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SUMMARY 

Antidepressant disposition can be influenced by a variety of CYP 
isozymes and their effects in the treatment of depression are reviewed. 
The CYP isozymes 2D6, 3A4, 1A2 and 2C are discussed in regard to 
antidepressant drug pharmacokinetics, clinical relevance and vari-
ability in activity for each isozyme. Polymorphism has been identified 
with CYP 2D6 and 2C19. Disposition of antidepressants which are 
substrates of these two isozymes can also be influenced and 
contributes towards the wide interpatient and interethnic variability 
found with these drugs. Antidepressants (especially SSRIs) can be 
CYP isozyme inhibitors and produce significant drug-drug 
interactions. 

KEY WORDS 

ethnicity, CYP isozymes, metabolism, drug interactions, antidepress-
ants 

INTRODUCTION 

Depression ranks as one of the world's major illnesses that impairs 
a person's daily activities. In the 1990s depression ranks fourth among 
the world's diseases that affect the global burden. It was forecasted 
that by 2020, depression would be ranked second only to ischemic 
heart disease in global burden /1 /. Yet, despite these alarming 
numbers, depression is often underrecognized and undertreated by 
clinicians 121. The neurobiology of depression is well described and 
involves a variety of neurotransmitters (serotonin, norepinephrine, 
etc.) and neuropeptides in different brain regions /3/. Genetic factors 
have long been recognized to play a major role in depression /3/. The 
role of ethnicity in the assessment and treatment of depression is now 
attracting attention. For example, in a recent lifetime and 12-month 
study of depression among Chinese-Americans, the prevalence was 
found to be 6.9% of 1,747 adults /4/. Other ethnic populations can 
have different prevalence rates of depression dependent upon not just 
biological factors but also sociocultural factors that are not yet clearly 
understood 151. It is beyond the scope of this article to present these 
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sociocultural factors and the reader is referred to other review articles 
that discuss this topic 151. 

The main pharmacological treatment for depression is with anti-
depressant medications. Although cultural differences may be a factor 
in explaining interpatient/interpopulational differences in the pharm-
acology of these drugs, most of the variability in drug disposition and 
pharmacodynamics appears to be genetically based 161. The role of 
ethnicity has long been recognized to influence drug disposition in 
many different types of medications Π-91. 

The term "pharmacogenomics" has emerged to represent this field 
of translating functional genomics to rational therapeutics /10/. The 
genetic basis for drug metabolism occurs via Phase I oxidative 
pathways; the majority of these pathways involve the cytochrome P-
450 isozymes /10/. Dr. Aitchison's article in this issue clearly de-
scribes the influence of ethnicity and the variability of P-450 isozymes 
among different populations and this article will not repeat those 
discussions. Another set of metabolic enzymes showing genetic 
differences is those responsible for Phase II conjugation reactions 
which are being studied for the genetic basis influencing drug 
metabolism and therapeutics /10/. 

Most of the work on CYP 450 and antidepressants focuses 
extensively upon Phase I reactions and this article will present its 
latest findings. As no single CYP 450 is solely responsible for 
antidepressant disposition, this article presents a general discussion 
about antidepressants and then presents specific CYP isozymes and 
their impact upon the disposition of drugs in different ethnic 
populations and the pharmacokinetics related to CYP 450 genotype 
and phenotype. 

1. ANTIDEPRESSANT DRUG DISPOSITION 

Antidepressants include a variety of medications, such as tricyclic 
antidepressants (TCAs), monoamine oxidase inhibitors (MAOIs), 
selective serotonin reuptake inhibitors (SSRIs), and other miscel-
laneous compounds based upon their chemical structure (see Table 1). 
The pharmacokinetic parameters (clearance, protein binding, etc.) of 
these agents have been previously described / l l / . However, clinical 
studies have identified a "therapeutic" plasma concentration for 
routine patient care for only four of the TCA agents /12/. The vast 
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majority of the determination of clinical response to antidepressant 
pharmacotherapy remains in the clinical evaluation of the patient by 
their clinicians. 

TABLE 1 

Antidepressants available in the U S A 

Tricyclic antidepressants 

Amitriptyline Imipramine 

Clomipramine Nortriptyline 

Desipramine Protriptyline 

Doxepin Trimipramine 

Selective serotonin reuptake inhibitors 

Citalopram Paroxetine 

Fluoxetine Sertraline 

Fluvoxamine 

Monoamine oxidase inhibitors 

Isocarboxazid Tranycypromine 

Phenelzine 

Other miscellaneous agents 

Amoxapine Nefazodone 

Bupropion Trazodone 

Maprotiline Venlafaxine 

Mirtazapine 

The role of CYP 450 isozymes as substrates or inhibitors has been 
evaluated for various antidepressants including the TCAs, SSRIs, and 
other miscellaneous agents. Although therapeutic plasma concen-
trations have not been determined for most of these agents, CYP 450 
information has provided a genetic basis for understanding the wide 
interpatient variability in drug disposition and greatly expanded the 
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knowledge of drug-drug and drug-food interactions that can influence 
drug dosing among different ethnic populations. Since studies with 
CYP 450 isozymes have been evaluated for most of the anti-
depressants except the MAOIs, this article will not discuss these 
agents as they relate to drug disposition and ethnicity. 

A general scheme for the metabolic profile of TCAs is shown in 
Figure 1, which examines Imipramine disposition. Imipramine con-
version via demethylation to desipramine (an active antidepressant) 
can occur by the different CYP isozymes 1A2, 2C, and 3A4 /12,13/. 
Both Imipramine and desipramine are metabolized to their respective 
2-hydroxy metabolites by CYP 2D6 /12/. With slight differences 
among the TCAs, conversion from the parent drug by demethylation 
and hydroxylation to metabolites generally occur. Subsequent sections 
on the specific CYP isozymes describe the latest findings with TCAs. 

3 A4. 2C19, 1A2 

Imipramine 

2D6 

2-OH Imipramine 

Desipramine 

2D6 

-> 2-OH Desipramine 

Figl: Metabolism of Imipramine and CYP isozymes known to influence the 
disposition of Imipramine and its metabolites. 

Unlike the TCAs, a general metabolic scheme for SSRIs and other 
miscellaneous agents does not exist due to their different chemical 
structures. These agents present a more complex issue in pharmaco-
genetics. These compounds can be substrates for CYP 1A2, 3A4, 2D6, 
2C9 and 2C19, as shown in Table 2 /14/. Conversely, SSRIs can also 
inhibit the same or different CYP isozymes, creating a complicated 
effect for these agents when prescribed alone or in combination with 
other drugs or food /14,15/. 
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2. CYP 2D6 

This isozyme is among the best studied of the cytochromes. As 
previously mentioned, the CYP 2D6 isozyme is polymorphic and 
contains four levels of activity that range from ultrarapid metabolizers 
(UMs) to poor metabolizers (PMs). Extensive metabolizers (EMs) and 
intermediate metabolizers (IMs) fit between the UMs and PMs. These 
activities are based upon the use of specific metabolic probes such as 
debrisoquine (D) or dextromethorphan (DM). The frequency of PMs 
in Africans, Afro-Americans and Asians is lower than in Caucasians 
and specific alleles have been identified (see article by Aitchison et al. 
in this issue). 

2.1 Tricyclic antidepressants - Variability in CYP 2D6 activity 

2.1a Desipramine 

The use of metabolic probes (phenotyping) occurred earlier than 
analyzing specific DNA blood samples (genotyping) due to the later 
development of the polymerase chain reaction (PCR) technique which 
allows for rapid determination of genomic data. Many of the early 
studies with TCAs identified CYP pathways by using single dose 
studies in healthy volunteers who were given either D or DM. Very 
few studies examined depressed patients treated with TCAs. The 
following two studies are examples utilizing the D probe in desi-
pramine disposition in both depressed patients and healthy volunteers. 
Ten depressed patients treated with desipramine 75 mg twice a day for 
at least two weeks were selected for evaluation with D /16/. The 
plasma desipramine levels in these patients had a wide interpatient 
variability that ranged from 113-1594 nmol/1. The D/4-hydroxy-
debrisoquine (4-OHD) ratio was found to correlate with desipramine 
plasma concentrations (r=0.92, ρ < 0.01). These findings suggested the 
clinical utility of D phenotyping when dosing depressed patients with 
desipramine. When D was used to determine PMs versus EMs and 
desipramine disposition in healthy volunteers, it was found that EMs 
(mean D/4-OHD = 1.33) had a mean desipramine clearance (CL) of 
0.97 1/h/kg which was significantly greater than the PMs ' (mean D/4-
OHD = 70.33) mean desipramine CL of 0.20 1/h/kg (p < 0.005) /17/. 

