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Abstract: Objective To manipulate fluids in micron-scale space to simulate the in vivo micro-environment as the main feature by
using a microfluidic liver-on-a-chip technology, so as to evaluate the hepatotoxicity of Tripterygium wilfordii extract (TWE) and
Tripterygium Glycosides Tablet (F5 A J# % 1 F) extract (TGE), and compare the difference between the microfluidic precision-cut
liver slices model and the microfluidic HepaRG cell model and the static precision-cut liver slices model. Methods Fresh rat livers

were subjected to precision-cut liver slice and cultured in a static/microfluidic culture model, HepaRG cells were inoculated into a
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culture chamber pre-inoculated with human umbilical vein endothelial cells (HUVECSs) and then incubated with drugs. TWE final
concentrations were 0.30, 0.60, 1.20 mg/mL (calculated by the amount of crude drug), and TGE final concentrations were 31.25, 62.50,
125.00 pg/mL, respectively. After 24 h, the determination of liver injury markers and morphological observation were done. Results
Under normal culture conditions, the expression levels of alanine aminotransferase (ALT), lactate dehydrogenase (LDH), and total
biliary acid (TBA) in the supernatant of precision-cut liver slice culture were significantly higher than single HepaRG cell culture
model when using two culture vectors. After co-culture with TWE and TGE, in the microfluidic precision-cut liver slice model, high-
dose TWE and TGE could significantly increase the activities of ALT, LDH and gamma glutamyl transferase (GGT) in the culture
supernatant, while TWE could also significantly increase the content of total bilirubin (TBil), and showed a certain dose-toxicity
relationship; Only medium-dose TGE could significantly increase the levels of ALT and LDH in the static precision-cut liver slice
model, with no dose-dependent effect; In the microfluidic HepaRG cell model, only the GGT content increased significantly.
Histopathological examination showed that low-, medium- and high-dose of TWE and TGE had no significant effect on the morphology
of HUVECS in the co-culture model, indicating that the bionic structure of blood vessels in the co-culture model was not affected by
the experimental drugs; The low-, medium- and high-dose of TWE and TGE made different degrees of damage to precision-cut liver
slices in two microfluidics culture model and static culture model. The liver cells appear different degrees of swelling, diffuse
dissolution and disappearance of liver nuclei, and loose structure of liver cells. However, only in microfluidic precision-cut liver slice
model, morphological changes showed a certain dose correlation; In the HepaRG cell culture model, only high-dose of TWE and TGE
made significant changes in cell morphology. Conclusion In the microfluidic precision-cut liver slice culture model, the liver injury
characteristics caused by TWE and TGE are consistent, with a clear dose-toxicity relationship. The microfluidic liver-on-a-chip
technology can more sensitively and accurately reflect the damage of the test substance to the liver, which can become a new technology
for preclinical liver toxicity evaluation of traditional Chinese medicine.

Key words: microfluidics; precision-cut liver slice; Tripterygium wilfordii Hook. f.; Tripterygium Glycosides Tablet; hepatotoxicity
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Fig. 1 Structure of microfluidics liver chip (A), schematic diagram of microfluidic HepaRG cell model (B) and microfluidic

precision-cut liver slice model (C)
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Table 1 Effect of TWE on biomarkers of liver injury in different culture systems

B FR FE/(mg'mL™") ALT/(U-L™) LDH/(U-L ™ GGT/(U-L™") TBil/(umol-L™") TBA/(umol-L™")
iR %-HepaRG 41 g — 1.00£0.00 34.65+3.04 0.72+0.11 0.36+0.17 0.40£0.00
0.30 1.0040.00 45.631+19.74 0.76+0.05 0.2040.28 0.4340.12
0.60 1.0040.00 31.33£7.67 0.93+0.29 0.0310.15 0.3740.06
1.20 1.3340.58 82.17+51.80 2.0940.18"" -0.13+£0.48 0.4310.15
AR ) — 22.67+2.89%  2839.80191.71%% 04340.17  —0.07£0.09  10.90+2.83##
0.30 24.67+6.03  3058.80%352.11 0.681+0.46 0.194023  17.631+9.43
0.60 43.67£23.76 3 679.40+54.73"  0.81£0.56 0.174024  15.5742.48
1.20 53.67£11.06" 3755.67+180.75" 1.2740.10 0.414+0.15* 22274+7.47
AR I — 39.808.17#% 2 728.64+34543%# (021+0.17* 0.40+0.35 6.52+1.22#
0.30 4580+11.12  2790.724+54530  0.43+0.42 0.4740.15 7.0241.84
0.60 46.801+6.14  2987.90+452.92  0.21£0.20 0.561+0.23 7.924+1.31
1.20 40.00+8.00  2695301+469.60  0.31£0.25 0.4340.18 6.2010.79

