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Potential effect of sodium nitrite on the expression

of nuclear proto-oncogenes during 2-acetylamino-
fluorene-induced hepatocarcinogenesis in rats
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AAF: 2-acetylaminofluorene.
N-NO-AAF: N-nitroso-2-acetylaminofluorene.

DAB: diaminobenzidine.
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P A

Z, 8 R B = X % 418 B (2-Acetylaminofluorene ff ##
2-AAF) #w Lk sodium nitrite, &£ 8 #H R & T, &
nitrosation € & 4 = & X & M A = K B 12 B ( N-
nitroso-2-acetyl-aminofluorene f # N-NO-AAF), # %
BT AARASER PR ESEMHL 2-AAF £ 3% o
HARBH R, E TP NaNO: 7T #4148  AAF A & 2
e R L F A K éEa R HF H#é&A_AF;@NaNOz, K NaNO:
HAAFE R EBARNOY E - A AH R, &
Wistar/g e kK & |20 RS54 % 1 48 ¥t B 4 (control), &
2448 T 4 0.3% 35 #f 8 4% (NaNO:) 4l #, $348 T4
0.02% AAF = 4 #, H488 T 42002 % AAFm Lt
02% NaNO: = # &, HS5H|T 4 0.02% AAFM L
0.3% NaNO.Z 4 ¥, & 128 -

FEHEREBREIA5AHKREGREEL TR
B AKX IFARBEOFERPHAGES - K a
ZAE A AAFmNaNO & # B m i 2 £ &, 122 F
Bl #l 3 3 NaNO. B AAFR M H A RA R R 8O Y &, $f
T 2 NaNO2H # ¥ 6918 B AAFRAT R ZAE A,
NaNO. KA & & F g A HAFmAEA -

¥k RBE 0.02% AAF=MA %, £ AN A
# c-Fos,c-Jun, c-MycZk & & 4 L JF o A m hh AAFH
2% #5 c-Fos,c-Jun,c-Myc é’] f‘ai‘% 4 B e ANaNO:f A
& & 0 3% 5 (p<0.001) - S REFEE T NaNO: v
§§ AAF’%%%H?J’ iﬁkéﬁ 0 }i}l e Ll R -
Jun, c-Fos, c-Myc & B & 9 3¢ Jw o ~



Abstract

2-acetylaminofluorene (AAF) reacts in acidic conditions
with nitrous fume yielding N-nitroso-AAF (N-NO-AAF),as
previously described,that exerts more toxic and mutagenic
effects than its parental compound. In this study,the effect of
sodium nitrite (NaNO2) on the tumorgenicity of AAF in rats
fed with AAF and NaNO2 was observed. Wistar rats were
divided into five groups: group I served as control; group II
treated with NaNOz2 (0.3%), group Il was given 0.02% AAF
alone; group IV and group V received both AAF and NaNO2
(0.2 and 0.3% respectively) in diet for 12 weeks. At the end
of experimental, all rats in group III, IV and V developed
early stage phenomena of hepatocellular carcinoma,
including hepatomegaly with variable-size foci and
neoplastic nodules. Severe damages were observed in the
rats treated with AAF and NaNOz. Feeding with AAF (0.02%)
for 3 months elevated the levels of c-Jun,c-Fos and c-Myc
proteins in the rats livers. The AAF-induced c-Jun,c-Fos and
c-Myc expressions were significantly magnified (p<0.001)
by NaNOz. These data confirmed that the strengthening of
AAF-induced hepatocarcinogenesis by NaNO2 should be
associated with its enhancing effect on the AAF-induced
increases in the expressions of c-Jun,c-Fos and c-Myec.

Key Words: 2-acetylaminofluorene,
Hepatocarcinogencsis,
Sodium nitrite,
c-Jun, c-Fos, c-Myec.

Abbreviations:AAF, 2-acetylaminofluorene;
N-NO-AAF,N-nitroso-2-acetylaminofluorene
DAB, diaminobenzidine.



TR LB &
bR 8 ] K”ﬁﬁj‘kﬁﬁ:;ﬁfi(ﬁﬂ B OHE. KR

iAo iR LHEFERLSLAHRN LIFLERIK
VAR, HBR BB AP v o ok B 2 R R R (salivary glands) ,
i H A vk (saliva) P B R R E AR E o B A
LA TR S(ATRAEH )8 AR
FH BB E MR B LR R SR B o M HLdE S ER E L
ERABEBESRIXEAATFTAFTPRRAELE NG LB,
A E B LR — o & M 2-acetylaminofluorene(2-
AAF) & — 7 #% & #| (insecticide), %= £ 36 £ K R4 % 7
BRAEEEREB MEBLAAR FERE RBERF ML LT,
ot R EERYE c TRAMBREEANAMGE T &,
BB k09 EBIRBEP A BR K KR R W 69 R &k A (AAF)
L & 4 % os% A fv B JE (nitrosation), @ H & N-NO-
AAF o % 19884 Lin & Kuo#T 5 & # % ST »L % i N-
NO-AAF # direct-acting mutagen and teratogen, i st A
Bk EE KRG KNG FHET (B A A chronic
exprosure), & & & 5| AR R 6955 & ? £ & KR W LHT
R RGO MER G o
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H 5 BB BRAERGIHEANSY, £ BRI
b A CRABEOHERLETHERATD T
W E BB ARG R RBERAGTERA LN BE
4h,(1,2)?fﬁé%%¢b#%iﬁﬁé’))%lﬁ[]jf* % 5 & B R
o B Ga o FR B AN AT R A B R Y &R
%é%g%%%kﬁfﬁﬁ®°dﬁﬁﬁ%¢%Aﬁ
B EAHs Ry BB RA &AM
10) ° 5 — ﬁ@,%@iﬁﬁhﬂ&{b/\% HEHELTEBE Y
M EENEEBRBERRAGA @(11,12)0

AAF &% % A /TQ"” VA2 i\%k/‘%(model compounds )
% 3 & 8 Bz #o B (arylamides and amines) 9 X & &
HRAER (13,14, AAFBRA RSN, 66842
X ﬂ B 4 1 R JE 4w - & A 1 ( N-hydroxylation ),
%8 W 3% ¥ ( sulfate transfer ) , 8 -A - 8% H 4% 5 (N-
O-acetyl transfer ), % & #& 1t 4 A ( deacetylation), 2 HHE

— & F A, 1t ¥ Bk ( 1-electron oxidation step )é"ﬁ‘/’ AR, ¥
HEE WG E AEas19) 4B H M, FAE R K R -2
Y %ﬁﬁﬂtibé\%( N-nitrosoamides ), % /& £ ¥ 1 7
X OB SR B oA A RO 0 ke kb fl ( alkylating
agents), r?ﬁ,tLLJpri“ W B KK AR A R BT
(carbonium ion), %t 4% in vivoE B ,alkylnitrosourethane
#= alkylnitrosoguanidine & 4% #% 8 ( thiol) AT 4 1t (20-21).
4o JB) BT T 0 65, N-NO-AAFA R B § A 4565 & & £, M
H /& & # $2 & B # # F (nucleophile) R &, &
+ ramino acid,nucleosides,DNA. A7 ¥A N-NO-AAF & &
69 8% % R (mutagen), B W 6 R (teratogen) (22),
HAEEFOEAMERNZ TR E -

% % m YT — %0 J foncogenes & F Rl £ 4



ERERZT, TLEERAOFMAR, G4 K AR N
Aoz %0 A B 24, B oA s2e), B A B XA
development,regeneration,neoplasiaz & Fl {2 & & &
OB A 8 R & A S 4y I R BF 38 T X Bl B c-myc,c-
fos,c-jun B & & B (27-33) ° £ H & H A X & BE AR
TER T EX L EER TN RS ¢ ¥ N Y1
Ay T A& AE R R B9 AR AR e

AAF X # 7% {t. & induce hepatocellular carcinomas
(HCCs), p53 suppressor gene mutation and allelic loss
BMABEGF @B EAREE WO A% - 7T p53 gene
UM AR T RBELAR S THRRE BLA D
£ 4+ % AAF A & NO-AAF BT % 4% 8 HCCs, &£
carcinomas A p533 gene X # & # % (mutation
frequency ) VA B BE (57) = Mutation frequencies & R £
% F # chemical: NO-AAF 2 AAF % 5| & 19.23%
(20/104), 31.1% (33/106) » # K-ras,H-ras 2 & % # %
& 0% o f£ HCCs A p53 gene mutation spectrum A % 18
M4 A (a) £ 3k L B NO-AAF R AAF 3] A& £
p53 gene mutation ¥ % 9 W, 7 A3 & f£exon 5-8 o (b)
% F B A # mutation A £ GoA transition, /1 H
guanosine & % % % £ 9 base o (c) p53 gene mutation
g 4 4 & d1cancer cell differentiation AR E RN
B M o #& poorly-differentiated HCCs % p53 gene
mutation incidence & 41.1%; well-differentiated HCCs
#p53 gene mutation incidence®& 10-17% ° (d) p33
gene mutations incidence F2 mutation sites $& cancer
cellt 4o A2 B A AR & 5 40 09 B Bh, & & 1L 1 R 69 AT
b, £ p53 gene mutation#t & ¥ & exon 7-8; 4 M 2~ 1t
B 4F 6 FF % % 0, p53 gene mutation sites A % & exon
5o () B NO-AAFH AAFHT 3l At K% % F 4 3
(98%) #p & ¥ & % (point mutation) o (f) p>3 gene
mutation 4 4 4 & ¥ & 69 & #& ¥ (transition) ® &, @



transition / transversion ratio %~ 3| & 13/6 (NO-AAF
group), 21/12 (AAF group) °

ABE#XAT L — F R ANaNO2 ¥ AAF AT 3 &
MBS E B ARG AANBE N F EE& T AAF P
NaNOq, & % #1 % NaNO2 #f AAF A7 3 4 64 It & 78 = 1%
A F= & M A c-jun,c-fos,c-myc B & B A B & ¥ e 69
A
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A . B B A 442 7 ik (Materials& Methods)

