LI EH
ERNEHNHREHLL 2- AAF Hag, & 7 HE N-NO-AAF
FERNZER, IHXEETR®KERE AAF FINaN0., K#
22 NaNO: H AAF EHHKREIEXBRUEBERIEE
o R ARHAR, B Vistar HHEAXBEZA 5 8 : 8 1
M mHRBE, 5 2 HERUE 0.3% NaNo. 2@, &£
SEHERLA20.02% AAF 28K, 8 4 HERLLZAAF+0.2%
NaNO. ZEIRIFIE 5 HERLLE AAF+0.3% NaN0. Z & £}
, 381 6 @ H.

BERGRBHE 3 M. 585 4 HIE 5 A8 SCE X
HEHBEREBYE, MAREFEREEMNESRE  (P.05)
RMEE 4 HESE 5 HMAAF HFLEE, BIMBEENESR
TE. B4, EHE&WREE TR, S4B HAEREZ
R, MEtREMETFEBEEOE M, URFHEZER
mEH, HftsE 4 ABOIRKEE, &£ AAF M7 NaNo. 2%
0 AAF MAHUE®E, EHESEMNEEBEN R N UEREESME
o GGT #0 AST <fEAH s HES 5 HAK FHEI S
ZHYEH

HMR%A, MERE NaNo. 1 AAF 2%, AT LA N
SCE X#HMHEE, MAtEFEHFEAREEZ2AK  HEZ2 R
ME B NaNO. 3 AAF 2P EARSHBEARGOEZE,
BB EME T PR EES .



Abstract

2—Acetylamiﬁof1uorene (AAF) reacts 1in acidic
conditions with nitrous fume yielding N-Nitroso-2-
acetylaminofluorene (N-NO-AAF), as previously
shown, to exert more genotoxic and mutagenic
effects than- its parent compound. To predict the
endogenous formation of N-NO-AAF, the effects of
sodium nitrite on sister-chromatid exchange and
tumorigenicity of AAF in rats administered AAF and
NaNO: were observed. For this study, male Wistar
rats were divided into five groups : group I
served as the control group; group I treated with
NaNO: (0.3%): group I was given 0.02% AAF alone
; group IV received both AAF and NaNO: (0.2%) and
group V  received both AAF and NaNQ: (0.3%) in
diet for 6 months.

At the end of the experiment, the SCE
frequencies of group . group IV and groupV were
significantly higher than the control group, but
the frequencis were not significantly different
among group I group IV and group V.
Additionally, nearly all rats in group I (6/6)



group v (6/6) and group V (5/6) developed

hepatocellular carcinoma in the histopathological
examination. Those rats developed tumors were also
shown combined with elevatin of relative liver
weight, activities of hepatic function markers.
The rats received the combination of AAF and NaNO:
in diet (group V) with significant enhancement of
tumor size and higher activities of GGT and AST in
serum compared with AAF treated group, but the
group V was not significant enhancement of tumor
size compared with AAF treated group.

"~ We concluded that administration of sodium
nitrite with AAF may increase the frequency of
sister chromatid exchange and induce the formation
of hepatocellular carcinoma, but the different
effect between group IV and sgroup V was
significant for hepatocarcinogenesis. We must make
an effort to further study.
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WEMNHARKEER, BARARENEYFESEFZIH
BHEWHEALSY (N-nitro compounds) (1,2). MEH
MAEEE, EEREYIUENELCHEOBEERET, HRN
BB (nitrites) KK (amines) WIMFH ., MERE
WK (nitrosamine)o ML, EBWHBEBE T
HEBENeEY, JESREEEEFNEREAF, LHEEZFM
BEMEIE 3,4). BEL, CERESEETWHBIERTE
gYREAER 5,6), LTEFIHBEEEREYFREEF
M, M MEEBEROER (7-1D).
2-acetylaminofluorene (2-4AF) MRERFEHEHN —F
RIEY, TR S5 EM (arylanides and anmines) HIAXH
MBIEEHY, R ESRFHMERLEEY (nodel compo-
unds) (12,13)o

2-AMF EZREBEYR-BEHNHEYD, TMTEE
IR S (target tissue) R HHER (nale rats)
BT . CTRAUFEEEZERNOFEELARLE  (foci). Fi4E
HEHMFAEENRE ., Bk, 2-aF SESRHEROS
TEFEERNBEY (14-17). LE2BEYLHALHE
LA BAYEM, M 2-AAF # cytochrome P-450 EALZH®
, "% N-hydroxy-AAF B HEEY, BELHBELEN
cAERE, #FW: @-E%I1E (N-hydroxylation), W4
BIEEY  (sulfate transfer), W-H|-C EEMEE (N-0-
acetyl transfer), HZZEIE ( deacetylation ), EXE
BEBFRIALEE (1-electron oxidation step), i AK



KREFEKENTHEEY (B 1). XY N-0H-AF FIH #
0 DNA BEAEKMEE, BEE  N-(deoxyguanosin-8-yl)-2-
aminofluorene, BT EEEMA 2-MFZENEEEY
(B 2)(18-22)-

BREBERIMKATKEIREEY phenacetin HE S
N-nitrosophenacetin, & B #H Salmonella  typhi-
nurium BRESOOEREHER, MEHHEMKIBTHRBOUH
WM (23). MABEMAZ, AAF 1 phenacetin EFH
L, @B —EfMEHN N-acetyl-amino group, AL
ERXHE asF WEHEAAEEH (nitrosation) BEELIEE
— B EEELSY. WATEB, KREER 2-4AF M
sodium nitrite, A FEM (nitrosation) Z#&,
Mm% # N-Nitroso-2-acetylaminofluorene (N-NO-AAF)
, ER—EBFWEEFHNEEEE (nutagen) MHE
FRIE (teratogen), M BERETIEER. pNa FH (B 3)
(24) o N-NO-AAFFJLAZE % Chinese hamster ovary (CHO)
FOCSH10T 1/2#fE Ay DNA HEAYBI U R HEE R -1 4
(ouabain resistance) IR (25). M N-NO-AAF tRAES
gL, BLEEE C3H10T 1/288 8 cycle-dependentfy 8%
TAER (26)c 2-AAF GEHFZHYEERASEABOERE
B, I SCE CHEHEHEEWEM (27-33). MEChinese
hamster ovary cells BUEEH, mIEHEN-NO-AAF T
I SCE BY T FHE (34).