5% HE IR RN RIRTIRZL L : *P<<0.05

2 [

"P<0.01

**P<0.001; 55 HepaRG 4l 771k /X HRAL LA : #P<0.05  #P<<0.01 #*P<0.001,

*P<0.05 "P<0.01 "P<0.001 vs control group within their respective culture model; P < 0.05 #*P<0.01 *#P<0.001 vs control group in HepaRG

cell culture model, same as table 2
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2 TGE MR RIET i R IR £ R SR

Table 2 Effect of TGE on biomarkers of liver injury in different culture systems

B R 7/ (ug'mL™")  ALT/U-L™) LDH/(U-L™) GGT/(U-L™") TBil/(umol-L™") TBA/(umol-L™")

A% -HepaRG 4l il — 1.33£0.58 40.07+7.12 0.38+0.25 0.17+0.14 0.50+0.10
31.25 0.3340.58 45.17+12.11 0.62+0.08 0.02+0.09 0.37+0.25
62.50 1.0040.00 47.27+5.40 0.85+0.18" 0.06+0.09 0.43+0.06
125.00 1.0040.00 111.83£9.24™ 1.7940.13***  0.05+0.41 0.43+0.06

RAE-F ) A — 55.00=11.53% 3 641.65+418.25"* 138+0.32%  —0.05+0.26 6.95+0.07%#
31.25 57.001+9.54  4,103.77+195.17 1.2240.50 0.02+0.36 7.57+£0.74
62.50  68.67+£18.82 4272.05+42.50 1.5040.72 —0.0440.03 7.27+2.10
125.00  88.00£19.52* 4330.43+442.14* 3204023 022+038  10.15+3.61

SR E I A — 25334551 1433.50£82.02%*  0.44+0.31 -0.0340.15 2.87+0.29%
31.25 2933+5.51 1702.13490.88 0.57+0.09 0.10+0.85 3.67+£0.47
62.50  36.33+£7.23" 2040.10+21.91" 0.71+£0.25 0.23+0.34 3.57+145
125.00 1933+3.79 1184.23421.32 0.05+0.07 —-0.0740.16 2.5740.72

FRAS-FE S Y) F R TGE 74 R 7= Hid 1) LDH
BREFERE (P<0.05), ETERIREE-REET A
B 9Ek &b, TWE M1 TGE S/ LDH FF+ = 3R 3
H—8EHEA—EME- SRR, BoRhiuniz-
KB ) A RE 3Rk R B R T I RO R 1

1E GGT [ Wb 7T, flmiys-Re % U Ky 77
P R R -HepaRG IR F:k RERIL—L, 1
SUFIEA N Hdr, SRR ) 8 9Rk
#H TWE M TGE ()& E 4, fimis-HepaRG 4H
k5 7k Z b TWE BRI &40 TGE H . miffl
) GGT iEHESXRA LR A REEA T (P<
0.05. 0.01. 0.001). TIEFA-HEH U 71K RS
HE XTI LR Mgt it 2

7f TBil 1 TBA W71, SxtHEdbEs,
WoR RS Y R PRk &, TWE # TGE 3 4
FIEH TBil Ml TBA HH —EREMFAE. Hp
TWE =7l &40 TBil R & LEF+m (P<0.05),
TWE 1 TGE Bk, #. mAlEA S % BT RA
TBA Wi B T, A BEER. S E
V) 85 374 R FNT0R #% -HepaRG 41 i 55 374k R h
TBA 1 TBil & WL =i
3.3 TWE # TGE %t 3 fiEFAkRPIEFH AR
SEHEN
3.3.1 TWE 1 TGE %t HepaRG o fi2 25 24 B 54
Wik 3 fizR, ERIRE-HepaRG dHffLRs 751k R,
XFHEZH ) TWE K HfIE 410 TGE K. Hifl &4

papiy TWE 0.30 mg-mL™

TWE 0.60 mg-mL™! TWE 1.20 mg-mL™"

pagis TGE 3125 pg'mL"!

TGE 125.00 pg'mL"!

TGE 62.50 pg'mL""!