— M AR B

% 4% 49 A 1% # purina Lab Chow, AAF# B Sigma
St Louis, MO,NaNO2- E.Merck,Primary Ab.(rabbit
anti-c-fos and c-jun polyclonal antibodies) # &
Oncogene Science, Monoclonal anti-c-myc antibody
¥ #A Santa Cruz Biotechnology,Inc., Biotinylated
secondary Ab. (Biotinylatéd anti-rabbit or anti-mouse
immunoglobin), streptavidin peroxidase,LSAB kit J#%
& Dako company. DAB(diaminobenzidine)#% £ Sigma
St Louis,MO. Immunohistochemical staining slides
scanner i% B A Leica Q500 MC image processing &

analysis system.
BN 4 S L EE X

MM Wistar K @ & (1 F 120- ]50/L\\ )M A B
SEREZRER PO o HFZE KGR —
R T RBERAANAEREENY % 4 & o vAPurina
" Lab Chow & 44 K42 K TR & A o & # &K — :?i
B, KB BR K G R4 R D E R AT
10 F 4 3 MMH o

fﬁ [40: 6 . ’}}J‘ 144 (/JL 4 ﬁ“l ,1r ”{] ,ﬁ‘;] ’H‘ o
2u:6 %, M0.3% NaNO28 414 o

hHAad: 6 #%0.02% 2-AAT m 0.2% NaNO24 # o

1
i,
$340:6 4. £20.02% 2-AAF 0 4] ¥ o
i,
BS5wm: 6 %, $0.02% 2-AAFH0.3% NaNO24] #f o

b

— R RARERE



ARG A HEBH KR ETRIITH

FE R B BT Bk, A R B R B K EBE, b A A IRGE AT AR
&8k g 0y BB, KRR A AT A 10% formalin [
T 2B RARGEY T A BT REAR R . F— R
EH B h BAa&h A
Hematoxylin-cosinft 3¢ & . 4% BT A& %) 89 & 78 % K, ¥
B PT & 6942 B esk T A& o
B 4L kb L& 7 ik
1. B & (fixation): |

fRE % B KkEa R, EAANTI0%F 2
B R 248l b, R AR B B E AT 69T R, B R
0.5 X 0.5X 0.3 mmk -, EANEEE P, &G KA
b K 2N BF A KR A B AR o

2., 7K (dehydration):

B ok 345 B AR 89 AT R R, B R K Bl £ ROk
B & AT K T B (1)70%8 45 204 (2)80% /&
H 2049 (3)90% B #5204 (4)95%E 451 204 (5)95%
S 4 11 202 (6)100%;8 #5 1 204~ (7)100%;5 # 11 209

3.3% B (clearing):

g = ALK 6 I B 4802 A = F K(xylene) ¥ ,—
B mkiZEHENEE o FH ()= FRI10% (2)
—FKII 104 -

4.2 # (infiltration): |

— W ¥ 1 5 i (paraffin) ¥ vA & 7, AT VA B A = W
EERE, Az Eg R T A,z MR
6 & £ 3 paraffin & 4 % AL A8 - F 8 (D)2



AC =W R B = 1) Ek P, EABE $40C, 1
B (2) 5 #1, 55°C,304-(3)% #1l, 55 C,304(4) &
# 111,55 C,304%"

5. ¢, 3% (embedding): |

KE2HEAEAOHBARALEE T L AKKE
oty i ABEFFPRABAKT AR L HFH
O 4 kAT LB A Y FH L AL TR AL E
T AN SG KRB G IIT N LM EA-20C K,
TR o n e FoaBEE BKERT,E
I AE TR e

6.1 4 1y K (serial section):

KO MFHFRAKCHMABRTARE A R
(microtome)#8 ¥ 45 71 h A J& & $E #8420 pm il
MERMEREGHF AR O RAERAALE 5Sum
FRGH B WA ETAGRALER T E R
by B oM T B A A3SCHIE K LA i 74 K
A RKEAEBEA(ZEG H=1: 1) RERN
B P O EMG A B ER EALEHR R A
EHREHATH ABEKAISCHILEE LRI, AR
FEZH o |

7.3 &, (staining):
2L 5 K & -4& 4= (hematoxylin-eosin i # H & E)

&,

£ R C R

(1) =% K1

(2) =7 x1

(3) 100% B # 1

w SN
5\/&&\/&5\/
oy B
o R R



(4) 100% E4 11 3 &4
(5) 95% B 3 44
(6) 80% E# 3 o4
(7) K 30 442

8) BrAE R e 10 94
(9) VA B P B A AT € A Bk

(10) ¥ & 30 442
(11) REFER 5 n 4
(12) 70% B 45 30 #4e
(13) 80% B 4% 30 A4z
(14) 95% B H 30 #r4e
(15)100% B4 1 3 44
(16)100% B A5 11 3 4%
(17) =9x |1 6 H 4%
(18) =¥ & I 6 442

8.3t B (mounting): /

WA A C R G MBI b RS
MR ELERA BARBEL, HH KB ERE
%, B EARHA sk — KA Bp T K MR G o

= J] Immunocytochemical stainfi % proto-oncogences

0y & A,

] % NaNO2 hw 3% AAF 3% 4 proto-oncogenes & %
Z 7k REHE LuZ% $4s 4 % A 19945 4 & 138 X
Gayie b — s W o KRG AW w4 I e TR 10% P
VA% A & 248 B LK, 638, ok 3k 8 b h #
wﬁWm&&%mHO%%MWHM%ﬁ@ﬁm

Bt o YU T



(1) %, % (56°C ,20-30 min.oven)

(2)Xylene (3-5 min.pure,repeat again)

(3)Absolute ethanol.(5 min.repeat again)

(4)95% Ethanol(3-5 min.repeat again)

(5)¥A = &k K ¥ #£(5-10 min.repeat again)

(6)TBS (Tris buffer,5 min.)

(0.05M, PH7.8,NaCl 0.15M, Add 1ml Triton X-
100/L.)

(7)¥# citrate bufferf ik o 2 E S (K & & B 5 48
(citric acid monohydrate 2.1g# #4900 ml. = &K 7K)

+

(2M NaOH 13ml.)
+

(=% /K ZE 1000 ml)
(** Add 1 ml. MP40/1000ml.)
(8 )E A L4 T 4 69 3k (citrate buffer still keep
in boiling situation) % 4% w2t 5 min °
OYREHRAARERCEHHEREZTR -
(10) B 8 48 A = R K ok °
(11)Tris buffer ( 5 min.)
(12)3% H202 (5-10 min.)
(13)/m A = K K (5 min.)
(14)Tris buffer.(5 min.)
(15)Primary antibody.(1:50,20-40 minJH diluent
buffer#s )
(16)m X =K K(5 min.)
(17)Tris buffer .(5 min.) |
(18)Secondary antibody(The yellow bottle,30 min.)
(19) A X = X K (5 min.)
(20)Tris buffer (5 min.)
(21)Add biotin ligand (The red bottle, 30 min.)

12



(22) e A =K K (5 min.)

(23)Tris buffer (5 min.)

(24)DAB (5 min.at room temperature)(DAB 13 &
10ml. 2~ % A&2ml. e 151 3%H202/2ml DAB

(25) e A = R K (5 min.)

(26)Hematoxylin (< A& i# 1 min.) (% background )

(27)Hm A =K K #& (15 min.) .

(28)95% Ethanol (5 min.)

(29)Absolute ethanol (5:ml.)

