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Abstract; Before the 21st Century, plenty of laboratory animals were applied to assess the toxicity and potential
health risks of compounds. However, with the growing production and application of huge number of new chemi-
cals, these expensive and lengthy in vivo testing showed their limitations. To address this challenge, new approach
methodologies have arisen in the 21st Century. Many of these new strategies depend on in silico evaluation or in
vitro toxicity pathway in human cells. The results from new strategies were expected to be more closely related to
humans and more cost-effective to use. In this paper, we introduce these modern toxicity-testing strategies and their
applications in the toxicological studies of per- and polyfluoroalkyl substances (PFAS). Finally, we summarize the
deficiencies of new methods, and hope that improvements in these methods will lead to a promising application in
the future.
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and polyfluoroalkyl substances

20 22, AR HEE B A=A R 7 24 2= BT IR ) S AN
KR, FHSARE AZ O NS RIS TR G e
AT PR BRY Bl E 2 R0k A i 0 AR R
FEAATI PR 2 i ke s 2 i oKk 5 H
R38N, A BURITECRBRE AR 38 7 i i [ sf, H
PRI A T AN BTt P B A Rl ™ 2 R 1965
A [#] PR 7 3 2% 25 (International Society of Toxicology,
IST)W ST A ) M3 1 8 2 A 2 R 280k, 7
X — o S A AT A 2 i S B TR A K P A
0 B A ) 2 A S P B 2 R AR T R A A
FEARBY) SIS A5 ) 1A S 240 i S 56 BAF 5 A R ]
S Je | DT B B 2N VA ) AR BIL T BIF 9 K SR
21 L LART, 2 AN R 04 2 9 IF i g 22
RIS, 15 28 58 N LI A B YL A 798 = 5030 A
455 P FIR 2 R A AR 25 & VPG AL 7 doxt
FRERH T REHT RIS, R AT AR A AT A — D5
AAeE 2, 12 FEORS AT AT 25 1Y Bt
BEFLAEBFOEIN 5, WUR AT ™ ] R 45 2R, 2D
T SRR AT EE A () A S B RS Y
SEE B A RAMER S A TERZAE N T %
B (1) 2 S g AN PRI R T Be X RE R S LAY
EAME, ATV 2 S YRR G 2 KRR AR
NFERRRE IR Fh R R EE AR LA 4 R B 2 i
BT SR T T EE A R R PR M, A8 58
R MERR P AR A RAE TS Sk T R A B R AR
BEAHE AR 2 00 ] BE , PR B P I Ty AU 2 AT —
Y RAR

1 21 22 #7E& 2% 75 7% ( New approach methodolo-
gies in the 21st Century)

e Ge v I T Bl S M8 30 ) S 56, R T X
ST BOANHE By Bt FERT , AR SEE Sl i T AR
K5, 5 R 39 92 55 5 5 N I &R
AR R AR R A Bk B, PRI B B K e, )
BRI AE G 0 S S g A T LA EE 2 O U
M#aFY, 1959 45 Russell A1 Burch &£ T ( NiE &
NELEH AR FE Y (The Principles of Human Experi-
mental Technique)—5 , $2& H A=W = A0 53 b sh W) 512
5% 3R FRIE, BRI /D (reduce) | A4k (refine) AL 3
(replace) , LA ZE 3 S 56 5l ) 4 F A A 25 A0 A A2,
N T I OR S E R B BT 2007 4R & A
Toxicity Testing in the 21st Century: A Vision and A

Strategy; [F)4F £ [F FRE R4 5 (US EPA)HE ) B 7E PR
BTAl Ak 27 S AS RS20 i ToxCast 045 % ;2016 4F,
R AT A I Ak 2% i Xk N 28 {5 3t B 1Y A8 5, 36 [
Frank R. Lautenberg Chemical Safety for the 21st Cen-
tury Act (LCSANIALE S G F PFRAR T T8 i Y
BOR 00 T ARSI B A2 D BRI S 4
fi i) AT BEC; KRB REACH (Registration, Evaluation,
Authorization and Restriction of Chemicals)t % 3K 14
Ik A5 200 B R B DR Ak 2 i 1 &2 2k | TRl s
WD S SR R AE 2017 A AR R BRI
UM #E 47 9 31 9 5 7% (non-animal approach) ) {5
WM I 2, 3 T R vk S8 A0 O I 3 2o B
2 )71 (new approach methodologies, NAM)#2 = 1k 2%
B PEAROR | 52 SRR I A T Be N8 K H A 5t
(R A A P 30 o i | v U e A IR
R A2 E B HE AR IR Rk

