Selections from a literature search on side effects, drug-drug
interaction, and metabolic deficiencies in CYP2D6 activity
relating to Fluoxetine, Norfluoxetine, Trazodone, and mCPP, with
references.

Kevin Eric Saunders a/k/a bonze bl ayk(5/24/00)
>>> "The effects of the TCAs on INa are simlar to |ocal anesthetic behavior"

>>> "Trazodone ... [has] ... an antinociceptive activity. It is stressed that this
activity has been of critical inmportance in the discovery of trazodone. In fact, the
devel oprment of this drug was based on the working hypothesis that a disturbance in the
perception of unpl easant experience has a role in the pathogenesis of depression.”

>>> "Caution in prescribing trazodone and in the cardiac nmonitoring of patients
receiving trazodone i s recomended. "

>>> "Patients receiving a tricyclic antidepressant should be nonitored closely for
toxicity if a SSRI-type drug is added. dinicians should be particularly cautious in
patients with fluoxetine due to the extrenely long elinmnation half-life of its

nmet abolite, norfluoxetine (7-9 days)."

>>> "Data from studi es on trazodone and fluoxeti ne suggest that |ower dosages may
prove as effective (if not nore effective) than very high dosages.... Side effects of
fluoxetine and fl uvoxam ne include primarily nausea, weight |oss, insomia, and

anxi ety."

>>> "poor metabolizers accunulate fluoxetine but not sertraline and that CYP2D6 pl ays
an inportant role in the denethylation of fluoxetine but not of sertraline"

>>> "Potent inhibition of cytochrone P450 2D6( CYP2D6) in human |iver mcrosomes by
fluoxetine and its najor netabolite norfluoxetine was confirned.... Inhibition of
CYP2D6 activity in patients undergoing treatment with fluoxetine or other serotonin
upt ake inhibitors could contribute to toxicity or attenuated response from concurrent
nmedi cations that are substrates of this enzynme."

>>> "The rate of deficiency in CYP2D6 expression in these Caucasian state psychiatric
hospital patients (14% was twi ce that of the U S. population (7%."

>>> "f| uoxetine and norfluoxetine are potent inhibitors of CYP2D6... This can give
rise to drug-drug interactions that may have no effect, lead to intoxication, or
i mprove the therapeutic response"”

>>> "SSRIs are potent inhibitors of the hepatic isoenzyne P450-2D6 and woul d be
expected to have effects on the clearance of drugs netabolized by this enzyne."

>>> "CYP2D6 is inhibited by SSRI's, in order of decreasing potency paroxetine,

nor fl uoxetine, fluoxetine, sertraline, citalopramand fluvoxam ne. This nay have
clinical consequences with somebut not all SSRI's, when they are taken with tricyclic
anti depressants.... There have been many reports on nmarked phar macoki netic
interactions between fluoxetine and tricyclic antidepressants.”

>>> "norfluoxetine is nore potent than fluoxetine as an inhibitor of CYP3A3/4, and in
view of the longer half-life (t1/2) of the netabolite the potential for interactions
may persist for weeks after discontinuation of the parent drug"”

>>> "f|uoxetine, largely via its netabolite norfluoxetine, may inpair clearance of
P450- 3A substrat es”

>>> "norfluoxetine was the only potent inhibitor of CYP3A"

>>> Lilly reports "fluoxetine and norfluoxetine together would inhibit CYP3A catal ytic
activity by less than7% -- [DI SAGREES W TH OTHER RESULTS]
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>>> F|l uoxetine -> Cytochrone P450-2C9 Nor f | uoxeti ne
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References from a literature search on side effects of
Fluoxetine, and drug-drug interaction and metabolic deficiencies
in CYP2D6 activity relating to Fluoxetine, Norfluoxetine,
Trazodone, and mCPP.

>>> "The effects of the TCAs on INa are simlar to |ocal anesthetic behavior"
<http://]jpet.aspetjournals.org/cgi/content/full/284/1/208>

I nhi bition of neuronal Na+ channels by anti depressant drugs.

Pancrazio JJ, Kamatchi G, Roscoe AK, Lynch C3rd

Departnent of Anesthesiology, University ofVirginia Health Sciences Center,
Charlottesville, USA

Al though tricyclic antidepressant (TCA) bl ockade of cardi ac Na+ channels is

appreci ated, actions on neuronal Na+channels are less clear. Therefore, the effects of
TCAs (amitriptyline, doxepin and desipram ne) as well as trazdone and fl uoxetine on
vol tage-gated Na+ current (I1Na) were exam ned in bovine adrenal chromaffin cells using
the whol e-cell patch-clanp nmethod. Amtriptyline produced concentration-dependent
depression of peak Ina evoked froma hol ding potential of -80 nV with KD value of 20.2
mcroMand a H Il coefficient of 1.2. Although 20 microManitriptyline induced no
change in the rate or voltage dependence of Ina activation, steady-state inactivation
denonstrated a 15-nV hyperpol arizing shift. Simlar results were observed for doxepin
and desipramine. This shift in steady-state inactivation was associated with a sl owed
rate of recovery fromthe inactivated state. Contrasting results were observed with
the atypical antidepressants: while20 mcroM fluoxetine depressed peak | Na by 61% and
caused a 7-nV hyperpolarizing shift in steady-state inactivation, 100 nicroMtrazodone
decreased peak INa by only 19% and caused only a 3-nV shift. Al though the magnitude of
fluoxetine effects was simlar to those of the TCAs, the onset of fluoxetine effects
was substantially slower than for amtriptyline. In voltage-clanmp and current-clanmp
measurenents fromneonatal rat dorsal root ganglion neurons, 20 microMamtriptyline
decreased I Na by 52% and depressed action potential dynam cs consistent with enhanced
Na+ channel inactivation. The effects of the TCAs on INa are simlar to |oca

anest hetic behavior and could contribute to certain anal gesic actions.

PM D. 9435180, U : 98102629

>>> "Trazodone ... [has] ... an antinociceptive activity. It is stressed that this
activity has been of critical inportance in the discovery of trazodone. In fact, the
devel opnent of this drug was based on the working hypothesis that a disturbance in the
perception of unpleasant experience has a role in the pathogenesis of depression.”

Psychopat hol ogy 1984; 17 Suppl 2:3-14

Trazodone, a new avenue in the treatnent of depression
Silvestrini B, Valeri P

Phar macol ogi cal and bi ochemni cal data on trazodone are reviewed in order to conpare
this drug to impranine and other tricyclics both fromthe point of view of the
mechani sm of action and preferential clinical indications. Trazodone tends to inhibit
bi ochem cal and pharnacol ogi cal functions depending on the catechol aninergic system
whereas im pram ne has a potentiating activity. However, both these drugs decrease the
density of beta-receptors follow ng repeated administrations. Trazodone and i ni pram ne
have sinilar effects on the serotoninergic system The two drugs al so share an
antinociceptive activity. It is stressed that this activity has been of critica
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i nportance in the discovery of trazodone. In fact, the devel opnent of this drug was
based on the working hypothesis that a disturbance in the perception of unpl easant
experience has a role I n the pathogenesis of depression. Sone nedical inplications of
the al pha-bl ocking activity of trazodone are di scussed. Trazodone is preferable to

ot her antidepressant treatnent when depression is associated with angl e-cl osure

gl aucoma, cardi ovascul ar di sturbances dependi ng on noradrenaline rel ease, trenor, sone
psychotic conditions and al coholism

PM D: 6144138, Ul : 84194905

Can J Physiol Pharmacol 1997Aug; 75(8):983-7

Atypi cal antidepressants inhibit depolarization-induced cal ciumuptake in rat
hi ppocanpus synapt osones

Lavoi e PA, Beauchanp G Elie R
Departenment de pharmacol ogi e, Universite deMontreal, QC, Canada

The effect of the atypical antidepressants manserin, iprindole, and fl uoxetine on
synapt osonmal cal ci um upt ake was tested under conditions where a selective action on
vol t age- dependent cal ci um channel s can be docunented. Synaptosomes fromrat

hi ppocanpus were incubated with 45cal ciumeither in choline-rich mediumor in
depol ari zing (60 mM K+) choline-rich nmedium and drug effects on cal cium uptake in
these two conditions, as well as on the net depol ari zation-induced cal ci um upt ake
were studied in the range of concentrations 0.6-200 microM A concentration-dependent
mar ked i nhibition of uptake in depolarizing choline mediumwas observed for the three
anti depressants, whereas only a m nor degree of inhibition of uptake in resting
chol i ne medi um was present at the highest drug concentration; as a result, the
concentration-effect relationships exhibited a strong concentrati on-dependent

i nhi bition of net depol arization-induced cal ci um uptake. The |1C50 val ues, cal cul ated
by interpolation of the last three or four points of the concentration-effect

rel ati onshi ps, were27, 39, and 68 microMfor fluoxetine, iprindole, and m anserin,
respectively. Significant degrees of cal ciumchannel inhibition are not expected at
brain concentrations of manserin and iprindole that are likely to be encountered
during clinical use;however, the fluoxetine concentration-effect relationship
established in the present study, coupled with the published ratio of 20:1 for
brai n: pl asma concentrations of fluoxetine-norfluoxetine in humans, suggests that brain
cal ci um channel function could be appreciably reduced in sone patients treated with
this atypical antidepressant.

