Polycyclic aromatic hydrocarbons (PAHs)

(fossil fuels) PAHs
PAHS
PAHs cytochrome
P450 (CYP) CYP 1Al CYP 1A2
CYP1A2 CYP isoform 15 %
CYP theophylline, caffeine,
phenacetin imipramine
aromatic amine, heterocyclic amine, aflatoxin Bl
CYP1A2
CYP1A2
CYP1A2 omeprazole, phenytoin, rifampicin, PAHs,
polychlorinated biphenyl, 2,3,7,8 - tetrachlorodibenzo-p-dioxin
CYP1A2 i vitro in vivo
substrate
CYP1A2 in vivo caffeine substrate
(caffeine breath test) caffeine
clearance caffeine
caffeine caffeine

paraxanthine  caffeine



CYP

1A2 in vivo
caffeine probe drug
CYP1A?2
omeprazole cimetidine,
fluvoxamine PAHs
PAHS
CYP1A2
CYP1A2
PAHS
paraxantine caffeine
carbonmonoxide
PAHs
1. PAHs
CYP1A2 paraxanthine
caffeine CYP 1A2

2. carbonmonoxide



PAHs

CYP1A2
PAHs
paraxanthine / caffeine ratio
CYP1A2

polycyclic aromatic hydrocarbons
cytochrome P450 1A2
paraxanthine / caffeine ratio
carbonmonoxide

paraxanthine / caffeine ratio

1



Polycyclic aromatic hydrocarbons (PAHs)

pyrolysis
123 4%
67 489
PAHs
(benzene ring) (aromatic ring)10
111 PAHS 4
PAHs 4
PAHS
PAHs
1214 15
PAHs acenapthene, acenapthylene,
anthracene,  benz[a]anthracene, ~ benzo[a]pyrene, benzo[b]fluranthene, chrysene,
fluranthene, pyrene, phenanthene 3 PAHs
16
PAHs carbonmonoxide :
1 Pseudomonas,  Flavobaterium,
Alcaligenes, Arthrobacter, Micrococcus Bacillus PAHS
13 PAHS
napthalene, anthracene 13
PAHs
3
L PAHs
PAHS

PAHs
0.02 - 1.2 ng/m3 0.15 - 19.3 ng/m3
PAHS PAHS
PAHS 4-24 ngl|lh
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R= CH3:1-Methylpyrene
Fluorene  Anthracene  Fluoranthene R=H:Pyrene Cyclopenta[ccQpyrene

Q)

Benzo{c|phenanthrene  Bfnz[aJanthracene Chrysene 5-Methylchrysene

Benzolb]fluoraninene  Benzofluoranthene - Benzo[K]fluoranihene  Benzo[a]pyrene

‘

Benzo[e]pyrene 712*D|||ethylbenz[a]anthracene Indeno[l 213<d]pyrene Benzo( ghl]perylene

Dibenz[a, c]anthracene leenz[aj]an thracene Dibenz(a h]anthracene Picene

Benzo{a]perylene Dibenzofa,e]fluoranthene Dibenzo[a k]fluoranthene Naphtho[28-a]pyrene

0
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Dibenzlofaelpyrene  Dibenzo[a,h]pyrene  Dibenzo(a,i]pyrene leenzo[a [Jpyrene

1 PAHS 1



Compound

Naphthalene
Acenaphthene
Fluorene
Phenanthrene
Anthracene

Pyrene
Fluoranthene
Benz[a]anthracene
Benz[a]pyrene
Benzofluoranthene
Benzofluoranthene
Benzofluoranthene

Indenotf.AS-cdJpyrene

2.
3.
18
19
PAHS
X
PAHS

Molecular weight

128.16
15421
166
178.24
178.24
202.26
202.26
228
252.32
252.32
252.32
252.32
276

PAHS

PAHs

PAHS
PAHS

PAHs

PAHSsL

W ater solubility at
25 °C (mglL )
317
3.42
1.98
1.29
0.045
0.135
0.26
0.0057
0.0038
0.014