A XN 2 HOIERS BA NaNo. 58 AAF R RE
AEHBEZBEHR T, NaNO: H AAF T B IHEKREER
REBURFTEERFAZEE,

BRAEREH AMMF M. AAF + NaNO: (0.2%) AN
AAF+NaNO. (0.3%) # K1 SCE FHEMSSHRHERE, M
BHEHEEZA  RWM AAF + NaN0. (0.2%) $HE AAF +
NaNO. (0.3%) #HAnaar #HAELE, RTEHNEBAFES
ZREI)N, EEZ. EANMERNBHUBREEZERNE®RE,

EHSGREE S M, AAF . AAF + NaNO. (0.2%)
KL AOAAF + NaNO: (0.3%) #MEHFHEREENERK, R
AAF + NaNO: (0.2%) H1#0 AAF + NaNO: (0.3%) $HHEY
frémimie < AR R LA AAF HEOKRBMMA , HEAAF
FEMT  NaN0. <%, EEREHI NaNO. (0.2%) HiEiE
AAF ZEIE/FA, EEEE  NaN0. (0.3%) HI B (4 &
AAFZ fE H o
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2 - Acetylaminofluorene (AAF)
Sodium nitrite (NaNOQ:)
5 - Bromodeoxyuridine (Brdl)

Hoechst 33258

Colcenid

Giemsa (dye)

Phosphate buffered saline ( PBS )
KH:PO.4

K-HPO4

Hypotonic solution

KCI

Fixer :

methanol

acetic acid

Formalin 10%

Hematoxylin and Eosin stain
Alanine aminotransferase kit
Asparate aminotransferase kit

Gammma-glutamyl transpeptidase kit

M H R

Sigma
Ferak

Boehringer

Mannheim

Calbiochen

Sigma

E. Herck
E. Merck
E. Merck
E. Merck
E. Herck
E. Merck
surgipath
E. Merck
E. Merck
E. Herck

Boehringer

Mannheinm
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A AEHNHYESEE 120-150 8% Wistar K
BEE, #EBaeREREEFYHL, U Purina Lab
Chow Z&IE, BHEKFIEHGKH. REEM—-E2HHEE
HEREBY, ENEREHELERFH, ISWEEBEREE
— R, B 6 BH.

BE—4 %, HERE, AU @EEER

M B, BLUE 0.3% NaNo, TE&HE .

E=4 5 % RS 0.02% 2-AAF & EL

EMME 6 &, BRUE 0.02% 2-AAF+0.2% NaNQ. 8 ¥l
ERME 6 &, BRUE 0.02% 2-AAF+0.3% NaNOz & £l o

WeE s BAREE ¢ MAIE, HHMBREFROD 4K
, 1 SCE MEE>H, ILEE 6 @ﬁi’@ﬁﬁklﬁﬁ@f@
B, DEMERBBERSYT, CEFRBREEURFAE
ZFEEREOEL, MENESHIOBESKEBE T, MK
AR, L Hematoxylln - Bosint e, HERK SIFR
B : Masson's BB, MucicarmineRE%E, THE
AHXHEFEHNER. ﬁfﬁ&,ﬁﬂﬁi, EHEARXKERIET, X
el REYR, LEYHE,
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S EEDEE X (sister chromatid exchange.
SCE) S—EHAE DNMBRLNEE, AR BEEES
SEEE, Mk DNA, R —HEELEBIEREERLE ( ex-
change ) B9tERE (35), BHAIA5-bromodeoxyuridine
(BrdlU) M4 DNA EMY thynmidineBIEHT (36), AR M
£ Hoechst 33258 %1 Giemsa REAIFGE (37), #H
Brdl RYTFTE, 3 DNA BN R, KEEHE I HE P HHY
MOHE, Mt EHSCE MACHEE, BHREY, EHiER
BERRSYNHEYNRED, BE S NEKRE S
B8 IT O R B (38-40) o TRAM G0 0H ok 9o 2 BE KT R (SCE)
ALFXRREE DN BEON—-EBENL, mMESELARAYHE
MAEBEER, tTUBEFMEDNG BEEWMTEY . B
, BRI EE B DNA danmagelV— T B HYJT 5 (41,42)

(—) HEEETEXE ( SCE )  (29,43)

1. HiEEE

(01) W RAERE (Vistar) WEEAFIRME 2n] &k, M
10ml PBS (Phosphate buffered saline) BE{E 3
R, BEOBENMESRAEERIETHEREE,

(02) EEREENMR, MA 10n] MWIEKEER RPMI 1640
(GIBCO), W ERANEZEWRSFMF ( fetal calf
serum) 10% ., #AEFR (Penicillin (10000 U/ml)
K streptomycin (10 mg/ml)) 0.5% ., ¥ 36 ng
HOBRBE |31 (NaHCOs) o

(03) EEEMPMAN 0.6 nl HEBEIHRFEE Phyto-
hemagglutinin M (PHA, GIBCO) & 0.1 ml
lipopolysaccharide (LPS, 50 ug/ml)e



