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2017-08-16 Wk, 2017-09-19 (01, 2017-09-19 435%, 2017-11-14 FIZE LA 32
5 A SR BHA 342 (21661142001, 21325729)FI K 17 8 J2 IR A A QI8 SCRe iR %3 BY

HE AEMFELATANFEEERALW DN ELRE, RPN ESFERNTFNRBER. X
R AMAEERS, RASEEGWELEUNLAMFEADERNELRRENGRERR. £ EZFRFIHF
(physiologically based toxicokinetics, PBTK)% AL U ¥ 7€ & # 38 4.5 dh 72 £ R R0k . oA . R, H st A2,
A2 0 A 2 AR R P M R B B R AL, RER G R PR R TR E R R L. PBTKAE AL 3 — & Al TR
(in vivo)-T&4b(in vitro)B MR BAE W 4b 3 . EH B EE, EXFEESARITFNSEEF X EETENR
Fl. AR SCHEIR T PBTKAE &L By 2 ARHBE A B A Z#PBTK 8 07 %, M4 7 A APBTKA B A AL 5 & 4 A KU AF 4 8y i

A, HEXMPBTKME A th X R H AT T R HE.
Keptinl

A2 it AU PEANY 19 A S5 2 b A A 2 ot X6 A )
AR R G AR PRI A [ (R e B S B R R
Rl Z e &Y. B8 b, WA A R R
e BN A2 S BE TR0 SR, ZREEAEIREE
A i AR BE AR, ML ZTF, A
A PN 2 B VR B 5 A2 i i L AR AR R AR DG,
e B3 I Wb 22 i B B PR RN . A S AR TN R R
e B 5@ o R Gin vivo) s sc e, (B AT
AR S 14T R, RS KR AR
A2 i, 28— 33X 6 40 S5 FE A ) 1A A AT B ) 2 R
WRE, AR . FERTK, B iR B R S S Ry
X (replacement) . V& i (reduction) . 4% 4l (refinement)”
AI3RIE I I H., 256 F Be X e I 22 fb 2 S 7 5 a2
s 1) i, B4 S PR 5% 0 R BB, M LA SR A5 A 2 S e AR i
W% G S, g LR 8, 556 BhE At
B J1 % (toxicokinetics, TK)FEAL, & 45 TKAR A KL T 52
IO, AR, RN RS SRS

BRI, FWRN, £EERIHFRE, BoHMHIE, LFE RSN

(AN BRER . 20U AR 25 R 43 A3 22 L), AT
SN S TE A W AR AR Bl g 2 AR A T
VEZ AL A iR I B X R RO A0 L 2l
SEAE YRR RS IR R TR RON . R, AR
A R HE SR, A BT B A 0 A IR
(5 PEAE FHAIL L. (508 5 5 56 T B 52 fh 27 i B A
W RE M AR i an, AR XA ) R B (Daphnia
magna) AR B R BUEG /I, X LI H 9 8 4% B B2 21
PEAT - BRI S2Be BOR ERYER, mhy 1S A S
W)L IG BT N B B A0 A 1 E B RR AR peAh, AR
B H AU, X T AR R RA EE ST Y
FPERAELAS 5C 1, (EAT BRI 3 9 g BR 4] 1 ) 58 24
Ay b A8 S 36 E 5T Xk T T R O EL S (o BT I
Phocoena phocoena. E#5Delphinapterus leucas)si A\
TR S5 BMEAR AT A WU AEAS A Sl ), 38 AR HC A ) Ao
(W14 28) RO B Al S HE, W BRES AL J2 T RE Y 22 S ik
R ST BRI 2 VY. A% G TR A Hy T

SURRER: Tk, EiER, PRESC AR RS ) AR AR A 2 i A S KU T A P A BT . BR245E 4R, 2017, 62: 4139-4150
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Z AR A O, X L T o A ) Y N R R
FE, AAELURE SN 25 SR A R R ) R 5 5t . AR R
WA SR R, R ST RS v A 1k 2 A XU R
B, FEHEATHERR B, AR E R R R B E i
JEIR ] 8 22 Mo ok 55 OGS A AR A [RlesE, andar SCIé4k
=7 i ) A % B VIR FE RV Y B MR B, At XS
B AR 2 I Ak 2 AT AR S RV PEA (1Y — A I 5 )
. R 8 11 2% (physiologically based toxicoki-
netics, PBTK)RCAY, A B AE fiff-he 3 4 ) 1 oo 5 44 o
BAEH].

