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LXCrelie Figure 2. Absorption and distribution of inorganic chemical ele-

ments in animals (Adapted from Apostoli, 2002).
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T

DOT in fish-gating birds
j 25 ppm

2 ppm

&
- E —
L A —Tuy " —
¥ e NE ‘;(‘i\
4 e .
B — ¥

¥
)|
0
- "
&3 -f “'0 DDT in zooplankipn
aﬁt-_ 0.04 ppm
DDT in water
/ 0.000003 ppm
or 0.003 ppb

)
L

' _.' o DOT in large fish

DT in small fish
0.5 ppm

X 10,000

4 A 2 X 3¢
=1 = v, 3

( Biomagnification)

H4c4.8 x 1062

v'ppm (Parts Per Million): 5 § » 2. -
1 ppb i1 ppm:i+ 42 - > 1ppti1ppb
et 2 - o

v'19g=1000 mg > 1 mg=1000 pg > 1 pg
=1000 ng > 1 ng=1000 pg (& %)
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P47 B & 14 =(UIYy

\/

> & 12 & (toxicology): “the science of poisons (& %)“
K HF “TOXIKON” > iR 5 Higg > 3 %

>R EF 2R F 5 ang 30 S B4

o FNPU N IFR B IR HES

s I &I EY TP BACFZSR A

* BRFPORE S ZEATH A LA

o LHitEBI1 ¥ AR E Y FRASUE S H
AR chi B4 o
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CHE S R ep
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AR 0 BT
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fo/ & &

STUDY ON
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. *iﬁﬁmaﬂgt:}ff{ia e {7 )ﬁs?(epldemlologlcal)ﬁt
I AR AN I z& %-i’io

B ERARA LA TR IR B AR
JRSXBE SR~ A3 T EFEG

C B EHE G ML BT o blded B o
1% #4|(mode of action) ¥ M AR * h *g3iFis o

'Sa3
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SR

M8 R A 2 U NRIE g AR
XE - FERMN - BRE _ SEEPRBER =S IR TR = 16,000
1930 c K =resyl phosphate in “ginger jake” Delayed neurotoxicity
Detroit, Mich.
SRB K 0 1952 6 I R ok S ol B B s AEI B SE 3,000
London, UK. o© Sulfur dioxide and suspended particulate Increase deaths from heart and lung diseases _—
matter in air }? }? }-‘
H7 » g » 1950 X BEERERRR P 200¢
Toyama, Japan Cadmium in rice Severe kidney and bone disease
_HA» kiR » 1950 HERmps 0 EEERRE (KR ) 200%*
Minamata, Japan Methylmercury in fish Severe neurological dissease
( “Minamata disease” )
T HHREH » 1956 INEAETGH/NE It SR B R » WS RA 4,000
Southeast Turkey Hexachlorobenzene in wheat Porphyria, neurological diseases
SR - 1959 BIRREEE =& FENH B R R 10,000
Morocco Tri-o-cresyl phosphate in adulterated oil Delayed neurotoxicity
HA » 1956~1977 FEAER — R R MEEEHRAEB R (SMON) 10,000
Japan Clioquinol Subacute myeloopticoneuropathy
PEEK > 1950 KR 1960 %) 1ORIREH TR, 10,000
Western Europe Thalidomide . ocomelia
HA - mighd - 1968 Z @4 (PCB)° KR —REES 1,700
Fukuoka, Japan Polychlormated bi-phenyl Skin disease, general weakness
I » 1972 FERBRE .00 PHET (B 500
Iraq Methylmercury in wheat Deaths from neurolosical disease
JEELSE M ZE 41 Nonfatal cases 50,000
PHELS: - B - 1981 BEHEREY AN EEART [REFET 340
Madrid, Spain Toxic oil in food Deaths with various symptoms and signs
JERLSEEZEH Nonfatal cases 20,000
ENRS » 0 » 1984 HEERFIERAZR e EAlEe R S [ROSET 2,000
India, Bhopal Methylisocyanate released into air Deaths from acute lung disease -
JEEALEZP Nonfatal cases 200,000
#IFRSBAREBRE A L Su-yin Chiang

T EE AL 1960 4% B A#73% Niigata



FRFLLFFFRRLL D H

ARBET 2L AR A S RAGe WL AR ¥ R
B &) 1978# & 5 #-F 2. 7 § 7% ¥k & (Permissible Exposure Level
i #-PEL)d 10 ppm *3 2 1 ppm -

% R % % F 7 %7 (American Petroleum Institute) 2?7 2_ ¥} 2~ ¥ » 1980# & 3
FIa L ERER  BrREL 2 4%%mﬁ$°

1987 # £ MR 7B L% 272 7 7 #r(NIOSH)J| * 8 3 880 4 & X 2R
¥ 80 & (natural rubber film) 2. = B 1 B11165 & © 7}@_5’ M1 A 24 T*‘F"i ’
TRF i%'ﬂ Bn mEd X3 ’??'J'a F R % (dose-response relationship) °
- ©10 ppm &35 1 :r40& ¥ S Rpehip 2 - 4 h154.5%

- a1ppm ER L T40F > P70 0 ey % 2178

- 20 1ppm > HigFgr— A fpfe

¥ 41990 #-F2. 32 5 23 kAR 10 ppm ' 21 ppm -

2014/3/28 Su-yin Chiang 9
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Human
EPI
Data

Animal
Data

HE(HE)

Log(Dose)

10
Paustenbach (1995)



+— > HHLEH Benzene
,.%-ﬁ-'fi '2‘&2\. 1. KRR ERF PIEAE LY SHEAE AT AR BO > BB SE S AAfREL

Fd oo REAIGHmZ A B, 50~150 npm A 4 78 5Z Fogb 45 Al .t_:?--i.-mfi-ua‘lh ’ _ﬂ.ﬁ"mnnn““m
S Ay S ZPFar AL GVPPLULGLF] /8 T VYV O LAYV PPULE LERTHAATTIRLARE C T d T EAAA A R R e

TSR0 ETREIRET - 3. —REUREBETLTERIRBZPELAELATH -
B 1.8EKBRERK BHIREER » PIEEK -
R N = sl
R : 1. TRe R IR - FEE2FHRL

_@_1 AR E BRI i b PR £ 4 0 sk - (Material safety
1K 5 A « o e 1A IE ) : data sheet, MSDS)

TAFJ7] > X IEix) -

\
/

>; S

0
o
n
o

an [==]

Y | R § ~ T A
mH g\ R
1y =] T?
[ 22V

=k
or Eﬂ

w (V4

et _ TT
U ppm/i/n
-

Y

P20 mg/24H(RTF > B ) ¥R Y AR # -
2 mg/24H(RF > BRBy) xR B & R -

2
=
7
W

é&ﬁﬁﬁ%}>1£@ﬁmé b SR MR RS R BARABE T E AR « 2. TH
FERHM ERRERMAGERLEAM -3 ERMEREREARENE RS R
MERA  RABE - ENFA - B SR AN SR FHERE - 4. & AEMRE
SRAFRE SRR AAR - 5. ER TG aHAE - 6. ERF B R ok P
HR o MG RABTRAM - 7. XREGERBEOTHFLERTEN -

FFRR 2 50 ppm/24H( R 7-14 XM K > BA)ERIERB T o
IARC #§ 3L 71 % Group 1 : BERAMBUE ° 11
ACGIH = F| & Al : B AR




R '}' -+ }i(Acute Toxicity)
‘=3P & & (short-term exposure)

Threshold Concentration (& &k &)

>>

Concentration

mRNERER

Blood or Tissue

B & (TIME) :Minutes or Hours

>
2014/3/28 12



& fi—* ]‘f_}.(Chronlc Toxicity)
] f% (repeated exposures)

R ERER
Blood or Tissue
Concentration

>

B ¥ (TIME): Weeks, months,years
FEFAP DETHERL M - £ 4 fe(redistribute) ~ 2R 513 48 {ofb *,lr:ﬁs\—;'j o

2014/3/28 Su-yin Chiang 13



& K& J& 4 (Skin corrosion)

§8 ¢F 33 2% (in vitro)

*& & 1V (Skin irritation)

# + : 14X (rabbit: 14 days)

*F% BF-{| B (Eye irritation)

# + 21X (rabbit: 21 days)

* & J§ i 57 (Skin sensitisation)

X %2 B (guinea pig)

& 13 |4 (Acute toxicity)

&b d o v IRIA R

(rodents: oral/ dermal/ inhalation)

EAAEE
(Repeat ed dose toxicity)

Bk F o ovPRIE [ r; 28

(rodents: oral/ dermal/ inhalation; 28 day)

FY e

(Sub-chronic toxicity)

B RS E P L v IRIA K5 ;902

(rodents/ non-rodents: oral/ dermal/ inhalation; 90 day)

*3R % % 1+ (Mutagenicity)

"% # $ (rodents)

M |+ % % (Chronic toxicity)

e H P &P 12B * (rodent: minimum 12 months)

7 ¥ & [ (Developmental toxicity)

% P /2L & # F (rodents/ non-rodents)