0.0043 .
0.00053

22

Melting point
°C
80.5
95
116.5
101
216
156
111
162
179
168
166
217
164

2 pph3
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sources
Anthropogenic sources
Industrial Process
Aluminum plants
Meallurgical
Coke production
Petroleum refineries
Combustion sources
Residental heating
Wood
Others
Open air fires/agriculture burning
Incineration
Teepee burns
Municipal
Industrial
Transportation
Diesel
Gasoline
Other
Thermal Power Plants
Industrial combustion
Wood
Other
Commercial and Institutional heating
Cigarettes
Nature sources
Forest fires

PAHS
19902

PAHs release
Tonnes

925
19.5
12.8
19.6

474
29
358

249
13
11

155
45
12

113

5.7
10.2
2.1
0.2

2010

%

21
0.4
0.3
01

1
0.7
8.3

5.8
<0.1
<0.1

3.6

<0.1
0.3

<0.1
0.2
0.1
<0.1

47



2544
3
PAHSs ( Toxicokinetics )
L. 7 (absorption) PAHs
2
PAHs
1 PAHS
PAHS
PAHs
PAHS passive diffusion
stratum corneum
2. (distribution) PAHS
232
PAHS PAHS
25'26 PAHS
benzo[a]pyrene (BaP)
| J27’28 .
3 PAHS (métabolism) PAHs
P
cytochrome P450 epoxide hydrolase30
glutathione
glucuronic acid31’33 PAHS
A
PAHs 25 PAHs

cytochrome P4501A1 (CYP1Al) aryl hydrocarbon hydroxylase (AHH)%
arene oxide epoxide epoxide hydrolase



dihydrodiol dihydrodiol cytochrome P450 3A4 (CYP 3A4)
diol-epoxide 3i"2 PAHs
benzo(a)pyrene (BaP) 143%

p-4%0 2
/ HO
EPOXIDE HYDROLASE H
(_b p ( ‘ {+)}-BP 7,8-DIOL-9,10- EPOXIDE-2
W P-4s0 0
A% ] \L
(9)-8P 7,8-0XIDE {-}8P 7,8- DIHYDRODIOL C
n o ' HO’
n 2 J
- 100 .
s (-)-BP 7,8-DIOL -9, H0-EPOXIDE- |

7 L] 3 ?\
- % P W(;E
EPOXIDE WYDROLASE OH
. a“ ’CC {+)-BP 7,8-DIOL-9,10-EPOXIDE-1
o HO™ Y ) 0
(-)}-BP 7,8-OXIDE {+}-BP Zl-o?:YbROh ﬁ
(P Y.ODG:MOEDGE
2 PAHs3%
4, (excretion) PAHsS
43 .glutathione glucuronic acid
tetrahydrotetroi, phenol, quinone R PAHS
12- 24 PAHs
PAHS L-hydroxypyrene L-hydroxypyrene glucurinide
445
PAHs 18 46 PAHS

6-35 4



1.6
7.8
31

1.9

. 8.6

2.9
2.1
4.7

18
8.9
3.2

L7

2.3

6.2
2.6
21
6.9
31

13
5.5
2.7

0.8
10.5
2.1

1.8
53
2.8
2.1
8.5
3.6

5.9
2.1
16
7.2
3.3
2.3
6.3
2.9
2.6
3.9
3.2

2.6
24
2.1
5.6
2.8
12

3.6
2.3
3.6
2.8
2.2
6.5
31

(ppm)

1.6

2.3
2.2
51
3.2
19

3.4
1.9
31
2.4
17

3.2

.. 2544

21
5.8
31
0.9
7.6

3.6
2.3
2.3
7.6
3.3

6.7
3.7
2.6
6.4
3.9
17
7.5
3.2
13
55
2.9
2.3
8.4

18
6.1
2.1
19
8.6
3.1

6.8

1.2
1.7

14
9.7

2544

L7
1.1

2.1
7.6
3.3
0.4
10.3
2.8
2.2

3.2
13.

