2.1 (Nitrate)

' NO3 1
3
(Fishbein et. al,1970)

' I ' (nitrifying
bacteria) (Lijinsky et.al, 1970)
nitrate reductase
NG- + NADPHI H > N02- + NADP+ + H:0
amyl nitrite,

ethyl nitrite,nitroglycerine

(Mirvish, 1975)



(KNO2INENCE: ) v
(KNO3 NaN03)

(myoglobin)
(nitroso-myoglobin)
(Fishbein et.al,1970)

] Clostridium
botulinum «  botulinum  «
(Fishbein
et.al,1970)
!
( - 2533)
!
( 1
)
(KN03), 500 ( !
(NaNOs) )
(KN02) 1 200 ( !

(NaN02) )



reductase

(methemoglobinemia)

3-4
E.coli Pseudomonas nitrate

(Furihata et.al, 1986)
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2.2 } (Nitrosamine)
secondary amines
tertiary amines
pyrrolidine proline, piperzaine
I

( - 2522)

I nitrosamine
(Lijinsky et.al, 1970)

P
\
N-H+H0-N=0 N-N=0+Hz0
F/ R//

secondary amine nitrite nitrosamine

secondary amines ,
nitrosamine
nitrosamine
DimethylInitrosamine (DVN) (Lijinsky et.al, 1970)
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NaN02 + HCl "..._ * HNQ2 + NaCl
2 HN2 v Nz + HO
(CH3)2 NH + N203——* (CH3)2 N- N =0 + H\R
Dimethylamine N-Nitrosodimethylamine (DVN)
nitrosamine '
R alkyl nitrosamineWM R
phenyl nitrosamine  «
N-methyl-N-nitrosomethylamine
« nitrosamine
« itrosamine secondary
amines I Cl-, Br-, |-, SCN-, H
thiocyanate, 1-, Cl-, Br
H 1-2
nitrosation «
, nitrosamine
« oxytetracycline,
aminopyrine,  disulfiram, tolazamide €« «
atrazine, simazine, thiram 1
nitrosamine Chlorogenic acid «
« nitrosation «  aming
pH 4 (Sen.N.P and Donaldson B.,1974)
nitrosation tannin,
sodium sulfite, phenol, cysteine, ascorbic acid isomers

« erythorbic acid, propyl gallate ascorbic acid
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nitrosation amines (Mirvish,
1975)  sodium suifite
nitrosation tannin phenol secondary
amines ' nitroso tannin phenol
(Bogovski et.al, 1972)

y pH1
nitrosation 1
(Singer and Lijinsky, 1974) pH

nitrosamine nitrosation
metabolism
metabolism ,
(nitrosamine) . .1971 Friedman et.al
70-100% nitrite  absorb
30 metabolism 14 labelled
DimethylInitrosamine 6% 14¢
14C02
metabolite
In vivo
nitrosation stomach the infected
urinary bladder, the infected vagina (Sander et.al,
1972) mucosa

I I
NG5, NO.NH20H NHB nitrosamine



2.3 | 4 »
"

»

! (methemoglobin)

13

»

"Iy

Fe2+ » ' Fed+ |
W
I (cyanosis) 1
8 | » NADH-
methemoglobin  reductase
NaNO:
Hemoglobin - Fe2t ~—"" — Methemoglobin-Fe3t
NADH-Met Hb-reductase
NADH-methemoglobin reductase 3
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I ' NADH-methemoglobin reductase
(HbF)'ti4 * 60-80% NaN02
(HbA) i14

«

|
(Furihata et.al, 1986)
| «
electrocardiogram QT 4
T-wave ' coronary
coronary

. .1971Shogo et.al
I I
centrilobular necrosis, sinusoidal and portal
congestion, hemorrhage
. 1983 Ema et.al
(malformations)
exencephaly,cleft lip  and cleft  palate,
Polydactyly Markel et.al (1989)
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sensoro- motor development

. 1991 Grudzinski et.al
D-xylose ' Il
D-xylose

E.coli, Salmonella  typhimurium, yeast
Saccharomyces cerevisiae, Aspergillus
(tobacco mosaic virus)
(-NH) adenine, guanine, cytosine DNA
adenine
hypoxanthine cytosine tt AT
transition mutation (Lijinsky
et.al 1970)
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2NHO2 ——> 0=N-0-N=0

Nitrous acid Nitrogentrioxide + adenine in DNA

¥ —'N - OH ﬁi’-h’n— 0
. : g .
QY QL
e !
‘.B. R
Hy0
"-“‘N;‘N. OH 0
QLY =100 = U
Y — Ny — l \>
E@ ! ‘\O DAY h
. "R : IR R
Hypoxanthin,e
4 DNA-replication J

E ; ,,_--|a
. N{--""" ] N
| K\r ’.—'.u \>
E—B& ¥ L\ ' '
\&/ ‘ 3 |
' R

cytosine = hypoxanthine
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(Wang et.al,1979} M