PBTKA AR T 245400, 172201 20 30418
B0 TR 53 25 W 78 1A D9 1 B BBORI 43 A i 2. PBTK
BN ot SR e A, AR B AR i
S =S QN EAVES SR (RTINS N = N |11 S EAE
R A W FE J5 )l 42 R ST B9 % (compartment), 5% 2
(i) 38 ok I VG PR R SR, E— D B A )
PRAL 22 R AR A 2 v T, X A W AR I UK (absorption) |
434 (distribution) | 1i§f(metabolism) . HElH (excretion)
b2 5 A i3 B2 (ADME) fif i 2 3R ). 72014280
AR, PBTKA AL B i w7 ] T 25 B 22 Gk, ook
JEMEALZE S 2 B8 Gl . 2,3,7,8- P05
AIEIR G ) B TR BN Jy S ad VO (A5 A,
20 24 A3 RD I 1 7 B~ A0 (R PB TR B A, 7E XA
Y. BREREAS . BREERE . BREERTR] . @ H S
TR 22000, RUEG T TR Rk 2 i i 5
A5 7 A PBTRAR U A [X 51

A2 i RURS DEA A A2 00 B 04 2 O e A ft iR
(A B 5 T RO PB TR 7 K 22 D i A= i 7L 5
Yyt B Mus musculus™ . K B Rattus norvegi-
cus!' MY B Sus scrofa domestica™ | ¥ Canis lupus
familiari™® . BiMEMacaca fascicularis™ %5 STH6 Y
Ay, MR S0 A5 00 bl A= v 2L B =2 AR B
T2 AR A B K. 7EIX U7 T, PBTKE AU A] £2 41t
A2 it A7 2 58 VA BRI PR B AR B ) A DG BG, F
11T/ N 55 0 e A A ae e ) A At s

#*1 PBTKEEEHYHRSHERHRT FHXH

UTAE R, Al i U DF A (9 90 R 2 K 3 A
AGEY, IR A PBTKAR R SR FH A # X A= 35 i 2
Ak, DNH UL R A il ZLsh W i B0 v s 2L 3h B (n
Pt BRI IK" . JERAE Ursus maritimus™™). &
BRAndtE L EFalco sparverius® . W Gallus gallus
domesticus'™") | 2555, H A A ST 1Y K PBTKAR Y
K M B B L AR AR £ (U0 AT 88 Oncorhynchus
mykiss'™ | FAL Al Pimephales promelas™ . BE i
Danio rerio™" . 50 Rutilus rutilus®® . YE LT 5 ik
Salvelinus fontinalis®? | ) 21 f5 % Salvelinus na-
maycush'™ | 38614 Oryzias latipes™ . % £ Oreo-
chromis mossambicus[zg]), 5T B 15 Y Wy Fh 25 06 55 1%
SR AMEA DG RN 25 g | E AR
CANFREO A B DA KT AT Sk H A T B A LTS )
(g HUBE BHIRTRI P2 M 2R 55, Tk (1Y
AR i A0 X 95 e ) o A AR A B P I SR 3R 1 R
ZEFE VRO 2 P A R E RS R R AT

25 b, PBTKAHYREAS JCHK b2 il AP 3% 88 /KT (BF
BV B ) FIVA PR DGR 25 B VR B, LI Ak 24 i AE A
L[5 v e B B A R] ) AR Ak, T RE A S i A B S B0
b Cln 5z e 4 i 22 5 ) %6 75 Y ) ADME 3 2 A 52 i 1),
TE T G ) (0 7K B0 B8 A 28 RS PFAN Hh R 45 AR
AR SCHE A XK AE A Y2, A G PBTKAR 10 (1 44
st . RS S A S KU PEAN TRy N, O R
PBTKHE A () % JE T 5K, Aiv B X PBTKAE LA % e A1
ey

1 PBTKE R R HEL )i

PB TR (%) 4 738 A 45 5 A P00 (1)
FEAR I B SR EER, (2) AL M BEAR Y, (3) & AR
RIBHH, (4) SRAFITREAL, (5) FRIUPEHY.

