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APPLICATION OF METABOLITE PROFILE KINETICS
FOR EXPOSURE AND RISK ASSESSMENT

Byung Mu Lee

Division of Toxicology, College of Pharmacy, Sungkyunkwan University, Suwon, Gyeonggi-do,
440-746, South Korea

Chemical toxicants are metabolically converted to numerous metabolites in the
body.Toxicokinetic characteristics of metabolites could be therefore used as biomarker of
exposure for human risk assessment. Biologically based dose response (BBDR) model
was proposed for future direction of risk assessment. However, this area has not been
developed well enough for human application. Benzo(a)pyrene (BP), for example, is a
well-known environmental carcinogen and may produce more than 100 metabolites and
BPDE-DNA adduct, a covalently bound form of DNA with benzo(a)pyrene diolepoxides
(BPDEs), has been applied to qualitatively or quantitaively estimate human exposure to
BP. In addition, di(2-ethylhexyl) phthalate (DEHP), a widely used plasticizer in the
polymer industry, is one of endocrine-disrupting chemicals (EDCs) and has been
monitored in humans ﬁsing urinary or serum concentrations of DEHP or its monomer
MEHP for exposure and risk assessment. However, it is difficult to estimate the actual
level of toxicants using these biomarkers in humans using. This presentation will
discuss a methodology of exposure and risk assessment by application of metabolic
profiling kinetics.
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Risk Assessment Procedure

Carcinogen Identification [ invitro, In vivo,
(Hazard Identification) Epidemlology, Human Toxicology
I
Carcinogen Dose & Maximum Likelihood Estimate by
Human Tumor Incidence Extrapolation Model
{Dose-Resp. Relationship) (Toxicokinetics, Uncertainties)
1
Carcinogen Exposure Dose
(Exposure Assessment) Human Monltoring
I
Cancer Incidence Using Extrapolation Model
In A Given Population & Human Dose >
{Risk Characterization) Unit, Individual, Population Risk

(Increase of Cancer Risk at

Table 1. Environmental vs Human Monitoring

Environmental Monitoring Human Monitoring
« Data in the environment not in humans « Total human exposure level
e Varlation depends on the time & + Assessment in the target molecules
location of sampling in humans
« Unknown sources of human exposure « Reflection of human variation in

toxicokinetics

tevels in humans

» Difficulty predecting actual exposure « Applicability of
period during disease progress to risk
No o of in « Ref of additive, ation, &
humans. antagonism in humans
"« Not accurate exposure assessment for * Accurate exposure assessment for risk
risk assessment assesment

« Impossibility to measure total exposure + Reflection of hﬂmn‘;u;e}:‘tib’ill’!y“ -

Extrapolation of Biomarkers from Animal Studies
to Humans for Cancer Risk Assessment

Animal 6
(High dose)

Blomarkers
Extrapolation|

in Target Tissues

Biomarkers
in Non—target Tigsues
Biomarkers
in Non-Target Tissues

Human Exposure

{Low dose) Biomarkers

in Target Tissues

Tumor Incidence

Models Used in Risk Extrapolation

Statistical or Distribution Models
Log-~Probit
Logit
Waibull

Mechanistic Models
One-Hit, Multi~Hit
Multistage
Linearized Multistage
Stochastic Two—Stage Model
Moolgavkar—Venson-Knudson (MVK)

Mode/ Enhancement
Time to Tumor Response
Physiologically Based Toxicokingtic Models (PBTK)

What is Biomarkers ?

Definition: Biomarkers are defined as intermediate end
points or measurable markers of cellular, molecular
or chemical events associated with exposure to
toxicants or disease progress

Characteristics:

e Appear earlier than disease development

o Appear frequently before disease development
o Are directly associated with disease progression

o Need inexpensive, accurate, and easy methods for
detection
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Biomarkers
During the Chemical Carcinogenesis

Exposure Biomarker Disease Biomarker

ONA,
i Protein, Cellutar Benion | | oo
Exposure Lipid Change v Change Tumor
Adduth

Requirements of Exposure Biomarkers
for Risk Assessment

Chemical Specific

Sensitive

Applicable

« Non-invasive (if possible)

* Simple

Inexpensive

Reproducible

Dose-dependent !! > Chemicals & Metabolites
DNA, Protein—adducts

{Omics data from gene/protein are NOT
applicable)

+Timo=dependont—

Biomarkers for exposure &
risk assessment

¢ Quantitative Biomarkers
- Metabolites, DNA, lipid, & protein adducts

¢ Qualitative Biomarkers
- DNA, lipid, & protein adducts, (Omics data?)

