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Measurement of CYP450 Enzymes Activity of Bosentan in HepaRG Cell
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Abstract — Poly-pharmacy has been on the rise because of aging of population and chronic disease. Most of drug metab-
olism happens in the liver by CYP isozymes and the metabolism by CYP450 enzymes. The Cytochrome P450 (CYP) is a
superfamily of enzymes that catalyzes the oxidations of many endogenous and exogenous compounds. Primary human
Hepatocytes (HH) are considered as the gold standard model for I vitro drug interaction studies. However, there are sev-
eral limitations (cost, limited life span) for using HH cells. HepaRG cells are being used as a possible alternative. HepaRG
cells were cultured in William E medium containing the positive control inducers (1A2: 10, 25, 50 pM omeprazole, 2C9 and
2C19: 10 pM rifampin, 3A4: 10, 25, 50 uM rifampin) at 37°C, 5 % CO, in a humidified atmosphere. This study was to eval-
uate the induction of CYP isozymes (1A2, 2C9, 2C19 and 3A4) using LC-MS/MS. We evaluated the potential induction abil-
ity of Bosentan, as a drug of pulmonary artery hypertension, in HepaRG cells. For reference, dose of the Bosentan is
determined to the basis of the C_,, (835 mg/m/) value. The enzyme activity demonstrated that CYP2C9 and 3A4 were
induced up to 20 times by Bosentan. Like as In vivo, the enzyme activity of CYP2C9 and CYP3A4 is significantly induced

in a dose-dependent by Bosentan.
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Acetaminophen 152 — 110 my/z), CYP2B6(substrate : Bupropion,
metabolite : HydroxyBupropion 256 — 238 m/z), CYP2C19
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A3Eafeel] Q3 HFES(HepaRG), William's E Medium, no
Phenol Red, GlutaMAX™, HepaRGTM Serum-free Induction
Medium supplement, 5X, HepaRG™ General Purpose
Medium supplement, 5X, Collagen, Coated Plate 24 well
Gibco(Grand Island, USA)olA 7+9)3}o] ARg-3IAT) FrEoksE
Q1 Omeprazole, Rifampin< Sigma-Aldrich(Louis. MO, USA)
oJl4] Bosentan monohydrate>- ZACHOIA] %18} A8}
31 7] Phenacetin, Tolbutamide: Sigma-Aldrich(Louis.
MO, USA)Z -E] Testosterone®} Midazolam< Z+Z} ACROS
(New Jersey, USA), BD(Becton, USAYIA +<1&l3itt. &8k &
A5 F Q3 Wiz 5= 742> SMART BCA protein
assay kitINTRON, =)= o|gsiltt. A3 23S 9lst =
F&72191 S-Mephenytoin, 1-Hydroxymidazolam= BD(Becton,
USA)°] 4-Acetamidopheonol, Diphenhydramide hydrochloride,
4-Hydroxytolbutamide< Sigma-Aldrich(Louis. MO, USA)®ll 4]
TIsto] ARSIt LC-MS #4e] H st g AZ=E {3t
Methanol, Acetonitrile, Formic acids= Sigma-Aldrich(Louis.
MO, USA)IA 33Tt Al #2492 LC-MS/MS(Agilent
1260 Infinity LC system coupled triple quad 6460, Santa clara,
USA)#} Accuity® BEH C18 column(2.1x100 mm, 1.7 um,
Agilent, Santa clara, USA)E A8-8}911, Quantitative analysis
softeware(version B.06.00, Agilent, USA)E ARE-3lo] HloJEl&
AT

M=S ek W AkSHE|

HepaRG A3 viRE General purpose supplement’} 3¢
William's medium E ®iA|& AFE38}a, o5 - 5A]o= Serum
Free supplement’} 3¥3H8 William's medium E 8% & ARE-3F
t}. HepaRG AIEE 6x10%] 4|32 collagen-coated 24 well
plated]] ¥WaL w%F 24M3F & GAFE OFES 48AI3F B3k A
glakelen, 2477t wilx1E wESFATE. 48117 &, viXE
AASKLL 500 we] PBSE ol&slo] AlEgh 7, 200 we trypsin-
EDTAE 7} wellell go] WEEAIA AIEE Fejsditt,

FEorE 2 A3 rifampin?} omeprazole> DMSOE o]
310 2 50 mM, 10 mM2] stock solutions WFSo] oFExg]
Hij#] o] A eto] ARg-SIATt.