2.1



10.

L7
8.3
3.4

2.5
10.6

*k
*%
*k
*k
*%

*k

8.8
31

3.1
10.5
4.9

*k

k%

*k

*k

11
2.9

2.5
8.8
4.6

*k
*%
*k
*k
*k

*k

2
2.5
58

3.4
9.2
4.8

*%
*%
*k
*%
*k

*k

*k

*k

*%

*%

17
7.6
2.9
2.1
53

31
8.8

*%

*k
*k
k%

k%

19
53
31
1.8
52
2.1
3.2
9.2
54
14
43
2.3

43
2.5

2.1
7.3
41
15
51
2.8
1.9
8.1
41
1.7
38
24
12
42
2.3

(ppm)

1.6
6.9
33
1.9
56

8.9
39
1.7

2.5
0.2
6.1
2.8

.. 2544

1.8
9.5
43
04
6.1

13
8.6
41
1.7
7.8
2.8
09
31
6.8

9.7
4.5

71
2.9
04
8.6

0.7
8.4
2.8

6.1
2.3

2.1
10.2
34
2.1
7.8
34
24
10.5
44
0.9
8.9

2.8
6.9



PAHS
1 (carcinogenesis. mutation)
PAHS 5  diol-epoxide
bay - region R
BaP bay-region 10 11 bay-
region DNA
covalent DNA
2
oncogene tumor suppressor gene
bay - region
Jerina Daly
diol-epoxide bay-region
diol-epoxide bay-region4s
bay-region 49
2 (enzyme inducer)
PAHSs cytochrome P4501A (CYP1A)  cytochrome
P4501A1 (CYP1A1) cytochrome P4501A2 (CYPLA2)20
45 PAHS aryl hydrocarbon receptor (AhR)  cytoplasm

PAHs-AhR complex

transcription
51-53

regulatory element

PAHS



Boy region flay region

5
7 & Bay ragion
phenalNthrene benz(ganthracene CHRYSENE
DICL-EPONDE DICL-HPOXIDE DIOL*£POXIDE
Boy region Boy region Boy region

7.12-pillErHVL-
DIBENzio,iJANTHRACENE BENZOJoPYRENE BENZ[a]ANTHRACENE
WOL-EPOXIDE pOL-ipOXIDE DIOL'EPOXIDE

3 epoxide  hay-region b



Heporocytc

"Raguiatory semant ¢l
. fransiocation to b~
S rans n
g ) ) — ) e )
Cylosolic receptor  inducef-recapher
' complex 1
Induced Engoplasmic
cytochrome raficulum
P-450 membrans y
Tronserption
of DNA
AN
o asioniof o Induced mRNA
)
Mirochondron ; Nucleus
Apoprotein of
cylochrome P+450
4 cytochrome P450 PAHsY
PAHs
PAHs 45
L
2. PAHS
atherosclerosis collagen
cellular necrosis atherosclerotic plaque
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neurologic altered mental status, cranial nerve
deficits, seizures, nystagmus, tinnitus,
diplopia, abnormal DTRs, peripheral
neuropathy, anesthesia, EEG
abnormalities, chorea, tremor, myopathy

pulmonary pneumonitis, pulmonary edema,
pneumothorax, pleural effusion,
pneumatoceles

cardiac myocardial necrosis, cardiomyopathy,
ventricular and atrial dysrhythmias, nodal
.thythms, asystole, ST-T wave changes

hepatic hepatomegaly, hepatocellular necrosis,
fatty change

gastrointestinal mucous membrane irritation, nausea,
vomiting, diarrhea, hematemesis,
ematochezia

renal acute tubular necrosis, proteinuria,
hematuria, fanconi syndrome, renal
tuubular acidosis, myoglobinuria

hematologic aplastic anemia, leukopenia, leukemia,
thrombocytopenia, myeloid metaplasia