(30)Xylene

(31)mounting( # A )

(32)blue color & negative control, 3t A brown color#y

@ #% (positive areas)

(Leica Q500 MC image processing & analysis system)

W g by B LR 4 FA (52-55)

% AF W specific hepatocellular lesions AN R
£ 8 # 3 paperszy Report of a workshop on
classification of specific hepatocellular lesions in rats.
1.0 4m b 8 2 M 8 5 1t (Foci of cellular alteration)

(1) & 4 7% 4k (Clear cell foci)

(2) o B M dw B K B 3 # 7% ¥t (Eosinophilic or

ground glass foci)
(3) °% ik Mk 4 B 7 4 (Basophilic foci)
(4) 3475 4o it 7% JE (Mixed cell foct) |
BT 38 Foci A 45 I T 69 5% g /2 — AT ) ¥ (liver

lobule),fociMl Bl 4 = % X o H F & HH AR M
Y PR EE Sl LEL R EE L o 5B,
% % 6 I ta o AR S R G R o
AARBEGRREE - THBE by AT % JieL 7T RE WG B

13



%6 T b K S s, ARk e AR T RE KL B R,
R R v BARA® K o oF EM R R B R A
o, H 38 e i 3% R R B fm b 6 3% K oK IR P S IR gk S
A AT YR B0 o R M R B KN B OE  09 T dw
ok K bRt e E R EE AN, e
BEEH R B MIE K o — BB M R
R L RN T EAE BN X ) N LR
de Bp o F) B 4 3R B foci 48 fw B B R OIL AT A
# 5 (ncoplastic nodules)a ie, 09 4L sk A0 Fl L A b foci
& 9T £ i — ¥ ¥ s neoplastic nodules °

2.3 & M 4 87 (Neoplastic nodules)

AN R R R EF R &
R AL AEEGOFBERTH L LRGN
f o, o oK BB MR 4w R SR, ST dm R PT R R, W oK iR G R
W B i KN R — e I AZIE K B R e e 4
P HAA B A AT RR A G LR F o
FETREERE R Mo ta TRt i,
BELEG — B RATRINGER—E RS R W i)
B ), R B 4 8 3] B 69 48K A B B ey O TR
B & (sinusoids)¥T #% % B JE K 69 AT 4w & B 30 3 B
KRR IR R K o He KA AR Y 9 case T AL
#, portal arcas @ 4% % 4 nodules I A i N I
portal arcas& & & R 89 o & & £ 6 B kA A 3 d
i vl & 82, [ & nodules & 1 09 M 2L &R S TR PR B o
4 556G I fa o AR (plate) ST R % % B 6Y fa i R K IR
o B MER ARG TR ZHENAME N X
TR R ACE N Tkl O N R Y
&3 Jm o

14



% . & X (Results)

#dﬁ%i;tﬁ&éﬂﬁﬂNm«n%@AAw%%fw@k
QMR  cHRHTEMAANREGREMAHNA LA
AAF (0.02%), % & = {8 A o 42 & 5%, 4 #H 6 W &
%Mﬂ%f@ﬂﬁé%ﬁﬁ%%%%&%ﬁﬁlywa
PEAANGEIAEHY B 3.25%: 8 & e A
NaNO2 & % 2 4 4a %t 6 A B £ & £ 3.00%;# H A v A
AAF# B3 440 4 8 I i € & & 11.3%; @ # 4 7w A
AAF L & T Fl % B NaNO2# % 441(0.2%) 92 % 5 £ (0.3%)
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AAF 47 % 05 Xk & SUAS T A 8L 3F 4 9m ki (foci) A & & M
W B B B A K N — # 3 £ & B (neoplastic nodules) (&
20). & $ 3,45 B KA ROBR N OB E W B e
(distortion) ¥4 & J& 2 & B & ) A B & M K
(parenchyma) o & & # P/ §9 I & Mo, E B & d HEF R DR
R 6 o B b fa o BT AR R LR AR G K B A LA AR
A BB 2C) o W7k 6 B i M R g% g3k B fo i
B RIRE A € R R e IR BRI AP/ L o 3
% N I 0 A o Sh A LA S SBLIG T Aok G AR A =
A8 A A4S AR A B 04 an g m BT A W3 PR % OO 69 A
55 AT B S R S R 69 T e o

& 7 & #k figc-Jun, c-Fos, c-Myck M B AN GHE
7 AR AR & BLYsb AR L S, JE W kAL 2 e B0k N BT R B LA



PO N I G biotin-avidin peroxidase
system o 4= B = PT T 4o R c-Jundy AR T A # B M W
W 4y B % & 4% @& (brown) ° c-Jun protein levelds Table 177
v 55 # :control 8 foci arca(mm?) 2 3l & 0.32, 0.35, 0.40,
0.39. 0.42, 0.31Mcan = SDA& 0.37+0.05 ; group | 4 foci
arcas H A& 0.46, 0.41, 041, 0.50, 0.48, 0.43 - Mcan =%
SpD & 0.47 + 0.05; group Il ¥ foci arca o Al A 0.61,
0.55, 0.60, 0.59, 0.63, 0.65 » Mean = SD £ 0.61 £ 0.04;
group IV # foci areas~ B & 0.76,0.75,0.71, 0.75, 0.70,
0.72 o Mean + SD&0.73 + 0.03; group V# foci area®"
%) % 0.86, 0.83,0.84, 0.91, 0.85, 0.88 - Mean + SD &
0.86 + 0.03  AFOLA AAF(0.02%)i & # HA A H3
wk e R,T A RFR c-Junts & A W B 4 3% (K R
g1 4 Y 1.65 4% ); WA AAF (0.02%) Jm L 0.2% % 0.3%
NaNO2:% 4 f £ 41 & 9 4w A H SR a AT W 2 R
NaNO2& & & & 3 o AAFFT 3 F 8 c-Junk 2 (P<0.001)
(éﬁ%%ﬂ’ééﬂéﬁ1.97;5%2.324%) (% —,B3D,A3E) - AL
Mo A @ A6 K B Leica image processing and
analysis system #| /i 48 Fl £ B AR c-Fosty R, H
Table 23t T ¥A 81 & : c-Fos foci area (mm?) control 4 %~ bl
20.36, 0.37, 0.40, 0.43, 0.48, 0.57 = Mean + SD & 0.43
+ 0.08; group 1l # foci areas: 51 &£ 0.39, 0.47, 0.47, 0.48,
0.58, 0.62 ° Mean * SD & 0.52+ 0.08; groupHIéfJfoci
areads %] & 0.63, 0.64, 0.62, 0.64, 0.64, 0.65 - Mean + SD
£ 0.64 + 0.01; group [V & fociarea % % £ 0.76, 0.75,
0.74, 0.73, 0.77, 0.80 o Mean = SD £ 0.76 = 0.03;
group V# foci areas: %] % 0.86, 0.85,0.87, 0.90, 0.92,
0.88 o Mean * SD % 0.88 + 0.03 o 7T LB oa M
AAF(0.02%) % & 41 4+ #1 4 09 #34 k& AL c-Fos# &
RELHRAN 1.5/ (RAC) & H4m L H 54 0k a &
B & A NaNO2m A & & #93% o AAFFT 3% 69 c-Fos i
#,(P<0.001) (¥ f # B 465 1.77$22.056) (k =,B4D, B



AE) o 48 Bl 84 & R & 8 R, £ c-Myc &9 % 3. c-Myc protein
leveldy Table 37 % & : control % # foci area ( mm*)
A& 0.14, 0.21, 0.23, 0.31, 0.27, 0.26 - Mean * SD&
0.24 + 0.06; group lI1# foci areas A & 0.32,0.34, 0.44,
0.31, 0.41, 0.32 - Mean £ SD &0.36 £ 0.05; group 11169
foci area® B &£ 0.41, 0.56, 0.50, 0.59, 0.58, 0.63 - Mean =
SD & 0.55 + 0.08 ; group IV#foci area® 3| x 0.68,
0.69, 0.64, 0.67, 0.69, 0.67 - Mean + SDAZ& 0.67 £ 0.02;
group V £ foci area A% &£0.85,0.81, 0.82, 0.79, 0.80,
082 o Mean + SD & 082 + 002 - X AR EFALE WA
AAF (0.02%)#) %34 2 H RE 5234 - (% =,B5C) ;
e AR B ENaNO2t H 4R A SBLTARREH
= A 8 3 e AAF BT % & # c-Myc & 2 (P4E<0.001) (¥ 5
428423 54%) (A=, BS5SD,HS5E) °
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W B —: AAF 7 b gk i F 3 2 fe R

7 HNO2 =2 N203 + H20

0o - 0]
H
. ’ .t L0- . 1 CH
< m'\’( s _ N0 o = TR
AN ALY | . "'No
2-FAA N-NO-2-FAA
NZ()3 N205 (0]
+ +02 Rearrangemen
02
; ;
./’A\\ "'CH
_— .-CH N»O: ’ 3
</ \>“</ )N LB AR N
e = \'\IO —- H
3-NOp~ N-NO-2-FAA  3-ND3-2-FAA

% B — . Nitrosation of N-2-fluorenylacetamide in acidic
conditions with N203 yielding N-nitroso-AAF
and 3-nitro dertvatives.(22)
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Fig.l NaNO2 #f AAF & 3 #) K & A 3 M & & 2
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Fig.1 Effects of NaNO2 on the relative liver weight of
AAF- treated rats. Rats received AAF with or
without NaNOz2 in diet for 12 weeks.