PM D: 9360012, Ul: 98024313

>>> "Caution in prescribing trazodone and in the cardiac monitoring of patients
receiving trazodone i s recomended."

J din Psychiatry 1986 Jul ;47(7):388-9
A case of trazodone-induced ventricul ar tachycardi a.
Aronson MD, Hafez H

Trazodone was associated with the occurrence of |ife-threatening premature ventricul ar
contractions and angina in a 45-year-old white man who had no prior cardi ovascul ar

di sease. Caution in prescribing trazodone and in the cardiac nonitoring of patients
receiving trazodone is recomended.

PM D. 2424891, U : 86250660

>>> "Patients receiving a tricyclic antidepressant should be nonitored closely for
toxicity if a SSRI-type drug is added. Cinicians should be particularly cautious in
patients with fluoxetine due to the extrenely long elinmnation half-life of its

nmet abolite, norfluoxetine (7-9 days)."
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http://wwmv. m graines.org/treatnment/amtrip. htm

Clinicians should be alert for pharmacoki netic interactions between tricyclic

anti depressants and the selective serotonin reuptake inhibitors (SSRI's) class of

anti depressants. The SSRIs are known to inhibit isozymes of the cytochrome P-450

m xed-functi on oxi dase system i ncl udi ng CYP2D6 and/or CYP3A4, the isozynes responsible
for netabolismof many of the tricyclic antidepressants. Cytochrone CYP2D6 is inpaired
nost by fluoxetine and | east by sertraline and is the isozyne nost responsible for

met abol i smof tricyclic antidepressants. In several cases, synmptonms of toxicity,

i ncl udi ng sei zures, were reported when drugs fromthese 2categories were used
together. At |east one case report exists of a death thought to be due to inpaired

cl earance of amitriptyline by fluoxetine. The CYP2D6 isozyme is a comon pathway for
both of these drugs and norfluoxetine also inhibits this enzyme.Patients receiving a
tricyclic antidepressant should be nonitored closely for toxicity if a SSRI-type drug
is added. dinicians should be particularly cautious in patients with fluoxetine due
to the extrenely long elimnation half-life of its netabolite, norfluoxetine (7-9
days).

>>> "Data from studi es on trazodone and fluoxeti ne suggest that |ower dosages may
prove as effective (if not nore effective) than very high dosages.... Side effects of
fluoxetine and fl uvoxam ne include primarily nausea, weight |oss, insomia, and
anxiety."

J din Psychopharmacol 1987 Dec; 7(6Suppl): 44S- 49S

Recent studies on selective serotonergic antidepressants: trazodone, fluoxetine, and
fl uvoxam ne.

Schat zberg AF, Dessain E, O Neil P, Katz DL, Cole JO
Affective Di sease Program MLean Hospital, Bel mront, MA 02178

In recent years, the role of serotonin in the pathophysiol ogy of depressive disorders
has been intensively studied. These studi es have been conpl enented by the devel opnent
of newer antidepressant agents that exert specific effects on serotonin systens. This
paper reviews the pharmacol ogy of these newer conpounds and contrasts it with those of
the standard tricyclic antidepressants. The current status of various serotonergic
agents is discussed. Results are reviewed fromrecent double-blind studies conparing
three conpounds (trazodone, fluoxetine, and fluvoxanmi ne) to a standard tricyclic

anti depressant. Relative efficacy, dropout rates, optiml dosages, and side effects are
enphasi zed. Data from studi es on trazodone and fl uoxeti ne suggest that |ower dosages
may prove as effective (if not nore effective) than very hi gh dosages. Inplications of
these data are discussed. Side effects of fluoxetine and fluvoxamnm ne include primarily
nausea, weight |oss,insomia, and anxiety. Possible application of specific serotonin
reupt ake bl ockers in the treatnment of obsessive-conpul sive disorder and in the
reduction of al cohol consunption is also reviewed.

Publication Types: Review Review, tutoria

PM D: 3123528, Ul : 88116146

J Child Adol esc Psychopharnmacol 2000Spring; 10(1):27-34

Fl uoxetine-related death in a child with cytochrone P-450 2D6 genetic deficiency.
Sal |l ee FR, DeVane CL, Ferrell RE

Departnent of Psychiatry, University of Cincinnati, Ohio 45267, USA
sal | eefr@nmi | . uc. edu

[Medline record in process]

The clinical course of a 9-year-old diagnosed with attention-deficit hyperactivity
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di sorder, obsessive-conpul sive disorder, and Tourette's disorder and treated with a
conbi nati on of methyl pheni date, clonidine, and fluoxetine is described. The patient
experienced over a 10-nmonth period, signs and synptons suggestive of netabolic
toxicity marked by bouts of gastrointestinal distress, |ow grade fever,

i ncoordi nati on, and disorientation. Generalized seizures were observed, and the
patient |apsed into status epilepticus followed by cardi ac arrest and subsequently
expired. At autopsy, blood, brain, and other tissue concentrations of fluoxetine and
norf |l uoxetine were several -fold higher than expected based on literature reports for
overdose situations. The nedical examiner's report indicated death caused by
fluoxetine toxicity. As the child' s adoptive parents controlled nedicati on access, t hey
were investigated by social welfare agencies. Further genetic testing of autopsy
tissue reveal ed the presence of a gene defect at the cytochrone P450 CYP2D | ocus,
which results in poor metabolismof fluoxetine. As a result of this and other

evi dence, the investigation of the adoptive parents was termnated. This is the first
report of a fluoxetine-related death in a child with a confirmed genetic pol ynor phi sm
of the CYP2D6 gene that results in inpaired drug netabolism |ssues relevant to child
and adol escent psychopharmacol ogy arising fromthis case are discussed

PM D: 10755579, Ul: 20216355

Phar macogeneti cs 1999 Feb; 9(1):55-60

The stereosel ective metabolismof fluoxetine in poor and extensive metabolizers of
sparteine.

Fj ordside L, Jeppesen U, Eap CB, Powell K, Baunann P, Brosen K

Departnent of Cinical Pharnmacol ogy, Institute of Medical Biology, Odense University,
Dennark. |.fjordsi de@i nsl oew. ou. dk

The sel ective serotonin reuptake inhibitor fluoxetine is administered as a racemc

m xture, and R- and S-fluoxetine are netabolized in the liver by N-denethylation to R
and S-norfl uoxetine, respectively. R and S-fluoxetine and S-norfl uoxetine are equally
potent selective serotonin reuptake inhibitors, but R-norfluoxetine is 20-fold | ess
potent in this regard. Racem c fluoxetine and norfluoxetine are potent inhibitors of
cytochronme P450 (CYP) 2D6 in vivo and in vitro and recent studies in vivo have shown
that racem c fluoxetine is nmetabolized by CYP2D6. The primary ai mof the present study
was to investigate the stereosel ective netabolism of fluoxetine and norfl uoxeti ne by
CYP2D6 in vivo. A single oral dose of fluoxetine (60 ny) was adm nistered to six poor
and si x extensive netabolizers of sparteine. Blood sanples were collected during 6
weeks for poor netabolizers and 3 weeks for extensive netabolizers. Once a week a
sparteine test was perfornmed. The R-and S-enantioners of fluoxetine and norfl uoxetine
were determ ned by a stereosel ective gaschromatography-mass spectroscopy nmethod. In
the poor netabolizers, the oral clearance of R~ and S-fluoxetine was 3.0 I/h and 17
I/h, respectively, the corresponding values in the extensive netabolizers were 36 I/h
and 40 |/ h, respectively. For both enantioners, the phenotype difference was
statistically significant. In poor netabolizers,the elimnation half-lives were 6.9
days and 17.4 days for R and S-norfluoxetine, respectively, and in the extensive

nmet abol i zers it was 5.5 days for both enantioners, a significant phenotypica
difference only for S-norfluoxetine. For fluoxetine the elimnation half-lives were
9.5 and 6.1 days in poor netabolizers for theR- and S-enantiomer, respectively. The
correspondi ng values in the extensive netabolizers were 2.6 and 1.1 days, respectively.
Al so for this paraneter, the differences were statistically significant. This study
shows that CYP2D6 catal yses the netabolismof R-and S-fluoxetine and nost |ikely the
further netabolism of S-norfluoxetine but not of R-norfluoxetine.

Publication Types: dinical trial

PM D. 10208643, Ul : 99223342

Clin Pharmacol Ther 1996 Nov; 60(5):522-34

The cytochrone P450 2D6 (CYP2D6) enzyne pol ynorphi sm screening costs and influence on

clinical outcomes in psychiatry.
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Chen S, Chou WH, Blouin RA, Mao Z, Hunphries LL, Meek QC, Neill JR Martin W, Hays
LR, Wedl und PJ

Di vi si on of Pharmacol ogy and Experi nental Therapeutics, College of Pharnacy, University
of Kentucky, Lexington40536-0082, USA.

