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Background
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> Guideline values (GV) are derived from single
exposure data:

POD

GV =
UF, X UF,x UF,. x UF,

> Default factor for human variability
> UF, 1k can also be based on data
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» Exposures to VOCs in TK interactions

drinking water contaminants :
Mixtures & Multiroute
I ——Single chemical
=—8—Supra-additivity

‘ —8—Infra-Oadditivity

» Mixtures : Co-exposures can vary
internal doses (interactions), mainly
metabolic inhibitions for VOCs
(CYP2EL substrates):

Target Tissue Dose

— assessable by PBPK modeling

Exposure Dose
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PBPK: modeling of £ -
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PBPK: probabilistic _
modeling of mixture \
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» Impact of VOCs co-exposures on variability previously
Investigated only for inhalation exposure (valcke & Haddad, 2015)

 Variability

ical

A
hemical & A]A

2

Physj

i

Physij

A= fe =
T e i s Bioc‘ical
Monte Carlo
simulations ‘ | |
Concentrations
» Magnitude of impact depends on exposure levels,
: CReSP
subpopulations and IDM. EREE T
. . : : de santé publique
» Additional routes (dermal and ingestion): impact on Québec

7 variability ? = unknown
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> To assess multi-route co-exposure to chemicals
on interindividual variability in toxicokinetics,
for both “high” and “low” exposure levels

< Binary mixture: TCE & vinyl chloride
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< Quaternary mixture: BTEX
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Methods: Exposure scenarios

smeme-ass--— 00 PR F 00
Probabilistic PBPK 'nhalatlgm Ingestion: | =—
multi-route Q 12-h continuous

'—] B —=yinfusion
Interactions models g
g QI ) i..l‘\l.n'dddu[QliCa-C 1] - [Wmax*Col/ (Km+Cvl) ?
< Adults & sfe— e aam
. g s
subpopulatlons Egj o o =i oo .| 22| - CYP2EL
'% é Co g’:jégprr o g meta b
£~ ¢ .
< O &
- 2-6 Mo, 8 Lo [Stowly perfused Es_j%g;;&&sl g - GST metab
N tissues =As/Vs £
- 7-24 mo g L -cmws- 3 (TCE only)
Richly perfused 7o g™ :
-2-10 yrs o f mtypeted
y

- 11-17 yrs o J =
“® Kidney

GST metab
(TCE only)

Ca
Qsk
Institut national

de santé publique

Dermal conta> LAl Québec
30 min bath, ¥ 75% BSA




Methods: model features

e UHE EET &0

> Physiological Parameters:

< Equations obtained from literature

> Variability terms
* Qc1 Qalv’ Qfat’ Qliver and VIiver

> Adjustment of metabolic capacity:

Vmaxe (CYP2E1]s, 4 X VI
= X nd X Vliind
[CYFZE]']LIJ X Viﬂd “(Il\llfongetal.,!TAP, 2006)
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Methods: model features

ememees-eees UHEEBET B 0

> Inter-group « physicochemical variability »

< Correction factors (CF) on tissue/air partition coefficients for
subgroups (y) other than adults (a), based on tissue’s volume
and fraction of lipid (FL) and water (FW)

v Adipose tissue and skin:

Kow-FLT, + FWT,

CF =
Kou-FLT, + FWT,

v Rest of the body (Pr):
Vheart' Pra+ Vtongue . I:)ra + Vmuscle . I:)ra' CF

P =
ry Vv
ry (Haddad et al., JTEH,, 2006)

> Intra-group « physicochemical variability »  msutnsons
Québec mea

% Coefficients of variation for toluene (rardit et ai. (2002))

12



Methods: physico-chemical parameters

Contaminants

| Parameters Bz T E m-X TCE VC

Physicochemical parameters

Molecular weight (g/mol) 78.11° 92.13° 106.178 106.16' 131.39! 62.5°
Water/air partition coefficient 0.227° 0.272° 0.322° 0271° 0.83¢ 1.14°
Transfer efficiency in the shower stall 0.498°¢ 0.464° 0.437¢ 0437° 0.61' 0.66°
Biochemical parameters