NAM 7] DL R 5 T Sk A I g 7 i 2 M
WK SRS A R SR, BN AT 3l o it
F % K & (quantitative structure-activity relationship,
QSARMEM fbA Wy s e 25 1, bl e 75 0t etk 2
it (priority chemicals) & ., {5 3 1 1) T 44 4 Jifg
SRR R AT AR B I A R S o ST
- S AT AR ST ) 4o 7R BB A5 T B 5 e
AR R 2R RIS 2 68 55 T AL G W E IR N Y
W oA AR HE N E : (ADMET) M T i) 2 7
RBh 1R R E DR AAR N 3l 7 22 R
SRy AT A B M S50 R B AR RS B4 PN S (in
vitro to in vivo extrapolation, IVIVE )7 F AR Fp 51
5 e A N R R S IR OO, 5 AR S
JITAR PR R a1 5 A o AR S5 2505 & (the human
equivalent doses, HEDs), 25 & #¢fC sl J1 245 ds it —
HMEHI S 5 BH(RIDs), THE 27V (in silico)
B S BRRX B 7 B0 T e AR, 491 4n 655 %
TPk i A= W0 25 1Y ToxCast BUHE J4E BE 1% 14 i X}
A5 16 3 I IA R, TiE G 5 38 1 07 1 (high-through-
put screening, HTS) B 5% N G2 A 30T & FF e idb A
BRI TN GE T , XAl S MRS s A T HE Y | i
BEPEVPA A A AT YU R EE A S B AL 1Y
RE U A WEIE A 45 )R % 4% (adverse out-
come pathways, AOPs)iX —>4 5 YL EAHELL , F1] H
TR T B2 G B, o PGS
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SRR BT AT TR RN 2 S S AL 5 W (PRAS)BIF S HH 1) B ] 51

f4:(molecular initiating event, MIE) ¥ 4f , fit # | ¥1 75
I S AL AN T BB A B BT R & 2R 1Y
— ZRYEEEFAT U B SRR A TS OC R S A
HERR, 8 MIE 5 “ A #4577 (adverse outcome,
AO)Z B ORI 5y Ah e AR v i) — %SG B e
(key event, KE)A] # 4% 2 5% AOP , T X fp e 52 ¢ Joi
REW AOP, #7524 1) AOP [£5™ £ %
41 i 22 A A A AR A AR S D 5 8 A A R A A
25 R PG  IF ST N BT 1 2o B 4 ARy | 45i)
W nT FEAE SR B B A A PR R 5 I 2 R
AMI(IPSC) 3D AR ML R &A% B WOR AR SR Al 2t
RIEIAS B0 A R R A BE R 48 (MPS) 4F , i 4
B AR B — 2L IR RMA P A AR Y ] 1) 2 500
e S22 BRI 2 A RN A 4 2 45 20 2 (omics ) BF
FEAA JIHES) T R RN ML B 5T 19 2 1K, 1E
Bl — ST AR R G A ) A Y T AT Y
BT B, Bz, X NAM ASH B EE T 58
U 1 AP 7 i ke i R £ A () R T L B £
i E 0% 42 1 1k 7 ¥ Jot 4 455 20 (mode of action,
MOA)F 2., 35 ML 45 S 5 AN A G pE ) 2
HI L, 72 NAM A0 T a8 T U R B B, BE%
SRy B e ) S IR LG R B R S, TG b DG i
LRI E L 2 AT

2 HREFAFEEANSEARELXUSYHAR SR
BN F ( Application of new approach methodolo-
gies in per- and polyfluoroalkyl substances)
2.1 REMEZREY LGNNI ERA 2
AN Z U HE AL 5 W) (per- and polyfluoro-
alkyl substances, PFAS)J& DABEEEE B 40 ki 28 I
18 4 T B R 3 U B 1 U 1 B & A L&
P A WA A S R R R A
W A S HEZMIRE AN BLOK AL RS
i ] LK ) PFASH Y K4 PFAS i H A #5581
AW 2R YRR, O™ E U AR AR R
PGB, 7EE FE N TR Tz e P, T
PFAS HVRTEAR G F RO, [ Prt 2 T 2001 4-3%
[ 2525 10 B TR R A VA LTS e i 1 B 24
CITERE RN Z) | Bl ZERE 42 98 e R (PFOS) Al
IV TR(PFOA) K HI A Z ML 48 PFAS ITAZ
AMEIT R, S T PFAS M2 2400, A
S B AT AR B BB ST, I R S SRR
#w BT T PFAS TEAR N 7R FOFEPEME TIPS, 1
/N T &4 PFAS IRA Wk, 5 %) id