Biomarkers for Human Monitoring

ONA adducts:  Advantage - DNA is a critical terget in carcinogenesis
- Detection of DNA adduts in target tissues
- i to many

Disadvantage ~ Difficult to obtain human tissues
{5-20ug/mi blood, requirs large volumes(45mil}
— Variable due (o repair

Protein adducts: Advant - Surrogate for DNA adducts. DN
and

protein adduts are proportional fi
chemicals

-~ large amount of sarples a
obtainable
(Hb:  140-160mg/m!, Albumin: 5§
60mg/mi blood)
~ Chronic exposure(4 months, Hb} d

L_to norepair

Biomarkers for Human Monitoring

Lipid Adducts: Advantage — Large amount of samples
are obtainable
= High affinity with many toxicants
- Surrogate markers for
DNA and protein adducts
~ Higher adduct formation

Disadvantage ~ No sufficient data in humans
~ No repair

(Kwack, S.J. & Lee, B.M., Carcinogenesis, 21:629-632, 2000)

Biomarkers for Human Monitoring
& Exposure Assessment

« Metabolites: sp > BP-OH
DEHP  ->» MEHP
2-ethyl-5-oxyhexyl phthalate
{50x0~MEHP; MEOHP)
2-(2—hydroxyethyl)hexyl phthalate
{MHENP}
DBP > MBP
Benzene ->» Phenol
Phenol  -> Phenol
Aflatoxin -> Aflatoxicol
Cd > Cd
Toluene -> Hippuric acid
Styrene > Mandelic acid
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Biological Samples for
Exposure Assessment

« Blood, cord blood
+ Urine

« Hair

» Saliva

» Nail

« Sweat

« Milk

« Feces, etc

Validation of Biomarker &
Application: Exposure Assessment

1) In vitro Validation: betw/n animal & human cells
2) In vivo Validation: target tissue vs. blood or urine

3) Development of Exposure Assessment Model
4) Accurate Risk Assessment Using
Vealidated Biomarkers

Interrelation between Biomarker(Metabolites),
Dose & Toxic Response

Toxic Response

Biomarker
(Metabolites)

Toxic Response (%) 20|
10

o

o

Exposure Dose (ma/ko} 2 Blomarker

A Three-Di i Inter-Relati ip b Biomarker
(metabolites), Exposure Dose & Toxic Response

Fig. 1. Time-course kinetics of
benzolalpyrene. phenol, and
quinones metabolites in sera of
Sprague-Dawley rats after an i.p.
injection of benzo[alpyrene {20
mq per rat).

Kim,HS,, Kwack, S1., & Lee,
Chem-Biol. Interact., 127, 139150, 2000)

BPDE. DNA adduct
{pmol/mg DNA)

50

Time
& 10 16 20 26 30 36 (deys)

Figure 5. Kinetic Patterns of BPOE-DNA Adducts in the Lung
after Single (A1~3) Exposure to BP
¥ Curves for Al and A3 are simulated, and A2 is based on the experimental data




‘BPDE- DNA adduct.

(pmolimg DNA)
400 B
300) 81
200
B2
100 X
- Time
s ® 1% 20 26 30 36 (days)

Figure 6. Kinetic Patterns of BPOE-DNA Adducts in the Lung
after Continuous (B1~3) Exposure to BP
% Curves for B\ and B2 are sknulated, and B2 is basad on the experimental data

Lung Tumor (%)
100|

&0

Biomarker
{pmol/mg DNA)

12 "

Figure 10. Dose—~Response Relationships ot Lung Tumor (%)

and Biomarker (pmolfmg blood DNA) (C)
: Data sourge for iung tumor (Ross et al., 1985)

Dose {mg/ka)
(pmol/mg)