(04)
(05)

(06)

(07)
(08)

(09)
(10)

(11)
(12)
(13)
(14)

(15)

(16)
(17)

(18)

(19)

(1) BEEWEMMEER, M 0.6 nl RE—EIF
Bl |
EEEHEMRAERK 37 EZSRLHEKEE 5% .24iE
REHRANEE, ‘

MEEEE 24 NEEZ2®, A 0.1 nl B9 5-bromo-
2-deoxyuridine (BrdU,600 ug/ml), FEZBEE
&S20 uMs LEBRRFHEEREE, BFRX, B
HEEEaERP@EERE,

MHAEEEE 60 NEE®R, A 0.1 nl BOKALE (C-
olcemid, 10ug/ml), FESEBEES 0.1 ug/nlo
MMiEREE 62 INEAEE, RHEBEY, BIHEHELE
W, Bl 1200 r.p.n. HE, L 8§ DE.

HEL®R, BH EER, RAEGF2TEBN#H.

A 6 nl MALHEEBE®E (0.54%KC1), ZETH
FEEIDRcA|ILHEXLED .

AFELS E®R, L1200 rop.on. EEBED 8§ v E
HEO®R, BWHEBER, ReBEacTEBmE,
MA6-8 nl BIBEFE W (methanol : acetic acid =
31l vw/vR, HMERSHIOFE 30 78R, U
1200 r.p.n. HE, #EL § HE,

HEO®R, BHEER, Red@E2TREIE,

HE (13) - (14) Wk, BEEFTERGOUEBEYZAE,
HERERAOWA .

REwHR, EHER.

EmiE—REEOTHE, KHBEEZLD, HES
R LIE®, %7 0.5-1 nl QBEEE.
LLBEBRBER (9 70 o kfH), BEER2E
R, WEHEE. F—E89H 2-3 RETBERER
WE & (slide warmer) EH ¥ . |
HIFOBR, WE 2-3REBEHLE, AR,

..._7__.
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,(Ol) B REWERTE Hoechst 33258 W (2.5 mg/50 nl

| H.0) 10 4758, A SEAUSEGBHESH, UEBEt,

(02) LAZ R 7J<5‘6<{§§£&H, HHEEEHE®R, (0.16 M
Sodium phosphate + 0.04 M Sodium citrate PH=
6.8) RIERE, EELEEWR, RPFEHERE 1.5
~2 hrso :

(03) WEIFEREFREZBKF, FEERBE, BRE
65C HY 2xSSC W, Kix 15 78,

(04) Kz, BBERERAZBEKF, FE 2xSSCe

(05) B LL 5% Giemsa Hf 10 78, Bi®, HAL
HMEBEER,

3. BAWMEHEREHM

(01) MELBERWIER, BEREBET., TUEEL (100-
200x) W&, KA D HFPH (netaphase) HiEHER,
BEESHE (400-1000x) HE, LEELGAE
ZRAETH (netaphasel ) HHHE,

(02) ¥E KR (Kodak Technical Pan ESTRA-AH Base) &
ANBEWMERMEEERN, BREASTEE leiss 0F
AEEZ Axiophot BT,

(03) X E| metaphase I HYHIIETR , BRELEEHE RS
42 (&, REYHLEE2REWHE, —UFSEER,
HIsC SR E SRR, X8, Y#i4E, REBEM,

(04) Ba5cM®, WMRILHAK 3 x 5 inches ARPhZHEE
R (ILFORD), EA#] AW%Z#J@.



(=) SCE # & :

1. B-MEREOHE 30 B%REHLHWNZE KW
C mMie, ESEMENREBRBRES 42 6, T
. |

2. HRZPIREER, FME R A A R R
RS R T R, U RS
 BHMEREE A AR EEA A,
 MERESEEEEEOTR, FABEWNR SCE,
Yot sy BRI B RO S, BB — K SCE, % sy
7 O K AT H e, BIRBIASCERIET S (B 4 ),

N

M. B & o W B T (44,45)

| AlFEE®H Bilirubin (BUN), Creatinine (CRE)
URIFEZE BEEH Asparate aminotransferase
(AST), Alanine aminotransferase (ALT), 7 -Glutamyl
transpeptidase (GGT) MA2HFTFHEHMNIWIEE, &
IRELZOBIE (AST, ALT) 1% IR Reitman - Frankel’d
B, BIMEMANE o -ketoglutaric acid B asparate (
B alanine) ZEBEHEHPRE, W oxaloacetic acid
(B  pyruvic acid) R E dinitrophenylhydrazine
KEZ®, £ 546 nm P EIEIRE . GGT VG B R &
Persijin ¢k, WMI{EE L-gamnna-glutamyl-3-carboxy
~4-nitroanilide 3B glycylglycine W&, {7 5-
amino-2-nitro-benzoate RBTE 405 nm tEE .
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Hik o BEZE, REAARZFE, M 10% B85

MEE 24 B, SHEBERA, SHEHEZ, SRGEE, &

Ok 4-6 upn BV YR, BT H & E staine

01.

02.
03.

04.

09.
10.

H & E stain:® REHR, U&GEAKEBE® (Henatoxylin)
4 2-15 nin (HEATRUTEHRFAERBR2FARAmE
).

KB o

A 0.5% HCl 177 H % @’é <, B 1-5 sec. (H
AL HLBEERARARER, L—-FPRIUEEK) R
BKEB 58,

BAEK (K 1000m] F, HESKEFEH) EEHEE
XEER, 9FHY.

LR EE, B 15nin (BHEBEE 4 HAEE).
06.
07.
03.