Relative liver weight=(liver weight/body weight)
x 100,*p<0.001,compared with control;* p<0.001
compared with AAF-treated groups.
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Fig.2A Histopathological examination of the effect of
NaNO2 on the liver of AAF-treated rat.
Liver section obtained from the control animal

showed no noticeable change. H&E, x100

C i\"’ : / V‘F. .‘5* % ' i Wy G Lot
Fig.2B Histopathological examination of the effect of

NaNO2 on the liver of AAF-treated rat.

Liver section obtained from the NaNO2(0.3%)-

treated animal showed no noticeable change.
H&E, x100
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Fig.2C Ilistopathological cxamination of the cffect of
NaNO2 on the liver of AAF-treated rat.
Liver scetion obtained from the AAF-trcated
animal showﬁe

. . .

o - H AT : ,
Fig.2D Histopathological examination of the effect of
NaNO2 on the liver of AAF-treated rat.

Liver section obtained from rat received both
AAF and 0.2% NaNO2 showed variable-sized
foci and neoplastic nodules in the periphery of

the portal areas. H&E, x100
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Fig.2E Histopathological examination of the effect of
NaNO2 on the liver of AAF-treated rat.
Liver section obtained from rat received both
AAF and 0.3% NaNO2 showed variable-sized
foci and necoplastic nodules in the periphery of
the portal areas. H&E, x100



Fig.3A Immunoc.ytochec'al examination of the effect

Fig.3B lmmunocytochenialxanilion of the effect

of NaNO2z on the c-Jun expression in AAF treated
rat. Liver section obtained from the animals of
control,were subjected to immunocytochemical
stain for c-Jun expression. Arrows indicate repre-
sentative stain areas. x200.

of NaNOz on the c-Jun expression in AAF-treated
ral. Liver sections obtained [rom the animals
treated with NaNO2(0.3%) ,were subjected to
immunocytochemical stain for c-Jun expression.
Arrows indicate representative stain areas. x200.
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Fig.3C Immunocytochumcdl cxammdllon of the cffcct
of NaNOz on the c-Jun expression in AAF-treated
rat. Liver sections obtained from the animals
treated with 0.02% AAF, were subjected to immu
-nocytochemical stain for c-Jun expression.
Arrows indicate representative stain areas.x200

I¥ 1531) lnnnunocytoclnmwdl cxamination ol the cflect
of NaNOz2 on the c-Jun expression in AAlF-treated
rat. Liver scctions obtained from the animals
received both AAE and NaNO2 (0.2%),were sub-
jected to immunocytochemical stain for ¢-Jun
expression. Arrows indicate representative stain
arcas. x200



Fig.3E Immunocytochemical examination of the effect
of NaNOz on the c-Jun expression in AAF-treated
rat. Liver sections obtained from the animals
received both AAF and NaNO2 (0.3%),were sub-
jected to immunocytochemical stain for c-Jun
expression. Arrows indicate representative stain
areas. x200
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Fig.4A Immunocytochemical examination of the effect
of NaNOz2 on the c-Fos expression in AAF-treated
rat. Liver sections obtained from the animals of
control,were subjected to immunocytochemical
stain for c-Fos expression. Arrows indicate repre-
sentative stain areas. x200.

oa Ll

Fig.4B Immunocytochemical examination of the effect
of NaNOz2 on the c-Fos expression in AAF-treated
rat. Liver sections obtained from the animals
trecated with NaNO2 (0.3%),were subjected to
immunocytochemical stain for c-Fos expression
Arrows indicatc representative stain areas.x200



Flg 4C Immunocytochemlcal exammatmn of the effect
of NaNO2 on the c-Fos expression in AAF-treated
rat. Liver sections obtained from the animals
treated with 0.02% AATF . were subjected to immu-

nocytochemical stain for c-Fos cxpression,

Arrows indicate rep resentatlve starn area x20)

BIORD

Fig.4D Immunocytochemical ‘examination of the effect
of NaNOz2 on the c-Fos expression in AAF-treated
rat. Liver sections obtained from the animals
received both AAF and NaNO2(0.2%), were sub-
jected to immunocytochemical stain for c-Fos
expression. Arrows indicate representative stain

areas. ¥200



Fig.4E Immunocytochemical examination of the effect
of NaNOz2 on the c-Fos expression‘in AAF-treated
rat. Liver sections obtained from the animals
received both AAF and NaNO2(0.3%),were sub-
jected to immunocytochemical stain for c-Fos
expression. Arrows indicate representative stain
areas. x200.
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IFig.SA Immunocytochemical cxamination of the clfect
of NaNOz2 on the c-Myc expression in AAF-treated
rat. Liver sections obtained from the animals of
control,were subjected to immunocytochemical

stain for c-Myc expression. Arrows indicate repre-

sentative stain areas. x200.

3

Fig.5B Immunocytochemical examination of the effect
of NaNOz on the c-Myc expression in AAF-treated
rat. Liver sections obtained from the animals
treated with NaNO2(0.3%),were subjected to
immunocytochemical stain for c-Myc expression.
Arrows indicate representative stain areas. x200.
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Fig. 5C Immunocytochemical

Fig.5D Imm

examination of the effect
of NaNOz2 on the c-Myc expression in AAF-treated
rat. Liver sections obtained from the animals
treated with 0.02% AAF,were subjected to immu-
nocytochemical stain for c-Myc expression.

Arrows indicate rq}g&eentative stain areas. X2
T V7 '?;‘ B e

YAy i

unocytochemical cxamination of the cffect
of NaNO2 oni the c-Myc expression in AAF-treated
rat. Liver sections obtained from the animals
received both AAF and NaN0O2(0.2%), were sub-
jected to immunocytochemical stain for c-Myc
expression. Arrows indicate representative stain

areas. x200‘

v
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Fig.5E Immunocytochemical examination of the effect
of NaNO2 on the c-Myc expression in AAF-treated
rat. Liver sections obtained from the animals
received both AAF and NaNO2(0.3%), were sub-
jected w0 immunocytochemical stain for c-Myec
expression.Arrows indicate representative stain
areas. x200.



Table 1. Effect of NaNO, on ¢-Jun protein level in/AAF-treated liver

Treatment * c-Jun foci ar_eab Mean + SD © Fold of control
(mmz) (mmz)
Control 0.32, 0.35, 0.40 0.37 £ 0.05 —
0.39, 0.42, 0.31
NaNO, (0.3%) 0.46,0.41, 0.41 0.47 + 0.05 1.27
0.50, 0.48, 0.43
AAF (0.02%) 0.61, 0.55, 0.60 0.61 +0.04° 1.65
0.59, 0.63, 0.65
AAF + NaNO, 0.76,0.75,0.71 0.73 +0.03"* 1.97
(0.2%) 0.75, 0.70, 0.72
AAF + NaNO, 0.86,0.83, 0.84 0.86+0.03"" 2.32
(03%)  0.91,0.85,0.88

2 Control rats were on synthetic basal diet while experimental rats

received AAF with or without NaNOQ, in the diet fbr 3 months.

b The foci area was determined in five randomly selected fields from six

liver tissues of every group by Leica image processing and analysis

system.

° Mean + SD of six animals

-7 p<0.001 compared with control group.

# p<0.001 compared with AAF group.
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Table 2. Effect of NaNO, on c-Fos protein level in AAF-treated liver

Treatment * c-Fos foci area® Mean + SD ¢  Fold of control
(mm?) (mm”)
Control 0.36, 0.37, 0.40 0.43 + 0.08 —
0.43,0.48, 0.57
NaNO, (0.3%) 0.39, 0.47, 0.47 0.52 + 0.08 1.21
0.48, 0.58, 0.62
AAF (0.02%) 0.63, 0.64, 0.62 0.64 +0.01° 1.49
0.64, 0.64, 0.65
AAF + NaNO,  0.76,0.75,0.74 0.76 + 0.03"* 1.77
(0.2%)  0.73,0.77, 0.80
AAF + NaNO,  0.86, 0.85, 0.87 0.88 +0.03"* 2.05
(0.3%)  0.90,0.92,0.88

2 Control rats were on synthetic basal diet while experimental rats

received AAF with or withoﬁt NaNOQO; in the diet for 3 months.

® The foci area was determined in five randomly selected fields from six

liver tissues of every group by Leica image processing and analysis

system.

® Mean * SD of six animals

" p<0.001 compared with control group.

* p<0.001 compared with AAF group.
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Table 3. Effect of NaNO, on ¢c-Myc protein level in AAF-treated liver

Treatment * c-Myc foci area® Mean+SD®  Fold of control
(mmz) (mmz)
Control 0.14, 0.21, 0.23 0.24 +0.06 —
0.31, 0.27, 0.26
NaNO, (0.3%) 0.32, 0.34, 0.44 0.36 £ 0.05 1.50
0.31, 0.41,0.32
AAF (0.02%) 0.41, 0.56, 0.50 0.55+0.08" - 2.29
0.59, 0.58, 0.63
AAF + NaNO,  0.68, 0.69, 0.64 0.67 £0.02"* 2.79
(02%)  0.67,0.69, 0.67
AAF + NaNO, 0.85,0.81,0.82 0.82+0.02°% 3.42
(03%)  0.79,0.80, 0.82

* Control rats were on synthetic basal diet while experimental rats

received AAF with or without NaNOQO, in the diet for 3 months.