ZHAR LG, 25 B R4 05 0T A 90 , ik B 0 2
PFAS B HEAR i F R R 2 — P BRI
BEESL , e GEEEEINIKT7 5 18 UE W] PFOA 1 PFOS
2P EUAFRESTREAR TR IR 1 XU 15 i 0 xof
FE BT PR N T B S R i 7%

B AT AR AR KOG T PFAS 1 BE il 7 3 2%
A HILEPEAL L FERT R K, T PFAS AHOC T
K RRGH  f 58 PFAS (A= 7= R i 52 2 IR S
5 HAE AR A AT B, Anfel SE M4 B B
M A PFAS BRI — IR % I, X Sk
IR AE R Z 2 A, KA RS
i PBT (persistent, bio-accumulative and toxic)4 ¢4k,
O RENS 28 1ok B i s AR % AL A PBT ReEmy
PFAS 1575 HARBF ™, i, A L2357 & B PFAS
HIA, A5 Tovk 5 AW IR N H LSS R Ko 145
G AR AT e 54 0 R AEAERL 7
AR B EEPERY DRI, Y T AR T T 2 A I RN
i F-BOR R XT PFAS BEMEAF 52 TG (3T (R R, T 3C
F BN 38T 2k 7 I 7E PFAS B MEAF 9 i 1
HEAT R EE2 A2
2.2 HKLR A PRAS BFFE H A
2.2.1 FHERERE v A R N A O B 7E PFAS
IRV DA Y 1

PFAS (A B0 3 B2 PR, i A4 Ak A 4 i f A
BACU IR 2 HE | S HTRREL hop s Y 28 HLA SR
TR G Y 2= G B T E =P Y,
R S BT EOR 5 1 1% e PFAS KA 1Y
Bl fs B, Bl T HTS AEZRAY S JE T Tox-
Cast/Tox2 1 04 2 1M 1 & 0 8 AU 1108 55 B 27 7 Tk fE
AT HTS 545 PFAS 1Y %% 5 Wk BE 5 A= Wy i iy O
FRAEREMERE , 1T 254080 J) 2% 45 1858 (physiologi-
cally based pharmacokinetic models, PBPK) fi¥) # 37,
XTI B AT ML #4527 >J (machine learning)fiE /7,
REAS = TN ARG B PECY . 238 1 ikt AR AT ] 43 # |
in silico MRS HTS BYAPLA G KIEEEFE T PFAS
() FERBEPERSE , S i — 2D G DA ST A

127 N 18 77 %€ (high-content screening, HCS) 7] 4j
RIS B, A = e GRS,
G 2 5 | RS 1Y) 200 M 722 1 (4 BRI 28 40 T 3
&), W E L S A YGRS e R YT, fE—
%t PEAS 18 -G W I R 250087 43 A o i 5 v, A1
HCS JEAT40 I 4> 5 224 (cell painting), % P41 il %
W 5 % B ) P 98 7T A /NPT i 0 S 4 AR
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AL AR S ) F DNA/RNA #3455 7K, & B o5 Wk
FE/) PFOS 5 PFOA IR & WP RIfE 215 5 AL N
M . DNA/RNA $ii 7 i oz ik 4804k, 7 22 3 B0 i T
T8 XL ARG MU ATT T PFAS IR &9 =24
MIFETERON R A R THe S G E G5 rI R
A
2.2.2 QSAR 5 MD iR 7E PFAS #7 24 BRI
KRG N