FeLl 0.5% Fosin Y B, BVEWDE.
KRB 80% ,90% , 95% alcoholo

B 100% #fE, —HE - 100% BHE (1:1),
“HE - K8 (4:1), SH¥E (1), ZHEE
(I) B¥58,

By Ez2EH,

HaE, LEMEEE, Jr:ﬁ”{%%o



N. B OB 4 O (47-50)
EEBHHE The Rat Liver Tumor Workshop Z &

1. BFRIFMEHRA (Foci of cellular alteration)
(1) SeHHEWR L (Clear cell foci)
(2) IEEHEEREBEEHERME (Eosinophilic or
ground glass foci)
(3) e HAERME (Basophilic foci)
(4) BEMMKI (Mixed cell foci)

Wi NI —EFNE (lobule) K/ANIIRE, K=
EMELEREAREOEEMESENNE FEROEEE
HHEANME, 22 E€OTARRMEABNFMARAEHRES
pf, MR EHBEANAREE. ZRENNHEBETREILLESR
RSN, MAEMEKTREBEARNESR, MASH
ABC. BEHARRLEESHREENE N, MiE
HEERMEOE R, BRttARBRL ST EataomiE
, MIEANEEENTFARRS ), MEAREEZESR
MANEHEERN. —RKISBBEMARBRLNMERZRZE
R, EHENSRERKEEHENME. MRTRSH
MEMREE ERRREMHFESSHAROERMERE, Rk
AR E-PERSHEELE.



2. FTEHLE (Neoplastic Nodule)

—BFAEESHARENRE, EEXRTFRER N
R, fHEONEFRNITREREEHEHR, RNNHFHRESHE
Bt e AT AR, mMESmtERES DR 5 Mg
KPMhA—, HEZGEAAMESR, MTHEFHENKLT, 5E
THERES P ROES. NEUREFNEE, THARK
H—BUEEEMNFEEREs, REINARN, AEE
BEEAEBNFAaREmEHENAR. £8Y 2300 EM D
ERWY, EGETEHSHSHEMHNRE, B0y HH#
R EEE RO RSN

3. FFH#HEE (Hepatocellular carcinoma)

(1) B 714C (well differentiated)

(2) H%F 71 (moderately differentiated)

(3) FBD (poorly differentiated)

(4) BV NABERNER (vith glandular and

/or papillary formation)

FFafmEaE st EHSHEAMAEE AR
HlwRE, EMUURIEFENEZEESY, tEBEHER
ANEBEENFEEER. MEEOFARIERESGES
TREOOESE, TUE»SREFHARN DL BEAKES
—BU LHENEE, Z2EORRNERR, BiE -4
GEREMTMIEE, SEFHEORA KL EROES,
RIZWRIZE (adenocarcinoma)e



4. BEEHHL (Cholangiofibrosis)

BRSNS U EEEHENEE, SEEHE NS
HE ﬁﬁ“é“ﬁ’ﬁ@ﬁi’ﬁﬁ%‘%?&%go EEREERRLU ¢
-dimethyl-aninoazobenzine (DAB) 5% 2-acetylaminof-

luorene (2-AAF) HFHIEVSREZEMNFE2H
t. % i 7 t (51,52)

1. HRERRLESPEXBRERELIVRELEZ2HER
, MEBHEEE (testing for normality) 2%,
HRAWFEHELERIG, HEFLERSENEERER
, [EHME S Vilcokon rank sum test Kif
T, o HEEA 0.05 |

2. ELENVHBETR, THESHEAFHEEEGHESR

B, FRLEAERA t-test KET T M.
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mz=£ 1 P, & 3 EMHHEHEME SCE WEHES
8.97, i NaNO. ¥ SCE WY FEHB{ER8.80: MMAZHEE
BHEEE (P=0.0822). M AAF # SCE WEHE&12.40
, AAF+NaN0, (0.29%) %1 SCE #YFEHES  12.40,
AAF+NaNO. (0.3%) # SCE BYFHES 11.97 Z4HY
EHEHEEMN, EXHHEYEEESRYERBE, P B8 S
0.0010~ 0.0054 #1 0.0082, #/NHE 0.05, EFHEE
B2,ORMBWAM pF HzcHElEEZSEE, P ]S
0.6297 #10.4403, B XF 0.05¢

%5 4 EEHEBMYE SCE BYEHES .37, M NalO,
#  SCE HIEHER 8.80: MMHZIHERBHEZR
(P=0.6667). M  AAF % SCE HIEH{ES 13.40,
AAF+NaNO. (0.2% ) # SCE ¥¥H{EH 10.63, AAF+NaNO-
(0.3%) #i SCE BYFHES 11.10 4 T EIEHHE
EEREEE, p ES%S 0.0002. 0.0194 #1 0.0365,
WA 0.05, EEHEZR, AMBWET AAF AL
WL EEEZER, P HS% 0.0223 0 0.0478, WP
0.050



Falax

8 5 {8 H#E M SCE Y FEH{ES 9.23, M NaNO:
@ SCE WMTHMEA 953 MAZMEREHEESR
(P=0.8172). M AAF 4 SCE WIE#9(E%  13.33, AAF+
NaNO. (0.2%) %1 SCE HOFH{E %  13.90, AAF+NaNO:
C(0.3%) M SCE WIEHEA 14.37 ZHETHEEEE
EEREWEE, PEES 0.0001, /MR 0.05, FHEEFE
., AMmEMANN paFr HcHAE\EEZEE, P HES
0.7091 1 0.5477, B X 0.05.