I (. 2532) 1979 Hirayama

(Fine et.al, 1982)
(fermented foods)

nitrosamine
nitrosamine!! liver  damage
jaundice
nitrosamine cyclic QW
colonic  mucosa
cyclic QW nitrosamine
cyclic QW
1
( , 2522)
Sander et. al (1972) nitrosamine
M esophageal and hepatic tumors 1
1971 Greenblatt et.al * nitrosamine

lung  adenomas
1 lung adenomas
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Asahina et. al (1971) Dimethylnitrosamine
L1 liver necrosis Newberne and Shank (1973)
nitrosamine hepatomas
| (hamster)

hydrocephalusllS neurogenic tumor
(Rustia and Shubik et.al,1974)

nitrosamine nitrosamine
] ] I
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2.4 m l« «

| l Q
metabolism | protein
DNA b T « |
«

« (« |
2535)

----------- x ------> Protein adduct CNA adduct
(Toxicants)  (Reactive metabolites) A

Biological effect

(chromosomal
aberration)
(gene mutation)
(oncogene
activation)

Preneoplastic lesion

Clinical disease



1

NN LAUDIWS

GEERRE N\

il

mMsww’la

Uoa

20

%

NIV

a3
Vgt
T ___— | a | — daam
“—
MRYNY k///, (NDA
it
- a4 ouw ¢
M/é; X. GRURERIDLI
x a a '
nszqnua:ﬁu L5903 M5a 14
SLuyuUsEam
AUNaN




21

(« ' ', 2535)

(somatic mutation)

enzyme

(germinal mutation)

(damaged DNA) 2

macrolesion

microlesion
, (base - pair substitution)

(frame - shift mutation)



2535)

(base

- pair substitution mutation)

(frame - shift mutation) (

22
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(Base-pair substitution mutation)

AT - >Gc Gc - >AT
AT

GC

[&T] X
CG

Mutation  (MI) Mutagen (M)

AT AT
GC G C-M:
MI-A T AT
CG CG
/\ VAN
AT AT AT AT
GC GC GC A-C-M2
M AC AT AT AT
CG CG CG CG
%
AT AT AT
GC IAT]  GC
AT I AT AT
CG CG CG
Mutant Mutant
2 (base-pair

substitution mutation)



Frame-shift mutation

ATGCTGCTA
TACGACCAT

Codon A Codon B Codon ¢
deletion site

ATGT'"GCTA
T Ac Acc AT

Codon A New codon New codon

insertign site

ATGCTAGGTA

TACGATCCAT

Codon A New codon New codon

24

Non mutant DNA

Deletion mutant

C

insertion mutant
WJ

(frame-shift mutation)
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? ' &
(functional  site) I (mutant
protein)

(regulatory protein)



2.5

acting

15

carcinogen)

«

nitrogen mustard,diepoxybutane

acting

«

«

2.
carcinogen)
«

«

metabolism

«

factor

«

«

26

T (direct

(indirect-
(activate)

electrophile

« I

Aflatoxin Bi, vinyl chloride

promotor

(cocarcinogen)

«

promotor



« - (Two - staged
theory of chemical carcinogenesis)
I

(Deoxyribonucleic acid) (DNA)

« «

«

(carcinogen)

(initiation)
, (electrophilic reactant)

(nucleophilic reactant)

4 (irreversible process)
I \f
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(initiated
ceil)
metabolism |
, N-nitrosamine, ethyl
carbamate «
(glutathione)
(glucuronic acid)
(conjugation) « ,
( . 2534)
2 1
(promotor)
7 SC

reversible process
" (complete carcinogen) 1!
; " (incomplete carcinogen)

' urethane (
2534)
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(initiator)

» (promoter)

] (normal cell)

(electrophilic irreversible
mutagen) (initiated cell)
I reversible
» Ll (tumor cell)
» 1
4
I » | »
» »

»

»

nitrosamine ,

! 1 »
Aflatoxin Bi
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2.6 Mouse Chromosomes
40 (diploid number = 40)

telocentric I

) (Schnedl .,1971) banding techinc

quinacrine mustard quinacrine dihydrochloride

fluorescence microscope denaturating and
renaturating technic Giemsa band

*1 Giemsa Orcein identify-

autosome

9 " 19 ' Y Chromosome (V.G Dev et.

al, 1971) mouse tissue cul Lure
fusion 2 : metacentric chromosome

protein association (Mary Lou Pardue, 1969)

banding technic quinacrine mustard
X i chromosome I
centromeric Y chromosome
distal part Jones (1970)
' centromere I
denaturating and renaturating technic Giemsa

| T repetitive DNA sequences !

gene X chomosome Drosophila o
gene X chomosome ; 20%
gene Drosophila X chromosome mutation

X chromosome (Fishbein et.al, 1970)



