
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
CYP2B6, CYP2D6, as well as CYP2C9; and partially decreased the
marker activities of CYP1A2, CYP2A6, CYP3A4, and CYP2C19. In

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-
ygenase in human liver microsomes.

The identification of specific P4501 enzymes responsible for the
metabolism of new chemical entities is important information in
the development of potential drugs. Together with the knowledge
on the conditions that influence the expression and/or catalytic activ-
ity of that enzyme, predictions can be made as to whether or not
environmental, medical, nutritional, chemical, or genetic factors could
affect the metabolism of the new chemical entity. Predictions can also
be made on potential drug–drug interactions (induction or inhibition).
The use of chemical inhibitors is one of the approaches developed for
such enzyme identification studies (1, 2). Chemical inhibitors are
valuable and convenient tools because they are generally commer-
cially available and can be used in intact cells and possibly forin vivo
studies. However, the utility of chemical inhibitors is largely depen-
dent on a thorough understanding of both their enzyme specificity and
relative potency. Routinely, the selectivity of a P450 enzyme inhibitor
was established mainly by inhibition of a particular P450 enzyme
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 reactions
catalyzed by five major human liver P450 enzymes (3).
Orphenadrine, an antiparkinsonian agent, was shown to be a spe-

cific P4502B enzyme inhibitor in rat liver (4). TheKi for the inhibition

of rat P4502B-catalyzed pentoxyresorufinO-depentylation was 3.8
mM without preincubation in the presence of NADPH and 0.13mM
with preincubation in the presence of NADPH (4). Orphenadrine (0.3
mM) has been used as a diagnostic inhibitor for CYP2B6-catalyzed
reaction in human liver microsomes (5). However, the potency and
selectivity of orphenadrine may be different between species. Me-
thimazole is a high-affinity substrate for the flavin-containing mono-
oxygenase (6). There have been reports suggesting a metabolism-
dependent inhibition of P450 enzymes by methimazole (7–9).
However, high concentrations of methimazole ($1 mM) have often
been used to differentiate the role of the flavin-containing monooxy-
genase from those of P450 enzymes in the catalyses of a particular
reaction in liver microsomes (10, 11).
In this study, we examine the specificity of orphenadrine and

methimazole toward eight marker P450 enzyme activities in human
liver microsomes.

Materials and Methods

Chemicals and Reagents. Orphenadrine, methimazole, nifedipine, trizma
base, coumarin, tolbutamide, chlorpropamide, chlorzoxazone, coumarin, 7-hy-
droxycoumarin,b-NADPH, NADP1, glucose-6-phosphate, and glucose-6-
phosphate dehydrogenase were purchased from Sigma Chemical Co. (St.
Louis, MO). S-mephenytoin, 4-hydroxy-S-mephenytoin, 49-hydroxytolbut-
amide, and 6-hydroxychlorzoxazone were purchased from Ultrafine Chemicals
(Manchester, UK). Bufuralol and 19-hydroxybufuralol were purchased from
Gentest Corp. (Woburn, MA). Perchloric acid was purchased from Fisher
Scientific (Fair Lawn, NJ). HPLC-grade acetonitrile, methyl-t-butyl 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 Microsomes. Fresh 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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sample was prepared from five different human liver samples: a 41-year-old
White female, a 10-year-old African-American male, a 67-year-old White
male, a 14-year-old White female, and a 62-year-old White male. Microsomes
were prepared as described (12) and stored in aliquots at280°C until use.
Protein concentration was determined according to Lowryet al. (13) using
bovine serum albumin as a standard. P450 contents were determined according
to Omura and Sato (14). Microsomes containing cDNA-expressed human
CYP2B6 were obtained from Gentest Corp.
Enzyme Assays. CYP1A2 marker phenacetinO-deethylase activity was

determined at a phenacetin concentration of 100mM essentially according to
the procedure of Sattleret al. (15). Coumarin 7-hydroxylation was assayed for
CYP2A6 as described previously (16) at a substrate concentration of 50mM,
and 7-ethoxytrifluoromethylcoumarin O-deethylation was assayed for
CYP2B6 at a substrate concentration of 10mM (17). CYP2C9 marker tolbu-
tamide 49-hydroxylation was assayed at a substrate concentration of 500mM
by a procedure slightly modified from Knodellet al. (18). CYP2C19 marker
(S)-mephenytoin 4-hydroxylase activity was assayed at a substrate concentra-
tion of 200mM by the published procedure of Meieret al. (19). Bufuralol
1-hydroxylation was assayed at a substrate concentration of 100mM (20), and
chlorzoxazone 6-hydroxylation was assayed for CYP2E1 at a substrate con-
centration of 500mM as described previously (21). CYP3A4-catalyzed nifed-
ipine oxidase activity was assayed at a substrate concentration of 200mM
according to the published method of Guengerichet al. (22). The use of
7-ethoxytrifluoromethylcoumarinO-deethylation as a marker activity for
CYP2B6 in human liver microsomes has not been well established. Thus,
microsomes containing cDNA-expressed CYP2B6 were used to exclude in-
terference of other human P450 enzymes. All of the other substrates have been
shown to be mainly metabolized by their corresponding human P450 enzymes
(23).
Inhibition Study Design. Orphenadrine and methimazole were introduced to

