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Short Communication

Orphenadrine and Methimazole Inhibit Multiple Cytochrome P450 Enzymes in Human
Liver Microsomes

ABSTRACT:

The specificities of orphenadrine and methimazole on eight human
liver P450 enzyme activities were evaluated by studying the extent
of inhibition at different concentrations in two protocols: compet-
itive inhibition and preincubation. In the competitive inhibition pro-
tocol, orphenadrine decreased CYP2B6 marker activity up to 45—
57% in human liver microsomes and up to 80-97% in cell
microsomes containing cDNA-expressed CYP2B6. Orphenadrine
strongly decreased CYP2D6 marker activity by 80-90%. Or-
phenadrine also partially decreased the CYP1A2, CYP2A6,
CYP3A4, and CYP2C19 marker activities. In the preincubation pro-
tocol, orphenadrine decreased the CYP2B6 activity in cDNA-ex-
pressed cell microsomes to completion. In human liver micro-
somes, orphenadrine strongly decreased the marker activities of

the competitive inhibition protocol, methimazole had no effect on
the marker activities of CYP2E1 and CYP2A6; slightly decreased
CYP2D6 marker activity; partially decreased the marker activities
of CYP2C19, CYP2C9, and CYP2B6; and dramatically decreased
CYP3A4 marker activity. Methimazole decreased CYP1A2 marker
activity at lower concentrations, but not at the highest concentra-
tion studied (1 mM). In the preincubation protocol, methimazole
was shown to be a potent and nonspecific inhibitor of all the
enzyme activities. Marker activities of CYP2C9, CYP2C19, and
CYP3A4 were completely inhibited at relatively low concentrations.
This study indicates orphenadrine cannot be used as a selective
inhibitor of CYP2B6 in human liver microsomes and that methim-
azole is not a selective inhibitor of the flavin-containing monoox-
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CYP2B6, CYP2D6, as well as CYP2C9; and partially decreased the
marker activities of CYP1A2, CYP2A6, CYP3A4, and CYP2C19. In

ygenase in human liver microsomes.

The identification of specific P430enzymes responsible for theof rat P4502B-catalyzed pentoxyresorufrdepentylation was 3.8
metabolism of new chemical entities is important information iwM without preincubation in the presence of NADPH and 0.8
the development of potential drugs. Together with the knowledgéth preincubation in the presence of NADPH (4). Orphenadrine (0. 39
on the conditions that influence the expression and/or catalytic actimM) has been used as a diagnostic inhibitor for CYP2B6-catalyze
ity of that enzyme, predictions can be made as to whether or mefiction in human liver microsomes (5). However, the potency an
environmental, medical, nutritional, chemical, or genetic factors coutetlectivity of orphenadrine may be different between species. Me$2
affect the metabolism of the new chemical entity. Predictions can aldomazole is a high-affinity substrate for the flavin-containing mono- »
be made on potential drug—drug interactions (induction or inhibitiondxygenase (6). There have been reports suggesting a metabolisra-
The use of chemical inhibitors is one of the approaches developed d@pendent inhibition of P450 enzymes by methimazole (7-9)
such enzyme identification studies (1, 2). Chemical inhibitors atdéowever, high concentrations of methimazotel( mM) have often
valuable and convenient tools because they are generally comnixen used to differentiate the role of the flavin-containing monooxy-g
cially available and can be used in intact cells and possiblinfeivo  genase from those of P450 enzymes in the catalyses of a partlcuIaJ;
studies. However, the utility of chemical inhibitors is largely deperreaction in liver microsomes (10, 11).
dent on a thorough understanding of both their enzyme specificity andn this study, we examine the specificity of orphenadrine ando
relative potency. Routinely, the selectivity of a P450 enzyme inhibitenethimazole toward eight marker P450 enzyme activities in human‘”
was established mainly by inhibition of a particular P450 enzyniyer microsomes.
reaction and sometimes also by the absence of inhibition for a few
other P450 activities. Only recently, the specificity of several widely
used P450 enzyme inhibitors was examined by studying the reaction€hemicals and Reagent®rphenadrine, methimazole, nifedipine, trizma
catalyzed by five major human liver P450 enzymes (3). base, coumarin, tolbutamide, chlorpropamide, chlorzoxazone, coumarin, 7-hy-