VimaxC (Lg/min/kg 0.75) 35.17¢ 57.33¢ 106.5° 108.17¢ 166.67¢ 66.17°
K (ug/L) 100 130¢ 1040.0¢ 4501 1500 40°
K (ug/L)

aB - 140¢ 260¢ 220¢ - -

aT 2201 - 170¢ 330¢ - -

aE 630° 950" - 1670° - -

aX 230° 360 510¢ - - -

aTCE - - - - - 15001

aVC - - - - 40™ -
VinaxGSTI® (ug/min) - - - - 1600" -
KmGSTF (ug/L) - - - - 2900" -
VinaxGSTK® (ug/min) - - - - 2833" -
KmGSTK® (ug/L) - — - - 2600" -

Physiological parameters

Fraction® of metabolism in TCA - - - - 0.18" -
Volume of distribution of TCA - - - - (0.1 x BW) -

Dermal absorption constant® (K, cm/min) 0.0013° 0.0002 0.02" 0.004' 0.002" 0.00009"




Methods: exposure scenarios
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Concentrations in drinking water (mg/L) and air ( d}J g/m?)
McKone an Knevzowtch 1991

m Quarternary exposure Binary exposure

Bz Tol Eth-Bz M-Xy TCE VC
A 1 0.2;17.3 0; 0 0; 0 0; 0 - -

i « L 2 ' 0.2;17.3  20;3610  30;228 40; 30 : :

o © 3 V- _ _ ] 02:1.2 0:0

1 W » :

| 4 L - - - - 0; 0 3;32

| 1

S 5 .- - - ; 0.2:1.2 3:32
e [ 2173 0; 0 0; 0 0; 0 ; ;

|

'« H 7 2,173 200: 300 (2281)  400; 304 ] ]
Lo - 36100

| 1

1 G 8 : ; ; ; ; 2:12 0: 0

1 H» |

i 9 ! i ] i ; 0: 0 30: 318
| 1

| 14 10 ] - - - - 2; 12 30; 318



Methods: simulation approach
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(2)
Distributions of relevant
(1) internal dose metrics for

PBPK models built Bz TCEand VC
combined with 10,000 AUC, parent
Monte Carlo
simulations

compound

Ametcyp,e,

Amet ; (TCE only)
kidney + liver

(4) )
...as the ratio o
between the 95th Inter-group variability

indexes (VI) computed

for the “low” (VI ) and

“high” (VI,) exposure
scenarios...

percentile in each
subpopulation over
the median in adults

15
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simulation

Results

profiles
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Results: variability indices (VI)
i I E W

Benzene alone Quaternary Vinyl chloride Binary mixture
Subgroup mixture (BTEX) alone (with TCE)

AUC Amet AUC Amet jAUC  Amet AUC  Amet
ug/24h.L_t

oIl ol (=] pg.24h/L pg/24h.L t  pg.24h/L pg/24h.L_t ip.g.24h/L ug/24h.L_t  pg.24h/L

ot s
S

4

Adults Liom 23 81 26 77 i 1925 1680 1925 1680
(median IDM) H,_D,\,I 230 1587 345 228 : 5854 3046 6319 2823
Infants VI, 2.8 2.1 3.1 1.9 | 22 1.4 2.2 1.4
Vi, 3.5 2.4 4.1 16 1 23 1.5 2.5 1.3
Toddlers VI, 2.5 2.5 2.8 2.3 : 2.1 1.6 2.1 1.6
Vi, 3.2 2.6 3.7 1.8 i 2.2 1.8 2.4 1.5
Children VI, 2.3 2.0 2.5 1.9 : 1.9 1.3 1.9 1.3
Vi, 3.0 2.3 3.5 15 | 2 1.4 2.3 1.2
Teenagers VI, 1.7 1.6 1.9 1.5 : 1.6 1.1 1.6 1.1
Vi, 2.5 2.1 2.9 1.3 : 1.8 1.3 2.1 1.1
Amet: amount metabolized by CYP2E1 per L of liver ; AUC, area ettt pational._
under the curve; H, « high » exposure scenario; IDM, internal dose Québec