1.1 BiE BRI sk gt

AR A iy LA Y ), A A IR Al
TR YR N BB ) o i R REAR B R, Rk

Table 1 The difference of PBTK model between drug research and chemical research

5 R BED RHiE [ L R AL
Zp WA AR M. WOKES . MRS ik LWL . P2 R
foph WA, M. K@%, HERL VRRGE. M. EROE  IGRE KWL RSREREK KR

LiESSs e 55
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iE R

FERA T B I AT e AR L X 45 e A Ak i A
SCPBTKEHS, T5% B E | AR . U
2 i 1 S M R s ),

W E DR A E R R 0 =R, M AeE
TERR AR E AR Bl A S A 8% B oW 1 22 I
MR B 2 . YA W A ad 2k P | 3 b sl R ik
FEAAL S S, T 23R B/ B B A B R k8 A B
M. M E AT ) B A i R 3K
RN 12547 R, BO% AR B Ak i vk B R s ] AR Ak
FUE S HAL S B A B o 22 S, W5 8. X TR
R (IF 2 B 7K 43 L 2R 8O0 E(EH log Kow>3) B8 S5 I
P (logKow>6) 1k 2 i BT, 75 44 i 5 1 Ay 20l i) % 4k
LI TP O R < = & ¥ A k= S T G (L N AN = S N
Jig 0 % He sl 12247 s AR /N, AT RS . X
KHANG) N E AN E, TR IR — Ak
2 & SR I AR A R B, R I g AR R A ZH 4
Y8R “FE 43 E 1 % (richly perfused tissues)”, [fiL i 4%
B 2 200 K] A “JE 78 73 1 % (poorly  perfused tis-
sues)”. [&11K K PB TR B KEAS 285 k4 7 25 &

1.2 PBTKI B ERR

Xt BTk E 1) 253, 51 AL SE i ADMETE 72 1
RSP O RO A, W AME A S AE A )
TR 1 SEER R LK A R N 2% L 4/ B =2 18] B9 23 B
JE 52 AL 38 (B A7 L 98 U A S S A JoR A ) BR 7 s S
20 JE P R BB . — e, X iR/ ER
HARARTE R oA b, LA R RN B L I/ ok 1
BIER B H LT, Al R IX S o7 W AH 2 (8] fY)

L0l

RS R

B 1 (26 R () (R PBTKASE 28 A SE AR 25 1 7R B . Bk F 3
#k[23,33,38]

Figure 1 (Color online) Schematic diagram of the structure of fish
PBTK model. Reproduced by Refs. [23,33,38]

G TC 5 16 38 ) P-4, 0b AP = e f) 0 Wi T 52 O
BRA: AR S, B AP R BRI A3 C i 2 R R0,

P il B W MRS i BRI P G 2 i 5 0 A W o
B HE LI AE PR R G A . A2 ol o I R R
BERR RS | I R HE AR MRS, A=W 5 e 2031k
iy /a2 A BRSSP B R e R0,

101 2858 2o P W AR R BOK A Ak o Sl i, (R i
et R 52 i B (UL VR A A ) B ], £ 2 5l fk . v
A2 it e g g 1)

nﬂn(Qw,Qc'R,w)-(Cw—vaj
+C

bw

C =
0.

Ho, ¢ sh ki A Ak 2% ik B (mg/L), CoNIR A
Jok it TP A 5 i e B (mg/L), Gy R K HR AR S R
(mg/L), Py W ILWE-KABLREL, O A B2
(L/h), QK Ut H 2 (L/h).

XFF R RR R R, Ak A W R B HRR i A
2 7 JR W ST R A A A e 1 2 i R R T A el oK A
Ji SR o AR R A

dc, 0,-(C,—Cy)+K,-A-[C.~(Cy/P.)]

ar 1% @

JUHR, COMFRES AL SR I (mg/L, 257k A2
S IRV HE AR MR IS, Coh ok b A2 e
BEFEAE 2 O HALA WO 1o AR, T C A%
o SR ST, Cochy e TP A ik B (/L)
C o S0 4 12 K 1 BB KL P25 VR BE /L), P hy
P -FREECU: K 2SS IR B, Qo B ik I 37
HE(L), Ak g ik 5 68 T L (dm?), K, 15 B B8
(dm/h), Vot B BRI TL(L),

T2 5 B 1 6 A 0 — S ah g o i

%%[34,38] .