OBJECTI VES: This study exam ned factors that affect cost, reliability, and the value
of determining the cytochrone P4502D6 (CYP2D6) pol ynorphismin clinical practice
STUDY DESI GN: The net hod of deoxyribonucleic acid isolation, sanple preparation,

ol i gonucl eoti de priners, and pol ymerase chain reaction procedures were scrutinized for
their effect on CYP2D6 genotyping efforts. The deternmination of the CYP2D6 A, B, D, E,
and T alleles was used to identify the deficiency in CYP2D6 expression in 161

i ndi vidual s phenotyped for CYP2D6 activity w th dextromet horphan. The CYP2D6 genotype
was assessed in 74 outpatients who had received di agnoses of depression. Eighteen of
these patients were screened because of an adverse response to a tricyclic or

anti depressant known or suspected to be a CYP2D6 substrate. RESULTS: TheCYP2D6 A, B

C, Db E, and T alleles could be detected in 13 hours at a cost of $84 per sanple by
judi ci ous sel ection of conditions and procedures. The genotype provided an accurate
predi ctor of CYP2D6 expression in all 134 subjects who expressed the enzyne and in al
27 unrel ated individuals phenotyped as deficient in CYP2D6 activity. In the patient
group that experienced adverse effects, 44% of all CYP2D6 gene copi es contained the A
B, DO E, or T allele(s) associated with inactive CYP2D6 expression. This was nore than
twice the rate for the occurrence of nmutant alleles in the other 56 psychiatric
patients (21% and in 80 random subjects fromthe general population (20% p < 0.05)
CONCLUSI ONS: Screening psychiatric patients for CYP2D6 expression nmay distinguish

nmet abol i c- based therapeutic problenms fromdrug sensitivity caused by other mechani sns.

PM D. 8941025, U : 97096001

>>> "poor metabolizers accunul ate fluoxetine but not sertraline and that CYP2D6 pl ays
an inportant role in the denethylation of fluoxetine but not of sertraline"

Cin Pharmacol Ther 1996 Nov; 60(5):512-21

The disposition of fluoxetine but not sertraline is altered in poor netabolizers of
debri soqui ne

Hanelin BA, Turgeon J, Vallee F, Belanger PM Paquet F, LeBel M

School of Pharmacy, Universite Laval, QuebecHeart Institute, Laval Hospital, Sainte-
Foy, Canada.

BACKGROUND: Substrates and inhibitors of the cytochrone P450 i sozyne CYP2D6 have

overl appi ng structural characteristics. Two prototype serotoni n uptake inhibitors,
sertraline and fluoxetine, share these structural criteria and have been identified as
potent inhibitors of CYP2D6 in vitro. The current study was undertaken to investigate
whet her genetically determ ned CYP2D6 activity alters the disposition of sertraline or
fluoxetine or both. METHODS: Single doses of sertraline (50 ng) and fluoxetine (20 ng)
wer e adm ni stered successively to 20 young nen with high (extensive netabolizers; n =
10) and | ow (poor netabolizers; n = 10)CYP2D6 activity. Blood and urine sanples were
collected for 5 to 7half-lives and sertraline, desmethyl sertraline, fluoxetine, and
nor f | uoxetine were determ ned by GC and HPLC techni ques. RESULTS: Poor netabolizers
had significantly greater fluoxetine peak plasna concentrations (Crax; increases 57%,
area under the concentration versus time curve (AUC zero-->infinity; increases 290%,
and termnal elimnation half-life (increases 216% conpared w th extensive

met abol i zers. The total ampunt of fluoxetine excreted in the urine during 8 days was
al nost three tinmes higher in poor netabolizers than in extensive netabolizers (719
versus 225 micrograns; p < 0.05), whereas the total anmount of norfl uoxetine excreted
in urine of poor netabolizers was about half of that of extensive netabolizers (524
versus 1047 microgranms; p < 0.05). Norfluoxetine Chmax and AUC zero-->t were
significantly smaller in poor netabolizers (decreases 55% and decreases

53% respectively), and the partial metabolic clearance of fluoxetine into

norfl uoxetine was 10 times snaller in this group (4.3 +/- 1.9 versus 0.4+/- 0.1 L/hr;
p < 0.05). No significant differences between extensive and poor mnetabolizers were
found for sertraline and desnethyl sertraline pharmacokinetics. CONCLUSI ON: These data
i ndi cate that poor netabolizers accunul ate fluoxetine but not sertraline and that
CYP2D6 plays an inportant role in the denethylation of fluoxetine but not of
sertraline.
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PM D. 8941024, U : 97096000

>>> "Potent inhibition of cytochrone P450 2D6(CYP2D6) in human |iver mcrosones by
fluoxetine and its nmmjor nmetabolite norfluoxetine was confirmed.... Inhibition of
CYP2D6 activity in patients undergoing treatnent with fluoxetine or other serotonin
upt ake i nhibitors could contribute to toxicity or attenuated response from concurrent
medi cations that are substrates of this enzynme."

Clin Pharmacol Ther 1993 Apr; 53(4):401-9
I nhibition by fluoxetine of cytochrone P4502D6 activity.
Oton SV, Wi D, Joffe RT, Cheung SW SellersgEM

Clinical Research and Treatnent Institute, Addi cti on Research Foundati on of Ontari o,
Toront o, Canada.

Potent inhibition of cytochrome P450 2D6( CYP2D6) in human |iver nicrosones by
fluoxetine and its nmmjor netabolite norfluoxetine was confirmed (apparent inhibition
constant values, 0.2nunol/L). Several other serotonergic agents were also found to be
conpetitive inhibitors of this genetically pol ynorphicenzyme. The O denet hyl ation

rati o of dextronethorphan that expressed CYP2D6activity in 19 patients receiving
fluoxetine fell in the region of the antinobde separating the O denethylation ratio
val ues observed in 208 extensive netabolizers from 15 poor metabolizers of a control
group of healthy subjects. Inhibition of CYP2D6 activity in patients undergoing
treatment with fl uoxetine or other serotonin uptake inhibitors could contribute to
toxicity or attenuated response from concurrent nedications that are substrates of
this enzyme. Other in vitro studies indicated that CYP2D6catal yzes the O denethyl ation
of oxycodone to form oxynorphone. This reaction was inhibited by fluoxetine and its
nornetabolite in liver mcrosonmes fromboth extensive and poor netabolizer

i ndi vidual s, indicating that these conpounds are not selective inhibitors of CYP2D6
activity.

PM D: 8477556, Ul: 93238451

Am J Hum Genet 1997 Feb; 60(2): 284-95

Cytochronme P450 2D6 variants in a Caucasi an popul ation: allele frequencies and
phenot ypi ¢ consequences.

Sachse C, Brocknoller J, Bauer S, Roots |

Institute of Cinical Pharmacol ogy, University Clinic Charite, Hunboldt University of
Berlin, Germany.

Cyt ochrome P450 2D6 (CYP2D6) netabolizes many inportant drugs. CYP2D6 activity ranges
fromconplete deficiency to ultrafast nmetabolism depending on at |east 16 different
known al |l el es. Their frequencies were determ ned in 589 unrel ated German vol unteers and
correlated with enzyne activity measured by phenotyping with dextronethorphan or
debri soqui ne. For genotyping, nested PCR-RFLP tests froma PCR anplificate of the
entire CYP2D6 gene were devel oped. The frequency of the CYP2D6*1 allele coding for
extensive metabolizer (EM phenotype was .364. The alleles coding for slightly
(CYP2D6*2) or npderately (*9 and *10) reduced activity (intermedi ate netabolizer
phenotype [IM) showed frequencies of .324, .018,and .015, respectively. By use of
novel PCR tests for discrimnation, CYP2D6 gene duplication alleles were found with
frequencies of .005 (*1x2), .013 (*2x2), and .001 (*4x2).Frequencies of alleles with
conpl ete deficiency (poor netabolizer phenotype[PM) were .207 (*4), .020 (*3 and
*5), .009 (*6), and .001 (*7, *15, and *16). The defective CYP2D6 alleles *8, *11,
*12, *13, and *14 were not found. Al 41 PMs (7.0% in this sanple were explai ned by
five mutations detected by four PCR- RFLP tests, which may suffice, together with the
gene duplication test, for clinical prediction of CYP2D6 capacity. Three novel
variants of known CYP2D6 all el es were discovered: *1C (T1957C), *2B (additi onal
C2558T), and *4E (additional C2938T). Analysis of variance showed significant

8/ 21



differences in enzymatic activity neasured by the dextronethorphan netabolic ratio
(MR) between carriers of EMPM (nean MR = .006) and M PM (mean MR = .014) alleles and
between carriers of one (mean MR = .009) and two (nean MR = .003)functional alleles.
The results of this study provide a solid basis for prediction of CYP2D6 capacity, as
required in drug research and routine drug treatment.

Conments: Conment in: AmJ Hum Genet 1997Feb; 60(2): 265-71

PM D. 9012401, U : 97164594

Phar macogenetics 1996 COct; 6(5): 395-401

A new CYP2D6 allele with a nine base insertion in exon 9 in a Japanese popul ation
associ ated with poor metabolizer phenotype.

Yokoi T, Kosaka Y, Chida M Chiba K, Nakanura H, |shizaki T, Kinoshita M Sato K,
CGonzal ez FJ, Kamataki T

Di vision of Drug Metabolism Faculty of Pharmaceutical Sciences, Hokkai do University,
Japan.