LR TN Y
( Two generation reproductive-toxicity)

"k % # ¥ (rodents)

*3R % 14+ (Carcinogenicity)

B FER2 G (rodents: life-time)

TN

(Toxicokinetics , ADME)

(rodents)




3 RS 4 AaN

(Animal Species) =7 %% &

c BFEEFT O AE R HRBIoEF AT PE o
tORBEHERT  GRGF AL R A d 28 g
(toxicokinetics) > e & > iZE TR ¥ A7 2 FL 4L o

. '_.waé FinT o EFESR m(most sensitive)$ # k =& %
PR 2o

i.e. * 2 # (Dioxin), LD;,= 0.5~2 ug/kg in Guinea pig

LD,= 22~100 pg/kg in rat; LD,,= 5051 pg/kg in hams C'J(:[D:@:Cl
of 0 ol

Wahitip-injmcted | | C75 Dajscted mvary 3
exnired | day for & wenks)




£63 TR{LEMZ LDy {8 LDs5, : 5090 3 7~ A &
LDy, {H

LY ) (mg/ke BE)
LD 4= 10,000 7 [ 3~ f& crvds 3 H
&bsh B 4000  F 3T (N 4 B
TR o AE 1,500 (Toxicokinetics)
R IEE Y 000 oI a4 F
Kt 4 Y= 150  (Toxicodynamics)
DDT KB, 100 A o0 ig =
FIEFFC# (Picrotoxin) KE, 5 LDSO ERE &
Strychnine sulfate KE, 2 i.e. TCDD (2,3,7,8-
BET N 1 tetrachlorodibenzo-
d-12%%E M (d-tubocuarine *E 0.5 p-dioxin)
Hemicholinium-3 NE, 0.2
TR ER RE 0.1
HHRy: (TCDD) R 0.001
RS RE 0.00001 16

%% . Loomis (1978)



E L RE SR RO

34N g

( toxicokinetics )

BT~ AT > s BER
S

Er S EF B

FERIRAE

( toxicodynamics )

2014/3/28
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TR Fl R AT B hE A E

Toxicokinetics (& # A #t% 4 E): s B+ HHEF FEF L
BEE NP T S A F fligﬁ:]*—friﬂ",ﬁ%iﬁﬁiéﬁ " -pF
b T BER-pF ) L2 ®BRED- PHE

ik
5

¥ 4T (Absorption) |# $7:i& > £ fY

L Trk

X BH{metabolism) | ¥ -5 P 20 % 2 Wik = Arehit B
P B & Bt (metabolites)

if ' (elimination) | & - & K S 5 R R 2 4

n 4 i# (Distribution) | & $ B jgihr v B 3| LR

f= ® ¢ (target organs):# #~ # L 5F [Lit* cnEF 18



oh ke g el iE

XENOBIOTIC \

Exposure
'8 1 R BT I_lmf:v}:

R

SKIN

-DERMAL-

GASTROINTESTINAL| |[RESPIRATORY

-INGESTION-3& » || -INHALATTION- | & >

2014/3/28

A:¥R T 1ﬁ%ﬁﬂl'ptil}-l-l_:}

BLOOD STREAM | = %

p:~ # | Ibistribution>

— LR e R AR}
BODY TISSUES and ORGANS Bepr®e
EEIE N

% [ Toxicity #=——tMetabolism 3= Storage pF

E:‘}%",\

'..---_l_ _I - l_--_-.-'.
_Elimiination_/ 19




F P

(Absorption of toxicants)
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L' =k BXA 3

B *% (Risk) - -&_j& 2 #-F %% 4 a4 % (probability)
B'& =k BXpE 3

v % % (Hazard) - - & $# ~ £ 13 4 (toxicity)

v' % & (exposure) - -#| £ (dose)frpF &

-;!,E:' % g PZ" }% ‘ﬁ l—'}l”.%- 4—;’ The importance of dose The importance of size
2% kBT b % AT

2014/3/28 Su-yin Chiang




=% 4z (Absorption)
Q: " FEF Fiom e »" L5 ?

"A.:
s> i B HFE i sg (B 0, inhalation) ~ A (A F T, 0
Edermal absorption) %2 %5 5 i (¥ >, ingestion)i& » B p o E
- BEEFT R EMPORET A - B o T
P - PFREEBY Py - B EBERIE o .
A EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEnn"

2014/3/28 Su-yin Chiang 22



BB 3 ¥ e

CIDN LPEAT)- T332~ 55mF EaH RN K
(Polychlorinated Biphenyls, PCB) - L 1
Dioxins ~ 7 %% % ~¥6it3 % - 3 &
rﬂ-a- '% ......

X N CO‘?‘Bﬁg‘Clz‘st‘g&j‘;‘éﬁ *’nﬁ“‘%ﬁ’k g
4 v £ # (Polycyclic aromatic F &P~ PR
hydrocarbons, PAHs) ~ NH; ~ /3 | LI

R K ¥4% | # #(Chloroform )~ ¥ ~ » & i 8¢ B B A pr A
(Carbon Tetrachloride) % 3 ;3 & ~ %
WL g ~ Bhag 123 7R ~ CS,
Adapted from %35 223 i“ 18, &% &, 2008.
2014/3/28 Su-yin Chiang 23




AP ERErASBFHPESG T 0

3B M 32 /2 (Routes of Entry)
« § » (Ingestion)
i ‘g 4k § (gavage) 2 AR A F 4r (feed)

« = » (Inhalation)

« & % (Dermal) _
* 1 5% (Injection) 8 e o

ﬁ F / kfj‘ subcutanenous |njeCt|0n (SC) Intraperitoneal Injection

PE %23 & intraperitoneal injection (IP)
## 9% ;2 %% intravenous injection (IV)

2014/3/28 Su-yin Chiang




FPF e ERFIEBERIED R
——D>F 7 Fe T ~ A s N foitiE g Fose R

1 %% (Injection) > ¥% » (Inhalation ) > & » (Ingestion) or £ & (Dermal )

204 -
Injection

Inhalation 4

Blood Level
)
L

Ingestion

-——

ﬂ_
-

|
Time After Administration

Figure 2-1 Toxic blood level concentration as a function of route of exposure.
Wide variations are expected due to rate and extent of absorption, distribution,

biotransformation, and excretion.
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% 4z (Absorption)

R 5 & HARICS 5 7] Pl A htfg o B
LTRSS TEY ST AR T LT

FF AR S B R H U RSB R SR

w53 AL T chd AR B R E F hi B 5
&%&f fris AlE L AR -3l
o NBMoRE S 5 ApHE o

4;5‘»")»’]( A~ PSR duEARE P o0 Y
tm e BE: o

=\

|8

T i
/\n
5\

M= I T R

SR SR A e R R L

[ ]
-\
c

f’
F

& ¥
vw F.*

E k]
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B2 i iR e e TS

1.AF 4] 2. FRBA 3. 45 2L ¥ hl i
v Flam e %55 75%4 B35 A 3 (phospholipid) = » ¥ ¢}
20% % Fv £ 5%:ph ok v & % o

EHE

Proteins

21 M2 o RMARA R KA EENE B - B AREM
2O1418/28 IR T RER I E - RANBRAAED ; CITE0E
IEAORTE + ORISR - 27



> R R A S

T g o Fpts L E ¢ (selective permeability) -
>F i FoAR MmNy v B
1. &4 S BB 2. SR %3 d9uEiR;
3.;‘&&&%/7 el RE 4. ‘wm¥e B g it
EE= EE R (HIER
i intgretitial [1E 3 Interstitial mﬁa%%%ﬁﬁl
Environment Fluid Plasma fiesid Intra-organelie
— > R —_—— Fhuid
(Mitochondria,
Mueleus, afc.)

SR’ s E HImEE 1RETHERRER  ZUARIREREEER

Mucosa Capiflary Capillary Target Cell Subcellular
or Skin Membrane Membrane Membrane Organelle
Membrane

Hodgson, E. & Levi, P.E. A textbook of modern toxicology; ft = I, & #73 12 £, 2000.