Orphenadrine, an antiparkinsonian agent, was shown to be a spgxycoumarin, 3-NADPH, NADP", glucose-6-phosphate, and glucose-6-

cific P4502B enzyme inhibitor in rat liver (4). TH& for the inhibition Phosphate dehydrogenase were purchased from Sigma Chemical Co. (St.
Louis, MO). S-mephenytoin, 4-hydroxy-S-mephenytoin, 4’-hydroxytolbut-

amide, and 6-hydroxychlorzoxazone were purchased from Ultrafine Chemicals
(Manchester, UK). Bufuralol and’hydroxybufuralol were purchased from
Gentest Corp. (Woburn, MA). Perchloric acid was purchased from Fisher
Scientific (Fair Lawn, NJ). HPLC-grade acetonitrile, metbydutyl ether,
isopropanol, methanol, ethyl acetate, and glacial acetic acid were obtained
from EM Science (Gibbstown, NJ). All other chemicals are of reagent grade.
Human Liver Microsomed-resh human tissues were obtained from organ
donors and supplied by the following procurement agencies: Anatomic Gift
Foundation, National Disease Research Interchange, and the International
Institute for the Advancement of Medicine. A pooled human liver microsomal
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TABLE 1
Estimated 1G, values tM) of orphenadrine and methimazole for different human P450 enzymes
Compound 'ghibmon 1A2 26 2B6 286 2C9 2C19 2D6 2E1 3A4
rotocol

Orphenadrine Competitive =1000 =1000 750 180 =1000 800 150 =1000 =1000
Preincubation =1000 =1000 425 250 360 =1000 110 =1000 =1000

Methimazole Competitive b =1000 100 =1000 100 =1000 =1000 =1000 40
Preincubation b =1000 7 =1000 8 8 =1000 =1000 14

2 Activity assayed in microsomes containing cDNA-expressed CYP2B6.
P Inhibited at low concentrations, but the activities recovered at higher concentrations.

sample was prepared from five different human liver samples: a 41-year-¢his sample were: phenacet®-deethylation (CYP1A2), 0.69 nmol/
White female, a 10-year-old African-American male, a 67-year-old Whitmin/mg protein; coumarin 7-hydroxylation (CYP2A6), 0.77 nmol/
male, a 14-year-old White female, and a 62-year-old White male. Microsonﬁ\ﬁn/mg protein; 7-ethoxytrifluoromethylcoumari®-deethylation
were prepared as described (12) and stored in aliquots8&°C until use. (CYP2B6), 80 pmol/min/mg protein; tolbutamide hydroxylation

Protein concentration was determined according to Loetryal. (13) using YP2C9), 0.32 nmol/imin/mg proteinS}-mephenytoin 4-hydroxy-

bovine serum albumin as a standard. P450 contents were determined accordi . ;
to Omura and Sato (14). Microsomes containing cDNA-expressed hu %ﬂgn (CYP2C19), 80 pmol/min/mg protein; bufuralol-iydroxyla-

CYP2B6 were obtained from Gentest Corp. tio_n (CYP2D6), 205 pmol/min/_mg protein;_ chIorzo>_<azqn_e 6-hy_dro_xy- <
Enzyme Assays. CYP1A2 marker phenac@ideethylase activity was lation (CYP2E1), 1.98 nmol/min/mg protein; and nifedipine oxidation 3
determined at a phenacetin concentration of 480 essentially according to (CYP3A4), 3.06 nmol/min/mg protein. The 7-ethoxytrifluoromethyl- @_
the procedure of Sattlet al. (15). Coumarin 7-hydroxylation was assayed focoumarin O-deethylase activity was 95 pmol/min/mg protein for
CYP2A6 as described previously (16) at a substrate concentration @V60 microsomes containing cDNA-expressed CYP2B6 at a substrate con=
and 7-ethoxytrifiuoromethylcoumarin - O-deethylation was assayed feentration of 1QuM. CYP2A6, CYP2B6, and CYP2EL1 activities were S
CYP2B6 at a substrate concentration of ARl (17). CYP2C9 marker tolbu- equced by~20%, and CYP3A4 activity was reduced 5y15% when Q

tamide 4’-hydroxylation was assayed at a substrate concentration gfNs00 human liver microsomes were preincubated for 15 min at 37°C with&
by a procedure slightly modified from Knodedt al. (18). CYP2C19 marker DPH