SAHY 5H

k=] 48713 Al & wiAE A|ASIL 500 wel PBSE
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Table I-Inducer and Substrate reaction mixture preparations
) . . Induction
CYP isozyme Substrate Concentration Incubation time -
Inducer Concentration
1A2 Phenacetin 100 uM 60 min Omeprazole 25, 50, 100 uM
2C9 Tolbutamide 100 uM 120 min 10 uM
2C19 S-mephenytoin 200 uM 120 min . .
. Rifampin
3A4 Testosterone 200 uM 30 min 10. 25. 50 uM
Midazolam 10 uM 30 min ) e UK

Table II - Ion transition of metabolite

CYP isozyme Metabolite Precursor ion  Product ion  Ionization mode  Fragmentor  Collision energy
1A2 4-acetamidophenol 151.94 109.94 90 14
2C9 4-hydroxytolbutamide 287.05 170.93 91 26
2C19 4'-hydroxymephenytoin 235.03 150.00 ESL+ 102 14
3A4 6B-hydroxytestosteron 305.04 287.07 127 10
1'-hydroxymidazolam 342.25 203.15 145 27
Internal standard Diphenhydramine 256.06 166.96 80 6

o] g-3to] Hololi= x| & AlF3} 1 5 ZF CYP isoform
off sigehz 71dS ks wiAE 2 welld 200 W Fol+
R d e ) o I = IS B w2 TR A L P B B g e
(Table I).

HES- A M=) 150 wl, stop solution(ACN+0.1% FA) 37.5 ul}
IS(Internal Standard, Diphenhydramine 50 ng/m/) 7.8 W& 4
1 3053} vortexings F3) 4101F v 12,000 rpm, 4°C, 5%
7 ARt ASdls #HE LC-MSMSE #4138t} LC-
MSMSE ol&3ll a48 545 flste], CYP3A49] 7144l
testosterone 2] & A2 tARAIQ! 6-B-hydroxytestosterone
305.04 m/zellA] transition®] = 287.07 m/z=, THE CYP3A42]

1SD2 medium S0

71421 midazolama *2] $- ¥ tjAlAQ! 1-hydroxymidazolam
2 342.24 m/zo04 transmonH~ 203.15 m/z=, CYP2C99] 7]
Q1 tolbutamide?] 7] ¥ thAlA|Q1 4-hydroxytolbutamide:=
287.05 m/zo14] transition=i= 170.93 m/z=, CYP2C192] 7]2<1
S-mephenytoin®] tAFA?1 4-hydroxymephenytoin< 235.03
m/zo A transition® &= 150.00 m/zE, CYP1A2°] 7]z <l
phenacetin® thA}AQ] 4-acetamidophenol- 151.94 m/zol 4]
transition®] = 109.94 m/z2 %L ztol, Xevo® TQ MS?]
&3t
MRM(multiple reaction monitoring) = =% AF&3}1 1 (Table
ID, A1 tuning S4¢! Intellistart®Z o]gato] A48 F710]

operating softwareQ! MassLynx® manual tuning< ©]

MBM of channel 1 ES+

» 3.83 TIC 1.15¢6
,1 [\lntemal standard
o

TON 0N 030 0M 10 120 10 180 130 200 22 200 200 2 30 30 3@ M0 3 40 42 4@ 480 4
I1SD1 medium 50 349 MRM of channel 1 ES*
k) . TIC 1.09e6
q |\ 6-Beta-Hydroxytestosteron
0 Ly T 1 T T T i Dby W bt v A v ahA i ) U 4 1A 1 y 1 y (A y 1 T T T T " 1 U T U

ToN 0 0% 080 130 120 12 160 1% 200 22 280 200 28 300 3N 38 30 3% 400 42 44 460 &8
4-HTB medivm 250 MRM of chennel 1 ES+
1 3.36 . TIC 2.14e6
’11 | 4Hydroytalbutanie
o
TTUTON 0l 0% 0B | 10 130 180 160 | 130 | 200 22 | 240 | 200 28 | 900 | 3 040 340 380 400 40 480 460 40
- - MRM of channel 1 ES+
:»""2"'”"" 20 3.31 TIC 1.66e6