D was given to Chinese and Caucasian volunteers (N=10 each 
group) who were also administered a single 100 mg dose of desi-
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pramine /18/. All subjects in both groups were EMs; however, it was 
found that the mean fraction of the D dose (10.9% versus 6.3%) and 4-
OHD (15.9% versus 9.7%) was higher in the Caucasians versus the 
Chinese. Significant correlations between desipramine hydroxylation 
and D hydroxylation were not found in either ethnic group. The fact 
that single dose studies may differ from clinical situations under 
steady-state dosing conditions was a suggested explanation for the 
lack of findings from previous studies. 

Both phenotype and genotype were evaluated in EMs (N=89) and 
PMs (N=23) who participated in a study on the metabolism of desi-
pramine /19/. Restriction fragment length polymorphism (RFLP) 
analysis of the CYP 2D6 gene showed that 52% of PMs were 
homozygous for the Xba I 29 kb fragment whereas only 8% had two 
mutant alleles. Allele-specific PCR analysis revealed that every PM 
except one had two mutant alleles of CYP 2D6A or CYP 2D6B or 
both. EMs were heterozygous for the wild-type (wt) and CYP 2D6B 
gene and had higher D and desipramine metabolic ratios than homo-
zygous subjects for the wt gene. PMs with the CYP 2D6B mutation 
displayed the RFLP pattern of 16 + 9 kb Xba. Three UMs had the 44 
kb Xba I fragment but did not have either CYP 2D6A or CYP 2D6B 
mutations. PCR allele-specific genotyping was found to be 99% 
accurate in predicting D phenotype in EMs and PMs. 

2.1b Other TCAs 

Like desipramine, nortriptyline is converted to its 10-hydroxylated 
metabolite via the CYP 2D6 isozyme. In 20 depressed patients treated 
with nortriptyline, 100-150 mg/day, D phenotype was shown to be 
significantly correlated with nortriptyline steady-state plasma levels 
(r=0.77, ρ < 0.01) /20/. Significant correlation between the 10-hydroxy 
metabolite and the D/4-OHD ratio was not found (r= -0.31, ρ =n.s.). 
Similar results were described in a single dose nortriptyline and D 
study, and when tested in Swedes and Ghanaians /21/. Total 
nortriptyline CL significantly correlated with 10-hydroxy-nortriptyline 
CL in both groups (Swedes r=0.89 and Ghanaians r=0.97, ρ < 0.001). 
Amitriptyline metabolism in non-smoking healthy volunteers was 
found to significantly correlate with the D/4-OHD ratio (r=0.78, ρ < 
0.01) 1221. Its disposition as measured by total plasma CL, CL by 
demethylation and CL by pathways other than demethylation also 
correlated with D/4-OHD ratios (r= -0.89, r= -0.78, and r= -0.83, 
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respectively). Significant correlations between amitriptyline dispos-
ition and D phenotyping were not found in smokers. 

Recent in vitro studies with human hepatic microsomes reported 
that the metabolic scheme of clomipramine resembled other TCAs 
such as Imipramine /23/. Clomipramine's conversion to desmethyl-
clomipramine occurs by CYP 1A2, 2C19 and 3A4. Metabolism from 
clomipramine and desmethylclomipramine to their 2-hydroxy and 8-
hydroxy metabolites takes place by CYP 2D6. D phenotyping has not 
yet been reported with clomipramine. Like clomipramine, Imipramine 
metabolism to its desmethyl metabolite (desipramine) occurred by 
CYP isozymes other than 2D6. However, using human cell lines 
AHH-1 and TK +/- in following the metabolism of Imipramine to 
desipramine and 2-OH desipramine, it was shown that CYP 2D6 does 
catalyze this reaction and could be involved in TCA demethylation as 
well as hydroxylation pathways /24/. Further in vivo studies are 
needed to confirm these in vitro findings. 

2.2 Clinical relevance 

A small number of in-depth clinical pharmacokinetic studies have 
been completed with TCAs in different ethnic groups. One of the first 
studies compared a single desipramine dose of 100 mg in Caucasians 
and Chinese healthy volunteers 1251. Although a ten-fold range of total 
desipramine CL was observed (range 18-221 1/h) in the study 
population, mean desipramine CL was significantly lower in Chinese 
subjects compared to Caucasians (73.5 1/h versus 123.0 1/h, ρ < 0.05). 
The mean CL of the 2-hydroxy metabolite did not significantly differ 
between the two ethnic groups (Chinese 29.6 1/h versus Caucasians 
39.7 1/h). Another study with desipramine was conducted in a larger 
number of Asians (N=18; 9 Vietnamese, 7 Chinese and 2 Japanese) 
and Caucasians (N=19), in which a single dose of 1.0 mg/kg was 
administered 1261. Both median desipramine and 2-hydroxy metabolite 
CLs were significantly lower in the Asians compared to the Cauc-
asians (desipramine CL: 64.0 1/h versus 101.4 1/h, ρ < 0.05; 2-hydroxy 
metabolite CL: 35.9 1/h versus 45.5 1/h, ρ < 0.05). Saliva desipramine 
concentrations were also evaluated in both ethnic groups 1211. A wide 
interpatient variation was observed in saliva concentrations as well as 
differences in sampling time. Due to these variabilities, significant 
differences in saliva/plasma desipramine ratios in Asians and Cauc-
asians were not found. Measurement of drugs in saliva is also 

47 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:19 AM



Vol. 16, No. 1, 2000 Ethnicity and Antidepressant Pharmacogenetics 

influenced by pH, protein binding, and secretion rates from salivary 
glands. 

Imipramine and doxepin plasma concentrations were evaluated in 
Saudi patients under steady-state conditions /28/. Total apparent drug 
CL (TCL) was determined as: TCL = D / Τ χ Css where D = dose, Τ = 
time interval between doses, Css = steady-state drug concentration. 
The mean TCL values for doxepin and Imipramine were 2.529 1/kg/h 
and 1.620 1/kg/h, respectively. These two mean values were compared 
to other published CL values by other investigators for doxepin and 
Imipramine. Significant differences between Saudi patients and other 
previously published studies for doxepin CL were not found (range 
2.92-3.81 1/kg/h). However, mean Imipramine CL was found to be 
significantly lower in Saudi patients than in one study (mean 4.649 
1/kg/h, ρ = 0.025) but not in two other studies (means 2.31 1/min and 
1.487 1/kg/h). 

A single 75 mg nortriptyline dose study was conducted in Hispanic 
and Caucasian healthy volunteers in which pharmacokinetic para-
meters were compared 1291. Significant differences in CL, area under 
the plasma concentration time curve (AUC), elimination half-life (t>/2), 
or volume of distribution (Vd/F) were not found between the two 
groups. Information regarding metabolic status (either PMs or EMs) 
can assist clinicians to determine appropriate dosing for nortriptyline. 
A case report describes a 41 year-old female patient who needed 
nortriptyline doses of 300-500 mg/day to maintain a therapeutic 
plasma concentration of 50-150 ng/ml /30/. The urinary D/4-OHD 
ratio of 0.10 and 0.07 tested on two different occasions revealed an 
UM phenotype. The patient tolerated the high nortriptyline doses with 
only mild anticholinergic side effects. 