The CYP2D6 gene of a Japanese spartei ne poor mnetabolizer (PM proband) show ng a
urinary sparteine nmetabolic ratio of 31.6 was anal ysed, and a heterozygous CYP2D6(D), a
del etional type, was found by restriction fragment |ength pol ynorphi sm analysis with
Xba | enzyme. The PMdid not have any other previously described mutations in the
CYP2D6 gene causing the loss of catalytic activity of the CYP2D6 enzyme. Thus, a
possi bl e new all el e(s) responsible for the PM phenotype was anal ysed. The results

i ndi cated that the PM possessed a new 9-base insertion in exon 9, designated
CYP2D6(J9). The CYP2D6(J9) and CYP2D6(D) alleles were clarified to be inherited from
the nother [2D6(W/2D6(J9)] and the father[2D6(W/2D6(D)], respectively. The 9-base
insertion caused a large increase in the apparent K(m value for bufuraloll'-
hydroxyl ati on as exami ned by expression of the enzyme protein in yeast.Four of 300
Japanese carried a heterozygous CYP2D6(J9) allele (0.7% 4/600chronpsones) as

determ ned by a pol ynerase chain reaction anal ysis.

PM D. 8946471, U : 97101953

Phar macogenetics 1991 Dec; 1(3): 143-8

Concordance of P450 2D6 (debrisoqui ne hydroxyl ase) phenotype and genotype: inability
of dextronethorphan netabolic ratio to discrinnate reliably heterozygous and
honpzygous extensive netabolizers.

Evans WE, Relling W
Phar maceutical Division, St. Jude Children' sResearch Hospital, Menmphis, TN 38101.

Debri soqui ne- hydr oxyl ase (P450 2D6) not equal to phenotype was determ ned in 116

i ndi vi dual s usi ng dextronethorphan as the substrate probe. Polynmerase chain reaction
and restriction fragnent |ength pol ynor phi sm anal yses were used to detect inactivating
mutations in the CYP2D6 gene and assign genotype in all 116 individuals. Using a
urinary metabolic ratio (DMDT) of > or = 0.3 to define poor netabolizer (PM

phenot ypes, 96 subjects were extensive netabolizers (EM and 20 were PMs. The
CYP2D6(B) nutation was the npst conmon nutation, present in 18% of phenotypic EM
alleles and 66% of the alleles in PM phenotypes. The CYP2D6(A) nutati on (8% of PM

all el es) and the CYP2D6 gene del etion (2.6% of PMalleles) were found | ess frequently.
Seven different variants of the CYP2D6 gene were found. In subjects with two nutant

al l el es, genotype correctly predicted the PM phenotype in 100% (n =13). Overall,
genotype agreed wi th phenotype assignnents in 109 of 116(94% subjects. Seven subjects
with a wild-type allele at the CYP2D6(A) and CYP2D6(B) | oci were phenotypic

PMs, representing the only discrepant results. These discrepancies could be due to the
i mpreci si on of phenotype assignnent or to as yet unknown nutations in CYP2D6. Although
the nedian urinary netabolic ratio was significantly |ower in honozygous EMs conpared
with heterozygous EMs, there was extensive overlap in netabolic ratios in these two
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groups, indicating that the DM DT netabolic ratio cannot reliably discrimnate
honmpbzygous EMs from het erozygous EMs.

PM D. 1688245, U : 93251065

>>> "The rate of deficiency in CYP2D6 expression in these Caucasian state psychiatric
hospital patients (14% was twi ce that of the U S. population (7%."

Am J Psychiatry 1998 Sep; 155(9):1278-80
Pil ot study of the cytochrone P450-2D6 genotype in a psychiatric state hospital.
de Leon J, Barnhill J, Rogers T, Boyle J, ChouWH, Wedlund PJ

Uni versity of Kentucky Mental Health Research Center at Eastern State Hospital and the
Uni versity of Kentucky Coll ege of Pharnmacy, Lexington 40508, USA.
j del eon@op. uky. edu. us

OBJECTI VE: The authors conducted a pilot study to develop prelininary data on the
frequency of cytochrome P450-2D6( CYP2D6) genotypes in state psychiatric hospital
patients and to establish popul ati on sizes needed to determ ne potential clinical

rel evance in therapeutic outcome. METHOD: One hundred consecutive inpatients at
Eastern State Hospital in Kentucky who provided i nforned consent were genotyped at the
CYP2D6 | ocus during their hospital stay. RESULTS: Twel ve of the patients were CYP2D6
deficient, and four carried the *1Xn or *2Xn allele associated wth ultrarapid
metabolism all of these patients were Caucasian (N=87). The rate of deficiency in
CYP2D6 expression in these Caucasian state psychiatric hospital patients (14% was
twice that of the U S population (7% . The patients with CYP2D6 deficiency al so
appeared nore likely to experience side effects in response to CYP2D6 nedi cati ons.
CONCLUSI ONS: This study, limted by a small number of subjects, suggests that one-
fifth of Caucasians adnmitted to a state hospital in Kentucky had genotypes associ ated
with extrenes in CYP2D6 activity that may have affected their response toCYP2D6

medi cati ons.

PM D: 9734555, Ul: 98403624

Phar macot her 1995 May; 29(5): 486-8
Delirium probably induced by clarithromycin in a patient receiving fluoxetine.
Pol | ak PT, Sketris |IS, NMacKenzie SL, Hewl ettTJ

Departnent of Medicine, Dal housie University, Victoria General Hospital, Halifax, Nova
Scoti a, Canada.

[clarithromycin is a substrate and inhibitor of 3A4,5,7
norfluoxetine inhibits 3A 4,5,7
trazodone is a substrate of 3A 4,5,7]

BACKGROUND: Cl arithronycin is a macrolide antibiotic very simlar to erythromycin in
structure and spectrum of activity. It has gained increasing use since its release in
Canada in May1992, partly because it is pronmoted as having | ess potential for drug
interactions and adverse effects. However, as with all new nedications, a high degree
of vigilance for unreported adverse effects is advi sable. CASE SUMVARY: A healthy 53-
year-old | awer was receiving long-termfluoxetine 80 ng hs and nitrazepam 10 ng hs
for depression and nild sleep apnea. Subsequent to initiation of treatment with
clarithromycin for a respiratory infection, he rapidly devel oped delirium which
cleared quickly after stopping all 3nmedications. The deliriumand psychosis did not
recur when the infection was treated with erythronycin alone or after restarting
fluoxetine and nitrazepamtherapy at previous dosages in the absence of antibiotics.
DI SCUSSION: This man's deliriumis consistent with fluoxetine intoxication, which
appears to have resulted frominhibition of hepatic cytochrome P450net abol i sm by
clarithromycin. Undiagnosed, this serious drug reaction could have |ead to serious
medi cal and soci al consequences. CONCLUSI ONS: As the use of clarithronycin increases,
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the potential for interactions with other drugs netabolized by the P450 enzyne system
may be realized. dinicians should consider which other nedications a patient is

recei ving before prescribing clarithromycin or any nmacrolide antibiotic with potenti al
to influence the P450 system

Comments:  Conment in: Ann Pharmacot her 1996Cct; 30(10): 1199- 200

PM D: 7655131, Ul: 95383785

J din Psychiatry 1998;59 Suppl 10:22-6

Phar macoki netic interactions of antidepressants.

Ri chel son E

Departnent of Psychiatry and Phar nmacol ogy, Mayo Medi cal School, Rochester, M nn, USA

Seven of the newest antidepressants are the serotonin selective reuptake inhibitors
(fluoxetine, sertraline, paroxetine, and fluvoxam ne [currently approved in the United
States for obsessive-conpul sive disorder only]), a serotonin norepinephrine reuptake

i nhi bitor (venlafaxine), a postsynaptic serotonin antagonist/presynaptic serotonin
reupt ake i nhibitor (nefazodone), and presynaptic/ postsynaptic

nor adr ener gi ¢/ serotonergi c receptor antagonist(mrtazapine). Many of these drugs are
potent inhibitors of the cytochrome P450 (CYP) enzymes of the liver. The CYP enzynes
nost relevant to the use of antidepressants and for which the nost thorough data are
avai |l abl e are the CYP1A2, CYP2D6, and CYP3A4. These 3 CYP isoenzynes are discussed in
relation to sone of the drugs they netabolize, and appropriate cautions are
recommrended for concurrent adm nistration of these new anti depressants and ot her drugs
frequently prescribed to elderly patients.

Publ i cation Types: Review Review, tutoria

PM D: 9720479, U : 98385433

Ann din Psychiatry 1993 Dec; 5(4):255-7
Deliriumduring fluoxetine treatnment. A case report.
Lei nonen E, Koponen H, Lepola U

Psychiatric Research Cinic of Kuopio, Finland

The correl ati on between high serumtricyclic antidepressant concentrations and centra
nervous system side effects has been well established. Only a few reports exist,
however, on the relationship between the serum concentrations of selective serotonin
reuptake inhibitors (SSRIs) and their toxic effects. In some cases, a high serum
concentration of citalopram (> 600 nnol/L) inelderly patients has been associated with
i ncreased somol ence and novenent difficulties. Wdespread cognitive disorders, such
as delirium have not been previously linked with high blood levels of SSRIs. In this
report, we describe a patient with acute hyperkinetic deliriumconnected with a high
serumtotal fluoxetine(fluoxetine plus desnethylfluoxetine) concentration.

PM D: 8312983, U : 94146884
J Med Assoc Thai 1995 Jan; 78(1):53-4
Reversible deliriumafter discontinuation of fluoxetine

Kasanti kul D
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Departnent of Psychiatry, Faculty of Medicine, Chul al ongkorn University, Bangkok,
Thai | and.