A ' .
N 1.
{] I\ 1'-Hydroxymidazolam
B 7 T S T T S N T A Y VR Y 1S T Y S v i
4-HMP medium 250 MRM of channel 1 ES*+
) 3.03 TIC 2.06e6
q 4'-Hydroxymephenytoin
030 0% 0 080 130 120 18 160 130 200 220 280 260 20 300 320 3 A0 380 400 4D 4 460 48
AAP medn 250 2 21 MRM of chennel 1 ES+
: " . TIC 2.07¢6
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Fig. 1 - CYP isozyme metabolites of LC-MS/MS spectrum.
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Fig. 2 - Cytochrome P450 enzyme activity in HepaRG cell for 48 hours induction.
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oFE}lrifampine]] OJel FEEA Fiss Holal Urvk(Fig. ¥ oF=o] Al thd Aelsi=i= FDA guidanceols A1g
2). FDA Guidanceell wh=w Aejopzoel tigh 574 okstial & 8ol waw, AfeRES 37k sew Aeshn Aolw ¢
Faz ick? A s W 9T FEEENT B SRS TS

27} 28] ol FE figo] QLA V1% o
AlE o Qlet, wba], & AT R AR HIHFEE

Alg g.’E(Bosentan)—l LC-MS/MSE 0|88t Cytochrome  (C,, )& FHZAME 3l 835 ng/mlo‘—% slolala, HuaEs
P450 OiA gz £4 =9 1/10, 1, 10915 A ¥ekE 2w HAEAT D M3y

Cytochrome P4502] 58 G491 CYP2C99} CYP3A4E = ATE B3 A A S H}E]'i HepaRG A|3EE o]&
S, In vitro 3ol FEAFS Ago] 2 dHR)R] 9k okEel slo] KsIITE. Cells: seedingslo] 2FY3lEl HepaRG Aol
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Fig. 3 — Cytochrome P450 enzyme activity treated Bosentan in HepaRG cell for 48 hours.

Vol. 58, No. 4, 2014



260 AR - o} - AAE - el

A - RS - AGE - AL - 25

L)
o0

32

FoH, 244 R

I=E FHs A7}, 2E CYP450 Jq,ﬁu qwxﬂ,]
o] 7Fsal3itHFig. 3). CYP2C92] 7-9-, oFex|e)sEel A
Telo] vzt izt oiy] oF 4u] %S VERISITh
CYP3A4= 7145 midazolam®Z A ]3lie wf, 3240

2 /bt e ugi,

f"

>
S
)
o
19
Lo

D 5]
o
=
i
R
et
Ol
Tz
°

oY
MN'

N
ru

Hel7zo] wdgle|] w}, o ke s 2
9] SFENEE-S] Apol7} oFETiAL Y] AV WHE-E] tii-Es
A= ek TiAbE A £33 wEl e trE el TIRIEs &

et om, weba CYP450 F4-0] % v ]
2L ok N oA 9] ekl 71Z7t Wvkar & 5 9l
oh gk Aot sgell 2] oke A A7E A
welli= o] CYP450 &40 oFads 28-S = 37
71l 3t Ao v FQ31t} vj= FDA guidanceol| A=

7] oFEAtF ARG ATl CYP450 E490] oFEThAle] wod
= Tl gl H4 CYP1A29} CYP3A4ZE X35 Har
3lal Qltk. LC-MS/MSZ o] 43+ enzyme activity ZS3H-2 In
vitroo A SFEtiALe] fEes ERlshs W o= A AR
. Jok?

e o B b R e e R | %%EH*P AellA] ol AR
e AR A2 Fed e s YRl 1
3}%¥l Human Hepatocellular carcinoma cell line?! HepaRG A
SEFE o] g3to] CYP1A29} CYP3A4 ¥ ofuz} CYP2C99}
CYP2C195 7|2 &RIs5it}. B3t Bosentanol] 23k SRzt
AbEAe] s st el