® The foci area was determined in five randomly selected fields from six

liver tissues of every group by Leica image processing and analysis

system.

¢ Mean + SD of six animals

-* p<0.001 compared with control group.

# p<0.005 compared with AAF group.
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Conclusion:

NaNO, + AAY ' N-NO-AAF

¢-Fos, c-Jun, c-Myc expression

38



T

KB X 8 & 5 % NaNO24# AAF BT 3 4 69 T & % A&
MEEA M RGER - § KE K% T AAF L NaNOz2&
S ARAAEZMARAL TAAFR S ARG H3EML
B TARBRTAEALARKG IR BREPHANELH
KA TR B ARNMNE o B ENaNO2 AKREZF KXY &
AA BN, L EAAFKH B A & B o NaNO2§ 3% v AAF
B meBaRERSALT N, EARABEELEALMAAF
nitrosation #5 % £ , # nitrosation # £ J& M H AAF A & % &
MEEER AEGOMEERREATNHREEZ —HH K
7 4 @ A 4 M 8 nitrosation BT B A 8 A KX 1L & A
(nitroso-compounds) ¥t & 3 & 7 NaNO24= 3F % R 4,7 &
#E K JE M (s.6) o AAF$N203 (nitrous fume) 4 8 PR R
F O 48 % 4 R N-NO-AAF (22) - N-NO-AAF & E ¥ 4%
WE S TR A S Y — HA T ALK G A
Salmonella typhimurium TA 984 % & M % 5 % 3 N-NO-
AAF # N-methyi-N'-nitro-N-nitrosoguanidine(MNNG) & &
N-acetoxy-N-2-fluorenylacetamide (N-AcO-AAF) £ 3% ° N-
NO-AAF AT 5] A2 6 B 5 # #l M 22 & £ & & fluorenyl-2-
diazonium ioni & JL A 85 K % F % DNA, RNA, protein &
A X EAR (e MEZ) o &k EH R EN-NO-AAF L H &
% 8 3, % T M (electrophile) @ B & F M b, X & £ KHZ
fv. 4% % % 2 histidine,lysine,cysteine,glutathione,tryptophan,
adenosine,cytidine & £ K J& o N-NO-AAF # C3HI10T1/2 %
R Fmpid BAe K9 L(CHO) @ & £ & # DNA
45 E % R R 8 fe A4 & % (35) o Lin and Kuo (1990)4% %
# X & 13 3| N-NO-AAF & 3% 4 C3H10T1/2 % & ouabain-
resistancemutation 2 cycle-dependent 3 A 4 A 4 & A T
N-NO-AAF & — @ #H 9 A MG HRERH M ALKERR
WA A & B % Ge) o RAE LB F @, 8T C3HI0TL/2
mp SN E S S ENO-AAFH L ¥ m Az £ B KO H



MR EEAALEBOELE Sk EsBR LR
( Sister Chromatid Exchange ffj #S.C.E.) ° %45 AR B ST R
#@oge b ANO-AAFAE k& R A TEAN, AANBEOLT
MEm B ER)EBMAE T TABEARLTAHRE XA,
1 M 3% 4% 1t (calcification), 3% # (necrosis) & £, # £ A &k H
fibroadenoma#d X & &, FF vk NO-AAF & — 8 1k & &5 #] %
ML S o %A N MRty F M G @ (R AT,
Ko 24 & T KM PE i 4 NO-AAF 4 7 3 A 84 IT & J& &
W ¥ AAF 290 B8 o % 9 NO-AAF & X% A T & % & 4 p5S3
cDNA # & # (php53B) o #| /l DNA R & & & & 3F & &
( DNA polymerase footprinting analysis, fj # DPFA)#) 4
5 T VA 45 B i p53 85 exon 6-8% £ & NO-AAF AT & % (57) o

BT L 4B 3% % NO-AAF % % p53 & A 89 exon 6-8 T % A%,
# NO-AAF-DNA adductf$ # pS3X BH R DR X
33— F X 3 T UK B % 40 M (initiation stage) #9 4
e om0 % i3 sk ok AT B B A A pS3A A B, R E 8
Mg o B2 i Ekn g RagE, My rRiFHE
(Well differentiated)HCC#% & & £ o % 3B L jw L fb 42 ®
% % B (4o K-ras, H-ras) Bl & @ o 46 28 A0 M s B B2
f¢,(Poorly-differentiated)HCC » 4% # H A Tatsuya Oda%¥ A
BF # 5 89 A ¥ B 7 (hepatocarcinogenesis) B X F & #, T
AR EOp3ARPARNEG>LELRAT EW
M B o Tatsuyabh 3 & & R Tl A &, £ EH O LK
HCC,pS3 5 5 8 ) # % 1% & (54%), Fl Bf K 95 A & ¥ £
exon 74282 Bl o B2 &5 L & R4 6HCC, L pS3K &
B P 3R 9 K (21%), B 3 4 ¥ Bl exon 5-8Z F(48) °

H NO-AAF # #% NO # & aorta relaxation, DNA
basehydroxylation,deamination(adenine——)hypoxanthine,guan
_ine—sxanthine,cytosine—>uracil)(49) o w1 ¥4 Lk 8 & 9 & &
% ,AAF i b 35 5 B 44 (NaNO2), 7T g AAF 69 # Pl & 32
AAF 1 2 b 89 5 5 kA & 4 09 N-NO-AAF § s Ho 35 3 #) 5
FAEM o
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4 Flo, 47 85 B g% & B 4w c-Jun, c-Fos, c-Ha-ras, & % & &
AR YEp LB E AN FREN [ LT AL R
AT S TRGAGERED c-Myck R EH ol o
W, 56 5h A AR % 09 AR B P (37-40) o B b A AL % & (chemical)
SHBLAALANMBARBEARLTRER B 5B —
(41,42) » iZ ¥ &7 tumor promoters(% phorbol esters) AT & 4% 69
3 K & % B (primary response genes)® i 2| &m g £ & Ao
Sty e B LEHELHOARFHNZHZE R & iz %
ARAFSAHGRELETBE AR ALAMBE > A
AR Y M R R A E KB AR M B A A&
(proto-oncogenes) % c-Fos # & 1t (45.46) ° KB W KRR
& P A AAAF & % 38 89 % K, & 7 % & (early stage), c-
Myec, c-Fos, c-Jun’k & & 3% /w38 4% 69 & R A= 5| A b B R &
— B #5 (aa.47) 0 & K B R AR A AAF A ENaNO2Z #% .81 A
W B BT & % 89 c-Jun, c-Fos, c-Myc%k & & f2 2 £ AAF#
KGR EH &AM S, MNaNO2 g ¥ B AAFMT 35
% 4w B A% M proto-oncogenes 89 & B & B B AAF 6 A e
7 A Ao R N-NO-AAF# & R o

B B N R DK A A 8 7 R(s0) - & B pHAE &
B —RETEBRME t5pH T 1t 44 Ao o B H A RO
% —F AR GpH(P )T bW A NO X #H B2 B
R JE VAT 3 ik

— i X = % amine & BB K & T A HNO2 &R & H
2 5% A2 NOCI, N203, N204, NOBFasde & & € % & # & £
N-2 75 & = % % = % amine, 52 7 & R J& 69 B 46 & sz A L
W 4 ok g % Pka 3.37 #9 nitrous acid (HNO2,3% T vL ## £
B 4 i AN & R & T i # 4R 1u), HNO24% 3% #% 4t s active
nitrosating specics %= nitrous anhydride (N203),nitrosyl
thiocyanatc(ON-NCS). nitrosyl halide(NOX), or nitrous
acidium ion(H2NO2*) 2HNO2 = N203 + H20, 2-AAF £ 8 %
M F L N2037% sk N-NO-AATF(GF LM R —) -
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AMFH BB R L RE = AAFE LAENBRHE
N-hydroxy-2-AAFs1), B 7 I B 8 soluble sulfotransferaseff
Al F# g &+ £ 6 %% B%BEHM N-sulfonoxy-2-
acetylaminofluorene, A & N-acetoxy-2-aminofluorene, *
& #DNA # & DNA adducts, F#H X R T & JmME L o

N-NO-AAF # B 5% % 1€ 4o B B = (22): N-NO-AAF & &
TR RBIFA,AHEE TG B (1,3-migration), & £
diazonium ion 3 arylium ion B A X #H A Y K5 T
DNA,RNA,protein # &% adducts, #& s mutagenicity,tumor &
e T

B3 K G R4 FNaNO2iw L AAF 6 # 4 05, € 3% Jw
AAFF7 3% % #5 L BF A c-Jun, c-Fos, c-Myck & # 2 8 & ,3
BHERERTEEAREE mAAFE L AL A 6 BUR Al
AR, THAEBAAFH FH 0O TR HE G0 HE -
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PCA, protocatechuic acid
NO, nitric oxide

LPS, lipopolysaccharide
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Abstract

Nitrosocompound,which can cause cancer by direc-
tly attacking DNA to form DNA adducts,can be
produced in vivo , indicating that endogenous nitric
oxide ( NO ) plays an important role. NO,either
exogenous or endogenous,can nitrosate secondary
amines,thus causing cancer. Endogenous NO would
increase in infections by macrophage secretion in
response to infection via inducible NO synthase which
could be activated by various microorganisms. Inducible
NO synthase also exists in hepatocyte and is activated by
cytokines from Kupffer cells in infection. Therefore, it
was hypothesized that reduced endogenous NO in
infection may contribute to prevention in chemical
carcinogenesis caused by nitroso compounds. Hibiscus
protocatechuic acid (PCA),an antioxidant, can scavenge
oxygen free radicals with the catechol structure. It was
hypothesized if PCA could inhibit the elevation of
endogenous NO induced by lipopolysaccharides(LPS),
via scavenging free radicals, it would prevent nitrosation
reaction progression.

