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Progress of in vitro models for xenobiotics hepatotoxicity evaluation
CAO Xin, ZHANG Ya’nan, WANG Dongxia, LU Yuxuan, MAO Kanmin, HAO Liping
(Hubei Key Laboratory of Food Nutrition and Safety, Department of Nutrition and Food Hygiene,
School of Public Health, Tongji Medical College, Huazhong University of
Science and Technology, Hubei Wuhan 430030, China)

Abstract; The liver is a vital organ, which is responsible for digestion and detoxification. Traditional studies on
hepatotoxicity of xenobiotics are relied on in wivo animal models for data collection, however, animal tests are time
consuming and expensive, and sometimes fail to predict human toxicity. To follow “3R” principle ( Replacement,

Reduction, Refinement) , more in vitro models have become more popular for the assessment of hepatotoxicity. This review

presents a brief overview and comparison of some in vitro liver models, as well as prospects for future development.
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JFINE 80% H 552 o 240 JHO A i, I ey PR AT R 38
SIRFREZRE . 75 5b 20% A I JE 768 2 et Al 52 J5 40
(Non-parenchymal cells, NPCs) 20 A, £ /@ M FiAE |
IO B S0 B IR HR A RE 2 B M A R A E
Yy o s A W B0 T e, S BT AR B B PR oL
PREEA AT RARTE O M P IE B IR 45 4% B, T B0 ae
B AR5 DT X AL 5 2R B N, HG T S 2
SR A5 I AR

%5 B #1:2021-09-15

E4TH ARSEREAHR T RRLEXERAHE”EW
(2018YFC1603101)

EEBN .94 B HEAE MRATEOARRETEHRNEFE
E-mail ; caoxin3733@ foxmail. com

BEEE . HTEFE X #HR LT OATERLELSZAR

E-mail : haolp@ mails. tjmu. edu. cn

SR 35 L U 7 T VF 2 35 B A R R
17 RE WS, (5 oy T 0 DL IR 52 A 1 28 B 1
DU, LT AN 25 o 3l 4 1 2 ] A A Bl 1] 22 e
FIAS AR 2E S, 0 SN AL 5 W 1T 5 1 A B A 1 A 58 4
R ML AERE R MEASN TR 5
T AW ORI KR I A R HOR B 2 fE % 452 41
N TUE 2 B 1 1A ML R 45 T e ok O T T 25 1
PEO, Q0B 5 b LAY I 40 MY 2D & 3D B AL T
20 i 5 A 0 T TR S s R B L B R A T DD A
AR ot 4288 45

ENCESSUN G e ol se AL N R A
fiti A5 0 Y SR S e g, 3 6 HCAE T B M T v i A
AT A

1 2D FF4fpmtE Ry
TE FF 20 B ] DL o A0 N B R F BB 2 0, X



SR W T R P A SR EL B T 50 BUIR R ik S —— i 55

—827—

TP AN 2D 55 3% 80 I35 PEBIF 58 5 00 1) 5 1K
HMERL, H RSN 2D JIFAn RS AEL A . (1) S AR
408 ( Primary human hepatocytes, PHH) ; (2) A J&
A0 FR 5 (3) 1 20 B A 5 A T 400 i
1.1 PHH

PHH 7£ T 5 PEATFT o 0ok o 40 A 2 o
GhRfE” . PHH 7EH5r B 2 5 AR R AL A R 1Y
FRAE, a4 B 05 2 BT I A S P R Ak H
M= A 500 BRI 12 40 L TR) i 77 75 3 £ R
B, G (1) BF B RF 5 v 2 BE Y 3 2K . PHH fE 1K
HNEE IR R AT R S M IE T RE e 2k ™, 0 40
% P450 ( Cytochrome P450, CYP450) f{) 3 ik /K
SEARTE 5 (2) D AR AR B R0 e o R L A AR A I
ME |, A A e R AR ) 8 A A8 S | 2 5 W AT 5 Y
I E A,