An el derly patient devel oped confusion,disorientation and visual hallucination tw ce
followi ng discontinuation of fluoxetine. The mental synptons, however, disappeared
after ingestion of this antidepressant drug. Such an apparent withdrawal conplication
of fluoxetine has not been reported previously.

PM D: 7622979, U : 95348641

Psychosomati cs 1992 Spring; 33(2):224-6

Fl uoxeti ne and organi c nood syndrorne.

Bessette RF, Peterson LG

Departnent of Psychiatry, University of Massachusetts Medical Center, Wrcester 01605.
PM D: 1557490, U: 92213169

Am J Psychiatry 1990 Apr; 147(4):532

Serious adverse effects of conbining fluoxetine and tricyclic antidepressants.
Preskorn SH, Beber JH, Faul JC, Hirschfeld RM

Publ i cation Types: Letter

PM D: 2107764, U : 90196392

Br J din Pharnmacol 1997 Sep; 44(3):303-4

A genetic bias in clinical trials? CytochromeP450-2D6 (CYP2D6) genotype in general vs
sel ected healthy subject popul ati ons.

Chen S, Kumar S, Chou WH, Barrett JS, Wedlund PJ
Publ i cation Types: Letter

PM D: 9296329, U : 97442111

J din Psychopharmacol 1997Cct; 17(5): 358-64

Ef fects of trazodone and fluoxetine in the treatment of nmjor depression: therapeutic
phar macoki neti ¢ and pharnmacodynami c interactions through formation of neta-
chl or ophenyl pi per azi ne.

Maes M Westenberg H, Vandool aeghe E, DemedtsP, Wauters A, Neels H Ml tzer HY

Clinical Research Center for Mental Health(CRC-MH), University Departnent of
Psychi atry, Antwerp, Belgium

It has been suggested that (1) the clinical efficacy of the heterocyclic

anti depressant trazodone in depression may, in part, be attributed to its netabolite
met a- chl or ophenyl pi perazi ne (nCPP);and (2) the enhancement of the efficacy of
trazodone by the addition of fluoxetine, a selective serotonin reuptake inhibitor,
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may, in part, be ascribed to fluoxetine-induced plasma concentrations of trazodone
After a washout period of 10 days, 27inpatients with major depression were treated
with trazodone 100 ng/day (orally). One week later (TO), fluoxetine 20 ng/day, pl acebo
or pindolol 7.5 ng/day was added. Plasma concentrations of nCPP and trazodone were
determned at TO and 2 and 4 weeks later. Although placebo pindolol had no significant
effect on the plasma concentrations of mCPP and trazodone, there was a significant

i ncrease of the concentrations of these conpounds associated with the conbi nati on of
trazodone + fluoxetine. The results suggest that fluoxetine-induced increases in

pl asma nCPP and trazodone concentrations contribute to the clinical efficacy of the
conbi nati on of fluoxetine + trazodone. It is suggested that desensitization of 5-HT2C
receptor function by nCPP as well as fluoxetine may contribute to the antidepressant
ef fects of this conbination.

Publication Types: dinical trial Random zed controlled tria

PM D: 9315986, U : 97461711

>>> "fl uoxetine and norfl uoxetine are potent inhibitors of CYP2D6... This can give
rise to drug-drug interactions that may have no effect, lead to intoxication, or
i nprove the therapeutic response”

Phar macol Ther 2000 Jan; 85(1):11-28

Phar macoki netics of selective serotonin reuptake inhibitors

Hi enke C, Hartter S

Departnent of Psychiatry, University of Minz, Germany. hi enke@rail . uni-nmainz. de

The five selective serotonin reuptake inhibitors (SSRIs), fluoxetine, fluvoxam ne
paroxetine, sertraline, and cital opram have simlar antidepressant efficacy and a
simlar side effect profile. They differ, however, in their pharmacokinetic
properties. Under steady-state concentrations, their half-lives range between 1 and 4
days for fluoxetine (7 and 15 days for norfluoxetine)and between 21 (paroxetine) and
36 (citalopranm) hr for the other SSRIs. Sertraline and cital opram show |inear and
fluoxetine, fluvoxam ne, and paroxetine nonlinear pharnmacokinetics. SSRIs underlie an
extensive metabolismw th high inter individual variability, whereby cytochrone P450
(CYP) isoenzynes playa major role. Therefore, resulting blood concentrations are

hi ghly variabl e between individuals. Except for N-denethylated fl uoxetine, netabolites
of SSRIs do not contribute to clinical actions. Therapeutically effective bl ood
concentrations are unclear so far, although there is evidence for mininmal effective
and upper-threshol d concentrations that shoul d not be exceeded. Paroxetine and,to a

| esser degree, fluoxetine and norfluoxetine are potent inhibitors of CYP2D6 and

fl uvoxam ne of CYP1A2 and CYP2C19. This can give rise to drug-drug interactions that
may have no effect, lead to intoxication, or inprove the therapeutic response. These
di fferent pharnacoki netic properties of the five SSRI's, especially their drug-drug
interaction potential, should be considered when selecting a distinct SSRI for
treatment of depression or other disorders with a suggested dysfunction of the
serotonergi c systemin the brain.

Publ i cation Types: Review Review, academc
PM D. 10674711, U : 20137176

>>> "SSRIs are potent inhibitors of the hepatic isoenzyne P450-2D6 and woul d be
expected to have effects on the clearance of drugs netabolized by this enzyne."

Encephal e 1999 Sep-Cct; 25(5):470-6
[ Phar macoki netics of SSRI antidepressants:half-life and clinical applicability].

[Article in French]
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Qury C, Cousin F
Phar maci en des Hopi taux, CH Sainte-Anne, Pari s.

The sel ective serotonin reuptake inhibitors(SSRIs) antidepressants are at present tinme
the nost useful for the treatnent of depression. SSRIs exhibit differences in potency
of inhibiting serotonin reuptake, although the differences do not correlate with
clinical efficacy. There are substantial pharnmacokinetic differences anong the five
SSRI's, fluvoxani ne, fluoxetine, paroxetine, sertraline and cital opram Optinmm use of
these drugs requires a working know edge of these differences. Anong these

phar macoki netic paraneters, half-life and netabolism pathways are the nost rel evant.
There are substantial differences in termof their half-1ife between fluoxetine and
others SSRIs. The half-life of fluoxetine and its active netabolite norfluoxetine is
respectively 2 to 4 days and 7 to 15 days, more extended than other SSRIs
(approximately 1 day). The extended half-life of fluoxetine and its active netabolite
may be an advantage in the poorly conpliant patient and may offer a potential safety
advant age over shorter-acting SSRI's, with respect to abrupt discontinuation of
therapy. Conversely, this long half-life needs a |ong period of wash-out (5weeks)
before introduci ng other drugs (MAO's, sumatriptan) which can interact with serotonin
function and can lead to the serotoninergic syndrome. SSRIs are potent inhibitors of
the hepatic isoenzyme P450-2D6 and woul d be expected to have effects on the cl earance
of drugs netabolized by this enzyme. Paroxetine is the nobst potent inhibitor, followed
by fluoxetine, sertraline, citalopramand fluvoxam ne. The nmetabolite elim nation of
cital opram paroxetine and fluvoxam ne is delayed by renal disease and dosages shoul d
be lowered in elderly patients. Conversely the pharnacokinetic of fluoxetine and
sertraline are not affected by either age or renal inpairment and, for fluoxetine, by
obesity.

Publ i cation Types: Review Review, tutoria

PM D: 10598311, U : 20066258

>>> "CYP2D6 is inhibited by SSRIs, in order of decreasing potency paroxetine,
norf |l uoxetine, fluoxetine, sertraline, cital opramand fluvoxam ne. This may have
clinical consequences with some but not all SSRI's, when they are taken with tricyclic
anti depressants.... There have been many reports on marked pharmacoki netic
interacti ons between fluoxetine and tricyclic antidepressants."”

Clin Pharnmacoki net 1996 Dec; 31(6): 444-69

Phar macoki neti c- phar nacodynani c rel ati onship of the selective serotonin reuptake
i nhibitors

Baumann P

Departnent Universitaire de Psychiatrie Adulte, Prilly-Lausanne, Switzerl and.
Pi erre. Baunann@ nst . hospvd. ch

The recently introduced anti depressants, the selective serotonin reuptake inhibitors
(SSRIs) [citalopram fluoxetine, fluvoxani ne, paroxetine and sertraline], are known
for their clinical efficacy, good tolerability and relative safety. They differ from
each other in chemical structure, netabolism and pharmacokinetic properties
Therapeutic drug nonitoring of these conmpounds is not w dely used, as the plasma
concentration ranges within which clinical response with mninal adverse effects
appears to be optimal are not clearly defined. A nobst all recent assays devel oped for
the quantitative determination of SSRIs and their nmetabolites in blood are based
either on the separation of SSRIs by high performance |iquid chromatography (HPLC) or
gas chromat ography (GC). Cital opram and fl uoxeti ne have been introduced as racenic
conpounds. There are sone differences in the pharmacol ogi cal profile, netabolism and
phar macoki neti cs between the enantionmers of the parent conpounds and their
denet hyl ated netabolites. Stereosel ective chromatographic nmethods for their analysis
in blood are now available. Wth regard to the SSRis presently available, no clearcut
pl asma concentration-clinical effectiveness relationship inpatients with depression
has been shown, nor any threshold which defines toxic concentrations. This may be
expl ained by their low toxicity and use at dosages where serious adverse effects do
not appear. SSRIs vary widely in their qualitative and quantitative interaction with
cytochrome P450 (CYP) isozynes in the liver. CYP2D6 is inhibited by SSRIs, in order of
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decr easi ng potency paroxetine, norfluoxetine, fluoxetine, sertraline, cital opram and
fluvoxam ne. This may have clinical consequences with some but not all SSRI's, when
they are taken with tricyclic antidepressants. Except for cital opram and paroxetine
little is known about the enzymes which control the biotransformation of the

SSRI's. There have been many reports on marked pharmacoki netic interactions between
fluoxetine and tricyclic antidepressants. Fluoxetine has a stronger effect on their
hydroxyl ation than on their denmethylation. Interactions observed between fl uoxetine
and al prazol am m dazol am and carbamazepi ne seemto occur on the |evel of CYP3A.