Significantly reduced endogenous NO production
was demonstrated in rats treated with PCA. In
addition,rats pretreated with PCA inhibited slightly
hepatitis caused by AAF. Thus,PCA can be used as an
efficient chemopreventor in carcinogenesis caused by
nitrosation of endogenous NO via free radical
scavenging action.

Endogenous NO production , induced by Lipopoly-
saccharide,in physiological conditions,reacts with target
molecules ( Heme proteins , Fe-S proteins , SH groups ,
Other non-heme Fe and metalloproteins , Amines , DNA,
Oxygen, Superoxide anion, Hydrogen peroxide) , so that
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NO reacted with AAF may be difficult to detect.

Detect N-NO-AAF by Spectrophotometer method
and by HPLC method showed not detectable.

Rats treated with LPS and AAF showed variable
necrosis: in group III(LPS only) showed focal necrosis ;
in group IV (AAF only) showed coagulative necrosis; in
group V (LPS and AAF) showed severe liquefactive
necrosis; in group VII (PCA 50mg/kg. and LPS and
AAF), in group VIII (PCA 100mg/kg. and LPS and AAF),
in group IX (PCA 250mg/kg. and LPS,and AAF) showed
liquefactive necrosis in these groups.

Key words: PCA ,protocatechuic acid
NO,nitric oxide
LPS,lipopolysaccharide
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(Mutation Research 339,1995)
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LiPOPOLYSACCHARIDE 4

™,

GAMMA . o
i TERFERON ‘
NITRIC OXIDE "=
SYNTHASE o oe
., //-V/ g NIRRT
— MACROPHAGE TUMOR CELL
% B — . Immune system stimuli—y-interferon and

lipopolysaccharide transmits signals to macrophage

nucleus.The signals cause production of nitric oxide
synthase,the enzyme that convert L-arginine to nitric
oxide (NO).NO destroys tumor cells by inhibiting the
energy producing Krebs cycle and electron transport
activities as well as DNA synthesis.(38)
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P RS 0k R 6y B A R
PCA % % 3,4-dihydroxy benzoic acid

(Biochemical Pharmacol. Vol.43,No0.2,1992)

COOH

OH

OH

Protocatechuic acid structure
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. KB ik

(— ) A

NADPH, 2-acetylaminofluorene, FAD, nitrate
reductase, LDH,pyruvate,ZnSOq, lipopolysaccharide (01
11:B4), protocatechuic acid (PCA) and Griess reagent
B A Sigma chemical company ( St Louis,Mo U.S.A.)
serum SGOT,SGPT kits #r B X 2 K E K 6 % 2o
2> & (Taipei,Taiwan); NO-AAF # & HE B = &6 % K £
BERAVUER R KRR HEBEMERNY 5 %
(20), @ AAF nitrosation & & 0 ---F a L ¥ F L H
Mt B 5<;Acetonitrile,Methanol,Ethanol % B Sigma Che-
mical Company (St Louis, Mo U.S.A.) o

o
q

t

=]

(=) f&

9

1.Double-beam spectrophotometer----Hitachi Model U-
3210
2. ABBOTT Spectrum CCX biochemical autoanalyzer --
ABBOTT laboratories USA,Taiwan limited.
3. 7% 2k % & M & ¥ 4k (HPLC)--Hitachi Company, Japan.
Pump: L-6200A intelligent pump
Detector: L-4500 Diode Array detector
Column: Cis,4.0 x 250 mm. 5 pm
Mobile phase: ethanol : acctonitrile : water = 3:3:5
(v/v)
Detect wave length: UV 254 nm.
Flow rate: 1.0 ml/min.
Injector: Hamilton 100ul. syringe
Recorder: D-6500 DAD system manager
Injection volume: 50 ul.
4 Microwell Elisa reader--- Bio-Tek Elx 800 Universal
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microplate reader

(=) NO-AAF = A &

NO-AAF &) & & 75 &£ #%& # Jen-Kun Lin #»
Ming-Liang Kuo 4 1988 4 A7 % % 64 7 3% (20) : NO-
AAF &3 AT 4 (precursor) & 4 % 64 B AF 5 fv & 4 2-
acetylaminofluorene( ffi # AAF), & & & # % fv & J&
(nitrosation) XL K AT E 4 o TR X NCR B E E o it
B XPT & PTR RE AR E AT o £ RER A
e A F (& 15 g.)8 & AK 8 44 (sodium nitrite) o £
Ba @i D e A8 MHCH) R BB F A w A 4.5
mmole AAF % £ 30 ml.ok 8 8 ( glacial acetic acid )#=
18 ml. % 7K B & ( acetic anhydride )C #& ¥ B Au A 3% 44
HAMH(NaOH) B AWM K BEITIE 4 8T 4
ZAML-RAMN20)RMB-A AEBUR BEC=2HE
AT @R EHE EAARE RS o & EE LA
RSH AEH ARBR T ZERERRESLBA
B o DRHMAITH, ALAREE S 4R 1
ml. 69 R iF AR ARG AR, LB EBRGER
BB RmEs o FHRE 302484, R BIK
BHERBACEREILSE - FREERE & A
500 ml. kKEHKEG,TAHLERBXFELE, B
T BRI G AR K v B A R R R &
R, FHER 1% B GFTEF ER20 ChHE
AT & Bp T AF B 37 & 415K 69 NO-AAF & 48 -

()T Ho 4

M S-D rats (8 & 200-250 X E)B A 4 & R,
MERETR P FAAATBEENG S E P,
FH KBS A B R e LR A o 4] & — 18
EMBRKEG RO, R B R rats T B
1 A o |
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O i

6 % control.
6 % solvent control(DMSO solvent).

6 % LPS 1.0mg/kg. body weight. ip.injec-
tion for 3 days. |

6 4% .2-AAF 20mg/kg. body weight. oral
administration by gastric tube for 3 days.

6 4;% LPS ip.injection,after 30 min. then

2-AAF per os for 3 days.

6 % Protocatechuic acid (PCA) 250mg/kg.
body weight. per os for 3 days.

6 % .PCA 50mg/kg. per os after 30 min.LPS
ip.injection,30 min.2-AAF per os for 3 days.

6 4% PCA 100mg/kg. per os after 30 min.
LPS ip.injection,30 min.2-AAF per os for 3
days.

6 % ,PCA 250mg/kg. per os after 30 min.
LPS ip.injection,30 min.2-AAF per os for 3
days.

(@) NO 8 8| & 7 ik

(B ONO # 4 B Al T A KB A E#E R H
g F kAR NO o &1 #4 NO € # oxyhemoglobin
(Hb"'02) #¢ B M, # € At A methemoglobin(Met

Hb+++) ,

¥ 97 #) | oxyhemoglobin #» methemoglobin

% PH 7.7 B, R Fl# spectrum, @ # Z & NO 8 ¥
(401nm. maximum, 411 nm isobestic point)(33) o & 7%
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NO B & EDRF (endothelium- derived  relaxing
factor ), # ° #] M bioassay studies & # & & NO 0 ¥,
R R E %NOTu%ﬁ”iﬁﬁﬂmﬁ%ﬁi&%
(34y o Chemiluminescence & —##F A & & A &k
A 1B & A1t luminol #48 Bl % % 4F B L LA
AR RARERSRBLEFE AR, B A AL
F B NO (35) o 4L LA A Bl .cGMP &% M 4 2 NO
t9 &, B A A kit 7T XA radioimmunoassay # % X
# #] cGMP & (Amersham Buchler RIA-kit)(36) © NO &
g % A 1t & VNOz‘éEL NOs3-, 77 ¥L#] I Griess R f& & NO2»
# ONOs# & T AR AM#BEEZE NOGH - AR T &
Bp & M Griess R JE Bl & NO 89 & o

Nitrite B & W ¥ 4= T :

Serum

*ul 2 " H20  4x dilute

*Hha A 1/20 volume Zinc sulfate(300g/L)deprotein

* gk > 1000g for 15min.(10000g for Smin) at RT.