GG TR B AR AR ] 28 5 45 A1
KB e, ZE R PE PP v PHH TS 2 A . Il
FLah P A i e R 9 1 3D FREE AR K, Rk 2D 4i
i 5 % A R 3K A K K A A PN T BA B8 D T R AT AR
(0 B W, s R B PHE 1Y JHF BE 45 51
TIRE 1y — Fh )y vk 02 K5 3% 3D 4l f LA 5 Ah g
PHH 41 i 5 HC Al 20 i 258 70 3 3% %t 7T DAAR 4 #b £
BRI () e SR P SRR
L2 i d i &R

E 8 T 8 B2 0F 58 89 T g A0 M R 4
HepG2 .C3A .HepaRG I Huh7 %5, 33X $L 47 il 2 A {if
FABE R T HEAAR (8] A 4428 S5 49 1)l I H AT AR X AR
SERAL 5y TS 5 R AE B3 A TE A Y A R0
B2 88 40 1 AR B0 32 S e R T I OC B X3 T Y
FR KOG 8 F A AR R ae

HepG2 401 £ A 20 {42 70 454050 B LAk, 78
B P2 F 25 B 2R VR SUBR AT Tz st
HepG2 4l B A VR Z L&, il . (1) B % I 7
(Nuclear transcription factor, Nrf2) FIRKFEEE, X
Xof T 245 W AR R R B R A AN ] D5 (2) B G R A
JC R G5 LA B A A 1) O . 25 78 S A O F 5 485 2R 10
A (3) SR A B A R, B S B SR
%o RTMBESE £ B, HepG2 5 PHH #H L CYP ik
KA, AN RE 52 4 A A D9 40 i Y R B, I o
FBOMA ] HepG2 40 i R A I VR Z AT 2 tE L & W) 2
A e

HepaRG 201 5% J2 55 — i I8 (1 JFF 968 264 2 0 40 g
%, 5 HepG2 4L AH L, H AT VF 2 1 R 1 45 5 A1 2
fit. 5 PHH #H1L ,HepaRG A AE R AT 219 I AHAR
TG A B Y A G5 B TS . HepaRG 41 LA
R R, SR A MK YR SUIES, Z R

HEAT 432 IR AEIC G )5 T B M B (1 JIT 40 1 R 4R T
PR R s D IR ON P R N B A 1 N |
HepaRG 4l CYP450 3 3k 7K V-3 5 LA K i i Ay S
PEI fig B9 L GUILLOUZO 45" B 5% 3 W
HepaRG i R 5 HepG2 40 g 2 A1 b, XF FF IEAR 15
I 1Y B 1 S NAURE, BF 58 K B HepaRG 41 i 3K 15
M CYP(1A2.2B6.2C9 2E1 3A4) M 3ZK A
R MEE 52 AR TN 22958 X 2 AR R KF- 5 PHH o iy K-
A2, ik & B R B, HepaRG 40 i B 45 Bt PHH
HEAT BB TE B SR 1. HepaRG 40 LA S JiT
BEPEVPAN A Y T 2R 2 — 2 AR B R AR
HepaRG 4l 75 — %€ M9 15 38 4 144 8, BE% 70 16 4 T
M REFIIEAE b R RE A0, 5 B A R A L, X
ot A B 35 5 BEAE 2 5 Z2 I (R A 2R T Dy A L
T8 IR 5 | IX R WK 3 15 97 HepaRG 40 T A4 A AT
RE LB A0 &R & 5HF 2 /E S BF 5 T H AT 4
Z FIRR

GUPTA %517 ) % % 21 W 7 £ R XF 2D i 3%
N 9 PHH HepG2 Fl HepaRG 45 {4 41 BT 41 Jifg 455
RIBEAT 7 WF 9T Ho AL, 45 2R WoR 7E SRR R TR K P |
HepG2 4111 5 PHH 21 Jig 19 AH U1 5 2%, 5 HepG2
ANMIAH L, HepaRG 40 L 5 35 14 BT IE 22 [) /4 22 5 %
KK DR B S (EAR B AR B2 4T3 SR MIK T PHH,
1.3 1 20 R 5 A BT 240