cutaneous contact dermatitis, eczematoid eruption,
burns, epidermal necrosis

metabolic metabolic acidosis, hypokalemia,

rhabdomyolysis



3
anthracene melanosis
PAHs
PAHS
B
4, aplastic aneamia lpancytopenia 5
5. PAHs hepatic
regeneration 60'6L
6. PAHS
62
1. PAHs
hyperplasia, hyperkeratosis,
6364
8 65
PAHS
PAHs CYPLA family CYP 1Al CYP1A2
20,29
cytochrome P4501A2
cytochrome P450 1A (CYPIA) cytochrome P4501A1
(CYPLAL) aryl hydrocarbon hydroxylase (AHH) cytochrome P450 1A2
(CYP1A2) 7 exon
6 intron 15 (15q22-qter) 5.6 7.8
kilobase CYPI1AL CYP1A2 6667
51,68
1 CYP1Al CYP1A2
CYPIAL
lymphocyte 69
CYP1A2 15% CYP

70'72 CYP1A?2



Y

' 0.1%
CYP1A2 13
2. Substrate CYP1AL CYPIA2  substrate
5 substrate CYPIAL PAHs74
substrate CYP1A2 phenacetin, theophylline, closapine,
propanolol, tracrine, imipramine caffeine 7578 substrate
CYP1A2
aromatic amine, heterocyclic amine, nitrosamine mycotoxin I
5 substrate CYPLAL CYP1A266
enzyme substrate
CYP1AL polycyclic aromatic hydrocarbons
CYP1A2 - phenacetin,  theophylline,
closapine, caffeine, imipramine
propanolol, tacrine
. mycotoxin, aromatic
amine, heterocyclic amine, nitrosamine,
substrate CYPLAL
CYPLA2
in vitro in viv074
CYP1A?
L CYPI1A?2
11 Cazeneure C. CYP1A2
CYPLA2
CYP1A2
80 Woon-Gye Chung

CYP1A2 8



1.2 CYP1A2
CYP1A2 82'83
13 CYP1A2
CYP1A2
83
2. CYP1A2
666
11 CYP1A2

omeprazole84, phenytoings, rifampicir)8
polycyclic aromatic hydrocarbons, polybrominated biphenyls,

2,3,7,8-tetrachlorodibenzo-p-dioxin 8788
CYP1A2
PAHs 3-MC (3
ethylcholanthrene) BaP CYPLA2
8% PAHs
CYP1A2
" CYP1A2 ' 148
CYP1A2
CYPIA2 4
CYP1A2
2
2.2 CYP1A2 cimetidine93,
fluvoxaminegs, quinoloness, 9, %
CYP1A2 '
estrogen CYPLA2
%
CYP1A2 substrate
probe phenacetin 97
caffeine &



6 enzyme inducers enzyme inhibitors
CYP1A266

enzyme inducer enzyme inhibitor
polycyclic aromatiic hydrocarbons, cimetidine, fluvoxamine,
polybrominatedbiphenyls,  2,3,7,8- quinolone, ,
tetrachlorodibenzo-p-dioxin
Caffeine

caffeine (1,3,7-trimethylxanthine :137X) alkaloid xanthine

caffeine
194 5%

5 caffeine



caffeine
caffeine
1 Y caffeine
30 caffeine
(passive diffusion) caffeine
caffeine
caffeine
caffeine
caffeine 40-60 0.5 -
0.7 100
caffeine cytochrome P450,
N- acetyltransferase xanthine oxidase 16 6 &
Caffeine  (1,3,7-trimethylxanthine:137X)
CYP1A2 déméthylation (primary metabolites)
paraxanthine (1,7-dimethylxanthine:17X), theobromine (3,7-dimethylxanthine:37X)
theophylline (1,3-dimethylxanthine:13X) 84,12 4
caffeine theobromine theophylline
CYP2EL, CYP3A4 caffeine
paraxanthine CYP1A2
caffeine substrate CYP1A2
(secondary metabolites)
monomethylxanthine 3- methylxanthine (3X), 7- methylxanthine(7X)
urate 1,3-dimethylurate (13U), 3-methylurate (3U)
paraxanthine