the incubation mixtures in water. Two protocols were used to study the effects
of orphenadrine and methimazole on human liver P450 enzymes: a competitive
inhibition protocol and a preincubation protocol to monitor for a metabolism-
dependent component of enzyme inhibition. For the competitive inhibition
studies, orphenadrine or methimazole was mixed at various concentrations
with the substrate in the incubation mixture for 3 min at 37°C. The reaction
was then initiated by an NADPH-generating system. For the preincubation
protocol, orphenadrine or methimazole was preincubated at various concen-
trations in the presence of human liver microsomes and an NADPH-generating
system for 15 min at 37°C. The reaction was then initiated by addition of the
substrate.
Data Analysis. For all assays, analyte levels were determined using a

standard curve generated from the authentic metabolite. Raw HPLC data was
processed using the Millennium Chromatography Manager (version 2.1, Wa-
ters, Milford, MA). The human P450 enzyme-mediated activities in the pres-
ence of orphenadrine or methimazole were expressed as a percentage of the
corresponding zero concentration values. All data points represent the average
of duplicate incubations, with the differences between duplicates being,10%.
Orphenadrine or methimazole at various concentrations was also incubated in
a control without substrate to ensure no interference with the quantitation of
respective products in the various assays. IC50 values were estimated using the
Grafit software (version 3.0, Erithacus Software Ltd., Staines, UK).

Results and Discussion

The pooled microsomal sample used for this study had a total P450
content of 0.46 nmol/mg protein. The control CYP marker activities in

this sample were: phenacetinO-deethylation (CYP1A2), 0.69 nmol/
min/mg protein; coumarin 7-hydroxylation (CYP2A6), 0.77 nmol/
min/mg protein; 7-ethoxytrifluoromethylcoumarinO-deethylation
(CYP2B6), 80 pmol/min/mg protein; tolbutamide hydroxylation
(CYP2C9), 0.32 nmol/min/mg protein; (S)-mephenytoin 4-hydroxy-
lation (CYP2C19), 80 pmol/min/mg protein; bufuralol 19-hydroxyla-
tion (CYP2D6), 205 pmol/min/mg protein; chlorzoxazone 6-hydroxy-
lation (CYP2E1), 1.98 nmol/min/mg protein; and nifedipine oxidation
(CYP3A4), 3.06 nmol/min/mg protein. The 7-ethoxytrifluoromethyl-
coumarinO-deethylase activity was 95 pmol/min/mg protein for
microsomes containing cDNA-expressed CYP2B6 at a substrate con-
centration of 10mM. CYP2A6, CYP2B6, and CYP2E1 activities were
reduced by;20%, and CYP3A4 activity was reduced by;15% when
human liver microsomes were preincubated for 15 min at 37°C with
NADPH.
The estimated IC50 values of orphenadrine and methimazole for

different human P450 enzymes under the two protocols are summa-
rized in table 1. The inhibition of orphenadrine on CYP2B6 and
CYP2D6 activities and the inhibition of methimazole on the activities
of CYP2C9, CYP3A4, and CYP2C19 (with preincubation) are most
evident.
Results for orphenadrine with the competitive inhibition protocol

are shown in fig. 1A. Orphenadrine decreased 7-ethoxytrifluorometh-
ylcoumarinO-deethylase activity in human liver microsomes (mainly
by CYP2B6) in a concentration-dependent manner, up to 45–57% at
500–1000mM. At the same concentrations, orphenadrine decreased
the 7-ethoxytrifluoromethylcoumarinO-deethylase activity in
CYP2B6 cDNA-expressed cell microsomes by 80–97% (fig. 2). Sur-
prisingly, orphenadrine decreased CYP2D6-catalyzed bufuralol 19-
hydroxylation by 80–90% at 500–1000mM. Orphenadrine had no
effect on CYP2C9 activity, but partially inhibited the activities of
CYP1A2, CYP2A6, CYP3A4, and CYP2C19 by 40–60% at 1000
mM.
Results for orphenadrine with the preincubation protocol are shown

in figs. 1B and 2. In contrast to the competitive inhibition protocol,
orphenadrine strongly decreased CYP2C9 marker tolbutamide hy-
droxylase activity by;60–80% at 500–1000mM. For all other
enzyme activities, the results for the mechanism-based inactivation pro-
tocol were very similar to those for the competitive inhibition protocol.
Orphenadrine decreased the 7-ethoxytrifluoromethylcoumarin