(1)

d
Ab = KO ’ Aslorn ’
dr ‘

. dA . N
E¢,&%D%wwﬁﬁm5,ﬁf%%$ﬁﬁnh

PRI K R (mg/h), AgemtR B FPALEA AT B (mg).
A2 i 38 WS VE A A R 2, AR L
WA mB S AU B . o mete R fE A7 . Het
A B R AE BR o A2 i IR B R A A2
{405 8 AR A A R B P YR AR R L L BUR AR DA K B 1 2
AR R YE . E S e A R g i o A AR
F2 B 7 AT R W, b S R R A
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E HEe:

L_g -, @)
Hirp, AFRH AP A2 i = (me), QF8 44 I i =
(L/h), Cy 78 it 5 40 2L ki A Ak 27 & e B (mg/L).

OY A R 322 P RO AR R O, AT AR R

s IE 7 R U R S S TE L A B8 2 TR
AT

dA

C[
?—PAI(CW—F‘} Q)

Hrp, PAE FTs 564 R E(L/h), PI8H L -1 53 BT
FE, CARA LA R (mg/L).

b2 i Bl I o) A BRI A B R, SRR
B RAAEER. QRS AR WA T R R i Ak
DL B S AR TR B 45 . A S RE A R N R AR
AR T BB — S B 12 L s i sE s A s
SERUA. TRt R, AR R Az A
JEE BRI s 24 Ak i v R Al PR e S ) R R
MR A R s R, SRR E
) Tt B RS A RS, ARG S I A m TR [T #E 3R
7. PBTKAR Y A iR AR gt A A R R

d
*ﬁﬁ@~§?=&fmw (6)
. d
eﬁﬁ@~§%=&cwwqp )

dA Vow - C
}KEE&@ met _ " max vt , (8)

dt K +C,

ﬁ$,%%%ﬁwﬁ$myumﬁeﬁﬁwﬁﬁ

(h™Y), K8 — AR E(L/(ng h)), C.H5ZHZ b i A
T B E (mg/L), VARALLURBUL), Va8 BEAE K1Y
e KR (mg/h), Ko d8 K KH £ (mg/L). Lk 7 &
AR 2 R A s T Ak 2 i A R L P e R SR A
I A Fe KOV A0 AR A 2 5 2 i Y 3
RELR, 3k by AR mT AR A 2 (4)— Rl R i

R s/ LN EZS O N X TIN A [ U R -
Jo s AR AT 1 43 w4 i AR 7 A AR R A T
AE £ 1 HEME AR N R GE0E 30 I B . 32 B Gk
BT HE Y . PR IR KRIR. R
TRV I 4 1l 3 23R i e R 900 8 B % R R I A
MR A S AR I I 4 . TR
i FHE AR A G Al 2 404 PBTRASE Y 38 5 F I
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M TR o BRI -2 /7K PG 2R B E A T 4t 0
P2 3 o £ B T 0T R RO A
C

Cop = PV ) ©

Hr, Copti HEH K /2L A W JEE (mg/L).
PR i 5 10 AR i i | R S D T AR
FIRAUI, AT R R:
dF

—=GFR-C,, (10)
dt

SEh, PHACE 8 i (mg), GERAR /Rl %
(L), C, 626 5 L2 V¥ (mgi).

2 B SRS 7 A R o e 2 A T
R

d—U=U0~Cu, (11
dr

Hdp, U 48 IRHEH &2 (L/h).