% o EAHBY SCE IFHES 9.33, T NaNo.
O SCE BI¥H{ES 8.53: MHE2HEFHEEZEZEZE (p:
0.3490). M AAF # SCE BYFHEES 14.57, AAF+NalO:
(0.2% ) 4 SCE BRI TEH{ES 14.23, AAF+NaNO. (0.3%)
$HOSCE WEHES 14.53 ZHBTHHEEZSRE
HEHH, P ES A 0.0001. 0.0003 F0.0001. AmE R
M AAF dMoRHIEEZERE, P HEA 0.8241 M
0.7055, #AHR 0.05-

MM NaNO, 4 SCE WIPHERE s BAESE
6 MHARBEHZMNEN, MESEAHEREHEZEZE
FE (P>0.05) .

AAF #H SCE BYFEHSEMRSE 3 BHEY 12.40 £F 6
BAHK 14.57, #ABEE N, BEEFEAZHNPIEERE
HMENEETFE (P>0.05).



AAF+NaNO. (0.2% ) #% 4 H SCE WEHES
10.63, W& 5 M H SCE VEHEBS 13.90, £ 6 #H
SCE WTEHES 14.23; ERERME AR SCE WEH
EHm, ME®HMEAN SCE PHEME 4 MA2H
HHEEMEEGTE (P0.05) .

AAF+NaNO: (0.3%) #% 4 H SCE BVEBFES
11.10, #% 5 A SCE WTEHMES 14.37. % 6 ®H
SCE B9 FE¥HESR 14.53 EEBRRE AR SCE Y¥EHl
BN, MEHME AN SCE FHEME 4 @AM
HHEEWERETE (P0.05).

Z. RHEREMTFHEEE L

mE s5Aia, BT OAAF MFD AAF+NaNQ. (0.2%) 4
T#E 4 BAGCEBREARORE 2N, BI=ZHAUFE
TEEMMRSK, EAAEEEZ/LSTE, NaNo, HE AAF
A BEACHBEHEEER  (PC0.001) M AAF+NaNO:
(0.2%) #EL AAF+NaNO. (0.3%) HH#0 ApF 4 2 fel AUl 4%
HMEZRFHE. 6% 1~ & 4 AH H BT B B 09 B 61 B 1% -
mzk 2 Fin, HEMHAMEYFEOEELHEES 2.85,
NaNO. MBYFEHES 2.20, MEIEHBEHEERE (P
0.001), M AAF $HHYFI5ES 10.58, MHBHZHF
BHEER  (P<.001)- AAF+NaNO. (0.2% ) 4 +H & HF
WEREHESS, & 17.96, W AaF HEE, BRHF
BHERSE I, MAMAFEEER ( PLW.05 ). PR AAF+
NaNO. (0.3%) $AYFHHHES 6.08, 1 AaF AR,
BABFEBRMNESK, MAMEEHEEER (P<0.001) .



= BRaoN

oz 3 Fizan, BUN #1 CRE AR MR KR E#HEZNE
EFE. ME 4, B ST ESHEERTHS EOE

5 AAF+NaNO: (0.3%) 4#1 pAF oMt EHEB 2R
(P<0.005). TE GGT FH i, AAF HMHIHBECCHEEHZES
5 (P<0.001) 5 AAF+NaNO. (0.3%) #L%1 AAF&l.2 R th
EHEZER (PC.05) o ‘

M. SRR 2B E

1. AIRFHER

WF® 5 A, HEEAER NaNo: HOFRBEZEE 2
SHEl G EBM =M EEEREEHE0E, U T2
RS EMLEE (8 7)., 8K ER T HEK R
M mMAMESENRSE, ZIHEAFETURIAFT-EEBROFE
g URzZE, NERESERETENKKREE.
2. HEFREZzBE

Ex 5 Fizn, AAF . AAF+NaNO. (0.2%) ##0
AAF+NaNO. (0.3%) HMEFRI (foci) FAEMULEMH
(neoplastic  nodule) FIFFMHEIE (hepatocellular
carcinoma) HIFRE ., AHSTHRENHTERLEHSHIE
B amrdEk (8 g), BEOlldcMiEmdaR (8 9)
, EEHHEANR DR, MFAREN XS BZDTERET



FIfEMAR, U EEFMEE. ARXRME, WIBE Zm 2K
MEEFELH, FHEHERNREEMNER (E10) FHEIE
BRAREE (B 1), £ nucicarmine ¥ 8, £2BHNKE
o LEABTAEA RIS, BB A, NS
ERESH, BERANMNMBEF %, FETRIFS R
EBNEKDTHR 12), EEFEAMISEMEEHARE
(Bl13). IRE=4MtrHEEEREKRMEET H 4L

(cholangiofibrosis)BIEZE (B 14), & Masson's %
B, EHHERE, BErEEAEAE&THBEVESL, |

AAF i H 4 EXBESE 5 BHET, SHH2Z2®
, B EHARENERK. BP0 —87E 0K £ 8 E&
RHEE-KEEEE, FURTHEEASR LKIE (&
15), WIEHFMEIE 2%

AAF+NaNQ: (0.2%) #HHH—%%ikE 3 BH, &
BHlztk, AXHEFHFEHEHS, MEFHAREBOER,
A —EIRE 4 EH, SBEHE, IREHGFFHARRE
MK TEEEBEEHFZ /NG, SURTHEERITHE
HEiEERE (B 16).

AAF+NaNQ: (0.3%) #H =8 6 €& FHE 6 BH, #
FlRHER - EEFHEBENER.
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1. WA

MG RE s BXRESHEEENME REW,
WE_EAREEEARBEHAHLE, SEAMRAGRENE
AR, UBESEAR SCE WEL. MAEEHRX
o 5 4, BHE 6 EAEHE, HitHE 30 &, HE
Kﬁ?azﬁﬂimEﬁﬁﬁﬁﬁﬁﬁ%%Kﬁ%%

B, EFRAREcR, BREF - HILFELEHEED M

, A FEEESEcHNEZERN, BEHAESE KO
Wilcoxon rank sum test ZKEITOH, UELERX
BIEERY M2 E,

. AR

AEBEFHEELH 30 AREHLFERZE SR
R, @SS UEZRREEAREGE SCE HIER,
B AR .