CYP1A2 1- methylxanthine (1X)
xanthine oxidase 1-methylurate (LU)

N-acetyltransferase  (NAT) 5—acetylamino-6-
formylamino-3-metyluracil  (AFMU) -
acetylamino-6-amino-3-methyluracil (AAMU)10L

caffeine 3-1

caffeine 12-28



137X
37X
137U
17
X
X
U

nu «

6 caffeine 64,101

1.3.7- trimetylxanthine (caffeine) 17X = 1,7-dimethylxanthine (paraxanthine)
3.7- dimethylxanthine (theobroming) 13X = 1,3-dimethylxanthine (theophylline)

1.3.7- dimethylurate 37U - 3,7-dimethylurate
1,7-dimethylurate 13U = 1,3-dimethylurate
1-methylxanthine 3X = 3-methylxanthine
7-methylxanthine U = 1-methyluarate
3-methyluarate U =T-methyluarate

AFMU= 5-acetylamino-6-formylamino-3-methyluracil



2

caffeine . cimetidine,
norfloxacin ' 1 estrogen %8P
caffeine
caffeine caffeine
24
caffeine caffeine
caffeine
12
caffeine
caffeine CYP 1A2
caffeine probe CYP 1A2
1. caffeine breath test101,103104 carbondioxide (13C02
14C02) caffeine 13 iy
methyl 3
caffeine
2. urinary caffeine metabolites ratio101,105 caffeine
caffeine caffeine
4-5 8 24
caffeine
2.1 (17TX+17U) | 137X
2.2 (AFMU+1X+1U) / 17U
2.3 17X [ 137X
2.4 (AFMU+1U+1X+17U+17X) | 137X
2.5 (AFMU+1U+1X) / 17X
CYP1A2 caffeine

caffeine
caffeine
xanthine oxidase, N-acetyltransferase 10l

- 17X | 137X
CYP 1A2 paraxanthine caffeine



paraxanthine

product substrate CYP1A2&4101
caffeine
caffeine
0
3. caffeine caffeine
' caffeine caffeine
caffeine 4 6 paraxanthine
[ caffeine ratio ' ' 82103106
paraxanthine / caffeine ratio
CYP1A2 PAHs
carbonmonoxide
carbonmonoxide
carbonmonoxide (CO)
28 -191 107108
carbonmonoxide 40%
60%
PAHs
carbonmonoxide
carhonmonoxide 4-15 % 109
carbonmonoxide
carbonmonoxide 0.06 - 0.14

mg/ 3 0.05- 0.12 ppm. carbonmonoxide

carbonmonoxide
hemoglobin heme protein v I
carbonmonoxide

carbonmonoxide



2

carbonmonoxide 2544
1 8
1 carbonmonoxide 1 8
30 ppm 9 ppm
hemoglobin (oxygenation)
oxyhemoglobin (02Hb)
112 oxyhemoglobin
carbonmonoxide (alveolar capillary
membrane) heme protein hemoglobin,
myoglobin, cytochrome oxidase cytochrome P450 (reversible)
80 - 90 % carbonmonoxide hemoglohin

carboxyhemoglobin (COHb)

hemoglobin
oxyhemoglobin dissociation  curve

(hyperbola) 71]2

hypoxiall2-114



10.
11.
12.
13.

carbonmonoxide
.. 2544

carbonmonoxide

6.5

1.6
1.5
5.3

5.4
5.9
1.5
6.9
8.5
6.5
11
144

1
(pprm)

08

0.8
0.9
0.8
0.7
08
13
08
14
11
12
2.1

O OO O OO O O O O o o

carbonmonoxide

(ppm)