(S)-mephenytoin 4-hydroxylase activity was assayed at a substrate concentra- - . . ol
tion of 200 uM by the published procedure of Meiet al. (19). Bufuralol al'he estimated 16, values of orphenadrine and methimazole for )

1-hydroxylation was assayed at a substrate concentration giMD(20), and different human P450 enzymes under the two protocols are summés
chlorzoxazone 6-hydroxylation was assayed for CYP2E1 at a substrate ctged in table 1. The inhibition of orphenadrine on CYP2B6 and 2
centration of 50QuM as described previously (21). CYP3A4-catalyzed nifedCYP2D6 activities and the inhibition of methimazole on the activities Q
ipine oxidase activity was assayed at a substrate concentration ofl200 of CYP2C9, CYP3A4, and CYP2C19 (with preincubation) are most‘a
according to the published method of Guengeréthal. (22). The use of evident. >
7-ethoxytrifluoromethylcoumarinO-deethylation as a marker activity for  Results for orphenadrine with the competitive inhibition protocol ﬁ

CYP2B6 in human liver microsomes has not been well established. Thyse shown in fig. A. Orphenadrine decreased 7-ethoxytrifluorometh- 1}
microsomes containing cDNA-expressed CYP2B6 were used to excludeqi\gu

dse’pul

coumarinO-deethylase activity in human liver microsomes (mainly &'
terference of other human P450 enzymes. All of the other substrates have

& i i - — 0,
shown to be mainly metabolized by their corresponding human P450 enzyr% %YPZBG) in a concentration-dependent manner, up to 45-57% é

(23) S0—1000;uM. At the same concentrations, orphenadrine decreasegr
: o

Inhibition Study DesignOrphenadrine and methimazole were introduced tEhe 7-eth0xytrlfluoromethylcoumarln O-deethylase aCt"_"ty n 5
the incubation mixtures in water. Two protocols were used to study the effe&y P2B6 cDNA-expressed cell microsomes by 80-97% (fig. 2). Sur-
of orphenadrine and methimazole on human liver P450 enzymes: a competifWisingly, orphenadrine decreased CYP2D6-catalyzed bufuralol l’g
inhibition protocol and a preincubation protocol to monitor for a metabolismiydroxylation by 80-90% at 500—-10Q0M. Orphenadrine had no &
dependent component of enzyme inhibition. For the competitive inhibitiasffect on CYP2C9 activity, but partially inhibited the activities of %
studies, orphenadrine or methimazole was mixed at various concentratigngP1A2, CYP2A6, CYP3A4, and CYP2C19 by 40—60% at 10005
with the substrate in the incubation mixture for 3 min at 37°C. The reactigpy. N
was then initiated by an NADPH-generating system. For the preincubationgaqits for orphenadrine with the preincubation protocol are showr
pro_tocolj orphenadrine or methlmgzole was preincubated at various conol%nﬁgs_ 1B and 2. In contrast to the competitive inhibition protocol,
trations in the presence of human liver microsomes and an NADPH-generatin . .
system for 15 min at 37°C. The reaction was then initiated by addition of tlgé%henadrlne .S.trongly decreased CYP2C9 marker tolbutamide hy-
substrate. droxylase activity by~60-80% at 500—-100@«M. For all other

Data Ana|ysi5. For all assays, ana|yte levels were determined us|n§|azyme aCtIVItIeS, the I’ESU|tS fOI’ the mechar“sm'based |naCt|Vat|0n prO'
standard curve generated from the authentic metabolite. Raw HPLC data #2@pl were very similar to those for the competitive inhibition protocol.
processed using the Millennium Chromatography Manager (version 2.1, Wa-Orphenadrine decreased the 7-ethoxytrifluoromethylcoumarin
ters, Milford, MA). The human P450 enzyme-mediated activities in the pre®-deethylase activity in CYP2B6 cDNA-expressed cell microsomes
ence of orphenadrine or methimazole were expressed as a percentage ofghe much greater extent (fig. 2) than that in human liver microsomes
corresponding zero concentration values. All data points represent the averggs 1). This may be due to the roles of other human P450 enzymes
of duplicate incubations, with the differences between duplicates belfigb. 'CF catalyzing the reaction.