— RN G TR B AL R

—indicates chromatin margination or nuclear fragmentation

B3 TWE X TGE 3t HepaRG ZHBf7SHIZNT (HE, X400)
Fig. 3 Effect of TWE and TGE on morphology of HepaRG cells (HE, x 400)
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(") HepaRG ZHARIE A AR W R34 75, TWE St &
4 K TGE 74 HepaRG A HESIFS 57, B ik
T st OV S S WU AR RN ip vl 2218411 )
GALESTE

3.3.2 TWE M TGE X KUK % V) v RS2
gz N 4 B, fonds-k s ) R R TR &R
o, 0T RRZE T A S5 M R DL 5 35 e, TWE GG &
AT HL R M K, Ty AR T

X i TWE 0.30 mg-mL™"

S SR 2 R IR IR A, A% o o0 S AN i M, 7
I MILT R . RSV BRIk R, X
MEH TG R WS 5%, TWE AR . &5t
L P TSR A P PR A PR PG 5 SR A P A i
HEK.

Wk 5 s, - E I R &R,
Xf MR 2G5 H R L6325 7, TGE IR 4L
SRR, hRIEA SR, AR A

25 pum|

TWE 0.60 mg-mL"! TWE 1.20 mg-mL ™!

AL - B UL

pagict TWE 0.30 mg-mL"!

TWE 0.60 mg-mL"! TWE 1.20 mg-mL™!

FIS A IO
P R, R A A SR R
t indicates liver cell swelling, <indicates nuclear pyknosis or dissolution, disappeared
B4 TWE X AREHBEFVIFEFEM (HE, X400)
Fig. 4 Effect of TWE on precision-cut liver slice of rats (HE, x 400)

pagiGt TGE 31.25 pygrmL™!

PRRT

TGE 62.50 pg'mL™! TGE 125.00 pg-mL !

AL R B O

TGE 31.25 pygrmL™!

TGE 62.50 pg'mL"™!

TGE 125.00 pg-mL!

F SR E A
P ORI AR, SRR AL G R . R, RN SRR, TTAERRR AR T AR AT

t indicates liver cell swelling, < indicates nuclear pyknosis or dissolution disappeared, | indicates hepatic sinus dilatation, box indicates flaky

hepatocyte necrosis

E 5 TGE X AKRIE?

BRI R EF

208 (HE, X400)

Fig.5 Effect of TGE on precision-cut liver slice of rats (HE, x 400)
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R4, AT W R AL PR AR . SRS
K, TR B R . AERR SRR UL B R
AR, SR AN R AL PER AR . AR, RFH&
CINRRE AR Y B 1111 0 VAN B 2t Vi Ol S~ N R
JEROR, TGE . w4 LA IR 4R AR
TG HPARAEIRAE, PR EEL. SRR
ik b, ORISR R A R, AR
PR SRR I ARSI, TR RS -RE & T
R R R AR PRI RHE-HRR. HS-EE

TWE 0.30 mg'mL™!

TGE 31.25 pg'mL™!

E 6 TWE X TGE %t HUVECs H&

VI 85 7744k & 7 TWE Fil TGE X B2 R 4H 2%
BB Z Y A 55 98K 2 TWE A1 TGE
XA i -
3.4 TWE # TGE MHRITIEFRAZR+ HUVECS
FIRSENER

W 6 iz, TWE Ml TGE SHRE R 77k &
W HUVECs JEA& AR W B2, 4ifcE K 2487,
HEyR%, MRLSESE, 7GR, RIRILIER,
VLA LR R TR R RS R 47

TWE 0.60 mg-mL™! TWE 1.20 mg-mL™!

TGE 62.50 pg-mL™! TGE 125.00 pg-mL™!

Z0E (HE, X400)

Fig. 6 Effect of TWE and TGE on HUVECs (HE, x 400)

4 g
2 2 A B AT EE AT DAL S 2D 1Rk
YT RIS RN 3, BT EOR . BT E
T 2GRN B S A IR KIS 8] . AL G4k
A7 AR R A PR R RO A0 AT D 5 R AR P 22 e AL
K, B —4HMA B 78 07 A MR A N IR R AR
THRER . B4R AR iT DR G iS40 25 ) 7E 14 Y
AR, BEFLRM, R T 4
PEVEA R, FUERZATIE 71%022, BARKEHE B4
IR, HHAFESEI . MARZE IR AR
RORE AN S5 il B, ] RERERSRE 77— T0UIF 70 45 e
2T 5ImPR PR R w22 . BT AR I R A5
i, 52> L DILT 5L, T H b 24 o) it 52 2 vk
Al R IX PR AN 8 Mgk — 3G . Rk, g
PEVET B DI EEE R G HER . =Rk, DU
Mﬁﬂ%%¢%ﬁﬁﬁmo
B o S ) 51 R R HELE IR R B2 A
L,Efm%%%¢ﬁ%§U%%ﬁ%’ﬁﬁ@w
HIRE TR I L4 T KRR 189.00+ 472.50 mg/kg 1)