B2.1 {LRREVERREAFHIUER  IRBRRE -
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#w ¥ 47 (Passive diffusion)

RS EAMBFTSED GH o REFAICT
7 i e W o

WAL Z F 2B wmre p ik B A
P EEATRR ~BAFRA LT T R o

IR A #— EFFINETGERLL 0@
4 H I £ BT R me
ER L > A PEFF L@mENHH o
7R Ficme p HERBR 2 iR A
T el BT AER AR T LK
(thiopental) (67%) > & fig-k # 5 (21%) >
+ & % (2%)

B BT A fL enF P PR IR s FIpt L ¥
E W E R PR ey LT A2
FH ARG P RE TS e

2014/3/28 Su-yin Chiang

Figure 3-3: Diftusion.
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% ;a (Filtration)

m B E R e st Ay b (970 nm) o

F )36 39 (4 F £60,000)2 4 F 7 i iFiSEIiE o
d A RRE BERNLE L RS RDBEIES ]

%%ﬁﬂ%%‘-‘k o

2 agl\empegip mgi}h f&’ (2/]4 nm) Hb f.‘_,%‘fy:,g,\.’.j. -E-‘,J‘
3100~200:i 4 5 7 i -

A F Rk r‘ﬁl“?.‘}?”?‘d ,{55(3_‘%35‘-

’I,
RS T G e p o ,ugkgggg
* o R oo
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i\“ R ﬁsq (Carrier-mediated transport)

A qo- A4 O A AR AR > £ AT T -

Fa A1 ’i\&g* ?EJ)E' Reh— f o EAFETBEERE o

W3 - g 8 é?**?‘ %%°

B AA A2 DR ARPRARIS RER S P BT

P2 B 5§ AL L2 FryliE

>1?®E:fmp£§iimFQT%*#” ik B - ¥ S
R ERN- BB R - FRF IR IFPNALCETEHLIRE TR
T o 'Eﬁiﬂ’;ﬁ“"i ’ ':F]LLgﬁ?l%ﬁmﬁéﬁéifkﬁiiﬁé%#p#q )

> BRI B AH BN P A X AR AR TRE{T A TR

fe & 0 PTIA & X NBEE P oardr | o
concantration
I.r’ ’ gradient

sOIUTE

.‘;E-" ;‘é _?:‘T‘ E} _331 Eé Hiﬁ_’ lipid state A “-’.:::5 state B

L4 S
3‘* > s = Em’i’é I_'.I-Ili-l'g.l'Er
T ARATL P : OUTSIDE
by

INSIDE
2014/3/28

carrier protein mediating solute-binding site
passive transport



¥ B ¥E 1T * (Engulfing by the cell)

o ¥ F A F A m T B RERE o b
(phagocytosis)

© BRBA T A TR PR S

-é%ﬁ,f%%#~%ymﬂ%f&v ﬂ? Fpe -
LR

Endocytosis
Phagocytosis Pinocytosis Receptor-mediated
‘ endocytosis
.
- . solid particle ] * -

] * —~
L [ ]
Pseudopodium @ @ Coated pit Receptor
Coat protein
2014/3/28 Phagosome Vesicle

[food vacuale)

Coated vesicle 32



4 0 BV RN UEE S Pz
blde: A 6 BT RE 4TS > H LDy % 3.75
g/Kg > # # S RILD,, 5 6.14 g/Kg > § P v T &
50 FRUA PR oo

2014/3/28 Su-yin Chiang 33



Henderson-Hasselbach equation:

log (protonated /unprotonated form) = pKa (of a toxicant) -pH (of the medium)

* protonated form:z &+ proton (r & 3+ ) K &

100

39 (A R B, BHY): %73t
V35 SRSk, HA): 53 143 g
2 20
c
0
2
9 10~
+F2.1 pHYESIEMEEISSEMEERBIRICTE <
. =
RS pHEZIRNEB 2L
4=t pKa 3.6-4.3 4.7-5.0 7.0-7.2 7.8-8.0 21
B (Acids)
HEKISE 2.3 40 27 s
KA B 3.0 64 35 30 10
X PR 4.2 62 36 35 05
iﬁ(Bases)
iz 46 40 48 58 61
78 =Y 5.0 21 35 48 52
=a= 8.4 09 11 41 54 34




1992 = FDAF'P"} EFL » Nt EY TR . » hodk be X~ F O f&
f‘% eNfE A 0 TP poF Vo AL REY ’?‘ f&ﬁ?\+‘€.i % C=xR®i F * ?

1991 » B “® %k GRFF Aﬂsuﬂw 973 42Tk w L RAL o

COO~ COOH COOH COO~
e ©ﬁ- ® +© —

100 ﬁzmﬁ@ﬁ I 2512
%ﬁﬁ pH =7 Membrane mlﬁ pH — 74
Gastric juice pH 2 Plasma pH 7.4
NH,*
e @.‘_m@%@ m_@
1000 251
L]

B pH = 2 Paﬂimbrane %% pH = 7.4
Gastric juice pH 2 Plasma pH 7.4

Bl 2-2 FEABEIKREETE S &R MIZPREEEtH RSB - a1 THRIFER 5
FEAFFEEFAILEH] (& @ : Timbrell, 1991, p44) o
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FPFFci g

,LB§

fo] % FlHR R R

BRE 2 | AR RS fofch S

ot R o ff o o7
3 T=CIUE £ U

FIRL R i'éiia?] %

| -'—;-;

S
%ﬂ%»
,‘é.;:h
e
3
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RN AN EL- 93

FARE BT oo
7 Ak E Fry
%%—Qrﬁﬁ%\ B;Eﬁj‘:;éﬁ ‘ﬂ\éﬁx%ﬁ ]
B

FheH- 4 a., fﬁr—’ﬁ’-\\!&\ 452 G TR
,L?f”@’@ﬂ KA o o Hral
4F éﬁﬁ i@’ & ST o

PR LT d BT SOiT4R ~ 45
k-3
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36



COO~ COOH COOH COO~

= QO 4-Q — O

S S
/J\%f»ﬁ pH =6 Membrane [m#g pH = 7.4

Intestinal juice pH 6 Plasma pH 7.4

- GGG -0

e 251
/NIBW pH = 6 Membrane IMméf pH = 7.4

Intestinal juice pH 6 Plasma pH 7.4

2-3 FHRERKRT/NEARK MR AR BCTERZ (K48 : Timbrell, 1991,p.45) o

> Aol %Y R TE I RE TR A AR T B R 1S IR
v g AT R A FI A R R AT LY
> k2o g Zha S R AL em b AR T o
37
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ST fo] B i

ﬁ’%ﬁﬂ“ "t’ﬁﬁiﬁﬁ % & %9 (Calcium- blndlng protein; CaBP) A1
KR %J‘J At *5 ﬁ e i B dmie R ﬁ&—ﬁg,ﬁ;g‘_—a- Ak o o

#F {4 TP~ Cd?* ~ Srevrdmp 3 A enT e dp e 0 3L
- @ [FEEAT oo g B gt A frCaBPg & m Az o

= £ SSALS Bl IR E 0 el
MAFehadr > AT G B RAR K > 27 SRS o AR
B iT&~CaBP - @ # % CaBPsk B > R N BT £ Ph2* « Cd2* -

Sr2t % g+ H e .
1B FE doilEPeF 9 S5 RIT R Me S s (40 T

Ld
»® T )
gRA A € HCaBP# s A frid it i3 B L o i a Mgt g
EFIER YT o

54

,’7
"
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What can happen to a chemical
when you breath it in?

* Stays in lungs

g o3

e Carried into

bloodstream
MFAI &R

e Exhaled

& )

* Coughed out

+
2L

Entry Route
Inhalation

Branches

The air sacs absorb oxygen and

chemicals into the bloodstream.

Wi F B RF FA B TS o REF Lo
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o & B 3|5 e (alveolus) & B et i >
FILWL BHF F o H5E P ari
#2354 2 oo @}-;;sgvs (5 4 @ . Aeolus
BTERTAL 2B AL o T
F Pt T R R A o

o M iwumigpam g & -
ed H- X fTenme s b B
% = % (connective tissue) ¢ F - e e

¢ H-BAYIIApMEELS > F -
W e 204 & Boehpcs ¥ % A8(491.5

Connective Phagocytic
Tissue (White Blood Cell}

S - 2=

“m) ’ l)g %‘? l’l-‘_l—_ll’b 3@ f‘l’ 7§F }& ":z #.% o Figure 3-10: The alveolus is composed of a single layer of
cells and is surrounded by an extensive network of
capiliaries. The close association facilitates the absorption
of materials to and from the lungs.
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Liquid Dose

Splash skin surface
Bk~ & & B K (stratum corneum) - T I
% R & (epidermis) -~ £ & & (dermis) » - —_ ‘m

Bg T f'ff.‘« (subcutaneous tissue) -
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5 4o = " 2 37 4 (dimethylsulfoxide, DMSO) ¢ 3 4v 4 & /% 1% -
FPEARBATT SR

5 — %3.%#¢%iﬁﬁﬁ (& 5 R)> e PFL 5 E & el o
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+®23 SETRLRRARFTERIRUBEIFA

SIS TS FALLE
E (B%) (Foot (plantar) 0.14
BR (5l) (Ankle (lateral) 0.42
#82 (Palm) 0.83
BUE (Forearm) 1.0
5 (Back) 1.7
BHEZ (Scalp) 3.5
g8 (Forehead) 6.0
[EH (Scrotum) 42.0

Hodgson, E. & Levi, P.E. A textbook of modern toxicology; Ft £ T, & #73 12 5§, 2000.