L3 g UERRSE

B A SR BT AR TSR IR
BOMAE WAL SO R 32 5. AR B S (n: )
RpE  SAHZUAR . FA8UniaE . Ok RS
Al BRI . SOk A A el A ST %E . Brown 4
NHRGERTAWRTE, 4n T/ KRR . . T
MNSEH WHA Y A S S % E, HEPBTKE
BEEAE. KAt RESE A IS 3K
B RO T SR K AT R AL - S
Pie 28 B8 LA K A - 1 R 4 BT AR B AR R AR £ A3
Fir: (1) HEE & %5 25 19 F2 28 B AR 3l 0 2% ol Hh R
B 2) FII#ESE . ST DA i AR
MARSN R GEAREL, (3) MG ST FIA: P2 G HE B,
RN R]. 0, RS Vi, Ka) T8
ORI NS R A DRSS 3 €1 R T R ATI DO 1 ]
ZU) R O T RSN SR I AS . AR R I
AN IR, X T aaE i, AU R R B
B [F] — g, RSP R SRAS K (B T B 3E/EPBTK
BRI REHT. T T Vina, PRID S50 D0 7 #9527 N 73
LA ) Viax, TETH IR FLSEFREAC B, 75 AR
AR N FR S 2R G0 v il & i 22 (W) Y 22 5, ORI AR S
B A P IE (A8 R AR S 1 2 K770

Vinax(in vivoy=Vmax(in vitru)xﬁ B BTk B xH SUAFR.  (12)
A 5 W K456 DL S HEM SRR A G R R 2
Y CIBTBUR NS IR SN g s A a8 X VL G E2I
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1.4 CRfEJIFRAH

PBTKAE AL DL 5 e 7 SR e b3k oy O
2l Gl HAE B SR SEEE. H R E A AN A R L A
FFPBTKELRIR i, (065 %] yPBTKEUMI Ay
BRAA (M 780y DA B — 8 AR B0 4 42 Gl T 7)),
T B PBTKEL L A (A1 Simeyp(www.simcyp.

com), PK-Sim(www.systems-biology.com/products/pk-
sim.html)F1GastroPlus(www.simulations-plus.com)){E

BEAL AL I R PERUDN, BAFE R T ek
G A R R BEAR A 2, A Al I R AR A S PR
K 2% BT 23 AU AT 21 B A AR N B 2
U R R LR OPON DRl (IR AR R K (VT o 5 & 2
%, 38 BB F AL (UIR (https://cran.r-project.org/
web/packages/httk), MATLAB(www.mathworks.com/
products/matlab), ModelMaker(www.modelkinetix.com/
modelmaker), Berkeley Madonna(www. berkeleymadonna.
com) Fl acsIX(www.acs1X.com)) 7E B4 1o F2 i 1) R 76
JERE, BRI EEAHE SR th AR B e, R A
Gt . W T R AR R R M TR IR, [
TR —E WU g PR BE . 3 3 AR ALy A
ARG, RIR] ZRAG A2 i 78 45 3 vb ¥ B2 BE I 18] 19
Ak, B e AR AL £

1.5 BORUIEGY

— B TRRISE M . e, S8 IR
B X R R AT A 1R 2, T T ) A A A AR
PERESEATPEMY . A5 A0 DE A 40 F55 455 760 A DA RS 78 6
VA T S A DA 9 A A A AR S5 A R S 5 A=
A, DUCECEE T R RIS 24 1) 1 A

X FPBTKAL R Y U6, 778 £ 5 ik, Hi Ak
TE G —hntE. BAYSRUE, 50 T PR T A 455 X 455 78 i )
48 T T P %) S R X R AR A A s e L A S AR
PR AT, R TIN5 SR 0 gk 2 s — 2%
o e B I o 1 28 A e 3 0 B 0IE, 3 A PB TR 784 i)
BT LY/ 38 B b Ay i B0 vk 5 Bt e i) 2 £ %) il
2R, 55U G (10 45 A IR ) A Ak 0 v R A LA,
W2 AR A e B 15 — 3200 5 — S X ik
JE R BE, 8 it AT AR B R A LU E T — 4
Al 2 5 S A 25 e R ) T 5 S 6 L % Il )T R
(R*) R34 J7 M1 25 (RMSE) 3K ) W 5 8 13 ) ik g 1291
TR 2 O o A 4 A AR L T il S T &%
ANWER, AR B Y A N R BAS o B . X