Figure 11. A Three-Dimensional Inter—Relationship between
Biomarker, Exposure Dose and Lung Tumor Induction

Table 3. Daily aflatoxin B1 exposure & calculated $iver cancer
incidence in Koreans

T rinary AFB: Urinary AFB
rinary AFB, Urinary APB1 - scp intake  Calculated?
equivalents equivalents % PR
(ng/mi)? (ngfkg/day) {ng/ka/day)" incidence
Male (88) 0.86:1.35  18.11333.01¢ 240.204438.67 4156
fema’e(“ 0.16£0.09  3.8242.65  50.35:29.88  26.84
Total (100) 0.786+1.39  17.80:40.09 219.074420.08  40.68

* Data are expressed us equlvalents of AFBr quantitated by ELISA fn md urine. AFB1 equivalents are used because
antixera RISI majorly reacts w/ AFBL, but the data muy be possibly afTected bY ity cross reactivity w/ aflatoxicos [F
» Dully AFI1 excretion In urine wes extimuted assuming that » wod volume of Urinary excretion wax 1,200
wtidayfpeesan (b kg).

* sty AFBY intake was siimvated from urinary AFB: asursing that 7.6% of AFB1 iniake was excrated in urines.

¢ Liver cancer Incidence per 190,000 wax cakeulated by the spplication of AFB( intake levels (o the Hnear regression
0,001) ohtained Tray

mudel of Y=21.6X-10,04 with x fTlchent of 099 (p<
19 bbiant el s, 1947; Groopmun e al, 1992).

« Stathatcally different frum female by Mann- Whithey Rank Sum Test (p<.001).

(Choi et al, J. Biockem. Mol Biol 29(3,

80 o

Liver Cancer Incidencs

1 2
tog AFB1 Intake (ng/kglday)

Fig. 1. A linear regression mode! of Y=21.67X-10.04 developed from cpidemiological data
of Kenya (@), Swaziland (B, Mozambique (0, & China (1), The corretation coeflicient
was 0.9 (p<0.001){ Y represents liver cancer incidence per 100,000 & X lor AIBI intake
(ng/kg/day)] (Sabbioni el ul., 1987 Zhu et al., 1987; Groopman ¢t al,, 1992).

(< al J. Binchem Mot Biol 29(2). I 110, Iy%j

Exposure & Risk Assessment of
Phthalates frorn Cosmetics

+ Perfume, manicure,
hair products, deorderants: 102

— Domestic products: 27
— Foreign products: 75

—->» detection levels are not significant

(Koo & Lee, JTEH, 67: 1903-1914 (2004))
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Table 1. Urinary ions of ph esters d
by HPLC in humans (8/ml urine)
Phihalate Children (aged 11-12) Wamen® (aged 20-73)
* N Mean 95 N Mean 95®

DEHP | 150" (149 | 0.0095 00198 | 150(147) | o.0128 0.0234
DEP 150(20) 0.0138 0.0996 150(26) 0.0098 0.0497
DBP 150146) | 00588 00941 | 150(143) | 0.0494 0.1197
BBP 15024) 0.0015 0.0092 150(7) 0.0004 <t.op*
MEHP 156(32) 0.0133 0.0480 150(81) 0.0413 01378

*Hospital visitors. *Sample size for snalyticat subjects.
Number of samples detected.
<LOD (DEHP: #.084, DEP: 0.0995, DBP: 0.0005, BEP: 0,005, MEHP: 0.012 M/mi).

(Koo & Lee, J. Toxicol Environ. Health, 67:1367-1392 ( 2605))

Estimation of the daily intake of DEHP

Model 1

UE (#8/g) X CE (mg/kg bw/day)
Fug X 1000 (mg/g)

MW,
Mw,

Duaily Intake(18/1€ bwlday) =

(David et al, 2002)

UE : Urinary excretion of phthulate monomer in microgram per gram crestinine

CE : Creatinine cxcretion rate normalized by the body weight

Fy; : Molar fraction of the urinary excreted monoester related to the ingested diester
MW, : molar weights of the diester

MW, : molar weights of the monoester

Model 2

Daily Intake(#8/%8 bw/day) = (T, x 5)/ Body weight (kg) / day

(Schmid & Schlatter, 198S; Sjoherg of al, 1985)

