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Development of Physiologically Based Pharmaco-kinetic model for Computer
Simulated Person
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Indoor air quality (1AQ) has a potential impact on human health and thus a
precise prediction method of the interaction between the IAQ and the human body has been recognized
as a preferential research issue worth dealing with. Especially, from the viewpoint of risk
assessment of respiratory exposure, it is necessary to estimate a quantitative effect of inhaled
contaminants on the human body. In this case, physiologically-based ﬁharmacokinetic (PBPK) model for

the prediction of drug/contaminant transport phenomenon inside the human body would be useful.

In this study, we developed PBPK model for inhalation exposure analysis that is able to integrated
Computer Simulated Person (CSP for computational fluid dynamics (CFD). Furthermore, we performed a
PBPK-CFD hybrid analysis using the CSP, i.e., PBPK-CFD-CSP hybrid analysis, under various indoor
environmental conditions. Finally, we demonstrated the potency of the proposed PBPK-CFD-CSP analysis

method.



CFD
(PBPK)
CFD
2 ) PBPK
¢ )
1) PBPK
(Computer
Simulated Person CSP) PBPK-CFD
(Airway) (Epithelium+Mucus)
(Subepithelium) 3 (
CFD 1 PBPK 2
) PBPK-CFD CSP
CSP
PBPK-CFD 1
Airway Air Flow )
ag—(:r‘* (U V)Cair = Dair V*Cair 3 - D
Evolution Convection  Diffusion Cair B
Epithelium and Mucus Ptai,,Cai,,x =0 ]
aC, (Vinaxac) " Ce 2
TR GG
Evolution Saturable Met?bolism& Diffusion
(PBPK) 1%t order Reactions C i1, -
Subepithelium Py Gt
PBPK aaitb =—K; - Cy — Ky - Cy — (Qp/Vp) - Cy + D, V3G, Blood Flow
Evolution 1% order Reactions E:;uiion Diffusio; :
T ;’ x =L +L,~
ot
(Partition Coefficient) 1 PBPK-CFD
( )
Re k-¢
(1
CsP 9, Vi _ 0 D+ﬁj% 1)
1) ot ox 0% o )O%
Ca [pg/m3]
2) ( m3 ) Da
(PBPK) [m2/s]
(3)csp vt RANS
(6}
( )
1
vocC ( : (2 (
)
oc ac,
D,—2 =D, — 2
(Partition Coefficient) 2n  'on @
Dt
[m2/s] Ct




( ) [pg/m3] (
m3 ) n
G = RairCa ®3)

Partition Coefficient [m3(air)
/m3(tissue)]

3) Ct
Ca
m3
[m3/m3]
(Henry )
(
) (
)

(Saturable
metabolic clearance by aldehyde

dehy-drogenase enzymes)
(First-order non-specific
reactions with Tissue macromolecules)
(Non-specific binding)

Ct
( )

m3

@Z_M_Kfq_KqurDtvzq (4)

. KptG
Vmax1C [pg/m3/s] Km1l
[pg/m3]
Kf
Kb [s-1] Dt
[m2/s]
4)
Michaelis- Menten
Co =G ()
Partition Coeffi-cient [m3/m3] Cb
(
) [png/m3]
(
)
(
)
(
)

oG,

ot :_Kfcb_Kbe_(Qb/\/b)Cb+DbV2Cb (6)

Qb
[m3/s] Vb [m3]
Db
[m2/s]
G _ 0 @)
oX

(2) PBPK-CFD

t=0.6[s]

0 9
[ng/m’] %
.

¥

(a)j“\flz_L\T_Il/‘j—:t IS (b)?t FFAFE R

1 (Inhalation) 0.6

‘\._l:; .;_'l v {

0
[ng/(m’s)] '
@ "V ETLTER OTERFTATER

1000 rEpithelium

Sub-

0 0 epithelium

[mg/m] [mg/m?]
(a) R LT LT RN

L 7TErTAFER

3



Partition coefficient

(3) PBPK
(PBPK)
PBPK
PBPK
4 PBPK
Indoor air Air flow
B s i —_—
L= w-v)c, =D, VC,
E\'nlﬁ:ion Convection  Diffusion Caip
x=0 Strahum corneum Kec atrCotr
25(jm) i -pvc,
ot o : C,r
Viable epidermis Ko polie
100[um] £=D vie
&t o i Cow
Dennif Ki veCpe  Blood flow
1.2[mm] Cy _ DYVC, - G Fagh —
ér L —)
Ca=0
4 PBPK
Stratum
corneum viable epidermis
dermis 3
(1)
104
oC Dy
== _p_viC, =—" _v2C_ )
81: TfluxTvolume
8
( ) Dlipid
T volume
T flux
Flux
0
(2 ) 9)
( 3 ) o

%= _p,vic, ©
ot
Gy _ D,V%C, + S C, _C (10)
at Vd de
Dve DJd
Partition Coefficient
vd (=
(1.8m2)x ) Qb,d
Cb Kdb
Partition Coefficient
(
) 5
Stratum Viable
corneum epidermis
710°

Nicotine concentration [-]

Length [um]

2

Sung-Jun Yoo and Kazuhide Ito,
Numerical Prediction of Tissue Dosimetry
in Respiratory Tract using Computer
Simulated  Person  integrated  with
physiologically based pharmacokinetic
(PBPK)-computational fluid dynamics
(CFD) Hybrid Analysis, Indoor and Built
Environment, 2017, Accepted

(DOI: 10.1177/1420326X17694475)




Kazuhide Ito : Toward the development of
an in silico human model for indoor
environmental design, Proceedings of the
Japan Academy- Series B, Vol.92, No.7,
2016, pp 185-203

(DOI: 10.2183/pjab.92.185)

4
Sung-Jun Yoo and Kazuhide Ito: Transient
analysis of inhalation exposure by using
computer simulated person integrated
with PBPK-CFD hybrid model, Healthy
Buildings 2017 Asia, Taiwan, pp 135-138

Sung-Jun Yoo and Kazuhide Ito:
Quantitative risk assessment of transient
inhalation exposure using PBPK-CFD
hybrid model with computer simulated
person, COBEE 2018, Melbourne,
Australia, pp417-419

Sung-Jun Yoo and Kazuhide Ito,
Numerical Prediction of Airway Tissue
Dosimetry using PBPK-CFD Hybrid Model
integrated into Computer Simulated
Person, Indoor Air 2016, The 14th
International Conference on Indoor Air
Quality and Climate, Belgium, Paper
1D:697

Sung-Jun Yoo and Kazuhide Ito,
PBPK-CSP-CFD Hybrid Analysis for
Estimating Indoor Air Quality and Airway
Tissue Dosimetry, TAQVEC 2016, South
Korea, Paper ID:1313

0

(www.phe-kyudai.jp)

(n
Ito Kazuhide

2