R PEAT AN 1R 73 M Al 3R A 2 KR 22 R A5 1 i i
(O E S, X A5 Y 47 28 S P o A T LA R AR 45 7
e A A 22 S S B B A B 2 gt )2 S e S
N7 8 )32 55 2 0 A S, BN Y AN S S
PERI AR SRR D 1 BOMIBEDL A DL 47 7K m]
K SRR BB A5 T IR AT A3 A0, U 4y
Al G P L A A N RSl 2 AR Y 2
SR R R Rk, W RS
BEAT T, BIINAE BRI BT R — A i A S B
1%, HAWSEARFEA S, WA a0 72 A0 e 2
THABURME R, X AT AR | AR S L
e SR 53 BT A B T4 iR PB TR B AE £ 27 1) Jot XU
VAN PR AT AF . FEBEAT I BT, R R A A 4
R SRR G PR ] A o B R LS A1

2 PBTKEERUAE R 24 I A 25 WU VR fr b
W]

PBTK A fig % 2% & 1k 2 i i A A= )& J5 ADME
TR SCHE AR R, STk i 1) A R U R R
WRE, Wb e iR N i sh AR b . FEfk
2 KA S S TR o, PBTKAE R 32324 L)L R LA
5 T A4

2.1 In vitro-in vivo¥MiE

& 40 5 B 2R A 7 2 K SE 00 B W 2 15 T =
AR S, SRR RIS IR ERN, B2 A M
Z R TR ARG R Y D, o 2
HPEM b2 b KBS A& Gin vivosg PR Jr 12 47 75 #E
Af K. 2R . ShTE AR R R L I 2 A AN
B 2 P A T T AR OR, B R R 1) R AR
KT . ARG Z AR B in vitroD J7 %,
SR, MRAEin vieroMAZ S 474k 27 f ik, sl
VE S 8 P R 2 T R AT A2 i A B U A B, T
7% Ak 2= AR AR N G R =R AR Bl 2 R (n
AR EE | WEBRE L A AR )X in vivoBE P
AR, 455 PBTKEARI W in vitroSZ 56 il #5114
BN A 5 in vivoB{E AT A BOCHK, SEin vitro-in
vivodME. BN, Brinkmann %5 A PSR AR K o 4027 5
1 A 2 BRI Vi B (ECs), 1) I PB TR 784 35 ) 75 %]
AR N in vivorK FE-HIECsofH, Hin vitro/KF-HYECsofH
HATELEAF BN MEAOC KR, FEin vivoRUW, [H (B k2K
A, AR in vitro B R0N IR U AH N in vivoZS N [
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8, £Win vitroL K (H 5 PBTKER AL, G ), AEWS
BACAK in vivodZ56. Wambaugh®5: A PRI v 1
(high-throughput, HT)RELin vitroSZ 5504, HEr
HTPBTKAE AL, S Bk 2 it I 0 v 88 1Y) v 3 o 2 I
JEUEMIBR T — 22 A ) & 4R B8 J) = Ak 2% i, K in
vitro i ¥& 1 3R B0 H A A W % PR 09 Wk BE AL Ak M in
vivo Sl it (% 52 1] 59 12 ) 42 15 (reverse dosimetry)” i
TRZEAE . SR, TEi#EATin vitro-in vivodhfE
A, AR B o i A A AR A ki 2 PB TR R AR b
s A 2 RS DA v 38 381 198 D 20 ) R

2.2 Bk

EBRRGTFRE, U ES RS H &Y
Pz — A7 A2 i A S RS PR, T PBTKA Y BB 45
M%) R — AR g 2. PBTKAE R 25 TR )
Ry A= B8 A 57 ) — R R AR R BEAE S AR W
AR RO G R, AR SE PR T I, A
RGN, WS A A SR, W] S B ES H) h h HE T
fig. 140, Brinkmann%E A PORIE ff 55 A HAE H AL
AR, A N ST A B | T T e A S AR
FPBTKAR YL fith [, ok e 4L A Y g A S50, At
A 25 B fr RN AHA B, 8 ST B 4Rl I PBTRAR A,
SCER T fbsA S R R S YR AMEE. 7R FHPBTK S ER
B4 R AN FE T, A5 W ARG AR R A TS RO A
R AR S R