 REEEE

EEEAN SCE BWME, ETLURIAREER
HeRAENBEREE, WHEHRER (LHEHESE 6
BmH), HEZRHEREHIRERERS, AIEEREIEZLE
&ﬁ%ﬁ%@%@@%%%ofﬁ,ﬁngﬂﬁ
BESE, E—FEBE 0 GOREE, TIAGE

; A A & WZ&%mM?ﬁ@o



MM R

MEErEEE AR R RKEEAIY SCE B, {H
M ERE . RIMEHE E#EIE AAF+NaN0. (0.296 )4
HE - REE, MITRAROMEL, SEE TR
MhErk, AEEH SCEWBE HEedHERANTRE
e R, BEME—SHRERSN, LHFkEE
REORET AT A HE i B8 SCE KRR 8 2 [al B9 BA f o

. BEE A2 AR

A

HRFDEAESESE 6 BABKEEBIELN
MeEsEm, RS EEBREEFTRAHANETCHE, B8
A BEAEE 0 AAF HEBEE s BARHEFET 2
€, M AAF+NaNO. (0.2%) #E=E 6 MHAKHT 4
. BN ZMMRARMNTEFEHE 6 @ARFT
5T R

. BT

—MRIFE A B TR H AT, Bk
, UMABREOMWREMSHivteER, HAE{ETRE
FEERE, ECHREMBUSERHENELESR
BAHBHFLE, BEE2GHFLKTLNEERERE,
R R BB R .



. KH A S EE B2 0T 5T PR

C EAE

R GRETNRNOEAZTAARNANRRE,
MAtTUETRE EENNEA  10% &5 HKE
F, UFAGTDHERABESEELAR, E2YRE
BEFAERFAREE RO EH, Tk OE %
S WAAF+NaNO. (0.2%) WH 1 €XME 3 @
B, @malzk, ARBEHESEG, WEFAR
1T o

. BIGWEE ¢

MG WEARBEE R . fAEHS AT AR
BIEKBER, MREREEEA U LBRERAEB
H. A, MMEEARSTEREFB-—HLERELD
BB, B—BBRMTLUME, AEIAREBEE
ERTWNECHMTAREOREREE » W0 AAF 4
] ThtrESs BHAXC, AR, 8F
fran iR B9 T2 B . T AAF+NaNO. (0.2%) #HF 1 &
SEhsE 4 EBA, SRk, thEREEEORK

[u]
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— . MHER R i IR |

HRBIEMEHNGEEBIAZE  (critical site)
MERw, BEERURSEBRNERYDENNE NG
BMEBMNEK. KRZEOBIEY, 0 2-AAF, 71 LA
BEREBE WAL ESHAFPH S L EEEME
WiEERE T (SCE) WHRE., @EHE
e, 2-0AF TP EBR ASOAZERRY, 70U
@ SCE RIS (27-33). MAEE LA HKE
£ 3SEHEE 6 @H AAF 89 SCE B EREHEHE,
mMEBBEZMER (P.05), HMAREBILSHKAE N-NO
-MFE—HEEEBEUFRANREEE, MBEBESHL
2-AAF SEa%, th¥ 0 SCE HUZCHERIHE  (24,26,34)
M AAF+NaNO. (0.29%) 1 AAF+NaNO. (0.3%) "ﬁ
B9 SCE FHELESHREREE, mMAtFEZHESR
(P<0.05) o PR AAF+NaNO. (0.296) HIE® AAF+
NaNO. (0.3%) #%0 AAF $I/FEE®, BR TS 4 ®AH
BHEEZEZN, HE 3 .5, 6 BHAIEEBEZEESR
W1F7E. T 4 EHE  AAF+NaN0. (0.3%) H#0
AAF HHZ2HERIFEARETEZHRHNES  (P=0.0478)

A, BEAMOTUEFELE 2-AAF EMTAEE
EHY NaNO, 2%, #1 2-AAF tHIEE® I E BB B8 in
SCE X#fAE, MAttEHFHEER.



Giri TERIEMHATERE (53) THEREERY
9¢®l  Indigo carmine # Fast green #BFATLAIE N
nice FHEMAE SCE HURIREE, HEZEMT NaNO:
ZHBAIET SCE By EE, Mo EmEREM
NaNQ. TESCE IR BHIOBINXIE (antagonistic
response)o W& AAF 1 NaN0. EEE N & KK, 1E
HEREHNGGT, CTEEMNKE, BT HEY
M OSCERI R HE, ZRETW, UEFE—-F I
WY FE R o

. AHEREENMTFBREENEL

AAF #H#0 AAF+NaNQ. (0.29%) #M7#ESE 4 BEH®
mERBEBNESR, JRMITAERENEREE 5 &
RICHTFAREAECSE K, MERAEHRESH
mE, MEIRAORRETERHEREIRE .. &M
AAF+NaNO: (0.3%) $H7E &Ry, 2% 5 T e A9 B8 B O
A EARBEBER, ErEBHNERRE, HILE
HADHMEEREROES%,

ERMEETRERE S @, LI AAF+NaN0: (0.2%)
MWEPERS, & 17.96, 1 AAF #HEY 10.58 fH
tb#, BAETHENEN, MAREZHEHENE
% (P<0.05)o WIELKIREHRY NaN0. (0.2%) #H AAF
ZHEHEEZFEMH, Al AAF+NaNO. (0.3%) #
IF#9{ES 6.08, 1 AAF MEMEEE, AIEREOR
F, MEMEZEHEBHERENER (P0.001). AES
=EHR NaNO. (0.3%) B AAF 2BIEBBEEE2FH

(e
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. BUN: N EFHEACHOEY, ENMREIRE RN
EEZREMER, BN FESERENLEBF, ME
BEENELS, SHRRHRENES., EEEXEE
b, FRMcHEBEEREEENTFE.