O-deethylase activity in CYP2B6 cDNA-expressed cell microsomes
to a much greater extent (fig. 2) than that in human liver microsomes
(fig. 1). This may be due to the roles of other human P450 enzymes
in catalyzing the reaction.
Results for methimazole with the competitive inhibition protocol

are shown in fig. 3A. Methimazole had no effect on CYP2E1 and
CYP2A6 marker activities; slightly decreased CYP2D6 activity
(,25%); decreased CYP2C19 activity by 25–40% from 10mM to 1
mM; and decreased CYP2C9 and CYP2B6 activities by 30–60%
from 10mM to 1 mM. Methimazole dramatically inhibited CYP3A4
activity by 30–82% at concentrations of 10mM to 1 mM. Unexpect-

TABLE 1

Estimated IC50 values (mM) of orphenadrine and methimazole for different human P450 enzymes

Compound
Inhibition
Protocol

1A2 2A6 2B6 2B6a 2C9 2C19 2D6 2E1 3A4

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

a Activity assayed in microsomes containing cDNA-expressed CYP2B6.
b Inhibited at low concentrations, but the activities recovered at higher concentrations.
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edly, methimazole decreased CYP1A2 activity at lower concentra-
tions up to 67% at 50mM, then the activity recovered at higher
concentrations. Methimazole slightly decreased the expressed
CYP2B6 activity (;20%) (fig. 2).
Results for methimazole with the preincubation protocol are shown

in fig. 3B. Methimazole decreased all marker activities, and inhibition
was more potent when compared with that seen in the competitive
inhibition protocol. Activities of CYP2A6 and CYP2E1 were de-
creased by;30%; that of CYP2D6 was decreased by 20–50% at 20
mM to 1 mM; that of CYP2B6 was decreased by;80% at 10mM or
higher concentrations; and those of CYP2C9 and CYP2C19 were
decreased by 40–90% at 10–200mM with complete inhibition at
.500mM. CYP3A4 activity was decreased dramatically with.90%
inhibition seen at.20mM. CYP1A2 activity was decreased by 85%
at 10–50mM, and the activity was recovered gradually at higher
concentrations. This effect of methimazole on CYP1A2 marker ac-
tivity was confirmed by measuring the inhibition of CYP1A2-cata-
lyzed theophylline oxidation in human liver microsomes (24) (data
not shown). In this protocol, methimazole decreased the CYP2B6
activity in cDNA-expressed microsomes (;30%) (fig. 2).
The specificity of commonly used human P450 enzyme inhibitors

should be established by screening all the major human liver P450
enzyme marker activities (3). For example, 4-methylpyrazole, a pre-
sumed selective inhibitor of human CYP2E1, was found to inhibit
CYP2D6 activity to a similar extent (3). Specificity of chemical
inhibitors of human P450 enzymes also largely depends on the inhib-
itor concentration used. For example, ketoconazole and 7,8-benzofla-
vone strongly inhibited their respective P450 enzymes, CYP3A4 and
CYP1A2 at low concentrations (,5 mM), but also inhibited several
other enzymes at higher concentrations (3). In the present study,
orphenadrine was shown to inhibit most human liver P450 enzymes,

FIG. 1. Effect of orphenadrine on human P450 enzyme-catalyzed reactions
in human liver microsomes.

(A) Orphenadrine in the competitive inhibition protocol and (B) or-
phenadrine in the preincubation protocol. Enzyme reactions assayed are:
phenacetinO-deethylation for CYP1A2 (■); coumarin 7-hydroxylation for
CYP2A6 (å); 7-ethoxytrifluoromethylcoumarinO-deethylation for CYP2B6
(ç); tolbutamide 49-hydroxylation for CYP2C9 (}); (S)-mephenytoin 4-hy-
droxylation for CYP2C19 (F); bufuralol 1-hydroxylation for CYP2D6 (h);
chlorzoxazone 6-hydroxylation for CYP2E1 (Ç); and nifedipine oxidation for
CYP3A4 (É).

FIG. 2. Effect of orphenadrine and methimazole on expressed CYP2B6-
catalyzed 7-ethoxytrifluoromethylcoumarin O-deethylation.