19 metric; L, « low » exposure scenario



Results: changes in VI
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Quaternary mixture (BTEX)  Binary mixture (VC with TCE)

Benzene dose metrics Vinyl chloride dose metrics

Subgroup

AUC Amet ! AUC Amet
Outcome ug.24h/L ug/24h.L_t | ug.24h/L ug/24h.L t
Infants Vi, +11% 95% i ~ ~
VI, +17% -33% L 48.7% -13%
Toddlers VI, +12% -8% : ~ ~
VI, +16% -31% i +9.1% -17%
Children VI, +8.7% -5% : ~ ~
Vi, +17% -35% i +15% -14%
Teenagers VI, +12% -6.3% i ~ ~
VI, +16% -38% L +17% -15%

Amet: amount metabolized by CYP2E1 per L of liver ; AUC, area
. . . Institut national
under the curve; H, « high » exposure scenario; IDM, internal dose de santé publique

Québec mm
metrlc; |., « low » exposure scenario -
20



Results: variability indices (VI)
e 1T mee

TCE alone TCE in binary mixture with VC
(TCE dose metrics)

AUC — Amet Agst k  Agst ke FAUC Amet Acst k  Aast kel
oo | ug.24h/L upg/24h.Lt  pg/24h.l  pg/24hl t Y opg.24h/L ug/24h.L_t  ug/24h.L_  pg/24h.L_t

Y .
LU g

Subgroup

Adults Lo 371 81 26 77 : 1925 1680 1925 1680
(medianidDM) H | 3780 1587 345 228 i 5854 3046 6319 2823
Infants VI, 1.8 1.6 1.5 1.5 : 1.8 1.6 1.5 1.5
VI, 2.0 1.7 1.6 1.6 ; 23 1.5 1.8 1.8
Toddlers VI, 1.6 1.8 1.7 1.7 ; 16 1.8 1.7 1.7
Vi, 1.7 1.8 1.8 18 ! 19 1.6 2.0 2.0
Children VI, 1.5 1.5 1.4 1.4 : 1.5 1.5 1.4 1.4
Vi, 1.5 1.6 1.5 1.5 i 1.7 1.4 1.7 1.7
Teenagers VI, 1.2 1.3 1.2 1.2 : 1.2 1.3 1.2 1.2
Vi, 1.3 1.5 1.3 13 i 15 1.2 1.5 1.5

Agsy amount metabolized in kidney (k) or liver (I) by GST, per tissue volume; Amet, Institut national |

amount metabolized by CYP2E1 per volume of liver; AUC, area under the curve; H, Québec
21 « high » exposure scenario; IDM, internal dose metric; L, « low » exposure scenario



Results: changes in VI
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TCE in binary mixture witn VC

(TCE dose metrics)

Subgroup

il
,15;-:' [ g/
N -

AUC Amet Ametggr | Ametegsr .
Outcome ug.24h/L ug/24h.L t ug/24h.L_t ug/24h.L_t
Infants VI, ~ = ~ S
VI, +15% -12% +13% +13%
Toddlers VI, ~ ~ ~ ~
Vi, +18% -11% +11% +11%
Children VI, ~ ~ ~ ~
Vi, +13% -13% +13% +13%
Teenagers VI, X ~ ~ ~
Vi, +15% -20% +15% +15%
A5y amount metabolized in kidney (k ) or liver (I) by GST, per tissue volume; Amet,
amount metabolized by CYP2E1 per volume of liver; AUC, area under the curve; H, etiICnationsl.