Ty, : Total MEHP excretion level (T, =M x V)
M : MEHP levels in the urine {&/ml)
V : Total urinary excretion vol. per dsy (1200mi}

Table 2. Comparison of the estimated daily exposure of

DEHP (#8/kg bw/day)
Kohn f al. (2000)
(NHANES 11, 1988- { Kack o af, (2003) Our results (2005)
1994
Mudel 1 Madet 1 Modet 1 Model 2
All* | Women® | Femules¥ | Males | Children®|Women¢| Menk
Women
(nv=28%) (=97) {n=3d) (n=285) (=150} { (n=150) |(n=108) Chilkdcery Mea
on 071 128 169 60 3tz [ 73| 24 44 | 108
: Median value

: Genernl pupulstion sgedt 2060 )
+ Wamen aged 20.40 years (ns57)

: Vemales aged 184 years (n=34)

+ Mates aged 184D yenrs (nve25)

; Chitdren zged 1112 yours (@=150)

£ Women sged 20.73 yeurs (a=150)

' Men aged 18-38 yeurs (n=105)

bR R OHEAL 2019 RIBIRP creatinine + % B

* 56% female, 4%

a
h
©
[}
]
r

Relative cumulative frequencies for the daily DEHP
intake within each collective of women & chiidren

ws
Women
§
3
E Children
-
2 10
s H
™ i TDI
m H
v - n
% 37 =

dally intake DEHP (gsikg bwiday)

| TEYUO0IE MHXE & - EFZAS R

—DEHP &3] & Y REHME

-0BP 3 & W LEHMNE

- DEHP/OBP S8t EXIE % L BHAS
~PACE =& U LEHME

-DEHP HIS =& X[H ¥ 5% &=
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7 Dig2-ethylhexyhphthalate
Metabolism of DEHE - DEHP &8l &5 @ &Y ME
S
PO Wyt - o
B . ﬁ o ’fL . DEHP G o XX Urineoll 4 PA X
o TR 15 agr-siat gt — o =] Concentrmontgany
s Ty Ly .
o M£% > amtnarate More 8 > e [ .
I
{ { 1} ] 3 ™
% o s 52
s sl g e
e e
pEbes e R
] ) ) i i
ke & .8
e i o e -» .
P ._‘;..‘,;’:‘.3“..:_,4», feaats) ...<u..§::<’-<.o.,.,- a0, 2# 1a. Urinary PA concentralion s after single oral adminstration of DEHP
RSy frod (200 £ 1000 3 . 5000 ¥4 mo/ko)
N e i —— 1a) DEHP 215) FRE0| 4A12 89 &5 PASS (1) & &
= s {’@Cﬁ 2 (VRO SBAN (€. 1)
p Proent et R
Y1=0.119(-1+e 0N )

DBEP Ul R R sorumoi it DEP X5
DBP ©H%] 201F urnooll 4 MBPE Doso 2| B3I Concantrationtp b
Doss (g/k0)

- Py mBe-C —
Y 6aDBP ©5 ROZ A/ I8 & T MBP w2 RPN S ARY
$ JUZE= AIZUN(4.8,16.24.32)2 NAR BASIUS

2% 7b. Serum DBP conceniration s after single osal adminstration of DBP
(200 =, 1000 M4 . 5000 ¥4 moikg)

6a) OBP U8 RS0 A2 29 nE MBPES(x6) o =& (Y6)n
YEUAA (Eq. 6a)

7b) DBP 3| ZTF0] 2A2 £ S 0BPEE(T) & L&Y (YRS
ABBHA (Eq.7b)
Y6= 0.056(-1+¢ 0.0005866) ———————. (Eq. 6a)

Y7= 0.0673(-1+¢ 0.1296x7)

———————— (Eq. Tb)