&G T 40 M2 ( Embryonic stem cell, ESC) . [f] 3%
It T 40 Bl ( Mesenchymal stem cell, MSC) ) 1755 £ g
T4} ( Induced pluripotent stem cells, iPSCs) A 7
PRAIE ST b B I A0 i o SO ROk IR, T AN & ad i
SRR kB UL A0 L, S5 AT gk — 2D B 5 O ik
R AR AR B AN S IR AF 4B, A BE T PHH, T
20 JH A D5 ) T 200 M A A AR RT DL AT R ) B SR L
RAEIGH, 3 A0 A W 2 e VAR 2R AL, 2 A A1 T 25 1
TEO I R4 20 PR AR Y

A BIESE 7R iPSCs 554346 B i 41 T LA
PEOT 25 B IF BRI v 2 7R 2 e T TR R R 40 i Y
I RESE br (45 Wi Ml A5 TN 5% &l ) &2 — € IE M
KA, By AL 48 br Ol S A W B A i L 45 e 1
JIK) 52— AR SC M &5 R 7R 1E R I 40 i P S B 5
TEMY ) KIM 281 PHH HepG2 5 ESC 3k 5 4 JiT
MPAANF LY (RER BE TR EBET &
ARAF) TH, R RER SEE FIRX HepG2 4l
T B, (A A fE PHH A1 ESC R 5 (49 i 41 it
B EART X F PHH A1 ESC Sk U5 09 JF- 40 g B A7
BT, (X T HepG2 41 i % A T 2 14, 45 R 2 7m
ESC R AT 20 M 72 IF #E 4EPF A | 5 PHH A9 2%
Al 2



R B AR AR

—828—

CHINESE JOURNAL OF FOOD HYGIENE

2021 445 33 %45 6

2R R 4 T A A T B R PR AG B T —
P AE TR B & A O AT 28 19 2R A7 15 50K 19 98 3%
240 B DR B T 240 AT B A I T A Y A
SR | R S M RSB

2 FFREYI R

B 5T T A0 M R 3R B = I 40 S R
M, R 5 7 b BF 40 i %5 5 2% 4k, SMITH 45" F
1985 4F % W T K5 o 40 %0 JHF 10 Y - ( Precision-cut
liver slices, PCLS) FFAF Jy 5 1 M 3 1) {4 &1 A5 A fifi
Ao 5 H AR SN R A G, BFIE Y B A 3 £ AR
PREME . 5 A 20 B 2 B O [R] DD R AN
5 UK e g — R A, DA 0 A ) 69 A B4R RN
H Al 240 B B o R AR KRR B N & 3 B I E D
Foe— AR TR NI IE AR 55 oh  FE iR £
REAef A3 14 2% D A i S T AN [) 4 b 1
VT 35T SR AR [) 0 2 5 Ok il 2 RN &, AT 4
ARV S T R R AF ST, PCLS B T 5%
& AR, SO 5 LAIT 40 M 48 T8 b 1 35
ER . W FIFY R A & B £ 446 R, 2005 45 LU
>k, PCLS 8 Z2 9% H T #iF 53 41 2F 4k fk Fbe 41 48 1k
e& et

IR B SR 2 T T A,
12 22 G610 2 B o R T IO B 85 AR R S8 47, AEAE BT
A 2T B 40 M LA B2 CYP450 253 #2010 4F
GRAAF 45 B T — 0y T N BRI F 2
SERARUE Y84 N IR JE 58 N By PCLS 85 5% 10 5
5k, SR, N AR I A AR E 2 20k R A B, O
LA A4 f T U A 7 S TR | A M 2 S e ke
FHAWEFE 0] E1 A M AT BB ME DL SR, D3 AN R OAS AT sk
G T BN A A8 T, B 2 fih Al L AE 2R B AR I
N BT AR T B AR 2R 2 Ak 1 52 o, B IE U0 R JR BR T
BB R

3 HEFER

B P X R R e W O o N i e R
MR & 7E— R IR, AT LAAE 2D B 3D B3R B a5 vh 58
B, e R RERD B O B RR A 7R T =R A0 i 2 8] Y
AHEAE FH « 20 -0 M RH B4R R L 4 -4 i A i 5
( Extracellular matrix, ECM ) A &.1F FH #0118 i3 40 g
THBES

AT WEFEUE BT, I 200 A A0 A e 4 i 2 7Y
— IR OC T AT LA A S A D E B
20 4l 70 AFAR LK, A7 BF S 535 NPC A 41 i
R IR AR S P T A 2 R A0 i Y
Zetk, B B 55 PHH 19 75 2 24 46 0 8 ) A R,