. CRE: FAREBETFBHBH#HEDEAREE, JUBER

MEthae, HREEAERY, B cHMEgHES %
RTFTE |

. AST: TRED GOT, 1 OALT MABEFAE2ENE
= (54,55). A, AST RTHERFRB 24, to
FERKSEH. DR MESR TR K, asT
MG RS, SR EBUEaIREERE, B2
GAEBRT, CROEZHUEEEEZRNHTE.
CALT: JRED GPT, EEXEEHERIFMEEY, EFEZ
FlinEr, ALT REBRAMNKE . EAERS,
AAF ERIYBEHEEER (p<0.001), HREFME
MERRE, YREAECEFARGEY, mEmn
ALT BB LT, TEERM NaNOK AAF 24 E ALT
BB aaF EHEMAEEZEH (P0.05).

CGGT: R, EHWOBE, THAZEITAR
FEERENEE (56-58), EFMESHNEES
W, BEBRETEEA (59,60). MEARBET,
AAF HAIH RBAEEERERE (P0.001), BERIEIFMA
MR RE, YREABTCETARGES, mMEK
GGT BEN EH.



TR Y e

AN NaNo. TR E S EEMNIIE, W
BEETETHIFIEFZH/NNEMOEE. M Mereto %
(61) M REESPIBE, EBBS T NaN0, B
, EEOTFREFHESELCER GGT, ATPase
(6Pase MWEET, AJRHHE (foci) BVH K ;5 Al f
RAEAXEEMRMFHOBEREEOSS, MUABERE
HY B 4 o |

AAF  #H. AAF+NaN0. (0.2%) #H#1 AAF+NaNO:
(0.3%) HEBY KRB HRBEFRLL .. LML AN
fEIZEEYIR % . Teebor #1 Becker (82) FIF 2-AAF
REEZRTREEREMFERSE s M EHLS
fietiEmElRE  (48,63,64), WikE =4
BHHAREOTEB TR EHEH EHEG, AkH
ERESOTAR, R UEREARES, £
REFZME, MEBEARBERE D, M Peraino #
(65,66) M EHER, M Bannasch (63) #d
Villams ¥ (67) HlfgH, EHFEHEGHEIE KT HE
- BEiE 2T, EOBT M AR 2 4 R eh N R AN R RO ST B R
g, MRt EEERHEN, mMAEBEE 2T,
E_dHPRmEHEET Bt 0. HE,
AAF FEMIT NaNQ. 2, KEEH NaNo. (0.2%)
B MFZBEFR EFERER BB EEN
EgfEmE. AMSEEN NaN0. (0.3%) BIE#H
BOAAF Z2EIEAFH ERFBER2EBEREEELNF



HEAEA AFE ., KSR —RBH SR
, TRMF XA EAME, LIFEFSETEHUREE K
b, A&, DHA (dinethylamine) FE&H &
ER#EmmCFHMERME  (68). FIHIRER
B9, E8&E 0.19% DMA 0 0.3% NalN0. 2 &,
FRETEF T EE S UFERITHBEZ NDMA
(nitrosodimethylamine) HY¥ERE . APEF, AAF 70O
DA L 2ME, FAEENEF L A= ER
REDHLCHER S BEE, ES AMF AR BFIELE
W2VER, FRMTEMT AR EEN  NaNo. 28, B
HIFMEE2ER. B —E R EREZFEEHIER
XK, ERUMENERSEEETENNFERE
, ERERETREHEBERBAHER (WWH + - GT
foci %), EFAEE I NaNO.+AAF MHEL AAF EHIE
HEzEMN. HEZ, BMUBETHE, AEEED
NaNO. EERARIAIER, BESEERN NaNo. o
AAF BRMFEH, MELCHERERROGBER KX/, &
RESGmEE, MEFEANHE.
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Table 1. Data on sister chromatid exchanges induced by NaNO:z and AAF
with or without NaNO:z in peripheral lvmphocytes of rats.

SCEs / cell (Mean + S.D.)b

Treatment?2

third month fourth month fifth month sixth month
Control 8.97 + 3.74 8.37 &£ 3.87 9.23 £ 3.23 9.33 £ 3.21
NaNOz (0.3% ) 8.80 £ 3.49 8.80 + 3.25 9.53 &£ 3.50 8.53 £ 3.27
AAF (0.029% ) 12.40 + 4.08* 13.40 £ 5.01°7 13.33 £ 4,117 14.87 4+ 5.69%
AAF + NaNO:2 (0.29% ) 12.40 &+ 5.01° 10,63 &+ 2.87"% 13.90 + 3.55"° 14.23 &+ 5.22"
AAF + NaNOz2 (0.3% ) 11.97>i 4.57" 11.10 £ 4.58"¢# 14,37 + 4.84~ 14.53 &£ 5.04F
a. In these experiment, control rats were on synthetic basal diet while experimental rats received

b.

H 3¢

the AAF with or without NaNO:z in the diet for 6 months.
Mean = S.D. of six animals (30 cells / animals)

P < 0.05 compared with control group.

P < 0.05 compared with AAF treated group.
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Table 2.

Effect of NaNO:z on relative liver weight

, body weight and mortality in AAF-treated rats.

