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The Optimization of Method for Prediction of Drug-Induced Liver Injury
Using HepG2 Cells Cultured with Human Liver Microsomes

Jong Min Choi, Jang Su Jeon and Sang Kyum Kim?*
College of Pharmacy, Chungnam National University, Daejeon 305-764, Korea

Abstract — The aim of the present study was to optimize i vifro method for the prediction of drug-induced liver injury
using human liver microsomes (HLM). Cytotoxicity test of cyclophosphamide and acetaminophen in HepG2 cells cultured
with HLM showed that the newly established condition using 0.375 mg/m/ HLM for 24 hr incubation was comparable or
more sensitive than the previously established condition using 0.75 mg/m/ HLM for 12 hr incubation. Although the cytotoxic
effect of troglitazone was completely attenuated by 0.75 mg/m/ HLM, it was augmented by 0.375 mg/m/ HLM in the pres-
ence of the NADPH-generating system. The cytotoxic effect of chlormezanone, a withdrawn drug due to hepatotoxicity in
human, was increased by HLM in the presence of the NADPH-generating system. In contrast, the cytotoxic effect of metha-
pyrilene, a withdrawn drug due to hepatotoxicity in rats, was decreased by HLM in the presence of the NADPH-generating
system. The present study suggests that the optimized in vitro method using HLM can be useful for the prediction of drug-

induced hepatotoxicity.
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Cyclophosphamide, acetaminophen, troglitazone, dimethyl
sulfoxide(DMSOQ), glucose 6-phosphate(G6P), glucose 6-phos-
phate dehydrogenase(G6PDH), 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazoliumbromideMTT), NADP*, phenacetin,
coumarin, dextromethorphan, bupropion, carbamazepine, tolbu-
tamide, chlorzoxazone, testosterone< Sigma-Aldrich(St. Louis,
MO, USA)°lIA 115133t} Dulbecco’s modified Eagle’s medium
(DMEM), PenStrep, trypsin-EDTA> GIBCO(Grand Island, NY,
USA)l A 135133 t). Fetal bovine serum(FBS)<> HyClone
(Logan, UT, USA)ollA T3} t}h Pooled human liver
microsomes(BD UltraPool HLM 150), S-mephenytoin< BD
Gentest(Woburn, MA, USA)XIA 7-¢J3}33t}. Chlormezanones}
methapyrilene<> Santa Cruz Biotechnology(Santa Cruz, CA,
USA)IA 15k th. Midazolame -3 2FE(A-&)0lA 1+
Sh3ict B Alok2 48 B HPLCE 52 AMSISIth

M=Zelek 2 MEZMEE =X

F M 221 HepG2: 3t A X523 (Korea Cell Line
Bank, Seoul, Korea)ollA] {15 A3t HepG2 Al E+=
10% FBS2} A A(100 U/m/ penicillin, 100 ug/m/ strepto-
mycin)’} 33F high-glucose DMEM HliAJel|A 5% CO,, 37°C
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HLME- serum-free DMEM®]| 58} 3]41&}aL 0.2-um syringe
filter® oJ¥3}o] ARSIt HLM mixture(HE5-3]: 1 m)=
o]7}bgl HLM 210 S 420 W(0.375 L= 0.75 mg/mi), 100
mM NADP* 20 u, 1M G6P 12.7 w, G6PDH(100 U/ml) 20
80 mM MgCl, 50 w/, 150 mM KCl 41 p/, supplemented DMEM
646.3 B 436.3 W= 7AJF3ICE HepG2 A= 96-well plate
(1.5x10* A welel M 24417F &<k vjFslict. 2+ welle]
& HIAE Ak AlgEAoe] 3]4¥ DMEM HiA| 50 pe Al

3ol AJallar, Z4] HLM mixture 50 pi= 3716190}, 12 &=
T 24711 s}t wieFst §-, vl serum-free DMEM 200 /e
w31, 36 T 24117F Bt viekslsith AlEAES &7
2 MTT assayE AHE3ISITE Qe o3 28/ 3le HLMS