PHH il NPCs 2 [m] 35 75 AT LA T 47 1 4 3R JHF I 44 19 2R
B WRIT R WL, Ml NPCs K5 3% PHH AN AT LA
B80T B R S M Bl RE I8 T LB B PHH RS 3R 19 4E
AR T A R A R b T A AR S
B FRA5RL ODA 452 O T A5 H0L S 4R JHF U 1 f 92 4
JRLTEER 58, ¥ HepG2 40l i 5 A1 J&] 1fit B2 4> 4% 41 Y
(Peripheral blood mononuclear cell, PBMC) 3t 6] 5%
I, R I ASE Y T b A ) 3] 22 Fof 24 ) I A5 0 10
TEHE bR &Y

AL ok — T A 5% 6 I AL R 40 B ( Hepatic stellate
cells, HSCs) Fl—Ff A2 4R 40 e & ( Lieming Xu-2,
LX-2) M — Ff 55 5k 09 1T 41 40 2 & ( Immortalized
bipotential murine oval liver, BMOL) 3% 5] £5 5% , & ¥
15 HSCs 20 v £ 4 A AH ¢ A K SF B 2 B {2
LT AL A 35 B A, Sy T 2T 4R AL AT 5 4 1
T —Fh R A AR AT

H FrxF T 3 5 57 A A Y OF 5 E AR W A R
3D RS B AR 3D SR SR AR O A 2 b 4 i
A Z 18] LUAHEAE T i HLAT RL RS AT A
BT By 3 A

4 3D RFPRE4#EE

3D JFFEA 7Y 1) A A de B 1959 4R H 7 [E Y
Pohl ="V $ R 40 A9 2D K5 35 % W AE R 4>
AT F 25 AL 1 2 B AF 5, 8 T T 200 B FE A 1 1Y 2D
RE R 20T, B 2 40 16 -400 B AH B AR RN 40 i -ECM
FHEAE T, e DL AE 35 < 000 e 45 ¥ Fn o) gk, B AT
FE 04T PN 25 20 Ak A8 O T R R P I T A Y 40 M 3R
B 0P 25 1 RO A o A e . (HOETE 3D B AL AR
A A 2 1] 5 % B i, o] D AT 40 M E RO
A ECM, T DA 0 04 9 14 I 40 Jf, 7 JL R B &
JUJEI A [) P AT DR 4 IR RS 45 4 | 3 3R e L R
Z A RE LR T/ TR e e K S

PHH J HepG2,HepaRG 1 Huh7 %6 4 il & &
o 22 i g S 3D FFAERE A H A PHH JE 0 BR 14K
B A S 25 M 9 o 10 Rs 7 A B S LT
KORMFHE, BELL %55 5l it 2 (4% 5 R 4 i i
N SO EE Ay B O JRAR A AR H 2D R B R
i) PHH 41 ifd F1 PHH BR AR 2547 358 Fil 132 Ffi 2=
SRIKME A, 0 3D T MR R R kK
RTINS E 75 i

HY T TR A 40 M % 22 B 43 6 e 7 AR O T
5 DA TR AARL , DS [ 400 14 B U 5 1 AR
A0 T WA ST 3D I AR R 0 A A e ok
U8 o AR ER T SRR T 200 M Ak AR A, B AF 7E fik A =[]
WA 25 5 T DR M el TR 40 B &R AR D 51 3D



SR W T R P A SR EL B T 50 BUIR R ik S —— i 55

—829—

JEF RS0 %) 20 RS R . 7E HepG2 BRAKHE AL ey | iy 5y
(BT D REAR B4 40 (R 2R (A T AR ) RLROF
A bR S (U0 a-1-30 B 4R A A A HNF4a) 2
EHEN, B HepG2 BR KM AL 42 F 2D 5 A 1 2
TR AR AT IE B B (1R ACY 5 HepG2 ML, C3A
ER A A Y O 2 0 R /R R WK TR R
35 d Ph b, Huh BRARSEE T 55 J50 A 240 i 76 1C 1 il =2
KK B R HepaRG 20 to g F T i
BRKE A (1 5 7, 2 WS 00 I R AR AT DL f
HepaRG BRI R ok s 8, I HLH §i A 3 40 1 5 A&
T