Treatment? Relative liver wt.b 9% of body wt. changer® Mortality
Control 2.65 + 0.064 270 £ 17 0/ 6
NaNOz (0.3% ) 2.29 + 0.07" | 178 £ 12° 0/ 6
AAF (0,029 ) 10.58 + 0.68* 136 £ 367 i/ 6
AAF + NaNO:z (0.2% ) 17.96 4+ 3.46¢ 142 + 26 2/ 6
AAF + NaNO2 (0.39% ) 6.08 £+ 0.47%¢ 175 & 18 0/ 6

In these experiment, controel rats were on synt
the AAF with or without NaNO:2 in the diet for

Relative liver wt. = (liver wt./body wt.) x

% of body wt. change = [(final wt. - initial

Mean £ SD ; see mortality for n value.

P < 0.001 compared with control group.

P < 0.05, ## P < 0.001 compared with AAF treat

hetic basal diet while experimental rats received
6 months.

1009
wt.,)} / initial wt. ] x 100%

ed group.




Table 3. Effect of NaNO2 on the level of zmerum BUN and CRE in AaF-treated rats.

Treatment?@ BUN (mg/dl) CRE (mg/dl)

6 ¢

H-

Control 21.35 4+ 0.6P 0,02

RN
[y
ss}
~1
(RN
T
-
(8}
-3
4
<
<o
[N}

NaNOz {(0.3%

AAF (0.02% ) 25.5 £ 5.5 D.65 D.05

H
g
ey
j o)
MW
o
ne

AAF + NaNGz2 (0.2% ) 40.8

H
o
<]
<
(@3]
G
H-
O
[
N

AAF + NaNO2 (0,39 ) 22,4

a. See legend to Table 2.
b Mean £+ SD ; See mortality of Table 2. for n value.
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Table 4. Effect of NaNO2 on the hepatic function markers in AAF-treated rats.
Treatment?2 AST (IU/L) ALT (IU/L) GGT (IU/L)
Control 315 4+ 32 76 4+ &b D.5 + 0.2
NaNO2 (0.3% ) 238 + 24 64 £+ 7 0.8 + 0.4
AAF (0.02% ) 284 + 34 229 4 74" 164.0 £ 55.07
AAF + NaNO:2 (0.29%) 864 4+ 488 288 4 150 373.0 £ 141.0
AAF + NaNO:2 (0.39% ) 348 + 56 140 4+ 23¢ 55.9 4+ 15.3%%
a. See legend to Table 2.

b, Mean * SD ; See mortality of Table 2. for n value.

#, P < 0.001 compared with control group.

#, P < 0.05, ## P < 0.01 compared with AAF treated group.
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Table 5. Main pathological changes in the liver of rats.

Pathological Changes
Treatment?
Foci Neoplastic Nodule HCC - Cholangiofibrosis
Control 0/ 6 0/ 6 O /7 6 O /6
NaNO2 (0.3% ) 0/ 6 0/ 6 0/ 8 0/ 6
AAF {0.02% ) &/ 6 & /6 6 / 6 & / B
AAF + NaNO:z (0.29% ) 6 / 6 6 / b 5 / bb 6 / 6
AAF + NaNO:2 (0.3% ) 6 / 6 6 / 6 5 / 6 6 / 6

a. See legend to Table 2.
b, One rat died in the third month, no evidence cf HCC is found.
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Fig. 1 : Bioactivation of 2-acetylaminofluorene.
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Fig. 2 : Main products of 2Z2-aminofluorene, 2-acetvlaminofluorene
and 2-nitrofluorene.
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Fig. 4 : Induction of sister chromatid exchanges in the
peripheral lymphocyte of rat by AAF+NaNO:z (0.3% ).
'Slides of metaphase chromosomes were stained with
Hoechest 33258, exposed to light and 2x SSC, and then
stained with Giemsa.
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: Effect of NaNOz2 on body weight in AAF-treated rats.
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Fig. 7 : Gross appearance. of multinodular liver cell

carcinoma with focal necrosis. Rat was fed AAF+
NaNO2 (0.2% ).

Fig., 8 : Eosinophilic foci consists predominantly of
eosinophilic cells in a trabecular pattern. Rat was
fed AAF+NaNQO2 (0.29 ). HXE, X200,




Fig. 9 : Mixed cell foci composed of c¢lear cells (=)

and . eosinophilic cells (A ) with erowded arrangement.
Rat was fed AAF+NaNO2 (0.29 ). H&E, X100.

Fig. 10 : Well differentiated hepatocellular carcinoma
made up of basophilic cells arranged in a trabecular
pattern. Rat was fed AAF. H&E, X100,




Fig. 11 : 'Well differentiated hepatocellular carcinoma,
Portion of tumor with glandular formation. Rat was fed
AAF+NaNO2 (0.29% . H&E, X100.

12 ¢ Moderately differentiated hepatocellular
carcinoma. Basophilic tumor cells with pleomorphic,
hyperchromatic nuclei and abnormal mitotic figures.
Rat was fed AAF+NaNO:2 (0.29 ). H&E, X400.

Fig.

=



Fig. 13 : Poorly differentiated hepatocellular
carcinoma consists of numerocus bizarre  tumor
giant cells. Rat was fed AAF. H&E, X200,

Fig. 14 : Cholangiofibrosis was characterized by
marked proliferation of bile ducts within a
fibrous stroma. Rat was fed AAF+NaNO2 (0.29% ).
H&E, X100,




Fig. 15 : Well differentiated squamous cell
carcinoma is found.in the left buccal mucosa of
a rat. Rat was fed AAF. H&E, X100.

Fig. 16 : Metastatic hepatocellular carcinoma
with glandular formation in the lymphatic = of
omentum. Rat was fed AAF+NaNO2 (0.2% ). H&E, X100.
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