2014/3/28 Su-yin Chiang 47



i 4
B 2R
Ex %‘rﬁxﬁﬂ, B3 RpECE 2 XG0 2 R

R S R

% d X

A5 = % P e g S (cornea) o drpk & ”ﬁﬁ‘a—ﬁ@ iy T4 17 % x5
%‘*‘ o

v % ZF ;\ozng_»ﬁ /!""’»,t.n_”:ﬁ" V‘Euﬁi‘igé%\;ﬁj%[‘év\é%g ;F y A PRBET a
A5 = gtk ¥ (ciliary bodies) » & ¢ 37 erda ¥ (iris) o

BN R AAREN > d AL e ﬁ{@m\ ER Y PRy
At 73 hontarka ‘H Ri% o 2535 B L A e T
ﬁ‘;i‘ﬁ»ﬁiggzﬁ » BB é]%g,,;gy A %ok B Y o o
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1. & & 39 (plasma proteins)
c 2 R2BLEFEMEL O HEV BN AR EIFRE
FEREARCESFEE -
¢ X HFOAAHARELT > PV RELES AR LH 5 A
ik /‘%‘}E’ £$150% #v F-v (albumin)z 31 -

) bk’Album"]“‘/—‘.‘\’l‘ P fu 1::}7'7« e 6Eﬂ%fﬂp’i’ﬁf’ I S
SRREL ) LSRRI R E e A T
'ﬁl}ﬁ MBIA LA ECFEHR TR > &0 75
B ARR PR e o
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2. Pg 75 B B

c BT B b,}w;ﬁ“.‘?ﬁ b ¥ MR AR R R e F Y g bR
%o\:‘]"}nhaﬁ‘(’] }%‘Im&'}ﬁ'g‘mZO/o s Rg AL X ﬁ’jso% o

s BRABEFAAFRLGE I 2Z N FFTHAIZER
¥ r gt 2 g s & % (Redistribution) ¥ # » #114
ofa i el 1 > B2 3l42Y F o

« %% #(DDT) -~ 3 & % (Dildrin)fc % % 2 3 (PCB)% 573 147
BEFEIEFHGH E A %yu.\ﬁ* o T AL TATAREE 5 B0
T L/"“L(Eagﬁ-ﬁf—%ﬁ%{—bﬂ— k)@ i 5’}#“55’ kR
kjﬂéta v 5]7:‘&;}\?55_‘_.\?,\:_,_" ,,,.9 }ilﬁ
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3. % ¥.(bone)

c BEHEFRVOLCP A AL EFRFTIRAL TR HELT
2 He s W?@’4£$Wﬁ*%%ﬂ’%%ﬁiﬁ‘ﬁ“$
+ 2 R R LRI FD

e HAKXEZFIEINEN AP ITFELIFBERT I HRT ;A
GoArdLP VBN 4T o T 32 TRV SR AT - 23 2 3
2 F L AgfR3pa @ o

o AMPIBHUBAMF AN I AIFSFT - BI2ZBEL
P90 % BT F o

s THE AFAFHEHWEFZ IS 2R 0 FEREFV AL
ﬁ' BRI o
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fﬁ-&ﬁ(blood brain barrier)

ﬂwmﬁw’ﬂﬁlgﬂim%’wﬁﬁﬁﬁ’ﬁflgfﬂ%’ﬂ
L“i#*""sﬁp\ﬂ\*\n”é’ qu
o ki Ep AlrEakZ g (MERAEBENAS Al
F-v ER R FlM F P KL R D PRI eniBiE A d F-v
“ETHSPOERBET TR
¢ AAIEZEIOEEFF BT L I ELBEFE
s FPHERNTHBEANRBET N MRBEA T RZTERNN - QB
AT VL BRI PR R N PPl o T AR (PR )T 5
EREGIREY KA LR T

Tight Junctions (T'm sorry, but you are]

Endothelial Cells <~ e 4 = B too highly charged,
too large and not lipid

Brain
Microvessel Hey! We 5“111]11:1-1 Yll:u .E?Imut
Blood Cells want in! enter the brain!
MNerve Cells s " - w —_— .
' . ’ oo : To the brain
L]
L]

Brain Chemical
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Frequency of Response (% Cases)
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O
Fa
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Tingling, burning sensation of the skin
Uncoordinated musclie movement

Defective speech due to dysfunctional
muscles associated with the tongue

Deafness
DCeath

| I ] .
10 25 50 100 200

Estimated Body Burden of Mercury {(mg)
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A ¥F R T T (Development):iVE F

H- BATR £

- A TR i

(Thalidomide)
R E2 AT
Vo (B 4E)

1 3 4 5 6 7 8 12 1620 38
¥ 5 RES ) Sk
implantation) (embryonic period) (Fetal period)
a5 IRALREY 2 B gy d% s
(prenatal (major morphological (physiological and

death) abnormalities) functional defects) o8
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(Metabolism of toxicants)
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T2 LT LY PR NS I 28 SO
=5 sc @ A2 ¥ AL 5~ BH(metabolism) & 2 3 «
_ﬁ it (biotransformation) - -
P> H R L e Qe R B 0 £ 2 Flip

= 3k @ A 4 A3 (metabolite)rt !
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bk 4l g2 B 3 B[k BB ks
l Fﬁi’/f‘]ﬁ:ﬂrfm :Zezzjgi}'%/fs]ﬁi

2011 /01710 17
CULLI/VL/ IV &1

BT+ % E¢ 5 XBHF @eh33 FH kR 43% i iFis » 3351
B FE o 2 LR RS FED FFRHESF3A 0 Rk BAT
L JRET IR SN I ?éﬁfr;l&"rw 3 RSP A FIALDH23 4 ke e
2R 9F 8NN AT hBPRRE 6 DA ARG
el Pl o FARAE DRSS B

AT 3 FIF IR & R RR B & ¥ £ #1405 B (2 ¥ 10
mg/dL > s ¥ %r 3 :£414 mg/dL) -

Tk R 1890 NS BIFE b 0 F N BHEWE A FIE FRl T e eh25 g5 § 7 R
“F (s 2 kA 82003 400 mg/dL ) - h33T0F & & F0(oh R kA 3001
400 mg/dL ) > *B45gR| ¥ it § R (& kA & B 27400 mg/dL ) -

P E A5 ping pr (ADH) Rt nlepEo e pEgie- % ho pERE
fv2 (ALDH2)erie* = @ 5 ¢ B o

-

Acetaldehyde Acetate

=) s )




A— FETBERREIATHRRAOMABRCERRR - P X5FH XKL

FRERE R iR P B T8 R AR X
R

0. 25mg/L(50mg/dL) WEEREIFR G - BB 8 £ ol -2
0. 40mg/L(80mg/dL) %5~ RREEE N R AR A%
0. 50mg/L(100mg/dL) RE>HRF - W R4E A
0. 55mg/L(110mg/dL) -1 B L F B ) AR R T & + 4%
0. Tomg/L(150mg/dL) 91 BA B EE K AR ~ R 3 H % A
0. 85mg/L(170mg/dL) NN i
1. 50mg/L(300mg/dL) T ARAE ~ Beak ik B Bk FE
2. 00mg/L(4000mg/dL) PR FARIE - FLTT -y oA
2. h0mg/L(500mg/dL) 2o

Percent linder Influence of Alcohol

100 1 ........................................................

80 -

60 -

40 4

20 A

, | I ERRIR
0.28

0 0.04 0.08 0.12 0.16 0.20 0.24 0.32 I;_J':J 3{?\% 3{_%}:\[2]
Blood Alcohol, g/100 g
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Why # $ & i* (biotransformation)?
g lipophilic# 3 enft

FPLFFREE 2 FH o BB A I LD I RSB
PRE

FOLEFFARY RO JERED PR (TRPHEL) > R4
wbﬁﬁ%éﬂﬁ SRR L L H o RISH B o

-} #_ﬁlb {%:‘l 24 ;-Fn:igﬁ :3_;}7_;’. I"}mvggﬁ’ F}‘] J‘Fﬁ‘]’#‘ff’%
Peimid 2 RBMBE F i< o § B 5AABE

B;Eg{&:{_g ed g VAT > H A D v § 20 A g;? ~ %’*E;go
4 $ 51 i * (bioactivation, metabolic activation): &% & Fm ™ >
RBPpRZEFFat Rinit 25 1 £ 3 - 54 benzene, styrene,
vinyl chloride

PEIPFPR2LTF)7 PSS ER B CRJEERTE
BRR o
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nanad
otransformat

on (4 &)
AP E s 5B kg
1. - #p(*% #2) Phase I (degradation) > J&: oxidation,
reduction, and hydrolysis (¥ i ~ Bk 2 -KfF)F J& o
2. = 1p(% £) Phase Il (conjugation) s Ji: 35+ 4~ &% 2 i 38f
re-fEpr 2 ERAHF e R

Phase 1 Phase 2

Oxidation Sulphation

Reduction Glucuronidation

Hydrolysis Glutathione conjugation

Hydration Acetylation

Dehalogenation Amino acid conjugation
Methylation
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e

B g i Fﬁﬁ%i(hlghly ALY e
I|poph|I|c metabolically stable) (lipophilic)

% # (Accumulation)
(B7 73 25 9%, | H42)

3 ki

i # 2 (Dioxin) - (Benzene) (Phenol) hy drophilic
5 % m¥ (PCB)

Phase | %

(2# B ord BEitiE®)

§ L~ ]g}g, ‘ ,kﬁ;