■, Orphenadrine in the competitive inhibition protocol;å, orphenadrine in
the preincubation protocol;h, methimazole in the competitive inhibition
protocol; andÇ, methimazole in the preincubation protocol.

FIG. 3. Effect of methimazole on human P450 enzyme-catalyzed reactions
in human liver microsomes.

(A) Methimazole in the competitive inhibition protocol and (B) methimazole
in the preincubation protocol. Enzyme reactions assayed are: phenacetinO-
deethylation for CYP1A2 (■); coumarin 7-hydroxylation for CYP2A6 (å);
7-ethoxytrifluoromethylcoumarinO-deethylation for CYP2B6 (ç); tolbut-
amide 49-hydroxylation for CYP2C9 (}); (S)-mephenytoin 4-hydroxylation
for CYP2C19 (F); bufuralol 1-hydroxylation for CYP2D6 (h); chlorzoxazone
6-hydroxylation for CYP2E1 (Ç); and nifedipine oxidation for CYP3A4 (É).
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with stronger inhibition seen with CYP2D6 than CYP2B6. At con-
centrations higher than 0.5 mM orphenadrine, nearly complete inhi-
bition of the expressed CYP2B6 activity was observed (fig. 2). This
indicates that orphenadrine is not a selective inhibitor for CYP2B6 in
human liver microsomes (5), even though it has been shown to be a
very potent inhibitor of rat P4502B1 (4). This suggests orphenadrine,
or other P450 enzyme inhibitors in general, may have different po-
tencies and specificities in different species. Methimazole strongly
inhibited a number of human liver P450 enzyme activities. The
inhibitory effects of methimazole were much more pronounced in the
preincubation protocol, with complete inhibition seen with CYP3A4,
CYP2C9, and CYP2C19 at 500mM or higher concentrations. This
indicates that methimazole is not a selective inhibitor of the flavin-
containing monooxygenase in human liver microsomes. The stronger
inhibition of all eight human liver P450 enzymes in the preincubation
protocol suggests that methimazole can be metabolized by the flavin-
containing monooxygenase or P450 enzymes to a reactive species that
inactivates microsomal enzymes (7–9).

Acknowledgments.We thank Dr. Michel Martinet for his support
and useful discussions.

Department of Drug Metabolism
and Pharmacokinetics,
Rhone-Poulenc Rorer

ZUYU GUO

SHAMSI RAEISSI
REBECCA B. WHITE

JEFFREYC. STEVENS

References

1. F. P. Guengerich and T. Shimada: Oxidation of toxic and carcinogenic
chemicals by human cytochrome P-450 enzymes.Chem. Res. Toxicol.
4, 391–407 (1991).

2. D. J. Birkett, P. I. Mackenzie, M. E. Veronese, and J. O. Miners: In vitro
approaches can predict human drug metabolism.Trends Pharmacol.
Sci.14, 292–294 (1993).

3. D. J. Newton, R. W. Wang, and A. Y. H. Lu: Cytochrome P450 inhibi-
tors—evaluation of specificities in the in vitro metabolism of therapeu-
tic agents by human liver microsomes.Drug Metab. Dispos.23, 154–
158 (1995).

4. G. F. Reidy, I. Mehta, and M. Murray: Inhibition of oxidative drug
metabolism by orphenadrine: in vitro and in vivo evidence for isozyme-
specific complexation of cytochrome P-450 and inhibition kinetics.
Mol. Pharmacol.35, 736–743 (1989).

5. T. K. H. Chang, G. F. Weber, C. L. Crespi, and D. J. Waxman: Differential
activation of cyclophosphamide and ifosphamide by cytochromes
P-450 2B and 3A in human liver microsomes.Cancer Res.53, 5629–
5637 (1993).

6. A. Dixit and T. E. Roche: Spectrophotometric assay of the flavin-contain-
ing monooxygenase and the changes in its activity in female mouse
liver with nutritional and diurnal conditions.Arch. Biochem. Biophys.
233,50–63 (1984).

7. G. L. Kedders and D. E. Rickert: Loss of rat microsomal cytochrome
P-450 during methimazole metabolism: role of flavin-containing mono-
oxygenase.Drug Metab. Dispos.13, 58–61 (1985).

8. P. W. Lee and R. A. Neal: Metabolism of methimazole by rat liver
cytochrome P-450-containing monooxygenases.Drug Metab. Dispos.
6, 591–600 (1978).