DBP T R0IF sertamOllM DBF2| Dose 2] 274

DEHP/DBP &3]l & U LEZ S

DEHP £DBP DY 1L R sarum oA PA B 5
Concantrationgursont)
£ #
7
/ 7
/ Iy
7
-
DBP--C - \\
- - .
OB 8b.DBP €5 FOIF A0 IHE 9l 5 DBP 552 -EYRY FB ¥R N .
A JURE AVUR(E2.168.1. 242 NAR BNUUB 218 9b. Serum PA concentration s alter single oral adminstration of
the mixture of DEHP and DBP (200 2=, 1000 X
8b) DBP Y& ANE0 BAIZF 2 8Z DBPEE(x8) o &Y (Y8) 2
433N A (Eq.8b)

&, 5000 3R mg/kg)

9b) DEHP of DBPY SIEIEE 23] FIT0 4A2 2 BE PASST(x9)

o e EY (YOO AN (Eq. 9b)
Y¥8= 0.0256(~1+e 0.236x8)

————————— Eq. 8
(Eq. 8b) Y9= 0.051(-1+e 24850)

———————— (€a. 9b)
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DEHPADBP B8l R R
Dove @AQ)
¢

urinei A

MEHP2t Dose3] A

2% 122 DEHP/DEP B1& MO A0 TE b & MEHP S5 MU0 43 3N
Fot QAT MDUM4, 8. 16,24, 3212 VAL TNOUR

12a) DEHP 2l DBPO| =Bt H A5 ATE0 202 29 =3
MEHPEZ(x12) & &3 (Y12)22 H3A[NA (Eq. 12a)

Y12= 0.165(-t+e 031:12)  —— {Eq. 12a)

DEHP £D8P T8 MO % nerum 4 MBP T E
Concentrationtigmi

g » “
3# 13b. Serum MBP concentration s after single oral adminstration of
the mixture of OEHP and DBP (200 2%, 1000 X8 , 5000 ¥4 ma/kg)

13b) DEHP %I DBP2| 25123 25| A0 1A £9 HE MBPES
(x13) & & (Y1) ABBAA (Eq. 13b)

Y13= 0.11(-1+4¢ 00050613) o ——__ (Eq. 13b)

DEHP &OBP 2| $o F serum ol 4 MBP2} Doso sl 2
Dose (ha)

¥ 14b DEHP/DBP B'& MOI%E AJ2i0l ME ¥ Z MBP SS9 LY 43 FNY
121 22T NTOWE2.168. 4,2 N VAR BENLYUS

14b) DEHP 21 DBP2l BetEd s ARS0H 4N 9 §E
MBPEZ(x14) 9} . & (Y14) IS AB2AHA (Eq. 14b)

Y14= 0.049(- 1+g 0048x14) oo (Eq. 14b)

DEHP&DEBP T8
Concentratianbio i}

FAF  Urtgaolt Y

08P ¥X

¥ 15a. Urinary DBP concentration 8 after single oral adminstration of
the mixture of DEHP and DBP (200 Z&, 1000 XA , 5000 A& mo/kg)

15a) DEHP 9} DBPC| SEHEX US| RSN 8AIZH £ L F
DBPE=(x15) 2 '\ &2 (Y15) 240 2 BHA! (Eq. 15a)

Y15= 0.0029(-1+e 06%15) - (Eq. 15a)

DEHPEDBP U1] Mol
Dase @A)

wrine X 0BPY Dosedl BN

¥ 162 DEHP/DBP BHE MOIR A0 MA & F0BP 5C AU 43 BNY
Y JATE NLURM, 8.16, 24, 3202 VAT BANYUS

16a) OEHP 9 DBP2) S22 AUS| APFH 24N $A 1 FE
DBPES(x16) & wES (Y16) U2 HAAN4! (Eq. 16a)

Y16= 0.0105(- 1+e 0.368x16) o (Eq. 16a)

DEHP B & X|H ¥

B MAE

DEHP Q% S0 ¥ fiverol N DEWP

Concentratisngmykg)

= Time(doys)

2#21c. Liver DEHP i oral
{333 tow . 1000 mid , 3000 high malkg)

21c) DEHP 3222t 3 WIS (] 29 & 2AEA
o =& (Y21) 2 AR (Eq. 21¢)

of DEHP

3 DEHPBS(x21)

Y21= 0.01024(~1+e 0091:21) - (Eq. 21
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DEHP % SO ¥ Hveroi X DEHP2} Dose 2] TR
Oese(pie)
“