2L e
- ¥
Phase Il R#f(4 # 2 =1t 5%)
Lﬁl: \:A" F % @ Phase | Prasge I @
ok l o
¥ ¥
e b @b & Kk
(Extracellular mobilization) (Plasma circulation)
R ot Wk oW |
&Yk = "
(Biliary excretion) TR 65
(Renal excretion) |




Xenobiotic metabolism (£ + i #})
or Biotransformation (£ # i it )

Yok ;T =g
(Extrahepatic microsomal enzymes) |
(1, %6

gk | Jid
(Hepatic microsomal enzymes)
(1, %¢8)

SRR et ik R fis
(Hepatic non-microsomal enzymes )
(o pef- ~ meprf- ~ GSH ~ mR/pE"s

aprs kig~ 5 “BRFRE)
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Biotransformation ...

reticulurn
(/". % ﬁ TL ) Ribuosorme
\‘_" V4 g

Nuclear envelope

Muclear pore

Muzleaaluz Muzlauz
Muclear

rnermbrane

Golgt apparatus

Centriale

Lysogorme

Srmooth
endoplasmic
reticulum

Cytoplasme

Fitechondrion Cell mgrmbrans

Rough endoplasmic
reticulum

Smooth endoplasmic reticulum

« Hok kg 5 i 2% (mixed-function oxidase, MFO): d *tig it g% #1
iz "B ERAER I @ al AL 2 NHAF LA A o

+ Mok k8 (microsome): fmfe ¢ % H § 2% (cytochrome P450 % i %% )izt
T ™ B % (smooth endoplasmic reticulum ) » § liver e s3a g i 15 > p
Faomps2 | e fz o
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NADP: CYP: m*z ¢ % P4507% %

A T\
CYP | Fe*

wmed %
@503&& i

NADPH

2H*

Bk R R F L A BRenT 3 A

(Electron flow in microsomal Xenobiotic-oxidizing system) 68



#£3.2 ANEDSEZHREEEP450 BEHEETES

P450 ZEY) b -1 ) E i = W1
REMZE [EXEXN]
1A1 verlukast (FERZEY)) it - —_HEXRE [Ethoxyresarufin ~ #0tt]
1A2 JEZZHE] ~ FER ~ MR BEIREE - SEREILSYD MIBERA O BEEER ~ methoxy-
EE - FTI8EEHE N SENE R >~ B3 resorugin ethoxyresoruqin)
DIBEER ~ EBKE T
2A6 BEF -Eo7T =2EWEFE - _JEOiEiR ~ BEEF
NNK
2B6 IBULARER - RIBBIMIAZ 6-IZEE - BEBHR  NNK [7-28-4-—S-BEE=2FR] CYP2E1 et M
== ) —
2C8  MEAZED - PEE TR - (SR E R B v F|E PR A
IR A% K 0 S -
2C9 Bl - BXE T AR — [E28Z5(4'-OH)] ’l:]’}i % ! 'f'; ¥ 'f
TR - gl HBiEZ F-v N3
THC -~ BB - & o ﬁ%; ¢
55 B % R
2C19 S-EHRZm -~ &HY¥ - [S-ZEZ5 22 ZR(4'0OH)]
L~ KPE88 ~ propan-
olol ~ AN .
2D6 £ ~ 27T - bufur-  NKK GENDS
alol ~ propanolol ~ T¥Fl [bufuralol(4'-OH)]
EE XX &7
HAhSaEEY)

2E1 FWOSR - B -2 “BREMEER X =k I GE(6-OH)

MRRPEE @5t - E&sGc (W0 CCh) ~ AR ~ 8358 ~ [P-THEED

~ BE&SRE FIZ - X2~ bl Am :

3A4 M ~ ZEISLE - 31 =HE= - 1-08=0 ~ AUt LW ~ IERHE ~

SESE =BT ¥ 788 6 [ZEE - IlE [Z2EE(6- B)]

B3 -~ BRERIY ~ #EhItask -~ B3 - SR8 - £ - Hith

e - — 8 -« HithB  $EEEE - IO ER

FEZEY)
4A9/11 (FERZEY)) ASAHES -~ BISUARSR ~ [IHESR [BEEE)

~ BISIIRZE 69

NNK=4- (methylnitroamino)-1-(3-pyridyl)-1-butanone » RFRAEIBEP IHFEHEL




I £ % (acetaminophen)

# £ % (Jn < panadol » % % G R S tylenol » At * %4 scanol » & i &
acetaminophen)f_§+ T L858 H A% % o L 2 | NSAIDfZ A 47 | -

afpdt L5 - St Fo P2 FLF s IS ARG 0 A
8§ XB EELER A 0 BRI T S T3 B A IR JPR’# 0

PR F £ % 55 4% 54 "F%cytochrome P450% i ﬁﬁé% R e
BAFRRF S ¥ T 0 ¢ ik g@glutathiones £ T 5 d Srip ) o

£ Hp ?i’ JE* < B34 £% P MERf2 S iz £ i 24 F]3 glutathione iz
A% 0 F MR BER T i o TR 5 0 Tracetaminophen— =t & £ R
it z’tz‘m'lO gm: € 3l Rep i P Fme s > & p oA EALHFE3gm >
KRR ¢ HIEfe s S FIRRSIFRT o

dodk A £r X B Y - FIFERRE M FAcFE S - ARIRY 5 4 € ¥AF
g G PR FEAFTEEN ] FALERG A FIRY > T4

IR TR R kAL URIIAR R B o
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I £ J% i§ & ( Acetaminophen Overdose)

Z f@g¥%F 5 (Acetaminophen)

I O I
HN-C-CH, I HN-C-CH,

| Rty oK, gk |
© Glucuronidation | Sulfation ©
< 1 [ >
~60% @ ~35%

(&%) tm¥% 4 % PA50 2E1 1 437 (&%)

(Bioactivation)

~5%
I o
HNCCH BY B4 B '-|N"!'|C-I
3 -
P (GSH) % & |
_".-"-'-'-."'-. et i H“‘“H
::‘\Q“H_ - 'i '%‘ % |: ‘
Y (Detoxication) S
OH

oH

NAPQI (3 )

PIE S T o BB 4y B FU
(&% -2 ) Su-yin Chiang  (N-acetyl-p-benzoquinoneimin) (PF s e 5 = )
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D 2 21 2 . Y
4 % it Pra|CYPAS0 3A47E % » @ 7 A Bhg R
=2 gp A -_-l:,—u LL-}"E‘&P,‘.wn\ S P EmR B o
ol ) -2 232 = S = N A ) g R/ TR
cl ol
cl
H Cl
CH,0,C Co,CH, 3A4 CH,0,C cO,CH,
CH N CH
3 ; 3 CH,” "N” "CH,
100

o3
aE Smg tablet
o=t e
fogp with juice
S22 10
O o
5 & 5mg tablet
o without juice

&

0

Time (h)

Review- D.G. Bailey, et al.; Br J Clin Pharmacol 1998, 46:101-110 je



R-O-CH, > R-OH+CH,0O

R -S—CH, >R —-SH+CH,0

R R
R——>N——-—>R—>N:O+I~I+
R R

NIH, NHOIH

Science of Toxic Materials and Environment
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| R — CH,— CH, —R—> R— CH— CH—R

Science of Toxic Materials and Environment
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% 5-14 phase | {CBHI R FE (48 )

RCH,NH, —*—RCH = NH—"-2 5 RCHO + NH

RNO, - RNO - RNHOH — RNH,

RN = NRRNHNRH —> RNH, + RNH,

R-CO-0O-R,—>R-COOH+R, —OH

! R-CO-NH, - COOH + NH,

Science of Toxic Materials and Environment
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1948 #. ) R 2 BB AN FH i

e -

CCl3
DDT
Cl O C Cl
/i
CClo
DDE

vDDTi% iE% % i & (dehydrochlorination)
f24 2 DDE » DDE{ & i Rz # 4 # o

v 3387 #-DDT # % < DDE - & 7J4&EHp
DDT-dehydrochlorinase;& 1+ 22 2 $DDT
i B 5 RAFp B o
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DDT-dehydrochlorinase

+ HCI

Modern mechanism-based toxicology
developed from increased public awareness

of environmental toxicology (DDT)

o C_,‘_I.‘ _ .I-‘- 4
P (8
(1907-1964) Silent Spring
© 2006 Society of Toxicology - 76
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1. zkﬁé;? L F & Ho=z it iz (monoamine oxidase) s A >tk a4l
M R TLﬁ' /\I“:l'ﬁ;}o>-:-lzybx*5\jl’}3 &\’@\P}?'&E_&_o

]
ﬁ—w— ]ﬁ}j ’f‘]E"!f ,49\\:_,|J\:} bﬁ%ééﬁﬁﬁﬁé‘é gﬁjﬁbﬁ—f}éﬁjb ,ﬁ%;ﬁé‘
z_ %oa iv% & wd ¢ A g f% % (Alcohol dehydrogenase) % fgE s
£

g i
i %% (Aldehyde dehydrogenase) # i it

gh‘i

A
(0}

= Foe (disulfiram)