QSAR B 3E 1T W58 Ak 5 W 0 25 A6 A o 2 57
SRR SCBE , OA iE E , BE E Re e e A AL A
Y12 B PEAL HB e Y QSAR A Z BT “in
chemico” JR PRI EE 7., A& W AE A= W 1A N 7= A 3500
2% AL B WA AE ) K T Z [ AR BAE S 1R,
AP A5 HE YK 7 (A B A A 2401
il , BEAS T X A= ) R 43 10 5 ) B v e BRI AL
VL, bk e sk D SE S S W . BT A% 4% QSAR
BETULE AL G PR NS 032 PEVTAL B A2 7 B
A WFFE N 5138 2o 2 i 45 R AR Ah -4 Y 96 Z (QSTIR)
Al QSAR 5 | i g T Sy o Aff B A A AR
FEM Tl J12#(molecular dynamics, MD )
BHREREARSHANEEGYNSaRet, 5
QSAR HA-fli FHRE TNk 5 &5 26 W 800, 1 0 iy
SiA L T B BT B AR B S AR R T
(25 B o AN 9 el 3 Y 1) &5 #4161 5 e 4L
TERE A BT 248 A0 5 Bk 4R v VR Y e
PFAS fig 5 JH-JI5 105 1R 45 & £ 11 (L-FABP) 45 & 5| &2
PFAS 7ENFINE L, JTF & PFAS B %8R iy — > 56
S A A T S s A B ) 2R A BRI AR
TELE T 757, F I L-FABP 454 fig /1 /£ PFAS 738
VPG R EEAE A BRI AT N
]2 PFAS 5 L-FABP H 454 35 Al 8t | Pk ik
B AEY PFAS XK SRGIEA T % 82, PEAG K AR N
M-S vk B, T 52 w1k & ) BRI T BRI &R
[F] i 5 L-FABP 454 PFAS A B3 % BU(K,), FII
K, hBiFg 7 QSAR A I A s AU HE 21 iz sk
WAL NGRS B0 UE4E | 53 FH T QSAR A7 1y
TF & A 0N RE 7 00 DA £ TE AR 78 1 o A
BRI RE % [ TF5F 4T PFAS 2544 5 & FHa] (4 5%
RAE M HE Py BT RO e R AR T
T3AN T M B 9 PRAS Rl R 4 AT Lk AT
A& N2 Mk (read-across) 4T AMfE | DA T ik 6 X 4 b
YA TR, T B AR
2.2.3  “HI%THEE KA PFAS BN

S e AW MU 25 N 1 R P 2 R U R

AT LAZRAS 52 B A AL A5 R, MER ARSI i S A A
B P AE RS (225 DNA J¥41), SRR
SENT I A5 35 R 4 358 % 1 5 A i A P 4 2 ok
AR BT 2= B R R e s iR i, S
PRI 2H 7 AN ], 8 115 A 2H B2 Bl 2 1sF ) R0 A= ) A4
M AT AR Ak, H A Y D e 0 SE i T2 4% . 2
FEMME ML R BAE S 5 S A Re A 4 B2 LA
HAAEY RN FARPATRAA— A4, i)
Ay BT B SR TR S IR LA A g 2E
TR, BERE A SRS AR WA 0 P9 U5 1
RHKF- 22 5 S e B0 55 AR AR v $6 7R 5
PEAL A W X R AR 38 18 1 45 5 i i B Y
I, 04 PRI 20 At B i 2 b 2 2 B AR kA T
P BT ST R ELA 3 AR SIS B A T 4 %
O3 48 52 B FE B0 B VR 52 e 23 77 A A B N
HAFS PG S HEATAS BRI T, i 68 4 T
PACE YR MOA $#RAEF 5015 B, , 1458 MOA (i1
SR T XU DA B0 1B 53 8b, 4 F M 48 4
h R IR R A Y R R A YRR S AR AR RAL
N AE A R T B — AU R R
FFE 7R AT LUK 1 5 R KT I Fr 55 i 48 2R 1)
TR I A D s s i e e T 2
IR TR RN B A BR A 1) S 55 34
R SRR R R T s G R E R R R,
NIV A T & S P B Fr e 1 1 I
WA BT AR50 5 PRFAS A 4 17 52 56 2 49 JH- 0 356 [
Fabig Yot ARfL B i i FE AT 5 5 R R 1 4R
ST, BRI PFAS A 1 52 0 fig o AR 35 AH 2 19
PSP BUFNERR W R 8 NP BE G 5 i 42 5
i 3k — N R 4 Jy ) ST A R AR — TR Y
PFOA T7EHEEE H AT 5T o, iR 45 PFOA & ik Ui 5
APz iR 2 1 o A Rk JE sk 2t kiR il
A RE ] R T ) P K 25 & PFOA RO 2 Dt &R 17 4.,
TEBEICHL K 2 55 R P PFOA R4 S mME A 4
7, LA LC-MS/MS XA N 4547 #4728 1 ot 21 2
5%, Bff o DR S e £ 2 2 A D ) S B T R AR
BB IR TR AR AR 1, S5 SR R I S BRI A
FRALEG ) 2 F [A] T [ Acaca F1 Acacb A ¥ 7E 1Y
PFOA B g I AR5 41 2% J7 ¥ 2 Uik B Ag 15
PR AR 7 H & PFOA JH W #5181 BERRAIE %8R 1
JRAH T T 3k PFOA a1 254 Acaca il Acach 5
A2 /A 0 H 7 S5 B I 12 AR B ERIE, 2 PFOA
T-HeRE MR A 7 FAILHI P HE TR A
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SRR BT AT TR RN 2 S S AL 5 W (PRAS)BIF S HH 1) B ] 53