4

I mouse chromosomes

Giemsa X100

31



2.7 Sister Chromatid Exchange (SCE)
sister chromatids

sister chromatid exchange (SCE)

sister chromatid exchange technic

(mutagen) (clastogen 4

(DNA breakage and reunion)
DNA replication (Schvartzman et.al, 1979)

sister chromatid exchange (SCE)

Taylor et.al 1959 Taylor
(Vicia faba) . Taylor - tritiated thymidine
labelling autoradiography technic

Perry and Wolff (1974)
I
Fluorescence  plus  Giemsa technic (FPG technic) (Peter
E.Crossen et.al, 1977)

SCE
medium 5 - bromodeoxyuridine
(5 BrdU) 5 BrdU
thymine DNA replication
thymine «  Hoechst 33258

5 Brdu 2
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! 4 5-BrdU
SCE I sister  chromatids
SCE
autoradiography base analogue
! ' ( . 2525)
SCE 2

1. In vivo SCE analysis
! drug, , clastogen

(metabolic activation)

SCE

Drosophila melanogaster

(Gatti et.al,1979),Neanthes arenaceodentata

in vivo SCE analyse 4 route of
exposure, metabolic reactivity, the Dblood testis barrier,
individual tissue metabolic, DNA-repair capabilities

| | mouse 4

spermatogonia,bone marrow, spleen and thymus, fetal tissue,
lung macrophage (Latt et.al, 1981)

(intraperitoneal injection), (inhalation),
in Vivo
SCE analysis Aflatoxin Bi, adriamycin, mitomycin c,

cyclophosphamide,daunomycin (Latt et.al,1981,Bauknecht et.al,1977)
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2. In vitro SCE analysis

Chinese hamster
ovary  (CHO) cell, human peripheral lymphocyte, mouse
lymphoma  cell, plants, insects, birds, fish,
fibroblast cell, amniotic fluid cell cell line

invitro SCE analysis Chinese hamster ovary cell

in vitro SCE analysis

1 5 Brdu
5 BrdU
2 medium thymidine
3 cell expose
Go phase cell cycle
harvest

harvest optimal percentage of second devision
metaphase

4 aluminium foil

(Latt et.al, 1981)

A



A[

U

T

5 <56* <

poo

1 .

1

A

| ;
12

Thymine

5 bromodeoxyuridine ( 5 Brdu)

'l thymine

5-Bromodeoxyuridine (5 Brdu)

érdU 'll

1
A

3

wwh gy A
st 4 i
i
i1 [
g é As
ir ? B B
R
il %E]IU QdUA
2 4 13 %4
a
media
cell
5 Brdu
2, 4 5 Brdu

35

5 BrdU
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SCE
SCE ' ' 4 (Latt et.al,
1981)
1 SCE e DNA
replication (Perry and Wolff, 1974)
2 SCE DNA
, DNA
Phase DNA replication (Sheila et. al, 1977)
SCE
1 SCE
SCE ( A B)
(~ E F, G) (Peter E. Crossen,197?)
2 SCE fiH  euchromatic segment
heterochromatic segment (Joe. J. Hoo et.al, 1979)
euchromatic  segment heterochromatic
segment
SCE
SCE 2
1. SCE (spontaneous SCE)
2. SCE (induced SCE) SCE
(mutagen)
SCE i SCE methy|

methane sulfonate (MMS), dimethlbenz (a)-anthrazene (DMBA),
mitomycin ¢, maleic hydrazine, cyclophosphamide, nitrogen
mustard, ethyl alcohol 4 x-ray, Oy 1 SCE
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SCE SCE
(mutagen)

SCE (chromosome  break,

chromosome gap) ( , 2525)

™\ o= | ;
'\". y , /I x/
; W,
%u 3 / /‘;\ L
Y & R = ik
- 7 {
z" 9 29
P x
7 SCE  human chromosomes ' lu media

5 Brdu = T SCE X100
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8 '} SCE ~ human chromosomes
nitrogen mustard ( 3 X 10'6M X100
= SCE
9 1 SCE  Chinese hamster ovary chromosomes
mitomycin C ( 3 X 10"6M X100

= SCE
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'l multiple SCE
ovary chromosomes
( 6 X 10-6M X100

39

Chinese hamster
8-methoxypsorale
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I SCE
SCE (rearrangement) ]
DNA 1 sister chromatids SCE
chromosomal injury
DNA sister chromatids
SCE
« I
[
( , 2525)
SCE (SCE/CELL)
(screening assays
for mutagen and carcinogens”® ( , 2534)

SCE technic I in vivo SCE analysis

follow - up test « Amgs test (Latt
et.al, 1981)
SCE
1 SCE u

« 1 «
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2 X-rays,
ultraviolet ' 1 SCE
3 Bloom syndrome
SCE  (Thompson, 1980)
4 Down  syndrome
(Irene et. al, 1985)
5 SCE chorionic villi sampling
prenatal diagnosis response fetal

tissue mutagens  (Lee et.al, 1991)
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