Fl uvoxam ne strongly inhibits the N-denethyl ation of sonme tricyclic antidepressants of
the tertiary amine type and of clozapine. This may | ead to adverse effects but
augnmentation with fluvoxam ne can al so i nprove response in very rapid netabolisers, as
it increases the bioavailability of the conedication. Fluvoxam ne inhibits with
decreasi ng potency, CYP1lA2, CYP2C19, CYP2D6 and CYP1Al, but it is also an inhibitor of
CYP3A. Fl uoxetine and fluvoxam ne have shown to increase nmethadone plasm
concentrations independent patients. Sone authors warn about a conbi nation of
nmonoamni ne oxi dase (MAO) inhibitors with SSRIs, as this could |lead to a serotonergic
syndrone. Studies with healthy vol unteers suggest, however, that a conbination of
nocl obeni de and SSRI's, such as fluvoxam ne, should not present serious risks in
pronoting a serotonin syndrone. A conbi nation of nocl obeni de and fl uvoxam ne has
successfully been used in refractory depression, but nore studies are needed,

i ncl udi ng pl asma-concentration nonitoring, before this conbined treatnment can be
recomrended. Paroxetine is a substrate of CYP2D6, but other enzyme(s) could al so be

i nvol ved. Its pharmacoki netics are |linear in poor nmetabolisers of sparteine, and non-
linear in extensive netabolisers. Due to its potent CYP2D6 inhibiting properties,
comedi cation with this SSRI can lead to an increase of tricyclic antidepressants in
pl asma, as shown with amitriptyline and trim pram ne. CYP3A has been clainmed to be
involved in the biotransfornation of sertraline to norsertraline. Cinica

i nvestigations (with desipramne) confirmed in vitro findings that CYP2D6 i nhibition
by sertraline is only noderate

Publ i cation Types: Review Review, tutoria

PM D. 8968657, U : 97123410

>>> "norfluoxetine is nore potent than fluoxetine as an inhibitor of CYP3A3/4, and in
view of the longer half-life(t1l/2) of the nmetabolite the potential for interactions
may persist for weeks after discontinuation of the parent drug"

Clin Pharnmacoki net 1998 Apr; 34(4):281-302

Met abol i sm of the newer antidepressants. An overview of the pharnacol ogi cal and
phar macoki netic inplications.

Caccia S
Istituto di Ricerche Farmacol ogi che MarioNegri, Mlan, Italy. caccia@rfmm.megri.it

Several chemically unrelated agents has been devel oped and introduced in the past
decade, to supplenment the earlier antidepressants. These include inhibitors of the
reupt ake of serotonin [the selective serotonin reuptake inhibitors (SSRI)] or

nor adrenal i ne (reboxetine) or both (mlnacipran and venl afaxine),as well as drugs with
di stinct neurochemical profiles such as nirtazapi ne, nefazodone, nocl oben de and
tianeptine. Like the earlier drugs, these newer antidepressants are alnost totally

bi ot ransformed before excretion, except for nilnacipran whose cl earance appears to be
due equally to both urinary excretion and metabolism Sonetimes--as in the case of
nocl obem de--up to 20 netabolites have been identified in body fluids. In sone cases,
however, only a few netabolites have been detected, and a substantial proportion of
the dose renmi ns unaccounted for (e.g. fluoxetine and fl uvoxam ne). Metabolism
general |y proceeds through sequential or parallel oxidative pathways. These may be

af fected to varying degrees by physiol ogi cal and pat hol ogi cal factors and those

nmedi ated by cytochrone P450 (CYP) 2D6 and CYP2C19 t hrough genetic pol ynor phi sm Sone
are influenced by chirality (e.g. the deal kyl ation of cital opram and fl uoxetine),

al t hough information on this aspect of disposition is still l|acking for other drugs
existing as racenmates (e.g. mrtazapine and tianeptine) and m | nacipran,which is
probably a mxture of 4 stereoisomers. Gthers again are saturable wthin the

t herapeutic range of doses (e.g. sonme pat hways of netabolism of fluoxetine,

fl uvoxam ne, nefazodone, paroxetine and venl afaxine). This may explain the individua
variability with all these drugs which, fromthe pharnacoki netic point of view, is the
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sane as with tricyclic agents. Qur know edge of the isoenzynes involved in the various
oxi dation pathways and their rel evance for potential drug interactions varies froma
consi derabl e amount for nmost of the SSRI and nefazodone, to minimal for reboxetine and
tianeptine. This information is useful for predicting the pharmacokinetic interactions
medi at ed t hrough inhibition of specific isoenzymes. This would be better appreciated
if the enzymatic nechani sms involved in the biotransformati on of the nmetabolite(s),
and their role in drug interactions, were also known. This information is still

| acki ng for some drugs, al though netabolites may exhibit in vitro inhibitory potencies
of simlar to (paroxetine and its M2 netabolite as inhibitors of CYP2D6) or even
greater than that of the parent drug (norfluoxetine is nore potent than fluoxetine as
an inhibitor of CYP3A3/4, and in view of the longer half-life (t1/2) of the netabolite
the potential for interactions may persist for weeks after discontinuation of the
parent drug). Wiile we do know sonet hi ng about the biological activity of the

nmet abol ites of sone of these drugs, we know very little about others. Wth few
exceptions this know edge refers only to the najor netabolite(s) and regards the nain
invitro effects as exerted by the parent drug. However, in vitro potency and
selectivity may not translate directly into in vivo,and either nmajor or mnor

nmet abol ites may have characteristic in vitro and in vivo properties. For exanple,

unli ke the parent drug some minor ring-opened netabolites of noclobeni de have
nonoamni ne oxi dase-B inhibitory activity in the rat, and the nefazodone netabolite m
chl orophenyl - pi perazi ne shows activity on 5-HT2C receptors in rats and humans. Data on
the brain-to-blood partition of metabolites conpared with their parent drug are
available only in a few cases. They are still not known for the nmain metabolites of

fl uvoxam ne, milnacipran, mrtazapi ne, nocl obeni de, nefazodone, paroxetine, reboxetine
and venl af axi ne, despite the fact that total blood concentrations do not always
reflect the metabolite: parent drug ratio in brain. Thus, in nmpst cases, we do not
really know what part hepatic metabolismplays in the overall effect of the

adm ni stered parent drug.

Publication Types: Review Review, tutoria

PM D: 9571301, Ul: 98232792

Fundam C i n Pharmacol 1998;12(2):194-9

In vitro interactions between fluoxetine or fluvoxam ne and nethadone or
bupr enor phi ne

Iribarne C, Picart D, Dreano Y, Berthou F
Laboratoires de Biochime Nutrition EA-948, Faculte de Medeci ne, Brest, France

Met hadone and buprenorphine, widely used in the treatnment of opioid abuse, are

nmet abol i zed by cytochrome P450 3A4,while fluoxetine and fl uvoxam ne, both selective
serotonin reuptake inhibitors, are known to be P450 2D6 and 3A4 inhibitors in vitro.
This study deals with the in vitro interactions between met hadone or buprenorphi ne and
fluoxetine or fluvoxam ne. Fluoxetine inhibited nmethadone N-denethylation (Ki = 55

m croM, but conversely did not inhibit buprenorphine deal kyl ati on. Norfl uoxetine

i nhi bited the netabolismof both nethadone and buprenorphi ne nmetabolisns (Ki 13 and
100 mi croM respectively). Fluvoxam ne inhibited nethadone N-denethylation with a K
of 7 m croM and buprenorphi ne deal kyl ati on, unconpetitively, with a Ki of 260 m croM
Finally, these results suggest that care should be taken when sel ective serotonin
reuptake inhibitors are administered in the treatnent of drug craving. This is
particularly true in the case of fluvoxam ne which is nmore potent than fl uoxetine in
i nhi biting met hadone and buprenor phi ne netabol i sm

PM D: 9565774, Ul: 98226895

>>> "fluoxetine, largely via its nmetabolitenor fluoxetine, may inpair clearance of
P450- 3A substr at es”

J din Pharmacol 1996 Sep; 36(9):783-91

M dazol am hydroxyl ati on by human liver nicrosones in vitro: inhibition by fluoxetine,
norfl uoxetine, and by azol eantifungal agents.
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von Ml tke LL, Geenblatt DJ, Schm der J, DuanSX, Wight CE, Harmatz JS, Shader Rl

Departnent of Pharmacol ogy and Experinmental Therapeutics, Tufts University School of
Medi ci ne, Boston, MA 02111, USA.