3D A B 3% 57 02 — > PR R R I U B 5T
N B BT 3 T A P O AR 2R B8 1 & Ak DA B3
% 55 20 B A I O R S ) R RN A A R L A
VFZ2 3D JF JUF A5 R0 m LA 555 4 40 IE 2 4% A4 AR 3R
B ALFE K BE I 3k T S 40 8% 35 R B F AR R T
IFE B A A AR L o T R A A R ) D R R
94, It Bk 2 b T 05 AN R AL A W08 B 1R
AR I e A A

5 RE

i A T G 0 e B ) AR A I AR A ) 5K 3
I, 4 B A0 3D B 55 BRI AR W RN g BOR A
Tk B 2w B T T AN IR AR S W B I R T
il X AT 2 (1 8 3R B R RN A A R R A AR
AV TR SR T I S 2% 0 A BURE R, AT SE N Y
G Wy s BRIV B, AT RE 0% 5 4 11 B4R T
JFF I A2 2 1 Bl B B 0

TEREFRAWIIE S W58 N 0L — B AE AW IT &
FFHMANE 2 3D RAMTFRER R, 24>
1E, 3D SR A AR 7Y 8 O i R I PR R AT PR A 0 R
Lf S H R O R E S, P HEEZ AR
RIS 5 07 32 3) 1 R, BE—E R B2k
RL TR P9 8 SR AR T JIE 3% AT 68 2 T 2 MR A 5T 1Y — A
BRI HE AHIE TG 3 — P I K. R 5E N B
THIAR I 5 B 52 2% B8 0L 455 88 A A W s o i i R
SE VR TR A VAR R B A8 A W O A R
AR AR S AR I R0 R BAUL A UM g B AR BT RE
R RO B FIR L G 2D 53D IR R4
TCHEFIA By H A M 8% B D REK P B ATIE BB X 4
Ji0 gt A% AU Ik R AT R a0 PR R S AR 1 AR
ARG AT o R AT N T R b A Y
T I PR 24 W) 9 8 45, 6 T A A B AR B B AR A Y
AN HA TN, BR 7 ST AN TS
P4 AR A T g T R B 2R RS b R U4 SRR
I (Virtual tissue models, VTMs) & —Fas [B] sh & 1T

SEBUAERY | A 1 52 50 $ 4k r ST s,
T HE A 2040 A IA) (9 A B AR, VIMs BTG A A5 B fk
TR I ARES (CompuCell3D) i FH, H §i E W H T
4 B AR, i A A B L AT I AR G B o BE AR
MR EE R H PR 2T RN, VIMs 1]
AR HH GBI 5 $ A3 3 4 & (R I VTMs i ] T 48
W3 G, BT LA LS SR b AT SR B E L fE R
— R A | TR R Y B T A BOE B R OR T AR 4
AL 2 NN 15

N T g R R O A R S S R
5 (8 B[] AR 1 %8 AR [) 288 T 53 12 1) 45 o 22
R J7 1 H 4% 52 B G . B8 09 43 B HOR Gl £
LA EUE B BURZE5F , n cUPTA 451 R A
B Sy A I B AR X 22 ol A A1 IR AR RS ( 22 b 9 A
MR ESFLEET M, =4 A 8% ) 5 AF4
SUHEAT AR, 3 BT 22 1) 114 22 5 3 Ak JE TR, ) A 5 s
R 5 N4 2R AR AR PE

BT S TN A P IR AR B A R AE S ALY
TRHI I EASE A8 | 5 B2 L2 22 BL 2 8] B M B M, O B
% 76 BF 52 v S0 o B M Al AN IR AL A B 64 T

%’I‘i o

2% CHk

[ 1] DAMALAS C A, ELEFTHEROHORINOS 1 G. Pesticide
exposure, safety issues, and risk assessment indicators [ J].
International Journal of Environmental Research and Public
Health, 2011, 8 (5): 1402-1419.

[2] GOMEZ-LECHON M J, TOLOSA L, CONDE I, et al.
Competency of different cell models to predict human hepatotoxic
drugs[ J]. Expert Opinion on Drug Metabolism & Toxicology,
2014, 10 (11): 1553-1568.