HepaRG Ao ¥ F52FE91 omeprazole¥} rifampins 48

AlZE A elskal, LC-MS/MSE o] 83t 41745k 45(CYP1A2,
CYP2C9, CYP2C19, CYP3A4)?] @Al tdrkAle] fiss
B30} 1 A3}, CYPIA2 84072 B-75E2kES A3t

e ), ol o]3e] fiese vWeEhlileh 18la CYP2CY/19
2714 CYP450 fAsoll theiA rifampin 10 uME- 4841%F oF
=5 Ak wl, 2+ 174, 4919 Fss YERI o,
CYP3A49] &A= % lEtoﬂ Aiﬁgi T &
74 VrERH, B 38) o)

HepaRG A EZS o]8-5}0], ﬁﬂi‘j”"é F’_QOLX] ]i’ﬂ, o=
25 a-go] AeA|A] 22 Bosentan®] FEH=E 7R A,
Bosentan=> Cytochrome P450°] & =& 4<l CYP2C9%t
CYP3A49] H=2-8-5 LepdS g1gt %olqm

LC-MS/MSE o83t A3 s =73 4y}, 1
AT trAe] HE0] 7Fssiele
ezl niel o] CYP2C99} CYP3A4* 2] &BE %E?J;

"
o
M o

o)

RIS CYP2C92] 73-9-, eF=Aels ol datglo] Hl
izt o] oF 9] fees YERLC™, CYP3A4E 7]
midazolam© 2 2]} o, FEo|EA 07 Zlsl= kb
=0T} 3EA]RE testosteroned]] 2= E7FEHA] o= AS &
o 5 QST 3l wE=w 7ol wet enzyme activityell
FE v F Qloka B Qe 2 Agew 71d
ol W2} enzyme activity?] TFE S sHelsiaict, wheba]
oAM= In vitro A E oA Bosentanell °J3] CYP2C99}
CYP3A47} In vivo A3} o] &4 BAE7}F S7Fsh= A
= Rt

2=
S
717L-

o o o

==

it

o2 o

Qs 2012+ AsEeleaebdA] ARl Qi
(1218121376591 2J3ll F=a=| .o ool TAF=FuTt,

References

1) Brandon, E. E, Raap, C. D., Meijerman, 1., Beijnen, J. H. and
Schellens, ]J. H. : An update on iz vitro test methods in human
hepatic drug biotransformation research: pros and cons.
Toxicol. Appl. Pharmacol. 189, 233 (2003).

2) McGinnity, D. E, Zhang, G., Kenny, J. R., Hamilton, G. A,
Otmani, S., Stams, K. R., Haney, S., Brassil, P, Stresser, D. M.
and Riley, R. J. : Evaluation of multiple i vitro systems for
assessment of CYP3A4 induction in drug discovery: Human
hepatocytes, pregnane X receptor reporter gene, and Fa2N-4
and HepaRG cells. Drug. Metab. Dispos. 37, 1259 (2009).

3) Fahmi, O. A. and Ripp, S. L. :
prediction drug-drug interactions due to induction. Expert.
Opin. Drug. Metab. Toxicol. 6, 1399 (2010).

4) Drug Interaction Studies - Study design, data analysis,

Evaluation of models for

implications for dosing, and labeling recommendations,
guidance for industry, FDA, Silver Spring, 2-75 (2012).

5) Yuan, R., Madani, S., Wei, X. X., Reynolds, K. and Huang,
S. M. : Evaluation of cytochrome P450 probe substrates
commonly used by the pharmaceutical industry to study i
vitro drug interactions. Drug. Metab. Dispos. 30, 1311 (2002).

6) Balimane, P. V, Han, Y. H. and Chong, S. : Current industrial
practices in assessing CYP450 enzyme induction: Preclinical
and clinical. AAPS J. 10, 391 (2008).

7) Hewitt, N. J., Lecluyse, E. L. and Ferguson, S. S. : Induction of
hepatic cytochrome P450 enzymes: Methods, mechanisms,
recommendations, and iz vitro-in vivo correlations. Xenobiotica.
37, 1196 (2007).