Clomipramine disposition was evaluated in a single dose study of 
25 mg and 50 mg in Asians (Indian) and Caucasians (English) /31/. 
The mean AUC for Asians were consistently lower than that for 
Caucasians at both drug doses. At the 25 mg dose, the mean AUC for 
the Asians was 224 compared to 183 for the Caucasians (units not 
provided; ρ = 0.220). However, at the 50 mg dose, the AUC for the 
Asian group was significantly greater than that for the Caucasians 
(572 versus 352, ρ < 0.001). The peak plasma drug concentration 
(Cmax) was also higher in the Asians (50 mg dose: 45.1 ng/ml versus 
28.3 ng/ml, ρ < 0.02). The Asians reported a higher incidence and 
severity of adverse side effects than the Caucasians. Plasma clomi-
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pramine and its metabolites were measured in Japanese psychiatric 
patients (N=92) /32/. A large interpatient variability of plasma 
concentrations for clomipramine and its metabolites was found and 
only one possible PM identified. Although D phenotyping was not 
conducted, the metabolic hydroxylation ratio of clomipramine to its 
hydroxylated metabolite in this particular male patient was 18.30 
(mean male value 2.40). Steady-state plasma clomipramine and des-
methylclomipramine levels were compared in Japanese and Swedish 
patient populations /33/. Higher mean clomipramine plasma levels 
were found in the Japanese group, but the difference was not 
statistically significant (135 ng/ml versus 80 ng/ml). A significant 
difference in mean clomipramine concentration/daily dose (ng/ml per 
mg) ratio was found between the two ethnic groups as the Japanese 
population had higher values (1.75 versus 0.65, ρ < 0.05). Mean des-
methylclomipramine plasma levels did not differ between the groups 
(Japanese 138 ng/ml versus Swedish 149 ng/ml). Overall, clomi-
pramine studies tend to support that Asians have higher plasma drug 
concentrations than Caucasians when comparable doses of the drug 
are given. 

In summary, some pharmacokinetic studies with TCAs tend to 
show that Asians have differences compared to Caucasians but these 
differences were not found with other ethnic groups such as Hispanics 
/34/. Fewer data are available from the Afro-American population in 
which methodological problems prevent an accurate evaluation of 
TCA disposition /35/. There is some evidence that Afro-Americans 
respond better than Caucasians to TCAs 151, but carefully designed 
studies have not been reported. Based upon these findings with TCAs, 
one suggestion in dosing non-Caucasians is to begin with 25 mg at 
bedtime (except protriptyline) and to increase the dose every 2-3 days 
by 25 mg/day until the patient reaches 100 to 150 mg/day, unless 
adverse side effects occur which prevent further dosage increases. 
When the patient reaches 150 mg/day, if the patient does appear to 
respond or has significant side effects, a plasma concentration should 
be measured to determine further dosage adjustments 161. Cardiac 
monitoring (ECGs) may be needed in non-Caucasians who could be 
more sensitive to adverse cardiotoxic effects /35/. 
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2.3 Selective serotonin reuptake inhibitors (SSRIs) 

The metabolic profile of SSRI antidepressants with CYP isozymes 
shown in Table 2 is based upon in vitro and in vivo studies with 
human hepatic microsomes and clinical studies. SSRIs are a complex 
set of antidepressants regarding their metabolic profile as these agents 
can be substrates for various CYP isozymes and yet also be inhibitors 
of the same or different CYP isozymes. All of the SSRIs listed in 
Table 2 are substrates for CYP 2D6 (usually with another CYP 
isozyme - except paroxetine) /14/. For example, paroxetine is a 
substrate of CYP 2D6 but also a potent inhibitor of CYP 2D6 /14, 
15,36/. In vitro studies have shown that fluoxetine and its desmethyl 
metabolite norfluoxetine are similar to paroxetine for CYP 2D6 
inhibition while Citalopram and fluvoxamine are much less potent 
inhibitors /37,38/. A recent in vitro study with Citalopram showed this 
agent was actually a very weak CYP2D6 inhibitor /39/. Other SSRI 
metabolites (paroxetine, Citalopram and sertraline) had weak inhib-
itory potency /15,38/. TCAs such as cloimpramine, desipramine, and 
amitriptyline were also weak inhibitors, similar to Citalopram and 
fluvoxamine /37,38/. 

2.4 Clinical relevance 

A nonlinear pharmacokinetic profile for paroxetine was described 
in two EMs and PMs (sparteine oxidation phenotyped) when given 
single drug dosages ranging from 10 mg to 50 mg /40/. Serum 
paroxetine concentrations in PMs were dramatically elevated with 
increasing drug doses. Paroxetine concentrations were only minimally 
increased in EMs when drug doses were increased. Although thera-
peutic plasma paroxetine concentrations have not been established, 
these results indicate that paroxetine dosing in PM subjects must 
proceed very slowly and be carefully monitored for potential adverse 
side effects. Conversely, EMs can be dosed more aggressively to 
maximize clinical drug response in depressed patients. 

The CYP 2D6 status of EMs was investigated by D phenotyping 
prior to and during SSRI dosing in healthy volunteers /41/. Pheno-
typing was conducted on three occasions prior to SSRI dosing to 
determine a consistent pre-dose D/4-OHD ratio. Subjects were ran-
domized into four groups that received drug for eight consecutive 
days: paroxetine 20 mg; fluvoxamine 100 mg; sertraline 100 tng; and 
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fluoxetine 60 mg. A loading dose method was used for fluoxetine due 
to the drug and its active metabolite's long elimination half-life in 
which this method approximates a 20 mg/day dose at steady-state. 
Phenotyping was repeated at the 8th day after SSRI dosing. The results 
showed that D/4-OHD ratios remained unchanged with fluvoxamine 
and sertraline. Mean ratios of D/4-OHD were significantly increased 
with paroxetine (0.028 to 1.085, ρ < 0.001) and fluoxetine (0.020 to 
0.364, ρ < 0.01). Interestingly, four subjects in each group converted 
from EM status to PM status with D/4-OHD ratios greater than the D 
anitmode of 0.3. Unfortunately, genotyping was not conducted to 
determine whether a change in the allele status correlated with the 
change in phenotype status. The authors suggested that SSRI dose and 
plasma concentrations may be correlated with the extent of CYP 2D6 
inhibition. 

Paroxetine's effect upon D/4-OHD was evaluated in depressed 
patients (N=6) and healthy volunteers (N=6) with doses of 10 mg/day 
(N=3) and 20 mg/day (N=9) /42/. These investigators found signif-
icant changes in mean log O-demethylation ratios upon paroxetine use 
from -2 .28 to -1 .13 (p < 0.001). In another study, paroxetine was 
given as a single dose of 10-80 mg to healthy volunteers (N=24) /43/. 
Sparteine ratios were determined prior to and three hours after 
paroxetine dosing. Three of six EMs converted from EM status to PM 
status after 40 mg or 80 mg paroxetine dose. 

Fluoxetine and paroxetine are potent CYP 2D6 inhibitors com-
pared to other SSRIs, as shown in Table 2, based upon in vitro and in 
vivo data /15,41/. This knowledge can assist clinicians in predicting 
clinically significant drug-drug interactions (see Section 6). It is 
beyond the scope of this article to describe every drug-drug interaction 
study with SSRIs based upon CYP 2D6 status, but selected studies are 
presented in subsequent sections. 

The influence of ethnicity has not yet been reported in SSRI 
disposition. Despite the low frequency of PMs among non-Caucasian 
populations (i.e. Asians, Afro-Americans, Africans, etc.), some non-
Caucasians might be more sensitive to the SSRIs' inhibitory effects on 
CYP 2D6 and may be more prone to adverse side effects /6/. Anec-
dotal evidence has suggested that some Afro-American depressed 
patients had an adequate therapeutic response to SSRIs at half the 
usually recommended dose, but without carefully designed studies this 
comment should be interpreted cautiously 161. 
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2.5 Other miscellaneous agents 

Maprotiline (not listed in Table 2) is a noradrenergic specific anti-
depressant /44/. In 12 healthy Caucasian volunteers who were pheno-
typed by D (6 PMs and 6 EMs), the peak plasma drug concentration 
(Cmax) was 2.7 fold greater (p = 0.004) and the AUC was 3.5 times 
higher (p = 0.0003) in the PMs than in the EMs /44/. The mean ty2 in 
PMs was significantly greater than in EMs (88.3 h versus 30.4 h, ρ < 
0.0001). These results support that maprotiline appears to co-segregate 
with CYP 2D6 polymorphism hydroxylation. 