4 -
B mmmmmm-- DT fiE - ) (— le Z fis o
| Alfhol A,dgf g
ehyde
M —— i dehyﬂ?r%‘gﬁa: HC;;H

Methanol dehydrogenase _ _~ . chyde [
Formic acid 77



i#

J# (Reduction)

4 4 4B R s (reductases)s it TH R GFRRE B o M F R

frf L R P

o A. Hok R R

1. A & (nitro):B 7 » & 4o/ & F(nitro) - L a2 F
(nitroso)— * #% (hydroxylamine)— % #*=(amine) -

B EE > L AR AR AT R ER o

NHOH

0-0~0-0

MNittobenzene

Aniline

2. %% (azo):®Bm F & . % § ¥ (azobenzene) — ¥ = o

B. 2ttt iR

}g!"‘lﬁ«cd bﬁ%’éég*/%wéﬁﬁ%ﬁr)’gfio
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LR - BRGS0 T B PR AR EE Y 2 W
FoHoFEFA o3 AT 2R BEBEE LT TP F L2 o
21p T = > A I AT SR BRREREHY TR F v REFTA
oo RoRlk R T RL P ES  RART L R B AFRERKT)
BEE7= o4 3 Fobd L tke 1 FRPIRA 0 4 D IRrRe g K o
PR Y i B R R DB
FH A EFFRERE > BERA L o 0 ﬁcr-’ TABERRAcep &7 0 F
REHETRFHFFHE Bk a’%ﬁﬂlﬁ#i’%ﬁ
+ & g X & ° NaNO, + Hemoglobin= Methemoglobin (%} = %)

it 2% (%) 3 e (F )
1~2 % EP T
10 % FHARRERT )~ B s G
20 % u@\wamﬁ~%%%§ ......
50~60 % SN RS
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IR R Al e B

iR Ao i iR ?#»rv% 8% #7515 ] (Clostridium botulinum) =
E3 AL T A Ffﬁ“ﬁfd PP > x Piik— 3 iV § R P o

o (myoglobin) 2L a IR I n»\\'liﬂ-marp,l Su A o

HEBALAES Y R UARBRSTAM®E (Nitrite) » REHR

3 (Methemoglobm) A4 HP A RBINTEOIZERE Fi

MetHb% :£10 % F* ¢ ¥ x &%z (Cyanosis,blue-tinged blood) -

TRpERAeirar? g 2RI LA AT &4 (Nitroso » &[4 I 5l i
(Nitrosamines) #d ¥ it BA F (6§ + S Rpd T - b b7

» LA v TR L € SIARIRY  ATH L L B € AR

K S = ;ﬂ'ﬁé%ﬁqg . £3 .ﬁﬁx st mstae L3 g »RBE T AL TR
w P F PR - S T P> g 7R ERASE Ro /o —. A /v* °=X
P BERBIE T e A "\ ’ IE_BE”.‘T;%}%%’ >y E BRI ZERA KT & Aot
-, A
B o
H3C --NH + HND; — HiC ---N-N=0+H,0
| Nitrite |
CH; CH;
Dimethyl amine Dimethyl nitrosamine

(Carcinogenic)



-k #%2(Hydrolysis)

C F B ER

$4 5 F Pakkn B KR B8 RN FRIRE BAEB O

PR ~2F A EFEFREL AP

(esterases) 2 fig ¥=fix (amidases) °

General reactions:

RCOOR' + H,0

Ester

RCONH, + H,0O
Amide

esterase _ RCOOH + ROH

Acid Alcohol

amidase _  RCOOH + NH,

Acid Ammonia
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The biotransformation of parathion (= )

e
Deactivation
C2Hs0 0 NO2
Ester Hydrolysis
C2oHsO
Parathion —
A g
7 AL i
(organophosphates) |
Bioactivation | Desulfuration
Y
Deactivation
C2HsO 0 NO2 -
Ester Hydrolysis
Cz2Hs0
FATER >
(paraoxon)

Binding to and inactivation
of acetylcholinesterase,
resulting in neural stimulation,

convulsions,

and death

I
CzHsO — I;‘- 0OC2Hs

o
Diethyl Phosphorothionate

p-Nitrophenol

0
CoHs0 — T_ OCzHs

o
Diethyl Phosphate

o~ O)-re:

p-Nitrophenol
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44

%o PEER S HE

2L F J& (conjugation) .24 - Bit&pm A, H - & F o
f; ;é_]]\ Bl "B.j‘;}‘ﬂg*ﬂ"%—%- ;z, _‘,ﬂfj“"g‘j—;}—ﬂf} ]:)\;z.l-l_‘;}.ﬂ,‘g-/ %",[‘/47\
F 2. M- R W R R R s R E AR o

FRP TR RSP AR I BEAF RS- L RL

23 5 %ﬁ}fﬁ;“ £ (glucuronidation) ~ #rp& i (sulfatlon)
z fg it (acetylation) ~ 7 & it (methylation) -~ 2%t 4 #x
(glutathione) % & ~ "= A& (4- glycine ~ taruine
glutamicacid ) 3 & 5 & -

R IRT N EZ B RHY AL RS ARSI
Zeln Eid

F & R Y A (| e. epoxide : #4 ) ¢ &2 DNA%
& msl4eimie g 2 2 L F] R % (mutation) v iE@ F o R o
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- BB R

c MenS & F s A

Types of conjugation reactions for a number of specific functional groups

Conjugation reaction

glucuronic acid conjugation
sulfate conjugation

glycine conjugation
acetylation

methylation

glutathione conjugation

Functional group
—0OH; -COOH; -NH;; NH; -SH; -CH
aromatic —OH; aromatic -NH.; alcohols
aromatic -NH.; -COOH
aromatic ~<NHs; aliphatic -NH,; hydrazines; -SO.NH,
aromatic <OH; =NH.; NH; -SH
epoxide, organic halides
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c B Ly ARERNBEF R

o WL EER R S B MR & €4 2 4 [uridine
diphosphate (UDP) glucuronyl transferase] > i3> p 4 o

P W et 75 (cofactor) 2 A4 - BiEE § AEFE R (UDPGA,

uridine-5‘-diphospho-a-D-glucuronic acid) -

XEERILY
| UDPGA Phenylglucuronide

@ OCeHOs
%; ESTLL
OH
5

Phenyl sulfate

Phenol 0303

85
Uridine-5'-diphospho-a-D-glucuronic acid (UDP-GA)



Frps i (sulfation).2 € F &

o WitprE i i LT mpAEMBEEE (sulfotransferase)
* BER W F]S L 3B R -5-gk Ak (PAPS, 3'-

phosphoadenosine-5’-phosphosulfate)
s R EFFREIFE BOFH AT B g BERE T Bk o

Sulfation
jf )

e

QH OS50 ) — P — O0—CH,
. PAK_A
aryl sulfotransferase

Phandl
e 3-Phosphoadenosine-5' -phosphosullate (PAPS)
CH, CH,OH CHO—$0.~
tc’k PAFS
LY
O cytochrama P--d50 ? aryl suﬁoums!trm

Tolena Benzyi Aicohal

86
FIG. 10. Suifotransterase catatyzed suifation ¢! phenol ard toluere.




|2 1L i
z# 1t (methylation)

Bitpzx 5 ¢ AEB iFF (methyl
tranferase) -

FE 7 W B4 F] 3 5 S 7 AR
(SAM : S-adenosylmethionine) -
TAMEAZI S HFEL2 IR
RIZ P ARTCAF A - ZER
r‘g ﬁ*)y}( ,9';; .]ﬂ-_ o

SAM
= JEN
M LHa3 2
I-I-
s
Micating MN-Meathyinicotinium on

H,N

N\
/CH—'(?Hz)z—’—CH, o I

OH OH

S-Adenosylmethionine (SAM)
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it (acetylation).% & * &

' Acetylation NH,
Pt x 5 N-2 R BB A2 N )
% (N-acetyltransferases) -

442 F1S 5 o i A

(acetyl coenzyme A) -

oO=0

E
|
|

=3

&7

2

|

o

|
o—y=o

(o]

° |

'

(o]

|

(9]

a;t

I}_

<|:=o g <') OH
= . I -
s AR ES L - BT % NH — Chy —CHy — 8 4= C == CH POSH
3% ~ hydrazines - Acetyl coenzyme A
hydrazides ~ & figi%3% i
— Py VR VREE o —
cetylati
,tiﬂ:ls;k.;;;"r} aﬁ@f , | . /0
SBCEE TR o S A CONH=NH, | CO—NH—NH—C—CH,
3 A 4 o | ‘
N7 . N (
usomaznd ;}a f* z# acetylisoniazid
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Table 5.16. Acetylator phenotype distribution in various ethnic groups
(INH, Isoniazid; SMZ, Sulphamethazine).