[3] BELL C C, HENDRIKS D F G, MORO S M L, et al.
Characterization of primary human hepatocyte spheroids as a
model system for drug-induced liver injury, liver function and
disease[ J]. Scientific Reports, 2016, 6. 25187.

[ 4] GODOY P, HEWITT N J, ALBRECHT U, et al. Recent
advances in 2D and 3D in viwo systems using primary
hepatocytes, alternative hepatocyte sources and non-parenchymal
liver cells and their use in investigating mechanisms of
hepatotoxicity, cell signaling and ADME [ J]. Archives of
Toxicology, 2013, 87 (8) . 1315-1530.

[5] LEE H J, AHN J, JUNG C R, et al. Optimization of 3D
hydrogel microenvironment for enhanced hepatic functionality of
primary human  hepatocytes [ J ].  Biotechnology and
Bioengineering, 2020, 117 (6) : 1864-1876.

[ 6] LAUSCHKE V M, SHAFAGH R Z, HENDRIKS D F G, et al.
3D primary hepatocyte culture systems for analyses of liver
diseases, drug metabolism, and toxicity: Emerging culture
paradigms and applications [ J ]. Biotechnology Journal, 2019,
14 (7). 1800347.

[7] COLLINS D P, HAPKE J H, ARAVALLI R N, et al

Development of immortalized human hepatocyte-like hybrid cells



—830—

R B AR AR

CHINESE JOURNAL OF FOOD HYGIENE

2021 445 33 %45 6

[8]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

multi-lineage progenitor cells with primary
hepatocytes[ J]. PLoS One, 2020, 15 (6): e0234002.
WRZESINSKI K, MAGNONE M C, HANSEN L V, et al.

HepG2/C3A 3D exhibit

by fusion of

spheroids stable  physiological

functionality for at least 24 days after recovering from

trypsinisation [ J ]. Toxicology Research, 2013, 2 (3):
163-172.

VILLALVA-PEREZ J M, RAMIREZ-VARGAS M A, SERAFIN-
FABIAN J I, et al. Characterization of Huh7 cells after the
induction of insulin resistance and post-treatment with metformin
[J]. Cytotechnology, 2020, 72 (4): 499-511.

HAN W J, WU Q, ZHANG X H,

et al. Innovation for

hepatotoxicity in vitro research models; a review[ J]. Journal of
Applied Toxicology, 2019, 39 (1) . 146-162.

SOLDATOW V Y, LECLUYSE E L, GRIFFITH L G, et al. In
vitro models for liver toxicity testing[ J]. Toxicol Res, 2013, 2
(1):23-39.

ATIENZAR F A, NOVIK E I, GERETS H H, et al. Predictivity
of dog co-culture model, primary human hepatocytes and HepG2
cells for the detection of hepatotoxic drugs in humans [ J].
Toxicology and Applied Pharmacology, 2014, 275 (1) ; 44-61.
WU Y, GENG X C, WANG J F, et al. The HepaRG cell line, a
superior in vitro model to L-02, HepG2 and hiHeps cell lines for
assessing drug-induced liver injury [ J ]. Cell Biology and
Toxicology, 2016, 32 (1) : 37-59.
GERETS H H J, TILMANT K, GERIN B, et al
Characterization of primary human hepatocytes, HepG2 cells,
and HepaRG cells at the mRNA level and CYP activity in
response to inducers and their predictivity for the detection of
human hepatotoxins[ J]. Cell Biology and Toxicology, 2012, 28
(2): 69-87.

GUILLOUZO A, CORLU A, ANINAT C, et al. The human
hepatoma HepaRG cells: A highly differentiated model for studies
of liver metabolism and toxicity of xenobiotics [ J]. Chemico-
Biological Interactions, 2007, 168 (1) : 66-73.

K, Tokil, SR, A5, IR R B 2 7E 4% HepaRG
A0 J 34k S T 200 B R A M TR R A (D). SRR R R AR
2017, 33(11): 1739-1743.

GUPTA R, SCHROODERS Y, HAUSER D, et al. Comparing in
vitro human liver models to in vivo human liver using RNA-Seq
[J]. Archives of Toxicology, 2021, 95 (2) . 573-589.