2.3.4 PBPK ,BBDR 5 IVIVE fi% } H.7F PFAS
JRURSE PPAT i 7

BT #2548 5l 12 (physiologically based
pharmacokinetic models, PBPK )5 7/ Ay 5 H 27 X6
PEAG B9 T DGRk 27 i 2 57 1t 5 A [A] B[]
T VR AN B TR R A Ak i BE Y [R] B A AT
B AATTPEAS Ak 2 o g B i i ZE 2 i, PBPK
SR T LAY 40k ] (8 R 2% 2 FRISHY | A4 BE 1%
FEIRR N BT 0 A R AE T JS 5 R T o0 A e
TESR RS8R A 2= ) B A E A I Y J5 A A AR B
PBPK AU AT DA T “ i AR AME™ | SC A [F) 22 58 7
A9 PBPK DU AL il ik s W b s rh A2
[ i) PBPK 5% 70 i A5 A 3 2 55 B v S 0 Al i ) 1
I, T ARG s R AR T A i 5
15 )2 Jvj (biologically based dose-response, BBDR )% 7
AL s A 0 — A B A e A 5 ZH 2R
R R, PhhEE S7. PBPK A FHB L& W) 2 7R
5O /2 5 R A AR R AR B O TE —
& HETEXT PFAS 76 AR RS 0935 PR 2500 5
WTE RS 23 T T RS, 45 R R Z F
A IR R CHNAFI 5T dt B 3 55 Y 52 1 PFASS 3
FAMEVEAL G W R EAREN 127, REFCEAEN WUAE
BRI PFAS B H AR A A e fc e g U7
XN [RAF0 O N R A 7 2 i XU PP Ay, 57 4 2B i
12 & PBPK #1048 15 5 ¢ E ) PFAS
)4 A R B 2 45 PBPK A AU BB A S 45 AN [R] 4F iy 40
1) 2 85 VA, X0 S A AR T B A7k, 5 G R B R
R REE R R B DL o LR i R iR
N, Pl PFOS JliAFE AR 2 S 4 52 8, D
PFOS hy 5] i i 4 A i il 191 80 &% PBPK 452 A (1%
SEAL R AE PFOS JAE AR RY Y Bl - ol AR s AU 25
FA) | 0 B A 5 5 A8 A ) A A S8 (B AT 1%
T AR A 0 2% B I3 1 45 DL iR 3 & R PFOS
1y F LA, TR Rl 4F i 2H 1) PKAFAE 5
BIETEAA P AL 288, — ROk U I 3 3 e
E NP R Ay o e o T R C S AT BP9 YN
W s BRI RS S R TARFAR IR A T 2
Tl B 1B H 2% 58 1 B0 AN B R B T JHF U 7 A G
g SEE , e AT LA I+ PFOS ¥k &
A N H R i, B e T D0 AR 2 AR R A
v E RS Y B B AT fd R AT BR A4 S5 50 I
W NP eSS ShaNE iEuN oY EILINYEIN
LAY R EE S AR A AH L3y, 2 4F Ny 422

(BRI T Al 20 531, A N PFOS ¥k Ji2 1R X ¢
R R R T ILEE R BB
Sy HEefE] PFOS , 31 H H % A 1 rh s O 5 5 i bl
AR IE R B N ARl PFOS 1278 /b (HALIA
X HIEBRAE S TR, S8k N PFOS We T ™