i

Orphenadrine or methimazole at various concentrations was also incubate . . L

P . . ) L Results for methimazole with the competitive inhibition protocol
a control without substrate to ensure no interference with the quantitation of h in fio. 3. Methi le had ffect CYP2E1 and
respective products in the various assaygg Malues were estimated using the@'€ Shown in nig. 2. Methimazole had no efiect on an

Grafit software (version 3.0, Erithacus Software Ltd., Staines, UK). CYP2A6 marker activities; S”ghF'Y decreased CYP2D6 activity
] ] (<25%); decreased CYP2C19 activity by 25—-40% fromudd to 1
Results and Discussion mM; and decreased CYP2C9 and CYP2B6 activities by 30—-60%

The pooled microsomal sample used for this study had a total P4B6m 10 uM to 1 mM. Methimazole dramatically inhibited CYP3A4
content of 0.46 nmol/mg protein. The control CYP marker activities iactivity by 30—82% at concentrations of 1M to 1 mM. Unexpect-
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Fic. 3. Effect of methimazole on human P450 enzyme-catalyzed reactions
Orphenadrine (nM) in human liver microsomes.

Fic. 1. Effect of orphenadrine on human P450 enzyme-catalyzed reactions (A) Methimazole in the competitive inhibition protocol arg) (nethimazole
in human liver microsomes. in the preincubation protocol. Enzyme reactions assayed are: phen@cetin
(A) Orphenadrine in the competitive inhibition protocol and (B) Orgjeethylatlc_)n for CYP1AZK); coumarin 7-h)_/dr0xy|at|on for CYI_DZAGA();

L . ; . 7-ethoxytrifluoromethylcoumarirO-deethylation for CYP2B6 X); tolbut-

phenadrine in the preincubation protocol. Enzyme reactions assayed are: , ) . . .
. : . . amide 4'-hydroxylation for CYP2C94); (S)-mephenytoin 4-hydroxylation

phenacetinO-deethylation for CYP1A2 (m); coumarin 7-hydroxylation for g . )

) . . . for CYP2C19 (@); bufuralol 1-hydroxylation for CYP2DE1); chlorzoxazone

CYP2A6 (A); 7-ethoxytrifluoromethylcoumari®-deethylation for CYP2B6 6-hydroxylation for CYP2E14); and nifedipine oxidation for CYP3A4)

(V); tolbutamide 4-hydroxylation for CYP2C9 @); (S)-mephenytoin 4-hy- 4 Y ' P ’
droxylation for CYP2C19 @); bufuralol 1-hydroxylation for CYP2D6M]); . .. . L o
chlorzoxazone 6-hydroxylation for CYP2EA); and nifedipine oxidation for in fig. 3B. Methimazole decreased all marker aCt'V't'_es’ and 'nh'b't'_o_n »
CYP3A4 (V). was more potent when compared with that seen in the competitivé
inhibition protocol. Activities of CYP2A6 and CYP2E1 were de-

creased by-30%; that of CYP2D6 was decreased by 20-50% at 20g

Jeulnor 134S Y e 6.o'sjeu.no lsdse pwip wou) papeojumod

=S

120 uM to 1 mM; that of CYP2B6 was decreased 50% at 10uM or %
° higher concentrations; and those of CYP2C9 and CYP2C19 wer;éi
‘g’ 90 decreased by 40-90% at 10-2pM with complete inhibition at ©
o >500 uM. CYP3A4 activity was decreased dramatically wit90% §
S 6o inhibition seen at>20 uM. CYP1A2 activity was decreased by 85% o
5 at 10-50uM, and the activity was recovered gradually at higher
g 30 concentrations. This effect of methimazole on CYP1A2 marker ac-
o tivity was confirmed by measuring the inhibition of CYP1A2-cata-
00 250 250 v 350 1000 lyzed theophylline oxidation in human liver microsomes (24) (data
not shown). In this protocol, methimazole decreased the CYP2B6
Inhibitor Concentration (nM) activity in cDNA-expressed microsomes 80%) (fig. 2).
Fic. 2. Effect of orphenadrine and methimazole on expressed CYP2B6- The specificity of commonly used human P450 enzyme inhibitors
catalyzed 7-ethoxytrifluoromethylcoumarin O-deethylation. should be established by screening all the major human liver P450