DENP-C,

W 22c, DEHP M ROl & A2 ME 2ER B OEHP B9 @Y ey 43 2R
HY DAZE AVUN, 2, 4, 8. 16, 202 VAR BANUR

22c) DEHP 3202t AP YHRg 0l 1622 UEXNE DEHPEZ(x22) 2t
@ (v22)mel A2 (Eq. 22¢)

Y22= 0.191(- 1+¢ 0018222) oo me (Eq. 22¢)

DEHP Q& RAR tastes A P2

Concantationmo/ks)

- Time doye)

2823d. Testes PA attor
(333 low. 1000 mki . 3000 high mg/ko)

oral of DEHP

23d) DEHP 32242 27 BIES0f 4U S & TAF PASE(x23) &
&Y (Y23) R0l SBANRA (Eq. 23d)

Y28= 0.141(~14e 04120 —— (Eq. 23d)

DEHP % & Mol  tostes A M PAL Doses! 2
Dess an)

W 244d. OEHP g MOl & A0l 18 D8 XX E PA BE0 LEY X0 J3 By
# JAZE= A2OW(L. 2, 4, B, 16, I2W)E VAT ENSIUS

24d) DEHP 32@J2t Y Y= S0{ 3288 D8 XXE PAES(x24) 9
S &Y (2409 AN (Eq. 24d)

Y24= 0.113(~1+e 0289024) o (ca. 24d)

. ZEdI0I E2l Toxicokinetic &1 32
2 Tissue distribution

- DEHP ©43] % & Al Toxicokinetic 13 % Tissue distribution
~ DBP &8 S & A Toxicokinetic @7 & Tissue distribution

- DEHP/DBP SEEF ol M Toxicokinetic 81 7 R Tissue
distribution

~ PA €3] = & Toxicokinetic 817

- 3222t DEHP Y5 & Al Tissue distribution

DEHP 23] =& Al Toxicokinetic 172 &
Tissue distribution

T

Q 4 8 1z

16 20 24 28 a2
Tirra{hour)

—A— Sorum DELP —8— Liver DEFP & Tostes DEFF |

Figure 1. Mean concentration of DEHP in serum, liver and testis tissues
after oral administration of DEHP (5 g/kg) (N =3).

Figure 2, Mean concentration of (
MEHP in serum, urine, liver and tes!
tissues after oral adminlstration

of DEHP (1 g/kg) and (B} PA In
serum, uring, liver and testls tissued
after oral administration of OEHP
0.2 g/kq) .

8 7 16 0 Mo
7 maliour)

L b SeumPA 8 LverPA G- Tases PAl
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Table 1. Toxft in plasma using Parameters DEHP I MEHP l PA
noticompartmental analysis of the time course of DEHP, MEHP and PA 1000 mg/kg DEHP
following orat administration of 200, 1000 and 5000 mg/kg DEHP us single dose. T () 1000 51000 31000
Cmax (up/rt) 1.91:+ 0.00 5119+ 0.02 0.154 0.00
Parameters DEHP MEHP PA Ke (1hr) 0.09+ 0.01 0.20£ 0,00 0.104 001
200 mg/kg DEHP tu (h) 7.91£0.06 349+ 0.00 6.89:+ 0.00
p— o0 S000 ar000 AUC (agthefmt) 25.00£0.74 54289+ 0.00 | 2093 0.00
‘max (hr) - - 8 VEF (mf) 50950.55+ 1588.39 - -
Cmax (1g/mt) 1.1810.06 21.4010.30 0.1110.01 CVF (md/hr) 4464.41£103.21 B B
Ke (1/hr) 0.08:£0.01 0231004 | 0112001 MRT () 2354052 2662012 | 11884128
5000 mg/kg DEHP
), (hr) 8.70+0.95 3.09+0.60 637+0.10 Tmax () 430.00 810.00 810,00
AUC (m*hi/m) | 14.1541.00 182.20£742 | 1283005 Cmax (ua/nd) 2342030 1097421022 | Q23005
Ke (1/hr) 0.08:+0.01 0.16:0.064 0.10:+001
V2/F (W) 20460.25+3672.30 - - tyz (h) 8.40£0.75 4594160 7164074
CUF (™/hr) 1624.22+115.14 R R AUC Gua*hrfmf) 37681267 12433329148 | 334£0.19
Vu/F (mty 181305.5916879.8 - -
MRT (hr) 14.3911.78 8.0610.31 10.4310.44 CUF (ml/hr) 14992.04+773.39 - -
MR (b 12654097 FYTESETE
. o alinatic 612 @1 (A i o ;_ o
DBP &3l =& Al Toxicokinetic &7 & L
Tissue distribution (5o
e e e e PR e mm . S oo i A :
| P