8) Rodriguez-Antona, C., Donato, M. T, Boobis, A., Edwards,
R. J., Watts, P. S., Castell, ]J. V. and Gomez-Lechon, M. J. :

J. Pharm. Soc. Korea



HepaRG A|¥E ©]83 Bosentan 2F=2] CYP450 &43H 574 261

Cytochrome P450 expression in human hepatocytes and
hepatoma cell lines: molecular mechanism that determine
lower expression in cultured cells. Xenobiotica. 32, 505 (2002).

9) Zhang, L., Zhang Y., Zhao, P. and Huang, S. M. : Prediction
drug-drug interactions: An FDA perspective. AAPS J. 11, 2
(2009).

10) Guideline on the investigation of drug interactions, European
Medicines Agency, 4-38 (2010).

11) Antherieu, S., Chesne, C., Li, R., Camus, S., Lahoz, A., Picazo,
L., Turpeinen, M., Tolonen, A., Uusitalo, J., Guguen-Guillouzo,
C. and Guillouzo, A. : Stable expression, activity and
inducibility of cytochromes P450 in differentiated HepaRG
cells. Drug. Metab. Dispos. 38, 516 (2010).

12) Guillouzo, A., Corlu, A., Aninat, C., Glaise, D., Morel, E and
Guguen-Guillouzo, C. : The human hepatoma HepaRG cells: A
highly differentiated model for studies of liver metabolism and
toxicity of xenobiotics. Chem. Biol. Interact. 168, 66 (2007).

13) Lubberstedt, M., Muller-Vieira, U., Mayer, M., Biemel, K. M.,
Knospel, E, Knobeloch, D., Nussler, A. K., Gerlach, J. C. and
Zeilinger, K. : HepaRG human hepatic cell line utililty as a
surrogate for primary human Hepatocytes in drug metabolism
assessment in vitro. J. Pharmacol. Toxicol. Methods 63, 59
(2011).

14) Bowen, W. P, Carey, J. E., Miah, A., McMurray, H. E, Munday,
P W, James, R. S, Coleman, R. A. and Brown, A. M. :
Measurement of cytochrome P450 gene induction in human
hepatocytes using quantitative real-time reverse transcriptase-
polymerase chain reaction. Drug. Metab. Dispos. 28, 781
(2000).

15) Kanebratt, K. P. and Andersson, T. B. : Evaluation of HepaRG

Vol. 58, No. 4, 2014

cells as an i vitro model for human drug metabolism studies.
Drug. Metab. Dispos. 36, 1444 (2008).

16) Turpeinen, M., Tolonen, A., Chesne, C., Guillouzo, A.,
Uusitalo, J. and Pelkonen, O. : Functional expression, inhibition
and induction of CYP enzymes in HepaRG cells. Toxicol. In
Vitro 23, 748 (2009).

17) Tolonen, A., Petsalo, A., Turpeinen, M., Uusitalo, J. and
Pelkonen, O. : In vitro interaction cocktail assay for nine major
cytochrome P450 enzymes with 13 probe reactions and a
single LC/MSMS run: analytical validation and testing with
monoclonal anti-CYP antibodies. J. Mass Spectrom. 42, 960
(2007).

18) Li, X., Chen, X., Li, Q., Wang, L. and Zhong, D. : Validated
method for rapid inhibition screening of six cytochrome P450
enzymes by liquid chromatography-tandem mass spectrometry.
J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 852, 128
(2007).

19) Wrishko, R. E., Dingemanse, J., Yu, A., Darstein, C., Phillips,
D. L. and Mitchell, M. L :
between tadalafil and Bosentan in healthy male subjects. J.
Clin. Pharmacol. 48, 610 (2008).

20) Kenworthy, K. E., Bloomer, ]J. C., Clarke, S. E. and Houston,
J. B. : CYP3A4 drug interactions: correlation of 10 in vitro
probes substrates. Br J. Clin. Pharmacol. 48, 716 (1999).

21) Fahmi, O. A., Kish, M., Boldt, S. and Obach, R. S. : Cytochrome
P450 3A4 mRNA is a more reliable marker than CYP3A4
activity for detecting pregnane X receptor-activated induction

Pharmacokinetic interaction

of drug-metabolizing enzymes. Drug. Metab. Dispos. 38, 1605
(2010).