Bi ot ransformati on of the im dazobenzodi azepi nem dazolamto its al pha-hydroxy and 4-
hydroxy netabolites was studied in vitro using human |iver mcrosomal preparations.
Formati on of al pha-hydroxy-m dazolamwas a high-affinity (Km= 3.3 nunol/L) M chaelis-
Ment en process coupled with substrate inhibition at high concentrations of m dazol am
Formati on of 4-hydroxy-m dazol am had rmuch | ower apparent affinity (57 munmol /L), with

m ni mal evi dence of substrate inhibition. Based on conparison of Vmax/Kmratios for
the two pat hways, al pha-hydroxy-m dazolam formati on was estimated to account for 95%
of net intrinsic clearance. Three azole antifungal agents were inhibitors of m dazol am
metabolismin vitro, with inhibition being |largely consistent with a conpetitive
mechani sm Mean conpetitive inhibition constants (Ki) versus al pha-hydroxy-m dazol am
formati on were 0.0037 munol /L for ketoconazole, 0.27 munol/L for itraconazole, and 1.27
munol /L for fluconazole. An in vitro-in vivo scaling nodel predicted inhibition of

oral m dazol am cl earance due to coadm ni strati on of ketoconazole or itraconazole; the
predi cted inhibition was consistent with observed interactions in clinical

phar macoki neti c studi es. The sel ective serotonin reuptake inhibitor (SSRI)

anti depressant fluoxetine and its principal nmetabolite, norfluoxetine, also were

i nhi bitors of both pat hways of m dazol am biotransformation, with norfluoxetine being a
much nore potent inhibitor than was fluoxetine itself. This finding is consistent with
results of other in vitro studies and of clinical studies, indicating that fluoxetine,
largely via its metabolite norfluoxetine, nmay inpair clearance of P450-3A substrates.

PM D: 8889898, Ul: 97044827

>>> "norfluoxetine was the only potent inhibitor of CYP3A"
Br J din Pharnmacol 1995 Feb;39(2):151-9

Sel ective serotonin reuptake inhibitors and theophylline metabolismin human liver
m crosones: potent inhibition by fluvoxan ne.

Rasnmussen BB, Maenpaa J, Pel konen O, Loft S, Poul sen HE, Lykkesfeldt J, Brosen K
Departnent of dinical Pharnacol ogy, Odense University, Dennmark.

1. Fluvoxam ne and seven other selective serotonin reuptake inhibitors (SRRI) were
tested for their ability to inhibit a nunber of human cytochrome P450 isoforns (CYPS).
2. None of the drugs showed potent inhibition of CYP2A6 (coumarin 7-hydroxyl ase) or
CYP2E1 (chl orzoxazone 6-hydroxyl ase), while norfluoxetine was the only potent

i nhi bi tor of CYP3A having | C50 val ues of 11 microM and 19 nicroM for testosterone 6

bet a- hydr oxyl ase and cortisol 6beta-hydroxyl ase, respectively. 3. Norfl uoxetine,
sertraline and fluvoxam ne inhibited CYP1Al (7-ethoxyresorufin O deethylase) in

m crosones from human pl acenta (1 C50 val ues 29 microM 35nicroM and 80 nmicroM
respectively). Fluvoxam ne was a potent inhibitor of CYP1A2-nedi ated 7-et hoxyresorufin
O deet hyl ase activity (1C50 = 0.3 microM in human liver. 4. In mcrosomes fromthree
human |ivers fluvoxam ne potently inhibited all pathways of theophylline

bi otransformation, the apparent 1nhibitor constant, Ki, was0.07-0.13 microM 0.05-0.10
m croM and 0. 16-0.29 microM for inhibition of 1-methylxanthine, 3-methylxanthine

andl, 3-dinethyluric acid formation, respectively. Seven other SSRI's showed either weak
or no inhibition of theophylline metabolism 5. Ethanol inhibited the formation of
1,3-dinethyluric acid with K(i) value of 300 microM a value which is consistent with
i nhi bition of CYP2El. Ethanol and fluvoxam ne both inhibited8-hydroxylation by about
45% and, in conbination, the conpounds decreased the formation of 1,3-dimethyluric
acid by 90% indicating that CYP1A2 and CYP2El are equally inportant isoforms for

t he8- hydroxyl ati on of theophylline. 6. It is concluded that pharmacokinetic

interacti on between fluvoxam ne and theophylline is due to potent inhibition of
CYP1A2.

PM D: 7742153, U : 95260648
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>>> Lilly reports "fluoxetine and norfluoxetine together would inhibit CYP3A catal ytic
activity by less than7% -- [DI SAGREES W TH OTHER RESULTS]

J Pharnmacol Exp Ther 1995Dec; 275(3):1131-5

Ef fect of fluoxetine, norfluoxetine, sertraline and desnethyl sertraline on hunman
CYP3A catal yzed 1'-hydroxym dazol am formation in vitro.

Ri ng BJ, Binkley SN, Roskos L, Wighton SA

Departnent of Drug Metabolismand Disposition,Lilly Research Laboratories, Eli Lilly
and Conpany, |ndianapolis, Indiana, USA.

The ability of fluoxetine, norfluoxetine, sertraline and desnethyl sertraline to

i nhi bit the CYP3A subfamily of cytochronmes P450 was examined in vitro, using the
formati on of 1'-hydroxynm dazolam as a probe for CYP3A catalytic activity. The

i nhi bition observed with these four conpounds was nodel ed using conpetitive,
nonconpetitive, unconpetitive and mi xed conpetitive/ nonconpetitive relationships by
nonl i near regression anal ysis. The best fit nodel of the inhibition of CYP3A-nedi ated
1' - hydroxy m dazol am formation by all four conpounds exam ned was determined to be
m xed inhibition. The calculated Ki values were 65.7 +/- 12.0 mcroM for fluoxetine,
19.1 +/- 1.9 nmicroMfor norfluoxetine, 64.4 +/- 11.6 mcroMfor sertraline and 48.1
+/- 11.6 microM for desnethyl sertraline. Steady-state plasma |evels of fluoxetine and
nor f | uoxetine can approach a concentration of 1 microM (approximatel y350 ng/m of

pl asma). Assuming an inhibitor concentration of 1 mcroM and a concentration of the
substrate substantially belowits Km(at |east 10-fold |ower), the results reported
predi ct that fluoxetine and norfl uoxetine together would inhibit CYP3Acatal ytic
activity by less than 7% (less than 0.7% if the unbound plasnma concentration of
fluoxetine is considered). By using the same assunptions and concentrations for
sertraline and desnethyl sertraline, these agents together would be predicted to

i nhibit the nmetabolic clearance of a coadm ni stered CYP3A netabolized drug by I ess
than 4% The observations reported here suggest that fluoxetine and sertraline would
have little ef fect onCYP3A-nedi at ed cl earance of coadm ni stered drugs.

PM D. 8531073, U : 96108599

>>> F| uoxetine -> Cytochrone P450-2C9 ->Norfl uoxetine

Psychophar macol ogy (Berl) 1997Aug; 132(4):402-7

Human cyt ochrones nedi ati ng N-denet hyl ati on of fluoxetine in vitro.

von Ml tke LL, Geenblatt DJ, Duan SX, Schmider J, Wight CE, Harmatz JS, Shader RI

Departnent of Pharmacol ogy and Experinental Therapeutics, Tufts University School of
Medi ci ne, Boston, MA 02111, USA.I|vonnolt @earl . edu

Bi ot ransformati on of the selective serotonin reuptake inhibitor antidepressant,
fluoxetine, to its principal netabolite, norfluoxetine, was evaluated in human liver

m crosones and in mcrosones fromtransfected cell |ines expressing pure human
cytochromes. In human liver mcrosomes, formation of norfluoxetine fromR, S-fluoxetine
was consistent with Mchaelis-Menten kinetics (neanK(nm) = 33 microM, with evidence of
substrate inhibition at high substrate concentrations in a nunber of cases. The
reaction was nminimally inhibited by coincubation with chenical probes inhibitory for
P450- 2D6 (qui nidine), -1A2 (furafylline,al pha-napht hofl avone), and -2E1l

(di et hyl di thi ocarbamate). Substantial inhibition was produced by coi ncubation with

sul faphenazole (Ki = 2.8 mcroM, an inhibitory probe for P450-2C9, and byketoconazol e
(Ki = 2.5 microM and fluvoxamne (Ki = 5.2 mcroM. However, ketoconazole, relatively
specific for P450-3A isoforns only at |ow concentrations, reduced norfl uoxetine
formation by only 20%at 1 mcroM and triacetyl ol eandonycin (> or = 5 mcroMreduced
the velocity by only 20-25% M crosones from cDNA-transfected human | ynphobl ast oi d
cells contalning human P450-2C9 produced substantial quantities of norfluoxetine when
i ncubated with 100 microM fl uoxetine. Smaller amounts of product were produced byP450-
2C19 and -2D6, but no product was produced by P450- 1A2, -2E1, or 3A4.Cytochrone P450-
2C9 appears to be the principal human cytochrome nediating fluoxeti ne N-denethyl ation.
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P450- 2C19 and -3A may naeke a further snall contribution, but P450-2D6 is unlikely to
make an inmportant contribution.

PM D. 9298519, U : 97443743

Br J din Pharnmacol 1997 Nov; 44(5):495-8

I nhi bition of CYP2C9 by sel ective serotonin reuptake inhibitors in vitro: studies of
phenyt oi n p- hydroxyl ati on.