mo/kalug/mi

e B
R
32 i
|
|

16 20 24

Time{haur)

28

[=2—Serum DBP 48— Liver DBP —8— Testes DBP |

Figure 3.Mean concentration of DBP in serum. liver and testis tissues

(8)

a0 |
200 §
|

]

0

g
8

20

Figure 4. Mean concentration
of (A) MBP (B) PA In

after oral administration of DBP (5 g/kg). “{,’g.‘,“s's 2:{;’,’:&‘“"’
of DEP (1
Lo 0/ka)
Table 2, Toxicokinetics in plasme d using ) Parumeters DBP ver | PA
analysis of the time course of DBP, MBP and PA following ora$ administration of
200, 1000 and S000 mg/kg DBP as single dose. - 1990 me/ks DB
Tinax (hr) 4£0.00 40,00 6.68£1.70
Parametors DBP MEP A Cmax (ug/md) 3.50£0.01 562.6310.23 1.0310.16
Ke (hr) 0.09£0.04 0.1930.04 0.10£0.02
200mg/kg DBP &y () 7.9941.12 3.6810.73 6681170
Tnax (hr) L0 520,00 S185278 AUC Gg#hr/mt) 389.45%16.04 6260731 14244 7.80£165
. - = i VoIk (ml) 3468.643342.18 - -
Cmax (#g/mt) 14.92£0.59 124224747 0.4910.11 CUF (me/hr) 301.86£42.97 - -
Ke (1/br) 0.10£0.00 0.18£0.01 0.13£0.04 MRY ) 12314161 2162018 2152146
5000 mg/kg DBP
ty (hr) 6.85+0.12 3.87+0.02 5184275 Tmax (he) 4+0.00 642.83 7.25£2.19
AUC (shi/nt) | 16628+8.67 | 113817£7.20 | 2994021 Gnax Loy /nf) 6304738 | 1099.24£366.23 1234016
Ke (1) 0.08::0.00 0.18:+0.01 0.10:+0.03
VulF () 16““; 9458 R R i (1) 8.71:£022 3.964020 7.25£2.19
AUC (up*hi/ml)y 6011842152 | 15600.99:1568.38 11714288
CUF (m/hr) 162.6116,74 - - Vu/F (mf) 14084.29:471.87 - -
MRT (hr) 10.4520.21 7.39+0.51 6.6612.57 CUF (mf/hry 1120.98+30.13 - -
MRY (he) 13.36£034 821£030 7
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DEHP/DBP S8t 28 Hg SN
Toxicokinetic 172 % Tissue distribution

|
|
|
{

RIS

mafkglug/mi
L)
e

®
0 4 8 12 16 20 24 28
Time(hour} Figure
Mean concentraﬂon of (A)
[~5—Serum DEHP ~8— Lives DEHP ~B—Testes DEHP | MEHP and (B) DBP in
aemm. fives and testis
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Conclusions

Metabolite profiling kinetics is a new and promising
approach for human exposure & risk assessment

Dose-response relationship betw/n biomarkers & toxicant
exposure is a crucial & key factor for biomarker (metabolite)
se on

Simulation of biomarker (metabolite) kinetics for chronic
ex| .ds;{re can be obtainable from single treatment, but need
validation

Biologically based dose-response (BBDR) models for
exposure to mixture chemicals need to be developed for
human exposure assessment

BBDR models using metabolic kinetics may be applicable to
human exposure & risk assessment with employment of

After Risk Assessment

« Risk Perception
* Risk Communication

¢ Risk Management — Setting Legal Limits
& Application
* Control of Toxicant Exposure

There is no zero risk in our environment !!
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