9. G. L. Kedders and D. E. Ricket: Inhibition of the microsomal N-hydroxy-
lation of 2-amino-6-nitrotoluene by a metabolite of methimazole.Bio-
chem. Biophys. Res. Commun.113,433–438 (1983).

10. R. E. Tynes and E. Hodgson: Oxidation of thiobenzamide by the FAD-
containing and cytochrome P-450-dependent monooxygenases of the
liver and lung microsomes.Biochem. Pharmacol.32, 3419–3428
(1983).

11. C. B. Frederick, J. B. Mays, D. M. Ziegler, F. P. Guengerich, and F. F.
Kadlubar: Cytochrome P-450- and flavin-containing monooxygenase-
catalyzed formation of the carcinogen N-hydroxy-2-aminofluorene and
its covalent binding to nuclear DNA.Cancer Res.42, 2671–2677
(1982).

12. P. P. Wang, P. Beaue, L. S. Kaminsky, G. A. Dannan, F. F. Kadlubar, D.
Larrey, and F. P. Guengerich: Purification and characterization of six
cytochrome P-450 isozymes from human liver microsomes.Biochem-
istry 22, 5375–5383 (1983).

13. O. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J. Randall: Protein
measurement with the Folin phenol reagent.J. Biol. Chem.193,265–
275 (1951).

14. T. Omura and R. Sato: The carbon monooxide-binding pigment of liver
microsomes. I. Evidence for its hemoprotein nature.J. Biol. Chem.239,
2370–2378 (1964).

15. M. Sattler, F. P. Guengerich, C.-H. Yun, U. Christians, and K.-F. Sewing:
Cytochrome P450 3A enzymes are responsible for biotransformation of
FK506 and rapamycin in man and rat.Drug Metab. Dispos.20, 753–
761 (1992).

16. R. Pearce, D. Greenway, and A. Parkinson: Species differences and
interindividual variation in liver microsomal cytochrome P450 2A
enzymes: effects on coumarin, dicumarol, and testosterone oxidation.
Arch. Biochem. Biophys.298,211–225 (1992).

17. J. T. M. Buters, C. D. Schiller, and R. C. Chou: A high sensitive tool for
the assay of cytochrome P450 enzyme activity in rat, dog and man:
direct fluorescence monitoring of the deethylation of 7-ethoxy-4-triflu-
oroethylcoumarin.Biochem. Pharmacol.46, 1577–1584 (1993).

18. R. Knodell, S. Hall, G. Wilkinson, and F. P. Guengerich: Hepatic metab-
olism of tolbutamide: characterization of the form of cytochrome P-450
involved in methyl hydroxylation and relationship to in vivo disposi-
tion. J. Pharmacol. Exp. Ther.241,1112–1119 (1987).

19. U. Meier, T. Kronbach, and U. Meyer: Assay of mephenytoin metabolism
in human liver microsomes by high-performance liquid chromatogra-
phy.Anal. Biochem.151,286–291 (1985).

20. T. Kronbach, D. Mathys, J. Gut, T. Catin, and U. Meyer: High perfor-
mance liquid chromatographic assays for bufuralol 19-hydroxylase,
debrisoquine 4-hydroxylase, and dextromethorphan O-demethylase in
microsomes and purified cytochrome P450 isozymes of human liver.
Anal. Biochem.162,24–32 (1987).

21. R. Peter, R. Bocker, P. Beaune, M. Iwasaki, F. Guengerich, and C.-S.
Yang: Hydroxylation of chlorzoxazone as a specific probe for human
liver cytochrome P450IIE1.Chem. Res. Toxicol.3, 566–573 (1990).

22. F. P. Guengerich, M. V. Martin, P. Beaune, P. Kremers, T. Wolff, D.
Waxman: Characterization of rat and human liver microsomal cyto-
chrome P-450 forms involved in nifedipine oxidation, a prototype for
genetic polymorphism in oxidative drug metabolism.J. Biol. Chem.
261,5051–5060 (1988).

23. F. P. Guengerich: Human cytochrome P450 enzymes. In “Cytochrome
P450: Structure, Mechanism, and Biochemistry” (P. R. Ortiz de Mon-
tellano, ed.), 2nd ed.), pp. 473–535. Plenum Press, New York, 1995.

24. R. A. Robson, J. O. Miners, A. P. Matthews, I. Stupans, D. Meller, M. E.
McManus, and D. J. Birkett: Characterisation of theophylline metabo-
lism by human liver microsomes: inhibition and immunochemical stud-
ies.Biochem. Pharmacol.37, 1651–1659 (1985).

393INHIBITION OF HUMAN P450s

 at A
SPE

T
 Journals on Septem

ber 15, 2016
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/