*supernatant 100 ul.ze A F & % microplate A -

*ha A 100 pl. Griess reagent.(1 g/L sulfanilamide,
25g/L phosphoric acid, 0.1g/L N-1-naphthylethylene-
diamine ) | |

*AEBTHE IO, ZERE ©

*Reading with microwell Elisa reader.

(7% & 540 nm)

Nitrate #| & 7 ik:

Serum 100 pl.

¥ 2 " H20 4x dilute

* e A NADPH, FAD, nitrate reductase 4 s & & &

7 & 50 umol/L, 5 pmol/L, 200 U/L.

*incubated for 20 min at 37 °C

*m A LDH 4¢ & & & & & 10 mg/L.

*#m A sodium pyruvate 4% i & & % R A 10 mmol/L.

*incubated for 5 min at 37 °C
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*#w A 1/20 volume  zinc sulfate(300g/L) deprotein
*# 2 1000g for 15min. (10000g for 5min) at RT.
*supernatant 100 pl. He A F J& £ microplate A o
¥ A 100 pl. Griess reagent o
*ﬁl‘ilm*FZ?i 10 éy\,iéﬁﬁ:‘f°
*Reading with microwell Elisa reader.(A 540nm.)
Total NO = NO2 + NOs3

Standard Calibration Curve:

Nitrate standard & % % A 500 pmol/pL.KNO3 (48
% A 500 uM NO) VA = %k K # B & 400pmol/uL.;
200pmol/pL.; 100pmol/pL.; SOpmol/uL 20pmol/uL.;
10pmol/pL. A& IR B nitrate Bl T 7% , F X x ¥
& contration of standard(uM); y #& & OD 44 (A 540 nm)
PPl AR R R E o

(B) R fRalfiad 2kt

25

w5 M AT

(53) o agwm
| oFERBORE: BRA=ZREHRIHRE A, A
Bt 28 (decapitation)Z X 4% 4 o B & ofn & AF 30min. fr i
¥t E 4% .85 3000rpm, 4 °C, 30min I L & 8 & 75 &
fu il WA A o B4 ALT.AST.
2. o i A T
a)Alanine Aminotransferase (ALT)®| & :

3% fo & e A A A alanine % alpha-ketoglutarate 6 &
P & 37 CHM 30 24, & REE L AR
(pyruvate) R e N2 & # 2,4-diphenylhydrazine |,
BHRAEKFE 20 248 kKN A 04 N NaOH
BERAERBEELELE 26 - FE S oEE AT RLE
3t (Hitachi U-3210 spectrophotometer), X 505 nm. 7 &

69



ROk A, Bk A B AR K AR R R R S TR
BERMFBEF AR — IR GE, CHRIPAALT
BB E &M o ‘

b) Aspartate Aminotransferase (AST)#| & :

J% fo 35 e A A K L-aspartate & a-ketoglutarate #9
Ry, £ 37 CHEMR 60 94 8 FE L
oxaloacetate ,% 7% i A £ & 2,4-diphenylhydrazine ,33
b %W E 20 54 K& A A 04N NaOH &%,
BRBELEZE - HE S HHEBE NS ELES
(Hitachi U-3210 Spectrophotometer) ,7% & 505 nm. &) &
AL EHBAZE g LB THE ASTH®E LE
M o '

() N-nitroso compound (N-NO-AAF)# & T :

1) N-NO-AAF Ji HPLC #&| & :

fo 7% A A methanol (1:1 v/v), A& # .5 EK (3000

rpm 30 min.), & B b 7 &, & A 0.22 um millipore i# j&
4% # protein, 3 B 50 pl.47 A HPLC column W i 47 &
Mok 4T o
Mobile phase:

Ethanol:acetonitrile:2° H20 = 3:3:5 (v/v)

Flow rate: 1.0 ml/min.
Wave length: UV 254 nm.
Column: Cis8, 4.0 x 250 mm. ,5um.
Injection volume: 50pl.
2) N-NO-AAF J Spectrophotometer #| % :
(a)J& 3 : N-NO-AAF = 1-naphthol # & diazo-dye
(deep red color), & # M % &k 450 nm. 8
Spectrophotometer % &l %% % B (OD 44) o 3£ T A M #
B N-NO-AAF &8 & o
(b7 %

Serum 1 ml.
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— 42 A 1-naphthol solution (10mg/ml.ethanol)1 ml

pH 7.5
S EATET 30454,2¢6
— A Hitachi U-3210 Spectrophotometer % & 450

nm.* Bl R K HE e

(c) Standard calibration curve:

N-NO-AAF # # % 10,20,50,100 m mole % Iml.
—#m A l-naphthol solution 1 ml. pH 7.5
SBEAEBRT304948,28
— A Hitachi U-3210 Spectrophotometer 7 & 450

nm. = B & — %A g 6 R K E (OD 45),38 4%,

4 7% M % standard calibration curve ° (X # 5

diazo-dye concentration; y $4 & absorbance LT

A i &R )

(/) &3 a T
A AL SRR EROR TS

52 % mean+ SD o %3t 7 ik A48 A Student's ttest °
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4% . # R (Results)

1)»4 LPS Img/kg.of body weight , ip injection # K &
R.(group 3)f & A 8 NO B & 1282+50.24 uM, ¥ & ¥4
% 48 (group 1)157+£28.04 uM # 8 4 (Table 1) B R &
HEEZGE W (p<0.05) - mEFZRKOGAFLENLE
R R BEH PCA ,% 30 4414, ip injection LPS
Img/kg, % 30 945,20 § & ¥ A AAF 20mg/kg. W
Table 1 T WA 8l & group 5 ( LPS 1 mg/kg. + AAF 20
mg/kg. ) K& K FH NOREE 74518 £17.45 uM
group 7 (PCA 50mg/kg. + LPS + AAF); group 8 (PCA
100mg/kg. + LPS + AAF); group 9 (PCA 250mg/kg.
+ LPS + AAF) . xa A F A NO & E 2 3l &
453.33 £50.48 uM ; 403.13 £30.40 pM; 320.00 £ 37.37
uM o #E A PCA € A & & # %1% LPS induced NO
elevated(p<0.005), i H & dose response o

2) B Bk 4 8K W A % & (H&E stain) 4% & & R Fig.1
(normal control) #8 = £ % 6 AF B ; Fig.2 ( solvent
control) 4 & iE % # IF Wk, Fig.3(LPS only)# 7 & & ¥
M 3 5% (focal necrosis); Fig.4(AAF- only)# & # = I B
AR Fig.5 (LPS + AAF )BT BA K £ %
3 3% ; Fig.6 ( PCA only)# &~ # &£ % &9 AT B ; Fig.7
(PCA50 + LPS + AAF)# = I W A & 3 4% Fig.8
(PCA100 + LPS + AAF)f 7 A k& A 3R 5t 09 1%
Fig.9(PCA250 + LPS + AAF) B~ M £ A R A
#% o

3) B b 45 (ALT,AST) #% & (Table 1I) : control #A 43
ALT & 59.93 + 16.3 IU/L.; group 3 (LPS)#Z group 4
(AAF) , ALT % % & 89.20 + 28.5 IU/L.; 99.15 +
193 TU/L. T A 8 & 1 LPS # AAF 1€ H & &
W B & M 2 68 (ALT)(p<0.01) » #& group 5 (LPS +
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AAF) ALT M ¥R EHH G, RAaF L& T XA
B E ) PCA,B % T LPS ,AAF , group 7 # ALT 44
2 138.98 + 27.1 TU/L.; group 8 # ALT 45 & 116 +
16.9 IU/L.; group 9 # ALT 44 & 128.86 £ 24.6 IU/L. #
K PCA & A & & A& LPS # AAF A7 3] e 64 IF
(p<0.01) o & AST 4 % @ 4. H 340 B 69 1 & -

4) N-NO-AAF # #| % - |
a) Spectrophotometer method:
Group I ,ILIILIV,V, VL VILVILIX % 0% Bl B N-
NO-AAF # ## 7,77 8 f1 42 N-NO-AA #) ¥ J&E &% £
mEME o
b) HPLC method:
Fig.10 Chromatogram of group V £ 7% &#| #| N-NO-
AAF o _
Fig.11 Chromatogram of group VII # % & 5| N-
NO-AAF o ,
Fig.12 Chromatogram of group VIII # ik 2 2] N-
NO-AAF - ”
Fig.13 Chromatogram of group IX #& i #] 2] N-NO-
AAF o



Table I. |
L LPS #% & iINOS, =k @ R AR L X8B3 1T A
Joo R R E B iE NO BB

Experimental group Nitrite and nitrate levels
(n=6) in serum(uM)

Group I (Normal control) 157.00 £ 28.04+*

Group II (Solvent control) 160.20 £ 20.81
DMSO

Group III (LPS 1mg/kg.) ©1282.00 £ 50.24

Group IV (AAF 20mg/kg.) 149.25 + 8.96

Group V (LPS + AAF) 745.18 £ 17.45

Group VI(PCA 250mg/kg.) 118.33 £ 8.02

Group VII (PCA 50mg/kg. 453.33 £50.48x*x*
4+ LPS + AAF) ‘

Group VIII (PCA 100mg/kg. 403.13 £ 30.40%x
+ LPS + AAF)