IVIVE H58 HFAAR SN ) R P 2 12 30 1 1Y
TR, A R AT DURE A S 5 v ) Ak 27 i b
1S B 7 i e A A AR I P AR PR B2 KT, DRI
=R N S s SRR S PNy s LY/ L i e U &l
() 45 J 9F 47 X R, PR iT LA B A Sk R — A
NAM™™ 2 E Y2, IVIVE (14 G H7E T4
S R BT AR AP 5L 56 5 Ak A IR N R R
() B 20 ST R AR SCE , A e de S M S
HE, Bl QIVIVE £ PFAS & 1 PFEAh o i 1 H
RSN 7 s AL 5515 21 PFAS 1R Sh
PRI | IR S 2 55 10 R0 771 22 7 Ak R iz 1 41
Tl i R i (IR A5 IO 1) 5 M N AR RO BB, LA
S BERA AT LA AR B 1 B A B EAT R e
FH TR I S5 5 8 UE 5% JDE 2 PFAS (19 3 2EAF HTAE
R, K PRAS 3G R 5 R w040 A R 4T
FREAMTST , AR E% 24 h JE S I IN PFAS & ift ik
kg S L 1V R O X MR B A T A, I AT RT-qPCR
W5 345 PFAS X AH G 38 PR 1 52 0, 8 57 3R A VR -
O 157 500 R FH St S 4 N AR AR T 24T R (rela-
tive potency factor, RPF), Rl 7] A QIVIVE A9 3Eft: ; i
145G PBPK A5 1Y) [ ) 551 5 DU 2 T v , B AR AR vk
JE AR AL TN 38 B e A O PFAS B9 SE &L 28 1 2
Fr i, BV DR i 2 i i 5 Y N I B R R A
THEEPEAT LRSS WIS 254880 ) 2B pi
PFAS (14 XU PEAG B 8 £ A1t A4 o B v A e A 30
SR, U BRh FE LA S A AR B AL S AR DG B
2.2.5 AOP MZKFEITAL PFAS Btk N H]

TE AOP MRS DA, 5S4 ] iy SCHK fife 2>
HHUE S 51k, AOP HEZRAR S st ¥4 7% 1y Ak i Pk
AL U 28 B B A A ) R A A TR A B
O] Py [ s, A K TG A 2 o ) e M TP A7 2 O 45 1
TATE b bR L 509 MOA™ LN B ATE &
IER T PFAS 23 B0t 25 3 W h AE K o BRI L
FRET A FLE R WG G X G R b
HifLE 3 A AOP 1Y 2% . PFAS 1% Ak i S AL ) 14
ATH WIS 2 K (peroxisome proliferator-activated re-
ceptors, PPAR){E > MIE, #F 1if 5 i filk 7K b & 4 1%
W, S ER AR R = 48 KEs, XA RS 1 4>
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AOP™" . PFAS #7ii Z2J5t X %K (pregnane X recep-
tor, PXR) 5 24 i, 784 I 45¢ 57 1K (constitutive androstane
receptor, CAR) , FEAIEEA AR I I3 2 K7 # L5 2
A~ AOPP ™, B 55—~ AOP “Jy PFAS $¥ 1 PPARy
T, B 5 4y Bl o 5 S50 e 2 um Y A 2 Y
PFAS WA & B e TG L3 X 2% Hh g A% 2 A, )
I 25t T 3 F1%2% PFAS, AOP 4% #: 57 5
HAE NG AT SCHRAG 2, 0 I 2% v A ) 25 28
i) MIE | KE A7 563 I 1B 12 190 2% 55 N A0 AH ¢
P, KRB AOP [Z5 iy MIE 5 KE L5 A
ey SRl {H R PPAR 4544 D) RE LA K T il & 8 1
YIFh 225 % AOP M IFAE T A 265

XPASTS FIe A 28 0 0 53 87 2% 3 VA Iy 1k 7R
PFAS BF5 (%) i FAS 1Y 5, 17 280 T 07 2% 5
PRGN 7 4 1 AR S B S R I FH R BT AR A 1Y) 32 22
BERE D,

3 HBREAENARERREE (Defects and pros-
pects of new approach methodologies)

Bt Ze LUK BEVEINR F-BeAT 1 4zt & e, fE55

AN EAL ST Be A W E e e T iR 2 S
A ST A %8 1 XU TP D7 s, B i I8 TH
TR RS B, A i T IR s e 5
PR TR AN B AH SC P I FR AN s 32T T i F 2 8
W 6 BB o I 3 AN o 1100 A K S R X UR A
(14 T S R A ) 5 30 580 1 X O TR 178 IS i
MGE ST, (HE B ATaE B2 0 AT R A ot &
)2 [|) P