'Ethnic Group ‘Rapid acetylators Drug
R (%)
Eskimos 95-100 ' INH
Japanese 88 INH
Latin Americans . 70 . INH
Black Americans 52 , INH
White Americans 48 INH
Africans 43 SMZ
South Indians ' 39 INH
Britons 38 SMZ
Egyptians 18 INH '
Data from Lunde ef al. (1977) Clin. Pharmacokin., 2, 182. | | g e
32 |
v % ’Qgt To M A {}i’,%’\fi.k .§ o
b2 ) r/ 2. @ [ ]
ﬁ&‘»_l'" ‘&"ﬁ £115-6 l% ° 5 161
Lk 2

ik o Rt F RS T e

isoniazidz H Z B2 n z [_|—

‘:"/‘%)iﬁi% ,iafj"“%#;'ﬂ‘%‘ﬁ O T T TT T TTTT

» 2 ‘-Q( 0.62 1.25 25 ~ 5.0 10.0 20.0 40.0 >50
e 5 o Ratio of acetylisoniazid to isoniazid

FIGURE 5.17. Frequency distribution for isoniazid acetylation. The acetylated metabolite
(acetylisoniazid) and total isoniazid (acid-labile isoniazid) were measured in the urine. Data from
Ellard et al., (1975) Tubercle, 56, 203. ’
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= 5
iz fe(amino acid)Z. 8 & F /&
» B prF A RAREBEE 0 AR RS I HBFA
+ st &R a & 24 wep(glycine) - $ik(glutamine) -
A g K¢ v & K fg (ornithine)® & o
c FABB FACHKIAIURILIABGRSHIBT BaIRARKD,
rREP Aml
no Acid Conjugation
COOH €O —S —CoA ‘ HaN\ cn,” el A aeed
ﬂ + AMP + PPi \ Glycine ":H’
CoASH ‘
i
HN O _ 2\

. . A
Benzoic Acid Benzoyl Co CH, SO, O NH,
CO-S —CoA co @ Taurine Glutamine
@ + NHZ— CH2— COOH === @

Glycine , Benzoyl glycine 90

( Hippuric Acid )



2%k 4 5 (Glutathione) % & + &

« it fE2 5 Glutathione S-transferase (GST, #:%:H *xS-#& # fi#) o
o pEE et F]3 5 w4 rx(Glutathione , GSH) -

e Glutathione¥: 3 ##ﬁl“sﬁﬁit‘ AL B RELAET I AHH
(electrophile)® & » mipe ik H ¥ moe g 2 %zr'*" B PR < § S
B TR ERIER 7 BREE i jicr

c FEmHNREEPgR-HRFFRPET BT - A 5 PE 2 N-T fip
& mk iehs (A %fik ) N-acetylcysteine (mercapturic acid)##2 = o

Br
O -0
BT Bromoc)’clohey

|
%@:Sﬁﬂi &
O’ \ ~— J v k J




% of initial glutathione in liver

FrRRIERE D H KRR (%)

100

N
o

N
o

Bk H PRpE GF —g £ B
LR EdAR

e AR

Glutathione

HERS
Covalent binding

T

(5 Swyjjowu) SR

urzo.ud Swyjowu 3uipuiq JuajeAOD)

L S
y 1 1_ 4 1 1 | N (0 o 0
20 40 60 100 200 400 600 1000

ZHEETRIE (mgke)

Dose of acetaminophen (mg/kg)

vV g AF(E £#,
Acetaminophen):riE (4 &
FrP BT ik e B
£ gig im0
Glutathione it & ¥ £ 7% a77%
e it R LN N s
v B e A EY o
FERDRGHLARAER
pF > 7P f4englutathione
EEBEF”
glutathionesng X ™ 5 3
B3 e20%FF 0 ¥ £ B s

N

<\

EARE Eol <Rask St R
L EHie FIFF P EL
JEER
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3 e e

s FEILFPFRLNISFT WP FIIFFLITTEPILH
B e B o

o W HdIFHme s 2P450H F p2F KR > srF 4k BiEN
#H (T F N HHde, electrophile) i & £2 = % < & 3 (protein
Or DNA 1 g siNor OshA et + )= § &8 & » A sl g e 3%
BrAEREBEEFE

c Hu d#HPiopd AR ERIGTEF a2 RGT o

¢ JF P gk F & (molecular target)

v 4 5 R (DNA) —§ 3 % (Aflatoxin)

v 39 B> 45X 1 (Proteins Arylhydrocarbon receptor,
AhR) —&“ # % (Dioxin)

v’ g % (Lipids) —=z % it s (Carbon tetrachloride)
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4 & i iv % Bioactivation
Compound Formula Proposed Rl Type of taxicity
bromobenzene Er@ 8 r@ liver necrosis
vinyl chloride H\ ;H H'-,,‘h ‘I.-'D».,ﬁ II.-'H liver cancer
=8, A8 Hepatic angiosacroma
RES A8 .

H Cl H cl R B R R
aniline methemoglobinemia
i om0
dimethylnitrosamine Ha'C~th HJC* carcinogenesis

N=-N=0D
s
HiC
, Liver necrosis and
carbon tetrachloride CCly, — liver necrosis
— .G‘Gl-_:q
chloroform CHCl,— renal necrosis
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BF ¥

C FSE RN EFOT RPN SN T CHAE SRT L H
(epoxide) > t]4r: & it z %5 H <~ (vinyl chloride monomer) -~ ¥ 2 %
H = (styrene monomer) - & % = (aflatoxin B1) - ¥ (benzene)
~ 7 = % (butadiene) ~ = # ¢ % (trichloroethylene) -~ = # ¢ %
(tetrachloroethylene)i F o ( benzo(a)pyrene (B(a)P) -

‘ %5“%€ﬁ£$1*¢4#$%$’é @W%; AR
Glutathione& % 3 * Feng £ &5 J - eﬂ; RE G 2

* P-s.F 2 Yo w3 ie B ¥ ¢ Y polystyrene(if L L AF) &
4 3 f*}l'—l,%' &2 =ABSH?; (Acrylonitrile-butadiene-styrene, 5 %
S e ) -

# % (PP) 32 %(PS)




= - ( Society Of Plastic Industr SPI)ﬁ=L T-%d =B “'ﬁﬂi‘&*
o TR SRS 2 £ AR A W IRITH R E A R R

Numbering system for plastic recycling

Recycling No. = Abbreviation Polymer Name

é,\') PETE or PET Polyethylene Terephthalate
PETE
& HDPE High-Density Polyethylene
HEPE
éb PVC or V Polyvinyl Chloride

v
éb LDPE Low-Density Polyethylene
LEPE
& PP Polypropylene

PP
é:} PS Polystyrene

Other plastics, including acrylic,
OTHER polycarbonate, polylactic acid , nylon
and fiberglass. 96




z it g J:f.: eI1N 25t

EPOXIDE
CYP 450 2E1
~ P450 |
CH,=CHCl —= ACl —> CICH,CHO
Bioactivation
bl i SRS # 2 B Chloroacetaldehyde
Vinyl chloride Chloroethylene . Detoxication Detoxication
oxide \
T * DNA GSH =2
HERSRESF GSH conjugation
A Covalent binding
z 3 ! to macromolecules e E R
i (glutathione, GSH)
PVC
® & ¢ % (Polyvinyl MUTATION
chloride, PVC) ‘

| SR .
2O LIVER CANCER 7% F Rk % o7



Aflatoxin B, (CAS 1162-65-8)
SMILES, InChl and Structure are below.

Rats and Mice: Cancer Test S ary

to macromolecules

% ﬁi % l_.%j/'J fl} g.é:]‘ Rat Target Sites Mouse Target Sites / TDg, (mg/kg/day)
Male |Female Male Femalg Rat Mouse
o 9 kid 1gi liv|1gi liv | no positive | no positixe | 0.0032™F¥ | no positive
L ;
e VERFBEREAR T2
EWER 81 (AFBY) K~ BRI ES F 5 5
Aflatoxin B1 (AFB1) oo i 3 ? R éi"ﬁ 2‘; E‘ﬁ% ﬁi
CYP450 3A4,1A2 # (aflatoxin) -
Vicd Q&g B A A THRE
@)J\ 15ppb > L8732 WE? > &
OCH,4 A & &;g g o4 %(530/0) :
Z BB HR B1 Aflatoxin Br Hxf w4 %(44%) -
BE Y epoxide
/\ VEP g R+ 81 ppbed
Glutathioine w2z RBBESIEDF M 7 e RFTRK o
Detoxication Covalent binding
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= N2 L= ), A
jS;_P_' "“mlj"%@j'

v ¥ ¥ I Benzo[a]pyrene (B(a)P > ¥ - f& % %
éé&fﬂbﬁ’*mﬂﬁﬁﬁ~%¢%ﬁ~é@’
BT RE SRR A
\/ﬁ[‘éﬂd}?ﬁ—fﬁﬁi&%ﬁﬂﬁ Ry B F T ¥ gy AR
¥ @ LRI R BRI A B M s K

benzo[a)pyrene (+]bunzo{a]pyrunu—?.8—opmldl

o, . 2er, 2H*
WHMJ'GTF‘IH: i
oY OH M
(benzolajpyrene-7.8-dihydrodiol (+)benzo{alpyrene-7,&-dihydrodiold,10-epoxide  (BPDE)
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pd AP - BEDPISHIIDRF -2+~ S 4F o
PERFEFFASHILI DD AP L Fpd o A
FAAREL S1REREHTHTI R A2 RA7 AHNT I #
8% (AR R) P o
TARBARTF AP TRREIR TR LIRS
RF oA AL - AR R
T EERTS=FTAP Ao 2 pd AV EFY T2 Ry
PR gs  RuFEF tagdnggs .
P450 f#85 Detoxication
cCl, —> CCl;*
4 s 3 BORiEHE
PO ik =EPESHE IS BSILIER
Carbon Trichloromethyl Binding to lipids
tetrachloride radical Lipid peroxidation
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F et i