Group IX (PCA 250mg/kg. 320.00 £ 37.37%*x
+ LPS + AAF)

#p<0.05, **p<0.005,compared with LPS treated group
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Table II. | | | o
B @k d k@ R AAF J LPS B 3] A

w4 & 0 A A
Experimental group ALT levels - AST levels
(n=6) | in serum in serum
Group I (normal control) 59.93%+16.3%% 132.0£9.8
Group II(solvent control) 63.72+14.7 139.8+11.5
(DMSO)
Group III(LPS 1 mg/kg) 89.20+28.5 168.6%21.5
Group IV(AAF 20mg/kg) 99.15+19.3 199.5£21.6
Group V (LPS + AAF) 212.5+14.8 370.4£32.6
Group VI (PCA 250mg/kg) 59.25+24.8 136.2+£20.6
Group VII (PCA 50mg/kg ~ 138.98+27.1%  334.0£26.0%xx
+ LPS + AAF | |
Group VIII(PCA 100mg/kg 116.44£16.9% 261.0+£28 . 5%**
+ LPS + AAF |
Group IX (PCA 250mg/kg 128.86+24.6% 259.68+£26. 8% *x*
+ LPS + AAF /

#p<0.01, ***p<0.005 compared with LPS and AAF treated group

+xp<0.01,compared with LPS treated group
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Fig.1 Liver section obtained from group I rats

showed no noticeable leisons (H&E x100)

Fig.2 Liver section :obtained from group II rats

showed no noticeable changes.(H&E XIOO)
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Fig.3 Liver section obtained from group III rats

showed focal necrosis.(H&E  x100)

Fig.4 Liver section obtained from group IV rats

‘ showed coagulative necrosis.(H&E- x100)
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Fig.5 Liver section obtained from group V rats

showed severe liduefactive necrosis.(H&E x40)

Fig;6 Liver section obtained from group VI rats

showed no noticeable changes.(H&E x200)



Fig.7 Liver section obtained from group VII rats

showed coagulative necrosis. (H&E x200)

Fig.8 Liver section obtained from group VIII rats

showed liqliefactive necrosis.(H&E x200)
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Fig.9 Liver section obtained from group IX rats

showed liquefactive necrosis.(H&E x200)
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m " MM i 10 ' . ! ' 1 H
. | 4 h. Bl B i 16, A
F;g.lO HPLC chromatogram of serum from group V rats
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chromatogram of serum form group VII rats

" L

Fig. 12 HPLC chromatograrﬁ of serum from group VIII :rats
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2-AAF

L L T Al
‘ ELE e T N Lk | LB 14, AR

Fig.14 "HPLC chromatogram of N-NO-AAF standard.
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Conclusion:

LPOPOLYSACCHARIDE - v 3
« q N 7

GAMMA _ T % Rtg
N FERFERON 5.4 9
N,

Targct/molcala-

( Heme protesns ) »
Fe-S proteins NO-AAF

SH-group ‘

b aa.

83



B3 % (Discussion)

w4 Hy B % & ¥ {o macrophage A # inducible NO
synthase, i & A & NO A ERTAENSE LD e
A%, T XL 43 A B Lk om o 4 5l & LDL
peroxidation BT 3 R 8 atherosclerosis ¥4 & ft % & 32
Al S AT SRR (8) A S EMANOKE
¥ EHE R B R A AN nitrosamihe ¥ o i — AT
KR AL (1) o £ A # BT 7% 4% A simple phenolic com-
pound-PCA, A # free radical scavenging structure-
catechol(o-dihydroxy)(8), Z in vivo F B B € 4% b AN
M 4% R A NO w & 4 o WA PCA HBAEAFZ
nuts,fruits,and vegetables, € T A & & AE chemopreventlve
dgcnt A gkl 1 £ PR nitroso compound # 7 & o PCA
’I Y LES fruit,vegetable and nuts e
LT EF R At B i B | 78 Iy A AT 6
nitroso compound & % (32) °

"}‘?""‘éﬁkéﬁr{ F%*’\ﬁiPCAH#é‘ % 4% AAF $2
LPS F7 3% ot ALT 2 NO,JT A PCA B A 4 XAFA
(33)F R R - oL 4 A 2R AT R 3 A B
ﬁn%iﬁl)\PCAPl@ﬂﬁfreeradlcal AR e R
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B Z1 # (Discussion)

, MAEMBREFL macrophage A # inducible NO

synthase, 4 #F W A& P NO # & s AT A 1F 5 £ 15 &t
Z4 T RLA T AR HER o F 5 & LDL @ A
v, ¥ F P ¥ A& % atherosclerosis, YA & chemical
nitrosation & R A A HEMEG) c AF S AT NO
W5 ¥ 5 A E B AR A A M nitrosamine ¥ e i —
¥ A e R R AL G o £ A K B R4 A simple phenolic
compound—PCA, £ A  free radical scavenging
structure—catechol(o-dihydroxy) (8),4 in vivo By 0¥
Gdk B Ak A A P NO 8 & 4 o 2 PCA 5 £ 7%
% % nuts,fruits,and vegetables, & T W % 4k
chemopreventive agent 2 ¥ %] A 4 4 nitroso compound
W KR o PCA T A/ FEH & XAREH R
fruit,vegetable and nuts % {3 BT AT N 2 c I
b4 A m i 8] A B A 4 M nitroso compound 9
B (32)

TR REGAFLAAUT E RN PCA B KK
AAF 2 LPS F7 3 Jm t ALT(Table 11 )#2 NO(Table 1 ),
ﬁﬁ L PCA A 48 % 69 4E M oo RAZCR o AN AR

e N da f 32 A B de e A PCA Bl & 4l 42 free
radlcal,rﬁ'y 1% 2 AT m iR, % A % | oxidative damage(28) ©
A& % mrE ] PCA KA 43 DNA #1%4% S-phase
mofh W B BT WL OPCA &k F A KA M
chemopreventive agent ° PCA 7T ¥4 # & & 7 NO &
4 @ # %, nitroso compounds B % DNA, AT A PCA H# 1t
2% M 09 I Bl AE A & M 24 initial stage ©

%\'

AAF # 1941 #%Iﬁ%lﬁ”ﬂiﬁlk*ﬂ' & Al

(insecticide), & B 69 45 i & # 2-aminofluorene A~ R 2

!

fedicy
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) 8 sb £ % 4 ,“...a material which is relatively non-
toxic to man and domestic animals when taken by
mouth...” o % 4 Wilson et al.(1941)% # rats A Z & 1

B ¥ F AAF R4 # #41 &, H%f Ml 4 A2 100days, &
ﬁ%%ﬂ%%ﬁ?ﬂfﬂ R A S LR
ﬁﬁi%kAM%MUWi%&&&TAW%xﬁﬁ
mEHGHE-RMAEEDARA aminofluorene s 4
by B sk A ﬁ:'rrrﬁzh& EALE T E o

AAF & % #& liver ER ﬁfi cofactor NADPH,O2 #& i#
cytochrome p-450 X #t & 16 & N-hydroxy-2-AAF
d M & 4 (17,18,19), 5K & £ cytosol & sulfOtran’sferas'e P
{v. & % N-sulfonoxy-2-AAF & & A& B &4, F % ¢ M A&
My R AR R A B R %0 E T BT R
0 &M 3% ¥ AAF & % o AAF 3L LPS Af 8 8 & s AT X
0. % K& R F B & T AAF SL LPS, 4 5% 2 41 A 7T AR
KA kG RAGHEEAEENEGRMAERER (lique-

factive necrosis) °

& Tablel NO % F 97 VL& & group III(LPS only)
% NO £ 1282.00450.24 uM, group IV(LPS 4+ AAF)#
NO £ 745.18+17.45uM. .88 X = A & L& B EAKNO & 2
(p<0.001)° 7 4% 65 /& B & LPS Af induce 8 NO & & 7
AAF B A NO & T %X #F & AAF & 3R -4 % LPS 69
function. ¥ induce #92 F FA A o K d kR R
KA E—F IR -

HFH P EERL T LPS & 87X F TR

é’) inducible NO synthase, % 3k # & T cytokine(15,16,32)
% & 10, IF 8% %9 inducible NOS 3t € release NO, R B
NO & 4 # A & % % #) target molecules( Heme protein,
Fe-S proteins,non’-flemc Fe and metalloproteins, Tyrosyl
radical,SH groups,Amines,DNA,Oxygen, Superoxide
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anion,hydrogen peroxide), B/ st & 4 2 R & T, 9 e 69
chemical 2 NO X E & 4 F £ A F & % ;M H N-NO-
AAF K & X4 &, decay B Ml X 4,5 0 R B Z K £ &
B 6 ofn 7 8 R A -T0 CLF A6 B B3 4T N-NO-AAF
Bl KA T R6 8 B3R £ m &% Bl 4F N-NO-AAF o
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