S —  SCBUAE W RE B 22 00 Ak LA 5 R R VA ]
SEVE, TEUSCER ARG BT A B A5 i R Rl TE
BRI 73BT, SR S I 25 265 A5 3 R/ v IR
i, LE TG R, o — B D UL A R
i JUTRE s H APk B A A IR BRI, Hig ot A
FEWLAR G, 25 S 800 W 45 B 2 A A M AT A8
PEo G RAEIRWE B & MR AR, 3 T
BERAE T 2, SEBAE YRR S 2 oehk, 45 6 2R I
EYEN i bIE e S

9, AOP HEALIF ARG I TR A L&, AOP
HEAR A 7 B T A G W 5 AR R o+ R S5 AR
F A A 95 5P R 1 B B FAE R o

x1 FREAEEERNSAKELXNUESY (PFAS) R H IR A

Table 1  Application of New Approach Methodologies in per- and polyfluoroalkyl substances (PFAS)
Hr L TR FEPEAGI P Y R
S g %ﬁﬁﬁ%@ﬁ%ﬁ PFAS BRI b i 7Y 4
L Application of New Approach
Methods Principles o Outcomes
Methodologies in PFAS
FEHE [ 43 B 3 A 3K A5 PRAS 1hA 0 #Y SE il
I . N FEHE 1) 23 BT B ARG W RE G DAL G B Sk S R e TP AN SR LR i
TP AR RALHE ) B Vg e g e ; X T
;ing%ﬁﬁf%;ii PRAS B HUBR R IR ME A7 F A B A, 1k PEAS AHTHII0 TR R, ih T A
i w;‘[;‘_m] a TOBT A S PRAS BUIREIET AT AR RSP AR, SEO A  A
AESTIR SIS 3 [33-35] 3%
E|2 N OE TR %N High-resolution mass spectrome- MLk, SRR PRAS o

Non-targeted analysis

A F LRI M
Adverse outcome

pathways

try and other techniques provide
information such as fragment i-
ons which can be used to infer

chemical structurel®®~1%%!

B TR T ML 40 7 5
AEWR Gy T R AR, W
AL R R, 7R W
FRUEE bR AT RO
Toxicity arises from the interac-
tion of exogenous chemicals with
biological macromolecules, which
activates key events and leads to

deleterious effects

Non-targeted analysis detects conven-
tional PFAS and their alternatives in
samples and compares their scanned
spectra with the PFAS database to

search unknown PFASP3-3%]

E 3 E AT A SE ) PEAS %ot i 145 26 31
YRR R R TR 2 Y 1Y
SR F(MIE) 5 S =R 74 (KE)
i) AOP ¥ 45, FI W7 i ™ 25 5 N1y
AR D

To construct an AOP network for the
well-studied PFAS. Then assess if the
MIE and KE in the AOP network can

be extrapolated to humans®

Non-targeted analysis obtains baseline data on
PFAS compounds, which provides a basis for
exposure and hazard assessment, and reduces
the workload for PFAS analytes. The technique
is unbiased, but the sensitivity and reproduci-
bility is not good

Wit 253 ) 5 N2 PPAR 5 Z k451
SUREMA W W2 5 S Y AOP
RIZATE T N2, Wit A4 Fl AOP
PO0 2% ] 14 R TR A EE S 1 )

There are significant differences in PPAR and
other nuclear receptors between rodent and hu-
man, which result in the failure of extrapola-
ting the AOP networks to humans. This means
that association between the AOP networks

from different species is not high®
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Lkl
HTRE LR T AR E2a ivall Yy
S g #ﬁﬁﬁ%@ﬁ%ﬁ PFAS FEEAG I H 95 11 s
. Application of New Approach
Methods Principles o Outcomes
Methodologies in PFAS
. . - e AN AR ISR TMURA A B R (R AR RS 41 A9 PRAS S8
% N e =y NI 11D
I;Zfﬁiuiiig i E;E BURD ) 45 H5 R A B BRI SRR XSS AT M U, A
%E’J P 1;5145 I (PFOS)EMESH FIF A BOBT TSR 2RI 2 LA F WL R i B 3 ek i, 1R
T IENZR ;gm o U MR URR R, LUEER T PBPK ULV B KRBT B,
B 2¢(PBPORIAL T PFAS Y 4 /L 4 & 0] 2 2% PBPK  Hrdaish = mhaf AL REME Mt 5] 3

Physiologically based
pharmacokinetic
(PBPK) models

SE T RSB P S e
Quantitativein vitro to

in vivo extrapolation

BTN EER
FRG R A
Molecular dynamics
and quantitative
structure-activity
relationship

1 P TR 7 125 (HCS)
High-content
screening (HCS)

Connecting of the exposures
with chemical concentrations

at different time points to show
the distribution and transformation
information of chemicals

in vivol®

PRI SRS BRAT 27 i A 2 B
TR S5 Al by AR I B A P JBE UK
-, 5 Bl A al A AT e L
P2 SR BEA T X L0

External exposure doses obtained
fromin vitro experiments are con-
verted to equivalent in vivo con-
centrations, which then compare
with results observed in animal

or human models”?!