Mirtazapine and venlafaxine are newer antidepressants approved in 
the USA, listed in Table 2, that are CYP 2D6 substrates /15,45,46/. 
However, their effects upon CYP 2D6 oxidation are much less potent 
than SSRIs /47/. Mirtazapine's inhibitory action upon CYP 2D6 was 
reported to be 10 times less potent than fluoxetine /43/. Similar to a 
previous study /41/, D phenotyping changes were evaluated in healthy 
volunteers (N=12) comparing SSRIs and venlafaxine /48/. Subjects 
received each antidepressant for eight days in a crossover design: 
paroxetine 20 mg; sertraline 100 mg; fluoxetine 60 mg (loading dose 
method); and venlafaxine 150 mg. All subjects completed the study 
with the four different agents. Phenotyping was completed prior to 
antidepressant dosing and at the end of eight day period. D/4-OHD 
ratios did not change significantly with sertraline and venlafaxine, but 
were elevated with paroxetine and fluoxetine. Again, paroxetine and 
fluoxetine demonstrated potent CYP 2D6 inhibition while sertraline 
and venlafaxine lacked inhibitory action for CYP 2D6. 

3. CYP 3A4 

This isozyme represents the largest amount found in the human 
body (liver, gut wall, etc.) that is involved with Phase I drug metabolic 
reactions /10/. CYP 3A isoforms (3A3, 3A4, and 3A5) are partially or 
entirely responsible for the metabolism of many different drugs 
besides antidepressants, including antipsychotic (see article by 
Aitchison et al. in this issue), cardiovascular, immunosuppressive, 
antineoplastic and protease inhibitor agents /15/. Polymorphism 
similar to CYP 2D6 has not been established with 3A isoforms. This 
section presents relevant information regarding the effects of anti-
depressants upon CYP 3A4. Specific metabolic probes are available to 
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assess CYP 3A4 activity (such as midazolam); however, their use in a 
large number of study subjects has not been reported due to the drug's 
safety profile and/or the need for technical assay development. 

3.1 Tricyclic antidepressants 

TCAs such as amitriptyline, Imipramine and clomipramine have 
been shown to be demethylated to their desmethyl metabolites via 
CYP 3A4. The example of Imipramine is shown in Figure 1. Con-
version to these desmethyl metabolites can yield agents that contain 
equal pharmacological activity to the parent drug, such as the trans-
formation from Imipramine to desipramine. However, it must be 
remembered that TCA demethylation is also influenced by other CYP 
isozymes, 1A2 and 2C19 and possibly 2D6. TCAs have been shown to 
lack inhibitory effects upon CYP 3A isoforms. 

3.2 Selective serotonin reuptake inhibitors 

Only three SSRIs, listed in Table 2, have been reported to be 
substrates of CYP 3A4. CYP 3A4 appears to play a minor role in drug 
disposition for fluoxetine and sertraline /15/. Citalopram, like other 
SSRI antidepressants, can be used for other psychiatric disorders, such 
as panic, social phobia and obsessive-compulsive disorder /49/. Like 
TCAs, these SSRIs are demethylated by CYP 3A4 /15/. Other CYP 
isozymes can be involved in this conversion; however, CYP 3A4 has 
been shown with in vitro models to be the major isozyme that 
metabolizes Citalopram to desmethylcitalopram /39,50/. SSRIs (in-
cluding norfluoxetine) have been shown to possess moderate (++) to 
low (+) potency in inhibition of CYP 3A4 activity, as shown in Table 
2/15,48/. 

3.3 Other miscellaneous agents 

Nefazodone is solely metabolized while mirtazapine is predomin-
antly metabolized by CYP 3A4, as listed in Table 2 /45,46/. As a CYP 
3A4 inhibitor, mirtazapine was reported to be 250 times less potent 
than ketoconazole, which implies that the likelihood of significant 
drug-drug interactions are minimal /46/. Nefazodone was reported to 
be the most potent CYP 3A4 inhibitor of the antidepressants and 
numerous drug-drug interactions can potentially occur (see Section 6). 
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4. CYP 1A2 

The detoxification of many drugs and the conversion of various 
prodrugs to their pharmacologically active metabolites takes place via 
this isozyme /51/. CYP 1A2 is one of two isozymes in the CYP 1A 
subfamily and although it comprises only a small portion of the 
hepatic isozyme system /ΙΟ/, a wide intra- and interindividual 
variability occurs in CYP 1A2 activity /51/. Cigarette smoking 
produces a marked induction of CYP 1A2 activity; to date, evidence 
for genetic polymorphism has not been demonstrated. 

4.1 Tricyclic antidepressants 

The conversion of Imipramine and cloimpramine to the desmethyl 
metabolite (see Fig. 1) has been shown to be partially influenced by 
CYP 1A2 /23,51/. Caffeine has been shown to be a relatively specific 
metabolic probe for CYP 1A2 activity /52/. However, due to the 
multiple CYP isozymes involved in the metabolism of Imipramine and 
other TCAs, use of the caffeine phenotyping method becomes un-
feasible for correlating TCA disposition and CYP 1A2 activity. 

4.2 Selective serotonin reuptake inhibitors 

Fluvoxamine was shown to be the only SSRI to have substrate 
affinity for CYP 1A2; however, this evidence was indirectly demon-
strated by clinical case reports of theophylline toxicity when fluvox-
amine was co-administered /15/. Other SSRIs were shown not to 
influence theophylline disposition. Theophylline is metabolized by 
CYP 1A2 and also 2E1, but none of the SSRIs including fluvoxamine 
were shown to inhibit CYP 2E1 /15/. In in vitro studies, fluvoxamine 
was clearly shown to be a very potent CYP 1A2 inhibitor with a Ki of 
0.2 μΜ, whereas other SSRIs had Ki values greater than 45 μΜ /53Λ 
In a healthy volunteer study, smokers were shown to have significantly 
lower mean AUC values than non-smokers (771 nmol'Vh versus 1110 
nmof'/h, ρ = 0.012), indicating the influence of CYP 1A2 upon fluv-
oxamine disposition /54/. 

Caffeine urinary ratios were determined in patients and healthy 
volunteers treated with fluvoxamine /42,43/. A caffeine test dose of 
100 mg was given and the caffeine metabolic ratio (CMR) determined 
prior to and after fluvoxamine 50-100 mg/day usage /42/. All subjects 
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were previously phenotyped as CYP2D6 EMs prior to caffeine pheno-
typing. Fluvoxamine produced a significant decrease in mean CMR 
from baseline (5.1 to 2.7, ρ < 0.01). These findings show that even 
low to modest fluvoxamine doses can inhibit CYP 1A2 activity. 
Single fluvoxamine doses of 25-200 mg were given to healthy 
volunteers in which CMRs were calculated at each dosage increment 
/43/. At the 25 mg dose, median CMR decreased from 4.3 to 2.8 (p = 
0.2); however, at the 50 mg dose, median CMR ratios were unable to 
be determined due to the metabolites being below the limits of 
quantification. Caffeine CL decrease from 107 ml/min to 21 ml/min (p 
< 0.05) and CYP 1A2 activity were shown to be almost completely 
abated with 50 mg fluvoxamine. CMR ratios were shown to be 
unaltered with other SSRIs. 

4.3 Other miscellaneous agents 

Mirtazapine's disposition was mainly influenced by CYP 3A4 with 
only a small contribution of CYP 1A2, as listed in Table 2 /14/. 
Mirtazpine was reported to be 900 times less potent than fluvoxamine 
in CYP 1A2 inhibition /45/. The likelihood of significant drug-drug 
interactions and effect of smoking with mirtazapine would therefore 
be minimal. 

5. CYP 2C 

CYP 2C has several isoforms but the most predominant isozymes 
studied in drug metabolism involve the 2C9 and 2C19 isozymes /55/. 
CYP 2C19 like CYP 2D6 has been shown to possess polymorphism 
and its genes identified. The highest incidence of PMs of 2C19 occurs 
in the Asian population (about 20%) whereas the Caucasian preval-
ence is much lower at 2-5% I S S I . Specific metabolic probes have been 
identified to examine CYP 2C19 status in PMs versus EMs. The two 
most accepted probes used for phenotyping are mephenytoin and 
omeprazole 1551. PCR based methods have determined two mutations 
for the CYP 2C19 genotype, defined as Ml and M2 alleles, which are 
defective in PMs /55/. Substrates for CYP 2C9 have not included the 
antidepressants and this isozyme will not be discussed in this article. 
However, one of the most well known drugs to be metabolized by 
CYP 2C9 is warfarin /15/, for which the many drug interaction studies 
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have usually focused on a protein binding displacement type of 
interaction. Recent evidence suggests that CYP 2C9 activity may be 
involved (see Section 6). 