2.3 ARG IO fi ks

b2 B A ) B R DT AN 2 A 2 AR S U B
M B BN, KA Y E ST (bioconcentration
factor, BCF) ] H TR AE4b 2 i A ¥ & F e J1. BCF
T H PR AR R R S0 I R, ] R E A RO &R
(QSAR)FERI HEAT TN . SR BCFH IR 7 ik B AH X
(U2 5 A 1 5 K R 2 408 5 I 305, OECD
TG305), {HAFLESL5E A A | G 3 (& 38 % ) 55 [h]
. QSARMLHY i RE 52 FLBCEE By TN, 20 3% bR T 4%
FE BN . PBTKASE BUAR 48 1b 2% i 1) &1 2 55 ¥k 2 T
DA P AR 25 2 2 B T ) b 2 o i s [ A ) VR
h AL G2 0 B AN F8 AR B A T — A AL EE T A B B 1
T 7, AMUASRASBCFE, o A] iz Ak 2% S 74
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Application of physiologically based toxicokinetics models
in risk assessment of chemicals
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External exposure concentrations were conventionally employed used to quantify toxicological effects of chemicals
in their risk assessment. However, internal concentrations are more suitable for understanding the toxicological effects
and conducting risk assessment. It is necessary for accurate risk assessment of chemicals to predict the internal expo-
sure of chemicals from the external exposure, and to know distribution of chemicals in different target tissues/organs
(e.g. liver, kidney) of organisms. Experimental determination can hardly get high-throughput acquisition of target
concentrations due to analytical limitations and expensive cost for in vivo animal tests. Alternatively, physiologi-
cally based toxicokinetics (PBTK) models that can quantitatively predict absorption, distribution, metabolism and
excretion (ADME) processes of chemicals in biota are particularly useful. PBTK models could be used to predict
the target concentrations, and to relate the environmental exposure concentrations with the target concentrations.

Development of PBTK models can be divided into five steps. (1) Specify the general model structure. Portal of
entry, target organ, lipophilicity and metabolism of chemicals are basic factors that should be considered. (2) De-
termine the set of ordinary differential equations representing the ADME processes of chemicals by the organism.
All of these equations are mass balance equations. (3) Define model parameters, including physiological parame-
ters, partition coefficients, biochemical rate constants and environment parameters. (4) Solve the ordinary differen-
tial equations with proper software. (5) Validate the model. Simulation results should be compared with corre-
sponding experimental data to evaluate whether the model is accurate enough. Sensitivity, uncertainty and variabil-
ity analysis should be performed to further optimize the model.

Originating as a tool for serving pharmaceutical industry, PBTK models are now used in risk assessment of
chemicals. PBTK models can also relate the in vivo toxicity thresholds with the in vitro toxicity thresholds. The in
vitro-in vivo extrapolation can facilitate the utilization of the vast volume of high-throughput in vitro data. Tradi-
tional in vivo tests only focus on a limited number of the diverse species residing within an ecosystem. PBTK mod-
els can provide a promising cross-species solution by establishing physiologically relevant models for various spe-
cies. Besides, classical indicators for hazard assessment such as bioconcentration factors could be re-evaluated by
PBTK models with upgraded accuracy and details. Furthermore, it is possible to simulate the risk of chemicals that
exerted on organisms over the entire lifetime of organisms with a sequence of PBTK models representing different
developmental stages of the species. The combination of PBTK models and toxicodynamics (TD) models, i.e.
PBTK/TD models, can further realize the simulation of the dynamic distribution of xenobiotics as well as the effects
simultaneously.

The power of PBTK models intended for ecological risk assessment of chemicals is yet to be fully exploited.
Current PBTK models mainly apply to chemicals of neutral states. However, the molecular structures of many or-
ganic pollutants have carboxylic, phenolic groups, etc. Thus, these compounds can ionize under environmental pH
conditions. A compound with different ionized states could possess different intake pathways. Thus, certain modi-
fications of the mathematical form of the PBTK models are necessary. Another major obstacle is that the sophisti-
cated parameters of PBTK models cannot be easily collected. Therefore, schemes for a high-throughput acquisition
of the relevant parameters (e.g. quantitative structure-activity relationship models) would be highly useful. Fur-
thermore, PBTK models should be extended to more species of ecological importance.

target tissue concentrations, toxic effect, physiologically based toxicokinetics models, cross-species extrapolation,
risk assessment of chemicals
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