45°CoflA] 3087t WSSl 0.2-um syringe filter= oJ3}s1o] A}
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ol 2fsH SEMSHEl HLM2| CYP &M ot
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WS Bl SAYh? uks g HF F5E 0.2 mgm/
human microsomal protein, 0.1 M phosphate buffer(pH 7.4),
1mM NADPH®} t}eFst CYP isoform®] CYP isoform-specific
78 7142l E3kU(A set: phenacetin, coumarin, S-mephenytoin,
dextromethorphan, 2! midazolam; B set: bupropion, tolbu-
tamide, chlorzoxazone, 2! testosterone)ll 2J3l &% 51 200
2 FAHAUL 718L 7217}e] Michaelis-Menten constant(Km)
el 2 T3} o] s =E 447933t} phenacetin 50 pM,
coumarin 10 uM, bupropion 50 uM, tolbutamide 100 uM, S-
mephenytoin 100 uM, dextromethorphan 5pM, chlorzoxazone
50 uM, midazolam 5 uM, ¥ testosterone 50 uM. F& A gl o]
ARl 71L& acetonitrile]] 5o AlE FAEITE HESoll A}
/4 7)4o| 33k acetonitrile?] AL HE 1.0%(A set) Y
0.5%(B set)°] = =5 27gstSit 45°CollA 3083+ HLMS &
29813 Foll, A5 = 1mM NADPHE 715to] vES-S A%
SHtt. B 8902 1021 37°C RFHg71E o]gsto] &
3153t} 200 W $919] ice-cold ¥Fe- AN WY FFEHE 100
nM carbamazepines X33} acetonitrile)s 7151 WkeS 4
B}, ZF -9 4°C, 3,000 rpmol A 2027+ ARl &
7} BZ WEGN(A, B set)S 96 welll] 1: 1% 328}, LC-MS/
MSZ #4133t}
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Fig. 1 — Evaluation of cytotoxicity of HLM in HepG2 cells. HepG2
cells were treated with the NADPH-generating system in
the presence of 0, 0.188, 0.375 or 0.75 mg/m/ HLM. After
incubation for 24 hr, cell viability was determined by the
MTT assay. Each value represents the mean+SD for four
separate samples. **Significantly different from the control
at P<0.01 (Student’s t-test).

140

120 -

H

100 -

Cell viability (% of control) >

.
80
60
40
sk

20

.

0 . . . . =

0.1 0.5 1.0 5.0 10.0
Cyclophosphamide (mM)

= Without HLM
=3 HLM (0.75 mg/ml)

120

*

100 -

*x
80 -
*x

60 -

40 4

"k

Cell viability (% of control) o

20 H
0 . . . . .

5.0 10.0 20.0 30.0 40.0
Acetaminophen (mM)

= Without HLM
=3 HLM (0.75 mg/ml)

AIZE HESERS o], MIEAIEEC] 20% HASHlth(Fg. 1). W

375 mg/m/S] HLMS 7}t uke-al Z27ox =
Al Ao A ekodth(Fig. 1). tiAAS] @S FHohstst
3l HLM =19 574d0] Qi 1S HHos 2ow s
o] o]F A ollME= 0.375 mg/mie] HLMO R 24A|7F Wk Hoi=
0.75 mg/mi®] HLMO2 12417+ Hkg-S Alelslo] Ads)int, of
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Fig. 2 — Evaluation of cyclophosphamide- and acetaminophen-induced cytotoxicity in HepG2 cells cultured with HLM. HepG2 cells were
treated with cyclophosphamide (A) or acetaminophen (C) in the presence of the NADPH-generating system and 0.75 mg/m/ HLM.
After incubation for 12 hr, the medium was changed to serum-free DMEM without the test compounds and HLM, and cells were
incubated for 36 hr. HepG2 cells were treated with cyclophosphamide (B) or acetaminophen (D) in the presence of the NADPH-
generating system and 0.375 mg/m/ HLM. After incubation for 24 hr, the medium was changed to serum-free DMEM without the test
compounds and HLM, and cells were incubated for 24 hr. Cell viability was determined by the MTT assay. Each value represents the
mean=+SD for four separate samples. *** ***Significantly different between two groups treated with the same concentration of test