48

5.9
5.1
42
49
4.2
44
49
49
4.6
43
5.3

. .2544

8

0.8

0.8
0.9
0.8
0.7
08
13
0.8
14
11
12
2.1

o
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o
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100 r
e OOF 75% 50% 25% 0% COHb
O
©
iy
w
0!
&N
Q
&
o 1 ] 1 ) {
20 40 60 80 100
PAO2mm Hg
1 oxyhemoglobin dissociation curve 12
carbonmonoxide hemoglobin
hemoglobin carboxyhemoglobin
oxyhemoglobin 200-250 carboxyhemoglobin
carbonmonoxide
carbonmonoxide myoglobin

cytochrome oxidase
hemoglohin

carbonmonoxidel



carbonmonoxide
2-3
carbonmonoxide

carboxyhemoglohin
heme protein
carboxyhemoglobin

2-6.5 elimination half life carboxyhemoglohin
116
carbonmonoxide carbonmonoxide
carboxyhemoglobin spectrophotometer
gas chromatography % carboxyhemoglobin
carbonmonoxide carboxyhemoglobin 1%
hemoglobin
carboxyhemoglobin 4-15 %
1 carbonmonoxide
20 ppm carbonmonoxide -2 109

carbonmonoxide

carbonmonoxide

carboxyhemoglobin

1

glo%in A A & 109111

carbonmonoxide
carbonmonoxide
permeability

artherosclerotic plaque

(angina pain)

carbonmonoxide

carboxyhemoglobin
carboxyhemo-

endothelial atrophy, subintimai edema,

artherosclerosis

electrocardiogram



carbonmonoxide

%COHb

0-10

10-20

20-30

30-40

40-50

50-60

60-70

70-80

80-90
90+

artherosclerosis

carboxyhemoglobin 12

sign and symptom
no symptom,asymptomatic
tightness across the forehead,possibly slight headache,
dilation of the cutaneous blood vessel, exertional
dyspnea
headache and throbbing in the temples,easily fatigued,
possible dizziness
severe headache, weekness, dizzness, confusion,
dimnses of vision, nausea, vomiting and collapse
same as above, a greater possibility of collapse,
syncope, increase pulse and respiretory rate -
syncope, increase respiratory and pulse rate, coma,
intermittent convulsions and Cheyne-Strokes respiration
coma,intermittent convulsions, depressed heart action
and respiratory rate, and possibility death
weak pulse,slow respirations,respiratory failure,and
death within a few hours
death in less than an hour
death within a few minutes

carbonmonoxide

114115



3 carboxyhemoglohin
carbonmonoxide

10- 15 %
carbonmonoxide

carbonmonoxide
9117

carbonmonoxide

carbonmonoxide
20%
hemoglobin
carbonmonoxide
carboxyhemoglobin

116

carbonmonoxide

carbonmonoxide

carbonmonoxide

-hemoglobin
carbonmonoxide

hyperbaric oxygen (oxygen at increase pressure)
carboxyhemoglobin oxyhemoglobin dissociation curve

m



organ
cardiac

pulmonary

visual

auditory
neuropsychiatrie

dermatologic

hematologic

metabolic

carbonmonoxide

acute
angina symptom, ST-T wave
abnormalities, atrial or
ventricular arrhythmias,
myocardial infarction

pulmonary edema perihilar
infiltrates, intra-alveolar edema
decreased light sensitivity,
decreased dark adaptation,
retinal hemorrhages

central hearing loss

seizures, agitation, headaches,
coma, thermoregulation
abnormalities

bullae, alopecia, sweat gland
necrosis

dissiminated intravascular
coagulation

lactic acidosis, myonecrosis,
hyperglycemia, proteinurea

iy

chronic
decrease voltage, atrial fibillation,
PVCs, bundle branch block, AV
block, abnormal left ventricular
function, lowered fibillatory
threshold

decrease cognitive ability, mental
retardation, psychosis,
parkinsonism, incontinence

elevation of hemoglobin and
hematocrit, increase erythropoietin
elevation of reticulocyte count
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