‘\%§ﬁ3ﬂ A AN R, Herp

\%%ﬁ¢Umeg@HLMEﬁF$,M
3ﬂ& G251 N SR, AR R
I ] - 5% R 123240, 7 \%TﬂﬁiﬁkMHh
5, BEZURMAZ . DTS, SA0RE . 3%
JEERER N E, A ALT. RARRALELH B
(aspartate aminotransferase , AST ). B 14 B fiR
(alkaline phosphatase, ALP). GGT. TBil. TBA %
JH D REARATT AL MDbR A AL BRI 1G 512526, 7R B
LGRS 635 11 e T A R 51 S IR S 0 R AT R A
WETERIL, 67.05% I AT45 03 5 2 4532 Wiy R -
FUR 507 o F2 T80 N R AE I PR 51 A R I3 03 0 a5
TEAHIFFE Y, a0 JH20 M 453 03 A 50 (0 AR b 64
Au\um,@%ﬁ%miwﬁE%Gmxﬂ%ﬁ
DI REAR KK AL AR B4 TBIl, TBA #EATALIN,
w&TWEﬂTmz-%me%T3WTHP%%
FNiESIR

ALT EEAAAET 4Ny, ALT BT B &
R HIRE A, MBS AST B&E&1E 2y DILI K125 45
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#rs LDH W ZAFET 2R B, 2R
(AR S e P52 495 5 AR 28290 7 40 B 52 3 245 )
2 PG AL 2> 1l HE B4 AL, AEASLE MR/ 4H 2
P&, 3 MEEsiERY, TWE Al TGE S5k
FEHV AL E 5, - ) B a= ik R 1)
FF 45 FRic Y ALT Al LDH, B T -
HepaRG 4Hfu 5 72k Kb RA =, HAERMIREE-F
W) R R 7R F ] R B S R B AR T
FEHA 2 FhiE IRk R RS AR L, 13 B B R ORI
. GGT FE BAFAE T IHE L R4l i (AR A )
oh, YEE b R AR SR, /44 P GGT
S84 ThE, M HepaRG 4 [ &% GGT 7R EA
IR B ERY, BF RN, GGT Ry
5 ALT 88 hn 5 1E A 96200, ASLIGiEse, 3T R
FEI 2 P FR44K, HepaRG 2 ARG 25 BT U1 Fr A
Y2475, GGT MIRIE B3 RER I H I AR
Fhim, HRIEREE Y R AR PRI S ALT
FRAR I — 3500 s FRAS-FE5 D) A B 3R R AR BUR
BIER, GGT REABEMARNE-FFRR., U
GGT &AM 523tk B (1) BEL A5 45343 Hh ek R A
fabn, ARSI o IR 00 1 5 — AR bR B
ALP 347 TR, (EZAEVIREAE 3 MR R TR
TEWBAL, AFEVIOAN, R
FEMPHEIRG I HE T, GGT & ALP A
eI FRFREI2,

JERE 2 TBil R ZREAFT, Kl TBil K-F
A BT B R T BE I PPAH 3. TBIl /& AR AL
FAE AL R A, 328 (20 A0 O AE W 4
FHERN, S imea & ar=AREHEa R, JFEF
U 36 3 2 B RS B AL AR U P AR FLR LR . BR TS
FEHUI AR R MSENRE T —E B =M MR
A, EREFRIERI M TCVE B =it TBil &
B RE, XA REAR 3 PR IR R TBIl BI& 235
RS, X ARSI I R BR T PE, {5 3 Fifk
ANERFRAR R, ANAE RIS RS % ) 85 ik R p
KIN TBil BE% TWE Al TGE B BT+ =i o
— R IES, MR 2 MR R TR

PR R & — AR AT ) AR, A BIE
IR EZEI P o ATATRE 5| 2 JFF-4H B R R A 4 i 45
TR R T FEART R R . HepaRG 4HfLAS
HAMARE KA, ERFRARRP SR, L
TARERE . 2 FiE S AT U A B3R R R R, TBA )
A& MR % -HepaR G AN i 3k R0 & &

LY % . 5T -HepaRG s 7544 2 o0f 1R
Y11 TBA MHLL, fimtde-RE 2 U] F B 7Rtk & iR
HAERS-FE B IFU) FrBs 32k R0 AL TBA ¥H
BEMES . VAR R A RGeS RETE 2 RS2 T
DI 8532k R P RAFARIL, Hp e s-k %
U A B 324K 2 (1) TWE FI TGE 5771 B 4 AH AL i
PSS YA TWE #1 TGE HIRTREZH, 4> 5Tk
104.30%F11 46.00%, 1H AT H& 48K 150 2 HU% F 50
GuitE 2 A .