Schm der J, Geenblatt DJ, von Mdltke LL, Karsov D, Shader RI

Departnent of Pharmacol ogy and Experinental Therapeutics, Tufts University School of
Medi ci ne, Boston, MA 02111, USA.

Al MS: I nhibition of cytochrome P450 (CYP)activity by selective serotonin reuptake

i nhibitors (SSRIs) has frequently been reported with regard to pathways mnedi ated by
CYP2D6, CYP3A4/5, andCYP1A2. Little data exist on the capability of SSRIs to inhibit
CYP2C9. METHODS: W investigated the effect of SSRIs on p-hydroxylation of phenytoin
(PPH), an established index reaction reflecting CYP2C9 activity, in an in vitro assay
using liver tissue fromsix different human donors. RESULTS: In control incubations
(wi thout inhibitor), 5-(p-hydroxy-phenyl)-5-phenyl hydantoin (HPPH) formation rates
were: Vmax0.023 nmol min(-1) ng(-1); Km 14.3 microM Average inhibition constants(Ki)
differed significantly among the SSRIs, with fluvoxam ne having the |owest Ki (6
mcroM followed by R-fluoxetine (13 microM, norfluoxetine(1l7 mcroM, RS-fluoxetine
(19 mcroM, sertraline (33 mcroM, paroxetine (35 mcroM, S-fluoxetine (62 mcroM,
and desnethyl sertraline (66 mcroM. Thus, assum ng conparabl e nolar concentrations at
the site of inhibition, fluvoxam ne can be expected to have the highest probability of
interfering with the netabolismof CYP2C9substrates. S-fluoxetine is on average a 5
fold weaker CYP2C9 inhibitor than either R-fluoxetine or the racem c m xture.

CONCLUSI ONS: These findings are consistent with published case reports descri bing

SSRI -related increments in plasma phenytoin | evel s. Because phenytoin has a narrow

t herapeutic index, plasma |evels should be closely nonitored when SSRis are

coadm ni st ered.

PM D: 9384467, Ul : 98044123

http://wwmv. i onet. net/~j cott/homepage/ drugdb/ 062. ht m

DRUG | NTERACTI ONS: Fl uoxetine potentiates serotonin by inhibiting its neuronal

reupt ake. Since serotonin is deanm nated by nonoamni ne oxi dase type A, admnistration of
drugs that can inhibit this enzyme concurrently with fluoxetine can |lead to a serious
reacti on known as "serotonin syndrone."” This reaction may include confusion, seizures,
and severe hypertension as well as |ess severe synptons. Most MAO's are non-specific

i nhi bitors of MAO (e.g.,furazolidone, pargyline, phenel zine, tranyl cypron ne) and,
since they affect MAO type A, should not be used with fluoxetine. In addition,

sel egiline, although selective for MAO type B at usual doses, may inhibit MAO type A
at higher doses and should al so be avoided in patients receiving fluoxetine. Finally,
procarbazi ne, an anti neopl astic agent, is a weak MAO and should al so be avoi ded. At

| east 2 weeks shoul d el apse between the discontinuation of MAO therapy and the start
of fluoxetine therapy, and at |east 5 weeks between the discontinuation of fluoxetine
therapy and comencenent of MAO therapy. This 5-week period is needed because of the
long half-life of fluoxetine and its principal nmetabolite norfluoxetine.

Fl uoxetine inpairs netabolismof the CYP2D6(cytochronme P-450 isoenzyne 2D6) pat hway at
t herapeutic doses. This can cause substantial increases in concentrations of other
drugs netabolized via the same pathway. Plasna concentrations of tricyclic

anti depressants, maprotiline, and trazodone can doubl e when used conconmitantly with
fl uoxetine. Concomitant use of trazodone with fluoxetine can |ead to excessive
sedation and unstable gait. Wen tricyclic antidepressants (amtriptyline,
nortriptyline, impramne, desipranm ne) have been used concomtantly with fluoxetine,
synptons of tricyclic toxicity (such as sedation, decreased energy, |ightheadedness,
psychonotor retardation, xerostom a, constipation,and menory inpairnent) have been
reported. The clinical need for antidepressant pol ypharmacy i s unknown and shoul d be
undertaken only after careful consideration of alternatives and with careful
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nmoni t ori ng.

Fl uoxetine inpairs metabolismof the CYP2D6(cytochrome P-450 isozynme 2D6) pat hway at

t herapeutic doses. This can result in substantial increases in concentrations of other
drugs netabolized via the same pat hway. Fluoxetine may prolong the half-life of

di azepam but the psychonotor and physi ol ogi cal response does not appear to be
altered. Fluoxetine has also been reported to affect the clearance and pl asm
concentrations of al prazolam but had no effect on cl onazepam or triazol am

Fl uoxetine inpairs metabolismof the CYP2D6 (cytochrone P-450 isozyne 2D6) pathway at
t herapeutic doses. This can result in substantial increases in concentrations of other
drugs netabolized via the same pathway. Fluoxetine may increase the risk of adverse

ef fects of hal operidol, |oxapine, nolindone, phenothiazi nes, phenytoin, pinozide, or
thiothixene if adm nistered with any of these agents. Serum cl ozapi ne concentrations

i ncreased substantially when fluoxetine was coadmni nistered. The effects of fluoxetine
on hepatic nmetabolismmay persist after discontinuation of fluoxetine because of its
long elimnation half-life

From t he RxLi st Prozac nonograph
DRUG | NTERACTI ONS

As with all drugs, the potential for interaction by a variety of nechanisns (eg,
phar macodynanmni c, phar macoki neti ¢ drug inhibition or enhancement, etc) is a possibility
(seeAccunul ation and Slow Elimnation under CLI N CAL PHARMACOLOGY) .

Drugs Met abolized by P45011 D6 (2d6)--Approximately 7% of the normal popul ati on has a
genetic defect that |eads to reduced |evels of activity of the cytochronme P450

i soenzynme P45011D6. Such individual s have been referred to as "poor netabolizers" of
drugs s.c. as debrisoquin, dextronethorphan, and tricyclic antidepressants. Many
drugs, s.c. as nost antidepressants, including fluoxetine and other selective uptake
i nhibitors of serotonin, are netabolized by this isoenzyne; thus, both the

phar macoki netic properties and rel ative proportion of nmetabolites are altered in p.o.
met abol i zers. However, for fluoxetine and its netabolite the sumof the plasma
concentrations of the 4 active enantioners is conparable between p.o. and extensive
met abol i zers (see Variability in Metabolismunder CLI NI CAL PHARVACOLOGY) .

Fl uoxetine, like other agents that are netabolized by P45011D6, inhibits the activity
of this isoenzyme, and thus may nmeke normal netabolizers resenble "poor netabolizers."
Therapy with medications that are predomi nantly netabolized by the P4501 1 D6 system and
that have a relatively narrow t herapeutic index (see list below), should be initiated
at the low end of the dose range if a patient is receiving fluoxetine concurrently or
has taken it in the previous 5 weeks. Thus, his/ her dosing requirenents resenble
those of "poor netabolizers." If fluoxetine is added to the treatnent regi men of a
patient already receiving a drug netabolized by P45011 D6, the need for decreased dose
of the original nedication should be considered. Drugs with a narrow therapeutic index
represent the greatest concern (eg, flecainide, vinblastine, and tricyclic

anti depressants).

Drugs Metabolized by Cytochrone P450111A4(3a4)-- In an in vivo interaction study

i nvol ving co- administration of fluoxetine with single doses of terfenadine (a
cytochronme P450!1 11 Adsubstrate), no increase in plasnma terfenadine concentrations
occurred with concomtant fluoxetine. In addition, in vitro studi es have shown

ket oconazol e, a potent inhibitor of P450l11A4 activity, to be at least 100 times nore
potent than fluoxetine or norfluoxetine as an inhibitor of the metabolism of severa
substrates for this enzyme, including astem zole, cisapride, andm dazolam These data
i ndicate that fluoxetineOs extent of inhibition of cytochrome P450111A4 activity is
not likely to be of clinical significance

CNS Active Drugs-- The risk of using Prozac in conmbination with other CNS active drugs
has not been systematically eval uated. Nonethel ess, caution is advised if the

concom tant admi nistration of Prozac and s.c. drugs is required. In evaluating

i ndi vi dual cases, consideration should be given to using lower initial doses of the
concom tantly adm ni stered drugs, using conservative titration schedul es, and
nmonitoring of clinical status (see Accurnul ation and Sl ow Elim nation under CLIN CAL
PHARVACOLOGY) .
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Monoam ne Oxi dase | nhibitors-- see CONTRAI NDI CATI ONS.

O her Antidepressants-- In two studies, previously stable plasma | evels of impramne
and desi pram ne have increased greater than 2 to 10- fold when fluoxetine has been
adm ni stered in conbination. This influence may persist for three weeks or |onger
after fluoxetine is discontinued. Thus, the dose of tricyclic antidepressant (TCA) nay
need to be reduced and plasma TCA concentrations may need to be nonitored temporarily
when fluoxetine is coadmi nistered or has been recently discontinued (see Accunul ation
and Sl ow Elimnation under CLIN CAL PHARVACOLOGY, andDrugs Metabolized by P45011 D6
under DRUG | NTERACTI ONS) .
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