Evaluating the Role of Pharmacogenetics in Attention-Deficit/Hyperactivity Disorder Using Human Hepatocytes and Enzyme Inhibition in Human Liver Microsomes

e Most medications approved
to treat attention-deficit/
hyperactivity disorder (ADHD)
were approved over 30 years
ago.

e As aresult, few studies have
characterized the metabolism
of these medications to current
standards.

e The present study aimed to
characterize the metabolism
of racemic amphetamine,
dextroamphetamine,
racemic methylphenidate,
dexmethylphenidate,
atomoxetine, clonidine, and
guanfacine using modern in
vitro methods.

METHODS

e First, the rates of parent loss
and metabolite formation were
measured over 48 hours in
cryopreserved primary human
hepatocytes (cPHHs) and
over 2 hours in human liver
microsomes (HLMs).

e Second, the fraction
metabolized by drug
metabolizing enzymes was
measured in HLMSs using
chemical inhibition.

e Experimental conditions were
tested in triplicate, and positive
and negative controls were
included in duplicate.
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INTRODUCTION RESULTS

e The proportion of atomoxetine, racemic

methylphenidate, dexmethylphenidate,
and guanfacine converted to various
metabolites largely matched in vivo
reports.

There were some major pathways that
were not observed: oxidative deamination
and beta-hydroxylation of racemic
amphetamine and dextroamphetamine,
and no major loss of clonidine was
observed.

Well-characterized and robust gene-drug
interactions (GDIs), such as atomoxetine
with CYP2D6 and guanfacine with
CYP3A4/5, were replicated in the present
study.

In addition, previously reported GDIs were
not replicated and potentially novel GDIs
were observed.

— Contrary to recent reports
that propose CYP2C19 forms
N-desmethylatomoxetine,
CYP2C19 inhibition did not
significantly reduce the formation
of N-desmethylatomoxetine in this
study and its formation was minimal
in cPHHS and HLMs.

— Additionally, after administration
of methylphenidate, CYP2B6
and CYP2D6 inhibition largely
reduced the area ratio of oxo-
methylphenidate and p-hydroxy-
methylphenidate, suggesting a
novel role for these enzymes.

Table 1. Percent substrate remaining, half-life, and estimated in vitro
intrinsic clearance in cPHHs and percent substrate remaining in HLMs

Table 3. Percent inhibition of parent loss and metabolite
formation after a 2-hour incubation with HLMs

CONCLUSIONS

e The present study represents the first modern characterization of
the intrinsic clearance of many ADHD medications.

e Additionally, the current findings highlight the need for
further research to fully understand the impact of GDIs and
pharmacogenetics, particularly for medications that were approved
prior to the development of more advanced in vitro techniques.
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Enzyme (Chemical Inhibitor): CYP3A4/5 (ketoconazole), CYP1AZ2 (furafylline), CYP2B6

(phencyclidine), CYP2C9 (tienilic acid), CYP2C19 (esomeprazole), and CYP2D6
(paroxetine). N.I. = no inhibition, N.F. = not formed, NA = not applicable

Findings of 30% and higher are green.
- Parent loss only reported where at least 10% of the substrate is lost in

the no solvent control condition (table 1) and where metabolite formation

requires active enzymes, as shown with the negative controls of no

cofactor addition and no protein addition. For that reason, amphetamine,
dextroamphetamine, clonidine, methylphenidate, dexmethylphenidate, and

ritalinic acid results are not given.