m, Orphenadrine in the competitive inhibition protocal; orphenadrine in  €NZyme mark_er a_Cti\{iti_eS (3). For example, 4‘m5thy|pyr320|e'_ a pre-
the preincubation protocold, methimazole in the competitive inhibition Sumed selective inhibitor of human CYP2E1, was found to inhibit

protocol; andA, methimazole in the preincubation protocol. CYP2D6 activity to a similar extent (3). Specificity of chemical
inhibitors of human P450 enzymes also largely depends on the inhib-
edly, methimazole decreased CYP1A2 activity at lower concentrigor concentration used. For example, ketoconazole and 7,8-benzofla-
tions up to 67% at 5QuM, then the activity recovered at highervone strongly inhibited their respective P450 enzymes, CYP3A4 and
concentrations. Methimazole slightly decreased the express@dP1A2 at low concentrations<6 uM), but also inhibited several
CYP2B6 activity (~20%) (fig. 2). other enzymes at higher concentrations (3). In the present study,
Results for methimazole with the preincubation protocol are shovanphenadrine was shown to inhibit most human liver P450 enzymes,
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with stronger inhibition seen with CYP2D6 than CYP2B6. At conl0. R. E. Tynes and E. Hodgson: Oxidation of thiobenzamide by the FAD-
centrations higher than 0.5 mM orphenadrine, nearly complete inhi-  containing and cytochrome P-450-dependent monooxygenases of the
bition of the expressed CYP2B6 activity was observed (fig. 2). This  liver and lung microsomesBiochem. Pharmacol32, 3419-3428
indicates that orphenadrine is not a selective inhibitor for CYP2B6 in ~ (1983).

human liver microsomes (5), even though it has been shown to béla C- B- Frederick, J. B. Mays, D. M. Ziegler, F. P. Guengerich, and F. F.
very potent inhibitor of rat P4502B1 (4). This suggests orphenadrine, ~ Kadlubar: Cytochrome P-450- and flavin-containing monooxygenase-
or other P450 enzyme inhibitors in general, may have different po- .catalyzed formatlgn of the carcinogen N-hydroxy-2-aminofluorene and
tencies and specificities in different species. Methimazole strongly Ltfg;g;/alent binding to nuclear DNACancer Res42, 2671-2677
!nh!b!ted a number of human liver P450 enzyme aCUVItIeS'. h . P. P. Wang, P. Beaue, L. S. Kaminsky, G. A. Dannan, F. F. Kadlubar, D.
inhibitory effects of methimazole were much more pronounced in thé A o .

. . . L . Larrey, and F. P. Guengerich: Purification and characterization of six
preincubation protocol, with complete |ph|b|t|on seen Wlt.h CYP3A4, cytochrome P-450 isozymes from human liver microsoniischem-
_CY_PZCQ, and CYP_2C19 at_SQﬁ)M or hlght_ar c_onc_:e_ntratlons. Thls_ istry 22, 5375-5383 (1983).
mdlca_te_s that methimazole is not a se_lectlve_ inhibitor of the flavin, o 4. Lowry, N. J. Rosebrough, A. L. Farr, and R. J. Randall: Protein
containing monooxygenase in human liver microsomes. The stronger  qeasurement with the Folin phenol reagehtBiol. Chem.193, 265—
inhibition of all eight human liver P450 enzymes in the preincubation 275 (1951).
protocol suggests that methimazole can be metabolized by the flavia: T. Omura and R. Sato: The carbon monooxide-binding pigment of liver
containing monooxygenase or P450 enzymes to a reactive species that microsomes. I. Evidence for its hemoprotein natdreiol. Chem239, -
inactivates microsomal enzymes (7-9). 2370-2378 (1964). o)
15. M. Sattler, F. P. Guengerich, C.-H. Yun, U. Christians, and K.-F. Sewing:é

Cytochrome P450 3A enzymes are responsible for biotransformation o
FK506 and rapamycin in man and r&trug Metab. Dispos20, 753— o
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