5.1 Tricyclic antidepressants 

As previously mentioned in the CYP 3A4 and 1A2 sections, the 
demethylation of TCAsm such as imipramine's conversion to 
desipramine, is mediated by various CYP isozymes. The other CYP 
isozyme involved in this metabolic pathway is CYP 2C19 (see Fig. 1). 
Besides Imipramine, clomipramine and amitriptyline demethylation 
via CYP 2C19 has been shown 1551. 

5.2 Clinical relevance 

Imipramine metabolism was evaluated in PMs versus EMs of 
mephenytoin 1561. Each subject was given a single dose of Imipramine 
100 mg and desipramine 100 mg on two separate study days. 
Imipramine demethylation mean CL was significantly lower in PMs 
versus EMs (0.74 1/min versus 1.43 1/min, ρ = 0.01). These subjects 
were also previously phenotyped by sparteine (s) as EMs of CYP 2D6. 
Subjects who were EMs of mephenytoin [EM(m)J and EM(s) had an 
Imipramine mean total CL of 2.55 1/min, which was slightly greater 
than the mean Imipramine total CL of 1.83 1/min in subjects who were 
PMs of mephenytoin [PM(m)] and EM(s)s. One subject who was a 
PM(m) and a PM(s) had the lowest Imipramine total CL of 0.66 1/min. 
The desipramine mean CL of 0.20 1/min was lowest in the EM(m)/ 
PM(s) group when compared to other groups (PM(m)/EM(s) 1.93 
1/min). These results also suggested that about 50% of imipramine's 
demethylation pathway was mediated by CYP 2C19. Similar findings 
were reported with clomipramine mean total CL and its demethylation 
to desmethylclomipramine in PM(m)/EM(s) versus EM(m)/EM(s) 
/57/. Again one subject who was a PM(m)/PM(s) had the lowest 
clomipramine CL in the study. 

In a large population study (N=106) previously classified as 
EM(s)s, a single dose of 25 mg Imipramine was given and one blood 
sample obtained three hours later /58/. The desipramine/imipramine 
ratio and 2-OH-desipramine/2-OH-imipramine ratio reflects the 
demethylation of Imipramine and 2-OH-imipramine. A negative cor-
relation was found for both of these two ratios and mephenytoin 
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metabolic status. Also, correlations between the hydroxylation of 
Imipramine and desipramine metabolites were not found with 
mephenytoin metabolic ratios. These findings support previous studies 
that the demethylation pathway of Imipramine to desipramine is 
partially mediated by CYP 2C19. 

Phenotyping for both CYP 2D6 (using metoprolol [mt]) and CYP 
2C19 (mephenytoin) metabolic status was conducted in an Asian 
population (3 Japanese, 13 Koreans) who were given a single 25 mg 
dose of Imipramine 1591. Subjects were divided into three groups: 
EM(mt) (extensive metabolizer of metoprolol)/PM(m); EM(mt)/ 
EM(m); and PM(mt)/EM(m). The mean Imipramine AUC was signif-
icantly greater for the EM(mt)/PM(m) group versus the EM(mt)/ 
EM(m) group (375 ng/ml-h versus 215 ng/ml-h, ρ < 0.01) but not for 
the PM(mt)/EM(m) group (365 ng/ml-h). Desipramine mean AUC 
was nine-fold greater in the PM(mt)/EM(m) than the other two groups 
(p < 0.01). Conversely, the 2-OH-desipramine metabolite mean AUC 
was 4-6 fold less in the PM(mt)/EM(m) group (p < 0.05). This study 
demonstrates in an Asian population that imipramine's conversion to 
its metabolites is under pharmacogenetic influence. A similar study 
was conducted in depressed Japanese patients who were phenotyped 
with metoprolol and mephenytoin prior to Imipramine treatment /60/. 
Two patient groups were identified: EM(mt)/PM(m) and EM(mt)/ 
EM(m). Imipramine and Imipramine + desipramine plasma concen-
trations were 2.4 and 1.8 times greater in the PM(m) group versus the 
EM(m) group (p < 0.01). Since the Asian population has a greater 
frequency of PM(m) of CYP 2C19, the authors suggest that TCA 
dosing (at least with Imipramine) should proceed slowly to avoid 
adverse effects and maximize therapeutic efficacy. 

5.3 Selective serotonin reuptake inhibitors 

The only two SSRI antidepressants identified as substrates for CYP 
2C19 are sertraline and Citalopram, for their metabolic conversion 
from parent drug to desmethyl metabolites, listed in Table 2. Since 
CYP 2C19 was listed with four other CYP isozymes for sertraline, it 
has been recently reported that the contribution of any individual 
isoform was less than 40% (2C19 13%) based upon in vitro cDNA 
expressing cells /61/. Citalopram conversion to its desmethyl 
metabolite is partially influenced by CYP 2C19 but by a much smaller 
amount than by CYP 3A4 739,50/. As metabolic inhibitors based upon 
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in vitro models, only fluvoxamine possesses potent action on CYP 
2C19 /14/, while other SSRIs had mild to modest effects, shown in 
Table 2. Citalopram was reported to have the least inhibitory effect 
with Kis 20-40 fold greater than paroxetine, fluoxetine, and sertraline 
/39,62/. Therefore, based upon in vitro findings, significant drug-drug 
interactions with CYP 2C19 would only occur with fluvoxamine. 

5.4 Clinical relevance 

Healthy volunteers were given Citalopram 40 mg/day for ten days 
in which the drug's disposition was determined /63/. Each subject was 
previously phenotyped with sparteine and mephenytoin and three 
groups were identified: EM(s)/EM(m); PM(s)/EM(m); and EM(s)/ 
PM(m). The median Citalopram AUC was significantly greater in the 
EM(s)/PM(m) group versus the other two groups (i.e. 8,145 nM/h 
EM(s)/PM(m) versus 4,700 nM/h PM(s)/EM(m), ρ < 0.001). The 
mean desmethylcitalopram AUC in the PM(s)/EM(m) group was also 
significantly greater than in the other two groups (i.e. PM(s)/EM(m) 
2,400 nM/h versus EM(s)/EM(m) 1,768 nM/h, ρ < 0.03). These find-
ings show that CYP 2C19 status can influence Citalopram disposition 
in PM(m)s versus EM(m)s. Citalopram, fluoxetine, fluvoxamine, and 
paroxtine in single doses ranging from 10-80 mg were given to healthy 
volunteers (except fluvoxamine 25-200 mg) and with repeated 
mephenytoin phenotyping at each dose /43/. The mephenytoin 
metabolic ratio changed modestly with fluoxetine and fluovamine (p 
<0.01). However, even at the highest drug doses, the metabolic ratio 
did not exceed 0.6 and not a single subject's status changed from 
EM(m) to PM(m). Citalopram and paroxetine produced no significant 
changes in mephenytoin metabolic ratio. 

6. DRUG INTERACTIONS 

Drug-drug and drug-food interactions have become increasingly 
complex from a mechanistic profile as the information regarding CYP 
isozymes increases. Presently, significant drug-food interactions have 
not yet been reported and this section will focus only on drug-drug 
interactions. It is beyond the scope of this article to review every 
published article on antidepressant drug-drug interactions and the 
reader is referred to other publications for in-depth review. This 
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section presents relevant information about drug-drug interactions in 
general terms with CYP isozymes. Other biochemical mechanisms 
could be involved with antidepressant disposition (e.g. drug transport 
mechanisms - phophoglycoproteins, etc.) but have not been presently 
investigated. 

6.1 Tricyclic antidepressants 

In vitro models have been used to predict drug-drug interactions 
with TCAs based upon CYP isozyme effects. For example, the trans-
formation of amitriptyline to nortriptyline was evaluated by a variety 
of known CYP metabolic inhibitors /64/. SSRIs (except Citalopram) 
listed in Table 2 were CYP 3A4 inhibitors and inhibited the formation 
of nortriptyline with the following Kis: sertraline 4.37; fluvoxamine 
9.22; norfluoxetine 12.26; paroxetine 15.76; and fluoxetine 43.55. 
Ketoconazole's Ki was very potent - 0.11 - and also inhibited 
nortriptyline formation. These results support that inhibition of CYP 
3A4 can elevate amitriptyline levels while inhibiting nortriptyline 
formation. In the clinical environment with monitoring nortriptyline 
plasma levels routinely in 578 patients, it was found that concomitant 
drugs known to inhibit CYP2D6 resulted in a major increase in drug 
concentration /65/. Demographic factors, age, and body weight had 
only minor effects upon nortriptlyine CL and were unaffected by 
treatment duration. 