BARKHE. N iPSCs 755 2T 40 A G JH 1 v 24 J1F 25 1 7 1 4
BIEBEFELD]. M TR 2R, 2016.

KIM J H, WANG M, LEE J, et al. Prediction of hepatotoxicity
for drugs using human pluripotent stem cell-derived hepatocytes
[J]. Cell Biology and Toxicology, 2018, 34 (1) . 51-64.
SMITH P F, GANDOLFI A J, KRUMDIECK C L, et al.
Dynamic organ culture of precision liver slices for in witro
toxicology[ J]. Life Sciences, 1985, 36 (14). 1367-1375.
PALMA E, DOORNEBAL E J, CHOKSHI S. Precision-cut liver
slices; A versatile tool to advance liver research[ J]. Hepatology
International , 2019, 13 (1) 51-57.

THIELE G M, DURYEE M J, THIELE G E, et al. Review:
precision cut liver slices for the evaluation of fatty liver and
fibrosis[ J]. Current Molecular Pharmacology, 2017, 10 (3):
249-254.

de GRAAF T A M, OLINGA P, de JAGER M H, et al.

Preparation and incubation of precision-cut liver and intestinal

[24]

[25]

[26]

[27]

[28]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

slices for application in drug metabolism and toxicity studies[ J].
Nature Protocols, 2010, 5 (9): 1540-1551.

DEWYSE L, REYNAERT H, VAN GRUNSVEN L A. Best
practices and progress in precision-cut liver slice cultures[ J].
International  Journal of Molecular Sciences, 2021, 22
(13): 7137.

LANGENBACH R, MALICK L, TOMPA A, et al. Maintenance
of adult rat hepatocytes on C3H/10T1/2 cells [ J].
Research, 1979, 39 (9): 3509-3514.

ROTH A, SINGER T. The application of 3D cell models to

Cancer

support drug safety assessment: Opportunities & challenges[ J].
Advanced Drug Delivery Reviews, 2014, 69-70: 179-189.

LIN C, KHETANI S R. Micropatierned Co-cultures of human
hepatocytes and stromal cells for the assessment of drug clearance
and drug-drug interactions[ J ]. Current Protocols in Toxicology,
2017, 72 (1) : 14.17.1-14.17. 23.

ODA S, UCHIDA Y, ALEO M D, et al. An in vitro coculture
system of human peripheral blood mononuclear cells with
hepatocellular carcinoma-derived cells for predicting drug-induced
liver injury [ J]. Archives of Toxicology, 2021, 95 (1):
149-168.

GRATTE F D, PASIC S, ABU BAKAR N D B, et al. Previous
liver regeneration induces fibro-protective mechanisms during
thioacetamide-induced chronic liver injury[ J]. The International
Journal of Biochemistry & Cell Biology, 2021, 134. 105933.
POHL W. Substructure and function of liver cell organoids[ J].
Munchener Medizinische Wochenschrift ( 1950 ), 1959, 101
(8): 334-336.

HURRELL T, LILLEY K S, CROMARTY A D. Proteomic
responses of HepG2 cell monolayers and 3D spheroids to selected

Toxicology Letters, 2019, 300. 40-50.
JIANG T Y, CHEN D D,

hepatotoxins[ J].

ZHANG X H, et al. Three-
dimensional liver models: State of the art and their application for
hepatotoxicity evaluation [ J]. Critical Reviews in Toxicology,
2020, 50 (4): 279-309.
RAMAIAHGARL S C, FERGUSON S S. Organotypic 3D
HepaRG Liver Model for Assessment of Drug-Induced Cholestasis
[J]. Methods Mol Biol, 2019, 1981 313-23.

ANDERSSON T B. Evolution of novel 3D culture systems for
assessments of the
hepatotoxicity of drugs and drug candidates[ J]. Basic & Clinical
Pharmacology & Toxicology, 2017, 121 (4): 234-238.

RAMAIAHGARI S C, BRAVER M W, HERPERS B, et al. A

studies of human liver function and

3D in vitro model of differentiated HepG2 cell spheroids with
improved liver-like properties for repeated dose high-throughput
toxicity studies [ J]. Archives of Toxicology, 2014, 88 (5):
1083-1095.