« high » exposure scenario; IDM, internal dose metric; L, « low » exposure scenario
22

P E3 X
Québec



> =

=
/ ESPUM

EEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEE

www.inspg.qc.ca

Discussion and conclusion

B cresp

Institut national
de santé publique

Québec mra
23



Discussion

smeme-se-ees Ul Bl B0
> First investigation of the impact of multi-route
co-exposure on the magnitude of TK variability

> TK variability, for co-exposures:
< AUC, GST metabolism (Aggs7 ) @ Increase

<+ CYP2E1 metabolism (Amet): decrease

Institut national
de santé publique

P - -
Québec
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Discussion
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> Threshold for metabolic interactions ? (.. bobrev et
al., 2001, 2002)

< Bz: both « low » and « high » exposure levels
<+ VC and TCE: « high » exposure levels only

<+ Are « high » exposure levels environmentaly-relevant?

> Substance-specific consideration: Ki/Km ratio

<+ Bz:<6.3; VC: 37.5 = Bz potentialy « more susceptible »
to competitive inhibition of CYP2E1 metabolism?

<+ TCE: <1, but compensatory secondary
low affinity/high capacity pathway (GST) sttt pationa

de santé publique
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Québec
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Discussion
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> Adjustment factors considerations: non-

26

cancer risk

< « High » exposure levels:
< AUC-based VI for Bz > 3.2 for infants

< AUC-based VI for Bz going from < 3.2 (Bz alone) to > 3.2
(quaternary mixture) in toddlers and children

< Should CSAF/DDEFs be examined under the
hypothesis of multiple exposures (environmental
settings)?

< But... multi-route exposure vs CSAF/DDEF? . .nations

de santé publique
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Discussion

comee-men o =eee HH B0 L
> Adjustment factors considerations: cancer risk

< Child-to-adult (ADAF): GST metabolites of TCE in kidney;
CYP2E1 metabolites of VC in liver: Only an « inter-

_ Ratio (single exposure; mixture) subpopulation »

variability factor:

infant toddlers children teenagers
CE: A Median_subgroup
TCE: Ametggr i -
low exp. 1.3;1.3  1.5:16 1.2;1.2 1;1 .
Highexp. 1.4;1.6 1.6;1.7 1.2;1.4 1.1;1.2
VC: Amet ypreq
Low exp. 1.3;1.3 1.5; 1.5 1.2;1.2 1;1
Highexp. 1.4;1.2 1.7;1.4 1.3;1.1 1.2;1
vs V10 = 3.16 vs V3 =1.73 Institut national

de santé publique

...as ADAF encompasses both TK and TD Québec
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= Important role of invariant Pb:a... and age-
specific [CYP2E1]

> AUC > Amet

C C
1.00E-03 5.00E-03
0.80E-03 _| 4.00E-03
= x
X j— x )
§ 0.60E-03 § E 3.00E-03
z = 2 7.00E-03
£ 0.40E-03 = £ 2.00¢-
'E — g, ]
§ 0.20E-03 = § 100603
0.00E+00 =XEl7= / 0.00E+00 —
0.20E-03 © PbVC  KmVC  PIVC PfVC cYp -1.00€-03 - PbVC ITCE-VC  PIVC PfVC
ertitut natior_ral
e santé pub‘hque mm
Québec
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Discussion: local sensitivity

analyses (TCE) 2%
comem-om =eee HH OB L

= Important role of invariant Pb:a... and age-

specific [CYP2E1]

> Amet;(liver) > Ametg; (kidney)
. b
0.60E.03 0.80E-03
0.50E-03 0.70E-03 |
0.40E-03 § 00008 =
¢ 2  0.50E-03 =
Y 0.30E-03 S =
2 2 0.40E-03 =
> 0.20E-03 2 =
2 oros & 0.30E-03 =
2 & 0.20E-03 =
§ 0.00E+00 /?*'E 0.10E-03 =
-0.10E-03 = 0.00E+00 4= —
-0.20E-03 “ -0.10E-03
-0.30E-03 PbTCE VmaxG CYP -0.20E-03 - PbTCE  KmGS CYp
de san npublique