6.2 Selective serotonin reuptake inhibitors 

Numerous review articles have been recently published that 
examine the variety of drug-drug interactions with SSRIs and other 
drugs /10,14,15,66-69/. These drug interactions are based upon in 
vitro and in vivo studies involving the different CYP isozymes where 
SSRIs listed in Table 2 have been shown to be potent inhibitors. 
Therefore, other drugs that are substrates of these CYP isozymes 
could potentially interact with SSRIs. An example of this type of 
interaction is between SSRIs and TCAs. SSRIs (such as paroxetine) 
are potent CYP 2D6 inhibitors and increase desipramine plasma levels 
by inhibition of the aromatic hydroxylation pathway influenced by this 
isozyme. An important distinction in the clinical arena is that this 
interaction would occur only in EMs of CYP 2D6 and not in PMs 
(PMs lack the isozyme and therefore, no enzyme is available for the 
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interaction). Polymorphism of CYP 2D6 should be kept in mind when 
considering drug-drug interactions with CYP 2D6, and also the preval-
ence of PMs among different ethnic populations. Additional factors to 
consider are the possibility of EMs being converted to PM status 
during SSRI therapy, and these drugs' non-linear pharmacokinetics 
with increasing doses upon long-term treatment. 

SSRIs are listed as low to modest metabolic inhibitors of CYP 3A4 
in Table 2. Both fluoxetine and fluvoxamine (modest inhibitors) were 
reported to significantly increase mean alprazolam concentration 
(CYP 3A4 substrate) by 26% and 96%, respectively /15/. However, 
significant drug-drug interactions with CYP 3A4 may be partially 
dependent upon their Ki values. For example, many clinicians became 
aware of the deadly drug-drug interaction between antifungals and 
terfenadine /70/. SSRIs were shown to have Kis for CYP 3A4 several 
fold higher than ketoconazole in inhibiting both desalkyl and hydroxy 
terfenadine metabolites /70/. Due to this difference, SSRIs should not 
produce a significant interaction with terfenadine, but most clinicians 
should use their clinical judgement and carefully monitor patients 
when using this drug combination. 

Fluvoxamine is the only SSRI listed as a potent CYP 2C19 
inhibitor and a significant interaction with diazepam was shown in 
healthy volunteers /71/. Diazepam's mean elimination half-life was 
prolonged from 51 hours to 118 hours (p < 0.01). Desmethyldiazepam 
mean AUC was also significantly increased from 7.3 ng-h/ml to 10.3 
ng-h/ml (p < 0.01). Citalopram's conversion to its desmethyl 
metabolite is partially influenced by CYP 2C19 (see previous section). 
Fluvoxamine was shown to increase plasma Citalopram levels in 
depressed patients in a small preliminary study 1171. However, since 
fluvoxamine also inhibits CYP 3A4, this contribution must be 
considered as an additional mechanism for this interaction. Phenytoin 
is primarily metabolized by CYP 2C9 and every SSRI (except 
Citalopram) showed a potent inhibition based on in vitro models which 
resulted in clinically significant increased drug levels in seizure 
patients /66,73/. CYP 2C9 was reported to be one of the major 
isozymes involved with warfarin metabolism, in which sertraline and 
Citalopram were suggested as least likely to interact ΠΑΙ. 

60 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:19 AM



Μ. W. Jann and L.J. Cohen Drug Metabolism and Drug Interactions 

6.3 Other miscellaneous agents 

Venlafaxine was reported not to produce significant interactions 
with alprazolam, carbamazepine, and diazepam /75/. It was also 
reported that venlafaxine did not alter EM status in subjects who were 
phenotyped with D /48Λ The lack of interactions with venlafaxine and 
other drugs could be forecasted due to its lack of CYP inhibitor status 
listed in Table 2. The incidence of depression among HIV patients 
could be as high as 45% 1161. Protease inhibitors are primarily 
substrates for CYP 3A4 /76/ and theoretically could interact with 
some SSRIs. A small pilot study in healthy volunteers showed that 
venlafaxine did not alter indinavir pharmacokinetics /77/. Nefazodone 
is a potent CYP 3A4 inhibitor and produced significant interactions 
with alprazolam and triazolam /46/. Clinicians are cautioned with 
nefazodone when used concomitantly with other drugs that are 
CYP3A4 substrates. 

7. CONCLUSIONS 

Information regarding CYP isozymes is increasing exponentially in 
the scientific literature. CYP isozymes are involved with Phase I 
oxidative metabolic processes in drug metabolism. Numerous CYP 
isozymes and their subtypes have been identified; however, the main 
CYP isozymes involved with drug metabolism are 2D6, 3A4, 1A2, 
2C9 and 2C19. The amount of CYP isozymes differs: in hepatic tissue 
the most abundant is 3A4 with decreasing quantities of 2D6, 2C9, 
2C19 and 1A2 /10/. Of these isozymes, polymorphism has been found 
with 2D6 and 2C19 and their genetic alleles identified. The prevalence 
of metabolic status known as PM versus EM differs among various 
ethnic populations. A wide interpatient variability in the same ethnic 
population as well as interethnic variability in antidepressant drug 
disposition can be attributed to CYP isozyme differences and poly-
morphism. Many antidepressant drug-drug interactions can be traced 
back to their ability to produce CYP isozyme inhibition. Some SSRIs 
can alter an individual's metabolic status from EM to PM for CYP 
2D6. Although some CYP isozymes exist in relatively small amounts, 
for example, CYP3A4 versus CYP1A2, inhibition of CYP 1A2 by 
fluvoxamine can have profound effects in causing drug-drug inter-
actions. The incidence of significant drug-drug interactions could 
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differ among ethnic populat ions due to polymorphism and dif fer ing 
prevalences of PMs. Therefore, clinicians must always consider the 
individual patient in evaluating the antidepressant clinical response 
and impact of a drug-drug interaction /78,79/. 

REFERENCES 

1. Ustun TB. The global burden of mental disorders. Am J Public Health 1999; 
89: 1315-1318. 

2. Wells BG. Underrecognition and undertreatment of depression: what is the 
pharmacist 's culpability? Pharmacotherapy 1999; 19: 1237-1239. 

3. Nemeroff CB. The neurobiology of depression. Sei Amer 1998; 42-49. 
4. Takeuchi DT, Chi-Ying R, Lin KM, et al. Lifetime and twelve month preval-

ence rates of major depressive episodes and dysthymia among Chinese 
Americans in Los Angeles. Am J Psychiatry 1998; 155: 1407-1414. 

5. Kitler ME. Clinical trials and transethnic pharmacology. Drug Safety 1994; 11: 
378-391. 

6. Risby ED. Ethnic considerations in the pharmacotherapy of mood disorders. 
Psychopharmacol Bull 1996; 32: 231-234. 

7. Kalow W. Ethnic differences in drug metabolism. Clin Pharmacokinet 1982; 7: 
373-400. 

8. Lennard MS. Genetically determined adverse drug reactions involving metab-
olism. Drug Safety 1993; 9: 60-77. 

9. Clark DWJ. Genetically determined variability in acetylation and oxidation. 
Drugs 1985; 29: 342-375. 

10. Evans WE, Relling MV. Pharmacogenomics: translating functional genomics 
into rational therapeutics. Science 1999; 286: 487-491. 

11. Tricyclic Antidepressants - Blood level measurements and clinical outcome: an 
APA task force report. Am J Psychiatry 1985; 142: 155-162. 

12. DeVane CL. Pharmacokinetics of the newer antidepressants: clinical relevance. 
Am J Med 1994; 97: 13S-23S. 

13. Jann MW, Grimsley SR. Pharmacogenetics of agents acting on the central 
nervous system. J Pharm Pract 1993; 6: 2-16. 

14. Greenblatt DJ, vonMoltke LL, Harmatz JS, Shader RI. Human cytochromes and 
some newer antidepressants: kinetics, metabolism and drug interactions. J Clin 
Psychopharmacol 1999; 19 (Suppl 1): 23S-35S. 

15. Riesenman C. Antidepressant drug interactions and the cytochrome P450 
system: a critical appraisal. Pharmacotherapy 1995; 15: 84S-99S. 