compound (P<0.05, P<0.01, or P<0.001, Student’s i-test).
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Fig. 3 — Evaluation of troglitazone-induced cytotoxicity in HepG2 cells cultured with HLM. (A) HepG2 cells were treated with troglitazone in
the presence of the NADPH-generating system and 0.75 mg/m/ HLM. After incubation for 12 hr, the medium was changed to serum-
free DMEM without the test compounds and HLM, and cells were incubated for 36 hr. (B) HepG2 cells were treated with troglitazone
for 24 hr. (C) HepG2 cells cultured with 0.375 mg/m/ HLM were treated with troglitazone in the presence or absence of the NADPH-
generating system. (D) HepG2 cells were treated with troglitazone 30 uM, the NADPH-generating system, and heat-inactivated
HLM. After incubation for 24 hr, the medium was changed to serum-free DMEM without the test compounds and HLM, and cells
were incubated for 24 hr. Cell viability was determined by the MTT assay. Each value represents the mean+SD for four separate
samples. * ** ***Significantly different from the control at P<0.05, P<0.01, or P<0.001, respectively (Student’s t test for two-group
comparison and one-way ANOVA followed by Dunnett’s test for multiple comparison).

mg/ml2] HLMS 71635 wlofl& 20, 30 28] 32 40 mM 2
acetaminophen®] =A4Jo] T7IsISitt. o] A= HLM®| ¥5&
50% 727130 Wi HEEAIRES 2002 SRS W AL
GAsle]] oJgt AlsEsAdo] o] 23 fARHAY Bl @At
Al #EEE AAFsTL
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Z Aol HEE e F 3R troglitazone?] = H71E
Fe3ISie), o] Mo &3 oA = HLMel &J8)l troglitazone
o] E/do] gkds] AAEISICHFg. SA) HepG2 A9} troglitazone
HjRRAIRES 24 REC = STMIZE o] Al =408 12411
AL wel] nlste] Skl o (Fig. 3B), 0.375 mg/m/2] HLM
¥} NADPH-generating system®] 3= Z719|4] troglotazone®]
=48 folx o7 F718F thFig. 3C). NADPH-generating
system 5o WE troglitazone?] A H|WE E3| tro-
glitazone®] EAJo] Zoj HRA o7 A} EAl3tol| 2)a) w7y
g 7Fs4& A Troglitazone?] 4 9AMS A8k 714

o
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= 338ttt HLMS 45°ColA] 3087F 7t s o,

Table I - Determination of CYP activities in heat-inactivated HLM
using LC-MS/MS

CYP enzyme Heat-inactivated HLM (% of control)
1A2 82x15
2A6 3.1x0.2
2B6 23x0.1
2C8 2.1x13
2C9 1.2+0.7
2C19 1.3+0.0
2D6 1.1+04
2E1 5.7%£5.0
3A4M)* 0.6+0.5
3A4(T)** 0.5+0.2

CYP activities in heat-inactivated HLM were expressed as a
percentage of control value obtained from active HLM. Each data
represents the mean value+%CV of duplicate incubations. *M-
midazolam as a substrate, **T-testosterone as a substrate.
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Fig. 4 — Evaluation of chlormezanone- and methapyrilene-induced cytotoxicity in HepG2 cells cultured with HLM. HepG2 cells were treated
with chlormezanone (A) or methapyrilene (C) for 24 hr. HepG2 cells cultured with 0.375 mg/m/ HLM were treated with
chlormezanone (B) or methapyrilene (D) in the presence or absence of the NADPH-generating system. After incubation for 24 hr,

the medium was changed to serum-free DMEM without the test compounds and HLM, and cells were incubated for 24 hr. Cell
viability was determined by the MTT assay. Each value represents the mean=SD for four separate samples. *,*****Significantly
different from the control at P<0.05, P<0.01, or P<0.001, respectively (Student’s t test for two-group comparison and one-way
ANOVA followed by Dunnett’s test for multiple comparison).
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