GILLETTE B M, ROSSEN N S, DAS N, et al. Engineering
extracellular matrix structure in 3D multiphase tissues [ J ].
Biomaterials, 2011, 32 (32): 8067-8076.

KNOSPEL F, JACOBS F, FREYER N, et al. In vitro model for
hepatotoxicity studies based on primary human hepatocyte
cultivation in a perfused 3D bioreactor system[ J]. International
Journal of Molecular Sciences, 2016, 17 (4) . 584.

WILLIAMS D P, SHIPLEY R, ELLIS M J, et al. Novel in vitro
and mathematical models for the prediction of chemical toxicity

[J]. Toxicology Research, 2013, 2 (1) : 40-59.
TR, PREE. DR S s e R ()], P E A



2% K e 25 oA I 7 vk 1 A 5 a8 NG & —831—
Y% T R4, 2018, 37(5) : 625-30. I1; in vitro data and in silico models for predictive toxicology[ J].
[40] KNUDSEN T B, KELLER D A, SANDER M, et al. FutureTox Toxicological Sciences, 2015, 143 (2) . 256-267.

N

J9-

"
oF K JE S s ) 7 32 () bk 5 0 e

I INE S RS AR R
FERLYARFE IHEFKE AR RERSALEEFHERCAFF O, 100193;
2. hEHARRTAGEH IS AW FFELHHARRA LT T EALELE , bx 100013,
3.k mEwm I EFA R P, b 100020)

W EFAREDARFTBRESRNETA LG AABBES HER LR ERITASSFRE AAES
W‘%Jé‘ﬁ/‘ik«&l%] RNAERFEZENBZSE AP EMNZHD, TIHRGHEE, X%%léﬁ/\ﬁfé/%%%fmﬁﬁi

o P 2018 FEEABE R ML EH T 21 ﬁﬁ\t)’b%%ﬁﬁ,zow#?lﬁiﬂﬁﬁ\j—\fb%#ﬁfﬁ?ﬁf%* , VA
ixa‘4{:ﬁ¥/\m\/i%ﬁuaﬂ%ﬁfrﬁ%éém%/ﬁ MEARSCEE, ATHARED RGO EAE : Xﬂ‘}i'iﬁi\«m

RAFEX FBRERMNFT ERAG RSN FTEEFTRRET LR FAAMNERFTEHEREF mit 473’@%1%?1,&
WA FEREES AR RIRBERERKAE

KR E0 S RRED R 0 F ik

FESES RI55 XEkFRIRED ;A X EHS :1004- 8456(2021)06-0831-11

DOI:10. 13590/j. cjth. 2021. 06. 033

Research progress on the detection technology of fentanyl analogues
SUN Jing'">*, SUN Jiefang™’, GUO Qiaozhen®’, SHAO Bing"*”
(1. Beijing Advanced Innovation Center for Food Nutrition and Human Health, College of
Veterinary Medicine, China Agricultural University, Beijing 100193, China;
2. Beijing Key Laboratory of Diagnostic and Traceability Technologies for Food Poisoning,
Beijing Center for Disease Prevention and Control, Beijing 100013, China;
3. Bejing Research Center for Preventive Medicine, Beijing 100013, China)

Abstract: Fentanyl analogues are laboratory-synthesized strong opioids with high addictive properties, simple preparation
and easy derivatization. Their introduction to the drug market has shown increasing smuggling and illicit abuse worldwide.
In addition, the toxic dose of fentanyl analogues is small, which can cause high mortality and pose a serious threat to public
health in various countries. In this regard, 21 fentanyl-related substances were controlled by the United Nations cumulative
regulations in 2018, and the Chinese government implemented the whole class control of fentanyl-related substances in 2019
in order to deal with the risk and harm caused by the problem of eating and injecting drugs, and protect people’ s physical
and mental health. Based on the social harmfulness of fentanyl analogues, we reviewed their properties, abuse method,
laboratory detection and on-site rapid detection method. The development of detection technology and method is also briefly
prospected in order to provide technical reference for drug inspection research.

Key words: Drugs; fentanyl analogues; detection methods
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