16. Bertilsson L, Aberg-Wistedt A. The debrisoquine hydroxylation test predicts 
steady-state plasma levels of desipramine. Br J Clin Pharmacol 1983; 15: 388-
390. 

17. Spina E, Steiner Ε, Ericsson Ο, Sjoqvst F. Hydroxylation of desmethylimi-
pramine: dependence on the debrisoquin hydroxylation phenotype. Clin Pharm 
Ther 1987; 41: 314-319. 

62 
Authenticated | xajibim@mail.ru

Download Date | 6/16/12 12:19 AM



Μ. W. J arm and L.J. Cohen Drug Metabolism and Drug Interactions 

18. Rudorfer MV, Lane EA, Potter WZ. Interethnic dissociation between debriso-
quine and desipramine hydroxylation. J Clin Psychopharmacol 1985; 5: 89-92. 

19. Dahl ML, Johansson I, Palmertz P, Ingelman-Sundberg M, Sjoqvst F. Analysis 
of the CYP 2D6 gene in relation to debisoquin and desipramine hydroxylation 
in a Swedish population. Clin Pharm Ther 1992; 51: 12-17. 

20. Nordin C, Siwers B, Benitez J, Bertilsson L. Plasma concentrations of nortrip-
tyline and its 10-hydroxyl metabolite in depressed patients - relationship to the 
debrisoquine hydroxylation ratio. Br J Clin Pharmacol 1985; 19: 832-835. 

21. Woolhouse NM, Adjepon-Yamoah KK, Meilstrom B, et al. Nortriptyline and 
debrisoquine hydroxylations in Ghanaian and Swedish subjects. Clin Pharm 
Ther 1984; 36: 374-378. 

22. Meilstrom B, Sawe J, Bertilsson L, Sjoqvst F. Amitriptyline metabolism: 
association with debrisoquine hydroxylation in nonsmokers. Clin Pharm Ther 
1986;39:369-371. 

23. Nielsen KK, Flinois JP, Beaune P, Brosen Κ. The biotransformation of clomi-
pramine in-vitro, identification of the cytochrome P450's responsible for the 
separate metabolic pathways. J Pharmacol Exp Ther 1996; 277: 1659-1664. 

24. Coutts RT, Su P, Baker GB, Daneshtalab M. Metabolic studies on Imipramine 
using CYP 2D6 isozyme expressed in AHH-I TK +/- human cell lines. Pharm 
Res 1993; 10: S-329. 

25. Rudorfer MV, Lane EA, Chang WH, Zhang MD, Potter WZ. Desipramine 
pharmacokinetics in Chinese and Caucasian volunteers. Br J Clin Pharmacol 
1984; 17:433-438. 

26. Pi EH, Tran-Johnson TK, Walker NR, Cooper TB, Suckow RF, Gray GE. 
Pharmacokinetics of desipramine in Asian and Caucasian volunteers. Psycho-
pharmacol Bull 1989; 25: 483-487. 

27. Pi EH, Tran-Johnson TK, Gray GE, Walker NR, Suckow RF, Cooper TB. 
Saliva and plasma desipramine levels in Asian and Caucasian volunteers. 
Psychopharmacol Bull 1991; 27: 281-284. 

28. El-Yazigi A, Chaleby K. Steady-state kinetics of doxepin and Imipramine in 
Saudi patients and interethnic comparison. Psychopharmacology 1988; 95: 63-
67. 

29. Gaviria M, Gil AA, Javaid JI. Nortriphtyline kinetics in Hispanic and Anglo 
subjects. J Clin Psychopharmacol 1986; 6: 227-231. 

30. Bertilsson L, Aberg-Wistedt A, Gustafsson LL, Nordin C. Extremely rapid 
hydroxylation of debrsioquine: a case reort with implication for treatment with 
nortriptyline and other tricyclic antidepressants. Ther Drug Monitor 1985; 7: 
478-480. 

31. Allen JJ, Rack PH, Vaddadi KS. Differences in the effects of clomipramine on 
English and Asian volunteers. Preliminary report on a pilot study. Postgrad 
Med J 1977; 53:79-86. 

32. Shimoda K, Minowada T, Noguchi T, Takahashi S. Interindividual variation of 
desmethylation and hydroxylation of clomipramine in an Oriental psychiatric 
population. J Clin Psychopharmacol 1993; 13: 181-188. 

63 
Authenticated | xajibim@mail.ru

Download Date | 6/16/12 12:19 AM



Vol. 16, No. 1, 2000 Ethnicity and Antidepressant Pharmacogenetics 

33. Sh imoda K, Jerling M, Bottiger Y, Yasuda S, Mori ta S, Berti lsson L. Pro-
nounced di f ferences in the disposition of c lomipramine between Japanese and 
Swedish patients. J Clin Psychopharmacol 1999; 19: 393-400. 

34. Lin K M , Poland RE, Smith M W , Strickland TL, Mendoza R. Pharmacokinet ic 
and other related factors affect ing psychotropic responses in Asians. Psycho-
pharmacol Bull 1991; 27: 427-439. 

35. Strickland TL, Ranganath V, Lin KM, Poland RE, Mendoza R, Smith M W . 
Psychopharmacologic considerations in the treatment of Black American 
populat ions. Psychopharmacol Bull 1991; 27: 441-448. 

36. Bloomer JC, W o o d s FR, Haddock RE, Lennard MS, Tucker GT. The role of 
cy tochrome P450 2D6 in the metabolism of paroxetine by human liver 
microsomes . Br J Clin Pharm 1992; 33: 521-525. 

37. Skje lbo E, Brosen Κ. Inhibitors of Imipramine metabolism by human micro-
somes. Br J Clin Pharm 1992; 34: 256-261. 

38. Crewe HK, Lennard MS, Tucker GT, W o o d s FR, Haddock RE. The effect of 
selective serotonin re-uptake inhibitors on the cytochrome P4502D6 activity in 
human liver microsomes. Br J Clin Pharmacol 1992; 34: 262-265. 

39. VonMol tke LL, Greenblatt DJ, Grassi JM, et al. Citalopram and desmethyl-
ci ta lopram in vitro: human cytochromes mediat ing transformation, and cyto-
chrome inhibitory effects. Biol Psychiatry 1999; 46: 839-849. 

40. S indrup S, Brosen Κ, Gram L. Pharmacokinet ics of the selective serotonin re-
uptake inhibitor paroxetine: nonlinearity and relation to the sparteine oxidation 
polymorphism. Clin Pharm Ther 1992; 51: 288-295. 

41. Al faro CL, Lam Y W F , Simpson J, Ereshefsky L. C Y P 2 D 6 status of extensive 
metabol izers af ter multiple dose fluoxetine, f luvoxamine and paroxetine or 
sertraline. J Clin Psychopharmacol 1999; 19: 155-163. 

42. Özdemi r V, Naran jo CA, Shulman RW, et al. Determinants of interindividual 
variability and extent of C Y P 2D6 and C Y P 1A2 inhibition by paroxet ine and 
f luvoxamine in vivo. J Clin Psychopharmacol 1998; 18: 198-207. 

43. Jeppesen U, Gram LF, Vistisen K, Lofl S., Poulsen HE, Brosen Κ. Dose-
dependent inhibition of C Y P 1A2 , C Y P 2C19, and C Y P 2 D 6 by Citalopram, 
fluoxetine, fluvoxamine, and paroxetine. Eur J Clin Pharm 1996; 51: 73-78. 

44. Firkusny L, Gleiter CH. Maprotil ine metabolism appears to co-segregate with 
the genetically determined CYP 2D06 polymorphic hydroxylation of debriso-
quine. Br J Clin Pharmacol 1994; 37: 383-388. 

45. St immel GL, Dopheide JA, Stahl SM. Mirtazapine: an antidepressant with 
noradrenergic and specific serotonergic effects . Pharmacotherapy 1997; 17: 10-
2 1 . 

46. August in BG, Cold JA, Jann M W . Venlafaxine and nefazadone, two pharmac-
ologically distinct antidepressants. Pharmacotherapy 1997; 17: 511-530. 

47. Otton SV, Ball SE, Cheung SQ, Inaba T, Rudolph RL, Sellers EM. Venlafaxine 
oxidat ion in vitro is catalyzed by C Y P 2D6. Br J Clin Pharmacol 1996; 41: 
149-156. 