QSAR HERL ST AL & Wy R 25
FHIE 5 B P8 09 O I6 V1A HC o
TP, MD RERR ST & 1
Sk s A ke e
The correlation between structural
features and toxicity were mod-
elled with QSAR to assess the
potential toxicity of chemicals.
MD simulations investigate the
binding stability of protein and
chemical complex 243!

HCS 7EAR45 40 i 25 19 A D) e o
R P 1 [ Al 00 P 0 %o 200
TR AR AR 5 T
RN

HCS detects the effects of com-
pounds on aspects of cell mor-
phology, growth and metabolic
pathways while maintaining the
structural and functional integrity
of the cell

o)
Including physiological parameters in
human and modifying the original model;
supplying with PFOS physicochemical
parameters; building a dynamic life-
span PBPK model of PFAS[!

PFAS ZEFEIIT 4 AT 24 h, 1 ML AL 5
Wyl BE 5 A Al T DR 1% o 17 504 R
I, 415 AR AR X 285 01 [ 7 (RPF), 2
SZ QIVIVE B e v JIE - 1 2 4%
ALy PFAS M4 N 55w, 58
SRR NS e P £ % R A T B AT
HeA

The hepatocytes were exposed to PFAS
for 24 h. Intracellular concentrations
were correlated with the change in
genes to calculate RPFs and build
QIVIVE model. Concentration-response
data were converted to PFAS equivalent
oral exposures and compared to the es-

timates of chronic dietary exposure

EPEA 15 B9 PFAS Xk BT 28 11
HEHLAR S B, I
SIFNE Wi MR 45 & 4 H (L-FABP) 25 &
) PFAS fift 25 % BU(K ) # QSAR 5
B APAG AL T Ak g 45 47)

PFAS concentrations in tissues were
determined after oral gavage. QSAR
models were developed using PFAS

dissociation constants (K,) binding to

L-FABP47]

TR FH 200 3 € 00 s 1 40 LA T
3HEAT HCS, 20U 15 2 G2 R 2R
MG AT A BT s H R i
Do S EIERAEi

Cell painting mark different compo-
nents of cells for HCS, the cell imaging
system rapidly acquires cell images and
automatically analyses them into nu-

merical data

The model helps to calculate external PFAS
exposure in different age groups, facilitating to
explore the molecular mechanisms. However,
PBPK modelling requires much toxicity-related
parameters, and can only be used as a specula-

tion without these parameters

SR A FE AR ER K 1Y PFAS B PE (R R
ARG 2 8 25007 ) ke Ak S AL Y 1 IR 46
HOA i AN R BB B A SE
T S AR UL PN SR ER PRI, Ao R TIE
SR 3 R ) 5 L A7 2 T A DR )

The missing toxicity data of PFAS in human
can be supplemented by converting thein vitro
exposure effect dose to the corresponding oral
equivalent dose or in vivo equivalent concen-

tration®! 8%,

However, in vitro experiments
cannot more accurately simulate the in vivo
environment; this issue still needs to be

addressed

QSAR 5 MD # 74 /5 Bfy #| §i PFAS 5 L-
FABP [454 261 i 3o 45 K 18 4 25 U vk
VMR S W REE , T 4 B 22 43 1) PFAS B
FRRET X TIZ T R U, 4 T R A Y
PERERTFY A I 2 G

QSAR and MD modelling not only help to de-
termine the binding affinity of PFAS to L-
FABP, but reduce the toxicity by structural
modifications, and are very helpful in develop-

[44]

ing safer PFAS alternatives In addition,

molecular descriptors are critical

fI57 4t PFAS 5558 T 47 23 5% Wi 40 i 25
AR, ZOTE RS Wos LA W X 2 R
SRS

Low-dose PFAS exposure still affects cell mor-
phology and growth. The method was able to
show the effects of the compounds on multiple

targets
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