(Excretion of toxicants)




Q- Blboimdel VBN il B B 2T 9
A\~ & X v (] _j-cl

.....................................................
'A
P ;ggﬁﬁ'\/g(%ﬂﬁ%ﬁﬁ)\ _ﬁ,’g(ﬂi—ﬂ Q;Q,"i)u}. el o

Emsp OB S2) 3 RER L LEL T A LA H ) ?B"]sz?'r_ ;,
s — B ALK AL 5 #0¢ (excretion) & ' (elimination) -

illl%llllll
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Q.: 4% LR E ""fﬁ_"igp\ it E o T
g FESHREE Y

:A : E
-/&v%wg RETER P A LN NHB S RS
s NI o Bide ¢ 4i(lead, Pb)¥ 1 g Ak B2 P o .
LR R2 PRSI %757“’ ARHAY 0 ok
:%)éc},@(adverse health effects)¥ s: ¢ ! h- BAT 5tz o E
T XIS R EF (target organs) ° :
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b f S e 1B
\ XENOBIOTIC

Exposure
'8 1 R BT I_lmf:v}:

R

SKIN

-DERMAL-

GASTROINTESTINAL
-INGESTION- & ~

—— L e R
BODY TISSUES and ORGANS
EEIE N

RESPIRATORY
-INHALA TION-

AP T —ki_h_ﬁ-:-rpti_-:;ﬁ":;.
BLOOD STREAM | = i#
D: 4 * wiﬁtrihutinﬁ}

s SN

1%

% [ Toxicity #=——tMetabolism 3= Storage pF

2014/3/28

° v‘i—‘ "'---__ _*_ _--_-.-.
E:77F [ Elimination

[
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' REPUBLII{USTERREICH '

RFEE2
PARACELSUS
(1493~1541)

Lafd > EREPFHNFL
]
([

1
ErE R megRF o § &R

2014/3/28

BB A SO PR
EF AR EE T P ARy
PR E (R E ATS 1)

3 FRE 7 & W E
(Beneficial Dose) |(Toxic Dose)
e BT 4 300 — 1,000 mg 1,000 —
(Aspirin) 30,000 mg
e A 5000 units/day 50,000
(Vitamin A) units/day
ERF 3 20% (Air) 50 — 80%
(Oxygen) (Air)
Su-yin Chiang 105
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F 12 e #(ToxMystery) i =k

v'an interactive game developed by the T@XMWSWW o
United States National Library of [Hi, Im Toxte \\
Medicine to help children from 7-11 years . bk tart by lcing o
old (grade K to grade 6) learn about

household chemical hazards.

a room.

v'Activity : Word scramble (5 :# £ &),
Match game, Fill in blank, Word Search,
Toxie maze

National Library of Medicine | Parent Resources ‘ For Teachers | Getting Started

m f National Library of Medicine | About ToxMystery | National Institutes of Health | Department of Health & Hi

| Freedom of Information Act | Accessibility | Text Version of ToxMystery | Email: tehip@teh.nlm.nih.gov | L
| g

THIS ROOM, a ToxMystery activit
ToxMystery Fact Sheet ot doars oo on e

TYM ustery ; Ve

“”’ rary of Med\®"
\k% “\lﬁu‘l‘“im'"Ih‘°°v’@’Pﬂno/;,

|-




Good Luck!

2014/3/28

Getting started:
R

You can click on the rooms in
any order

house, and if it moves, click on it.

oll your mouse over things in the

Y

shlsrine
nsthbals

szdiim Fydroside

When the question box pops
up, click on the answer.

===l i3

The clethas o Fhis crune Rave a “winy
sigll What sould be =ouic In hsre?

‘ chigrine
\ mathialks
b3 \ sadium hydrozide

The scorekeeper will let

you know if you have
found all of the

Here's a becroorn
There are three
hazards in this room

You have found 2

.
w ] pets
ooz

Su-yin Chiang
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Where can I learn about health effects of
products I might use at home?

" U.S.Department of Health & Human Services 3 www.hhs.gov

Household Products Database Natianal Library of Mecicing

Specialized Information Services J#j|

Health & Safety Information on Household Products
WYY Products | Manufacturers | ingredients | _Health Effects

Qu“:k Search What's under your kitchen sink, in your garage, in your bathroom, and on the shelves in your laundry room?
@ Learn more about what's in these products, about potential health effects, and about safety and handling.

Product, Manufacturer atc...

Advanced Search »

Auto Products Inside the Home Pesticides
Browse by Category
Anto Progucts Brake Fluid, De-icer, Lubricant, Air Freshener, Bleach, Cleaners, Animal Repellant, Fungicide,
i Sealant, and more... Toilet Bowl Cleaner, and more... Herbicide, Insecticide, and more...
Inside the Home
Pesticides
Landscape/Yard

Personal Care
Home Maintenance

Arts & Crafts Landscape/Yard Personal Care § Home Maintenance

Pet Care

B offi Fertilizer, Lawn Care, Swimming Antiperspirant, Hair Spray, Makeup, Caulk, Grout, Insulation, Paint,

ilL8 £2 Pool Products, and more... Shampoo, Scap and more... Putty, Stain, and more...

Browse A-Z

Product Names %

Types of Products ‘

Manufacturers N :

e Arts & Crafts _ | PetCare Home Office
Adhesive, Glaze, Glue, Primer, Flea & Tick Control, Litter, Ink, Toner, Correction Fluid,

Support Varnish, and more... Stain/Odor Remover, and more... Electronics Cleaners, Pens and

About the Database A

a For advice If someone is poisoned, call your local Poison Center at 1-800-222-1222,

Product Recalls

Help

Glossary

Contact U Home | Products | Manufacturers | Ingredients | Health .
e | http://hpd.nlm.nih.gov/

Copvyright, Privacy, Accessibility, Freedom of Information Act 1 09
U.S. National Library of Medicine, 8600 Rockville Pike, Bethesda, MD 20894

MNational Institutes of Health, Health & Human Services

Customer Service: tehip@teh.nlm.nih.gov

Last updated: September, 2008




Fp 4R
%ix%F F Ruha EEREE(Www.epa.gov. tw)
$4 ¢ %1% 2iEdm g otk 2 MSDS 7 #(www.iosh.gov.tw )

R dRFRL
B% % 1 1 (International Agency for Research on Cancer,
TARC)
(RARARFERI &3 Ly TFHE (TOXicology Data NETwork,
TOXNET)

¥ Rk %% (US Environmental Protection Agency, EPA)

N TyTAN H \W ™

£ RMs5%¥HE2h (Food and drug administration, FDA)
FHPFT2 BEE % (Agency for Toxic Substances and Disease

Registry, ATSDR)
** CAS (Chemical Abstracts Service) % &-5L: £ % Rt £ < 4§ JRIZAE
(Chemical Abstracts Service ,CAS)z i* & = F#|37n% 550
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VERFREFPLEFHAE
. A IR el
LT

i
Vi EFERE
(Acceptable Daily Intake,

20KG 60kG ADI)” & %% % §
_"‘20"""‘ _"20"""‘ (Reference dose, RfD) 3 20
— - ug/kg.day

o - R BEARASIE

For water, 1 ppm = approximately 1 ug/ml (also as 1 mg/L) of contaminant in water,
and 1 ppb =1 ug/L
For soil or solid materials , 1 ppm = 1 pg/g (also as 1 mg/kg) of contaminant in saill,
and 1 ppb = 1 pg/kg
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%(2% U k) %tk A (25 g/ R) >

Q: 2% Fadn “BA LYK
A ) 5 A ERE - v 5 - (9.7 H ez H\g (229 fDI:I-ID-—\,hI:I-ID\mm‘S L
RO E ATV ERI(L- 2% a)ia\F@R - BER LI A
#]20 ppm > DEHP :~ADI (Acceptable Daily Intake, = p % *ma‘%?»
% )% 2 x102 mg/kg/day

a. 1% X 510 kg-| 355 p ¥ £ % ¢+DEHPE % % - (mg)?

b. # B 4% pHF#E 2 DEHPHE 2 5 - (mg)?

C. PR L M0Kg | Z 1B rE AL HERE LT EREBEF I VTR

<r 2
X g ?

N\ /
@
E ofe E

O

Bis(2-ethylhexyl)phthalate ¢
Di(2-ethylhexyl)phthalate -
%8 ~ 4 5 BEHP= DEHP
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“Thank you for your attention !

7 N\

Questions?
sychiang@mail.cmu.edu.tw
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