48. Al fa ro CL, Lam Y W F , Simpson J, Ereshefsky L. C Y P 2 D 6 inhibition by f luox-
etine, paroxet ine, sertraline and venlafaxine in a cross-over study: intra-

64 
Authenticated | xajibim@mail.ru

Download Date | 6/16/12 12:19 AM



Μ. W. Jann and L.J. Cohen Drug Metabolism and Drug Interactions 

individual and interindividual variability and plasma concentration correlations. 
J Clin Pharmacol; in press. 

49. Tan JY, Levin GL. Citalopram in the treatment of depression and other 
potential uses in psychiatry. Pharmacotherapy 1999; 19: 675-689. 

50. Kobayashi K, Chiba K, Yagi T, et al. Identification of cytochrome P450 iso-
forms involved in Citalopram N-demethylation by human liver microsomes. J 
Pharm Exp Ther 1997; 280: 927-933. 

51. Brosen Κ. Drug interactions and the cytochrome P450 system: The role of 
cytochrome P450 1A2. Clin Pharmacokinet 1995; 29 (Suppl 1): 20-25. 

52. Kalow W, Tang BK. Use of caffeine metabolic ratios to explore CYP 1A2 and 
xanthine oxidase activities. Clin Pharm Ther 1991; 50: 508-519. 

53. Brosen Κ, Skjelbo Ε, Rasmussen BB, Poulsen HE, Loft S. Fluvoxamine is a 
potent inhibitor of cytochrome P450 1A2. Biochem Pharmacol 1993; 45: 1211-
1214. 

54. Spigset O, Carleborg L, Hedenmalm K, Dahlqvst R. Effect of cigarette smoking 
on fluvoxamine pharmacokinetics in humans. Clin Pharm Ther 1995; 58: 399-
403. 

55. Flockhart DA. Drug interactions and the cytochrome P450 system: The role of 
cytochrome P450 2C19. Clin Pharmacokinet 1995; 29 (Suppl 1): 45-52. 

56. Skjelbo E, Brosen Κ, Hallas J, Gram LF. The mephenytoin oxidation poly-
morphism is partially responsible for the N-demethylation of Imipramine. Clin 
Pharm Ther 1991; 49: 18-23. 

57. Nielsen KK, Brosen Κ, Hansen GJ, Gram LF. Single dose kinetics of clomi-
pramine: relationship to the sparteine and S-mephenytoin polymorphisms. Clin 
Pharm Ther 1994;55:518-527. 

58. Skjelbo E, Gram LF, Brosen Κ. The N-demethylation of Imipramine correlates 
with the oxidation of S-mephenytoin (S/R ratio). A population study. Br J Clin 
Pharmacol 1993;35:331-334 . 

59. Koyama E, Sohn DR, Shin SG, et al. Metabolic disposition of Imipramine in 
Oriental subjects: relation to metoprolol α-hydroxylation and S-mephenytoin 
4-hydroxylat ion phenotypes. J Pharm Exp Ther 1994; 271: 860-867. 

60. Koyama E, Tanaka T, Chiba K, et al. Steady-state plasma concentrations of 
Imipramine and desipramine in relation to S-mephenytoin 4-hydroxyla t ion 
status in Japanese depressive patients. J Clin Psychopharmacol 1996; 16: 286-
293. 

61. Kobayashi K, Ishizaki T, Shimda N, Yoshimura Y, Kamijima K, Chiba K. 
Sertraline N-demethylation is catalyzed by multiple isoforms of human cyto-
chrome Ρ 450 in vitro. Drug Metab Dispos 1999; 27: 763-766. 

62. Kobayashi K, Yamamoto T, Chiba K, Tani M, Ishizaki T, Kuroiwa Y. The 
effects of selective serotonin reuptake inhibitors and their metabolites on S-
mephenytoin 4'-hydroxylase activity in human liver microsomes. Br J Clin 
Pharmacol 1995; 40: 481-485. 

63. Sindrup SH, Brosen Κ, Hansen MGJ, et al. Pharmacokinetics of Citalopram in 
relation to the sparteine and the mephenytoin oxidation polymorphism. Ther 
Drug Monitor 1993; 15: 11-17. 

65 Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:19 AM



Vol. 16, No. 1, 2000 Ethnicity and Antidepressant Pharmacogenetics 

64. Schmider J, Greenblat t DJ, vonMol tke LL, Harmatz JS, Shader RJ. N-
Demethylat ion of amitriptyline in vitro: role of cytochrome P450 3A ( C Y P 3 A 4 ) 
isoforms and effect of metabolic inhibitors. J Pharmacol Exp Ther 1995; 275: 
592-597. 

65. Jerl ing M, Merle Y, Mentre F, Mallet A. Population pharmacokinet ics of 
nortriptyline during monotherapy and during concomitant treatment with drugs 
that inhibit C Y P 2D6 - an evaluation with the nonparametr ic max imum 
likelihood method. Br J Clin Pharmacol 1994; 38: 453-462. 

66. Harvey AT, Preskorn SH. Cytochrome P450 enzymes: interpretation of their 
interactions with selective serotonin reuptake inhibitors. Part I. J Clin Psycho-
pharmacol 1996; 16 :273-285 . 

67. Harvey AT, Preskorn SH. Cytochrome P450 enzymes: interpretation of their 
interactions with selective serotonin reuptake inhibitors. Part 11. J Clin 
Psychopharmacol 1996; 16: 345-355. 

68. Mitchell PB. Drug interactions of clinical significance with selective serotonin 
reuptake inhibitors. Drug Safety 1997; 17: 390-406. 

69. Sproule BA, N a r a n j o CA, Bremner KE, Hassan PC. Selective serotonin re-
uptake inhibitors amd C N S drug interactions. Clin Pharmacokinet 1997; 33: 
454-471. 

70. vonMol tke LL, Greenblat t DJ, Duan SX, Harmatz JS, Wright CE, Shader RI. 
Inhibition of terfenadine metabolism in vitro by azole antifungal agents and by 
selective serotonin reuptake inhibitors antidepressants: relation to pharmaco-
kinetic interactions in vitro. J Clin Psychopharmacol 1996; 16: 104-112. 

71. Perucca E, Gatti G, Cipolla G, et al. Inhibition of diazepam metabolism by 
f luvoxamine: a pharmacokinet ic study in normal volunteers. Clin Pharm Ther 
1994; 5 6 : 4 7 1 - 4 7 6 . 

72. Bondolf i G, Chautems C, Rochat B, Bertschy G, Baumann P. Non-response to 
Citalopram in depressive patients: pharmacokinet ic and clinical consequences of 
a f luvoxamine augmentat ion. Psychopharmacology 1996; 128: 421-425. 

73. Schmider J, Greenblat t DJ, vonMol tke LL, Karsov D, Shader RI. Inhibition of 
C Y P 2 C 9 by selective serotonin reuptake inhibitors in vitro: studies of 
Phenytoin p-hydroxylation. Br J Clin Pharmacol 1997; 44: 495-498. 

74. Duncan D, Sayal K, McConnel H, Taylor D. Antidepressant interactions with 
warfarin. Int J Clin Psychopharmacol 1998; 13: 87-94. 

75. Ereshefsky L. Drug-drug interactions involving antidepressants: focus on 
venlafaxine. J Clin Psychopharmacol 1996; 16 (Suppl 2): 37S-53S. 

76. Penzak SR, Reddy YS, Grimsley SR. Depression in patients with HIV infec-
tion, prevalence, risk factors and treatment. Am J Health System Pharm, in 
press. 

77. Levin GL, Nelson LA, DeVane CL, Preston SL, Carson SW, Eisele G. 
Venlafaxine and indinavir: results of a pharmacokinetic interaction study. 39 , h 

IAAAC Meeting, Sept. 26-29 l h 1999, Abstract, p. 25. 
78. Shader RI, vonMol tke LL, Schmider J, Harmatz JS, Greenblat t DJ. The 

clinician and drug interactions - an update. J Clin Psychopharmacol 1996; 16: 
197-201. 

66 Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:19 AM



Μ. W. Jann and L.J. Cohen Drug Metabolism and Drug Interactions 

79. R o s e n b a u m JF. M a n a g i n g select ive serotonin reup take inhibi tors - d rug 
interact ion in cl inical pract ice. Clin Pharmacokine t 1995; 2 9 (Suppl 1): 53-59. 

67 Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:19 AM



Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:19 AM