P E3 X
Québec
29



Discussion: hypotheses

-

> Consideration of the M
subgroup-specific /’fﬁ\\
CYP2E1 metabolic
capacity -

<+ CYP2E1l-depleted
subgroups further
affected by competitive
Inhibition = increased
relative sensitivity

— T variability based
On AUC Institut national

de santé publique
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Discussion: hypotheses
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> Consideration of the yq
subgroup-specific ”{}ﬁ“
CYP2E1 metabolic i
capacity

A
< For TCE, the shift toward m Amet..
low affinity/high capacity
GST metabolism is
greater in CYP2E1-
depleted subgroups :

— T variability based

O n A m e tG ST Institut national

de santé publique

P - -
Québec
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Discussion: hypotheses
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> Consideration of the f"’?
o o i\
subgroup-specific ’/W

|

|
CYP2E1 metabolic il
capacity

< Opposite trend based on

() Ametcypyp,

CYP2E1-mediated Amet, n
as even lesser i\

i
metabolites are \ f"
generated in CYP2E1- |

depleted subgroups.

Amet ypyeg

< But... no age-related trends in the Insttut netionat

de santé publique

% of variation on variability indices Québec
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Discussion
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> Inhalation only data, benzene in DBTEX mixture
(Valcke and Haddad, JTEH,, 2015)

oy fd e
[=] [=1 [=]

AUC of berzane in arterial bleod (mg. 34 heil)

=
[=]
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Discussion
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> Inhalation only data,
DCM in DBTEX mixture

(Valcke and Haddad, JTEH,, 2015)

Maximume arteral blood concentrati on (Cmax)
of dichloramethane (mg/L)

0.0
FlEF|H1 |H2 |HEI HEF|H1 |H2|H:] HEF|H1 |H2|H3
8.0 Adults Neonates Toddlers
T d “High" exposure scenario and subpopulation consid
250

 d H
200 ¢ u

150 1

1003

i

Fil
R g
HEF|L1|L1|L3|M|L5HEF|L1|L2|L3|Ld|L5 IZI-- E:El @

Adults Neonates rer | H1 | He | me |rer| v | w2 | s (rer | vt e [ Ha

- - N Adults Meonates Toddlars
Low exposure scenano an
34 "High™ exposure scenario and subpopulation consid

pathway, perliver volume (mg /24 hrll)

pathway, per liver volume (mg ! 24 hr.L)

Amaountofdichloromathane metabolized via the GST

0.0

Armount of dichkoromethane metabolized via the CYPZE1




Discussion: limitations

smemess--ms Ul BT & 00000
> Only healthy individuals considered

> Impact of polymorphism of GST not assessed

< No age-related variations included in the model

> Impact of concomitant alcohol exposure
(CYP2E1L inducer)??

> Only 3 inhibitors at the most. Mixtures of tens or
hundreds of chemicals vs « low » exposure?

> Impact of co-exposures only assessed on
metabolism. Absorption /transport &  .uwepsms

de santé publique

) distribution? Québec 25



CONCLUSION
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> Multi-route co-exposure can have an impact on
the TK variability of individual substances, as
compared to single exposures.

> The extent of these impacts do not seem to
challenge the default adjustment factors
attributed for individual substances.

> The impact varies as a function of the internal
dose metric, exposure level and subpopulation.

> Impact may not occur at environmental levels.

Institut national
de santé publique

P - -
Québec
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< Extend to other mixtures, > number of
chemicals

< Include other metabolic interactions, TD
Interactions?

< Refine subpopulation-related differences in

Centre de recherche
8 en santé publique
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Time for questions,
discussion?...
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