JHF 5 P s 200 A 8 1 5 i -5 R R P 4L 43
JR A e B B A B4, LEAHIE 7 A B
VR E U A . BSHEEIII . fiiifE-HepaRG
Yk R, HUVECs il T35 3% /N = 10— 4=
JFSE B Bl . TEAMF TR R, 2RI SE L bR
B () e B R SR . WA R R R T RS
O B IR RIAT 2 VPN I OB . AR S5
2 TWE M TGE &, . mfIE#EREFR 24 h
5, @it HUVECs M UWEnT A, ELE
PET W& 1) HUVECs 4082 ¥0REF T BT 140 i
A, AMMHEZES, AR ERIEmT, MR,
R Koy FEMT, R A B IR R b BT S R R
B af, A TR A a8 B A B 7k R % TWE
F1TGE MIRTF 8RR EBLT A BSR4 E R, SR
5 K8 2 E D) 1 15 770K AR 00 o RV 2R R 4 W R 0L
BERE, PRk . FREMEW, KL
WA . SRBE R SOEANMIR T, BEE SRR
M3 hn, SIHBGREEE N IZENE, RO R
ME-FE R R, MZAEMESER RIEEFS-FE %
DI sk &P R I, HESASE YA R R
(R0F REZELJH2H 2330 40 S ek VR i . A8

H 1980 4F 5o &4t idd v v xR 2 3% V) AL
FHHLE LR, RS EU BT HARE SN
FHIT 4RI . 4000 3D ZHZASEH . a5 401
2 VB AR ELAE AL I A R B B A S 40
2D FEFRAE R I TR 2 —, H 2 N
FAMEE AW I 2 i3S, SR A S A Wb B R
SERESE, 3 PG FREAMLLLE, AR
TR RBAR, FFWEREE 5> ThRE oV B ) 5 il f,
HIFU TR TR RTA R A4, HARR
SR ZLER, W RE TG A M A 2 3 e 21
HLALE R A7 DL VA« AERE BE DL R 7R
AR 32 B g 2 — BT 1) D) R 705 B [ A X 4
B, —MRAE 6 h KA, ANHEFT RIS ASRE TR )
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Bl T TR PRI RE G, PR 5 PN A DR 5 ek, 4l
b T B R ECIRES , VAR I 25k LTE
ZE R R R E ;I MK 2D ik
75, HAYIFAAE—E)RE, BREAGHHENE
UM, AEZA R AN . AR R A
(10 T A AR AR e S P S B 24 W B A A B (R 1
XAEBEE D A WTHERR AR = A e AR
TRV RA W RERI R TR R, b sz 0 A
V22 D RERAEITIRAS o SR AAd i B AR R F B 3R
Bk, LA AL A B ms i 1 ) o
BN BRI, (RIS B2 B] o S AR it
SR B IR BRI RE T, R TR
P55 Y AR BIBROAEE , ELFE AN BT B R 1 i s
W, e R R AR ), i AL S R AU
TR MRAIAEE BT V) 55, Rirthfgse 7 ik
PR R I8, Ry T RS S AT e A A
(R AN R AR

ZEE 3 MR FRIK R TWE F1 TGE HIAH IS AT 45
155 2 0 R (RS RN ZH 2R T 45 2 W 82 45 AN
B TR S LA 70 B 3 1S ) R YRR B P 473 7R R
K53 ) 85 3R R PR B 200, RINIT
bR EY) ALT A1 LDH. JHER G4 &
) GGT M EAM ST &, SRRV RS - HEMAH
KIEDNREY) TBA MmRE, HIEFULEE
FIMEA A E-FECRG, L& TWE M
TGE Jfvis 5 i 4 3 s s i) — 250k, AR 4 -
HepaRG 21 i3 744 RANERAS-KG % ) B B 74k &
HAT 5 e R OB P R AT {5 B

AW T AT IF 2% B0 B, BL HUVECs f1LAH
FhP 2 A PET L) RO 2R AY, {5 A2 1M A
Eignfaie R, AR A S R BRI, XK
U SO R AT BB 9%,  RedERRIE IR 2590 % fiF
JRE B AR w28 S S NI NARTEAS 22 B BT
T R % 72 BT 8] P9 DR 4 AU PR S PR T e
EHTRBEELN, TkEEIER NAFIEE AN
WAL, (EAETEA AR R, Wit R %
IR HEAR SR e NERISIAES S G N
AN, B b g 2 5, &5 AR S B AR Y
R AR &, AER RIS & 2t S s . R
HERR RO LR B ikBRe3T,

RBFR FIAEHEENRGEAEARZFR
SE 3k
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